
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 

 

 

TNF-like weak inducer of apoptosis 

(TWEAK) induces inflammatory effect in 

Graves’ orbital fibroblast 

 

 

 

 

 

 

Sung Jun Lee
 

Department of Medicine 

The Graduate School, Yonsei University 

 

[UCI]I804:11046-000000520175[UCI]I804:11046-000000520175



 

 

 

TNF-like weak inducer of apoptosis 

(TWEAK) induces inflammatory effect in 

Graves’ orbital fibroblast 

 

Directed by Professor Hyoung Jun Koh 

 

 

The Doctoral Dissertation 

submitted to the Department of Medicine, 

the Graduate School of Yonsei University 

in partial fulfillment of the requirements 

for the degree of Doctor of Philosophy 

 

Sung Jun Lee 

 

 

June 2019 



 

 

 

This certifies that the Doctoral 

Dissertation of Sung Jun Lee is approved. 

 

 
 

--------------------------------------------- 
Thesis Supervisor: Hyoung Jun Koh 

[Signature] 

--------------------------------------------- 
Thesis Committee Member#1: Kee Hyun Nam 

[Signature] 

--------------------------------------------- 
Thesis Committee Member#2: Suk Woo Yang 

ignature] 

--------------------------------------------- 
Thesis Committee Member#3: Joon Haeng Lee 

e] 

--------------------------------------------- 
Thesis Committee Member#4: Ho Sung Jung 

  

 

The Graduate School  

Yonsei University 

 

 

June 2019 



 

 

ACKNOWLEDGEMENTS 

 

I appreciate my thesis supervisor, Prof. Hyoung Jun Koh for 

giving me great advice and guidance for taking a degree. I thank 

him for his insightful supervision and encouragement. 

 

I also appreciate Prof. Kee Hyun Nam, Prof. Suk Woo Yang, 

Prof. Joon Haeng Lee, and Prof. Ho Sung Jung who gave me 

excellent advice and warm support. Without their support, this 

work would not have been possible. 

 

I would like to thank all faculty members of the Department of 

Ophthalmology, Yonsei University College of Medicine, who are 

my long-time teachers and have trained me academically, socially 

and spiritually as an ophthalmologist. 

 

Finally, I am especially grateful to Jin Sook Yoon, who does 

not spare professional advice as an ophthalmologist who is an 

expert in this field and always support me as a wife. 



 

 

<TABLE OF CONTENTS> 

 

ABSTRACT------------------------------------------------------------------------- 1 

 

I. INTRODUCTION--------------------------------------------------------------- 3 

 

II. MATERALS AND METHODS---------------------------------------------- 5 

1.  Reagents---------------------------------------------------------------------- 5 

2.  Cell culture protocols and blood samplings----------------------------- 5 

3.  Real-time polymerase chain reaction------------------------------------- 6 

4.  Western blotting------------------------------------------------------------- 7 

5.  ELISA of proinflammatory cytokines------------------------------------ 8 

6.  ELISA of Hyaluronan------------------------------------------------------ 8 

7.  ELISA of serum TWEAK------------------------------------------------- 9 

8.  Statistical analysis---------------------------------------------------------- 9 

 

III. RESULTS---------------------------------------------------------------------- 10 

 1.  TNF-, TWEAK and its receptors mRNA expression in  

orbital tissue----------------------------------------------------------------- 10 

2. Effect of IL-1β and TNF-stimulation on the production of  

TWEAK and its receptor mRNA by real time-PCR and protein  

by western blotting analysis----------------------------------------------- 10 

3. Effect of exogenous rTWEAK on the production of  

proinflammatory cytokines mRNA and protein by real time-PCR  

and by western blotting analysis----------------------------------------- 15 

4.  Involvement of Fn14 and several signal pathways in induction of  

proinflammatory cytokines by stimulation of TWEAK--------------- 21 



 

 

 

5.  Effect of TWEAK on hyaluronan production--------------------------- 24 

6.  Serum TWEAK protein level is increased in GO----------------------- 24 

 

IV. DISCUSSION------------------------------------------------------------------ 26 

 

V. CONCLUSION----------------------------------------------------------------- 30 

 

 

REFERENCES--------------------------------------------------------------------- 31 

ABSTRACT (IN KOREAN)----------------------------------------------------- 35 

PUBLICATION LIST------------------------------------------------------------- 37 



 

 

LIST OF FIGURES 

 

Figure 1. Expression of  TNF-, TWEAK, TNFR-1, TNFR-2  

 and Fn14 mRNA in GO and non-GO orbital tissues ----------- 11 

 

Figure 2. Effect of IL-1 and TNF- on TWEAK, TNFR-1, 

TNFR-2 and Fn14 mRNA expressions in GO and non-GO 

orbital fibroblasts ----------------------------------------------------- 12 

 

Figure 3. Effect of IL-1 and TNF- on TWEAK and Fn14 

protein expressions in GO and non-GO orbital fibroblasts by 

western blotting analyses-------------------------------------------- 14 

 

Figure 4. Effect of exogenous TWEAK on mRNA expression of 

IL-6, IL-8 and MCP-1 and COX-2 in GO cells for long exposure 

time--------------------------------------------------------------------- 16 

 

Figure 5. Effect of exogenous TWEAK on mRNA expression of 

IL-6, IL-8 and MCP-1 and COX-2 in GO cells for short 

treatment period--------------------------------------------------------18 

 

Figure 6. Effect of exogenous TWEAK on IL-6, IL-8 and MCP-1 

protein release in GO cells and non-GO cells--------------------- 20 

 

 



 

 

Figure 7. Effect of exogenous  rTWEAK on ICAM-1, MMP-1, 

MMP-2, MMP-7, MMP-9 and IL-1 mRNA expressions in  

GO cells-----------------------------------------------------------------21 

 

Figure 8. Effect of rTWEAK on expression of signal pathway 

molecule protein by western blotting in GO and non-GO cells   

----------------------------------------------------------------------------- 22 

 

Figure 9. Involvement of Fn14 and signaling pathways on 

TWEAK induced IL-6, IL-8 and MCP-1 protein production by 

ELISA ------------------------------------------------------------------ 23 

 

Figure 10. Effect of anti-Fn14 inhibitor on TWEAK induced 

hyaluronan production in GO cells -------------------------------- 25 

 

Figure 11. Serum levels of TWEAK in GO patients and normal 

non-GO subjects by ELISA ---------------------------------------- 26 



1 

 

ABSTRACT  

TNF-like weak inducer of apoptosis (TWEAK) induces inflammatory 

effect in Graves’ orbital fibroblast 

 

Sung Jun Lee 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Hyoung Jun Koh) 

 

 

Purpose: To investigate the role of effect of TNF-like weak inducer of apoptosis 

(TWEAK) on inflammatory pathogenesis in orbital fibroblasts in Graves’ 

orbitopathy (GO). 

