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Background: An accurate assessment of the severity and prognosis of sepsis, especially septic shock, is 
vital for the tailored treatment of this condition. miRNA participates in the inflammatory response and 
cell apoptosis and regulates inflammation-related signaling pathways. Immune disorders often accompany 
sepsis. Since serum miRNA expression is superior to traditional biological markers in terms of sensitivity and 
specificity, its role in the assessment of sepsis has increasingly been recognized.
Methods: Serum miRNAs were extracted from septic patients and healthy individuals by using the 
ultracentrifugation method. The differential expressions of miRNAs in the serum samples were detected by 
high-throughput sequencing technology. The differentially expressed miRNAs between the two groups were 
analyzed by bioinformatics. The quantitative polymerase chain reaction real-time polymerase chain reaction 
(qRT-PCR) was used to amplify the sample size to verify the results and to screen the highly-expressed miR-
206 in septic patients. Subsequently, serum samples were collected from 63 septic patients, and 30 patients 
with septic shock and qRT-PCR were performed to analyze the expression of miR-206. These 93 patients 
were divided into the miR-206 low-expression group and miR-206 high-expression group according to miR-
206 expression level. The potential correlations between the miR-206 expression and the clinical data were 
analyzed by using SPSS 25.0.
Results: Serum miRNA expression significantly differed between septic patients and healthy individuals. 
High-throughput sequencing results showed that, compared with those in healthy individuals, 29 miRNA 
molecules were down-regulated, and 25 molecules were up-regulated in the serum samples of septic 
patients. qRT-PCR identified the significantly up-regulated miR-206 in septic patients. qRT-PCR also 
showed significantly higher miR-206 expression levels in patients with septic shock than in septic patients. 
Furthermore, we observed a significantly longer prothrombin time and activated partial thromboplastin 
time, and significantly higher SOFA score, APACHE-II score, and in-hospital mortality rate. miR-206 was 
positively correlated with SOFA sore and APACHE-II score.
Conclusions: Serum miR-206 expression is positively correlated with the severity and prognosis of sepsis. 
Thus, it may be a potential biomarker for assessing the severity and prognosis of sepsis, although the specific 
mechanism warrants further investigations.
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Introduction

Sepsis is a life-threatening organ dysfunction caused by a 
dysregulated host response to infection (1). Sepsis remains 
a global health problem. Despite recent advances in 
treatments, including antimicrobials and organ support, 
the survival rate of patients with sepsis has not been 
remarkably improved (2). The in-hospital mortality rate 
of patients with septic shock exceeds 40%. Notably, sepsis 
pathogenesis is complex and involves multiple mechanisms, 
including infection, inflammatory response, and immunity. 
The currently available biomarkers cannot achieve the 
early diagnosis and tailored treatment of sepsis (especially 
septic shock). Therefore, biomarkers that can reflect the 
early occurrence and progression of sepsis and predict its 
prognosis are urgently needed (3). Serum MiRNAs are a 
group of non-coding RNA (ncRNA) that functions at the 
RNA level. As a genetic material, it plays a crucial role in 
cell-to-cell communication (4). The past few years have 
witnessed in-depth research on miRNA’s role in various 
diseases; meanwhile, the potential role of miRNA in sepsis 
has also been recognized. Some authors have explored 
the miRNA expression profile on sepsis’s background (5), 
and its potential role has been investigated. However, 
the mechanisms via which miRNA participates in the 
pathogenesis of sepsis deserve further study. In our current 
study, we used high-throughput sequencing technology to 
analyze serum miRNA in septic patients and explore the 
possible correlation between serum miRNA and pathogenic 
mechanisms of sepsis, with an attempt to find a new 
biomarker for the early assessment of sepsis severity and 
prognosis and to pave the way for the tailored treatment of 
sepsis.

Dysregulated inflammatory response and fatal multiple 
organ dysfunction are the leading causes of deaths in sepsis. 
The current routine clinical tests for sepsis include routine 
blood tests, hypersensitive C-reactive protein (hs-CRP), 
erythrocyte sedimentation rate (ESR), procalcitonin (PCT), 
and blood culture (6). Although some of these indicators 
may reflect the severity of sepsis, they are less effective in 
the early diagnosis of sepsis (especially septic shock). Even 
worse, they are not specific and can be easily affected by 
other factors. An ideal biomarker of sepsis should have a 
specific correlation with the clinical course of sepsis, and its 
expression level should have remarkably changed before the 
levels of the existing biomarkers change.

