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Abstract

The purpose of this study was to investigate the expression and clinical value of microRNA-451a (miR-451a) in septic
patients and analyze its effect on sepsis-associated cardiac dysfunction and inflammation response. A rat model of
sepsis was constructed by cecal ligation and puncture. The expression of miR-451a was measured by quantitative
real-time PCR. Receiver operating characteristic (ROC) analysis was used to assess the diagnostic value of serum
miR-451a. The cardiac function and inflammatory responses in septic rats were measured to explore the functional role
of miR-451a. Serum expression of miR-451a was increased in septic patients compared with healthy controls, and had
the ability to distinguish septic patients from healthy volunteers with a sensitivity and specificity of 87.8% and 81.5%, re-
spectively. Elevated serum miR-451a was associated with sepsis severity, as evidenced by the increased expression
of miR-451a in septic shock patients and its correlation with key clinical indicators. Significantly upregulated expression
of miR-451a was found in septic patients with cardiac dysfunction, and the knockdown of miR-451a in sepsis rats im-
proved cardiac function and inhibited inflammatory responses. All the data revealed that serum miR-451a serves as a
candidate diagnostic biomarker of sepsis and a potential parameter to indicate disease severity. The reduction of
miR-451a may mitigate sepsis-induced cardiac dysfunction and inflammatory responses.
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Introduction

Sepsis is a systemic inflammatory response syndrome
resulting from infection and a leading cause of multiple or-
gan failure and even death (Napolitano, 2018). The patho-
genesis of sepsis is characterized by uncontrolled
inflammatory responses and immune dysfunction (Rello et

al., 2017). Although progress has been made in the treatment
and life support for this condition, the mortality of sepsis re-
mains high especially in intensive care units (ICU) (Verdonk
et al., 2017). Septic shock (SS) is defined as a subset of sep-
sis with profound cellular, circulatory and metabolic abnor-
malities. Patients with SS have a significantly higher
mortality rate compared with patients with sepsis alone
(Cecconi et al., 2018). Thus, early diagnosis and precise pre-
diction of the onset of SS are important to improve the prog-
nosis of sepsis. Cardiac dysfunction is considered to be a
frequent complication of severe sepsis, and is responsible for
the deaths occurred in sepsis patients in ICU (Zheng et al.,
2017). Therefore, in addition to antibiotics treatments and
symptomatic therapeutic methods, such as restoration of
blood pressure and systemic perfusion, the strategies to re-
duce cardiac dysfunction have also received increasing at-
tention (Lv and Wang, 2016).

MicroRNAs (miRNAs) are a group of small
noncoding RNAs without protein coding capacity
(Reithmair et al., 2017). MiRNAs are characterized by their
post-transcriptional regulatory function in gene expression.
MiRNAs can directly bind to the 3’-untranslated region
(3’-UTR) of targeted messenger RNA (mRNA), leading to
the inhibition of gene expression (Sun et al., 2018). In addi-
tion, the biological function of miRNAs has been uncovered
in various cellular processes, such as proliferation, differen-
tiation, migration, aging and apoptosis (Guo et al., 2018).
Multiple miRNAs have been found to be abnormally ex-
pressed in human infectious diseases, including sepsis (Benz
et al., 2016; Dumache et al., 2015). Some functional
miRNAs have been reported to participate in the patho-
genesis of sepsis and be related to the onset and development
of cardiac dysfunction, such as miR-155 (Zhou et al., 2017)
and miR-146a (Gao et al., 2015). A previous study has in-
vestigated the circulating miRNAs with aberrant expression
in mice subjected to cecal ligation and puncture (CLP), and
miR-451a (previously miR-451) was found to be
upregulated in an animal model of sepsis (Wu et al., 2013).
However, the precise expression patterns of miR-451a in
septic patients remain unknown. In addition, the inhibition
of miR-451a has been demonstrated to contribute to cardio-
protection in several previous publications (Li et al., 2019;
Wang et al., 2012). Thus, we wondered whether miR-451a
was also involved in the regulation of sepsis-induced cardiac
dysfunction.
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In this study, the expression of miR-451a was analyzed
in septic patients, and its diagnostic value was evaluated. In
addition, the effect of miR-451a on sepsis-induced inflam-
matory responses and cardiac dysfunction was further ex-
plored in an animal model of sepsis. The results of this study
may provide a novel biomarker of sepsis and a potential ther-
apeutic target for the treatment of sepsis.

