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Abstract

Anti-atherogenic effects in tumor necrosis factor-a (TNF-a)-stimulated human umbilical vein endothelial cells
(HUVEC) are involved in the suppression of oxidative stress, cell adhesion molecules, and pro-inflammatory factors.
This study investigated the vascular inflammation inhibitory activity of traditional Doenjang plays a key role in
the pathogenesis and progression of atherosclerosis. The protective effects of Korean Deonjang was investigated
on the expression of cell adhesion molecules (CAMs) in tumor necrosis factor (TNF)-a-induced human umbilical
vascular endothelial cells (HUVECS). Deonjang extracts (20, 50, 100 ug/mL) decreased the expression of 20 ng/mL
TNF-a-induced vascular cell adhesion molecule (VCAM)-1 intracellular adhesion molecule (ICAM)-1 proteins, and
their corresponding mRNA levels. Nitric oxides (NO) produced by endothlial nitric oxides synthase (eNOS) dilated
blood vessels, which had protective effects against platelet and leukocyte adhesion. While TNF-a-induced suppressed
the production of nitric oxide in HUVECS, Doenjang restored NO production in HUVECs. In addition, Deonjang
reduced the TNF-a-induced expression of inducible NO synthase (iNOS) and cyclooxygenase (COX)-2 mRNA levels.
These results suggested that Doenjang can inhibited the production of cell adhesion molecules and inflammatory
mediators, which could be a potential candidate for preventing atherosclerosis.
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Silf’/}.

macrophage® ¥& A 9lo

o2l Aoy MM EEe] FH|gh= Al EFRI & ]
ol&l &/J3}E] ], pro-inflammatory cytokine, nitric oxide
(NO)<} prostaglandin E2(PGE2)E Ao 22X &3, &
%, d Y d5NeS et A= “qoﬂ"ﬂ*-J
olF& FAIAIZITH19). FEHHee AFEAQ NO&
L-arginine® 4] NO synthase(NOS)°l| <]a]l 3/ €t} NOS
o= endothelial NOS(eNOS), neuronal NOS(nNOS),
inducible NOS(NOS)2] Al 7}A] &ej7} 9lom, o]& 3
iNOSE= 9| ¥-A}=-o] 1} pro-inflammatory cytokine 51 2]}
A= 7 =™ hepatocytes, smooth muscle cells, bone
marrow cells, monocytes, macrophages 5 T+ A Lo A
w0} the] NOE Aikettty B x5 {ITh20,21).
o] d52 SAdskd W71 ROSE At 9%
Hk-2 A Akel 2kl nuclear factor(NF)-kBS &A13MA 7)1, 1
A3} intercellular adhesion moleculeICAM)-1, vascular cell
adhesion molecule(VCAM)-13} monocyte chemoattractant
protein-1(MCP-1)% A 20145 v sto g4 g3t
B2 2 monocyte F4 S F=st] FHAsE FPAIZ
th22,23). 18 B2 FHst= ket ~Ed 2o o]
2dstd gAML 83 93s deete A S

Agtolet & 4 Ack2425). BE AFAEE 49 o
& 9% Q7o) dBpow HFo] FR4L Ak BE /%
4 2A5S 28etn Utk A2AA 198 94 v
A= 7154 2AE Hohee] 84S AzSAY 5%
YRS Aol XY B BE AP ABH D
Sl AFAAE 715530 B A7 oby v]ulgt Aol
o ABHE WA AASE AR E 5 AE
g9 F4€ vTolm, £A9) oo} A& HEHIE A
A9 27} AZA = BEF weke), 20124 71

AEFTAME S AlFo] AEeAF FEUSE Lot

2k gl Qehey). oo B ATelAE T

sbEe TAIER st AZ, 7H, ﬁJEM 2
o g, g, Ag e 53 A5 E EHo}Oﬂ 77t
FAS BEste HBAE %él‘ﬂ%’% o 2471 A
JA F Al A= AFRAIES o= e 52
F AN 9] FHAEH APATF28)E Bl =2 ¢
T o] grE JBEY F ABIHE AHES
o, 1 o] A7 S99 25 Adele] dRd5E

