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Abstract: Mesangial cells of glomerulus which could produce and degrade several ECMs, take part in the repair and
update of mesangial matrix and GBM, regulate glomerular filtration rate, secret cytokines and phagocytose immune
complexes contribute a lot to physiological functions and pathological reactions of glomerular. There inflammation
response of abnormal proliferation induced by LPS could lead to renal damage. Herein, wedelolactone, an active
chemical constituent extracted from leaves of Eclipta alba, was used to explore if it could be an effective inhibitor
of the proliferative response of HRMCs. The effects of different concentration wedelolactone on the secretion of
cytokines, cell viability and NF-kB pathway were all detected by qPCR, western blotting and ELISA. The results indi-
cated that wedelolactone could inhibit the abnormal proliferation of HRMCs via regulating the activity of several key

members of NF-kB signaling pathway.
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Introduction

Glomerular mesangial cell (GMC) is one of the
four kinds of cells constituting a glomerulus.
Mesangial cells of glomerulus contribute a lot
to physiological functions and pathological
reactions of glomerular [1]. GMCs could pro-
duce and degrade several extracellular matrix-
es (ECMs), take part in the repair and update
of mesangial matrix and glomerular basement
membrane (GBM), regulate glomerular filtration
rate, secret cytokines and phagocytose imm-
une complexes [2]. Thus, MC stimulated by im-
munological or inflammatory responses could
always secrete chemokines and cytokines,
such as interleukin-6 (IL-6), IL-1, transforming
growth factor-B1 (TGF-B1), tumor necrosis
factor-a (TNF-a), and NO [2-4]. Meanwhile,
Lipopolysaccharide (LPS), polymeric immuno-
globulin A1 (plgAl) and hyperglycemia have
been identified to activate mesangial cells as
well [4, 5]. Renal damage could be induced by
large amount of growth factors and cytokines
secreted by MC during the progression of kid-

ney diseases [6]. Current clinical approaches to
treat inflammation focus not only on the inhibi-
tion of proinflammatory mediator production
but also on the suppression of initiation of the
inflammatory response (i.e., suppression of
positive signaling pathways of proinflammatory
cytokines).

Nuclear factor kB (NF-kB) is the key regulator of
inflammation. In resting cells, NF-kB exists in
the cytosolbond with inhibitor of kB (IkB), which
prevents NF-kB from entering nucleus and func-
tioning during transcription. Under the stimulus
of external factors, such as cytokines, oxidant,
virus, immunostimulant, UV and LPS, IkBs could
be degraded and release free NF-kB dimers,
which will be translated to nucleus and bind to
the KB sequences of the target gene to affect
the transcription of several adhesion factors,
cytokines, immune receptors, acute phase pro-
teins and stress response proteins [7]. Thus,
NF-kB is an important immune-regulator. In
addition, its signaling pathways also play a vital
role in the viability, differentiation, proliferation
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and apoptosis of cells, and are key factors of
genesis, development and prognosis of several
diseases as well [7]. It was noticed that the
activation of NF-kB signaling pathway plays an
important role in the development, progression
and prognosis of several kidney diseases
caused by the activation of HRMCs, which
could be induced by LPS stimulation [8]. NF-kB
consists of the protein members from Rel fam-
ily in the forms of homodimers or heterodimers
[9]. Different constructions of different mem-
bers of NF-kB family make their different func-
tions. Specially, the dimers possessing p65
could activate target genes and the function of
p65 could not be complemented by other pro-
teins [10]. Moreover, it had been reported that
the genesis and pathogenic processes of a
series of diseases, including glomerulonephri-
tis, all had close correlation with the excessive
activation of NF-kB [11]. So the expression level
of NF-kB p65 could be used to decide the acti-
vation intensity of NF-kB, and it was associated
with the development of renal damage.

In the pathogenesis of renal damage, there is a
complicated network involving cytokines, che-
motactic factors, adhesion molecules and
abnormal immune responses centering on NF-
KB signaling pathway [12, 13]. In consideration
of the essential role of NF-kB in the develop-
ment of renal damage, every part of the activa-
tion of NF-kB signaling pathway could be the
target of therapies [7, 14]. In addition, NF-kB
could only be activated through activating IKK
and ubiquitin-mediated degradation of IkB,
which means the IKK/IKB/NF-kB signaling
pathway could be regarded as a potential ther-
apy target for the treatment of renal damage
[15-18]. There are at least three types of
enzymes taking part in the interaction of ubig-
uitin-proteasome system: ubiquitin-activating
enzyme E1, ubiquitin conjugating enzyme E2
(UBCbB) and ubiquitin-protein ligase E3 (E3RS
IkB), which could recognize IkBa to help E2 bind
and lead to its proteolysis [19, 20].

