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Abstract. – OBJECTIVE: This study was 
probed to uncover the mechanism of miR-142-5p 
in septic liver injury.

MATERIALS AND METHODS: In this study, 
in-vitro and in-vivo models of sepsis were used. 
For in-vitro sepsis model, hepatocyte cell line 
(L02 cells) was treated with LPS (lipopolysaccha-
ride). Whereas for in-vivo sepsis model, cecal li-
gation and puncture were performed in mice. 
Mice were assigned into three groups: control, 
CLP (Cecal Ligation Puncture), CLP + miR-142-
5p inhibitor group. Liver injury was assessed via 
H&E staining. IL-6, TNF-α, and IL-1β expressions 
were assayed through ELISA kits. C-caspase-9, 
C-caspase-3, ERK, p65, and IκBα expressions 
were determined via western blot and RT-qPCR. 
Apoptosis in LPS-induced L02 cells was detect-
ed by TUNEL staining.

RESULTS: Our results show that miR-142-
5p exhibited perspicuous upregulation in CLP 
mice tissues and LPS-induced L02 cells. On the 
other hand, inhibition of miR-142-5p could pro-
mote LPS-induced L02 cell activity and reduce 
apoptosis and inflammation. In terms of molec-
ular mechanism, downregulation of miR-142-5p 
could abate sepsis-mediated acute hepatic inju-
ry by targeting SOCS1, through ERK and NF-κB 
pathway.

CONCLUSIONS: Overall our results demon-
strate that miR-142-5p inhibitors can mitigate 

septic liver injury by downregulating the inflam-
mation and apoptosis via targeting SOCS1. Thus, 
miR-142-5p can serve a potential therapeutic tar-
get for sepsis mediated acute hepatic injury.

Key Words: 
MiR-142-5p, Septic liver injury, Hepatocytes, Hepat-

ic failure.

Introduction

Sepsis, an invasive disease, triggers organ dys-
function1. Although medicinal treatments, mo-
lecular targeted therapies and immunotherapies 
have improved the pathological conditions of pa-
tients suffering with sepsis, still the incidence and 
death toll of sepsis are high2,3. At present, sepsis 
is a considered the main cause of death among 
ICU patients4. As a weighty organ of host defense 
dynamic balance, liver is frequently damaged 
in sepsis5,6. Sepsis-induced acute hepatic injury 
(AHI) is one of the complications of sepsis, which 
may further trigger multiple organ dysfunction 
syndrome (MODS) among advanced cases7. 
Therefore, it is necessary to dig into the pathogen-
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esis of septic AHI, as well as to explore efficient 
treatment.

MiRNA, an endogenous non-coding RNA, is 
widely distributed in human body. It is capable 
of modulating gene expression at the post-tran-
scriptional level via binding with the 3’UTR of 
the target mRNA8. Many human diseases are re-
lated to the abnormal expression of miRNAs. By 
exploring these miRNAs, we may get novel clues 
for disease diagnosis and targeted treatment9-11. 
Some investigations12,13 have displayed the alter-
ations in miRNA expression in patients with sep-
sis that mediate the progression of sepsis through 
immune regulation and inflammatory regulation 
in the occurrence and development of sepsis. Re-
cently, it has been demonstrated that miRNAs 
play a role in sepsis-mediated AHI. For example, 
miR-155 represses its target gene Nrf-2 to inhibit 
oxidative stress-induced endoplasmic reticulum 
stress, apoptosis, as well as mitochondrial dys-
function, and reduce septic AHI, suggesting that 
miR-155 may be a target for septic AHI14. Simi-
larly, miR-30e inhibits hepatocyte apoptosis and 
induces hepatocyte proliferation through JAK/
STAT signaling pathway, indicating that miR-30e 
may be a therapeutic target for septic AHI15. Like-
wise, miR-142-5p is engaged in progress of in-
flammation. For example, miR-142-5p contributes 
to ulcerative colitis progression via SOCS1. Thus, 
miR-142-5p exerts damaging roles in ulcerative 
colitis16. However, the influence of miR-142-5p in 
sepsis-mediated AHI remains unclear. 

In view of the above research basis, we extrap-
olated miR-142-5p exerts influences in sepsis-me-
diated AHI. We intended to delve into the role of 
miR-142-5p in LPS-induced human liver epitheli-
al cell (L02) model and CLP mouse model at mo-
lecular level. Our study revealed that miR-142-5p 
is upregulated in LPS induced L02 cells. Mech-
anistically, downregulated miR-142-5p could tar-
get suppressor of cytokine-signAHIng-1 (SOCS1) 
and block NF-κB and ERK pathway to allay sep-
sis-mediated AHI.

