292 Ge et al

World J Emerg Med, Vol 8, No 4, 2017

Original Article

The effects of microRNA-34a regulating Notch-1/NF-κB
signaling pathway on lipopolysaccharide-induced
human umbilical vein endothelial cells
Yun Ge, Man Huang, Yue-feng Ma
Department of General Intensive Care Unit, The Second Affiliated Hospital, Zhejiang University School of Medicine,
Hangzhou 310052, China
Corresponding Author: Yue-feng Ma, Email: 2193017@zju.edu.cn

BACKGROUND: Notch-1/NF-κB signaling plays a key role in the cecal ligation and puncture
(CLP)-induced sepsis. This study aims to investigate the intervention effects of microRNA-34a (miR34a) lentivirus regulating Notch-1/NF-κB signaling pathway on lipopolysaccharide (LPS)-induced
human umbilical vein endothelial cells (HUVEC).
METHODS: HUVEC were divided into four groups as the following: they were infected with
negative control lentivirus (NC group) or miR-34a lentivirus (OE group); LPS (1 μg/mL) was added
on the third day on the basis of NC group and OE group for 24 hours (NC+LPS group or OE+LPS
group). The levels of TNF-α, IL-1β, IL-6, and IL-10 in the cell supernatants, and the mRNA and
protein expression of Notch-1 and NF-κB in the HUVEC were evaluated.
RESULTS: After 24 hours, the levels of TNF-α, IL-1β, IL-6 in the cell supernatants and the
protein expression of NF-κB from NC+LPS group were significantly higher than those of NC group,
but IL-10 level and the protein expression of Notch-1 in NC+LPS group were the opposite. After
intervention of miR-34a lentivirus, the cell supernatants TNF-α and the protein expression of NF-κB in
OE+LPS group after 24 hours markedly decreased compared to NC+LPS group. While the cell
supernatants IL-1β and IL-6 and the mRNA expression of NF-κB slightly decreased in OE+LPS
group, IL-10 and the mRNA and protein expression of Notch-1 were the opposite.
CONCLUSION: miR-34a regulating Notch-1/NF-κB signaling pathway can reduce the HUVEC
damage caused by LPS stimulation.
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INTRODUCTION
Sepsis, an infection-induced clinical syndrome
accompanying systemic inflammation, is triggered
by pathogen-associated molecular patterns, such as
lipopolysaccharide (LPS) from gram-negative bacteria,
and is considered as a major cause of death in the intensive
care unit.[1,2] Although recent progress has been made in the
understanding and management of sepsis, the mortality of
sepsis is still high. It was reported that sepsis could result
in about 28%–50% mortality.[3] With sepsis, the initial of
inflammation damage to the endothelium, which, in turn,
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can result in inflammatory cascade and multi-organ failure
related to disease severity and risk of death. Although the
mechanism of sepsis is not fully understood, cumulative
evidence has indicated that the changes of endothelium
function play a central role in sepsis, and endothelium may
be a target for treating sepsis.[4] Furthermore, endothelial
cells are not only the passive target cells during inflammatory
response but effective cells and therefor play a significant
role in the microcirculation disturbance, septic shock and
multiple organ dysfunction syndrome (MODS).
Notch signaling is a highly conserved pathway which
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plays a key role in differentiation, proliferation, synaptic plasticity,
and cell survival.[5] Our previous study has suggested that
Notch-1/NF-κB signaling be involved in the pathophysiological
progress of sepsis.[6] Cao et al[7] and Mraz et al[8] reported that
microRNA-34a (miR-34a) could regulate Notch signaling
pathway on immune response, inflammation, and tumor
stem cells growth and reproduction. The present study aimed
to determine the effects of LPS exposure on the human
umbilical vein endothelial cells (HUVEC) and intervention
effects of miR-34a lentivirus regulating Notch-1/NF-κB
signaling pathway on LPS-induced HUVEC.

