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Abstract

Background Sepsis is a global fatal disease and leads to severe lung injury due to dysfunction of inflammation response.
TRIMZ27 is closely related to the diseased with dysfunction of inflammation response. The aim of this study was to clarify
the role and mechanism of TRIM27 in sepsis-induced lung injury.

Methods The lipopolysaccharide (LPS)-induced septic mouse model was successfully established. The lung injury was
evaluated by lung wet/dry (W/D) ratio and hematoxylin—eosin (H&E) staining. The cell apoptosis was evaluated by TUNEL
assay. The inflammatory cytokines were measured by quantitative real time-PCR (qQRT-PCR) assay and commercial enzyme-
linked immunosorbent assay (ELISA). The oxidative stress was assessed by the contents of superoxide dismutase (SOD)
and malondialdehyde (MDA), and the expression of dihydroethidium (DHE).

Results In this study, we demonstrated that TRIM27 was up-regulated in LPS-induced septic mice. In loss-of-function
experiments, knockdown of TRIM27 alleviated sepsis-induced lung injury, inflammation, apoptosis, and oxidative stress.
More importantly, knockdown of TRIM27 was observed to reduce p-p65/NOX4 expression via suppressing ubiquitination
of PPARY. In rescue experiments, overexpression of NOX4 abolished the effect of sh-TRIM27 on alleviating sepsis-induced
inflammation, apoptosis, and oxidative stress.

Conclusion These findings highlighted that knockdown of TRIM27 alleviated sepsis-induced inflammation, oxidative stress
and apoptosis via suppressing ubiquitination of PPARY and reducing NOX4 expression, which supports the potential utility
of TRIM27 as a therapeutic target in septic lung injury.
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Introduction

Sepsis is a global fatal disease and leads to a death rate in
hospitalized patients, mainly due to excessive inflammation
in response to infection [1, 2]. Owing to maladjusted host
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respiratory insufficiency [6]. Lipopolysaccharide (LPS) can
induce acute inflammation by inducing host cells to produce
pro-inflammatory cytokines, which is generally accepted to
mimic sepsis-induced lung injury in animals [7].

The tripartite motif (TRIM) protein family is composed
of one or two B-box motifs, a characteristic RING domain
and a coiled-coil region, which is required for the interac-
tions between proteins and participates in multiple physio-
logical and pathological processes [8]. TRIM27 (also known
as RFP) was first identified as a gene involved in oncogenic
rearrangement of the RET proto-oncogene, involving in
cell proliferation, transcriptional inhibition, deactivation
of NF-xB, apoptosis, and inflammation response [9]. It is
highly expressed in glomerular endothelial cells of patients
with lupus nephritis and patients with Crohn [10, 11]. More-
over, TRIM27 promotes metastasis and proliferation of non-
small cell lung cancer cells [12]. It has been reported that
TRIM27 is up-regulated in psoriasis and increases the pro-
duction of inflammatory cytokines [13]. Although, TRIM27
is closely related to the diseased with dysfunction of inflam-
mation response, the role and mechanism of TRIM27 in
sepsis-induced lung injury remains unclear.

Interestingly, a recent study has demonstrated that
TRIM27 mediates peroxisome proliferator-activated recep-
tor y (PPARY) ubiquitination and promotes glutamate-
induced apoptosis and inflammation [14]. PPARY belongs
to nuclear hormone receptor family, which typically limits
the feedback loop of inflammation [15]. PPARY has been
reported to improve hypoxia-induced vascular remodeling
by inhibiting upregulation of NOX4 through NF-kB [9]. In
this study, through the successful establishment of sepsis-
induced lung injury mouse model, the effects of TRIM27
on lung injury, inflammation, oxidative stress, and apopto-
sis were explored, providing a novel sight for treatment of
sepsis-induced lung injury.

Materials and methods

All animal operations were followed by the Guide for the
Care and Use of Laboratory Animals and approved by Tian-
jin Third Central Hospital.

