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(-)-7(S)-hydroxymatairesinol protects
against tumor necrosis factor-a-
mediated inflammation response in
endothelial cells by blocking the
MAPK/NF-xB and activating Nrf2/HO-1
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Abstract

Background

Endothelial inflammation is an increasingly prevalent condition in the
pathogenesis of many cardiovascular diseases. (-)-7(S)-hydroxymatairesinol (7-
HMR), a naturally occurring plant lignan, possesses both antioxidant and anti-
cancer properties and therefore would be a good strategy to suppress tumor
necrosis factor-a (TNF-a)-mediated inflammation in vascular endothelial cells




(VECs).

Purpose

: The objective of this study is to evaluate for its anti-inflammatory effect on
TNF-a-stimulated VECs and underling mechanisms.

Study design/methods

The effect of the 7-HMR on suppression of TNF-a-induced inflammation
mediators in VECs were determined by qRT-PCR and Western blot. MAPKs and
phosphorylation of Akt, HO-1 and NF-xB p65 were examined using Western

blot. Nuclear localisation of NF-kB was also examined using Western blot and

immunofluorescence.

Results

Here we found that 7-HMR could suppress TNF-a-induced inflammatory
mediators, such as vascular cell adhesion molecule-1, interleukin-6 and
inducible nitric oxide synthase expression both in mRNA and protein levels, and

concentration-dependently attenuated reactive oxidase species generation. We

further identified that 7-HMR remarkably induced superoxide dismutase and

heme oxygenase-1 expression associated with degradation of Kelch-like ECH-
associated protein 1 (keap1) and up-regulated nuclear factor erythroid 2-related
factor 2 (Nrf2). In addition, 7-HMR time- and concentration-dependently
attenuated TNF-a-induced phosphorylation of extracellular signal-regulated
kinase 1/2 (ERK) and Akt, but not p38, or c-Jun N-terminal kinase 1/2. Moreover,
7-HMR significantly suppressed TNF-a-mediated nuclear factor-«B (NF-xB)
activation by inhibiting phosphorylation and nuclear translocation of NF-xB
p65.

Conclusion

Our results demonstrated that 7-HMR inhibited TNF-a-stimulated endothelial
inflammation, at least in part, through inhibition of NF-kB activation and
upregulation of Nrf2-antioxidant response element signaling pathway,

suggesting 7-HMR might be used as a promising vascular protective drug.
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Introduction

Vascular endothelial function plays an important role for vascular homeostasis
and organ function (Cai and Harrison, 2000). Vascular endothelial dysfunction is
found from the early phase of arteriosclerosis to advanced atheroma, resulting
in cardiovascular events, including atherosclerosis, ischemic heart disease, and
heart failure (Kitta et al., 2009). Inflammation, characterized by early leukocyte
recruitment, is known to be closely associated with vascular endothelial
dysfunction (Beishline and Azizkhan-Clifford, 2015, Han et al., 2013, Odegaard
and Chawla, 2013, Pott et al., 2016). Under inflammatory conditions, there will
be an overexpression of pro-inflammatory cytokines (interleukin-6, IL-6) and
adhesion molecules (vascular cell adhesion molecule-1, VCAM-1; intercellular
cell adhesion molecule-1, or ICAM-1), and other inflammatory mediators, such
as inducible nitric oxide synthase (iNOS) and the NLRP3 inflammasome
(Blankenberg et al., 2003). The overproduction of these inflammatory mediators
leads to endothelial dysfunction and vascular damage and inhibition of these
inflammatory mediators production could attenuate the damage of vessel. It is
also well recognized that tumor necrosis factor-a (TNF-a) can trigger
inflammation in endothelial cells (Zahler et al., 2000). Therefore, preventing



TNF-a-mediated inflammation or inhibiting the production of pro-
inflammatory mediators in activated endothelial cells is considered to be
effective strategy to prevent the occurrence of cardiovascular disease.

On the other hand, reactive oxidative stress (ROS) has been shown to be
involved in induction of inflammation and resulted in injury to and dysfunction
of cardiovascular diseases (Park et al., 2006). Pro-inflammatory cytokines such
as TNF-a can trigger the production of ROS (Kim et al., 2007). The potentially
deleterious effects of ROS are counterbalanced by antioxidants, which are
transcriptionally regulated by nuclear factor erythroid 2-related factor 2

(Nrf2) (Klaassen and Reisman, 2010). Under stress conditions, activation of Nrf2,
which could dissociate from Kelch-like ECH-associated protein 1 (Keap1),
translocate into the nucleus and bind to the antioxidant response element (ARE)
in the promoter region of its target genes, leading to induction of many
antioxidant and cytoprotective enzymes and related proteins (Sporn et al., 2011,
Yates et al., 2007). Target genes of Nrf2 include superoxide dismutase (SOD) and
heme oxygenase-1 (HO-1) (Taylor et al., 2008). Moreover, pharmacological
activation of Nrf2 has been shown to be critical for protection of endothelial
cells and reduced endothelial dysfunction under conditions of oxidative stress
(Ungvari et al., 2010).

