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Abstract. Pediatric sepsis can cause lung damage leading 
to death in children. In addition, its complicated pathogen‑
esis currently presents a difficult problem in the medical 
field. Proviral integrations of Moloney virus 2 (PIM2) is a 
prognostic marker of pediatric sepsis; therefore, the aim of 
the present study was to investigate the role of PIM2 in lung 
injury caused by pediatric sepsis. To meet this aim, the expres‑
sion of PIM2 in lipopolysaccharide (LPS)‑induced BEAS‑2B 
pulmonary epithelial cells was detected using reverse 
transcription‑quantitative (RT‑q)PCR and western blotting. 
Subsequently, the expression of PIM2 was inhibited using the 
cell transfection technique. Cell Counting Kit‑8, TUNEL and 
western blotting, use of a fluorescence kit, ELISA detection 
kits were used to detect the expression of inflammatory‑ and 
cell injury‑associated indicators following PIM2 inhibition. 
In addition, the expression of proteins known to be associated 
with the Toll‑like receptor 2 (TLR2)/myeloid differentiation 
primary response 88 (MyD88) pathway were also assessed 
using western blotting. Finally, the simultaneous inhibition of 
PIM2 expression and overexpression of TLR2 were investi‑
gated in an attempt to elucidate the underlying mechanism. 
The expression level of PIM2 was revealed to be increased 
in LPS‑induced BEAS‑2B cells. Interference with PIM2 
expression led to an increase in BEAS‑2B cell viability, the 
inhibition of apoptosis and a reduction in oxidative stress and 
the inflammatory response. These processes were also revealed 
to be accomplished via downregulation of the TLR2/MyD88 
signaling pathway. Overall, the present study demonstrated 
that knockdown of PIM2 alleviated LPS‑induced bronchial 
epithelial cell injury by inhibiting the TLR2/MyD88 pathway.

Introduction

Sepsis is a systemic inflammatory syndrome caused by infec‑
tion that provides a major cause of mortality in children (1). 
A previous study has indicated that there are ~48.9 million 
patients with sepsis worldwide, including ~11 million sepsis 
deaths, which account for 19.7% of the total global death (2). 
Patients with severe sepsis can experience a complicated patho‑
genesis that also comprises functional impairment of multiple 
organs (3). The lung is the main organ of sepsis, and the most 
common complication of sepsis is acute lung injury (ALI) (4). 
The clinical manifestations of ALI are progressive hypoxemia 
and respiratory distress, which may lead to acute respiratory 
distress syndrome (ARDS) if the disease progresses (5). Due 
to the complex pathogenesis of pediatric sepsis, which causes 
great damage to the body tissues and organs and is difficult 
to treat, sepsis remains a difficult problem that needs to be 
resolved in the medical field in the world at present (6).

Proviral integrations of Moloney virus  2 (PIM2) is a 
serine/threonine protein kinase that exists on the X chromo‑
some in three isotypes (34 kDa, 37 kDa and 40 kDa) and is 
highly expressed in lymphatic and brain tissues (7). PIM2 
fulfills important roles in cell proliferation, apoptosis and 
other biological processes including migration, invasion and 
autophagy (8). At present, the majority of studies on PIM2 focus 
on its role in hematological malignancies and solid tumors, and 
it has been revealed that PIM2 exerts a promoting effect on the 
occurrence and development of multiple myeloma (9), prostate 
cancer (10), liver cancer (11) and other tumors, including lung 
cancer, ovarian cancer. However, previously published studies 
have indicated that PIM2 may exert certain immune regula‑
tion effects (12,13). Yang et al (14) demonstrated that PIM2 
can induce interleukin (IL)‑6 production through the IL‑1β or 
TNF‑α pathway, thereby regulating the occurrence of inflam‑
matory diseases. A previous study revealed that PIM2 is a 
prognostic marker of pediatric sepsis (15). Inhibition of PIM2 
has also been indicated to alleviate asthma symptoms and to 
improve airway hyper‑responsiveness and airway inflamma‑
tion (16). Collectively, these data have indicated that PIM2 
may exhibit a role in pediatric sepsis.

