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ABSTRACT
$SSUR[LPDWHO\ RI LQGLYLGXDOV ZLWK 1HXUR¢{(¢EURPDWRVLV W\SH

EHQLJQ SHULSKHUDO QHUYH VKHDWK WXPRUV FDOOHG SOH[LIRUP QHXUR¢EURF
can undergo malignant transformation to highly metastatic malignant peripheral nerve

VKHDWK WXPRUV 03167V LQ RI'1l) SDWLHQWYVY ZLWK SRRU SURJQRVLV 1R |
systemic therapy is currently available for unresectable tumors. In tumors, the NF1

JHQH GH{FLHQF\ OHDGV WR 5DV K\SHUDFWLYDWLRQ FDXVLQJ WKH VXEVHTXH
the AKT/mTOR and Raf/MEK/ERK pathways and inducing multiple cellular responses

including cell proliferation. In this study, three NF1 QXOO 03167 GHULYHG FHOO OLQHV
DQG 676 7 VSRUDGLF 03167 FHOO OLQH DQG 31) GHULYHG SULP

6FKZDQQ FHOOV ZHUH XVHG WR WHVW UHVSRQVHV WR $=' DQ $73 FRPSHWLYV

site” mTOR inhibitor. In contrast to rapamycin treatment which only partially

DNHFWHG P725& VLJQDOLQJ $=' LQGXFHG D VWURQJ LQKLELWLRQ RI P72

P725& VLJQDOLQJ LQ 03167 GHULYHG FHOO OLQHV DQG 31) GHULYHG 6FKZ

$=" LQGXFHG IXO0O EORFNDGH RI P725& OHDGLQJ WR DQ HOFLHQW GHFUHDYV

SURWHLQ VIQWKHVLYV $ KLIJKHU F\WRWR[LF HNHFW ZDV REVHUYHG ZLWK $="
to rapamycin inthe NF1 QXOO 03167 GHULYHG FHOO OLQHV ZLWK ,& UDQJLQJ IURP W
Q0 DQG DQWLSUROLIHUDWLYH HNHFW ZDV FRQ/,UPHG LQ 31) GHULYHG 6FKZD
PLIJUDWLRQ ZDV LPSDLUHG E\ $="' WUHDWPHQW DQG FHOO F\FOH DQDO\VLV V
* DUUHVW &RPELQHG HNHFWV RI $=" DQG 3 0(. LOKLELWRU DV ZHOO DV ¢
%URPR'RPDLQ FRQWDLQLQJ SURWHLQ LQKLELWRUV VKRZHG D VIQHUJLVWLF D
HNHFW 7KHVH GDWD VXJJHVW WKDW 1) DVVRFLDWHG SHULSKHUDO QHUYH VK

DQ LGHDO WDUJHW IRU $="' DV D VLQJOH PROHFXOH RU LQ FRPELQHG WKHUL
INTRODUCTION $SSUR[LPDWHO\ RI LQGLYLGXDOV
EHQLJQ SHULSKHUDO QHUYH VKHDWK

1HXUR¢EURPDWRVLV W\SH 1Q H X WDREEMRO@DYQ31)V WKDW DUH XVXDO
,QKHULWDQFH LQ 0DQ >0,0@ ,' L QVHD® ®\X WRKRLMRPHWROR G > @ 31)v DU

GLVRUGHU ZLWK D ZRUOGZLGH ELUWKHVQHUB HHOEHRANVRQW WXH FHOOXODU
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6FKZDQQ FHOOV ZKLFK DUH WKH OUNHDORDIWKRUHGFXFUBHQ®W W\SE8GHU HYI
LQ QHXUR(EURPDV WRJHWKHU ZLWZAZZ FORBQ DY W UPDOW JRWOPW UHVXO
QHXURQV YDVFXODU HOHPHQWYV DQGS SHYILRNK SIUMHF CAHO.GD 0> \@W X G LHV
$OWKRXJIK EHQLJQ 31)V DUH RIWHQ PRGH®KUERWKQQQJEQGV PHRB& LQKLE
SUR[LPLW\ WR LQWHUQDO RUJDQV DQWXFRBQVXQGRIWKQWXISSUMHWILRQ SURSH
OLIH > @ 6XUJHU\ LV RQO\ SDOOLDWULNFWR UL 2RYMWQS\D \WHFARIVYL VPG X QG H
IDFH DOORWUDQVSODQWDWLRQ KDWESBR\ FRLUR ERYHGE HHD SONWIFHUQENG D (
ZLWK PDVVLYH 31)V > @ 31)V FDQ PRGHIDWHPDOWIQD@®W L WKH UDSDF
WUDQVIRUPDWLRQ WR PDOLJQDQWRSHULSRAWDOLWHUYH WKKHHDWIOFN RI |
WXPRUV 03167V LQ RI 1) SDWLH@WVEL\@LRGIBVDWWHVWHG E\ WKH VXV
DUH KLJKO\ PHWDVWDWLF ZLWK D SKRUYSKRWIODWLRIPDRYQE I[KH WKH LQ
SRRU UHVSRQVH WR DYDLODEOH V\WWRIZLLFGW P D B/& HIRW PRIGAD\O LW L H V
XQGHUVFRUHV WKH QHHG IRU PRUH H&EHFMQWB\DQRYWRUJKW@MGELRQ PXWE
WKHUDSLHV LQ WKH WUHDWPHQW RPRGLDVYRFERMIHEH FRB\KRBBOUHSUH
QHUYH WXPRUV 35& ZHUH GHVFULEHG LQ 03167V >

1) LV FDXVHG E\ GRPLQDQW ORBWHMRI LREEWDRBG OHYHOV RI DFHW\
PXWDWLRQV RI WKH WXPRURPESIIRPHOVRU BHQHZKLFK UHFUXLWV EURPRGH
1 NFI HQFRGLQJ QHXUR(EURPLQ D QHI®WLYH UHWHOIDWRQHRI ZHUH VKRZQ
5$6 UDW VDUFRWD CSRAMWRILRNWHURFURPRGRPDLQ LQKLELWRUV > @
ZDV IRXQG LQ 6FKZDQQ FHOOV LVRODWH® KHRBUMHNMQMQ GDN QG\Z HH3 W H\
03167V > @ NRVV¥DRI WKHUHIRUH RRPISHWFIHVLYH 3DFWLYH BEWH ™ P725
5$6 DFWLYDWLRQ DQG SURPRWH VLIWEOUQ G IGRIMWVOR WICFSBBENVYHYV WKH P7
SDWKZD\V WKH PLWRJHQ DFWLYDW HKXBURWHLRVNREDYWHGSB3167 FHOO Ol
SDWKZD\ DQG WKH $.7 P725 SDWKZD\QHXUR(EURPDV GHULYHG SULPDU\ 6FK

5$) NLQDVH EHFRPHV DFWLYH XSWQ BID@E®PQBLQR 586GHPRQVWUDWH WK
*73 DQG LQLWLDWHV WKH 0(. (5. SKRWEKRWBWWYRW\FDIVER®K P725& DQG P7
OHDGLQJ WR LQFUHDVHV LQ JHQH W UD® VP8 RIMLIRDWWEKHDMU BDR ARRN HFRBOQJ U
JURZWK DQG VESHFLYPGK®UPDFRORJEPRF NIQKLEHWRW\FOH SURJUHVVLRQ &
RI 0(. DQG 0(. FDOOHG 3 ZDB ,VKRZQPWF SDWKZD\ ZLWK WKH GXDO
LQGXFH D WXPRU JURZWK GHFUHDVHPD RS D LSURERQIFHG $¥XUYLDIEB WKH 0§
LQ D KXPDQ 03167 [HQRJUDIW PRGHOZ: V@K WKH O0(. LQKLELWRU 3° ZD

7KH P725 NLQDVH FRQWUROV LQW VDFH 0 DXODIUFPOKDRQKRELW FHOO JU
OLNH FHOO JURZWK SURP12HUDWLB®RLEOQBQGXUYLFBPOLYHG 3ULPDU\ 6FKZ
D VHULQH WKUHRQLQH NLQDVH WKDWKH HOR®JIWMWR WKH DI KPR QV W U
LQRVLWLGH NLQDVH 3, . UHODWHE(NEQRRRGIDFPLIOY) SQRBWEHLQV LQKLELW
XELTXLWRXVO\ H[SUHVVHG LQ PDPPH®QDQUFEHUKWRBP72BuUHFW LQ 03167
UHVLGHV LQ DW OHDVW WZR GLVWLQFRIHW KRXO WK S V R$EDLVQ DR BR'$ THM WVW K D
P725& DQG P725& ZKLFK DUH GLVWEQUYHLG/ KR® EL QDRHLRIQ WKHUDSLHV PD\
SDUWQHU SURWHLQV WKHLU VXEVWWIDFHRXSHW K HBIDVB L HR UDSDEN MHQHL Y KL
GLUHUHQWLDO VHQVLWLYLW\ WR UDSBEBLEKS UP D2 R& UY HJIXIOHIMMHY WX PR UV
SURWHLQ VIQWKHVLV E\ DFWLYDWLQJ WKH ULERVRPDO SURWHLQ 6
.LQDVH 3 6 . DQG LQDFWLYDWLQJ WHHSHIXMSD U\RWLF LQLWLDWLRQ
IDFWRU ( H,) ( ELQGLQJ SURWHLQV ( %3V ,Q FRQWUDVW
WKH UROH RI P725& KDV RQO\ UHFHQWO\ HPHUJHG LQ FDQFHU
FHOO ELRORJ\ DQG LV PDLQO\ UHOWlHﬁnW ind R HAPNSS Vel 8s Bld NF-

pr
1

Ser SKRVSKRUWIDWILRQLQKLELWRU k‘/\/é?l\?e ér Schwann cells
VLUROLPXV ZWBXSWBHRAY WKH JURZWK

