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Abstract. The aim of this study was to investigate the effects 
of emodin, the major component of Rheum palmatum, 
on lipopolysaccharide (LPS)-induced toll-like receptor 4 
(TLR4) expression in cultured mouse tubular epithelial cells 
(TECs). The TECs were obtained from mice and incubated 
with LPS and/or indicated concentrations of emodin for 
24 h. Cytokeratin, α-SMA and vimentin were detected using 
immunohistochemistry. The TLR4 protein level was detected 
by flow cytometry. TNFα and IL-6 protein levels were meas-
ured using an enzyme-linked immunosorbent assay (ELISA). 
mRNA expression of TLR4, TNFα and IL-6 was detected 
using a reverse-transcription polymerase chain reaction 
(RT-PCR). Results showed that a concentration of 102 ng/ml  
LPS significantly upregulated TLR4 mRNA and protein 
levels. TNFα and IL-6 mRNA and protein levels were also 
increased. Emodin (at doses of 40, 20 and 10 µM) was able to 
inhibit LPS-induced TLR4 protein synthesis in cultured TECs. 
However, TNFα and IL-6 protein expression was decreased 
in cells treated with emodin at concentrations of 40 and 
20 µM. These results demonstrate that an elevated expression 
of inflammatory cytokines and TLR4 in cells stimulated with 
LPS, were simultaneously inhibited by emodin. Emodin is 
therefore able to inhibit the LPS-induced expression of TLR4 
in order to downregulate TNFα and IL-6 synthesis in TECs, 
which may contribute to the protective effects of emodin in 
renal disease.

Introduction

Infections can trigger disease activity in patients with 
immune complex glomerulonephritis (ICGN), including GN, 
IgA nephropathy (IgAN), renal vasculitis, lupus nephritis 
and transplant rejection. However, tubulointerstitial damage 
has been demonstrated to be important in progressive renal 
disease (1). Glomerular injury is thought to trigger tubular 
cell activation, leading to tubulointerstitial inflammation and 
fibrosis. Activated tubule epithelial cells are considered to be 
critical in the pathogenesis of renal injury, due to their ability 
to secrete proinflammatory and profibrogenic substances (2). 
Therefore, renal functional damage correlates closely with 
tubulointerstitial damage in glomerulonephritis (1). 

Toll-like receptors (TLRs) have been found to play a key 
role in the recognition of bacterial components during infec-
tion (3). Notably, TLR interactions with microbial components 
trigger the expression of proinflammatory cytokines as well 
as the functional maturation of antigen-presenting cells of the 
innate immune system (3-4). TLR activation may be a link 
between mechanical, toxic or ischemic tubular cell injury and 
the onset of an inflammatory ‘innate’ immune response in 
the pathogenesis of acute renal failure  (5). Immune cells and 
intrinsic renal cells that respond to TLR activation may become 
activated by extracellular matrix molecules, which then 
promote the secretion of inflammatory cytokines and chemo-
kines. This process in turn is followed by additional leukocyte 
recruitment to the kidney supporting sustained interstitial 
inflammation and interstitial fibrosis (6). Of the 13 known 
mammalian TLRs, TLR4 has received particular attention. 
TLR4 is involved in the signalling  pathway of the lipopolysac-
charide (LPS) receptor complex (7). Virulent uropathogenic 
strains (Escherichia coli) express P fimbriae, which bind to 
the glycolipid receptors of uroepithelial and kidney tubular 
cells, triggering TLR4 activation with subsequent recruitment 
of leukocytes and release of proinflammatory cytokines (8). 
Cytokines, tumor necrosis factor α (TNFα) and interleukin-8 
(IL-8) homologue are expressed in response to stimulation by 
LPS and a synthetic TLR4 agonist in cultured renal tubular 
epithelial cells (TECs) (9). Cells lacking the respective TLRs 

Suppression of lipopolysaccharide-induced upregulation 
of toll-like receptor 4 by emodin in mouse 

proximal tubular epithelial cells
XIAO-LING ZHU1,  YONG-JUN WANG1,  YA-ZHEN YANG1,  RU-CHUN YANG1,  BIN ZHU1,  YING‑HUA ZHANG1, 