METHODS
HUVEC culture
HUVEC (ATCC, USA) were cultured in M199 medium
(Sigma, USA) supplemented with 10% fetal bovine
serum, antibiotics (100 U/mL penicillin and 100 μg/mL
streptomycin) and endothelial cell growth supplement
(BD Biosciences, USA) at 37 °C and 5% CO 2. Cells
were used at the second passage.
LPS-induced HUVEC injury and invention
HUVEC were directly damaged by 1 μg/mL LPS
(Sigma, USA). They were divided into four groups: NC
group, HUVEC were infected with negative control
lentivirus (adding 2 μL, concentration 1×109 TU/mL)
(Shanghai Genechem, China); OE group, HUVEC were
infected with miR-34a lentivirus (adding 2 μL, 1×109
TU/mL) (Shanghai Genechem, China); NC+LPS group,
1 μg/mL LPS was added on the third day on the basis of
NC group for 24 hours; OE+LPS group, 1 μg/mL LPS was
added on the third day on the basis of OE group for 24 hours.
Fluorescent labeling of LPS and fluorescence
microscopy observation
Suspended HUVEC were re-cultured on a glass
plate and stimulated with fluorescently labeled LPS. The
HUVEC were digested with trypsin and re-cultivated in 25
mL M199 medium for 4 hours, then were directly injured
with fluorescently labeled LPS (1 μg/mL) for 24 hours.
Afterwards, the directly injured HUVEC were washed
with 20 mL M199 medium three times to remove the
residual fluorescent labeled LPS. The membrane lipids in
HUVEC were extracted and prepared as described method
and lipids samples were added to lipid sample solution on
a glass plate and viewed under the fluorescent microscope
(Olympus, Japan) at the 10×10 and 20×10 magnification.
ELISA assay
The levels of tumor necrosis factor-α (TNF-α),
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interleukin-1β (IL-1β), interleukin-6 (IL-6), and
interleukin-10 (IL-10) in the cell supernatants of four
groups were determined by ELISA method using ELISA
kits (R&D Systems, USA), according to manufacture's
instructions. Results were expressed as picograms per
milligram (pg/mL) of cell supernatants.

Quantitative reverse transcription real-time
polymerase chain reaction
Total RNA was extracted from HUVEC with the
Qiagen RneasyR kit (Qiagen, Germany), and subjected to
reverse transcription-PCR with ImProm-IITM (Promega,
USA) according to the manufacturer's instructions. qPCR
analysis for Notch-1 and NFκB expression was performed
on a LightCycler thermocycler (Roche Diagnostics,
Switzerland) by using TransStartTM SYBR Green qPCR
Supermix (Qiagen, Germany). Primers used here were
as follows: Notch-1, NF-κB and GAPDH. Notch-1
forward 5'-GAGGCGTGGCAGACTATGC-3', reverse
5'-CTTGTACTCCGTCAGCGTGA-3'; NF-κB forward
5'-AGGATTTCGTTTCCGTTATGT-3', reverse 5'-CCTG
AGGGTAAGACTTC TTGTTC-3'.GAP DH forward 5'TGACTTCAACAGCGACACCCA-3', reverse 5'-CACCC
TGTTGCTGTAGCCAAA-3'. Results were normalized
to GAPDH expression. The data represented by 2-∆∆ct were
analyzed by ABI PRISM 2.0 software. The experiment
was repeated three times to verify the reliability of the result.
Western blots
Protein concentration of the supernatant was measured
with a Bicinchoninic Acid Protein Assay Kit (Biyuntian
Biotechnology, China). Target proteins (40 μg) were run
in 10% gradient sodium dodecyl sulphate polyacrylamide
electrophoresis gel and transferred to polyvinyl
difluoride membranes (Millipore, USA), respectively.
The membranes were incubated for 2 hours in blocking
buffer (5% nonfat dry milk) at room temperature and then
overnight in the buffer containing primary antibodies
against Notch-1, NF-κB and actin at 4 °C. Protein bands
were visualized with an ECL Western blot kit (Bio-Rad,
USA). Primary antibodies were diluted as follows: 1:1 000
for anti-Notch1 (Abcam, UK), 1:5 000 for anti-GAPDH,
1:1 000 for anti-NF-κB (Abcam UK).
Statistical analysis
Data were presented as mean±standard error (SE).
Differences between two groups were analyzed by Student's
t test. Statistical significance was performed using one-way
analysis of variance (ANOVA) followed by Fisher's least
significant difference (LSD) multiplecomparisons test; a
P<0.05 was considered to indicate statistical significance.
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The data were analyzed with SPSS 17.0 software.

