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INTRODUCTION

Sepsis is a life-threatening organ dysfunction caused by a 
dysregulated host response to infection [1]. As the most fre-
quent cause of mortality in intensive care units (ICUs), sepsis 
accounts for approximately 250,000 deaths per year in the 
United States [2]. The incidence of sepsis is increasing in elderly 
people. In countries with advanced health-care and modern 
ICUs, 60% of patients who develop sepsis and 75% who succumb 
to the disease are older than 65 years [3]. Furthermore, sepsis is 
a known cause of acute kidney injury (AKI), which increases 
patient morbidity and affects multiple organ functions [4]. 

Sepsis-induced AKI is especially common among hospitalized 
and ICU patients, with an incidence of 11–67% and a mortality 
of 13–36% [5-7]. Thus, there is a need for identifying new bio-
markers of sepsis that can help in the therapeutic decision mak-
ing, diagnosis, monitoring of the response to therapy and risk 
stratification [8]. The biochemical indices blood urea nitrogen 
(BUN), creatinine (Cr) and cystatin C are three key indicators 
of kidney function, and have a predictive value in AKI [9,10]. 
Moreover, recent studies have reported the potential role of 
microRNAs (miRNAs) as biomarkers in the diagnosis, preven-
tion and prognosis of sepsis-induced AKI [11,12].

MiRNAs are a class of noncoding RNAs that regu-
late gene expression in multicellular and some unicellular 
eukaryotes [13]. Certain miRNAs have been recently sug-
gested as non-invasive biomarkers of organ injury [14]. A study 
comparing the expression of miRNAs between patients with 
sepsis, systemic inflammatory response syndrome (SIRS), 
and healthy controls identified a miRNA signature that can 
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discriminate sepsis from SIRS [15]. Also, miRNAs have been 
correlated with disease stage as well as short- and long-term 
prognosis of patients with sepsis [16]. In post-transplant AKI, 
miR-182-5p was identified as a molecular regulator and was 
strongly correlated with changes in gene expression during 
kidney injury [17]. In critically ill patients with AKI, circulat-
ing levels of miR-210 were an independent predictor of sur-
vival [18]. In tumor necrosis factor (TNF)-α-treated mouse 
C2C12 myotubes, the expression of miR-494 was upregulated 
by TNF-α-mediated inflammation, worsening the insulin 
resistance [19]. Moreover, in renal tubular cell line HK-2 cul-
tured under hypoxia-reoxygenation-induced oxidative stress 
or endoplasmic reticulum (ER) stress, miR-205 had a protec-
tive role against both stress conditions and was suggested as 
a novel therapeutic target in AKI and chronic kidney disease 
associated with oxidative or ER stress in tubules [20].

In this study, we analyzed the expression patterns of miR-
210, miR-494, and miR-205 in middle-aged and old patients 
with sepsis-induced AKI and evaluated the association of 
these miRNAs with BUN, Cr, cystatin C levels, and patient 
prognosis.

MATERIALS AND METHODS

Patients

Middle-aged and old adults with sepsis-induced AKI 
diagnosed between January 2014 and December 2016 at 
the Emergency Department of Sir Run Run Shaw Hospital, 
Medicine School of Zhejiang University were included as 
the case group. Healthy individuals who underwent phys-
ical examination during the same period were included as 
the control group. The age, gender, body mass (BM), the 
Sequential Organ Failure Assessment (SOFA) score, Acute 
Physiology and Chronic Health Evaluation II (APACHE II) 
score, mean arterial pressure (MAP), and heart rate of patients 
and controls are provided in Table 1. The patients were eval-
uated by two associate senior doctors in the ICU. The diag-
nostic criteria for sepsis were according to the American 
College of Chest Physicians/Society of Critical Care Medicine 
(ACCP/SCCM) [21] and the criteria for AKI were based on 
the Acute Kidney Injury Network (AKIN) classification [22]. 
The patients were included if they 1) were over 50  years 
old; 2) conformed to the diagnostic criteria of ACCP/SCCM; 
and 3) conformed to the diagnostic criteria of the AKIN. The 
patients were excluded in case they 1) were diagnosed with 
sepsis; 2) had concurrent viral myocarditis; 3) had concurrent 
severe hepatitis or cirrhosis; 4) did not have complete clinical 
record; or 5) their adherence was poor. Finally, from a total of 
125 patients, 110 patients (57 males, 53 females) were selected 
as the case group. The control group included 110 healthy indi-
viduals (58 males, 52 females). This study was approved by the 