@ 2429 A4S Selstnd sk

&8 A=
A F FHAT BN R T 149 o) A7t =4
Deonjang(DI#3, DI#13) A1 & 10 goll 75 100 mL< 715
o% 80Coll A 24417 B9t 150 pm o2 WHIAA 33] FE3}

101 4Tl 800 rpm .= 5EZF A ED] st £l
% 235918 Whatman No.1 filter paper= ©]¥}g+ & ol -&
FASt s20Z AIZ FH AR AR

.

ERUE M E| b
17t 39 A EMHuman umbilical vascular vein
endothelial cells, HUVECs)= American Type Culture
Collection(ATCC, Manassas, VA, USA)ol| A EFste] A&
3ttt d BN AN EE= 10% fetal bovine serum(FBS), 1%
antibiotic-antimycotic(GIBCO, Invitrogen, Carlsbad, CA,
USA), 0.1 mg/mL heparin(Sigma, St. Louis, MO, USA), 0.03
mg/mL endothelial cell growth supplement(ECGS, ATCC,
Manassas, VA, USA) 373+ F-12K =] o]|A] 5% CO, vl %k
712 37C 214 v st vl & 349 (HAo R
ZolElom, M E Al cell density”} 80~90% =
Al 59 0.25% trypsin-EDTA(0.53 mM EDTA)(Gibco,
USAE Azlate] Al atsich
M=z MEg 53
Mol AyEEL 3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyldiphenyl- tetrazolium bromide(MTT) $+¢] Wi &
ol-g-3le] A3 Th29). BFHIHEE 1x10° cells/well
2 96-well platesol] 3+ & 48A]3F v ket o}, D33}
DI#13 +Z&5< 10, 20, 50, 100 pg/mL2 A 2]gt & 24A]3t
&<t 5% COMNF7] oA wieFste] MITES SHAAA A
3% formazan crystal©] ¥iA|ol] HolHu} 712] == vl
S 2 2HA AASHATE. dimethyl sulfoxide(DMSO,
Sigma, St. Louis, MO, USA)Z 200 |iL #33}0] 205 E<t
gt ¥ 570 molA FBEE SIStk AlE

gzl @ MR ek

BEES

Nitric oxide(NO) &% &d

AN I A ZZ 1x10° cells/well 2 24-well platec] 7
slo] 48A1ZF vl 3t o}, DI#3Y) DI#13 erir%g 10, 20,
50, 100 pgmL< T2 xm 3te] 4A1ZE v ket &, tumer
necrosis factor(TNF) 20 ng/mL) & 242} 4 ﬂ = R
WA ZE 184]7F vl FatiTh. 100 uLe] viA] A<
Griess reagent(1% sulfanilamide, 0.1% N-(1-naphthyl)-
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ethylene diamine dihydrochloride in 2.5% phosphoric acid
solution) & 50 UL FU & F 1023F &-2olA] FA & &
540 nmel A FFES SHSIAT ol EEHH-E NaNO,
2 BEUE z2A8l] AFEITH30).

ELISA &3 (Enzyme-Linked Immunosorbent Assay)

A Z v W] CAMs(VCAM-1, ICAM-1)%-5 =733}
7] 918 ELISAZ 3tk ddNIAEE 1x10°
cellsjwell2 24-well plateol] &3+ A|ZE 4847 Ff
DI#33} DI#13 FE 52 T2 Agsla 4413 5 20
ng/ml®] TNF-a& 2|3ttt 18A17F & Al v eF oI5
CAMSs(VCAM-1, ICAM-1 Human ELISA kit)(abcam, UK.)
Sl o] &3ttt MdA S AA% T2 M3 F
CAMSZ coating® 96-well plate | 50 pLA 7}k &
of] 2417t WHS-A1Z1t}. Washing buffer® 33] 4|2 3}3L 100
1IL9] biotinylated antibody reagent= 2}7+e] wellol] 2] 3}
o 1AIRF E<t 2ol A REGAIZL F 33] AlA g Th3, 100
uLe] streptavidine-HRP solutionS ] 2] stod 1417t F<t 4
2of| A HH-&-A|Z] & TFA] washing bufferZ 33] A2 3}9] T
oJ 7] di(2-ethylhexyl)-2,4,5-trimethoxy benzalmalonate(TMB)
substrateS 100 pLA * 8] ske] 5~30&7F ¥FS-A1Z1 & 100

