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tri-domain protein 27 Background: Pneumonia widely occurs in children and has high global morbidity and mortality.
(TRIM27); There is an urgent requirement to clarify the underlying mechanism of pediatric pneumonia
TLR4/NF-kB pathway; and definite its potential therapeutic targets. Tri-domain protein 27 (TRIM27) is one of the
pediatric pneumonia TRIM protein family members which widely participated in multiple cellular processes.

Objective: To assess whether TRIM27 protects against pediatric pneumonia.

Methods: A lipopolysaccharide (LPS)-induced inflammation injury model was constructed. The
level of TRIM27 in LPS-induced cells was examined. The effects of TRIM27 in cell apoptosis
and inflammatory response was evaluated. Moreover, the involvement of TLR4/NF-xB pathway
were detected by Immunoblot.

Results: We established a lipopolysaccharide (LPS)-induced inflammation injury model. Our
data confirmed that LPS-treated WI-38 cells demonstrated a down-regulated expression of
TRIM27. Overexpression of TRIM27 effectively reduced apoptosis and up-regulated the inflam-
matory factors in LPS-treated WI-38 cells. Toll-like receptor 4 (TLR4)/nuclear factor kappa
B (NF-xB) pathway acted as a key point in LPS-mediated inflammation injuries, and overex-
pression of TRIM27 remarkably inhibited the activity of TLR4/NF-xB pathway, indicating the
anti-inflammatory effect of TRIM27.

Conclusion: In conclusion, TRIM27 protects WI-38 cells against LPS-induced inflammation inju-
ries by inhibiting TLR4/NF-kB pathway.
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Introduction

Pneumonia spreads widely among children and has high
morbidity and mortality worldwide, which causes approx-
imately 1.4-million deaths in children annually' The high
incidence and recurrence of pediatric pneumonia result in
worse complications and poor prognosis, and affect growth
of children, especially in developing countries? Pediatric
pneumonia is a serious disease caused by infectious insults
and characterized by combinations of local and systemic
complications?® Hence, it is urgent to explore the underlying
mechanism of pediatric pneumonia and its potential ther-
apeutic targets.

It is well recognized that the innate immune system
acts as a key point in defense against invading pathogens,
and the disorder of inflammatory response is an import-
ant pathogenesis of pediatric pneumonia. Toll-like receptor
4 (TLR4), a transmembrane protein, can monitor exoge-
nous pathogens through interacting with lipopolysaccha-
ride (LPS), which is the primary part of outer membrane
of Gram-negative bacteria, and trigger inflammation to
induce the release of various pro-inflammatory cytokines.*
Emerging evidences have demonstrated that the activa-
tion of TLR4 contributes to the activation of nuclear fac-
tor kappa B (NF-xB) pathway in pulmonary inflammatory
response*> NF-xB combines with the members of the
cytoplasmic IkB inhibitor protein family in inactivated
state. When the phosphorylation of 1B is activated with
LPS treatment, NF-«B shuttles into nucleus to promote the
transcription of cytokine genes such as Interleukin-13 (IL-
1B) and IL-6,® indicating that TLR4/NF-«xB axis is a potential
target in the clinical therapy of pediatric pneumonia.

Tri-domain protein 27 (TRIM27) is one of the proteins
of the tripartite motif-containing (TRIM) family of proteins.
TRIM27 is involved in various cell functions, such as cell
proliferation, innate immune response, apoptosis, and
transcriptional repression’® Several studies have demon-
strated that knockdown of TRIM27 induces cell apoptosis
in various cells, such as ovarian cancer cells and hepato-
cyte LO2 cells''? Moreover, TRIM27 also exhibits a nega-
tive regulation of NF-xB activation™ Overexpression of
TRIM27 significantly suppresses the activity of TLR4/NF-«xB
signaling pathway and defends against LPS-induced acute
injury in human kidney 2 (HK-2) cells'* TRIM27 serves as
a key regulator in inflammation. For example, TRIM27
promotes inflammatory response in lung cancer cells®
In addition, TRIM27 protects against cardiac ischemia-
reperfusion injury by suppression of inflammation
Pneumonia is an inflammation-related disease. However,
the role of TRIM27 in this disease is still unclear.

This study aimed to uncover whether TRIM27 partici-
pates in pediatric pneumonia, and to evaluate whether
TRIM27 inhibits the pulmonary inflammatory response and
apoptosis upon LPS through targeting TLR4/NF-xB pathway.