miRNAs are small, single-stranded non-coding RNAs 
with a length of 20−22 nucleotides. By binding to the 3'UTR 

region of the ORF region of mRNA, it acts on specific 
target genes, mediates post-transcriptional gene silencing, 
and participates in the pathogenesis of various diseases. 
More evidence indicates that miRNA plays a vital role in 
the pathophysiological processes (e.g., cell proliferation, 
metabolism, and apoptosis and organ development) of 
many diseases (7). miRNA also plays a vital role in the 
regulation of immune response in sepsis, as proved in many 
experiments. Kingsley et al. studied whether miRNA could 
induce inflammation regulation in sepsis and found the 
expression levels of miR-182, miR-143, miR-145, miR-
146a, miR-150, and miR-155, which are strictly related to 
immune response, were dysregulated in sepsis patients (8). 
Thus, miRNA may affect inflammatory response during 
sepsis. Ma et al. further detected the expression of miR-150 
in human umbilical vein endothelial cells (HUVEC) after 
LPS treatment and found that miR-150 overexpression 
reduced inflammation and parenchymal cell apoptosis, 
suggesting MiR-150 may be associated with the severity of 
sepsis (9). Macrophages are involved in the inflammatory 
process of sepsis, especially the sepsis-induced acute lung 
injury (10). Many experiments have demonstrated that 
miR-9, miR-127, miR-155, and miR-125b can promote 
macrophage M1 polarization, whereas miR-124, miR-223, 
miR-34a, miR-132, miR-146a, miR-124b, and miR-125a-
5p induce macrophage M2 polarization by targeting various 
transcription factors to reduce the damage to target organs 
from sepsis (11-13). An experiment on a miRNA specific for 
TLR4 found that the miRNA negatively regulated TLR4-
induced NF-κB signaling pathway components (14).

 Many studies have confirmed the value of miRNA for 
immunomodulation, and some studies have also suggested 
that miRNA may serve as useful markers guiding etiological 
examinations. The most common pathogen of sepsis 
is Gram-negative bacteria, followed by Gram-positive  
bacteria (15). Not all patients with sepsis have positive 
blood cultures (16). A study on the specificities of miRNAs 
in bacterial infections during sepsis showed the serum 
levels of seven circulating miRNA targets (miR-133a, miR-
133b, miR-122, miR-205, miR-1899, miR-714, and miR-
291b) were regulated during, and Gram-positive bacterial 
infection. However, the serum levels of miR-16, miR-
17, miR-20a, miR-26a, miR-26b, miR-106a, miR-106b, 
and miR-451 were selectively elevated in Gram-negative 
bacteria-induced sepsis (17). miRNA also supplies a new 
basis for the early etiological treatment of sepsis.

The high-throughput sequencing of miRNA is an 
experimental technique at the gene level. It sequences the 
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genome to obtain the miRNA tags and analyze and identify 
the existing miRNAs, known miRNAs, and novel miRNAs; 
from the expressions of miRNAs in different samples, it 
obtains the expression profile of all miRNAs, which can 
be used for searching for the possible candidate genes that 
cause a specific disease. This technique has been widely 
applied in clinical studies. For instance, Luna et al. used this 
technology to study the candidate miRNA for hepatocellular 
carcinoma (HCC) aside from chronic hepatitis c virus 
infection (18); Nowakowski et al. used this technology to 
explore miRNA as a marker gene that controls the rate of 
glial proliferation during brain development (19).

The studies mentioned above suggest that serum miRNAs 
are involved in a series of pathophysiological processes 
of many diseases, including sepsis. So, can miRNAs be 
potential markers of sepsis? Some earlier articles have 
proposed using miRNAs as biomarkers of sepsis. For 
example, studies have found the low expressions of miR-
223 and miR-146a might be a diagnostic criterion of sepsis 
(20,21). However, to our knowledge, no literature has 
elucidated the miRNAs roles in sepsis pathogenesis and the 
assessment of its severity and prognosis. Therefore, a deeper 
understanding of the potentially differential expressions 
of miRNAs in patients with sepsis and patients with septic 
shock and the possible correlations between miRNAs and 
clinical features/laboratory findings of sepsis would be 
highly helpful for further studies on the development and 
severity of sepsis and the early interventions of this disease. 
The objectives of our current study were to explore the 
difference of serum miRNA expressions in sepsis patients by 
using high-throughput sequencing technology and analyze 
whether miRNAs are potential biomarkers for estimating 
the severity and prognosis of sepsis; also, we explored the 
pathogenesis, treatment, and prognosis of sepsis at the 
molecular level.