Therefore, determining the changes of IkBa,
IKKB, and ubiquitin-proteasome system during
the development and recovery of renal dam-
age, as well as the effects of herbs on them,
has great theoretical significance for investigat-
ing the mechanisms underlying herb treatment
of renal damage.
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Wedelolactone is an active chemical constitu-
ent extracted from leaves of Eclipta alba, which
is a herbaceous plant used as traditional medi-
cine in many countries in America, Asia, Africa
[241]. Eclipta alba has been demonstrated to be
an inflammation inhibitor [22]. Wedelolactone
has been shown to possess a number of bio-
logical activities, including antibacterial, anti-
venom, anti-hepatotoxic, and antitrypsin [23-
25]. Although various cellular responses to
wedelolactone treatment have been evaluated,
whether wedelolactone is able to directly re-
duce the inflammation-causing effect of LPS on
HRMCs and the mechanisms involved are not
completely clear. In addition, there is little infor-
mation about the relationship between the
ubiquitin-proteasome system and the mecha-
nisms of renal damage. Therefore, this study
examined the cytoprotective effects of wedelo-
lactone on mesangial cells in the conditions
induced by LPS. The signaling mechanisms
focusing on NF-kB during the process were also
studied. And the inhibitory effect of wedelolac-
tone on NF-kB activation was further investi-
gated through determining its effects on
expression levels of E1, UBC5 and E3RS IkB in
HRMCs.

Materials and methods
Cell culture

Human renal mesangial cells (HRMCs) were
purchased from Cell Bank of Chinese Academy
of Sciences (Shanghai, China). HRMCs were
cultured in DMEM supplemented with 10%
fetal bovine serum (Gibco, Grand Island, NY,
USA), 5.6 mmol/L glucose, glutamine, penicillin
and streptomycin at 37°C under 5% CO, in a
95% humidified atmosphere.

CCK-8 assay for cell proliferation

HRMCs (1 x 10* cells/well in 96-well plate)
were treated with LPS (0, 0.5, 1, 2, 3, 5 and 10
pg/mL; Sigma Chemical Co., USA) or wede-
lolactone (O, 5, 10, 20, 40 and 80 pmol/L,
Shanghai Shfeng Biological Technology Co.,
Ltd, Shanghai, China) for 24 h, and cell prolif-
eration viability was evaluated through CCK-8
assay. HRMCs were seeded into 96-well plates
at initial density of 3 x 10% cells/well. After dif-
ferent treatments described above for 24 h,
cell proliferation was measured through detect-
ing the absorbance at 595 nm using CCK-8

Am J Transl Res 2017;9(5):2132-2142



NF-kB signaling pathway accelerate proliferation of human renal mesangial cells

assay kit (Dojindo) according to manufacturer’s
instructions. The experiment was performed in
triplicate.

Determination of cytokine production and the
components of ubiquitin proteasome system
by ELISA assay

The inhibitory effect of wedelolactone on IL-1[3,
TNF-&, and TGF-B1 expressions in LPS-acti-
vated HEMCs was determined with the ELISA
assay. HRMCs (3 x 10%/well in 24-well plate)
were first treated with wedelolactone (0O, 1.25,
2.5, 5, 10, and 20 umol/L) for 1 h and then
incubated in 1 yg/mL LPS for 24 h or not. The
expression levels of IL-103, TNF-a, UBE1, UBC5
and E3RS IkB in the supernatants were then
examined using ELISA kits (Human TNF-a
ELISA Kit; Human IL-13 ELISA Kit; Human E1/
ubiquitin-activating enzyme ELISA Kit; Human
ubiquitin-conjugating enzyme UBC5 ELISA Kit;
Human beta-transduction repeat containing
ELISA kit, HuaMei Biotechnology, Wuhan,
China) according to the manufacturer’s instruc-
tions (R&D Systems).

NO assay

HRMCs were first incubated with wedelolac-
tone (0, 1.25, 2.5, 5, 10, and 20 ymol/L) for 1
h. After continuous incubation with 1 pg/mL
LPS for 24 h, nitrite was determined using the
Griess reagent (R&D Systems, USA) through
detecting the absorbance of the product dye at
540 nm using a spectrophotometer. The sensi-
tivity of the NO assay was less than 0.78
umol/L.