 

Methods: Orbital fibroblasts were cultured from orbital adipose/connective tissues of 

patients with GO and healthy control subjects. Effects of treatment IL-1β and TNF-

on TWEAK and its receptors TNFR-1, TNFR-2 and fibroblast growth factor-

inducible 14(Fn14) messenger RNA (mRNA) and protein expressions were evaluated 

by real-time polymerase chain reaction (PCR) and Western blotting. To evaluate the 

role of TWEAK in inflammation, cells were first treated with exogenous TWEAK 

with various time (10 min -72h) and dose (10 – 500 ng/ml) to find mRNA and protein 

expression of pro-inflammatory cytokines including IL-6, IL-8, MCP-1. Other 

multiple cytokine mRNA expressions were investigated after treatment of rTWEAK. 

To find the role of Fn14 in the pathogenesis of TWEAK induced cytokine 

upregulation, Fn14 inhibitor (ITEM4) were treated prior to stimulation of cells with 

rTWEAK (100 ng/ml, 24h) and cytokines such as IL-6, IL-8 and MCP-1 mRNA and 

protein expression were analyzed using real time RT-PCR and ELISA. ELISA of 

hyaluronan was performed after treatment of rTWEAK with or without Fn14 inhibitor 

and other signal pathway inhibitors. Lastly, serum TWEK levels were measured and 

compared between 40 GO patients and 30 non-GO controls.   

 

Results: Expression levels of TWEAK and TNF- mRNA levels were significantly 
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higher in GO tissue samples (n=11) than in non-GO tissue samples (n=7). TWEAK, 

TNFR-1, TNFR-2 and Fn14 mRNA, and TWEAK, Fn14 protein in GO orbital 

fibroblasts increased upon IL-1β and TNF- treatment. Treatment with rTWEAK 

significantly upregulated expression of pro-inflammatory cytokine mRNA including 

IL-6, IL-8, MCP-1. rTWEAK also significantly elevated protein secretion of IL-6, IL-

8 and MCP-1 dose and time dependently, further in GO cells than in non-GO cells. 

Fn14 blocker, ITEM-4 as well as inhibitors of signal pathway molecules suppressed 

rTWEAK induced pro-inflammatory cytokine protein release. rTWEAK also elevated 

hyaluronan production, which were significantly suppressed by Fn14 blocker. Serum 

levels of TWEAK were significantly higher in GO patients (mean 328.7  67.3 pg/ml) 

than in non-GO control subjects (mean 231.0  43.6 pg/ml). 

 

Conclusion: Tissue and serum level of TWEAK was significantly higher in GO than 

in non-GO subjects. IL-1β and TNF- upregulated TWEAK and receptor expression 

and vice versa, rTWEAK also stimulated production of pro-inflammatory cytokines 

more in GO cells. Blocking Fn14, TWEAK receptor led to decreased production of 

pro-inflammatory cytokines and hyaluronan which were reported main in the 

pathogenesis of GO. Thus, modulation of TWEAK activity might have therapeutic 

potential in the suppression of inflammation and remodeling in GO. 

 

 

 

 

 

 

 

 

 

 

_______________________________________________________________ 
 

Key words: inflammation, Graves’ orbitopathy, orbital fibroblast, TWEAK, 

Fn14 
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TNF-like weak inducer of apoptosis (TWEAK) induces inflammatory 

effect in Graves’ orbital fibroblast 

 

Sung Jun Lee 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Hyoung Jun Koh) 

 

I. INTRODUCTION 

 

Graves’ orbitopathy (GO) is an inflammatory autoimmune disorder of the orbit. 

Previous studies have indicated that the thyroid stimulating hormone (TSH) receptor, 

which is expressed on orbital fibroblasts, is the autoimmune target of GO (Figure 1).1-

4 Once auto-antibodies bind to orbital fibroblasts, T-cell dependent inflammatory 

process is supposed to be activated. Thus, GO is believed to relate to a T-cell 

mediated autoimmunity to an antigen present in orbital fibroblast. Activated CD4+T 

cells secrete interleukin (IL)-1, IFN-γ, and TNF-α, inducing the expression of TSH 

receptor and CD40 on the surface of orbital fibroblast, which promote the secretion of 

IL-6, -8, fibronectin, type 1 collagen, and glycosaminoglycans.5-7. Interaction with 

CD4+T cells enhances orbital fibroblast activation, proliferation, differentiation and 

fat accumulation. 

TWEAK (TNF-like weak inducer of apoptosis) is a recently described member of 

the TNF superfamily. It is reported to exert a variety of biological effects through 

ligation with its receptor, Fn14. The biological effects of TWEAK include induction 

of pro-inflammatory cytokines, modulation of the immune response and angiogenesis, 

stimulation of apoptosis and regulation of tissue repair and regeneration.8, 9 The pro-

inflammatory effects of TWEAK/Fn14 signaling are mediated by several signaling 

cascades, including NF-B and the mitogen-activated protein kinases, ERK1/2, 
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JNK1/2 and p38.10 TWEAK induces the production of a large number of pro-

inflammatory molecules, such as matrix metalloproteinase1, IL-6, IL-8, monocyte 

chemotactic protein (MCP)-I and Regulated upon Activation Normal T Cell 

Expressed and Secreted (RANTES) by synoviocytes and fibroblasts, as well as 

ICAM-1, E-selectin, IL-8, and MCP-1 by endothelial cells.11 The majority of these 

cytokines are induced by TWEAK/Fn14 induction of the NF- signaling pathway.12, 

13 The pro-inflammatory effects of TWEAK are seen in various cell types including 

glomerular mesangial cells,14 human umbilical vein endothelial cells (HUVEC),15 

human gingival fibroblasts,16 human dermal fibroblasts, synoviocytes,17 chondrocytes, 

and fibroblasts.9 Involvement of TWEAK/Fn14 interaction has been recently reported 

in the synovial inflammation of RA. Specifically, recombinant TWEAK enhanced the 

production of MCP-1 and MIP-2 by synovial cells from collagen induced arthritis 

(CIA) mice in vitro, while the addition of TWEAK monoclonal antibody ameliorated 

paw swelling, synovial proliferation and inflammatory cell accumulation in CIA.10, 11 

