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Long non-coding RNA CHRF accelerates LPS-induced acute lung
injury through microRNA-146a/Notch1 axis
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Background: The present study sought to investigate the regulatory role of the long non-coding RNA
(IncRNA) cardiac hypertrophy-related factor (CHRF) in a mouse model of acute lung injury (ALI) and in
primary mouse pulmonary microvascular endothelial cells (MPVECs) treated with lipopolysaccharide (LPS).
Methods: C57BL/6 mice were given adenovirus (Ad) sh-CHREF or negative control (NC) before undergoing
cecal ligation and perforation. MPVEC:s transfected with Adsh-CHRF or NC were treated with LPS. Double
luciferase assay was used to detect the binding of miR-146a to CHRF or Notchl. Subsequently, MPVECs
were co-transfected with miR-146a inhibitor and sh-CHRF for 24 hours, and then treated with LPS.
Results: High expression of CHRF was detected in septic mice. Cecal ligation and perforation induced
ALI and apoptosis in mice, whereas, CHRF knockout could inhibit ALI. The protein expression levels of
TNF-a, IL-1p and IL-6 in the lung and bronchoalveolar lavage fluid of the CLP group were up-regulated,
whereas the expression of IL-4 and IL-10 was down-regulated. CHRF inhibition reduced the production
of proinflammatory cytokines in septic mice. The inhibitory effect of CHRF gene knockdown on lung
inflammation and apoptosis was confirmed in the septic cell model. Mechanistic investigation showed that
CHREF up-regulated the level of Notchl by sponging miR-146a. Additionally, the low expression of miR-
146a reversed the inhibitory effect of CHRF gene knockout on LPS-induced inflammatory response and
apoptosis. Together, in vivo and in vitro results demonstrated that CHRF enhanced sepsis-induced ALI by
targeting miR-146a and up-regulating Notchl.

Conclusions: CHRF can induce inflammation and apoptosis caused by sepsis by miR-146a/Notchl axis.

Therefore, it may serve as a potential drug target for treating sepsis-induced ALIL
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Introduction and apoptotic pathways are activated, resulting in the

o - . T destruction of alveolar epithelial cells, the increase of
Sepsis is a common acute and critical disease in clinical

practice, and acute lung injury (ALI) is the most common epithelial permeability, and the flow of edema fluid into
concomitant complication in patients with sepsis (1). In the alveolar cavity (2). The activation of a large number

the development of sepsis-induced ALI, inflammatory of inflammatory factors is the main mechanism of organ
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injury in patients with sepsis, and it is also closely related
to ALI (3). The inhibition of inflammatory response has
been evidenced to protect lung function in septic rats
(4). Because its pathogenesis is more complex, such as
mechanical ventilation and symptomatic support still have
some limitations (5). Therefore, strategies to regulate
inflammatory and apoptotic pathways may provide new
opportunities to treat human sepsis-induced ALIL

Long non-coding RNAs (IncRNAs) are a type of
endogenous RNA (6). Mounting evidence shows that
IncRNAs carry regulatory and functional roles in the
transcription and chromatin modification of disease-
related genes (7). Numerous IncRNAs have been found to
exacerbate or inhibit inflammatory reactions by regulating
the expression of inflammatory mediators (8). For instance,
Macrophage inflammation-suppressing transcript (MIST),
is a novel protective IncRNA, the deletion of which during
obesity leads to metabolic disorder and the proinflammatory
phenotype of macrophages via an epigenetic mechanism (9).
Furthermore, highly upregulated in liver cancer (HULC)
reduces lipopolysaccharide (LPS)-induced endothelial cell
viability via the microRNA (miRNA/miR)-204-5p/TRPM?7
axis, and promotes apoptosis, inflammatory response and
oxidative stress (10). Another IncRNA, cardiac hypertrophy-
related factor (CHRF), has been shown to be involved in cell
proliferation, metastasis, and apoptosis. For instance, one
study found that CHRF could promote the proliferation and
metastasis of gastric cancer cells (11), and its downregulation
has also been shown to inhibit cell proliferation, migration,
and invasion, and to induce cycle arrest and apoptosis in
prostate cancer cells (12). Researchers have also observed
that CHREF silencing can protect H9¢2 cells from LPS-
induced damage via upregulation of miR-221, and regulation
of the NF-xB and c-Jun N-terminal kinase (JNK) signaling
pathways (13). However, the expression and function of
CHREF in sepsis-induced ALI have remained unclear. In this
study, a mouse sepsis model and an LPS-induced cell culture
model were used to explore the expression and regulation of
CHREF in sepsis-induced ALL

We present the following article in accordance with the
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3064).

