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Abstract. Mast cells (MCs) are the major effector cells of 
allergic rhinitis (AR). The present study aimed to investigate 
the effects of C-C chemokine receptor type 3 (CCR3) on the 
proliferation, apoptosis, chemotaxis and activated degranula-
tion of mouse MCs. Mouse bone marrow-derived MCs were 
cultured in vitro, purified and identified using toluidine blue 
staining and flow cytometry. Three different CCR3-short 
hairpin (shRNA) lentiviral vectors were constructed and trans-
fected into MCs, and the mRNA and protein expression levels 
of CCR3 were assessed by reverse transcription-quantitative 
PCR and western blotting. Proliferation and apoptosis of 
the MCs were measured using Cell Counting kit-8 (CCK-8) 
assays and flow cytometry, respectively. MC chemotaxis was 
assessed by Transwell assay and quantified using flow cytom-
etry. The activation of MC degranulation was examined using 
ELISAs. The results demonstrated that MCs were appropri-
ately isolated, and identified that CCR3‑shRNA2 presented 
the higher knockdown effect among the three shRNAs tested. 
Following 96 h of transfection, the results of CCK‑8 and flow 
cytometry assays demonstrated that CCR3-shRNA2 inhibited 
MC proliferation and promoted MC apoptosis. The results from 
the Transwell assay indicated that CCR3-shRNA2 restrained 
MC chemotaxis, whereas ELISA results demonstrated that 
CCR3-shRNA2 suppressed MC degranulation. In conclusion, 
CCR3-shRNA2 effectively downregulated CCR3 mRNA 
and protein expression levels in mouse MCs. In addition, 
CCR3-shRNA2 promoted MC apoptosis and suppressed the 
proliferation, chemotaxis and degranulation of mouse MCs, 
suggesting that CCR3-shRNA2 may serve as a therapeutic 
tool for the treatment of allergic rhinitis. 

Introduction

Allergic rhinitis (AR) is a type of immunoglobulin (Ig)
E-mediated type I allergic disease that affects the nasal 
mucosa. It is clinically characterized by itching of the nasal 
passages, sneezing, nasal hypersecretion and nasal mucosal 
swelling, and 60-70% of patients frequently present with eye 
itching, reddish eye and/or lacrimation (1). Extensive attention 
has been paid to the treatment of AR, including antihistamines, 
glucocorticoids, decongestants and immunotherapy (2); 
however, favorable therapeutic effects have not been fully 
achieved due to the diverse pathogenic factors and complex 
pathogenesis of AR. AR pathogenesis has been the subject of 
numerous studies (3). In particular, mast cells (MCs), which 
are the major effector cells of AR, have become an important 
research topic (4,5). 

The RNA interference (RNAi) technique has become a 
common and effective tool for the study of gene function. This 
technique typically involves introducing a chemically synthe-
sized small interfering RNA (siRNA) or short hairpin RNA 
(shRNA) into cells in order to interfere with a target gene, and 
specifically downregulate its expression (6). C‑C chemokine 
receptor type 3 (CCR3) is a single strand G-protein-coupled 
receptor containing seven hydrophobic transmembrane 
domains, which was originally suggested to be specifically 
expressed on the surfaces of eosinophils (EOSs) (7). Previous 
studies conducted by the present research team demonstrated 
that CCR3 downregulation by RNAi markedly alleviated 
nasal cavity symptoms, significantly reduced CCR3 mRNA 
expression in the peripheral blood, bone marrow and nasal 
lavage fluid, and notably decreased EOS infiltration in a 
mouse model of AR. In addition, degranulated proteins in 
the EOSs of peripheral blood, bone marrow and nasal lavage 
fluid were significantly decreased in the AR model mice by 
CCR3 RNAi, and in vitro experiments revealed that CCR3 
downregulation in EOSs promoted apoptosis and inhibited 
proliferation (8,9). However, other studies have reported that 
CCR3 is also expressed on the surfaces of Th2 cells (10), 
MCs (11-13) and basophils (14). Ochi et al (13) demonstrated 
that human MC progenitors express four chemokine receptors, 
namely CXCR2, CCR3, CXCR4 and CCR5; however, only 
CCR3 is maintained until MC maturation. Brightling et al (11) 
reported that MCs migrate to CCR3, and that the application 
of a CCR3 inhibition with a specific blocking antibody could 
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significantly reduce the migration of MCs to CCR3. Similarly, 
Miyazaki et al (15) demonstrated that a CCR3 blockade by 
mAb or specific CCR3 antagonist was able to reduce the 
amount of histamine and β hexosaminidase secreted following 
MC-activated degranulation.

