o #® "R e K
Korean J Phys Anthropol
20(2): 83~ 92, 2007

Tissue transglutaminase’} 45" 7 s}=
AR5 Hol| A NF-KB Aol m|X] &= &

A = % 1 A2
shats, ahEy, wHs, AHS

Zh=a! : Tissue transglutaminase (tTGase| 9] 714 (extracellular matrixd] 4212 $)§ W9 F4=4] (posttrans-
lational modificationyzt-g-=}, Al = otgte] A5 ADAAoA F23 AL = Zloz dA ok & A7
e Z2bEu7ste] WA 7] A6 A nuclear factokB (NF-KB)2] Aol u]x]: (TGase] <3k zAFslIAL 3F
A

haf

7] 9 aee] FAENAEE TRk Bl 409 FA ) *J?&%ﬂ%‘% W40z tTGases NF-kB Z42]
249 |- KB(lnhlbltor of NFkB)9] A& 2w
4E7istEe) Adel wle (TGase) whual wae) 3718 szm Sz es 199 el QP
2 (neointimaplA] 1-kB2] & o] Z71sldet. Fo AATSME=2RE ¥ A =EF(HIc2)9} tTGasextl A o]
g M EF(HIc2/ tTGaseg Ao 2 tTGase] JAAE o] &3} tTGase] ¢} |-kB 1Ak v]wst
A3} (TGase} 1-kBY] ¢AksHE 2214171 Ade Qo)

B AFPE E3 o AAEL tTGase} NF-kB pathway] EA17]A Alele]l A3bAlo] ¢l&-8& A|A}eta glomw,
e ZA4EU7S Y7ol A (TGasest 48] 43¢ sk 9] veke] @ Zeleh

ol
N ko v £

3ol 7| gt :tissue transglutaminase, NMB, ZAH-5= 7 31, A A5

4] ZAJALA- (reactive oxygen species: RGS$) 98
<+ F53k2 itk ROSe= 7% AJA<lAk(growth
R R e e B factorpl] o8 Az Aate] FrkebAl =, o] F
FA 3zl o7 7R wWazAA Ex) F9o) sh} Al 2718 ROS= MAPK (mitogen activated protein
2A, Az =213} A Z21E A} (apoptosis)ite] 2] kinase)7 2.2] <1413} (phosphorylationg Z4HA]#
MEE FHl WRHTEY AA g AAse A FA% ARE FEsE, A6 ofF 3
23} »ﬂqéswg 2248 Jogle A= Ax dovt AlEAEAE AN 71 dE
157 A%" AL & A=sl= Aoz d8jx ¢lu}(Tsais 1996, Brown
£ 3 % 1999).
~ b ds 1% S NF-kB pathway= 2452 74 ske] 24l kAol
o5l ol9} po ﬁ‘%—ﬂs‘}g«ggﬂ sz 8% 9 = ez o] oA gluh(Brand
5- 1996, Rosss- 1999, Li¢} Karin, 1999). NFkB=
ws)e] v z7)e] FARE (plaque)gel A
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240 NFKBE FA¢ 2437 4+ dcke
7 (Collinse} Cybulsky, 20013 NF-kBe2} <=l
o2 7HA] FAAEe] AWe] dod HtelA]
e A Fom ulFe] FAEAske] Wiz

XM Fed JdL = AsAdLA Fo| st
= AL ARG 4 ook NFKB A4 2 #e)sid
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e
Y

o] &helx¢l o1} (Bellass 1995, Selzmars-
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Transglutaminase (TGasg) A A WA v}z A
E3 AHAA o} 2 ATE s 23 &4 o
Al gl Bl Zleo] Fredie whebr o7 7hA] A
el Weld=s w9 WA JAE 2 e A
2 A8z EAH ot Glutaming} lysine residu&
Mz Fol 5 TREAT A FAFo=zH o
WS HA3HA 7= Aol TGase] 7+ Bﬁﬁﬂ
7)%oleh 228 F3elA FLlsiA wEs
TGasev> 7+7t v 7|4+ *EﬁlﬂLé Eis
g maz FAFEY I FedM= A
2310 Fed3slE= factor Xlllag} £AFx3219] B Al
FAPA, WA So] o3 TS 3= tissue
TGase (tTGase, TGliEEx= TGy, ©]3} tTGase)%©|
gz:Ae FA &holt IFA = tTGase= Cat
oy AGNEE o) AL Do) AU #
A" £ 9lx== W &ZL2] (posttranslational modi-
fication) 2H-gof] FTeJdl= Aoz Uz glowmz
tTGases "j/fz &= Axzo7]d T4 whze)
%38+ w9 Fg3 WAy dE ou|E z2t3 9)
o tTGase] o|s} & 2Hgo] TlRelA] ol
{TGase} AEAIANE A3 HAG Aolehs 2
AEo] BEE T 9le] 68 FE-& T i) tTGase
b iAozl NFkBS] 233 A7e )
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(Antonyak 5 2003)s-2 AlzAF7 =24 tTGase
o 4ge P Aslem & 4 U ARE
Lo apgt AAFEA oA 24 A8l w}