Mice model

A total of 80 male C57BL/6 mice (8-week-old, Vital River,
China) were used in this study. All mice were received
adaptive feeding for 1 week. All the mice were divided
into eight groups, including sham, LPS, LPS+adeno-
associated virus (AAV)-sh-NC, LPS+AAV-shTRIM27#1,
LPS+AAV-shTRIM27#2, LPS+AAV-sh-NC+AAV-empty,
LPS+AAV-sh-TRIM27#1+AAV-empty, and LPS+AAV-
sh-TRIM27#1+AAV-NOX4 (n=10 per group) at random.
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The mice were received intratracheal injection with 5 mg/
kg LPS. Correspondingly, sham mice were received intratra-
cheal injection with equal dose of phosphate buffer saline
(PBS, Sigma). After injection for 24 h, the mice were sac-
rificed, and lungs were removed for further study. Three
weeks before LPS injection, mice were received intratra-
cheal administration with 6 x 10'° vector genomes (vg) of
AAV-sh-TRIM27#1 (dissolved in 50 pl of PBS), AAV-sh-
TRIM27#2, or AVV-NOX4 after anesthesia. Meanwhile,
AAV-sh-NC or AVV-empty was served as negative control,
respectively. The AAV vectors were purchased from Hanbio
Company (China).

Lung wet/dry (W/D) ratio

The wet weight of lung tissues was measured, the dry weight
of lung tissues was measured after desiccated at 80 °C for
48 h, and the wet/dry (W/D) weight ratio was calculated.

Histological examination and lung injury score

The lung tissues were washed with PBS, fixed, paraffin-
embedded, and cut into 4-pm sections. Thereafter, the sec-
tions were deparaffinized with xylene, rehydrated in ethanol,
boiled in retrieval buffer for 5 min, and stained with hema-
toxylin—eosin (H&E). To assess the lung injury of mice, the
system comprises contained four categories (alveolar edema,
alveolar hemorrhage, interstitial thickening, and neutrophil
infiltration), and each category was graded from 0 (normal)
to 4 (severe): 0—no injury, 1—injury to 25% of the field,
2—injury to 25-50% of the field, 3—injury to 50-75% of
the field, and 4—diffuse injury.

Biological detection

Inflammatory cytokines including IL-1p, TNF-a, IL-6,
and MPO, were measured by the ELISA using commercial
ELISA kits (R&D Systems), respectively.

TUNEL staining assay

The cell apoptosis assay was performed by the TUNEL
Kit (Roche, USA). The paraffin sections were de-waxed,
dehydration, and incubated with protease K for 15 min at
37 °C. Thereafter, the sections were blocked with TUNEL
reaction solution in the dark for 15 min at 37 ‘C, followed
by POD incubation for 30 min at 37 “C. Then, the sections
were added with DAB for 10 min and then re-stained with
hematoxylin. By captured under a fluorescence microscope
(Leica, Germany), the cell apoptosis rate was calculated.
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Immunofluorescence

The sections were stained with PPARy antibody (1/400;
Abcam, UK), p-p65 antibody (1/400; Abcam, UK), NOX4
antibody (1/400; Abcam, UK), DHE antibody (1/400;
Abcam, UK), or TRIM27 antibody (1/400; Abcam, UK)
at 4 °C, followed by Goat Anti-Rabbit IgG H&L (Alexa
Fluor® 555) (1/1000; Abcam, UK) or Goat Anti-Rabbit IgG
H&L (Alexa Fluor® 488) (1/1000; Abcam, UK) for 2 h at
room temperature. Subsequently, the sections were stained
with a DAPI solution for 8 min at room temperature, and
the images were acquired under a fluorescent microscope
(Leica, Germany).

Measurement of superoxide dismutase (SOD)
and malondialdehyde (MDA) and dihydroethidium
(DHE)

The SOD and MDA contents in lung tissues were meas-
ured by tauperoxide dismutase (T-SOD) assay kit (Nan-
jing Jiancheng, China) and cell malondialdehyde assay kit
(Nanjing Jiancheng, China), according to the manufacturer’s
instructions, respectively.

For DHE intensity measurement, the lung sections were
incubated with 2 pmol/L DHE (Sigma-Aldrich, USA) in the
dark for 30 min. After washing three times with PBS, the
fluorescent images were captured under a fluorescent micro-
scope (Leica, Germany) and the relative DHE intensity was
calculated.