Determination of DNA binding activity of NF-kB
p65 in HRMCs

Divide HRMCs into groups undergoing differ-
ent pretreatments: no treatment or treatments
with wedelolactone at different doses (0, 1.25,
2.5, 5, 10 and 20 umol/L) for 1 h. Then all
groups were stimulated with LPS to build the
inflammatory model except the blank group
(totally no treatment) for 24 h. Subsequently, all
groups of HRMCs were collected and their
nucleoprotein was extracted using a nuclear
extract kit (Active Motif, USA) respectively. The
Trans AMTM NF-kB p65 kit (Active Motif, USA)
was then used to determine the DNA binding
activity of the NF-kB p65 in the extracted
nucleoprotein.
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Quantitative real-time PCR

HRMCs were planted on the 6-well plate at a
density of 5 x 10* per well. After being cultured
with different doses of wedelolactone (0, 1.25,
2.5, 5,10 and 20 pymol/L) for 1 h and then LPS
(1 pg/mL) for 24 h in non-serum medium, the
cells were collected and 1 mg total RNA was
extracted from each sample to be reverse tran-
scribed into cDNA using a PrimeScript RT
Reagent Kit (Takara, Shiga, Japan), following
the manufacturer’s instructions. Oligonucleo-
tide primers and probes were designed acc-
ording to GeneBank by Shanghai Biological
Engineering Co. The primer sequences are list-
ed below: IkBa, forward: 5-CTGTACGCCCCA-
GCATCT-3’, reverse: 5-GCACCCAAAGTCACCA-
AG-3’; IKKB, forward: 5-AAATGAAAGAGCGCC-
TTGG-3’, reverse: 5-CACTGCTTGATGGCAATC-
TG-3’; E1, forward: 5-AGTCCGTGTTGTCCGAA-
GTG-3, reverse: 5-GCAGTGCCCTGGTCATGT-
AG-3’; UBC5, forward: 5-GGCAGCATTTGTCTC-
GATA-3’, reverse: 5-AGCATCACATGGCATACTTC-
3’; E3RS IkB, forward: 5-ACCTGGATGCCAAA-
TCAC-3’, reverse: 5-TCTCGAAGGCCGCTA-3’;
GAPDH, forward: 5-GAAGGTCGGAGTCAACGG-
AT-3’, reverse: 5-CTGGAAGATGGTGATGGGA-
TT-3". Real-time PCR cycles consisted of: 2
minutes at 50°C, 4 minutes at 95°C for poly-
merase activation, 45 cycles of 10 seconds at
95°C (denaturation), 5 seconds at 54°C, 5 sec-
onds at 72°C and 15 seconds at 83°C (ann-
ealing and extension). In addition, melting was
performed at 72-95°C (0.5°C increments) for
5 seconds for each step. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) served as
intrinsic positive control. The threshold cycle
(CT) of each sample was normalized to GAPDH.
Each sample was run in triplicate.

Western blotting

HRMCs (5 x 10%/10 cm dish) were pretreated
with wedelolactone (0, 1.25, 2.5, 5, 10 and 20
pmol/L) for 1 h and further incubated in the
presence or absence of LPS (1 ug/mL) for 24 h.
Cells were collected and lysed with a lysis buf-
fer (20 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1
mM Na2EDTA, 1 mM EGTA, 1% Triton, 1%
NP-40, 2.5 mM sodium pyrophosphate, 1 mM
B-glycerophosphate, 1 mM leupeptin, 1 mM
PMSF) for 30 min at 4°C. After determining the
concentration of protein in each cell lysate
using a BCA protein assay kit (Pierce, IL, USA),
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Figure 1. Effects of LPS on HRMCs viability and the
expression of TNF-a and IL-1B. A: The viability of
HRMCs incubated with different concentration of
LPS for 24 h was determined by CCK-8 assay. B: The
supernatant level of TNF-a in HRMCs incubated with
different concentration of LPS for 24 h was deter-
mined by ELISA assay. C: The supernatant level of IL-
1B in HRMCs incubated with different concentration
of LPS for 24 h was determined by ELISA assay. Data
represent mean + S.E.M. (n=3).