a5

RT-PCR

Total RNA®| FZ-2 RNeasy Mini Kit(Qiagen, Valencia,
CA,USA)E Al-g-3le] 4238319 11, total RNA A cDNAZS
232 oligo dT primer®} amfiRivert cDNA Synthesis
Platinum Master Mix(GenDEPOT, USA)E A}-£3}%i T} o]
cDNAE template 2 A}8-3l9] VCAM-1, ICAM-1, eNOS,
iNOS and COX-29] -+ AFE reverse transcription-polymerase
chain reaction(RT-PCR) ®HIH o2 ZZ31¢t}. oy
housekeeping 14121 glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) +7Z A5 ¥3}3}¢] internal control 2 AFHE-3FS
t}. 7} PCR 2HEES 1% agarose gel S ©]-&35fo] H7|9%
3}3L safe-pinky DNA Gel staining solutions-  ©] &38le] &1
g 5 UV st A gelstitt. S 6taat sk mRNAE
GAPDHZ FX& % &3} 3}% 1L Image Lab statistical
software(Bio-Rad, CA, USA)S Al-&-3lo] Alxtslaict zhz)
mRNA primer= Cosmo Genetech(Seoul, Korea)ol| A 1|25}
neom the¥ 2o

GAPDH, sense 5’-CAAGGTCATCCATGACAACTTT
G-3’ anti-sense 5’-GTCCACCACCCTGTTGCTGTAG-3’;
COX-2, sense 5’-CTTGGGTGTCAAAGGTAA-3’anti-sense
5’-AGGGACTTGAGGAGGGTA-3’; iNOS, sense 5’-TCTTGG
TCAAAGCTGTGCTC-3’ anti-sense 5’-CATTGCCAAACG
TACTGGTC-3’; eNOS, sense 5’-GTGTTTGGCCGAGTCC

A23d A3E (2016)

TCACC-3’ anti-sense5’-CTCCTGCAAGGAAAAGCTCTG-3’;
VCAM-1, sense 5’-AAGATGGTCGTGATCCTTGG-3’,
anti-sense 5’-GGTGCTGCAAGTCAATGAGA-3’; ICAM-1,
sense 5’-GGCTGGAGCTGTTTGAGAAC-3’, anti-sense
5’-CTGACAAGTTGTGGGGGAGT-3".

Western blot

NI A E£Z 100 mm disholl 3x10° cells/well 5= 2
A4AZE v e § D3 FEES SR E Asta, 43t
% 20 ng/mL2] TNF-aS 3 7}alSit) 18413t vk 3 DPBS
2 33] AFH & A2E o] A wF2ldte] pellete] RIPA
buffers 3718k oS, 47C, 13,000xg oA 10%7F L4 &
s 45ag Fuol $7ch B YL Bradford
(Bio-Rad, USA)Z o] &3t Z17te] A| 22 12% SDS
polyacrylamide gelol| 4] J&-3}aL Nitrocellulose membrane
(NC membrane) © 2 HAALSFATH31). AALE NC membrane
= 5% FANR7F 23 4148 blocking buffer(0.1%
Tween 20 in Tris-buggered saline) ©| 4] blocking3t & 13}
antibody(ICAM-1, VCAM-1, pp38, p-ERK, B-actin)&
1:200~1:10002.2 3|2 3te] Wi 1A17F Bt vh-A| A T
THA] 22} antibody(Anti-mouse IgG, Anti-rabbit IgG)E
1:10000.2 34 &to] Y1 143t B9t w83k th-2, ECL
solutions FH&-AlA Tl A e % =5 Chemidoc image
analyzer(Bio-Rad, Hercules, CA, USA)E Al-&3lo] &4 &
Qa1

