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Abstract: Objective: to investigated the circulating microRNA expression profile in sepsis and its clinical evaluation.
Methods: 70 patients with sepsis and 30 patients with SIRS were selected and their blood samples were collected.
Using liquid bead array with 3 statistical analysis approaches analyzed the circulating microRNA expression profiles,
for confirming the data of liquid bead array, gRT-PCR was performed. The prognostic value of the changed microR-
NA in sepsis was determined and compared with CRP and PCT by analyzing the receiver operating characteristic
(ROC) curves. To reveal whether the selected microRNAs could predict the outcome of patients, 28 d survival rate
were calculated using Kaplan-Meier curves. Furthermore, the level of malondialdehyde (MDA), activity of superox-
ide dismutase (SOD) and glutathione peroxidase (GSH-Px) in plasma were detected and the relationship with the
changed microRNA was determined. Results: By integrating data from liquid bead array, we ultimately identified 6
microRNAs that were consistently changed in both of 3 statistical analysis approaches, however, only the change of
microRNA-25 was significant according to the qPCR’s result. The area under ROC curve showed that the clinical ac-
curacy of microRNA-25 for sepsis diagnosis was better than CRP and PCT (AUG=0.806, 0.676 and 0.726, P<0.05).
The decrease in level of microRNA-25 was correlated with the severity of sepsis, SOFA score, CRP and PCT level,
meanwhile, microRNA-25 level can be used for predicting the prognosis of patients, the patients with microRNA-25
level <0.492 had a lower 28 d survival rate. Moreover, Decreased microRNA-25 level was related to the level of oxi-
dative stress indicators in sepsis patients. Conclusions: microRNA-25 can be used as a biomarker for the diagnosis
and assessment of sepsis. Meanwhile, microRNA-25 level may be associated with oxidative stress in patients with
sepsis, and it is expected to become a target for anti-oxidation therapy.
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Introduction

Sepsis is a systemic inflammatory response
caused by infection and can lead to multiple
organ dysfunction syndromes (MODS), with a
high mortality rate. Though numerous studies
focus on the prevention and cure of sepsis dur-
ing the past 10 years and some results have
been achieved, it is undeniable that sepsis
remains a major cause of death in ICU [1-3].
Therefore, it is very important for early diagno-
sis and accurate assessment of patients with
sepsis. MicroRNAs are endogenous short non-
coding RNA with the length of only 21~25 nt,
exists in eukaryotic cells widely, which can real-
ize the fine regulation of post-transcriptional

gene expression [4, 5]. Circulating microRNAs
refer to the microRNAs that present in serum or
plasma stably. There are changes in the circu-
lating microRNAs expression profiles in some
diseases, thus, circulating microRNAs are po-
tential to become a biomarker that can be used
for diagnosis and prognosis of some diseases,
and provide the basis for individualized treat-
ment [6, 7]. Previous studies have revealed that
changes in microRNA levels existed in some
patients with sepsis [8], but the clinical value of
microRNA, as a biomarker, used for diagnosis
of sepsis or assessment of the prognosis of
patients with sepsis remains to be further con-
firmed, and the relevant mechanism is to be
further revealed. In this study, it was found that
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the microRNA-25 level in serum was lower in
patients with sepsis by the liquid bead array
and gRT-PCR. Further analysis showed that,
changes in microRNA-25 levels were correlated
with the disease condition and prognosis of
patients. The results showed that, circulating
microRNA-25 may be a useful biomarker with
the diagnostic value and prognosis assess-
ment value for the patients with sepsis.
Previous studies have also found that, microR-
NA-25 may be associated with oxidative stress
[9], which is a key link for multiple organ dam-
age of patients with sepsis. Therefore, in this
study, we investigated the relationship between
microRNA-25 and oxidative stress of patients
with sepsis.