RESULTS
Fluorescein-labeled LPS incorporation into the
HUVEC membrane
The direct infiltration of fluorescein-labeled LPS on
HUVEC membrane was assessed by observation with
fluorescent microscopy. It could be observed from Figure
1 that when LPS concentration was over 1 μg/mL, the
whole cellular membrane surface had been infiltrated.
The experimental results showed that LPS directly
infiltrated the HUVEC membrane surface.
The levels of TNF-α, IL-1β, IL-6 and IL-10 assay
After 24 hours, the cell supernatants of TNF-α, IL-1β,

IL-6 levels (P<0.01) in NC+LPS group and TNF-α (P<0.01),
IL-6 (P<0.05) levels in OE+LPS group significantly
increased and IL-10 level (P<0.01) in NC+LPS group
significantly decreased compared to NC group (Figure
2). There was no significant difference in any indicators
between OE group and NC group (P>0.05). The cellular
supernatants of TNF-α level (P<0.01) in OE+LPS group
after 24 hours decreased compared to NC+LPS group.
No significant difference in the cell supernatants of IL10, IL-6 and IL-1β levels was observed between OE+LPS
group and NC+LPS group (P>0.05).

The mRNA expression of Notch-1 and NF-κB test
From Figure 3, the mean mRNA expression of Notch-1
in NC+LPS group (P>0.05) and OE+LPS group (P>0.05)
was lower than that in NC group; after intervention
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Figure 3. The mRNA expression of Notch-1 and NF-κB in the
HUVEC; all results are representative of at least three independent
experiments.
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Figure 2. The levels of TNF-α, IL-1β, IL-6 and IL-10 in the cell supernatants; compared with NC group, *P<0.05, **P<0.01; compared with
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Figure 4. The protein expression of Notch-1 and NF-κB in the HUVEC; compared with NC group, *P<0.05, **P<0.01; compared with NC+LPS
group, #P<0.05; all results are representative of at least three independent experiments.

with miR-34a lentivirus, the mean mRNA expression
in OE+LPS group (P>0.05) increased compared to
NC+LPS group. The mean mRNA expression of NF-κB
in NC+LPS group (P>0.05) and OE+LPS group (P>0.05)
was higher than that in NC group; after invention of miR34a lentivirus, the mean mRNA expression in OE+LPS
group (P>0.05) decreased compared to NC+LPS group.

The protein expression of Notch-1 and NF-κB test
From Figure 4, the protein expression of Notch-1 in
NC+LPS group after 24 hours was markedly decreased
(P<0.01) and the decrease of that in OE+LPS group was
not statistically significant (P>0.05) compared to NC
group. The protein expression of NF-κB in NC+LPS
group (P<0.01) and OE+LPS group (P<0.05) after 24
hours increased compared to NC group. There was no
significant difference in both indicators between NC
group and OE group (P>0.05). In comparison with
NC+LPS group, the protein expression of NF-κB in
OE+LPS group after 24 hours decreased significantly
(P<0.05). Although no significant difference in the
protein expression of Notch-1 was observed between two
groups, the mean protein expression in OE+LPS group
was higher than that in NC+LPS group.

