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ABSTRACT: Resveratrol (Resv), a polyphenolic compound have the anti-inflammatory and antioxidant 
effects. Tristetraprolin (TTP) destabilizes mRNAs of pro-inflammatory cytokines. However, it was not 
clear how Resv exerts anti-inflammatory effects on hepatocytes. In this study, we used human hepatoma 
cell line (HepG2 cells) and analyzed samples using qRT-PCR. Resv increases TTP expression in 
hepatocytes. Resv attenuates LPS-induced inflammation through TTP expression in hepatocytes. In TTP 
deficient hepatocytes, LPS failed to attenuate TNFα, iNOS, and IL-6 mRNA expression whereas TTP 
level was still decreased. Our results suggest that Resv may attenuate inflammation in hepatocytes 
through TTP induction at least in part. This novel Resv-TTP signaling pathway provides new possibilities 
for the treatment of inflammatory diseases in liver. 
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INTRODUCTION 

Resveratrol (Resv; 3,5,4′-trihydroxy-trans-stilbene), a 

polyphenolic antioxidant compound derived from grape 

skin is present in red wine and certain medicinal plants. 

Recently, it is found to possess hepatoprotective effect 

[1]. It provides protection against various infections and 

stress [2]. It also various kind of pharmacological effects 

against heart disorders, lipoprotein oxidation, free 

radical, apoptosis, as well as platelet aggregation [3]. 

Further, it can defend against EtOH-induced lipid 

peroxidation and protects liver in rat [4].  

Inflammation is associated with the progression of 

different kinds of diseases. Gram-negative bacteria 

activate macrophages by secreting lipopolysaccharides 

(LPS). Activated macrophages mediate excessive 

production of proinflammatory cytokines including 

tumor necrosis factor α (TNFα), which leads to serious 

systemic disorders. The antioxidant and anti-

inflammatory effects of Resv has been established [5]. 

Resv inhibits the increased levels of TNFα and 

interleukin (IL)-6 in diabetic kidneys [6].  

The inflammatory response modulated by post-

transcriptional control [7] is dependent on AU-rich 

element (ARE)–mediated mechanisms [8]. The ARE-

binding protein, tristetraprolin (TTP) binds and 

destabilizes pro-inflammatory mRNAs including TNFα 

[9]. TTP-deficient mice show severe inflammatory 

arthritis, autoimmune dysfunction, and myeloid 

hyperplasia [10], indicating the importance role of TTP 

in inhibiting inflammatory responses. These mice 

produce increasing amount of the proinflammatory 

cytokine TNFα by macrophages leading to polyarticular 

arthritis.  

It is also reported that LPS treatment induces the 

expression of TTP [11]. LPS-induced TTP seems to 

exert an inhibitory function against LPS-induced lung 

inflammation, because TTP deficiency aggravates LPS-

induced lung inflammation. Resv stimulates HO-1 

expression and this activation is related to the anti-
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inflammatory and antioxidant effects [12,13]. HO1 and 

TTP are functionally linked in mediating the anti-

inflammatory effects; HO1 is necessary for the induction 

of TTP [14,15]. These observations suggest that Resv 

may have protective function in inflammation through 

TTP induction in hepatocytes.   

Therefore, in our study, we used Resv to check the effect 

of TTP on LPS-induced inflammation in HepG2 cells.   

 

MATERIALS AND METHODS 

Reagents and antibodies 

Small interfering RNA (siRNAs) against human TTP, 

and control siRNA were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA, USA). LPS was 

purchased from Sigma Aldrich (St. Louis, MO, USA). 

Dulbecco’s Modified Egale Medium (DMEM), fetal 

bovine serum (FBS), penicillin–streptomycin and 

sodium pyruvate were purchased from Invitrogen (Grand 

Island, NY, USA). All other chemicals were purchased 

from Sigma-Aldrich.  

 

Cell culture  

The human hepatocellular carcinoma cell line, HepG2, 

was purchased from ATCC (Manassas, VA, USA) and 

maintained with DMEM supplemented with 10% fetal 

bovine serum (FBS), 1% penicillin/streptomycin. Cells 

were seeded in 6-well plates at a density of 5×10
5
/ml.  

