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Introduction. Emodin, an anthraquinone derivative from the
Chinese herb Radix et Rhizoma Rhe, has been reported to possess
anti-inflammatory property in vivo and in vitro. However, the
effect of emodin on inflammation in lipopolysaccharide (LPS)-
induced acute kidney injury as an immunomodulator has yet to
be determined. This study aimed to investigate whether emodin
had protective effects against LPS-induced acute kidney injury by
inhibiting toll-like receptor 2 (TLR2) signal pathway in normal rat
kidney epithelial cells (NRK-52E).

Materials and Methods. The NRK-52E cells were incubated with
LPS with and without the indicated concentrations of emodin
for 24 hours. The TLR2 and NF-«kB protein level was detected by
Western blot method. Tumor necrosis factor (TNF)-a, interleukin
(IL)-1pB, and IL-6 protein levels were measured using an enzyme-
linked immunosorbent assay. The mRNA expression of TLR2,
NF-kB, TNF-a, IL-1f8, and IL-6 was detected using a real-time
polymersase chain reaction.

Results. A concentration of 10> ng/mL of LPS significantly
upregulated mRNA and protein levels of TLR2 and NF-«xB and
increased TNF-a, IL-1B, and IL-6 mRNA and protein levels. At
doses of 20 uM and 40pM, emodin was able to inhibit LPS-induced
TLR2, NF-«B, TNF-a, IL-1f and IL-6 mRNA and protein expressions
in cultured NRK-52E cells.

Conclusions. These results demonstrate that an elevated expression
of inflammatory cytokines and TLR2 in cells stimulated by LPS
were simultaneously inhibited by emodin. Therefore, emodin
attenuates the inflammation by inhibiting TLR2-mediated NF-xB
signal pathway, which may contribute to the immune inflammation
regulation of emodin in LPS-induced acute kidney injury.
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Acute kidney injury (AKI) is a common severe
emergency disease, which contributes significantly to
the morbidity and mortality of hospitalized patients.
Therefore, how to stop its progress has become
the focus of many studies.” Recent studies have
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highlighted the role of the innate immune system
in initiating the inflammatory cascade which leads
to detrimental changes in AKI. It has been clear
that toll-like receptors (TLRs) play a key role in
the recognition of exogenous pathogen-associated
molecular patterns during the pathogenesis of sepsis-



induced AKI.*® Of the known mammalian TLRs,
TLR2 has received particular attention. Toll-like
receptor 2 is involved in the signaling pathway of the
lipopolysaccharide (LPS) receptor complex.” Virulent
uropathogenic strains (Escherichia coli) express P
fimbriae, which bind to the glycolipid receptors of
uroepithelial and kidney tubular cells, triggering
TLR2 activation with subsequent recruitment
of leukocytes and release of proinflammatory
cytokines.® Cytokines are expressed in response to
stimulation by LPS and a synthetic TLR2 agonist
in renal tubular epithelial cells.’

Emodin (1,3,8-trihydroxy-6-methyl-
anthraquinone) is a biologically active natural
anthraquinone extracted from the roots and
rhizomes of Rheum palmatum (Chinese name
DaHuang), which is one of the most effective
traditional Chinese medicines for infection and
has now been officially listed in the Chinese
Pharmacopoeia.'®!! Emodin has been confirmed
to possess antimicrobial, anti-inflammatory, anti-
ulcerogenic, anti-cancer, immunosuppressive,
and chemopreventive effects.'*!3 Furthermore,
the anti-inflammatory properties of emodin have
been well-established in animal experiments and
clinical studies.'*” It was recently reported that
amelioration of tubular epithelial cells injury by
emodin may partly contribute to the suppression
of TLR4 expression'd; however, their relevance
to TLR2 in tubular epithelial cells has not been
investigated.

In this study, we utilized a normal rat kidney
epithelial cells (NRK-52E) LPS-induced injury
model to assess the effect of emodin on progressive
renal damage, and to associate emodin immune
regulatory mechanism with TLR2-nuclear factor
kappa-light-chain-enhancer of activated B cells
(NF-xB) signaling pathway.