Materials and Methods

Cell Culture
Human liver epithelial cell line (L02) was pro-

cured from the Chinese Academy of Sciences. The 
DMEM (Hyclone, Shengke Bio, Cat: 12100046, 
Beijing, China) supplemented with 10% heat-de-
vitalized FBS, 100 U/mL penicillin and 100 μg/
mL streptomycin was used to cultivate the cells in 

the incubator containing 5%CO2 at 37°C. 0.25% 
trypsin (Solarbio, Cat: P1400, Beijing, China) was 
used for subculture. 

Cell Transfection
SiRNA negative control (si-NC), sh-SOCS1, 

miRNA NC (miR-NC), miR-142-5p mimics and 
inhibitor were synthesized by RiboBio (Beijing, 
China). Lipofectamine 3000 (Invitrogen, Cat: 
L3000008, Shanghai, China) was used to trans-
fect the L02 cells with oligonucleotides. The 
transfection validity was detected by RT-PCR. 
The cells were cultured for 24 to 48 hours before 
the subsequent experiment. 

MTT
After trypsin digestion, the transfected L02 

cells were seeded into 96-wel plate (2.5 × 104 
cells/well). MTT experiment was carried out in 
the incubator at 24 hours. Each well was cultured 
with 20 μL (5 g/L) MTT (Medchem Express, New 
Jersey, NJ, USA)   at 37°C for 4 hours, and added 
with 150 μL DMSO. The absorbance (”A”) value 
was measured at 492 nm with enzyme labeling 
instrument. The calculation was done as follows: 
inhibition rate of cell viability (%) = (average 
“A” of control group - average “A”of experimen-
tal group)/average “A” of experimental group × 
100%.

TUNEL
TUNEL kits were bought from Invitrogen 

(Cat: C10245, Shanghai, China). Subsequently, 
cells were fixed in 4% POM solution for 30 min, 
incubated with blocking agent (0.3% H2O2 meth-
anol solution) at room temperature for 30 min. to 
block endogenous peroxidase activity. Cell per-
meability was achieved using Triton X-100 for 2 
minutes. Then, we added 50 μL TUNEL reaction 
mixed solution for labeling, and cultivated it in a 
wet box at 37°C for 1 h. At last, we added 50 μL of 
conversion agent, fostered it in a wet box at 37°C 
for 30 min, washed with PBS for 3 times, and 50-
100 μL DAPI was used to stain the nucleus. An-
ti-fluorescence quenching agent was used to seal 
the cells. Fluorescence microscope was used we 
observe and store the images.

Western blot
After the cell treatment, total protein was col-

lected using radio immunoprecipitation assay 
(RIPA) and quantified through bicinchoninic 
acid assay (BCA) assay. Then, the sodium do-
decyl sulfate-polyacrylamide gel electrophoresis 
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(SDS-PAGE) electrophoresis was carried out and 
the proteins were transferred to polyvinylidene 
difluoride (PVDF) membrane. After transfer, the 
membrane was incubated in 5% skimmed milk 
for 2 h. The primary antibodies embracing SOCS1 
(1:1000, CST, Shanghai, China), ERK (1:1000, 
CST, Shanghai, China), p65 (1:1000, CST, Shang-
hai, China), IκBα (1:1000, CST, Shanghai, China) 
and β-actin (1:2000, CST, Shanghai, China) 
were incubated nightlong at 4°C.Later, after 
washing membrane with TBST for 3 times, it was 
subsequently incubated with the corresponding 
HRP labeled second antibody at room temperature 
for 1 h. Finally, the membrane was washed with 
TBST for 3 times, ECL chemiluminescence Kit 
(Amersham pharmacy biotechnology, little Chal-
font, UK) was used to expose the membrane. Us-
ing fusion software for quantitative analysis, the 

control group was standardized as “1”. The exper-
iment was repeated for three times.

ELISA
IL-6, TNF-α, and IL-1β levels were assayed 

via ELISA. Briefly, L02 cells were incubated with 
2.5×105 cells in 24-well plates. Cells were lysed in 
RIPA lysate buffer (Beyotime, Shanghai, China), 
and centrifuged at 14000 × g for 5 min. The su-
pernatant was collected for ELISA. After the su-
pernatant of the culture was collected, the protein 
concentrations of IL-6, TNF-α and IL-1β were 
assayed by using rapid bio kit (R & D systems, 
Abingdon, UK). 