DVVRFLDWHG PDOLJQDQFLHVY LQ D JHQHWLFDOO\ HQJLQHHUHG
PXULQH PRGHO > @ +RZHYHU UDSDPAELGY REOO HAIQEH  KHRIHWHRXWHG
P725&YLD ). %3 SURWHLQ ELQGLQJ B G HQHMHIVFRD R | F B GHO*$7&¢&
FDVHV GRHV QRW LQKLELW WKH P74%98 FRPSOP[WKBDWI¥ODLYB DV
D NH\ UROH LQ FHOOXODU VXUYLY DS HQ®RXMR AEERDWHEA Q@ G®Qds SUH
UHJXODWLQJ $.7 DQ KHPL]J\JRXV ES LQVHUWLRQ LQ HJ
&OLQLFDO WULDOV XVLQJ SKDUPDPORORWSIHBG RHIGI@ WWw QH SUHYV
WDUJHWLQJ 5%$6 0$3. SDWKZD\V KKFPRAGRXY O0OES GHOHWLRQ LQ H[RQ
LQKLELWRUV DQG $.7 P725& SDWKZD\$ODDSDW\FLH BB FRPEOEFLWEGRF XV
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KHWHUR]J\JRXV GHOHWLRQ WHHYLFBXVILGHORHWRG G NBIHWRRXOW RHUWHKIR X Q
03167 FHOO BUQHGHU@HG SULPDU\'6EXZDR® RI WKH 03167 FHOO OLQH
FHOOB LG G SHULSKHUDDPHEHBRRGVRHEGBF\WHY DV SUHYLRXVO\ GHVFULE
JHQRW\SHG $ AEDWVWWDXYM RRQDIV LEHFEWHHG*HOH& LRQV DW ORFXV S
LQ OHXNRF\WH '1$V IRU SD W L H\W BBKNZAQES OR FXRPZWUF IRXQG LQ RI
LOQDFWLYDWLRQ RI WKH 1) ZLOG W\FH OO OHGHH YDV Q GHRFRUGDRER ZLWK

RI WKH FRUUHVEROHE SULPDU\VMBRRMRQ RI 03167V SUHVHQWHG VRPI
FHOOV '1$8F1ZARMKXY ORVV RI KHWHURRIRGLW\> / 28

LQ FDVHV 7DEOH (YLGHQFH IRU GNFRQ2 HOMRIFXYVZRIUW KR X
LQ '1$V IURP Rl WKH 31) GHULYHG S

Molecular characterization MPNST cell lines and FHOOV 31) 31) DQG 31) 7TDEOH

PNF-derived primary Schwann cells JLIXUH 6 $ GHOHWLRQ VSDQQLQJ F
S ZDV LGHQWL¢HG LQ RI WKH 31

. . Q%‘ FHOOV 31) LQ DFFRUGDQ
HQRPH ZLGH DUUD\ &*+ ZDV XV(';'@WWRG GHOMWEH'Q) UHFXUUHQW GHOF

SRWHQWLDO JHQHWLF UHDUUDQJHPll-’QBI\)/VhQLQ)%ﬁé S)\PROF'E“@/RMU FKURP

DQG 31) GHULYHG SULPDU\ 6FKZDQQD5|WQ,@\6M ri,e,rd,cplwllp{gQG LO WKH
J)LIXUH 6 :H FRQ{UPHG WKDW 676 FKZD%Q F 1

03167 FHOO OLQHVY KDYH UHD®QUDQJHG J QRPHV

Figure 1: AZD8055 strongly blocks both mTORC1 and mTORC2 signaling pathways and inhibits protein translation

in MPNST cell lines.A. 676 7 DQG 03167 FHOO OLQHV ZHUH FXOWXUHG K ZLW]
WR QO RU $=' WR Q0 FRQFHQWUDWLRQV P725& DQG P725& DFWLYLWLHYV
7 S (%3 IBQG S $.B.6676 7 03167 FHOO OLQHV FHOOV ZHUH FXOWXUF
UDSDP\FLQ WR Q0 RU $=' WR Q0 FRQFHQWUDWLRQV P725& DQG P725!¢
XVLQJ S 3 6S7( %3 DBQG S $.CT.63ULPDU\ 6FKZDQQ FHOOV IURP SDWLHQWYVY ZHUH FX
UDSDP\FLQ WR Q0 RU $=" WR Q0 FRQFHQWUDWLRQV P725& DQG P725.
XVLQJ S 3 6 SRRVSKR (P:@G6S $.D.6S ( %3 BDV TXDQWLL,HG DQG QRUPDOL]HG WR D

LQGHSHQGHQW H[SHULPHQWYV LQ DQG 676 7 FHOO OLQHV DQG LQ SULPDU\ 6FK

UDSDP\FLQ 5HVXOWYV DUH H[SUHVVHG DV D UDWLR WR WKH FRQWERG @QHXEDWH R (
SXOVHV ZHUH SHUIRUPHG WR GHWHUPLQH JOREDO SURWHLQ VIQWKHVLYV UDWHV LQ
Q0 S5HVXOwY DUH SUHVHQWHG DV WKH UDWLR WR WKH FRQWURO LQFXEDWLRQ ZLW
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Table 1: PNF-derived primary Schwann cells NF1 genotyping

Germline event Somatic event
31) F $!* S /\V *O X /2 +
31) F 13 12+
31) F B GHO$$ S $UJ 1Y,96 *1$*
31) F B GHOS$* S *OQ IV&RS\ 1HXWUDO /2+
31) F $!* &RS\ 1IHXWUDO /2+
31) F GHO$ S 7KU IV &RS\ 1IHXWUDO /2+
31) F GXS$ S /\V Y &RS\ IHXWUDO /2+
31) F *17 S *OX IRW LGHQWL{HG
$NFILKHWHUR]J\JRXV JHUPOLQH PXWDWLRQ ZDV LGHQWL<, G LFISMBEBOKMHBED O
HYHQW ZDV LGHQWL¢{¢HG LQ '1$ H{TWUDFWHG IURP 31) GHULYHG SULPDU\ 6
AZD8055 induced a strong inhibition of mMTORC1 RI'S 3 6 .00QG WKH ODFN RG FF U HB3/ H6
and mTORC?2 signaling in MPNSB-derived cell &RQYHUVHO\ $=' VWURQJO\ LQKLE
lines DWWHVWHG E\ ERWEQG 35S 6(.%3 6

LQKLELWLRQ DQG P725& UHAHFWH
VXSSUHVVLRQ JLJXUH & 7KH TXDQW
7KH ELRFKHPLFDO DFWLYLW\ RIEWiKW ¢726DVOREWDLOHG IURP  WH

LQKLELWRU $=" DIJDLQVW P725& P&V RIPP&OHV FRQ{UPHG WKH GLUH!
VLIQDOLQJ ZDV ¢UVW WHVWHG LQ 67§=7 HyFDFPRE P725& VLJODOLQJ C
03167 FHOO OLQHV DQG FRPSDUHG WR WKH&cP7258&7 RVWVHYLFQo $= DQ¢

LQKLELWRU UDSDP\FE@RRBSIBRU\ODWHEEOP\FLQ UHVSHFWLYHO\ )LJXUH
UHAHFWLQJ P725& DFWLYLW\ ZDV HVFLHQWO\ LQKLELWHG

DIWHU  KRXU RI H[SRVXUH WR HLWKAt%s@%ﬁr%ﬁ)\E&&o{% s%/mhesusm MPNST
JLIXUH $ ,Q DOO WHVWHG FHooF?h\%] UDSDP\FLQ IDLOHG

LQKLELW WKH SKRVSKRU\ODWLRQ KT'WKH WUDQVODWLRQ UHJXODWRU

( %3 RQ WKHUHE\ UHAHFWLQJ DQ LQFRPSOHWH HuUHFW

RQ P725& VLJQDOLQJ ,Q FRQWUDVW $2KH SKRGXKRG\®ODWLRQ RI ( %3 LV
VWURQJ LQKLELWLRQR®RI S ( ®8 6 QIOQ WKH DVVHPEO\ Rl WKH WUDQVODWLR
GHSHQGLQJ RQ WHVWHG FHOO OLQMLWTRW HGKEQWK b FLILQWHUD RWLRQ EHW
‘HVWHUQ %ORW VLJQDOV REWDLQHS&=TURFRXOGHH DBO\EHEHYIE ISQWWHLQ W
H[SHULPHQWY VKRZHG D GHFIUHDVHY%R3 S6SKRYSKRU\ODWLRQ EORFMDGH |

