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Endothelin Receptor-Independent
Correlation Between HSP47 and

Collagen in Rabbit Model
of Early Atherosclerosis

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Col la gen in the ex tra cel lu lar mat rix (ECM) plays an im por tant ro le in mo du -
la tion of res pon se to the vas cu lar in jury du ring the prog res si on of at he rosc le ro sis and res te no sis. Col-
la gen can re gu la te smo oth musc le cell (SMC) pro li fe ra ti on, mig ra ti on and  mat rix me tal lop ro te i na se
(MMP) pro duc ti on. The re fo re, col la gen tur no ver in the ar te ri es is an im por tant de ter mi nant of in ti -
mal thic ke ning. He at shock pro te in 47 (HSP47), a col la gen-spe ci fic mo le cu lar cha pe ro ne, is tho ught
to be es sen ti al for the pro ces sing and sec re ti on of pro col la gen mo le cu les. En dot he lin (ET) is a strong
che mo at rac tant and mi to gen pro mo ting SMC pro li fe ra ti on and mig ra ti on. The aim of this study was
to in ves ti ga te the pos sib le ro le of HSP47 and its re la ti on to col la gen synthe sis, and the ef fects of a
non se lec ti ve ETA/ETB re cep tor an ta go nist, TAK-044 in col lar-in du ced early at he rosc le ro sis mo del.
MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: New Ze a land whi te rab bits we re di vi ded in to two gro ups. Both gro ups re ce i -
ved ve hic le (0.9% NaCl 0.8 ml/kg/day, s.c.) or TAK-044 (5 mg/kg/day, s.c.) for three we eks. On 8th day,
a non-occ lu si ve si li con col lar was pla ced aro und the left ca ro tid ar tery. The right ca ro tid ar tery was
sham-ope ra ted. HSP47 ex pres si on in ca ro tid ar te ri es we re de ter mi ned im mu no his toc he mi cally. Fur-
t her mo re, to tal col la gen le vels, col la gen ex pres si on and type I pro col la gen ex pres si on we re es tab lis -
hed. RRee  ssuullttss::  HSP47 ex pres si on cor re la ted with col la gen ex pres si on did not chan ge in col la red ar te ri es.
TAK-044 tre at ment did not af fect HSP47 and col la gen le vels. CCoonncc  lluu  ssii  oonn:: The re was a cor re la ti on
bet we en HSP47 ex pres si on and col la gen ex pres si on  in ca ro tid ar te ri es. Ho we ver, in ti mal thic ke ning
did not in du ce HSP47 ex pres si on and early col la gen de ve lop ment. The inef fec ti ve nes of TAK-044
sug gests that ET-1 sig na ling may not be imp li ca ted in HSP47 and col la gen in this mo del.

KKeeyy  WWoorrddss::  HSP47 he at-shock pro te ins; at he rosc le ro sis; col la gen; en dot he lin-1; rab bits      

