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Purpose: Chronic inflammation plays a key role in the pathogenesis of various diseases
such as diabetic nephropathy (DN). Resveratrol (RSV), a natural polyphenol, has been
proven to have renoprotective effects. In this study, we used a lipopolysaccharide (LPS)-
induced rat glomerular mesangial cells (RMCs) model, to elucidate the renoprotective effect
of RSV on sphingosine kinase 1 (SphK1)/sphingosine 1-phosphate receptor 2 (S1P2)/NF-xB
activation and the expression of downstream inflammatory mediators, such as intercellular
adhesion molecule-1 (ICAM-1), inducible nitric oxide synthase (iNOS) and fibronectin (FN)
protein expression in RMCs.

Methods: Cell proliferation was tested by 3-(4, 5-dimethylthiazol-2-y1)-2, 5- diphenyltetra-
zolium bromide (MTT). The protein levels of FN, ICAM-1, iNOS, SphK1, S1P2 and NF-xB
p65 in RMCs were detected by Western blot. The DNA-binding activity of NF-kB was
detected by electrophoretic mobility shift assay (EMSA). SphK1 activity and S1P content
were measured by using sphingosine kinase activity assay kit and ELISA assay, respectively.
Results: We first found that LPS could stimulate SphK1/S1P axis activation, whereas this
occurrence was significantly blocked by RSV pretreatment. RSV obviously repressed LPS-
induced upregulated expression of fibronectin (FN), intercellular adhesion molecule-1
(ICAM-1) and inducible nitric oxide synthase (iNOS) in RMCs. Moreover, RSV markedly
reduced SphK1 activity and its protein expression, and attenuated S1P content in LPS-
induced RMCs. Furthermore, RSV could block LPS-induced upregulation of NF-kB p65
and DNA-binding activity of NF-«kB. And this phenomenon was notably attenuated by
SphK1 inhibitor and S1P2 inhibitor.

Conclusion: RSV inhibited LPS-induced RMCs’ proliferation and inflammation and FN
expression by SphK1/S1P2/NF-kB pathway, suggesting that RSV may be independent of its
hypoglycemic effect on preventing or delaying the development of mesangial cell fibrosis.

Keywords: diabetic nephropathy, resveratrol, lipopolysaccharide, sphingosine kinase 1,
sphingosine 1-phosphate, NF-xB

Introduction

Diabetes mellitus, due to its rapidly increasing prevalence and huge economic burden,
is widely recognized as a serious public health problem worldwide. In 2019, the global
diabetes prevalence was estimated to be 9.3% (463 million adults), rising to 10.2%
(578 million) by 2030 and 10.9% (700 million) by 2045." Diabetic nephropathy (DN),
which occurs in approximately 30-40% of diabetic patients, is one of the most severe
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microvascular complications of diabetes. At present, it is
a leading cause of end-stage renal disease,” and considered
as a chronic inflammatory disease.*> The most important
pathological changes of DN are glomerular mesangial cells’
proliferation and extracellular matrix (ECM) accumulation,
such as fibronectin (FN).” Along with the activation of
inflammatory signals and the abnormal expression of inflam-
matory factors, such as intercellular adhesion molecule-1
(ICAM-1) and inducible nitric oxide synthase (iNOS), it
would further worsen. As a result, diabetic kidney damage
would be further accelerated, finally leading to renal tubular
interstitial fibrosis.” Although many studies have been per-
formed, the exact mechanism of the pathogenesis of DN has
not been fully explained.