YV ZKHQ XVLQJ $=" Q0 RUOMHXSDRW LINVVD\V LQ ZKLFK WKH GHW
Q0 UHVSHFWLYHO\ LQ FHOO OLQHYU PRSI/ IRHFUG DWR RVKH DPRXQV
YV ZKHQ XVLQJ $=" Q0 RUIDBWALRQRY $ FROQFHQWUDWLRQ GHSHQ

Q0 UHVSHFWLYHO\ LQ 676 7 FHOO\@QW@R®HVLYLIRYHREVHUYHG DQG EHFI
6LPLODU UHVXOWY ZHUH DOVR REVHU®@BGIDIWHU BQHISRVDRWH WRDQG 67¢
UDSDP\FLQ RU $=" JLIXUH % FHOO OLQHV UHVSHFWLYHO\ 7KLV LQ

$OVR ZH FRPSDUHG WKH GLUHFWRPEMQYWWDRILREY RI $=' UHTXLUHG
YV UDSDP\FLQ WRZDUGV P725& VISIKOVWIEKRU\SOWALARQ IRQ OO FRQO OLQF
SKRVSKRU\ODWLRQ UHAHFWLQJ P7238XWDHWLYLW\ ZDV QRW
GHFUHDVHG ZLWK K RI UDSDP\FLQ H[SRVXUH FRQ{;UPLQJ
WKDW WKH DOORVWHULF LQKLELWLRAZDB05B 7degikease® prylifer&tilvn UrH BBINSAV
P725& DFWLYLW\ )LIJXUH $ $W Kdekited ¢éll ines and PNF-derived primary

DQG FHOO OLQHV $.7 SEBV SKFHR§PRNLRQIRQ 6
LQFUHDVHG SUREDEO\ GXH WR WKH LQKLELWLRQ RI WKH 3 6 .

LQGXFHG QHJDWLYH IHHGEDFN ORRS RQ 3, . $.7 VLJQDOLQJ
JLIXUH % > @ ,Q FRQWUDVW $=" 7'EUKE5|BLWH@;H$V$RBDIW-|-HDQDCK\R/WV |
SKRVSKRU\ODWIB/‘RI-QJRQ B[SRVXUH LQTRAEWWR OB XV KHIWRVXUH RI $=" RU UL
WKLV FRPSRXQG UHSUHVVHV P725& DFWUIRUEFHGCORIBIEK EHBOYHG FHGIO FXO\
OLQHV WKNHHQXOO 03167 GHULYHG FHOO OLQ
$SFWLYLW\ RI $=" ZzDV DOVR WMARWHT LQ SWMKDWY DOXHV RI " QO
6FKZDQQ FHOOV 5DSDP\FLQ RQO\ sDUWDPS30\ "EQRFRHG DQG
P725& VLJQDOLQJ DV DWWHVWHG BELRKRY B RARWISYHBAVIFKE 676 7 VSRL
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ZDV OHVV VHQVLWLYH WR. $=YDO XZH VRKDIDY R& WUHDWHG ZLWK $=" RU UDSI
“ Q0 )LIXUH $ 03167 FHOO OLQHW% ... DYD®OXHV ZHUH EHWZHHQ Q0 W

ZHUH VHQVLWLYH WR KLJK GRYHY.R! &D SDRNRIIHDYLWBSRP\FLQ DQWLSUROLI

YDOXHV Rl “ —0 DQG “ 0 UHVSREWLY¥HOGC BDO\7IRU 31) GHULYHG SU

DQG GLG QRW UHVSRQG WR UDSZKWQQNW HBBMWBHQW K) LIXOH)LIXUH

% 6HYHQ 31) GHULYHG SULPDU\ 6FKZD Q@® FRI GOV IRWPHKG6 7 FHOO FRXQ
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Figure 2: AZD8055 impairs cell lines proliferation. 8 HOOV ZHUH WUHDWHG ZLWK LQFUHDVLQJ GRVHYV
KRXUVY 7KH GRVH UHVSRQVH FXUYHV RQ FHOO JURZWK ZHUH DVVHVVHG E\ XVLQJ :6
Rl —0 GUXJ FRQFHQWAIDWYR QWH VR VADEXUYHY RI 03167 GHULYHG.FHD®DBLRIHN WU
'RVH UHVSRQVH FXUYHV RI 31) GHULYHG SULPDD)\ 6BKDEQR)GHRYOND WUH DW 8 G- A\ RV R
HuHFW ZDV REVHUYHNELIQNOQ6 7 BPHXBO OLQHYV UHVSHFWLYHO\ ZKHQ FXOWXUHG ZLWE

KRXUV &HOOV ZHUH7FRRKWMH ®WREHORJI FHOO @GXPERNWH GH\EHFOQOGOHRWDMMWERVWDWLF
SURQRXQ\NFH® XRO FHOO OLQH ZKB@RIFEOWXUIDAIEZQWK KRXUV &HOOV ZHUB & RXC
QXPEHU 7 FHOO QXPEHU ZDV FDOFXODWHG
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LQ SUHVHQFH RI $=" $IWHU K AZDBRFSWE¢radsdditRe @ Ritvdtumorigenicity of
GHSHQGHQW F\WRWR[LF HUHFW ZDV RENITUrides de@lines 03167

GHULYHG FHOO OLQH IURP —0 $= WUHDWPHQW )LJXUH
( 7R D ORZHU H[WHQW D GRVH GHSH GHOW GHEUHDVH
676 7 SUROLIHUDWLRQ zZDV DOVR REVHUVHG W[W UILrQIE’ hQGHQW JU
F\WRWR[LFLW\ $IWHU K RI WUHDW [h\b\WV\éH'VVH WV LQGLFE

D GRVH GHSHQGHQW GHFUHDVH RI G FUHDVH DIWHU

SUROLIHUDWLRQ &\WRVWDWLF HuHI!'\W/SP[?\WlBQS'C)? HH EFWQJWG'IB\VHEBWK 676
~ 0 IRU FHOQLOXOH RQO\ FRPSDULVR Q ZLWK XOWUHDWHG FF

AZD8055 decreased MPNSTerived cell lines . . . .
migration AZD8055 impaired cell cycle progression in

MPNST-derived cell lines

¢HOO PLIUDWLRQ ZDV HI[DPLQHG E\ ZRXQG KHDOLQI ( _
DVVD\V DQG %R\GHQ WUDQVZHOO V\VWHA SRR $= FHOO JUR:
RU UDSDP\FLQ WUHDWPHQW 676 7P'ﬁ>'b@QLVP03P657R5WRVLV QHFURVLV D

GHULYHG FHOO PLJUDWLRQ WR D VW géﬁfﬁ'\_‘w%‘ﬁ@b@* py100 OLQH\
VLIQL{FDQWO\ GHFUHDVHG ZLWK D é ﬁﬁ"@%%H %W%Wsﬁgﬁ HRVLV Z]
IURP —0 WR —0 $=" GXULQJ KLQEBEHE &' 3 WUHDWPHQW GDW

DQG K 6XSSOHPHQWDO )LIXUH BRQWMDYV WK 8\9?/ ZE@PH SURJUHVVLRC
FRQ:UPHG ZLWK %R\GHQ WUDQVZHOB FWYMPWRAQW x$H o VLOQRLEFDQWO)

Figure 3: AZD8055 impairs cell migration and anchorage independent growth in softagak. & HOO OLQHV PLJUDWLRC
ZDV VWXGLHG ZLWK ,%,', FXOWXUH LQVHUWY B6XEFRQAXHQW FHOOV ZHUH WUHDWHG
ZDV SKRWRJUDSKHG DQG FHOOV ZHUH FRMXQXWH & Q 3/HJUHMHNHNGD B HBIRG WRIL@ D W/ SUE NAKOW VvV
REWDLQHG ZKHQ PLJUDWLRQ EHKDYLRU ZDV VWXGLHG XVLQJ D WUDQVZHOO DVVD\ $

03167 GHULYHG FHOO PLJUDWLRQ ZWMKDQW®WRY ADMHIRHOBRHYRI W HVIDRIQMYV D\ SHUI

WUHDWHG ZLWK —0 $=" DRBHSUHWVHQWDIDIPARLRLFURVFRS\ REVHUYDWLR(
DIWHU GD\V RI $=' WUHDWPHQW |
www.impactjournals.com/oncotarget 35758
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GHULYHG FHOO OYIQOMHVY GARALIQHYDW MRRDPYE\ HuUHFW RQ FHOO SUROLIHUDWL
DUUHVW VXSSRUWHG E\ 6 DQG * SKDWHHGHFVY HD VH QRIFORE PREDGI MXEROH R Q

