A, Yamashita O, lkeda Y, Tsuchida M and
Hamano K. Important role of the angiotensin I
pathway in producing matrix
metalloproteinase—9 in human thoracic aortic
aneurysms. J Surg Res. 183: 472-7, 2013

2) Yamashita O, Yoshimura K, Nagasawa A, Ueda

K, Morikage N, Ikeda Y and Hamano K.
Periostin links mechanical strain to

Inflammation in abdominal aortic aneurysm.
PLoS One. 8: €79753, 2013

3) Kimura T, Shiraishi K, Furusho A, Ito S,

Hirakata.S, Nishida N, Yoshimura K,
[manaka-Yoshida K, Yoshida T, lkeda Y,
Miyamoto T, Ueno T, Hamano K, Hiroe M,
Aonuma K, Matsuzaki M, Imaizumi T and Aoki
H. Tenascin C protects aorta ffom acute

dissection in mice. Sci Rep. 4: 4051, 2014

2. TR

1)

2)

ERBET, FRE— SP8F RE. 5E
AL AR ET EARES, BARE—, b
W RHE— INK BREZRIC I DENRIE T RO
I—) R B LI E &€ 7 NV ~T 2% H
WEAREY. BB 49 [ElV) BTG R A FE SRS T
LEL R 0I34FETH 11 A

HIRBETF, HELA RE, SH#H—. &5
KT BARE—, LEHEK LUABEETF FA
VER, R —. INK B L) I =B ARk
PR OBR-INMERETT L~ A% H
WEAREY. BB 33 [B1H AR I s - AT EE
2 B, 201349 A 27 H

3) Yoshikane Y. Hashimoto J. Imanaka—Yoshida K.

Koga M, Cho T, Yoshimura K, Yamamoto Y.
Aoki H, Hirose S.Would Tenascin—C be a
biomarker of Kawasaki disease—related arteritis?
The 7" Takao International Symposium on
Etiology and Morphogenesis of Congenital
Heart Disease, Tokyo, 2013.July 14.15

4) Yoshikane Y. Hashimoto J. Imanaka—Yoshida, K,

Koga M. Cho T\ Yoshimura K. Yamamoto Y.

Aoki H, Hirose S. A novel therapeutic target
to control the development coronary artery
aneurism due to Kawasaki disease in animal
model — ¢—Jun N-Terminal Kinase inhibitor—-
Ameican Heart Association Scientific Session
2013, Dallas, U.S.A. Nov 16-20, 2013

G. M By B HEOERE IR
1. %¢ iF BU 1%

2L
2.EHHEBR &

7L
3. Z DAt

72U



JBAGEHENFNAEM S (EHRMTREERIFIEE EHAERESCRIIFEESE) )
DHEPFEREE

REMEBIRELRERBEOHFRDHE

EDEMICET AW

~BIRERIC B B 7 X1 &> C 05 THREOHT -
BFARAs « BAWE ABKKFERBRTRTS TANE 202

MAREE

RIEMSBIIEEREFERIIE HF AL L E
OWE, RAIHHRE LUWVEEEZRBI T IEEAERN/NEHICREL, NIKHRICEHF T2
ZERZ W, FROEBIRIOEEZ T DL EMTRICERS TO2EEREBR THIN, BIREDOI L
B5 1k 3 DARARAZ2IEEIEITL XY, AR E T AT HEE T OHESLL TV, BRI - TR

