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Abstract. The expression of microRNA-23b in peripheral 
blood leukocytes of patients with sepsis was investigated to 
assess the correlations with leukocyte, E-selectin, ICAM-1 
and disease severity. The expression of microRNA-23b in 
peripheral blood leukocytes from 87 patients with sepsis, 
50 patients with systemic inflammatory response syndrome 
(SIRS) and 50 normal controls were measured by reverse 
transcription‑quantitative PCR (RT-qPCR), and stability of 
microRNA-23b was evaluated. Enzyme-linked immunosorbent 
assay (ELISA) was used to detect E-selectin and ICAM-1. 
Sequential organ failure assessment (SOFA) scoring system 
was used to assess the severity of sepsis patients. Correlation 
analysis was performed between microRNA-23b and the total 
number of white blood cells (WBC), E-selectin, ICAM-1, and 
SOFA scores. Compared with the normal control group, the 
expression level of microRNA-23b in the sepsis group was 
significantly decreased (P<0.05), and WBC and E-selectin were 
significantly increased (P<0.05). ICAM-1 level in the sepsis 
and the SIRS groups was significantly higher than that in the 
control group (P<0.05), and it is also higher in the sepsis group 
than in the SIRS group. In the sepsis group, the expression 
level of microRNA-23b in the death group was significantly 
lower than that in the survivor group (P<0.05), while the level 
of E-selectin, ICAM-1, and SOFA scores were significantly 
higher in the death group than in the survivor group (P<0.05), 
while there was no significant difference in WBC between 
the groups (P>0.05). The expression level of microRNA-23b 
in patients with sepsis was significantly negatively correlated 
with SOFA scores, E-selectin, and ICAM-1 (r=-0.633, 
-0.585, and -0.439, respectively, P<0.05). The expression of 
microRNA‑23b in peripheral blood of patients with sepsis is 

related to the manifestation of the inflammatory state, and can 
be used to judge the severity and prognosis of patients with 
this disease.

Introduction

Sepsis as a systemic inflammatory response syndrome (SIRS) 
caused by an infection can cause damage to the body tissues 
and organs themselves and can even be life-threatening (1). 
Various stress reactions lead to inflammatory reactions, 
within which the binding of leukocytes to vascular endo-
thelial cells induces immune response through cytokines, 
selectins (such as E-selectin), and accessory factor (such as 
ICAM-1) (2). Sepsis is a common cause of death in ICU criti-
cally ill patients, and in those cases sepsis is usually caused 
by different degrees of infection after major surgery, severe 
trauma, burns and shock (3). At present, the incidence of sepsis 
is approximately 0.3% and the mortality rate is 20-40% (4). 
The pathophysiology of sepsis is still unclear, combined with 
limited clinical means, leading to a poor prognosis in patients 
with sepsis.

MicroRNAs have the function of post-transcriptional 
regulation and play an important role in many processes such 
as secretory metabolism, inflammatory reactions, and tumor 
formation (5). Recent studies have revealed that microRNA-23b 
can affect cell proliferation, differentiation, apoptosis, and 
cell-to-tissue adhesion (6). In addition, studies have suggested 
that microRNA-23b can prevent autoimmune diseases  (7). 
Inhibition of the microRNA-23b expression in tumor tissue can 
inhibit the proliferation of tumor cells to a certain extent (8). 
MicroRNA can be detected in various types of body fluids and 
has high stability (9). Therefore, microRNAs are generally used 
as a marker for early disease diagnosis and prognosis assess-
ment (10). In this study, the expression of microRNA‑23b in 
peripheral blood of patients with sepsis was observed to inves-
tigate its correlation with levels of leukocytes, E-selectin and 
ICAM-1 levels as well as the severity of disease.

Patients and methods

General information. A total of 87 patients with sepsis was 
selected from September 2015 to December 2017 in The Third 
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Xiangya Hospital of Central South University (Changsha, 
China). All patients met the diagnostic criteria of sepsis (11). 
In addition, 50  patients with SIRS and 50  normal health 
people were included to serve as controls. Patients who met 
2 of the following 4 criteria were diagnosed as SIRS: i) heart 
rate >90 beats/min; ii) respiratory rate >20 beats/min; iii) total 
number of white blood cells (WBC) <4.0x109/l or >12x109/l; iv) 
body temperature >38˚C or <36˚C. Mean age of subjects in the 
sepsis, the SIRS, and the control groups was 55.8±17.6 years, 
58.6±15.1 years and 53.8±17.2 years, respectively. There were 
60 males and 27 females in the sepsis group, 35 males and 
15 females in the SIRS group, and 36 males and 14 females 
in the control group. There was no statistical difference in age 
and sex among the three groups. All participants or family 
members signed an informed consent. The study was approved 
by the Ethics Committee of the Third Xiangya Hospital of 
Central South University.