Ethics Committee of Sir Run Run Shaw Hospital, Medicine 
School of Zhejiang University, Hangzhou, China. Informed 
consent was obtained from all participants.

Sample collection

Peripheral venous blood (5  ml) was collected from all 
participants under fasting conditions on the morning of 
admission to hospital and stored in vacuum blood collection 
tubes. The collected blood was centrifuged at 3000  r/m for 
10 minutes, and the serum was isolated and stored at  -80°C 
until further analysis. An automatic biochemical analyzer 
(AU400, Olympus, Tokyo, Japan) was used to determine the 
serum levels of BUN (mmol/L) and Cr (μmol/L). The serum 
levels of cystatin C (mg/L) were evaluated using a double-an-
tibody sandwich ELISA (DAS-ELISA) kit (BlueGene Biotech, 
Shanghai, China). Optical density (OD) was measured at 
450 nm on a Model 550 microplate reader (Bio-Rad, Hercules, 
CA, USA).

TLDA

A total of 30 μl plasma was aspirated from each blood 
sample in case and control groups and mixed. TLDA chips 
(V2.0, Applied Biosystems, Foster City, CA, USA) were used 
to screen differentially expressed 30 miRNAs in the mixed 
plasma samples, and the analysis was performed by the Beijing 
Orbital Co., Ltd. (Beijing, China).

Statistical analysis

Data analysis was performed with IBM SPSS Statistics 
for Windows, Version 21.0. (IBM Corp., Armonk, NY) and 
GraphPad Prism version  7.00 for Windows (GraphPad 
Software, La Jolla California USA). Measurement data were 
presented as mean ± standard deviation (SD) and compared 
between two groups by Student’s t-test. Enumeration data 
were presented as ratio or percentage and compared between 
groups by Chi-square test. TLDA data were analyzed by SDS 
RQ Study software (Applied Biosystems, Life Technologies, 
USA) with the threshold cycle (Ct) value of 0.2. The ratio 
of miRNA expression in the plasma samples from case and 
control groups was calculated by the 2-ΔΔCt method as follows: 
ΔΔCt = (Ctsample - Ctreference)case group - (Ctsample - Ctreference)control group, 
with cel-miR-39 used as the reference. Receiver operating 
characteristic (ROC) curves were plotted to analyze the pre-
dictive value of miR-210, miR-494, and miR-205 expression 
in prognosis of patients with sepsis-induced AKI at 28 days. 
Spearman’s rank correlation analysis was also performed 
to evaluate the correlation of miRNAs with serum BUN, 
Cr, and cystatin C levels. Multivariate analysis with Cox 
proportional hazards model (back: LR) was used to deter-
mine independent risk factors for prognosis of patients with 
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sepsis-induced AKI. Differences were considered to be sig-
nificant at p < 0.05.

RESULTS

Baseline characteristics of case and control group

The clinical data of cases (110 middle-aged and old patients 
with sepsis-induced AKI) and controls (110 healthy individ-
uals) are presented in Table 1. No significant differences were 
observed in the age, gender, BM, SOFA score, APACHE II score, 
MAP and heart rate between case and control groups (p > 0.05). 
Serum levels of BUN, Cr and cystatin C, and the expression of 
miR-201 and miR-494 in plasma were significantly higher in 
patients with sepsis-induced AKI compared to control group 
(p < 0.01); whereas, miR-205 expression in plasma was signifi-
cantly lower in patient vs. control group [p < 0.01] (Table 1).

