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Abstract. The present study aimed to investigate the expres-
sion of microRNA (miRNA) 26a in blood mononuclear cells 
and serum in neonatal sepsis, as well as its role in the disease 
pathogenesis. In total 28 cases of neonatal sepsis were included 
in the study. The mRNA expression levels of miRNA-26a and 
interleukin (IL)-6 in the blood mononuclear cells and serum 
samples were detected by reverse transcription-quantitative 
polymerase chain reaction. The protein expression of IL-6 was 
detected by western blot analysis and ELISA. The in vitro septic 
environment was simulated by lipopolysaccharide (LPS) in 
THP-1 cells, and the expression of miRNA-26a and IL-6 were 
determined. Interaction between miRNA-26a and IL-6 was 
confirmed by a dual‑luciferase reporter assay. Compared with 
the control group, the mRNA and protein expression levels of 
IL-6 in the blood mononuclear cells and serum samples from 
the neonates with sepsis were significantly elevated, while 
the expression of miRNA‑26a was significantly decreased. 
In addition, similar results were observed in the LPS-induced 
septic models in THP-1 cells. Furthermore, the results of the 
dual-luciferase reporter assay demonstrated that IL-6 was 
the direct target of miRNA-26a. The expression of IL-6 was 
significantly upregulated in the blood mononuclear cells and 
serum in neonatal sepsis, which may be associated with the 
downregulation of miRNA-26a. miRNA-26a may regulate the 
disease pathogenesis and immune responses.

Introduction

Neonatal sepsis refers to a severe systematic infectious 
disease in neonates induced by a variety of pathogens (such 
as bacteria, fungi, and viruses). These pathogens invade into 
the blood circulation, which grow, proliferate, and metabolize 

in the blood, body cells, organs, and tissues, synthesizing 
various toxins to cause infection. It has been reported that, the 
incidence of neonatal sepsis is 1-5‰ in developed countries, 
while it is as high as 49-179‰ (1). In 2010, 7.6 million children 
under the age of 5 years have died from infection throughout 
the world, in which neonates have accounted for 40% (2). Due 
to the fact that neonatal sepsis is caused by infection, in the 
inflammatory and anti‑inflammatory responses, all the tissues 
and organs in the body might be involved, and the system func-
tions might have disorders. It has been widely accepted that 
the activation of neutrophils, lymphocytes, and mononuclear 
macrophages, as well as the release of endogenous mediators, 
play important roles in the pathogenesis and development of 
neonatal sepsis (3-5).

Interleukin-6 (IL-6) is an important factor in the immune 
response. Lymphokines produced by the activated monocytes 
and macrophages could transform the B-cell precursors into 
the antibody-generating cells. IL-6 could also cooperate 
with colony stimulating factors to promote the growth 
and differentiation of primary bone marrow-derived cells, 
enhancing the lysis function of natural killer cells (6-8). 
There have been numerous studies concerning the regulatory 
role of IL-6 in the pathogenesis of neonatal sepsis (4,9,10). 
Moreover, there has been research development in the 
regulating mechanism of IL-6, concerning various mRNAs 
and microRNA (miRNAs). It has been shown that miRNA-365 
could negatively regulate the expression of IL-6 in the 
HEK293 and HELA cells (11). However, the regulating effect 
of miRNA-26a on IL-6 in the blood mononuclear cells in 
neonates with sepsis has not yet been reported.

In this study, the role of miRNA-26a in the pathogenesis 
of neonatal sepsis and its relationship with IL-6 were investi-
gated. The mRNA and protein expression levels of IL-6 in the 
blood monocytes and serum in neonatal sepsis were detected 
by the quantitative real-time PCR, western blot analysis, and 
enzyme-linked immunosorbent assay (ELISA). The interaction 
between IL‑6 and miRNA‑26a was predicted and confirmed 
by the bioinformatics analysis and dual-reporter assay.

