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! V(2<(&*-(!V(2!4a,33.+,'(&-$!V(2!4,!3$2&.-*2,!(!V$/,!.&!$V(2,!+.!,22(+.!-(0&.0.@!+,!!+(/-.&,2(!

! ,4!4,G$2,-$2.$!+.+,--.0$!+.!W.$0X.'.0,E!OEOE1E!&d!9BJ!+(4!8DE""EAD"HE!

I! S&*"($*"#4% ?055V"##/"8$4&0% ?0550% 2$1/(0% ?$% 6($24% $&#0(C0&#4% $&#0(&4% 0% 60(%

% 5V"##$C"8$4&0% ?0'5$% $&#0(C0&#$% ?$% 6($24% 14**4(14W% ?,4.! ,--.<.-Q! /$&$! /<$4-(! V2(//$! .4!
! 4.<(44$!>===!(+.3.0.$!+(44(!W.$/0.(&6(!+,4!DHcD8cAD"C!,!$%%.E!!

I! 30164&1"-$50% 5"-4("#4($4% ?$?"##$*4! #O)! S(+.0.&,! ! #X.2*2%.,! 0c$! .4! #$2V$! #! jK+.3.0.$!

! W.$/0.(&6(! j! 4.<! 8! j! #,'V*/! P&.<(2/.-,2.$! R;E>(&*-,UE! $'.//./! ;0*$4,! +.! '(+.0.&,! (!

! #X.2*2%.,!!&d""!+(4!"9c:cAD"9!I!V*&-$!:E"!I!4,G$2,-$2.!+.+,--.0.E!

I! !$(0##4(0%?055V010*/8$4&0%?05%*4&#("##4!j!,33.+,'(&-$!3$2&.-*2,!V.00$4(!,--2(66,-*2(!V(2!

! 4,G$2,-$2.$!+.+,--.0$!#O)!S(+.0.&,!!#X.2*2%.,!0c$!.4!#$2V$!#!jK+.3.0.$!W.$/0.(&6(!j!4.<!8!j!

! #,'V*/!P&.<(2/.-,2.$!R;E>(&*-,UE!OEOE1E!&d!JA!+(4!"HED"EADAD!!

!

MB,,TSFNXS@YS%SY%Z[9ZYE@%

"7! ^E!S,2,/0$@! YE!S(4.&,@! KE!S(4(@!,W% ./"(01$2"@! FE! \.&%$&(@! KE! Y$0,2(44.@! ! KE! Z.00.$--.@! SE)E!
S,2-(44.@! )E! Y$-.&$@SEYE! >.%&,@! YE! W,*+.@! FE! O$'.&.n,&&.@! KE! F&%$--.@! FE! Z*.n,@! _E! Z(22$--.@! FE!

#$4$&&,@!ZE)E!S,--.$4.@!FEZ$20(44.&.@!YE!#$/-,&6$!,&+!>EKE!F<<(+.'(&-$E!

).&g,%(!+./(M*.4.G2.*'!$3!-X2((!V$4`'$2VX.0!]Y)Z/!',2g(2/!.&!-X(!,V$4.V$V2$-(.&!F=I#===!%(&(!

04*/-(2!$&!0X2$'$/$'(!""E!
Human Genetics, (1993) 91:169-174   

!



! J!

A7!FE!\.&%$&(@!FE!O$'.&.n,&&.@!KE!S(4(@!^E!S,2,/0$@!YE!S(4.&,@!ZE!S.&0X(44,@!!,W%./"(01$2"@!!SE?E!

?.,&$@!!FE!1&,//$@!!FE!Z*.n,@!!_E!Z(22$--.E!

O(4(-.$&! V$4`'$2VX./'! .&! -X(! %(&(! 3$2! ,&%.$-(&/.&! 0$&<(2-.&%! (&6`'(! ./! ,//$0.,-(+! e.-X!

(4(<,-(+!3,/-.&%!G4$$+!%4*0$/(!4(<(4/E!
Human Genetics, (1994) 94:207-209   

!

