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ABSTRACT 

 

Suppressive effect of Schisandrin B on 

TGFb1-induced NF-κB activation in 

vascular smooth muscle cells 

 

Jaekyung Kim 

Department of Biomedical Sciences 

Seoul National University College of Medicine 

 

 

 

TGF β1 is involved in the pathogenesis of vascular diseases through 

modulating various signaling pathways including NF-κB. Schisandra 

chinensis (S. chinensis) extract, which is as an oriental herbal medicine, shows 

beneficial effects on various vascular diseases that are caused by abnormal 

TGFβ1 signaling. In this study, I found that S. chinensis extract inhibits 
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TGFβ1-induced NF-κB activation in A7r5 vascular smooth muscle cells 

(VSMCs). Among the active ingredients of S. chinensis extract, Schisandrin B 

most potently suppressed TGFβ1-induced IKKα/β phosphorylation, IκBα 

phosphorylation and degradation, and p65 translocation into the nucleus. 

These pharmacologic actions of Schisandrin B were found to be independent 

of SMAD signaling. This result may useful to understand the molecular 

mechanisms that underlie TGFβ1-induced NF-κB signaling pathway. In 

addition, this study may help understanding vascular pathogenesis induced by 

aberrant TGF β1.    
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I. Introduction 
 

 

Transforming growth factor β (TGFβ) superfamily consists of more than 40 

members including TGFβ1, inhibins, activins growth differentiation factors 

and bone morphogenetic proteins (BMPs) (Ruiz-Ortega et al., 2007). Among 

these proteins, TGFβ1 regulates tissue homeostasis via multiple cellular 

processes, including apoptosis, cell proliferation, migration, and extracellular 

matrix remodeling (Derynck and Akhurst, 2007; Massague et al., 2000). Also, 

conserved through evolution and found in all cellular organisms (Schmierer 

and Hill, 2007). TGFβ action is highly influenced by culture conditions, cell 

type, disease stage and interaction with other signaling pathways in vivo 

(Akhurst, 2004; Conidi et al., 2011; Guo and Wang, 2009; Mao et al., 2006). 

The canonical TGFβ signal pathway (ten Dijke and Hill, 2004) consists of the 

two trans membrane ser/thr kinase receptors divided in type I and type II, and 

the pathway is known to be two or three intracellular SMAD signal 

transducers. Upon TGFβ1 binding, the type I and type II receptors from 

heteromeric complex, and the type II receptor phosphorylates the type I 

receptor. The type I receptors act a downstream of type II receptors by 

determining the signaling specificity within the receptor complex, and 
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phosphorylates SMADs of the R-SMAD subfamily. R-SMAD is heteromeric 

complexes with Co-SMAD and translocates into the nucleus to regulate 

transcription. I-SMAD is the inhibitors of pathway signaling by interfering 

with productive molecular interactions (Savage-Dunn, 2005). Aberrant or 

inappropriate TGFβ1 signaling participates in the pathogenesis of multiple 

cardiovascular diseases (Ruiz-Ortega et al., 2007), autoimmune fibrotic 

diseases, and cancers (Blobe et al., 2000; Cain and Freathy, 2001; Doyle et al., 

2010; Sookoian et al., 2011). Especially, TGFβ1 as a pro-inflammatory 

cytokine, has been reported as a modulator of leukocyte adhesion and 

migration in vascular inflammatory diseases. Cardiovascular diseases 

including atherosclerosis is the inflammatory disease characterized by the 

accumulation of lipids and fibrous elements in the vessel wall of arteries. The 

vascular smooth muscle cell (VSMC) is known to play a pivotal role in early 

phase of atherosclerosis in previous studies (Falk, 2006; Lusis, 2000; Owens 

et al., 2004).  

The transcription factor nuclear factor-κB (NF-κB) is one of the most 

complex transcription factors which consists of five subunits p50/p105, 

p52/p100, p65/RelA, RelB, and c-Rel. NF-κB is a member of family IκBs 

inhibitors and upstream activating kinase complex IKKα, IKKβ and IKKγ 
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(Ling and Kumar, 2012; Vallabhapurapu and Karin, 2009). NF-κB plays a 

crucial roles in regulating immune, inflammatory, and anti-apoptotic 

responses. NF-κB is composed of hetero- or homo-dimer, and sequestered by 

IκBs in cytoplasm at quiescent stage. Stimulus-induced phosphorylation of 

IκBs in two N-terminal serine residues regulated by IκB kinase (IKK) 

complex targets them for rapid degradation via a ubiquitin-26S proteasome 

pathway (DiDonato et al., 1996; DiDonato et al., 1997; Mercurio et al., 1997; 

