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Abstract—Overall analysis and understanding of mechanisms are of great importance for treatment of infantile pneumonia
due to its high morbidity and mortality worldwide. In this study, we preliminarily explored the function and mechanism of
focal adhesion kinase (FAK) in regulation of inflammatory response induced by lipopolysaccharides in A549 cells. Flow
cytometry, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, quantitative reverse transcription
polymerase chain reaction, and Western blot analysis were used to explore the correlation of FAK expression with cell apop-
tosis, viability, and the inflammatory cytokine activity in A549 cells. The results showed that knockdown of FAK enhanced
cell viability, suppressed apoptosis, and decreased inflammatory cytokine activity. In addition, downregulation of FAK could
activate the Wnt and nuclear factor kB signaling pathways. These findings suggest that FAK might be involved in progres-

sion of infantile pneumonia and could be a new therapeutic target for this disease.

DOI: 10.1134/80006297917040058

Keywords: infantile pneumonia, lipopolysaccharides, focal adhesion kinase, Wnt and NF-«B pathways, new therapeutic tar-

get

Being an important cause of mortality and morbidi-
ty, infantile pneumonia (IP) is one of the most common
and severe respiratory diseases of childhood [1]. IP is
always accompanied by fever, cough, and shortness of
breath, and attacks of breathlessness can lead to respira-
tory failure and heart failure, sepsis, and even death [2-5].
IP can include aspiration pneumonia and infectious
pneumonia, and the incidence and severity are highest in
the first year of life, especially in the first six months [6-
8].

Focal adhesion kinase (FAK) is focal adhesion pro-
tein that is encoded by the FAK gene. It is associated with
bad prognosis of many kinds of diseases [9, 10]. To con-
trol the process of cell proliferation and metabolism,
FAK, which is a non-receptor protein tyrosine kinase,

Abbreviations: FAK, focal adhesion kinase; 1P, infantile pneu-
monia; LPS, lipopolysaccharide; MTT, 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (assay); NF-kB,
nuclear factor kB.
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senses a variety of extracellular signals [11, 12]. FAK has
been shown to closely associate with cell adhesion and
movement, and it can promote cell apoptosis of different
tumor types [13, 14]. Feng et al. showed that silencing of
FAK inhibits malignant cell proliferation and invasion in
gastric cancer [15]. Moreover, by suppression of
macrophage infiltration, Ninjurin-1 has been reported to
inhibit tumor growth through repression of FAK signaling
[16]. FAK has become an attractive selective and validat-
ed target for cancer therapy. However, there are few stud-
ies focused on the functional role of FAK in treatment of
IP.

For evaluation of inflammatory response, many
cytokines have been detected in previous studies. Buck et
al. reported that levels of tumor necrosis factor o (TNF-
o) and interleukin 1B (IL-1f) were both elevated in new-
borns with pneumonia [17]. During inflammatory cas-
cade, TNF-o and IL-1f are the first cytokines that stim-
ulate production of interleukin 6 (IL-6) [18]. Thus, in the
present study, we focused on expression levels of TNF-a,
IL-1B, and IL-6 to evaluate inflammatory response.
Additionally, a recent study suggested that inactivation of
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the FAK pathway inhibits the phosphatidylinositol-3-
kinase (PI3K)/AKT/mTOR pathway [19]. Moreover,
FAK has been reported to promote cell proliferation by
enhancing the Wnt signaling pathway [20]. Also, nuclear
factor kB (NF-xB) was shown to be activated through the
PI3K/AKT pathway [21]. Therefore, we hypothesized the
FAK might be involved in the regulation of the Wnt and
NF-xB pathways.

Pulmonary delivery is a common therapeutic routine
for pulmonary disease. Type II cells, a kind of pulmonary
epithelium, possess multiple functions that make them a
potential target for therapy of pneumonia [22]. The A549
cell line is widely used having characteristic features of
type II cells [23]. The great majority of studies reported in
the literature have explored potential therapeutic targets
for pneumonia utilizing A549 cells [24, 25]. Thus, we
selected A549 cells to construct an inflammation model
through stimulation with lipopolysaccharides (LPS) and
then further studied the effect of FAK on cell viability,
apoptosis, and inflammatory response as well as on relat-
ed signaling pathways.

