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Abstract
Background: Chronic idiopathic urticaria (CIU) represents a 
common skin disorder often characterized by mast cell acti-
vation and secretion of histamine and other proinflamma-
tory factors. E-selectin (SELE) has been implicated in the 
pathogenesis of common inflammatory cutaneous disor-
ders, while the role of SELE in CIU is yet to be fully under-
stood. Thus, we aimed to investigate the mechanism by 
which SELE influences CIU in connection with the involve-
ment of mast cells. Methods: SELE expression was measured 
in blood samples obtained from CIU patients and normal in-
dividuals. A CIU mouse model was subsequently established 
by intradermally injecting a normal saline solution with ov-
albumin IgE antiserum into the mice. Loss- and gain-of-func-
tion investigations were conducted on the mouse models. 
The number of degranulated mast cells and the amount of 
histamine release in vitro were determined. The levels of 
SELE, tumor necrosis factor (TNF)-α, homologous restriction 
factor (HRF), and interleukin (IL)-6 levels were determined. 
Results: The CIU clinical samples exhibited upregulated 

SELE, while the CIU mice showed increased mast cell degran-
ulation and an increased rate of histamine directional re-
lease, as well as an elevated expression of SELE, TNF-α, HRF, 
and IL-6. SELE silencing was found to decrease the number 
of degranulated mast cells and reduce the rate of histamine 
directional release, along with suppressed TNF-α, HRF, and 
IL-6 expression, in the serum of CIU mice. Ketotifen was ob-
served to rescue the increased expression of TNF-α, HRF, and 
IL-6 caused by SELE overexpression. Conclusions: This study 
highlights the potential of SELE downregulation to repress 
inflammatory factor secretion caused by the accumulation 
of mast cells, which ultimately inhibits the development of 
CIU. © 2020 S. Karger AG, Basel

Introduction

As a chronic and often debilitating skin disease, chron-
ic idiopathic urticaria (CIU) is characterized by the recur-
rent eruption of urticarial wheals often due to an un-
known cause for a period greater than 6 weeks [1]. The 
incidence of CIU has been reported to be lower among 
children compared to adults, whereas previous studies 
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have indicated that there is no statistical difference in CIU 
incidence between children and adolescents [2]. Owing 
to the notable similarity between urticaria lesions in-
duced by allergens on the skin and those caused by injec-
tion of histamine, reports have highlighted mast cells as 
key factors in the generation of localized urticarial lesions 
[3]. The existing literature indicates that activated mast 
cells express transglutaminase 2, which has been linked to 
elevated levels of inflammatory mediators such as hista-
mine, tumor necrosis factor (TNF)-α and interleukin 
(IL)-6, highlighting that mast cells and varied inflamma-
tory cells play crucial roles in the pathogenesis of chronic 
spontaneous urticaria (CSU) [4]. 

E-selectin (SELE) is expressed on postcapillary vessel 
linings and it has been shown to regulate low-affinity 
binding interactions with ligands on leukocytes and in-
flammation [5]. Previous research has indicated that mast 
cells release various receptors and ligands on the cell sur-
face and molecules activating the cells of the immune sys-
tem, with these mediators released by mast cells shown to 
exacerbate skin inflammation [6]. Activation of human 
mast cells has been shown to release a variety of mediators 
such as histamines and many cytokines comprising TNF, 
IL-33, and IL-1, which results in the generation of nucle-
ar factor (NF)-kB and AP1 [7]. A close correlation be-
tween chronic urticaria (CU) and inflammatory respons-
es has been documented, with markers of inflammation 
such as the mean platelet volume and C-reactive protein 
abnormally elevated in patients with CU [8, 9]. Evidence 
has been presented previously confirming the notable 
role of selectins in allergic diseases, with studies suggest-
ing that blockade of selectins might ameliorate several 
diseases such as chronic allergic inflammation, airway 
hyperresponsiveness, and allergic late-phrase reactions 
[10]. Hence, we asserted the hypothesis that SELE might 
regulate mast cells to produce inflammatory factors, 
which leads to CIU. Thus, the central objective of the cur-
rent study was to explore the correlation between SELE, 
mast cells, and CIU in an attempt to analyze the effect of 
SELE on mast cells in mice with CIU.

