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Abstract

Contact urticaria is recognized as the wheal and flare reaction at a site from direct

contact with a chemical or protein agent. Ongoing studies have proposed that gene

silencing may have a promising future in finding optimal treatment of a variety of

disease; hence, the aim of the study was to investigate the effect of RNA

interference–mediated E‐selectin (SELE) gene silencing on cell adhesion molecule

expression and on cell‐cell adhesion in vascular endothelial cells (VECs) in a

mouse model of immunologic contact urticaria (ICU). Following the successful

establishment of mouse models of ICU induced by antidinitrophenol immunoglo-

bulin E (IgE) combining 2,4‐dinitrofluorobenzene challenge, enzyme‐linked

immunosorbent assay and immunohistochemistry were used to measure the

levels of IgE, interleukin 4 (IL‐4), interferon‐γ (IFN‐γ), and histamine as well as the

positive expression rate of SELE, respectively. The siRNA‐SELE vector was

constructed and transfection efficiency was estimated prior to performing

quantitative reverse‐transcription polymerase chain reaction and Western blot

assay to determine the relative expression of SELE, eosinophil cationic protein

(ECP), intercellular adhesion molecule 1 (ICAM‐1), L‐selectin (CD62L), and the

alpha chain of leukocyte function–associated antigen‐1 (CD11a). Adhesion assay

was then performed to assess the cell adhesion ability in VECs. Elevated levels of

IgE, IL‐4, IFN‐γ, and histamine and increased positive expression rate of SELE

were indicative of successful establishment of mouse models of ICU. Furthermore,

the relative expression levels of SELE, ECP, ICAM‐1, CD62L, and CD11a were

highest in the OE‐SELE group. Besides, cell adhesion ability of VECs was notably

promoted. Collectively, the current study define the potential role of SELE silencing

as an inhibitor to ICU development by inhibiting cell adhesion ability of VECs.
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1 | INTRODUCTION

Contact urticaria, including nonimmunologic contact

urticaria (no sensitization required) and immunologic

contact urticaria (ICU; sensitization required), is an

urticarial wheal and flare reaction at the site of contact

sensitization, which can be provoked by a variety of

allergens.1 ICU is primarily caused by low–molecular‐

weight chemicals (haptens) or proteins and regarded as

a type I hypersensitivity reaction associated with the

presence of specific immunoglobulin E (IgE).2,3 Poten-

tial complications of ICU involve organ systems other

than skin, and severe complications can lead to

anaphylaxis and death.4 The complications of ICU

may include systemic symptoms (also called “CU

syndrome”), which can be classified into four stages

as follows: localized urticaria, dermatitis or nonspecific

symptoms (itch, tingling, or burning) at the first stage;

generalized urticaria at the second stage; extracuta-

neous involvement (rhinoconjunctivitis, bronchos-

pasm, orolaryngeal, or gastrointestinal) at the third

stage; and anaphylactic shock at the fourth stage.5

Because of the transient nature of ICU, it remains

underreported, underdiagnosed, and undertreated.6

Therefore, a therapy targeting for ICU is urgently

needed.

The endothelium regulates vascular tone, platelet

activity, leukocyte adhesion, and angiogenesis by

producing nitric oxide and other regulatory factors.7

In humans, endothelial dysfunction is related to an

elevated adverse outcome during carotid arterial

disease progression.8 Selectins are a family of 3 cell

adhesion molecules, including E‐selectin (SELE),

P‐selectin, and L‐selectin (CD62L), and they greatly

affect the leukocyte‐endothelial interactions at an early

stage of atherogenesis.9-11 Also, known as CD62E,

SELE is expressed in endothelial cells via cytokine

activation and significantly impact metastatic cancer

cells.12 Similarly, a previous study proved that SELE

knockdown inhibits the adhesion capability of gastric

cancer cells.13 Gene silencing refers to a technique

used to negatively regulate gene expression and is

effectively achieved by RNA interference, which can

modulate the expression of specifically targeted genes

by small interfering RNA (siRNA) molecules.14 This

technique has been considered as a powerful thera-

peutic method in finding therapy options for various

diseases such as non–small‐cell lung cancer, allergic

skin disease, and severe acute pancreatitis.15-17 By far,

only a few studies have discussed the effects of SELE

and gene silencing on ICU. Therefore, this study aims

to explore the role of SELE silencing in cell adhesion

molecule expression and cell‐cell adhesion in ICU.

2 | MATERIALS AND METHODS

2.1 | Experimental animals

A total of 60 specific pathogen–free BALB/c mice

(30 males and 30 females) weighing 20± 2 g were

purchased from the Laboratory Animal Center of South-

ern Medical University (animal license number: SCXK,

Guangdong, 2016‐0014). All mice were housed in an

animal laboratory of Guangdong Pharmaceutical Univer-

sity in barrier environment at a room temperature of 22°C

± 2°C, a relative humidity of 60%± 2%, and ad libitum

access to water and food (particulate standard feed). They

were then randomly assigned into the ICU and control

groups, with each group comprising of 15 male and

15 female mice. Animal experimentation was conducted

in accordance with the Guide for the Care and Use of

Laboratory Animals. The study was performed with the

approval of the Animal Care Committee of Renmin

Hospital, Hubei University of Medicine.