Ubiquitination analysis

The TC-1 cells (mouse alveolar epithelial cells) were pur-
chased from the Science Cell Laboratory and cultured in
DMEM (Thermo Fisher Scientific, USA) supplemented with
10% FBS (Gibco, USA) at 37 °C in 5% CO,. The TC-1 cells
transfected with sh-TRIM27#1 or not were pre-treated by
100 ng/mL LPS for 6 h, lysed with RIPA buffer and then
reacted with PPARy antibody. Subsequently, the immuno-
precipitated complexes were subjected western blot analysis
using Ubiquitin (Ub) antibody (Abcam; ab7780).

Quantitative real time-PCR (qRT-PCR)

The total RNA was isolated from lung tissues with TRI-
zol reagent (Invitrogen, USA) and then were converted to
cDNA with SuperScript IV (Invitrogen, USA) and ampli-
fied using SYBR Green Master Mix (Takara, Japan). The
relative mRNA levels were normalized to GAPDH and
calculated using 2724 formula. The primers were as fol-
lows: GAPDH-forward: 5'-TCATTGACCTCAACTACA
GGT-3' and GAPDH-reverse: 5'-CTAAGCAGTTGGTGG
TGCAG-3'; IL-6-forward: 5'-CCGGAGAGGAGACTTCAC

AG-3' and IL-6-reverse: 5'-TGGTCTTGGTCCTTAGCC
AC-3'; II-1B-forward: 5'-GGAGAAGCTGTGGCAGCTA-3'
and II-1B-reverse: 5'-GCTGATGTACCAGTTGGGGA-3';
TNF-a-forward: 5'-GACCCTCACACTCAGATCAT-3" and
TNF-a-reverse: 5'-TTGAAGAGAACCTGGGAGTA-3".

Western blot

Proteins were extracted from tissues with RIPA lysis and
separated by SDS-PAGE as previously described [16]. The
primary antibodies were listed as below: TRIM27 (1/800;
Abcam, UK), GAPDH (1/800; Abcam, UK), Bax (1/800;
Abcam, UK), Bcl-2 (1/800; Abcam, UK), cleaved-cas-
pase3 (1/800; Abcam, UK), caspase3 (1/800; Abcam, UK),
cleaved-caspase9 (1/800; Abcam, UK), caspase9 (1/800;
Abcam, UK), PPARYy (1/800; Abcam, UK), p-p65 (1/800;
Abcam, UK), p65 (1/800; Abcam, UK), and NOX4 (1/800;
Abcam, UK).

Statistical analysis

The data in this study were shown as mean + SD, repeated
three times and analyzed by GraphPad Prism7.0 (USA). For
survival analysis of mice, the Kaplan—-Meier method with
log-rank tests was performed to plot survival curves. The
comparison among three groups was performed by ANOVA
with Tukey’s post hoc tests. The p <0.05 was defined as
statistically significant.

Results

TRIM27 was highly expressed in LPS-induced septic
mice

Analyzed by Kaplan—Meier survival curves, mice with LPS-
induced sepsis presented a lower survival rate than sham
mice (Fig. 1A). Moreover, the LPS-induced septic mice sig-
nificant alveolar wall thickening with profound inflammatory
cell infiltration, while the sham mice displayed normally
(Fig. 1B). The LPS-induced septic mice showed a higher
lung injury score than sham mice (Fig. 1C). Furthermore,
the W/D ratio of lung tissues in LPS-induced septic mice
was higher than that of in sham mice, indicating that LPS
induced pulmonary edema in LPS-induced septic mice
(Fig. 1D). Besides, cytokines, including IL-6, TNF-a, and
IL-1p, in BALF were also strongly increased in LPS-induced
septic mice (Fig. 1E). These data indicated the successful
establishment of LPS-induced septic mouse model. Inter-
estingly, the IF staining and western blot assays confirmed
that TRIM27 was highly expressed in lung tissues of LPS-
induced septic mice (Fig. 1F and G). In summary, these
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Fig.1 TRIM27 was highly expressed in LPS-induced septic mice.
The mice were received intratracheal injection of 5 mg/kg LPS or
equal PBS. A The survival of sham mice and LPS-induced septic
mice was recorded over 7 days. B HE staining of mouse lung tissues
at 24 h after intratracheal infection. C Increased lung injury score in
LPS-treated mice. D Pulmonary edema formation was measured via
determination of the wet-to-dry (W/D) lung weight ratio at 24 h after

results concluded that TRIM27 was up-regulated in LPS-
induced septic mice.