Dual-Luciferase Reporter Gene Assay
The transfected L02 cells were trypsinized, 

counted and seeded into 24 well plates (5×104 /

Figure 1. MiR-142-5p inhibitors inhibited LPS-induced apoptosis arrest in L02 cells. A, Incubating L02 cells with 0, 2, 5 
and 10 μg/mL LPS resulted in a dose-dependent decrease in cell viability. B, In LPS, miR-142-5p level was up-regulated in 
dose-dependent fashions. C-D, We transfected miR-142-5p mimics and inhibitors into L02 cells. RT-PCR to assay miR-142-5p 
level in L02 cells. (E) TUNEL to test apoptosis (scale bar: 10 μm, 100x). (F) Western blot to monitor Bcl2, Bax, C-caspase-3 
and C-caspase-9 protein levels in L02 cells. *p<0.05, **p<0.01, ***p<0.001.
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well). When the confluency reached at 70%, the 
cells are transfected. 200 ng top flash report plas-
mid and 10 ng FOP flash marine fluorescent en-
zyme control plasmid were co transfected into 
the cells. Cells were collected 48 hours later. The 
cells were resuspended by adding 1 × passive ly-
sis buffer. Cells were cleaved at 4°C for 24 h. Cen-
trifugation was implemented at 12000 r/min and 
4°C for 10 min. Afterwards, we harvested the su-
pernatant and measured the activity of luciferase. 

Establishment of Cecal Ligation and 
Perforation Model

Our team acquired C57BL/6J male mice (weight 
20 ± 2 g, aged 8-12 weeks) from Shanghai SLAC 

experimental animal Co., Ltd. Animal protection 
committee of Fudan University had ratified this 
animal program. The mice were randomized into 
control, CLP and miR-142-5p inhibitor groups. 
Fabrication of sepsis model was achieved via ce-
cal ligation and perforation16,17. The specific steps 
were as follows: mice were placed in the isoflu-
rane anesthesia room, gave isoflurane inhalation 
anesthesia, fixed the mice on the operating board 
after anesthesia, continued isoflurane inhalation, 
prepared skin in the middle area of abdomen and 
disinfected, took the median abdominal incision 
about 1.0-1.5 cm long, and incised the skin and 
subcutaneous tissue layer by layer. The rectus ab-
dominis and peritoneum were cut at the white line 

Figure 2. MiR-142-5p inhibitors abated inflammation of LPS on L02 cells. (A-C) ELISA to test TNF- α, IL-1 β and IL-6 
levels in L02 cells. (D) RT-PCR to assay TNF- α, IL-1 β and IL-6 mRNA expression. *p<0.05, **p<0.01, ***p<0.001.
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blood vessels on the opposite side of the mesen-
teric vessels of the ligated part of the cecum. For 
the puncture through the cecum, a little stool was 
squeezed out slightly to ensure the unobstructed 
puncture well. All intestinal loops were incorpo-
rated into the abdominal cavity, and the wound 
was sutured with 4-0 silk thread layer by layer. 
After the operation, the mice were injected with 

of abdomen, and the cecum and its adjacent intes-
tine were palpated and exposed with non-invasive 
probe. We gently pulled out the cecum and used 
3-0 silk thread to ligate the cecum and mesenter-
ic vessels at the place about 1/3-1/2 of the length 
of the whole cecum. After that, 20 g needle was 
used to puncture the ligated part of the cecum. 
The puncture point was selected from the lack of 

Figure 3. SOCS1 down regulation partially relieved miR-142-5p inhibitors induced repression of LPS-mediated L02 cell 
inflammation and apoptosis. (A) Through TargetScan database, we determined that the 3’UTR sequence of SOCS1 is comple-
mentary to miR-142-5p. (B) Luciferase reporter experiment to detect binding relation of SOCS1 with miR-142-5p. (C) Western 
blot assay was used to detect the level of SOCS1 mRNA in L02 cells transfected with miR-142-5p mimics and inhibitors. (D) 
Western blot assay was used to detect the level of SOCS1 mRNA in L02 cells transfected with miR-142-5p mimics and inhib-
itors. (E) The adenovirus vector with low SOCS1 expression was transfected into LPS-mediated L02 cells, and the apoptosis 
was assayed via TUNEL. (F) The adenovirus vector with low SOCS1 expression was transfected into LPS-mediated L02 cells, 
and the level of inflammatory cytokines was detected by ELISA. (G) The adenovirus vector with low SOCS1 expression was 
transfected into L02 cells induced by LPS, and the level of inflammatory cytokine mRNA was assayed via RT-PCR. *p<0.05, 
**p<0.01, ***p<0.001.
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saline into the back subcutaneously, put back into 
the heated cage with warm air machine, and the 
mice were free to wake up. The mice were free 
to feed and drink. 100 μL adenovirus solution (1 
× 1011) was injected into tail vein to carry empty 
constitutional particles or miR-142-5p high ex-
pression plasmids (Hongtuo Biotechnology Co., 
Ltd, Hangzhou, China) to construct the model of 
miR-142-5p high expression CLP.

