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I)*ckgror.tntl._clatecholami'rergic polymorphrc ventricLLiar tachycardia is a genetic anhythmogenic dìsorder characterized

by stress-induced. l-riduectiÀni,.ot l"utartachycardia that may degenerate into cardiac arrest and cattse srtddel death'

The electrocardiographic pattem o{' this ventr-icular tachycaràia closely resembles the arrhl't1'nias associated lvitl:

calcium overload and the delayed afterdepolar-izations observed during digitalis toxj-ciry. we speculated that a

genetically deterrrined abnonnality of intracellLùar calcium handlìng mrght be the substrate of the disease; therefore' u'e

considered the human cardiac q,anodine receptor gene (úR.r.,/U) a tiicety candidate for this genetically transmitted

*:.:#;Yr;.*:;*:rr"elve patients present'ng rvith typical catecholarninergic polynorphic ventric'lar tachvcardia ìr

the absence of struch.rral heart absormalities u,ere ideutified, DNA rvas extracted from peripheral blood lymphocl'tes'

and single-stra'd conformatìon polymorphism aLalysis u,as perfomred on polymerase chain reaction-amplifiecl exons

ol the 7,1ì)fi: gene. F-our single nucleolide substitutiorrs leacìi'g to nrissense mutations were identified in 4 probands

allectetJ by 1he ciisease. Ceietic analysis o1'the a-symptomatic parents revealed that 3 probands carrietl de irovo

mut*titrns. ln I case. the ideltical trvin olt.heprobancl aieà suddenty afterhaving suffered syncopal episodes''l'he lourth

mut*tion r.va.s iclentilierJ in the proband. in 4 clinicatly af'tèctet'l family members" ancl in none of 3 nonalfectetl lamily

mernbers in a kindrecl u,ith 2 sudden tleaths tlra.t occuiretl ar l6 ancl 14 years. respeol.ively, in the sis{'ers o1'theproband'

conc,tsions-we tJemorstratetJ that, in a.greement with our hypothesis. Aill'R2 is a gene responsible t'or catecholitruinergic

polymorphicventricr-tlartachl'ca;rclja'(Cirailution'2001;1031196-200')

I(ev worrls: a:nhythmia I genetics I tachycartlia r ryanocline receplor"calqium release channel

cratcrcholaminel'gic polymorphic VT' We dÈtected 4 tnìsscnse

mutatiLrns c:osegregating rlìth the clioical phenotlpe These

data suggest that ú-R.lfi? is a qeucr for catecbola$inergic VT'

Nlethods

Study Population
Thc srudy incLurjccl 12 probancls prescnting witLr bidiructìr:ual VT

tllat was rcproclLrcibly irrlut:ed b-v-, cxcrcise strcss testulg urili or

isoprot.,rc'.-ì infìrsi.o ur thc abse,'cc: cri strrLctural bcart lrh'no't'irli-

Ues. el probarLrls trad a clinical diagnosis ol calccirolauriucrgic

polyniorpiú., VT"r'r À fìnr.ilial bisroll oi syncupt alti srddc:n dcetb

was prts,:nl in 5 oî tbt: 12 paticnis ('+l9l) All patrirnrs had a ttorrrtal

ECG al etuollncnt. uorntal arriotoufu'jculiLr collduc:tiLìll. alcl a trornial

Qì i:rrcrlaL
.tll patients gave inforttrcd consùllt to rlre clinical íìl1d gcnÈtlc

snrdy; ìhc studll lvas applovcd b-v the internal ctltics comnriftec of

Fonclazionc Salvntore li4augcri
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gnlinc o' I)eccmber 11, ?000' (.Cirt:qi4ùan' 2Ùti0llí)2:r'í9-i'5''''i

ff nì"ì.r*i,u ,rf prf i1, Via F*trtÍr ii. 271{.1(l PavirL. ltaly E-rrraiì sFriori(itfint'it
,C l(l0l Aùìcriciin Flcillt Assotialiclrl ino'

f-l atccltolanrinergic ventricular tachl'cardia ( VTl occurring

U io t'n. struclurallf intact heart rras descliburd by Conmel

,rt ai in 1978r ancl by Leenhardt et a-i in 199-5r as a distinct

clinical entiqv of udslo$'n origin u'ith manifestations in

chilclhoocl and adolescence . Alfected ilciividuals prescrrÎ I'ith
syncopal eveuts and r'r'itir a distirctive patteni of higJrly

reproducible, stress-relatecl. bidirectioual VT il the absence

of both structurÀl heart clisease and a prolonged QT inten'al'