Patients and study design
Patient selection

The study population consisted of 70 patients
with sepsis and 30 patients with SIRS who were
admitted to the First Hospital of Lanzhou
University during the period from April 2013 to
May 2014. The diagnosis of sepsis was based
on the definition by the American College of
Chest Physicians and the American Society of
Critical Care Medicine (ACCP/SCCM) [10]. In
briefly, a sepsis was defined as the presence of
SIRS associated with infection. SIRS was
defined in the presence of two or more of the
following criteria: temperature <36.8°C or
>38.8°C, heart rate >90 beats per min in the
absence of a pacemaker, respiratory rate >20/
min or PaCO, less than 4.3 kPa (32 mmHg),
and white blood cell count >12x10°%/L or
<4x10%1, or >10% immature band forms.
Further, 70 patients with sepsis were divided
into 3 groups: sepsis group, severe sepsis
group and septic shock group. According to the
criteria of 2001 SCCM/ESICM/ACCP/ATS/SIS
international sepsis definition conference, sep-
sis complicated by organ dysfunction is referred
to as severe sepsis, while sepsis complicated
by hypotension refractory to adequate volume
resuscitation in the absence of an alternate
cause has been termed septic shock. The
exclusion criteria in this study: (1) age <18
years; (2) taking immunosuppressive drugs; (3)
malignant tumors; (4) HIV-infected patients; (5)
patients in pregnancy; (6) died within 24 h after
admitted in ICU; The blood samples of patients
were collected at 24 h after admitted in ICU.
The age, gender, sequential organ failure asse-
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ssment score (SOFA) score were recorded, also,
the levels of c-reactive protein (CRP) and pro-
calcitonin (PCT) in serum were analyzed rou-
tinely. Patients with sepsis were followed up for
28 days. Information consents were obtained
from all patients with protocol approved by
the Ethics Committee of the First Hospital of
Lanzhou University.

Analysis for circulating microRNA expression
profiles by liquid bead array

microRNAs in blood sampls were extracted
and isolated using the microRNA isolation kit
(Roche, Germany) according to the protocol in
the instruction. Using FlexmiR miRNA Human
Panel array (Luminex, USA) obtained the
expression profiles in SIRS and sepsis patients
(n=5). In order to increase credibility of liquid
bead array, the data were analyzed using three
different statistical analysis approaches includ-
ing (a) 2-Tailed paired t-test after background
correction and normalization; (b) Hierarchical
clustering and (c) Bead to bead background
subtraction and quantile normalization. The th-
resholds were set at P-value <0.05, and a fold-
change >1.5.

Quantitation of microRNA expression profiles
by qRT-PCR

To confirm liquid bead array results, reverse
transcription reaction and quantitative real-
time PCR (gRT-PCR) were performed using
TagMan® MicroRNA Reverse Transcription Kit
and TagMan® MicroRNA assays (Applied Bio-
systems, USA) with the TagMan protocol sup-
plied by the manufacturer. Relative level chang-
es of microRNAs were determined using the
AACt approach and the data were normalized
by microRNA-16. In brief, the fold changes of
microRNAs in sepsis patients (n=70) relative to
SIRS patients (n=30) were calculated by the for-
mula of fold change =224t ACt=Ct (target
microRNA)-Ct (microRNA-16), AACt=ACt (sep-
sis)-ACt (SIRS).

Analysis for clinical value of the selected mi-
croRNAs

According to the qRT-PCR’s result, we eventu-
ally selected microRNA-25 as an interesting
microRNA and evaluate its clinical value on
diagnosis of sepsis and predicting prognosis. In
brief, the prognostic value of microRNA-25 was
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Table 1. Clinical characteristics of the subjects enrolled

Sepsis patients (n=70)

SIRS patients

(n=30) Sepsis subgroup Server subgroup Septic shock subgroup P value

(n=20) (n=35) (n=15)

Median age (years) 55 (42~61) 52 (36-62) 55 (40~71) 54 (42-69) NS
Gender

Male 12 9 20 7 NS

Female 18 11 15
Blood culture

Negative - 2 2 3 NS

Bacterial (G+) - 6 10 3

Bacterial (G-) - 10 20 8

Fungi - 2 3 1
Primary infection site

Lower respiratory tract - 2 5 4 NS

upper respiratory tract - 3 3 2

Urinary tract - 4 8 3

Abdomen - 11 19 6
SOFA score 3(1-4) 6 (4-8) 7 (5-10) 9 (6-11) <0.05
C-reacting protein (mg/l) 72.3(53.2-91.3) 95.5(57.5-119.9) 135.7 (100.1~158.3) <0.05
Procalcitonin (ug/l) 2.9 (0.9-5.7) 6.8 (3.4-11.6) 12.8 (9.9-18.3) <0.05
Median ICU stay (days) 3(1-5) 10 (6-18) 15 (15-22) 20 (18-27) <0.05
28 d survival