HE Staining
After the mice were sacrificed, their livers 

were separated and excised. Then we cut the 
appropriate size of liver tissue, washed it with 
4°C normal saline and placed in fresh 4% para-
formaldehyde for fixation. Later we embedded 
it in paraffin and prepared the 4 mm thick slic-
es. The pathological changes of liver were ob-
served after the HE staining. 

Figure 4. MiR-142-5p inhibitors restrained the activation of NF-κB and ERK signaling. After transfecting miR-142-5p inhib-
itor and SOCS1 low expression plasmid, p-p65/p65, p-ERK/ERK and IκBα protein (A) and mRNA (B-D) expression levels in 
LPS treated L02 cells were monitored via western blot and RT-PCR, separately. **p<0.01, ***p<0.001.
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Statistical Analysis
SPSS 22.0 (IBM, Armonk, NY, USA) was used 

for statistical analysis. The analyzed data was dis-
played as mean ± standard deviation. t-test and 
ANOVA was used to compare the differences 
among groups.

Results

MiR-142-5p Inhibitors Inhibited 
LPS-Induced Apoptosis in L02 Cells

We tended to explore whether miR-142-5p was 
abnormally expressed in L02 cells stimulated by 
LPS. As shown in the figure, incubation of L02 
cells with 0, 2, 5 and 10 μg/mL LPS resulted in a 
dose-dependent decrease in cell viability (p<0.05, 
Figure 1A). Meanwhile, miR-142-5p level exhib-
ited up-regulation in a dose-dependent manner 
(p<0.05, Figure 1B). Hence, we probed that miR-
142-5p might play critical role in LPS induced 
cell damage. Previous studies18 have shown that 
apoptosis in hepatocyte is the most basic central 
link of liver injury and liver disease, which ex-
erts functions in AHI progress18. Secondly, we 
inquired the miR-142-5p influence on LPS-me-
diated apoptosis. For this reason, we transfected 
miR-142-5p mimic and inhibitor into L02 cells, 
and monitored the efficiency (p<0.05, Figure 1C). 

We found that miR-142-5p repressed cell activi-
ty, whereas miR-142-5p inhibitors enhanced cell 
activity in LPS-treated L02 cells (p<0.05, Figure 
1D). In addition, miR-142-5p could promote apop-
tosis (p<0.05, Figure 1E). Western blot undressed 
that LPS could reduce Bcl2 level in cells, but miR-
142-5p inhibitors could up regulate it. Moreover, 
LPS could increase the level of C-caspase-9, Bax 
and C-caspase-3 protein. However, miR-142-5p 
mimics could enhance its level, and miR-142-5p 
inhibitors could inhibit its level (p<0.05, Figure 
1F). Hereby, our results exhibited that miR-142-5p 
can promote LPS induced apoptosis of L02 cells 
and inhibit cell activity.

MiR-142-5p Inhibitors Attenuated 
Inflammation of LPS on L02 Cells

To dig out the anti-inflammatory effects of 
miR-142-5p inhibitors, we investigated the effects 
of miR-142-5p mimics and inhibitors on LPS in-
duced secretion of inflammatory factors in L02 
cells. ELISA evinced that IL-6, IL-1β, and TNF-α 
level was increased owing to the transfection of 
miR-142-5p mimics, while transfecting miR-142-
5p inhibitors had opposite effect (Figure 2A-C). 
In addition, RT-qPCR unveiled that IL-6, IL-1β 
and TNF-α mRNA expression could be up-reg-
ulated by transfecting miR-142-5p mimics, while 
IL-6, TNF-α and IL-1β mRNA expression could 

Figure 5. MiR-142-5p attenuated AHI-mediated inflammation and apoptosis by targeting SOCS1. A, HE staining to prospect 
the morphological changes of liver in septic mice after low miR-142-5p expression (scale bar: 10 μm, 100x). B, RT-PCR to test 
SOCS1 mRNA level in mouse tissue after low miR-142-5p expression.  C, RT-PCR to determine miR-142-5p level in mouse 
tissue after low miR-142-5p expression. D, ELISA to assess the level of inflammatory cytokines after low miR-142-5p expres-
sion.  E, Western blot to evaluate Bcl2, Bax, C-caspase-3 and C-caspase-9 levels. ***p<0.001.
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be enhanced for transfection of miR-142-5p in-
hibitors (p<0.05, Figure 2D). Thus, miR-142-5p 
inhibitors may attenuate LPS induced L02 cell 
damage.