ÖÖZZEETT  AAmmaaçç::  Eks tra sel lü ler mat riks te ki (ESM) ko la jen ate rosk le roz ve res te no zun ge li şi mi sı ra sın -
da vas kü ler ha sa ra ya nı tın mo dü las yo nun da önem li bir rol oy nar. Ko la jen düz kas hüc re si pro li fe -
ras yo nu nu, mig ras yo nu nu ve mat riks me tal lop ro te i naz (MMP) üre ti mi ni dü zen le ye bi lir. Bu ne den le
ar ter ler de ki ko la jen dön gü sü in ti mal ka lın laş ma nın önem li bir be lir te ci dir. Ko la je ne öz gü mo le kü -
ler bir şape ron olan ısı şoku pro te i ni 47’nin (HSP47) pro ko la jen mo le kül le ri nin iş len me si ve sek res -
yo nu için te mel ol du ğu dü şü nül mek te dir. En do te lin (ET) düz kas hüc re pro li fe ras yo nu nu ve
mig ras yo nu nu teş vik eden güç lü bir ke mo at rak tan ve mi to jen dir. Bu ça lış ma nın ama cı ya ka ile oluş -
tu ru lan er ken ate rosk le roz mo de lin de HSP47’nin ola sı ro lü nü ve ko la jen sen te ziy le iliş ki si ni, ay rı -
ca se çi ci ol ma yan ETA/ETB re sep tör an ta go nis ti olan TAK-044’ün et ki le ri ni araş tır mak tır. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr::  Ye ni Ze lan da be yaz tav şan lar iki gru ba ay rıl dı. Her iki gru ba üç haf ta bo yun ca ta şı yı cı
(0.9% NaCl 0.8 ml/kg/day, s.k.) ve ya TAK-044 (5 mg/kg/gün, s.k.) ve ril di. Se ki zin ci gün de sol ka -
ro tit ar ter çev re si ne sı kış tı rı cı ol ma yan si li kon bir ya ka yer leş ti ril di. Sağ ka ro tit ar te re ya lan cı gi ri -
şim uy gu lan dı. Ka ro tit ar ter ler de ki HSP47 eks pres yon la rı im mü no his to kim ya sal ola rak be lir len di.
Ay rı ca top lam ko la jen dü zey le ri, ko la jen ve tip 1 pro ko la jen eks pres yon la rı sap tan dı. BBuull  gguu  llaarr::  Ko -
la jen eks pres yo nu ile iliş ki ha lin de ki HSP47 eks pres yo nu ya ka uy gu la nan ar ter ler de de ğiş me di.
TAK-044 te da vi si HSP47 ve ko la jen dü zey le ri ni et ki le me di. SSoo  nnuuçç::  Ka ro tit ar ter ler de HSP47 ile
ko la jen eks pres yon la rı ara sın da iliş ki var dır. Bu nun la bir lik te, in ti mal ka lın laş ma ge li şi mi HSP47
eks pres yo nu nu ve er ken ko la jen ge li şi mi ni uyar ma dı. TAK-044’ün et ki li ol ma ma sı bu mo del de ET-
1 sin yal ile ti mi nin HSP47 ve ko la jen ile iliş ki li ol ma ya bi le ce ği ni dü şün dür mek te dir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: HSP47 ısı-şok pro te in le ri; ate rosk le roz; kol la jen; en do te lin-1; tav şan lar
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n ti mal thic ke ning, re sul ting from the pro li fe -
ra ti on and mig ra ti on of vas cu lar smo oth mus-
c le cells, is an early step of at he rosc le ro sis and

a com mon ca u se of res te no sis af ter bal lo on an gi op -
lasty.1 In the col lar mo del, which was al so used in
the pre sent study, in ti mal thic ke ning has be en ac -
hi e ved by pe ri ad ven ti ti al pla ce ment of a no nocc -
lu si ve and soft si li con col lar aro und the ca ro tid
ar tery of the rab bit.2,3 

The he at shock pro te ins (HSPs) which are cal -
led mo le cu lar cha pe ro nes are a highly con ser ved
fa mily of stress res pon se pro te ins. HSPs func ti on
pri ma rily as mo le cu lar cha pe ro nes, fa ci li ta ting the
fol ding of ot her cel lu lar pro te ins, pre ven ting pro te -
in ag gre ga ti on.4 HSPs ha ve be en shown to be
highly ex pres sed in car di o vas cu lar tis su es, and in-
du ce inf lam ma tory res pon ses and prog res si on of at -
he rosc le ro sis.5,6 HSP47, a stress-in du cib le pro te in
lo cated in the en dop las mic re ti cu lum, acts as a mo-
le cu lar cha pe ro ne and par ti ci pa tes in the in tra cel -
lu lar pro ces sing, fol ding as sembly and sec re ti on of
pro col la gens.7,8

Col la gen is the ma jor cons ti tu ent of extracel-
lular matrix (ECM) in ar te ri es and myo car di um.
The col la gen mat rix plays a key ro le in the ma in -
te nan ce of struc tu ral in teg rity, ge o metry and elas-
ti city of the ves sels.9 Col la gen synthe sis is re gu la ted
by HSP47 at the le vel of pro col la gen synthe sis.10,11

Type I col la gen com pri ses ap pro xi ma tely two-
thirds of the to tal col la gen in at he rosc le ro tic tis su -
es.12 In de ed, pre vi o us stu di es has shown that
HSP47 and col la gen ha ve es sen ti al ro les in ad van -
ced at he rosc le ro tic le si ons.5  Ho we ver, the exact na-
tu re of the ir ro les and pos sib le in te rac ti ons ha ve
not be en un ders to od in the early at he rosc le ro tic
pro cess. On the ot her hand, the deg ra da ti on of
newly synthe si sed pro col la gen and ma tu re col la -
gen is pri ma rily car ri ed out by matrix metallopro-
teinases (MMPs).9,13 Deg ra da ti on of in ters ti ti al
col la gen scaf fold by MMPs enab les SMC pro li fe ra -
ti on and mig ra ti on, and con tri bu tes to prog res si on
of car di o vas cu lar pat ho lo gi es such as ne o in ti ma or
at he rosc le ro tic pla qu e for ma ti on.9,14