YI LIN1,  YING LU1,  XIAO-FENG LI2  and  KEVIN T. O'BYRNE2

1Department of Nephrology, Hangzhou Hospital of Traditional Chinese Medicine (Hangzhou Guangxing Hospital), 
Zhejiang Chinese Medical University, Hangzhou, Zhejiang 310007, P.R. China;  2Division of Reproduction and Endocrinology, 

New Hunt's House, King's College London, Guy's Campus, London SE1 1UL, United Kingdom

Received January 26, 2012;  Accepted April 16, 2012

DOI: 10.3892/mmr.2012.960

Correspondence to: Professor Xiao-Ling Zhu, Department of 
Nephrology, Hangzhou Hospital of Traditional Chinese Medicine 
(Hangzhou Guangxing Hospital), Zhejiang Chinese Medical 
University, Hangzhou, Zhejiang 310007, P.R. China
E-mail: zhuxiaolinghz@126.com

Key words: emodin, tubular epithelial cells, lipopolysaccharide, 
toll-like receptor 4, tumor necrosis factor-α, interleukin-6



ZHU et al:  EMODIN INHIBITS LPS-INDUCED TLR4 EXPRESSION IN PROXIMAL TUBULAR EPITHELIAL CELLS494

had a reduced response to this stimulation. The TLR4-mediated  
response to stimulation was dependent on nuclear factor κB 
(NF-κB) signalling, suggesting a role in the innate immune 
response to bacteria during ascending urinary tract infec-
tion. It has also been highlighted that although TLRs have 
specific ligands, co-operation may be required between these 
TLRs and other molecules to achieve a maximal response (9). 
Furthermore, activation of innate immunity through TLR4 in 
the donor kidney also contributes to the development of acute 
rejection after renal transplantation  (10). Therefore, TLRs 
of renal cells are important in various kidney disorders and 
require further study.

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 four most well-known crude 
drugs in Traditional Chinese Medicine (TCM) history. It was 
described in Agriculture God's Canon of Materia Medica 
(Chinese name Shen Nong Ben Cao Jing) (11), in which the 
use of Rheum can be traced back to 270 B.C. At present, it is 
one of the most effective TCMs for infection and has now been 
officially listed in the Chinese Pharmacopoeia (12). Rheum 
has been confirmed to possess antimicrobial, antiviral, anti-
inflammatory, antifibrosis, antiulcerogenic, anti-cancer, 
immunosuppressive, vasorelaxant and chemopreventive 
effects (13-14). Furthermore, the anti-inflammatory properties 
of Rheum have been well-established in animal experiments 
and clinical studies (14). Emodin also has potential for the 
treatment of chronic renal failure (as an immunosuppres-
sant and vasorelaxant). In a previous study, we found that 
compounds produced from the decoction of Centella Asiatica 
and Rheum repressed the proliferation and extracellular 
matrix production of rat kidney glomerular mesangial cells 
combined with a reduction in cyclin D1 and cyclin-dependent 
kinase 4 expression in rat  (15-16). Although emodin was 
found to reduce monocyte/macrophage‑chemoattractant 
protein-1 expression, inhibit TNFα-induced NF-κB and c-Jun 
N-terminal kinase, impair cytokine production (17) and even 
have an inhibitory effect against superoxide production (18), 
the detailed mechanisms underlying sensitization have not 
been established. It was recently reported that amelioration 
of pancreatic and pulmonary damage by emodin may partly 
contribute to the suppression of TLR4 expression  (19), 
however, their relevance to TLR4 in TECs has not been 
investigated.

The present study investigated the anti‑inflammatory mech-
anism of emodin by determining the effects on LPS-induced 
TLR4 expression in mice TECs cultures and aimed to deter-
mine whether emodin-ameliorated renal damage was mediated 
by its stimulation of intrinsic synthesis and release of TNFα 
and IL-6 homologue in TECs.