Roff et al., 1996; Tanaka et al., 2001; Zandi et al., 1997). Therefore, the active 

NF-κB dimer is released into nucleus to regulate gene transcription. The 

major kinases IKK complex phosphorylate IκBs, and other kinases (NIK, 

GSK3β, CKII, PKA, PKC, etc.) are also involved directly or indirectly 

through IKKs under conditions to enhance the regulation of NF-κB. The 

agents activating NF-κB are pro-inflammatory cytokines, antigens and 

lipopolysaccharide. There are three NF-κB signaling pathways which are 

canonical pathways, alternative and p105 pathways that respond to different 

environment and cellular conditions in various types of cell and tissue for 

specific functions. For example, phosphorylation of NF-κB p65 affects the 

gene transcription and nuclear translocations. Therefore, kinases serve as the 

crucial regulators that connect cancer microenvironment to cellular responses 
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through NF-κB pathways. Intracellular condition in NF-κB activation is also 

the reactive oxygen species (ROS), which is one of the factors generated from 

oxidative stress and DNA damage. They are known to promote inflammation 

through NF-κB responsive genes including cyclooxyenase-2 (Cox-2) and 

inducible nitric oxide synthase (iNOS) (Ling and Kumar, 2012). Recently, the 

transcription factor NF-κB is reported as a key factor in regulating 

inflammatory reactions as well as in the development of atherosclerosis. Upon 

activation signal, inhibitor of NF-κB (IκBα) is degraded, and NF-κB is 

translocated into the nucleus (Kwon et al., 2012). Then, translocated NF-κB 

regulates several target molecules which are involved in inflammatory 

diseases. Therefore, inhibitors of TGFβ1 induced NF-κB signaling have 

emerged as potential therapies to treat vascular inflammatory diseases (Chan 

et al., 1998; Dhanani et al., 1994; Khanna et al., 1996).  

Schisandra chinensis, a member of the Magnoliaceae family, has a long 

history of medical purpose as a tonic, a sedative, an antitussive and an anti-

aging drug in Asian countries, such as Korea, China, and Japan (Huang et al., 

2005). S. chinensis has been utilized as a traditional oriental medicines 

(Panossian and Wikman, 2008) for treatment of various diseases, including 

cancers (Min et al., 2008; Yasukawa et al., 1992), hepatitis (Melhem et al., 
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2005) and vascular diseases  (Chiu and Ko, 2004; Kim et al., 2011). In China, 

it has been used as a sexual weakness as well as to treat dyspnea, palpitation, 

irritability, and insomnia (Panossian and Wikman, 2008). The fruit of S. 

chinensis contains a variety of biologically active lignans such as Schisandrol 

A, Schisandrol B, Schisandrin A, Schisandrin B, and Schisandrin C (Choi et 

al., 2006; Huang et al., 2005). Several pharmacological studies displayed that 

lignans have revealed the biologically active like anti-inflammatory, anti-

hepatotoxic, anti-cancer, anti-oxidative, anti‐HIV and anti-fibrotic effects 

(Choi et al., 2006; Li et al., 2009; Oh et al., 2010; Park et al., 2012; Yasukawa 

et al., 1992). Schisandrin B, a dibenzocyclooctadiene derivative isolated from 

the fruit of S. chinensis, is a traditional Chinese herb clinically used as the 

treatment of viral and chemical hepatitis (Li, 1991), and multiple biological 

functions to protect against carbon tetrachloride-induced myocardical 

ischemia/reperfusion injury, hepatotoxicity, and brain oxidative damage in 

many ways (Chiu and Ko, 2004; Ip et al., 1995; Ko and Lam, 2002). In these 

diseases, aberrant of TGFβ1 signal observed in common (Ryan et al., 2003; 

Shimizu et al., 1998). Several pharmacological studies involving lignans have 

uncovered that the biologically active lignans have anti-inflammatory, anti-

hepatotoxic, anti-oxidative and anti-cancer (Chiu et al., 2002; Choi et al., 



 

６ 

2006; Li et al., 2009; Oh et al., 2010; Yasukawa et al., 1992). However, the 

underlying pharmacologic mechanisms of S. chinensis extract are largely 

unknown. 