In the present study, CCR3 lentiviral vector plasmids were 
constructed and transfected into mouse MCs. The efficacy of 
the transfection was determined by assessing CCR3 mRNA 
and protein expression in the MCs. Furthermore, the effects of 
CCR3-shRNA transfection on MC proliferation, apoptosis and 
chemotaxis were evaluated, in order to provide a theoretical 
foundation for the further investigation of AR pathogenesis.

Materials and methods

Animals. Male Balb/c mice (n=5; weight 20±2 g; 4-6 weeks 
old) were purchased from the Laboratory Animal Science 
Center of Nanchang University. All animals were housed in 
cages with free access to food and water and were acclimated 
for 1 week at a controlled temperature of 24˚C and relative 
humidity of 55-65%, under a 12-h light/dark cycle (lights 
on at 7:00 a.m.) prior to experimental surgery. All efforts 
were made to minimize suffering. Animal procedures were 
conducted according to the Guidelines for Care and Use of 
Laboratory Animals and were approved by the Animal Care 
and Use Committee of The Second Affiliated Hospital of 
Nanchang University.

Reagents. Mouse interleukin (IL)-3 and mouse stem cell factor 
(SCF) were purchased from Promega Corporation. TRIzol 
reagent (cat. no. CW0580S), Ultrapure RNA extraction kit 
(cat. no. CW0581M), HiFiScript cDNA synthesis kit (cat. 
no. CW2569M) and UltraSYBR Mixture (cat. no. CW0957M) 
were all purchased from Beijing CoWin Biotech Co., Ltd. 
Annexin V‑fluorescein isothiocyanate (FITC)/propidium iodide 
(PI) Apoptosis kit (cat. no. AP101-100-kit) was purchased from 
Hanzhou Multi Sciences (Lianke) Biotech Co., Ltd. RIPA 
Lysis Buffer (cat. no. C1053) was purchased from Applygen 
Technologies, Inc. SuperSignal® West Pico chemiluminescent 
substrate (cat. no. RJ239676) was obtained from Thermo Fisher 
Scientific, Inc. Polyvinylidene difluoride (PVDF) membranes 
(cat. no. IPVH0001) were purchased from Merck KGaA. 
Mouse monoclonal primary antibody against GAPDH (1:2,000; 
cat. no. TA-08) and horseradish peroxidase (HRP)-conjugated 
goat anti-mouse and anti-rabbit IgG secondary antibodies 
(1:2,000, cat. nos. ZB-2305 and cat. no. ZB-2301, respectively) 
were purchased from Beijing Zhongshan Jinqiao Biotechnology 
Co., Ltd. Rabbit monoclonal primary antibody against 
CCR3 (1:500; cat. no. ab32512) was purchased from Abcam. 
PE-CD117 (cat. no. 555714) and FITC-FCεRI α (cat. no. 553376) 
were purchased from Becton Dickinson. Mouse histamine 
ELISA kit (cat. no. CEA927Ge) was purchased from USCN 
Life Sciences, Inc. and mouse β-hexosaminidase ELISA kit 
(cat. no. SBJ-M0352) was purchased from SBJBio. 

Culture of mouse bone marrow‑derived MCs. BALB/c mice 
were sacrificed by cervical dislocation. Femurs and tibias were 
isolated, immersed in 75% ethanol for 5 min and rinsed with 
PBS. The ends of the femurs and tibias were cut off. Bone 
marrow was flushed out from the bones using RPMI‑1640 

and was collected on a plate. A single-cell suspension of 
bone marrow was subsequently prepared via filtering the 
bone marrow with a 100-mesh sieve. Cells were collected 
following centrifugation at 188.9 x g at 4˚C for 5 min and were 
washed twice with PBS. Subsequently, cells were cultured in 
RPMI-1640 supplemented with 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc.)., 10 µg/ml streptomycin, 100 IU/ml 
penicillin, 50 µmol/l non-essential amino acids, 10 ng/ml IL-3 
and 10 ng/ml SCF and were placed at 37˚C in a humidified 
incubator containing 5% CO2.