87!,W%./"(01$2"@!SE?E! ?.,&$@!FE! Z$20(44.&.@! ZE!OoF%$/-.&$@!SE#E! Y,&.(44$@!SE!FE! W(<.4,0M*,@! YE!
#.'.&$!,&+!YE!#$/-,&6$E!!

Z#]!,&,4`/./!$3!-X(!b!3(22.-.&!'*4-.%(&(!3,'.4`!2(<(,4/!-X(!(h./-(&0(!$3!-e$!04,//(/!$3!V2$0(//(+!

V/(*+$%(&(/E!

MF3%K0#U4?1%"&?%N665$*"#$4&1A%\:;;I%]I+<=L<<% %

%

B7!S,2.,EFE!W(<.4,0M*,@!S,2.,E#EY,&.(44$@!Z,$4,!OoF%$/-.&$@!,"(-"("%./"(01$2"@!S,2.,E?E?.,&$@!
;,&+2$EZ.%&,-,@?$'',/$E]*//$@!Y.4.G(2-$E!#.'.&$!,&+!Y2,&0(/0$!#$/-,&6$E!

?2,&/02.V-.$&,4!,0-<,-.$&!$3!-X(!bIY(22.-.&!%(&(!.&!+.33(2(&-.,-(+!#,#$A!0(44/!V,2,44(4/!,!0X,&%(!

.&!-X(!,0-.<.-`!$3!-X(!&*04(,2!3,0-$2!WG3E!
Biochem. J. (1995) 311:769-773  

!

J7! ZEOoF%$/-.&$@! SE#EY,&.(44$@! ,W./"(01$2"@! SEFEW(<.4,0M*,@! SE?E?.,&$@! ]EF''(&+$4,@!

YE#.'.&$!,&+!YE#$/-,&6$E!

_(%,-.<(!,&+!Z$/.-.<(!K4('(&-/!.&!-X(!Z2$'$-(2!](%.$&!$3!-X(!b*',&!FV$3(22.-.&!)!1(&(E!
Biochemical and Biophysical Research Communications, (1995) 215:329-327   

!

:7! SEFE! W(<.4,0M*,@! SE#E! Y,&.(44$@! ,W% ./"(01$2"@! SE?E?.,&$@! ZE! 1.*4.,&$@! FE! Y(4.0.(44$@! >EKE!
F<<(+.'(&-$@!!YE!#.'.&$!,&+!YE!#$/-,&6$E!

F! #$''$&!S(0X,&./'!P&+(24`.&%! -X(! K"F!](V2(//.$&! ,&+! -X(! 0FSZ! ;-.'*4,-.$&! $3! -X(!b!

Y(22.-.&!?2,/02.V-.$&E!
The Journal of Biological Chemistry, (1997) 272:20736-20741  

!

H7% ,W% ./"(01$2"@! #E! 12,&+.&(--.@! YE! W,*+.@! ZEYE! ?,//$&(@! >E! W,2G.(2.@! ;E! #$&3$2-.@! >EKE!

F<<(+.'(&-$@!YE!#$/-,&6$!,&+!;E!>(&*-,E!

b(2(+.-,2`!_$&V$4`V$/./!#$4$2(0-,4!#,&0(2L!=+(&-.3.0,-.$&!$3!_$<(4!1(2'4.&(!S*-,-.$&/!.&!?e$!

p.&+2(+/!_$-!Y*43.44.&%!F'/-(2+,'!#2.-(2.,E!

^/2"&%K/#"#$4&A%\:;;<]%:G\>]+IQQO%
!

C7!YE!W,*+.@!#E!12,&+.&(--.@!,W%./"(01$2"@!!ZEYE!?,//$&(@!>E!W,2G.(2.@!YE!#$/-,&6$!,&+!;E!>(&*-,E!

F!&(e!)HH")!V$4`'$2VX./'!.&!-X(!W]#F"!%(&(!32(M*(&-4`!3$*&+!.&!;$*-X(2&!=-,4`E!