 In this study, we discovered that S. chinensis extract inhibited TGFβ1 

signaling in A7r5 vascular smooth muscle cells. Among the active ingredients 

of S. chinensis extract, Schisandrol B and Schisandrin B were the most 

potential suppressed TGFβ1-induced NF-κB and MAPK activation. Our 

results provide a basis for future investigations that aim for treating vascular 

inflammatory diseases induced by TGFβ1. 
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II. Aims of the study 

 

Transforming growth factor β1 (TGFβ1), induces multiple cellular processes, 

including cell proliferation, cell growth, inflammation and fibrosis, and 

inappropriate TGFβ1 signaling is associated with wide range of human 

diseases. However, TGFβ1-induced NF-κB activation mechanisms are largely 

unknown. Therefore, it has become more urgent to clarify exact molecular 

mechanisms induced by TGFβ1 in vascular smooth muscle cells. Also, to 

determine the novel therapeutic effects for Schisandra chinensis and its active 

ingredients in vascular smooth muscle cells. 

 

 The aims of this study are: 

1) Understanding molecular mechanisms of TGFβ1-induced NF-κB activation 

pathways. 

2) Examining S. chinensis extract and its ingredients inhibit TGFβ1/NF-κB 

signaling in A7r5 cells. 

3) Inflammatory changes induced by TGFβ1 and S. chinensis and its 

ingredients. 
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              III. Materials and methods 

 

3.1 Cell cultures and Reagents 

 The A7r5 rat aortic smooth muscle cell line was obtained from ATCC. The 

cells were cultured in DMEM media, supplemented with 10% fetal bovine 

serum and 1% antibiotics. All cell culture agents used were obtained from 

Hyclone or Gibco. They were maintained in 5% CO2 at 37℃ incubator. Prior 

to treatment with TGFβ1 (R&D Systems, Minneapolis, MN), A7r5 cells were 

maintained in DMEM containing 0.2% FBS for 12 h. All cell culture reagents 

were purchased from Invitrogen (Carlsbad, CA). All other reagents not 

specified were supplied by Sigma (St. Louis, MO). 

  

3.2 Luciferase assays 

A7r5 cells were transfected with 3XκB-Luc or pGL2-3TP-Luc reporter gene 

plasmids and co-transfected pcDNA3-myc or pcDNA3-SMAD-DN constructs. 

At 24 h after transfection, 1h starvation and the cells were incubated with 

TGFβ1 and/or S. chinensis extract or its active ingredients for 24 h. The cells 

were harvested and assayed for luciferase activity using a commercial kit 
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(Promega, Madison, WI). The luciferase activity was normalized to β-

galactosidase activity. 

 

3.3 Western blot analysis 

A7r5 cells were cultured in either 60 mm or 100 mm tissue culture dish. 

After each chemical treatment and proper incubation time, cells were 

harvested and centrifuged at 300 g at 4℃ for 10 min. After discarding 

supernatant, the crude extracts from A7r5 cells were prepared by incubation 

with lysis buffer containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 0.5% 

Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS, 1mM EDTA, protease 

inhibitor cocktail (Calbiochem, Cat. No. 539134) and phosphatase inhibitor 

cocktail (Calbiochem, Cat. No. 524625). The lysate was centrifuged for 10 

min at 15,000 g and the supernatant was transferred to a new tube. The protein 

concentration was determined using Bicinchoninic Acid (BCA) assay 

(Thermo, Cat. No. 23223, 23224) according to the BSA (2mg/ml, Bio-Rad, 

Cat. No. 500-0206) standard curve. Proteins were resolved in 6-15% SDS-

PAGE gel and transferred to nitrocellulose membrane (Bio-Rad, Cat. No. 162-

0115). Membranes were blocked with 5% skim milk for 1 h, and then 

incubated with primary antibodies at 4℃ overnight. After washing for 5 min 
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three times with 0.1% TBS-T, blots were exposed to horseradish-peroxidase 

linked secondary antibodies at room temperature for 1 h. After washing with 

0.1% TBST for 5 min five times, membranes were reacted with SuperSignal 

west pico solution (Thermo, Cat. No. 34080) and exposed to X-ray film 

(Agfa). The below table provides detailed information of antibodies. The data 

shown are representative of at least three independent experiments.  

 

Table 1. Experimental conditions used in western blot analysis 

 

Target 

protein 

Extract 

amount 

(μg) 

Gel

 % 

1st antibody 2nd antibody 

Company Cat. No Titer 
Incubation 

temp&time 
Company 

Cat. 