 

Transfection 

HepG2 cells (5×10
5
/ml) were cultured in 6-well plate for 

18h and transfected with TTP siRNA (100 nM) using 

Lipofectamine 2000 (Invitrogen, CA, USA). Cells were 

pretreated with or without Resv and stimulated in the 

presence or absence of LPS. The expression levels of 

TTP, TNFα, iNOS, and IL-6 mRNA were analyzed by q-

RT-PCR.  

 

Reverse transcription-polymerase chain reaction 

(RT-PCR) 

Total RNA was extracted using TRIzol reagent 

(Invitrogen) according to manufacturer’s instructions. 

DNase I-treated total RNA (2 μg) was reversed 

transcribed using M-MLV reverse transcriptase 

(Promega Corporation, WI, USA) and oligo-dT 

(Promega Corporation, WI, USA). Real-time PCR was 

performed using SYBR Green PCR Master Mix 

(QIAGEN) on an ABI 7500 Fast Real-Time PCR 

System (Applied Biosystems). Semi-quantitative RT-

PCR was performed using Taq polymerase (Solgent, 

Daejeon, Korea). PCR primer pairs for human were as 

follows: TTP: 5’-tctcagtgcaatggcttcc-3’, 5’-

caatgcattctccacaccag-3’; TNF-α: 5’-

tcacaagcacctcccaaagc-3’, 5’-agcaagctgtgccactttcc-3’; 

iNOS: 5’-gcagaatgtgaccatcatgg-3’, 5’-

acaaccttggtgttgaaggc-3’; IL-6: 5’-

aagccagagctgtgcagatgagta-3’, 5’-cttggtcaccgacgtcctgt-3’; 

GAPDH: 5’-acatcaagaaggtggtgaag-3’, 5’-

ctgttgctgtagccaaattc-3’. PCR cycles were determined 

according to a kinetic profile. GAPDH was used as an 

internal loading control.  

 

Statistical analysis 

Statistical differences between groups were evaluated by 

one-way ANOVA or student’s t-test. A p value of <0.05 

was considered statistically significant. 

 

RESULTS 

Resveratrol increases TTP expression in hepatocytes 

To explore the effects of Resv on TTP expression, time 

and dose dependent treatment of Resv was employed in 

HepG2 cells. Resv significantly increased mRNA of 

TTP at different time points (0, 2, 4, 8, and 12 h) by 

using RT-PCR (Figure 1A) and qRT-PCR (Figure 1C). 

Based on TTP mRNA expression patterns, we used 4 h 

treatment time for out subsequent experiments. Similarly, 

Resv significantly increased mRNA of TTP at different 

doses (0, 100, 200, and 400 ng/ml) by using RT-PCR 

(Figure 1B) and qRT-PCR (Figure 1D). These data 

suggest that Resv increases TTP expression in human 

hepatocytes.  

 

Figure 1. Resv increases TTP expression in HepG2 cells. Cells were 

treated with Resv (200 ng/ml) in time dependant manner (0, 2, 4, 8, 

and 12 h and the mRNA levels of TTP were measured by RT-PCR (A) 

and real time-RT-PCR analysis (C). Cells were treated with Resv in 

dose dependant manner (0, 50, 100, 200, and 400 ng/ml) and the 

mRNA levels of TTP were measured by RT-PCR (B) and real time-

RT-PCR analysis (D). The representative bands are shown. Values are 

mean ± SEM (n = 3). 
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Resveratrol attenuates LPS-induced inflammation 

through TTP expression in hepatocytes  

To determine whether Resv has any effect on LPS-

induced pro-inflammatory cytokine expression as well as 

TTP expression. HepG2 cells were pretreated with Resv 

for 4 h and again stimulated with LPS for 6 h. Results 

showed that Resv significantly increased TTP expression 

(Figure 2A) as well as decreased pro-inflammatory 

cytokines such as TNFα, IL-6, and iNOS (Figure 2B-D) 

in LPS-stimulated cells.  