* * SKDVH LQFUHDVH LQ ERWK DXE @ VeKH WHAROPROBHXOHY ZHUH XVHG
JLIXUH KRXUV QR HuHFW ZDV REVHUYHG RQ
OLQH FRPSDUHG WR $=' WUHDWHG
Dual blockade of both mTOR and MAPK VLIQL¢{¢FDQW VIQHUJ\ ZDV REVHUYHG R
pathways was synergistic in MPNSTell lines and OLQHV ZLWK D FAWRWR[LF UHVSRQVH
PNF-derived primary Schwann cells VIQHUJ\ ZDV DOVR REVHUYHG RQ WXPF
ERWK FHOO OLQHV )LIJXUH ) *
= FRPELQHG WR 3 VIQHL
‘H ¢UVW SHUIRUPHG GRVMWHUS@[QNFHNDZCM/OD\@L\/\R LQYHVWLIJDWHG RQ
KRXU¥RRIWLQXRXV H[SRVXUH Rl &KdHy DQG 31) 31) GHULYHG SULPDU!
0(. LQKLELWRLZ BRULYHG FHOO OL@HWYWAPRE\ ¥VHQJ FRPELOHD \WHR QR UVPRIGR I
31) GHULYHG SULPDU\ 6FKZDQQ FH@RVH UHVORF/H DQDO\VLV RI 3 LQ
ZHUH VHQVLWLYH *,&—0 DQG ,& ([HG $=" GRVHV DQG ,& YDOXHV Zt
“ —0 UHVSHFWLYHO\ ZKHUHDV 67@ 7 D%G EHRUYHDEK FHOO OLQHV Zt
QRW VHQVLWLYH )LJXUH $ 3 R&¥SRQgH ZDVW_QDWLRQ LVRERC

DVVHVVHG RQ 31) GHULYHG SULPDU\ ARk ZDRQEF WP ViORZR QJ ="
YDULDEOH VHQVIZ\MUWL VW VBEV)V D® GRUGRVH VHWWLQJV IRU 03167 FHOO OLQH)
31) bw DQG —0 UHVSHFWLYHO\GRVKUVHWWLQJV IRU 31) GHULYHG SU
7KHQ ZH SHUIRUPHGYV 6D®G gRPELQDWLRQ LVRERORJUDPYV FOHDU:
FHOO FRXQWLQJ LQ SUHVHQFH RI $=3° DQGVIQHUJ\YWRV DOO H[SORUHG FF
LQYHVWLIDWH WKH FRPELQHG DQWLSEIRQPLAHEBWILLYFHV UG W LOKBI1RBHULYF
HUHFW QO GRVH RI $=" ZDV FRPEEQHEWRLIXUH0 © ( + DQG
3" 0(. LQKLETRLRUODWHVW GRVH VKR & H$[ S WO = DQG 3° V\QF
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FHOO JURZWK LQKLELWLRQ FHOO FDE& HldzkadsV bfL BottWrh FOR patn@y Vand E\
ARZ F\AWRPHWU\ ZDV SHUIRQRUYG 1 RhMhiatinstructure regulation was synergistic in

FHOO OLQHV FHOO F\FOH ZDV LPSDLMbNSTZEIHRe§HOOV ZHUH WUHDWHG
ZLWK WKH QR HuHFW QO GRVH RI $=' JLIXUH - DQG

. ,Q FRQWUDVW FHOO F\FOH ZDV DuHFWHG LQ ERWK FHOO OLQHYV

ZKHQ WUHDWHG ZLWK —0QFUHDVHLWKVHQ HVSRQDHWHILD O\ WM KR XV
LQ * * SKDVH DQG UHGXFWLRQ LQ 6H§§BVMUHRBHYW'¢|€W¢§UHH % (7

ERWK WUHDWPHQWY ZHUH FRPELQHG 6D VLIQYP FDEWRRFGHRKBLR] LQKLELW
* SKDVH DUUHVW ZDV REVHUYHG FFSH&W)%E@H@ g@' DQG 03167

XVHG DV D VLQJOH PROHFXOH VKRZL%UUW% \ P\ LQ\HOH wzrRFHOO OLQ
PROHFXOHV ; 7R OHVVHU H[WHQW

Figure 5: AZD8055 combined with PD0325901 impairs synergically cell lines proliferation and cell cycle progression.

Cells were treated with increasing doses of PD0325901 for 48 hoursKH GRVH HUHFW FXUYHV RQ FHOO JL
E\ XVLQJ :67 DVVD\ (uHFWV RQ FHOO YLDELOLW\ DUH H[SUHVVHG 'BVHD UNQFRQRID
FXUYHV RI 03167 GHULYHG FHOO OLQHV WWBHRERWBGOVZEZWHKH3'FRXQ WHECDOGEXBIENB G F
QXPEHU zZDV FDOFXODWHG &\WRVWDWLRNFD@QXEGOWRWRD)QF HuHFMNMOD O IRENWH WHHYG HR
ZLWK $=" FRPELQHG WR 3 C.GRUHQUHV SRRXVWHW DQDO\VVLYV RI 31) GHULYHG SULPI
SHUIRUPHG ZLWK LQFUHDVLQJ GRVHWEGRRPELQIRWLRXRXRERORJUDPV XVLQJ WKH
3' ZHUH DVVHVVHG 7KH ,& YDOXHV RI 3' DQG $="' ZHUH SORWWHG RQ \
RI1 3' REWDLQHG LQ WKH SUHVHQFH RI YDULRXV ¢([HG FRQFHQWUDWLRQV RI $="
IRU WKH WZR PROHFXOHY RQ WKH \ DQG T D[HV LV WKH WKHRUHWLFDO OLQH RI DG
VIQHUJLVWLF HuHFWNED QX REVHU Y HDX BK FQF@OFN DOQHW RI DWWDFKPHQW LQGHSHQG
ZDV SHUIRUPHG DQG UHYHDOHG WKDW $=" FRPELQHG WR 3' VIQHUHLVWLFDO
DQG&RPELQDWLRQ LVRERORJUDPV VKRZLQJ D VIQHUJLVWLF HuHFW RI $="' 3'
FHOONBGS$="' FRPELQHG ZLWK 3' VI\QHUJLVWLFDOO\ LPSDLUHG FHOO F\FOH SU
H[SHULPHQWYV ZHUH UHDOL]JHG WKUHH WLPHYV
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JLIXUH $="' DQG EURPRGRPDLQ LQKLELWRUYV KDYH D VIQHUJLF HuHFW R
cell cycle progressionA. B. D@G'RVH UHVSRQVH FXUYHV RI 03167 GHULYHG FHOO OLQHV WUF
-4 27; DQG , "W 76\QHUJLVWLF HUHFWFZDX®REVHUFHGARAWLQH ZKHQ FXOWXUHG ZL\
HDFK RI WKH WKUHH EURPRGRPDLQ LQKLELWRUV GXBHQD QKREMHV 7& HOIOWD ZAHAPHE R >
E.F. G. &§RPELQDWLRQ LVRERORJUDPV XVLQJ WKH FRPELQDWLRQV $=' EURPRGRPDL
REVHUY HNGE1 ZEXQO FHOO OLQH ZDV WUHDWHG ZLWK $=" FRPELAH&EQWR\MD¥ KRR
DWWDFKPHQW LQGHSHQGHQW JURZWK LQ VRIW DJDU ZDV SHUIRUPHG DQG UHYHDOHC
GHFUHDVHG WXPRUWIHQLEP@BRWHQ2VLDORU , % (7 FRPELQHG WUHDWPHQW V\QHL
SURJUHVVLRQ IRU WKH FHOO OLQH 7KHVH H[SHULPHQWY ZHUH UHSHDWHG WKUH
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DOVR VHQVLWLYH WR 40 ,&Q FRQWDIBCWSSION
DQG 676 7 FHOO OLQHV ZHUH -4 UHVLVWDQW )LJXUH

$ FHOO OLQH ZDV VHQY,LWLYH WR8BUHJIJXO®DWLRQ RI WKH 3, . SDWKZ
—0 DQG WR D OHVVHU H[WHQK/\DV EHRQGGHPHOWVWWUDWHG DV D NH\
OLQHV ZHUH, ,DOVR “ &0 DQG,. SURJUHVVLRQ LQ PDQ\ FDQFHU W\SH)\
“ 0 UHVSHFWLYHO\ , Q FRQWmJFDWMNDaﬂLfRQ? RIDWKH 5$6 0(. SDWKZD\ C
27, UHVLVWDQW )LJIJXUH % FHOOQFHH ZDYG/ MQYL WLNBQW FURVVWDO
WR , % (7 & “ —0 DQG WR DFOVREEXU > @ ,Q SUHYLRXV VWXGL
HWHQW DQG FHOO QLQHV ZHUK DOYRIFI& RU UDSDORDV 58YHURO
“ —0 DQG ,& “ —0 UHVSHFWLYWR®RZHG DQWLWXPRU DFWLYQW\LR/Q R 3

FRQWUDVW 676 7 ZDV , %(7 UHVPYMDIQOK L ELIMRBY &DYH EHHQ ERWK FK
,& , ZHUH DVVB3MVIEGH URYHG SULPDU\WRKE®WQQ F\FOH DUUHVW E\ VXSSUHVV
FHOOV, ,& —OQ 31) GHULYHG SW@®PrI\QJ DSRSWRVLYV DQG LQKLELWL
6FKZDQQ FHOOV GLG QRW UHWYS$RQVH ®WIR RIHQHHRMWKBBR VKRZQ WR UHSU
WR OLWWOH RIU3QR GHHWLSYRHIBY B UL P D U\ BF XY DR® > @ ,W ZDV VXJJHV
FHOOV WR -ZHUH RQO\ DVVHVVHG ARWKDIDGRIV FDQ LQGXFH SDUDGRJ[LF
EURPRGRPDLQ LQKLELWRU WR D QHJDWLYH IHHGEDFN ORRS EHW