Materials and Methods

Patient Enrollment
Sixty-five patients with CIU treated at the Department of 

Dermatology of The First Hospital of Jilin University and the 
Department of Dermatology of The Second Hospital of Jilin 
University from June 2017 to December 2018, in addition to 33 
healthy individuals, were selected for the current study. The CIU 
patient inclusion criterion was based on whether they met a pre-
viously published international standard [11]. The patients (33 

males and 32 females) were aged 13–60 years, with a mean age 
of 36.55 ± 6.90 years. The disease duration was between 3 and 60 
months, with mean disease duration of 28.18 ± 11.82 months, 
and the incidence frequency was 7.63 ± 2.44 times/month. The 
healthy individuals (16 males and 17 females) were aged 14–61 
years, with a mean age of 35.06 ± 7.54 years. There were no sta-
tistically significant differences in relation to the general clinical 
data of gender and age between CIU patients and healthy indi-
viduals (p > 0.05). The expression of SELE in the mast cells of 
the patients with CIU and the healthy individuals was measured 
by means of reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR).

Establishment of a Mouse Model with CIU
Seventy-eight specific pathogen-free healthy male C57BL/6 

mice (aged 8 weeks and weighing 18–22 g) were purchased from 
Beijing Vital River Laboratory Animal Technology Co., Ltd. (Bei-
jing, China). Among the mice, 15 were randomly selected as the 
normal group while the remaining 63 were used to establish the 
CIU mouse model (CIU group). The mice were placed on a regular 
granular diet with sterilized tap water. Additionally, the mice were 
stored in a controlled environment with conditions as follows: 
temperature, 18–22  ° C; relative humidity, 40–70%; noise, < 50 dB; 
and 12-h light/dark cycle. After 7 days of adaptive feeding, the CIU 
mice were injected intradermally with 0.1 mL/point of normal sa-
line solution containing ovalbumin immunoglobulin E antiserum 
(1: 1). The antigen challenge was performed 1 h after the final dose 
administration; 1 mL of 0.5% Evans blue solution (containing 30 
mg ovalbumin) was injected into the mice via the tail vein. The 
CIU mouse model was considered to be successfully established if 
the mice exhibited the following changes: (1) physiological state: 
itchy skin with bright red or pale wheals of varying sizes, and (2) 
pathological examination: hematoxylin-eosin (HE) staining and 
optical density (OD) value measurement in blue plaque [12]. The 
successfully modeled mice were used for the subsequent experi-
ments.

HE Staining
Three mice in the normal group and 3 mice in the CIU group 

were anesthetized with 3% sodium pentobarbital (50 mg/kg) and 
subsequently euthanized via decapitation, with the hind skin re-
gion separated. The skin tissue was washed using 4  ° C normal sa-
line to wash the bloodstains on the surface. After repeated rinsing 
with phosphate-buffered saline (PBS), the tissues were fixed with 
10% neutral formaldehyde for 24 h, dehydrated with gradient al-
cohol (ethanol concentrations of 70, 80, 90, 95, and 100%, respec-
tively, for 5 min/time), and permeabilized with xylene twice (10 
min/time). After immersion and embedding in paraffin, the tissues 
were cut into serial sections (4 μm). The sections were then dried 
at 60  ° C for 1 h and deparaffinized with xylene, followed by xylene 
removal with gradient ethanol. The sections were subsequently 
stained with hematoxylin for 10 min, and then the sections were 
differentiated with 1% hydrochloric acid alcohol for 20 s. The sec-
tions returned to blue via exposure to 1% ammonia water for 30 s, 
followed by staining with eosin solution for 3 min. The sections 
were then dehydrated with gradient ethanol, permeabilized twice 
with xylene, and mounted with neutral balsam. Finally, the sec-
tions were observed under a 100-fold ordinary optical microscope 
(Olympus Optical Co., Ltd., Tokyo, Japan). The experiment was 
repeated 3 times.
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Measurement of OD Values in Blue Plaque
Six mice in the normal group and 6 mice in the CIU group were 

taken. The blue patches on the back skin of the mice were cut into 
pieces. The pieces were added to 4 mL of acetone-a normal saline 
mixture (7: 3), soaked for 48 h, and centrifuged at 3,000 rpm for 
10 min. The supernatant was then placed on a 721-type spectro-
photometer to detect the OD value at a wavelength of 610 nm via 
chromatometry, with the average OD values of each group re-
corded.

Animal Treatment and Grouping
The successfully established mouse models were subjected to 

the following procedures: 14.5 μg of nucleic acid was diluted to 0.5 
μg/μL with endotoxin-free pure water and fully mixed with 25 μg 
10% glucose solution (w/v) until the final glucose concentration 
was confirmed to be 5% with a final volume of 50 μL. A total of 25 
μL of Entranster TM in vivo reagent (Engreen Biosystem Co. Ltd., 
Beijing, China) was diluted and mixed with 25 μL of 10% glucose 
solution until the final glucose concentration was confirmed to be 
5%, with a final volume of 50 μL. The diluted transfection reagent 
was immediately added to the diluted nucleic acid solution (Invi-
trogen, USA), shaken well in a prompt manner, and left to sit at 
room temperature for 15 min. After the mice had been anesthe-
tized with 2% sodium pentobarbital (50 mg/kg), 200 µL of plas-
mids were injected into the bilateral femur. The successfully mod-
eled mice were then injected with siRNA-(NC) plasmid, siRNA-
SELE plasmid, pcDNA3 (vector-NC) plasmid, pcDNA3-SELE 
(vector-SELE) plasmid vector-SELE + PBS, or vector-SELE + 0.1% 
Ketotifen (n = 6) [13]. 