Toluidine blue staining. The medium were changed every two 
days, and the mast cells were detected using Toluidine blue 
staining. Following 4 weeks of culture, 0.5 ml cell suspen-
sion was collected with a Pasteur tube, added dropwise onto 
an autoclaved cover glass covered with polylysine and then 
air-dried. Cells were stained with toluidine blue for 15 min 
at room temperature, washed with water, followed by acetone 
differentiation, gradual ethanol (95, 85 and 75%) dehydra-
tion, xylene hyalinization and neutral resin mounting at room 
temperature. Slides were imaged using a microscope (CX41; 
Olympus Corporation; magnification, x200).

Flow cytometry for MC identification. Cells cultured 
for 4 weeks were collected by horizontal centrifugation 
(1889 x g; 5 min) at 4˚C, washed twice and resuspended in 
PBS, resuspended, and the cell concentration was adjusted 
to 1x106/ml. Cell suspension (100 µl) was put into two 
tubes, and incubated with 0.5 µl PE-CD117 and 0.2 µl 
FITC-FCεRI α, the specific MCs markers (16), in the dark 
at 4˚C for 30 min. A volume of 1 ml PBS containing 2.5% 
FBS was added into each tube for 30 sec, cells were washed 
twice in PBS and centrifuged at 188.9 x g for 1 min at 4˚C, 
and then the supernatant was discarded. Eventually, cells 
were resuspended in 0.5 ml PBS containing 2.5% FBS. 
Cells were analyzed by flow cytometry (NovoCyte 2060R) 
with NovoExpress_1.2.5_Setup_Cn_170605.20914 software 
provided by ACEA Biosciences Inc. 

Construction of CCR3‑shRNA lentivirus vector. The 
CCR3 gene-specific mRNA sequence was obtained 
from the Genebank database (http://blast.ncbi.nlm.nih.
gov/Blast.cgi). Subsequently, targeting sequences inter-
fering with the CCR3 gene were searched for using the 
siRNA online design tool from Ambion; Thermo Fisher 
Scientific, Inc. (https://www.thermofisher.com/uk/en/
home/brands/invitrogen/ambion.html). Three CCR3 target 
sequences were designed by General Biosystems and screened 
using Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi; Table I). 

Cell transfection. MC cells were seeded in a 24-well plate at 
a density of 1x105/well and grown at 37˚C for 18‑24 h prior to 
lentivirus transfection. On the second day, the medium was 
replaced by 2 ml fresh medium containing 6 µg/ml polybrene 
and 10 µl virus suspension, and cells were incubated at 37˚C 
for 4 h. After 4 h incubation at 37˚C with the vectors, 2 ml fresh 
medium was added to dilute the polybrene and the cells were 
further cultured for 72, 96 and 144 h, and virus-containing 
medium was replaced by the fresh medium in the blank control 
group, vector control group and CCR3-shRNA group. 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  20:  1030-1038,  20201032

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA from each group of cells was isolated using TRIzol 
(cat. no. CW0580S; CoWin Biosciences) according to the 
manufacturer's instructions. cDNA was synthesized from 
1 µg total RNA using an HiFiScript cDNA synthesis kit 
(cat. no. CW2569M; CoWin Biosciences) following the 
manufacturer's instructions. The thermal conditions of reverse 
transcription were as follows: 37˚C for 15 min and 85˚C for 5 sec. 
qPCR analysis was then performed to evaluate CCR3 mRNA 
expression using UltraSYBR mixture (cat. no. CW0957M; 
CoWin Biosciences). The primers were designed as follows: 
CCR3, forward 5'-CGC TAT CCA GAG GGT GAA G-3' and 
reverse 5'-AGC AGT GGG TGT AGG CAA T-3' (predicted 
amplicon length, 328 bp); and GAPDH, forward 5'-AAG AAG 
GTG GTG AAG CAG G-3' and reverse 5'-GAA GGT GGA AGA 
GTG GGA GT-3' (predicted amplicon length, 111 bp). The qPCR 
cycles were performed as follows: 94˚C for 10 min, followed by 
40 cycles of 95˚C for 15 sec, 58˚C for 30 sec and 72˚C for 30 sec, 
and a final extension at 72˚C for 10 min. The relative expression 
level of CCR3 was normalized to endogenous control GAPDH 
and was expressed as 2-ΔΔCT (17).

