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Inhibition of micro RNA miR-122-5p prevents lipopolysaccharide-induced 
myocardial injury by inhibiting oxidative stress, inflammation and apoptosis via 
targeting GIT1
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ABSTRACT
Myocardial injury resulting from sepsis is the leading cause of death worldwide. Micro RNA miR- 
122-5p is involved in various physiological and pathological processes and is highly expressed in 
the heart of septic rats. However, its function in sepsis-caused myocardial injury remains elusive. 
Herein, a rat model of septic myocardial injury was established by intraperitoneal injection of 
lipopolysaccharide (LPS), and cardiomyocyte H9c2 was exposed to LPS to induce sepsis-related 
inflammatory injury in vitro. Inhibition of miR-122-5p suppressed LPS-triggered myocardial injury 
evidenced by decreased heart weight index (HWI), reduced inflammatory cell infiltration and cell 
rupture, and reduced cardiac marker enzymes cTnI and LDH. MiR-122-5p inhibition inhibited ROS 
production and enhanced the activities of antioxidant enzymes CAT, SOD and GSH-px in LPS- 
treated rats and H9c2 cells. MiR-122-5p inhibition reduced the production of pro-inflammatory 
cytokines TNF-α, IL-6 and IL-1β, and inhibited cell apoptosis along with decreased cleaved-caspase 
3 induced by LPS. Moreover, increased GIT1 expression was found following miR-122-5p inhibi-
tion. We further verified GIT1 as a target of miR-122-5p, and silencing GIT1 partially reversed the 
benefits of miR-122-5p loss in LPS-injured H9c2 cells. The HO-1 and NQO-1 expression and Nrf-2 
activation were enhanced by miR-122-5p inhibition, which was reversed by GIT1 depletion, 
indicating the involvement of Nrf-2/HO-1 signaling in regulating miR-122-5p/GIT1-mediated 
cardioprotection. Taken together, our data suggest that inhibition of miR-122-5p may mitigate 
sepsis-triggered myocardial injury through inhibiting inflammation, oxidative stress and apoptosis 
via targeting GIT1, which provides a possible therapeutic target for sepsis.
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1. Introduction

Sepsis is a life-threatening syndrome resulted 
from abnormal systemic host response to infec-
tion [1]. Despite significant advances in the pre-
vention and treatment of sepsis through the use 
of appropriate antibiotics, resuscitation with 
intravenous fluids and vasoactive drugs, sepsis 
remains a major healthcare challenge [2,3]. 

Recently, the occurrence and pathogenesis of sep-
sis are closely linked to excessive inflammation 
and failure of immune system that ultimately 
contributes to cell death [4,5]. Effective preven-
tion of inflammatory response may alleviate sep-
sis injury. Approximately 40% to 60% of the 
patients suffer from sepsis with heart, kidney, 
brain and other organ failure [6,7]. Myocardial 
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injury is the most common clinical manifestation 
of sepsis [8]. Hence, it is essential to identify new 
therapeutic strategies to restore cardiac function 
for declining the mortality in patients with sepsis.

MicroRNAs (miRNAs) are endogenous RNA 
molecules of 18–25 nucleotides that play key 
roles in development, aging, and cell death [9,10]. 
It is reported that miRNAs can bind to the 
3�untranslated region (3�UTR) of protein-coding 
genes to regulate their expression at the post- 
transcriptional level [11,12]. Recently, several 
miRNAs have been proven to be involved in the 
development of sepsis. Inhibition of miR-21-3p or 
elevation of miR-146a can alleviate sepsis-induced 
myocardial depression by reducing inflammatory 
response [13,14]. MiR-150-5p reduces myocardial 
depression in sepsis by inhibiting cardiomyocyte 
apoptosis [15]. Importantly, miR-122-5p is highly 
expressed in septic extracellular vesicles and lipo-
polysaccharide (LPS)-induced septic rats [16,17]. 
Knockdown of miR-122-5p inhibits macrophage- 
related inflammatory responses [18]. However, the 
role of miR-122-5p in sepsis-induced myocardial 
injury and its underlying mechanism are not yet 
fully understood.