2 Fe 7 3152
a} NF-kB7} &A% == 71 Baskedem (Shin

5 2006),% AFlME AATIHNEE oz
tTGaseﬂ 9)3t NF-kB &4 #H=z2 ws|uxl 3}
At

M= 2 8

1. A AESY Al

g=rel 404 FAke] AR Alses SRIske
At Tael BAE e AR AAEY T
B55 oz son A Ae =249 I
gl 552 RS 59 92 Zlowx I wE
27 AAE B3 A 22 SAeHAsE =
2 FRs A 222 Atz Qe Abgst
404 g=el G o elellA] Al on, FA-E 75}
5 25 FAATANST o= AP 409 EA)
o] oA APt FAAENANT =4S AHT
o] A Apt A r=2g Edz FH
NF-kBE A3 4= ole a8 Age] 74
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Poly-L-Lysine ===
Fetag olgste] 4ume] RS WE
oz sehye xﬂﬂs}cﬂv} =7 AW 3.0%
hydrogen peroxide (in PBS) 1587} X 2|3}l el
A A mas 2R ST 15 Al u
ol A wlSeld ukbeS glelr] 98] 2% BSA
(in DW)=2 3027} xg)s)gd o). 13} A= AR2o)| A
477k, = 4°CoA 12412 Hesheda, 23 S
9] 22 Al43tEl 7] E (N-Histofine simple stain
MAX PO, Nichirei)2 o]-g-3}lc}. aulee AEC
substrate kit (ScyTek, USA AFg3stgt}. TTBS
(TweenTris Buffered Saline: 0.1% Twee20 in 100
mM Tris-CL, pH 7.5, 0.9% NaCE. A X3 =
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hematoxyline & x4 3 =
atgdn) Astel A B2

DPX=Z #3135}

2k 4l oxidative stress f§&

F AAZE A E£3(CRL-1446)= ATCCel|A] +
Aste] AR A=l whet wieksigeh 10% (viv)
fetal bovine serum, 1% penicilkistreptomycin, 4 mM
L-glutamine, 0.2 mg/mL G41&°] =35 DMEM
(Dulbecco’s modified Eagle’s mediurgroil 4] 5%
CO,, 37CZ $#% CO,incubatorgt7el| A vl eks}
ach tTGasedd A 2] retinoic acids: dut
Hom o] g3lARE £ A g s
I A3 BS d7) 9)3)ed oxidative stresg o]
43} tTGase] 3& %cs}gau} Oxidative
stresg U3 M EZFE tjitoz AL LDg AF
£ =2 H0,(300uM) 5 A4AgH *l 7 A=
Ae)she whE e ol g-staet

4. Western blotting g

AEFZ2 dsted 2 A W) gAE
Abg-3ted immuniblottings- A]3) sl c} =, 100mm
ul oFg Al el TJJr“‘Ji 2% Al £E£ cold PBS=
2~33 AL F S-S £33 F, RIPA k3

(10 mM TrisCl, pH 7.4; 150 mM NaCl; 1 mM EDTA,;
1% Triton X-100; 1% sodium deoxycholate; 0.1%
SDS; 25ug/mL leupeptin; 2Qug/mL phenylmethyl-
sulfonylfluoride; 10ug/mL aprotinin' 2 mM benzimi-
dine)e Y3 g& |
Zet. A 4R (15,000>< 9. 20r)6}°=l °é—3— '
Zolo] o3| Bradford assag A <& A3}
Aot o] chllzlS- Laemmli sampleg-o (62.5
mM Tris-Cl, pH 6.8; 2% SDS; 10% glycerol; 0.58%6
mercaptoethanol; 1@g/mL bromophenol blue) 2
3 587 #<el & 15% polyacrylamideyelel] 9131
SDSPAGEZ A A8}l 10% CAPSE Zroll A
gel ¢ thlale PVDF membrane 2 o4 (50V,
50 mA 90 A Atk PVDF membrang 5% BSA7}
=35 TTBS 2139 (10 mM TrisCl, pH 7.4; 50 mM
NaCl, 0.05% Tween 26] {3 2A|7F AF2o|A &
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Tl & F 7 AASe] A7hE TTBS &5 o
A 2717+ WHeAZ ek TTBS ¢kl oz PVDF
membranég ©iA] 4~53] RS X HRF’Lconjugated