High serum levels of TWEAK, tumor necrosis factor (TNF)- and IL-6 were seen in 

RA patients as compared to normal controls.13  

The use of TWEAK- and Fn14-knockout mice identified the TWEAK-Fn14 system 

as a crucial player in muscle atrophy, cerebral ischemia, kidney injury, atherosclerosis 

and infarction as well as in various autoimmune scenarios including experimental 

autoimmune encephalitis, rheumatoid arthritis and inflammatory bowel disease. 

Moreover, there is increasing preclinical evidence that Fn14 targeting is a useful 

option in tumor therapy. 

 In this study, I have investigated how TWEAK/Fn14 contributes to the pathogenesis 

of inflammation in primarily cultured orbital fibroblasts of GO. TWEAK levels were 

identified and compared between orbital tissue and serum samples of GO and non-GO. 

Production of inflammatory cytokines/chemokines on GO fibroblasts was observed in 

response to recombinant TWEAK (rTWEAK) and these effects were abrogated by 

anti-Fn14 mAbs. Hyaluronan production was enhanced by rTWEAK treatment, which 



5 

 

was also suppressed by anti-Fn14 mAbs. Our present data suggest that TWEAK/Fn14 

interaction plays a substantial role in the pathogenesis of inflammation in GO.  

 

II. MATERIALS AND METHODS 

 

1. Reagents 

Recombinant TWEAK, recombinant human IL-1β, and TNF-α was purchased from 

R&D Systems (Minneapolis, MN, USA). Dulbecco’s modified Eagle’s medium 

(DMEM), fetal bovine serum (FBS), penicillin, and gentamycin was purchased from 

Hyclone Laboratories, Inc. (Logan, UT, USA).  

Fn14 blocking antibody (ITEM4 Ab) was purchased from eBioscience (SanDiego, 

CA, USA). Anti-TWEAK, anti-Fn14 antibody was purchased from Cell Signaling 

Technology (Ozyme, Saint Quentin, France). Anti-Extracellular signal-related 

kinase(ERK), anti-Jun N-terminal kinase(JNK), anti-Phosphoinositide 3-kinase 

(PI3K), anti-v-Akt Murine Thymoma Viral Oncogene(Akt) and anti-NFkB were 

purchased from Cell Signaling Technology (Ozyme, Saint Quentin, France). Enzyme-

linked immunosorbent assay (ELISA) kit specific for detecting serum concentrations 

of TWEAK would be purchased from Bender Medsystems, Vienna, Austria. ELISA 

kit for IL-6, IL-8, MCP-1 and hyaluronan was purchased from R&D Systems 

(Minneapolis, MN, USA). Signal pathway inhibitors including inhibitors of MAPK 

kinase 1 (PD98059), p38 MAPK (SB203580), JNK (SP600125), PI3K (LY294002) 

and NFkB-p65 (SC514) were purchased from Calbiochem (La Jolla, CA, USA).  

 

2. Cell culture protocols and blood samplings 

Orbital tissue specimens were collected from orbital decompression surgery for 

severe GO patients (n=11). Normal orbital tissue was obtained in the course of orbital 

surgery for other non-inflammatory diseases from age- and sex-matched control 

subjects with no history of autoimmune thyroid disease or GO (n=7). The specimens 
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were primarily cultured as previously published methods.18 The GO patients were 

euthyroid status at the time of surgery and had not received steroid or radiation 

therapy for at least 3 months. For primary cell cultures, orbital tissue explants were 

minced and placed directly in plastic culture dishes containing Dulbecco’s modified 

Eagle’s medium (DMEM):F12(1:1), 20% fetal bovine serum (FBS), penicillin (100 

U/mL) and gentamycin (20 μg/mL). After orbital adipose tissue had grown out from 

explants, monolayers were passaged serially by gently treating with trypsin/EDTA. 

Then the cells were incubated in DMEM with 10%FBS and antibiotics. Cell cultures 

were incubated in a humidified 5% CO2 incubator at 37°C. The strains were stored in 

liquid N2 until needed and used between the first and fifth passages. 

Sera for the analysis of TWEAK levels were obtained from 40 GO patients and 30 

healthy controls.  Subjects were recruited from the Department of Ophthalmology at 

Severance Hospital, Seoul, Korea, and healthy controls were age- and sex-matched to 

the patients. All subjects provided written informed consent to participate in the study. 

The protocol for obtaining orbital adipose/connective tissue and serum was approved 

by the Institutional Review Board of Severance Hospital, and written informed 

consent was obtained from all patients. 

 

3. Real-time polymerase chain reaction 

The cultured cells were confluence in 6cm dishes and the culture media was changed 

to serum-free DMEM, and incubated (24 h) with 10 μg/mL TNF-α and 10 μg/mL IL-

1β alone. Total RNA (1 μg) was isolated and reverse transcribed into complementary 

DNA (cDNA) according to the manufacturer’s instructions. The resulting cDNA 

amplified using an ABI StepOnePlus real-time PCR thermocycler (Applied 

Biosystems, Carlsbad, CA, USA) using SYBR Green PCR reagents (Applied 

Biosystems, Branchburg, NJ) with primers specific for TWEAK, Fn14, TNF-, 

TNFR1, TNFR2, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The 

primers used were as follows: human TWEAK, 5'-CCC TGC GCT GCC TGG AGG 

AA-3' (forward) and 5'-AGA CCA GGG CCC CTC AGT GA-3' (reverse); human 
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Fn14, 5'-CGC AGG ACG TGC ACT ATG-3' (forward) and 5'-CAG TCC ATG CAC 

TTG TCC AG-3'(reverse); human TNF-a, 5'-GTC TCC TAC CAG ACC AAG-3' 

(forward) and 5'-CAA AGT AGA CCT GCC CAG ACT-3'(reverse); human TNFR1, 

5'-CGG TGG AAG TCC AAG CTC TA-3' (forward) and 5'-TCT AGG CTC TGT 

GGC TTG TG-3'(reverse); human TNFR2, 5'-GGA AAC TCA AGC CTG CAC TC-3' 

(forward) and 5'-GGA TGA AGT CGT GTT GGA GA-3' (reverse) and GAPDH, 5'-

ATG GGG AAG GTG AAG GTC G-3' (forward) and 5'-GGG GT CAT TGA TGG 

CAA CAA TA-3' (reverse). 