A t'anily history of juveni'le zudcieu death and sù'ess-inclucecl

slrìcope is present i:r approxinately one third of cases'

Reccntil,, Su'au el ali showecl a linkage of the disease to

chLourosorue iq42-q43 in I afft:ctec1 families

On the basis of both tire lvpical electrocarciiograpilic

paltem a.nd on the hlpothesis that delal'1:d nfterclepolariza-

ijons unclerlie arrhythmias in tiris clisease' lve h)rpothesized

thiì.t mutations ol the hr-rman cardiac ryalrocline receptol gene

(ir(1,R!)" mnppecl tcr lq42-q435''i rnay be associatetl lvith
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Figure 1. Family trees and results of

SSCP and DNA sequencing in families

A, B, and C. Filled symbols represent
clinically and genetically afrected

Datients; arrows, probandsi open sym-
bols, clinically and geneticalìy unaJfecteo

ìndivlduals; gray symbols, individuals
who urere not tested; and line throuqh
symbol, deceased individuals' SSCP

analysis shows patterns observed in

control individuals (CT) and abnormal

conformers identified in afected
patients. ln left panels, DNA sequence
analyses demonstrate presence of a
heterozygous single nr'rcleotide substitu-
tion in 3 probands.

No repetitive auh)4hmias rvr.tLe ittduccrd during program-rned

electrical stimulation (maximurn of 3 exftastimulì on drivi-ng

oycle tengths frorn 6()0 rnr' to 350 ms), but isoproterenol

i:rJusion (2 pg/min) ì-nduced the spontaneous onset of bidi
rectional VT. The nn'hythmia harl a cycle length oi 300 ms

and a rlorphology reserubling that of 16s clinically obsen'ed

\T, ancl it spontaneousty terminated aJler 2 minutes rvhen

isoploterenol infusion rvas discrlntbued The patient was

rreated lvith nadcrlol (2 rng'kg-I 'd-'), and an implantable

cardiac defibril.latoL IICD') was irrplanted. No furdrrrr slnco-

pal episrrrles hat'e occrtrrecl during 2 years of follot' up' buÎ

,i'rort-,not of nonsustainetl poll'morphic VT were recorded by

the ICD.

Famìly B
Thc. proband of familS' B is an 8-vear-oìcl boy (tr-l in Figure l)

u4xr rvas reiènecl (to Lì.V.) Lrecause o1' the occun-cnce t':f

repeated sSncopal episodes. Tbe icic'ntical rvi'il of thc rrldex case

ha,l a Ltì.story ofrepeate<J syncopal evenls antl rlied suddenly at 7

years of agù: aLrtopsy failecl to demonstrate abnonlal findings'

arcl death u'as attribuleci to cardiac arresl' The parent's of tbe

ls,itu are a.sFnptolnatic, rvith urrnnal lleafis a'Lrd no cxeLcisc-

incluced arhyhmia-s. The ba-seline E(:C of the proband is

u:ucrruat'kable, wiiÌr normal PR aLrd QT irrtenals arrd no abuor-

maliries ol i'entricular repolarization. Nonsusfainetl' bitlirec-

tionol \T rvas leproclucibif ii-rdrtccd duling erercisc stltss

iestingN(rstluctr'Lralancltìrnclionalabncu'rnaUtiesu'eredetected
wrth MIÙ or iluring right arrci letì ventriculcrgraph;; fhL' p^;it*'

lras h-eatecì uT îh atenolol (2 rng' kg'' ' d-'), and acit'+ìÀte coutrol

olthe anh.r,thnriu-s rvas aohieved rvith no recunencÈs olsyncope

iiroer 6 vcals of follou'-uP.