Materials and methods
Cell culture and treatment

WI-38 cells were obtained from American Type Culture
Collection (ATCC, Manassas, USA) and cultured in

ATCC-formulated Eagle’s minimum essential medium, sup-
plemented with 10% fetal bovine serum (FBS; Gibco, USA)
and 1% Pen/Strep (P/S) at 37°C and 5% CO,. LPS (1, 2, 5, and
10 pg/mL, Sigma, USA) was used to induce WI-38 cell injury.

Cell viability assays

In order to assess cell viability, WI-38 cells were trypsinized,
counted, and replated in 96-well plates. After different
concentrations of LPS treatment (1, 2, 5, and 10 ug/mL),
cell viability was evaluated by CellTiter 96 (Promega, USA).

Flow cytometry

WI-38 cells were seeded into 6-well plates and treated
with LPS (5 pug/mL). After trypsinized and washed thrice
with phosphate-buffered saline solution (PBS), WI-38 cells
were treated with propidium iodide (PI) and FITC-Annexin V
staining (abcam, UK) at 37°C for 15 min and then analyzed
by flow cytometry.

Western blot

Cell lysates were prepared in radioimmunoprecipitation
assay (RIPA) buffer (Beyotime, Hangzhou, China) with pro-
tease and phosphatase inhibitors. The protein concentra-
tion was measured by a BCA Protein Assay kit (Beyotime,
Hangzhou, China). Proteins were separated according to
different molecular weights by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to polyvinylidene fluoride membranes. Membranes
were incubated with primary antibodies, including TRIM27
(1:500 dilution, ab277103; abcam, UK), Bax (1:500 dilution,
ab32503; abcam), Bcl-2 (1:500 dilution, ab32124; abcam),
TLR4 (1:500 dilution, ab22048; abcam), p-p65 (1:500 dilu-
tion, ab76302; abcam), p65 (1:500 dilution, ab16502;
abcam), IkBa (1:500 dilution, #9242, cell signaling), p-lkBa
(1:500 dilution, #2859, Cell Signaling), and anti-B-actin
(1:1000 dilution, ab8226, abcam), and then treated with
secondary antibodies (Beyotime, China), and finally tested
by Luminata Creseendo HRP substrate through ChemiDoc
XRS System (Bio-Rad, PA). The Image Pro software was
used in this assay to calculate the intensity of each blot.

Real-time polymerase chain reaction (RT-PCR)

Total RNA extraction was conducted by the TRIzol reagent
(Life Technologies, Rockville, MD). Quantitative PCR (gqPCR)
was conducted to evaluate the mRNA levels of tumor necrosis
factor-a (TNF-a), IL-6, and IL-1B. The RT-PCR was performed
by using the SYBR Green Master Mix (Applied Biosystems,
USA). The 2-AAe method was used to quantify the results.

Enzyme-linked immunosorbent assay (ELISA)

The inflammation factor release in supernatants of WI-38
cells was detected by ELISA. Human TNF-o ELISA kit
(ab181421), human IL-6 ELISA kit (ab178013), and human
IL-1B ELISA kit (ab214025; Abcam, Cambridge, UK) were
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obtained to detect the release of these factors in superna-
tants of WI-38 cells.

Statistical analysis

GraphPad Prism 7.0 was used for statistical analysis. One-
Way ANOVA was used to perform statistical analyses. Data
were presented as mean + standard error of mean (SEM).

Results

Overexpression of TRIM27 reduced
LPS-induced injury in WI-38 cells

In order to explore whether TRIM27 participates in LPS-
induced WI-38 cells, we detected the protein level of
TRIM27 and viability of WI-38 cells with LPS treatments at
various dosages. As displayed in Figure 1A, the protein level
of TRIM27 was obviously reduced with administration of LPS
(1, 2, 5, and 10 pg/mL). Meanwhile, Figure 1B shows that
the viability of WI-38 cells was remarkably decreased with
administration of LPS (2, 5, and 10 ug/mL). Based on these
results, we used 5 ug/mL LPS for subsequent experiments.

In order to further examine the function of TRIM27 in
WI-38 cells, we synthesized plasmid vector to overexpress
TRIM27. As shown in Figures 1C and 1D, both protein level
of TRIM27 and viability of WI-38 cells were significantly
increased in pcDNA3.1-TRIM27-transfected cells.