2.2 | Model establishment

ICU mouse models were established after completion of

the 2,4‐dinitrofluorobenzene (DNFB) challenge in BALB/c

mice passively sensitized with antidinitrophenol IgE

antibody. After back depilation (2 cm× 3 cm), mice in

the ICU group were administered a tail vein injection

containing 0.5mL phosphate‐buffered saline (PBS)–di-

luted monoclonal antidinitrophenol IgE antibody

(1:5000, D8406; Sigma‐Aldrich, St Louis, MO). After

24 hours, 0.15% DNFB (50 μL) was applied on the ears of

each mouse for the induction of ICU, and the mice were

observed later. These mice were fed a normal diet during

the experiment. The mice showed a wheal reaction

following external contact that occurred on and beyond

the induction site, indicating successful model establish-

ment. Fourteen days after the model establishment, ICU

and control mice were euthanized for the following

experiments.

2.3 | Observation of the ICU and control
mice after ICU induction

The parameters observed were general conditions (in-

cluding the spirit, appetite, and sleep), the wheal

reaction, scratching behavior, and ear swelling of mice

in the ICU and control groups. After administering a tail

vein injection containing Evans blue, the mice were

photographed using an automatic timing camera with

30‐minute intervals. The frequency of wheal reaction at

the exposed site on the back of mice was recorded. The

mouse activity was captured on a videotape (each time
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for 10 minutes) before DNFB challenge, 1 and 12 hours

after challenge, and at 10 O’clock daily after the

challenge. The videotapes were replayed to record the

frequency of the scratching behavior. Vernier caliper was

used to detect the swelling of bilateral auricles of mice at

1, 12, and 24 hours, and from the second day to the

fourteenth day after DNFB challenge.

2.4 | Enzyme‐linked immunosorbent
assay

Fourteen days after successful establishment of the

model, the blood collected from the excised eyeball was

transferred to a ethylenediaminetetraacetic acid tube for

centrifugation at 1000 rpm for 10minutes, after which

serum was obtained. According to the instruction in the

enzyme‐linked immunosorbent assay kit (eBioscience

Inc, San Diego, CA), the kits were brought to room

temperature for 20 minutes, followed by the preparation

of washing buffer. Standard samples (100 μL) were

dissolved and then transferred to the reaction plate for

standard curve. Then, the serum (100 μL) was added into

the wells, incubated at 37°C for 90minutes, rinsed, added

with 100 μL fresh biotinylated antibody working solution,

and then cultured for 60minutes at 37°C. After washing,

the samples were allowed to react with fresh enzyme‐

bound reactant (100 μL) working solution in the dark,

and then incubated at 37°C for 30minutes. Later, the

plate was washed 3 times. Samples were reacted with

substrate (100 μL) in the dark at 37°C for 15minutes, and

then stopping solution was added to terminate the

reaction. Next, the Synergy 2 multidetection microplate

reader (BioTek, Winooski, VT) was used to measure the

optical density (OD) value at 450 nm of each well within

3minutes. The curve was mapped according to the OD

value and then the levels of IgE, interleukin 4 (IL‐4),

interferon‐γ (IFN‐γ), and histamine were analyzed.

2.5 | Hematoxylin and eosin staining

Fourteen days after the model establishment, 4 mice from

each group were randomly selected and euthanized to

collect vascular endothelium. The vascular endothelial

cells (VECs) were fixed in 4% formalin for 24 hours,

dehydrated using ethanol of grades 80%, 90%, and 100%

and N‐butanol, and embedded in paraffin at 60°C. After

slicing the cells into 5‐μm serial sections, the cell samples

were allowed to stand at 45°C, collected, and dried at

60°C for 1 hour, followed by dewaxing by xylene. After

dehydration, the sections were stained using hematoxylin

and eosin. After dewaxing and dehydrating the samples

with gradient alcohol, hematoxylin (Beijing Solarbio

Science & Technology Co, Ltd, Beijing, China) was used

to stain the samples for 2minutes. Subsequently, the

sections were rinsed under running water for 10 seconds.

Next, 1% hydrochloric acid–ethanol was used for color

separation for 10 seconds. After rinsing the sections

under distilled water for 1 minute, the sections were

stained with eosin for 1 minute, rinsed under distilled

water for 10 seconds, dehydrated in gradient alcohol,

cleared by xylene, and then mounted in neutral balsam.

Histological changes in the vascular endothelium of mice

were observed under an optical microscope (XP‐330;

Shanghai Bingyu Optical Instrument Co, Ltd, Shanghai,

China).

2.6 | Immunohistochemistry

Fourteen days after the model establishment, the en-

dothelia cells were collected according to the aforemen-

tioned procedure. The VECs were fixed in 4% formalin for

24 hours, dehydrated by ethanol of grades 80%, 90%, and

100% and N‐butanol, and embedded in paraffin in a

paraffin box at 60°C. After cutting the cells into 5‐μm

serial sections, cell samples were allowed to stand at 45°C,

collected, and dried at 60°C for 1 hour, followed by

dewaxing by xylene. After dehydration, the sections were

immersed in 3% H2O2 for 10minutes and rinsed under

distilled water. After antigen repair at high pressure for

90 seconds, the sections were cooled down to room

temperature. Next, the sections were washed with PBS

3 times for 3minutes each. Samples were blocked in 5%

bovine serum albumin, incubated at 37°C for

30minutes, and then added with primary antibody rabbit

anti‐SELE (100 μL, 1:1000 to 1:4000, ab93952; Abcam,

Cambridge, MA) for incubation at 4°C overnight. After

washing the vascular endothelium samples with PBS, the

samples were incubated with biotinylated goat anti‐rabbit

secondary antibody (1:100, HY90046; Shanghai Hengyuan

Biological Technology Co, Ltd, Shanghai, China) at 37°C

for 30minutes. The sections were washed with PBS again.