Materials and methods

Antibodies and reagents. 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 (FCS) were purchased 
from Gibco (Carslbad, CA, USA). All other cell culture 

reagents were obtained from Sigma (St. Louis, MO, USA). 
Mouse anti-rat cytokeratin was purchased from ABR-Affinity 
BioReagents (ThermoScientific Pearce, Rockford, IL, USA). 
Mouse anti-rat α-smooth actin (α-SMA) and vimentin were 
purchased from Wuhan Boster Biological Technology, Ltd. 
(Wuhan, China). LPS from E. coli (serotype, 0111:B4; cat. 
no., 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. Reagents for reverse tran-
scription-polymerase chain reaction (RT-PCR) were purchased 
from Takara Biotechnology (Dalian, China). The anti-mouse 
TLR4 antibody was from BD Biosciences (Franklin Lakes, 
NJ, USA). Concentrations of TNF-α and IL-6 were determined 
in culture supernatants using commercially available enzyme-
linked immunosorbent assay (ELISA) kits (R&D Systems, 
Minneapolis, MN, USA).

Cell culture. Male BALB/c mice were purchased from the 
Shanghai Laboratory Animal Center Laboratory Co. Ltd. 
(SLAC, Shanghai, China). Primary proximal tubular cells 
(TECs) were obtained from 6-8  week old mice as previ-
ously described (20). Briefly, kidneys were bisected and the 
outer cortical tissue was separated from the mice. The tissue 
was then minced and digested in collagenase II at 37˚C for 
20 min. The digest was then passed through various sieves 
(250, 160, 75 and 40 nm). Cells trapped in the 40 nm sieve 
were collected by washing and centrifuging to obtain a pellet 
that was resuspended in DMEM-F12 supplemented with 2%  
FCS, 100 U/ml penicillin, 100 µg/ml streptomycin, 5 µg/ml 
insulin transferrin selenite (ITS), 10-12 M triiodothyronine and 
40 ng/ml hydrocortisone. The cell suspension was then seeded 
onto 1% gelatine‑coated culture plates and incubated at 37˚C, 
at 5% CO2. Cell phenotype was confirmed by immuno- 
histochemistry.

Immunohistochemistry. For the measurement of the cyto-
keratin, α-SMA and vimentin in cultured primary cells, 
immunohistochemistry was performed using mouse anti-rat 
monoclonal antibody cytokeratin (dilution, 1:200), mouse 
anti‑rat monoclonal antibody α-SMA and vimentin (dilution, 
1:100), followed by incubation with biotinylated secondary 
antibody for 15 min and streptavidin-conjugated horseradish 
peroxidase (HRP) complex for a further 15 min. After washing 
with phosphate-buffered saline (PBS), slides were incubated 
with substrate-chromogen solution (3,3'-diaminobenzidine, 
DAB) for 5 min and counterstained with Mayer's hematoxylin 
for 3 min. Images, including almost all of the cells, were 
captured using a light microscope.

Cytokine stimulation and emodin treatment of TECs. TECs 
were grown until confluent. Culture medium was changed 
to serum-free conditions 24 h prior to stimulation with LPS. 
Experiments were performed in triplicate using three consecu-
tive wells of 6-well plates. Each experiment was repeated at 
least three times. The cells were incubated with LPS and/or 
the indicated concentrations (10, 20 and 40 µM) of emodin 
for 24 h. Cell viability (measured by exclusion of trypan blue) 
was 95-98% after treatment with the drug concentrations used 
in the inhibition studies.
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Cytotoxicity assay. The cytotoxicity assay was performed 
using a CytoTox 96 Nonradioactive Cytotoxicity Assay kit, 
according to the manufacturer's instructions. Briefly, after 
cells were incubated with LPS and emodin for 24 h, medium 
samples were collected and spun at 4˚C at 13,000 rpm for 
5 min. To measure lactate dehydrogenase (LDH) activity, 
50 µl of each sample and 50 µl of substrate were added in 
each well of 96-well plates. The assay plate was incubated for 
30 min at room temperature. The LDH activity was recorded 
after adding stop solution by measuring the absorbance at 
490 nm. Background values were derived from the median of 
untreated TECs. Maximum LDH release values were derived 
from cell lysates by adding cell lysis solution to the mono-
layer. The percentage of cell deaths was determined using the 
formula: %Cytotoxicity = [Experimental LDH release (OD490) 
- Background values (OD490)]/[Maximum LDH release (OD490) 
+ Background values (OD490)].