Our current study can be divided into two parts:
(I) Serum miRNAs were extracted in septic patients and 

healthy individuals by using ultracentrifugation. The 
differential expression of miRNAs in the serum was 
detected by high-throughput sequencing technology. 
The differential expressions of miRNAs in these 
two groups were compared, and the differentially 
expressed candidate gene miR-206 was screened. 
The expressions of miR-206 in these two groups 
were verified by qRT-PCR.

(II) Serum miR-206 expression was detected in patients 
with sepsis and those with septic shock by using qRT-
PCR. These patients were divided into the miR-206 

low-expression group and miR-206 high-expression 
group by using a quartile method according to miR-
206 expression level. The clinical data, laboratory 
findings, and prognosis were compared between 
these two groups. The correlations between miR-
206 and disease evaluation indicators were analyzed 
to identify whether serum miR-206 level can be used 
as a biomarker for the early assessment of sepsis 
severity and prognosis and whether it is valuable in 
predicting the progression and outcome of sepsis.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1391).

Methods

Subjects

Healthy individuals (n=28) were randomly selected from the 
health check-up center of Affiliated Hospital of Nantong 
University. The blood samples of sepsis (n=63) and septic 
shock (n=30) were collected from 93 inpatients in the 
Emergency Intensive Care Unit (EICU) of the Affiliated 
Hospital of Nantong University during the period from 
September 2018 to January 2020. The diagnosis of sepsis 
or septic shock was for the International Guidelines for 
Management of Sepsis and Septic Shock: 2016. The study 
was conducted in accordance with the Declaration of Helsinki 
(as revised in 2013),  and has been approved by the Ethics 
Committee of the Affiliated Hospital of Nantong University 
(Approval number: 2018-L062), and all the subjects and their 
families signed the informed consent documents. 

Inclusion criteria
Diagnostic criteria for sepsis 
According to the International Guidelines for Management of 
Sepsis and Septic Shock: 2016, the Sequential (Sepsis-related) 
Organ Failure Assessment (SOFA) score should be ≥2  
(Table 1).
Diagnostic criteria for septic shock 
After a diagnosis of sepsis was confirmed, adequate volume 
resuscitation and persistent hypotension with vasopressors 
are required to maintain an arterial pressure of 65 mmHg 
or higher and a serum lactate level greater than 2 mmol/L 
(18 mg/dL).

Exclusion criteria

The exclusion criteria included: (I)  younger than  



3225Annals of Palliative Medicine, Vol 9, No 5 September 2020

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(5):3222-3234 | http://dx.doi.org/10.21037/apm-20-1391

18 years; (II) complicated by multiple organ dysfunction 
caused by other non-infectious factors; (III) complicated 
by an autoimmune disease treated with steroids or 
immunosuppressive therapy; (IV) complicated by other 
diseases that affect blood coagulation; (V) with malignant 
tumors; (VI) complicated by other diseases that may affect 
the results of this study.

Collection of clinical data
Results of routine blood tests, biochemical indicators, and 
serological parameters, including hs-CRP, PCT, ESR, and 
blood cultures, were provided by the Clinical Laboratory of 
the Affiliated Hospital of Nantong University.

Experiments

Sample collection
(I) Peripheral venous blood sample (about 3 mL) was 

collected using an EDTA-containing tube. Store 
whole blood at 4 degrees Celcius (or in an insulated 
container with ice).

(II The sample was centrifuged at 3,000 rpm at 4 ℃ for 
10 minutes;

(III) The supernatant was pipetted into a 1.5-mL enzyme-
free centrifuge tube and centrifuged at 13,000 rpm 
for 2 minutes;

(IV) The supernatant was pipetted into a 1.5-mL conical 
bottom centrifuge tube, and the precipitate was 

discarded; and
(V) The sample was stored in a −80 ℃ refrigerator for 

subsequent experiments.

Detection of the differential expressions of miRNAs in 
the serum by high-throughput sequencing technology
(I) The serum supernatant specimens were separately 

extracted from 3 septic patients and 3 healthy 
individuals;

(II) Total RNA was extracted from specimens with Trizol 
reagent;

(III) Gel electrophoresis separated DNA fragments  
(18–30 nt);

(IV) RNA adaptors for 5'- and 3'-ends are ligated to the 
purified small RNAs for use in reverse transcription 
and PCR amplification;

(V) About 140 bp of the fragment was recovered and 
purified by agarose gel electrophoresis;

(VI) Sample quality control (QC) of the nucleic acid 
was performed with qPCR on the Agilent 2100 
bioanalyzer. The sample was a load for sequencing, 
to show the tag sequences of small RNA in the 
sample and identify the miRNAs; and

(VII) miRNAs with expressions changed by more 
than 2-fold, as determined by high-throughput 
sequencing, were used as candidate genes for 
prediction of miRNA target genes and functional 
enrichment analysis.