Emodin (molecular weight, 270.24; purity,
95%) was purchased from the National Institute
for the Control of Pharmaceutical and Biological
Products (Beijing, China). Dulbecco’s modified
Eagle’s medium (DMEM)-F12 culture medium
and fetal calf serum were purchased from Gibco
(Carslbad, CA, USA). All other cell culture reagents
were obtained from Sigma (St Louis, MO, USA).
The LPS from E coli (serotype, 0111:B4; cat no,
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L-2630) was obtained from Sigma. The CytoTox
96 nonradioactive cytotoxicity assay kit was
obtained from Promega Corporation (Madison,
WI, USA). TRIzol reagent was purchased from
Invitrogen (Thermo Fisher Scientific, Waltham,
Massachusetts, USA). Reagents for real-time
polymerase chain reaction were purchased from
Takara Biotechnology (Dalian, China). The anti-
TLR2 and anti-p65 antibodies were from Cell
Signaling Technology Co (Boston, MA, USA).
Concentrations of tumor necrosis factor (TNF)-a,
interleukin (IL)-1B, and IL-6 were determined in
culture supernatants using commercially available
enzyme-linked immunosorbent assay kits (R&D
Systems, Minneapolis, MN, USA).

The NRK-52E cells were grown until confluent.
Culture medium was changed to serum-free
conditions 24 hours prior to stimulation with
LPS (10% ng/mL). Experiments were performed
in triplicate using 3 consecutive wells of 6-well
plates. Each experiment was repeated at least 3
times. The cells were incubated with LPS and/or
the indicated concentrations of emodin (20 pM
and 40 uM) for 24 hours.

Total RNA was extracted from NRK-52E cells
using TRIzol. Complementary DNA was synthesized
using oligo (dT)16 (Applied Biosystems) and
the SuperScript III reverse transcriptase kit.
Complementary DNA was amplified in 1xUniversal
Master Mix (Applied Biosysterms) with gene-
specific primers and probe on Rotor-Gene 6000.
Specific TagMan primers and probes for TLR2, P65,
TNF-a, IL-1, IL-6, and glyceraldehyde 3-phosphate
dehydrogenase were previously described. All of
the results are expressed as ratios to glyceraldehyde
3-phosphate dehydrogenase.

The cells were washed with phosphate-
buffered saline and lysed in cells lysis buffer
containing 20 mM of Tris-hydrogen chloride,
150 mM of sodium chloride, 1 mM of disodium
ethylenediaminetetraacetate,]1 mM of ethylene
glycol tetraacetic acid, 1% triton, 2.5 mM sodium
pyrophosphate, 1 mM of p-glycerophosphate, 1
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mM of sodium orthovanadate, and 1 ng/mL of
leupeptin. Cell lysates were sonicated briefly,
centrifuged at 12 000 g (15 minutes, 4°C) and
supernatants 20 pg of supernatant protein were
electrophoresis on a 4% to 15% polyacrylamide gel.
Proteins were then transferred to a polyvinylidine
difluoride membrane. After electrotransfer, the
blots were blocked for 1 hour at room temperature
in blocking buffer containing 20 mM of Tris, 137
mM of sodium chloride, 0.1% of tween 20, and 5%
of milk (pH, 7.6). The blots were then incubated
with primary antibodies (anti-TLR2 and anti-p65)
with 1:1000-dilutions in blocking buffer overnight.
Following several washes in buffer containing 20
mM of Tris- hydrogen chloride, 137 mM of sodium
chloride, and 0.1% of tween 20 (pH, 7.6), the blots
were incubated in 1:2000-dilution of antirabbit
immunoglobulin G horseradish peroxidase-linked
as secondary antibody diluted in blocking buffer
1 hour at room temperature. Following several
washes in buffer, the immunoreactive proteins were
visualized and quantified by densitometric analysis
using Image ] software (Wayne Rasband, National
Institutes of Health, Stapleton, NY, USA). For all
the Western blots, glyceraldehyde 3-phosphate
dehydrogenase was used as internal control.

To quantify the level of TNF-a, IL-1f, and IL-6
protein expression under different experimental
conditions, the total TNF-a, IL-1B, and IL-6
protein in the culture supernatant was measured
using a commercial sandwich enzyme-linked
immunosorbent assay kit for TNF-a, IL-1p, and
IL-6 according to the manufacturer’s instructions.
Samples were assayed in duplicate.

All data were expressed as mean + standard
deviation. Statistical analysis was carried out
using the SPSS software (Statistical Package for the
Social Sciences, version 13.0, SPSS Inc, Chicago,
111, USA). Statistical significance was assessed by
the 1-way analysis of variance test and the f test.
P values less than .05 were considered significant.