Fnní\.y" C
Tl. pioband oifarnily C is a l4-1'Lrn1-o1d boy (II-l in Figure

1 ) rviro rvas relèrlecl (LÒ (i V ) because of lrequent episodes t>f

&'Iutation Sereening
Mutaijon screening was perfomred on genomie I)NA samples tltat

w'ere extraofed frulm penpheral blood ìymphocytes using sta!úirrd

urottrods,; und the genouric suucturc of thc /rrt-l'-/li geùo was oL'tained

6tN]I: ao,l c-.'t.D.).s Intronic prinrers thrtt ampìif;' 90 of I03

erols, i:relucling those con'esporrlirrg to tbe protein ùomdin involvetl

i'rl interacuons wirb fKlJPIi.6"' \\'ct'e userj t-or poi-v-lncrase cbaìn

,*u.iiot', *l'tplincntions.{ Polynrcra.se chuin rcaction products rangllrg

fiom 120 to 300 bp were u:ralr*zeri by single-striLnd conformi$ion

folu'rootpirisuo ( S Sbt' ) on nonclcniLturing poll-acrylatrri-dc gcls' All
nUoonout confbnlcrs 'wele sequeftccd rrsing a ABI3[0 genetic

"""f**. 
.A control group of 40tt healthv andunrelated subjects (800

uiirt*ii *n* Lrsect to-cxcliilc thc possibilìry trf thc deru-ctcd 
'ruraliotls

["i,ig óN,q pol'*orphis'rs. Adúitionally. r'or a11 

'aticnrs 

i'cl'ded in

tt. "pr.r.ut'*ttta.o. th" ertire cr:tling seqoences of tl€ li-CÀIQl'

rcCiAl Sc,\t-s,i, Kc,vtr/, and KC,VZI gt;nes w'ere scraene'd using

pì""i""tf:, dcscribeci prinrer pairsr'' to ixclLrdc the possibilìt-v of

atypica.l vtrrianLs of long-QT syntlrome'ìl

Results

Clinical Findings

Fuuilv ,4

i[. pioUu"O fbr tamiti'r\ (ltl-Z in Figure 1) i's iin 8-)'ear-olci

bo,v urho ,.r,as ret'erec1 (to S-{i'P.) tìlr ciinì{'}al evaluation oF

recurent s;-ucopal events tbat had occurred since he was 3

1,su5 trld. Events rl'ere invariabl-u- incluced by exercise' and.

il,.y o.u.. rÈquil'ed resusciurlion. No larniiy'history olsuddern

cleath ol of syncropal episodes was presLrnt, and lhe patents

had trorma.l hearts anci no exercise-itrduced anhythmjas The

rest.ing ECì(.i of tl:e probinitl showed ncrrntal sirus rhythni'

l]ùr:mÈl atlio\'È[triculet' couductiotl. ard nounal QT dur:ation

\ r.=,.+i nr rl o r n mhr,4lrrr r e c I ì s nì n rr.l nrclllilture ventnclt]iir beal s.

oouplets. lnd nrns of biditeclitlnal VT) could be leplodr'rr:iL:Ly

ìntiuced duting exercisLi testing and prrcglessiveh' rvoLseuL:d

as the q'orkload increasecl. Echocardiogralrs ald right ven-

tricular angiographl' clemonshiited an ellirel,u' nonnai hearl'
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Figure 2. FamÌly tree and resulls of

SSCP and DNA sequenclng in family D'

Filled symbols represent clinlcalry and

genetically afrected patientsi open sym-

óols, clinically ancl genetically unafected
individuals; gray symbols, ìndìviduals

who were not tested; arrow. Proband;
and SD, unexplained sudden death at

young age (see text for details). ln mid-

dle panel, SSGP analYsìs shows an

abnormal lower band, which is present

only in proband and in clinically affected

family members in r,'rhom presence of

hRyR2 R4497C mutation was subse-
quently identified by DNA sequence
analysis (botlom).
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defc.ct. He \.vas asylnptornatic fcrr. s]'ncopal enents and had no

arrhi,îJrnrias at Holter recordjng, but ht: could nol perlbnn

exercise suess testing because crf severe arthriris'