No 
Titer 

Incubation 

temp&time 

Akt 20 10 
cell 

signaling 
#9272 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

pAkt 

(S473) 
20 10 

cell 

signaling 
#4058 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

JNK 20 12 santa cruz sc-571 1-500 4℃ O/N 
cell 

signaling 
7074 1-5000 RT 1h 

pJNK 

(T183/Y1

85) 

40 12 
cell 

signaling 
#9251 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

p38 20 12 
cell 

signaling 
#9212 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

pp38 

(T180/Y1

82) 

40 12 
cell 

signaling 
#9216 1-1000 4℃ O/N Sigma 

A-

9044 
1-5000 RT 1h 

p44/42 20 12 
cell 

signaling 
#9102 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

pp44/42 

(T202/Y2

04) 

20 12 
cell 

signaling 
#9106 1-1000 4℃ O/N Sigma 

A-

9044 
1-5000 RT 1h 
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3.4 Preparation of S. chinensis extract and its ingredients. 

S. chinensis and its active ingredients (Schisandrol A, Schisandrol B,  

Schisandrin A, Schisandrin B, and Schisandrin C) were prepared as 

previously described. Briefly, S. chinensis extract and its active ingredients 

were purified using open column chromatography and semi-preparative 

HPLC. The chemical structures of the ingredients were confirmed based on  

NF-κB 

p65 

20 10 
cell 

signaling 
#3034 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

pNF-κB 

p65 

20 10 
cell 

signaling 
#3033 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

IκBα 20 12 
cell 

signaling 
#9242 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

pIκBα 40 12 
cell 

signaling 
#9246 1-1000 4℃ O/N Sigma 

A-

9044 
1-5000 RT 1h 

IKKα 20 8 
cell 

signaling 
#2682 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

IKKβ 20 8 
cell 

signaling 
#8943 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

pIKKα/β 40 8 
cell 

signaling 
#2697 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

SMAD2 20 10 
cell 

signaling 
#3122 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

pSMAD2 20 10 
cell 

signaling 
#3101 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

SMAD3 20 10 
cell 

signaling 
#9523 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

pSMAD3 20 10 
cell 

signaling 
#9520 1-1000 4℃ O/N 

cell 

signaling 
7074 1-5000 RT 1h 

Tubulin 20 10 Sigma T4026 1-500 4℃ O/N Sigma 
A-

9044 
1-5000 RT 1h 
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1H NMR and 13C NMR data. The purity (greater than 95%) of the isolated 

active ingredients was determined using HPLC–DAD and 1H NMR spectra 

 

3.5 Confocal microscopy 

Cells were grown on glass coverslips in 24-well plates. After treatment with 

TGFβ1 and/or S. chinensis extracts, Schisandrol B or Schisandrin B  for 1 h, 

the cells were fixed with 4% formaldehyde in PBS for 10 min, permeabilized 

with 0.1% Triton X-100 for 5 min, and blocked with 5% normal goat serum in 

PBS for 5 min. The cells were labeled with anti-p65 antibody overnight and 

probed with FITC-conjugated anti-rabbit IgG antibody (Invitrogen) and DAPI 

(Roche, Mannheim, Germany). The cells were photographed using the 

FluoView 1000 confocal microscope (Olympus, Tokyo, Japan). 

 

3.6 siRNA transfection 

A7r5 cells were seeded in 60 mm or 35 mm culture dish. With about 50% 

confluency, cells were transfected with siRNA mixtures. To prepare siRNA 

mixture, each siRNA sample and transfection agent. Lipofectamine 

RNAiMAX reagent (Invitrogen, Cat. No. 13778-150), were diluted in Opti-

MEM media (Gibco, Cat. No. 31985) and left in room temperature for 5 min. 
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Then siRNA solution and transfection agent solution were mixed and left for 

20 min in room temperature. Suitable volume of the mixture was added to the 

cells. 4~6 hours after adding transfection mixture, media was changed. 24~72 

hours after the transfection, depending on the types of siRNA, cells were 

treated with chemicals for appropriate times and harvested for further analysis. 

siSMAD3 were purchased from GP. All reagents were dissolved in RNase-

free water. All reagents were mixed in RNase-free tube (Axygen). 

 

3.7 Statistical analysis 

All data are expressed as mean ± SEM. Comparison of means among 

experimental groups was carried out with ANOVA followed by a post hoc test. 

P < 0.05 was considered statistically significant. 
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IV. Results 

 

4.1 Inhibition of TGFβ1-induced NF-κB activation by S. chinesis 

extracts in A7r5 cells 

 

To verify the effect of S. chinensis extract on TGFβ1 signaling, I first 

performed luciferase assays using two different reporter gene constructs 

containing NF-κB-binding element and SMAD-binding element. S. chinensis 

extract suppressed TGFβ1-induced SMAD as well as NF-κB Luciferase 

activity in a dose dependent manner (Fig. 1A and B), indicating that S. 

chinensis extract inhibits TGFβ1-induced NF-κB activation. Before consider 

revising the mechanisms of S. chinensis action on TGFβ1 signaling, we 

examined the phosphorylation level of canonical and non-canonical pathways 

in time dependent manner. TGFβ1 induced NF-κB related molecules, AKT 

and SMAD2/3 phosphorylation (Fig. 1C and 1D) until 1 or 2 h of treatment. 