Material and Methods

Patients and sample collection

A total of 98 septic patients were recruited in this study
from the ICU of Shengli Oilfield Central Hospital between
2016 and 2018. The patients were diagnosed following the
Surviving Sepsis Campaign: International Guidelines for
Management of Severe Sepsis and Septic Shock, 2016
(Rhodes et al., 2017). The exclusion criteria were as follows:
1) less than 18 years old; 2) patients with pregnant or lactat-
ing patients; 3) in an immunocompromised state; 4) with
positive immunodeficiency virus infection. All of the pa-
tients were further grouped into non-SS group (n = 70) and
SS group (n = 28) based on the occurrence of SS according to
the Third International Consensus Definitions for Sepsis and
Septic Shock (Singer et al., 2016). According to the heart
function monitor results, 59 septic patients had cardiac dys-
function, including 19 SS patients and 40 non-SS patients. In
addition, 65 healthy volunteers were enrolled to serve as a
control group. Venous blood was collected from the partici-
pants and serum samples were extracted by centrifugation.
The demographic and clinical characteristics of the study
population, including age, gender, body mass index (BMI),
albumin, serum creatinine (Scr), white blood cell (WBC),
C-reactive protein (CRP), procalcitonin (PCT), Acute Physi-
ology and Chronic Health Evaluation II (APACHE II) score
and Sequential Organ Failure Assessment (SOFA) score,
were summarized in Table 1. This study was performed with
the approval of the Ethics Committee of Shengli Oilfield
Central Hospital, and written informed consent was obtained
from each patient.

Animal grouping and sepsis animal model

Male Sprague–Dawley (SD) rats (weighting 250 - 300
g) were purchased from the Laboratory Animal Center of
Nanjing Medical University (Nanjing, Jiangsu Province,
China) and grouped into four groups, including sham group
(n = 10), sepsis model group (n = 8), miR-451a negative con-
trol (NC) group (n = 9) and miR-451a antagomir group (n =
10). Each group included at least eight viable individuals.
Rats in the sepsis model group were subjected to CLP to in-
duce sepsis condition as previously described (Dejager et al.,
2011). Briefly, after the anesthesia with sodium
pentobarbital (50 mg/kg, Sigma, St. Louis, MO, USA), a
midline incision was conducted on the rats’ anterior abdo-
men, then the cecum was ligated at its position of 30%. The
cecum was punctured twice before closing the abdominal
cavity, and the fecal material was extruded. The rats in the
miR-451a NC group and miR-451a antagomir group were

intravenously injected with miR-451a NC sequence (10 �g;
5’-UUGUACUACAAAAGUACUG-3’) or miR-451a
antagomir (10 �g;
5’-AACUCAGUAAUGGUAACGGUUU-3’;
GenePharma, Shanghai, China), respectively, at 24 h prior to
the surgery. Rats in the sham group received the same surgi-
cal procedure without ligation and puncture. After the sur-
gery, all of the rats were injected with 1 mL of normal saline
for resuscitation. All rats were killed 12 hours postopera-
tively with an overdose of a general anesthetic (thiopental
sodium, 50 mg/kg), and the myocardial tissues were col-
lected quickly.