Methods
Establishment of the mouse model of sepsis

All animal experiments were carried out in adherence with
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the National Institutes of Health’s Guidelines for the Care
and Use of Experimental Animals, and were approved by
the Ethics Review Committee of Experimental Animals of
Hubei Medical University. A protocol was prepared before
the study without registration.

The animal model of sepsis was established in 16 male
C57BL/6 mice (8-9 weeks old) by cecal ligation and
puncture (CLP). One week before undergoing surgery, the
mice were randomly divided into 4 groups and injected
with adenovirus (Ad) sh-CHRF (20 pL, 10"particles/L) or
its negative control (NC) intravenously (the septic mice) or
via the tail vein (the sham operation group). The 4 groups
were: sham + Ad sh-NC group, sham + Ad sh-CHRF group,
CLP + Ad sh-NC group, and CLP + Ad sh-CHRF group.

The experimental model of septic ALI was established via
CLP as follows (14). Briefly, the skin of the mice was prepared
and disinfected, and 30 mg/kg pentobarbital sodium was
injected intraperitoneally for anesthesia. A 1.5-cm incision
was made along the midline of the abdomen; the cecum was
located, and the mesentery was freed. No. 4 surgical thread
was then used to ligate 1/3 of the distal end of the cecum, and
the cecum intestinal canal was punctured. The cecum was
returned to the abdominal cavity, which was subsequently
closed. After the operation, the mice were subcutaneously
injected with 0.9% NaCl for anti-shock treatment. For
the mice in the sham operation group, the cecum was
separated without ligation and perforation. At 12 hours
after surgery, the mice in the model group were curled up
and had started to exhibit piloerection, less movement,
mental burnout, loss of appetite, diarrhea, canthus exudate.
After the operation, the animals were put back into cages
and were given free access to food and water. The mice were
sacrificed 12 hours after modeling, and their lung tissues and
bronchoalveolar lavage fluid (BALF) were collected.

Cell culture and transfection

Primary mouse pulmonary microvascular endothelial cells
(MPVECs) were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) containing 10% fetal bovine serum
(FBS) at 37 °C. To downregulate CHREF, MPVECs were
transfected with Ad sh-CHRF or its NC for 48 hours.
MPVECs were transfected with miR-146a, miR-146a mimic
(miR-146a inhibitor), or NC mimic (NC inhibitor) for
24 hours. All transfections were performed with
Lipofectamine® 2000 (Invitrogen, Carlsbad, CA, USA). At
24 hours after transfection, MPVECs were stimulated with
100 ng/mL LPS (Sigma-Aldrich) for 6 hours, and then fixed.
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QRT-PCR

To detect the expression of miR-146a, miRNA samples
were extracted with the miRNasy Kit (Qiagen, Valencia,
CA, USA). Complementary DNA (cDNA) was synthesized
with miScript II RT Kit (Qiagen), and a polymerase chain
reaction (PCR) reaction system was prepared with the
miScript SYBR Green PCR Kit (Qiagen). U6 was served
as an endogenous control. To detect the expression of
IncRNA CHRF and Notchl messenger RNA (mRNA),
the GenElute total RNA purification kit (Sigma-Aldrich,
MO, ASA) was used to extract total RNA. The Applied
Biosystems High-Capacity cDNA reverse transcription kit
was used to prepare cDNA. The SuperScript III Platinum
One-Step qRT-PCR kit (Thermo Fisher Scientific,
Schwerte, Germany) was used to prepare the PCR reaction
system, with glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) serving as an endogenous control. All PCR
reactions were performed on the ABI 7500 system. The
reaction conditions were: 1 minute and 10 seconds at
95 °C, 12 seconds at 95 °C, and 30 seconds at 58.5 °C, a total
of 40 cycles. The 27**“ method was applied to calculate the
relative gene expressions.