G-protein-coupled receptor kinase interacting 
protein-1 (GIT1) is a scaffold protein containing 
various functional domains that possesses anti- 
inflammatory and anti-apoptotic activities [19]. 
Upregulation of GIT1 represses chondrocyte 
apoptosis [20]. GIT1 deletion increases the genera-
tion of pro-inflammatory cytokine interleukin 1β 
(IL-1β) in LPS-activated macrophages [21]. 
Besides, GIT1 plays a critical role in heart. GIT1 
knockdown results in the increase of cardiomyo-
cyte apoptosis and aggravates myocardial injury 
[22]. Bioinformatics prediction suggested that 
miR-122-5p may bind to the 3�UTR of GIT1. 
Therefore, we hypothesize that miR-122-5p exerts 
its function via modulation of GIT1.

In our current study, to explore the function of 
miR-122-5p in LPS-triggered myocardial injury 
and its potential mechanism, we constructed both 
in vivo and in vitro models of sepsis by LPS chal-
lenge. MiR-122-5p expression was remarkably 
increased and GIT1 was reduced in heart tissues 
and H9c2 cardiomyocytes in response to LPS. 
Moreover, further experiments demonstrated the 

cardioprotective role of miR-122-5p inhibition in 
sepsis, which was the first to reveal the effect of 
miR-122-5p on sepsis-induced myocardial injury. 
Our findings suggest that miR-122-5p may be 
a promising therapeutic target for myocardial 
injury post sepsis.

2. Materials and methods

2.1. Animal care and sepsis model

Healthy male Wistar rats (170–190 g, obtained 
from Liaoning Changsheng Biotechnology Co., 
Ltd., Benxi, China) were housed in a controlled 
condition with a temperature of 22 ± 1°C, a humid-
ity of 45–55% and a programmed 12-h light/12-h 
dark cycle for circadian control. All procedures 
carried out in our study were in accordance with 
the protocols of ethical committees of Shengjing 
Hospital of China Medical University 
(2019PS073K) for the Animal Care and Use.

After 1 week of acclimatization, the rats were 
divided into four groups, including control, LPS, 
LPS + negative control antagomir (NC antagomir), 
LPS + miR-122-5p antagomir groups (n = 6 rats 
per group). Each rat was anesthetized by 20% 
urethane. Septic myocardial injury in rats was 
induced by intraperitoneal injection of LPS 
(20 mg/kg) establishing a septic shock model as 
described previously [17,23]. The control rats were 
given the equal volumes of saline. Prior to this, the 
experimental rats were injected via tail vein with 
50 nmol/kg miR-122-5p antagomir or NC antag-
omir for 24 h [24]. Twelve hours after LPS stimu-
lation, the rats were euthanized and weighted 
(body weight, BW). The heart was excised and 
immediately weighted (heart weight, HW). The 
heart weight index (HWI) was calculated as 
HWI = HW/BW [25]. After that, the heart tissues 
were harvested; some were flash frozen in lipid 
nitrogen and some were fixed with 4% 
paraformaldehyde.

2.2. Histological staining

Heart tissues were fixed with 4% paraformalde-
hyde and permeabilized with xylene. After paraf-
fin-embedding and dewaxing, the sections were 
stained with hematoxylin solution and eosin 
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solution (H&E; Solarbio, Beijing, China; Sangon, 
Shanghai, China). Finally, the pathological changes 
were visualized using a microscope under 
200× magnification.

2.3. Cell culture and treatments

Rat H9c2 cardiomyocytes were selected to 
explore the role of miR-122-5p in our in vitro 
study. H9c2 cells were purchased from the 
Shanghai Institute of Biochemistry and Cell 
Biology (Shanghai, China) and maintained in 
DMEM medium supplemented with 10% fetal 
bovine serum (FBS).

When the cell density reached 70%, part of 
H9c2 cells were transfected with miR-122-5p inhi-
bitor or NC inhibitor. The other cells were co- 
transfected with miR-122-5p inhibitor and GIT1 
siRNA or NC siRNA. Cell transfection was per-
formed using lipofectamine 3000 reagent accord-
ing to the protocol of manufacture. The sequences 
of GIT1 siRNA are 5�-GCCAGGCCUUC 
UCUAUGUATT-3� and 5�-UACAUAGAGAAG 
GCCUGGCTT-3�. After 24 h of transfection, 
H9c2 cells were incubated with 10 µg/ml LPS 
[26] for 24 h to induce in vitro sepsis model and 
then harvested for subsequent experiments.