RT-PCR. Cells were treated with 10, 20 and 40 µM emodin 
for 24 h after stimulation with 102 ng/ml LPS. Total RNA was 
extracted using TRIzol reagent. Total RNA (1 µg) was reverse-
transcribed. PCR was performed using a One Step RNA PCR 
kit according to the manufacturer's instructions. The primer 
sequences used are shown in Table I. PCR amplifications were 
performed as follows: 5 min at 95˚C followed by 28-30 cycles 
consisting of 30 sec at 95˚C, annealing (temperatures shown in 
Table I) for 30 sec, 30 sec at 72˚C, and an additional elonga-
tion step for 10 min at 72˚C. The PCR-amplified products were 
run on a 1.2% agarose gel and visualized by ethidium bromide 
staining. The expression intensities of optimized bands were 
quantified using a Luminescent Image Analyzer (Bio-Rad, 
Hercules, CA, USA).

Cell staining and flow cytometry. Cultured TECs were 
incubated with 25 mmol/l ethylenediaminetetraacetic acid 
(EDTA; pH 7.6) at 37˚C for 10 min. Detached cells were 
collected and washed in PBS. A total of 5x105 cells were 
incubated with 0.5 µg of PE-conjugated anti-mouse TLR4 
antibody, followed by incubation with goat anti-mouse 
IgG conjugated with fluorescein. The negative control was 
prepared by incubating with an isotype-matched control anti-
body (IgG2a). The incubation was performed in 50 µl of PBS 

at 4˚C for 30 min, followed by washing three times in 2 ml 
of PBS with 1% bovine serum albumin. The cells were then 
fixed in 400 µl of 2% paraformaldehyde in PBS and analyzed 
by FACScan flow cytometry (Beckman-Coulter, Miami, FL, 
USA).

ELISA. To quantify the level of TNFα and IL-6 protein 
expression under the different experimental conditions, 
the total TNFα and IL-6 protein in the culture supernatant 
was measured using a commercial sandwich ELISA kit for 
TNFα and IL-6 according to the manufacturer's instructions. 
Samples were assayed in duplicate.

Statistical analysis. Experiments were performed in tripli-
cate and repeated three times. The data were shown as the 
mean ± standard deviation (SD). Data were analyzed using 
SPSS 10.0 software (SPSS Inc., USA). Statistical significance 
was assessed by ANOVA and the unpaired t-test. P<0.05 was 
considered to indicate a statistically significant difference.

Table I. Sense and antisense primer sequences used in reverse-transcription polymerase chain reaction (RT-PCR).

Gene	 Primer pair (forward and reverse)	 Tm (˚C)	 No. of cycles	 Size (bp)	 Genbank code

TLR4	 5'-AAATGCCAGGATGATGCCTCCC-3'	 62	 28	 326	 XM-021297
	 5'-AGTTTGAGAGGTGGTGTAAGCC-3'
TNFα	 5'-GCGAGGACAGCAAGGGACTA-3'	 60	 30	 621	 NM-013693
	 5'-GTGTGGGTGAGGAGCACGTAG-3'
IL-6	 5'-ATTCCAGAAACCGCTATGAA-3'	 62	 30	 653	 XM-031168
	 5'-CAC TAGGTTTGCCGAGTAGAT-3'
GAPDH	 5'-ACCACAGTCCATGCCATCAC-3'	 60	 28	 453	 XM-033260
	 5'-TCCACCACCCTGTTGCTGTA-3'

TLR, toll-like receptor; TNF, tumor necrosis factor; IL, interleukin; Tm, melting temperature.

Figure 1. (A) Primary TEC cultures visualized by light microscopy.  
(B) Positive staining for cytokeratin in cultured TECs detected by immuno-
histochemistry. (C) Negative staining for α-SMA antibody in cultured TECs. 
(D) Negative staining for vimentin antibody in cultured TECs. Magnification, 
x400. TEC, tubular epithelial cell; α-SMA, α-smooth actin.
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Results

The primary TEC cells were successfully identified as 
renal TECs by light microscopy (Fig. 1A). Cell phenotype 
was confirmed by positive staining for cytokeratin anti-
body (Fig. 1B) and negative staining for α-SMA antibody and 
vimentin antibody (Fig. 1C and D).

Inhibitory effects of emodin on TLR4 mRNA and protein 
expression by LPS-stimulated TECs. In accordance with 
previous studies, we found that TLR4 synthesis by TECs was 
upregulated following 24 h stimulation with LPS (7). TLR4 

expression was increased more significantly at a dose of  
102 ng/ml than 10 ng/ml and 103 ng/ml (data not shown). 
Therefore, we adopted the concentration of 102 ng/ml LPS for 
our study.