Major reagents and instruments. TRIzol RNA extraction kit 
(Sangon Biotech Co., Ltd., Shanghai, China), cDNA 
synthesis kit (Sangon Biotech Co., Ltd.), RT-qPCR kit (Takara 
Bio, Inc., Otsu, Japan), E-Selectin and ICAM-1 enzyme-
linked immunosorbent assay kits (Sangon Biotech Co., Ltd.). 
Nucleic acid quantitative detector (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), fluorescence quantitative PCR 
instrument (ABI, Foster City, CA, USA). All primers were 
synthesized by GenScript Co., Ltd. (Nanjing, China).

Observation of clinical indicators. Age, sex, primary disease, 
and arterial blood gas analysis, inhaled oxygen concentration, 
WBC, mean arterial pressure, platelet count, hemoglobin, 
blood creatinine, urine volume and GCS within 24 h after onset 
of patients in the sepsis group were recorded. The worst-case 
values of physiological parameters of these indicators and 
actual test results were subjected to sequential organ failure 
assessment (SOFA) scoring system (12). Outcomes (survival 
or death) at 30 days after onset were recorded.

Reverse transcription‑quantitative PCR (RT-qPCR) to detect 
the expression of microRNA-23b. After diagnosis, venous blood 
was collected from patients in the morning. Blood was centri-
fuged at 2,100 x g at 4˚C for 10 min to collect serum. Serum 
samples were stored at -20˚C before use. TRIzol kit was used to 
extract total RNA from peripheral blood, and nucleic acid quan-
tification detector was used to measure RNA concentration. 
cDNA was synthesized using cDNA synthesis kit. With U6 as 
endogenous control, the expression of microRNA-23b was 
detected by RT-qPCR. PCR reaction system consisted of 10 µl 
of SYBR-Green Master Mix, 0.5 µl of upstream and down-
stream primers, 1 µl of cDNA, and 8 µl of ddH2O. Reaction 
conditions were: 95˚C for 3 min, followed by 40 cycles of 95˚C 
for 30 sec and 58˚C for 1 min. Sequences of primers used in 
PCR reactions were: 5'-TCTCCCTGGCGTCCTCCCTTCG-3' 
(forward) and 5'-CC TTATCAAGAACACCAACCAGT-3' 
(reverse) for microRNA-23b; 5'-CTCGCTTCGGCAGCACA-3' 
(forward) and 5'-AACGCTTCACGAATTTGCGT-3' (reverse) 
for U6.

MicroRNA-23b stability testing. Peripheral blood collected 
from 5 participants of each group was kept as 4˚C, and 

samples were collected at day 0, 1, 3, and 5 respectively. Total 
RNA was extracted and RNA concentration was detected by 
a nucleic acid quantitative detector. Finally, RT-qPCR was 
performed to detect the expression of microRNA-23b and 
assess its stability.

Enzyme-linked immunosorbent assay (ELISA) to detect 
E-selectin and ICAM-1. Peripheral blood of each group (sepsis 
group and SIRS collected within 24 h) was collected and 
centrifuged at 1,680 x g at 4˚C for 20 min. Serum was separated 
and serum E-selectin and ICAM-1 levels were determined by 
ELISA according to the instructions of the kit.

Statistical analysis. SPSS 17.0 (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. Measurement data 
were expressed as mean  ±  standard deviation. Variance 
analysis was used for analysis among multiple groups and 
the post hoc test was Least Significant Difference test. t-test 
was used for comparison between two groups. Chi-square 
test was to compare enumeration data. Correlation analysis 

Figure 1. Changes of total RNA concentration in peripheral blood leukocytes 
over time. Total RNA concentration was detected by a nucleic acid quan-
tification detector. Results showed that total RNA concentration decreased 
continuously after 0, 1, 3, and 5 days of storage at 4˚C.

Figure 2. Changes in levels of microRNA-23b in peripheral blood leukocytes 
over time. Results of RT-qPCR showed that there were no significant changes 
in the levels of microRNA-23b after storage at 4˚C for 0, 1, 3, and 5 days.
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was performed using Pearson's correlation analysis. P<0.05 
was considered to indicate a statistically significant diffe- 
rence.