2.4. Biochemistry analysis

The concentrations of cardiac troponin I (cTnI) 
and lactate dehydrogenase (LDH) were deter-
mined following the procedures of the respective 
detection kits. Besides, the production of reactive 
oxygen species (ROS), the activities of enzymes 
catalase (CAT), superoxide dismutase (SOD), glu-
tathione peroxidase (GSH-px), and the levels of 
inflammatory cytokines tumor necrosis factor 
alpha (TNF-α), interleukin-6 (IL-6) and IL-1β 
were detected using the corresponding commercial 
kits. The kits for determining cTnI, TNF-α, IL-6 
and IL-1β levels were purchased from USCN KIT 
INC. (Wuhan, China), and the other kits were 
obtained from Nanjing Jiancheng Bioengineering 
Institute (Nanjing, China).

2.5. Reverse transcription real-time quantitative 
PCR (RT-qPCR)

Total RNA from heart tissues or H9c2 cells was 
isolated using a corresponding extraction kit and 
then reverse-transcribed into cDNA. Real-time 
quantitative PCR (RT-qPCR) was performed to 
detect gene expression levels using a 7500 Real- 
Time PCR System (Applied Biosystems, Waltham, 
MA, USA) according to TB Green® Premix Ex 
Taq™ II (Tli RNase H Plus) kit instructions 
(TaKaRa, Tokyo, Japan). GAPDH, Histone H3 or 
U6 was selected for normalization. Primer 
sequences, synthesized by Sangon Biotech 
(Shanghai, China), are shown below: rno-miR 
-122-5p forward, 5�-CGTGGAGTGTGACAAT 
GGTGTT-3� and reverse, 5�-GTGCAGGGTC 
CGAGGTATTC-3�; U6 forward, 5�-CTCGC 
TTCGGCAGCACA-3� and reverse 5�- 
AACGCTTCACGAATTTGCGT-3�; GIT1 for-
ward, 5�-AGTGAACGGGCAGAACA-3� and 
reverse 5�-GAGGAGGGAGTGAAGGTC-3�; 
heme oxygenase-1 (HO-1) forward, 5�- CGAA 
ACAAGCAGAACCCA-3� and reverse 5�- 
CACCAGCAGCTCAGGATG-3�; NAD(P)H: qui-
none oxidoreductase 1 (NQO-1) forward, 5�- 
GTATGCCACCATGTATGAC-3� and reverse 
5�- GCTTGGAGCAAAGTAGAG-3�; GAPDH 
forward, 5�-CGGCAAGTTCAACGGCACAG-3� 
and reverse 5�-CGCCAGTAGACTCCACGA 
CAT-3�.

2.6. Western blot analysis

Total protein was extracted using RIPA solution, 
and quantified with BCA protein assay kit 
(Beyotime, Shanghai, China). Protein samples 
(20 µg) were then subjected to electrophoresis on 
SDS-PAGE gels (Solarbio, Beijing, China) before 
transferring onto PVDF membranes (Millipore, 
USA). After blocking with 5% nonfat milk for 
1 h, the proteins were incubated overnight at 4°C 
with corresponding primary antibodies against 
GIT1 (1: 500; Boster, USA), caspase 3 (1: 1000; 
CST, USA), nuclear factor erythroid 2-related fac-
tor 2 (Nrf-2; 1: 500; Affinity, China) and GAPDH 
(1: 10000; Proteintech, China). Then, the PVDF 
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membranes were washed with TBST, followed by 
incubation for 1 h with anti-rabbit or anti-mouse 
IgG-peroxidase secondary antibody (1: 3000) at 
room temperature. Protein bands were visualized 
using an enhanced chemiluminescence (ECL) sys-
tem and analyzed by Gel-Pro-Analyzer software.

2.7. Terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) staining

Cardiac apoptosis was examined using a cell death 
detection kit (Roche, Switzerland) according to the 
manufacturer’s recommended procedure. The 
heart samples were fixed, paraffin-embedded, sec-
tioned (5 μm) and then dewaxed. After permeabi-
lization with 0.1% Triton X–100 for 8 min, the 
sections were labeled with TUNEL reagent and 
then counterstained with DAPI in the dark. All 
the fluorescent digital photographs were taken 
under a 400 × microscope.

2.8. Flow cytometric analysis of cell apoptosis 
and ROS generation

Apoptosis of H9c2 cells was determined by a cell 
apoptosis detection kit (Dojindo, Japan). After 
centrifugation at 1000 g for 5 min, the cells were 
resuspended in the binding buffer and then treated 
with 5 μl Annexin V-FITC reagent and 5 μl 
Propidium Iodide (PI) in the darkness (4°C, 
15 min). The apoptosis rate was evaluated using 
a flow cytometer.