^/2"&%K/#"#$4&A%\:;;<]%K/#"#$4&%"&?%M45_24(6U$12%3064(#%`QQ%6<?0<E%
M($&#%F$#"#$4&+%a45/20%:QA%S11/0%:A%6"'0%<=%

! %

97!YE!W,*+.@!,W%./"(01$2"@!#E!12,&+.&(--.@!1E!#*+,@!#E!Y,&.(44$@!ZE!?,//$&(@!>E!W,2G.(2.@!]E!W./(%&,@!

KE!].0(<*-$@!;E!#$&3$2-.@!FE!>.(4@!ZE!S,20X(--.@!#E!Y.0$2(44,@!ZE!],+.0(@!YE!#$/-,&6$!,&+!;E!>(&*-,E!

K<.+(&0(!$3!,!Y$*&+(2!S*-,-.$&!$3!W]#F"!.&!,!b.%X4`!b$'$%(&($*/!Z$V*4,-.$&!Y2$'!;$*-X(2&!

=-,4`!f.-X!W2(,/-c^<,2.,&!#,&0(2!

^/2"&%K/#"#$4&%\GHH:]%:<+:>QLIW% %
!

"D7!,W%./"(01$2"@!SE#E!Y,&(44$@!YE!W,*+.@!1E!#*+,@!#E!12,&+.&(--.@!ZE!?,//$&(@!YE!#$/-,&6$!,&+!;E!

>(&*-,E!

?2,&/02.V-.$&,4!2(%*4,-.$&!$3!-X(!'./',-0X!2(V,.2!%(&(!XS)b"E!

J0&0%\GHH:]GP=+G>:L=W% %



! :!

!

""7! SE! _`/-2$'I),X-.@! #E! Z(22(2,@! SE! ],/0X4(@! KE! Z,&`*/Xg.&,I;(.4(2@! 1E! S,22,@! FE! #*20.@!,W%
./"(01$2"@!YE!#$/-,&6$@!SE!OoP2/$@!;E!>(&*-,!,&+!qE!q.2.0&`E!

Y*&0-.$&,4!,&,4`/./!$3!XS)b"!'*-,-.$&/!4.&g(+!-$!X(2(+.-,2`!&$&V$4`V$/./!0$4$&!0,&0(2E!

J0&01%FU(42414201%"&?%F"&*0(%%\GHHG]%QQ+:>HL:>PW% %%
!

"A7! Y,&.(44$! S#@! #X.2.0$! 1@! ./"(01$2"% ,@! #*+,! 1@! F44(<,-$! 1@! W(<.4,0M*,! SF@! W,*+.! Y@!
#$4,&-*$&.!>@!#.'.&$!Y@!>(&*-,!;@!F<<(+.'(&-$!>K@!#$/-,&6$!YE!

F&!,4-(2&,-.<(!'$+(4!$3!b!3(22.-.&!V2$'$-(2!-2,&/,0-.<,-.$&!G`!0Iq*&E!

,$4*U02%bW%\GHHG]%Q>Q+=QL=<W%
!

"87!W,*+.!Y2,&0(/0$@!O(!Z,$4,!)$2(+,&,@!./"(01$2"%,"(-"("@!Y,&.(44$!S,2.,!#$&0(--,@!Y(2/.&.!
1.*/`@! 1,/V,22$! ;.'$&,@! Y,%.,&.! 1.*4.,&$@! O2.*4! )$2(&6,@! OoK4.,! F&%(4,@! S,20X(/$&.! O.(%$@!

O,',&-(!1.*/(VV(@!#*+,!1.$<,&&.@!#$/-,&6$!Y2,&0(/0$!@!>(&*-,!;,4<,-$2(E!

F!&$<(4!r8D8B]!W]#FA!%(2'4.&(!'*-,-.$&!.+(&-.3.(+!.&!,!3,44$V.,&!-*G(!0,&0(2!V,-.(&-E!

F"&*0(%T0##0(1%\GHHQ]%:;:\G]+G::LIW%

!

"B7!,"(-"("%./"(01$2"@!Z.(-2$!F4.3,&$@!Z.(232,&0(/0$!?,//$&(@!>.--$2.$!K&2.0$!F<<(+.'(&-$@!
Y2,&0(/0$!#$/-,&6$!,&+!!;,4<,-$2(!>(&*-,E!!

b*',&!S)b"! .&-(2,0-/!e.-X! K/0X(2.0X.,! 0$4.!S*-)! ,&+!S*-;! .&! <.<$! ,&+! .&! <.-2$L! ,! /.'V4(!

