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Abstract

Backgrouhdart valves share developmental signaling pat
aortic valve disease (CAVD) has been associated with v
osteogenesi s, myxomatous mitral valve disease (MMVD) i
exuberant deposition of proteoglycan, and valve regurg

Met had3dWe determined theapuedantepobteagt ykagmpe aigfgirce c an

type Il collagen; chondrogenic transcription factor, S
human nor mal and myxomatous mitral valve | eaflets by i
Results and CdMyxdémasti oms, but not normal, mitral valves
that were abundant in aggrecan, type-llocacloilzleadg ewi,t ha nadr ¢
my xomat ous pathol ogic change on Movat staining. Some ¢
mor phol ogy reminiscent of chondrocytes. Runx2 was only
val ves. These findings suggest a focal pathologic proc
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I ntroducti on: case of MMVD have l ed to a w
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degenerative valve diseases m

The -adpusted prevalence of WuAdGY & !cRohdrofefiedd throufh shafed $eGulatory
estimated at 2.5% in the Upsdat’hwaa-"&qs.i[h%c@ﬁtevé‘{GHFSsiﬁ‘éve

creases sharply after 65 ygarpsi Of y30¢e drieti xaptPoedd Mrivabr Bkelr s
domi nance of degenerative E?Qtuin(?(lzqgioeéte[olc’alzc]i'n,Decgset”eedp'j‘o'nt
tive wvalvul ar heart diseasqh@é:go%rbts%rflgfi@,psoutsugag/ortofa
native valvul ar hear't diseggeti thegamoeat ﬁﬁ’ﬂn@roﬁ'omd?‘@tii've ‘
festations of degenerative ;vqalvul @ a% oSu&2 S\PMVvAD. € My X o ma -

tous mitral valve disease ( MMV D) and calcific aortic

valve disease (CAVD) [1]. Whil é nbotthhi sconntdudy on svea rtee sctoend
sidered degenerative, MMV D naynxdo nCaAtVoDu sd i niif terra s i wganli fd sc amit g h -
l'y in their functional ma n il foegg tca tpiroonc easnsd tphaatth omiomiycs Fc b«
a hemodynamic standpoint t hédi mo shty ptoyt hiesdls nmuaeni €eat a-at ed
tion of MMVD is valve regurgl atneéedom,edvahbeprdecama rtkheer smoist c |
ommon mani festation of CAWDcarstaiblaahgdeanst PGosose) Pat grpe |

- O

ogically MMVD is charact ersipzeecd fhy ogroddsaglesmdf, | eto xt9h i(cckheor
ing with chordae | engthenibhgrpyr anmngegtRBuex2 neds tdeeogg eandiac- t

tion of the extracellul ar mmalt ramxd (MyGM)mat and Ruxmbrerm@mintr

deposition of proteogl ycan (PG)/ glycosaminogl ycan

( GAG) [ 3, 417 . On the other hand, CAVD is characterized

by l eafl et i mmobility, i pid accumul ati on, progressive
. . Materials and Met hods

l eafl et fibrosis and calcification [5]. T

hr(]a reasons f o
these divergent mani festatifqnsg ;@&f cpaleehkandedga@nefatbPB,
in the mitral and aortic valve are currently not under -
stood. Sur gi-ecxacdlilsyed myxomatous mi

= 9) were obtained from huma

Research in heart Va'Vepr‘?‘?n‘é‘?'yowecr}talhqsegﬁ?'gitation
gested sever al Commonalitiﬁéirbec}rwereé‘pltahceem@ﬂEhw%ynsonymou
regulating this process a”\ﬁlitchhqnndfroorgrr?endespiast’iveﬂi%fbnéé‘nt
turn might have i mportant rvo lelss I§o”aradduéptprtdvsesdjeprr(?tmd’cd&ll'
i ng. Heart valvulogenesis apipegars tRY kg elyi g(hl_lc)/vecloaﬁrﬁoerl’iéjj
among vertebrates and i s g\PaYIe\fé‘SEd(rpy:d%‘jelvxpepr"éenéﬁ‘tjained
regul atory pathways-basredi stijgmalof. J.efiePtLdcul ar di sease
i ng, transcription factor sy van dyud@Wn sttirsesaym  SNte't Ynfolr % "ednd T +
genes [6]. Developmental regehamply pRITBWA%D I JRLEIBR ¢
ing valvulogenesis also conyjrgolqdegv ey o(prnbenngte:ofllcg)arttoiI1a89_e‘
bone, and tendon [6]. Specihjgesh@asrd S0l RdP® " YmberdiNat
ways include Notch (atrialis/ventricularis & elastic art
devel opmedtbstoxag9g gdrMPc an (spongi osalh& thbookness of wvalve | e:
drogenes-ps)io®Wnin (fibrosa 3& losdeaetoigemsesti Bhouamaut t he sa
FGBcl et @axiascin (chordae terodnarnteoaes & ltaesnsdiofni cdaeg-i on was d

vel opment). These observat iamal,y sceosu pdye da wp & thh gplad dhiod to ga rcd
similarities between degenerative valve disease and os-