After 2 h of TGFβ1 treatment, markedly decreased the level of 

phosphorylated NF-κB related molecules and SMAD2/3, not AKT (Fig. 1C 

and 1D). To further confirm these results, we examined whether S. chinensis 

extract reduces TGFβ1 induced NF-κB activation. Western blot analysis 
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showed that S. chinensis extract reduced NF-κB related molecules 

phosphorylation in a dose dependent manner (Fig. 1E). In addition, confocal 

microscopic analysis revealed that S. chinensis extract inhibited TGFβ1-

induced nuclear translocation of p65 subunit (Fig. 1F and 1G). These data 

demonstrated that S. chinensis extract suppressed TGFβ1-induced NF-κB 

activation via inhibition of NF-κB phosphorylation and nuclear translocation. 
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Figure 1. Inhibition of TGFβ1-induced NF-κB activation by S. chinesis 

extracts in A7r5 cells. The cell transfected with 3xκB-Luc (A) or 3TP-Luc (B) 

reporter constructs, and treated with TGFβ1 (1 ng/ml) and/or S. chinensis 

extract (Sch Ext) (100 or 500 mg/ml) for 24 h. The luciferase activity was 

expressed as a relative value compared to that of the untreated cells which 

was set to 100%. The data were expressed as the mean ± SEM (n = 4).  

***P < 0.005. (C and D) The cells were treated with TGFβ1 (1 ng/ml) for the 

indicated times prior to Western blot analysis. TGFβ1 induced 

phosphorylation of NF-κB related molecules, AKT and SMAD2/3. (E) The 

cells were treated with TGFβ1 (1 ng/ml) and/or S. chinensis extract (100, or 

500 mg/ml) for 1 h prior to Western blot analysis. (F) The cells were treated 

with TGFβ1 (1 ng/ml) and/or S. chinensis extract (100 or 500 mg/ml) for 1 h 

prior to confocal microscopy. Localization of p65 was assessed using anti-p65 

antibody and FITC-conjugated IgG antibody. DAPI was used to visualize the 

nucleus. (G) The nuclear/cytosolic ratio of p65 staining was measured in at 

least 30 independent fields that were derived from three separate experiments. 

The data were expressed as the mean ± SEM. ***P < 0.005.   
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4.2 Active ingredients of S. chinensis inhibit TGFβ1-induced NF-κB 

activation in A7r5 cells 

 

To identify the effective of components of S. chinensis extract against TGFβ1 

signaling, we screened five active ingredients of S. chinensis extract using 

luciferase assays. Among these compounds, Schisandrol B and Schisandrin B 

inhibited TGFβ1-induced NF-κB activation (Fig. 2A). However, TGFβ1-

induced SMAD activation is slightly different, which is prevented Schisandrin 

B (Fig. 2B). Therefore, we chose, Schisandrol B and Schisandrin B as an 

effective ingredient for the following studies. These data demonstrated that 

Schisandrol B and Schisandrin B (at concentrations 10μM) suppressed 

TGFβ1 signaling. 

 

 

 

 

 

 

 

 



 

２０ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

２１ 

Figure 2. Active ingredients of S. chinensis inhibit TGFβ1-induced NF-κB 

activation in A7r5 cells. The cells were transfected with 3xκB-Luc (A) or 

3TP-Luc (B) reporter constructs, and treated with TGFβ1 (1 ng/ml) and/or the 

indicated ingredients (10 μM each) for 24 h. The luciferase activity was 

expressed as a relative value compared to that of the untreated cells which 

was set to 100%. The data were expressed as the mean ± SEM (n = 4). *P < 

0.05; ***P < 0.005. Ingredient 1, Schisandrol A; 2, Schisandrol B; 3, 

Schisandrin A; 4, Schisandrin B; and 5, Schisandrin C.  
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4.3 Schisandrol B and Schisandrin B -mediated inhibition of 

TGFβ1-induced NF-κB activation in A7r5 cells 

 

The inhibitory effect of Schisandrol B and Schisandrin B on TGFβ1 

signaling was confirmed using luciferase assays with 3xκB-Luc and 3TP-

PAI1-Luc which are two different reporter constructs bind NF-κB and 

SMAD3 respectively. Schisandrol B suppressed TGFβ1-induced NF-κB 

mediated luciferase activity in a dose-dependent manner (Fig. 3A). However, 

Schisandrol B did not suppress TGFβ1-induced SMAD3 mediated luciferase 

activity in a dose-dependent manner (Fig. 3B). On the other hand, Schisandrin 

B takes on a new aspects. It shows similar trend of luciferase activity each 

other. To sums up, Schisandrin B suppressed both TGFβ1-induced NF-κB 

and SMAD3 activations in a dose-dependent manner (Fig. 3C and 3D). And 

both Schisandrol B and Schisandrin B (at concentrations greater than 2 μM) 

suppressed TGFβ1-induced NF-κB signaling. 