MATERIALS AND METHODS

Cell culture and LPS treatment. The A549 cell line
was purchased from the American Type Culture
Collection (Manassas, USA). The cells were suspended in
Dulbecco’s modified Eagle’s medium (Gibco, Thermo
Fisher Scientific, USA) with 4 mM glutamine, 10% fetal
bovine serum, 100 U/ml penicillin, and 100 pg/ml strep-
tomycin. The cells were cultured in the medium until they
achieved 80-90% confluence. Then, the cells were treat-
ed with 0.2% trypsin and 0.02% EDTA for 5 min and then
collected by centrifugation for 2 min. The cells were plat-
ed at 2:10* cells/cm? on 24-well plates and maintained for
48 h until they reached optimal confluence [26].

SiRNA transfection. FAK-specific siRNA (si-FAK)
and negative control (siNC) were designed and synthe-
sized by GenePharma (China). Cell transfection was per-
formed using Lipofectamine 3000 (Invitrogen Life
Technologies, USA) according to the manufacturer’s
instructions.

MTT assay. The viability of cells attached to the sub-
strate was determined by a 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) colorimetric
assay according to a standard procedure.

Apoptosis assay. Apoptosis was assayed to identify
and quantify apoptotic cells using an Annexin V-
FITC/propidium iodide (PI) apoptosis detection kit
(Beijing Biosea Biotechnology, China). The A549 cells
were seeded in 6-well plates. Treated cells were washed
twice with cold phosphate-buffered saline (PBS) and
resuspended in binding buffer. The adherent and floating
cells were combined and treated following the manufac-
turer’s instruction and measured with flow cytometer
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Sequence of primers used in this study

Gene Primer sequence

FAK forward 5'-GCGGCCTAAACTCTCATCTC-3'
reverse 5'-TCTGGTAAGTCGTGCTCCAA-3'

1L-1B forward 5'-AGATGATAAGCCCACTCTACAG-3'
reverse 5'-ACATTCAGCACAGGACTCTC-3'

IL-6 forward 5'-ACAGCCACTCACCTCTTCAG-3'
reverse 5'-CCATCTTTTTCAGCCATCTTT-3'

TNF-a forward 5'-CCCGAGTGACAAGCCTGTAG-3'
reverse 5'-GATGGCAGAGAGGAGGTTGAC-3'

GAPDH | forward 5'-GCACCGTCAAGGCTGAGAAC-3'
reverse 5'-TGGTGAAGACGCCAGTGGA-3'

(Beckman Coulter, USA) to differentiate apoptotic cells
(Annexin-V positive and PI negative) from necrotic cells
(Annexin-V and PI positive).

qRT-PCR. Total RNA was isolated from cells
attached to the substrate using TRIzol reagent
(Invitrogen, USA) and treated with DNase I (Promega,
USA). Reverse transcription was performed utilizing the
Multiscribe RT kit (Applied Biosystems, Switzerland).
The reverse transcription conditions were 10 min at 25°C,
30 min at 48°C, and a final step of 5 min at 95°C. The
quantitative PCR was performed using Power SYBR
Green PCR master mix (Applied Biosystems) following
the manufacturer’s protocol. The sequences of the syn-
thesized primers (GenePharma) are given in the table.
The fold changes in gene expression were estimated with
the 2722t method described previously [27]. GAPDH
(glyceraldehyde-3-hposphate dehydrogenase) was used as
the reference gene.