SAHRXE

2 AEe A= 33 vhE AES A F meant
SEMC = UEeRfglom, 7t i+ 3ke] frolde] 752 SPSS
17.0 version(SPSS Inc., Chicago, IL, USA)S ©]-&3}o]
Student t-tests ANOVA o & AZ3alo] pgke] 0.05 n|qt
S 793 Aoz 7tk

o
a

2 3 g
Eabljm|Mlzol DJ#33 DJ#13 FES0]| 2t Mz S
ot

MTT assayE ©]-&3te] g A EZo|A DI#3=
DI#13 &89 AlX5A4S 18ttt 1 23} control
7} vl w3 D#3F} D13 F+E5= F=9(10, 20, 50, 100
ngmb) 2 A 2]et + 25 90% o]/ o Hof
A Zell A F4e YA e AS sk thFig.
D). ¥ A= DY D#I3 FEE2] s A XS4
o] 9 PR Y=t ALEE <], DI#3Y} DI#13 =
20, 50, 100 pgmLe] & FZE-S A3 o] &3l9]th
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Fig. 1. Effect of doenjang extracts (DJ) #3 and #13 on cell viability
in human umbilical vascular endothelial cells (HUVECS).

Cells (IXIO(’) in 96-well plates were incubated with and without indicated various
concentrations (10, 20, 50, 100 ug/mL) of DJ#3 (white) and DJ#13 (black) extracts
for 24 hr. Cell viability was estimated by the MTT assay. Values are expressed as
the meantSD (n=3). *p<0.05, versus a media alone-treated group.

TNF-aoll &8t gzfjo|MzZollM DJ#32 DI#13 FEE
o NO(MBEA nitric oxide) Mol o|x|& HE

NOE NO A f 40l 93] L-arginine S ZF-E A4
= 7] fFEAR AYRkg, x5, AAAEA 2 ¥
2 5 Ay AETHQ o HAsIY T w
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Jol| X J&FS Lottt} A EZ 3 controlwol|
H|3to] TNF-a5 #|2] g wtol|A] NOA A o] A 3] 7Hast
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Fig. 2. Effect of DJ#3 and DJ#13 extracts on tumor necrosis factor
(TNF)-a-induced NO production in human umbilical vascular
endothelial cells (HUVECsS).

Cells were plated in 24-well plates at 1x10° cellsfwell. After 48 hr, cells were treated
with various concentrations (20, 50, 100 pg/mL) of DJ#3 (white) and DJ#13 (black)
in the absence or presence of 20 ng/mL TNF-a. The media were conditioned and
collected at 18 hr after DJ#3 and DJ#13 treatment. NO in the conditioned media were
measured using the NO Griess reagent system. Values are expressed as the mean+SD
(n=3). *p<0.05, versus a media alone-treated group.

TNF-a0f| 2|8t oo MzZo|M DJ#32 DI#13 FEE
o MEZRAEXI(CAMs) LS Axo] o|x|= &
DI#37} DI#13 29 d95 Z2E glsr] $6
TSt 279 E Uil = Al ZF-2HEAHCAMS) A
del] mA = PFe Gobi A} INF-a= A5 Sl g
AlZolA DH3Y} D#I3 FEES s E 18A3F A3t
< ICAM-1Z} VCAM-19] &8-S ELISAE S48tk 1
A7}, Controli-] B]3}e] TNF-a 20 ng/mL %:EE A3k
A M 29 CAMs A Eo] F7HhE gRlstaa,
TNF-a AF=Zo g Z=7}9 VCAM-19] A %kﬁ DI#33}
DI#13 F=E< AgdS o 4 A %
TNF-a A}= 2.2 35714 ICAM-19] AA S D3 F25
= 100 pgml FE=2 A Pe o o4 e AaE B
thFig. 3). °] A S & Hol D3 FE&5& T3 E it
A7) Q1212 VCAM-1 ICAM-19] A4S
BEAA TNA3E AW F e Aoz AlRHT
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Fig. 3. Effect of DJ#3 and DJ#13 extracts on tumor necrosis factor
(TNF)-a-induced CAMs production in human umbilical vascular
endothelial cells (HUVECsS).