To prove the mechanisms of Schisandrol B and Schisandrin B action on 

TGFβ1 signaling, we examined the phosphorylation level of NF-κB signaling 

molecules. Schisandrol B and Schisandrin B markedly decreased the TGFβ1-

induced phosphorylation of NF-κB signaling molecules in a dose dependent 



 

２３ 

manner (Fig. 3E and 3F). 

 To further confirm these results, we examined whether Schisandrol B and 

Schisandrin B inhibits TGFβ1-induced nuclear translocation of p65. As 

shown in Fig 3G, 3H, 3I and 3J, Schisandrol B and Schisandrin B reduced 

nuclear p65 in TGFβ1-treated cells to the levels that were comparable to that 

in untreated cells. Our results demonstrated that Schisandrol B and 

Schisandrin B suppresses TGFβ1 signaling by inhibiting sustained 

phosphorylation and nuclear translocation of p65. 
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Figure 3. Schisandrol B and Schisandrin B -mediated inhibition of TGFβ1-

induced NF-κB activation in A7r5 cells. The cells were transfected with 

3xκB-Luc (A and C) or 3TP-Luc (B and D) reporter constructs, and treated 

with TGFβ1 (1 ng/ml) and/or Schisandrol B or Schisandrin B (2 or 10 μM) 

for 24 h. The luciferase activity was expressed as a relative value compared to 

that of the untreated cells which was set to 100%. The data were expressed as 

the mean ± SEM (n = 4). *P < 0.05; **P < 0.01; ***P < 0.005. (E and F) The 

cells were treated with TGFβ1 (1 ng/ml) and/or Schisandrol B or Schisandrin 

B (2, or 10 μM) for 1 h prior to western blot analysis. (G and H) The cells 

were treated with TGFβ1 (1 ng/ml) and/or Schisandrol B or Schisandrin B (2, 

or 10 μM) for 1 h prior to confocal microscopy. Localization of p65 was 

assessed using anti-p65 antibody and FITC-conjugated IgG antibody. DAPI 

was used to visualize the nucleus. (I and J) The nuclear/cytosolic ratio of p65 

staining was measured in at least 30 independent fields that were derived from 

three separate experiments. The data were expressed as the mean ± SEM. 

***P < 0.005.  
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4.4 Canonical pathway does not affect to TGFβ1-induced NF-κB 

activation in A7r5 cells 

 

SMAD pathways are one of the represents the canonical signaling pathways 

induced by TGFβ1, other intracellular cascades are known to mediate 

signaling by these growth factor receptors (Zhang et al., 2010). In particular, 

the MAPK, including ERK (Frey and Mulder, 1997; Hartsough and Mulder, 

1997), JNK and p38 have been shown to act downstream of the TGFβ1 

receptor complex (Bakin et al., 2000; Cocolakis et al., 2001; Hanafusa et al., 

1999). Activation of these distinct signaling pathways leads to both SMAD-

dependent and SMAD-independent responses in a cell and in a tissue-specific 

manner (Derynck and Zhang, 2003; Massague et al., 2000). 

To determine whether TGFβ1-induced SMAD activation is SMAD-dependent 

or SMAD-independent activation, we transfected control vector or SMAD3-

dominant negative (DN) with two different reporter gene constructs 

containing NF-κB-binding element and SMAD-binding element. The results 

show that TGFβ1 induced NF-κB activation was not affected by SMAD3-DN 

(Fig. 4A), however TGFβ1 induced SMAD activation was suppressed by 

SMAD3-DN (Fig. 4B). According to these results, we knew that, SMAD 
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pathway (canonical pathway) did not related to TGFβ1-induced NF-κB 

activation in A7r5 cells.     