Moreover, low doses of PIM2 protein have been demon‑
strated to have a protective effect on oxidative stress‑induced 
neuronal cell death (17), and PIM2 expression is significantly 
upregulated in lipopolysaccharide (LPS)‑induced mouse 
macrophages  (18). Knockdown of PIM2 causes a marked 
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reduction in the expression of IL‑1β and NLR family pyrin 
domain‑containing 3 (NLRP3) inflammasome in LPS‑induced 
macrophages, thereby alleviating LPS‑induced ARDS (18). In 
addition, PIM2 expression has been revealed to be elevated 
in lung cancer tissue, which may have a specific regulatory 
role in the occurrence and development of lung cancer (19). 
Therefore, it is reasonable to hypothesize that PIM2 is involved 
in LPS‑induced injury of pulmonary epithelial cells.

The present study explored the role of PIM2 in 
LPS‑induced in vitro ALI cell model in bronchial epithelial 
cells and its underlying mechanisms so as to provide a theoret‑
ical basis for the treatment of lung injury caused by pediatric 
sepsis.

Materials and methods

Cell culture. Human BEAS‑2B pulmonary epithelial cells, 
obtained from American Type Culture Collection, were 
cultured in Gibco® DMEM with 10% FBS (both Thermo 
Fisher Scientific, Inc.) in a humidified incubator at 37˚C and 
an atmosphere of 5% CO2. BEAS‑2B cells were induced by 
LPS (at concentrations of 0, 2.5, 5 and 10 µg/ml) at 37˚C for 
12 h to create an in vitro ALI model.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
from the cells was isolated using Invitrogen® TRIzol® reagent 
(Thermo Fisher Scientific, Inc.). cDNA was synthesized using 
a Fermentas® First‑Strand cDNA Synthesis kit (Thermo Fisher 
Scientific, Inc.). A SYBR Green Master Mix (20 µl; Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to perform the PCR. 
The reaction thermocycling conditions were as follows: 95˚C 
for 5 min, followed by 40 cycles of 94˚C for 15 sec, 60˚C 
for 20 sec and 72˚C for 40 sec. RT‑qPCR using an Applied 
Biosciences® ABI StepOnePlus Real‑time PCR system 
(Thermo Fisher Scientific, Inc.) was used to detect the tran‑
scripts. The expression level was calculated using the 2‑ΔΔCq 
method (20), and the levels were normalized against GAPDH 
as the housekeeping gene. The results are expressed as the 
fold‑changes. The sequences were designed by Guangzhou 
RiboBio Co., Ltd. PIM2 forward, 5'‑CGT​GGA​GTT​GTC​CAT​
CGT​G‑3', and reverse, 5'‑AAG​GGA​ATG​TCC​CCA​CAC​AC‑3'; 
Toll‑like receptor 2 (TLR2) forward, 5'‑TTG​TGA​CCG​CAA​
TGG​TAT​CT‑3', and reverse, 5'‑TGT​TGG​ACA​GGT​CAA​GGC​
T‑3'; GAPDH forward, 5'‑CAT​GAG​AAG​TAT​GAC​AAC​AGC​
CT‑3', and reverse, 5'‑AGT​CCT​TCC​ACG​ATA​CCA​AAG​T‑3'.

Western blotting. Cells were washed with PBS and collected 
in RIPA lysis buffer (Cell Signaling Technology, Inc.). 
Subsequently, the cells were centrifuged at 16,000 x g for 
10 min at 4˚C, and the supernatant was collected for western 
blotting. A bicinchoninic acid protein assay kit (Thermo 
Fisher Scientific, Inc.) was used to detect the protein concen‑
trations. Protein (20 µg per lane) samples were analyzed by 
(either 10 or 12%) SDS‑polyacrylamide gel electrophoresis 
and subsequently transferred onto a PVDF membrane. The 
membranes were then blocked in 5% skimmed milk powder 
for 1  h at room temperature and subsequently incubated 
overnight at 4˚C with primary antibodies, including anti‑PIM2 
(cat. no. ab129057), anti‑Bcl‑2 (cat. no. ab32124), anti‑Bax 
(cat. no. ab182733), anti‑cleaved caspase‑3 (cat. no. ab32042), 