HUVEC cells were plated in 24-well plates at 1x10° cells/well. After 48 hr, cells were
treated with various concentrations (20, 50, 100 pg/mL) of DJ#3 (A) and DJ#13 (B)
in the absence or presence of 20 ng/fmL TNF-a. The media were conditioned and
collected at 18 hr after DJ#3 and DJ#13 treatment. VCAMHL and ICAM-1 in the conditioned
media were measured using the VCAM-1, ICAM-1 Human ELISA kit. Values are expressed
as the meantSD (n=3). *p<0.05 VS. control, #p<0.05 VS. TNF-a

TNF-aoll 2|8t gz2hfuMzZoA DJ#3 FE22 eNOS
(endothelial nitric oxide synthase) W&ol o|x|= I

TNF-aZ A=3F o)A Lo A D3 FE=°] &
ol g3} AW, AP YA vy E 249 #
H e NOAA EAQ eNOS2] mRNA gene WS
RT-PCR< B2l &Ittt 1 Az, o)A 29t o<
g} controlioll H|3}] TNF-a 20 ngmlL F =2 A=3F I+
WA Z= eNOS &do] 7HAastlon, D3 F5& A&
P& o = JEH R LA, BE FEo|A TNF-a
2] gk 2} vl wa] eNOS o] SVt thFg. 4). 37
F eNOSl 3] 4G E No= #Eus 2qste RE
T dHE AT ave S WA H
2 gee] 2, FUAE e 29E /HRITh33).
9l 232 D3 FE=0l 9 & eNOS A= HE7go]
Z1odstn] A W A des HoFe Fos
Al

A23d A3E (2016)

TNF-aoll oI5t FehfMZollM DJ#3 F&=22 iINOS(inducible
nitric oxide synthase)2t COX-2(cydooxygenase-2) el iAol o|x|=
A

], NOS(nitric oxide synthase)®l] 2|3l L-arginine© 2 AJ4d
&= 53] iNOS(inducible NOS)7} 5180l #hel ghe}
(34). INOS= Al 2 EAsHA] edot At A=l o]
F=7F HH NOE A4 AdE NOo= E#HEH, A2
54, 2AENT 22 AL ot A5 A= A
o7 dax rk35). COX-2%E cytokine, AF2] A, A4
Y54 9 TNF 53 22 o8 T/ pro-inflammatory
agentol] oJsto] I o] AFERE of e} 24 H YA
Aghe] WP} 2ol T893 93-S ke oz dHA
UTH36). TNF-all oJall zA=4 A IJA 2 5EH D3
ZZ259] iNOS, COX-2 mRNA & o] that A F3=
ZAFs7] 98te] RT-PCRS Faiaich. o1 Az}, ¥
A ZTE 1) k3t controlT-ll H]3le] TNF-a 20 ng/mLe] &%
2 283 7% iNOS9 COX-22] Wao] #A 3] F7}1a+s]
th D3 FEES A2 S ul, TNFa A502 S7He
iNOS2] BH& 50, 100 pg/mLe] F=2 2]t 745 9
A A AR, S7HE CoX29] S TNF-oE A
23k ol H]3te] o] A = A THFig. 4). Yoon 5(37)
)& (Artemisia fikudo) 2] iNOS, COX-2 T
dAS o= Aeste] dAF At dvka B st
on, o= D3 FE=9] dF IA 71 FAKSE A3k