The ROS content in H9c2 cells was detected by 
the ROS detection kit (Keygen, Nanjing, China). 
H9c2 cells were centrifuged at 140 g for 5 min and 
incubated with 1 ml DCFH-DA for 30 min (37°C). 
After resuspension in 500 μl PBS, flow cytometry 
was performed to measure the ROS content.

2.9. Luciferase reporter assay

The wild-type (WT) and mutant (Mut) 3�UTR 
sequences of GIT1 were synthesized in Nanjing 
Genscript Co., ltd. (Nanjing, China) and inserted 
into luciferase reporter vectors, and named as 
GIT1 3�UTR (WT) and GIT1 3�UTR (Mut), 
respectively. After that, H9c2 cells were co- 
transfected with the recombinant plasmid and 
miR-122-5p mimics or NC mimics using 

lipofectamine 3000. After 48 h, luciferase activity 
was measured using the dual-luciferase reporter 
assay system (Keygen, Nanjing, China). The lucifer-
ase activity value was normalized with Renilla luci-
ferase control.

2.10. Statistical analysis

All statistical calculations and analyses were per-
formed using the GraphPad Prism 8.0 software. 
Statistical differences between two groups were 
analyzed by student’s t-test, while comparison 
between multiple groups was analyzed using one- 
way analysis of variance (ANOVA) followed by 
Tukey’s multiple comparisons test. The results 
were expressed as mean ± SD. The difference was 
considered significant with a value of p < 0.05.

3. Results

3.1. Inhibition of miR-122-5p alleviates 
LPS-induced myocardial injury in rats

To establish a sepsis model in vivo, the rats were 
intraperitoneally injected with 20 mg/kg LPS. As 
illustrated in Figure 1, at 12 h after LPS treatment, 
we observed increased miR-122-5p expression and 
reduced GIT1 mRNA and protein levels. 
Moreover, HW/BW was greater in the LPS- 
induced rats than that in the control group. H&E 
staining results showed that LPS triggered infiltra-
tion and rupture of inflammatory cells in the 
heart. Biochemical analysis revealed that LPS 
induced increased levels of cTnI and LDH, mar-
kers of myocardial injury. These data indicated 
that a sepsis model was successfully induced in 
rats.

To study the function of miR-122-5p in sepsis- 
induced heart injury, the rats were administrated 
with miR-122-5p antagomir or NC antagomir, 
followed by sepsis induction. Twelve hours after 
LPS treatment, miR-122-5p expression was sig-
nificantly down-regulated but GIT1 was up- 
regulated by miR-122-5p antagomir injection 
(Figure 1(a,b)). Moreover, miR-122-5p inhibition 
reduced the HWI of septic rats compared with 
the LPS+NC antagomir group (Figure 1(c)). H&E 
staining suggested that miR-12-5p inhibition 
apparently improved LPS-caused inflammatory 
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damage in heart (Figure 1(d)). Inhibition of miR- 
122-5p lowered the levels of cTnI and LDH in 
the heart (Figure 1(e)). These results indicate 
that miR-122-5p inhibition has a protective effect 
on LPS-induced myocardial injury, which may be 
related to the regulation of GIT1.

3.2. Inhibition of miR-122-5p attenuates 
oxidative stress, inflammation and apoptosis in 
sepsis rats

To clarify the regulatory mechanisms of miR- 
122-5p in sepsis-induced myocardial injury, the 
following experiments were conducted. Based on 

biochemistry analysis, we noticed that the rela-
tive ROS level in the LPS group was significantly 
higher than that in the control group, while it 
was decreased by miR-122-5p inhibition (Figure 
2(a)). The activities of CAT, SOD and GSH-px 
were decreased in the heart of septic rats, while 
inhibiting miR-122-5p increased their activities 
(Figure 2(b)). Moreover, LPS strongly augmented 
the release of pro-inflammatory factors TNF-α, 
IL-6, and IL-1β, which could be partially reversed 
by inhibition of miR-122-5p (Figure 2(c)). In the 
sepsis group, there were a large number of 
TUNEL-positive cells, whereas miR-122-5p inhi-
bition reduced the degree of apoptosis in the 