Nuclear factor-kB (NF-kB) is a ubiquitous transcription factor that activates
many inflammatory genes. Upon stimulation by inflammatory stimulants, such
as TNF-q, the ubiquitination and degradation of IkB lead to translocation of NF-
kB into the nucleus to increase the expression of various inflammatory
mediators, including iNOS, COX-2, and IL-6. The activation of NF-xB is also
regulated by mitogen activated protein kinase (MAPKs) and Akt pathway.
MAPKSs are a group of serine-threonine protein kinases which participate in the
mediation of inflammatory reaction through activation of transcription factors
and phosphorylation of downstream kinases. The MAPKs family, including
extracellular regulated kinases (ERK), c-Jun N-terminal kinases (JNK), and p38,
also induces the production of inflammatory molecules and immune-related
cytotoxic factors (Kyriakis and Avruch, 2012). Several studies have also
demonstrated that MAPKSs play a significant role in the activation of NF-xB
(Zhou et al., 2008). Therefore, it may potentially be advantageous to treat



inflammatory diseases by suppressing the activation of NF-xB and MAPK.

Natural compounds have traditionally been used to prevent and treat various
illnesses worldwide. (-)-7(S)-hydroxymatairesinol (7-HMR, Fig. 1A), a naturally
occurring plant lignan (Udani et al., 2013b), possesses both antioxidant and anti-
cancer properties. It is well known up-regulation of the antioxidant defense
system can result in anti-inflammatory, and therefore would be a good strategy
to suppress TNF-a-mediated inflammation in vascular endothelial cells
(Cosentino et al., 2007, Udani et al., 2013a). The aim of the study was to evaluate
the crucial role of 7-HMR in the negative regulation of TNF-a-triggered vascular
endothelial inflammation and oxidative stress responses, providing a new
insight into the effects of 7-HMR in vascular diseases.

Access through your organization

Check access to the full text by signing in through your organization.

fil Access th rough your organizatic

Section snippets

Materials

Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS) were
from GIBCO-BRL (USA). Recombinant rat TNF-a was purchased from Proteintech
(USA). All other chemicals were supplied by Sigma-Aldrich (St. Louis, MO).
SB203580, LY294002, PD98059, and SP60012 were from Calbiochem (San Diego,
CA). The antibodies used are as followed: phosphor (p)-ERK1/2 (Thr292/Tyr2%4)
(9101), ERK1/2 (9102), p-JNK(Thr!83/Tyr182) (9251), JNK (9252), p-p38 (9216),
p38 (9212), NF-xB p-p65 (Ser>36) (3031), NF-«B ...

7-HMR inhibited TNF-a-induced inflammation mediator
production in RAECs



To determine the potential cytotoxicity of 7-HMR on RAECs, cells were
incubated with 7-HMR (20-200 uM) for 24 h and cell viability was evaluated
using an MTT-based viability assay. Our results showed that cell viability was
not significantly affected by 7-HMR (6.25-100 uM) treatment (Fig. 1B). For the
subsequent experiments described in this study, nontoxic concentrations of
compound 7-HMR (25-100 uM) were used.

To investigate the anti-inflammatory effects of 7-HMR on RAECs, we first
explored ...

Discussion

7-HMR is an important traditional lignan and now intended for use as a
functional food ingredient to decrease the risk of developing certain forms of
cancer and also the risk of cardiovascular diseases (Saarinen et al., 2000). To
date, knowledge about the pharmacological activities of 7-HMR has been
studies in several diseases but its role in vascular endothelial inflammatory
processes has not been well studied. In the present study, we focused on the
protective effects of 7-HMR against ...

Conclusion

In summary, our results demonstrate that 7-HMR can attenuate inflammatory
responses in endothelial cells via inhibiting inflammatory mediators production
such as VCAM-1, COX-2 and iNOS. These inhibitions occur by the suppressing
ROS, which companied with up-regulating the Nrf2/HO-1 signaling pathway.
Furthermore, 7-HMR regulates MAPK and NF-xB activation and nuclear
translocation. This finding also suggests that 7-HMR may be a promising
approach for the treatment of inflammatory vascular ...
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