SOCS1 Down Regulation Partially 
Relieved MiR-142-5p Inhibitors Based 
Inhibition of LPS-Mediated L02 Cell 
Inflammation and Apoptosis

Through TargetScan, we determined that 
3’UTR sequence of SOCS1 had binding site for 
miR-142-5p (Figure 3A). To verify the binding of 
miR-142-5p with SOCS1, we evaluated the Lucif-
erase activity in HEK293T cells. We found that 
miR-142-5p could significantly reduce the lucifer-
ase activity of SOCS1-wt, but not that of SOCS1-
mut (p<0.05, Figure 3B). Western blot exhibited 
that miR-142-5p could remarkably reduce SOCS1 
level in LPS induced L02 cells, while miR-142-
5p inhibitors could up-regulate SOCS1 (p<0.05, 
Figure 3C). To further investigate the SOCS1 
impact on miR-142-5p modulation of LPS-in-
duced L02 cell inflammation and apoptosis, we 
transfected the silenced SOCS1 expression into 
LPS induced L02 cells. Thus, silencing SOCS1 
expression could reverse the suppression of miR-
142-5p inhibitors on cell inflammation and apop-
tosis (p<0.05, Figure 3D-G). Consequently, we 
resulted that miR-142-5p regulates LPS-meditat-
ed apoptosis and inflammation of L02 cells via 
SOCS1. 

MiR-142-5p Inhibitors Blocked the 
Activation of NF κB and ERK

We further studied the miR-142-5p impact 
on downstream NF-κB and ERK signaling, and 
explored the LPS-induced injury’s downstream 
pathways. Using western blot analysis, we found 
that miR-142-5p inhibitors perspicuously sup-
pressed p-p65/p65 and p-ERK/ERK protein 
expression in LPS-mediated L02 cells, while 
the trend of IκBα was opposite (Figure 4A-E). 
However, SOCS1 silencing weakened this effect 
(p<0.05). This revealed that downregulation of 
miR-142-5p can block the NF-κB and ERK sig-
naling pathways, which is achieved through the 
interaction with SOCS1.

MiR-142-5p Attenuated AHI Mediated 
Inflammation and Apoptosis 
by Targeting SOCS1

To further explore the role of miR-142-5p in re-
ducing AHI mediated inflammation and apoptosis 
by targeting SOCS1. We constructed mir-142-5p 

inhibitors sepsis in-vivo model. The experimen-
tal data revealed that miR-142-5p inhibitors could 
significantly reduce liver tissue injury (Figure 5A) 
by down-regulating miR-142-5p, while inhibition 
of miR-142-5p up-regulates SOCS1 in septic mice 
(p<0.05, Figure 5B, C). Moreover, ELISA and 
western blot data exhibited that the levels of in-
flammatory cytokines and apoptosis-related pro-
teins in serum were significantly down-regulated 
after down-regulation of miR-142-5p (p<0.05, 
Figure 5D, E). This suggests that miR-142-5p can 
attenuate AHI-mediated apoptosis as well as in-
flammation by targeting SOCS1.

Discussion

MiRNA plays a role in sepsis by regulating the 
inflammatory genes. For example, the suppres-
sion of miR-208a-5p attenuates myocardial injury 
via regulating NF-κB/HIF-1α pathway, implying 
that miR-208a-5p is likely a diagnostic marker 
and curative target for septic mice13. Similarly, 
miR-20a could exert anti-inflammatory role and 
anti-apoptotic impacts in LPS-mediated HK-2 by 
activating CXCL12/CXCR-4, NF-κB and ERK1/2 
pathways19. In sepsis-mediated AHI, miR-155 in-
hibitors attenuate AHI via augmenting SOCS1 
expression and devitalizing JAK/STAT signals20. 
Some studies have emphasized the significance 
of miR-142-5p in liver disease. For example, the 
up-regulation of miR-142-5p expression in NA-
FLD inhibits Nrf2 expression and facilitates lip-
id accumulation in hepatocytes. Likewise, miR-
142-5p expression is augmented in non-alcoholic 
fatty liver, which inhibits Nrf2 expression but 
accelerates lipid accumulation in hepatocytes21. 
In addition, miR-142-5p overexpression exerts 
a defensive part in hepatocellular carcinoma by 
curbing cell growth and inducing apoptosis22. 
This study was designed to investigate the miR-
142-5p function in sepsis-mediated AHI in vivo 
and in vitro model. Our results showed that the 
miR-142-5p expression in liver tissue from sep-
tic mice and LPS-induced hepatocytes was sig-
nificantly up-regulated. This up-regulation of 
miR-142-5p could restrain the survival of hepato-
cytes by increasing the apoptosis and inflamma-
tion of hepatocytes. Thus, we hypothesized that 
down-regulation of miR-142-5p can attenuate 
sepsis-mediated AHI. 