Western blotting. Cells in each group were lysed using RIPA 
buffer on the ice for 30 min and the protein concentration 
was estimated using a bicinchoninic acid assay kit. Proteins 
(60 µg) were boiled at 95˚C for 5 min in 500 µl NuPAGE 4X 
LDS sample buffer (Invitrogen; Thermo Fisher Scientific, Inc.) 
containing 5% β-mercaptoethanol. Subsequently, proteins 
(60 µg/lane) were separated using 10% NuPAGE Bis-Tris 
precast gels (Nanjing KeyGen Biotech Co., Ltd) and transferred 
onto PVDF membranes. Membranes were washed with TBS 
supplemented with 0.1% Tween 20 (TBST), blocked with 3% 
bovine serum albumin (Applygen Technologies, Inc.) in TBST 
for 2 h at room temperature, and incubated at 4˚C overnight with 
anti-CCR3 and anti-GAPDH primary antibodies. Following 
three washes of 10 min with TBST, membranes were incubated 
with secondary antibodies for 2 h at room temperature. After 
three washes of 5 min with TBST, the signal on the membrane 

was detected using SuperSignal® West Pico chemiluminescent 
substrate (cat. no. RJ239676; Thermo Fisher Scientific, Inc.) 
and imaged with a ChemiDoc system (Bio-Rad Laboratories, 
Inc.). The data were analyzed via densitometry using ImageJ 
software 1.8.0 (National Institutes of Health) and normalized 
to expression of the internal control GAPDH.

Detection of MC proliferation with Cell Counting kit‑8 
(CCK‑8) assay. Cells in each group were collected following 
96 h transfection, washed twice with PBS, and seeded in a 
96-well plate at a density of 2.5x105/ml. Then, 100 µl culture 
medium (RPMI-1640 supplemented with 10% FBS) was 
added to each well (in pentaplicate for each group) and cells 
were cultured at 37˚C for 0, 12, 48, 72 and 96 h. CCK8 reagent 
(20 µl; Nanjing KeyGen Biotech Co., Ltd) was then added to 
each well and cells were incubated at 37˚C for 4 h. Absorbance 
at 450 nm was then measured using a microplate reader. 

Flow cytometry for detection of MC apoptosis. Cells were 
collected following 96 h transfection, and the cell concentra-
tion was adjusted to 2.0x105/ml. Cell suspension from each 
group was centrifuged (698.8 x g, 3 min) at 4˚C and the 
supernatant was discarded. PBS (300 µl) was then added to 
each tube and the mixture was gently mixed. Subsequently, 
5 µl Annexin V-FITC and 5 µl PI were added to each tube 
and cells were incubated in the dark at room temperature for 
10 min. Cells were then transferred into special centrifuge 
tube for flow apoptosis detection, and apoptosis was eventu-
ally detected using a flow cytometer (NovoCyte 2060R) and 
analyzed with NovoExpress_1.2.5_Setup_Cn_170605.20914 
software provided by ACEA Biosciences Inc.

Transwell assay for detection of MC chemotaxis. Cells were 
collected following 96 h transfection, centrifuged (111.8 x g; 
5 min) at room temperature and washed twice with PBS. 
Cells in each group were resuspended in medium containing 
10% FBS and the concentration was adjusted to 2.0x105/ml. 
Medium containing 10% FBS (800 µl in total) and 1 nM 

Table I. Primer sequences of the CCR3-shRNAs.