Differentially expressed miRNAs screened by 
TLDA

According to the criterion of Ct value < 35 and absolute 
Ct value > 2, eleven miRNAs (miR-210, miR-494, miR-23a, 
miR-26a, miR-29a, miR-10a-5p, miR-122, miR-143, miR-214, 
miR-223, and miR-497) were upregulated in patients with 
sepsis-induced AKI, and the upregulated expression of miR-
210 and miR-494 was higher compared to the other miRNAs. 
Eleven miRNAs (miR-205, miR-146a, miR-182-5p, miR-16, 
miR-21, miR-145, miR-203, miR-204, miR-290, miR-320, and 
miR-590) were downregulated in patients with sepsis-in-
duced AKI. Among these, miR-205 was the most downreg-
ulated miRNA. Eight miRNAs (miR-146a, miR-17, miR-100, 
miR-126, miR-137, miR-148, miR-306, and miR-415) were not 
differentially expressed between patient and control group 
(Table 2).

TABLE 1. Baseline characteristics of case (patients with sepsis-induced AKI) and control (healthy individuals) group

Baseline characteristics Case group (n=110) Control group (n=110) p
Age (years) 65.73±8.35 66.31±8.08 0.601
Gender

Male 57 58 1.000
Female 53 52

Body mass (kg/m2) 25.35±3.26 25.13±3.74 0.642
SOFA score 13.15±2.23 -
APACHE II score 29.46±3.42 -
MAP (mmHg) 83.66±9.63 82.37±9.72 0.324
Heart rate (times/minute) 83.12±9.06 82.18±8.36 0.425
BUN (mmol/L) 8.11±1.58 5.34±0.96 <0.001
Cr (μmol/L) 252.31±56.44 43.36±7.23 <0.001
Cystatin C (mg/L) 1.85±0.49 0.94±0.23 <0.001
Upregulated miRNAs (ΔΔCt absolute value)

miR-210 6.68±1.81 4.24±1.12 <0.001
miR-494 6.72±1.76 4.04±1.06 <0.001
miR-23a 3.89±0.68 3.25±0.33 >0.05
miR-26a 8.29±0.59 7.26±0.47 >0.05
miR-29a 3.32±0.28 2.63±0.24 >0.05
miR-10a-5p 5.39±0.29 5.16±0.34 >0.05
miR-122 4.29±0.47 4.12±0.35 >0.05
miR-143 9.09±0.88 8.68±0.91 >0.05
miR-214 2.83±0.56 2.37±0.23 >0.05
miR-223 7.16±0.74 6.62±0.59 >0.05
miR-497 8.11±0.73 7.55±0.38 >0.05

Downregulated miRNAs (ΔΔCt absolute value)
miR-205 3.29±1.29 5.86±1.37 <0.001
miR-146a 4.89±0.68 5.15±0.36 >0.05
miR-182-5p 2.38±0.87 2.75±0.33 >0.05
miR-16 6.83±0.76 7.18±0.32 >0.05
miR-21 2.03±0.42 2.47±0.45 >0.05
miR-145 5.33±0.46 5.72±0.24 >0.05
miR-204 5.91±0.77 6.44±0.86 >0.05
miR-203 8.29±0.39 8.58±0.67 >0.05
miR-290 4.95±0.76 5.22±0.54 >0.05
miR-320 3.11±0.37 3.62±0.28 >0.05
miR-590 4.02±0.85 4.46±0.65 >0.05

AKI: Acute kidney injury; SOFA: Sequential Organ Failure Assessment; APACHE II: Acute Physiology and Chronic Health Evaluation II; MAP: Mean arterial 
pressure; BUN: Blood urea nitrogen; Cr: Creatinine; miR: microRNA
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Correlation analysis of miR-210, miR-494, and 
miR-205 with biochemical indices

We performed a correlation analysis of miR-210, miR-494, 
and miR-205 plasma expression levels with BUN, Cr and 
cystatin C serum levels in case group. A positive correlation 
was identified between miR-210 and miR-494 expression and 
BUN, Cr and cystatin C levels; whereas, a negative correlation 
was found between miR-205 expression and BUN, Cr and cys-
tatin C levels in patients with sepsis-induced AKI [p < 0.05] 
(Figure 1).