TaqMan universal PCR master mix and recommended PCR conditions to 

quantitatively assess gene transcript levels in the cell samples. The catalog numbers of 

the primers were Hs00985639_m1 for IL-6, Hs00174103_m1 for IL-8, 

Hs00234140_m1 for MCP-1, Hs00164932_m1 for ICAM-1, Hs00899658_m1 for 

MMP-1, Hs01548727_m1 for MMP-2, Hs01042796_m1 for MMP-7, 

Hs00234579_m1 for MMP-9, Hs01555410_m1 for IL-1β and H299999905_ml for 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 

All PCR reactions were performed in triplicate. All samples were normalized to the 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) values and the results are 

expressed as the relative fold change of threshold cycle (Ct) value relative to the 

control group using the 2-△△Ct method.19 Data were only analyzed if the Ct was less 

than 35. Results from at least three GO samples were compared with the mean results 

from the three normal samples. 

 

4. Western blotting 

Cells were washed with ice-cold PBS and lysed on ice for 30 minutes in cell lysis 

buffer consisting of 20 mM HEPES (pH 7.2), 10% (vol/vol) glycerol, 10 mM 

Na3VO4, 50 mM NaF, 1 mM phenylmethylsulfonyl fluoride, 0.1 mM dithiothreitol, 1 

lg/mL leupeptin, 1 lg/mL pepstatin, and 1% (vol/vol) Triton X-100. (Sigma-Aldrich 
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Corp.) Lysates were centrifuged for 10 minutes a 12,000 rpm and cell homogenate 

fractions were stored at -70°C before using. Protein concentrations in supernatant 

fractions were determined using the Bradford assay (BioRad, Hercules, CA, USA). 

Equal amounts of protein (50 μg) were boiled in sample buffer and resolved by SDS-

PAGE in 10% (w/v) gels. The separated proteins were transferred to nitrocellulose 

membranes (Pall Life Sciences, East Hills, NY, USA), probed overnight with primary 

antibodies in BSA or 5% Skim milk, and washed three times with Tris Buffer Saline 

Tween 20 (0.05%). Immunoreactive bands were detected with horseradish 

peroxidase-conjugated secondary antibody, and the bound peroxidase was visualized 

by an enhanced chemiluminescence kit (Amersham Pharmacia Biotech, Piscataway, 

NJ, USA) and exposure to X-ray film (Amersham Pharmacia Biotech). The relative 

amount of each immunoreactive band was quantified by densitometry using the Image 

J software and normalized to β-actin in the same sample.  

 

5. ELISA of proinflammatory cytokines  

Cells (2 X 104 well-1) were seeded in 96-well tissue culture plates and grown 

overnight. The next day, medium was changed to minimize the contribution of basal 

IL-6, IL-8 and MCP-1 production and cells were stimulated in triplicates with 200 

ng/ml TWEAK. After 24 h, supernatants were collected and analyzed for IL-6, IL-8 

and MCP-1 production using a commercially available ELISA kit according to the 

manufacturer’s instruction. To demonstrate TWEAK induced cytokine production was 

dependent on Fn14, cells were incubated with 2.5 g/ml of Fn14-specific mAb 

ITEM-4 prior to stimulation. For comparison, signal pathway inhibitors including 20 

M of PD98059, SP600125, SB203580, LY294002 and 10 m of SC 514 were 

treated for 1 h prior to stimulation with TWEAK in GO cells. 

 

6. ELISA of Hyaluronan 
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Orbital preadipocyte fibroblasts were grown to confluence in 12-well plates and then 

incubated for indicated time periods with various concentrations of TWEAK before 

stimulation with IL-1β or TNF-α. Supernatants from the cell cultures were collected, 

and hyaluronan concentrations were determined using a competitive binding 

hyaluronan ELISA kit according to the manufacturer's instructions. Absorbance of 

reactions was measured at 405 nm, and the percentage of binding was calculated for 

each sample. The concentration of hyaluronan in the sample was determined using a 

standard binding curve generated with known amounts of hyaluronan. Samples were 

diluted 1∶10 before analysis, and the average of triplicate assays was determined 

 

7. ELISA of serum TWEAK  

Blood samples were drawn into test tubes containing 1/10 volume sodium citrate. 

Platelet free plasma was obtained after centrifugation at 3000 g for 15minutes at room 

temperature and stored at -80°C until analysis. Serum TWEAK protein levels was 

measured using a commercially available ELISA kit for TWEAK antigen according 

to the manufacturer’s protocol. Each sample was tested in triplicate. All serums run in 

the same assay.  

 

8. Statistical analysis 

All experiments were performed at least three times and samples would be assayed 

in duplicate each time. The mean value and SD were calculated from normalized 

measurements of each mRNA or protein from multiple (≥3) samples harvested from 

different individuals. Data within cell groups at different drug concentrations and 

incubation times was analyzed by the student t-test or ANOVA test using SPSS 

program version 20.0 (SPSS, Chicago, IL, USA). A p value less than 0.05 was 

assumed to denote statistical significance. 
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III. RESULTS 

 

1. TNF-, TWEAK and its receptors mRNA expression in orbital tissue 

To determine the basal expression of TNF- and TWEAK and its receptors mRNA 

in GO and non-GO orbital tissues, orbital tissue explants were obtained from GO (n = 

11) and non-GO (n = 7) control patients. Relative quantification of mRNA for TNF, 

TWEAK, TNFR-1, TNFR-2 and Fn14 were compared by real time PCR. TWEAK 

and TNF mRNA level was significantly higher in GO orbital tissues than non-GO 

orbital tissues (p<0.05). Fn14 were expressed in both GO and non-GO orbital tissues, 

although the levels were not significantly different (Figure 1). TNFR-1 gene 

expression levels were low in both GO and non-GO tissues, and TNFR-2 gene 

expression was not different between two groups either.  