$=" DQG % (7 EURPRGRPDLQ SURWGHNVRYLLR OLAEHWBHYHSWRU VXEVWUDW
FRPELQHG DQWLSUROLIHUDWLYH HUHHRK ZOVH Q¥ 3.V WRWHGWQQDOLQJ Ot
FHOO OLQWHDW OLQH ZDV -4 27, W®(UDSDP\FLQ RU UDSDORJV > @
VHQVLMWISHUIRUPHG FHOO FRXQWLQD LWRKEVHWWKXERHZH WHVWHG DQ $73
RI $=" DQG WO FKEBRRPRGRPDLQ LOKLWEHWRUAN LQKLELWRU WKDW GLUHFW
DV VLQJOH PROHFXOHV DQG LQ FRFBMH® WMUH D MPRIHYAMWR 7' RY HVK@D W DV X |
RIEURPRGRPDLQ LQKLELWRUV ZKHUH)FBORVR®LBDMWHXVIHWMKIKHUDO QHUYH
VKRZHG RQO\ VOLJKW HUHFW RQ F®IPOHSEROW HUPWERQ(.ZEHD QG 3, . $.
XVHG DV D VLQJOH DJHQW :KHQ WKHJIQR *GludiFWRUQIPUERWIK zZDV H[TXLVL'
RI $=" ZDV XVHG LQ FRPELQDWLREDEZOQWHKDOQ\ BYDLIOODEOH GXDO 725& &
WKUHR EURPRGRPDLGXUQRUELWRIXWIYY D VLQJOH DJHQW $=" LQGXFHG
VLIQL,FDQW VVQHUJLVWLF HuHFW ZmIVPRES/SH WYQHs PRQ5& VAEKHODOOLQJ LQ 03
OLQH ZLWK D F\WRVWDWLF UHVSRQNHOWROMUQHM IXQE 31)IRHULYHG SULP
HuHFW ZDV REVHUYHG RQ 676 7 FRQWOMNRAUHNOMDLOUOQNK FRAPSIOHMVEH LQKLELW
WR $=" WUHDWHG FHOOV OHDGV WR D VWURQJ GHFUHDVH RI SUR

ORUHRY RPELQDWLRQ LVRERORJHHOY OEQHDUOH WKHQ FRPSDUHG WKF
FRQ¢{;UPHG $=' %(7 EURPRGRPDLXHUVIKLEDWBEM-LQ DQ DOORVWHULF
VIQHUJ\ DW DOO H[SORUHGFAROQFOIQQXKWDWHRREWRY FRQ;UPHG WKH OLPLYV
JLIXUH () BRGBGN DJDU FRORQ\ IRURDYHIRQRPH\OMP\RI 03167 DV UDSDP\FLQ
DOVR FRQ/{UPHG D VIQHUJLVWLF GHFYE3EDVOFWRILYWWH PHOMKQURRUH UDSE
WXPRULJHQLF SRWHQWLDO )LJXUH S$SDUWLDO LQKLELWLRQ RI P725& VLJQI

:KHQ FRPSDUHG WR XQWUHDWHGZEW®®BVFLHQFH®Q BFAWHWQRQ GDWD
ZDV QRW LPSDLUHG E\ QO $=' WUHDOYP?ROWRYIHX UMHKDW $=" GHFUHD
, *+RZHYHU FHOO F\FOH ZDV LPSDILQWG1B8KHQMULY W OF\Q G XFL@HV* * SK
ZHUH WUHDWHG ZLWK -4 RU 27; ZDWK HVIK DAKHH BH UIHWIXORWY SURYLGH WK
FRXSOHG ZLWK * * DQG *KIB®&IAHDO MKW DY FDWDO\WLF DFEFWLYLW\ ZLWK
ZHUH WUHDWHG ZLWK $4' RUFRRELQHGKWRH LQWULQVLF PHFKDQLVPV RI UHV
VLIQL¢(FPQWFUHDVH DQG * GHFUHD\3H)ZDN QRE ¥ 8 UsrH/G
7KH —0 , %(7 WUHDWPHQW GLG QRW WEBSMRNV LQ 03167 5%6 SURW
FHOO F\FOH +RZHYHU FRPELQHG WORFWQRYDMWHG ,DHLELWLRQV RI 0$3. DC
REVHUYHG D VLIQL{FDQW VVQHUJLVWIDFYH £ HHGF HYID\OX BRSO HG 03167 SUF
WR * GHFUHDVH p YDOXWKH UHOMKSHRBOWAIQRDIHQWY QR WHVWHG LQKLELW
RI FRPELQHG P725 NLQDVH L@KLELWRHNY$HDOLQUQWKH QHHG IRU FRPELQD
EURPRGRPDLQWKHUEFRMERAOWHYVVHU H§WIHQ W @

FHOO OLQH ZDV DOVR VHQVLWLYH SMRRWYWBUORPRIGWPAHQ WKH 0$3. D
LQKLELWRUV DQG ZH FRQ{UPHG WiKHBWKRBNWWILWWZLHKOUKRWXRHQWHG 0.
$=" FRPELQHG WR % (7 EURPRGRPMHISQ ARKLBODWRIRZWR IDFWRU LQGXFHG
WKLV VHFRQG FHOO OLQH 6XSSOHPHXWDOKRUXOBWHY 76& DQG 5$3725 WR

DFWLYLW\ DQG $.7 FDQ SKRVSKRU\OD
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VLWHV WKDW QHJDWLYHO\ UHIJXODWH WULDBWIQY UWDDSVH G&RHIUDFWRU\ (
WDUJHWLQJ WKH 0$3. DQG $.7 P725 SBWKZDB\V PV EHHQRQJIJV WR WKH TXLQ
HYDOXDWHG UDLVLQJ KLIJK KRSHV 1RY70B3Q&T BAWHRW PIH@QGV LY @WOVR RUDOO\
7KH KLIJIKO\ VHOHFWLYH SKDUPDFROIRJ LLFAD\OR LEDKUWEH YW O \RHYDOXDWHG LQ

3' KDV EHHQ WHVWHG LQ SUHFOU® DPRBY MAJ UBIOWDE W RUY LAHXONHHPLD DQG
PROHFXOH RU LQ FRPELQDWLRQ ZLWKWIWWDS DEZVY~. QORIQ LFDEDMRIDOV JRY FW
+HUH ZH VKRZ WKDW $="' FDQ FRRBEWHWDWAHKEG N RADKV DIQRHYV H WKUHH WKHUD
0(. 3' WR SURPRWH WXPRU FHOOWVRGOGHBENXOWUNVROPISQO WIAHRG FHOO SUROLIHU