Materials and methods

Study subjects. Totally 28 cases of neonates with sepsis, 
16 males and 12 females, weighing 2.2±2.8 kg, were included 
in this study, who were admitted to our hospital, from 
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December 2012 to March 2017. The blood samples were 
collected. Moreover, 32 cases of normal neonates were used as 
control, 19 males and 13 females, weighing 2.1±3.0 kg. These 
neonatal sepsis cases and control subjects were pathologically 
confirmed by the blood test (12). Prior written and informed 
consent for each subject were obtained and the study was 
approved by the Ethics Committee of the Second Hospital of 
Shandong University (Jinan, China).

Sample preparation. For the collection of peripheral blood 
serum, the gradient centrifugation combined with adherent 
separation method was used. Totally 1-5 ml peripheral venous 
blood was harvested and stored at 4˚C for 1‑2 h. Then the upper 
serum was collected and centrifuged at 400 x g for 10 min, 
which was stored at ‑70˚C.

For the collection of peripheral blood mononuclear cells, 
based on the previous work, the blood cytosolic fraction was 
equally diluted with Hanks solution. Totally 5 ml lymphocyte 
separation solution was added into the 15-ml BD tube. The 
heparin-anticoagulated venous blood was equally mixed with 
IMDM without bovine serum (1:1), which was slowly superim-
posed on the stratifying solution layer with a dropper, followed 
by gentle addition of 8 ml equally diluted cytosolic fraction. 
After centrifugation at 400 x g for 30 min, the mononuclear 
cells in the narrow white cloud layer at the interface between the 
upper and middle cloud layers were collected with the capillary 
pipette. These cells were washed twice with the D-HANK'S 
solution, followed by centrifugation at 300 x g for 10 min. The 
cells were then seeded onto the 9-cm2 cell culture dish, at the 
density of 3x106 cells/dish, and cultured in a 37˚C, 5% CO2 incu-
bator for 1-2 h. The adherent cells were the mononuclear cells.

Reverse transcription‑quantitative polymerase chain reac‑
tion. The mRNA expression levels of IL-6 were detected with 
the quantitative real-time PCR. Total RNA was extracted with 
the TRIzol. Totally 1 µg total RNA was used for the reverse 
transcription PCR to obtain the cDNA template. Quantitative 
real-time PCR was performed with the miRcute miRNA quan-
titative real-time PCR detection kit (FP401; Tiangen, Beijing, 
China) on the PCR-iQ5 machine (Bio-Rad, Hercules, CA, USA). 
The primer sequences were as follows: IL-6 forward, 5'-GGC 
ACT GGC AGA AAA CAA CC-3' and reverse, 5'-GCA AGT 
CTC CTC ATT GAA TCC-3'; GAPDH forward, 5'-GGG AAA 
CTG CGG CGT GAT-3' and reverse, 5'-AAA GGT GGA GGA 
GTG GGT-3'. The 25-µl reaction system included 1 µl cDNA, 
12.5 µl SYBR Premix EXTaqTM, 10 µM primer each, and 
0.5 µl ddH2O. The PCR conditions were as follows: 95˚C for 
30 sec; 95˚C for 5 sec, 57˚C for 30 sec, for totally 45 cycles. 
The additional lysis curve analysis conditions were as follows: 
95˚C for 15 sec, 60˚C for 23 sec, and 95˚C for 15 sec. The target 
expression levels were determined with the 2-ΔΔCt method. 
GAPDH was used as internal reference.

For the detection of miRNA-26a, the following primer 
sequences were used: miRNA-26a forward, 5'-CTG TCA ACG 
ATA CGC TAC-3' and reverse, 5'-GTA ATC CAG GAT AGG 
CTG-3'; and U6 forward, 5'-CTT CGG CAG CAC ATA TAC-3' 
and reverse, 5'-GAA CGC TTC ACG AAT TTG C-3'. The PCR 
conditions were as follows: 90˚C for 60 sec; 95˚C for 15 sec, 
60˚C for 30 sec, for totally 40 cycles. U6 was used as internal 
reference.