RNA extraction and quantitative real-time PCR
(qRT-PCR)

Total RNA was extracted from serum of patients and
serum and myocardial tissues of rats using Trizol reagent
(Life Technologies Corporation, Carlsbad, CA, USA).
cDNA was obtained by reveres transcription from RNA by
using a TaqMan miRNA reverse transcription kit (Applied
Biosystems, Foster City, CA, USA). The relative expression
of miR-451a was analyzed using quantitative PCR (qPCR)
with a One Step SYBR® PrimeScript®PLUS RT-RNA PCR
kit (TaKaRa Biotechnology, Dalian, China), and the final
expression values were calculated using the comparative
delta CT (2-Ä�Ct) method, with normalization to U6.

Cardiac function and blood cytokines analyses

The cardiac function and inflammatory responses of
rats in different groups were analyzed. As previously de-
scribed (Chen et al., 2018), after the rats were anesthetized,
the catheter was inserted into the left ventricle through the
right common artery. Then the cardiac function of rats was
analyzed by the MFLab 3.01 package in FDP-1 HRV & BRS
analysis system (Shanghai Jialong, Shanghai, China), the
left ventricular peak pressure (LVPP), left ventricular end
diastolic pressure (LVEDP) and maximum rate of rise/fall of
left ventricle pressure (� dp/dtmax) were examined. After col-
lecting blood samples were collected from rats in each
group, an enzyme-linked immunosorbent assay (ELISA)
was used to measure the levels of cardiac function bio-
markers, including cardiac troponin I (cTnI) and creative
kinase isoenzyme MB (CK-MB), and pro-inflammatory cy-
tokines, including tumor necrosis factor alpha (TNF-�),
interleukin 6 (IL-6) and IL-1�.

Statistical analysis

Data obtained from this study were expressed as mean
� SD and were analyzed using the SPSS version 18.0 soft-
ware (SPSS Inc., Chicago, IL) and GraphPad Prism 5.0 soft-
ware (GraphPad Software, Inc., USA). Differences between
groups were analyzed using Student’s t test, Chi-square test
or one-way ANOVA. Correlation analysis was performed
using Pearson correlation coefficient. Receiver operating
characteristic (ROC) analysis was performed to evaluate the
diagnostic value of serum miR-451a in septic patients. A P
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value of less than 0.05 was considered to be statistically sig-
nificant.

Results

Baseline characteristics of the study population

The demographic and clinical characteristics of the
study population were listed in Table 1. The results indicated
that there were no differences in age, gender and BMI be-
tween the septic patients and healthy controls (all P > 0.05).
Compared with the healthy controls, septic patients had
higher serum levels of Scr, WBC, CRP and PCT and lower
albumin concentrations (all P < 0.001). This study evaluated
the APACHE II score and SOFA score to determine the se-
verity of sepsis in patients, and the APACHE II score was
11.57 � 2.66 and SOFA score was 5.60 � 1.55.

Upregulated expression of miR-451a in sepsis

According to qRT-PCR, the expression of miR-451a
in the study population was examined. As shown in Figure
1A, serum expression of miR-451a was significantly in-
creased in septic patients compared with healthy controls (P
< 0.001). Similarly, the elevated expression of miR-451a

was also observed in the sepsis rats (P < 0.001, Figure 1B),
which was generated by CLP. The 98 septic patients in-
cluded 28 SS cases, and the expression data showed that
miR-451a expression was higher in SS patients than in the
the non-SS cases (P < 0.01, Figure 1C), indicating that
miR-451a might be involved in the severity of sepsis. Fur-
thermore, the cardiac function in the patients was evaluated,
and 59 cases with cardiac dysfunction were found among the
98 septic patients. Notably, the patients with cardiac dys-
function had the higher miR-451a expression levels than
those with normal cardiac function (P < 0.01, Figure 1D)

Relationship of miR-451a expression with clinical
characteristics of septic patients

To further explore the potential role of miR-451a in the
development of sepsis, the relationship between miR-451a
and patients’ clinical data was assessed. The results listed in
Table 2 indicated that serum miR-451a was positively corre-
lated with Scr, WBC, PCT, CRP, APACHE II score and
SOFA score (all P < 0.05), but had no significant correlation
with age, gender, BMI and albumin (all P > 0.05), which in-
dicated that miR-451a might be involved in the progression
of sepsis and associated with disease severity.