Accumulating reports have shown that inflammation is
a major pathogenetic mechanism in DN.* Therefore, regu-
lating the inflammatory processes in DN progression has
aroused great interest for researchers today. Sphingosine
kinase 1 (SphK1)/sphingosine 1-phosphate (S1P) pathway,
which could be activated by a multitude of growth factors
and cytokines,™ plays significant roles in the inflammatory
responses including early diabetic nephropathy.'® S1P2, the
most abundant S1P receptor in kidney tissues of diabetic
models, suggests that SphK1/S1P2 pathway is activated in
early diabetic nephropathy.'' Furthermore, studies in the
past have verified that under diabetic conditions, the incre-
ments in SphK1 activity and S1P content could stimulate
mesangial cells’ proliferation and then activate some
nuclear transcription factors, such as nuclear factor-
kappaB (NF-kB).”'> NF-kB can be activated by many
stimulators such as high glucose, lipopolysaccharide
(LPS), and further regulate the expression of gene
products.'® A clinical study demonstrated that high serum
LPS activity is associated with the development of DN.'
LPS as a main component of the outer membrane of Gram-
negative bacteria is commonly used to induce inflammatory
responses in mesangial cells in vitro.'> However, the role of
LPS-induced SphK1/S1P2 pathway in DN has not yet been
reported. Additionally, NF-xB acts as a key downstream
mediator of SphK1/S1P axis and may exert an important
role in the pathogenesis of DN.'® Thus, it is interesting to
investigate whether NF-kB activation is dependent of
SphK1/S1P2 pathway under LPS stimulation.

Resveratrol (trans-3, 4', 5-trihydroxystilbene, RSV),
a polyphenol that can better penetrate the cell membrane,'’
is naturally present in various plants, such as Polygonum
cuspidatum, peanuts, grapes and mulberries. Some studies
have shown that it could reduce levels of fasting blood

glucose and has renoprotective effects in DN with its power-
ful anti-inflammatory and antioxidant capacities.'® 2"’
Recently, we found that RSV prevented high glucose-
induced rat glomerular mesangial cells’ (RMCs) prolifera-
tion, inflammatory factors’ expression and the activation of
AP-1 and NF-xB through SphK1/SIP2 pathway.**
Nevertheless, it has not been clarified whether the inhibitory
effect of RSVon SphK1/S1P2 is indirectly associated with its
hypoglycemic effect or not. In addition, it has not been
addressed whether the protective effect of RSV on DN is
due to SphKI1/SI1P2-dependent depression of NF-kB.
Therefore, we used LPS-induced RMCs proliferation model
and SphK1/S1P2 inhibitors to examine and provide exten-
sive exploration.

Materials and Methods

Chemicals and Reagents

RSV (trans-, used in cell experiments) was supplied by
Kechuang (purity>99%; Beijing, China). SphK1 inhibi-
tor (SK-II) and S1P2 inhibitor (JTE-013) were purchased
from Merck-Millipore and Selleck respectively. Bovine
serum albumin (BSA, Fraction V) was from Mbchem
(Shanghai, China). D-glucose was from Amresco
(Solon, OH, USA). LPS, streptomycin, trypsin, DMSO,
penicillin, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide (MTT) and o-tubulin were from
Sigma (St. Louis, MO). Nuclear Extract Kit was from
Active Motif (Carlsbad, CA, USA). Antibodies against
FN, ICAM-1, NF-xkB p65 and S1P2 were from Santa
Cruz Biotech, Inc. (CA, USA). Monoclonal antibodies
against iNOS and SphK1 (rabbit) were from Abcam Inc.
(Cambridge, UK) and Cell Signaling Technology Inc.
(Boston, MA, USA) respectively. Horseradish peroxi-
dase conjugated secondary antibodies were purchased
from Promega (Madison, USA). Biotin labeled EMSA
probe for NF-kB was from Beyotime (Shanghai, China).
EMSA kit was from Invitrogen Corporation (Carlsbad,
CA). Both SphK1 activity kit and S1P ELISA kit were
from Echelon (Salt Lake City, CT, USA).

Cell Line and Cell Culture

The rat glomerular mesangial cell line (HBZY-1) was pur-
chased from Center of Type Culture Collection, Wuhan
University, Wuhan, China. RMCs were maintained in
DMEM (Gibco, Carlsbad, CA) supplemented with 10%
fetal bovine serum at 37°C in a standard humidified incu-
bator with 5% CO,. Cell experiments were performed
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between 3rd and 8th passages. 80% confluent cells were
made quiescent by serum-free starvation for 24 h incubation
in DMEM before LPS treatment (100 ng/mL).