When sepsis-mediated AHI occurs, the liver is 
exposed to circulating antigens, endotoxins, and 
microbes, which circulate through the portal vein 
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from gastrointestinal tract to liver, or through 
arterial blood from systemic circulation to liver, 
posing the overmuch release of proinflammatory 
cytokines and inflammatory mediators23. Rigato 
et al24 demonstrated that TNF-α is the most cru-
cial pro-inflammatory factor in sepsis and consid-
ered as the “core factor” causing damage in mul-
tiple organs and death. Likewise, interleukin-1β 
exerts a synergistic effect. Furthermore, in sep-
sis-mediated AHI, the pathway of mitochondrial 
apoptosis is retarded by autophagy. The loss of 
mitochondrial potential leads to apoptosis, where-
as the ROS produced by damaged mitochondria 
accelerates apoptosis25-28. We found that miR-142-
5p can enhance expressions of pro-inflammatory 
cytokines and apoptosis-related proteins in he-
patocytes induced by LPS and activate ERK and 
NF-κB pathway. These findings demonstrated 
miR-142-5p is involved in AHI induced by sepsis.

SOCS1, belongs to the SOCS family, is located 
at 16p12murp13.1 and consists of three domains: 
N region (amino terminal), the central SH2 re-
gion and the carboxyl terminal SOCS box29. The 
promoter of SOCS1 gene embraces binding sites 
of STAT1, STAT3 and STAT6, and regulates 
its expression by binding to the corresponding 
STAT29. SOCS1 regulates cytokines, but also 
functions monumentally in modulating the im-
mune response of innate immunity and adaptive 
immunity30,31. Some studies32,33 have emphasized 
the significance of SOCS1 in cancer. For exam-
ple, in breast cancer, downregulation of SOCS1 
can activate JAK/STAT signaling pathway to pro-
mote breast cancer progression. The downstream 
JAK-STAT signal pathway can also inhibit the 
therapeutic potential of SOCS1 in ovarian cancer. 
This demonstrated that SOCS1 can regulate tu-
mor progression through JAK-STAT signal path-
way in cancer. In this study, we proposed a new 
mechanism through which SOCS1 expression is 
down-regulated in sepsis-mediated AHI. Later, 
we unmasked that SOCS1 is a downstream target 
of miR-142-5p and harbors negatively modulatory 
relationship with it. 

However, there are still some shortcomings in 
this study. In the mechanism study, other down-
stream targets of miR-142-5p need further screen-
ing which will further clarify the downstream 
mechanism of miR-142-5p. Moreover, miR-155 
inhibitors can reduce AHI via enlarging SOCS1 
expression and devitalizing JAK/STAT signals20. 
Therefore, it is necessary to probe the relation 
of miR-142-5p/SOCS1 axis with downstream 
JAK/STAT signal pathway in follow-up studies. 

Importantly, for further looking into the impor-
tance of miR-142-5p to AHI, clinical AHI sam-
ples need to be further analyzed. In short, miR-
142-5p manifested up-regulation in CLP mice, as 
well as hepatocytes induced by LPS. Functional 
experiments showed miR-142-5p inhibition could 
reduce the apoptosis and inflammation in LPS-in-
duced hepatocyte and enhance cell viability. Fur-
ther studies revealed that miR-142-5p functions 
mainly by regulating the activation of ERK and 
NF-κB pathway by targeting SOCS1. 

Conclusions

To conclude, these findings provide novel 
mechanism to attenuate CLP/LPS-induced sepsis 
by inhibiting pro-inflammatory microenviron-
ment through miR-142-5p/SOCS1/NFκB signal-
ing pathway. We suggest that miR-142-5p may 
be a new potential target for sepsis. Moreover, 
miR-142-5p inhibitors can mitigate septic liver in-
jury by blocking inflammation and apoptosis via 
targeting SOCS1. Thus, miR-142-5p can emerge 
as a potential target for sepsis with acute hepatic 
injury.

Funding Statements
1. Yunnan Medical Leaders Foundation (No. L-2017016). 2. 
Yunnan Provincial Department of Science and technology 
and Kunming Medical University 2018FE001(-040).

Conflict of Interest
The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of 
this article.

Ethics Statement
All experimental procedures conformed with institution-
al guidelines, the animal experiment research protocol was 
approved by the Second Affiliated Hospital of Kunming 
Medical University (NO. 20133) and performed in accor-
dance with the “Guidelines for the care and use of experi-
mental animals”.

References

  1)	 Angus DC, van der Poll T. Severe sepsis and sep-
tic shock. N Engl J Med 2013; 369: 840-851.