Primer name  Direction Primer sequences (5'-3')

CCR3-shRNA1 Forward GATCCGGCAGCATTGCCTGAATTTATCTTCCTGTCAGAATAAATTCAGGCAATGC
  TGCCTTTTTG
 Reverse AATTCAAAAAGGCAGCATTGCCTGAATTTATTCTGACAGGAAGATAAATTCAGG
  CAATGCTGCCG
CCR3-shRNA2  Forward GATCCGCAGCATTGCCTGAATTTATCCTTCCTGTCAGAGATAAATTCAGGCAATG
  CTGCTTTTTG
 Reverse AATTCAAAAAGCAGCATTGCCTGAATTTATCTCTGACAGGAAGGATAAATTCAG
  GCAATGCTGCG
CCR3-shRNA3 Forward GATCCGCTCTTCCTCTCCTCATTATGCTTCCTGTCAGACATAATGAGGAGAGGAA
  GAGCTTTTTG
 Reverse ATTCAAAAAGCTCTTCCTCTCCTCATTATGTCTGACAGGAAGCATAATGAGGAG
  AGGAAGAGCG

CCR3, C-C chemokine receptor type 3; shRNA, short hairpin RNA.
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chemokines leukotriene B4 (LTB4; cat. no. 71160-24-2; Hubei 
Jusheng Technology Co. Ltd.) (12) were added to each well of 
a 24-well plate to evaluate the chemotaxis of MCs. Chambers 
(pore size 8 µm; BD Biosciences) were placed inside the 
wells, 200 µl cell suspension from each group was added into 
the chambers and cells were cultured at 37˚C for 36 h. MCs 
were the suspended cells, which did not adhere to the filter 
membrane. Flow cytometry was subsequently used to detect 
the number MCs that had migrated into the lower chamber. 
Subsequently, the chambers were removed and the medium 
contained in the 24-well plate was collected and centrifuged 
at 1,889.4 x g at room temperature for 5 min before discarding 
the supernatant. Gr-1-FITC (5 µl) (BD Biosciences) and C-kit 
PE (5 µl) (BD Biosciences) were then added into each tube 
and the mixture was gently mixed and incubated in the dark 
for 10 min at room temperature to detect chemotaxis (18). 
The single-cell suspension obtained was then transferred 
into the special flow cytometry centrifuge tube and analyzed 
by using a flow cytometer (NovoCyte 2060R) and analyzed 
with NovoExpress_1.2.5_Setup_Cn_170605.20914 software 
(ACEA Biosciences Inc.). C-kit positive cells were considered 
to represent the number of MCs cells that had migrated.

Detection of MC degranulation by ELISA. MC degranula-
tion was evaluated using β-hexosaminidase and Histamine 
detection. Cells were collected following 96 h transfection, 
centrifuged at 4˚C (111.8 x g; 5 min) and washed twice with 
PBS. Cells were resuspended in medium containing 10% FBS 
and the concentration was adjusted to 5.0x106/ml and seeded 
into 24-well plate (in sextaplicate for each group). Subsequently, 
10 µg/ml anti-DNP IgE (19) was added into each well for 1 h 
at 37˚C to promote the MCs activation and degranulation. 
Then, 40 ng/ml HSA‑DNP was added for 1 h at 37˚C to simu-
late the sensitization process and trigger allergic reactions. 
Subsequently, plates were placed on ice for 10 min in order to 
terminate the degranulation reaction, and centrifuged at 4˚C 
(1,889.4 x g; 5 min) to collect the supernatants from each well. 
Then, 50 µl of 1 mM 4-nitrophenyl-N-acetyl β-D-glucoside 
(dissolved into 100 mM citric acid-sodium citrate, pH 4.4) was 
added to each supernatant, and the mixture was transferred 

into a 96‑well plate and incubated for 1 h at 37˚C. Sodium 
carbonate buffer solution (200 µl) was then added to termi-
nate the reaction. Absorbance was read at 405 nm using a 
microplate reader, and the amount of β-hexosaminidase and 
Histamine was expressed as its proportion of total enzymes in 
the unstimulated cells (20).

Statistical analysis. All data were analyzed using SPSS 
19.0 software (IBM Corp.). Data are expressed as the 
means ± standard deviation. Multiple group comparison was 
performed using one-way ANOVA followed by Tukey's post 
hoc test. Each experiment was repeated three times inde-
pendently. P<0.05 was considered to indicate a statistically 
significant difference.