anti‑caspase‑3 (cat.  no.  ab32351), anti‑cleaved caspase‑9 
(cat. no. ab2324), anti‑caspase‑9 (cat. no. ab32539), anti‑mono‑
cyte chemoattractant protein‑1 (MCP‑1; cat. no. ab214819), 
anti‑inducible nitric oxide synthase (iNOS; cat. no. ab178945), 
anti‑cyclooxygenase (COX)‑2 (cat. no. ab179800), anti‑TLR2 
(cat.  no.  ab68159), anti‑myeloid differentiation primary 
response 88 (MyD88; cat. no. ab133739), anti‑phosphorylated 
(p)‑p65 (cat. no. ab76302), anti‑p65 (cat. no. ab32536) and 
anti‑GAPDH (cat. no. ab9485) all from Abcam (all dilution, 
1:1,000). Membranes were subsequently incubated with horse‑
radish peroxidase‑conjugated secondary antibody (1:5,000 
dilution; cat. no. ab150077, Abcam) at room temperature for 
1 h. The protein bands were colored using an enhanced chemi‑
luminescence kit (Bio‑Rad Laboratories, Inc.) and ImageJ 
1.50i (National Institutes of Health) gel analysis software was 
used to analyze the bands. GAPDH was used as the loading 
control.

Cell transfection. Cells were transfected either with 
PIM2‑small interfering (si)RNAs or with scrambled nega‑
tive control (NC) siRNA (200 nM; Shanghai GenePharma 
Co., Ltd.). Transfection of pcDNA3.1 overexpression vector 
(GenScript) encoding the full‑length TLR2 for overexpression 
of TLR2 or the empty plasmid negative control (NC) produced 
by Shanghai GenePharma Co., Ltd all at the concentration 
of 20  nM was performed using the transfection reagent 
Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C for 24 h. The sequences of the si‑PIM2‑1 and 
si‑PIM2‑2 primers were as follows: Si‑PIM2‑1, 5'‑ACC​UUC​
UUC​CCG​ACC​CUC​AdTdT‑3' (sense), and 5'‑UGA​GGG​UCG​
GGA​AGA​AGG​UdTdT‑3'(antisense); si‑PIM2‑2, 5'‑CUU​GGU​
UUU​ACA​GGU​CAU​UdTdT‑3' (sense), and 5'‑AAU​GAC​CUG​
UAA​AAC​CAA​GdCdT‑3' (antisense); si‑NC, 5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3' (sense), and 5'‑ACG​UGA​CAC​
GUU​CGG​AGA​ATT‑3' (antisense). At 48 h after transfection, 
subsequent experiments were conducted.

Cell Counting Kit‑8 (CCK‑8) assay. Cells were seeded and 
cultured at a density of 5x103/well in 96‑well microplates 
(Corning, Inc.). Subsequently, the cells were treated with LPS 
for 12 h, and transfected accordingly as described above. 
CCK‑8 reagent (10 µl; Beyotime Institute of Biotechnology) 
was added to each well, and the cells were subsequently 
cultured for 2 h. A microplate reader (Bio‑Rad Laboratories, 
Inc.) was used to analyze the absorbance at 450 nm.

TUNEL staining. Apoptosis was assessed using a TUNEL 
assay kit (Beyotime Institute of Biotechnology) in accor‑
dance with the manufacturer's protocol. Cells were washed 
with PBS and then fixed with 4% paraformaldehyde for 
30  min at room temperature. Subsequently, cells were 
incubated with permeabilization solution for 5 min at room 
temperature followed by TUNEL solution for 1 h at 37˚C. 
Subsequently, 50 µl DAB substrate was added for 10 min 
at 15˚C, and hematoxylin was used to re‑stain the cells for 
10  sec at room temperature. Slides were mounted using 
glycerol. The cells were observed under glass coverslip with 
PBS under an inverted microscope (magnification, x200; 
Olympus Corporation). A total of three fields were randomly 
selected for analysis of the images.
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Detection of reactive oxygen species (ROS) production. 
Intracellular ROS levels were analyzed using the fluorescence 
intensity of 2,7‑dichlorofluorescein. BEAS‑2B cells cultured 
on 6‑well chamber slides (1x106) were washed with PBS three 
times for 5 min/wash, and the slides were incubated with 
the fluorescent probe 2,7‑dichlorodihydrofluorescindiacetate 
(1:1,000 dilution) at 37˚C for 30 min in the dark. The fluores‑
cence signals were analyzed on a BD FACSCanto™ Clinical 
Flow Cytometry System (BD Biosciences), and FlowJo 
version 7.6 software (FlowJo LLC) was used to analyze the 
data.