Knockdown of TRIM27 alleviated sepsis-induced
lung injury

To explore the role of TRIM27 in sepsis, the sh-TRIM27 was
performed to knock down the expression of TRIM27 in LPS-
induced septic mice. The results of western blot assay showed
that sh-TRIM27#1 and sh-TRIM27#2 efficiently reduced the
expression of TRIM27 in LPS-induced septic mice (Fig. 2A).
Moreover, sh-TRIM27 significantly promoted the survival of
mice with LPS-induced sepsis (Fig. 2B). Furthermore, the
knockdown of TRIM27 notably alleviated LPS-induced alveo-
lar wall thickening and profound inflammatory cell infiltration
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intratracheal infection. E The concentrations of TNF-a, IL-6, and
IL-1p in BALF were determined using ELISA at 24 h after intratra-
cheal infection. F The expression of TRIM27 in mice was determined
by western blot. G The representative images of lung sections at 24 h
after intratracheal infection for detection of TRIM27 (red) and DAPI
(blue) signals. **¥p <0.001 versus the matched group

in LPS-induced septic mice (Fig. 2C). Besides, the lung injury
score and lung W/D ratios were markedly suppressed by
sh-TRIM25 (Fig. 2D and E). These findings suggested that
knockdown of TRIM27 alleviated sepsis-induced lung injury.

Knockdown of TRIM27 alleviated sepsis-induced
inflammation

Lung MPO activity is an important indicator of neutrophil
infiltration [17]. Interestingly, we demonstrated that the
expression and concentration of TNF-a, IL-6, IL-1p, and MPO
in BALF were promoted in LPS-induced septic mice, which
was further declined by knockdown of TRIM27 (Fig. 3A and
B). These data indicated that knockdown of TRIM27 allevi-
ated sepsis-induced inflammation.
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Knockdown of TRIM27 suppressed sepsis-induced
cell apoptosis

To further confirm the function of TRIM27 on cell apopto-
sis, the TUNEL staining assay was performed. Interestingly,
LPS injection enhanced the number of TUNEL-positive cells
in lung tissues of septic mice, while sh-TRIM27 reduced the
number of TUNEL-positive cells (Fig. 4A). As we expected,
the western blot results showed that knockdown of TRIM27
reduced Bcl-2, caspase3, and caspase9 expression, and pro-
moted Bax, cleaved-caspase3 and cleaved-caspase 9 expres-
sion, indicating that knockdown of TRIM27 suppressed
sepsis-induced cell apoptosis.

Knockdown of TRIM27 alleviated sepsis-induced
oxidative stress

Organ dysfunction secondary to sepsis is closely related
to a surge of pro-oxidants and reduced antioxidant activ-
ity. The activity of SOD in lung tissues was increased by

° LPS+sh-TRIM27#1
LPS+sh-TRIM27#2

sh-TRIM27, while the MDA level was decreased by sh-
TRIM27 (Fig. 5A). As shown in Fig. 5B, the stained lung
tissues showed a strong red fluorescence produced from
DHE oxidization in LPS-induced septic mice; nevertheless,
knockdown of TRIM27 reduced the red fluorescence. Con-
sistently, the LPS-induced DHE intensity was suppressed by
sh-TRIM27 (Fig. 5C). These data revealed that knockdown
of TRIM27 alleviated sepsis-induced oxidative stress.

Knockdown of TRIM27 reduced p-p65/NOX4
expression via suppressing ubiquitination of PPARy

Recent studies have demonstrated that TRIM27 ubiquit-
inates and degrades PPARY, and PPARY regulates NOX4
expression through NF-«xB [14, 18]. Fortunately, the ubiqui-
tination analysis showed that TRIM27 knockdown resulted
in a significant decrease in ubiquitination of PPARY in the
presence of LPS (Fig. 6A). More importantly, LPS treat-
ment decreased PPARYy expression, and increased the ratio
of p-65/p65 and NOX4 expression, while these changes were
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tosis. A The cell apoptosis of lung tissues was determined by TUNEL
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rescued by sh-TRIM27 (Fig. 6B). More importantly, the IF
assay further confirmed that knockdown of TRIM27 pro-
moted PPARYy expression but suppressed p-p65 and NOX4
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caspase3, cleaved-caspase9, and caspase9 in lung tissues were
detected by western blot. ***p <0.001 versus the matched group

expression (Fig. 6C). These findings indicated that knock-
down of TRIM27 reduced p-p65/NOX4 expression via sup-
pressing ubiquitination of PPARY.
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Fig.5 Knockdown of TRIM27 alleviated sepsis-induced oxidative
stress. A The SOD and MDA in lung tissues were measured, respec-
tively. B Representative images of DHE fluorescent imaging of lung