Table 1 Sequential (Sepsis-related) Organ Failure Assessment (SOFA)

Organ failure Variables <0 point 1 point 2 points 3 points 4 points

Respiratory system PaO2/FiO2 (mmHg) ≥400 <400 <300 <200 <100

Respiratory support (yes/no) Yes Yes

Blood Platelets (×109/L) ≥150 <150 <100 <50 <20

Liver Serum total bilirubin (μmol/L) <20 20–32 33–101 102–204 204

Circulatory system Average arterial pressure (mmHg) ≥70 <70

Dopamine dose (μg/kg/min) ≤5 >5 >15

Adrenaline dose (μg/kg/min) ≤0.1 >0.1

Noradrenaline dose (μg/kg/min) ≤0.1 >0.1

Dobutamine (yes/no) Yes

Central nervous system Glasgow coma score 15 13–14 10–12 6–9 <6

Kidney Serum creatinine (μmol/L) <110 110–170 171–299 300–440 >440

24-hour urine output (mL/24 h) 201–500 <200

(I) The most inferior value measured daily is used during the assessment; (II) a higher score indicates a worse prognosis.
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Total RNA extraction from serum
(I) The reagents were pipetted to an RNase-free 1.5-mL 

centrifuge tube in the following order (Table 2);
(II) The tubes were placed in the water bath (56 ℃) for 

10 minutes;
(III) Add 1,000 μL of  absolute  ethanol  and mix 

thoroughly by inverting the tube;
(IV) Put the adsorption column into the collection tube, 

pipette 760 μL of the mixture into the adsorption 
column. The mixture was left still for 2 min and then 
centrifuged at 12,000 rpm at 4 ℃ for 1 min. Discard 
the waste liquid;

(V) The remaining 760 μL of the solution was pipetted 
into the adsorption column, and the above steps 
were repeated;

(VI) The wash solution A was prepared as follows  
(Table 3);

(VII) The wash solution B was prepared as follows  
(Table 4);

(VIII) Pipette 500 μL of wash solution A into the 
adsorption column. The mixture centrifuged at 
12,000 rpm at 4 ℃ for 1 min. Discard the waste 
liquid;

(IX) Pipette 500 μL of wash solution B into the 

adsorption column. The mixture centrifuged at 
12,000 rpm at 4 ℃ for 1min. Discard the waste 
liquid;

(X) The mixture was centrifuged at 12,000 rpm at 4 ℃ 
for 2 minutes to remove the residual wash solution;

(XI) Pipette 30 μL of the elution solution to a new 
RNase-free 1.5-mL centrifuge tube and let stand for  
3 minutes. The mixture was centrifuged at 12,000 rpm  
at 4 ℃ for 2 minutes, and finally, the RNA stock 
solution was collected;

(XII) The RNA concentration was determined by using a 
protein/nucleic acid quantifier; 

(XIII) The RNA stock solution was stored in a −80 ℃ 
refrigerator for subsequent experiments.

Reverse transcription
(I) The following reagents were added following 

the steps required by the reverse transcription kit 
(Thermo Fisher Scientific, USA). The total reaction 
volume was 20 μL (Table 5);

(II) The conditions for reverse transcription reaction 
were as follows: 42 ℃ for 60 min, 72 ℃ for 60 min, 
and 4 ℃ for constant temperature, one cycle;

(III) Store the reverse-transcribed cDNA in the 
refrigerator at −20 or −80 ℃.

qRT-PCR
(I) Reaction system (Table 6);
(II) Amplify according to miRNA parameters.

Statistical analysis

Statistical analysis was performed using SPSS 25.0 (SPSS 
Inc., Chicago, IL, USA) software package. Two-sided P 
values were designed to test hypotheses, and a P value of 
<0.05 was considered statistically significant.

(I) Normally distributed measurement data are 
expressed as mean ± standard deviation (x ± SD), 
and non-normally distributed measurement data 
are presented as medians (interquartile ranges). 
Frequencies express Count data (percentages).

(II) Normally distributed measurement data are 
compared using independent sample t-test, non-
normally distributed measurement data are compared 
using the Mann-Whitney U test, and count data are 
analyzed using a chi-square test.

(III) Correlation analysis was based using Pearson 
correlation analysis.

Table 2 Reaction system of lytic fluid 

Reagents Volume (μL)

Serum supernatant 200

RNA carrier 4

Lysate 300

Digestion buffer 20

Each regent was thoroughly mixed on a vortex mixer.