DORRAFIZIT, B ERTT VA2 AW BO EMHERIER S O FHERF OMBANLE THD, RIFET

3. BIARDOSIE RO BERIE Oy T THY,
A, THRAYY C OME BRI A0 TRBEDMENT 21T o7,

RATHLFE L. REARSC, o 8 AR 72 & i & BE

BWr~——Em 5+ O—o, Mg <y

A HFFEHEHB
PAEMEBIRIB T B R L IV NRIZHIEL
EHEMEEMNLLERICEREL. KBRS,
LB R 72 & il A BE oD R R Y 22 LUVE
BEAERBIL, AL, M & BE OB EE T
HHEEZDLND, &I, mEE OKXERIE
R E ., T2bb ., RERE /KB IR A#E
BEDS FIREEAT =X LDMEN K FTHIC
TIOLNTVD, BMERIEICE S TOK
EBEBEORBLEI— RERIY, MEED
@ B g ANV AR R R B B I
D T i B YRR ISV B T A i Ak
THEE bbb, Texld, B, BERECER
L., JOBRICIHENEIT T O REBIRER THhD
RENRAE DO EMEREZ AT . MR ETE NS
WERAL TT R AT C(TN-C) DFEHNENIE,
~ 7 ZEERREIARE T L THRIEIE-T TN-C
DHEBENFETHZEE R LT, TN-C 13k
v NIw I ADHG | IR FHEREZ RO
matricellular #2737 D—-DIZ58EI . FHRRYE
TV T ERIE T B85 T D—2EB 2 b TN5,
AWFFETIE, TN-C /I T U~ A2 HWT
RENRIE - RENIRIEARRBEE 7 VA ERL LI BE I
B1FD TN-C DRIEME IS LOMRRIREIEHIC

DUVWTHREILTZ,

B. W9t 5 &

AW, ERFF— (LA RS 5F5EF (ZE
KEF) LR TITo7,

O #;HY

C57BL6 2\ 7T Red 5 TN-C LR —&—
<UA, BLOTINC BaFRIE~VAZ AW,
QRENE - fiFBEET v

REER R EINRE B L ST BT 58, K
BARE PR IS RIEDS R S AL, I BB R S
VT DL, 3720 bIEEH KEIRE RS
B, F7=. Angiotensinll Z &3 DML E&H-
T5, ZO 0% MBabE L, EHRENE
TERGE D L3k B RENIRIZFE R 158 A TED
RBAMEPITOILNTED, AN TIIZOET
NEEHALE,

OMffatEE B L UWER TN-C

REWREIE AL, NEME TN-C OZZEL R
HF 2720 IN-C /77U b= A0 K KBk
735 elastase/collagenase Z FAVWTHBELT-, 555
RIZEINT 5 TNC 17 VA4 —< U251 cell line
DB EENORERE LT,




(B EADEE)

BETHRE Y RAERZ AW ERITIL O KRE,
—ERFOBMESNEE RN TITV, £
R - 2 e RICHT T DB DR SNz,
AEBREFE L, FBEHCESEE RZOH Y ER
ZELBIUYEH L DNA ERELEELTK
R, B FUREERBMIZ OV THIEES
AT E B XIS N T T2 o7z,

C. K 5®

O EEETHITS TN-C OFEH

< UABEOKEIRT, BIRERMTIEHEL TS
fa4E 14.5 HURE, REVNREEOTEFIEHE T
FRVY TN-C DOFBMRLLIL, HAER, BHIXED
WZHEBR U722, R~ R TIE, JEER R ENR
IZDHFFNFEED BT,

@TN-C /oI 7 IR AD I EBED Y FR R
TN-C /77O RZiX B o= RBEF R 7
BRI, A28 TN-C BRED L SNDIEET
KENAROZ EAOILIRRER B AE R L L 58,
VI T UMY ATIIMAEBEDZHRENME T LT

Y
TN-C reporter mou
i Pressure-Dimension Curve
- pressurg
2507mHg A WT KO

200 <

03 1 11 12 13 x4
relative diameter of aorta  mm

QKBRS - BT T )

TN-C LR —&—<17 AT Angiotenisinll & 59"
HEMET EF L FEREINRIC TN-C ORI
RFHFEINTZ, BERT KREARICE DL
LB T HEZDEALIZ TN-C HBEEIRIE,
FERRRE BRI IS0 JBBTER S Tz, £ 2 DJF
B DRRAEG IR WL 23 B8 20, RO
ESREIARICA R 230330 TN-C EELSFEIN
7o IBIT, ALV T LB AL Angiotenisinll

BEPEAEDEDE, EROMBERKENRICIR
WEBREZAEL., TN-C ORRD TR FE
WDIHIVTZ,

Cont Anglt Ca Ca

+
continuous eriaodtic
infusion of Anghl § appiicpadwn of CaCl, 1 Ang“
i pump Angll pump

TNC reporter mouse
3
4 weeks

TN-C /o777 AL DR\ M TEHE & T
E)tHE. EESRENIROILIES I BE D fREES
FERELT-,

Wi Ko
Cent

Expression pattern of TNC
{wild type} "