 

2. Effect of IL-1β and TNF- stimulation on the production of TWEAK and its 

receptor mRNA by real time-PCR and protein by western blotting analysis 

Expression of TWEAK and its receptors were determined under inflammatory 

condition in GO (n = 3) and non-GO (n = 3) orbital fibroblast cell cultures after 

stimulation with IL-1β or TNF-α by real time-PCR and Western blot analysis. IL-1β 

and TNF- both significantly increased mRNA levels of TWEAK, TNFR-1, TNFR-2 

and Fn14 in both GO and non-GO cells at early time of treatment (Figure 2 A, B) (*P 

<0.05, **P <0.01). IL-1β or TNF- also significantly enhanced protein expression of 

TWEAK and Fn14 in western blot analysis in a time dependent manner (Figure 3 A, 

B)  
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Figure 1. Expression of TNF-, TWEAK, TNFR-1, TNFR-2 and Fn14 mRNA in 

GO and non-GO orbital tissues  

Comparison of TNF-, TWEAK and its receptors (TNFR-1, TNFR-2, Fn14) mRNA 

transcript levels using real-time PCR between (GO) (n=11) and non-GO (n=7) orbital 

tissues. Expression of TNF- and TWEAK mRNA expression was significantly 

higher in orbital tissue from GO than non-GO patients. (*P < 0.05 versus non-GO 

controls). GO, Graves' orbitopathy; NL, normal non-GO subjects  
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Figure 2. Effect of IL-1 and TNF- on TWEAK, TNFR-1, TNFR-2 and Fn14 

mRNA expressions in GO and non-GO orbital fibroblasts 

GO (n=3, black columns) and non-GO (n=3, white columns) orbital fibroblasts were 

cultured and treated with IL-1β (10 ng/ml) or TNF-α (10 ng/ml) stimulation for 

1,3,6,16 and 24h. The data in the columns are triplicate result values expressed as the 

mean relative fold of mRNA ± standard deviation. P<0.05(*) versus untreated 

controls. GO, Graves' orbitopathy; IL-1β, interleukin-1 β; TNF-α, Tumor necrosis 

factor-α 
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Figure 3. Effect of IL-1 and TNF- on TWEAK and Fn14 protein expressions 

in GO and non-GO orbital fibroblasts by western blotting analyses  

GO (n=3) and non-GO (n=3) orbital fibroblasts were cultured and treated with IL-1β 

(10 ng/ml) or TNF-α (10 ng/ml) stimulation for 10 min, 30 min, 1 h, 3 h, 6 h, 16 h and 

24 h. TWEAK and Fn14 protein expression is analyzed using Western blot analysis. 

Representative gel images are shown above (A), and the relative amount of each 

immunoreactive band was quantified by densitometry using the Image J software and 

normalized to β-actin in the same sample/ The data in the columns are the mean 

(±SD) relative density ratios of three experiments (B) (*p < 0.05 versus untreated 

control cells). GO, Graves' orbitopathy; IL-1 β, interleukin-1 β; TNF- α, Tumor 

necrosis factor- α. 

 

3. Effect of exogenous rTWEAK on the production of proinflammatory 

cytokines mRNA and protein by real time-PCR and by western blotting analysis 

Following treatment with 100 - 500 ng/ml of rTWEAK for various indicated times 

(24, 48 and 72 h), mRNA expression of selected panel of proinflammatory mediators 

including IL-6, IL-8, MCP-1 and COX-2 relevant to pathogenesis of GO was 

examined by real time PCR in GO cells. IL-6, IL-8 and MCP-1 mRNA expression, 

but not COX-2 was increased with the treatment of rTWEAK in a dose dependent 

manner at 24 h of treatment (Figure 4). 
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Figure 4. Effect of exogenous TWEAK on mRNA expression of IL-6, IL-8 and 

MCP-1 and COX-2 in GO cells for long exposure time.  

GO (n=3) orbital fibroblasts were cultured and treated with exogenous TWEAK (100, 

200 and 500 ng/ml) for 24 h (black columns), 48 h (white columns) and 72 h (gray 

columns). The data in the columns are triplicate result values expressed as the mean 

relative fold of mRNA ± standard deviation. P<0.05(*) versus untreated controls.  
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Following treatment with 10 and 100 ng/ml of TWEAK for various time treatment 

including short exposure (1,3, 6 and 24 h), mRNA expression of IL-6, IL-8, MCP-1 

and COX-2 was significantly enhanced in GO cells especially at 1 h of treatment 

(*p<0.05), but not remarkably in non-GO cells (Figure 5).  

With the same treatment condition, production of IL-6, IL-8, and MCP-1 protein was 

analyzed using ELISA. As a result, IL-6, IL-8 and MCP-1 protein release was 

significantly more enhanced in GO cells than in non-GO cells in a time dependent 

manner (for 1, 3 and 6 h of treatment) (*p<0.05) (Figure 6 A, B). At 24 h of treatment, 

GO cells showed further enhancement of IL-6, IL-8 and MCP-1 protein production 

dose dependently (100, 200 and 500 ng/ml), but not in non-GO cells (*p<0.05) 

(Figure 6 C). 

More other cytokines including ICAM-1, IL-1 and matrix metalloproteinase 

(MMP) mRNA expressions were analyzed after rTWEAK treatment using real time 

PCR. ICAM-1, MMP-1, MMP-2, MMP-7 and IL-1 mRNAs were significantly 

upregulated at 6 h of TWEAK stimulation dose dependently (*p<0.05) (Figure 7A). 