To further confirm these results, we transfected siGFP (as a control) or 

siSMAD3 with two different reporter gene constructs containing NF-κB-

binding element and SMAD-binding element into A7r5 cells. The results 

show that TGFβ1 induced NF-κB activation was slightly affected by 

siSMAD3 (Fig. 4C), but TGFβ1 induced SMAD activation was almost all 

suppressed by siSMAD3 (Fig. 4D). Knock-down level of SMAD3 was 

confirmed by western blot analysis (Fig. 4E). These results demonstrated that 

TGFβ1 induced NF-κB activation was just slightly affected by canonical 

SMAD activation pathway in A7r5 cells. 
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Figure 4. Canonical pathway does not affect to TGFβ1-induced NF-κB 

activation in A7r5 cells. The cells were transfected with 3xκB-Luc (A and C) 

or 3TP-Luc (B and D) reporter constructs, and co-transfected with SMAD3-

DN (A and B) or siSMAD3 (C and D) then, treated with TGFβ1 (1 ng/ml) for 

24 h. The luciferase activity was expressed as a relative value compared to 

that of the untreated cells which was set to 100%. The data were expressed as 

the mean ± SEM (n = 4). ns = non significant; *P < 0.05; **P < 0.01; ***P < 

0.005. (E) The cells were transfected with siSMAD3 and treated with TGFβ1 

(1 ng/ml) for 1 h prior to western blot analysis.   
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4.5 Non-canonical pathway suppress on TGFβ1-induced NF-κB 

activation in A7r5 cells. 

 

To confirm TGFβ1 induced MAPK activity (Derynck and Zhang, 2003; Engel 

et al., 1999), previous studies confirmed TGFβ1-induced activation of MAPK 

in A7r5 cells (Park et al., 2012). To assess the relation between MAPK and 

NF-κB activation induced by TGFβ1, we performed luciferase assay with 

3xκB-Luc and 3TP-PAI1-Luc using inhibitors for MAPK and TGFβ1 receptor 

(as a positive control). The TGFβ1-induced NF-κB activation was suppressed 

by NF-κB, p38, JNK, and AKT inhibitors but not in ERK inhibitor (Fig. 5A). 

However, TGFβ1-induced SMAD activation was affected by p38, JNK, and 

AKT inhibitors but not in ERK and NF-κB inhibitors (Fig. 5B).  

To prove these results, we examined whether inhibitors suppress TGFβ1-

induced nuclear translocation of p65. As presented in Fig. 5C and 5D, TGFβ1 

induced p65 translocation was reduced by inhibition of p38, JNK and AKT 

inhibitors. We then examined whether Schisandria chinensis and active 

ingredients inhibits TGFβ1-mediated MAPK activation. It shows that 

Schisandria chinensis and active ingredients suppressed TGFβ1- induced 

phosphorylation of MAPK. Our results demonstrate that Schisandria 
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chinensis and active ingredients suppress TGFβ1 signaling via inhibition of 

NF-κB and MAPK signaling pathways.  
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Figure 5. Non-canonical pathway suppress on TGFβ1-induced NF-κB 

activation in A7r5 cells. The cells were transfected with 3xκB-Luc (A) or 

3TP-Luc (B) reporter constructs, and treated with TGFβ1 (1 ng/ml) and/or the 

indicated inhibitors for 24hr. The luciferase activity is expressed as a relative 

value compared to that of the untreated cells which is set to 100%. The data 

were expressed as the mean ± SEM (n = 4). ***P < 0.005. PD169316, p38 

kinase inhibitor; SP600125, JNK inhibitor; PD98059, ERK inhibitor; 

AKTi1/2, AKT inhibitor; BAY 11-7082, IκBα inhibitor; and SB431542, 

TGFβ1 receptor inhibitor. (C) The cells were treated with TGFβ1 (1 ng/ml) 

and/or the indicated inhibitors for 1 h then p65 translocation was determined 

by confocal microscopy. (D) The nuclear/cytosolic ratio of p65 staining was 

measured in at least 30 independent fields that were derived from three 

separate experiments. The data were expressed as the mean ± SEM. ***P < 

0.005.  
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V. Discussion 

 

In the present study, TGFβ1 plays a crucial role homeostasis in tissue or cell 

via various cellular processes such as remodeling in normal or injured tissues, 

regulating cell growth, and inflammation and fibrosis. However, abnormal or 

aberrant TGFβ1 signal leads to various diseases, such as cancer, inflammatory 

diseases, cardiovascular diseases and fibrotic disease (Ruiz-Ortega et al., 

2007). Especially, abnormal or aberrant TGFβ1 signal causes hypertension, 

migration, and ECM accumulation in vascular smooth muscle cell (Branton 

and Kopp, 1999; Brazova et al., 2006). Therefore, suppression of aberrant 

TGFβ1 signal is a potent treatment of various diseases.  