Diagnostic performance of miR-451a in patients with
sepsis

Considering the significantly increased expression of
miR-451a in sepsis patients, an ROC curve based on serum
miR-451a was constructed to evaluate the diagnostic poten-
tial of miR-451a. As shown in Figure 2A, the area under the
curve (AUC) was 0.897, with a sensitivity and specificity of
87.8% and 81.5%, respectively, at a cutoff value of 1.465,
suggesting the diagnostic accuracy of miR-451a to distin-
guish septic patients from healthy volunteers. In addition,
this study further evaluated the ability of miR-451a to differ-
entiate SS patients from non-SS patients. The ROC curve
shown in Figure 2B indicated that miR-451a could screen SS
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Table 1 - Baseline characteristics of sepsis patients and healthy volun-
teers.

Features Healthy controls Sepsis patients P value

(n = 65) (n = 98)

Age 58.43 � 6.67 57.35 � 7.33 0.340

(mean � SD, year)

Gender 38/27 56/42 0.867

(male/female)

BMI 21.30 � 2.08 21.38 � 2.11 0.816

(mean � SD, kg/m2)

Scr 1.10 � 0.29 1.83 � 0.23 < 0.001

(mean � SD, mg/dL)

Albumin 39.06 � 3.48 24.67 � 2.90 < 0.001

(mean � SD, g/L)

WBC 8.04 � 0.88 18.94 � 3.55 < 0.001

(mean � SD, 109/L)

CRP 6.04 � 1.20 97.65 � 19.77 < 0.001

(mean � SD, mg/L)

PCT 0.04 � 0.02 13.07 � 3.74 < 0.001

(mean � SD, ng/mL)

APACHE II score - 11.57 � 2.66 -

(mean � SD)

SOFA score - 5.60 � 1.55 -

(mean � SD)

BMI, body mass index; Scr, serum creatinine; WBC, white blood cell;
CRP, C-reactive protein; PCT, procalcitonin; APACHE, acute physiology
and chronic health evaluation; SOFA, sequential organ failure assessment.

Table 2 - Correlation of miR-451a with clinical characteristics of sepsis
patients.

Parameters miR-451a expression

Correlation coefficient (r) P value

Age 0.113 0.534

Gender 0.057 0.629

BMI 0.145 0.582

Scr 0.233 0.045

Albumin -0.134 0.089

WBC 0.548 < 0.001

CRP 0.519 < 0.001

PCT 0.602 < 0.001

APACHE II score 0.621 < 0.001

SOFA score 0.647 < 0.001

BMI, body mass index; Scr, serum creatinine; WBC, white blood cell;
CRP, C-reactive protein; PCT, procalcitonin; APACHE, acute physiology
and chronic health evaluation; SOFA, sequential organ failure assessment.



cases from non-SS patients, yielding an AUC of 0.858 (sen-
sitivity: 75.0%, specificity: 91.4%, cutoff value: 2.255). Fur-
thermore, given the higher miR-451a expression in patients
with cardiac dysfunction, a ROC curve based on serum
miR-451a in patients with different cardiac function status

was plotted. As shown in Figure 2C, serum miR-451a might
have a relatively good clinical value to predict the occur-
rence of cardiac dysfunction in septic patients, with an AUC
of 0.890, a sensitivity of 86.4% and specificity of 82.1% at
the cutoff value of 1.955.
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Figure 1 - Serum expression of miR-451a in sepsis patients and animals. A. Serum miR-451a expression levels were measured in 65 healthy controls and
98 septic patients. MiR-451a was significantly increased in sepsis patients compared with that in the healthy conrols. B. In septic rats model, serum
miR-451a expression was significantly higher than that in sham group. n = 10 rats in sham group, n = 8 rats in septic group. C. Total 98 septic patients
were divided into non-SS group and SS group, qRT-PCR results indicated that serum miR-451a expression was increased in SS cases compared with
non-SS cases. D. According to heart function monitor results, 59 septic patients were determined with cardiac dysfunction, while other 39 cases without
cardiac dysfunction were identified as normal group. Serum miR-451a expression was increased in sepsis patients with cardiac dysfunction compared
with the cases with normal cardiac function. **P < 0.01, **P < 0.001.