Also at 24 h of TWEAK treatment, ICAM-1, MMP-2 and MMP-7 genes were 

upregulated dose dependently (*p<0.05) (Figure 7B). 
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Figure 5. Effect of exogenous TWEAK on mRNA expression of IL-6, IL-8 and 

MCP-1 and COX-2 in GO cells for short treatment period 

GO (n=3, black columns) and non-GO (n=3, white columns) orbital fibroblasts were 

cultured and treated with exogenous TWEAK 10 ng/ml (A) and 100 ng/ml (B) for 

short treatment time (1h, 3h, 6h, and 24h). IL-6, IL-8, MCP-1 and COX-2 mRNA 

expressions are evaluated using real time RT-PCR. The data in the columns are 

triplicate result values expressed as the mean relative fold of mRNA ± standard 

deviation (*p<0.05 versus untreated control cells). 
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Figure 6. Effect of exogenous TWEAK on IL-6, IL-8 and MCP-1 protein release 

in GO cells and non-GO cells  

GO (n=3, black columns) and non-GO (n=3, white columns) orbital fibroblasts were 

cultured and treated with exogenous TWEAK (10 ng/ml) (A) and 100 ng/ml (B) for 

short treatment time (1 h, 3 h and 6 h). TWEAK was treated with higher doses (100, 

200 and 500 ng/ml) for 24 h in GO (n=3, black columns) and non-GO (n=3, white 

columns) orbital fibroblasts (C). IL-6, IL-8 and MCP-1 protein production in GO and 

non-GO orbital fibroblasts is measured using ELISA after treatment of TWEAK. The 

data in the columns are triplicate result values expressed as the mean ± standard 

deviation cytokine levels of 3 experiments (*p<0.05 versus untreated control cells). 
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Figure 7. Effect of exogenous rTWEAK on ICAM-1, MMP-1, MMP-2, MMP-7, 

MMP-9 and IL-1 mRNA expressions in GO cells. 

GO (n=3) orbital fibroblasts were cultured and treated with exogenous TWEAK 10 

ng/ml and 100 ng/ml for 6 h (A) and 24 h (B). ICAM-1, MMP-1, MMP-2, MMP-7, 

MMP-7, MMP-9 and IL-1 mRNA expressions are evaluated using real time RT-PCR. 

The data in the columns are triplicate result values expressed as the mean relative fold 

of mRNA ± standard deviation (*p<0.05 versus untreated control cells). 

 

4. Involvement of Fn14 and several signal pathways in induction of 

proinflammatory cytokines by stimulation of TWEAK  

TWEAK (10ng/ml) induced p-Erk1/2, p-Akt, p-PI3K, p-Jnk and p-NFkB p65 protein 

expression within 3 h of treatment in both GO and non-GO cells in western blot 

analyses (Figure 8). Pretreatment with 2.5 ug/ml of anti-Fn14 ITEM4 Ab for 1 h as 

well as inhibitors of ERK, JNK, p38 MAPK, PI3K, and NFkB protein inhibited 

TWEAK (100 ng/ml, 24 h) induced IL-6, IL-8 and MCP-1 protein production in GO 

cells (n=3) in ELISA result (Figure 9). Blockade of Fn14 showed most significant 

suppression of TWEAK induced cyotokine production. These experiments indicate 
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Fn14, a specific TWEAK receptor as well as other signal pathway proteins are 

involved in mediating inflammatory effect of TWEAK in GO orbital fibroblasts. 

 

 

 

 

Figure 8. Effect of rTWEAK on expression of signal pathway molecule protein 

by western blotting in GO and non-GO cells.  

Effects of rTWEAK on ERK 1/2, Akt, PI3K, and JNK, NFkB p65 phosphorylation in 

orbital fibroblasts of GO and non-GO. Cells were treated with TWEAK (10 ng/ml) for 

various time periods and lysed. Cell lysates were electrophoresed and probed by 

Western blot with related antibodies. Equal loading in each lane was demonstrated by 

the similar intensities of -actin.  
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Figure 9. Involvement of Fn14 and signaling pathways on TWEAK induced IL-6, 

IL-8 and MCP-1 protein production by ELISA.  

IL-6, IL-8 and MCP-1 protein production in GO orbital fibroblasts (n = 3) was 

measured using ELISA after pretreatment with a specific inhibitor of ERK kinase 

(PD98059, 20 M), JNK (SP600125, 20 M), p38 MAPK (SB203580, 20 M), PI3K 

(LY294002, 20 M), NFkB-p65 (SC514, 10 M) and anti-Fn14 inhibitor (ITEM4 Ab, 

2.5 g/ml) for 1 h followed by TWEAK treatment (100 ng/mL, 24h). The data in the 

columns are the mean (±SD) cytokine levels of each 3 experiments (*p < 0.05 versus 

TWEAK-treated cells without pretreatment). 
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5. Effect of TWEAK on hyaluronan production  

I determined above that TWEAK induces multiple proinflammatory cytokine and 

chemokine in Graves’ orbital fibroblasts. To test whether this mediator can upregulate 

hyaluronan production, which is considered one of the important pathogenesis of GO, 

measurement of Hyaluronan release by ELISA was performed following treatment of 

10-200ng/ml TWEAK for 6 and 24 h. Hyaluronan was significantly increased after 

stimulation with TWEAK in GO cells (n=3) (figure 10 A). Pretreatment of inhibitor 

of Fn14 (ITME4 Ab, 2.5 g/ml) significantly suppressed production of TWEAK (100 

ng/ml, 24h) induced hyaluronan release in GO cells (n=3) (figure 10 B). Other 

inhibitors of JNK, p38 MAPK, PI3K and NFkB-p65 (20 uM, 1 hr pretreatment) 

showed similar degree of hyaluronan production inhibition (figure 10 B).  

 

6. Serum TWEAK protein level is increased in GO  

I measured serum TWEAK levels in GO patients and age- and sex- matched non-GO 

subjects by using ELISA. Mean age of GO (35.8 years) and non-GO subjects (32.5 

years) were not significantly different. Sex distribution was not different between GO 

(F=28, M=12) and non-GO (F=19, M=11) groups. The mean serum level of TWEAK 

was 328.7  67.3 pg/ml in patients with GO (n = 40), which were significantly higher 

than that in non-GO subjects (n = 30, 231.0  43.6 pg/ml) (Figure 11). 
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Figure 10. Effect of anti-Fn14 inhibitor on TWEAK induced hyaluronan 

production in GO cells.  