Association of miR-210, miR-494, and miR-205 and 
biochemical indices with survival of sepsis-induced 
AKI patients

Patients with sepsis-induced AKI were classified into sur-
vival (n = 68) or non-survival group (n = 42), according to 28-day 
survival. Plasma expression levels of miR-210, miR-494, and miR-
205 were compared between the two groups. The expression 

levels of miR-210  (5.83 ± 1.32) and miR-494  (5.91 ± 1.37) were 
significantly lower in survival compared to non-survival 
group [8.05 ± 1.66 for miR-210 and 8.03 ± 1.54 for miR-494] 
(p < 0.05), while miR-205 expression was higher in survival (3.89 
± 1.14) vs. non-survival group [2.33 ± 0.87] (p < 0.05). The serum 
levels of BUN, Cr and cystatin C were decreased in survival 
compared to non-survival group [p < 0.05] (Figure 2).

Predictive value of miR-210, miR-494, and miR-205 
in prognosis of patients with sepsis-induced AKI

ROC curves were plotted to evaluate the predictive value 
of miR-210, miR-494, and miR-205 in prognosis of patients 
with sepsis-induced AKI (Figure  3). The cut-off point of 
miR-210, miR-494 and miR-205 was 6.995, 7.005 and 3.245 and 
the area under the curve (AUC) was 0.852, 0.847 and 0.860, 
respectively. The sensitivity of miR-210, miR-494 and miR-205 
was 81.0%, 80.9% and 78.6% and the specificity was 80.9%, 72.1% 
and 90.5%, respectively (95% CI was 0.777–0.928 for miR-210, 
0.772–0.922 for miR-494, 0.792–0.927 for miR-205). These 
results indicated a good predictive value of miR-210, miR-494, 
and miR-205 in sepsis-induced AKI.

Univariate survival analysis

The survival rate of 110 patients with sepsis-induced AKI 
at 28 day was 38.18% (42 cases), which was correlated with the 

FIGURE 1. Correlation analysis of miR-210, miR-494, and miR-205 with biochemical indices of kidney injury (BUN, Cr, and cystatin C). 
A positive correlation was identified between miR-210 and miR-494 plasma expression and BUN, Cr and cystatin C serum levels; whereas, 
a negative correlation was found between miR-205 plasma expression and BUN, Cr and cystatin C serum levels in patients with sepsis-in-
duced AKI (p < 0.05). BUN: Blood urea nitrogen; Cr: Creatinine; miR: microRNA; AKI: Acute kidney injury.

TABLE 2. Significantly differentially expressed miRNAs in 
patients with sepsis-induced AKI

miRNAs ∆Ctcase ∆Ctcontrol ∆∆Ct
miR-210 26.272263 32.43763 -6.677357
miR-494 28.090073 34.224786 -6.716703
miR-205 32.663948 28.776072 3.291886

miRNA: microRNA; AKI: Acute kidney injury
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plasma expression levels of miR-210, miR-494 and miR-205 
and serum levels of BUN, Cr and cystatin C (p < 0.01). On 
the other hand, the age, gender, BM, SOFA score, APACHE II 
score, MAP and heart rate were not significantly correlated 
with the survival rate of patients [p > 0.05] (Table 3).

Multivariate survival analysis

BUN, Cr, cystatin C, miR-210, miR-494, and miR-205 were 
included in the Cox multivariate survival analysis (Table  4). 
The results showed that BUN, Cr and miR-205 were risk fac-
tors for the prognosis of patients with sepsis-induced AKI, and 

higher BUN and Cr levels and lower miR-205 expression were 
associated with shorter survival of patients with sepsis-in-
duced AKI (p < 0.05).