Results 

Identification of MCs. MCs were identified through toluidine 
blue staining following 4 weeks of culture of the primary 
MCs, since there are substances in the cytoplasm of MCs, such 

Figure 1. Identification and purification of MCs. MCs were identified following (A) toluidine blue staining (magnification, x200) and (B) flow cytometry for 
the cell surface antigens CD117 and FCεRI α. The results suggested that MCs were successfully induced. MCs, mast cells

Figure 2. Reverse transcription-quantitative PCR detection of the effect 
of CCR3-shRNAs on CCR3 mRNA expression in mast cells. Data are 
expressed as the mean ± standard deviation (n=3). *P<0.05 vs. control group. 
CCR3, C-C chemokine receptor type 3; shRNA, short hairpin RNA.
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as heparin and histamine, that create a metachromatic purple 
stain when they are treated with toluidine blue (21) (Fig. 1A). 
The results in Fig. 1B demonstrated that 97.42% of the cells 
were positively stained for the cell surface antigens CD117 and 
FCεRI α. These results indicate that MCs were successfully 
induced. 

Screening of CCR3‑shRNA effects. As presented in Fig. 2, 
the three CCR3‑shRNAs significantly reduced CCR3 mRNA 
expression compared with that in the control cells. In addition, 
CCR3-shRNA2 appeared to have the strongest CCR3 down-
regulating effect and was therefore selected for subsequent 
experiments. Statistical analysis was not performed statistical 
analysis between the three groups. The CCR3-shRNA2 down-
regulated CCR3 expression the most as shown in Fig. 2 and 
was thus selected for the following experiments.

CCR3‑shRNA2 transfection efficiency and determination of 
the optimum transfection time. CCR3 expression at the mRNA 
and protein levels were detected at 72, 96 and 144 h post trans-
fection with CCR3-shRNA2. The results in Fig. 3 suggest that 
CCR3 mRNA and protein expression levels in cells transfected 
with CCR3‑shRNA2 were significantly reduced at each time 
point compared with the control group. In addition, the CCR3 
expression in the CCR3‑shRNA2 group at 96 h was signifi-
cantly lower compared with that at 72 and 144 h (P<0.05). The 

transfection time of 96 h was therefore selected for subsequent 
experiments. 

CCR3‑shRNA2 transfection decreases MC proliferation. 
CCK-8 assay was used to determine the effect of CCR3-shRNA2 
transfection on proliferation. As presented in Fig. 4, cells in 

Figure 3. CCR3‑shRNA2 transfection efficiency and determination of transfection time. CCR3 mRNA and protein expression were detected at 72, 96 and 144 h 
following CCR3-shRNA2 transfection. (A) Detection of CCR3 mRNA expression in mast cells by reverse transcription-quantitative PCR. (B) Detection of 
CCR3 protein expression by western blotting and quantitative analysis. Data are expressed as the mean ± standard deviation (n=3). *P<0.05 vs. control group. 
#P<0.05 vs. CCR3-shRNA2 group at 96 h following transfection. CCR3, C-C chemokine receptor type 3; shRNA, short hairpin RNA.

Figure 4. CCR3 interference reduces MC proliferation. Following 12-96 h of 
CCR3-shRNA2 transfection of MCs, cell proliferation was detected using a 
Cell Counting kit-8 assay. Data are expressed as the mean ± standard devia-
tion (n=3). *P<0.05 vs. control group. CCR3, C-C chemokine receptor type 3; 
MC, mast cell; OD, optical density; shRNA, short hairpin RNA.



PENG et al:  TREATMENT EFFECT OF CCR3-shRNA IN ALLERGIC RHINITIS 1035

each group proliferated in a time dependent manner. However, 
compared with the control group, CCR3-shRNA transfection 
significantly reduced the cell proliferation at each time point 
after 12 h (P<0.05). These findings demonstrated that CCR3 
downregulation decreased MC cell proliferation. 

CCR3‑shRNA2 transfection promotes MC apoptosis. Following 
96 h of cell transfection with CCR3-shRNA2, apoptosis was 
assessed by flow cytometry using AnnexinV‑FITC/PI staining. 
As presented in Fig. 5, apoptosis in the CCR3-shRNA2 group 
was significantly increased compared with that in the control 
group (P<0.05). This result indicates that CCR3 downregula-
tion promoted apoptosis in MCs. 