The study of NF-κB activation has recently focused on the phosphorylation of 

the p65 subunit. Several lines of evidence have suggested that 

phosphorylation of p65 is involved in the transcriptional activation (Sakurai et 

al., 2003). Thus, NF-κB regulates function of cell proliferation, cell growth, 

and fibrosis. And NF-κB also gives an influence on inflammation. TGFβ1 and 

NF-κB are very important target molecules for regulate inflammatory diseases. 

Our results illustrate that S. chinensis extract and its active ingredients 

Schisandrol B and Schisandrin B inhibit TGFβ1 induced NF-κB signaling in 
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A7r5 cells via both suppression of sustained phosphorylation and nuclear 

translocation of NF-κB p65 and inhibition of TGFβ1-induced phosphorylation 

of MAPK and AKT. Therefore, our results suggest that S. chinensis extract 

and its active ingredients Schisandrol B and Schisandrin B are the promising 

compound for developing therapies to treat inflammatory diseases. 

In this study, we demonstrated S. chinensis extract and its active ingredients 

Schisandrol B and Schisandrin B-mediated mechanisms regulate suppression 

of TGFβ1 induced NF-κB signaling in A7r5 cells. S. chinensis extract and its 

active ingredients suppressed NF-κB activity in dose dependent manner which 

are measured by reporter assay with NF-κB binding elements. Especially 

Schisandrol B suppressed only NF-κB activity in dose dependent manner not 

in SMAD activity. These results clearly show that S. chinensis active 

ingredients suppressed specific target molecules. 

Also, our study demonstrated that S. chinensis extract and its active 

ingredients Schisandrol B and Schisandrin B inhibit sustained 

phosphorylation and nuclear translocation of NF-κB related molecules. This 

indicates that they suppress NF-κB activation, and prevent various diseases 

cause by NF-κB activation. 

TGFβ1 signalings activate SMAD-dependent pathways are canonical 



 

３８ 

pathways, whereas, TGFβ1 signaling activate SMAD-independent pathways 

do not only regulate SMAD signaling, but also allow SMAD-independent 

TGFβ1 responses (Derynck and Zhang, 2003). In the previous study, it is 

unclear about underlying mechanisms between TGFβ1 and NF-κB. Our study 

shows that activation of NF-κB is not related to canonical pathways which are 

demonstrated by siSMAD3 or SMAD3-DN luciferase assay. This addresses 

that means TGFβ1 induced NF-κB signaling in A7r5 cells is SMAD-

independent pathways.   

The previous study also demonstrated that phosphorylation of MAPK might 

modulate nuclear translocation of transcription factor including NF-κB 

(Ushio-Fukai et al., 1998; Wang et al., 2004). Fig 5 data support these 

suggestion and MAPK molecules are deeply related to TGFβ1 induced NF-κB 

signaling. Hence, we need to investigate the accurate mechanism involved 

between MAPK and NF-κB signaling for the future study.  

 In summary, the present study illustrated that S. chinensis extract and its 

active ingredients suppresses TGFβ1 induced NF-κB signaling by inhibiting 

NF-κB, MAPK and AKT pathways. Also, S. chinensis is a naturally occurring 

compound, and it may be advantageous for attaining a balance between 

therapeutic outcome and undesirable side effects. Our results provide a basis 
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for future investigation aiming for treating vascular inflammatory diseases. 
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Ⅶ. 국문초록 

 

TGFβ1은 NF-κB를 포함한 다양한 신호기  조 을 통해 다양한 

질환 발생에 여한다. 오미자 추물물은 동양 허 과의 약초로 비

정상 인 TGFβ1 신호에 의해 원인이 되는 다양한 심 계 질환 

치료에 효과 인 향을 다고 알려져 있다. 이번 연구에서는 

평활근세포인 A7r5에서 오미자 추출물이 TGFβ1에 의해 유도되는 

NF-κB 활성을 억제하는 연구를 하 다. 오미자 추출물의 활성 단일

성분인 Schisandrin B는 비정상 인 TGFβ1 신호에 의한 IKKα/β의 

인산화와 IκBα의 인산화  분해 그리고 p65의 핵으로 좌를 가장 

효과 으로 억제한다. 이 Schisandrin B의 약리학  기 연구는 

SMAD 신호 달기 과 독립 으로 행하여 진다는 것을 발견하 다.

이 결과는 TGFβ1에 의해 유도되는 NF-κB 신호 달 기 과 TGFβ1

에 의해 활성화 되는 SMAD 와 NF-κB의 계성을 알아보는데 매우 

유용한 이해를 도울 것이다. 게다가, 이 연구는 비정상 인 TGFβ1 

신호에 의해 유도되는 질환에 한 이해를 도울 것이다.  
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