DISCUSSION

Sepsis is characterized by end-organ dysfunction distant 
from the primary site of infection, and is a common cause of 
acute disease and death in patients with nosocomial and com-
munity-acquired infections [23]. AKI is associated with a pro-
longed length of stay in ICUs, and hence requires considerable 

FIGURE 2. Association of miR-210, miR-494 and miR-205 expression and BUN, Cr and cystatin C levels with the survival of patients with 
sepsis-induced AKI. The plasma expression levels of miR-210 and miR-494 were significantly lower in survival compared to non-survival 
group (p < 0.05), while miR-205 plasma expression was higher in survival vs. non-survival group (p < 0.05). The serum levels of BUN, Cr, 
and cystatin C were decreased in survival compared to non-survival group (p < 0.05). AKI: Acute kidney injury; BUN: Blood urea nitrogen; 
Cr: Creatinine; miR: microRNA.

FIGURE 3. ROC curve analysis of miR-210, miR-494, miR-205 to assess their predictive value in prognosis of patients with sepsis-induced 
AKI. Our results indicated a good predictive value of miR-210, miR-494, and miR-205 in sepsis-induced AKI. ROC: Receiver operating char-
acteristic; AKI: Acute kidney injury; miR: microRNA.
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healthcare resources [4]. MiRNAs are suggested as important 
diagnostic and prognostic indicators in sepsis and AKI [24,25]. 
In this study, we showed the predictive value of miR-210, 
miR-494 and miR-205 in the prognosis and 28-day survival of 
patients with sepsis-induced AKI.

Initially, we performed TLDA analysis to screen differen-
tially expressed miRNAs related to sepsis-induced AKI. We 
identified eleven upregulated and eleven downregulated miR-
NAs in plasma samples of patients with sepsis-induced AKI, 
among which miR-210 and miR-494 were the most upregu-
lated and miR-205 was the most downregulated miRNA. 
A  previous study showed that miR-205-5b is upregulated 
in different tissues in a mouse model of lipopolysaccharide 
(LPS)-induced sepsis, which suppressed high-mobility group 
box 1 protein (HMGB1) expression at the post-transcriptional 
level. The authors suggested that this upregulation of miR-
205-5b might be targeted in novel treatment strategies for 
late sepsis [26]. MiR-210 has been shown to exert its effects 
in the innate immune signaling [27]. Urinary miR-210 levels 
were able to differentiate renal transplant patients with acute 
rejection from patients without rejection and could be used as 
an indicator of long-term kidney function [28]. In a rat model 
of hepatic ischemia/reperfusion (I/R) injury, miR-494 showed 

a protective effect against the I/R injury by downregulating its 
downstream target gene PTEN and activating the PI3K/AKT 
signaling pathway. This suggests that miR-494 may be used 
as a biomarker in I/R injury [29]. However, to the best of our 
knowledge, no reports on miR-494 role in sepsis or AKI are 
available in the literature.

We further evaluated serum BUN, Cr, and cystatin C and 
showed their increased levels in patients with sepsis-induced 
AKI compared to controls. According to our Spearman’s rank 
correlation analysis, miR-210 and miR-494 were positively 
correlated and miR-205 was negatively correlated with the 
levels of BUN, Cr and cystatin C in patients with sepsis-in-
duced AKI. BUN and Cr are important indicators of kidney 
function in AKI [30]. Serum cystatin C is suggested as a sen-
sitive predictive parameter for reduced glomerular filtration 
rate, and may be used for the laboratory diagnosis of chronic 
renal failure [31,32]. Moreover, urinary cystatin C is a diagnos-
tic indicator of AKI and sepsis, and predicts mortality in ICU 
patients [5]. Notably, our correlation analysis showed that the 
plasma expression levels of miR-210 and miR-494 were signifi-
cantly lower while those of miR-205 were higher in survivors 
with sepsis-induced AKI vs. non-survivors. In addition, the 
serum levels of BUN, Cr and cystatin C were decreased in the 
survivors.

