Online publication November 21, 2006

e[J00O0e

400000000 1000000O0O0—-00000O0O0O0-—

guodooobooobobbib-—-TRAFL ODDDODODOOOOO

o000 oUooooo**Wooooooooooooomoooooo®

goooooooooooboooooooooobOboooooOoboOooooOooooooboOoooDO
00000000000CD4000000D0000000000TRAFSOO OO OO O dominant
negativeD 0000000000000 O0OCOOOOO0O0OCOOOOOODOOOOOOOOOO
goooooooooooOoooOoOoooOoOoOoObocOoOoOoOoboOoOoOoObOObOOOoboOoOoon
OO0D0OOoOoOOoOoooOoOoOIddpn Coll Angiol, 2006, 46: 627-6350

Key words: tumor necrosis factor receptor-associated factor 6, inflammation, intimal hyperplasia

gooog

gooooooooooooooboooooooog
0000'o00oO0O00o0oO0oO0oO0oOoOoOoOoOoOoooan
oocb400000000D0O0ODOODOODOOOO
0 O TNE! tumor necrosis factor(teceptor-associated factor
OTRAFCOOOOCOCOCOCOCOCOODOOOOnnuclear factor
kBNFkBOO OOOOOOOOOOOOO0OO0OO0OO00O0
ooooooooooooooooboooooon
000000000*0000000000TRAF6
0 O NFxBO extracellular signal-regulated kinasel/2
0 ERK1/2(0 0 0 O transducerd 00 00 OO 0% 0 TNF
receptor superfamily(] toll-like receptor/interleukin-1 recep-
tor TLR/IL-1RGuperfamilyD D00 O0O0OO0OOOOO
O0OOOOTRAFOOOOO*OOO00O0TLR4ODOO
000000000O0oO0oO0oO0oOoOooOo®ooooo
O00O0TRAFGD OO ODODOOOOOOOOOOO
0000o0oU00ooUo0oooU0OoooOoOoooooo
000000oooO0oo0oooOooooooooooon
000000oooO0oo0oooOooooooooooon
0o0Oo0DOoO0oO0OTRAFGO DO DOODODOODOODO
JoooooooooDoOoOoooOOooOoooO0gin
vivoD O DOOOOoooooooooooooog

‘0000000000000 0O0DOOoO0DOO
‘000000000D0OOO0DOoOoOO
‘00000000D 200

THE JOURNAL of JAPANESE COLLEGE of ANGIOLOGY Vol. 46, 2006

TRAF6 dominant negative 0 O O O
ooooocoooo

1m0

01mooog

0 TRAF60 O O O RING finger( zinc fingers O O O NH:
O0O0D0DOONBOOOODOOOODODOOOODOO
O0000000D0ONHOOOODOD DO deletion mutant
0 dominant negativel DNO"0 0 0 0 0 O O TRAF6 DN
plasmid pME-FLAG-T6ARZ5(D 0 00O OOOO
TRAF6 DNO O O O O O O control plasmifl pME-FLAGO
000o00o0ooUoooooOooooooo
0200000000000 00D0000000OO
oooooooooo

000000000000 0000OI002503.0kgd
gooooooooooooooooooooooo
gooooooooooooooooooooooo
0000000000 2Fr Fogarty balloon catheter( O O
000000oooO0ooU0ooOooooooooooon
0000000000000 00%0000electric
pulse generato] Elctro Square Porator ECM830, BTX®,
Genetronics0 0 M 000000000000 O00OOO
O0oo0odboooooooooooooooooooo
0 0O PBSI phosphate-buffered salinelD O 00 000 00O
400pg/mi0 O O O plasmid DNAO 05mIO 0 0O OO0

200600 1 0120000020060 2021000

627



0000000000 0000TRAFGD OO OOOOOOOO

A B NFxB gel-mobility shift assay C ERK1/2 in-gel kinase assay
L e b =
N DN-TRAF& Control

il T e

| .
RESE
i _.f‘__‘:.; o F‘
v - :M
L .

P
S
¥ l_l-l—q,l
L]
Figurel He P W

— NFxB

—_—
Controd DN-TRAFE

A: Photomicrographs of DN-TRAF6 plasmid-treated vessel stained with anti-FLAG tag antibody.

L: lumen, I: intima, M (bar with arrows): media, Bar = 100 um

B: NFkB activity determined by gel-mobility shift assay. Nuclear extract was incubated with [*2P]JATP end-labeled consensus

oligonucleotides.

NC: negative control (nuclease free water without HeLa Nuclear Extract), PC: positive control (nuclease free water with HelLa

Nuclear Extract), N: normal carotid artery

C: ERK1/2 activity determined by in-gel kinase assay. Cell lysate from carotid artery was separated on SDS-PAGE gel containing

myelin basic protein (MBP) and incubated with [*2P]ATP.
N: normal carotid artery
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Figure 20 Effect of DN-TRAF6 transfer on neointimal
formation after balloon injury.

Photomicrographs of control plasmid-treated vessel (A) and
DN-TRAF6 plasmid-treated vessel (B) at 7 days after
balloon injury. Sections were stained with hematoxylin/eosin.
L: lumen, I: intima, M (bar with arrows): media, arrowheads:
internal elastic lamina, Bar = 100 um

C: neointimal area/medial area ratio (NI/M) of DN-TRAF6
plasmid-treated vessel was significantly reduced.