Subsequently, streptomycin avidin–peroxidase (Beijing

Zhongshan Biotechnology Co, Ltd, Beijing, China) was

added and the sections were incubated at 37°C for 30

minutes. Then, the sections were washed with PBS 3 times

(each time for 3minutes) and developed by 3,3′‐diamino-

benzidine (Beijing Bioss Biotechnology Co, Ltd, Beijing,

China) at room temperature. Next, the samples were

immersed in hematoxylin for 5minutes, and rinsed under

running water. After rinsing in 1% hydrochloric acid–

alcohol for 4 seconds, the sections were rinsed under

running water for 20minutes. Image‐Pro Plus software

(Media Cybernetics, Bethesda, MD) was used to determine

the mean OD value of SELE with positive coloration under

high‐power lens for quantitative analysis. One pathologist

observed 5 high‐power fields (100 cells in each field) of
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each slice, and positive cells were counted according to

different staining conditions. The normal brown cells were

regarded as SELE‐positive cells.18 Positive cells per total

cells ≥10% was recorded as positive and positive cells per

total cells <10% as negative.

2.7 | Construction of siRNA‐SELE vector

The sense and antisense primer of SELE complementary

DNA (cDNA) were designed and synthesized according

to guidelines of GenBank (accession number:

NM_001202). cDNA was used as a template to obtain

DNA fragment of SELE via polymerase chain reaction

(PCR) amplification. After agarose gel electrophoresis

identification, the purified DNA fragment of SELE and

pTrack‐CMV were digested by restriction endonucleases

BglII and SalI, after which they were recycled using gel

extraction kit and were ligated using T4 DNA ligase to

construct a recombinant plasmid. Next day, the mono-

clone of competent cells was prepared using CaCl2
method. After extracting the plasmid DNA from trans-

formed competent cells, PCR, double enzyme digestion,

and DNA sequencing were performed to identify

recombinant plasmid. The empty vector plasmid and

recombinant plasmid of pTrack‐CMV‐SELE‐eGFP/

pTrack‐CMV‐siRNA‐SELE obtained after sequencing

were linearized using restriction enzyme PmeI to identify

positive clones. Competent cells were transformed to

select positive clones for amplification.

2.8 | Cell grouping, transfection, and
transfection efficiency detection

The vascular endothelium samples were collected from

8 euthanized mice in the ICU and control group (4 mice

from each group) and treated with 0.25% trypsin for

30 minutes at 37°C. After removal of digestive juice, the

samples were used to prepare cell suspension using 0.1%

collagenase I, screened by a metallic mesh of 100 meshes.

Then, the cells were washed with Hank’s solution once

and cultured at RPMI 1640 medium (Gibco, Gaithers-

burg, MD) supplemented with 10% fetal bovine serum in

an incubator of 5% CO2 at 37°C. The samples were

treated with 0.25% trypsin (Gibco), dissociated into single

cell suspension with RPMI 1640 medium supplemented

with 10% fetal bovine serum, after which routine culture

and passage were performed. The subcultured VECs in

the logarithmic growth phase were used for the following

experiments.

The VECs in the ICU and control groups were

allocated into the normal (normal VECs of mice in the

control group without any treatment), control (normal

VECs of mice in the ICU group without any transfection),

blank (VECs of mice in the ICU group transfected with

empty vector pTrack‐CMV‐eGFP), negative control (NC;

VECs of mice in the ICU group transfected with pTrack‐

CMV‐NC sequences‐eGFP), si‐SELE (VECs of mice in the

ICU group transfected with pTrack‐CMV‐siRNA‐SELE‐

eGFP), and OE‐SELE (VECs of mice in the ICU group

transfected with pTrack‐CMV‐SELE‐eGFP) groups. One

day before transfection, VECs were passaged and seeded

in a 6‐well plate with 1 × 105 cells in each well, with 70%

to 80% cell confluence. Transfection was conducted using

Lipofectamine 2000 reagent (11668‐019; Invitrogen,

Carlsbad, CA), according to the manufacturer’s instruc-

tions. Solutions containing empty vectors (100 ng), NC‐

siRNA‐CAV3 (100 ng), siRNA‐CAV3 (100 ng), and CAV3

mimics (100 ng) were diluted using 250 µL of serum‐free

medium Opti‐MEM (51985042; Gibco), mixed with cells

to attain the final concentration of 50 nM followed by

incubation for 5 minutes at room temperature. Lipofec-

tamine 2000 (5 µL) was diluted with serum‐free medium

Opti‐MEM. The diluted solution was mixed and incu-

bated for 5 minutes. Both of the aforementioned solutions

were mixed, cultured for 20 minute, and then added to

cell‐culture pore. After transfection, the cells were

cultured at 37°C in an incubator with 5% CO2 at 37°C

for 6 to 8 hours and then cultured in complete medium

for 24 to 48 hour for subsequent experimentation. After

transfection for 8 to 10 hour, the cover glasses with full

cell confluence in each group were taken and washed

with sterilized PBS 2 times. The nucleus was stained by

4′,6‐diamidino‐2‐phenylindole in the dark followed by

3 PBS washes. Then, the cells were placed on a glass

slide, fixed with 70% glycerol, and the transfection

efficiency was evaluated using a fluorescence microscope

(FM‐400; Shanghai Pudan Optical Instrument Co, Ltd,

Shanghai, China). The experiments were conducted in

triplicates.