Toluidine Blue Staining
Based on a previous report, the toluidine blue staining method 

was employed to calculate the degranulation rate of mast cells [14]. 
The tissue sections were routinely deparaffinized, stained with 1% 
toluidine blue, and differentiated using 0.5% glacial acetic acid. 
The section staining was observed under a microscope. The sec-
tions were permeabilized and mounted accordingly. For each sec-
tion, 3 visual fields with a relatively broad distribution of mast cells 
were selected. The number of degranulated cells in 100 mast cells 
was tallied under a high-power microscope to calculate the per-
centage of degranulation. The mast cell degranulation rate (%) was 
calculated as follows: number of degranulated cells/total number 
of mast cells × 100%.

Immunohistochemistry
The paraffin-embedded tissues were sliced into 4-μm sections. 

The sections were dried at 60  ° C for 3–4 h, deparaffinized 3 times 
with xylene solution (15 min/time), and hydrated with gradient 
alcohol (100, 95, 90, 80, and 70%), followed by high-pressure repair 
using citrate buffer (pH = 6.0) for 2 min. The sections were then 
blocked with 3% hydrogen peroxide methanol solution for 10 min. 
Following the addition of nonimmune goat serum (FK-MB593J; 
Shanghai Fanke Biotechnology, Shanghai China), the sections 
were then incubated with polyclonal rabbit antibody against 
TNF-α (1: 1,000, ab6671, Abcam Inc., Cambridge, UK) and goat 
anti-rabbit IgG (ab6721; Abcam Inc., Cambridge, UK) marked 
with horseradish peroxidase for 30 min under room temperature 
conditions. The sections were then stained with diaminobenzidine 
and observed under a microscope. The sections were subsequent-
ly stained with hematoxylin and alkalized with ammonia. The sec-

tions were dehydrated with gradient alcohol (100, 95, 90, 80, and 
70%) (3 min for each), washed 3 times with xylene (3 min/time), 
air-dried, and mounted with neutral balsam. The sections that 
were not subjected to primary antibody addition were regarded as 
the negative control. Five visual fields were randomly selected un-
der a 200-fold optical microscope, with the staining results ex-
pressed as the percentage of positive cells.

Enzyme-Linked Immunosorbent Assay Method
Six mice in the normal group and 6 mice in the CIU group were 

anesthetized with 2% sodium pentobarbital (50 mg/kg) with 2 mL 
of blood collected from the posterior arteries of the mice. After the 
blood had been anticoagulated with heparin, the serum was sepa-
rated for detection in a timely fashion or preserved at –20  ° C. ELI-
SA kits (Cusabio Biotech Co., Ltd. Wuhan, Hubei, China) were 
taken out of the refrigerator 20 min in advance and equilibrated to 
room temperature prior to use. The concentrations of the known 
antigens were diluted with a carbonate coating buffer (pH = 9.6) 
to 180, 90, 45, 23, 11, and 6 pg/mL. Each standard well was added 
to 50 μL of diluted antigen, respectively. The blank well and the 
sample well were set accordingly. A total of 50 μL of the sample 
dilution was added to the blank well and 10 µL of the sample to be 
tested and 40 μL of the sample dilution were added to the sample 
well. All of the samples were incubated at 37  ° C for 1 h and dried 
following liquid removal. In addition to the blank wells, 50 μL of 
the enzyme-labeled reagent was added to the remaining wells, re-
spectively, and they were incubated at 37  ° C for 1 h. Next, 100 μL 
of the temporarily prepared tetramethylbenzidine substrate solu-
tion (EL0001; InnoReagents Co., Ltd., Huzhou, Zhejiang, China) 
was added to each reaction well. The solution was incubated at 
37  ° C for 15 min under conditions void of light. The OD value of 
each well was measured at a wavelength of 450 nm within 15 min. 
The concentration of the standard solution and the OD value were 
regarded as the horizontal and vertical coordinates, respectively. 
The regression equation of the standard curve was calculated using 
a computer, and the OD value of the sample was substituted into 
the equation to calculate the sample concentration, which was the 
actual concentration of the sample. The levels of SELE, TNF-α, 
homologous restriction factor (HRF), and IL-6 were detected by 
ELISA.