Our ROC curve, univariate and multivariate analysis con-
firmed the predictive value of miR-210, miR-494 and miR-205 
in the prognosis and survival of patients with sepsis-induced 
AKI. We showed that BUN, Cr and miR-205 were the risk 
factors for prognosis of sepsis-induced AKI. As sensitive bio-
markers of AKI, BUN and Cr have the potential to transform 
the care of patients suffering from renal disease [33,34]. A pre-
vious study indicated that specific miRNAs might regulate 
the progression of sepsis-induced AKI by targeting pathways 
related to oxidative stress and mitochondria [35]. Huo et al. 
showed a good predictive value of miR-29a and miR-10a-5p in 
evaluating the 28-day mortality of patients with sepsis-induced 
AKI [11]. Similarly, Lorenzen et al. indicated that miR-210 is an 
independent predictor of 28-day survival in AKI and showed 
the upregulation of this miRNA in the plasma of patients with 
AKI compared to healthy controls and disease controls (crit-
ically ill patients with acute myocardial infarction) [18]. In the 
study of Muratsu-Ikeda et al., decreased miR-205 expression 

TABLE 4. COX multivariate survival analysis of risk factors for the prognosis of patients with sepsis-induced AKI

Factors B SE Wald df p EXP 95% CI
BUN -1.494 0.756 3.906 1 0.048 0.225 0.051-0.988
Cr 0.059 0.011 27.121 1 0.00 1.061 1.038-1.085
Cystatin C -1.750 1.585 1.219 1 0.270 0.174 0.008-3.883
miR-210 0.854 1.033 0.683 1 0.409 2.348 0.310-17.780
miR-494 0.027 0.971 0.001 1 0.978 1.027 0.153-6.887
miR-205 2.159 0.817 6.983 1 0.008 8.665 1.747-42.987

AKI: Acute kidney injury; BUN: Blood urea nitrogen; Cr: Creatinine; miR: microRNA

TABLE  3. Univariate survival analysis of factors associated with 
the survival of patients with sepsis-induced AKI

Baseline characteristics Survival 
group (n=68)

Non-survival 
group (n=42) p

Age (years) 66.65±8.10 65.76±8.12 0.577
Gender

Male 35 22 0.917
Female 33 20

Body mass (kg/m2) 25.02±2.91 25.88±3.74 0.180
SOFA II score 13.08±2.03 13.26±2.54 0.683
APACHE score 29.40±3.54 29.56±3. 25 0.813
MAP (mmHg) 83.01±9.49 84.71±9.88 0.371
Heart rate (times/minute) 82.89±10.99 86.35±9.62 0.096
BUN (mmol/L) 7.42±1.22 9.23±1.46 <0.001
Cr (μmol/L) 217.63±28.74 308.47±43.52 <0.001
Cystatin C (mg/L) 1.68±0.38 2.14±0.51 <0.001
miR-210 (ΔΔCt absolute value) 5.83±1.32 8.05±1.66 <0.001
miR-494 (ΔΔCt absolute value) 5.91±1.37 8.03±1.54 <0.001
miR-205 (ΔΔCt absolute value) 3.89±1.14 2.33±0.87 <0.001

AKI: Acute kidney injury; SOFA: Sequential Organ Failure Assessment; 
APACHE II: Acute Physiology and Chronic Health Evaluation II; MAP: Mean 
arterial pressure; BUN: Blood urea nitrogen; Cr: Creatinine; miR: microRNA



255

Yongjun Lin, et al.: miR-210, miR-494, miR-205 and sepsis-induced AKI

in renal tubular cell line HK-2 was associated with increased 
cell susceptibility to oxidative and ER stress, which are critical 
risk factors for tubular damage in both AKI and chronic kid-
ney disease [20].

CONCLUSION

In conclusion, our study suggest that miR-210, miR-494 
and miR-205 have a predictive value in the prognosis and sur-
vival of patients with sepsis-induced AKI. MiR-205 appears 
to be an independent risk factor for sepsis-induced AKI and 
its decreased expression is associated with shorter patient 
survival.
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