Overexpression of TRIM27 inhibited
LPS-induced apoptosis in WI-38 cells

The results demonstrated that LPS induced significant
increase in cell apoptosis, up-regulation of Bax, and

decreased expression of anti-apoptosis marker Bcl-2
in WI-38 cells (Figures 2A-C). Compared with the LPS-
treatment group, overexpression of TRIM27 effectively
alleviated cell apoptosis and reversed the protein levels of
Bax and Bcl-2 in WI-38 cells, indicating that TRIM27 could
defend against apoptosis in LPS-induced WI-38 cells.

Overexpression of TRIM27 decreased LPS-induced
inflammatory responses in WI-38 cells

TNF-a, IL-6, and IL-1 are the primary pro-inflammatory
cytokines related to inflammatory response. In order to
analyze the expression of these factors in LPS-treated
WI-38 cells, gqRT-PCR and Western blot analysis were used.
As exhibited in Figure 3, both mRNA and protein lev-
els of these inflammatory factors were significantly up-
regulated in LPS-treated WI-38 cells, while overexpression
of TRIM27 attenuated the LPS-induced increase of these
factors in WI-38 cells. In addition, through ELISA assays,
it was determined that overexpression of TRIM27 could
rescue the inflammatory response caused by its deple-
tion, with increased expressions of TNF-a, IL-6, and IL-13
(Supplementary Figure S1).

Overexpression of TRIM27 inhibited the activity
of TLR4/NF-«kB signaling pathway

TLR4/NF-«B signaling pathway plays a key role in pneumo-
nia. We determined the protein levels of these key regula-
tors in LPS-treated WI-38 cells. As shown in Figure 4, LPS
stimulation resulted in the up-regulation of TLR4 and phos-
phorylation of p65 and IxBa without affecting the protein
levels of p65 and IxBa in WI-38 cells. However, overexpres-
sion of TRIM27 decreased the protein levels of TLR4, p-p65,
and p-lxBa.
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Figure 1

Overexpression of TRIM27 promoted cell viability in LPS-treated WI-38 cells. (A) Representative images of

Western blot results and optical density for the protein blot of TRIM27. (B) Dose-dependent effects of LPS on cell viability. (C)
Representative images of Western blot results and optical density for the protein blot of TRIM27 against B-actin. (D) Effect of
overexpression of TRIM27 on cell viability. Data were expressed as mean values + standard error of mean; n = 5 per group. **P <

0.01 vs. control, #P < 0.05, #*P < 0.001 vs. 5-ug/mL LPS.
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Figure 2 Overexpression of TRIM27 suppressed cell apoptosis in LPS-treated WI-38 cells. (A) Representative images of flow
cytometry for apoptosis assay. (B) Percentage of apoptosis. (C) Representative images of Western blot results and optical density
for the protein blot of Bax and Bcl-2 against B-actin. Data were expressed as mean values + standard error of mean; n = 5 per
group. **P < 0.01 vs. control, #P < 0.01, #P < 0.001 vs. 5-ug/mL LPS.

® 5 15 5 10 50
. a *kk < A
28 10 $8 ° z28 4
Eg Xxg 6 u = #
[SF 3
=) " oy 4 « O
Le s g2 Te 2
Fs s 2 =5
[ (0] [5)
-0 =0 =0
H Control
B 5 pg/mL LPS
B 5 pg/mL LPS+pcDNA3. 1
M 5 pg/mL LPS+pcDNA3.1-TRIM27
© 800 400 sk
TEI 600 = z 300
EL E 400 £ ,
= D a
5 400 < s = 200
7 © =
Z 200 = o 100
'— =
0 0
H Control
B 5 pg/mL LPS
B 5 pg/mL LPS+pcDNA3.1
H 5 pg/mL LPS+pcDNA3.1-TRIM27

Figure 3 Overexpression of TRIM27 suppressed inflammation in LPS-treated WI-38 cells. (A) The gel electrophoresis of PCR
products. (B) Effect of overexpression of TRIM27 on the mRNA levels of TNF-q, IL-6, and IL-1B. (C) Effect of overexpression of
TRIM27 on the protein levels of TNF-a, IL-6, and IL-1B. Data were expressed as mean values + standard error of mean; n =5 per
group. **P < 0.01 vs. control, *P < 0.05, #P < 0.01, ##P < 0.001 vs. 5-ug/mL LPS.
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Figure 4 Overexpression of TRIM27 inhibited the activity of TLR4/NF-kB pathway in LPS-treated WI-38 cells. Left:
Representative images of Western blot results. Right: Optical density for the protein blot of TLR4 against B-actin, p-p65 against
p65 and p-lkBa/IxBa. Data were expressed as mean values + standard error of mean; n =5 per group. **P < 0.01 vs. control, ##P

< 0.001 vs. 5-pg/mL LPS.
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Overexpression of TRIM27 rescued inflammation in LPS-treated WI-38 cells. Effect of overexpression of TRIM27 on

protein levels of TNF-a, IL-6, and IL-1B confirmed by ELISA assays. Data were expressed as mean values + standard error of mean;

n =5 per group. *P < 0.05, **P < 0.01 vs. control, P < 0.05.