Detection of superoxide dismutase (SOD) and plasma 
glutathione peroxidase (GSH‑Px) production. BEAS‑2B cells 
were centrifuged at 1,600 x g for 10 min at 4˚C and the cellular 
supernatant was collected in order to detect the levels of SOD 
(cat. no. HM10163) and GSH‑Px (cat. no. HM10129) using 
ELISA kits (Bio‑Swamp; Wuhan Bienle Biotechnology Co., 
Ltd.) according to the manufacturer's instructions. A micro‑
plate reader was subsequently used to measure the absorbance 
at 450 nm absorbance wavelength.

ELISA. Briefly, BEAS‑2B cells were seeded into 96‑well plates 
(5x103 cells/well). Following treatment, cell supernatant was 
collected after centrifugation at 2,000 x g for 5 min at 4˚C. 
The intracellular concentrations of IL‑1β (cat. no. 557953), 
IL‑6 (cat.  no.  555220) and TNF‑α (cat.  no.  555212) were 
assessed using BD OptEIA™ Human IL‑1β ELISA Set Ⅱ, BD 
OptEIA™ Human IL‑6 ELISA Set and BD OptEIA™ Human 
TNF ELISA Set (BD Biosciences), and all procedures were 
performed according to the manufacturer's instructions.

Statistical analyses. Statistical analyses were performed 
using SPSS software (version  18.0; SPSS, Inc.). The data 
are presented as the mean ± SD from at least three indepen‑
dent experiments. Comparisons between two groups were 
performed using unpaired Student's t‑test, whereas compari‑
sons among multiple groups were performed using one‑way 
ANOVA followed by a Tukey's post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Interference with PIM2 increases the viability of LPS‑induced 
BEAS‑2B cells. First, expression of PIM2 was detected using 
both RT‑qPCR and western blotting in BEAS‑2B cells induced 
by different concentrations of LPS (0, 2.5, 5 and 10 µg/ml). The 
results obtained demonstrated that, compared with the control 
group, the expression level of PIM2 increased markedly in 
concert with the increases in concentration of LPS, which was 
used to induce the cells (Fig. 1A and B). Since PIM2 expres‑
sion was the most significantly increased when induced using 
10 µg/ml LPS, LPS at this concentration was consequently 
selected for subsequent experiments. PIM2 expression was 
then inhibited using the cell transfection technique. RT‑qPCR 
and western blotting were used to determine the efficiency of 
siRNA interference of the cells. The results demonstrated that 
the expression level of PIM2 in the si‑PIM2‑1 and si‑PIM2‑2 
groups were significantly decreased compared with the si‑NC 
group, indicating that the interference was successful. In 
addition, as the expression of PIM2 in the si‑PIM2‑1 group 
was decreased more obviously compared with the si‑PIM2‑2 
group, si‑PIM2‑1 was selected to be used in the follow‑up 
experiments (Fig. 2A and B).

The CCK‑8 assay results demonstrated that cell viability 
was significantly decreased after LPS induction compared 
with the control group. Compared with the LPS + si‑NC 
treatment group, the cell viability of the LPS +  si‑PIM2 
group was significantly increased (Fig. 2C). Subsequently, 
the TUNEL assay results indicated that, compared with the 
control group, apoptosis was significantly increased in the 
BEAS‑2B cells induced with LPS only (Fig. 2D and E). In 
addition, western blotting demonstrated that LPS‑induced 
cells demonstrated a significant decrease in Bcl‑2 expres‑
sion and significant increases in Bax and cleaved caspase‑3 
and ‑9 expression levels compared with the control group 
(Fig. 2F and G). Moreover, compared with the LPS + si‑NC 
group, PIM2 interference significantly reduced the level of 
apoptosis LPS + si‑PIM2 group, which was accompanied 
by a significantly increased level of Bcl‑2 expression and 
decreased expression levels of Bax and cleaved caspase‑3 