Results

MicroRNA-23b stability analysis. Total RNA concentration 
decreased from 52.3 to 17.5 ng/µl after 5 days of storage at 4˚C, 
indicating that total RNA in peripheral blood samples will be 
gradually degraded over time (Fig. 1). However, there was no 
significant change in levels of microRNA-23b and endogenous 
control U6 in blood samples after storage for 0, 1, 3, and 5 days 
at 4˚C (Fig. 2).

Comparison of basic clinical data among groups. Significant 
differences were found in WBC, mean arterial pressure, CRP, 
PCT and blood lactate levels when comparing the SIRS group 
or the sepsis group with the control group (P<0.05). There was 
no significant difference in these factors between the SIRS and 
the sepsis groups (P>0.05). There was no significant difference 
in age and sex among the three groups (P>0.05) (Table I).

Comparison of levels of microRNA-23b, WBC, E-selectin 
and ICAM-1 in peripheral blood among groups. As shown 
in Table  II, the expression level of microRNA-23b in the 
sepsis and the SIRS groups was significantly lower than that 
in the control group (P<0.01), while the WBC, E-selectin, and 

Table I. Comparison of basic clinical data among groups.
 
Clinical data	 Control	 SIRS	 Sepsis	 F (χ²)	 P-value
 
Age (years)	 58.3±6.8	 60.8±8.7	 62.4±6.8	 0.229	 0.802
Sex (cases)				    0.139	 0.933
  Male	 36	 35	 60
  Female	 14	 15	 27
WBC (109/l)	 6.15±1.22	 12.13±2.83a	 12.98±3.61a	 6.578	 0.031
Mean arterial pressure (mmHg)	 78.6±7.0	 52.75±6.75a	 53.25±7.35a	 14.32	 0.005
CRP (mg/l)	 8.8±1.02	 78.3±5.05a	 77.3±6.43a	 96.235	 <0.001
PCT (µg/l)	 0.32±0.2	 9.3±1.8a	 11.9±1.5a	 60.514	 <0.001
Blood lactate (mmol/l)	 2.0±0.5	 4.5±0.8a	 4.7±0.6a	 16.296	 0.004
 
aP<0.05, compared with the control group. SIRS, systemic inflammatory response syndrome; WBC, white blood cells.
 

Table II. Comparison of levels of microRNA-23b, WBC, E selectin and ICAM-1 in peripheral blood among groups.

Groups	 No. of cases	 MicroRNA-23b	 WBC (109/l)	 E-selectin (ng/ml)	 ICAM-1 (ng/ml)

Control	 50	 1.08±0.28	 6.15±1.22	 51.82±11.86	 296.37±31.58
SIRS	 50	 0.21±0.07a	 12.98±2.83a	 129.44±41.32a	 367.39±50.15a

Sepsis	 87	 0.16±0.03a	 12.13±3.61a	 138.35±38.28a	 559.83±53.36a,b

F-value		  28.607	 5.535	 5.863	 25.662
P-value		  0.001	 0.043	 0.039	 <0.001

aP<0.05, compared with the control group; bP<0.05, compared with the SIRS group. WBC, white blood cells; SIRS, systemic inflammatory 
response syndrome.

Table III. Comparison of microRNA-23b, E-selectin, ICAM-1, WBC and SOFA scores between the survivor and death groups 
in the sepsis group.

Groups	 No. of cases	 MicroRNA-23b	 E-selectin	 ICAM-1	 WBC	 SOFA

Survivor group	 71	 0.18±0.04	 112.4±21.7	 370.25±43.92	 12.03±2.15	 10±1
Death group	 16	 0.05±0.02	 150.4±27.3	 612.33±87.52	 12.08±2.13	 16±2
t value		  11.258	 -11.753	 -9.625	 -19.875	 -10.392
P-value		  0.008	 0.007	 0.011	 0.44	 0.001

WBC, white blood cells; SOFA, sequential organ failure assessment.
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ICAM-1 levels were significantly increased in the sepsis and 
SIRS groups compared to the control group (P<0.05). ICAM-1 
level in the sepsis group was significantly higher than that in 
the SIRS group (P<0.05), but there was no significant differ-
ence in the microRNA-23b, WBC, and E-selectin between the 
sepsis and the SIRS groups (P>0.05).

Comparison of microRNA-23b, E-selectin, ICAM-1, WBC and 
SOFA scores between the survivor and the death groups in 
the sepsis group. Mortality rate in the sepsis group was 18.4% 
(16/87). The expression level of microRNA-23b in the death 
group was significantly lower than that in the survivor group 
(P<0.05), and the E-selectin, ICAM-1, and SOFA scores were 
significantly higher in the death group than in the survival 
group (P<0.05). There was no significant difference in WBC 
between the survival and the death groups (Table III).