Knockdown of TRIM27 suppressed inflammation,
apoptosis, and oxidative stress via reducing NOX4
expression

To further investigate the mechanism of TRIM27 in sepsis,
the mice were pre-treated with AAV-NOX4. As shown in
Fig. 7A, overexpression of NOX4 promoted the sh-TRIM27-
induced reduction of IL-6, TNF-a, IL-1f, and MPO con-
centrations in BALF of LPS-induced septic mice. More
importantly, the sh-TRIM27 increased Bcl-2, caspase3, and
caspase9 expression, but decreased Bax, cleaved-caspase3,
and cleaved-caspase9 expression in lung tissues, which were
reversed by overexpression of NOX4 (Fig. 7B). Besides, the
sh-TRIM27 induced the accumulation of SOD accompanied
with a reduction of MDA, which was rescued by overex-
pression of TRIM27 (Fig. 7C). More importantly, the IF
assay confirmed that sh-TRIM27 suppressed DHE expres-
sion, which was further enhanced by AAV-NOX4 (Fig. 7D).
These findings revealed that knockdown of TRIM27 sup-
pressed inflammation, apoptosis, and oxidative stress via
reducing NOX4 expression.

Discussion
In this study, the LPS-induced septic mouse model was

successfully established. Notably, we demonstrated that
TRIM27 was up-regulated in LPS-induced septic mice.

tissue sections in LPS+sh-NC group, LPS+sh-TRIM27#1 group and
LPS+sh-TRIM27#2 group. C The intensity of DHE was calculated.
*#%p <0.001, **p <0.01 versus the matched group

In loss-of-function experiments, knockdown of TRIM27
alleviated sepsis-induced lung injury, inflammation, oxida-
tive stress, and apoptosis. More importantly, knockdown of
TRIM27 was observed to reduce p-p65/NOX4 expression
via suppressing ubiquitination of PPARY. In rescue experi-
ments, overexpression of NOX4 abolished the effect of sh-
TRIM27 on alleviating sepsis-induced inflammation, apop-
tosis, and oxidative stress. These findings highlighted that
knockdown of TRIM27 alleviated sepsis-induced inflamma-
tion, apoptosis, and oxidative stress via suppressing ubiquit-
ination of PPARY and reducing NOX4 expression, support-
ing the potential utility of TRIM27 as a therapeutic target in
sepsis-induced lung injury.

Inflammatory imbalance is the most important basis for
the onset of sepsis throughout the whole process of sepsis.
It has been observed that several inflammatory mediators
tend to be elevated during sepsis, especially TNF-a, IL-1p,
and IL-6, which have been reported to increase in sepsis
patients [19]. Notably, sepsis-induced lung injury results
to excessive inflammatory factors TNF-a, IL-6, and IL-1
release in blood and lung tissue of ALI mice, leading to
the initiation and modulation of inflammatory response
[20]. It has been reported that deficiency of TRIM27 exerts
anti-inflammatory function by impairing inflammatory
cytokine expression in colitis [9]. In the current study, LPS-
induced excessive of inflammatory cytokines were reflected
by elevation of TNF-a, IL-1f, and IL-6 contents. Notably,
sh-TRIM27 significantly suppressed the TNF-a, IL-1f, and
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Fig.6 Knockdown of TRIM27 reduced p-p65/NOX4 expression via
suppressing ubiquitination of PPARy. A PPARy was immunoblotted
in TC-1 cells transfected with sh-TRIM27#1 or not in the absence
or presence of LPS. B The expression of PPARy, NOX4, p-p65, and