The concentrations of emodin used in this study were 
based on previous experiments (16-17), and it was verified 
that these doses were not cytotoxic in cultured TECs by LDH 
release assay (Figs. 2-4). To determine the effects of emodin 
on TLR4 mRNA expression, TECs stimulated with or without 
LPS (102 ng/ml) were incubated with emodin at concentrations 
of 10, 20 and 40 µM. Emodin (P<0.05) was able to inhibit 
LPS-stimulated TLR4 protein synthesis in cultured TECs, but 

Figure 2. Effects of emodin on LPS-stimulated TLR4 mRNA and protein production in TECs. TECs incubated with LPS 102 ng/ml in the presence of emodin 
for 24 h and TLR4 mRNA and protein were evaluated by RT-PCR and flow cytometry respectively. (A) Emodin inhibited the expression of TLR4 mRNA 
at doses of 40, 20 and 10 µM, respectively. (B) The results normalized by expressing the number of transcript copies as a ratio to GAPDH. Data are the 
mean ± SD. The inhibitory effect of emodin demonstrates a dose-dependent manner. (C) Effect of emodin on TLR4 expression in TECs. Flow cytometry of 
the TLR4 surface protein was performed in TECs from the control and treated cells with emodin at doses of 40, 20 and 10 µM for 24 h, respectively. (D) The 
abovementioned results were summarized. *P<0.05 and **P<0.01 versus unstimulated TECs. LPS, lipopolysaccharide; TLR, toll-like receptor; TEC, tubular 
epithelial cells; RT-PCR, real time-polymerase chain reaction; SD, standard deviation.

  A
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  D
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with distinct differences in action intensity (Fig. 2A and B). 
Emodin at a dose of 40 µM demonstrated maximum suppres-
sion of TLR4 mRNA expression in LPS-stimulated cells. 
Similar to its effect on TLR4 protein expression, emodin 
inhibited the LPS-upregulated synthesis of the TLR4 surface 
protein in a dose-dependent manner (Fig. 2C and D).

Inhibitory effects of emodin on TNFα and IL-6 mRNA and 
the protein expression by LPS-stimulated TECs. To study 
the effects of LPS on the expression of TNFα and IL-6, we 
evaluated mRNA and protein expression using RT-PCR and 
ELISA in LPS-stimulated TECs. TNFα and IL-6 mRNA were 
hardly detected in unstimulated TECs. After incubation with 
LPS (102 ng/ml) for 24 h, TNFα and IL-6 mRNA expression 
was significantly increased (data not shown). TNFα and IL-6 
protein secretions in cell culture medium were increased 2- and  
4-fold, respectively, as demonstrated by using the ELISA 
method. Corresponding to TNFα and IL-6 mRNA expression, 
synthesis of the TNFα and IL-6 protein was also increased 
(data not shown).

To examine the effects of emodin on TNFα and IL-6 
mRNA expression induced by LPS in TECs, the cells were 
stimulated with or without LPS (102 ng/ml) and incubated 
with emodin at different doses for 24 h. TNFα and IL-6 

mRNA expression was measured by RT-PCR. Emodin 
inhibited LPS-induced TNFα and IL-6 mRNA expression 
(Figs. 3A and 4A). At a dose of 10 µM, the inhibitory effects of 
emodin on TNFα and IL-6 protein secretion were significant, 
but were lower than the concentrations (Figs. 3B and 4B) of 
20 and 40 µM compared with LPS-stimulated cells (P>0.05). 
Emodin at concentrations of 40  and 20 µM had an effect on 
TNFα and IL-6 protein secretion. Therefore, emodin inhib-
ited TNFα and IL-6 secretion in a dose-dependent manner.