In our pre vi o us stu di es we de mons tra ted that
en dot he lin con tri bu ted to the de ve lop ment of in ti -

mal thic ke ning, MMP up re gu la ti on and ac ti va ti on.
We al so sho wed that a non se lec ti ve en dot he lin re-
cep tor an ta go nist, TAK-044, in hi bi ted in ti mal thic -
ke ning, MMP up re gu la ti on and ac ti va ti on in this
mo del.15,16 Thus, in this study, we ai med to in ves ti -
ga te the pos sib le ro le of HSP47, the re la ti on bet -
we en HSP47 and col la gen sythe sis, and al so the
ef fects of a non se lec ti ve ETA/ETB re cep tor an ta -
go nist, TAK-044 in col lar-in du ced early at he rosc -
le ro sis mo del.

MA TE RI AL AND MET HODS

MA TE RI AL

Ma te ri al so ur ces we re as fol lows: So di um pen to -
bar bi tal from Sig ma-Al drich (Cat # P3761, Sig ma-
Al drich, St Lo u is, MO, USA), si li co ne (MED-4011)
from Nu sil Si li co ne Tech no logy, Ang let, Fran ce.
TAK-044 was kindly pro vi ded by Ta ke da, Osa ka,
Ja pan. All his toc he mi cal ma te ri als with the ir so ur -
ces we re sta ted whe re e ver men ti o ned in the text.

MET HODS

Tis su e sec ti ons ava i lab le from our pre vi o us study
we re used.16 This study was ap pro ved by the Lo cal
Et hics Com mit te e of the Fa culty of Phar macy, Ege
Uni ver sity, Iz mir, Tur key. All ani mals re ce i ved ca -
re comp li ed with the “Prin cip le of La bo ra tory An-
i mal ca re ” for mu la ted by the Na ti o nal So ci ety for
Me di cal Re se arch and the “Gu i de for Ca re and Use
of La bo ra tory Ani mal s” pre pa red by the Ins ti tu te
of La bo ra tory Ani mal Re so ur ces. New Ze a land
whi te rab bits we re ob ta i ned from Ani mal Supply
Unit of Ege Uni ver sity. Rab bits of eit her sex (n=
20; 2.0-2.5 kg) we re ran domly di vi ded in to two
gro ups. Thro ug ho ut the 3-we ek tre at ment pe ri od,
the first gro up (n= 10) re ce i ved TAK-044 (5 mg/kg/
day, s.c.).16,17 The se cond (pla ce bo) gro up (n= 10)
re ce i ved only the ve hic le (0.9% NaCl 0.8 ml/kg/
day, s.c.). Each rab bit was kept in a se pa ra te ca ge
and al lo wed ac cess to a re gu lar di et (stan dard rab-
bit chow and tap wa ter ad li bi tum). Af ter the sev-
enth day of tre at ment with TAK-044 and pla ce bo,
the rab bits we re an est he ti zed with so di um pen to -
bar bi tal (30 mg/kg, i.v.). Sub se qu ently, a non-occ -
lu si ve, fle xib le si li co ne col lar (2 cm in length) was
po si ti o ned aro und the left ca ro tid ar tery, as des cri -
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bed.2,16 The con tra la te ral ca ro tid ar tery was sham-
ope ra ted. The ca ro tid ar te ri es we re then re tur ned
to the ir ori gi nal po si ti ons and the in ci si ons su tu -
red. Af ter re co very from the anest he si a, all rab bits
we re kept in the ir in di vi du al ca ges for a furt her
two we eks be fo re tis su e iso la ti on. Af ter 14 days tre -
at ment pe ri od (pla ce bo or TAK-044), the rab bits
we re sac ri fi ced with over do se so di um pen to bar bi -
tal, and both ca ro tid ar te ri es we re iso la ted and dis-
sec ted.

HIS TO LOGY

One pa ir of seg ments we re cut from both the col-
la red and sham-ope ra ted ar te ri es for morp ho -
metry.16 Then, the seg ments we re im me di a tely
pla ced in 10% ne ut ral buf fe red for ma lin for 24 ho -
urs, dehy dra ted in a gra ded se ri es of isop ropyl al co-
hol (60 to 100%) and fol lo wed by xylol be fo re
be ing em bed ded in pa raf fin. 