Yes 28 17 23 5 <0.05

No 2 5 10 10

NS, no significance.

determined and compared with CRP and PCT
by analyzing the receiver operating characteris-
tic (ROC) curves. Further, we analyzed the rela-
tion between the microRNA-25 levels and
severity of patients with sepsis. To reveal
whether the selected microRNAs could predict
the outcome of patients, 28 d survival rate
were calculated using Kaplan-Meier curves.

Detection of oxidative stress level in patients
with sepsis

In order to estimate the oxidative stress level in
patients with sepsis, the level of malondialde-
hyde (MDA), activity of superoxide dismutase
(SOD) and glutathione peroxidase (GSH-Px) in
plasma were detected using Kkits provided by
Nanjing Jiancheng Bioengineering Institute.

Statistical analysis

Data analysis was performed using SPSS18.0
software (SPSS Inc., Chicago, IL, USA). Normal
distribution data were expressed as mean + SD
and non-normal distribution data were expre-
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ssed as median. For normal data, one way-
ANOVA was performed for comparison between
multiple groups followed with LSD test. For
non-parametric statistics, Mann-Whitney test
was performed for comparison between two
groups. The difference in frequency distribution
between groups was determined by Chi-square
test. Spearman correlation analysis was per-
formed. The 28 d survival was calculated by
Kaplan-Meier curves with log-rank test. A P
value <0.05 was considered statistically signi-
ficant.

Result
Patient characteristics

The demographic characteristics of patients
with sepsis were shown in Table 1. Thirty
patients with SIRS, 20 patients with sepsis, 35
patients with severe sepsis and 15 septic
shock patients were enrolled in our study. The
age, gender, site of infection and pathogen cul-
ture results between SIRS and sepsis patients
were comparable without significant difference
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be changed significantly; (b)
According to hierarchical clus-
tering, 20 microRNAs were
identified to be changed sig-
nificantly; (c) According to be-
ad to bead background sub-
traction and quantile normal-
ization, 22 microRNAs were
identified to be changed sig-
nificantly. By integrating data,
we ultimately identified 6
microRNAs that were consis-
tently changed in both of 3
statistical analysis approach-
es, as shown in Figure 1.
Further, these 6 microRNAs’
expression changes were con-
firmed by qRT-PCR, as shown
in Figure 2, compared with
SIRS patients (n=30), only the
decreased microRNA-25 level
of patients with sepsis (n=70)
showed statistical difference
(P<0.05), the median fold ch-
ange relative to SIRS patients
was 0.63.

SIRS patients

Figure 1. Liquid bead array results. A. microRNAs expression profiles ana-

Sepsis patients

The diagnostic significance of
circulating microRNA-25

lyzed by 3 different statistical approaches. a means 2-Tailed paired t-test

after background correction and normalization; b means Hierarchical clus-
tering; ¢ means bead to bead background subtraction and quantile normal-
ization. B. Heat map for 6 microRNAs that were consistently changed in both

of 3 statistical analysis approaches.

(P<0.05). The SOFA score, the level of CRP and
PCT in serum (at 24 h after admitted to ICU)
were highest in septic shock group (P<0.05). As
anticipated, SIRS patients had the lowest SOFA
score, CRP and PCT level (P<0.05). Among 70
sepsis patients, 25 patients dead within 28 d
and 45 cases patients survived 28 days after
admitted to ICU.