Discussion

Our results demonstrate for the first time and to the best of our 
knowledge that emodin inhibited LPS-induced TLR4 expres-
sion in cultured TECs, as well as partly blocked LPS-stimulated 
TNFα and IL-6 upregulation. Certain data from our previous 
study demonstrated that compounds produced from decoction 
of Rheum repressed the proliferation and extracellular matrix 
production of glomerular mesangial cells via a decrease in 
cyclin D1 and cyclin-dependent kinase 4 levels in rats (15-16). 
These studies suggest that emodin is able to inhibit the process 
of glomerulosclerosis. In the present study, the effect of 
emodin in the TECs is likely to be complex and interrelated 
to downregulate TLR4, TNFα and IL-6. It is considered that 

Figure 3. Effects of emodin on LPS-stimulated TNFα mRNA and protein secretion in TECs. The TECs incubated with LPS 102 ng/ml in the presence of 
emodin for 24 h and TNFα mRNA and protein were evaluated by RT-PCR and ELISA. (A) Emodin inhibited the expression of TNFα mRNA at doses of 40, 
20 and 10 µM. (B) The results normalized by expressing the number of transcript copies as a ratio to GAPDH. Data are the mean ± SD. (C) Emodin doses used 
were 40, 20 and 10 µM. The expression of TNFα protein secretion was analyzed by ELISA. The inhibitory effect of emodin demonstrates a dose-dependent 
manner. *P<0.05 and **P<0.01 versus unstimulated TECs. LPS, lipopolysaccharide; TLR, toll-like receptor; TEC, tubular epithelial cells; RT-PCR, real time-
polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay; SD, standard deviation.

  A

  B

  C



ZHU et al:  EMODIN INHIBITS LPS-INDUCED TLR4 EXPRESSION IN PROXIMAL TUBULAR EPITHELIAL CELLS498

an increased understanding of this process is likely to lead to 
therapies that are able to effectively prevent or reverse inflam-
mation in TECs.

LPS is one of the most studied immunostimulatory 
components of bacteria that can induce systemic inflammation 
when excessive signalling occurs (21) Thus, it has been widely 
used as a stimulating factor in research on TLR4 in infective 
diseases. We investigated the effects of emodin on cultured 
TECs. The results are consistent with previous findings (9) 
that TLR4 mRNA and protein expression were upregulated by 
LPS, which also paralleled the severity of increased TNFα and 
IL-6 mRNA and protein expression in cultured mouse TECs, 
supporting the hypothesis that LPS is the key molecule in the 
overexpression of TLR4 and cytokines.

Previous reports investigating significant differences 
between wild-type and TLR4 knockout mice have demonstrated 
that TLR4 is significant in renal pathophysiological condi-
tions (22). By performing renal cross-transplantation between 
wild-type and TLR4 knockout mice, Cunningham  et  al 
revealed that kidneys of TLR4 knockout mice in wild‑type 
hosts remained susceptible to endotoxin-induced renal 
failure (23). Furthermore, Tamm-Horsfall glycoprotein‑driven 
cytokine production was evident in wild-type mice compared 

with TLR4-knockout mice. The generation of Tamm‑Horsfall 
glycoprotein-specific antibodies was consistently detectable 
in urinary tract inflammation and was completely blunted in 
TLR4-knockout mice (24). TECs from TLR4-knockout mice 
failed to respond to LPS and cytokines released by them were 
decreased (2). These data suggest that the intrarenal expres-
sion of TLR4 is important for the development of renal injury. 
In the present study, we demonstrated that the expression of 
TLR4 was significantly upregulated 24 h after stimulation 
with 102 ng/ml LPS. The detection of TLR4 on TECs also 
revealed a potential site for inflammation initiation based on 
TLR4. Banas et al detected intense TLR4 immunoreactivity 
in mouse models of membranoproliferative glomerulone-
phritis (25). Zhang et al also provided compelling evidence 
that the activation of TLR4 present on renal parenchymal cells 
triggers an innate immune response that mediates cisplatin-
induced acute renal failure (26). Thus, TLR4 is critical in the 
progression of immunoreactivity. Therefore, the inhibition of 
TLR4 overexpression has become particularly significant for 
the management of renal inflammatory disease. 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 