Hyaluronan (ng/ml) production in GO orbital fibroblasts (n = 3) was measured using 

ELISA after treatment of TWEAK (10, 100 and 200 ng/ml) for 6 and 24 h (A). Cells 

(n=3) were pretreated with a specific inhibitor of ERK kinase (PD98059, 20 M), 

JNK (SP600125, 20 M), p38 MAPK (SB203580, 20 M), NFkB-p65 (SC514, 10 

M) and anti-Fn14 inhibitor (ITEM4 Ab, 2.5 g/ml) for 1 h followed by TWEAK 

treatment (100 ng/mL, 24 h). The data in the columns are the mean (±SD) cytokine 

levels of each 3 experiments (*p < 0.05 versus TWEAK-treated cells without 

pretreatment). 
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Figure 11. Serum levels of TWEAK in GO patients and normal non-GO subjects 

by ELISA.  

Serum levels of TWEAK (pg/ml) was significantly higher in GO patients (n=40) than 

non-GO (n=30). Data are presented as mean  standard deviation. Dots are maximal 

or minimal results.   

 

 

IV. DISCUSSION 

GO is an important inflammatory autoimmune disorder, and TWEAK (TNF-like 

weak inducer of apoptosis), a recently described member of the TNF superfamily is 

reported to exert a variety of biological effects including induction of pro-

inflammatory cytokines and modulation of the immune response, studied in 

autoimmune disease for example rheumatoid arthritis. In the present study, I 

determined that GO tissues express more TNF- and TWEAK genes than non-GO 

orbital tissues, and serum level of TWEAK was significantly higher in GO patients 
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than non-GO subjects. Pro-inflammatory cytokines such as IL-1 and TNF- 

significantly induced TWEAK and its receptors in more in GO orbital fibroblasts and 

vice versa, recombinant TWEAK increased pro-inflammatory cytokines including IL-

6, IL-8 and MCP-1. Some MMPs and adhesion molecule such as ICAM-1 gene 

expression was also increased by stimulation of TWEAK. Fn14, a member of the 

TNF receptor family that is induced in a variety of cell types in situations of tissue 

injury was involved in the TWEAK induced pro-inflammatory cytokine production as 

well as other signal pathway protein inhibitors. More interestingly, hyaluronan 

production was significantly increased by TWEAK stimulation, which was 

ameliorated by pretreatment of anti-Fn14 ab. Hyaluronan production in orbital 

fibroblasts is considered to cause exophthalmos and myopathy as a main pathogenesis 

of GO. Our current results are novel and significant, and add important new 

information, as the role of TWEAK and Fn14 has not previously reported in GO.  

Suppression of active inflammation using high dose steroid treatment or 

radiotherapy in early phase of GO is considered essential to stop progression of 

proptosis and myopathy. GO pathologic process within orbit includes first, 

inflammatory cell infiltration of retroocular tissues. Cytokines have important 

putative roles in GO development, progression, and regression and are produced by 

activated T-cells (mostly CD4+ cells), macrophages, B-cells, and orbital fibroblasts 

48.20-22 Interaction between immune/inflammatory cells and orbital fibroblasts occur, 

and the fibroblast is the central actor responsible for deleterious effect of upregulation 

of many of its function. IL-1 has been detected in orbital GO tissues and Th1 pattern 

(IL-2, IFN-r, TNF-) predominates in recent onset GO and IL-6 is found in majority 

of GO T cell clones and IL-6 stimulates B cell differentiation to produce 

autoantibodies. IL-1 stimulates retro-orbital fibroblast proliferation, 

glycosaminoglycan synthesis, and expression of immunomodulatory molecules by 

retro-orbital fibroblasts.23 The TNF gene codes for TNF-, a key pro-inflammatory 

cytokine that has also been the target of a new therapy for GO.24 A group of authors 

from Japan showed a positive association between two polymorphisms in the 5′-
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promoter/enhancer region (-1031T/C and -863C/A) of the TNF gene and the 

development and severity of GO.25  

Many members of the TNF superfamily are emerging as key modulators of immune-

mediated diseases.26, 27 TWEAK, TNF like weak inducer of apoptosis is a member of 

TNF family. The human TWEAK gene is located at chromosomal position 17p13.1 

and encodes a 249-amino acid (aa) type II transmembrane protein.28 TWEAK is 

expressed as a full-length, membrane-bound protein (mTWEAK) and then is 

proteolytically processed by furin, leading to the release of a 156-aa, 18 kDa soluble 

form (sTWEAK). The extracellular domain contains the receptor-binding site and the 

intracellular domain contains a putative serine phosphorylation site. The extracellular 

domain contains the ligand-binding site and the intracellular domain contains a 

TNFR-associated factor (TRAF)-binding site.29 It was originally identified as a weak 

inducer of apoptosis in some tumor cell lines.28 TWEAK is reported to regulate cell 

proliferation, migration, differentiation, and death as well as tissue inflammation, 

angiogenesis, and regeneration.30-32 It has been reported that TWEAK induces not 

only apoptosis of some tumor cells but also proliferation of human umbilical vein 

endothelial cells (HUVECs) in vitro20-22 and angiogenesis in vivo.20, 22 It has also been 

reported that TWEAK could induce up-regulation of adhesion molecules [intercellular 

adhesion molecule (ICAM-1) and E-selectin] and secretion of chemokines (IL-8 and 

MCP-1) from HUVEC.23 Previous studies have shown that TWEAK can induce 

secretion of pro-inflamamtory cytokines such as IL-6, IL-8 and MCP-1 from human 

astrocyte,33 human dermal fibroblasts 17 or HUVEC (human umbilical vein 

endothelial cells).15 TWEAK, for the first time, was found to be expressed in orbital 

tissues and elevated in serum of GO patients in this study. Similar to previous reports, 

TWEAK induced pro-inflammatory cytokines such as IL-6, IL-8 and MCP-1 and 

adhesion molecule (ICAM-1) and some MMPs in primary cultured orbital fibroblasts. 