15 micrograms of cell protein lysates per sam-
ple were mixed with 2 x SDS loading buffer con-
taining DTT and heated at 100°C for 10 min,
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and subsequently resolved by SDS-PAGE.
Proteins were transferred into a PVDF mem-
brane and blocked with 1% bovine serum albu-
min in TBST at room temperature for 1 h. The
membrane was incubated with primary anti-
bodies overnight at 4°C. The membrane was
washed with TBST and incubated for 2 h at
room temperature with secondary antibodies.
After further washing, the membrane was
detected with ECL chemiluminescence. B-actin
was used as intrinsic | control. The primary
antibodies used were as follows: mouse anti-
plkBa (Santa Cruz, USA), rabbit anti-IKKB (Cell
Signaling, USA), mouse anti-IkBa (Cell Signaling,
USA), mouse anti-B-actin (Santa Cruz, USA); the
secondary antibodies used were goat anti-rab-
bit HRP-conjugated secondary antibody (Bio-
world Technology, USA) and goat anti-mouse
HRP-conjugated secondary antibody (Bioworld
Technology, USA).

Statistical analysis

Data were analyzed by Student’s t test and
one-way ANOVA using SPSS 16.0 software. P
values less than 0.05 were considered as sta-
tistical significance. Data were presented as
mean * standard deviation.

Results

Effects of LPS on HRMCs viability and expres-
sion of TNF-a and IL-13

A pre-experiment was performed to examine
the effects LPS has on HRMCs and determine
the optimum concentration of LPS which was
used in this study. The viability and the levels of
TNF-a and IL-1B3 in the supernate of HRMCs
incubated with different concentrations of LPS
(0, 0.5, 1, 2, 3, 5and 10 pg/mL) for 24 h were
examined by using CCK-8 and ELISA assays.
The results indicated that under the concen-
trations between 1 and 2 pg/mL, LPS could
promote cell viability, while LPS concentration
over 2 ug/mL could inhibit HRMCs viability in
reverse (Figure 1A). In addition, 1-2 pyg/mL LPS
could significantly increase the expression lev-
els of TNF-a and IL-13 in HRMCs comparing
with other concentrations of LPS (Figure 1B,
1C). According to the aim of the study to explore
the effects of wedelolactone on LPS-enhanced
proliferation of HRMCs, LPS with a concentra-
tion of 1 pg/mL was selected to construct the
inflammatory HRMC model.

Am J Transl Res 2017;9(5):2132-2142
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Figure 2. Effect of wedelolactone on the cell viabil-
ity of normal HRMCs. The viability of healthy HRMCs
treated with different concentrations of wedelolac-
tone was detected via CCK-8 assay. Data represent
mean * S.E.M. (n=3).
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Figure 3. Effect of wedelolactone on the enhanced
proliferation of LPS-induced HRMCs. Cell viability of
LPS-induced HRMCs treated with different concen-
trations (no more than 20 umol/I) of wedelolactone
for 1 h was determined by CCK-8 assay. Data repre-
sent mean = S.E.M. (n=3).

Effects of wedelolactone on normal HRMCs
viability

Effect of wedelolactone on normal HRMCs was
investigated before studying its effects on
inflammatory HRMCs to exclude its own cyto-
toxicity. The viabilities of HRMCs treated with
different concentrations of wedelolactone (O,
5, 10, 20, 40, 80 umol/L) for 24 h were deter-
mined by CCK-8 assay (Figure 2). It was demon-
strated that HRMCs viability was not obviously
changed after 24 h treatment of 0-20 ymol/L
wedelolactone which means under the concen-
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tration of 20 ymol/L, wedelolactone has little
cytotoxicity on HRMCs. However, wedelolac-
tone with concentration higher than 40 umol/I
could significantly inhibit cell viability of HRMCs,
which means wedelolactone had serious cyto-
toxicity in this condition. Therefore, low concen-
trations under 20 umol/L of wedelolactone
could be used to explore its pharmacological
action without any damage to normal cell
function.

Inhibitory effect of wedelolactone on the LPS-
induced faster proliferation of HRMCs

To examine the effects of wedelolactone on the
LPS-induced more vibrant proliferation of
HRMCs, CCK-8 assay was carried out to detect
the viability of HRMCs before and after 1 h
treatment of wedelolactone at low concentra-
tions (0, 1.25, 2.5, 5, 10, and 20 umol/L) fol-
lowing stimulus with 1 yg/ml LPS for 24 h. As is
shown in Figure 3, wedelolactone with low con-
centrations higher than 2.5 pmol/L could sig-
nificantly slow down the LPS-enhanced prolif-
eration of HRMCs.