During 1 year of follorv-up afic'r ICD irnplantation' the

proband erperiencerl ? appropriate shocks that succcrssfully

iern:tnated ventricular fibrillation. Or: both occasiotrs! euo-

tional stress prececled the event-s: the first episode occurred

while the paiient wùli being fireci by her bossl tbe secor:cl

l,hilc she was acrtiug rn a play at thcr local scirool'

lctentilìcation of hR-v" R2 Nlutations
Four rliftirent single nucletllide subr;tiiutions le"rding Lo

/rll.lt2 rnissenss mutatiotx (nonconscru-.ative arnino acìd

changes) vere identihed rn the 4 probands qiÎb cat-

echoiaminergic VT. i\ Ser tcr Leu substitr'rtion at positicrn

2246 (exon 441 $'ils identiiìed in the proband ol làmily A

lFigure t ), an Arg to Ser subsiitutioo ai position 2474 Lexon

ìgi iu U* prohand of fami-Ly B (Figrue l ), an Asir to Lys

substinrtion al posjtiQn 4104 (exon 90) m the proband of

tiLmily C (Figure i), ancla Arg to C,vs substitutir>n irl positiort

449i (exon 93) in tlre proband of tàmily D (Figurc 2)'

The prìmer pairs lLsecl to ampliÈ' the n:rutatecl exolls trYere

as folklrvsl

Exon 44: 44F" GTTACAGCACGATCCAGGTT; 44R'

G AG.{A/V\C C CT C ILA.A*A*A' C C A
Exon 49: 19F. r\CIACCICI,I\TTCAC'\CCÀAAAT: 49R'

,\GA G AGt-ìACICì,\;\CiTCC r\1'C G

Exon 90: 90bF. GAGCCATA-4'GCACTACACGC; 90bR'

ATACACCCTCTCGATGCCTT
Exon 94; 9lI, AGCTTTCIAT\CCICITCTTCATTC: 

glR'

GC]CÎA(iC CACCA CTATTTCA

I:r -ì cases. the mr.ttations rveLc de novtl and 1|1c1' \À'ere uol

inhented lrom the pilrentr\ (lriological patemit-v was coll-

fìnnecl irv t)NA anaLysis). 'l'hr-: llst A/(-r'It2 rriutetìorr \er$

ltr-2

,fiHi
ì:i:lrr:
1EW

loss of consc-iousllÈss dlltillg LrxÈl'cise" n'hich begrn at ? years

of age. No family history of sudcien cardiac death andior

syncopal episodes \]rÀs present- The parsnts r$e asvmptom-

aúc, rn'itir normal hearts and no exercise -ùlduced arrbyl'mias'

Ba.seline EC(} of the proband \\ros nornìali irnd nonsu'staineci'

bidirsctional \'"T in'as reproducibly eiicited by exercise stress

tesfing" No cardiac abnornraiiiies weÎe jdentifled rvith echo-

r:ardio-eraphy, MRJ, or riglrt alcl left r'entriculography' The

patient- u'a-s- rreated rvìt'h atelolol (2 mg'l<g{ ' d-!;' u'hich

prevented lecurl'ences of syncope and the cLnset of repetitive

Lxercise-induced ventricrLlar arrhythrnias during 9 .u'.ears of

tbilorv-up.

Famill: D
itre proUunl of flarniì1' D 0tr-3 in Figurc 2.) undenvent

cardiac evaluation at -10 years rvhen s1-re experienced pa\lita-

tions, I-Ier t'amily histol)r inclucled the srrdden cardiac death ol
2 sisters, \ahich occurrecl u'hen they rver:e 14 and l6 1'ears old'

respectively- One oi'the 2 giris died rvhìle,hreing. tested at

school and the seconcl q'hile cliflbing stails' T]re Hoiter

recorcling demonstratecL ntlnsu-staineLl. bicUrectional' po1,u-'mor-

pUc W (ma:;irnur:r 6f !-5 bc:ats) Becarue of the famil1'

histc,r), of cnrcliac arrest. ?ìn lClD ia'as irnplanted The iirrnily

rr,^, tlr..r-t referred (to S-G.P-) tbl eliriical and genetic

evalua.tion,

ClirricalLl\raluationof|arnilymetlbeLsacross4qclr*l.atiorts
ciernonsrrated thaÎ the probanci (III-3 in Figt:re 2)' her mother