ERA -

L o

tlo 2

HEZRZEX(CAMs) mRNA gene & A &}

CAMs ELISA Z#}Z vlEl o & TNF-o& x}=3 d 3y
A FEA D3 FEEo] MEFZEAH(VCAM-13}
ICAM-1)2] mRNA 314} & oA g5 glsh] 93]
RT-PCRS S35tk 1 A2, TNF-a A 2lel ¢J3l 571
VCAM-13} ICAM-12] mRNA 47} @& o] D3 5%
of oaf FHads EATHEFg. 5).

MESEHEX(CAMs) CHHE WS x| &3}

Western blot =7 8}, TNF-a2 A}=3F oA =
oA D3 FZE50] Al EXAEA(VCAM-17} ICAM-1)2]
A W o) 32 2AI T 1 A3 controlo)
H)5to] TNF-aol 93 VCAM-1Z} ICAM-1 THl & 1 o)
SolsHAl Z1st o), DB 255 AdS o fo
gk zfol= QIUAITH ICAM-1 BH L T o|EH o7 kA
¢S B33, VCAM-1 L 50, 100 pg/mLe] FE2 # e
gt 7350 TNFoE 2]l vlste] fold Al A&z
£ HAth(Fg 6). 3N 3 Zol|A VCAM-1 2 ICAM-12]
13 Z7}9) olol] W AlE 7 FEe] e dayE
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Fig. 4. Effects of DI#3 on eNOS, iNOS and COX-2 mRNA gene expression in tumor necrosis factor (TNF)-a-stimulated human umbilical

vascular endothelial cells (HUVECsS).

Cells (3X105 cells) in 100 mm dishes were preincubated with and without the indicated concentrations (20, 50, 100 pg/mL) of DJ#3 for 4 hr and then incubated with TNF-a
(20 ng/mL) for 18 hr. Untreated represents the negative control without TNF-a treatment. Levels of mRNA expression were determined by RT-PCR analysis. GAPDH was
used as an internal control. The data are expressed as fold basal value and are the meantSD (n=3). *p<0.05 VS. control, #p<0.05 VS. TNF-a
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Fig. 5. Effects of DJ#3 on VCAM-1 and ICAM-1 mRNA gene expression in tumor necrosis factor (TNF)-a-stimulated human umbilical

vascular endothelial cells (HUVECS).

Cells (3X105 cells) in 100 mm dishes were preincubated with and without the indicated concentrations (20, 50, 100 pg/mL) of DJ#3 for 4 hr and then incubated with TNF-a
(20 ng/mL) for 18 hr. Untreated represents the negative control without TNF-a treatment. Levels of mRNA gene expression were determined by RT-PCR analysis. GAPDH
was used as an internal control. The data are expressed as fold basal value and are the meantSD (n=3). *p<0.05 VS. control, #p<0.05 VS. TNF-a.
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A23d A3E (2016)

pB-actin
TNF-a (20 ng/mL) - + + * o
DJ#3 (ng/mL) - - 20 50 100

40 . CANM-1
e —3 1CAM-1
E
g 30f
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£ g
-E = 20 F k-
£z
Q-E #
= = -
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O
) ——
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DJ#3 (ng/mL) _ _ 20 50 100

Fig. 6. Effects of DJ#3 on VCAM-1 and ICAM-1 protein expression in tumor necrosis factor (TNF)-a-stimulated human umbilical vascular

endothelial cells (HUVECsS).

Cells (3X105 cells) in 100 mm dishes were preincubated with and without the indicated concentrations (20, 50, 100 pg/mL) of DJ#3 for 4 hr and then incubated with TNF-a
(20 ng/mL) for 18 hr. Untreated represents the negative control without TNF-a treatment. Levels of protein expression were determined by western blot analysis. [B-actin was

used as an internal control. The data are expressed as fold basal value and are the meantSD (n=3).
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