Western blot analysis. The protein expression levels of IL-6 
in the blood mononuclear cells were detected by the western 
blot analysis. Cells were lysed with the lysis. Protein concen-
tration was determined with the BCA method (RTP7102; 
RealTimes, Beijing, China). Totally 20 µg protein sample was 
separated by the 10% SDS-PAGE, and then electronically 
transferred onto the membrane. The membrane was blocked 
by 5% non-fat milk at room temperature for 1 h, and then 
incubated with rabbit anti-human anti-IL-6 primary antibody 
(ab6672; 1:1,000 dilution), or rabbit anti-human anti-β-actin 
primary antibody (ab129348; 1:5,000 dilution; both Abcam, 
Cambridge, MA, USA), at 4˚C overnight. The membrane 
was then incubated with goat anti-rabbit secondary antibody 
(ab6721; 1:3,000 dilution; Abcam) at room temperature for 1 h. 
Color was developed with the ECL method (ab65623; Abcam), 
and the protein band images were analyzed with the ImageLab 
software (version 3.0). β-actin was used as internal reference.

ELISA. The serum IL-6 contents were detected with the ELISA 
kits (ab178013; Abcam). Briefly, totally 10 µl serum sample was 
added into the detection well, while 50 µl standard samples were 
added into the standard wells, followed by 40 µl sample diluting 
solution. Except for the blank wells, 100 µl HRP-conjugated 
detection antibody was added into the standard and sample 
wells. The plate was sealed and incubated for 1 h. After washing, 
substrates A and B (50 µl each) were added into the wells, 
followed by incubation at 37˚C for 15 min. Totally 50 µl stop 
solution was added into each well, and the OD value at 450 nm 
was determined within 15 min.

Bioinformatics analysis. The upper regulating miRNAs 
of IL-6 were predicted with the bioinformatics analysis. 
Based on the literature mining, the regulating genes for 
IL-6 were predicted with the following prediction soft-
ware: miRanda (http://www.microma.org/rnicroma/home.
do), TargetSean (www.targetscan.org), PiTa (http://genie.
weizmann.ac.il/pubs/mir07/mir07_data.html), RNAhybrid 
(http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/), and 
PICTA (http://pictar.mdc-berlin.de/).

In vitro sepsis model establishment. In intro sepsis model was 
established with the lipopolysaccharide (LPS) induction in 
Human monocytic leukemia THP-1 cells (TCHu 57; Chinese 
Academy of Sciences Cell Bank, Shanghai, China) THP-1 
cells were transfected with l µg/ml LPS for 24 h to simulate 
the sepsis environment. The expression levels of miRNA-26a 
and IL-6 were detected.

Dual‑luciferase reported assay. The wild-type and mutant IL-6 
3'-UTR fragments for miRNA-26a were synthesized, with the 
Spe-1 and HindIII restriction sites on each end (Sangon Biotech, 
Shanghai, China). These two fragments were cloned into the 
pMIR-REPORT luciferase reporter plasmid (E1980; Promega 
Corporation, Madison, WI, USA). These plasmids containing 
wild-type and mutant 3'-UTR (each 0.8 µg) were transfected into 
the 293T cells with the liposome, followed by the transfection of 
agomiRNA-26a (100 nM; Sangon Biotech) for 24 h. The cells 
were lysed, and the luciferase was detected with the GloMax 
20/20 luminometer (Promega Corporation). Renilla was used as 
internal reference.
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Statistical analysis. Data were expressed as mean ± standard 
deviation. SPSS 18.0 software was used for statistical analysis. 
After the normality test, one-way ANOVA was performed for 
the multiple comparisons, with the LSD and SNK methods for 
the homogeneous variance, or the Tamhane's T2 or Dunnett's 
T3 method for the heterogeneous variance. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Changed expression levels of IL‑6 in neonatal sepsis. To inves-
tigate the mRNA and protein expression levels of IL-6 in the 
blood mononuclear cells and serum, quantitative real-time PCR, 
western blot analysis, and ELISA were performed, respectively. 
Our results from the quantitative real-time PCR showed that, 
compared with the control group, the mRNA expression levels 
of IL-6 in both the blood mononuclear cells and serum samples 
were significantly elevated for neonatal sepsis (both P<0.05) 
(Fig. 1). Similar results were obtained for the detection of 
protein expression levels of IL-6. Western blot analysis showed 
that, compared with the control group, the protein expression 
levels of IL-6 in the blood mononuclear cells for the neonatal 
sepsis were significantly increased (P<0.05). Moreover, ELISA 
showed that, compared with the control group, the serum IL-6 
contents were significantly increased for the neonatal sepsis 
(P<0.05) (Fig. 2). Taken together, these results suggest that both 
the mRNA and protein expression levels of IL-6 in the blood 
mononuclear cells are elevated in neonatal sepsis, leading to 
elevated serum IL-6 contents, which might be involved in regu-
lating the pathogenesis of neonatal sepsis.