(II-l in Figur-e 2; age' 59 )'eors).2 ofher sisters (IIl-2 and

Ill-4 in rigre 2; ages' 28 amti l6 ]'ears)' ard her brothet (1ll-1

jn Figulc' 2; age. 23 years) cleveloped biclileclional VT ciuring

.*-r.ir. stress t€stillg. None of thet:r had shlcntral abuot-

nralities ol the hearr- Six acirliljolaL lirrnÌl-v- mernbers (ìt-2'

II-3, In--f, [I-6, IV-l' and IV-Z in Figr'rre 2i urderrvent

cLinical e'valualitx, anci none clei'eltlped veillrjcular arrhyth-

r:rias duri.ng exercise stress testing The 92-ycrar-c-rid gr-aldfa-

lhc'r ol ttte probancl (I-1 in Figure 2) dici not can'y the genetic

ill-4
r+il$i
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preseut itl all 5 intlividuals rvitLr tire r-:iinicel plienor-vpr'r (ll-1'

III-1. trI-2, Itr-3. and trI-4) ald iri uole ol the ii q'ith a

negatìr,e cLjnica.l pirenotype ( 1009'; concordance betu'een

clinical and genetic <.liagnosis; I00'11, penetrance)' None of lhe

mutatious wcs prÈstnt in the DNA obtainurd fiorn 400 nor:mal

subjer:ts (8 00 alleles ).

Discussion
We deinonsirated that mutations in hRy'R2 cause cat-

echolirminergic \rT, Several ji:res ol evicìence 'support this

conolusiou. First. catecbol'.Lntinergic VT has beerr linked with

cl:rontosome lq42-c14-1,r wllere ÀlR2 meps' Secoucl, R)'R2 is

reqrrnsihle t'or calcium release ù-tlm tlre sarcoplasmic retic-

ulum in ÌclsFonse to calciunr entrl' fi'om the dihvdroplridir:e

leceptor I r (voltage-depencltlnt calcium channel )' A dysfunc-

tion in tiris proteil, whiclr is pivoial in coutrolling calcium

homeostasis. is compatible uith the presumed mechanjsms crf

bitiirectionirl VT. n'trich likely invotve caiciurn overlt:ad-

rn ediated, tlelayed afte.rdepolarizatiotts. I :ì' I a Third' intrageni c

mutatiolls leading to Donconsùn'ative amino acid substitu-

tions hnve been iclentifietl in highly consen'etl regions oi tLre

genr,. and wÈrc cosegregatcd u'ith tbc' olinic"Ll ptrenotype'

Finalty, ú/tlJ?Z mutations are locoted in flrnctionally impor-

tant regions of îhe gene. in locations uihere mutafions were

iclenliiietl in the Rr,ll/ gene lthe skeletal muscle hornoltlgue

of lrfri.À2) arrd are associated with rnalignant hlperthermia

Gi{H) and central core clisease (CCpl-'-t Finall.v, the evidence

tba.t in 3 probands hRvR2 murations occurred de novo sllpport

the concept that ihese nrissense mutatit:ns nre sut'tìcient to

cause the disease.

,Background
hr l.99J, Leenhalrli et aF described a series of patients witl'L a

reurarkabl-v unifonn patieru of stress-induced. bidilectional'

polymorphic VT in the absence of strucnlral heart cìisease'

Appmximateìy one lhirtj ol the ca-ses trad a lmnily hislory ofl

juvenile surldeli tieath anÙor stress-related syncope' Of inter-

est, rlost crf the patients v'ere the ouìy afi'ected individual in

their famìiy, thus stLggestìng either the existence ol incoru-

plete penetrance olthe genetic defecl or [he oocunencc'oi de

novo rnutatiot'rs. Thc ptesLrllcÈ of bìdirecrional VT and the

reproducible paltem of adrenergic-inducecl r'entricnlar ec-

topic actir.itv are verv i:nportant clistìnguishing ièatures rrf

ttris r1rsease and ils p.atli0g$nr-'sis. ln o0nlliìst rvith patients

who havc Iong-QT slnclrome- tJre patients described b1'