Figure 4. Effects of emodin on LPS-stimulated IL-6 mRNA and protein secretion in TECs. The TECs incubated with LPS 102 ng/ml in the presence of emodin 
for 24 h and IL-6 mRNA and protein were evaluated by RT-PCR and ELISA. (A) Emodin inhibited the expression of IL-6 mRNA at doses of 40, 20 and 10 µM. 
(B) The results normalized by expressing the number of transcript copies as a ratio to GAPDH. Data are the mean ± SD. (C) Emodin doses used were 40, 20 
and 10 µM. The expression of IL-6 protein secretion was analyzed by ELISA. The inhibitory effect of emodin demonstrates a dose-dependent manner. *P<0.05 
and **P<0.01 versus unstimulated TECs. LPS, lipopolysaccharide; IL-interleukin; TEC, tubular epithelial cells; RT-PCR, real time-polymerase chain reaction; 
ELISA, enzyme-linked immunosorbent assay; SD, standard deviation.
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decreased blood creatinine, urea and 24-h urine protein in the 
renal failure models after administration with emodin (12,27). 
Furthermore, in vitro studies have also revealed that emodin 
is able to inhibit proliferation of glomerular mesangial cells 
and TECs by decreasing the expression of c-Myc mRNA, 
increasing the p27 level, delaying the progression from G1 to S 
phase and promoting apoptosis of renal fibroblasts, thus inter-
vening in progressive renal disease (12,28-29). Previous studies 
of autoimmunity have demonstrated that emodin significantly 
suppressed the expression of pancreatic and pulmonary TLR4, 
at the level of mRNA transcription and protein synthesis (17). 
The authors speculated that amelioration of pancreatic and 
pulmonary damage by emodin may contribute, at least in part, 
to the suppression of TLR4 expression. This finding suggested 
that emodin is a potential drug target for TLR4 (17). However, 
no studies have yet described emodin's ability to suppress 
LPS-induced TLR4 expression in intrinsic renal cells. In the 
present study, it was observed that emodin effectively reversed 
LPS upregulated TLR4 mRNA and protein expression at 
concentrations of 10, 20 and 40 µM in cultured mouse TECs. 
When compared with LPS-stimulated group, co-culture with 
emodin significantly reversed LPS-induced expression of TLR4 
in cultured mice TECs, and the effect was dose-dependent. The 
results also demonstrated an absence of LDH release and the 
appearance of of well-maintained cell viability and unaltered 
house keeping gene expression, indicating that reduced mRNA 
and protein expression are unlikely to indicate toxicity of the 
reagents. The results from the present study raise the possibility 
that emodin has good prospects as a treatment for renal disease 
by suppression of TLR4.

While we have demonstrated that the LPS-induced expres-
sion of TLR4 was suppressed by emodin in the present study, 
the ligation of TLR4-induced production of pro-inflammatory 
cytokines cannot be ignored. Consequently, we examined the 
inhibitory effects of emodin on the overexpression of TNFα 
and IL-6 in TECs. Emodin inhibited TNFα and IL-6 activity 
in a dose-dependent manner. In the presence of 20 and 40 µM 
emodin, TNFα and IL-6 mRNA and protein expression were 
markedly decreased compared with the slight inhibition of 
TNFα and IL-6 protein in the presence of 10 µM emodin. 
Thus, TECs respond diffusely 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 (30). Moreover, the expres-
sion of TLR4 may be involved in regulating immune cells 
to synthesise cytokines  (31). Other in vivo studies have 
also suggested that cytokines released by mesangial cells 
may contribute to the pathology and disease progression of 
IgA nephropathy (IgAN) (32). Findings of a previous study 
showed that the main proinflammatory cytokines, TNFα and 
IL-6, were also significantly upregulated in a rat model of 
diabetic nephropathy (33). Therefore, it was suggested that 
TLR4 is important for the inflammatory response during 
initiation and progression of nephropathy. The results from 
the present study demonstrate a compelling contribution of 
emodin in renal inflammatory disease.

The present study has provided evidence that emodin not 
only suppresses LPS-induced TLR4 overexpression, but also 
inhibits TNFα and IL-6 activity. Furthermore, the elevated 
levels of inflammatory cytokines, as well as an increased 

expression of TLR4, were simultaneously inhibited by 
emodin. Considering that the TLR4 signalling pathway may 
stimulate the release of TNFα and IL-6 (34-35), we suggest 
that the decrease in TNFα and IL-6 levels by administration 
of emodin may contribute to the suppression of TLR4, thus 
elucidating the mechanism of TLR4 suppression and ICGN 
alleviation by treatment with emodin.
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