MTT Assay

In brief, 10* cells per well in a 96-well plate were pretreated
with or without different concentrations of RSV (5 uM,
10 uM, 20 uM) for 2 h, and then incubated with or without
100 ng/mL LPS for another 24 h. 20 pL of MTT (5 mg/mL)
was added to each well and incubated for another 4 h at 37°
C. Then each sample well was carefully removed the med-
ium and added 150 pL DMSO to dissolve the formazan
crystals. The absorbance of solubilized blue formazan was
measured at 570 nm using a microplate reader.

Western Blot Assay

Western blot assay was done as previously described,”
mainly to detect the protein expression of FN, ICAM-1,
iNOS, SphK1, S1P2 and NF-kB p65. Briefly, RMCs for
total proteins were lysed in RIPA lysis buffer, nuclear and
cytosolic proteins were obtained with a Nuclear Extraction
Kit according to the manufacturer’s instruction. Then pro-
tein concentration was determined by using a BCA Protein
Assay Kit (Pierce, USA). Then, 25 pg total protein sam-
ples and 10 pg nuclear protein samples were separated on
8% SDS-PAGE and then transferred onto PVDF mem-
branes (Millipore, MA, USA). After blocking with 5%
non-fat dry milk in 0.1% Tween-20/TBS (TBST) for
1 h at room temperature and then washing with TBST,
the blots were incubated overnight with the primary anti-
body at 4°C. After washing three times with TBST for
10 min each, the membranes were incubated with the
corresponding HRP-conjugated secondary antibodies
(anti-rabbit IgG,
1:10,000) for 1 h at room temperature. Labeled protein

anti-mouse IgG or anti-goat IgG

spots were visualized by ECL kit (Amersham Biosciences)
and captured by Gel Doc XR System (Bio-Rad
Laboratories, USA), and then quantified by Quantity One
Protein Analysis Software (Bio-Rad Laboratories, USA).

Assay of SphKI Activity

SphK1 activity was performed according to the manufac-
turer’s instructions of SphK activity assay kit. 30 pg protein
extracts from each sample were maintained in reaction buffer
supplemented with 100 um sphingosine and 10 um ATP for
1 h incubation at 37°C. Then luminescence attached ATP

detector was added to stop the kinase reaction. Kinase

activity was tested using Lumistar Optima luminometer
(BMG LABTECH, Offen-burg, Germany).

Assay of SIP Levels

S1P levels were performed according to the manufac-
turer’s instructions and tested by using a specific ELISA
kit. Data were analyzed by using a standard curve of
known concentrations of S1P standards. The levels were
presented as pmol/pg of protein.

Nuclear Protein Extraction and
Electrophoretic Mobility Shift Assay
(EMSA)

Briefly, nuclear proteins for EMSA were prepared using
a Nuclear Extraction Kit following the procedure as
instructed by the manufacturer. 5 pg proteins from the
nuclei were incubated with 1x binding buffer (Light
Shift Chemiluminescent EMSA kit; Pierce, Rockford, IL,
USA) in the presence of 50 ng/uL poly (dI-dC), 0.05%
NP-40, 5 mM MgCl,, and 2.5% glycerol for 10 min. Then
the mixture was kept at room temperature for another
20 min incubated with 1 pmol biotin-labeled NF-xB con-
sensus oligonucleotide (5-AGTTGAGGGGACTTTCCCA
GGC-3"). The reaction mixture was subjected to 6% non-
denaturing SDS-PAGE, transferred onto nylon hybridiza-
tion transfer membrane (Amersham, Piscataway, NJ,
USA), and then DNA was cross-linked for 10 min. After
blocking for 1 h, the blots were incubated with HRP-
conjugated streptavidin antibodies (1:300) for 15 min.
Peroxidase activity was tested by using an enhanced che-
miluminescence substrate system. Images were captured
and analyzed using a GE Image Quant LAS 4000mini.