Pa raf fin sec ti ons (5 µm) of each spe ci men we -
re sta i ned with he ma toxy lin-eo sin, Mas son’s tric -
hro me and Si ri us red. Mas son’s tric hro me and
Si ri us red we re used to sta in to tal and fib ril lar col-
la gen, res pec ti vely. Ima ges of ran domly cho sen
trans ver se sec ti ons from samp les sta i ned with two
dif fe rent sta ins we re re cor ded. Then the sec ti ons
we re exa mi ned un der a light mic ros co pe for Mas-
son’s tric hro me sta i ning or un der po la ri zed light
mic ros co pe for Si ri us red sta i ning. Ima ges we re
pro ces sed using a com pu te ri zed ima ge analy sis sys-
tem con sis ting of a mic ros co pe (Oly mpus BX-50)
equ ip ped with a high-re so lu ti on vi de o ca me ra (JVC
TK-890E, Ja pan) and ima ge pro ces sing prog ram
(UTS CSA; Ima ge to ol ver si on 3,0). 

IM MU NO HIS TOC HE MISTRY

HSP47 ex pres si on and type I pro col la gen ex pres si -
on we re de ter mi ned in pa raf fin sec ti ons im mu no -
his toc he mi cally using a com mer ci al kit (Vec tas ta in
ABC Eli te Kit P-6102, Vec tor La bo ra to ri es Inc.
Bur lin ga me, USA) ac cor ding to the ma nu fac tu rer’s
pro to col. Tis su e sec ti ons from sham-ope ra ted and
col la red ca ro tid ar te ri es from each gro up we re in-
cu ba ted with di lu ted nor mal bloc king se rum (1%
BSA for 30 min) to block nons pe ci fic bin ding, and
then they we re in cu ba ted over night at 4˚C with

1:100 di lu ted spe ci fic pri mary mo noc lo nal an ti bo -
di es for HSP47 (an ti-HSP47, cat. # SC8352 San ta
Cruz Bi o tech no logy, San ta Cruz, CA, USA) or for
type I pro col la gen (an ti-Pro col 1A1, cat. # SC8782
San ta Cruz Bi o tech no logy, San ta Cruz, CA, USA).
The fol lo wing day, ap prop ri a te bi o tiny la ted IgG se -
con dary an ti body (Vec tor, Bur lin ga me, CA, USA)
was app li ed. The bo und se con dary an ti body was
then amp li fi ed with Vec tor Eli te ABC® Re a gent,
fol lo wed by chro mo ge nic de tec ti on of the an ti -
body-bi o tin-avi din-pe ro xi da se comp le xes by using
0.02% di a mi no ben zi di ne (DAB) subs tra te (Roc he
Di ag nos tics GmbH, Mann he im, Ger many) for five
mi nu tes. The sec ti ons we re co un ters ta i ned with
Har ris-he  ma to xi lin, cle a red and mo un ted. Ne ga ti -
ve con trol samp les in which an equ al amo unt of
IgG was subs ti tu ted for the pri mary an ti body (an -
ti-eNOS an ti body) we re inc lu ded in each as say, and
we re uni formly ne ga ti ve. Ap prop ri a te po si ti ve con-
trols we re al so sta i ned. For im mu nos co ring of
HSP47 an ti body, the deg re e of po si ti ve cytop las -
mic sta i ning of cells in in ti ma, me di a and ad ven ti -
ti a la yers was eva lu a ted by se mi qu an ti ta ti ve
sco ring on a sca le of the in ten sity of po si ti vely sta -
i ned cells in the fol lo wing ran ge 0: ne ga ti ve, +/-: 1;
very we ak, +: 2; we ak, ++: 3; mo de ra te, +++:4;
strong.18