Cont CavAngil
X0

S wr
Representative | e o
EVG staining of | @ O =

the suprarenal | ‘ -

IOUOUR A

aorta

DT> AT S— LT

HI 2 MR BERERTIZ EESRENVIRDO T A7 R
— LENTERAT IR o122 A AR TR — 7
BIORZIATF U OFBENTLEL TN, v
TR TIXZDISENRTFHN—F T, fEx D~
MNyZ22Fa7ar7 7 —EBRBIL N T4 D3
BARTCHEL TU 2,

Cont - o
wr l Ca + Angll

Cont
KO .
l Ca + Angit

subcluster #1 subcluster #2

induced strongly in WT
but weakly in KO

elastin, collagen ,
fibrillin-1, fibulin

induced strongly in KO
but weakly in WT

IL-6 family, Ccl-2




O E LI TS TNC OIEH

< APGEFLN T KRENREIEH AL TN-C 17
ETEITHEFET TEELLRIC TNFalldd
RIEFNEE M A T2LZ A TN-C FEFFE T TITLY
BT EIA BB E RO,

TNFa
\ 4

Aortic smooth muscle TN;G -

cells from TN-C KO mice

TN-C(+)  TN-C(-)

[
L=

Fold changes ( log ratio)
PR - I O A

D. &%

fE x DAR ATJSELTHRETSH TN-C 1Z. K8
JIREE D Z B ML & SR BE A HERT 975 LRI FRFI SRR ME 2%
FEINEZRIFTT D0 TR ays T 7Y —"—Th
D, TOBREAREIIREIRERELS SR TL%E
Zbhie (T .

Hemody
Humaoral stress
| Stress response In aorta i
3 - g
[TN-C induction —§
R — fesponse Lossof | ¢ Acute aortic
Reinforcement of stren dissection
ECM deposition tensile strength "'i gth

ABFFREED ) IR 73 BB R PR A M SHFFETIL, 552
W HEIVE 10-14 %% BIZIiLF TN-C OF LH7 L7z
FEDTT SEVBTE R DB DMK > T2, ZHUE,

BYEENCRIEICHE- THELLTZ TN-C 138K,
RIEDUEFEA LA SR TR 4225, BEHICHE

OFEBLL GREINRIE RIS LR FERVICEI AT BENE

BRBT D, Bk D)o T RN R AV ER
& TN-C BRIEFUSZIHIL, ~ N v 7 ADEA
O CHRBMEE, MRa (BT 528 imE
PRENEREE THEDRIE R T2H0L
Bbons,

TN-C IIRIERISEIHIL, <N oI ADEAE D

TCERBRER, fiRERE T DT LI M E R
R EREZE §5LE N5,

F.HFFE R &

1. & X F &
Kimura T, Shiraishi K, Furusho A, Ito S, Hirakata S,
Nishida N, Yoshimura K, Imanaka—Yoshida K,
Yoshida T, Tkeda Y, Miyamoto T, Ueno T, Hamano
K, Hiroe M, Aonuma K, Matsuzaki M, Imaizumi T
and Aoki H. 7enascin C protects aorta from acute

dissection in mice. Sci Rep. 4: 4051, 2014

2. FRFER
1) FARMER. KEREDAN RJRE B ER
S, B9l ENIAREHEFES RS VUARY
LA A 2 MU T IR D 43 -1
). AEAR. 201443 A 16-18 H
2) FARUER. nfammation and tissue remodeling
BB 2L A 2L

