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Abstract: Objective: To explore the effect of siRNA-mediated inhibition of lymphocyte-specific protein tyrosine kinase
(Lck) on pulmonary inflammation in a mouse model of asthma. Methods: A total of 32 female BABL/c mice were
used in the study. The mouse asthma model was established with ovabumin (OVA), and Lck specific siRNA or non-
specific siRNA was transfected through the tail vein before the first OVA challenge. Two days after the last challenge,
mice were sacrificed and bronchoalveolar lavage fluid (BALF), plasma and lung tissue were collected. Levels of Lck
mRNA and protein in lung were detected by quantitative real-time PCR and western blot. The levels of IL.-4 and IgE
in BALF and plasma were detected with ELISA. Results: Lck specific siRNA significantly inhibited expression of Lck
mRNA and protein in T cells. In vivo transfection of Lck siRNA down regulated the expression of Lck mRNA and
protein in lung parenchymal homogenates. Sensitized mice treated with Lck siRNA prior to OVA challenge had fewer
eosinophils in BALF and in lung sections and lower levels of IL.-4 and IgE in BALF and plasma compared to those
treated with nonspecific siRNA. Conclusions: Pretreatment of OVA sensitized mice with Lck siRNA results in attenu-
ation of pulmonary inflammation following OVA challenge. Inhibition of Lck gene expression should be investigated
further as a potential therapy for asthma.
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Introduction

Asthma is a prevalent chronic disease charac-
terized by airway hyper responsiveness, com-
pletely reversible airflow obstruction and bron-
chial inflammation [1]. Many inflammatory cells,
including T cells, B cells, eosinophils and mast
cells, participate in the pathogenesis of asth-
ma [2]. Among these cells, activated T cells
play a major role, particularly by secreting cyto-
kines such as IL-4, IL-5, IL-13 and IL-17, which
mediate inflammatory reactions [3]. Thus, the
activation of T cells is a critical step in the
development of asthma.

T cell activation is a complex process involving
many signaling molecules, including T cell
receptor (TCR) and lymphocyte specific tyro-
sine kinase (Lck). Antigen activation of TCR
results in the activation of Lck and further
downstream signaling, ultimately leading to T
cell differentiation and cytokine secretion.

Kemp et al [4] reported that Lck mediates Th2
differentiation. It is clear that asthma was asso-
ciated with activation of a Th2 type of T cell in
the airway. Expression of Th2 cytokines could
be related to activity of disease, symptom
scores, airway eosinophilia and bronchial hyper-
responsiveness [5].

Previous studies have suggested that inhibition
Lck might block allergen-induced inflammatory
responses and asthma. McRae et al [6] showed
that A-420983, alck specific inhibitor, could
block antigen-induced T cell proliferation and
the secretion of IFN-y and IL-4 by inhibiting the
TCR signal transduction pathway.

Specific inhibition of gene expression can be
achieved using siRNA. Recent developments in
siRNA delivery have made it possible to use this
technique in vivo. In this study we use in vivo
siRNA inhibition to investigate the role of Lck in
the development of lung inflammation in a
mouse model of asthma.
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Methods
Animals

A total of 32 female BABL/c mice, 6-8 weeks
old and weighing 18-22 g were used for this
study. All mice were housed in a local facility for
laboratory animal care and fed ad libitum on
stock diet in the animal research center of
Fudan University, according to local ethical
guidelines. This study was designed according
to generally accepted international standards
and was approved by the Ethic Committee
for Animal Care and Use, Fudan University
(Shanghai, China). All procedures involving mi-
ce were performed according to the NIH Guiding
Principles in the Care and Use of Animals.

Preparation of Lck specific sSiRNA

Murine Lck specific siRNA fragments were ch-
emically synthesized with help from Shanghai
Integrated Biotech Solutions Company (Shang-
hai, China). Four Lck specific siRNA fragments
were synthesized and tested in preliminary
experiments, and the sequence of the most
effective one was as follow: sense: 5-GGC UGU
GUC UGC AGC UCA AAC-3’; anti-sense: 5-UUG
AGC UGC AGA CAC AGC CCA-3'.