2.9 | Reverse‐transcription quantitative
polymerase chain reaction

The vascular endothelium samples were collected, added

with liquid nitrogen, and then grounded into uniform

fine powder. Total RNA was extracted from tissue

samples using Trizol (15596‐018; Invitrogen). The con-

centration and purity of RNA were determined. Total

RNA was used as a template for reverse‐transcription

reaction into cDNA with a total volume of 25 μL using

PrimeScript RT reagent kit (RRO37A; Takara Biotechnol-

ogy Co, Ltd, Dalian, China). The reaction conditions were

as follows: reverse‐transcription 3 times (15minutes

each) at 37°C and reverse transcriptase enzyme inactiva-

tion at 85°C for 5 seconds. The cDNA was diluted and

mixed with 65 μL of diethyl pyrocarbonate. Quantitative
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PCR of cDNA was conducted using SYBR Premix Ex Taq

II (Takara Biotechnology Co, Ltd) according to the

manufacturer’s instructions of the SYBR Premix Ex Taq

II kit. The reaction system was as follows: 2× SYBR

Premix Ex Taq II (25 μL), forward primer (2 μL), reverse

primer (2 μL), 50× ROX reference dye (1 μL), DNA

templates (4 μL), and distilled water (16 μL), with a total

volume of 50 μL. PCR was performed using an ABI

PRISM 7300 System (ABI Company, Oyster Bay, NY),

and the reaction conditions were as follows: predenatura-

tion at 95°C for 4 minutes, followed by 40 cycles of

denaturation at 94°C for 30 seconds, annealing at 58°C

for 30 seconds, and final extension at 72°C for 1 minute.

β‐Actin was selected for internal reference. The primers

(Table 1) were designed by Wuhan Bojie Biological

Engineering Co, Ltd (Wuhan, China). When cells were in

the logarithmic phase of growth, the threshold cycle (Ct)

values were set and the expression of the target gene

between the ICU and control groups was calculated by

the 2−ΔΔCt method. The formula was as follows: ΔΔCt=

[Ct target gene− Ct reference gene] ICU group− [Ct target gene−

Ct reference gene] control group. β‐Actin was used as an internal

reference. Ct refers to the amplified cycle conducted

3 times independently.

2.10 | Western blot assay

The VECs of mice were collected, added with liquid

nitrogen, and grounded into uniform fine powder.

Tissue lysate (1 mL; 50 mmol/L Tris, 150 mmol/L NaCl,

5 mmol/L ethylenediaminetetraacetic acid, 0.1%

sodium dodecyl sulfate [SDS], 1% NP‐40, 5 μg/mL

aprotinin, and 2 mmol/L phenylmethylsulphonyl fluor-

ide [PMSF]) was added. After that the proteins were

immersed in an ice bath and made into homogenate;

protein lysis buffer was added for 30 minutes at 4°C

and shaken at 10‐minute intervals. The tissue samples

were centrifuged at 12 000 rpm at 4°C for 20 minutes.

The supernatant was discarded. The protein concen-

tration of each sample was determined using the

bicinchoninic acid kit (20201ES76; Yisheng Biotech-

nology Co, Ltd, Shanghai, China) and was adjusted by

deionized water to retain the same loading quantity of

a sample. SDS separation gel (10%) and SDS concen-

tration gel (5%) were prepared. The samples were

mixed with loading buffer and boiled at 100°C for

5 minutes. After ice bath and centrifugation, the

protein samples were equally added into each lane by

using a micropipette for electrophoresis, and then

transferred onto a nitrocellulose membrane. Then, the

membranes were blocked in 5% skimmed milk at 4°C

overnight and incubated with primary antibody of

SELE (1:1000, ab2497; Abcam), eosionophil cationic

protein (ECP; 1:1000, ab20357; Abcam), intercellular

adhesion molecule 1 (ICAM‐1; 1:2000, ab53013; Ab-

cam), CD62L (1:100 to 1:500, ab135792; Abcam), and

the alpha chain of leukocyte function–associated

antigen‐1 (CD11a; 1:5000, ab52895; Abcam) overnight.

After rinsing the samples under PBS 3 times for 5

minutes each time, they were incubated with the

second antibody of goat anti‐rabbit immunoglobulin G

(1:1000; Boster Biological Technology Co, Ltd, Wuhan,

China) at 37°C for 1 hour, followed by rinsing with PBS

at room temperature 3 times, 5 minutes per time. An

enhanced chemiluminescence reagent (Pierce, Rock-

ford, IL) was used to color the membrane for 1 minute

at room temperature. After the reagent was extracted,

the membranes were covered with a preservative film

and observed under X‐rays. β‐Actin was regarded as

the internal reference. The average gray value of target

protein band to internal reference band was considered

as the relative protein expression. The experiment was

conducted in triplicates. The same procedures were

also applied on cells after transfection.