%(&(-.0!/`/-('!-$!,//,`!S)b"!3*&0-.$&E!

,$4*U02%bW%\GHHQ]%%QP:\M#%:]+:<QL;W%

%

"J7%Z.(232,&0(/0$!?,//$&(@!Z.(2$/,&+2$!?,%4.,3(22.@!F4(//.,!Z(22.0(44.@!;.'$&,!W4$--,@!,"(-"("%

./"(01$2"@! S,2.,! )*./,! S,2-(44.@! Fn,`! 1$(4@! >.-$! W,2G.(2.@! Y2,&0(/0$! #$/-,&6$@! #E! ].0X,2+!
W$4,&+!,&+!;,4<,-$2(!>(&*-,E!

W]#F"! (hV2(//.$&!'$+*4,-(/! 0X('$/(&/.-.<.-`! $3! W]#F"I+(3(0-.<(! b##"98H! X*',&! G2(,/-!

0,&0(2!0(44/E!

,($#$1U%bW%F"&*0(%\GHHQ]%<<\<]+:G<=L;:W%

!

":7!1.$<,&&.!#*+,@!S,2.$!#,&&,-,2$@!,"(-"("%./"(01$2"@!Y2,&0(/0$!W,*+.@!].-,!#,/,+$&-(@!
S,2.,! #$&0(--,! Y,&.(44$@! Z.(2$/,&+2$! ?,%4.,3(22.@! Z.(2,&%(4$! >(4-2.@! Y2,&0(/0$! #$/-,&6$! ,&+!

;,4<,-$2(!>(&*-,E!

Z2$-($'.0!Z2$3.4.&%!$3! =&X(2.-(+!W2(,/-!#,&0(2L! =+(&-.3.0,-.$&!$3!S$4(0*4,2!?,2%(-/! 3$2!K,24`!

O(-(0-.$&@!Z2$%&$/./!,&+!?2(,-'(&-@!,&+!](4,-(+!W.$.&3$2',-.0/!?$$4/!

Y0/("5%Y0#1%%,44c%E0($01+%T0*#/(0%Y4#01%$&%F426/#$4&"5%E*$0&*0A%\GHHQ]%G<=;+%GI=LG=P%
%

"H7!Y2,&0(/0$!W,*+.@!S,2.$!#,&&,-,2$@!].-,!#,/,+$&-(@! Y2,&0(/0$!#$/-,&6$@!1.$<,&&.!#*+,@!

S,2.,! #$&0(--,! Y,&.(44$@! S,20$! 1,/V,2.@! Z.(-2$! b.2,'! 1*66.@! ?$'',/$! S,66,@! ,"(-"("%
./"(01$2"@!Z.(2$/,&+2$!?,%4.,3(22.@!1.*/(VV(!?2,+.%$@!Z.(2,&%(4$!>(4-2.!,&+!;,4<,-$2(!>(&*-,!!

S,//!/V(0-2$'(-2`!+,-,!,&,4`/./!3$2!(,24`!+(-(0-.$&!$3!.&X(2.-(+!G2(,/-!0,&0(2!

,$454'$*"5%"&?%N(#$)$*$"5%S&#055$'0&*0%Z&C$(4&20&#1%\GHH=]%M"(#%:A%M"'01%G:LG<%

%

"C7!Y2,&0(/0$!W,*+.@!1.*/(VV.&,!Y(2/.&.@!F&&,',2.,!),<(00X.,@!]$/,!?(22,00.,&$@!Y2,&0,24$!

)($&(@!,"(-"("%./"(01$2"@!S,2.,!#E! Y,&.(44$@! )$2(+,&,!O(!Z,$4,@! Z,-2.6.,!O$4+$@!1.$<,&&.!

#*+,@!Y2,&0(/0$!#$/-,&6$@!;,4<,-$2(!>(&*-,!