Isolation of T cells

Two mice were sacrificed using sodium pento-
barbital, and the spleen was removed, ground
and filtered through 100 oculus steel mesh.
Supernatant was collected and centrifuged at
1500 rpm for 5 min, the red cells were discard-
ed with the erythrocyte lysate (Beyontime,
Nanjing, China), and then the cells were centri-
fuged again at 1500 rpm for 5 min, superna-
tant was discarded, and collected cells were
re-suspended with RPRI 1640 media. The total
T cells were isolated using a nylon T cell separa-
tion column (147-06721 Nylon Fiber Column T,
Wako, Japan) according to the manufacturer’s
protocol. T cells were re-suspended in RPMI
medium 1640 supplemented with 10% fetal
bovine serum, 100 U/mL penicillin, and 100
pug/mL streptomycin, and were cultured in a
humidified incubator at 37°C, 5% CO,. Anti
mouse CD3e-PE (eBiosecience, 12-0031, San-
tiago, USA) was used to detect the phenotype
of T cells and CD3 positive ones were analyzed
by using an Epics XL flow cytometer (Beckman-
Coulter, Brea, CA, U.S.A.).
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Cell culture and in vitro transfection of siRNA

T cells were plated in 24-well plates (Corning) at
a density of 2x10° cells/well in 0.5 ml of RPMI
medium 1640. Transfection of Lck specific
siRNA was performed using siRNA Transfection
Reagent (PolyplusINTERFERIn™) according to
the manufacturer’s instructions. Briefly, 2 ul of
SsiRNA solution and 4 pl of the transfection
reagent were incubated in 100 pl of serum-free
RPMI medium 1640 for 15 minutes. The mix-
ture was added to the T cells in each well and
incubated for 48 hours. Nonspecific siRNA
transfected T cells and normal untransfected T
cells were used as negative control and blank
control, respectively. In order to evaluate the
transfection rate, the same dose of FAM-siRNA
was mixed with transfection reagent and trans-
fected into T cells in one well for 48 hours, and
cells were examined and photographed by fluo-
rescence microscopy (Olympus 1x51).

Real-time PCR analysis in T cell

T cells were collected at 48 h after transfection,
and total RNA was isolated using TRNzol
Reagent (TianGen, DP405, Beijin, China). 1 ug
of total RNA from each sample was subjected
to first-strand cDNA synthesis using Prime-
Script™ 1st Strand cDNA Synthesis Kit (Takara,
Dalian, China). Reverse transcription reactions
were done at 42°C for 1 h, followed by 72°C for
5 min. Quantitative real-time PCR was condu-
cted using Eppendorf Realplex* (Hamburg
Germany) according to the following thermal
cycle protocol: 94°C for 10 min, followed by 40
cycles of 94°C for 15 s and 60°C for 1 min.
Sangon Biotech (Shanghai, China)provided the
primers used for the amplification of murine
Lck. The primer sequences used were as fol-
lows: sense: 5-TTA CCT ACC CGC GCT CCT GTG
TCC C-3; anti-sense: 5-CTG GGA AGT CAG TGT
CAA ACC A-3; and B-actinwas used as positive
control, and its sequence was as follow: sense:
5-CGT TGA CAT CCG TAA AGA CC-3; anti-sense:
5-AAC AGT CCG CCT AGA AGC AC-3.