Hematoxylin and eosin staining

The lung specimens were fixed in 10% formaldehyde
buffer and embedded in paraffin. Lung slices (5 um) were
stained with HE and observed under light microscope
(magnification x100). The lung injury score was evaluated
by the blind lung injury score system recommended by
the American Thoracic Academy. In short, the scores of
alveolar congestion, alveolar wall thickening and edema,
and alveolar cell exudation were 1:3 (0: none, 1: mild, 2:
moderate, 3: severe), and the highest score was 9.

Terminal deoxynucleotidyl transferase dUTP nick end
labeling assay

Apoptotic cells in lung tissue were detected using an
apoptosis detection kit (Roche, Mannheim, Germany) in
line with the manufacturer’s instructions. Lung sections
(5-pm thickness) were fixed with 4% paraformaldehyde for
15 minutes at room temperature, before being incubated
with 0.01% Triton X-100 for 10 minutes. TUNEL reaction
solution was added and incubated at 37 °C for 1 h. Finally,
the lung tissues were observed under a fluorescence

microscope (Nikon Eclipse Ti-S, Melville, NY, USA).
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Enzyme-linked immunosorbent assay

The levels of tumor necrosis factor-alpha (TNF-a),
interleukin (IL)-6, IL-1f, IL-4, and IL-10 were detected
using a human enzyme-linked immunosorbent assay (ELISA
kit). Cells were cultured in DMEM supplemented with 10%
FBS and 1% penicillin/streptomycin in a 96-well plate,
with 5,000 cells/well, at 37 °C in a 5% CO, humidified
incubator. On day 2 after inoculation, the cells were treated
under different conditions. After treatment, the cell culture
supernatant was collected, and the content of TNF-o, IL-6,
IL-1B, IL-4, and IL-10 was detected according to the
ELISA kit manual.

Flow cytometry

Cells were seeded in 6-well plates at a density of 1x10’ cells/well.
The cells were double stained with Annexin V-fluorescein
isothiocyanate (FITC) and propidium iodide (PI) using an
apoptosis detection kit (Beyotime, Shanghai, China), and
apoptotic cells were detected by flow cytometry.

Western blot

After the cells were treated, the culture medium was
abandoned, the protein lysate (Roche) was added and
the total proteins were separated. 50 g total protein was
added to 12% polyacrylamide gel. Separated on sodium
dodecyl sulphate—polyacrylamide gel electrophoresis gel,
and transferred to a polyvinylidene difluoride membrane.
Western blot was performed using Notchl primary
antibody and the appropriate horseradish peroxidase-
coupled secondary antibody, and then detected with an
enhanced chemiluminescence reagent. Several X-ray
films were analyzed to verify the linear range of the
chemiluminescence signals, which were quantified by
density measurement.

Dual-luciferase reporter gene assay

The 3" untranslated region (UTR) of Notchl containing
the miR-146a reaction element was cloned into pGL4.13
luciferase reporter vector (Notchl wt-3' UTR). The
luciferase mutant vector was obtained by mutating the miR-
146a binding site (Notchl MUT-3"' UTR). To determine
the relationship between CHRE, miR-146a, and Notchl,
HEK293T cells were transfected with Notchl WT/MUT-
3" UTR and miR-146a mimics/NC mimics or pcDNA3.1-
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CHRE. The luciferase activity was detected with a dual-
luciferase reporter analysis system (Promega) 48 hours later.

RNA immunoprecipitation assay

RIP was performed using the Magna RIP RNA binding
protein immunoprecipitation kit (Millipore, Billerica, USA)
to isolate the target RNA-protein complex. Cells were lysed
and then suspended in RIP lysis buffer. Then, cells were
subjected to RIP detection with anti-Argonaute2 (Millipore,
Billerica, USA) or normal mouse IgG (Millipore, Billerica,
USA), defined as the RIP-Ago2 group and RIP-IgG
group (negative control), respectively. Then, the antibody
and protein A/G microspheres were incubated with mild
rotation at 4 °C for 1 hour. After the co-precipitated target
RNA had been isolated from protein A/G beads, the levels
of CHRF and miR-146a were detected by QRT-PCR.