2.11 | Adhesion assay

VECs from each group were named in a similar

manner as the groups. Cells were seeded into a

24‐well plate, and when the cells reached a monolayer

confluency of 80% to 85%, THP‐1 (human acute

monocytic leukemia cell line) cell suspension labeled

with calcein‐AM (500 µL) was added into each well. Six

duplicated wells were set in each group. After culturing

for 30 minutes, the suspension from each well was
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TABLE 1 Primer sequences of related genes for reverse‐

transcription quantitative polymerase chain reaction

Gene Sequence (5′‐3′)

SELE F: ATAACGAGACGCCATCATGC

R: TGTCCACTGCCCTTGTGC

ECP F: GAAAGATGGGGCTGTTGAGT

R: CTTCTCACCAGGAGGTAGCG

ICAM‐1 F: GACCACGGAGCCAATTTCTCA

R: TCCAGTTCCCCAAGCAGTCC

CD62L F: CATTCCTGTAGCCGTCATGG

R: AGGAGGAGCTGTTGGTCATG

CD11a F: TCTGCCTATGACCACAACA

R: TCTCCCACCTGAAGACAAT

β‐actin F: ATGGGTCAGAAGGACTCCTAC

R: ACGCTCGGTCAGGATCTTCAT

CD11a, the alpha chain of leukocyte function–associated antigen‐1; CD62L,

L‐selectin; ECP, eosinophil cationic protein; F, forward; ICAM‐1, inter-

cellular adhesion molecule 1; R, reverse; SELE, E‐selectin.



removed and washed with PBS 3 times. The fluorescent

expression of cells in each group was detected to

estimate the cell‐cell adhesion.

2.12 | Statistical analysis

Data were analyzed using SPSS 22.0 software (IBM Corp,

Somers, NY). Measurement data were expressed as mean

± standard deviation. The t test was conducted for

comparing between two groups; while one‐way analysis

of variance was conducted for comparing among multiple

groups. P< .05 was considered to be statistically

significant.

3 | RESULTS

3.1 | Comparison of different indexes

Shortly after beginning the experiment, several indexes

including general conditions, wheal reaction, scratching

behavior, and ear swelling were taken in consideration.

Mice in the ICU group presented inferior mentality; messy

hair; less activities; and decreased excrement, food intake,

and sleep 24 hours after ICU induction compared with the

control group. After 6 to 8 days, an obvious decrease in

weight gain was observed in mice in the ICU group;

moreover, the mice started to lose weight. The control

group showed no wheal reaction, while the ICU group

showed some wheal reaction at the exposed site on the

back. An obvious bump and blue spots were observed on

the back of mice treated with tail vein injection containing

Evans blue. The diameter of wheal of mice in the ICU

group was about 0.1 to 0.5 cm, and disappeared

3 to 4 hours later, with recurrent attacks. The frequency

of wheal reaction on the ICU mice reached its peak on

3 days, thereafter it decreased slowly later. In comparison

with the control group, it was observed that the scratching

behavior frequency significantly increased in the ICU

group (P< .05), and it reached its peak value 1 hour after

ICU induction. On the eigth day after ICU induction,

another peak value of scratching behavior frequency was

observed. After the DNFB challenge on the ear, the ear

swelling frequency notably elevated in the ICU group in

comparison to the control group (P< .05; Figure 1).

3.2 | Serious inflammation in ICU mice

Next, enzyme‐linked immunosorbent assay was per-

formed to measure inflammation‐related factors IgE,

IL‐4, IFN‐γ, and histamine. As shown in Figure 2, in

comparison with the control group, the ICU group

presented slightly elevated levels of IgE, IL‐4, IFN‐γ,

and histamine (P< .05). These results indicated that ICU

led to higher levels of inflammation‐related factors.

3.3 | Pathological changes of vascular
endothelium

Afterwards, we observed the pathological alterations. The

control group showed fine structure of vascular endothe-

lium, and collagen fibers were arranged in neat rows

without fracture. In addition, there was no obvious

inflammatory cell infiltration (Figure 3, control). The
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FIGURE 1 Observation of different indexes. (A) Scratching behavior frequency was higher in the ICU group. (B) Ear swelling

frequency was higher in the ICU group. (C) Wheal reaction frequency was higher in the ICU group. *P< .05 versus the control group.
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FIGURE 2 Comparison of expression levels of IgE, IL‐4,

IFN‐γ, and histamine in peripheral blood. *P< .05 versus the
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interferon γ; IgE, immunoglobulin E; IL‐4, interleukin 4



ICU mice presented normal vascular endothelium with-

out significant changes, edema in dermis, widened

collagen bundle distance, and slight inflammatory cell

infiltration surrounding blood vessels (Figure 3, model).

3.4 | Positive expression rate of SELE was
higher in ICU mice

Subsequently, the positive expression rate of SELE

protein was evaluated using immunohistochemistry. As

shown in the Figure 4, the positive expression rate of

SELE in the ICU group was 79.57% ± 8.60% and in the

control group was 41.02% ± 5.32%. In comparison with

the control group, it was observed that the positive

expression rate of SELE was notably elevated in the ICU

group (P< .05). Altogether, higher SELE protein–positive

rate can be found in the ICU group.

3.5 | Comparison of SELE‐related and
inflammation‐related factors expression
levels before transfection

Next, reverse‐transcription PCR and Western blot assay were

applied to measure the expressions of SELE‐related and

ICU‐related factors in tissues. As shown in Figure 5, the ICU

group showed evidently increased messenger RNA (mRNA)

and protein expression of SELE, ECP, ICAM‐1, CD62L, and

CD11a in comparison to the control group (P< .05).