Western blot analysis. The protein for Western blot
analysis was extracted from cells attached to the substrate
using RIPA lysis buffer (Beyotime Biotechnology, China)
supplemented with protease inhibitors (Roche, China).
The proteins were quantified using the BCA™ Protein
Assay Kit (Pierce, USA). Equal amounts of proteins were
loaded on a 12% gel and isolated using a Bis-Tris Gel sys-
tem Bio-Rad (USA) following the manufacturer’s
instructions. The proteins were transferred to polyvinyli-
dene fluoride (PVDF) membranes. Then the membranes
carrying the proteins were incubated with primary anti-
bodies against FAK (sc-271195), IL-1B (sc-12742), I1L-6
(sc-65989) (all from Santa Cruz, USA); against TNF-a
(ab6671), Wnt3a (ab81614), Wnt5a (ab159811), f-
catenin (ab27798) (all from Abcam, UK); against
inhibitor of nuclear factor kBa (t-IxBa, 9247), phospho-
rylated IkBa (p-IxBa, 2859), p65 (t-p65, 6956), phos-
phorylated p65 (p-p65, 3033) (all from Cell Signaling
Technology, USA), and against GAPDH (Sigma, USA).
Primary antibodies were prepared in 5% blocking buffer
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at dilution 1 : 1000 and respectively incubated with mem-
branes at 4°C overnight, which was followed by washing
and incubation with secondary antibodies labeled with
horseradish peroxidase (HRP) for 1 h at room tempera-
ture. After rinsing, the membranes carrying blots and
antibodies were transferred into a Bio-Rad ChemiDoc™
XRS system with addition of 200 ul Immobilon Western
Chemiluminescent HRP Substrate (Millipore, USA) to
cover the membrane surface. Signals were captured and
the intensity of the bands was quantified using Image
Lab™ Software (Bio-Rad, China).

Statistical analysis. The results of repeated experi-
ments are presented as mean = SD. Statistical analyses
were performed using SPSS 19.0 statistical software. The
p-values were calculated by one-way analysis of variance
(ANOVA); p < 0.05 was considered as statistically signifi-
cant difference.

RESULTS

LPS induced A549 cell inflammation and decreased
cell viability in a concentration-dependent manner. The
injury model was constructed with stimulation by LPS of
A549 cells. Cell viability of A549 cells was assayed under
various concentrations (0, 5, 10, and 20 pg/ml) of LPS.
Both the mRNA and protein expression levels of inflam-
matory cytokines were evaluated after treatment with
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LPS. The results showed that cell viability significantly
decreased while the expression levels of inflammatory
cytokines were markedly increased by LPS in comparison
with the control in a concentration-dependent manner
(p<0.050rp<0.01) (Fig. 1).

LPS upregulated expression of FAK in a concentra-
tion-dependent manner. To explore the effect of LPS on
expression of FAK, mRNA and protein expression levels
of FAK were estimated in cells treated with LPS at various
concentrations (0, 5, 10, and 20 pug/ml). As shown in Fig.
2, the mRNA and protein expression levels of FAK were
both upregulated by LPS in a concentration-dependent
manner in comparison with the control (p < 0.01).

siFAK downregulated expression of FAK. A549 cells
were respectively transfected with siFAK or siNC. After
transfection, the mRNA and protein expression level of
FAK were analyzed by qRT-PCR and Western blot assay;,
respectively. The results shown in Fig. 3 confirmed that
siFAK downregulated the expression of FAK in both
mRNA and protein levels compared with that in cells
transfected with siNC (p < 0.01).

Knockdown of FAK enhanced cell viability. The A549
cells were divided into three groups — control, LPS, and
LPS + siFAK groups. Cells in the LPS group were treat-
ed with 10 ug/ml LPS. Cells in LPS + si-FAK group were
transfected with siFAK and treated with 10 pg/ml LPS.
Cells in the control group were without any treatment.
The MTT assay was employed to explore the effects of
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Fig. 1. Correlation of focal adhesion kinase (FAK) with cell viability and inflammatory response. A549 cells were stimulated with LPS at 0, 5,
10, or 20 pg/ml. a) Cell viability; b) expression levels of inflammatory cytokines. Bars indicate means £ SD. * p < 0.05, ** p < 0.01 — signifi-

cant difference compared with cells stimulated with 0 pg/ml LPS.
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Fig. 2. mRNA and protein expression levels of focal adhesion
kinase (FAK) in LPS-induced cells. The A549 cells were stimu-
lated with LPS at 0, 5, 10, or 20 pg/ml. Bars indicate means
SD; ** p < 0.01 — significant difference compared with cells stim-
ulated with 0 pg/ml LPS.
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Fig. 4. Effect of focal adhesion kinase (FAK) on cell viability.
A549 cells were divided into three groups — control, LPS, and
LPS + si-FAK groups. Cells in the LPS group were treated with
10 pg/ml LPS. Cells in LPS + si-FAK group were transfected
with small interfering RNA targeting FAK (siFAK) and treated
with 10 pg/ml LPS. Cells in the control group were without any
treatment. Bars indicate means + SD; * p < 0.05 — significant dif-
ference compared with control.