TO TAL COL LA GEN DE TER MI NA TI ON 

To tal col la gen le vels we re me a su red in fro zen ca ro -
tid ar tery tis su es ava i lab le from pre vi o us study,
which we re sto red at -80oC un til use. For this pur-
po se, a mo di fi ed ver si on of the met hod of Reddy
and En we me ka was used for de ter mi ning hydrox-
y pro li ne le vels in bi o lo gi cal tis su es uti li zing al ka -
line hydroly sis.16,19 Hydroxy pro li ne is fo und al most
exc lu si vely in col la gen, cons ti tu ting abo ut 12.5%
of the dry we ight of the pro te in. The ra te of this
imi no acid for ma ti on is the re fo re con si de red to be
a go od in di ca ti on of the ra te of col la gen bi osyn the -
sis.20 Hydroxy pro li ne was qu an ti fi ed as des cri bed.
Bri efly, the fro zen tis su e samp les (~10 mg) we re
ho mo ge ni zed in an ul tra so nic so ni ca tor at ap pro -
xi ma tely 4oC for 30 s in Ep pen dorf tu bes. Samp les
we re hydroly sed with 100 uL in 2 mol/L Na OH for
15 min at 121oC (70 kPa) in au toc la ve. Hydroxy -
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pro li ne was con ver ted to pyro le-2-car boxy lic acid
by re du cing the samp le with 900 uL of a 0.056
mol/L chlo ra mi ne T so lu ti on (Sig ma -Al drich, USA)
at ro om tem pe ra tu re for 25 min. Af ter the oxi da ti -
on step, 1mL Ehr lich’s re a gent (Sig ma -Al drich) was
ad ded to de ri va ti ze pyro le-2-car boxy lic acid and
vor te xed. The samp les we re then pla ced on the wa -
ter bath at 65oC for 20 min. Op ti cal den si ti es of co -
lo u red samp les we re re ad using a UV Va ri an Cary
50 spec trop ho to me ter at 550 nm. The sen si ti vity of
the as say was 0.025 mmol/L. The hydroxy pro li ne
con cen tra ti ons we re cal cu la ted by stan dard cur ve
using stan dard so lu ti ons of l-hydroxy pro li ne (Sig -
ma -Al drich). As su ming that 12.5% of col la gen is
for med by hydroxy pro li ne, a con ver ting fac tor was
used to trans form the re sults. The col la gen con tent
was ex pres sed as µg/mg wet tis su e.

STA TIS TI CAL ANALY SIS

Sta tis ti cal analy ses of da ta of to tal col la gen le vels
(µg/mg tis su e) we re per for med for drug tre at ments
(two le vels, TAK-044 or pla ce bo) as bet we en rab bit
fac tor; and col lar (two le vels, pre sent or not) as wit -
hin rab bit fac tor with a fac to ri al analy sis of va ri an -
ce (ANO VA). Chi-squ a re test was used to eva lu a te
the sta tis ti cal dif fe ren ce of im mu nos ta i ning bet -
we en TAK-044-tre a ted gro up and pla ce bo gro up.
Sta tis ti cal analy ses of pa i red da ta (col la red vs sham)
from im muns co ring we re per for med with Wil co -
xon sig ned ranks test. All da ta we re ex pres sed as
me an ± SEM. “n” in di ca tes the num ber of ani mals
in each gro up. p< 0.05 was con si de red to be sta tis -
ti cally sig ni fi cant.

RE SULTS 
HIS TO LOGY

Con sis tent with the re sult of pre vi o us stu di es, in ti -
mal thic ke ning was ob ser ved in col la red ar te ri es as
com pa red to tho se in sham-ope ra ted ar te ri es in pla -
ce bo gro up, as a cha rac te ris tic fe a tu re of the mo del
(Fi gu re 1).16

In or der to de ter mi ne col la gen ex pres si on of
the ves sels, Mas son’s tric hro me and Si ri us red sta -
i nings we re car ri ed out. Mas son’s tric hro me and Si -
ri us red sta i nings mar ked re mar kab le sta i ned are as
in ad ven ti ti a la yer of each ves sel seg ments (Fi gu re

2, 3). Ho we ver, col la gen ex pres si on in the ves sels
we re af fec ted by ne it her col lar pla ce ment nor
TAK-044 tre at ment.

IM MU NO HIS TOC HE MISTRY

Im mu nos ta i nings with HSP47 and type I pro col la -
gen an ti bo di es re ve a led that po si ti ve im mu nos ta i -
nings for HSP47 and type I pro col la gen we re
ob ser ved in in ti ma, me di a and ad ven ti ti a la yers of
both col la red and sham-ope ra ted ar te ri es in the 
pla ce bo gro up (Fi gu re 4, 5 and Tab le 1). Im mu nos -
co ring for HSP47 and ob ser va ti on of im mu no po si -
ti vity for type I pro col la gen sho wed that the HSP47
ex pres si on and type I pro col la gen ex pres si on we re
not af fec ted by col la ring. TAK-044 tre at ment did
not chan ge the ex pres si ons of the se two pro te ins in
eit her col la red or sham-ope ra ted ar te ri es (Fi gu re 4,
5 and Tab le 1).

TO TAL COL LA GEN LE VELS

To tal col la gen le vels we re me a su red by hydroxy -
pro li ne as say in ex tracts of sham ope ra ted and col-
la red ar te ri es from both gro ups. To tal col la gen
le vels we re not af fec ted by col lar pla cing in pla ce -
bo gro up (Tab le 2). TAK-044 tre at ment  did not
chan ge the se le vels eit her in col la red  or in sham-
ope ra ted ar te ri es (Tab le 2).