Measurement of Histamine Release in vitro
Three randomly selected mice from each group were anesthe-

tized with 3% sodium pentobarbital (50 mg/kg) and killed by de-
capitation. In accordance with the methods described in previous 
literature [12], the peritoneal mast cells were promptly collected 
for the measurement of histamine release in vitro. Histamine mea-
surement was used to classify the samples into a directional release 
group and a total histamine group. A total of 0.5 mL of cell suspen-
sion from each group was mixed at an equal volume of 5 mg/mL 
allergen protein, respectively, and incubated at 37  ° C for 1 h. The 
suspension of the directional release group was centrifuged at 
1,500 rpm for 10 min; the suspension of the total histamine group 
was boiled for 1 min and then centrifuged. Following the addition 
of 0.5 mL NaOH (0.4 mol/L), the supernatant was added with 0.1 
mL 0.1% phthalaldehyde and left to sit at room temperature for 10 
min, followed by the addition of 0.5 mL 0.1 mol/L HCl for reaction 
termination. A fluorescence spectrophotometer was employed us-
ing the colorimetric method (excitation wavelength of 365 nm; 
emission wavelength of 422 nm). The results are expressed at a 
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directional release rate as follows: directional release of the direc-
tional release group/directional release of the total histamine 
group × 100%.

Reverse Transcription-Quantitative Polymerase Chain 
Reaction
Total RNA was extracted from each group in accordance with 

the instructions of the Trizol reagent (AM1931; Invitrogen). RNA 
was dissolved using diethylpyrocarbonate-treated ultrapure water. 
OD values at 260 and 280 nm were measured using an ND-1000 
UV/Vis spectrophotometer (NanoDrop Technologies Inc., Wil-
mington, NC, USA), with the concentration and quality of the to-
tal RNA subsequently determined. Complementary DNA (cDNA) 
was synthesized using a reverse transcription kit (M1701; Promega 
Corporation, Madison, WI, USA) with the cDNA sample subject-
ed to warm bathing at 80  ° C for 5 min to inactivate the reverse 
transcriptase process. The sample was used for subsequent PCR 
detection. Glyceraldehyde-3-phosphate dehydrogenase (GAP-
DH) was employed as the internal control for mRNA. The primer 
sequences used are depicted in Table 1. Each sample was evaluated 
3 times, with the mean value recorded. The reliability of the PCR 
results was evaluated using a melting curve. The relative expres-
sion levels of each gene were calculated using the 2–ΔΔCt method.

Western Blot Analysis
After 48 h of transduction, the mast cells were trypsinized and 

added to cell lysate to extract total protein. The protein concentra-
tion was measured using a bicinchoninic acid protein assay kit. 
Protein was boiled and denatured, followed by separation using 
10% sodium dodecyl sulfate polyacrylamide gel electrophoresis. A 
total of 25 μg of protein samples were added to each well. Follow-
ing electrophoresis, the protein was transferred to a polyvinylidene 
fluoride membrane via the wet turning method. The membrane 
was blocked with 5% skimmed milk powder for 2 h at room tem-
perature and then rinsed with Tris-buffered saline (TBS) buffer 3 
times (10 min/time). The membrane was then incubated at 4  ° C 
overnight with the TBST-diluted primary polyclonal rabbit anti-
body against TNF-α (1: 1,000, ab6671; Abcam), histamine 
(ab154063; Abcam), and IL-6 (1: 20, ab7737; Abcam). After that, 
the membrane was incubated with horseradish peroxidase-labeled 
goat anti-rabbit IgG (1: 5,000, ab205718; Abcam) for 2 h at room 

temperature. The membrane was allowed to react with the en-
hanced chemiluminescence solution for 1 min at room tempera-
ture for development. GAPDH (ab181602; Abcam) was employed 
as the internal reference for the genes. The relative expression of 
the proteins was expressed as the gray value ratio of the target band 
to the internal control band.

Statistical Analysis
All data were evaluated using SPSS 21.0 statistical software 

(IBM Corp. Armonk, NY, USA). Measurement data are expressed 
as means ± SD. Comparisons between 2 groups were analyzed us-
ing a t test. For multiple-group comparisons, one-way analysis of 
variance (ANOVA) was used, followed by the Tukey post hoc test. 
When a significant difference in the analysis of variance was iden-
tified, a Q test was subsequently performed for pairwise compari-
sons. In the event of heterogeneity of variance, a nonparametric 
rank-sum test was performed. Enumeration data are expressed as 
a percentage with comparisons, performed using a χ2 test. p < 0.05 
was considered statistically significant.