antrmosuse 1gG (1/5000 dilutio® @31 17t %
2 1A)7]2, PVDF membrang TTBS =l o=z 4~
53] R& & enhanced chemiluminescence (Amer-
sham)u}2] o g2 ol wieg AHZsl9o). v
el MEFe) e mEstelr] S8 Alze] oy

A v AYste] $UY P Azdas A
719353k, %‘ 2% A% SDSgele Coomassie blue
AL sl Falslsict

5. Al tTGase cDNAS| MZEFZ2| £ ¢

wjeF ¢l A ZeA] oxidative stresg o] 8-3}o]
tTGase?| WdS f=ss Wi A= o &)
3 o2 AR AsAddAe °J3s wAE shs
Aol 9lem 2 tTGases #HL3ees NEZFE Az
ste] FUT APS AT 25-5E L vec-
torgl pcDNA3¢] tTGase cDNA} Ay}sko = AFgl
% plasmide Al ZH 2 =313} 60 mmul oF3 A

o Edx= B MEFEL serumfree vl ofo
o=z 28 AH3 = plasmid (uL) ¢} LipofectAMIN
(GibcoBRL) 15uLE £33l 108-7F A2 4] vl
271 &3do] xdx serumfreevfoflow w
AetAch M EZES 2447 s & a7 AlzF
of Agat wioF oz wA|ste] 48~724|7} wl e}
Attt =+ transfectant lin€ 37] $Js] pcDNA3
vector7ts Ahg3l 99} 3 vlxl o = transfec-
tion A Ft}. Stable transfecta] Z 58 A o=
uljoksl7] 9sle] G418 (0.2 mg/mLy] H7kgl wiok
g 91 HEEE of 477 ALHom wokd
& G418 A 34 clones2 ring-isolation®H}2] o 2

L:l

2], wjekslelc). o] 5 subcloned lin&o) o) <k
43l 7]&3 oz Z47ke] shilA o] ke ok
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dx=}8}A|= rabbit antthuman tTGase (Neomarker,
USA), rabbit antirat phospheErk1/2 (Cell signaling,
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Fig. 1. Representatives of the tTGase immunoreactivity in the human coronary artery with early lesion (A), and advanced lesion (B).
tTGase signal was found at low levels in the tunica media (A). In the advanced atherosclerotic coronary arteries, tTGase signal

was prominent both in the tunica media (TM) and neointima (B: arrow). IT: intimal thickening. Ba@6ijem

USA), rabbit antirat phosphd-kB (Cell signaling,
USA), rabbit antihuman phosph®F-kBp65 (Cell
signaling, USAE A}&-3}9lch. tTGased A A =4

monodansyll, 5 diaminopentane (MDC: Sigma, USA)

¢} cystamine (Sigma, USA} AH-311}. PD98059
9A] Sigmaz e F9Jsted A8,
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A shEohs AMlS Fqlslelo B2 (Shin 20086),
/\].%l-,] M;(]—Euﬂoﬂ/\«] NF-kB 731«] 06}- O/\o]
kB B4 o %E wmslsich A4 B 2ol
KBS $4¢ BASA skl wulel B4
T AT 205 Boe AEA SAEe] o
B £T7e W4T RRelM B4 1kB7} W
El;izwl. A3 ¢ (lipid core) ol M= =2 A
Felz &4 1-kB7t #2= Ao (Fig. 2).
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2. Oxidative stressof| 2|5t tTGase2} NF-KB
HZo| W3]
TN 73E o] WA Gl A

o] &4} tTGase}e] A= “5
dative stresg 7}8+ AlZMEZFE

== NFkB
7] ¢8led oxi-
o] &-3}lo] tTGase

°] w3, NF-kB pathwaye] g < e
tTGasewh#j 2> oxidative stress] ois|x] 252
Zr=o uvlE|sle] 307 AR = wWalo] =7)3)

gom o]F 7hAisl:= oFAS Mot} (Fig. 3). 1262
Azl A tTGase] Hd o] §43] 2 2
Aze] A} ddte] Sle Aoz FAHHG §Y
g A= e wistel] dg-ste] NF-kB 24 F
23 A4S didsts kB2 A} Frlelgle
o tTGase] Hd3} vpariA|= 30% A2|2elA
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Fig. 2. Representatives of phosphorylatexB immunoreactivity in the human coronary artery with early lesion (A), and advanced lesion
(C). PhosphorylatedkB signal was hardly detected in the vessel wall with early lesion. In the advanced atherosclerotic coronary
arteries, phosphorylateekB was found in the neointima (C: arrow). Panel B and D show higher magnification micrograph of the

boxed area. Bar siz&500um (A and C), 20um (B and D)