GLVWLQFW 1) DVVRFLDWHG G MUWIKIKDN/G QABYHDVKHDWSKI FLDOO\ LQ 03167
'DQG ' PRGHOV :H DOVR VKRZ $=' LQ3ZKLFK 35& LV NQRZQ WR EH LQDFWL
FRPELQDWLRQ HWDKVLQJ 31) GHULWHBHRUNLPDU\DQG FHOO OLQHV VKRZ
6FKZDQQ FHOOV DQG ZH FOHDUO\ GHRMRRQ2W;UDWHIBGWH6H V\QBH YJBYWLFFRPSR)
HUHFW 7KHUHIRUH GXDO EORFNDGRPELEFROVKRP25 DQLG 27; DQG *6.
0$3. SDWKZD\V RuHUV D QHZ KRSH R| W UHDWMRHQWELRUHG1) FHOO SUROLI
JURZWK WKXV SUHYHQWLQJ PDOLJQLFRW BQRIRVNNVWRQ QVR @B 16FSDLUHG FH
DQG IRU 03167 D VIQHUJLVWLF PDQQHU WKXV VXSSRL
5HFHQWO\ ZH DQG RWKHU UHRRWERME 3VKH DWRKYHD\DIQG FKURPDWLQ
3RO\FRPE UHSUHVVLYH FRPSOH[ LV P»5&VR RRVYWHUHVW LQ 03167 SKDUP
IXQFWLRQ PXWDWLRQV LQ WKH 03167 “IDWHIGR RI)Q HMRYGEWUR UHVXOWYV
@ 35& LQDFWLYDWLRQ SRMWMHQWIDWHY WKHbHUHFWM EURPRGRPDLQ LC
PXWDWLRQV E\ DPSOLI\LQJ 5DV G UL YHRP WIUDPIW E R Q SHWLIFFOF WERR XQHKH GV W R
HUHFWV RQ FKURPDWLQ 35& LQDAVOLYDWLRRXDP @RERVOWRIVKEITYRUW WKH\
DQ HSLJHQHWLF VZLWFK IURP + . UMUDMHI\.IRBWF 1) DVVRFLDWHG QHUYH
+LVWRQH DFHW\ODWLRQ GHDFHW\ODWLRQ VWDWXV LV D FUXFLDO
HSLJHQHWLF UHJXODWLRQ RI JHQH WMASEBERMVERRDPRAGTRGELWLRQ RI
DFHW\O JURXSV WR KLVWRQH O\WLQH UHVLGXHV E\ KLVWRQH DFHW\O
WUDQVIHUDVH WXUQV WKH FKURPDWLQ WR DQ DFWLYH WUDQVFULSWLRQDO
VWDWH > @ 7KH EURPRGRPDLQ DQfpNEWMPnd¥HUPLQDO % (7
IDPLO\ %5' %5 %5 DQG %5'7 IXQFWLRQ DV
UHDGHUV RI WKH DFHW\ODWHG FKURPDWLQ 'HUHJXODWLRQ RI WKHVH
SURWHLQV LV IRXQG LQ VHYHUDO GLVHDMHV QHIBIXESH BY VDG FHP O @ QHV 6
7KHUHIRUH WKH\ DUH DWWUDFWLYH SRBHQW LDHBHW R HRUDLSHK Ml @ Hp D luQ HEABY
IRU QHZ DQWLFDQFHU GUXJ GHYHORSPHOKY 7K BBWYWRPFRPR WMIYPWHG ) %6 £
FRQWDLQLQJ SURWHLQ  %5' ELQGMIWUDFBMPOGSHIRRROWEP®O VWUHSWRP)
WKH SRVLWLYH WUDQVFULSWLRQDO -RIRWYYRWHRQ PBRWRBEHOOs Gl EH 676
FRPSOH[ WR WKH FKURPDWLQ DQG DERRYDWRRUWRGHHVIRBULSIWILRE EPV NLC
SKRVSKRU\ODWLRQ RI 51%$ SRO\PHUDVH ,'H>94@d H¥s5+LQHY 9% +RVSLWDO ,0O
NQRZQ UHJXODWRU RI * 6 WUDQVLWBRO/ IFFJPRXVHRHNUREODVWRRG ZH
ZKHUH LW DFWLYDWHV WUDQVFULSWRRQIRI DMERBLIPWHIEO@EB3 RoWkHU DQG
JHQHV LQYROYHG LQ FHOO F\FOH SBRBYHGREGRE) 3U gl #BNM@EU HANFERQE
XSUHJXODWHG LQ 03167V DQG KDV O LFFsR GWOWWUUREHRLEE6S DQG
PDLQWDLQLQJ WXPRULJHQLF FDSDBL&& ELR YHYRX®EH FfWRWHU > @
03167¥YQ YLYR %5' LQKLELWLRQ KDV EHHQ VKRZQ WR
VXSSUHVV JURZWK DQG WXPRULJHRNAssdevived prgnarydSehwamcells

03167 GHULYHG FHOO OLQH LV NQRZQ WR UHVSRQG WR -4
EURPRGRPDLQ LQKLELWRU > @ QWKL Z'_,-I HUIFBQLUDd_'I-?FWHG LQ |
GRVH UHVSRQVH DQDO\]JHV RQ IRXWI{J lkLbH BRX LR FRQFHUQ

OLQHV XVLQJ -4 DQG WZR RWKHU L:Fl‘l!?% L[H‘(? ILRQJKIU L\)/\Ll%l.b YUHQFK

27: DQG *6. $, %(7 -4

I? DW L R @P[B(Q)(HVXVH
WULD]ROR GLD]JHSLQH FRPSHWLWFLQ(SI R ng |_G| Fé;iW QK H

(()J\VILQH UHFRJQLWLRQ VLWH RI %5" D@ \ﬁX 61 \YIS-| é’\HQ/WM OREDO F
%5' UHFUXLWPHQW WR DFHW\ODWHG }?—IL HR '1')(5 ” l.)RPDWb% DOO S

OHDGLQJ WR WUDQVFULSWLRQ UH lglﬂw L | % QMV DQG 31)
DQ RUDO -4 DQDORJ ,WV SKDUPDR{ROR FhL Vi W HUVM RER/B'ﬁQHG IUR P ,

UHFHQWO\ EHHQ GHVFULEHG LQ DFXWH-P\HOREG BQBE | QPR KBS0 SLHEHY
OHXNHPLDV DQG WKLV PROHFXOH L\ﬁ,ﬁég%lzﬂQG\/g&O}:%ejgiFg;V @ r,g“s&g(%ﬁlé,:,:mw
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PHGLYPO *OXWDPD[ , KHDW L QD F Vebteddhigs ) % 6
8 PO SHQLFLOOLQ —J PO VWUHSWRP\FLQ ,QYLWURJHQ

WKUHH WR ¢YH GD\V DQG IXUWKHU GLIHYWHG LQ 60 ¥¥SSOHPHOWHGC

ZLWK FROODJHQDVH 6&P®GmQSDyog ' '

JUDGH 5RFKH GXULQJ K BMWHB& ZQG z HHSURYLﬁH\G/ E\?USSH&F[')\'OFE['

D * FHQWULIXJDWLRQ FHOOV ZHDH %Dé/l_ MEELQPIG\;?EHWK\OVXOSKF

60 DQG VXVSHREZDRQRHOO OHGLX AWLRQ R EOSAY
P ZRUNLQJ FRQFHOW

$ )

FRPSRVHG RI 60 VXSSOHPHQWHG ZL

PHWK\O[DQWKLQH ,%0; 6LJPD Q>f)O\"’>$<1,3

5 ' 6\WWHPV 0 IRUVNROLQ 6LIB® DQG
J PO LQVXOLKHOAAVPIHUH VHHGH Ef .

FHOOV SHU 7 ADVNV] FrEoesy @pw Kroliferation assays

6LIJPD &XOWXUHV ZHUH LQFXEDWHG LQ D KXPLGL¢HG
DWPRVSKHUH DW [RZIDQW\ IRXAD KRXWYY167 FHOO OLQHRQEZHBZHOMHISGB® HV
DIWHU VHHGLQJ WU\SVLQH ("7$ FROAMURIDRLRQ &RY6 FHOOV SHU Z
ZDV XVHG IRU FHOOV GLUHUHQWLD G WEL\8K L QR HIDYWLAREQH U HRW P RIOLOQA ZzDV G H
6FKZDQQ FHOOV ZHUH FROOHFWHG BBR Y/Hi\EIHSE0 L Dz QOIFISIKDW H DG U HKD
ADVN IRU D VHFRQG URXQG RI GLURUIBQWJ DPUWHWPHESWID WEIHROD YV ZHUH
3ULPDU\ 6FKZDQQ FHOOV ZHUH SURZSDWRWHBUXYRWERQSHL\OID FEKOWXUH VXS
RU LQDWO f& DQG3XW2N\ RI 31) GHEXYHADVE®DH FHOOV ZHUH WRIX WM G OWH
6FKZDQQ FHOOV ZDV GHWHUPLQHG E\R®XWIARPXQRYWRURLRAYd )ROG JURZW
> @QO\ 6FKZDQQ FHOO FXOWXUHV [ ROEKRRRIMH WKPEHU RI YLDEOH FHOOV
6 SRVLWLYH FHOOV DQG QRW H[FHHRLRIHDOWYDWH. R G UNNKY HIBOREH K R 1 F |
IRU GUXJ DVVD\V 7 ([SHULPHQWVY ZHUH SHUIRUPHG LQ G

WKUHH WLPHV

Microarray procedure and data analysis

In vitro cytotoxicity assay

*HQRPH ZLGH DUUD\ &*+ ZDV XVHG WR LGHQWLI\

SRWHQWLDO JHQHWLF UHDUUDQJHPHQUWYAM 67Q FHIIE 70R DP9 OO@HWKH 31) G
. DUUD\ &*+ DQG 31)V GHULYHG SUEKEDWYW\QEEKDDARXOWXUHY BEAUH VHHG
FHOOV . DUUD\ &*+ 7KH DUUD\ &ZH 00D B4&HOEAMHR/IZ P@$ WUHDWHG ZLWK V
K\EULGL]DWLRQ ZHUH SHUIRUPHG DM WKFRPPH@®5 HGB/ LQHWWLYH FRQWUR
$JLOHQW PDQXDO 3URWRFRO Y ZDXQMXDQWLEHOHQMR XUV DIWHU WUHI
WHFKQRORJLHV 3DOR $OWR &$ 86$5RFRHK BHOO® VWLYQHFWRWR[LFLW\ ZDV
ODEHOOHG ZLWK &\ G873 ZDV LQGLYEGXDOO® KME D WG LYHEPRRY W Q WII\W B & H
$JLOHQW ZKROH KXPDQ JHQRPH . RU  YDROXAURPRIWPAVSRQGLQJ WR FRQFF
$JLOHQW 7HNKQ@RARILHVSRROHG QRURD G HARQWURELOLW\ DIWHU KRXUV F
'1$V IURP VL[ KHDOWK\ GRQRD¥f EORA{UMDPHOPHYPLQHG
ZLWK &\ G873 DV UHIHUHQFH WR GHWHFW FHOO OLQH VSHFL¢F
DEHUUDWLRQV $UUD\V ZHUH VFDQ Qfiffatiétd¥dayDQ $ILOHQW '1$
PLFURDUUD\ VFDQQHU * % $ /RJ” UDWLRV ZHUH
GHWHUPLQHG ZLWK $JLOHQW )HDWXUH (J‘[/WUDFWLRQ VRIWZDUH _
5HVXOWV ZHUH YLVXDOL]HG DQG DQD®3 @47GFk'LO\@KO$9_"b\4-|@WﬂV7 DQG :
&\WR*HQRPLFV VRIWZDUH DW VXEFRQAXHQFH RQ 'G  HXYX BWoEHA
E\ PDQXIDF®WIXRNO OH\ $IWHU FXO\
UHPRYDO FHOO PLJUDWLRQ EHKDYLR
DQG KRXUV RI FRQWLQXRXV H[SR
GRVHV RI $=" DQG UDSDP\FLQ O0OLJU!
'1l$ ZDV LVRODWHG BHRPLYHG FHO®ROYRABWVHVVHG E\ R WIL@IQ Y Z8H /& €CHVO/H
DQG HLJKW 31) GHULYHG SULPDU\ 6FKHVEQ LIFHHX® EWX QMU SR /XENH U %
WKIHXFRF\WHY FRXQWHUSDUW XVLQJ VWMDRQE DU L DURM H L Q DX HW K KHD
. GLJHVWLRQ IROORZHG E\ SKHQRO)BKGORWRHRYBPHH DEXBBWIHRQR ZLWK RU ZI
NF1 JHQRW\SLQJ ZDV WKHQ SHUIRUP K®& VAL @IWW DAL WIEGDQH[W O FHOO VXV