  2)	 Watson RS, Carcillo JA, Linde-Zwirble WT, Cler-
mont G, Lidicker J, Angus DC. The epidemiology 



N. Xu, Y.-S. Chen, H. Zhu, W.-S. Li, Z.-W. Sun, H.-B. Zhang, X.-Y. Li, B. Zhang, C. Zhang, et al

5302

of severe sepsis in children in the United States. 
Am J Respir Crit Care Med 2003; 167: 695-701.

  3)	 Fleischmann C, Thomas-Rueddel DO, Hartmann 
M, Hartog CS, Welte T, Heublein S, Dennler U, 
Reinhart K. Hospital Incidence and Mortality 
Rates of Sepsis. Dtsch Arztebl Int 2016; 113: 159-
166.

  4)	 Martin GS, Mannino DM, Eaton S, Moss M. The 
epidemiology of sepsis in the United States from 
1979 through 2000. N Engl J Med 2003; 348: 
1546-1554.

  5)	 Howard TL. Bacterial hitch-hikers. J Urol 1971; 
106: 94.

  6)	 Ma Z, Sheng N, Liu X, Su Y, Zhou Y, Sun Y, Mu T, 
Xu J, Feng J, Zhao Z, Fu XY. Knockout of Stat5 in 
T cells ameliorates high cholesterol and high fat 
diet-induced hypercholesterolemia by influenc-
ing cholesterol metabolism in the liver. Cell Mol 
Immunol 2020. doi: 10.1038/s41423-020-0389-8. 
Epub ahead of print. 

  7)	 Chen YL, Xu G, Liang X, Wei J, Luo J, Chen GN, 
Yan XD, Wen XP, Zhong M, Lv X. Inhibition of 
hepatic cells pyroptosis attenuates CLP-induced 
acute liver injury. Am J Transl Res 2016; 8: 5685-
5695.

  8)	 Lin Y, Wu Z. MicroRNA-128 inhibits proliferation 
and invasion of glioma cells by targeting COX-2. 
Gene 2018; 658: 63-69.

  9)	 Reid G, Johnson TG, van Zandwijk N. Manipu-
lating microRNAs for the Treatment of Malignant 
Pleural Mesothelioma: Past, Present and Future. 
Front Oncol 2020; 10: 105.

10)	 Li H, Yu L, Li M, Chen X, Tian Q, Jiang Y, Li N. 
MicroRNA-150 serves as a diagnostic biomarker 
and is involved in the inflammatory pathogenesis 
of Parkinson’s disease. Mol Genet Genomic Med 
2020; 8: e1189.

11)	 Xiang Q, Kang L, Wang J, Liao Z, Song Y, Zhao 
K, Wang K, Yang C, Zhang Y. CircRNA-CIDN mit-
igated compression loading-induced damage in 
human nucleus pulposus cells via miR-34a-5p/
SIRT1 axis. EBioMedicine 2020; 53: 102679.

12)	 Qiu N, Xu X, He Y. LncRNA TUG1 alleviates sep-
sis-induced acute lung injury by targeting miR-
34b-5p/GAB1. BMC Pulm Med 2020; 20: 49.

13)	 Ouyang H, Tan Y, Li Q, Xia F, Xiao X, Zheng S, 
Lu J, Zhong J, Hu Y. MicroRNA-208-5p regulates 
myocardial injury of sepsis mice via targeting 
SOCS2-mediated NF-kappaB/HIF-1alpha path-
way. Int Immunopharmacol 2020; 81: 106204.

14)	 Yang ZB, Chen WW, Chen HP, Cai SX, Lin JD, 
Qiu LZ. MiR-155 aggravated septic liver injury by 
oxidative stress-mediated ER stress and mito-
chondrial dysfunction via targeting Nrf-2. Exp Mol 
Pathol 2018; 105: 387-394.

15)	 Ling L, Zhang SH, Zhi LD, Li H, Wen QK, Li G, 
Zhang WJ. MicroRNA-30e promotes hepatocyte 
proliferation and inhibits apoptosis in cecal ligation 
and puncture-induced sepsis through the JAK/
STAT signaling pathway by binding to FOSL2. 
Biomed Pharmacother 2018; 104: 411-419.

16)	 Han J, Li Y, Zhang B, Liu H, Wu M, Zhang X. ln-
cRNA TUG1 regulates ulcerative colitis through 
miR-142-5p/SOCS1 axis. Microb Pathog 2020; 
143: 104139.

17)	 Xu XE, Li MZ, Yao ES, Gong S, Xie J, Gao W, Xie 
ZX, Li ZF, Bai XJ, Liu L, Liu XH. Morin exerts pro-
tective effects on encephalopathy and sepsis-as-
sociated cognitive functions in a murine sepsis 
model. Brain Res Bull 2020; 159: 53-60.