Figure 1. Expression of PIM2 in LPS‑induced BEAS‑2B cells. (A) Reverse transcription‑quantitative PCR and (B) western blotting detected the expression 
levels of PIM2 mRNA and protein, respectively, in LPS‑induced BEAS‑2B cells. *P<0.05 and ***P<0.001 vs. control. PIM2, Proviral integrations of Moloney 
virus 2; LPS, lipopolysaccharide.
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and ‑9 (Fig. 2D‑G). PIM2 silencing exacerbated the viability 
of LPS‑treated BEAS‑2B cells.

Interference with PIM2 inhibits oxidative stress and the 
inflammatory response of LPS‑induced BEAS‑2B cells. ROS 
expression levels were detected using a fluorescence kit, and 

the expression levels of SOD and GSH‑Px were detected 
using corresponding kits. The results obtained demonstrated 
that, ROS expression in the LPS‑induced BEAS‑2B cells 
significantly increased following LPS induction compared 
with the control group; whereas the expression levels of 
SOD and GSH‑Px were significantly decreased. Compared 

Figure 2. Interference with PIM2 increases viability of LPS‑induced BEAS‑2B cells. (A) Reverse transcription‑quantitative PCR and (B) western blotting 
detected the expression levels of PIM2 mRNA and protein, respectively, after transfection of PIM2. ***P<0.001 vs. si‑NC. (C) Cell Counting Kit‑8 detected 
the viability in LPS‑induced BEAS‑2B cells after transfection of PIM2. (D and E) TUNEL assay detected the apoptosis of LPS‑induced BEAS‑2B cells 
after transfection of PIM2 (scale bar, 50 µm). (F) Western blotting detected the expression levels of apoptosis‑related proteins (Bcl‑2, Bax and cleaved 
caspase‑3/caspase‑3) in LPS‑induced BEAS‑2B cells after transfection of PIM2. (G) Statistical analyses of a apoptosis‑related protein bands. ***P<0.001 
vs. control; #P<0.05, ##P<0.01, ###P<0.001 vs. LPS + si‑NC. PIM2, Proviral integrations of Moloney virus 2; LPS, lipopolysaccharide; NC, negative control; si‑, 
small interfering.
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with the LPS + si‑NC group, the ROS expression levels in 
the LPS + si‑PIM2 group were significantly decreased after 
interfering with PIM2 expression, whereas those of SOD and 
GSH‑Px were significantly increased (Fig. 3A‑C). In addi‑
tion, the expression levels of TNF‑α, IL‑6 and IL‑1β were 

significantly increased following LPS induction compared 
with the control group. However, following PIM2 interfer‑
ence, the expression levels of these factors were significantly 
decreased in the LPS + si‑PIM2 group compared with the 
LPS + si‑NC group (Fig. 3D). Finally, the expression levels 

Figure 3. Interference with PIM2 inhibits oxidative stress and inflammatory response of LPS‑induced BEAS‑2B cells. (A) A DCFH‑DA kit was used to detect 
the expression of ROS and (B) was quantified. (C) SOD and GSH‑Px kits were used to detect the expression of SOD and GSH‑Px. (D) ELISA was used to detect 
the expression of inflammation factors, TNF‑α, IL‑6 and IL‑1β. (E) Western blotting detected the expression of inflammation‑related proteins (MCP‑1, iNOS 
and COX‑2) in LPS‑induced BEAS‑2B cells after transfection. ***P<0.001 vs. control; #P<0.05, ##P<0.01, ###P<0.001 vs. LPS + si‑NC. PIM2, Proviral integra‑
tions of Moloney virus 2; LPS, lipopolysaccharide; NC, negative control; si‑, small interfering; ROS, reactive oxygen species; SOD, superoxide dismutase; 
GSH‑Px, glutathione peroxidase; IL, interleukin; MCP‑1, monocyte chemoattractant protein‑1; iNOS, inducible nitric oxide synthase; COX‑2, cyclooxygenase.