Western blot analysis in T cell

T cells were collected 48 h after transfection
and the nuclear protein was collected by using
extraction kit (POO13B, Beyontime, Nanjing,
China). Protein concentrations were determin-
ed with BCA Protein Assay reagent (Beyontime,
Nanjing, China). Equal amounts of protein (40
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mg per lane) were loaded. Proteins were sepa-
rated in 10% SDS-polyacrylamide gels and
transferred electrophoretically onto a nitrocel-
lulose membrane. Membranes were blocked
overnight at 4°C with blocking buffer, and then
incubated with rabbit anti-mouse Lck antibody
(Ab18896, Abcaminc, USA) or B-actin antibody
(Ab3280, Abcaminc, USA) for 1 h at room tem-
perature, with a dilution of 1:500. Then the
membrane was soaked in Ni-enhanced 3,30-
diaminobenzidine (DAB) solution until the pro-
tein bands could be visualized. Second anti-
body is goat anti-mouse (A0O286, Beyontime,
Nanjing, China). The relative intensity of bands
was analyzed using Quantity One software and
Lck levels were normalized to B-actin levels.

Establishment of mouse asthma model

The mouse model of asthma was established
as previously reported [10]. Briefly, micewere
randomly divided into 3 groups (ten mice for
each group): control, nonspecific siRNA, Lck
siRNA. For control group, the mice were intra-
peritoneally sensitized with 0.2 ml of phos-
phate-buffered saline (PBS) at day O and 14,
and then were intranasally challenged with 20
pl of PBS under anesthesia on days 28, 29, 30.
For nonspecific siRNA group and Lck siRNA
group, mice were intraperitoneally sensitized
with 0.2 ml of phosphate-buffered saline (PBS)
including 10 mg of ovalbumin (OVA, A5503,
Sigma, MO, USA) at day O and 14, then were
intranasally challenged with 20 ul of PBS con-
taining 0.2 mg of OVA under anesthesia on
days 28, 29, 30.

In vivo transfection of siRNA

40 ug siRNA was diluted with 50 uyl 10% glu-
cose solution, sterile water was added to 100
pl and mixed gently. 6.4 pl in vivo jetPEl trans-
fection reagents (Polyplus-transfection, ILLKI-
RCH cedex, France) was diluted with 50 pl 10%
glucose solution, sterile water was added to
100 pl and mixed gently. The in vivo jetPEl dilu-
tion and the siRNA dilution were mixed quickly
and gently, incubated at room temperature for
15 min, then injected into mice through the tail
vein one day before the first challenge. 2 days
after the last challenge, the mice were sacri-
ficed using sodium pentobarbital and samples
were collected.
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Collection of samples (plasma, BALF, lung ho-
mogenates)

Plasma: Blood was collected by cardiac punc-
ture using a sterile syringe and transferred to
heparin-gel vacuum tubes. The blood samples
were then centrifuged and plasma was collect-
ed and stored at -80°C for further cytokine
analysis.

BALF: The left principal bronchus was ligated
and the right lung was lavaged three times with
0.5 ml of PBS. Total cell counts were deter-
mined using a haemocytometer. Differential
cell counts were determined on BALF smear
slides that were stained with Giemsa (Sigma).
The number of eosinophils was calculated as
the percentage of eosinophils multiplied by the
total number of cells in the BALF. Collected
BALF was then centrifuged at 2500 rpm for 10
min, and the supernatant was collected and
stored at -80°C for further use of cytokines
analysis.

Lung homogenates: The left lower lobe of the
lung was collected for pathology, and the rest
of the left lung was collected for lung homoge-
nates. Briefly, 100 ug of lung tissue was trans-
ferred to a 1.8 ml micro centrifuge tube con-
taining 1 ml cold PBS with 10 pl protease inhibi-
tors (Sigma Cat. No. A1276). The tissues were
homogenized for 30 s in a vortex mixer and
kept on ice. Homogenates were centrifuged
with 12,000 rpm for 20 min at 4°C. Su-
pernatants were aliquotted into tubes and
stored at -80°C for further use of cytokines
analysis.

Detection of cytokine levels in plasma, BALF,
lung tissues and homogenates

Levels of IL-4, and IgE in plasma, BALF, lung
homogenates were detected using correspond-
ing ELISA kits (R&D, USA) according to the man-
ufacturer’'s recommendations.