Inhibitory effect of wedelolactone on the LPS-
induced upregulation of inflammatory factor
production in HRMCs

To evaluate the inhibitory effect of wedelolac-
tone on LPS-mediated production of inflamma-
tory cytokines, the levels of IL-13, TNF-ac and NO
in the supernatant of HRMCs were determined
by ELISA and Griess assays. Cells were pre-
treated with various concentrations of wedelo-
lactone (0, 1.25, 2.5, 5, 10, and 20 ymol/L) fol-
lowing the culture with or without LPS (1 ug/
mL) for 24 h. Wedelolactone at the concentra-
tion between 10 and 20 pmol/I significantly
obliterated the LPS-induced upregulation of all
examined cytokine production (Figure 4), indi-
cating that wedelolactone may inhibit the LPS-
mediated inflammatory responses of HRMCs.
Furthermore, the inhibitory effect was in a
dose-dependent manner. Indeed, wedelolac-
tone almost completely reversed the expres-
sion levels of IL-13, TNF-o« AND NO at the con-
centration of 10 and 20 umol/L (Figure 4).

Wedelolactone could inhibit LPS-induced high
binding activity of NF-kB p65 in HRMCs

To investigate the relationship between the
molecular mechanisms by which wedelolac-
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Figure 4. Effects of low concentration wedelolactone
on LPS-mediated production of inflammatory cyto-
kines in HRMCs. A: The supernatant level of TNF-a
in LPS-induced HRMCs incubated with low concen-
trations of wedelolactone for 1 h was determined
by ELISA assay. B: The supernatant level of IL-10 in
LPS-induced HRMCs treated with low concentrations
of wedelolactone for 1 h was determined by ELISA
assay. C: The supernatant level of NO in LPS-induced
HRMCs treated with low concentrations of wedelo-
lactone for 1 h was determined by Griess assay. Data
represent mean + S.E.M. (n=3).

tone blocks various inflammatory processes
and NF-kB signaling pathways, the effect of
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Figure 5. Effect of wedelolactone on LPS-enhanced
DNA binding activity of NF-kB p65. The DNA binding
activity of NF-kB p65 in LPS-induced HRMCs treated
with different concentrations of wedelolactone was
detected using the Trans AMTM NF-kB p65 kit. Data
represent mean + S.E.M. (n=3). ***P<0.001.

wedelolactone on LPS-enhanced DNA binding
activity of NF-kB p65 was investigated. As is
shown in Figure 5, the DNA binding activity of
NF-kB p65 in LPS-induced HRMCs (inflamma-
tion model group) was significantly higher than
the blank group (***P<0.001). However, NF-kB
p65 in HRMCs pretreated with 10 pmol/L and
20 pmol/L held the DNA binding activities
which were significantly weaker than the inflam-
mation model group (***P<0.001).

Effects of wedelolactone on the mRNA and
protein expression levels of IkBa, p-IkBa and
IKKB in LPS-induced HRMCs