Statistical analysis

SPSS19.0 software (SPSS Inc., Chicago, IL, USA) was used
for analysis. The measurement data in accordance with
normal distribution were expressed as mean =+ standard
deviation (xxs). Single factor analysis of variance was used
for comparison among groups, and LSD-t method is used
for pairwise comparison between groups.

Results

Knockout of CHRF attenuates CLP-induced lung injury in

mice

As shown in Figure 14, CHRF was highly expressed in the
CLP group compared to the sham group. We used shRINA
to reduce the expression level of CHRF in septic mice.
The results of qRT-PCR showed that the transfection
was successful (Figure 1B). For the following experiments,
we chose sh-CHRF #2, as it showed higher knockdown
efficiency. HE staining showed that compared with the
control group, the alveolar structure in the CLP group was
seriously damaged, the alveolar cavity was notably reduced,
collagen deposition was notably increased, and the alveolar
wall septum was wider. Obvious pulmonary interstitial
fibrosis was observed. However, in the CHRF gene
interference group, the alveolar structure was still clear, the
lung tissue was bleeding slightly, infiltrating inflammatory
cells were present, the lung interstitium was slightly
thickened, and the lung injury score was significantly
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reduced compared with CLP group (Figure 1C). These
observations indicated that interfering with CHRF could
alleviate lung tissue injury induced by CLP in septic
rats. TUNEL staining evidenced that CLP significantly
accelerated lung tissue cell apoptosis in septic mice, whereas
downregulation of CHRF impeded apoptosis (Figure 1D).
Together, these results showed that CHRF is positively
related with septic lung injury and cell apoptosis.

Knockout of CHRF can alleviate CLP-induced pneumonia
in mice

The expression levels of inflammatory cytokines in the
BALF and lung tissue of septic mice was detected by
ELISA. Compared with the control group, the CLP group
displayed increased protein expression of TNF-a, IL-6,
and IL-1pB, while the expression of IL-4 and IL-10 was
downregulated. Meanwhile, inhibiting the expression of the
CHREF gene decreased levels of TNF-a, IL-6, and IL-1p,
but upregulated the levels of IL-4 and IL-10 (Figure 24,2B).
These observations suggest that CHRF participates in the
CLP-induced lung inflammatory response as a promoter.

Knockout of CHRF can impede LPS-induced inflammation
and apoptosis of MPVECs

An MPVEC model of LPS-induced lung injury was
established. LPS notably increased the levels of CHRF
in MPVECs, whereas sh-CHRF transfection remarkably
decreased CHRF expression (Figure 34). The apoptotic
rate of MPVECs was determined by flow cytometry. As
Figure 3B shows, the apoptotic rate of MPVECs in the LPS
group was significantly increased; in contrast, inhibition of
CHREF significantly reduced the apoptotic rate (Figure 3B).
Additionally, the ELISA results showed that LPS-induced
increases in TNF-a, IL-1B, and IL-6 protein expression,
and decreases in IL-4 and IL-10 expression in MPVECs
cells. Meanwhile, CHRF gene knockout decreased the
levels of TNF-a, IL-1p, and IL-6, but upregulated those
of IL-4 and IL-10 (Figure 3C). Consistent with our in vivo
results, these in vitro results indicated that CHRF promotes
sepsis-induced inflammation and apoptosis of MPVECs.

CHREF directly target miR-146a

We further probed into the mechanism of the regulatory
effect of CHRF on sepsis-induced inflammatory response
and apoptosis. Using LncBase Predicted v.2, we obtained
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Figure 1 CHRF knockout can alleviate CLP-induced lung injury in mice. (A) Effect of CLP on CHRF expression in mice; (B) the
expression of CHRF in the sham operation group and the CLP group after injection of sh CHRF or its negative control; (C) HE staining
and lung injury score (x100); (D) TUNEL staining and the apoptotic rate of lung tissues (x200) (n=16). **, P<0.01; ***, P<0.001. CHRE,
cardiac hypertrophy-related factor; CLP, cecal ligation and perforation. HE, hematoxylin-eosin; TdT-mediated dUTP nick end labeling.