Emodin was able to inhibit LPS-stimulated
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TLR2 mRNA expression in cultured cells, but with
distinct differences in action intensity (P < .05). At
a dose of 40 uM, emodin demonstrated maximum
suppression of TLR2 mRNA expression in LPS-
stimulated cells (P < .05, Figure 1). Similar to
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Figure 1. Effects of emodin on LPS-stimulated NF-k<B mRNA
and protein secretion in NRK-52E cells. The NRK-52E cells were
incubated with LPS 102 ng/mL in the presence of emodin for 24
hours and NF-xB mRNA and protein were evaluated by real-time
polymerase chain reaction and Western blot, respectively. Top,
Emodin inhibited the expression of NF-kB mRNA at doses of 20
UM and 40 pM, respectively. Bottom, Effect of emodin on NF-xB
protein expression in NRK-52E cells. Western blot of the NF-kB
protein expression was performed in NRK-52E cells from the
control and treated cells with emodin at doses of 20 uM and 40
UM for 24 hours, respectively.

*P < .05 versus unstimulated NRK-52E cells

tP < .01 versus unstimulated NRK-52E cells



its effect on TLR2 protein expression, emodin
inhibited the LPS-upregulated synthesis of the
TLR2 surface protein in a dose-dependent manner
(P < .05, Figure 2).
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Figure 2. Effects of emodin on LPS-stimulated TLR2 mRNA and
protein production in NRK-52E cells. The NRK-52E cells were
incubated with LPS 102 ng/mL in the presence of emodin for 24
hours and TLR2 mRNA and protein were evaluated by real-time
polymerase chain reaction and Western blot, respectively. Top,
Emodin inhibited the expression of TLR2 mRNA at doses of

20 pM and 40 pM, respectively. The inhibitory effect of emodin
demonstrates a dose-dependent manner. Bottom, Effect of
emodin on TLR2 protein expression in NRK-52E cells. Western
blot of the TLR2 protein expression was performed in NRK-52E
cells from the control and treated cells with emodin at doses of
20 pM and 40 pM for 24 hours, respectively.

*P < .05 versus unstimulated NRK-52E cells

tP < .01 versus unstimulated NRK-52E cells
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The levels of NF-kB mRNA and protein
significantly increased in LPS-stimulated cells,
which indicated that NF-«kB took an active role in
inflammatory response to the injury. Compared
with those in LPS-induced cells, NF-kB mRNA and
protein were both significantly downregulated in
emodin-treated cells at both doses (P < .05, Figure 1).

Expression of TNF-a, IL-1f5, and IL-6 mRNA and
protein was measured by real-time polymerase chain
reaction and Western blot. Emodin decreased LPS-
induced TNF-a, IL-1f, and IL-6 mRNA expression
(P < .05, Figures 3A to 3C). At a dose of 20 uM, the
inhibitory effects of emodin on TNF-a, IL-1f, and
IL-6 mRNA secretion were significant, but were
lower than the concentration of 40 uM compared
with LPS-stimulated cells (P < .05). Emodin at both
concentrations had an effect on TNF-q, IL-1p, and
IL-6 protein secretion (P < .05, Figures 3D to 3F).

Our results demonstrated for the first time, to
the best of our knowledge, that emodin inhibited
LPS-induced TLR2 and NF-kB expressions in
cultured NRK-52E cells, as well as partly blocked
LPS-stimulated TNF-o, IL-1B, and IL-6 upregulation.
Certain data from the previous studies demonstrated
that emodin attenuated LPS-mediated inflammatory
response in mouse mammary epithelial cells and
liver.’*!* In the present study, the effect of emodin
in the LPS-induced NRK-52E cells is likely to be
interrelated to downregulate TLR2, NF-xB, and
inflammatory cytokines. It is considered that an
increased understanding of this process may lead
to therapies that are able to effectively prevent or
reverse inflammation in AKIL.