FAK knockdown on cell viability. Cell viability was
remarkably decreased by LPS treatment in comparison
with the control (p < 0.05). The cell viability was signifi-
cantly enhanced by interference of siFAK, resulting in no
significant difference in comparison with the control
(Fig. 4). Thus, from this part of the work we drew the con-
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Fig. 3. Effect of small interfering RNA targeting focal adhesion
kinase (siFAK) on expression of FAK. The AS549 cells were
respectively transfected with siFAK or its negative control
(siNC). Bars indicate means = SD; ** p < 0.01 — significant dif-
ference compared with cells transfected with siNC.
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Fig. 5. Effect of focal adhesion kinase (FAK) on cell apoptosis.
A549 cells were divided into three groups — control, LPS, and
LPS + si-FAK groups. Cells in the LPS group were treated with
10 pg/ml LPS. Cells in the LPS + siFAK group were transfected
with small interfering RNA targeting FAK (siFAK) and treated
with 10 pg/ml LPS. Cells in control group were without any treat-
ment. Bars indicate means = SD; ** p < 0.01 — significant differ-
ence compared with control.

clusion that knockdown of FAK upregulated cell viability
in LPS-treated A549 cells.

Knockdown of FAK inhibited cell apoptosis. The A549
cells were divided into three groups as described above.
Cell apoptosis was assessed by flow cytometry. In Fig. 5,
cell apoptosis was significantly promoted by LPS in com-
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Fig. 6. Effect of focal adhesion kinase (FAK) on expression of
inflammatory cytokines. A549 cells were divided into three groups:
control, LPS, and LPS + si-FAK groups. Cells in the LPS group
were treated with 10 pg/ml LPS. Cells in LPS + si-FAK group
were transfected with small interfering RNA targeting FAK
(siFAK) and treated with 10 ug/ml LPS. Cells in the control group
were without any treatment. Bars indicate means = SD; * p <
0.05 — significant difference compared with control.

parison with that in control (p < 0.01). When FAK expres-
sion was inhibited, the promotion of cell apoptosis
induced by LPS was reversed, resulting in no significant
difference in comparison with that in control. We con-
cluded that FAK knockdown protected cells from apop-
tosis.

Knockdown of FAK downregulated expression levels
of inflammatory cytokines. The A549 cells were divided
into three groups as described above. The mRNA and
protein expression levels of various inflammatory
cytokines were assessed to investigate the effect of FAK
on the production of LPS-induced IL-1p3, IL-6, and
TNF-a. As shown in Fig. 6, the mRNA and protein lev-
els of these inflammatory cytokines were both upregulat-
ed by stimulation of LPS compared with that in control
(p <0.05). Interference by siFAK significantly suppressed
the expression of inflammatory cytokines induced by
LPS, leading to no prominent difference in comparison
with that in control. We concluded from these results that
LPS promoted inflammatory cytokine expression while
FAK knockdown could alleviate the inflammatory
response induced by LPS.

Knockdown of FAK suppressed inflammatory response
through the Wnt and NF-kxB pathways. To explore how the
inhibition of FAK affects the production of NF-«xB-
mediated inflammatory cytokines, the mRNA and pro-
tein expression levels of Wnt3a, Wnt5a, B-catenin, p/t-
IkBa, and p/t-p65 were analyzed by qRT-PCR and
Western blot analysis. The cells were divided into three
groups as described above. According to the results shown
in Fig. 7, the mRNA and protein expression levels of key
kinases were both markedly upregulated by stimulation of
LPS in comparison with that in control (p < 0.05). While
in cells transfected with siFAK the increased expressions
were all reversed, leading to no obvious difference in
comparison with that in control. All these results suggest-
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Fig. 7. Effect of focal adhesion kinase (FAK) knockdown on
Wnt/nuclear factor kB (NF-xB) signaling pathway. A549 cells
were divided into three groups — control, LPS, and LPS + siFAK
groups. Cells in the LPS group were treated with 10 ug/ml LPS.
Cells in LPS + siFAK group were transfected with small interfer-
ing RNA targeting FAK (siFAK) and treated with 10 pg/ml LPS.
Cells in the control group were without any treatment. Bars indi-
cate means £ SD; * p < 0.05 — significant difference compared
with control. t-IkBa., inhibitor of NF-kBa; p-IkBa, phosphory-
lated IxkBa; p-p65, phosphorylated p65.
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ed that knockdown of FAK inhibited the Wnt and NF-«xB
signaling pathways.