F!&$<(4!'.//(&/(! %(2'4.&(!'*-,-.$&! .&! (h$&!A!$3! -X(!XS;bA!%(&(! .&! ,!b_Z##! 3,'.4`! 32$'!

;$*-X(2&!=-,4`!

F"&*0(%T0##0(1%%\GHH=]%GGQ\G]+G<=L;:W!
!



! H!

"97!ZE!?,//$&(@!;E!W4$--,@!#E!Z,4'.(2.@!;E!S,/0.,2.@!,W%./"(01$2"@!SE!S$&-,%&,@!KE!OsF&+2(,@!YE!

#$/-,&6$@!ZE!?,%4.,3(22.@!,&+!;,4<,-$2(!>(&*-,E!

O.33(2(&-.,4!/(&/.-.<.-`!$3!W]#F"I'*-,-(+!b##"98H!X*',&!G2(,/-!0,&0(2!0(44/!-$!'.02$-*G*4(I

.&-(23(2.&%!,%(&-/!

S&#0(&"#$4&"5%b4/(&"5%4)%@&*454'_%\GHH=]%G>\=]+:G=PL>QW%
!

AD7!Y!W,*+.@!FS!),<(00X.,@!,%./"(01$2"@!S#!Y,&.(44$@!)!O(!Z,$4,@!f!OoF'.0$@!Y!Y,G.,&.@!1!
#*+,@!Y;!#$/-,&6$!,&+!;!>(&*-,!

b.%X!V2(<,4(&0(!$3!,!W]#F"!%(&(!3$*&+(2!'*-,-.$&@!JDC8+(4"9@!.&!*&/(4(0-(+!G2(,/-j$<,2.,&!

0,&0(2!V,-.(&-/!32$'!;$*-X(2&!=-,4`L!%(&$-`V(jVX(&$-`V(!0$22(4,-.$&/!
Breast Cancer Research (2005), The Third International Symposium on the Molecular Biology 

of Breast Cancer, 7(Suppl 2):P1.04  
!"#$%&'()*+,$%,(*-../*0",*123*)+%4**1.311567#891.:1*

*

A"7!./"(01$2"%,@!Y,&.(44$!S#@!W,*+.!Y@!#2*%4.,&$!?@!#*+,!1@!#$/-,&6$!Y@!>(&*-,!;E!

=&!<.-2$!,&,4`/./!$3!%(&$'.0!.&/-,G.4.-`!-2.%%(2(+!G`!W]#F"!'.//(&/(!'*-,-.$&/E!

^/2%K/#"#W%\GHH>]%GP\P]+%P:=W%

!

AA7!Y,&.(44$!S#@!Y2(%$4,!F@!_./-.0$!F@!./"(01$2"%,@!#2*%4.,&$!?@!Y,2,$&.$!]@!Z*66$&.,!Z@!W,*+.!
Y@!Z,24,-$!1@!#*+,!1@!S$22$&(!1@!>(&*-,!;@!#$/-,&6$!YE!

O(-(0-.$&!,&+!3*&0-.$&,4!,&,4`/./!$3!,&!;_Z!.&!-X(!V2$'$-(2!$3!-X(!X*',&!3(22.-.&!b!%(&(!-X,-!

'$+*4,-(/!-X(!%(&(!(hV2(//.$&E!

J0&0%\GHH>]%QPP+:L=W%

!

A87!,"(-"("%./"(01$2"@!S,2.,!#E!Y,&.(44$@!Y2,&0(/0$!W,*+.@!?(4',!#2*%4.,&$@!S,++,4(&,!O.!

;,&6$@!1.$<,&&.!#*+,@!Y2,&0(/0$!#$/-,&6$!!,&+!;,4<,-$2(!>(&*-,E!

S.//(&/(!'*-,-.$&/!$3!L>M!G!%(&(!,33(0-!-X(!G.&+.&%!e.-X!VJ8!G$-X!)(%B)."+!,&+!)(%B)B+C!
Oncology Reports (2006) 16(4):811-815.  

!

AB7!ZEbE!1*66.@!SE!#,&&,-,2$@!SE!1,/V,2.@!?E!S,66,@!,W%./"(01$2"@!ZE!>(4-2.!,&+!YE;E!#$/-,&6$E!