Discussion

In this study, the effects of TRIM27 on pediatric pneumo-
nia and the underlying mechanisms were explored through
using the model of LPS-induced WI-38 cells, which is widely
used in pneumonia studies. Our results demonstrated that
apoptosis ratio and inflammation level were prominently
increased in cells after administration of LPS, accompa-
nied by the decrease in TRIM27 and Bcl-2 protein levels, as
well as cell viability. According to present authors’ knowl-
edge, this is the first research to reveal that TRIM27 is a
novel therapeutic target in pediatric pneumonia which
attenuated LPS-treated WI-38 cells apoptosis and inflam-
matory response through TLR4/NF-xB signaling pathway.
Pediatric pneumonia is a localized inflammatory/infectious
event caused by a large variety of microbes in children"
Emerging evidence indicates that accumulation of cytokine
and inflammation plays a key role in the development of
pneumonia’®

TRIM27 has been demonstrated to participate in
regulating cell inflammation and apoptosis. The up-
regulation of TRIM27 resulted in cell malignancy, while
deficiency of TRIM27 attenuated dextran sodium sulfate
(DSS)-induced colitis as well as azoxymethane (AOM)/DSS-
induced colitis-associated carcinoma (CAC) by impairing

signal transducer and activator of transcription 3 (STAT3)
activation” In a clinical study, TRIM27 was significantly
down-regulated in the liver tissue of liver transplantation
patients. In another study, activation of TRIM27 prevented
hepatic ischemia-reperfusion injury in mice and hypoxia/
reoxygenation treatment in hepatocyte L02 cells" However,
TRIM27 accelerated cell apoptosis and release of IL-1B
through ubiquitination and degradation of peroxisome pro-
liferator-activated receptor gamma (PPARy) in glutamate-
induced neurotoxicity in HT-22 cells, which opposed the
previous findings® Our results demonstrated that TRIM27
was significantly decreased in LPS-treated WI-38 cells, but
the overexpression of TRIM27 effectively increased cell
viability.

TLR4 is a receptor of LPS and plays an essential role
in pathogen recognition, immunity activation, and inflam-
mation in acute or chronic lung injury mouse model* TLR4
could activate NF-xB pathway via MyD88-independent
pathway to promote the activation of various inflamma-
tory factors and regulate oxidative stress in the lungs?»?}
NF-«B is the primary nuclear transcription factor. It exists
as a homodimer or heterodimer with p50 and p65 proteins
bound to the inhibitor IkBa in the cytoplasm of inactive
state. Under LPS stimulation, expressions of phosphory-
lated IkBaw and nuclear protein p65 were obviously expe-
dited; meanwhile, activated NF-«xB entered the nucleus
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and promoted the activation of inflammatory cytokines?
Thus, inhibition of TLR4/NF-xB pathway through pharmaco-
logical and genomic intervention contributes to protecting
against pulmonary inflammation'®?>?¢ |n addition, TRIM27
exerted anti-inflammatory and anti-apoptosis functions in
LPS-induced HK-2 cells by inhibiting TLR4/NF-xB pathway'
Results of the present study have consistently revealed that
overexpression of TRIM27 attenuated the activity of TLR4/
NF-xB pathway, and effectively suppressed the release of
inflammatory cytokines as well as cell apoptosis, compared
with LPS-treated group.

Conclusion

The present study has demonstrated that TRIM27 exerts
suppressive effect on pediatric pneumonia. Overexpression
of TRIM27 promotes the survival of LPS-treated WI-38 cells
by suppressing the expression of apoptosis mediator Bax
and the distribution of inflammatory cytokines, and pro-
moting the expression of anti-apoptotic Bcl-2. It is further
revealed that TLR4/NF-xB pathway is the downstream sig-
naling of TRIM27. Therefore, TRIM27 serves as a novel ther-
apeutic target for pediatric pneumonia, and its effects are
related to the regulation of TLR4/NF-xB pathway.
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