Table 3 The preparation of wash solution A 

Reagents Volume (mL)

Wash solution A 21

Anhydrous ethanol 9

Table 4 The preparation of wash solution B

Reagents Volume (mL)

Wash solution B 9

Anhydrous ethanol 21

The wash solutions must be mixed well by shaking.
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Results

Differential expressions of miRNAs in the serum measured 
by high-throughput sequencing technology

Serum miRNA expressions in septic patients and healthy 
individuals were determined by high-throughput sequencing 
technology. Compared with healthy individuals, 29 miRNA 
molecules were down-regulated, and 25 molecules were up-
regulated in the serum samples of septic patients (Figure 1). 
GO, and KEGG enrichment analyses showed that MAPK 
and some other pathways were involved (Figure 2). miR-
206, which was up-regulated and had an expression changed 
by more than 2-fold, was screened as a candidate gene.

Verification of the differentially expressed molecule miR-
206 with qRT-PCR

The miR-206 with differential expression of more than 
2 times in high-throughput sequencing was screened, 
and the serum samples of 10 healthy individuals and 10 

septic patients were collected. QRT-PCR amplified the 
sample size to verify the serum miR-206 expression in 
both groups. It was found that serum miR-206 expression 
was significantly higher in septic patients than in healthy 
individuals (P=0.012) (Figure 3).

Analysis of miR-206 expressions in sepsis and septic shock 
with qRT-PCR

The serum miR-206 expression in the two groups was 
compared. It was found that the serum miR-206 expression 
was significantly higher in patients with septic shock than in 
patients with sepsis (P<0.05) (Figure 4).

Baseline data of the subjects

Serological findings 
Baseline datas including gender, age, and length of EICU 
stay showed no significant difference (all P>0.05 Table 7). 
Serological findings differed between the miR-206 low-
expression group and miR-206 high-expression group. 
The platelet count and serum albumin, cholinesterase, 
free T4, and thyroxine levels were significantly lower in 
the miR-206 high-expression group than in the miR-206 
low-expression group. Compared with the miR-206 low-
expressed group, the miR-206 high-expressed group had 
significantly higher levels of aspartate aminotransferase, 
alanine aminotransferase, total bilirubin, urea nitrogen, 
blood creatinine, troponin I, NT-proBNP, D-dimer, lactate, 
and PCT and significantly longer prothrombin time. It 
activated partial thromboplastin time (all P<0.05). Other 
indicators, including white blood cell count, hemoglobin, 
electrolytes, and blood cultures, showed no significant 
difference between these two groups (all P>0.05) (Table 8).

SOFA score and APACHE-II score
SOFA scores and APACHE-II scores were significantly 
higher in the miR-206 high-expression group than in 
the miR-206 low-expression group. Pearson correlation 
analysis showed that miR-206 was positively correlated 
with SOFA score and APACHE-II score (both P<0.05)  
(Tables 9 and 10).

Prognosis and outcomes
The prognosis and outcomes significantly differed between 
the miR-206 low-expression group and the miR-206 high-
expression group. The in-hospital mortality rate was 
significantly higher in the miR-206 high expression group 

Table 5 The reagents of reverse transcriptional

Reagents Volume

RevertAid RT 1 μL

RNase Inhibitor 1 μL

dNTP (10 mM) 2 μL

5× reaction buffer 4 μL

Stem-loop 2 μL

Total RNA The corresponding volume was calculated 
based on the measured RNA concentration 

RNase-free H2O Added to 20 μL

Total volume 20 μL

Table 6 Reaction system of qRT-PCR

Reagents Volume (μL)

Forward primer 0.5 

Reverse primer 0.5 

DEPC-treated water 7 

Sybr green 10  

cDNA 2 

qRT-PCR, quantitative polymerase chain reaction real-time 
polymerase chain reaction.
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than in the miR-206 low-expression group (P=0.014)  
(Table 11).

Discussion

The in-hospital mortality rate is about 10% in patients 
with sepsis but can reach 40% in patients with septic 
shock. Therefore, accurate assessment of the severity and 
prognosis of sepsis, especially septic shock, is important for 
its tailored treatment. At present, serological tests, SOFA 
scores, and APACHE-II scores are the common clinical 
indicators for assessing the pathogenesis and prognosis 
of sepsis (22); yet, the diagnosis of septic shock is on the 
arterial pressure and serum lactate level after adequate 
volume resuscitation and persistent hypotension with 
vasopressors. Since the pathogenesis of sepsis is intricate, 
the above indicators cannot accurately and intuitively reflect 
the clinical features of sepsis, nor can they be used as a 
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Figure 1 Serum miRNA expressions in septic patients and healthy 
individuals determined by high-throughput sequencing technology.
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sensitive and specific indicator for predicting sepsis severity 
and prognosis in its early stage. miRNAs are widely involved 
in gene regulation of various links in the human body. As 
key gene expression-regulating molecules, they play critical 
roles in the pathogenesis and pathophysiological processes 
of various diseases. Their expressions vary in different 
diseases and are also closely related to the state of a specific 
disease (23). miRNA can be detected in various tissues and 