Interestingly, the increase of cytokines by stimulation of TWEAK was significantly 

further in GO cells than in non-GO cells, which suggest a pathogenic role of TWEAK 

in GO inflammation.  
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Fn14 was identified as the functional TWEAK receptor using a cDNA expression 

library screening approach.34 The human Fn14 gene is located at the chromosomal 

position 16p13.3.35 Fn14 is upregulated by several growth factors, cytokines, and 

interleukins in cells present in the injured vascular wall such as endothelial cells, 

vascular smooth muscle cells (SMCs), and monocyte/macrophages, but not in T and B 

lymphocytes.34, 36 Fn14 has a low level of ubiquitous expression on various cell types, 

however is induced under conditions of stress or inflammation, one of the main 

regulatory mechanisms for TWEAK/Fn14 action. Fn14 has been shown to induce 

NFkB signaling and leads to the expression of a number of inflammatory mediators in 

various cell types that can contribute to tissue inflammation and regenerative 

activities. Recently, by using newly generated anti-human Fn14mAbs, TWEAK-

induced proliferation, migration and cell death is reported to be mediated by Fn14.37-39 

In this study, blockade of Fn14 suppressed rTWEAK induced cytokine production 

and hyaluronan release in GO cells. It is assumed that TWEAK/Fn14 signaling 

complex plays a protective role during the acute stage of Graves’ orbital inflammation 

via suppression of cytokine and chemokine production in orbital fibroblasts.  

TWEAK activates several signaling pathways that participate in the inflammatory 

response of the injured tissues. Nuclear factor-kappa B (NF-κB) activation plays a key 

role in TWEAK-elicited inflammatory responses.40-42 TWEAK also activates MAPK, 

although activation of ERK, c-Jun N-terminal kinase (JNK), or p38 pathways is 

context-dependent. MAPK activation has been reported in several cell lines, including 

Thp-1 monocytic cell line, endothelial cells, cardiomyocytes, fibroblast, and others.16, 

43, 44 There are also different reports indicating that TWEAK activates PI3K/AKT in 

different cell types. TWEAK also activates JNK, related with AP-1 activation.45 In 

orbital fibroblasts, TWEAK induced phosphorylation of Erk, Akt/PI3K, JNK and 

NFkB p65 protein and the inhibitors of these signaling proteins inhibited TWEAK 

induced IL-6, IL-8 and MCP-1 protein production in GO cells (n=3) in ELISA result 

cells similar to the suppressive effect of Fn14 blocking antibody.  
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V. CONCLUSION 

The present study has shown that TWEAK expressed on GO orbital fibroblasts is 

possibly involved in orbital inflammation by inducing cytokine secretion including 

IL-6, IL-8 and MCP-1. Also, blockade of Fn14 ameliorated TWEAK induced 

cytokine production and hyaluronan production. Therefore, TWEAK could be a 

biomarker of diagnosing inflammatory GO, and this study results might provide an in 

vitro basis of TWEAK/Fn14 inhibition as a novel therapeutic strategy for GO. 
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ABSTRACT (IN KOREAN) 

 

갑상선안병증환자의 안와섬유모세포의 염증 병리기전에서 

TNF-like weak inducer of apoptosis (TWEAK) 의 역할 

 

<지도교수 고 형 준> 

 

연세대학교 대학원 의학과 

 

이 성 준 

 

 

목적: 갑상선안병증의 안와섬유모세포에서 TNF-like weak inducer of 

apoptosis (TWEAK) 이 염증 병리기전에 미치는 영향을 알아보고자 

하였다.  

 

방법: 갑상선안병증 환자 및 건강한 대조군의 안와 지방조직으로부터 안와 

섬유모세포를 배양하였다. TWEAK, TNFR-1, TNFR-2와 Fn14 mRNA의 

발현정도가 갑상선안병증과 건강한 대조군 안와조직간, 그리고 혈청에서 

차이가 있는지를 실시간 중합 효소 연쇄 반응 및 ELISA를 이용하여 

비교평가 하였다. 염증에 대한 TWEAK의 역할을 평가하기 위해, 

일차배양한 안와섬유모세포를 최소 3개의 샘플이상, IL-1b와 TNF-a 

자극을 주고 TWEAK, Fn14 mRNA와 단백질 발현정도를 평가하였고, 

반대로 recombinant TWEAK을 외부에서 처리한 후, 안와섬유모세포에서 

IL-6, IL-8, MCP-1과 같은 염증성 사이토카인의 mRNA, 단백질 발현 

정도를, 갑상선안병증과 정상 안와섬유모세포에서 비교 평가하였다. Fn14 

항체를 전처치 하여, TWEAK에 의해 증가된 사이토카인이 억제되는지를 

ELISA를 이용하여 분석하였고, TWEAK에 의해 하이루론산이 증가한 것을 

확인한 후, 이것이 Fn14 항체에 의해 억제되는지를 ELISA를 이용하여 
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평가하였다.  

 

결과: TWEAK의 mRNA 발현이 갑상선안병증 안와조직에서 더 발현이 

증가되어 있었으며, 갑상선안병증 환자 혈청에서 TWEAK농도가 

정상인보다 더 증가해 있었다. IL-1와 TNF-는 갑상선안병증 

안와섬유모세포에서 TWEAK mRNA와 단백질 농도를 더 증가시켰으며, 

recombinant TWEAK자극을 한 경우 IL-6, IL-8, MCP-1 mRNA와 

단백질이 용량 비례적으로, 갑상선안병증 안와섬유모세포에서 더 

증가하였다. Fn14항체를 이용하여 Fn14를 억제하면, TWEAK에 의해 

증가한 IL-6, IL-8, MCP-1 단백질 농도가 의미있게 감소되었으며, 

TWEAK에 의해 증가한 히아루론산이 의미있게 억제되는 것이 관찰되었다. 

또한, 갑상선안병증 환자의 혈청 TWEAK이 (40명, 328.7  67.3 pg/ml) 

정상인 혈청 TWEAK (30명, 231.0  43.6 pg/ml) 보다 의미 있게 높았다.  

결론: 갑상선안병증 환자에서 TWEAK의 biomarker로서 역할을 기대해 볼 

수 있으며, 갑상선안병증 환자의 안와조직에서 일차배양한 

안와섬유모세포에서 TWEAK은 염증 기전과 밀접한 관련이 있을 것으로 

생각된다. Fn14의 차단이 염증 관련 사이토카인의 생성과 리모델링 관련 

히아루론산 생성을 억제시킨 것은, TWEAK/Fn14을 조절함으로써 

fff..갑상선안병증 초기 염증 단계에서 치료적 효과를 기대해볼 수 있겠다.  
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