Statistical Analysis

Values were presented as means = SEM. Multiple compar-
isons among the groups were analyzed by one-way
ANOVA (Graphpad Prism 5.0). Independent experiments
were performed in triplicate. A difference was considered
statistically significant at P<0.05.

Results
RSV Suppressed LPS-Induced RMCs’

Proliferation

As shown in Figure 1, RMCs’ proliferation was not altered
by RSV treatment under normal condition, suggesting that
the concentrations of RSV at 5, 10, and 20 uM were not
toxic to RMCs. Compared with control, LPS treatment for
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Figure | RSV suppressed LPS-induced RMCs’ proliferation as shown by MTT assay.
Experiments were performed in triplicate with similar results. Data are means *
SEM. #P<0.01 vs Control; *P<0.05 vs LPS-treated group, **P <0.01 vs LPS-treated

group.

24 h could significantly promote RMCs’ proliferation by
approximately 1.6 fold (Figure 1, P<0.01), which was
obviously suppressed by 10 uM RSV and 20 puM RSV
(63.8% decrement in 20 uM RSV group, P<0.01; 56.3%
decrement in 10 uM RSV group, P<0.05).

RSV Decreased FN, ICAM-| and iNOS
Expression in LPS-Induced RMCs’

Proliferation

It is well known that the main characteristic of renal fibrosis is
mesangial cell proliferation and ECM accumulation leading
to the accumulation of FN in mesangium.” Simultaneously,
abnormal expression of inflammatory mediators, such as
ICAM-1 and iNOS, could further promote the development
of renal fibrosis. In this study, LPS treatment could signifi-
cantly enhance the protein expression of FN, ICAM-1 and
iNOS in a time-dependent manner (Figure 2A). The incre-
ment in FN and ICAM-1 expression both reached the max-
imum at 24 h under LPS stimulation (Figure 2A, P<0.01),
while the increment in iNOS expression reached the max-
imum at 12 h (P<0.01). Such enhanced expression of FN was
significantly inhibited by RSV at 10 uM and 20 uM, whereas
all the indicated concentrations of RSV statistically reduced
ICAM-1 and iNOS expression (Figure 2B and C).

Effects of RSV on SphK|/S1P2 Pathway in
LPS-Induced RMCs’ Proliferation

Previous studies confirmed that SphK1/S1P pathway acti-
vation is implicated in the development of DN.'*** Our
research group illuminated that RSV could effectively
ameliorate the renal function of STZ-induced diabetic
rats,>' and attenuate cell proliferation and inflammation

via inhibiting high glucose-induced SphK1/S1P2
pathway.”” To investigate whether the potential mechan-
ism of RSV was independent of its hypoglycemic effect,
we observed the effect of RSV on the activation of SphK1/
S1P2 pathway in RMCs under LPS stimulation.

Firstly, SphK1 and S1P2 expression were examined at
different times under LPS stimulation. As indicated in Figure
3A, LPS stimulation time-dependently, statistically increased
the expression of SphK1 and S1P2, and both of them reached
the maximum at 24 h (P<0.01). Secondly, we chose RSV at
20 uM which manifested the best inhibitory effect on cell
proliferation and inflammation. And SK-II (10 uM) as
an SphK1-specific inhibitor, JTE-013 (10 uM) as a selective
S1P2 inhibitor, were both used as positive controls. RSV at
20 uM inhibited the increments of SphK1 and S1P2 levels,
which is similar to this effect of JTE-013 but stronger than that
of SK-II. And there was no statistically significant difference in
SphK1 and S1P2 expression among 20 uM RSV group, SK-II
and JTE-013 (Figure 3B, P<0.01). Thirdly, we detected
SphK1 activity and S1P content. As indicated in Figure 3C
and D, LPS significantly enhanced SphK1 activity and SIP
level (P< 0.01), while RSV dose-dependently reversed the
increments in SphK1 activity and S1P level (£<0.05). This
occurrence was also blocked by SK-II and JTE-013. RSV at 20
UM significantly decreased the increments of SphK1 activity
and S1P level, which was also similar to that of SK-II and JTE-
013. All the results are similar to the variation of SphK1 and
S1P2 proteins’ expression.