Figure 1. Inhibition of micro RNA miR-122-5p on lipopolysaccharide-induced myocardial injury. Wistar rats were intravenously 
injected with miR-122-5p antagomir, followed by lipopolysaccharide (LPS) stimulation (n = 6 rats per group). (a-b) After LPS 
treatment for 12 h, heart tissues were harvested for the relative expression levels of miR-122-5p and G-protein-coupled receptor 
kinase interacting protein-1 (GIT1) using real-time quantitative PCR (RT-qPCR) or western blot assay. (c) The ratio of heart weight/ 
body weight (HW/BW) was calculated. (d) Hematein and eosin (H&E) staining revealed the effect of miR-122-5p on LPS-induced 
histopathological changes in heart. (e) Levels of cardiac troponin I (cTnI) and lactate dehydrogenase (LDH) were examined by 
enzyme-linked immunosorbent assay (ELISA). ***p < 0.001 versus control; ##p < 0.01, ###p < 0.001 versus LPS + NC antagomir.
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heart (Figure 2(d)). Western blot analysis further 
confirmed that miR-122-5p inhibition sup-
pressed cell apoptosis evidenced by down- 
regulated cleaved-caspase 3 expression (Figure 2 

(e)). These results suggest that miR-122-5p inhi-
bition ameliorates LPS-induced oxidative stress, 
inflammatory response and apoptosis in heart of 
rats.

Figure 2. Inhibition of micro RNA miR-122-5p prevents myocardial injury in sepsis rats. (a) The production of reactive oxygen species 
(ROS) in the heart was determined using enzyme-linked immunosorbent assay (ELISA). (b) The activities of catalase (CAT), superoxide 
dismutase (SOD) and glutathione peroxidase (GSH-px), the key enzymes related to oxidative stress, were measured. (c) The release of 
inflammatory cytokines tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6) and IL-1β was analyzed by ELISA kits. (d) Hearts were 
sectioned for terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) analysis to visualize lipopolysaccharide (LPS)- 
triggered apoptosis. (e) Western blot was carried out for determining the expression of caspase-3, a protein associated with 
apoptosis. ***p < 0.001 versus control; ##p < 0.01, ###p < 0.001 versus LPS + NC antagomir.
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Figure 3. In vitro analysis for beneficial role of inhibiting micro RNA miR-122-5p in lipopolysaccharide (LPS)-induced apoptosis. (a-b) 
Rat H9c2 cells were treated with LPS for 12 h or 24 h, and the expression levels of miR-122-5p and G-protein-coupled receptor kinase 
interacting protein-1 (GIT1) were assessed by real-time quantitative PCR (RT-qPCR) or western blot analysis. (c-d) H9c2 cells were 
transfected with NC inhibitor or miR-122-5p inhibitor for 24 h, followed by LPS treatment for another 24 h under proper culture 
conditions. After that, miR-122-5p and GIT1 expression levels were measured. (e) The contents of cardiac troponin I (cTnI) and lactate 
dehydrogenase (LDH) were detected by appropriate kits. (f) Flow cytometry showed the apoptosis of LPS-stimulated myocardial 
cells. (g) Western blot analysis illustrated the changes of caspase-3 expression. **p < 0.01, ***p < 0.001 versus control; ++p < 0.01, ++ 

+p < 0.001 versus LPS + NC inhibitor.
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3.3. Inhibition of miR-122-5p repressed 
LPS-induced cell damage

To induce inflammatory injury in vitro, H9c2 cells 
were stimulated with 10 µg/ml LPS. It was shown 

that LPS treatment increased miR-122-5p expres-
sion but decreased GIT1 in a time-dependent 
manner in H9c2 cardiomyocytes (Figure 3(a,b)). 
To further validate the role of miR-122-5p in 

Figure 4. Inhibition of micro RNA miR-122-5p suppresses lipopolysaccharide (LPS)-induced oxidative stress and inflammatory 
response. (a) Reactive oxygen species (ROS) production was determined by a flow cytometer. (b) The enzymes catalase (CAT), 
superoxide dismutase (SOD), glutathione peroxidase (GSH-px) activities were measured using the manufacturer’s kits. (c) Western 
blot was performed to measure the nuclear factor erythroid 2-related factor 2 (Nrf-2) expression in the cytoplasm and nucleus. (d) 
Real-time quantitative PCR (RT-qPCR) was used for heme oxygenase-1 (HO-1) and NAD(p)H: quinone oxidoreductase 1 (NQO-1) 
levels. (e) The concentrations of tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6) and IL-1β were quantified by enzyme-linked 
immunosorbent assay (ELISA) kits. ***p < 0.001 versus control; +p < 0.05, ++p < 0.01, +++p < 0.001 versus LPS + NC inhibitor.
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sepsis injury, H9c2 cells were transfected with 
miR-122-5p inhibitor or NC inhibitor, followed 
by LPS exposure. After 24 h of sepsis induction, 
RT-qPCR analysis demonstrated that miR-122-5p 
inhibitor transfection induced the decrease in 
miR-122-5p expression and the increase in GIT1 
mRNA and protein levels (Figure 3(c,d)). Besides, 
miR-122-5p inhibition reduced the concentrations 
of cTnI and LDH (Figure 3(e)). Inhibiting miR- 
122-5p diminished LPS-triggered cell apoptosis, 
along with the reduction of cleaved-caspase 3 
expression (Figure 3(f,g)). In continuation, inhibi-
tion of miR-122-5p also eliminated the elevation in 
ROS level and the decrease in CAT, SOD, GSH-px 
activities induced by LPS (Figure 4(a,b)). MiR-122- 
5p inhibition decreased the generation of LPS- 
induced TNF-α, IL-6, IL-1β (Figure 4(e)). In addi-
tion, we found that LPS led to a reduction in Nrf-2 