IL-6 contents in both lung LPS-treated tissues, suggesting
that its protective effect on sepsis-induced lung injury was
closely associated with anti-inflammatory properties. Nev-
ertheless, TRIM27 can reduce the inflammatory response
and ameliorate liver damage, suggesting that the function
of TRIM27 is diverse in multiple diseases [21].
Accumulating evidence puts forward that inflammation
cascade can induce mass necrosis and apoptosis in sepsis-
induced lung injury [22]. Apoptosis is a programmed cell
death process and participated in the regulation of main-
taining the homeostasis of cellular differentiation and death,
which may result in sepsis-induced lung injury through
the activation of caspases [23, 24]. Caspase-3 belongs to
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p65 were detected by western blot. C The distributions of PPARy,
NOX4, and p-p65 were determined by IF assay. ***p <0.001 versus
the matched group

in the caspase family and is a key protease to cleave the
cytoskeleton and nuclear proteins, thereby, it is often used
as a hallmark of apoptosis [25]. Hao et al. [14] have reported
that overexpression expression of TRIM27 significantly
promotes cleaved-caspase-3 expression and induced cell
apoptosis. Our study indicated that sh-TRIM27 decreased
the expression of cleaved-caspase-3 and suppressed sepsis-
induced cell apoptosis in lung tissues, which corresponds
with Hao’s report.

Oxidative stress is one of the main pathological basis of
sepsis-induced organ dysfunction, as well as inflammation
and apoptosis [26]. It has been clarified that Gly—Pro—Ala
(GPA) peptide can attenuate sepsis-induced lung injury
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Fig.7 Knockdown of TRIM27 suppressed inflammation, apoptosis,
and oxidative stress via reducing NOX4 expression. The mice were
pre-treated with sh-TRIM27 and AAV-NOX4. A The concentrations
of TNF-a, IL-6, IL-1p, and MPO in BALF were measured by com-
mercial kits. B The expression of Bax, Bcl-2, cleaved-caspase3, cas-

via suppressing oxidative stress [27]. Besides, inhibition
of ERRa aggravates sepsis-induced lung injury through
provoking oxidative stress and inflammation [28]. These
studies indicated that increased oxidative stress plays an
essential role in sepsis-induced lung injury. SOD is the
primary enzymatic antioxidant enzyme in lung, which is
an important indicator to assess lung damage [29]. In this
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by western blot. C The SOD and MDA in lung tissues were meas-
ured. D The distribution of DHE was determined by IF staining assay.
*##%p <0.001, **p <0.01 versus the matched group

study, LPS reduced SOD production and promoted oxi-
dative stress in the mouse lung tissues, which was sub-
stantially abolished by TRIM27 knockdown. Our results
may at least in part explain that TRIM27 knockout had
alleviated oxidative stress in sepsis-induced lung injury.
This might be the first time exploring the suppressive
effect of sh-TRIM27 on oxidative stress. Nevertheless, the
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mechanism of how sh-TRIM27 modulates sepsis-induced
inflammation, apoptosis, and oxidative stress remains
unclear.

It has been reported that TRIM27 inhibits PPARYy
expression via ubiquitination of PPARYy [14]. Similarly,
we found that knockdown of TRIM27 enhanced PPARY
expression via reducing ubiquitination of PPARy. Mechan-
ically, PPARy can bind to NF-xB p65 and suppress NF-«xB.
Besides, NF-«xB subunits p65 stimulates NOX4 promoter
activity [18]. More importantly, targeting NOX4 alleviates
sepsis-induced lung injury and inflammatory responses
[30, 31]. We speculate that knockdown of TRIM27 sup-
pressed the ubiquitination of PPARYy and promoted PPARYy
expression, and then inhibited the phosphorylation of p65
and NF-xB, eventually leading to the reduction of NOX4
expression and the attenuation of sepsis-induced inflam-
mation, oxidative stress, and apoptosis. Nevertheless, there
are still many limitations in the current study. First, we
have yet to show whether PPARY/NOX4 mechanism is
the only mechanism of TRIM27’s therapeutic work. Also,
other therapeutic targets of TRIM27 are not known yet.

In conclusion, we explored the possible effects and
molecular mechanisms of TRIM27 knockout in alleviating
sepsis-induced lung injury, inflammation, apoptosis, and
oxidative stress via suppressing ubiquitination of PPARYy
and reducing NOX4 expression, suggesting that knock-
down of TRIM27 has positive significance for prevention
and treatment of sepsis-induced lung injury.
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