in aortic diseases. &5 78 [B| H KIER I FEF
e H. 2014 43 H 21-23 H

G. HI B Pl A M OB R T
1. % §F U 15
7L
2. ER BB &
7L
3. 2Dt
2L



. WHFERRDPITICBT 5 —5E#&



e

RFRHE R4

L HA M4

R4

AR

£
Imanaka—Yoshida
K, Yoshida T and |Tenascin—C in development and Anat R in
Miyagawa—Tomita |disease of blood vessels. nat Rec press
S
Shiba M, Fujimoto
M, Imanaka—
Yoshida K,
Yoshida T, Taki W
and Suzuki H. Tenascin—C causes neuronal Transl Stroke n
Tenascin—C apoptosis after subarachnoid R
Causes Neuronal |hemorrhage in rats. es press
Apoptosis After
Subarachnoid
Hemorrhage in
Rats
A dt i 2 R =2 AN “
TR é‘ggﬁ?_%%ﬁ%%fgf o |E20m9% | 248 |529-534| 2014
Nakajima Y and  |New insights into the
Imanaka-Yoshida |developmental mechanisms of Int Rev Cell 303 |263-317| 2013
K. coronary vessels and Mol Biol
epicardium.
Suzuki H, Shiba
M, Fujimoto M,
S AT Kawamura K,
Nanpei M, Matricellular protein: a new Acta
Tekeuchi E, player in cerebral vasospasm N . B
. . . eurochir 115 213-8 | 2013
Matsushima S, following subarachnoid Supl
Kanamaru K, hemorrhage. uppb
Imanaka—Yoshida
K, Yoshida T and
Taki W.
Shiba M, Suzuki
H, Fujimoto M,
Shimojo N, Role of platelet—derived growth Acta
Imanaka—Yoshida {factor in cerebral vasospasm Neurochir 115 | 219-23 | 2013
K, Yoshida T, after subarachnoid hemorrhage Supol
Kanamaru K, in rats. upb
Matsushima S and
Taki W.
Fujimoto M,
Suzuki H, Shiba
?An{aiggi?ols\ti da Tenascin—C induces prolonged
K. Yoshida T constriction of cerebral arteries | Neurobiol Dis | 55 104-9 | 2013
’ ’ in rats.
Kanamaru K,
Matsushima S and
Taki W.
BRI = Fukuda S, Ito S, |Late development of coronary
Oana S, Sakai H, |artery abnormalities could Pediatr
Kato H, Abe ], Ito|beassociated with persistence of Rheum 11 28 2013
R, Saitoh A, non—fever symptoms in ’
Takayama 1. Kawasaki disease




Miyazono A, Abe

Successful remission induced by

J, Ogura M, Sato |plasma exchange combined with Epub
M, Fujimaru T, leukocytapheresis against Eur J Pediatr. ahead of | 2013
Kamei K, Ito S. refractory systemic juvenile print
idiopathic arthritis

BETER Nozato T, Sato A,
Hirose S, Hikita ..
H. Takahashi A Prehml'nary study of serum
Er’1 do H Imanak’a— tenascin—C levels as a
Yoshi da’K diagnostic or prognostic Int J Cardiol | 168 | 4267-9 | 2013
Yoshida T’ biomarker of type B acute
Aonuma K’ and aortic dissection.
Hiroe M. '

HA A Hoashi T,
ﬁ?f;iﬁ% Anatomic repair for corrected
Kurosaki K, transposlltlon Wfllth left AnnSThorac 96 |611==201 2013
Shiraishi I, ventricu lar outtlow tract urg
Yagihara T and obstruction.
Ichikawa H
Oharaseki T,
\\?Zrl;(;lézhll{\(, The role of TNF-alpha in a
Mamada H’ Muto murine model of Kawasaki Mod
g g ’ disease arteritis induced with a 24 120-8 | 2014

, Sadamoto K, Candida albi 1 wall Rheumatol
Miura N, Ohno N, andida albicans cell wa
Saji T, Naoe S and polysaccharide.
Takahashi K.
Takahashi K,
Oharaseki T, Kawasaki disease: basic and Clin Exp _
Yokouchi Y, Naoe |pathological findings. Nephrol N 690-3 | 2013
S and Saji T.
Ogata S,
Tremoulet AH,
Sato Y, Ueda K,
Shimizu C, Sun X,
Jain S, Silverstein
= Hir el L, Baker AL,

Tanaka N,
Ogihara Y, Coronary'artery c?u}l:comes .
Tkehara S, among Chﬂdgenuw%t Jawasaid | nt J Cardiol | 168 | 3825-8 | 2013
Takatsuki S, 1sease In the United States an
Sakamoto N, Japan.
Kobayashi T, Fuse
S, Matsubara T,
Ishii M, Saji T,
Newburger JW and
Burns JC.
Harada M, National Japanese survey of
Akimoto K, Ogawalthrombolytic therapy selection
S, Kato H, for coronary aneurysm:
Nakamura Y, intracoronary thrombolysis or Pediatr Int 55 690-5 | 2013

Hamaoka K, Saji
T, Shimizu T and
Kato T.

intravenous coronary
thrombolysis in patients with
Kawasaki disease.