DIS CUS SI ON
Col la gen pro vi des mec ha ni cal strength to the ar te -
ri al wall and  plays a vi tal ro le in the ma in te nan ce
of struc tu ral and func ti o nal in teg rity of the ar te ri -
al wall.21 Furt her mo re, col la gen func ti ons as a sig-
na ling mo le cu le and re gu la tes many cel lu lar
res pon ses inc lu ding pro li fe ra ti on, mig ra ti on, and
mat rix deg ra da ti on.9,22

HSP47, known as a col la gen-spe ci fic mo le cu -
lar cha pe ro ne, plays an es sen ti al ro le in col la gen bi -
osyn the sis.23,24 Pre vi o us stu di es ha ve shown a
mar ked in cre a se in HSP47 ex pres si on in pa ral lel
with in cre a sed col la gen pro duc ti on and type I pro-
col la gen ex pres si on du ring the prog res si on of at h-
e rosc le ro sis in bal lo on-in ju red rat and rab bit
ca ro tid ar te ri es, and in at he ro ma to us pla qu es of
hu man co ro nary ar te ri es.5,25,26 All the se stu di es 
re ve a led the ma jor ro les of HSP47 and col la gen ex-



Turkiye Klinikleri J Med Sci 2011;31(6)1334

Reel ve ark. Tıbbi Farmakoloji

pres si on in the prog res si on of ad van ced at he rosc -
le ro tic le si ons. Ho we ver, the pos sib le ro le of HSP
47 re ma i ned unc le ar in the re gu la ti on of sec re ti on
of newly for med pro col la gen mo le cu les  in early
at he rosc le ro sis.

In the pre sent study we have de mons tra ted
that the re is a cor re la ti on bet we en HSP47 ex pres -
si on and col la gen pro duc ti on in col lar-in du ced
early at he rosc le ro sis mo del. Ho we ver, in ti mal thic -
ke ning do es not in du ce HSP47 ex pres si on and early
col la gen de ve lop ment. Con sis tent with our fin d-
ings, Go to et al. sho wed that the re we re pro mi nent
col la gen bund les in the me di a and ad ven ti ti a of bal-
lon-in ju red ca ro tid ar te ri es of dogs, but not in dog
ca ro tid ar te ri es with ex ter nal col lar-me di a ted in ti -
mal thic ke ning.27 It is known that  bal lo on-me di a -
ted ne o in ti ma is ca u sed by en dot he li al de nu da ti on,

de ep me di al in jury and  pro li fe ra ti on of  me di al
SMC, and ECM de po si ti on.1 Ho we ver, col lar-in du -
ced in ti mal thic ke ning le ads to mi ni mal me di al
SMC in jury un der an unin ter rup ted en dot he li al
cell la yer.3,28 The re fo re, our evi den ce sug gests that
the deg re e of the me di al in jury  and the ac ti va ti on
of SMCs may be im por tant de ter mi nants of HSP47
ex pres si on and col la gen mat rix synthe sis in the de-
ve lop ment of vas cu lar in jury.21

Furt her mo re, we ob ser ved that bund les of to tal
col la gen and fib ril lar col la gen we re mo re dis tinc ti -
ve in ad ven ti ti a of the ar te ri es. This fin ding is con-
sis tent with our pre vi o us evi den ce that  dis co i din
do ma in re cep tors (DDRs), which are non-in teg rin
col la gen re cep tors we re con si de rably co-ex pres sed
with col la gen in ad ven ti ti a, but not in ti ma and me -
di a in both col la red and sham ope ra ted ar te ri es from

FI GU RE 1: Rep re sen ta ti ve pho to mic rog raphs of pa raf fin trans ver se sec ti ons of ca ro tid ar te ri es sta i ned with ha e ma toxy lin-eo sin.A) Sham-ope ra ted ar tery from
pla ce bo gro up, B) Col la red ar tery from pla ce bo gro up,  C) Sham-ope ra ted ar tery from  non se lec ti ve ETA/ETB re cep tor an ta go nist TAK-044-tre a ted gro up, D)
Col la red ar tery from non se lec ti ve ETA/ETB re cep tor an ta go nist TAK-044-tre a ted gro up. Stars in di ca te in ti mal thic ke ning. Whi te ar rows po int out the in ter nal elas-
tic la mi na (IEL).
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pla ce bo gro up (un pub lis hed da ta). This evi den ce is
not sur pri sing sin ce DDRs ac ti va ted by col la gen are
ex pres sed in ad ven ti ti al fib rob lasts.29