Cor.rnel et alt zrnd Leenhruclt et aF have a notmal (ìT inter\'[l'

they clo not tlevelop VT t'"ith rL pattem tlf tot'sade dc's pointes'

and theil VT is easill'uiduc-ible du-L-ing exelcise stltss ttrsting'

Ln tbeir stttciy, Lec:nhardt et al'r stated tllat tiicr biclirc:'':tioùal

arrhythmias observed in their prìtients had an "ECC pírttem

nìost c()nìTnoriy clescribed in digitalis ltlxicity'''ro This obser-

ystion poirts to clclal'cd afterdcpolarizatior$ as a likely

arrirl-tb:logenic tuecira-nism ìn these patientsì1 Dela-ved af-

r-.,t--r.l,rrr:rrinni rrre cittrsed hv irrtracelll,L]itr citicjum tlr er-
!e, \rv P \' !q.

lo:rcl. as occurs rvilh ciigitulis tLlxicitY.rr and abrormiLl calciunl

lelease liotn the snlcoplasrrric rcticulutrl tlrey al'e r'rnhanct:d

hy adrenergic stil:.ulatiourr'La and are blercl<ed by the ìl vitro

acirnìnistratitlrt tll ryiLnodine.t: 'l'hus, the hlLrnan c'at'diac rvln-

ll- 1
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Figure 3- Exanrples of bidirectional VT reproducibly elicited by

exercise stress testing in 5 gene carriers of family D'

odioe r:eceptol gene seemed to be a good candidate fol this

fbmr of idiopathic ventricular arrirl4h-rnia,

ì\'lutatjons in thc /rÎ-l',R2 Cenc in Patients With

C atecholrrminergic VT
We Ìdentificicl rnutations in the fifi.t'n2 gene in 4 ol 12

probar:ris. T.,r'o of tJre 4 geloF.vped probalds Ìracl a fanill'
histor-y- ol juveni[e suclclen uarcliao cleath, ln tlne o::'se (itLmil."-

B), the irlentical rw'in of the pLoband, rvho had histoly of

stress-relatecl syrcopal events surce ircr was 3 yeaLrs o1d, died

suclcìenly (tregative autopsy) at 7 1'ears ol age ra'hile lunning

ori the beach. In the seconrl case (ftrmily D). 2 sislers ol the

probancl (both rvith neqatjve autopsl') died suddenly at 14

years (rvhile being testecl at school) and lÓ )'ears (rvhile

ciimbing stairs). A clinjcal ev:tluiLtion ol tlre larni[y rnemL:ers

of thc proba-Lrd in lamily D dcmonstrated that the 5 genc

caniers presented lvitir brdirectional \T rvher pertbrmirrg

E1s1 n tr.llrdetiite d.egree trl exercise. The partem of anhvth-

mias was tdc:utical in tiic- proband a-nd the otiler 4 carLiers

ffigure 3), The rnutntion ideutified i:r this 4-generalion fnmill'

clearly cosegregates rvith the clinical phenQrype li lhis

lhrnilv. carcliao arrest occurrcci during adtllescencr: jl the 7

sisrcls r,r,ho dtccl suddeLrìy but scveral ycars laÎer (30 yeu-s; in

the probartcl, slggestirig a rarialrle age-related matiltrstation

ol ihe disctLse.
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On the ba.sis of tlre publi.shed atnino ac:id seciueace t-rf