In addition, to further investigate whether the effect of
RSV on FN, ICAM-1 and iNOS expression is associated
with SphK1/S1P2 pathway, we also used SK-II and JTE-
013 as positive controls to measure these proteins’ expres-
sion. As shown in Figure 3E and F, RSV at 20 uM also
markedly decreased FN and ICAM-1 expression, stronger
than that of SK-II and similar to that achieved by JTE-013,
but there was no statistically significant difference in iNOS
expression among 20 uM RSV group, SK-II and JTE-013.

Overall, these results suggested that inhibiting LPS-
induced SphK1/S1P2 pathway in RMCs might be a new
underlying mechanism for RSV and there may be a direct
close relationship between RSV and S1P2 that should be
further investigated.

Effect of RSV on NF-kB Activation in LPS-

Induced RMCs’ Proliferation
NF-«xB is a key downstream mediator of SphK1/S1P axis,

which could play a critical role during cell proliferation
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Figure 2 RSV decreased FN, ICAM-I and iNOS expression in LPS-induced RMCs’ proliferation. MCs were cultured in DMEM with normal glucose (5.5 mM) containing 10%
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and inflammatory response. The expression of fibrotic
components such as FN, and inflammatory molecules
such as ICAM-1 and iNOS, should be regulated by NF-
kB activation. Here, we further examined whether the
protective effect of RSV on DN contributed to SphK1/
S1P2-dependent depression of NF-xB. At first, we
detected DNA-binding activity of NF-«xB by using
EMSA assay. As shown in Figure 4A, the DNA-binding
activity of NF-kB was enhanced in LPS-induced RMCs
and evidently blocked by RSV at 20 uM. SK-II and
JTE-013 inhibited the DNA-binding activity of NF-kB
more obviously than 20 uM RSV group. Then, we
detected NF-«kB p65 expression in the nucleus. LPS
could markedly promote NF-kB p65 transferring into the
nucleus (Figure 4B, P<0.01) and this occurrence was
intervened by RSV pretreatment. Furthermore, we found
that the inhibitory effect of JTE-013 was stronger than that
of 20 pM RSV group and SK-II (Figure 4B, P<0.05). This
occurrence is consistent with EMSA results. However,
there was no statistically significant difference in NF-xB
p65 expression in nucleus among 20 uM RSV group, SK-
II and JTE-013. These results revealed that RSV could
also inhibit LPS-induced DNA-binding activity and pro-
tein expression of NF-kB in RMCs, which may contribute
to SphK1/S1P2-dependent.

Discussion

The present study has clearly shown that RSV could
decrease LPS-induced mesangial cell proliferation and
attenuate the upregulated expression of FN, ICAM-1 and

A

LPS(100ng/ml)

Control RSV(20puM) SK-II JTE-013

we — W W W e

Free probe

¢
L

iNOS. Additionally, RSV, SK-II and JTE-013 pretreatment
all obviously decreased LPS-induced SphK1 activity and
the expression of SphK1 and S1P2, and then reduced the
transcriptional activity of NF-kB and NF-xB p65 expres-
sion that could regulate FN, ICAM-1 and iNOS expres-
sion, suggesting that SphK1/S1P2/NF-xB pathway may
have a pivotal role in regulation of RMC proliferation
and inflammation, which is inhibited by RSV. In addition,
our previous study demonstrated that such elevated activ-
ity and expression of SphK1 and S1P were reversed by
RSV in RMCs transfected with wild type SphK1 under
normal condition.”® Taken together, these results have
further suggested that the renal protective effect of RSV
was independent upon its hypoglycemic effect. So far, our
studies have implied that RSV has renoprotective
effects on RMCs’ proliferation and inflammation via
SphK1/S1P pathway in different mesangial cell models
from different perspectives, which may provide novel
strategies for DN therapy.