Figure 2 - ROC curves in sepsis patients based on serum miR-451a levels. A. A ROC curve to distinguish septic patients from healthy volunteers. B. A
ROC curve to distinguish SS cases from non-SS cases. C. A ROC curve to distinguish septic patients with cardiac dysfunction from the cases with normal
cardiac function. AUC, area under the curve.



Inhibition of miR-451a suppresses cardiac
dysfunction in septic animals

To further understand the effect of miR-451a on car-
diac dysfunction in sepsis, this study constructed a sepsis an-
imal model and the expression of miR-451a was regulated
by miR-451a antagomir transfection. The data shown in Fig-
ure 3A indicated that the expression of miR-451a was mark-
edly downregulated by the miR-451a antagomir (P < 0.001).
In the CLP rat model, the LVSP and +dp/dtmax were de-
creased, while the LVEDP, -dp/dtmax, cTnI and CK-MB
were increased (all P < 0.01, Figure 3B-F), suggesting that
the cardiac function of septic rats was disordered. Notably,
the impaired cardiac function was significantly improved by
the reduction of miR-451a, which was indicated by the in-

creased LVSP and +dp/dtmax and decreased LVEDP,
-dp/dtmax, cTnI and CK-MB (all P < 0.001, Figure 3B-F).

Knockdown of miR-451a inhibits inflammatory
responses in septic rats

The inflammatory responses in the septic rats were fur-
ther analyzed. The results shown in Figure 4 indicated that
the inflammatory responses were enhanced in the sepsis
model compared with the sham rats, as evidenced by the sig-
nificantly increased IL-1�, IL-6 and TNF-� levels (all P <
0.001). After knockdown of miR-451a, the increased levels
of IL-1�, IL-6 and TNF-� were reduced significantly (all P <
0.01), indicating that the inhibition of miR-451a in sepsis led
to suppressed inflammation.
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Figure 3 - Effects of miR-451a on cardiac function in sepsis rats. A. The increased miR-451 in myocardial tissues in sepsis rats was inhibited by the
miR-451a antagomir. B and C. Levels of cardiac function markers, including cTnI (B) and CK-MB (C), in septic rats with downregulated miR-451a. D-F.

Effects of miR-451a on the hemodynamic parameters, including LVSP (D), LVEDP (E) and � dp/dtmax (F) in sepsis rats. n = 10 rats in sham group, n = 8
rats in sepsis group, n = 9 rats in miR-NC group, and n = 10 in miR-451a antagomir group. The data was shown as mean and SD. ***P < 0.001, compared
with sham group; ###P < 0.001, compared with sepsis model group.

Figure 4 - Effects of miR-451a on inflammatory response in sepsis rats. A. Regulatory effect of miR-451a on serum levels of IL-1�. B. Regulatory effect

of miR-451a on serum levels of IL-6. C. Regulatory effect of miR-451a on serum levels of TNF-�. n = 10 rats in sham group, n = 8 rats in sepsis group, n =
9 rats in miR-NC group, and n = 10 in miR-451a antagomir group. The data was shown as mean and SD. ***P < 0.001, compared with sham group; ###P <
0.001, compared with sepsis model group.