accumulation in the nucleus, accompanied by 
declined HO-1 and NQO-1 levels, but these results 
were reversed by miR-122-5p inhibition (Figure 4 
(c,d)). All findings indicate that inhibition of miR- 
122-5p prevents LPS-induced inflammatory 
response, oxidative stress, and apoptosis in cardi-
omyocytes, which may be involved in activation of 
the Nrf-2/HO-1 pathway.

3.4. GIT1 is a binding effector of miR-122-5p

To achieve the overexpression or knockdown of 
miR-122-5p, H9c2 cells were transfected with 
miR-122-5p mimics, or miR-122-5p inhibitor or 
their controls NC mimics and NC inhibitor. After 
48 h of transfection, RT-qPCR was performed to 
verify the efficiency of transfection. It was shown 
that miR-122-5p expression was increased by miR- 

Figure 5. Potential downstream target gene of micro RNA miR-122-5p. H9c2 cells were transfected with NC mimics, miR-122-5p 
mimics, NC inhibitor and miR-122-5p inhibitor for 48 h. (a-b) The expression levels of miR-122-5p and G-protein-coupled receptor 
kinase interacting protein-1 (GIT1) were verified by real-time quantitative PCR (RT-qPCR) assay. (c) The predicted binding sites of 
miR-122-5p in the 3�-UTR of GIT1, and the sequence information of miR-122-5p and GIT1 (wild- or mutant- type) was displayed. (d) 
Luciferase assay verified the correlation between miR-122-5p and GIT1. aap < 0.01, aaap < 0.001 versus NC mimics; bbbp < 0.001 
versus NC inhibitor; ddp < 0.01 versus NC mimics + GIT1 3�UTR (WT).
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122-5p mimics, but it was decreased by miR-122- 
5p inhibitor (Figure 5(a)). Also, miR-122-5p over-
expression significantly lowered GIT1 level, while 
miR-122-5p inhibition enhanced it (Figure 5(b)). 
To clarify the relationship between miR-122-5p 
and GIT1, the bioinformatics sites Targetscan 
and miRDB were utilized. Figure 5(c) showed the 
3�UTR sequences of wild-type and mutant GIT1 
and the potential seed pairing sites between miR- 
122-5p and GIT1. In parallel, luciferase reporter 
assay suggested that miR-122-5p mimics reduced 
the luciferase activity of GIT1 (WT) rather than 
GIT1 (Mut) (Figure 5(d)). Overall, we verify that 
GIT1 may be a target gene of miR-122-5p in 
myocardial cells.

3.5. Silencing GIT1 diminished the beneficial 
effect of miR-122-5p loss in LPS-induced 
cardiomyocyte injury

To further explore whether miR-122-5p exhibited 
its role in sepsis-induced myocardial injury via 
miR-122-5p/GIT1 axis. We first knocked down 
GIT1 in H9c2 cells by transfection with GIT1 
siRNA as displayed in Figure 6(a). Next, H9c2 
cells were co-transfected with GIT1 siRNA and 
miR-122-5p inhibitor, and then subjected to LPS 
to confirm the function of miR-122-5p/GIT1 axis. 
It was found that GIT1 expression was reduced in 
LPS-induced myocardial cells (Figure 6(b)). Also, 
flow cytometry assays showed that GIT1 deficiency 
abolished the effect of miR-122-5p inhibition on 
cell apoptosis and ROS production (Figure 6(c,d)). 
Biochemical analysis demonstrated that GIT1 defi-
ciency increased the LDH content and TNF-α level 
and reduced SOD activity (Figure 6(e-g)). In addi-
tion, we found that the effect of miR-122-5p inhi-
bitor on Nrf-2/HO-1 pathway could be reversed by 
GIT1 deletion as reflected by reduced HO-1, 
NQO-1 and Nrf-2 expression levels (Figure 7(a, 
b)). Collectively, these data indicate that miR- 
122-5p inhibition may exert a protective role 
against septic myocardial injury via monitoring 
GIT1 expression and Nrf-2 activation.