Results

SELE Is Highly Expressed in the Blood Samples of 
Patients with CIU
In order to assess the effects of SELE on CIU, RT- 

qPCR was performed to detect the expression of SELE in 
the CIU clinical samples. The results demonstrated that, 
compared to the healthy individuals, the expression of 
SELE was significantly higher in the blood samples of the 
CIU patients (p < 0.05; Fig. 1). Based on the aforemen-
tioned results, the expression of SELE was confirmed to 
be upregulated in CIU.
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Fig. 1. Upregulation of SELE expression is observed in the blood 
samples of CIU patients. * p < 0.05 vs. the healthy individuals. Mea-
surement data are expressed as means ± SD. Comparisons between 
2 groups were analyzed using a t test. Healthy individuals: n = 33. 
Urticarial group: n = 65.

Table 1. Primes for RT-qPCR

Gene Primer sequences

SELE F: 5′-GATCCAACGCCAGAACAACA-3′
R: 5′-CCCTTCCACACAGTCAAACG-3′

TNF-α F: 5′-CATGTACGTTGCTATCCAGGC-3′
R: 5′-CTCCTTAATGTCACGCACGAT-3′

IL-6 F: 5′-ACAGCCACTCACCTCTTCAG-3′
R: 5′-CCATCTTTTTCAGCCATCTTT-3′

GAPDH F: 5′-TTCACCACCATGGAGAAGGC-3′
R: 5′-GGCATGGACTGTGGTCATGA-3′

F, forward; R, reverse.
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Successful Establishment of an Animal Model of CIU
To ascertain whether the mouse model of CIU had 

been successfully established, HE staining was performed; 
thereafter, the OD value of blue plaque was determined. 
HE staining results demonstrated that CIU mice exhib-
ited dermal edema, skin telangiectasia, lymphangiectasis, 
and mild infiltration of inflammatory cells compared to 
the normal mice; edema was most evident in the upper 
part of the dermis (Fig. 2a). As illustrated in Figure 2b, 
compared to the normal mice, the OD value of blue plague 
on the skin tissues of CIU mice was significantly increased 
(p < 0.05). The results demonstrated that the CIU mouse 
model was successfully established.

Mast Cells Participate in Development of CIU by 
Releasing TNF-α, HRF, IL-6, and Histamine
Following collection of the results showcasing upreg-

ulation of SELE in the CIU blood samples, we shifted our 
focus to determine the relationship between mast cells 
and CIU. The number of degranulated mast cells dem-
onstrated that the mast cells were structurally intact, 
round, and blue with smooth edges, and the cytoplasm 
was filled with coarse purple-red granules compared to 
the normal mice. In the CIU mice, the mast cells were 
identified to be swollen and deformed, with irregular 

edges and broken membranes, and those granules were 
found to be detached. Compared to the normal mice, the 
CIU mice exhibited an elevated number of degranulated 
mast cells (p < 0.05; Fig.  3a), which indicated that the 
number of degranulated mast cells was significantly in-
creased after CIU. Immunohistochemistry demonstrat-
ed that TNF protein was expressed in both the cytoplasm 
and the  nuclear membrane of skin cells of normal and 
CIU mice, and brown-yellow granules were positive. The 
positive rate of TNF protein was (23.88% ± 4.58) in nor-
mal mice and (53.17% ± 8.90) in CIU mice, which was 
highly suggestive of an elevated TNF protein expression 
in mice with CIU (Fig. 3b). The ELISA findings revealed 
that, in contrast to the values in normal mice, SELE, 
TNF-α, HRF, and IL-6 expression in the serum of CIU 
mice were markedly elevated (all p < 0.05; Fig.  3c). In 
each group the mice exhibited the highest serum immu-
noglobulin (sIgE) titer on the 14th day after provocation; 
the directional histamine release from abdominal mast 
cells was determined on the 14th day after provocation 
(Fig.  3d). The directional release rate was found to be 
9.05% in normal mice but 62.80% in CIU mice. These 
results provide evidence that mast cells are involved in 
CIU progression through the production of TNF-α, 
HRF, IL-6, and histamine.
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Fig. 2. Successful CIU model establishment. a Representative images of the skin tissue condition of normal and 
CIU mice, as detected by HE staining (×200). b Representative images of blue plaque and OD values of blue plaque 
of normal and CIU mice. * p < 0.05 vs. normal mice. Measurement data are expressed as means ± SD. Compari-
sons between 2 groups were analyzed using a t test (n = 6).