Discussion

Numerous miRNAs with aberrant expression have
been identified in various human diseases, including infec-
tious diseases, such as sepsis (Pfeiffer et al., 2017; Yao et al.,
2018). These miRNAs are deregulated during disease devel-
opment and involved in the regulation of disease progression
(Sheng et al., 2017). For example, miR-1247 was found to be
downregulated in infantile pneumonia patients and its
overexpression might be a novel therapeutic strategy by alle-
viating lipopolysaccharide (LPS)-induced lung injury (Guo
and Cheng, 2018). The upregulated expression of miR-155
in active tuberculosis patients could inhibit monocyte
apoptosis during the pathogenesis of tuberculosis (Huang et

al., 2015). In patients with sepsis, some miRNAs with abnor-
mal expression have also been identified, such as miR-150
(Ma et al., 2018), miR-21-3p (Wang et al., 2016) and
miR-375 (Sheng et al., 2017), which have been reported to
participate in the progression of sepsis. In this study, we
found that miR-451a expression was significantly increased
in sepsis patients and sepsis animals, which was consistent
with the results in a previous study that also found the
overexpression of miR-451 in sepsis mice (Wu et al., 2013).
Additionally, a similar result was also observed in neonatal
septic patients, suggesting that serum miR-451 is
upregulated significantly in neonatal septic patients com-
pared with control subjects (Benz et al., 2016; Wang et al.,
2015). The expression results indicated that miR-451a might
play a potential role in the development of sepsis.

Serum miRNAs have been considered to be a group of
good diagnostic tools for their stability in circulating system
and their markedly aberrant expression patterns (Benz et al.,
2016). Considering the significant increase in the expression
of miR-451a in septic patients, this study further evaluated
its diagnostic value by ROC analysis. The AUC results sug-
gested that miR-451a had a high accuracy to distinguish sep-
tic patients from healthy volunteers. Deregulated miR-451a
in other diseases has been proposed as a potential diagnostic
biomarker. In gastric cancer, the decreased expression of
miR-451 in gastric cancer tissues was demonstrated to be a
diagnostic and prognostic biomarker (Shen et al., 2017).
Plasma miR-451 combined with echocardiography has been
reported to have good diagnostic value when diagnosing pul-
monary hypertension (Song et al., 2018). The previous data
combined with our ROC results led us to conclude that the
increased serum miR-451a might serve as a candidate diag-
nostic biomarker of sepsis.

The changes in the levels of PCT, CRP and WBC are
established indicators and are widely used in clinical prac-
tices that reflect the clinical status and prognosis of sepsis
(Yang et al., 2016). In this study, significantly elevated lev-
els of PCT, CRP and WBC were detected in septic patients,
and their levels were found to be positively correlated with
serum expression of miR-451a, which suggested that
miR-451a might be involved in the development of sepsis. In
addition, the APACHE II score and SOFA score were mea-
sured to reflect the severity of septic patients, and the posi-
tive correlations of miR-451a with these two score were also

found, indicating that the serum elevated miR-451a was as-
sociated with disease severity in septic patients. It is known
that SS may develop as the disease progresses in sepsis
(Armstrong et al., 2017). The expression changes of
miR-451a between the non-SS patients and the SS patients
were compared, and showed that miR-451a expression was
higher in the SS patients. Additionally, the ROC analysis re-
sults revealed that elevated serum miR-451a expression
could distinguish SS patients from non-SS patients with rela-
tively high accuracy. Thus, we considered that the serum
miR-451a might be a potential molecule to indicate the se-
verity of sepsis.