74 7As EAE Btk NFkBO Qlabst oA
tTGase, kB2] <lAbstel fAMgE W3brh fEE 9]
o} (Fig. 3). tTGase} I-kB QlAts} wis}lele] A=
2kelslaia} oxidative stress] wisir] 71 7kalA|
Hhg-ehs 108 A2]s oz (TGase] 2|
¢l cystamine (50M)z} MDC (monodansyl cada-
verine: 500uM) & Azlstx W3tE #F3
Oxidative stress] 2Jsjr] =7}3tsdd 1-kB2} NF-
KBe] <latgt A =7t tTGased A M]2olM &
AsA 7tastdet (Fig. 4).
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3. tTGase =2t M|ZofM ERK 1/2 AZ9|
5}

tTGasez}+3le ERK 1/29} |-kB QlAstS 3]
sle Aoz HEE¢en, tTGaseZ3HA1¢]l MDC
+ ERK 1/29} 1-kB Q1A S FAlel A3kl
(Fig. 5). 39§71 = ERK 1/29] <lAt3tel] 2h-43h=
PD98059 (MEK1/223 4|42 2]l o] ERK1/2
9} I-kB2] <Al EEo]al tTGase] Hal A
wAEHA ZFAshs oS B3tk MAPKE A 22
A1 $18led Fe3t A3A DA A oo ERK1/2=
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H,0, treatment 1 2 3 4
0 5 10 30 60 120 (min)
tTGase
-Erk1/2
_ p-NF-KB _ p-I-KB
— B-aCtin
B-actin

Fig. 3.Induction of tTGase and thekB phosphorylation in rat
cardiomyoblast (H9c2 from ATCC) by oxidative stress.
tTGase protein (85 kDa) was tirtependently induced
by H,0, (300uM). Phosphorylation level of thedB and
NF-kB also show similar course of change with tTGase
to oxidative stress.

H,O, + + + +

Cytamine - - + -

MDC - - - +
_ p_I-KB
_ B—aCtin

Fig. 4. Phosphorylation of-kB was blocked by tTGasspecific

Fig. 5. Phosphorylation of Erk1/2 andkB is blocked by MDC
and MEK1/2 inhibitor in tTGaseverexpressed H9c2
cells. H9c2/TG cells were treated with 500 of MDC
(lane 3) and 1AM of PD98059 (lane 4) for 24 hrs. MDC
treated cells showed marked reduction of phosphoryla-
tion of Erk1/2 and kB, simultaneously, compare to un-
treated cells (lane 2). PD98059 reduced the expression of
tTGase. Lane 1: control
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Tissue transglutaminase A 2] 7] 2 2] izl
+ M2 dANTIE 715 s B8 AEUIAS
A3A 7= QTS S tTGase] 7|A=2A o
7o 71A SR S| O glom, Il

(VI LSO

inhibitors in the oxidative stressed rat cardiomyoblast. fibronectin (Tamak#} Aoki 1981), fibrinogen (Chen

H9c2 cells were préreated with MDC (monodansyll, 5
diaminopentane, 50@M) and cystamine (50aM) for 24
hrs, respectively, followed by 30 min,8, treatment
(300uM). Reduction of kB phosphorylation level was
observed markedly in the MDC and cystamtneated

cells.
FHTE AEL) AL AT 242, &4
de APFE 5 27 vl L Fog

7hebe ez od=A it (Lille 5 1997).w)=}
ERK1/29] &4 =o] WX+ tTGase] %2 &
e8] 243 (TGasewh A Afe]o] dAF
7PsAE AAeRs Adela & 4 gl