*:p < 0.01, values are shown as mean + SEM
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Figure3

Effect of DN-TRAF6 transfer on medial cell replication (A),
intimal cell replication (B), and macrophage infiltration (C).
Medial BrdU index (A) and intimal BrdU index (B). The
proportion of BrdU positive nuclei to total nuclei.

C: Macrophage index (the proportion of RAM11 positive cell
number to total medial cell number).

Values are shown as mean = SEM, *: p < 0.01
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Figure4

Effect of DN-TRAF6 gene transfer on apoptosis at 2 days after
balloon injury.

A: apoptosis was quantified by TUNEL staining as the propor-
tion of TUNEL-positive nuclei to total nuclei.

Values are shown as mean + SEM, *: p < 0.01

B: autoradiographs of DNA gel electrophoretogram. DNA was
end-labeled with [*2P]dATP.

L: 100 bp DNA ladder, N: normal carotid artery
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Figure5

Photomicrographs of control plasmid-treated vessel (A) and
DN-TRAF6 plasmid-treated vessel (B) at 14 days after stent im-
plantation. Sections were stained with hematoxylin/eosin.

L: lumen, | (bar with arrows): intima, M: media, *: strut hole,
arrowheads: internal elastic lamina, Bar = 100 um.

Time course of intimal area (C) and intimal cell number (D).
Values are shown as mean = SEM, *: p < 0.01 vs control with-
out stent implantation, #: p < 0.01, 8: p < 0.05 control group vs
DN-TRAF6 group, C: control, d: days after stent implantation
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Figure 60 Time course of intimal BrdU index (A) and medial
BrdU index (B).

Values are shown as mean = SEM, *: p < 0.01 vs control with-
out stent implantation, #: p < 0.01 control group vs DN-TRAF6
group, C: control, d: days after stent implantation
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Figure 70 Photomicrographs of (A) control plasmid-treated
vessel and (B) DN-TRAF6 plasmid-treated vessel at 7 days after
stent implantation.

Sections were stained with RAM11.

L: lumen, I (bar with arrows): intima, M: media, *: strut hole,
arrowheads: internal elastic lamina, Bar = 100 um

C: Time course of macrophage index in intima.

Values are shown as mean + SEM, *: p <0.01, **: p <0.05 vs
control without stent implantation, #: p < 0.01 control group vs
DN-TRAF6 group, C: control, d: days after stent implantation
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B on-TrRAFS

Figure 80 Scanning electron microscopic view of carotid
lumen at 3 days after stent implantation in (A) control group
and (B) DN-TRAF6 group.

Fewer leukocytes adhered to the luminal surface in the DN-
TRAF6 group as compared with the control group.

Bar = 100 um
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Figure9

A: PA zymograms developed for 24 hours showing time course
of PA activity in intima and media. The 54 kD band represents
urokinase PA activity.

B: Gelatin zymograms showing time course of gelatinolytic
activity in intima and media. Gelatinolytic activity at 62 and
72 kD represents the active and latent forms of MMP-2,
respectively, and 95 kD activity represents MMP-9 activity.
N: normal carotid, d: days after stent implantation.
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Inflammatory Signaling Involving Tumor Necrosis Factor Receptor-associated
Factor 6 Contributesto Intimal Hyperplasia via Diver se M echanisms

Takuya Miyahara,*2 Hiroyuki Koyama,* 2 Tetsuro Miyata,? Hirokazu Nagawa,? and Hiroshi Shigematsu®
1Department of Vascular Regeneration, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan

Division of Vascular Surgery, Department of Surgery, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan
3Second Department of Surgery, Tokyo Medical University Hospital, Tokyo, Japan
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We examined therole of inflammatory signaling involving tumor necrosis factor receptor-associated factor 6 (TRAF6)
tointimal lesion formation. A rabbit carotid artery was subjected to balloon injury by Fogarty cathether (balloon injury
model) or apreexisting intimal lesion was subjected to implantation of a 3-mm-diameter Palmaz stent (stent implantation
model). After adominant negative (DN) form of TRAF6 (pME-FLAG-T6ARZ5) was transferred by electroporation, its
effects were evaluated by comparing the findings in arteries that were treated with control plasmid (pME-FLAG). With
an expression of plasmid vector containing the DN-TRAF6 sequence successfully transferred to arterial wall cells, and its
inhibitory effect on inflammatory signaling was confirmed by suppressing both activities after injury: nuclear factor-«B
(NFxB) and extracellular signal-regulated kinasel/2 (ERK1/2). Morphometric analyses revealed that DN-TRAF6 sig-
nificantly inhibited intimal lesion formation after balloon injury or stenting. In the DN-TRAF6-treated vessels cell
replication was suppressed in both the intima and media, and apoptosis was enhanced. Moreover, DN-TRAF6 prevented
macrophage accumulation, leukocytes adhesion to the luminal surface, and activation of proteases after stent implanta-
tion. These findings suggest that TRAF6 plays an important role in cell replication, inflammatory cell infiltration, and
protease activity that contribute to intimal lesion devel opment. (J Jpn Call Angiol, 2006, 46: 627—635)
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