Sepsis-induced dysfunction in multiple organs is the
leading cause of death, and cardiac dysfunction frequently
occurs in septic patients and significantly promotes disease
mortality rates (Havaldar, 2018). Currently, several
miRNAs have been reported to be related to the development
of cardiac dysfunction in sepsis. For example, the increased
miR-155 expression in septic mice has been found to attenu-
ate cardiac dysfunction and improve disease survival (Zhou
et al., 2017). miR-146a could mitigate myocardial injury and
inflammatory cytokine production in sepsis (Gao et al.,
2015). The elevated expression of miR-21-3p in sepsis has
been demonstrated to be associated with sepsis-induced car-
diac dysfunction (Wang et al., 2016). In this study, com-
pared with that of the septic patients with normal cardiac
function, the expression of miR-451a in the septic patients
with cardiac dysfunction was significantly higher, and this
elevation was shown to be high accurate in distinguishing
cases with cardiac dysfunction from cases with the normal
cardiac function, which indicated that miR-451a was associ-
ated with sepsis-induced cardiac dysfunction and might have
the potential to predict the onset of cardiac dysfunction in
sepsis patients. To further verify the effect of miR-451a on
sepsis-related cardiac dysfunction, the expression of
miR-451a was downregulated in a rat model of sepsis. As
previously described, rats were subjected to CLP to induce
sepsis condition. Consistent with the previous study, cardiac
function of rats was impaired after CLP (Guo et al., 2019).
Moreover, after the knockdown of miR-451a, the impaired
cardiac function in sepsis rats, which evidenced by serum
cardiac function biomarkers and hemodynamic index, was
significantly improved. The results regarding cardiac func-
tion in this study suggested that the inhibition of miR-451a
might protect against the cardiac dysfunction in sepsis.
However, the current study only focused on the role of
miR-451a in sepsis-induced cardiac dysfunction. It would be
interesting to investigate the half-life and the
pharmacokinetics of miR-451a in the heart and circulation,
which will be beneficial for the understanding the mecha-
nism and the applications of targeted therapy involving
miRNAs in sepsis.

Uncontrolled inflammatory responses are important in
the pathogenesis of sepsis and can aggravate the disease pro-
gression and also the development of multifunctional organ
failure, including cardiac injury. The abnormal expression of
miRNAs has been reported to be involved in the regulation
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of inflammatory response in several human disease, includ-
ing sepsis. For example, miR-495 has been identified to be
downregulated in the serum of sepsis patients, and the in vi-
tro study further confirmed that overexpression of miR-495
can alleviate CLP induced inflammatory response (Guo et

al., 2019). In the present study, we found that the enhanced
inflammatory response was remarkably reversed by the re-
duction of miR-451a in our constructed septic rat model, as
shown by the decreases in pro-inflammatory cytokine levels.
Thus, we deduced that the improved cardiac function in sep-
tic rats by the knockdown of miR-451a might be achieved by
inhibiting inflammatory responses. Although this study pro-
vided evidence for the important regulatory effect of
miR-451a on sepsis-induced cardiac dysfunction, the under-
lying molecular mechanisms remain unclear and warrant
further investigation. MiRNAs function primarily as
post-transcriptional negative regulators of gene expression
via binding to their mRNA targets. As previous studies re-
ported, several target genes have been shown to be involved
in the role of miR-451a in the progression of several diseases
(Guo et al., 2017; Weng et al., 2019). Calcium-binding pro-
tein 39 (Cab-39) is a scaffold protein of liver kinase B1
(LKB1), and was identified as a direct target gene of
miR-451a in several diseases (Guo et al., 2017; Nan et al.,
2018). Cab-39 can activate the AMPK� signaling pathway,
which has been suggested to exert a cardioprotective role
(Konishi et al., 2011; Wang et al., 2017). Additionally,
AMPK� has been suggested to improve cardiac function in
mice with sepsis, and depletion of AMPK� contributes to
the development of sepsis (Huang et al., 2018; Song et al.,
2020). Accordingly, we speculated that downregulation of
miR-451a may alleviate cardiac dysfunction in septic rats
via targeting Cab-39 and regulating AMPK� signaling.
However, further studies are needed to verify our hypothe-
sis.

In conclusion, serum miR-451a expression was ele-
vated and correlated with disease severity in septic patients
and associated with the onset of cardiac dysfunction. The re-
duction of miR-451a could alleviate cardiac dysfunction and
inflammatory responses in septic rats. The results of this
study provide a novel serum diagnostic biomarker of sepsis
and a theoretical basis for studying the mechanism of sepsis
induced cardiac dysfunction.
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