Figure 4. Interference with PIM2 inhibited the activation of the TLR2/MyD88 signaling pathway in LPS‑induced BEAS‑2B cells. Western blotting detected the 
expression of TLR2/MyD88 signaling pathway associated proteins, TLR2, MyD88 and p/t‑P65. ***P<0.001 vs. control; ##P<0.01, ###P<0.001 vs. LPS + si‑NC. 
p‑, phosphorylated; t‑, total; PIM2, Proviral integrations of Moloney virus 2; LPS, lipopolysaccharide; NC, negative control; si‑, small interfering; TLR2, 
Toll‑like receptor 2; MyD88, myeloid differentiation primary response 88.
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of the inflammation‑associated proteins MCP‑1, iNOS 
and COX‑2 were revealed to be consistent with the trends 
of TNF‑α, IL‑6 and IL‑1β as determined from western 

blotting (Fig. 3E). In conclusion, PIM2 knockdown amelio‑
rated LPS‑evoked oxidative stress and inflammatory response 
in BEAS‑2B cells.

Figure 5. Upregulation of TLR2 reverses the inhibitory effect of PIM2 interference on BEAS‑2B cell viability. (A) Reverse transcription‑quantitative PCR and 
(B) western blotting detected the expression of TLR2 mRNA and protein, respectively, after transfection of TLR2. ***P<0.001 vs. si‑NC. (C) Cell Counting 
Kit‑8 detected the viability in LPS‑induced BEAS‑2B cells after transfection. (D and E) TUNEL assay detected the apoptosis of LPS‑induced BEAS‑2B cells 
after transfection (scale bar, 50 µm). (F) Western blotting detected the expression levels of apoptosis‑related proteins in LPS‑induced BEAS‑2B cells after 
transfection. **P<0.01, ***P<0.001 vs. LPS; #P<0.05, ##P<0.01, ###P<0.001 vs. LPS + si‑PIM2 + Oe‑TLR2. PIM2, Proviral integrations of Moloney virus 2; LPS, 
lipopolysaccharide; NC, negative control; si‑, small interfering; TLR2, Toll‑like receptor 2; oe, overexpression.
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Interference with PIM2 inhibits activation of the 
TLR2/MyD88 signaling pathway in LPS‑induced BEAS‑2B 
cells. The western blotting results demonstrated that the 
expression levels of TLR2, MyD88 and p‑P65 in BEAS‑2B 
cells were significantly increased following LPS induction 
compared with the control, indicating that LPS could induce 
activation of the TLR2/MyD88 pathway. Compared with the 
LPS + si‑NC treatment group, the expression levels of TLR2, 
MyD88 and p‑P65 were significantly inhibited following PIM2 

expression (Fig.  4). These results preliminarily suggested 
that PIM2 interference was able to inhibit the activation of 
TLR2/MyD88 pathway. Taken together, PIM2 depletion 
inactivated TLR2/MyD88 signaling in LPS‑treated BEAS‑2B 
cells.

Upregulation of TLR2 reverses the inhibitory effect of 
PIM2 interference on BEAS‑2B cell damage. Subsequently, 
the cells were grouped into control, LPS, LPS + si‑PIM2, 