3.6 | Successful transfection of SELE
vector

To assess the effects of SELE on ICU, Si‐SELE vector was

conducted and transfected. After cell transfection, the normal

and control groups did not present a green fluorescence

expression under the fluorescence microscope. A significant

green fluorescence expression was observed in the blank,

NC, si‐SELE, and OE‐SELE groups (expression rate reached

80%), indicating that siRNA‐SELE, NC‐siRNA‐SELE,

Ad‐CMV‐SELE‐eGFP, and Ad‐CMV‐eGFP were successfully

transfected into the VECs and effectively expressed in the

cells (Figure 6).

3.7 | Comparison of SELE‐related and
ICU‐related factors expression levels after
transfection

After that reverse‐transcription PCR and Western blot

assay were used for the determination of the expression

levels of SELE and ICU‐related factors in cells after
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transfection. As shown in Figure 7, compared with the

normal group, the control, blank, NC, si‐SELE, and

OE‐SELE groups showed an obvious increase in mRNA

and protein expressions of SELE, ECP, ICAM‐1, CD62L,

and CD11a (all P< .05). In comparison with the control

group, the si‐SELE group presented significantly reduced

mRNA and protein expression of SELE, ECP, ICAM‐1,

CD62L, and CD11a, while the OE‐SELE group presented

completely opposite results (all P< .05). No evident

differences were observed in the mRNA and protein

expressions among the control, blank, and NC groups

(P> .05).

3.8 | SELE enhanced cell‐cell adhesion
ability

Finally, adhesion assay was performed to assess the

cell‐cell adhesion ability in each group. As presented in

Figure 8, compared with the normal group, the control,

blank, NC, si‐SELE, and OE‐SELE groups presented

significant elevation in cell‐cell adhesion ability (all

P< .05). On comparing with the control group, it was

observed that the si‐SELE group had obviously decreased

cell‐cell adhesion ability, while the OE‐SELE group

showed increased cell‐cell adhesion ability (all P<.05).

There were no evident differences in the control, blank,

and NC groups (all P> .05). These findings suggested

that SELE might stimulate adhesion ability.

4 | DISCUSSION

ICU is associated with poor quality of life, long‐term

allergies, and progression from self‐limiting skin erup-

tions to multisystemic.6 SELE may be involved in ICU as

a beneficial application of siRNA‐mediated silencing in

vascular endothelium contributing to the successful

suppression of leukocyte adhesion.19 To reduce
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ICU‐induced mortality, this study was conducted to

explore the effects of RNA interference–mediated SELE

gene silencing on endothelial cell adhesion molecule

expression and cell‐cell adhesion in ICU.

First, the results of this current study revealed that the

ICU mice had elevated levels of IgE, IL‐4, IFN‐γ, and

histamine compared with the control mice, which were

indicative of serious inflammation in ICU. It has been

proposed that the expression of some inflammatory

molecules such as IL‐4, IL‐1β, and tumor necrosis factor‐

α is highly active in urticaria.20 It has been reported that

ICU is related to the presence of specific IgE, and

histamine release had key impacts on ICU pathogenesis.3,6

Several studies have documented the restorative effect of

IL‐4 on the development of allergic inflammation, and

IFN‐γ as an important regulator of immunity and

inflammation.21,22

Next, the ICU mice and OE‐SELE group showed

elevated positive rate of SELE protein, and the elevated

expression of SELE, ECP, ICAM‐1, CD62L, and CD11a. A

prior study by Nimrichter et al23 stated that selectins in

combination with complementary carbohydrates on

circulating neutrophils regulate inflammation. Suppres-

sion of SELE serves as a positive factor during therapy for

treating acute or chronic inflammation.24 A previous

study observed that the expression of ECP and SELE

were significantly higher in patients with allergic rhinitis,

suggesting ECP and SELE had significant roles in the

pathogenesis of allergic rhinitis,25 which is in consistency

with the results of our study. A previous study high-

lighted the dependence of ECP on the activation of

eosinophil, which are bounded by a large number of

proinflammatory mediators.26 Meanwhile, Sato et al27

have showed that ECP participates in allergic inflamma-

tion. CD62L, known as L‐selectin, is a member of selectin

family and is of significant importance in regulating the

recruitment of monocytes to lymphoid tissue from the

blood during an episode of inflammation.28,29 In addition,

ICAM‐1 and CD11a are also factors that are involved in

inflammation.30,31 ICAM‐1, highly active in the areas of

inflammation, is considered as the most important

adhesion molecule for leukocyte recruitment to inflamed

sites.32 CD11a, a component of the heterodimeric

β2‐integrin LFA‐1, is essential in transmigration of

leukocytes into tissues during inflammation and

homeostasis.33 Therefore, SELE knockdown resulted in

decreased levels of ECP, ICAM‐1, CD62L, and CD11a.
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At last, the expressions of SELE, ICAM‐1, and CD11a

were notably elevated in ICU mice, suggesting increased

cell‐cell adhesion strength in ICU mice, and SELE obviously

enhanced cell‐cell adhesion capability. Numerous studies

have demonstrated that endothelial cells express several

types of adhesion molecules that mediate the recruitment of

leukocytes into the inflamed tissue.34,35 Adhesion molecules

consist of the selectins family and the immunoglobulin

group, such as the ICAM‐1.10 ICAM‐1 and SELE are

implicated in endothelial function in hypertensive indivi-

duals.36 CD11a also participates in cell adhesion.37 CD11a

and CD11b/CD18 are all members of the leukocyte adhesion

molecules β2‐integrin, and CD11b/CD18 expressed by

neutrophil is important in mediating neutrophil‐endothelial

cell interactions and binding to adhesion molecule on the

surface of VECs.38 Moreover, SELE exerts decisive effects on

the beginning of a cell adhesion cascade.24 Smadja et al39

showed that SELE stimulates stem cell adhesion in a murine

model of infantile hemangioma, which is in consistency

with our study. Thus, SELE inhibition could decrease the

cell adhesion capability of VECs.