 

Figure 2. Resv inhibits inflammation in HepG2 cells. Cells were 

pretreated with Resv (200 ng/ml) for 4 h and stimulated with LPS for 

6 h. The mRNA levels of TTP (A), TNFα (B), IL-6 (C), and iNOS (D) 

were measured by real time-RT-PCR analysis. Values are mean ± 

SEM (n = 3). 

 

Figure 3. Silencing TTP failed to inhibit inflammation by Resv in 

HepG2 cells. (A) Cells were transfected with control siRNA and TTP 

siRNA for 24 h. Cells were pretreated with Resv (200 ng/ml) for 4 h 

and stimulated with LPS for 6 h. The mRNA levels of TTP (A), 

TNFα (B), IL-6 (C), and (D) iNOS were measured by real time-RT-

PCR analysis. Values are mean ± SEM (n = 3). 

 

To confirm the involvements of TTP on inhibition of 

pro-inflammatory cytokines, we used TTP siRNA. 

Under con siRNA, treatment of Resv significantly 

increased TTP mRNA expression while under TTP 

siRNA, Resv failed to increase the mRNA level of TTP 

in LPS-stimulated hepatocytes (Figure 3A), suggesting 

the effectiveness of transfection. Further, we checked the 

role of TTP on pro-inflammatoy cytokines by using TTP 

siRNA. We found that Resv significantly inhibited the 

pro-inflammatory cytokines such as TNFα, IL-6, and 

iNOS under con siRNA, where these were not affected 

by TTP siRNA (Figure 3B-D). Data suggest that Resv-

induced TTP may have anti-inflammatory effects in 

human hepatocytes. 

 

DISCUSSION 

Resv has well-known antioxidant and anti-inflammatory 

properties and exerts numerous pharmacological effects 

including hepatoprotection. The present study provides 

the direct evidence that TTP activation by Resv 

represents a novel therapeutic mechanism by which TTP 

prevents LPS-induced inflammation in hepatocytes.  

Resv significantly increased mRNA of TTP at different 

time points and doses in HepG2 cells. These data 

suggest that Resv increases TTP expression in human 

hepatocytes. In addition, Resv attenuated LPS-induced 

inflammation through TTP expression in hepatocytes. 

Consistently, TTP activation by Resv inhibits the 

proliferation and metastasis of colorectal cancer cells [16] 

and induces glioma cell apoptosis [17]. 

LPS-signaling pathways have been shown to be affected 

by several proteins. TTP suppresses inflammation by 

destabilizing the mRNAs of pro-inflammatory cytokines 

[7]. LPS-induced TTP seems to exert an inhibitory 

function against LPS-induced lung inflammation, 

because TTP deficiency aggravates LPS-induced lung 

inflammation. On the other hand, HO1 is a stress-

inducible protein and the anti-inflammatory effects of 

HO1 may have therapeutic potential in inflammatory 

conditions such as arthritis [18] and inflammatory bowel 

disease [19].  However, HO1 and TTP are functionally 

linked in mediating the anti-inflammatory effects [14]. 

Recently, our group report that the effects of HO1 on the 

regulation of TTP expression on LPS tolerance under 

pro-inflammatory conditions. In our study, Resv 

significantly inhibited the pro-inflammatory cytokines 

such as TNFα, IL-6, and iNOS under con siRNA, where 

these were not affected by TTP siRNA, suggest that 

Resv-induced TTP may have anti-inflammatory effects 

in human hepatocytes. 

However, the major limiting factor in preclinical 

dissolution testing for drug and health food applications, 

the water solubility and adsorption of Resv is poor [20]. 

Therefore, red wine is not recommended for patients 

with alcohol-related disorders due to poor dissolution 

property and adsorption of Resv [21].  
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In summary, these results suggest that Resv may 

attenuate inflammation in hepatocytes through TTP 

induction at least in part. This study identified a novel 

Resv-TTP signaling pathway responsible for the 

inhibition of LPS-driven inflammation and potentially 

provides the rationale for novel therapeutic approaches 

for the management of inflammatory liver disorders. 
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