Figure 6. Upregulation of TLR2 reverses the inhibitory effect of PIM2 interference on BEAS‑2B cell oxidative stress and inflammation. (A) DCFH‑DA kit 
was used to detect and (B) quantify the expression levels of ROS (scale bar, 25 µm). (C) SOD and GSH‑Px kits were used to detect the expression levels of 
SOD and GSH‑Px. (D) ELISA was used to detect the expression of inflammation factors TNF‑α, IL‑6 and IL‑1β. (E) Western blotting detected the expres‑
sion of inflammation‑related proteins (MCP‑1, iNOS and COX‑2) in LPS‑induced BEAS‑2B cells after transfection. **P<0.01, ***P<0.001 vs. LPS; #P<0.05, 
##P<0.01, ###P<0.001 vs. LPS + si‑PIM2 + Oe‑TLR2. PIM2, Proviral integrations of Moloney virus 2; LPS, lipopolysaccharide; NC, negative control; si‑, small 
interfering; ROS, reactive oxygen species; SOD, superoxide dismutase; GSH‑Px, glutathione peroxidase; IL, interleukin; MCP‑1, monocyte chemoattractant 
protein‑1; iNOS, inducible nitric oxide synthase; COX‑2, cyclooxygenase; Oe, overexpression.
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LPS  +  si‑PIM2  +  overexpression (Oe)‑NC and 
LPS + si‑PIM2 + Oe‑TLR2 treatment groups to further explore 
the mechanism of PIM2 in LPS‑induced BEAS‑2B cell injury. 
First, TLR2 was overexpressed using the cell transfection 
technique, and the transfection efficiency was confirmed using 
RT‑qPCR and western blotting assays (Fig. 5A and B). It was 
revealed that, compared with the LPS + si‑PIM2 + Oe‑NC 
treatment group, the LPS + si‑PIM2 + Oe‑TLR2 group had 
a significantly decreased cell viability (Fig. 5C) and signifi‑
cantly increased levels of apoptosis (Fig. 5D and E); this was 
accompanied by a significant decrease of Bcl‑2 expression, 
and significantly increased levels of Bax and cleaved/total 
caspase‑3 and ‑9 expression (Fig. 5F). Subsequently, the levels 
of the oxidative stress‑associated indicators ROS, SOD and 
GSH‑Px (Fig. 6A‑C), as well as the inflammatory indica‑
tors TNF‑α, IL‑6 and IL‑1β, were examined (Fig. 6D). The 
results demonstrated that the expression levels of ROS were 
significantly increased in the LPS +  si‑PIM2 + Oe‑TLR2 
group compared with the LPS + si‑PIM2 + Oe‑NC group 
(Fig.  6A  and  B), while the expression levels of SOD and 
GSH‑Px were significantly decreased (Fig. 6C). In addition, the 
expression levels of TNF‑α, IL‑6 and IL‑1β were significantly 
increased in the LPS + si‑PIM2 + Oe‑TLR2 group compared 
with the LPS + si‑PIM2 + Oe‑NC group (Fig. 6D). The expres‑
sion trends of MCP‑1, iNOS and COX‑2 were revealed to be 
consistent with those of the inflammatory factors TNF‑α, 
IL‑6 and IL‑1 (Fig. 6E). Collectively, these results suggested 
that upregulation of TLR2 could reverse the inhibitory effect 
of PIM2 interference on cell damage. Overall, TLR2 eleva‑
tion offset the mitigated BEAS‑2B cell injury due to PIM2 
deficiency.

Discussion

A large number of inflammatory factors produced by sepsis 
are able to enter the lung tissue via the blood circulation, and 
accumulate in lung tissue to produce pulmonary inflamma‑
tory reactions, thereby damaging the pulmonary capillary 
endothelial cells and pulmonary epithelial cells, ultimately 
causing sepsis combined with ALI (21,22). Children's bodily 
functions are not fully developed, and for them, sepsis is 
more dangerous; therefore, pediatric sepsis may lead to more 
serious organ damage, such as ALI, which is more difficult to 
treat (23). Consequently, it is important to explore the under‑
lying mechanism through which sepsis causes lung injury in 
children.

In the set of experiments performed in the present study, 
LPS‑induced BEAS‑2B cells were used to simulate a model of 
ALI induced by sepsis (24). In a study by Wang et al (24), LPS 
at 10 µg/ml was selected for induction, and LPS at this concen‑
tration could induce the model of extracorporeal pneumonia. 
In addition, the present study selected 2.5, 5 and 10 µg/ml 
LPS for induction, and demonstrated that PIM2 expression 
was most significantly increased after 10 µg/ml LPS induc‑
tion. Therefore, 10 µg/ml LPS was selected in the present 
study. The results obtained revealed that after LPS induction, 
cell viability decreased significantly, the levels of apoptosis 
increased and oxidative stress and inflammation occurred in 
the cells. Taken together, these results demonstrated that the 
present model had been successfully induced.