F&,4`/./!,&+!#4,//.3.0,-.$&!$3!Z2$-($'.0/!O,-,@!,!#,/(!;-*+`E!

M(4*0?$&'1% 4)% #U0% :;!"% SZZZ% S&#0(&"#$4&"5% E_2641$/2% 4&% F426/#0(L,"10?% K0?$*"5%
E_1#021W% E60*$"5% 9("*c% 4&% F426/#"#$4&"5% M(4#042$*1+% K"&"'020&#% "&?% N&"5_1$1% 4)%

M(4#042$*1%!"#"A%F,KE%\GHH>]%E"5#%T"c0%F$#_A%B#"UA%BENA%66W%;:QL;:<W%

%
AJ7!?(4',!#2*%4.,&$@!,"(-"("%./"(01$2"@!S,20$!1,/V,2.@!S,2.,!#$&0(--,!Y,&.(44$@!Y2,&0(/0$!

]$'($@!Y2,&0(/0$!W,*+.@!1.$<,&&.!#*+,@!Y2,&0(/0$!#$/-,&6$@!;,4<,-$2(!>(&*-,E!!

;V(0.3.0! 0X,&%(/! .&! -X(! V2$-($'.0! V,--(2&! V2$+*0(+! G`! -X(! W]#F"I;(2"CB"F/&! './/(&/(!

'*-,-.$&E!!

S&#WbW%,$4*UW%F055%,$45W%\GHHP]%Q;+GGHLGG>W%
%

A:7!Y,&.(44$!S#@!O.!;,&6$!S@!./"(01$2"%,@!W,*+.!Y@!O.!#,2$!>@!#*+,!1@!S$22$&(!1@!O(4!;,4!1@!

;V.&(44.!1@!>(&*-,!;@!#$/-,&6$!YE!

VJ8IS(+.,-(+!+$e&I2(%*4,-.$&!$3!b!3(22.-.&!V2$'$-(2!-2,&/02.V-.$&,4!(33.0.(&0`!<.,!_YItE!

S&#W%bW%,$4*UW%F055%,$45W%\GHH<]%IH+G::HL;W% %
!

AH7! ,"(-"("% ./"(01$2"@! ?(4',! #2*%4.,&$@! S,20$! 1,/V,2.@! S,2.,! #$&0(--,! Y,&.(44$@! Z,$4,!

#$/.'$@! ]$/,! >,4,&6,&$@!S,*2.6.$! 1(&*,2+.@! S,2.$! #,&&,-,2$@! Z.(2,&%(4$! >(4-2.@! Y2,&0(/0$!

W,*+.@!Z,-2.6.,!O$4+$@!1.$<,&&.!#*+,@!;,4<,-$2(!>(&*-,@!Y2,&0(/0$!#$/-,&6$E!

F! V2$-($'.0/! ,VV2$,0X! -$! .+(&-.3`! 0X,&%(/! .&! V2$-(.&! V2$3.4(/! .&! /(2*'! $3! Y,'.4.,4!

F+(&$',-$*/!Z$4`V$/./!V,-.(&-/E!



! C!

F"&*0(%T0##0(1%\GHH<]%GPG+IHL=G%

!

AC7!,"(-"("%./"(01$2"@! Y2,&0(/0$!]$'($@!S,2.,!#E! Y,&.(44$@!S,++,4(&,!O.! ;,&6$@! #X,&%I

1$&%!).*@!F&&,',2.,!),<(00X.,@!#2./-.,&!?,00.$4.@!K*%(&.$!1,*+.$@!Y2,&0(/0$!W,*+.@!Y2,&0(/0$!

?2,V,//$@!#,24$!SE!#2$0(@!1.$<,&&.!#*+,@!Y2,&0(/0$!#$/-,&6$!

?X(!W]#F"!JDC8+(4"9!'*-,&-!,44(4(!/(4(0-.<(4`!*V2(%*4,-(/!V(2.$/-.&!(hV2(//.$&!.&!<.-2$!,&+!
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