Circulating microRNA expression profiles

To identify the significant difference in circulat-
ing microRNA expression between SIRS and
sepsis patients (n=5), we analyzed the liquid
bead array data using 3 different analytics
approaches as mentioned above. In different
approach, we found different microRNA expres-
sion profiles. In brief, (a) according to 2-Tailed
paired t-test after background correction and
normalization, 16 microRNAs were identified to
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According to the gRT-PCR’s
result, we eventually selected
microRNA-25 as an interest-
ing microRNA. The clinical ac-
curacy of microRNA-25 for se-
psis diagnosis was analyzed by receiver-operat-
ing characteristic (ROC) curve, as shown in
Figure 3. The area under ROC curve (AUG) was
0.806 (95% CI: 0.701-0.912), which is slightly
better than CRP (AUG=0.676, 95% CI: 0.54-
0.810) and d PCT (AUG=0.726, 95% CI: 0.592-
0.860) with statistical difference (P<0.05). It
indicated that microRNA-25 can be used to dis-
tinguish sepsis from SIRS.

The decrease in level of microRNA-25 was cor-
related with the severity of sepsis

At the 24 h after admitted to ICU, the median
level of microRNA-25 (fold change relative to
SIRS) in patients with sepsis, severe sepsis and
septic shock was 0.794, 0.559 and 0.342,
respectively (P<0.05, Figure 4). Obviously, com-
pared with sepsis and severe sepsis groups,
the SOFA score, CRP and PCT level in septic
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Figure 2. qRT-PCR analysis for confirming the data of
liquid bead array.
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Figure 3. Receiver operating characteristic curve of
microRNA-25, CRP, PCT level for sepsis diagnosis.
CRP means C-reactive protein; PCT means procalci-
tonin.

shock groups was more higher (P<0.05), as
shown in Figure 5. Correlation analysis showed
(Figure 6) that the microRNA-25 level (at 24 h)
in 70 patients with sepsis was inversely propor-
tional to the SOFA score (r=-0.691, P<0.05), as
well as, negatively related to CRP and PCT level
in serum (r=-0.712 and -0.611, P<0.05). These
results suggested that the level of microRNA
was correlated with the severity of sepsis.

The Prognostic significance of circulating mi-
CroRNA-25

As shown in Figure 7, the microRNA-25 level
(fold change relative to SIRS) of surviving
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Figure 4. The microRNA-25 relative fold change of
patients with different severity of sepsis. a means
compared with sepsis P<0.05; b means compared
with severe sepsis P<0.05.

patients was significantly higher than that of
the dead patients (P<0.05). Also, the clinical
accuracy of microRNA-25 level for predicting
28 d mortality was analyzed by ROC. As shown
in Figure 8, the AUG of microRNA-25 used for
prediction of 28 d mortality of patients with
sepsis (AUG) was 0.756 (95% Cl: 0.569-0.833,
P<0.05) and the cut-off point was 0.492.
Kaplan-Meier survival curve showed that
(Figure 9), the patients with microRNA-25 level
<0.492 had a lower 28 d survival rate, com-
pared with patients with microRNA-25 level
>0.492 (44.5% vs. 73.9%, P<0.05). The above
results suggested that the microRNA-25 level
can be used for predicting the prognosis of
patients.

Decreased microRNA-25 level was related to
the level of oxidative stress in sepsis patients

As shown in Figure 10, the compared with sep-
sis and severe sepsis groups, the MDA level in
septic shock groups was more higher but with
lower SOD and GSH-Px activity (P<0.05).
Correlation analysis showed (Figure 11) that
the microRNA-25 level in sepsis patients with
sepsis was inversely proportional to the MDA
level (R=-0.754, P<0.05), however, positively
correlation with SOD and GSH-Px activity
(r=0.768 and 0.694, P<0.05).

Discussion
Sepsis is a common disease and one of the

major causes of death in ICU worldwide, which
requires a high medical cost. The treatment

Int J Clin Exp Pathol 2015;8(7):7675-7684
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creased mortality.

guidelines recommend early intervention in
patients with sepsis [11, 12]. Studies showed
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that the early intervention can reduce mortality
and improve the prognosis of patients, and
reduce the medical costs. The early interven-
tion of sepsis mainly depends on the early diag-
nosis and accurate assessment of the disease
condition [13]. The application of biomarkers
will play an important role in the early diagnosis
and assessment of disease condition of sepsis.
Currently the biomarkers used in the early diag-
nosis of sepsis include C-reactive protein (CRP),
interleukin, procalcitonin (PCT), N-terminal pro-
atrial natriuretic peptide, etc. [14, 15], but they
have some limitations and their accuracy is to
be enhanced, for example, the CRP has a high
sensitivity but low specificity for the diagnosis
of sepsis, not suitable for using alone. PCT has
a high specificity than CRP, but it has obvious
change in the bacterial infectious diseases.
Some studies have shown PCT cannot be used
to distinguish sepsis from SIRS not caused by
bacterial infection, having inadequate diagnos-
tic efficacy in severe sepsis when used alone
[16, 17]. Therefore, it is very necessary to
develop new biomarkers.