The typical characteristics of DN include mesangial cell
proliferation, early glomerular hypertrophy, ECM accumula-
tion such as FN, finally leading to renal fibrosis.*’ Some
other molecules and cytokines, such as ICAM-1 and iNOS,
could also be secreted by glomerular mesangial cells.”
ICAM-1, an important cellular adhesion molecule associated
with inflammation, promotes cellular inflammatory response
and subsequently accelerates diabetic glomerulosclerosis.***’
iNOS, another inflammatory mediator, is normally expressed
at low level in glomerular mesangial cells, but highly
expressed when stimulated by cytokines and endotoxins. It
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Figure 4 Effect of RSV on NF-kB activation in LPS-induced RMCs’ proliferation. RMCs were pretreated with RSV at the indicated concentrations or SK-Il or JTE-013 for 2 h,
followed by LPS stimulation for 30 min. (A) Nuclear extracts were subjected to EMSA to examine NF-kB DNA-binding activity. (B) NF-kB p65 expression in nucleus was
examined by Western blot. Experiments were performed in triplicate with similar results. Data are means + SEM. #P<0.05 vs Control, P<0.01 vs Control; *P<0.05 vs LPS-

treated group, **P <0.01 vs LPS-treated group.
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may lead to NO overproduction, which is associated with
glomerular dilatation and capillary dilatation during the early
stage of diabetes.”* Thus, these events can worsen abnor-
mal kidney hemodynamic processes, and then result in dia-
betic glomerular hyperfiltration, ECM accumulation, and
renal impairment.®® Furthermore, there is no specific medi-
cine for diabetic nephropathy in clinical treatment as yet.
RSV, a natural polyphenolic substance with its anti-
oxidant, anti-inflammatory and anti-fibrotic capabilities,
has attracted wide attention as a novel therapeutic
approach for many inflammatory diseases, including DN.
RSV could reduce renal hypertrophy and ECM accumula-

13,31-33

tion in diabetic model animals, and suppresses

mesangial cells” proliferation under high glucose
conditions.'***** Here, we showed that RSV obviously
reversed LPS-stimulated mesangial cell proliferation.
RSV at the concentration over 40 uM exhibited cytotoxi-
city in RMCs (data not shown). Simultaneously, referring
to other reference,'® lower concentrations of RSV (5-20
puM) were used in our experiments. In addition, LPS could
time-dependently upregulate FN, ICAM-1 and iNOS
expression, which could be dose-dependently downregu-
lated by RSV.

It has been shown that abnormal activation of SphK1/
S1P signaling is closely involved in many diseases such as
cancer, diabetes, and fibrosis.”'**>7 Several studies have
also reported that SphK1/S1P pathway is closely related to
the pathogenesis of DN.”'"'? SphK1 is a lipid kinase
which catalyzes the phosphorylation of sphingosine to
generate SIP.* SIP can induce cell proliferation and
migration and also upregulate the secretion and expression
of pro-fibrotic growth factors such as CTGF and FN.%'
Elevated levels of SphK1 and S1P have been observed in
the kidney tissues of STZ-induced diabetic rats or db/db
mice, and high glucose-cultured or advanced glycation end
products (AGEs)-cultured glomerular mesangial cells. As
far as we know, such observation has not yet been reported
in LPS-induced mesangial cells’ proliferation. Our current
results showed that LPS significantly enhanced the levels
of SphK1 and S1P. Since SK-II at 10 pM seemed to be
a suitable concentration, without cytotoxicity, to suppress
SphK 1 activity in this study and other literature,®” 10 pM
SK-II treatment was also used in LPS-induced RMCs’
proliferation. As we know, SK-II is a competitive inhibitor
of SphK1 and inhibits SphK1 activity mainly by compet-
ing with sphingosine (SphK1 substrate) to combine with
SphK1. And SK-II markedly suppressed SphK1 activity

and expression with the similar effect, and it also

significantly reduced S1P production. Furthermore, RSV
suppressed SphK1 activity, SphK1 expression and S1P
content under LPS stimulation, especially for RSV at 20
uM. In addition, high concentrations of RSV inhibited
SphK1 expression more strongly than SK-II, indicating
that RSV inhibited those proteins’ expression at least
partly through SphK1 pathway. These results were similar
with our previous study which was performed in high
glucose conditions.”