18)	 Djafarzadeh S, Vuda M, Takala J, Jakob SM. Ef-
fect of remifentanil on mitochondrial oxygen con-
sumption of cultured human hepatocytes. PLoS 
One 2012; 7: e45195.

19)	 Zhang L, He S, Wang Y, Zhu X, Shao W, Xu Q, 
Cui Z. miRNA-20a suppressed lipopolysaccha-
ride-induced HK-2 cells injury via NFkappaB and 
ERK1/2 signaling by targeting CXCL12. Mol Im-
munol 2020; 118: 117-123.

20)	 Lv X, Zhang Y, Cui Y, Ren Y, Li R, Rong Q. Inhibi-
tion of microRNA155 relieves sepsisinduced liver 
injury through inactivating the JAK/STAT pathway. 
Mol Med Rep 2015; 12: 6013-6018.

21)	 Teimouri M, Hosseini H, Shabani M, Koushki M, 
Noorbakhsh F, Meshkani R. Inhibiting miR-27a 
and miR-142-5p attenuate nonalcoholic fatty liv-
er disease by regulating Nrf2 signaling pathway. 
IUBMB Life 2020; 72: 361-372.

22)	 Lou K, Chen N, Li Z, Zhang B, Wang X, Chen 
Y, Xu H, Wang D, Wang H. MicroRNA-142-5p 
Overexpression Inhibits Cell Growth and Induces 
Apoptosis by Regulating FOXO in Hepatocellular 
Carcinoma Cells. Oncol Res 2017; 25: 65-73.

23)	 Strnad P, Tacke F, Koch A, Trautwein C. Liver - 
guardian, modifier and target of sepsis. Nat Rev 
Gastroenterol Hepatol 2017; 14: 55-66.

24)	 Rigato O, Ujvari S, Castelo A, Salomao R. Tumor 
necrosis factor alpha (TNF-alpha) and sepsis: ev-
idence for a role in host defense. Infection 1996; 
24: 314-318.

25)	 Exline MC, Crouser ED. Mitochondrial mecha-
nisms of sepsis-induced organ failure. Front Bios-
ci 2008; 13: 5030-5041.

26)	 Thorburn A. Apoptosis and autophagy: regulato-
ry connections between two supposedly different 
processes. Apoptosis 2008; 13: 1-9.

27)	 Pattingre S, Tassa A, Qu X, Garuti R, Liang XH, 
Mizushima N, Packer M, Schneider MD, Levine 
B. Bcl-2 antiapoptotic proteins inhibit Beclin 1-de-
pendent autophagy. Cell 2005; 122: 927-939.

28)	 Luo S, Rubinsztein DC. Atg5 and Bcl-2 provide 
novel insights into the interplay between apop-
tosis and autophagy. Cell Death Differ 2007; 14: 
1247-1250.

29)	 Naka T, Narazaki M, Hirata M, Matsumoto T, Mi-
namoto S, Aono A, Nishimoto N, Kajita T, Taga T, 
Yoshizaki K, Akira S, Kishimoto T. Structure and 
function of a new STAT-induced STAT inhibitor. 
Nature 1997; 387: 924-929.

30)	 Dimitriou ID, Clemenza L, Scotter AJ, Chen G, 
Guerra FM, Rottapel R. Putting out the fire: co-
ordinated suppression of the innate and adaptive 
immune systems by SOCS1 and SOCS3 proteins. 
Immunol Rev 2008; 224: 265-283.

31)	 Ueki K, Kondo T, Kahn CR. Suppressor of cyto-
kine signaling 1 (SOCS-1) and SOCS-3 cause 
insulin resistance through inhibition of tyrosine 
phosphorylation of insulin receptor substrate pro-
teins by discrete mechanisms. Mol Cell Biol 2004; 
24: 5434-5446.



Upregulation of miR-142-5p induced by LPS contributes to apoptosis of hepatocytes and hepatic failure

5303

32)	 Ghafouri-Fard S, Oskooei VK, Azari I, Taheri M. 
Suppressor of cytokine signaling (SOCS) genes 
are downregulated in breast cancer. World J Surg 
Oncol 2018; 16: 226.

33)	 Nakagawa S, Serada S, Kakubari R, Hiramatsu 
K, Sugase T, Matsuzaki S, Matsuzaki S, Ueda Y, 

Yoshino K, Ohkawara T, Fujimoto M, Kishimoto 
T, Kimura T, Naka T. Intratumoral Delivery of an 
Adenoviral Vector Carrying the SOCS-1 Gene 
Enhances T-Cell-Mediated Antitumor Immunity 
By Suppressing PD-L1. Mol Cancer Ther 2018; 
17: 1941-1950.