In order to explore the mechanism underlying
the inhibitory action of wedelolactone in LPS-
enhanced inflammatory proliferation of HRMCs,
the changes of mRNA and protein expression
levels of IkBa, p-IkBa, and IKKB were deter-
mined (Figure 6). As is shown in the results,
after treatments of different concentrations of
wedelolactone for 1 h and 24 h incubation with
or without LPS, both mRNA and protein expres-
sion levels of IkBa in LPS-induced HRMCs with-
out treatment of wedelolactone was obviously
lower than that in the blank group (P<0.05)
(Figure 6A). The mRNA expression of IkBa in
HRMCs treated with 20 ymol/L wedelolactone
was significantly higher than the inflammation
model group (P<0.05) (Figure 6A), while the
protein expressions of IkBa in HRMCs treated
with both 10 and 20 umol/l wedelolactone
were also significantly higher than the inflam-
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Figure 6. Effects of wedelolactone on the mRNA and protein expression levels of IkBa, p-IkBa and IKKB in LPS-induced HRMCs. A: Relative mRNA expression of IkBa
in LPS-induced HRMCs treated with different concentrations of wedelolactone was measured by qPCR. B: Relative mRNA expression of IKKp in LPS-induced HRMCs
treated with different concentrations of wedelolactone was measured by gPCR. C: Relative protein expression of IkBa in LPS-induced HRMCs treated with different
concentrations of wedelolactone was measured by western blotting. D: Relative protein expression of IKKB in LPS-induced HRMCs treated with different concentra-
tions of wedelolactone was measured by western blotting. E: Relative protein expression of p-IkBa in LPS-induced HRMCs treated with different concentrations of
wedelolactone was measured by western blotting. Data represent mean *+ S.E.M. (n=3) *P<0.05.
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Figure 7. Effects of wedelolactone on the mRNA and protein expression levels of UBE1, UBC5 and E3RS IkB in LPS-
induced HRMCs. A: Relative mRNA expression of UBE1 in LPS-induced HRMCs treated with different concentrations
of wedelolactone was measured by qPCR. B: Relative mRNA expression of UBC5 in LPS-induced HRMCs treated
with different concentrations of wedelolactone was measured by qPCR. C: Relative mRNA expression of E3RS IkB
in LPS-induced HRMCs treated with different concentrations of wedelolactone was measured by qPCR. D: Protein
expression of UBE1 in LPS-induced HRMCs treated with different concentrations of wedelolactone was measured by
ELISA assay. E: Protein expression of UBC5 in LPS-induced HRMCs treated with different concentrations of wedelo-
lactone was measured by ELISA assay. F: Protein expression of E3RS IkB in LPS-induced HRMCs treated with differ-
ent concentrations of wedelolactone was measured by ELISA assay. Data represent mean + S.E.M. (n=3) *P<0.05.

mation model group (P<0.05) (Figure 6C). As
for IKKB, there was an opposite direction.
Compared with blank group, the inflammation
model group held much more IKKB mRNA and
protein (P<0.05), the mRNA and protein expres-
sions of IKK[ in HRMCs treated with 10 and 20
umol/L wedelolactone were all significantly
lower than the inflammation model group
(P<0.05) (Figure 6B, 6D). The protein expres-
sion of plkBa had a similar change with IKKp,
which was increased in inflammation model
group (P<0.05) and almost recovered by 10
and 20 pmol/L wedelolactone (P<0.05) (Figure
6E).

Effects of wedelolactone on the mRNA and
protein expression levels of UBE1, UBC5 and
E3RS IkB in LPS-induced HRMCs

According to the classic activation pathway of
NF-kB, ubiquitination and degradation of IkB
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should be an indispensable step. Herein,
effects of wedelolactone on the mRNA and pro-
tein expression levels of UBE1, UBC5 and E3RS
IkB in LPS-induced HRMCs were analyzed to
further investigate the mechanisms wedelolac-
tone restores the inflammatory responses
of HRMCs induced by LPS. As is shown in Figure
7, there was no significant difference of E1
MmRNA and protein expressions between
HRMCs induced by LPS and those treated with
a series of doses of wedelolactone. The results
of UBC5 were similar to E1 that only protein
expression of the group treated with 20 umol/L
wedelolactone was significantly decreased
(P<0.05). However, when it comes to E3RS IkB,
there were some different results that the
MRNA and protein expressions of E3RS IkB in
HRMCs treated with 20 pmol/l wedelolactone
were both significantly lower than the inflam-
mation model group (P<0.05), and the protein
level of E3RS IkB in HRMCs treated with 10
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umol/l wedelolactone was also significantly
lower than those only induced by LPS (inflam-
mation model group) (P<0.05).

Discussion

Glomerular mesangial cell (GMC) is a unique
kind of vascular smooth muscle cells, which
possesses a variety of physiological functions
and pathological significances including regu-
lating the glomerular filtration rate, synthetizing
mesangial matrix, supporting and protecting
glomerulus capillary loops, secreting cytokines,
phagocytosis and clearance [26]. Above all,
GMCs are the most active intrinsic cells in
glomerulus that they are both the injured and
participants in glomerular lesion. Proliferative
reaction is their most common way in response
to several stimulations, such as immune com-
plexes, macromolecular substances and hypox-
ia. The activated and proliferative GMCs could
produce kinds of vasoactive substances and
cytokines, which further stimulates their own to
proliferate faster and affects the cells around
[2]. During the activation process of GMCs,
NF-kB signaling pathways paly an essential
role. There are two forms of NF-kB existing in
cells, p65/p50 which is activated in nucleus
and p65/p50/IkB which is inactivated in cyto-
plasm. IkB could bind to the p65 subunit of
NF-kB to protect it from transferring into nucle-
us to regulate transcription, so that IkB is the
inhibitor of NF-kB [27]. Some immune mole-
cules or inflammation cytokines, such as LPS,
IL-1 and TNF-«, could bind to their receptors to
activate IKK, which could catalytic the phos-
phorylation of IkB [28, 29]. Once phosphorylat-
ed, IkB will be recognized by ubiquitin-protea-
some system and polyubiquitinated to be
degraded, so that NF-kB is released and the
signaling pathway is activated. Thus, the ubig-
uitin-mediated proteolysis of IkB is the key
stage of activating NF-kB [15, 16, 18].
Subsequently, the proliferative response of
GMCs could be induced to result in nephritis
[30, 31].