5 | CONCLUSIONS

To conclude, the results of this study clarified that

siRNA‐mediated SELE silencing suppresses cell adhesion

molecule expression and cell‐cell adhesion in VECs in

mice with ICU. Further studies are required to explore

the underlying mechanism behind siRNA‐mediated

silencing of SELE on cell adhesion molecule expression

and cell‐cell adhesion in VECs in ICU.

ACKNOWLEDGMENTS

This study was supported by the Natural Science Founda-

tion of Hubei Province (no. 2015CKC902). We sincerely

thank the reviewers for critical comments on this study.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of

interests.

ORCID

Bo Tian http://orcid.org/0000-0003-2364-7117

REFERENCES

1. GanWH, Koh CH, Low R. Contact urticaria from an oxygen mask

in a military pilot. Aviat Space Environ Med. 2010;81:785‐788.

2. McFadden J. Immunologic contact urticaria. Immunol Allergy

Clin North Am. 2014;34:157‐167.

3. Nicholson PJ, Llewellyn D, English JS. Guidelines development

G. Evidence‐based guidelines for the prevention, identification

and management of occupational contact dermatitis and

urticaria. Contact Dermatitis. 2010;63:177‐186.

4. Ismail M, Maibach H. The clinical significance of immunolo-

gical contact urticaria to processed grains. Indian J Dermatol

Venereol Leprol. 2012;78:591‐594.

5. Williams JDL, Lee AYL, Matheson MC, Frowen KE, Noonan

AM, Nixon RL. Occupational contact urticaria: Australian data.

Br J Dermatol. 2008;159:125‐131.

6. Wang CY, Maibach HI. Immunologic contact urticaria—the

human touch. Cutan Ocul Toxicol. 2013;32:154‐160.

7. Vita JA. Endothelial function. Circulation. 2011;124:e906‐e912.

8. Halcox JPJ, Donald AE, Ellins E, et al. Endothelial function

predicts progression of carotid intima‐media thickness. Circu-

lation. 2009;119:1005‐1012.

9. Winkler IG, Barbier V, Nowlan B, et al. Vascular niche

E‐selectin regulates hematopoietic stem cell dormancy,

self renewal and chemoresistance. Nat Med. 2012;18:1651‐1657.

10. Ponthieux A, Herbeth B, Droesch S, Haddy N, Lambert D,

Visvikis S. Biological determinants of serum ICAM‐1, E‐

selectin, P‐selectin and L‐selectin levels in healthy subjects:

the Stanislas study. Atherosclerosis. 2004;172:299‐308.

11. Nolte A, Walker T, Schneider M, et al. Small‐interfering RNA‐

eluting surfaces as a novel concept for intravascular local gene

silencing. Mol Med. 2011;17:1213‐1222.

12. Jubeli E, Moine L, Vergnaud‐Gauduchon J, Barratt G. E‐

selectin as a target for drug delivery and molecular imaging.

J Control Release. 2012;158:194‐206.

13. Jiang CG, Li JB, Liu FR, Wu T, Yu M, Xu HM. Andrographolide

inhibits the adhesion of gastric cancer cells to endothelial cells by

blocking E‐selectin expression. Anticancer Res. 2007;27:2439‐2447.

14. Jayaraman M, Ansell SM, Mui BL, et al. Maximizing the

potency of siRNA lipid nanoparticles for hepatic gene silencing

in vivo. Angew Chem Int Ed Engl. 2012;51:8529‐8533.

15. Ritprajak P, Hashiguchi M, Azuma M. Topical application of

cream‐emulsified CD86 siRNA ameliorates allergic skin

disease by targeting cutaneous dendritic cells. Mol Ther.

2008;16:1323‐1330.

16. Chang L, Gong F, Cui Y. RNAi‐mediated A disintegrin and

metalloproteinase 9 gene silencing inhibits the tumor growth of

non‐small lung cancer in vitro and in vivo. Mol Med Rep.

2015;12:1197‐1204.

17. Yang Z, Meng X, Zhang C, Xu P. CARD9 gene silencing with

siRNA protects rats against severe acute pancreatitis: CARD9‐

dependent NF‐kappaB and P38MAPKs pathway. J Cell Mol

Med. 2017;21:1085‐1093.

18. Kelkar MG, Thakur B, Derle A, Chatterjee S, Ray P, De A.

Tumor suppressor protein p53 exerts negative transcriptional

regulation on human sodium iodide symporter gene expression

in breast cancer. Breast Cancer Res Treat. 2017;164:603‐615.

19. Nishiwaki Y, Yokota T, Hiraoka M, et al. Introduction of short

interfering RNA to silence endogenous E‐selectin in vascular

endothelium leads to successful inhibition of leukocyte

adhesion. Biochem Biophys Res Commun. 2003;310:1062‐1066.