Murakami T,

Takeda A, Aortic pressure wave reflection
Yamazawa H, in patients after successful B
Tateno S, aortic arch repair in early Hypertens Res| 36 603-7 | 2013
Kawasoe Y and infancy.
. Niwa K.
HHEFEA Yamazawa H, Primary prevention of sudden
Takeda A, Takei |cardiac death in a low-risk child
K and Furukawa |with familial hypertrophic Clin Res 103 75-7 | 2014
T. cardiomyopathy: the role of
cardiac magnetic resonance
imaging.
Hirono K, Sekine
M, Shiba N,
Szgzizsﬁ Tbuki N-terminal pro—brain
K. Saito K ’ natriuretic peptide as a
W,atanabe ,K predictor of reoperation in Circ ] 78 1693-700] 2014
Ozawa. S Hi’ ma children with surgically
T Yoshi;nuri N corrected tetralogy of fallot.
Kitajima I and
Ichida F.
Mitani Y, Ohta K,
e Ichida F, Nii M,
BT Arakaki Y,
Ushinohama H,
Takahashi T, .
Ohashi H, Yodoya Clrcumstanc.es and o_utcomes of
N. Fuii E’ out—of-hospital cardiac arrest
Isilikuia K’ Tateno in elementary and middle school Circ ] 78 701-7 | 2014
S Sato S ’Suzuki students in the era of public—
T’ Higaki’T access defibrillation.
Iwamoto M,
Yoshinaga M,
Nagashima M and
Sumitomo N.
Suda K, Kishimoto
S, Takahashi T,
Nishino H,
%‘fa‘;ffh?{( Circulating myeloid dendritic J Clinic .
Yokovama T’ cell is decreased in the acute Experiment n
Y g H’ phase of Kawasaki disease. Cardiol press
T asukawa H, .
ZA AT 10Ohbu K, Imaizumi
T, Matsuishi T
gergm:;?;{ » Suda Flying with giant coronary
K;mbgrama I—’I aneurysms caused by kawasaki | nt J Cardiol. | 168 | 4964-5 | 2013
Hamaoka K. disease.
Yamashita O,
Ezsglsrgiga AK’Ue da Periostin links mechanical strain
ERHE— S ’ to inflammation in abdominal PLoS One 8 | e79753 | 2013

K, Morikage N,
lkeda Y and
Hamano K

aortic aneurysm.




BFATER

Kimura T,
Shiraishi K,
Furusho A, Ito S,
Hirakata S,
Nishida N,
Yoshimura K,
Imanaka—Yoshida
K, Yoshida T,
Ikeda Y, Miyamoto
T, Ueno T,
Hamano K, Hiroe
M, Aonuma K,
Matsuzaki M,
Imaizumi T and
Aoki H

Tenascin C protects aorta from
acute dissection in mice.

Sci Rep

4051

2014







SERY 25 B T RSEME B AR E BUE ERE O BT 2 e O I B 2728 ) BF
BlE EEHE 0T TL

HEE: 2013465 A 10 H (+) 18:00~20:00
WP T 162-86565 M REARHTE X 71U 1-21-1
ESEEREREME Y —EBRERG IHE 2 —4 F I —34

HiFE#E
AT (ZER)
TR (B EREREM T2 —)
BB RS (ESZERERM 2 —)
KEEF (B ERERM 2 —)
EARHEET  (BEXZF)
HHEFEA (AbEE R )
BRI CR#ERZFE
AT — (BhfEERRE)
THBEE (BhfEERREE)
TEEF (BARRFFHERE7—)

REITEE

1. PHEROMEL B, 734 C OB TS EOMES (4 HhiET)

2. WK 23 SFETRIEMBIRNEIEAUE R OFIR B A AT~ — I — DB LB W EELED
TERIZBI T DMIZEIBE VIR TAT RET 1 fliRWRE (REER)

3. TURRIFATAET 4 Fuba— L EEBR IO (REER)
TN RIEORE
FE) I A BR R D Bk

4T3 DH T NVE TR L BB SR BRI T L~ AEBRERR I (FHREET)
4. ZFofh
AAEEE OVEENEHHE

JFRZEEEDERIY VRIT A
SEEELIEOFZES V—7DER



SERY 25 B FE TR FEMEENIREE T AEBERE D BR 2 WiE ORESNL IZBE 3 A28 BF
2l PREI e T A
HEF:20134F9 A28 A (£) 17:00~18:30

BT T930-0084 B LR E LT RKFAT1-2
EIUEERSEE 2F 206 =

HEE
A HRASF (ZEXRF)
AT (E S B ERAT e e 7 —HRTFERT)