Most of the traditional drugs for kidney diseas-
es are immunosuppresses and cytotoxic drugs,
some of which possess the functions of inhibit-
ing the proliferation of GMC, synthesis of ECM
(extracellular matrix)and production of inflam-
matory mediators [32-34]. However, some
patients are not sensitive to such drugs and
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there are some serious side effects when tak-
ing the drugs for a long time. As a result, more
and more studies about treating kidney diseas-
es with herbs had been carried out, especially
the investigation into the effective constituents
in herbs.

Wedelolactone has been reported to suppress
the LPS-induced caspase-11 expression in
mouse embryo fibroblasts through inhibiting
NF-kB-mediated transcription, indicating that
wedelolactone is an inhibitor of IKK, whose
activation is a critical step to activate NF-kB
[35]. However, there is little information about
its role in LPS-induced mesangial cell injury
leading to renal damage. In this study, the anti-
inflammatory effect of wedelolactone and its
regulating mechanisms in HRMCs induced by
LPS were investigated.

The cytotoxic effect of LPS or wedelolactone
was evaluated by the CCK-8 assay 24 h after
treatment of HRMCs with variable LPS or wede-
lolactone concentrations before deeper res-
earch through detecting the expression of
TNF-a and IL-1B in the supernatant caused by
gradient LPS concentrations by ELISA assay.
Figure 1 shows that at the concentration of 1
pg/mL, LPS didn't inhibit the cell viability of
HRMCs, meanwhile it obviously increased the
expression levels of TNF-a and IL-1[. Therefore,
the concentration of 1 pg/ml was selected for
our following experiments. Although no cytotox-
icity of wedelolactone was detected at concen-
trations less than 20 umol/I, there seemed to
have a dose-dependent manner, so several
concentrations no higher than 20 pymol/L of
wedelolactone were used then (Figure 2).
According to Figure 3, wedelolactone at low
concentrations could significantly decrease the
increased cell viability of HRMCs induced by
LPS which means wedelolactone has an inhibi-
tory effect on HRMCs against LPS, and this was
confirmed through detecting the changes of
TNF-a and IL-1B expression in LPS-induced
HRMCs caused by different concentrations of
wedelolactone (Figure 4). In order to explore
the mechanisms of the inhibitory effect of
wedelolactone displayed in Figures 3 and 4,
the DNA binding ability of NF-kB p65 in HRMCs
that went through different treatments was
determined and the results indicated that
wedelolactone may inhibit the activation of
NF-kB through the ubiquitin proteasome path-
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way, which could be the mechanism of wedelo-
lactone to treat kidney diseases led by abnor-
mal proliferation of HRMCs (Figure 5). Further
investigations about the effects of wedelolac-
tone on NF-kB pathways were carried out and
the result that wedelolactone could upregu-
lates the expression of IkBa and downregulates
the expression of IKKB and plkBa demonstrat-
ed that wedelolactone could inhibit the activa-
tion of IKKPB to inhibit the phosphorylation of
IKBa to protect IkB from proteolysis, so that the
activation of wedelolactone could be sup-
pressed in this way (Figure 6). Subsequently,
the mechanism of wedelolactone inhibiting the
activity of IKKB and degradation of IkBa was
explored through examines the expression of
related enzyme in LPS-induced HRMCs before
and after treatments with wedelolactone. The
results suggested that wedelolactone may
affect the activity of the key enzyme E3RS IkB
to prevent the ubiquitin-mediated proteolysis of
IkBa to inhibit the activation of NF-kB to control
the inflammation response of HRMCs (Figure
7). In conclusion, wedelolactone from Eclipta
alba could be a novel medicine for the therapy
of renal damage caused by the inflammation
response of HRMCs through affecting the
NF-kB signaling pathway.
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