the binding site for CHRF to miR-146a (Figure 44). RIP
experiments revealed interaction between CHRF and miR-
146a (Figure 4B). The luciferase activity of CHRF-W'T was
markedly inhibited by miR-146a mimics, but that of CHRF-
MUT was not affected (Figure 4C). Notable decreases in
miR-146a were observed in both the septic mouse and cell

© Annals of Translational Medicine. All rights reserved.

models. CHRF gene knockout notably increased miR-
146a expression in LPS-treated MPVECs (Figure 4D,4E).
Correlation analysis uncovered a negative correlation
between CHRF and miR-146a expression (Figure 4F),
suggesting that CHRF is a competitive endogenous RNA
for miR-146a.
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Figure 2 CHRF knockout can reduce CLP-induced lung inflammation in mice. (A,B) The expression levels of TNF-a, IL-1p, IL-6, IL-4,
and IL-10 in the bronchoalveolar lavage fluid and lung tissues of septic mice (n=16). **, P<0.01; ***, P<0.001. CHRE, cardiac hypertrophy-
related factor; CLP, cecal ligation and perforation; TNF-a, tumor necrosis factor-w; IL-1B, interleukin-1p; IL-4, interleukin-4; IL-10,

interleukin-10.

CHRF competitively binds to miR-146a positively regulate
Notch1

Binding sites between miR-146a and Notchl were predicted
using the bioinformatics websites StarBase and TargetScan
7.2 (Figure 5A). Dual-luciferase assay results revealed that
miR-146a mimics had a notable inhibitory effect on the
luciferase activity of Notch1-WT but had no significant
impact on the luciferase activity of Notchl-MUT
(Figure 5B). As can be seen in Figure 5C, LPS significantly
increased that levels of Notchl protein in MPVECs. CHRF
silencing notably increased the expression of miR-146a
but inhibited that of Notchl protein; however, miR-146a
inhibition reversed the impact of CHRF gene knockout on
Notchl protein expression (Figure 5C). Notchl expression
was upregulated in the lung tissue of mice treated with
CLP (Figure 5D). Pearson’s correlation analysis revealed
that miR-146a was reversely correlated with Notchl, while

© Annals of Translational Medicine. All rights reserved.

CHREF was positively related to Notchl (Figure SE,ST).

CHRF enhances the inflainmatory response and apoptosis
of MVPECs by modulating miR-146/Notch1

As shown in Figure 64, CHRF promotes the inflammation
and apoptosis of MVPECs by modulating miR-146/Notchl.
CHRF gene knockout significantly reduced Notchl
expression and inhibited apoptosis while downregulating
the protein expression of TNF-o, IL-1f, and IL-6, and
upregulating IL-4 and IL-10 expression. However, co-
transfection of miR-146a inhibitor and CHRF low-
expression plasmid reversed the influence of CHRF gene
knockout on the inflammatory response and apoptosis of
MPVECs (Figure 6B,6C). These results suggest that CHREF
accelerates the inflammation and apoptosis of MVPECs via
its modulation of miR-146/Notchl.
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Figure 3 CHRF knockout can inhibit LPS-induced inflammation and apoptosis of MPVECs. (A) qRT-PCR was used to detect the
expression level of CHRF in LPS-treated MPVECs; (B) flow cytometry was used to detect the apoptotic rate of LPS-treated MPVECs;
(C) ELISA was used to detect the expression levels of TNF-a, IL-1B, IL-6, IL-4, and IL-10 in LPS-treated MPVECs. ***, P<0.001.
CHRYE, cardiac hypertrophy-related factor; LPS, lipopolysaccharide; qRT-PCR, quantitative real-time PCR; MPVECs, mouse pulmonary

microvascular endothelial cells; ELISA, enzyme-linked immunosorbnent assay; TNF-o, tumor necrosis factor-a; IL-1, interleukin-1p; IL-4,

interleukin-4; IL-10, interleukin-10.