In this study, we sho wed that HSP47 and type
I pro col la gen we re  co-ex pres sed in in ti ma, me di a
and ad ven ti ti a of both col la red and sham-ope ra ted
ar te ri es from pla ce bo gro up. Ho we ver, HSP47 ex-
pres si on and type I pro col la gen ex pres si on ap pe ar
to be mo re abun dant in ad ven ti ti a com pa red to in-
ti ma and me di a. It has been known that type I col-
la gen is a ma jor col la gen sec re ted by fib rob last, and
cons ti tu ti ve ex pres si on of HSP47 is al ways ac com -
pa ni ed by the col la gen ex pres si on un der non-stres -
sed con di ti ons.30 The re fo re our fin dings sug gest
that the HSP47 is cor re la ti o nally ex pres sed with
type I pro col la gen by ad ven ti ti al fib rob lasts. Ho w-

e ver, our ob ser va ti ons re ve a led that in ti mal thic k-
e ning did not in du ce HSP47 ex pres si on or early
col la gen de ve lop ment in the col lar-in du ced early
at he rosc le ro sis mo del.

It is known that MMPs, in par ti cu lar ge la ti na -
ses (MMP-2 and MMP-9) deg ra de ECM com po -
nents and con tri bu te to the in ti mal thic ke ning
pro cess. The re a son for the si mi la rity of col la gen
con tent bet we en col la red and sham-ope ra ted ar te -
ri es may be at tri bu ted to an in cre a sed MMP ac ti -
va ti on in col la red ar te ri es. Si mi larly, Slu ij ter et al.
de mons tra ted that du ring flow-in du ced  ar te ri al re-
mo de ling in rab bits, col la gen I synthe sis in cre a sed
as shown with mRNA le vels, but col la gen fi ber
con tent did not chan ge, sin ce col la gen was deg ra -
ded by ac ti va ted MMP-2.26 In de ed, in our pre vi o -

FI GU RE 2: Representative photomicrographs of paraffin transverse sections of carotid arteries stained with Masson’s trichrome . A) Sham-operated artery from
placebo group, B) Collared artery from placebo group , C) Sham-operated artery from nonselective ETA/ETB receptor antagonist TAK-044-treated group, D) Col-
lared artery from nonselective ETA/ETB receptor antagonist TAK-044-treated  group. Stars indicate intimal thickening. White arrows point out the internal elas-
tic lamina (IEL) and black arrows show collagen.
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us stu di es in this mo del, we ha ve shown that the
ge la ti na se ac ti vi ti es in cre a sed in col la red ar te ri es
com pa red to sham-ope ra ted ar te ri es.16 Ho we ver,
we ha ve not be en ab le to de ter mi ne the mRNA le -
vels of col la gen I in or der to eva lu a te col la gen syn-
the sis of  the ar te ri es in this study. This po int
re qu i res furt her in ves ti ga ti on.

On the ot her hand, endothelin (ET) was
shown to sti mu la te col la gen synthe sis and to in cre -
a se col la gen con tent in vi vo and in vit ro ad van ced
at he rosc le ro sis mo dels.31,32 Si mi larly, ETA an ta go -
nism in hi bi ted ET-in du ced col la gen sti mu la ti on in
por ci ne aor tic smo oth musc le cell cul tu re.33 Ho we -
ver, the pos sib le ef fects of ET an ta go nism on col la -
gen le vels and HSP47 ex pres si on in early
at he rosc le ro sis mo del ha ve not be en stu di ed yet. In

this study, we fo und that tre at ment with TAK-044,
a non se lec ti ve ETA/ETB re cep tor an ta go nist did
not chan ge HSP47 ex pres si on, type I pro col la gen
ex pres si on or col la gen le vels in col lar-in du ced
early at he rosc le ro sis mo del. Furt her mo re, in our
pre vi o us study in this mo del we de mons tra ted that
en dot he lin con tri bu ted to the de ve lop ment of in ti -
mal thic ke ning, ge la ti na se up re gu la ti on and ac ti -
va ti on. We ha ve al so shown that ET has an
im por tant ro le in the prog res si on of in ti mal thic k-
e ning in this mo del and the non se lec ti ve en dot he -
lin re cep tor an ta go nist TAK-044 in hi bi ted in ti mal
thic ke ning, ge la ti na se up re gu la ti on and ac ti va ti on
in col la red ar te ri es.15,16 It is known that ge la ti na se
up re gu la ti on in du ces deg ra da ti on of col la gen. Ho -
we ver, in this study, col la gen con tent was not af-

FI GU RE 3: Representative photomicrographs under polarized light of paraffin transverse sections of carotid arteries stained with Sirius red. A) Sham-operated
artery from placebo group, B) Collared artery from placebo group, C) Sham-operated artery from nonselective ETA/ETB receptor antagonist TAK-044-treated
group, D) Collared artery from nonselective ETA/ETB receptor antagonist TAK-044-treated group. Stars indicate intimal thickening. White arrows point out the
internal elastic lamina (IEL) and black arrows show bright stained collagen.
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fec ted by TAK-044 tre at ment. The re fo re, this evi -
den ce  sug gests that HSP47 and col la gen are ex-
pres sed in de pen dently from ET re cep tor-me di a ted
cell sig na ling path ways in the col lar in du ced early
at he rosc le ro sis mo del.