20. Frezzolini A, De Pita O, Cassano N, et al. Evaluation of

inflammatory parameters in physical urticarias and effects of

10 | MENG ET AL.

http://orcid.org/0000-0003-2364-7117


an anti‐inflammatory/antiallergic treatment. Int J Dermatol.

2002;41:431‐438.

21. Sehra S, Yao Y, Howell MD, et al. IL‐4 regulates skin

homeostasis and the predisposition toward allergic skin

inflammation. J Immunol. 2010;184:3186‐3190.

22. Hu X, Ivashkiv LB. Cross‐regulation of signaling pathways by

interferon‐gamma: implications for immune responses and

autoimmune diseases. Immunity. 2009;31:539‐550.

23. Nimrichter L, Burdick MM, Aoki K, et al. E‐selectin receptors

on human leukocytes. Blood. 2008;112:3744‐3752.

24. Filser C, Kowalczyk D, Jones C, et al. Synthetic glycopeptides

from the E‐selectin ligand 1 with varied sialyl Lewis(x)

structure as cell‐adhesion inhibitors of E‐selectin. Angew Chem

Int Ed Engl. 2007;46:2108‐2111.

25. Hong SL, Liu Q, Huang JJ, et al. Detection of eosinophil

cationic protein and E‐selectin in serum and nasal lavage fluid

in patients with allergic rhinitis. Zhonghua Er Bi Yan Hou Ke

Za Zhi. 2003;38:92‐94.

26. Giusti D, Gatouillat G, Le Jan S, et al. Eosinophil cationic

protein (ECP), a predictive marker of bullous pemphigoid

severity and outcome. Sci Rep. 2017;7:4833.

27. Sato T, Soga Y, Yamaguchi T, et al. Cytokine expression in

human dermal fibroblasts stimulated with eosinophil cationic

protein measured by protein array. Asian Pac J Allergy

Immunol. 2013;31:271‐276.

28. Hanson EM, Clements VK, Sinha P, Ilkovitch D, Ostrand‐

Rosenberg S. Myeloid‐derived suppressor cells down‐regulate

L‐selectin expression on CD4+ and CD8+ T cells. J Immunol.

2009;183:937‐944.

29. Xu H, Manivannan A, Crane I, Dawson R, Liversidge J. Critical

but divergent roles for CD62L and CD44 in directing blood

monocyte trafficking in vivo during inflammation. Blood.

2008;112:1166‐1174.

30. Zhao M, Wu X, Zhang Q, et al. RFX1 regulates CD70 and

CD11a expression in lupus T cells by recruiting the histone

methyltransferase SUV39H1. Arthritis Res Ther. 2010;12:R227.

31. Omagari D, Mikami Y, Suguro H, et al. Poly I:C‐induced

expression of intercellular adhesion molecule‐1 in intestinal

epithelial cells. Clin Exp Immunol. 2009;156:294‐302.

32. Hua S. Targeting sites of inflammation: Intercellular adhesion

molecule‐1 as a target for novel inflammatory therapies. Front

Pharmacol. 2013;4:127.

33. Johnson‐Huang LM, Pensabene CA, Shah KR, et al. Post‐

therapeutic relapse of psoriasis after CD11a blockade is

associated with T cells and inflammatory myeloid DCs. PLoS

One. 2012;7:e30308.

34. Ivanov AN, Norkin IA, Puchin’ian DM, Shirokov V, Zhdanova

O. Endothelial cell adhesion molecules. Usp Fiziol Nauk.

2014;45:34‐49.

35. Zarbock A, Rossaint J. Regulating inflammation: ADAM8—A

new player in the game. Eur J Immunol. 2011;41:3419‐3422.

36. Asgary S, Keshvari M, Sahebkar A, Hashemi M, Rafieian‐

Kopaei M. Clinical investigation of the acute effects of

pomegranate juice on blood pressure and endothelial function

in hypertensive individuals. ARYA Atheroscler. 2013;9:326‐331.

37. Strohacker K, Breslin WL, Carpenter KC, Davidson TR, Agha

NH, McFarlin BK. Moderate‐intensity, premeal cycling blunts

postprandial increases in monocyte cell surface CD18 and

CD11a and endothelial microparticles following a high‐fat meal

in young adults. Appl Physiol Nutr Metab. 2012;37:530‐539.

38. Tsai PH, Liu JJ, Chou SY, Chang YC, Yeh SL. Effect of lower

extremity bypass surgery on inflammatory reaction and

endothelial dysfunction in type 2 diabetic patients. Mediators

Inflamm. 2009;2009:417301‐417304.

39. Smadja DM, Mulliken JB, Bischoff J. E‐selectin mediates stem

cell adhesion and formation of blood vessels in a murine model

of infantile hemangioma. Am J Pathol. 2012;181:2239‐2247.

How to cite this article: Meng Z‐D, Wang X‐L, Du

T‐P, et al. Effects of RNA interference–mediated

E‐selectin gene silencing on cell adhesion molecule

expression and cell‐cell adhesion in vascular

endothelial cells in mice with immunologic contact

urticaria. J Cell Biochem. 2018;1‐11.

https://doi.org/10.1002/jcb.27150

MENG ET AL. | 11

https://doi.org/10.1002/jcb.27150