Changed expression levels of miRNA‑26a in neonatal sepsis. 
Based on the bioinformatics prediction analysis, miRNA-26a 
was recognized as the up-stream regulator for IL-6 (Fig. 3). 
Therefore, the expression levels of miRNA-26a in neonatal 
septic samples were analyzed by the quantitative real-time 
PCR. Our results showed that compared with the control 
group, the expression levels of miRNA‑26a were significantly 
declined in the neonatal septic samples (P<0.05) (Fig. 4), 
indicating that miRNA-26 might contribute to the pathogenic 
process of neonatal sepsis, probably via regulating the expres-
sion of target gene IL-6 on the transcription level.

Changed expression levels of miRNA‑26a and IL‑6 in in vitro 
septic model. The in vitro septic model was established by 
LPS induction in the THP-1 cells, and the expression levels 
of miRNA-26a and IL-6 were analyzed. Our results showed 
that, compared with the control group, the miRNA-26a level 
was significantly declined, while the IL‑6 expression level 
was significantly elevated, in the LPS‑induced THP‑1 cells 
(Fig. 5). These results confirm the expression patterns of and 
the regulatory relationship between miRNA-26a and IL-6 in 
the neonates with sepsis.

Direct interaction between miRNA‑26a and IL‑6. To 
confirm the direct interaction between miRNA‑26a and IL‑6, 
dual-luciferase reporter assay was performed. Our results 
showed that, compared with the NC group, the co-transfection 
of agomiRNA‑26a and pMIR‑REPORT plasmids significantly 
declined the luciferase in the cells (P<0.05), while no signifi-
cant changes were observed in the cells transfected with the 
plasmid containing mutant 3'-UTR (P>0.05) (Fig. 6). These 
results suggest that miRNA-26a could directly bind with the 
3'-UTR of IL-6 to regulate the gene expression.

Discussion

In the present study, the expression levels of miRNA-26a in the 
blood mononuclear cells and serum samples from the neonatal 
sepsis cases were analyzed, as well as its down-stream target 
gene IL-6 (mRNA and protein expression levels). Moreover, 
in vitro models were established by the LPS induction in THP-1 
cells, and the expression levels of miRNA-26a and IL-6 were 
detected. The mechanism through which miRNA-26a targeted 
on its down-stream IL-6 to contribute to the pathogenesis of 
neonatal sepsis was primarily investigated.

Neonatal infectious disease is still one of the commonly 
seen diseases in the neonatal period, and severe cases could 
induce sepsis, multiple organ failure, and even death. With 
the development of economy and medical technologies, 
although the survival rate of neonates has been rising over 
the past decades, more than 1 million newborns still die of 
serious infection each year, according to the World Health 
Organization (WHO), in which the death cases associated with 
neonatal sepsis or pneumonia might be up to 1 million (13). 