CCR3‑shRNA2 transfection decreases MC chemotaxis. The 
migration of MCs towards the chemokine LTB4 was detected 
using a Transwell assay. The results in Fig. 6 demonstrate 
that MC chemotaxis was significantly reduced following 
CCR3-shRNA2 transfection (P<0.05).

CCR3‑shRNA2 transfection decreases the degranulation 
of MCs. Histamine and β-hexosaminidase are granules 
synthesized by MCs. They are important markers of MC 
degranulation (22). ELISAs were performed to detect the 
histamine and β-hexosaminidase release rate during MC 
degranulation. The results in Fig. 7 demonstrate that the release 
of histamine and β-hexosaminidase into the supernatant by 
CCR3‑shRNA2 transfected MCs was significantly reduced 
compared with that of control cells (P<0.05).

Discussion 

MCs were first isolated by Ehrlich et al from blood samples 
and connective tissue in 1878 (23). Since then, MCs have been 
considered as the major effector cells in allergic diseases, 
including asthma, atopic dermatitis and AR (5,24). The binding 
of antigen‑specific IgE to FCεRI to sensitize MCs has been 
convincingly linked to the pathophysiology of anaphylaxis and 
other acute allergic reactions (25). MCs originate from bone 
marrow-derived pluripotent hematopoietic cells and circulate 
as immature precursors. However, after entering tissues, they 
develop into functional MCs via multiple signals that prompt 
their proliferation and differentiation (26,27). SCF and IL-3 
are the most important stimulating factors for MC maturation. 
IL-3 is also called the polyclonal colony stimulating factor, and 
is the most potent cytokine able to promote early-stage mouse 
MC differentiation (28). SCF maintains MC survival and 
promotes MC proliferation, and its concentration will directly 
affect the number of MCs in the circulation and tissues, In 
addition, SCF can assist IL-3-mediated MC differentiation and 
serves a key role in late stage MC maturation (29). At present, 
SCF and IL-3 are frequently used to induce the differentiation 
of mouse bone marrow-derived MCs; however, the concentra-
tion of each factor used varies between studies. In the present 
study, the concentration of 10 ng/ml was used for both factors, 
medium was replaced every 7 days, and cells were identified 
4 weeks after the induction of differentiation through tolu-
idine blue staining and flow cytometry. The flow cytometry 
results demonstrated that >97% cells were positively stained 

Figure 5. CCR3 interference promotes MC apoptosis. After 96 h of transfection, flow cytometry was performed following AnnexinV‑FITC/PI staining. 
(A) Flow cytometry analysis of MCs transfected with CCR3‑shRNA2. (B) Quantification of apoptosis in each group. Data are expressed as the mean ± stan-
dard deviation (n=3). *P<0.05 vs. control group. CCR3, C‑C chemokine receptor type 3; FITC, fluorescein isothiocyanate; MC, mast cell; PI, propidium iodide; 
shRNA, short hairpin RNA.
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for CC117 and FCεRI, confirming that the purity of MCs 
obtained was high. With regards to the role of MCs in AR, 
Lin et al (30) investigated a mouse mode of AR and the results 
from toluidine blue staining of the nasal mucosa suggested 
that MC infiltration was significantly increased; furthermore, 
the concentrations of specific IgE and histamine in periph-
eral blood and IL-4, IL-9 and IL-17 in nasal lavage fluid 
were significantly increased compared with those in normal 
controls. In addition, following downregulation of potassium 
calcium-activated channel subfamily N member 4 (KCa3.1) 
expression using a lentivirus vector plasmid, the symptoms 

of AR in the AR model mice were markedly ameliorated, 
MC infiltration into the nasal mucosa was reduced, and the 
concentrations of specific IgE and histamine in peripheral 
blood and of IL‑4, IL‑9 and IL‑17 in nasal lavage fluid were 
significantly decreased. Furthermore, in vitro experiments 
demonstrated that KCA3.1 downregulation in the MC cell 
line P815 significantly downregulated MC degranulation and 
IL-6 and IL-8 release (30). Shao et al (31) used the traditional 
Chinese medicine Shenqi in AR mice and the MC cell line 
RBL-2H3, and reported that this treatment could regulate MC 
degranulation and treat AR. Zhang et al (32) described similar 

Figure 6. CCR3 interference suppresses MC chemotaxis. (A) Representative images of flow cytometry results for MC chemotaxis from each group. 
(B) Quantification of the percentage of migrated c‑kit cells in each group. Data are expressed as the mean ± standard deviation (n=3). *P<0.05 vs. control group. 
CCR3, C‑C chemokine receptor type 3; FITC, fluorescein isothiocyanate; MC, mast cell; PE, phycoerythrin; shRNA, short hairpin RNA.