PIM2 is a prognostic marker of pediatric sepsis  (15); 
although, to the best of our knowledge, the role of PIM2 both 
in pediatric sepsis and in lung injury caused by sepsis has yet 
to be reported. PIM2 has been reported to be highly expressed 
in lung cancer, and microarray analysis has indicated that it is 
associated with cell proliferation (25). In addition, PIM1 and 
PIM2 share a high degree of amino acid sequence homology, 
and their functions are fundamentally the same (26). PIM1 
has been demonstrated to inhibit the inflammatory response 
and cell viability of BEAS‑2B cells in obstructive pulmo‑
nary disease, thereby inducing cell death  (27). Therefore, 
it was possible to hypothesize that PIM2 also fulfills a role 
in LPS‑induced BEAS‑2B cells. In the present study, PIM2 
expression was significantly increased after the BEAS‑2B 
cells had been induced by LPS. Following the inhibition of 
PIM2 expression, cell viability was increased, apoptosis 
was decreased and the cellular inflammatory response was 
also decreased. Moreover, a previously published study has 
indicated that PIM2 interference can inhibit the expression 
of IL‑1β and NLRP3 in LPS‑induced macrophages, thereby 
inhibiting inflammatory responses (18). Similarly, the present 
set of experiments revealed that the expression levels of 
TNF‑α, IL‑6 and IL‑1β in LPS‑induced BEAS‑2B cells were 
decreased after interfering with PIM2 expression, and the 
inflammatory response and oxidative stress response were 
both inhibited. Collectively, these results demonstrated that 
PIM2 interference could inhibit LPS‑induced cell damage.

Subsequently, the present study sought to unravel the 
underlying regulatory mechanism of PIM2. It was revealed 
that the TLR2/MyD88 signaling pathway was abnormally 
expressed during the entire process. The TLR2/MyD88 
inflammatory pathway forms an important part of the body's 
inflammatory response (28). TLR2 interacts with MyD88, 
forming a complex that activates downstream signal transduc‑
tion through a series of phosphorylation processes, which 
ultimately activates the expression of various genes, including 
those of TNF‑α, IL‑1, IL‑6 and adhesion molecules, thereby 
inducing corresponding inflammatory responses (29). It has 
also been demonstrated that inhibition of the TLR2/MyD88 
pathway alleviates LPS‑induced ALI in a rat model (30). It 
is also hypothesized that TLR2 may bind LPS through the 
LPS‑binding protein (31). In the present set of experiments, the 
TLR2/MyD88 signaling pathway was revealed to be activated 
following LPS‑induced injury of the BEAS‑2B cells.

PIM2 has been indicated to regulate the expression 
of downstream signaling pathways in a TLR2‑dependent 
manner (32). In addition, a previously published study demon‑
strated that PIM2 is able to activate the NF‑κB signaling 
pathway to promote the occurrence of liver cancer  (33), 
and that this activation is caused by the activation of the 
TLR2/MyD88 signaling cascade (34). Growth differentiation 
factor 11, a regulator of skin biology, exerts a protective role 
in LPS‑induced lung injury through inhibiting the TLR2/high 
mobility group box 1/NF‑κB signaling axis (35). Therefore, 
it was possible to hypothesize that PIM2 may exert a role 
in ALI caused by pediatric sepsis by effecting downstream 
regulation of the TLR2/MyD8 signaling pathway. To further 
confirm this hypothesis, TLR2 was overexpressed, which 
resulted in a reversal of the inhibition mediated by PIM2 on 
the LPS‑induced inflammatory response, oxidative stress and 
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apoptosis in BEAS‑2B cells. These results revealed that knock‑
down of PIM2 was able to alleviate LPS‑induced pulmonary 
epithelial cell injury via inhibiting the TLR2/MyD88 pathway.

The present study has certain limitations. The conclusions 
of the current study were not verified in animal experiments, 
so these will be verified in the following experiments. In addi‑
tion, the BEAS‑2B cell line was used in our experiment, which 
should be verified in more cell lines. Our research group will 
also discuss other cell lines in the future.

In conclusion, the present study confirmed that knockdown 
of PIM2 was able to alleviate LPS‑induced pulmonary epithe‑
lial cell injury via inhibiting the TLR2/MyD88 pathway. The 
present study has therefore provided a potential novel basis for 
the treatment of ALI caused by pediatric sepsis.
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