body fluids, which sheds new light on studies on various 
diseases at the miRNA level (24). Since circulating miRNAs 
are easy to obtain without severe damage, the potential 
molecular mechanisms of serum miRNA over-expression or 
inhibition in various diseases have become popular research 
topics. Serum miRNA expression is superior to traditional 
biological markers in terms of sensitivity and specificity.

Many studies have proved that miRNAs are involved in 
the inflammatory response and parenchymal cell apoptosis 
and targeted regulate inflammation-related signaling 
pathways (25). As obvious immune dysregulation exists 
in the clinical course of sepsis (26), miRNAs must have 
also been widely involved in the regulation of sepsis. 
Accordingly, animal experiments and clinical studies on 
miRNAs in the context of sepsis have also been carried 
out. The objectives of our current study were to investigate 
whether miRNAs can be used as potential predictive 
markers of sepsis and whether miRNAs are correlated 
with the severity and prognosis of sepsis. Serum miRNA 
expressions in septic patients and healthy individuals were 
determined by high-throughput sequencing technology; 
compared with healthy individuals. The septic patients had 
29 down-regulated miRNA molecules and 25 up-regulated 
molecules. miR-206, which was up-regulated and had an 
expression changed by more than 2-fold, was screened as a 
candidate gene. The serum expression of miR-206 in septic 
patients and healthy individuals were verified by qRT-PCR, 
which proved that the serum miR-206 expression was up-
regulated in septic patients. Also, qRT-PCR revealed that 
serum miRNA-206 expression was significantly higher 
in patients with septic shock than in patients with sepsis 
(P=0.000). These patients were divided into a miR-206 low-
expressed group and miR-206 high-expressed group by 
using a quartile method according to miR-206 expression 
level. The statistical analysis showed platelet count, serum 
albumin, serum cholinesterase, free T4, thyroxine, aspartate 
aminotransferase, alanine aminotransferase, total bilirubin, 
urea nitrogen, blood creatinine, troponin I, N-terminal 
pro-B-type natriuretic peptide, prothrombin time, activated 
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Table 7 Baseline data of miR-206 low-expression group and miR-206 high-expression group

Variables miR-206 low-expression group (n=46) miR-206 high-expression group (n=47) P

Gender (proportion of females)b 13 (28.3) 15 (31.9) 0.701

Age (years)a 67.30±15.91 72.66±13.80 0.086

Length of EICU stay (days)a 10.26±7.07 12.02±9.66 0.319
a, data are presented as the mean ± standard deviation; b, data are presented as frequencies (percentages).
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Table 8 Serological findings in miR-206 low-expression group and miR-206 high-expression group

Variables miR-206 low-expression group (n=46) miR-206 high-expression group (n=47) P

Routine blood test

WBC, 109/La 13.40±8.07 12.41±6.78 0.524

Hb, g/La 123.61±29.65 118.65±32.84 0.447

Plt, 1012/La 182.15±99.53 143.30±82.80 0.043*

HCT, %a 0.37±0.09 0.35±0.09 0.441

Liver function

AST, U/Lb 40.00 (28.00, 77.00) 54.00 (33.00, 194.00) 0.044*

ALT, U/Lb 42.50 (27.75, 61.25) 57.00 (32.00, 135.00) 0.047*

GGT, U/La 180.56±163.84 115.37±106.48 0.166

TBIL, μmol/Lb 15.05 (9.78, 30.43) 23.00 (14.80, 44.80) 0.038*

ALB, g/La 33.03±5.25 30.07±5.60 0.010*

GLO, g/La 29.25±7.60 28.50±7.23 0.767

LDH, U/Lb 740.50 (632.50, 1,244.25) 550.00 (477.00, 771.00) 0.145

CHE, U/mLa 4.20±1.27 3.17±1.38 0.030*

Kidney function

BUN, mmol/La 11.25±6.37 14.62±7.94 0.026*

Cr, μmol/Lb 106.50 (74.00, 182.50) 166.00 (96.00, 239.00) 0.039*

Electrolytes

K, mmol/La 4.02±0.94 4.19±0.93 0.373

Na, mmol/La 136.04±7.27 137.51±6.96 0.323

Cl, mmol/La 100.18±8.81 97.95±8.84 0.455

Glu, mmol/La 11.50±7.71 9.04±4.53 0.056

Cardiac indicators

cTnI, μg/Lb 0.027 (0.010, 0.1845) 0.073 (0.029, 0.283) 0.032*

NT-proBNP, ng/Lb 2,226.50 (447.25, 9,522.50) 4,220.00 (2,235.00, 13,052.50) 0.035*