Western blot analysis in tissues

The abdominal aorta and vena cava of mice
were severed at the diaphragm, and the pulmo-
nary circulation was perfused through right
ventricle of the heart with 10 ml of heparinized
saline. The whole right lung was washed with
cold PBS and lysed with RIPA buffer (Beyontime,
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Figure 1. Primary T cells were transfected with Lck FAM-siRNA and observed by common light microscopy (A) and
fluorescent microscopy (B). The magnification is 200x.

A ‘\Y' Figure 2. In vitro transfection of Lck siRNA decreases Lck
Q,\q' expression in cultured primary T cells. Primary T cells were

6&\" & transfected with FAM-siRNA, nonspecific siRNA or Lck siRNA.

-6°\ °Q° ,§' A. Expression levels of Lck in primary T cell were detected by

o ‘\o“ Va*' western blot. B-actin served as the loading control. B. Quanti-

tative analysis of the changes of Lck. Data represent mean *

Lck - - —— SEM (n=3, *P < 0.05 vs control group). C. Total RNA was ex-

tracted 48 hours after transfection and quantitative real time
PCR was performed using Lck primers and B-actin primers.
The amount of Lck mRNA relative to B-actin is shown. Data

i — — —
B'ac"n represents mean + SEM (n=3 *P < 0.05 vs control group).
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P0O013B, China) on ice for 30 min, centrifuged Real-time PCR analysis in lung tissue
with 1, 2000 rpm for 15 minat 4°C, and then
the supernatant was discarded. The total pro- The abdominal aorta and vena cava of mice
tein was collected and Lck expression was were severed at the diaphragm, and the pulmo-
detected by Western blot analysis, as described nary circulation was perfused through right
above. ventricle of the heart with 10 ml of heparinized
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lung and expressions of Lck mRNA levels were detected by quantitative
real-time PCR. The amount of Lck mRNA relative to B-actin is shown.

Data represent mean £ SEM (n=3, *P < 0.05 vs control group).

B 1407 ok

un

L 4

S 120

2

c 100

K=’

3 80 -

[

-

5 00

Q

' .

S 40

'ﬁ *
3 20

(14

0-
> \g \o
[ ) )
[¢) ‘&6 "-
0" v
QQ
N
‘\o

saline. The whole right lung was washed with
cold PBS and total RNA was isolated using
TRNzol Reagent (TianGen, DP405, Beijin, Ch-
ina), 1 ml for 100 mg tissue, repeated pipet-
ting, added 0.2 ml chloroform/ml Trizol, oscil-
lated for 3 min, centrifuged with 15000 rpm for
5 minat 4°C, the supernatant was collected
and 0.5 ml isopropanol/ml Trizol was added,
standed for 15 minutes at room temperature,
centrifuged again with 15000 rpm for 5 min at
4°C, the deposition was washed with 1 ml 75%
cold alcohol, centrifuged again with 15000 rpm
for 5 min at 4°C, the deposition was collected
as the total RNA. Lck gene expression was
detected by Real-time PCR analysis, as
described above.

Histopathology

Left lower lobes of lung were fixed in 4% formal-
dehyde, embedded in paraffin, and cut into 4
pum thick sections. Sections were stained with
hematoxylin and eosin (HE), and images were
taken under an Olympus light microscope
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(BX51) equipped with a digital camera (Olympus
dp71; Olympus, Tokyo, Japan). The slides were
analyzed by a histologist without knowledge of
the identity of the samples.

Statistical analysis

The SPSS 17.0 software package was used to
process the data. To calculate a P value for
comparisons between two samples, statistical
analyses were performed using Student’s
ttest. For multiple comparisons, data were
analyzed using one-way analysis of variance
(ANOVA). The threshold of significance was set
at P < 0.05.