TR (B ERERE T2 —)
JEEITIERE (E Sz ERERIE 2 —)
REEEF (E Sz ERRER 2 —)
SRR/ (ESIEREIRIT 2 —)
f= s (RARFEER 27— R
HHEFEA (AEE R )

JAHAEIR (NEARER)

EAREET  (BREKXE)

CAREE (ZERE)

BHEAT GRiER

A — (B ER R )

IR — (& EBRE)

A 7R (NTT 38 H AALIE )

R CRIRRZER 22— KIGHb)
RETEEB

ZWETORFERRAELAEE OB FEEBR I
1. BEEROBEL B/ (5 T48F)

2. ERERAZE (KEEER
-1V NaARNRT T AT AET 4 YRk 23 4F B T RAE BRI T AR R O FT L2 TS
AF—J— DR LW EEDIERICBETA0FE) RS
2-2. BRI T AT AZT 4 FRK 25 FEMFIE EEIRLOFER

3. B RBERINGL (FHRBET)

4. Fih,
SeERE LI OIS N—T7 DRER



Articles in Press. Anatomical Record

Tenascin-C in development and disease of blood vessels

Kyoko Imanaka-Yoshida'?, Toshimichi Yoshida"* and Sachiko Miyagawa-Tomita’

1. Department of Pathology and Matrix Biology, Mie University Graduate School of
Medicine

2. Mie University Research Center for Matrix Biology, Tsu, Mie 514-8507, Japan

3. Department of Pediatric Cardiology, Division of Cardiovascular Development and
Differentiation, Medical Research Institute, Tokyo Women’s Medical University, TokyQ

162-8666, Japan

Correspondence:

Kyoko Imanaka-Yoshida M.D., Ph.D.

Department of Pathology and Matrix Biology, Mie University Graduate School of
Medicine, Tsu, Mie 514-8507, Japan

Tel. & Fax: +81-59-231-5009

E-mail: imanaka@doc.medic.mie-u.ac.ip




Running title: Tenascin-C and smooth muscle cells



Abstract

Tenascin-C (TNC) is an extracellular glycoprotein categorized as a matricellular protein.
It is highly expressed during embryonic development, wound healing, inflammation and
cancer invasion, and has a wide range of effects on cell response in tissue
morphogenesis and remodeling including the cardiovascular system. In the heart, TNC
is sparsely detected in normal adults but transiently expressed at restricted sites during
embryonic development and in response to injury, playing an important role in
myocardial remodeling. Although TNC in the vascular system appears more complex
than in the heart, the expression of TNC in normal adult blood vessels is generally low.
During embryonic development, vascular smooth muscle cells highly express TNC on
maturation of the vascular wall, which is controlled in a way that depends on the
embryonic site of cell origin.. Strong expression of TNC is also linked with several
pathological conditions such as cerebral vasospasm, intimal hyperplasia, pulmonary
artery hypertension, and aortic aneurysm/ dissection. TNC synthesized by smooth
muscle cells in response to developmental and environmental cues regulates cell
responses such as proliferation, migration, differentiation and survival in an autocrine
/paracrine fashion and in a context-dependent manner. Thus, TNC can be a key
molecule -in controlling cellular activity in adaptation during normal vascular
development as well as tissue remodeling in pathological conditions.

Abbreviation

extracellular matrix, ECM; tenascin-C, TNC; vascular smooth muscle cell, VSMC,;

o-smooth muscle actin, aSMA; subarachnoid hemorrhage, SAH



Introduction

Living tissue is composed of multiple heterogeneous cells and extracellular matrix
(ECM) synthesized by these cells. ECM provides the structural framework | to
mechanically support cell shape and position and to integrate mechanical forces
generated inside individual cells and transmit them to the whole tissue. Furthermore,
ECM biologically regulates cell function. Increasing attention has been directed to a
unique functional category of ECM, matricellular protein, which does not contribute
directly to structures such as fibrils or basement membranes, but rathe; modulates cell
function by interacting with cell-surface receptors, proteases, grow factors, and other
matrix molecules (Bornstein, 2009; Bornstein and Sage, 2002).