DISCUSSION

Virus is considered the most common cause of pneu-
monia in children under five years old [28, 29]. Child
pneumonia has always been considered to relate to
tachypnea and/or chest recession, and aspiration pneu-
monia is a frequent cause of morbidity and mortality in
children [29]. The clinical characteristics of IP have also
been widely studied. In the study of Wang et al., the levels
of pulmonary surfactant proteins A and D (SP-A, SP-D)
in children with pneumonia were observed, and SP-D
was shown to play an important role in regulation of the
immune and inflammatory responses [30]. It is consid-
ered a common respiratory infectious disease in infancy,
but the mechanism is far from sufficiently clear [31].

FAK is an integrated component of cell—cell adhe-
sion and regulates the focal adhesion complex in the basal
part of endothelial cells, which has been shown to act as a
transcriptional regulator in the nucleus [32-34]. As a non-
receptor protein tyrosine kinase, FAK plays a vital role in
cell signaling pathways such as cell proliferation, survival,
and migration [33, 35-37]. The findings of Serrels et al.
confirmed a potential new purpose for FAK kinase
inhibitors, which can cause immune-mediated tumor
regression [33].

In the present study, we preliminarily explored the
function and mechanism of FAK in regulation of inflam-
matory response induced by LPS in A549 cells. We first
used LPS to construct an inflammatory model in A549
cells, then tested FAK expression in this model and found
that LPS could upregulate the expression of FAK.
Determined by MTT, the cell survival rate showed that
knockdown of FAK could significantly increase viability
of cells treated with LPS. Flow cytometry results showed
that the knockdown of FAK reduced LPS-induced apop-
tosis. Then we tested the expression of inflammatory fac-
tors and found that knockdown of FAK could also reduce
the expression levels of inflammatory markers.
Additionally, Western blot results showed that the inhibi-
tion of FAK decreased activation of the Wnt and NF-xB
signaling pathways, accompanied by reduction in cell
inflammation.

Wnt3a is a canonical Wnt protein that functions via a
B-catenin-dependent signaling pathway [38]. In contrast,
Wnt5a is a noncanonical Wnt protein that has been
reported to inhibit the canonical Wnt pathway via
enhancement of f-catenin degradation [39]. In the pres-
ent study, the expression levels of Wnt3a and Wnt5a were
both enhanced by simulation with LPS, resulting in
upregulated p-catenin despite the opposite effects of
Wnt3a and Wnt5a. When cells were subjected to siFAK,
the effect of LPS on expression levels of Wnt3a, Wnt5a,
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and B-catenin were all reversed. The results suggest that
knockdown of FAK activates the Wnt/B-catenin pathway.

On the other hand, NF-xB dimers consist of five
members — p65/RelA, p50, RelB, cRel, and p52 [40].
Under resting conditions, kB proteins bind to NF-kB
dimers and sequester them in the cytoplasm. When cells
are stimulated, Ik B is phosphorylated, ubiquitinated, and
degraded, leading to release of NF-«B factors [41]. In our
study, upon stimulation of LPS the phosphorylation of
IxBa was upregulated, which might cause release of NF-
kB factors by degradation of IkB proteins. Perhaps the
phosphorylated level of p65 was upregulated by stimula-
tion with LPS. Meanwhile, knockdown of FAK reversed
the increase in IkBoa phosphorylation, resulting in
reversed regulation of p65 phosphorylation. Thus, knock-
down of FAK might inhibit inflammatory response
through the NF-xB signaling pathway.

In conclusion, this article provides a preliminary
exploration of FAK in regulation of cell inflammatory
response. The findings provide a solid foundation for fur-
ther study of FAK function, providing a new strategy and
a possible target for clinical treatment of inflammation in
infants.
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