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: 

S
eo

ul
 N

at
'l 

 M
ed

ic
al

 S
ch

oo
l  

   
   

   
   

   
   

   
   

  
14

7.
46

.1
81

.2
51

 -
 2

/4
/2

02
1 

3:
29

:0
4 

A
M



Wang/Xu/Jin/YuanInt Arch Allergy Immunol 2021;182:83–9388
DOI: 10.1159/000507289

Se
ru

m
 le

ve
l, 

pg
/m

g

SELE TNF-α HRF IL-6
0

50

100

150

200

250 Normal
Urticaria

*

*

*
*

c

a

b

H
is

ta
m

in
e 

re
le

as
e 

ra
te

, %

Normal Urticaria

Normal Urticaria

UrticariaNormal

Normal Urticaria

Normal Urticaria

0

20

40

60

80
*

d

N
um

be
r o

f d
eg

ra
nu

la
te

d 
m

as
t c

el
ls

0

20

40

60

80
*

Po
si

tiv
e 

ra
te

, %

0

20

40

60

80

*

50 μm 50 μm

25 μm 25 μm

Fig. 3. Mast cells are correlated with the biological processes of CIU via the release of TNF-α, HRF, IL-6, and 
histamine. a Mast cell degranulation of skin tissues in normal and CIU mice detected by toluidine blue staining 
(×200). b Representative image of immunohistochemistry and quantification of the TNF protein positive rate in 
normal and CIU mice detected by immunohistochemistry (×400). c Expression of SELE, TNF-α, HRF, and IL-6 
in the serum of normal and CIU mice, as measured by ELISA. d Histamine release rate of mast cells in normal 
and CIU mice. * p < 0.05 vs. normal mice. Measurement data are expressed as means ± SD. Comparisons between 
2 groups were analyzed using a t test (n = 6).

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

Plasma Skin tissue
0

1

2

3

4

R
el

at
iv

e 
ex

pr
es

si
on

 o
f S

EL
E

Normal
Urticaria
siRNA-NC

siRNA-SELE
vector-NC
vector-SELE

* *

#

#

Fig. 4. SELE expression in the blood and 
tissue samples of mice with different injec-
tions as detected by RT-qPCR. * p < 0.05 vs. 
CIU mice treated with siRNA-NC. #  p < 
0.05 vs. CIU mice treated with vector-NC. 
Measurement data are expressed as means 
± SD. One-way ANOVA was used for com-
parison of data among multiple groups, 
followed by the Tukey post hoc test.
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Expression of SELE in the Blood and Tissue Samples of 
Mice with Different Injections
Following the administration of different plasmids, 

RT-qPCR assay was employed to determine the expres-
sion of SELE in mouse blood samples and skin tissue sam-
ples. As illustrated in Figure 4, the expression of SELE was 
lowest in the normal mice. Moreover, the CIU mice in-
jected with siRNA-NC or with vector-NC exhibited no 
notable difference in SELE expression. Compared to 
these mice regarded as NC, CIU mice with siRNA-SELE 
treatment exhibited a reduced SELE expression, while 
those with vector-SELE treatment showed elevated SELE 
expression.

SELE Silencing Alleviates the Histopathological 
Changes of Skin Tissues in Mice with CIU
HE staining was performed to examine the specific 

mechanism by which SELE influences CIU when the ex-
pression of SELE is altered. The results exhibited that, 
compared to the siRNA-NC-treated mice, mice treated 
with siRNA-SELE had dermal edema, mitigative skin tel-
angiectasia, lymphatic vessel expansion, and alleviated 
inflammatory cell infiltration. CIU mice exhibited exac-
erbated dermal edema, skin telangiectasia, lymphangiec-
tasis, and severe inflammatory cell infiltration and ede-
ma, which was most evident in the upper part of the der-
mis after injection with vector-SELE (Fig.  5). Taken 
together, these results indicate that silencing of SELE mit-
igates the histopathological changes of skin tissues in 
mice with CIU.

Silencing of SELE Downregulates the Expression of 
TNF-α, HRF, IL-6, and Suppresses Histamine Release 
from Mast Cells in Mice with CIU
Next, to evaluate the effects of SELE on mast cells, 

SELE expression was upregulated or downregulated in 

mice with CIU and treated with ketotifen. As depicted 
in Figure 6a, CIU mice treated with siRNA-SELE exhib-
ited alleviated edema as well as distorted mast cells with 
irregular edges and broken membranes. In addition, the 
degranulation of granules was mitigated with a signifi-
cantly diminished number of degranulated mast cells. 
In contrast, among the CIU mice treated with vector-
SELE, the mast cells exhibited evidence of swelling and 
deformity, with irregular edges and broken membranes. 
The degranulation of the granules was exacerbated, 
with the number of degranulated mast cells evidently 
increased. Immunohistochemistry results demonstrat-
ed that the expression of TNF in CIU mice was mark-
edly decreased following SELE silencing, with an oppo-
site trend observed following SELE overexpression 
(Fig. 6b). The ELISA results indicated that TNF-α, HRF, 
and IL-6 expression in the serum of CIU mice was no-
tably downregulated following treatment with siRNA-
SELE, which was reversed after treatment with vector-
SELE (Fig. 6c). The result of the directional histamine 
release revealed that treatment with siRNA-SELE led to 
a reduction in the directional release rate of CIU, while 
the treatment of vector-SELE exhibited a contrasting 
trend (Fig. 6d). RT-qPCR documented that TNF-α and 
IL-6 mRNA expression in CIU mice treated with vec-
tor-SELE + ketotifen was decreased versus values in 
CIU mice treated with vector-SELE + PBS (p < 0.05; 
Fig.  6e). Western blot analysis (Fig.  6f) revealed that 
TNF-α, HRF, and IL-6 protein expression was de-
creased in the CIU mice treated with vector-SELE + ke-
totifen compared to the CIU mice treated with vector-
SELE + PBS (p < 0.05). Altogether, silencing of SELE 
was determined to inhibit the expression of TNF-α, 
HRF, and IL-6 as well as a reduce histamine release 
from mast cells in mice with CIU.