Figure 1. mRNA expression levels of IL-6 in blood mononuclear cells and serum samples in neonatal sepsis. Reverse transcription-quantitative polymerase 
chain reaction was performed to detect the mRNA expression levels of IL-6 in the (A) blood mononuclear cells and (B) serum samples in the cases of neonatal 
sepsis. **P<0.01 vs. the control group. IL, interleukin.



CHENG et al:  ROLE OF miRNA-26a IN NEONATAL SEPSIS 4839

It is widely accepted that the activation of neutrophils, 
lymphocytes, and mononuclear macrophages, and the 
release of endogenous mediators, might play key roles in the 
pathogenesis and development of neonatal sepsis. Recently, 
evidence suggests that the role of cytokines cannot be ignored 
either. It has been shown that the elevated levels of CXCR4, 
CXCL12, TNF-α, IL-6, and IL-8 are associated with the 
neonatal sepsis infection (10,14-16).

IL-6 is a potent cytokine synthesized by mononuclear 
cells, phagocytes, T cells, B cells, vascular endothelial cells, 
fibroblasts, and other cells in response to IL-1 and small 
amount of TNF-α (17). Under normal conditions, the IL-6 
content is minimal, with, however, high biological activity, 
exerting functions mainly through the paracrine and auto-
crine effects (18). In the inflammation, IL‑6 can induce the 
production of C‑reactive protein and fibrinogen in the body, 
which can also promote the formation of thrombosis (19). 
Elevated IL-6 level in the body can induce the pathogenesis 
of inflammatory diseases by binding to the IL‑6 receptor, such 
as rheumatoid arthritis and Crohn's disease (20). In the rheu-
matoid arthritis, IL-6 can stimulate the T lymphocytes and 
B lymphocytes to secret inflammatory mediators, promoting 

the maturation of B lymphocytes and enhancing the effects of 
IL-1β and TNF-α. In the inflammatory responses, IL‑6 exerts 
chemotaxis‑inducing effects on other inflammatory cells, such 
as lymphocytes and mononuclear macrophages (21).

To further explore the specific role of IL‑6 in the pathogenesis 
of trauma and infection, Riedemann et al (22) have shown that 
IL‑6 could significantly promote the expression of C5a on the 
mRNA level, suggesting that IL-6 enhances the secondary 
inflammatory mediator C5a to exert its pro-inflammatory 
effects. Moreover, Pritts et al (23) have shown that nuclear NF-kb 
and activated protein 1 (AP-1) are involved in the stimulating 
signal transition process in the synthesis of IL-6 within effector 
cells. Although great progress has been made concerning 
the investigation of the role of IL-6 in the neonatal sepsis 
pathogenesis, the detailed cellular and molecular mechanisms 
remain to be further explored. In this study, elevated expression 
levels of IL-6 (mRNA and protein levels) were detected in 
both the blood mononuclear cells and serum samples from the 
neonates with sepsis. These results suggest that inflammatory 
infection might activate the mononuclear cells and lymphocytes, 
which could secret large amounts of IL-6 to induce large-scale 
antigen immune response. These findings were in line with the 
responses of the somatic cell damage.

miRNAs are important gene regulatory factors widely 
involved in a variety of pathophysiological processes, such as 
tumor cell proliferation, invasion and metastasis, hyperten-
sion, diabetes, and atherosclerosis (24,25). The dysregulation 
of miRNA-26a contributes to various biological processes, 
including the natural immune responses against the inva-
sion of pathogenic microorganisms, the development and 

Figure 2. Protein expression levels of IL-6 in blood mononuclear cells and serum samples in neonatal sepsis. Western blot analysis and ELISA were performed to 
detect the protein expression of IL-6 in the (A) blood mononuclear cells and (B) serum samples, respectively in the neonatal sepsis. *P<0.05 and **P<0.01 vs. the 
control group. IL, interleukin; ELISA, enzyme-linked immunosorbent assay.