Results

In vitro transfection of Lck siRNA inhibits Lck
expression in mouse T cells

Before investigating the effect of Lck siRNA
transfection in vivo, we verified that our siRNA
inhibited Lck expression in T cells. Primary T
cells were isolated, cultured and transfected

Int J Clin Exp Med 2015;8(9):15146-15154
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Figure 4. Effect of Lck sSiRNA on markers of inflammation. Mice were sensitized with OVA and transfected via tail vein
injection with nonspecific siRNA or Lck siRNA, and then challenged with OVA. Control mice were sensitized and chal-
lenged with PBS and untransfected. Following OVA challenge, mice were sacrificed and BALF and plasma were col-
lected. The total number of leukocytes (A) and the percentage of eosinophils (B) in BALF were determined. BALF was
analyzed by ELISA to determine the concentration of IL-4 (C) and IgE (D). Plasma was analyzed by ELISA to determine
the concentration of IL-4 (E) and IgE (F). *P < 0.05, **P < 0.01, compared to nonspecific SiRNA (n=9 per group).

with Lck siRNA and non-specific siRNA. Control
transfection with a fluorescent siRNA showed
that our transfection efficiency was about 70%
(Figure 1). 48 hours after transfection RNA and
protein were collected and tested for Lck
expression by quantitative real time PCR and
immunoblotting, respectively. Expression of
both Lck protein (Figure 2A, 2B) Lck mRNA
(Figure 2C) were significantly decreased after
Lck siRNA transfection, but were not affected
by transfection with nonspecific siRNA.
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In vivo transfection of Lck siRNA inhibits Lck
expression in mouse lung tissue

The mouse model of asthma was established
by sensitization and challenge with OVA, as
described in the Methods section. One day
before the OVA challenges were initiated, mice
were transfected with Lck siRNA or nonspecific
siRNA via tail vein injection. When the OVA ch-
allenges were completed, mice were sacrific-
ed, lungs were harvested, mRNA and protein

Int J Clin Exp Med 2015;8(9):15146-15154
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Figure 5. Effect of Lck siRNA on lung histology. Lung tissue was taken from control mice (A) sensitized and chal-
lenged with PBS and untransfected, or from mice sensitized with OVA and transfected via tail vein injection with
nonspecific siRNA (B) or Lck siRNA (C), then challenged with OVA. Tissues were stained with hematoxylin and eosin
(H&E). Being compared with control mice (A), the number of the inflammatory cells such as eosinophils in the lung
tissues increased in nonspecific SiRNA mice (B), while they decreased in Lck siRNA mice (C). Magnification is 200x.

extracts were prepared and Lck levels deter-
mined. Both Lck protein expression (Figure 3A,
3B) and Lck mRNA (Figure 3C) levels were sig-
nificantly inhibited in mice treated with Lck
siRNA compared to mice treated with nonspe-
cific siRNA.

Inflammation phenotypes are decreased fol-
lowing inhibition of Lck expression in asth-
matic mice

To investigate the effect of Lck inhibition on
inflammation in asthmatic mice, we prepared
BALF from mice after in vivo siRNA transfection
and OVA challenge and determined the number
of inflammatory cells and the levels of proin-
flammatory cytokines IL-4 and IgE. BALF from
mice sensitized and challenged with OVA and
transfected with nonspecific siRNA contained
increased numbers of inflammatory cells
(Figure 4A, 4B) and increased levels of IL-4 and
IgE (Figure 4C, 4D) compared to BALF from con-
trol untransfected mice sensitized and chal-
lenged with PBS. BALF from mice sensitized
and challenged with OVA and transfected with
Lck siRNA contained significantly lower num-
bers of inflammatory cells and lower levels of
IL-4 and IgE compared to BALF from OVA sensi-
tived mice transfected with nonspecific sSiRNA
(Figure 4A-D).