Discussion

Sepsis is an infection-induced imbalance of the host
immune response that causes organ dysfunction, and is
the main cause of ALI (15). During the process of sepsis,
endotoxins, inflammatory cytokines, and thrombotic
factors accumulate in alveoli (16). Compared with non-
septic ALI patients, ALI patients with sepsis are reported to
have increased organ dysfunction, disease severity, and in-
hospital mortality (17). Although the survival advantage of
patients with ALI who receive mechanical ventilation has
been proved, potential treatments for before respiratory
failure occurs are currently being studied (18). In this study,
CHREF silencing improved septic-induced ALI via miR-
146a/Notchl and inhibiting the inflammatory response and
apoptotic activity. Overall, the promising therapeutic effect
of CHREF for sepsis-induced ALI has been highlighted.

© Annals of Translational Medicine. All rights reserved.

In recent years, the study of IncRNA in ALI has been
concerned, for example, the high expression of XIST in
patients with acute pneumonia. Knockout of Xist can be
achieved by regulating JAK/STAT and NF-«B increases cell
viability and inhibits apoptosis and inflammatory cytokine
levels (19). NEAT'1 may induce apoptosis and inflammation
of alveolar epithelial cells through HMGB1/RAGE
signal transduction, thus aggravating ALI (20). Mounting
studies have confirmed the regulatory role of CHRF in
the pathogenesis of inflammation-related diseases and its
underlying mechanism. Silencing of CHRF protected H9¢2
cells from LPS injury by upregulating miRNA-221 (13).
Yu et al. (21) reported that the downregulation of miRNA-
146a by CHRF aggravated IL-6-induced inflammatory
injury of ATDCS cells. In this study, we found that after
CLP, mice exhibited significantly upregulated levels
of CHRF compared with the sham operation group.

Ann Transl Med 2021;9(16):1299 | https://dx.doi.org/10.21037/atm-21-3064
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Figure 4 HRF directly targets miR-146a. (A) CHRF has a binding site to miR-146a; (B) the binding of CHRF to miR-146a was detected
by RINA immunoprecipitation assay; (C) Luciferase activity was detected by the dual-luciferase method to verify the binding relationship
between CHRF and miR-146a; (D) relative expression level of miR-146a in LPS-treated MPVEC:s transfected with shCHRF or its control;
(E) expression level of miR-146a in lung tissues of CLP mice; (F) correlation analysis of CHRF and miR-146a expression in lung tissues
of septic mice. ***, P<0.001. CHRE, cardiac hypertrophy-related factor; miR-146a, microRNA-146a; LPS, lipopolysaccharide; MPVECs,

mouse pulmonary microvascular endothelial cells.

However, the lung tissue injury of CLP mice injected with
Adsh-CHRF was alleviated, which was accompanied by
a markedly downregulated inflammatory response and
decreased apoptosis. Thus, CHRF exhibited proapoptotic
and proinflammatory effects in MPVECs. In MPVECs,
underexpression of CHRF can effectively inhibit the
secretion of proinflammatory cytokines and apoptosis
induced by LPS. Thus, CHRF has a promoting role in
sepsis-induced ALIL

Many molecules and signaling pathways are involved
in the inflammatory response. For instance, IncRNAs are
inflammatory regulatory molecules that have been studied
substantially in recent years. One of them, long noncoding

© Annals of Translational Medicine. All rights reserved.

RNA NF-KappaB Interacting LncRNA (IncRNA NKILA)
is a key inhibitor of endothelial cell inflammation that has
a strong correlation with carotid atherosclerosis (22). LPS
can induce HOX transcript antisense RNA (HOTAIR)
expression in macrophages, while knockout of HOTAIR
can inhibit the inflammatory reaction mediated by the
NF-B signaling pathway (23). CHREF is also a participant in
inflammatory response. For instance, Yu ez a/. showed that
it down-regulates miR-146a and aggravates IL-6-induced
inflammatory injury of ATDCS cells (21). The function of
CHREF in inflammatory injury has scarcely been reported
in relation to sepsis-induced ALI. Our results suggest
that downregulation of CHRF can inhibit apoptosis and
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relative protein expression levels of Notchl in LPS-treated MPVEC:s transfected with shCHRF and/or miR-146a inhibitors; (D) relative

expression level of Notchl mRNA in lung tissues of septic mice; (E,F) correlation analyses of Notchl, CHRF and miR-146a expression in

lung tissues of septic mice. ***, P<0.001. CHRE, cardiac hypertrophy-related factor; miR-146a, microRNA-146a; Notch1, Notch homolog 1;