S1P2, as one of the S1P receptors, is primarily
expressed in mesangial cells and play an important role
in DN.*® S1P2 receptor mediated S1P-induced mesangial
cell proliferation and FN upregulation through activating
high glucose-induced MAPK pathway.'' Simultaneously,
the increment in cell proliferation and exogenous S1P-
induced FN were obviously decreased by S1P2 receptor
antagonist JTE-013 in RMCs under normal glycemic and
Additionally, S1P2-siRNA
that knocked down S1P2 receptor also significantly inhib-

hyperglycemic conditions.'?

ited S1P-induced FN augmentation.”'" Consistent with
these observations, we found that both RSV and JTE-013
remarkably attenuated LPS-induced S1P2 protein expres-
sion in RMCs, implying that the effect of RSV was closely
related to S1P2.

Furthermore, some studies suggested that S1P could
activate the NF-kB pathway mainly due to its specific bind-
ing to TRAF2 to activate its E3 enzyme,* which in turn
regulates S1P2 expression.*” NF-kB is an inflammatory
signaling molecule and its activation was observed in kid-
neys, retina and heart of diabetic rats and human kidney in
DN.*'"* These observations indicated that NF-kB activa-
tion may be implicated in DN. However, its specific
mechanisms are unclear. Therefore, to determine the exact
mechanism whereby RSV deactivates SphK1 activity,
further studies are needed. According to previous
studies,g’22 NF-kB could be activated by oxidative stress,
LPS, hyperglycemia and AGEs, then it binds to kB binding
sites on the promoter regions of ICAM-1 and iNOS to
initiate target genes’ transcription and proteins’ expression,
resulting in obvious inflammatory responses, further accel-
erating the development of renal fibrosis. Our findings
revealed that LPS promoted the translocation of NF-«kB
p65 to the nucleus and enhanced the DNA-binding activity
of NF-«xB, whereas these increments were blocked by 20 uM
RSV group, SK-II and JTE-013. Especially, JTE-013 was
the best one for inhibiting NF-kB p65 expression in nucleus
and DNA-binding activity, presuming that there may be
a close relationship between S1P2 and NF-«B.
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Figure 5 Schematic representation of the proposed underlying mechanism leading to renoprotective effect of RSV against LPS-mediated inflammation and mesangial cell
proliferation in DN. This diagram summarizes our current study. RSV suppresses SphK1/SIP2 pathway activation in LPS-induced RMCs, which further reduces NF-kB

activity. The inhibitory effects of RSV on SphK1/SIP2/NF-kB pathway may result from

specific inhibition toward SphK1 and SIP2, then further inhibiting NF-kB pathway,

thereby eventually exerting the renoprotective effects on DN, which is independent of its hypoglycemic effect.

Conclusion

In conclusion, as indicated in Figure 5, this study elucidated
that LPS promoted RMCs’ proliferation and ECM accumu-
lation and cell inflammation through SphK1/S1P2/NF-xB
pathway, whereas RSV treatment inhibited these increments
via blocking this pathway. These results suggested that the
protective effect of RSV on renal fibrosis that was indepen-
dent of its hypoglycemic effect might partially be ascribed to
inhibiting SphK1/S1P2/NF-kB pathway. Overall, the find-
ings show new insights into the mechanisms of DN and
indicate that targeting this pathway for pharmacological
interventions in DN may have broad application prospects.
Therefore, further investigation should be done on animal
models which may better illustrate the mechanisms of RSV
in treatment of DN. And we also believe that RSV should
become a potential drug for treating DN in clinical use.
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