. . é/i{YeyszRéQ% LJI
teogenesis in the case of CAVD or chondrogenesi's in the
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our group [117]. Ti ssues webat édxwewdt wi LB%l10&atf osmalbmnf ol
embedded i n paraffin, cut gentperdox®mestoti €Bsmi mnmrior
mounted on glass slides. Em@ hy vaan tvieb 6vda sms s {( 8i0md umsva ¥y rha m -

hemat oxgydiim and modi fied Maxcv aothalpeahatchodmes and respec
stain for histop&¥thoksgwer elvielvlath,uad®l | agen 2A1 1:25 witt
ed for morphologic changes Siomx®l ddisfg (BGI GAGntaacGmuz Bi o
l ation, disruption of col | aPe,n ebxucnedplte sf,ore |l Ruwsntx 2n ffrroang mend

tion, and |l oss of nor mal v adnnebd wlse hipteerlcoixniedesesde pol y mer (
Dako, Carpinteria CA) was the
I mmunohistochemistry: peroxidase activity was Vi
) ] di aminobenzidine. Slides were
Il mmunohi stochemi stry was erformed to deter- . )
) 0 1% eafter each i ncubati
mine the presence of Runx 2, Sox9, type 11 _coll agen and
) . were counterstad@ nbdewat d©vx yMaiyre
aggrecan. | mmunohi stochemi stry stai ning was per -
) Carpinteria CA), dehydrated al
formed as per previously published methods [12T]. Brief -,
) trol s, wer.e created b¥_ substi
Iy, slides under went deparaffinizati on, rehydration, PG
) ] ) ) control mou antibodies for
GAG chain digestion with crg)ortljdr0|t|nase ABC (200 mu/
odi es

mL for 30 °@inSetkd&gaku Co, Tokyo, Japan)

and heatuced epitope retrieD/aaltla(A%Iaﬁ%)si\gi:th citrate
buffer (p%¥ 6Prat209%in (when applicable). Tris

buffered saline (TBS) was usedSltiodedsi | wdree eph g magmd sead t
and antibodi es. I mmunohi st cacnhderneiacsa | o fs tpao sniitnigv ew aasg gpreerc-a n
formed using an automated sutsainmgercolSoerctt mmes twaelrei ngiByn |

Tabl es

Tabl eFrle:quency of pathologic change and i mmunopositive st
Sox9) and osteogenic (Runx2) markers in nor mal and myxom
Mar ker Nor mal My xomat ous pvalue
Aggrecan 0/ 3 9/ 9 0.0045*

Type 11 coll 0/ 3 7/ 9 0.0426*

Sox?9 1/ 3 9/ 9 0. 0455+

Runx 2 1/ 3 3/9 0. 7636

GAG depositi 0/ 3 9/ 9 0.0045*

ECM di sorgan0/ 3 9/ 9 0. 0045*

* Signivdlclmens 9 0. 05 &b aesxeadc tont eFsits.her
** Loss of trilaminar structure.

60/ 2yaydzSRozy Ll
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Statistical di fferences i nstfaiemgilregn ad/ © zoefd iwmnhuhn oaproesai st i o/fe
staining between nor mal andnmsxgmatnau al valoweas vedrae ned
determined By etxtnec tFitelp&r. O V@b leaas woff myxomatous change we
were considered significantgrecan staining. Nor mal mitr g

negative for aggrecan stainin
of 0.2% N 0.1%. Aggrecan is t
abundant PG core in cartil age

Resul ts

Study Popul ation:
supports a focal chondrogenic

The median ages of the Wiotrh\%" tadhYe®4 group (n

= 3) and myxomatous group (n = patients were 45
years (range: 18 to 55 years) ancyeé160fearls (ra%é%ma%%u?o
84 vyears), respectivel y. ForlT}munpOpQS'tt'svewefroer fteynﬁ)ael e||(3Co
nor mal and 1 myxomatous) anvdalvegsht t ere lmlalgmflsa%%?qsw"o
ma | and 8 myxomatous). Nor%gleasito;alag\ggfesgg %E?énlarﬂg on
from anterior | eaflets. Of ttlhoensmy(x':oirHautroeuslGn)]i'tr-raylpevalIlvecso,
4 were anterior l eafl ets andnt iV\r/]erneorE]gsl,ténriitéralI\e/g}lvg?'s
Cardiovascul ar comorbiditletSOteretr?é)lh)a}gg%atfc?Js Cé”lrrcgtiu:l)age
wer e: atri al fibrillation (fnOr C2rtislyasgtlenmoiucg)%%/Ipsezr?eesn%'l?%?1
= 2), and coronary artery dcloslelaasgeennan:d za)ggrecan constit

focal pathologic process that
Pat hol ogy: myxomatous mitral valves.