We also measured levels of IL.-4 and IgE in plas-
ma isolated from transfected and sensitized
mice. As seen in the BALF samples, levels of
Il-4 and IgE in plasma were significantly
decreased in mice transfected with Lck siRNA
and sensitized with OVA compared to mice
transfected with non-specific sSiRNA and sensi-
tized with OVA (Figure 4E, 4F).
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Finally, we determined the number of inflamma-
tory cells in lung sections from control, nonspe-
cific siRNA/OVA sensitized and Lck siRNA/OVA
sensitized mice. As shown in Figure 5, the num-
ber of eosinophils and goblet cells is increased
in nonspecific siRNA/OVA sensitized lung tissue
compared to control, but not in Lck siRNA/OVA
sensitized lung tissue compared to control.

Taken together, these results suggest that inhi-
bition of Lck expression blocks the inflamma-
tory response caused by allergen challenge in
the mouse model of asthma.

Discussion

T cells and their subsets, as well as inflamma-
tory cytokines they secrete, are the root of the
inflammatory reaction and series of clinical
symptoms in asthma [7]. Activation of T cells is
a critical step to the initiation and maintenance
of airway inflammation [8], while the activation
of T cell receptor (TCR) is the first step.

Briefly, when TCR is engaged by the specific
antigen presented by major histocompatibility
complex (MHC), Lck phosphorylates the intra-
cellular chains of the CD3 and (-chains of the
TCR-MHC- peptide complex [9-11], allowing
another cytoplasmictyrosinekinase called ZAP-
70 to bind to them, and then the TCR signaling
pathway is activated [12]. Furthermore, Lck
phosphorylates and activates ZAP-70, which in
turn phosphorylates LAT, and precipitates sig-
nalosome and possibly synapse formation, fol-
lowed by T cell activation and a series of intra-
cellular signal transduction [13, 14]. Once T
cells were activated, they differentiated into
Th2, Th9, Thl7, Th22 cells et al, which pro-
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duced IL-4, IL-5, IL-7, IL-9, IL-10, IL-13, IL-17 and
other cytokines [3]. Other immune cells were
also activated and released inflammatory
mediators. For example, B cells secreted IgE
and mast cells secreted histamine, and all
these lead to asthma [15].

RNA interference technology has been high-
lighted as a powerful research method in the
study of gene function, anti-viral, anti-tumor
gene target treatment [16]. However, the deliv-
ery of siRNA into T cell lines is exceedingly chal-
lenging, because T cells are resistant to trans-
fection by conventional reagents. For this rea-
son, the initial study on T cells was limited at in
vitro level. Recently, concomitant with the de-
velopment of biotechnology, the efficient and
low toxicity transfection reagent appeared,
such as in vivo jetPEl transfection reagent, and
it becomes possible that siRNA could be used
in in vivo studies.

McRae et al [6] has been reported that A-42-
0983, Lck specific inhibitor, could block the
antigen-induced T cell proliferation and the
secretion of IFN-y and IL-4 through inhibiting
TCR associated signal transduction pathway.
SKemp KL et al [4] has shown that Lck mediat-
ed Th2 differentiation. According to their stud-
ies, we designed and synthesized Lck specific
siRNA and transfected them into mice with
asthma through tail vein, and our results show-
ed that pretreatment of Lck specific siRNA
down-regulated the expression levels of Lck in
lung parenchymal homogenates, and the levels
of IL-4 and IgE were decreased in both BALF
and plasma. Histological assessment of mice
lung tissues revealed that Lck specific siRNA
attenuated the pulmonary inflammation in as-
thma mice.

In summary, we investigated the effect of Lck
siRNA on pulmonary inflammation in a mouse
model of asthma. We found that sensitized
mice treated with Lck siRNA prior to allergen
challenge had fewer eosinophils in BALF and
lung tissues, and lower levels of IL-4 and IgE in
BALF and plasma compared to sensitized mice
treated with nonspecific siRNA prior to allergen
challenge. These finding suggested that Lck
play a key role in the T cell activation pathway
and that Lck might be a potential therapeutic
target for asthma.
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