/r111,,R3,+ a[] 'l inutations involve highiy consc'n'ecl residues

arnong the hRyR 1'romoìo-qrLes atrcJ R.vR protei:rs frtrtn otber

aui-ma1 species, thus reiliorcrng lhe hypoÎhesis that these

rnutationi arLr associatÈd with functional changes in the

lR-1,,t? gele product. Sorne interesiìng obser'virtir)ns slÈrn

Èorn the comparison of the mutaticìns ìclentitìed here and

those fcruncl in the /?l?,/ gene (skeletirì mttscle lromologrLe trl
iilÀ.?) that arc associated q'ith ? human discases affecti:rg

skeletal rnuscle. MH ald CCD. N'III is a pharmacogeuetic

clisortler o1' s[<e letal mr-urcle triggetLìcl by cÒnrn] olr anesthetìos

ancl depolarizìug muscle relaxitnts and, in soine susceptible

i::diviclirais, lry severe sxercise. CCD is a nonprogressive

rnyopathY chalacterizecl by hypc.rtonia and p|oximal mrtscle

q/ct!knLì$s. CCD is usually closely associatcd r'vith lv[LI"rs

Mutaticrns in MI'I and CCD patientrs are clttstered in 3 regicms

of the ÀI?J gene: region I conesponds to the first 614 anrino

acirls ('na); region 2 corresponds to a region befweer-L aa and 2 I 62

to 245 8; nncl region 3 con'esponris ki the C-ternrinal rrrgiorr of thc'

RÌ?l-encocled protein. q'here mutaticrt-rs have been fourrd jn the

pore-foi-ming region crf the encoded channel betvveen aa ancl

4800 to 4900,'t A-n aligueni of the nlrtations Ser 2246 Leu and

è,rg 2474 Ser, rvhich was found in farnilies A and B" with the

cone'sponding iut scquenoL+ in the RYRl proteir locates the'se 2

mutations: one is in the center of the second cluster t:f M[]'iClCD

nrutations and tbe second is very close to the siu:re reqion'

I{tlrvever. Asn 4104 L1's is very close to and Alg 4497 Cys lies

rvithin the "D1" region (divergentregion I ).rs-2! rvbich is one ol
the rnost investigcÈe<l region of the RYRI pratein trecatrse it
appea$ to coutain important sites for regulating cha:::rel

hxìctioos.rs.lÈ 3r

Mrux el al:r rccently reportecl that ',rdlenergic slirnulaliorr clf

carcliomyoc)4es results in the blprphospbolvlarion olì RyR?

tlrough PKr\, q'hich resr-rlts in FKBPlz.ó clisplacemeut and

altered channel activity and, thu, cmcliac di'sfulction Muta-

dons found in lvIlIrCCD patiLrnts incLeasLr tirc- sensitiviry of the

n)ulmt RYRI clrannels ttt activating cctncentraiiorrs o[

Ca::,is.Lr,ts ln anaÌog,v, it is rea-sonable to envision tbat iralients

with caterrhola:linergic \"T, as a corsequeuLre of tbe obsen'ed

mutations in the hR1'ft2 gene. irave al increa'sed sensitivity to

Caì-: tben.ft:rc. intense aclrenergic stin'rulation due to emotional

stress auclicrr increaserl physica.i iLclivitv mttt' leacJ to calcium

ovelloacl emd precipitatcr se\rerÈ tecllyarhl'tlruias'

We identified /rnv.R2 ruutations in 4 ol i2 patìents u'ith

catecholtrninergic VT- 'ì-his nray be due ttl the tact lh:rt wc'

have not 1,s1 slrmpleted the screening of tiris very larse gene

or to incomPlete sensitivity of the screening techniqtLes' We

tìvor the hypothesis that, iLr analogy with other arrhytlllo-
genic disor'ders, genetic heterogeueiry nudel'Iies cat-

ech,rlsrnine'rgic \''1. The finciing of h/(r''ft! mutations in

,4Rl/D],8 mirppeil to lq42-q43.:r ra.ises tire qtresticrn of tbe

possible alleiism of ARI'D2 and catecilolalrilergic VT'

In surrularl'. we present evidctrce suggesting that lnutatitlns ill
/l.l'RJ are likely tcl cause catecholarninr-'rsrc; vT' This frnding

suggesls cardiac inir-iiceilr'ritr calcium release channeis miiy have

r rnle il the ',eles!s of ltrurln auh tillogeuic disorders'
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