The mean thickness of my xSPnfdt odd npRutnrxg?2q are trans.
valves (2.01 N 0.76 mm) wa¥iolwededdekrarg Y<oc.hposndr ogenesi
dedtt elstcompared to normal ®wmi$rhal eahl ve®steogsnfsis, res
0.09 mm). Normal leaflet stPdsiMiddalovavaes| Wi ei hMmMyR
omatous mitral valves. The gemtiicr d radgcrdtwad®d fRcCéERénSO,
but often not wuniformly. E%®lanei bfafolfleoismd iSzoexgdx |veiet hy afso ¢
due primarily to regionall yWosxtédyei ad efrSe alsFidfurga slohhi | S
myxomatous matrix. Movat pdrAttdékrdmdi §naf@RrcfeOleaRBBAX2Z,
that the thickening was duffl t@yXamateqyedmigtyalosamine-1e
gl ycan ((FGAG) es 1A,Chla@,gel By¥ XmHatous mitral valves exhi
prominent in the | aminae s ploMBPU oo saintd Y& bG &llstas a IMyzdy maii td
atous valves demonstrated Phcrdddesasl @i Ai NPbEFs My K
were disorganized and fragnPemateodus CadlcidS.cakMohh@as emgi n

present in myxomatous valvetsive staining for Runx2 was |
interstitial cells randomly d

I mmunohistochemistry: tral valves. The later valves
for Runx2 for statistical pur |

Results for immunohistochemical staining of nor -

ma | and myxomatous mitral valves are summarized 1in

Tabl e 1. Al my xomat ous mitral val ves demonstrated

di screte focal areas ofsksbaining for aggrecan (Figure

and 1F, compar efchet aneaB ar ea of positive

aggrecan staining in myxomatous mitral val wéeyeyydasSgozy LI

14.2% N 8. 3%. Ar eas of aggrecan i mmunopositive
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Figure 2

‘r:{. 3
-
T T TS TTTTTTTTTTTTTTTTTT T TT T T T T T T T T
Figur ePhoit omi crographs of Runx2 i mmunohistochemi dtry
imi tr al val ve demonstrating minimal ins.t ai ning for Run X :
1 1
Di scussi on heart valves [ 8], but i's not
mitral val ves. Thi s study de
The careillaaged markers Sé)‘(’ﬁl‘@éisih@ﬁeofnéﬁbfecan in myx
connect during t he earlierniphase yv8fvetsho Ny LIE N€Sd $1°  ar

whi ch chondrocytes ar e prodd fediadid - strhoensgelycr\‘/v(?'?%rof'oca
cytes streggl gtepthe eXpreStShioolnogayndinacl'hy)\/bhgt@lﬁs mitral
the transcription factor SaqX%9, n'irhcéucibnugt 'anépgorretcaannt wWa0gw n 5 4
stream targets such as typﬁlyxldmactousagcehnanag%d ThE" &&N | a
[27]1I n addition, cel |l s W'thGAhdgwr eivied s iof  Siox9q 1hay £ J &

abilityrefguldawinng Runx2 by ;ditfeethi-Ry ibtys dd8 % edent me c h a
dation, thus preventingl®] \p§|a¥bﬁ19r8§§989)§”‘\:‘7\/§'t?1|n the |\
) Interstitial -pgediltsi Vien aargegarseccaf

Proteoglycans <consi st of a core protein with
. _e a rounded hypertroph|c mo

variable number of covah aeintd y bound GAG si de

) ) . chondrocytes that has been re
[19]. Principal PG cores in nor mal mitral valves includ
) i man myxomatous mitral valves |
decorin, biglycan, and versican; and not surprisingly
these and other PG cores are m%5g|gagﬂdq\gt airbrrByrrﬁoan'nt c

atous mitral valves [20-23]. Aggrecan is the prototypic 4t hLeart val ves particularly