microRNAs are evolutionarily conserve, which
can be stable in the blood. The techniques of
quantitative detection for microRNA are rela-
tively mature and trace detection also can be
achieved [18, 20]. The circulating microRNAs
are easily to collect; in addition, microRNAs
also have a post-transcriptional regulation
function, which is capable of forming a complex
regulatory network to decide the occurrence
and progression of the disease [21, 22].
Therefore, microRNAs not only can be used as
biomarkers for disease diagnosis, but also as a
target for the treatment of disease, showing
extensive clinical applications. It has been
reported in some studies that the changes in
microRNA expression was involved in the occur-
rence and progression of sepsis, for example,
Moore et al [5]. investigated the changes in
expressions of 351 microRNAs in rats with sep-
tic shock and found that, high expression of 17
microRNAs existed, and nine microRNAs signifi-
cantly regulate the target genes of the focal
adhesion pathway. Wang et al [23]. found that
microRNA-27a in mice with sepsis was up regu-
lated and the inhibition of miR-27a reduced the
expression levels of TNF-a and IL-6., thereby
reducing the inflammatory response of mice
with sepsis. The results suggested that, miR-
27a can not only be used as a diagnostic mark-

Int J Clin Exp Pathol 2015;8(7):7675-7684
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er of sepsis, but also as a therapeutic target.
Zhou et al [24]. found that dysregulated microR-
NAs existed in the peripheral blood mononucle-
arcellsin patients with sepsis, and Dysregulated
miRs have immunological associations with
clinical disease in sepsis, especially, miR-146a
decrease correlated with elevated IL-6 and
monocyte proliferation. In this study, we found
that, compared with SIRS patients, the levels of
microRNA-25 in patients with sepsis were sig-
nificantly lower, and patients with low level of
microRNA-25 had more serious condition of
disease and poorer prognosis. ROC curve
showed that, microRNA-25 not only can be
used to distinguish between SIRS and sepsis,
but also predict the 28 d mortality condition of
patients with sepsis. Thus, we believe microR-
NA-25 can be used as a biomarker of patients
with sepsis.

Sepsis-induced multiple organ dysfunction syn-
drome (MODS) is an important cause of death
for patients [25]. The MODS mechanism is very
complex, and one of the crucial mechanisms is
oxidative stress injury. When sepsis occurs,
endotoxins, ischemia-reperfusion injury can
activate nicotinamide adenine dinucleotide
phosphate oxidase (NADPH oxidase) and xan-
thine oxidase that could result in generation of
reactive oxygen species (ROS) and oxidative/
antioxidant imbalance, and ultimately lead to
oxidative stress injury of tissue cells [26, 27].
Hence, attention should be paid to the oxida-
tive stress injury of patients with sepsis. In
addition, studies have shown that microRNA-25
is associated with oxidative stress; so we fur-
ther investigated the relationship between
microRNA-25 level and oxidative stress in
patients with sepsis. We found that, the lower
the microRNA-25 level, the higher the level of
oxidative stress. Regarding to the regulation of
oxidative stress by microRNA-25, Varga be-
lieved that [9], NADPH oxidase 4 (NOX4) is the
target gene of microRNA-25; when the microR-
NA-25 expression is inadequate, NOX4 expres-
sion would increase, which will lead to increased
generation of ROS and enhance the oxidative
stress injury. Further study is to be carried out
to investigate how microRNA-25 to regulate the
oxidative stress in patients with sepsis.

In conclusion, our studies showed that microR-
NA-25 can be used as a biomarker for the diag-
nosis and assessment of sepsis. Meanwhile,
microRNA-25 level may be associated with oxi-
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dative stress in patients with sepsis, and it is
expected to become a target for anti-oxidation
therapy.
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