CONC LU SI ONS
In conc lu si on, in the pre sent study we have de mon-
s tra ted that the re is a cor re la ti on bet we en HSP47 ex-
pres si on and col la gen ex pres si on in col lar-in du ced
early at he rosc le ro sis mo del. Ho we ver, HSP47 ex-
pres si on and col la gen ex pres si on we re not af fec ted
by col lar-in du ced in ti mal thic ke ning. This evi den ce
sug gests that the in ten sity of vas cu lar in jury de sig -
na tes HSP47 ex pres si on and col la gen synthe sis.

Furt her mo re, the inef fec ti ve ness of TAK-044
sug gests that re gu la ti on of HSP47 and col la gen ex-
pres si on af ter en dot he li al in jury is in de pen dent
from ET re cep tor sig na ling in the col lar in du ced
early at he rosc le ro sis mo del.

Com bi ned da ta from all of the stu di es re la ted
to early at he rosc le ro sis may help to pro vi de the ra-
ti o na le for the de ve lop ment and use of drugs that
in ter fe re with col la gen synthe sis which may ne g-
a ti vely inf lu en ce the out co mes of car di o vas cu lar
di se a ses.
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FI GU RE 4: Representative photomicrographs of paraffin transverse sections of carotid arteries stained with HSP 47 antibody immunohistochemically. A) Sham-
operated artery from placebo group, B) Collared artery from placebo group , C) Sham-operated artery from nonselective ETA/ETB receptor antagonist TAK-044-
treated group, D) Collared artery from nonselective ETA/ETB receptor antagonist TAK-044-treated group. Stars indicate intimal thickening. White arrows point
out the internal elastic lamina (IEL) and black arrows show dark brown stained HSP 47 immunopositive areas.
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FI GU RE 5: Representative photomicrographs of paraffin transverse sections of carotid arteries stained with type I procollagen antibody immunohistochemically.
A) Sham-operated artery from placebo group, B) Collared artery from placebo group , C) Sham-operated artery from nonselective ETA/ETB receptor antagonist
TAK-044-treated group, D) Collared artery from nonselective ETA/ETB receptor antagonist TAK-044-treated group. Stars indicate intimal thickening. White ar-
rows point out the internal elastic lamina (IEL) and black arrows show dark brown stained type I procollagen immunopositive areas.

Immunoscoring 0 1 2 3 4

Intima

Placebo sham 1 4 4 1 0

Placebo collared 0 3 5 2 0

TAK-044 sham 0 7 2 1 0

TAK-044 collared 0 6 3 1 0

Media

Placebo sham 0 3 2 5 0

Placebo collared 1 4 1 2 2

TAK-044 sham 1 2 6 1 0

TAK-044 collared 1 4 2 3 0

Adventitia

Placebo sham 0 1 2 5 2

Placebo collared 1 0 2 3 4

TAK-044 sham 0 0 5 3 2

TAK-044 collared 0 1 2 5 2

TABLE 1: HSP47 immunoreactivity of collared and
sham-operated carotid arteries. 

Placebo group (n=10), nonselective ETA/ETB receptor antagonist TAK-044-treated
group (n=10).  Immunscoring scale was accepted as 0: negative, +/-: 1; very weak, +:
2; weak, ++: 3; moderate, +++:4;  strong.

Placebo TAK-044

(n= 9) (n= 8)

Total collagen (µg/mg protein)

Sham 8.88 ± 1.25 9.97 ± 1.02

Collared 7.74 ± 1.21 8.92 ± 1.11

Significance of factors in analysis of variance:

Collar n.s.

TAK-044 n.s.

Interaction:

-044 by Collar n.s.

TABLE 2: Total collagen levels in collared and 
sham-operated carotid arteries. 

Placebo group (n=9), nonselective ETA/ETB receptor antagonist TAK-044-treated

group (n=8). Shown are mean±S.E.M.  n represents the number of animals in each

group. n.s. Not significant (ANOVA).
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