ST2, μg/La 138.85±58.08 122.40±55.45 0.298

Coagulation function

PT, sb 12.50 (11.63, 14.25) 13.70 (12.60, 14.80) 0.006**

APTT, sb 30.55 (27.48, 34.98) 33.50 (29.90, 37.70) 0.037*

TT, sa 19.57±12.65 20.70±14.04 0.684

D-dimer, mg/Lb 2.67 (1.42, 4.90) 4.33 (1.55, 10.00) 0.042*

Blood gas analysis

pHa 7.38±0.11 7.35±0.25 0.465

PaO2, mmHga 79.54±33.24 78.21±27.51 0.834

PCO2, mmHga 34.07±14.41 33.21±13.49 0.766

LA, mmol/Lb 1.85 (1.30, 3.40) 2.60 (2.00, 4.80) 0.011*

Table 8 (continued)
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partial thromboplastin time, D-dimer, lactic acid, and 
procalcitonin significantly differed between these two groups. 
Therefore, miRNA-206 is correlated with the severity of 
sepsis and may be used as a predictor of sepsis severity.

APACHE-II  score  and SOFA score  have  been  
widely applied for assessing the severity and prognosis of 
sepsis (27). However, both covered various items and have 

limited values in assessing sepsis severity and prognosis 
in the early stages. At present, the relationships of serum 
miRNAs with SOFA score and APACHE-II score remain 
unclear, and the regulatory role and prognostic value of 
miRNA in sepsis are poorly understood. In our current 
study, there were significant differences in the SOFA score, 
APACHE-II score, and hospital mortality between the 

Table 8 (continued)

Variables miR-206 low-expression group (n=46) miR-206 high-expression group (n=47) P

Inflammation indicators

CRP, mg/La 168.75±94.77 162.94±106.61 0.789

PCT, μg/Lb 3.20 (1.15, 21.00) 12.00 (1.90, 48.00) 0.039*

Thyroid function

FT3, pmmol/La 3.28±0.69 3.18±0.69 0.526

FT4, pmmol/La 12.12±3.80 10.41±3.57 0.039*

TT3, nmol/La 0.71±0.37 0.59±0.27 0.120

TT4, nmol/La 86.04±37.85 70.03±32.41 0.042*

TSH, mU/Lb 0.79 (0.31, 1.46) 0.57 (0.23, 0.97) 0.371

Blood culture, positivec 7 (15.2) 9 (19.1) 0.615
a, data are presented as the mean ± standard deviation; b, data are expressed as median (quartile); c, data are presented as frequencies 
(percentages). *, P<0.05; **, P<0.01. WBC, white blood cells; Hb, hemoglobin; Plt, platelets; HCT, hematocrit; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; GGT, glutamyl transpeptidase; TBIL, total bilirubin; ALB, serum albumin; GLO, serum 
globulin; LDH, lactate dehydrogenase; CHE, serum cholinesterase; BUN, blood urea nitrogen; Cr, creatinine; K, serum potassium ion; Na, 
serum sodium ion; Cl, serum chloride ion; Glu, blood glucose; cTnI, troponin I; NT-proBNP, N-terminal pro-B-type natriuretic peptide; ST2, 
growth-stimulated gene protein 2; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; PaO2, arterial 
blood oxygen partial pressure; PCO2, arterial blood carbon dioxide partial pressure; LA, lactic acid; hs-CRP, hypersensitive C-reactive 
protein; PCT, procalcitonin; FT3, free triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid-
stimulating hormone. 

Table 9 Differences in SOFA score and APACHE-II score between miR-206 low-expression group and miR-206 high-expression group

Variables miR-206 low-expression group (n=46) miR-206 high-expression group (n=47) P

SOFA scorea 6.63±3.04 10.77±5.55 0.000***

APACHE-II scorea 16.63±6.91 21.62±8.40 0.002**
a, data are presented as the mean ± standard deviation. **, P<0.01; ***, P<0.001.