Tenascin-C (TNC) is a prototype member of matricellular proteins along with
thrombospondin-1(TSP-1) and SPARC (Bornstein, 1995; Sage and Bornstein, 1991).
TNC is highly expressed during embryonic development, wound healing, inflammation
and cancer invasion, and has a wide range of effects on cell adhesion, motility,
differentiation, growth control, and extracellular matrix production and deposition. As
in the case of target disruption of several other matricellular protein genes, TNC
knockout mice do not display distinct phenotypes (Forsberg et al., 1996; Saga et al.,
1992). However, accumulating data based on detailed studies of disease models using a
TNC knockout have demonstrated that TNC could play an important role in the
development and remodeling of various tissues (reviewed in (Chiquet-Ehrismann and
Tucker, 2011)).  Several other excellent reviews have been directed toward
understanding the role of TNC in cancer invasion and inflammation (Brellier and
Chiquet-Ehrismann, 2012; Midwood et al., 2011; Midwood and Orend, 2009; Udalova

et al., 2011; Van Obberghen-Schilling et al., 2011). In this review, we will focus on the



role of TNC in cardiovascular development and disease, highlighting its biological

significance for vascular smooth muscle cells.

Tenascin-C

Tenascins are a family of four multimeric extracellular matrix glycoproteins: tenascin-C,
X, R and W (Chiquet-Ehrismann and Tucker, 2011; Tucker et al., 2006). The best
described member of the family is tenascin-C (TNC), which is a huge molecule of about
220-400 kDa as an intact monomer and assembled with a hexamer. The molecule
consists of an N-terminal assembly domain, followed by EGF-like repeats, constant and
alternatively spliced fibronectin type III repeats, and a C-terminal fibrinogen-like
globular domain (Fig. 1). Each domain of TNC interacts with other matrix molecules
and cell surface receptors including integrins a91, avp3, and av6, toll-like receptor 4
(TLR-4) and syndecan-4, and transmits multiple signals (also see (Midwood and Orend,

2009; Orend and Chiquet-Ehrismann, 2006)).

Regulatory mechanism of tenascin-C expression

Strong expression of TNC is found in the embryo near migrating cells, at sites of
epithelial-mesenchymal interactions, and also in adult tissue, for example, in the cancer
stroma or at sites of tissue repair and regeneration associated with inflammation. Gene
expression of TNC is tightly regulated dependent on the tissue microenvironment; in
particular, various growth factors and many signaling pathways are involved in the
regulation of TNC expression (reviewed in (Tucker and Chiquet-Ehrismann, 2009)).
The promoter region of TNC has several binding sites for transcription factors,

including Prx1 (activated by FAK signaling) (McKean et al., 2003), Ets (Watanabe et al.,



2003), AP1 elements(activated via ERK/MAPK) (Chiquet-Ehrismann et al., 1995;
Chiquet-Ehrismann et al., 1994), and Smad 2/3(Jinnin et al., 2004).

Furthermore, it is well recognized that mechanical stress is an important
modulator of the expression of TNC. Indeed, TNC is often expressed at sites subjected
to mechanical stress, suéh as myotendinous and osteotendinous junctions (Jarvinen et
al., 2000), and its expression is downr-egulated by immobilizing tendons while
load-induced bone remodeling and muscle overload up-regulates TNC expression
(Fluck et al., 2000; Mackey et al., 2011; Mikic et al., 2000; Webb et al., 1997). In vitro,
mechanical strain induces tenascin-C expression in fibroblasts (Asparuhova et al., 2011;
Asparuhova et al., 2009) and vascular smooth muscle cells (Feng et al., 1999).