PG core in cartilage [19]. a%qjq]rdeacna[ncquqa%%% nyp%geihaagi
est PG core proteins and 'aQHEIO?(ff“anB,y 21@]0_ GEj\eGSpsiitdee net
chains of wvarying compositicooq|daegpeenndiinngM|\g\y|D,thtey&é)éecilesan
[19]. This structure makesafbg,l%rd%%"i‘nilﬁignlfllx%mQYGDgs?n?Pir%I

and | argely gi ves cartiIaqeagghsiSuntikgéjemotgitonéebcuhnadnainctalco
properties to resist compressive forces. E x p/r2e/9 % dzScRrp 2 yo I
aggrecan has been previously reported in developing
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expression is considered | ahragselnyots pleecarf i xetf ocorcfairntmeécagij 6
ti ssues [27]. Type |1 col |l dgemonssrekeddsad ke dien welew s BaveEPr
during the devel opment of ecnadnoocnaircdaila ls icgunsahliionngs ,d ubruitn gn octh
in the adul't hear't [ 6] . I nsitthlie rsotluedsy ,f ofro cBaMP porre s\Wwnntc es i «
type Il coll agkwndantaggreaawnmolfamykeamat di sease remain to
tous change constitutes further compelling evidence for
a chondrogenic process in myxomdCdds RMN¥PafXRBEESEsON h:
Type |1 collagen has been fBFPellos&ly¢iflheneOfitésd VA 8BS

calcific aortic valves, laryeRP) 88EEBEEPEPELE RAtROIAGHIAS |
osteogenic transformation RYBY¥2 YRS sNGL n®§i hgN%'wp poX¥R s S

the notion that the osteogeMiX®MFioOlsSs sMihr &lavphal ¥egpisug9
l ates endochondral bone foRPmaYi8n SWABIEI fahhbnbokgin M
mation progresses through a!prOo cPefsesN o MOgNsSitiriact 8 di oinn oG al;
cartilaginous template [9]_Cells that express Sox9 can b
of cel | types, including cho
The transcription factdqrdO0OBoxPDursngypkedlet ygexesi s,
pressed i n chondroprogeni ttolmsqgugpherdmdddcard darra |l ¢ hoosnsdirfoi-c a
cytes and proliferating chbbatdeoc yetnedso.c h Ruadx 2|, avshg icthi c a't
serves as a positive reguleatrdryy pthactorof i Soxhoaxipoeydieo
maturati on, is expressed ilni fheyrpaetritampdnad ahloadeophhses
and throughout ossificati onchsotnadgreosc.ytTehubypéhei ophyy gulnat c
ry mechanisms follow a tempbual pattennbedusugge ethad-t ha
chondr al ossification. [ 28end@2®dhonAdraariost go@dnessiigsn ap rion
pat hways promote their regebasteti nacd@BiOtjulwittehs chomdmro-gen
genesis being favored by high Sox9 and |l ow Runx2 ex-
pression and osteogenesis being MdRAIrPSp Pl I BT §os8d Udy
and high Runx2 expression [8¥%)numRegrphpf 8popgg! WLtopal v

served strong focal presen@d®d olfheggfiyagcty t hayydhLWme e ed
mitral vakvoecsaltitzaetd omd t h fokb Q1 tAPepyxXgmaggypemitral valyv
can and type |1 collagen po2imPil\fe NUMbiedi nof trhhe N &TyPyle s ¢
that focal chondrogenesis CARNMGx &ASt o €s® CHi€dr 21" viall &§%ke N
may be mediated in part thCd@PJHTORENEGx gNaf K&K Sc rbieftdius e
factor. Bone morphogenetic! @t @&Chmamey taabh veah¥es. T
forming growth &)aCEOmemBEaén(a$f§@ﬂHQ between the normal

same signaling superfamily MBEPMAILYS WHPWP ("R SEFulItdi®e P
Sox9 i-®mtadgetechondr8genedincrplalgegnce expression of chond
abundanceahafs Th@&fen demonst rSa&%Mefd® % cBVndipnleabi ity of post
myxomatous mitral valvesii sl PPt iinSg &l S0 18 Ifiomi tyagd on. H
a chondi#ogenipathol ogy in febbfefRESTePeniivteey anterior

valve , possibly through] MgFPIMatiods Q50UPox9g [ 34
BMP2 induces Sox9 and aggrecan expression in devel op-
ing heart valve progex9tios pests-[37]. BMP

|l ated to mediate valvular heart diseases through recapit
ul ation of shared development al pat hways tha&/zrygﬁd%'élrnﬁiyeur
val vul ogenesis and chondrogenesis but this hypothesis
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valve disease with emphasis ¢
I'n concl usi-exnpr efsosciaoln copfe ;3997 ©GHHB - gg Suppl 4:iv20

type |1 coll agen, and Sox9, but not Runx 2, suggest a
. I[nSl ot t o CM. Val vubDiag e agsoer t § e&v

pat hol ogic process that mi iFcs chondrogenesis in uman

. al_rhd timing. of ir{tervent|on.

myxomatous mitral val ves. e signafFing pathways that
medi ate this process and tChoeIngaesgﬁsC%vrh?/'ealeﬂ/gDy'anz 06; 47
CAVD apparently differ i n [téhlei €Comas hbdMDpgywut emgi nrKEt. o Hee
determined. regulatory networks in develo

Res. 200921.05: 408

[ 7] Mar kwal d RR, -Roodrriigsu erRzA, R, M«
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