3'-UTR, 3'untranslated region; MPVECs, mouse pulmonary microvascular endothelial cells. ELISA, enzyme-linked immunosorbnent assay;

TNF--linked immunosorbnent assaydotheliinterleukin-1 ed immun interleukin-4; IL-10, interleukin-10.

thus alleviate sepsis-induced ALIL Also, sepsis is a strong
inflammatory reaction, and accordingly, the immune
response may be inhibited (24). Collectively, our in vivo and
in vitro studies have shown that CHRF gene knockout can
alleviate sepsis-induced ALI by inhibiting inflammatory
response and apoptosis.

As miRNA sponges, IncRNAs can act on miRNAs (25).
In ALI, TUGTI attenuates sepsis induced inflammation
and apoptosis by targeting miR-34b-5p and Gabl (26). In
the present study, miR-146a, as a direct target of CHRE,
was found to be reversely correlated with CHRF. miR-
146a is aberrantly expressed in inflammatory-related
diseases, like osteoarthritis and corticosteroid-dependent
dermatitis (27,28). Dai et al. reported that miR-146a
impeded LPS-induced inflammatory reactions in the

© Annals of Translational Medicine. All rights reserved.

mouse alveolar macrophage cell line MH-S and the mouse
alveolar epithelial cell line MLE-12 (29). In both our
septic mouse and cell models, miR-146a expression was
remarkably decreased, which is in agreement with previous
observations (30).

We also studied the downstream cascade of the CHRE/
miR-146a axis implicated in the regulation of ALI, and
found that miR-146a directly targets Notchl. Notch and
its related molecules are an extremely important family of
signal receptor proteins, which are found in vertebrates and
invertebrates. Notch signals permit communication, signal
transduction, and transcription through local cell-to-cell
interactions, and control cell proliferation, apoptosis, and
other activities. This signaling pathway mainly comprises
receptors, ligands, CSL proteins, and signal effector

Ann Transl Med 2021;9(16):1299 | https://dx.doi.org/10.21037/atm-21-3064
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Figure 6 CHRF promotes inflammatory response and apoptosis in
Notchl in MPVEC:s transfected with shtCHRF and/or miR-146a i

MPVEC:s by regulating Notchl. (A) Relative protein expression levels of
nhibitors; (B) the apoptotic rate of MPVECS transfected with s\xCHRF

and/or miR-146a inhibitors was detected by flow cytometry; (C) ELISA was used to detect the expression levels of TNF-a, IL-1p, IL-6, IL-
4, and IL-10 in MPVECs transfected with shCHRF and/or miR-146a inhibitors. ***, P<0.001. CHRE, cardiac hypertrophy-related factor;
miR-146a, microRNA-146a; Notch1, Notch homolog 1; MPVECs, mouse pulmonary microvascular endothelial cells.

molecules. In the human body, Notch signaling involves
4 receptors—Notch1, Notch2, Notch3, and Notch4—which
participate in human life activities through interaction
with ligands. Among them, the Notchl receptor is the
most studied (31). Transcription of the Notchl receptor
in macrophages renders a novel approach for experimental
paracoccidioidomycosis (32). Phenethuidine hydrochloride
attenuates LPS-induced ALI by improving endoplasmic
reticulum stress-mediated apoptosis and Hes1/Notchl
signal transduction (31). In this study, Notchl expression
in mice was significantly downregulated after CLP but
was restored by injection of Adsh-CHRE. Additionally,

© Annals of Translational Medicine. All rights reserved.

miR-146a was found to reversely modulate Notchl but was
positively correlated with CHREF. These results demonstrate
that Notchl is involved in sepsis-induced ALI.

In summary, our study has shown that CLP or LPS can
induce lung injury by stimulating an inflammatory reaction
and apoptosis, and that inhibition of CHRF can improve
lung injury. Our mechanistic research results show that
CHREF upregulates Notchl expression through sponging
miR-146a, thus aggravating sepsis-induced ALI. However,
other downstream targets of CHRF need to be further
explored. Collectively, CHRF may serve as a therapeutic
target for sepsis-induced ALIL
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