Correlation analysis. The expression level of microRNA-23b 
in the sepsis group was significantly negatively correlated with 
SOFA score, serum E-selectin, and ICAM-1 (r= -0.633, -0.585, 
and -0.439, respectively, P<0.05), but not WBC (P>0.05). 
There was no significant correlation between WBC, E-selectin, 
ICAM-1 and SOFA scores (P>0.05) (Table IV).

Discussion

Most patients with sepsis have immune dysfunction. Release 
of inflammatory transmitters after infection can cause damage 
of vascular endothelial cells, which in turn increases vascular 
permeability, and further inducing the transition from SIRS to 
sepsis shock accompanied by multiple organ dysfunction (13). 
Early sepsis is easily misdiagnosed as SIRS, leading to delayed 
treatment. Therefore, more specific markers are required for 
the diagnosis of sepsis.

MicroRNAs are responsible for the regulation of gene 
expression and play an important role in the pathophysiology 
of many diseases (14). MicroRNA-125b, -150, -223, and -146 
have been proven to play critical roles in pathogenesis of 
sepsis (15). MicroRNA-23b is a newly discovered microRNA, 
and studies have shown that peripheral blood levels of 
microRNA-23b can reflect the progression of gastric cancer. 
With the aggravation of gastric cancer, the expression level 
of microRNA-23b is increased (16). Studies have also shown 
that microRNA-23b is highly expressed in peripheral blood 

of patients with myasthenia gravis (17). Results of our study 
showed that the expression of microRNA‑23b in the sepsis 
group was significantly lower than that in the normal control 
group (P<0.01), and the microRNA-23b expression level in the 
death group was significantly lower than that in the survivor 
group (P<0.05). The data suggest that the development of sepsis 
is accompanied by the downregulation of microRNA-23b. 
Furthermore, the microRNA-23b expression level was 
negatively correlated with SOFA score, suggesting that the 
expression of microRNA-23b is related to the severity and 
prognosis of the disease. However, there was no significant 
difference in the expression level of microRNA-23b between 
the sepsis and the SIRS groups, so microRNA-23b could not 
be used to distinguish between sepsis and SIRS.

E-selectin is present on the surface of activated vascular 
endothelial cells and can bind to leukocytes to promote the 
activation of vascular endothelial cells and mediates inflamma-
tory responses (18). Nimrichter et al (19) found that E-selectin 
can enhance leukocyte aggregation, and Kung  et  al  (20) 
suggested that E-selectin could be used as a marker for severe 
infections and bacteremia. Leukocyte aggregation along the 
vascular wall of lesion regions is a prerequisite for the adher-
ence of WBC and endothelial cells and passing through blood 
vessel wall (21). ICAM-1 is an adhesion molecule with a very 
small molecular weight that promotes leukocyte adhesion and 
aggravates inflammatory damage (22). Studies have shown 
that ICAM-1 and E-selectin are increased in sepsis peripheral 
blood, and the content of those two factors in serum can be 
used to judge the extent of endothelial damage. Damage of 
endothelial cells indicates the development of inflammatory 
reaction (23). Results of our study showed that ICAM-1 level 
in the sepsis group was significantly higher than that in the 
control group (P<0.05), and ICAM-1 level in the sepsis group 
was significantly higher than that in the SIRS group (P<0.05). 
In addition, ICAM-1 level in the death group was significantly 
higher than that in the survivor group (P<0.05), suggesting 
that the level of ICAM-1 is related to the severity of sepsis. 
Bedirli et al (24) believed that ICAM-1 level is increased in 
early stages of sepsis, and high ICAM-1 predicts poor pro- 
gnosis and high mortality. The levels of WBC and E-selectin 
were significantly higher in the sepsis group than in the 
control group, but there was no significant difference 
between the sepsis and SIRS groups (P>0.05), suggesting 
that WBC and E-selectin can only reflect the presence of 
inflammation, and cannot be used to distinguish between 
sepsis and SIRS. The levels of E-selectin and ICAM-1 in 
the death group were significantly higher than those in the 
survivor group, suggesting that E-selectin and ICAM-1 
levels may be related to disease severity. E-selectin and 
ICAM-1 levels have no significant correlation with SOFA, 
indicating that E-selectin and ICAM-1 may not be pro- 
mising diagnostic and prognostic markers for sepsis.

In conclusion, the expression level of microRNA-23b in 
peripheral blood of patients with sepsis is related to the mani-
festation of inflammatory state, and to some extent, it can be 
used to judge the severity and prognosis of disease.
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