4. Discussion

Myocardial injury occurs in the early stage of 
sepsis and is the main cause of death in patients 

with sepsis. Previous reports have revealed that 
miRNAs can serve as potential targets for the 
detection of sepsis [13,15]. In our study, we 
demonstrated that miR-122-5p expression was 
up-regulated in rat hearts and myocardial cells 
with LPS induction. With the in vivo and in vitro 
sepsis models, we found that inhibition of miR- 
122-5p alleviated LPS-induced myocardial injury, 
which was the first to reveal the function of miR- 
122-5p in septic heart injury. Also, GIT1 was 
down-regulated in response to sepsis, and it 
might be a target gene of miR-122-5p. Silencing 
GIT1 partially reversed the effect of miR-122-5p 
inhibition on myocardial dysregulation, which 
was possibly mediated by the Nrf-2/HO-1 signal-
ing pathway.

Sepsis is considered to be a complicated biolo-
gical process characterized by an overactive 
inflammatory reaction [27]. Increasing studies 
have shown that miRNAs play important roles in 
the regulation of immune response in sepsis [28]. 
In the current study, we demonstrated that miR- 
122-5p expression was elevated in response to 
sepsis, which was in line with those of a previous 
study [29]. However, little is known about the role 
of miR-122-5p in sepsis-induced myocardial injury 
and the underlying mechanisms. It is reported that 
the loss of miR-122-5p has anti-inflammatory 
effects in cardiovascular diseases [30]. Zhao et al. 
found that down-regulating miR-122-5p inhibits 
macrophage-related inflammation [18]. 
Consistent with these studies, our results suggested 
that inhibition of miR-122-5p reduced inflamma-
tory cell infiltration and cTnI and LDH levels in 
the heart. Also, miR-122-5p inhibition signifi-
cantly repressed the LPS-induced release of pro- 
inflammatory factors TNF-α, IL-6 and IL-1β in 
heart of septic rats and myocardial cells. These 
findings indicate the anti-inflammatory role of 
low miR-122-5p in septic myocardial injury. 
Moreover, oxidative stress is a process of pro- 
oxidant/antioxidant balance, which exhibits 
important roles in the pathogenesis of sepsis [31]. 
The involvement of miR-122-5p in oxidative stress 
has been the focus of research. Lu et al. revealed 
that miR-122-5p exaggerates LPS-induced oxida-
tive stress in liver [32]. Song et al. showed that 
miR-122-5p inhibition prevents the promotion of 
angiotensin II–induced oxidative stress [33]. Our 

BIOENGINEERED 1911



results showed that inhibiting miR-122-5p could 
decrease ROS generation and increase the activ-
ities of antioxidant enzymes CAT, SOD and GSH- 
px in septic rat and H9c2 cells. Thus, miR-122-5p 

inhibition has an antioxidant effect on myocardial 
injury with sepsis. Meanwhile, cell apoptosis is also 
a contributor to the progression of septic heart 
damage, and inhibition of myocardial cell 

Figure 6. G-protein-coupled receptor kinase interacting protein-1 (GIT1) deficiency attenuates the effects of micro RNA miR-122-5p 
loss on myocardial injury. (a) H9c2 cells were transfected with GIT1 siRNA to downregulate GIT1 expression. (b) The cells were 
transfected with GIT1 siRNA and/or miR-122-5p inhibitor, and then induced by lipopolysaccharide (LPS). GIT1 expression at mRNA 
and protein levels was then measured using real-time quantitative PCR (RT-qPCR) or western blot. (c) Apoptosis of myocardial cells 
was analyzed by flow cytometry. (d) Reactive oxygen species (ROS) production was examined using flow cytometry. (e-g) The 
contents of lactate dehydrogenase (LDH), superoxide dismutase (SOD) and tumor necrosis factor alpha (TNF-α) were assessed by the 
enzyme-linked immunosorbent assay (ELISA) kits. XXXp < 0.001 versus NC siRNA; ^p < 0.05, ^^p < 0.01, ^^^p < 0.001 versus LPS + 
miR-122-5p inhibitor + NC siRNA.
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apoptosis could attenuate heart injury [34]. It has 
shown that silencing miR-122-5p inhibits apopto-
sis of myocardial cells [35,36]. In accordance with 
our findings, miR-122-5p inhibition delayed LPS- 
triggered cell apoptosis in vivo and in vitro, along 
with reduced caspases-3 activity. Collectively, these 
findings indicate that miR-122-5p inhibition exerts 
anti-inflammatory, antioxidant and anti-apoptotic 
effects on sepsis-induced myocardial injury.