NF1 genotyping

JHQHUDWLRQ VHTNH QERIQIW O DR DMWLRQWRP WEH XSSHU FKDPEHU 530, V.
FRS\ QXPEHU YDULDWLRQ GHWHFWLRQ KM \& UHYD-RAMX VD VBEHE B YlsEHBY XV HG
> @ LQ WKH ERWWRP FKDPEHU $IWHU [
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PLJUDWHG FHOOV ZHUH TXDQWL/HG H[SAXRPHPMW\WOLFURRSO AW ®WWHUPLQ

UHFRPPHQGHG E\ WKH PDQXIDFWXUHU PRIDQ p D UHVSHFWLYH
Soft agar colony formation assay ACKNOWLEDGMENTS
b W HPV 'HSDUWF
$Q DFHOOXODU EDVDO DJDU \HU i‘@\?"éog\ﬁﬁé W
WKH ERWWRP RI D ZHOO SODWH DQ MK YHQR§EHYHUVLWY R

FRY Y E¥|G
VROXWLRQ FRQWDLQLQJ 03167 % | RyU gf,;b& yGLVFXVVLRQV
ZHUH TXDQWL¢HG E\ AXRULPHWULF 'ﬁg PEHH/\ X%(\Q’&&)WH DG ODJL

RI FRQWLQXRRV HIEBMRVHQJ GRVHV & >§‘J1\?GDV " QVHG JDFXOWp GH

E\ WKH PDQXIDFWXUH Hgg JLW FRALY HUVLWp 3DULV "HVFDUV
GHVFULERG EI ° UHU & U88QFH IRU KHOSIXO GLVFXV

F\FOH DQDO\VLV 7KLV ZRUN ZDV VXSSF

I[URP /LJXH )UDQoDLVH &RQWUH OHYV

$VVRFLDWLRQ 1HXUR{EURPDWRVHYV
03167 FHOO OLQHV ZHUH VHUXP S@WBHBHIYRBSXDREP $KVREGDWLRQ

WKHQ WUHDWHG ZLWK GLUHUHQW GUXJ FRQFHQWUDWLRQV 'UXJ

HUHFWV RQ FHOO F\FOH ZHUH GHWIGYRERQBESEF)INRERRXBSOHG
DQWL %UG8 DQWLERGLHV %' %LRVFLHQFHV DV GHVFULEHG E\

PDQXIDFWXUHU %' %LRVFLHQFHV )ORE FRWROWWBO FROALFWV RI LQWH!

Cell cycle analysis

SHUIRUPHG RQ D %' )$&6&DQWRE ,, %' %LRVFLHQFHV
5HVXOWV ZHUH DQDO\VHG XVLQJ MHEH Py &6 LYDE
VRIWZDUH YHUVLRQ %' %LRVFLHQFHV
_ 7KHRV $ .RUI %5 $PHULFDQ &ROOHJH
Western blotting $PHULFDQ 3K\VLRORJLFDO 6RFLHW\ 3

QHXUR{EURPDWRVLV W\SH $QQ ,QWHUC

:KROH FHOO H[WUDFWV DQG :HVWHUQ EORWYV ZHUH

SHUIRUPHG DV SUHYLRMONMOL S§HVBULEHGUHP®+ %HHUW ( GH 5DYHO 7 /HJLXV
7 DQWL S ( %DQWL S $.7suePDU\ WKH SDWKRJHQHVLYVY RI PDOLJQDQW WXPF
DQWLERGLHV ZHUH SXUFKDVHG IURP &H®T5BLJ QD@AHW ZRIFK®RORJ\

DQG DQWL DFWLQ ZDV SXUFKDVHG IURP ®wiPps $ O L FRUPSYRMUMRL@VRPDV $P -
ZHUH YLVXDOL]HG XVLQJ D VHFRQGDU\ DQWLERG\ FRQMXJDWHG WR
KRUVHUDGLVK SHUR[LGDVH DQG FKHPLQ, %@@yFﬂQMQ@J\H;@QEW%RQULPEHUW
HQKDQFHG FKHPLOXPLQHVFHQFH *( +HRQWKROMHs POIRYoH 1 %HOMRD
ZHUH FDSWXUHG XVLQJ D &&' FDPHUD /$ENHOVWMENL OP5HSDLU RI WKH ORZHL
7RNAR -DSDQ DQG TXDQWL(HG XVLQJWR(@VB?%D@RJ%N&W% UWLVVXH DOORW

)XML¢®PIHV ZHUH FDSWXUHG XVLQJ B \&& pBbPPHUDS 0 H[LIRUP OHXURGEURPI
/$6 )XML¢OP VWXG\ /DQFHW

7XFNHU 7 :RONHQVWHLQ 3 5HYX] - =HO
$VVRFLDWLRQ EHWZHHQ EHQLJQ DQG PDC
VKHDWK WXPRUV LQ 1) 1HXURORJ\

7KH JOREDO SURWHLQ V\@GWKHVLV ZHRWOXH VHVAMOHBGIBERUIH $* )OHWFKHU
/IHXFLQH DVVD\ &HOOV ZHUWHOQCGXEDWB®JRW 1 KIDW :& /RZ\ '5 $EQRUPDO
P/ LQ D ORZ OHXFLQH PHGLXP 'XOEBFFROPRGE; HBY FRQWULEXWHVYV WR Pl
(DJOH PHGLXP ZLWKRXW OHXFLQH LQ(9ROLYWHENOLQIKDXVHQ W\SH QHX
GLDO\WVHG )&6 WKHQ ODEHOOHG IRU K ZLWK > +@ OHXFLQH

—&L  N%T 7KH DPRXQW RI UDGLRDFY¥ROGI <L QFFIESRUDWKHR 6 $GOHU )
LQWR SURWHLQV ZDV GHWHUPLQHG EkRMBYLRE BRYRDFHWLAURRE®DO 0+ o

[H?] Leucine incorporation assay

SUHFLSLWDWLRQ -DFNV 7 6KDQQRQ . /RVV RI 1) UHVXO\
WKH 5DV VLJQDOLQJ SDWKZD\ DQG OHDC

Statistical analysis KDHPDWRSRLHWLF FHOOV 1DW *HQHW
-HVVHQ :- OLOOHU 6- -RXVPD ( :X

'DWD ZHUH H[SUHVVHG DV PHDQ YHERARWIHOG (BYHV ' LGHPDQQ % .LF
6WDWLVWLFDO VLIJQL{FDQFH RI GLUHUH@HER/- REBMHRUIYRAR ERAPHHFLZD .DZ
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*3 *LRYDQQLQL 0 $URQRZ %- &ULSH OBXVBODWQ@HWUGBFLRW 5 /HJLXV ( $W\SLFD
0(. LQKLELWLRQ H[KLELWYV HVFDF\ LQ KXHPDWR DRICR PRWRNLYV W\SH DUH SUHPD
QHXUR{(EURPDWRVLYVY WXPRUV - &0LQ ,Q&KVRPRVRPHV &DQFHU

-RKDQQHVVHQ &0 -RKQVRQ %: :LOOLDP¥R&KO&&KORLWK .' =KX 46 /LX - OF&XWFKI
5HF]JHN (( /\QFK 5& 5LRWK O0- OF&ODWF+OH\0$UEFH®PUQVWDP ) 3HQJ = %RUQPD(
6 &LFKRZVNL . 725& LV HVVHQWLDO IRD]OY ©VBRPIIRFMG5( /HY ' 'XDO WDUJF
PDOLJQDQFLHV &XUU %LRO PDPPDOLDQ WDUJHW RI UDSDP\FLQ D ¢