Lipopolysaccharide is one of the most studied
immunostimulatory components of bacteria that
can induce systemic inflammation when excessive
signaling occurs.! Thus, it has been widely used
as a stimulating factor in research on TLR2 in
infective diseases. We investigated the effects of
emodin on cultured NRK-52E cells. The results are
consistent with previous findings that TLR2 mRNA
and protein expression were upregulated by LPS,”
which also paralleled the severity of increased TNF-q,
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Figure 3. Effects of emodin on LPS-stimulated inflammatory cytokines mRNA and protein secretion in NRK-52E cells. The NRK-52E
cells were incubated with LPS 102 ng/mL in the presence of emodin for 24 hours and inflammatory cytokines mRNA and protein were
evaluated by real-time polymerase chain reaction and enzyme-linked immunosorbent assay, respectively. A, Emodin decreased the
expression of TNF-a mRNA at doses of 20 uM and 40 puM, respectively. B, Emodin inhibited the expression of /L-18 mRNA at both
doses. C, Effect of emodin on the expression of /L-6 mRNA with dose-dependent manner. D, The expression of TNF-a protein was
analyzed by enzyme-linked immunosorbent assay. E, Emodin decreased the expression of IL-1p protein at both doses. F, The inhibitory
effect of emodin on IL-6 protein expression demonstrates a dose-dependent manner.

*P < .05 versus unstimulated NRK-52E cells
tP < .01 versus unstimulated NRK-52E cells

IL-1B, and IL-6 mRNA and protein expression in
cultured mouse tubular epithelial cells, supporting
the hypothesis that LPS is the key molecule in the
overexpression of TLR2 and cytokines.

Previous reports investigating significant
differences between wild-type and TLR2 knockout
mice have demonstrated that TLR2’s role is
significant in renal pathophysiological conditions.?
Leemans and colleagues revealed that the kidneys
of TLR2 knockout mice in wild-type hosts remained
susceptible to ischemic AKL.?' Tubular epithelial
cells from TLR2-knockout mice failed to respond
to LPS, and cytokines released by them were
decreased.' These data suggest that the TLR2
expresses on renal parenchyma plays a crucial
role in the induction of inflammation and injury.
In the present study, we demonstrated that the
expression of TLR2 was significantly upregulated 24
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hours after stimulation with 10> ng/mL of LPS. The
detection of TLR2 on NRK-52E cells also revealed
a potential site for inflammation initiation based
on TLR2. Leemans and colleagues also provided
compelling evidence that the activation of TLR2
present on renal parenchymal cells triggers an innate
immune response that mediates progressive renal
failure.?? Thus, TLR2 is critical in the progression
of immunoreactivity. Therefore, the inhibition
of TLR2 overexpression has become particularly
significant for the management of AKI.

Emodin is the main effective composition in
certain Chinese herbs. Previous studies have
revealed that the laboratory signs of rat renal
lesions were significantly ameliorated by emodin,
as demonstrated by decreased blood creatinine
and urea and 24-hour urine protein in the kidney
failure models after administration with emodin.'>%



A previous study demonstrated that emodin
significantly suppressed the expression of ocular
surface TLR4, at the level of mRNA transcription
and protein synthesis.'” Li and colleagues revealed
that emodin might ameliorate LPS-induced acute
pancreatitis by inhibiting activation of NF-kB
signaling.'® However, no studies have yet described
emodin’s ability to suppress LPS-induced TLR2
expression in the kidney. In the present study,
it was observed that emodin effectively reversed
LPS-upregulated TLR2 mRNA and protein
expression at concentrations of 20 pM and 40 pM
in cultured NRK-52E cells. When compared with
LPS-stimulated group, co-culture with emodin
significantly reversed LPS-induced expression of
TLR2 in cells.

While we have demonstrated that the LPS-
induced activation of TLR2 was suppressed by
emodin in the present study, the ligation of TLR2-
NF-«B induced production of proinflammatory
cytokines cannot be ignored. Consequently, we
examined the inhibitory effects of emodin on the
overexpression of TNF-o, IL-1p, and IL-6 in NRK-
52E cells. Tubular epithelial cells respond to local
infection, with the release of multiple cytokines,
chemokines, and other factors that are considered
to orchestrate the cellular constituents of the innate
immune response.?* Moreover, the expression of
TLR2 may be involved in regulating immune cells
to synthesize cytokines via activating NF-kB.»
The results from the present study demonstrate
a compelling contribution of emodin in renal
inflammatory disease.

The present study shows the role of emodin as an
immunoregulator in LPS-induced AKI, most likely
acting through the suppression of TLR2-triggered
innate immune responses. These encouraging
results put emodin to one of the candidates for
therapy in LPS-induced AKI treatment.
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