DISCUSSION
Sepsis is typically characterized by systemic inflammatory
response or "cytokine storm" and leads to fatal multiple
organ failure. In sepsis and multi-organ dysfunction
syndrome, the cytokine production from innate and
adaptive immune system such as tumor necrosis factor-α
(TNF-α) and interleukin-1β (IL-1β) are induced by LPS.
Endothelium can be the prime target for sepsis and infected
endothelium may act as an initiating system for initial
cytokine-mediated hyperinflammation as these cells are
able to produce a wide variety of mediators (e.g., TNF-α,
IL-1β, IL-6). The endothelium can in turn accelerate

inflammatory cascade.[9–11] The uncontrolled release of
cytokines such as TNF-α, IL-6, and IL-10 which can be
activated by NF-κB pathway, which plays a key role in the
development of organ dysfunction during sepsis.[12,13] As
we all know, NF-κB serves as a transcription factor that
regulates the cellular responses to various extracellular
stress stimuli. It also initiates the upregulation of mediators
such as TNF-α and IL-6 to initiate the inflammatory
responses.[14,15] In the present study, after LPS simulation of
HUVEC, we found that pro-inflammatory cytokines (e.g.,
TNF-α, IL-1β, IL-6 levels) markedly increased after 24
hours. While, on the contrary, anti-inflammatory cytokine
IL-10 level decreased significantly at the same time point.
Meanwhile, the expression of NF-κB mRNA and protein
had a rise, which indicated that NF-κB was activated.
Notch signaling is a well-conserved pathway involved
in cell fate decisions during development of various
systems, including the hematopietic, neuronal and immune
systems. Notch receptor binding with its ligand will induce
intramembrane proteolysis of the receptor under the action
of the γ-secretase complex, and release Notch receptor
intracellular domain (NICD) which translocates to the
nucleus and regulates downstream target genes.[16] Recently,
studies have suggested that Notch activation induce upregulation of the NICD level, which regulates transcription
of many genes, and is related to neuronal apoptosis or
mitochondrial dysfunction in ischemia.[17] Furthermore,
modulating Notch signaling also has a profound effect
on the NF-κB signaling cascade in the inflammatory and
immune responses.[18] Stimulation of macrophages through
LPS triggered activation of Notch-1/NF-κB signaling,
which regulated gene expression patterns involved in
inflammatory responses, as shown by Palaga et al.[19]
However, the role of Notch-1/NF-κB signaling in regulating
cytokine production in the endothelium has not been
addressed. In this study, we found that the expression of
Notch-1 mRNA and protein after 24 hours had a drop after
stimulation of LPS, while NF-κB mRNA and protein was
www.wjem.org
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significantly increased after 24 hours. Activation of NF-κB
in turn increased TNF-α, IL-1β, and IL-6 production. Taken
together, our results indicated that Notch-1/NF-κB pathway
is involved in LPS-induced HUVEC.
MicroRNAs represent an important family of small
non-coding RNAs that post-transcriptionally mediate
gene expression. Meanwhile, microRNAs have emerged
as key gene regulators, which regulate their target genes
by degrading the binding mRNAs or by suppressing
the corresponding protein products. A wide variety of
biological processes by which microRNAs exerts its
important effects have been identified.[20,21] It was reported
that microRNA-34a(miR-34a) can regulate tumor stem
cell growth, immune response, and inflammation by
Notch signaling pathway. [7,8] However, it is unclear
whether activation of miR-34a can regulate Notch-1/
NF-κB pathway in the endothelium. Our results showed
that pro-inflammatory cytokines were reduced and antiinflammatory cytokines were elevated after miR-34a
invention. Moreover, the mRNA and protein expression of
Notch-1 had a rise and that of NF-κB was the opposite.
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CONCLUSION
In conclusion, the key finding of our study is that
Notch-1/NF-κB signaling plays a vital role in HUVEC
damage induced by LPS. MiR-34a regulating Notch-1/
NF-κB signaling pathway can attenuate inflammatory
response induced by LPS in HUVEC. Our results also
suggested that Notch-1/NF-κB signaling might be a
potential therapy target for sepsis.
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