Figure 3. Bioinformatics analysis. The miRNA-26a was predicted as the 
up-stream regulator of IL-6 according to the bioinformatics analysis. IL, 
interleukin; miRNA, microRNA.
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differentiation of organs and/or tissues, and the pathogenesis 
of various solid tumors and hematopoietic malignancy. 
miRNA-26a has been shown to be able to activate the innate 
immune responses by controlling the secretion of various 
inflammatory chemokines (26,27). Meanwhile, miRNA-26a 
also plays an important role in the regulation of stem cell 
differentiation. For example, miRNA-26a has been shown to 
be involved in the differentiation of hepatic stem cells into 
mature hepatocytes and biliary tract cells, as well as the 
differentiation of adipose-derived stem cells into osteoblasts, 
by regulating the transcription factor Smad family (28,29). 
miRNA-26a is expressed in a variety of cancer cells and 
cancerous tissues, which can inhibit the proliferation of naso-
pharyngeal carcinoma, breast cancer, and HCC cells (30-34). 
Based on the bioinformatics prediction, our results showed that 

Figure 4. Expression levels of miRNA-26a in blood mononuclear cells and serum samples in neonatal sepsis. Reverse transcription-quantitative polymerase 
chain reaction was performed to detect the expression levels of miRNA-26a in the (A) blood mononuclear cells and (B) serum samples in the cases of neonatal 
sepsis. **P<0.01 vs. the control group. miRNA, microRNA.

Figure 5. Expression levels of IL-6 and miRNA-26a in LPS-induced THP-1 cells. THP-1 cells were induced with LPS to simulate the in vitro septic envi-
ronment. (A) The protein and (B) mRNA expression levels of IL-6 in the LPS-induced THP-1 cells were detected by RT-qPCR and western blot analysis, 
respectively. (C) The expression levels of miRNA-26a in the LPS-induced THP-1 cells were detected by RT-qPCR. **P<0.01 vs. the control group. RT-qPCR, 
reverse transcription-quantitative polymerase chain reaction; IL, interleukin; LPS, lipopolysaccharide; miRNA, microRNA.

Figure 6. Dual-luciferase reporter assay. Direct interaction between 
miRNA‑26a and IL‑6 was confirmed by a dual‑luciferase reporter assay. 
**P<0.01 vs. the NC group. NC, negative control; miRNA, microRNA; IL, 
interleukin.
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miRNA-26a was closely related to IL-6, which was likely to 
be an up-stream miRNA regulating IL-6 expression. Previous 
literature has shown that miRNA-26a negatively regulates 
the expression levels of IL-6 (35). In this study, our results 
showed that the miRNA‑26a expression level was significantly 
declined, while the expression level of IL‑6 was significantly 
elevated, in the mononuclear cells from the neonatal sepsis 
cases. Moreover, similar results were observed in the expres-
sion levels of miRNA-26a and IL-6 in the serum samples from 
the neonatal sepsis. These results suggest that the downregu-
lated miRNA-26a in the mononuclear cells could increase the 
expression level of IL-6, as well as its secretion into the serum 
in neonatal sepsis. Moreover, the serum expression levels of 
miRNA‑26a and IL‑6 might, to some extent, reflect the inflam-
matory responses and tissue injuries. In addition, THP-1 cells 
were induced by LPS to simulate the in vitro septic environ-
ment, and the results further confirmed the expression patterns 
of miRNA-26a and IL-6, and their interaction. Furthermore, 
the dual-luciferase reporter assay showed that IL-6 was the 
direct target of miRNA-26a.

In conclusion, our results showed that, in the neonatal 
sepsis, the serum miRNA-26a content was significantly 
declined, which regulated the expression levels of the target 
gene IL-6, to further changing the expression levels of related 
proteins. These findings might contribute to the understanding 
of the roles of miRNA-26a and IL-6 in the pathogenesis of 
neonatal sepsis.
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