2 o e 2
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¢} Doolittle 1971), osteonectin (Aeschlimar&
1995), osteopontin (Princg 1991), collagen (Mo-
sher, 1984), vitronectin (Sang 1988), elafin (Nara
% 1994)5o] =} 9ol 73 (TGase] o
2] 7} 71d5e] Aol N ® ok 4 glFe] (TGase
v Az F2 44 2 dAE 98 s
Fo3 99 293y ow, aeby 1 gl
Moz ofeld A% ugHes F45
A 53} (fibrosis) == 5 73 3} (Aeschlimman
¢} Tomazy 20005} 22 W<l Aulg zNg 4+
gl 9t oz} tTGase= LDL (low density lipo-
protein) A 8 4 9] 3ltel lipoprotein (ap} A

p
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29714 el A7
o qeel S Gl
°JE:] Z:] 9‘}\\:]_ o]-;(l xqil-z‘s} 7]
¢kor} lipoprotin (ay} tTGase] 7]A &
A% ¢lv}(Bownesss 1989, Borths 1991, Ro-
manic 5 1998). FAtsW A 3}=o] 1w A YF
Aol AAEAelA (TGases F2 A 1Fd 2
AES F9o4 B4 Aol s w3 A 0
Ha e A tTGaset 973 A= 3
o] Extsta ohokst WAkt ARl 9l

o

ok
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AlALErE) B3] (TGase] FAde] A3t wlFH
AZE FAx= F=2 U 3"=(subendothelial
Iayer)oﬂx\i fefE AlA Eﬁaiﬂrﬂim(neomtlmaﬂ n

*ﬂi—oﬂﬁ A Yehde 22 tTGase}
Aol B3 nl_r,w Al
g sl e Adetn
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.1
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93 yez AEse) 2405 1 Asde
A AF AL Fo) FA T3 FA
& 7413 < (balloon angioplasty¥ol] Ast= I3t
A ¥ 2 (restenosis)] F23 Weldelshd Wbl
o RRH S AEEe] F43 A9 ofe s
AZAGA A LS FA] NF-kB (Hoshis 2000, Sasu
= 2000, Wangs- 2002), MAPK (Koyamas- 1998,
Che % 2001), PI3K (Duan%- 2000, Shigematsé-
2000) Fo] & oleqzl AEALA A Boleh. F4F
W73t ze] AYE A# =Aelq NF-KB sk e
ulg e olm] o 7% =n} ¢l.er (Brand5 1996), 4 =]

o] RlFH A ZEed A=

o} (Cerceks 1997, Landry%
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pathwayle] A#AA S HelFE Hilef mt=w
tTGase= |-kBE =3l —?,—(polymerlzatlon% 3]
NF-kB 25 SAAFAAA okt Hz2H4-E o
Zoj ity stelck(Lee 5 2004). 2 AFe] Z ol
M= tTGase} NF-kB 22 &A43} A2 4 9e
8ol e Aoz AU 2t Az ks
Bl A ATl o5y NFkBE BAEA7IE
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QALsE h 4] FAATE Ao Az NF
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24 8 Zo=z o]Esled ZHALEA (transcription
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Abstract

Tissue Transglutaminase Activates NiB Pathway
in the Atherosclerotic Coronary Artery

Seung-Oh Kim, Min-Kyoung Kim, Dong-Hyun Suh, Chan-Woong Kim?,
Seung-Muk Cho?, Jang-Hee Hahn, Jeong-Hyun Park,
Kyoung-Han Park, Dae-Joong Kim

Department of Anatomy, College of Medicine, Kangwon National University
1Department of Emergency Medicine, College of Medicine, Chungang University
2Department of Anatomy, Gachon Medical School

Molecular mechanism of nuclear factdB (NF-kB) in the atherosclerosis has been unclear. RecenthkB\&cti-
vating function of tissue transglutaminase (tTGase), multifunctional caldapendent transamidation enzyme, have
been reported in the various tissues like neuroglia.

In this report, we investigated the immunoreactivity of tTGase at the human atherosclerotic coronary artery, and
examined the effect of tTGase on the wkelbwn proatherogenic NKB pathway using tTGasaverexpressed cells.

Immunohistochemical studies on autopsy samples showed that immunoreactivity of tTGase was markedly elevated
in the neointimal tissues of atherosclerotic coronary arteries with progression of disease. Immunohistochemical staining
also demonstrated that phosphorylatedBlwas activated in the atherosclerotic vessel wall. In vitro study using rat
cardiomyoblast (H9c2) and tTGaseerexpressed H9c2 showed that activated tTGase enhanced the phosphorylation of
1-kB, and this activation was inhibited by tTGase specific inhibitors.

These findings suggest that cytosolic tTGase may serve as an activaterBf NF
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