The molecular pathway of the mechano-induction of TNC has been
extensively studied in fibroblasts. Chiquet and coworkers(Chiquet et al., 2009) have
elegantly demonstrated a RhoA-mediated signaling axis of TNC induction (Fig. 2). In
culture, cyclic tensile strain activates RhoA in fibroblasts, depending on integrin B1
(Chiquet et al., 2007) and integrin-linked kinase (ILK) (Maier et al., 2008), which
causes the reduction of monomeric G-actin by inducing actin assembly and stress fiber
formation (Ridley and Hall, 1992). Depletion of the G-actin pool frees
MAL/myocardin-related  transcription  factor-A  (MRTF-A)/ megakaryoblastic
leukemia-1 (MKL1) to enter the nucleus (Asparuhova et al., 2009), which induces TNC
expression partly depending on serum response factor (SRF) (Asparuhova et al., 2011;
Asparuhova et al., 2009). This RhoA-mediated actin signaling activated by mechanical
stimulation requires pericellular fibronectin (Lutz et al., 2010). Meanwhile, exogenous
TNC interferes with fibronectin-mediated RhoA activation (Wenk et al., 2000),

destabilizes actin stress fibers through down-regulation of tropomyosin-1(Ruiz et al.,



2004), and finally suppresses TNC transcription (Lutz et al., 2010), creating a negative
feedback loop controlling TNC expression.

Moreover, it is noteworthy that TNC itself is an elastic molecule that can be
stretched to several times its resting length in vitro (Marin et al., 2003; Oberhauser et al.,
1998), and may contribute to tissue elasticity and protect against mechanical stress as a

shock absorber.

Tenascin-C in cardiovascular system

The characteristic of spatiotemporally restricted expression during embryonic
development and tissue remodeling in response to injury is clearly observed in the heart.
During the development of the heart, TNC is transiently expressed at restricted sites
during several important stages such as differentiation of cardiomyocytes
(Imanaka-Yoshida et al., 2003). It is sparsely detected in the normal adult myocardium,
but reappears under pathological conditions associated with inflammation. In various
heart diseases such as myocardial infarction, myocarditis and hypertension, TNC
synthesized by interstitial non-cardiomyocytes plays an important role in tissue
remodeling by weakening the adhesion of cardiomyocytes to connective tissue,
promoting the recruitment of myofibroblasts, and modulating inflammatory responses
(reviewed in (Imanaka-Yoshida, 2012; Imanaka-Yoshida et al., 2004; Midwood et al.,
2011; Okamoto and Imanaka-Yoshida, 2012) Consequently, by taking advantage of its
specific expression, TNC can be applicable as a biomarker and a molecular imaging
target for diagnosis of disease activity (Imanaka-Yoshida, 2012; Okamoto and
Imanaka-Yoshida, 2012). In contrast, TNC in the vascular system is more complex. In

general, the expression of TNC in the normal vascular wall is low and upregulated in



pathological conditions; however, positive immunostaining of TNC is sometimes seen
at branching sites of normal muscular vessel walls (Mackie et al., 1992). Constitutive
expression of TNC is also detected in the medial layer of the abdominal aorta of normal
adult mice but not in the thoracic aorta (Kimura et al., in press). TNC-producing cells in

the vascular wall are predominantly smooth muscle cells in media.

Vascular development and tenascin-C

Smooth muscle is an involuntary non-striated muscle found in various organs/tissues,
such as the bladder, uterus, gastrointestinal tract, bronchus and medial layer of blood
vessels. Vascular smooth muscle cells(VSMCs) contfibute to the contraction and
relaxation of the vessels, controlling blood pressure and blood flow. VSMCs are derived
from multiple progenitor cell types and the diversity of precursor cells may contribute
to various cellular function of the vascular wall (Majesky, 2007, 2013; Majesky et al.,
2011; Xie et al., 2011; Xie et al., 2013). VSMC populations with different embryonic
origins are observed not only in different vessels but also within segments of the same

vessel, located in discrete groups within the vessel (Majesky, 2013; Xie et al., 2013).

Development of aorta and tenascin-C

The origin of VSMCs of the aorta is heterogeneous (Fig. 3).

The second heart field gives rise to VSMCs of the root of the aorta as well as the
pulmonary trunk (Waldo et al., 2005). The cardiac neural crest contributes ascending
and arch portions of the aorta and its branches, the innominate and right subclavian
arteries, right and left common carotid arteries, and ductus arteriosus, but not left and

right pulmonary arteries. The origin of VSMCs of the descending aorta is more complex.