siRNA-NC siRNA-SELE vector-NC vector-SELE

50 μm 50 μm 50 μm 50 μm

Fig. 5. Histopathological changes in skin tissues in CIU are ameliorated with silencing of SELE (×200).
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Discussion

A complex disorder that often bewilders many clini-
cians, CIU is a condition characterized by the presence of 
unremitting sensations of pruritus as well as eruption of 
afflictive wheals for a period longer than 6 weeks. CIU has 
been well documented to be a condition detrimental to 
patients’ physical and psychological well-being [15]. CIU 
is at times referred to as a refractory disorder among some 
patients with serious clinical symptoms owing to the fact 
that the standard treatment provides only partial curative 
effects [16]. The molecular mechanism of CIU requires 
urgent analysis in order to improve CIU treatment. This 
study aimed to verify the correlation between SELE and 
CIU via the activation mechanism of mast cells. Conse-
quently, we uncovered evidence suggesting that the up-

regulation of SELE might potentially promote mast cell 
production of inflammatory factors such as TNF-α, HRF, 
IL-6, and histamines to boost the progression of CIU.

Our initial observations revealed that SELE was highly 
expressed in clinical samples of CIU. SELE forms part of 
a family of cell adhesion receptors involved in the initial 
interactions between leukocytes and vascular endothelia, 
which serves as a prelude to their solid attachment and 
extravasation into tissues [17]. SELE has also been shown 
to engage in the process of chronic and acute inflamma-
tion covering postischemic, brain, lung, heart, and skin 
inflammatory diseases [18]. Ismayilov et al. [19] conclud-
ed that P-selectin and SELE are upregulated in Legg-
Calve-Perthes disease, which may serve as a clinical indi-
cator of activated platelets and possibly endothelial acti-
vation. Consistent with our results, significant levels of 
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Fig. 6. The expression of TNF-α, HRF, and IL-6 is decreased in ad-
dition to repressed histamine release from mast cells in CIU mice 
following SELE silencing. a Toluidine blue staining of mast cell 
degranulation in skin tissues after alteration of SELE (×200).  
b Representative images of immunohistochemistry and quantifi-
cation of the positive rate of TNF protein after alteration of SELE 
(×400). c Content of TNF-α, HRF, and IL-6 in the serum of mice 
after alteration of SELE detected by ELISA. d, Histamine release 
rate after alteration of SELE. * p < 0.05 vs. CIU mice treated with 
siRNA-NC. #  p < 0.05 vs. CIU mice treated with vector-NC.  

e mRNA expression of TNF-α and IL-6 after treatment of vector-
SELE and Ketotifen measured using RT-qPCR. f Protein expres-
sion of TNF-α, HRF, and IL-6 after treatment with vector-SELE 
and ketotifen as determined by Western blot analysis. * p < 0.05 vs. 
CIU mice treated with vector-SELE + PBS. Measurement data are 
expressed as means ± SD. Comparisons between the 2 groups were 
analyzed using a t test. One-way ANOVA was used for comparison 
of data among multiple groups, followed by the Tukey post hoc test 
(n = 6).

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: 

S
eo

ul
 N

at
'l 

 M
ed

ic
al

 S
ch

oo
l  

   
   

   
   

   
   

   
   

  
14

7.
46

.1
81

.2
51

 -
 2

/4
/2

02
1 

3:
29

:0
4 

A
M



Effect of SELE on CIU via Mast Cells 91Int Arch Allergy Immunol 2021;182:83–93
DOI: 10.1159/000507289

SELE expression have been reported in the skin tissue 
samples of CIU patients compared to normal controls 
[20].