Table 10 Correlations of serum miR-206 with SOFA score and 
APACHE-II score

Variables r P

SOFA score 0.413 0.000***

APACHE-II score 0.406 0.000***

***, P<0.001.

Table 11 Differences in prognosis and outcomes between miR-206 
low-expression group and miR-206 high-expression group

Variables
miR-206 low-expression 

group (n=46)
miR-206 high-expression 

group (n=47)

Died 5 15

Survived 41 32
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miR-206 low-expression group and the miR-206 high-
expression group. The SOFA score, APACHE-II score, and 
in-hospital mortality of miR-206 high-expression group 
were significantly higher than those of the miR-206 low-
expression group, and Pearson correlation analysis showed 
that serum miR-206 was positively correlated with SOFA 
score and APACHEII score. Thus, miR-206 may be related 
to the severity and prognosis of sepsis, and its specific 
regulatory role warrants further investigations.

Since miRNAs are negative regulators of target genes 
related to cell proliferation, apoptosis, and migration, 
most of the previous studies have focused on their roles as 
oncogenes or tumor suppressors (28). Therefore, the role 
of miR-206 in the growth, migration, and invasiveness of 
tumors (e.g., lung cancer and prostate cancer) has been 
explored in recent years. Experiments have confirmed that 
miRNA-206 is a member of the muscle-specific miRNA 
family. These miRNAs are known as muscle groups and 
play an important role in the formation and development 
of cardiac and skeletal muscles (29). It has been found that 
serum miR-206 regulates the barrier function of ATII cells 
in sepsis-related acute lung injury by targeting the Cx43 
gene with unknown mechanisms. Similarly, the mechanisms 
via which serum miR-206 target-regulates the pathogenesis 
and prognosis of sepsis is still unclear.

Its small sample size limited our current study and non-
multicenter design. In our future studies, we will further 
increase the sample size to comprehensively and accurately 
analyze the value of serum miR-206 in assessing the severity 
and prognosis of sepsis. Our future research topics will also 
address many problems. For example, there is evidence that 
miRNAs are transported from microvesicles and exosomes 
to the target sites during infection (30); so, are miRNAs in 
the serum of patients with sepsis also transported through 
the microvesicles and exosomes? How does it work? Is there 
any difference in the expression levels of miRNAs between 
serum and exosomes in septic patients? Do they play 
different regulatory roles in the disease process? Although 
miRNAs may provide new possibilities for the diagnosis, 
prognosis, and treatment of diseases, there are still many 
problems to be solved. However, new research advances 
will ultimately reveal the molecular mechanisms of many 
diseases, and the medical problems that seriously threaten 
human health will eventually be overcome.

In summary, in our pilot experiment, we analyzed the 
differentially expressed miRNAs in the serum samples of 
septic patients and healthy individuals and screened the 
up-regulated miR-206 in septic patients. The subsequent 

experiment revealed that there was a difference in serum 
miR-206 expression between patients with sepsis and those 
with septic shock, and miR-206 was highly expressed in 
patients with septic shock. Patients with sepsis or septic 
shock were divided into miR-206 low-expressed group and 
miR-206 high-expressed group by using a quartile method 
according to miR-206 expression level. Compared with 
the miR-206 low-expressed group, the miR-206 high-
expressed group had significantly higher levels of aspartate 
aminotransferase, alanine aminotransferase, total bilirubin, 
urea nitrogen, blood creatinine, troponin I, NT-proBNP, 
D-dimer, lactate, and procalcitonin, significantly longer 
prothrombin time and activated partial thromboplastin 
time, and significantly higher SOFA score, APACHE-
II score, and in-hospital mortality rate. The platelet 
count, serum albumin, serum cholinesterase, free T4, and 
thyroxine levels were significantly lower in the miR-206 
high-expression group than in the miR-206 low-expression 
group. Serum miR-206 was positively correlated with the 
SOFA score and APACHE-II score. Therefore, miR-206 
has a certain correlation with the severity and prognosis 
of sepsis and may serve as a potential biomarker for sepsis. 
However, the exact mechanism via which miR-206 targeted 
regulates the development and progression of sepsis is still 
unclear and calls for further investigations.

Conclusions

With patients with sepsis or septic shock as the main 
subjects, we investigated the serum expression of miR-206 
in patients with sepsis and found serum miR-206 expression 
is positively correlated with the severity and prognosis 
of sepsis. Thus, it may serve as a potential biomarker for 
assessing the severity and prognosis of sepsis. This study 
provides a theoretical basis for serum miRNA as a predictive 
indicator for the occurrence, development, and prognosis of 
sepsis, and testing of miR-206 may be a simple tool that can 
accurately reflect the clinical features of sepsis.
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