Figure 7. CCR3 interference suppresses mast cell degranulation. (A) Histamine and (B) β-hexosaminidase levels were detected by ELISA. Data are expressed 
as the mean ± standard deviation (n=3). *P<0.05 vs. control group. CCR3, C-C chemokine receptor type 3; shRNA, short hairpin RNA.
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results using the traditional Chinese medicine curcumin. 
These findings suggest that MC proliferation, local infiltration 
and degranulation serve key roles in the pathogenesis of AR. 
Reducing MC proliferation, infiltration and degranulation, 
and promoting MC apoptosis might therefore be crucial in the 
treatment of AR. 

Previous studies conducted by the present research 
team demonstrated that CCR3 downregulation can promote 
eosinophil apoptosis, and suppress the proliferation and 
degranulation of eosinophils, which could therefore be used 
to treat AR (8,9). However, the role of the CCR3 gene in 
MCs proliferation or apoptosis remains controversial (12,33). 
Collington et al (12) compared bone marrow-derived MCs 
from CCR3 knockout and wild-type mice, and reported that 
CCR3 knockout mice shared a similar MC phenotype with 
wild-type mice, and that both MC types had similar migratory 
capacity towards the chemokines LTB4 and SCF, suggesting 
that the CCR3 gene has no influence on mouse MC chemo-
taxis. Furthermore, Brightling et al (11) demonstrated that 
MCs can migrate towards CCR3 chemokine, and that the 
use of CCR3 inhibitor can markedly decrease the migratory 
capacity of MCs towards this chemokine. Miyazaki et al (15) 
reported that the histamine and β-hexosaminidase release 
following MC degranulation in CCR3 gene knockout mice 
was significantly decreased, suggesting that the role of CCR3 
gene in MC degranulation remains unclear. The present 
study demonstrated that MC proliferation was significantly 
decreased following CCR3 downregulation in mouse-derived 
MCs compared with the control group. In addition, the migra-
tory capacity of CRR3-shRNA transfected MCs towards the 
chemokine LTB4 was also significantly reduced compared 
with the control group, indicating that CCR3 interference 
could reduce MC proliferation and chemotaxis. HSA-DNP 
and anti-DNP IgE were used to activate MCs proliferation, in 
order to assess MC degranulation. The results demonstrated 
that the levels of histamine and β-hexosaminidase release 
following MC degranulation were significantly decreased in 
the CCR3-shRNA transfected MC group compared with the 
control group, suggesting that CCR3 interference may suppress 
MC degranulation. Furthermore, the results of flow cytometry 
and CCK-8 assays demonstrated that CCR3 interference may 
promote MC apoptosis and reduce MC proliferation. 

This study exhibits some limitations. Firstly, as the study 
was only restricted to the in vitro detection of MC function, 
the results should be further verified using in vivo experi-
ments. Secondly, the study only determined the effect of MC 
phenotype and CCR3 function on MC chemotaxis and degran-
ulation, and the mechanisms involved were not evaluated. 
Future investigation will therefore focus on the underlying 
mechanisms of CCR3.

In conclusion, CCR3 interference may promote MC 
apoptosis and reduce MC proliferation, chemotaxis and 
degranulation, thereby alleviating the MC-mediated allergic 
inflammatory reaction observed in AR. To the best of our 
knowledge, the present study was the first to investigate the 
effect of CCR3 interference on MCs and to explore the roles of 
CCR3 and MCs in the pathogenesis of AR. The findings from 
this study may provide a theoretical basis for the use of CCR3 
as a potential target in the treatment of AR and lay a favorable 
foundation for further investigation. 
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