Our results further revealed that mast cells participate 
in the development of CIU by releasing TNF-α, HRF, IL-
6, and histamine. The pathogenesis of CIU is comprised 
predominately of histamine and other mediators, includ-
ing platelet-activating factor and TNF-α [21]. Mast cells 
are widely considered to be the primary effector cells of 
urticaria [22]. CIU patients have been shown to exhibit a 
markedly elevated expression of mast cell proteases (chy-
mase and tryptase) and proinflammatory cytokines (IL-
1β, IL-3, IL-6, and TNF-α) [20]. Hidvégi et al. [23] con-
cluded that T-cell activation and mast cell degranulation 
can be viewed as characteristics of CU, with mast cell ac-
tivation suggested to be an indicator of the severity of au-
toimmune CU. Previous studies have revealed that mast 
cells are particularly important in initiating the release of 
inflammatory mediators such as histamine and proin-
flammatory cytokines (TNF-α and IL-6), which plays a 
significant role in allergy and inflammation [24]. Greater 
serum levels of TNF-α have been confirmed among pa-
tients with CIU and these have been shown to be a sig-
nificant indicator of pathogenesis in CIU [25]. The plas-
ma concentration of IL-6 was found to be higher in CIU 
patients, suggesting that a low-grade inflammatory pro-
cess takes place in the skin of patients with CIU [26].

The potential therapeutic value of SELE in inflamma-
tory diseases and cancers has been highlighted in the lit-
erature owing to its unique temporal and spatial expres-
sion profile [5]. A previous study revealed that signifi-
cantly decreased SELE serum levels may reflect the 
inhibitory activity on neutrophil rolling and extravasa-
tion towards inflamed skin [27]. SELE silencing has been 
shown to potentially inhibit the development of immu-
nologic contact urticaria by inhibiting the cell adhesion 
ability of vascular endothelial cells [28]. In the present 
study, we detected that SELE silencing could prevent the 
production of TNF-α, HRF, IL-6, and histamine from 
mast cells and consequently ameliorate the progression of 
CIU. A prior study concluded that mast cells were closely 
connected with chronic skin inflammatory diseases in 
that mast cells could latently gather the cells of the im-
mune system by secreting some soluble cytokines in-
volved in chronic skin inflammation [6]. The inhibited 
secretion of IL-6 and TNF-α from mast cells may contrib-
ute to the treatment of allergic inflammation [29]. A pre-
vious study highlighted elevated levels of histamine as 
well as an increased positive expression rate of SELE as 
indicators of the successful establishment of mouse mod-

els of immunologic contact urticaria [28], suggesting a 
positive correlation between histamine and SELE. Be-
sides, an increased endothelial surface expression of SELE 
has been reported to exert a synergistic effect on hista-
mine and TNF-α [30]. Proinflammatory cytokines such 
as TNF-α, IFN-γ, and IL-6 from mast cells have been 
shown to be capable of inducing the expression of adhe-
sion molecules (such as P-selectin and SELE) in murine 
heart endothelial cells, contributing to the pathogenesis 
of vascular inflammatory diseases [31]. SELE has been 
shown to be strongly associated with inflammation sever-
ity [18]. Jiao et al. [10] confirmed that SELE plays a crucial 
role in the process of allergic inflammation of the lung 
and skin based on the notion that the types of initiating 
inflammatory stimuli or the vascular beds engaged in the 
inflammatory response might affect the SELE-mediated 
leukocyte migration. SELE is regarded as the vital part of 
the pathogenesis of common inflammatory skin diseases 
due to the fact that SELE mediates the process of leuko-
cyte recruitment during inflammatory responses [32]. 
The aforementioned findings are all indicative of the in-
volvement of SELE in CIU via the regulation of mast cell-
dependent inflammatory factor release.

TNF-α/HRF/IL-6

SELE

Promotion

Inhibition

Pe
rit

on
ea

l m
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el

ls

Chronic 
idiopathic urticaria

sh-SELE

Ketotifen

TNF-α/HRF/IL-6

Fig. 7. SELE silencing alleviates the development of CIU by inhib-
iting the release of inflammatory factors from mast cells. Silencing 
of SELE or ketotifen treatment may suppress the release of TNF-α, 
HRF, IL-6, and histamine from mast cells, thus ameliorating the 
progression of CIU.
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In conclusion, the findings of the current study pro-
vide evidence suggesting that a high SELE expression may 
promote disease progression by inducing mast cells to 
produce inflammatory factors such as TNF-α and hista-
mine in CIU. Consist with this conclusion, SELE may 
help shed light on future novel treatment approaches for 
CIU, which may be realized by regulating the expression 
of SELE to inhibit mast cells producing inflammatory fac-
tors (Fig.  7). One of the limitations of this study that 
should be acknowledged is the absence of literature high-
lighting the correlation between inflammatory factors 
and CIU in this report. Hence more detailed experiments 
are required to address this limitation.
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