GIT1 is a multi-function scaffold protein that 
has been verified as an important regulator in 
the heart. Pang et al. revealed that silencing 
GIT1 promotes cardiomyocyte apoptosis and 
myocardial injury [22]. Our results demon-
strated that GIT1 was a target gene of miR- 
122-5p and was low-expressed in sepsis. We 
speculated that the effect of miR-122-5p on sep-
sis may be associated with the modulation of 
GIT1. Moreover, Zhao et al. found that GIT1 
possesses antioxidant and anti-inflammatory 
roles in LPS-induced macrophages [21]. In line 
with the previous studies, we confirmed that 
GIT1 deficiency partially reversed miR-122-5p 
inhibition-mediated protective effect on sepsis 
as evidenced by increased cell apoptosis, trig-
gered ROS production, elevated LDH content, 
enhanced TNF-α level, and reduced SOD activ-
ity. These results demonstrated that the cardio-
protective roles of miR-122-5p inhibition in 
sepsis-induced myocardial injury may be 
achieved by negatively regulating GIT1.

Nrf-2 is considered as a cytoprotective regulator, 
whose activation is associated with the attenuation 
of sepsis-induced heart injury [37]. We further ana-
lyzed whether the effect of miR-122-5p/GIT1 axis 
on sepsis is regulated by the Nrf-2 signaling path-
way. Meng et al. reported that miR-122-5p loss 
attenuates LPS-induced liver injury through up- 
regulating Nrf-2 [38]. Qiu et al. found that miR- 
122-5p contributes to the down-regulation of HO-1, 
a downstream regulator of Nrf-2 [39]. Zhao et al. 
also revealed that GIT1 can activate Nrf-2 and 
reduce inflammatory response in LPS-induced 
macrophages [21]. As expected, we found that inhi-
bition of miR-122-5p elevated the total and nuclear 
Nrf-2 levels, as well as its downstream HO-1 and 
NQO-1, which were reversed by GIT1 depletion. 
These findings further support the possibility that 
miR-122-5p inhibition-mediated protective effect 
against myocardial injury in sepsis may be modu-
lated by the GIT-1-induced Nrf-2 signaling path-
way. Although there are limitations in identifying 
the possible pathogenic mechanisms of myocardial 
injury in sepsis, the discovery of the Nrf-2 signaling 
pathway in relation to miR-122-5p/GIT1 axis con-
tributes to our better understanding of the patho-
genesis of septic myocardial injury.

5. Conclusion

This study provides further evidence for the func-
tional role of miR-122-5p in the regulation of 

Figure 7. G-protein-coupled receptor kinase interacting protein-1 (GIT1) deficiency inhibits nuclear factor erythroid 2-related factor 2 
(Nrf-2) activation. (a) Real-time quantitative PCR (RT-qPCR) assay was used to measure the heme oxygenase-1 (HO-1) and NAD(p)H: 
quinone oxidoreductase 1 (NQO-1) expression. (b) Nuclear Nrf-2 level was revealed using western blot analysis. ^^p < 0.01 versus LPS 
+ miR-122-5p inhibitor + NC siRNA.
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sepsis-induced myocardial injury. Inhibition of 
miR-122-5p effectively alleviates LPS-induced 
myocardial injury and inhibits inflammatory 
response, oxidative stress, and apoptosis by target-
ing GIT1, which is possibly associated with the 
Nrf-2/HO-1 pathway. Thereby, miR-122-5p may 
be a promising therapeutic target for patients 
with septic myocardial injury.

Highlights

● Inhibition of miR-122-5p suppressed LPS- 
triggered myocardial injury.

● MiR-122-5p inhibition reduced inflammatory 
response, oxidative stress and apoptosis in 
heart.

● GIT1 was verified as a target of miR-122-5p.
● Nrf-2/HO-1 is involved in regulating miR- 

122-5p/GIT1-mediated cardioprotection.
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