$UGHUQ +ROPHV 6/ 1RUWK .1 7UHDWPHWEWURRFK ORYLPRORIQDQW SHULSKHUDO
QHXUR¢EURPDV LQ SDWLHQWYV ZLWK 1) &PREHYW RidER O

6XQ 6< 5RVHQEHUJ /0 :DQJ ; =KRX = <
5REHUWVRQ .$ 1DOHSD * <DQJ )& %RzZHUWLE)S5+RRWLYDWLRQ RI $NW DQG H,) (
+XWFKLQV *' &URRS -0 9LN 7% 'HQOH eR\ Ub6BbBWF LR PHGLDWHG PDPPDOLDQ W
+LQIJWJHQ &0 :DOVK /( <X 0 HW DO ,PDWIQKLE PWVRID WP QiU SHV
SOH[LIRUP QHXUR{EURPDV LQ SDWLHQW W IZQWKD @ HPRU RE B X RIPW VR VAVL 63 1LHG]ZL
W\SH D SKDVH WULDO /DQFHW 2QFRO0 %XUOH\ 6. 3RODNLHZLF] 5' :\WVORXFK
'H 5DHGW 7 %HHUW ( 3DVPDQW ( /XVBbHEHHIVRBOGPY $RQHQEHUJ 1 +LHUDUFK
2UWRQQH 1 +HOLQ . +RUQLFN -/ ODX®WQOWEHOWUPKQMPPWLRQ LQKLELWRU ( %:
6DZDW]NL + &ODSS : %UDGQHU - 9LGDXG 0 HW DO 35&
ORVV DPSOL¢HV 5DV GULYHQ WUDQYVFILYDQFRQ, BRB\HERQ@HUNKH SKRVSKDWLG
VHQVLWLYLW\ WR %5' EDVHG WKHUDSLHW.IB®MXWKEZD\ LQ KXPDQ FDQFHU 1DW 5H\

%DXGH $ /LQGURWK $0 30DVV & 35& ORYQZDASOL,HDBLIHWLQJ 5$6 VLIQDOOLQJ
VLIQDOLQJ LQ FDQFHU 1DW *HQHW WKHUDS\ 1DWXUH 5HY &DQFHU
JLOLSSDNRSRXORV 3 .QDSS 6 7DUJHWLRXIDRVRRRBGRPDHQOHU << &ROOLQV 0+
HSLIJHQHWLF UHDGHUV RI O\WLQH DFHW\OTHUIHRQN HMLW SH&UWSXI 73 /DQH +$ . F

'"LVFRY * 5DWQHU 1 LQHAWBREHIWLQJ RI WKH PDI
&KDX 9 /LP 6. OR : /LX & 3DWHO $- OWDMJI4QV RI UDSDP\FLQ SDWKZD\ LQ PDOL
‘HL 6 3RVQHU %$ 'H %YUDEDQGHU -. :LOYKHPWKeWEBBB®DORO &DQFHU 7KHU

/) /IH /4 3UHFOLQLFDO WKHUDSHXWLF (MG B RDMDBPRWRO+ 6HWVX 1 .RKDVK
SKDUPDFRORJLF LQGXFHU RI DSRSWRVLV<LQWOLQLJIQDLXBNWD SHODMNWHWIDROWR < +DNR
QHUYH VKHDWK WXPRUV &DQFHU 5HV ,ZDVDNL + 'REDVKL < 1LVKL\DPD . ,ZL

%DUNDQ % 6WDULQVN\ 6 )ULHGPDQ ( 6WHIRYGBGRVWIRRIVLIQLLFDQFH RI $.7 P7
7KH 5DV LQKLELWRU IDUQHV\OWKLRVDOSPVOHZEDDHE IDR B \P 8 VELRWGPERW LDl FW R1 P

WKHUDS\ IRU QHXUR;{EURPDWRVLYV W\SHHORWHEG &LREGFNSRIHDPGLF PDOLIQDQW
WXPRUV &OLQ &DQFHU 5HV

3DVPDQW ( /XVFDQ $ 9DULQ - /DXUHQ&PBWDFH®R AP ¢% 7HUX\D )HOGVWHLQ
9LGDXG ' 5HOHYDQFH RI 03167 FHOO OUQHVULBRPRIcGHOMLURIP 6DVDNL $7 7KRPD
1) DVVRFLDWHG WXPRUV - 1HXURRQFRO3DSD $ 1DUGHOOD & &DQWOH\ /& %DV

OLOOHU 6- 5DQJZDOD ) :LOOLDPV - $FQlﬁb%LDV¥g'-§Q RIpH725& OHDGV WR 083. SI
6 -HJJD $* .DLVHU 6 S$URQRZ %- )UDKWHKUYRHEKGY S, - GHSHQGHQW IHHGEDFEN O
ODXWQHU 9 8SDGK\D\D 0 OXLU ' HW D&OHRURY ¥¥¥on

PROHFXODU FRPSDULVRQ RI KXPDQ VFKZzBZKY WG \& QR DPOHIVIPSQWLFNVRQ , +DU
SHULSKHUDO QHUYH VKHDWK WXPRU FHOJBbWH KO RZQE WILRFHIRW & dPIPYWRQ 5
5HV ' +RZDUG = 'XGOH\ 3 +XJKHV * 6PLWI
3DVPDQW ( 6DEEDJK $ ODVOLDK 30DQFKR Pf’tﬁ’\MB@ H0 1 0DODJX . OHQHDU

IDXUHQGHDX , OHOLQ / )HUNDO & +HU% V\) /ﬁp K*& *XLFKDUG 6 3DVV
9DOH\ULH $OODQRUH / 3DUIDLW % 9YRWMNEW YHQHEWLYH DQG RUDOO\ ELRI

/DQWLHUL / :RONHQVWHLQ 3 9LGDXG 0 E/ FPROER Q MU RLAW RI UDSDPLRLQ NLQ
5ROH RI QRQFRGLQJ 51% $15,/ LQ JHQHVL ot} PRI HBXPRU DFWLYLWY &DQFH

QHXUR¢(EURPDV LQ QHXUR(EURPDWRVLV W\SH - 1DWO &DQFHU

QVW 1DLQJ $ $JKDMDQLDQ & B5D\PRQG (
%HHUW ( %UHPV + 'DQLSOV % 'H HYHU6F§5B%VES]OHQ%'|*4%5QQQ§ *ULQVWHG /9
) 6FKRHQDHUV - 'HELHF 5\FKWHU 0 *HYDHBW 8 'wXSBHUR{N 5 %»DQHUML 8 6DI!

7 9DQ 'HQ %UXHO $ GH 5DYHO 7 &LFKRZVRYPPFBRLPHWLFV DQG SKDUPDFRG\Q
DGYDQFHG VROLG WXPRXUV DQG O\PSKR
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OLUJXHW 2 *RVPLQL 5 7RXP - &OpPHQ\

/DX 1 )HOGNDPS 00 5RQFDUL / /RHKU $¢ BKBYHRYP SRUGDXQW -( *ULPHV 50 &L
*XWPDQQ '+ *XKD $ /RVV RI QHXUR(EURRLENDNDQRAOL DWKELQ $ -HUuUHY 3 HW I
ZLWK DFWLYDWLRQ RI 5%6 0$3. DQG 3, HSRIBOFMNFLYOHIXODWRU , %(7 OHDG

LQ D QHXUR,{EURPDWRVLY DVWURF\WRPHOLQHXRDRIFDWLRRODOWH LQKLELWRU RI
1HXURO OHG &KHP

OHQGR]D 0& (U (( %OHQLV - 7KH 5DV (4DBWHXBOVDJIXp - *HO % )HUQIQGH] 5R(
P725 SDWKzZD\V FURVV WDON DQG FRP®%ROXRIW LR GHRPYHOWH < 3pUH] 6LGHO
%WLREKHP 6FL OXUR - 9LxDOV -0 9LGDO $ 9DOGpV 0D

'DWVRQ $/ $QGHUVRQ /. *UHHOH\ $' 'Y§H) 'BULID $ 3XMDQD 0% &DSHOOI * 3
5DKUPDQQ (3 +DOIRQG $/ 3RZHOO 10 &R(oc9|‘: PRRXEH¥P S /IIDUR & &RPSUHKHQ\
7 ORHUWHO &/ 5DWQHU 1 /DUJDHVSDGD %Q%RFW%%Qﬁ\\A/H FIPMHRQ RI RUWKR[HQ
0$3. DQG 3, . $.7 P725 SDWKzD\V LQ wzR AR HMQ%WO%HULSKHUDO QHUYH VKHDW
HQJLQHHUHG PRXVH PRGHOV RI 6FkzDQJ R *kpE®%2 9RE xHHY

WXPRU JUDGH DQG PXOWLSOLFLW\ 2QFRWIKQEWII :. /LWWOH -% )OHWFKHU -$ 6
GRL RQFRWDUJHW 5DGLRVHQOLWRWKWRPDQ VRIW WLVVXH VD

/HH : 7HFNLH 6 :LHVQHU 7 5DQ / 3UQHWR PRFoBRR ¢EUREODVWY GHULYHG
&1 /LQ 0 =KX 6 &DR = /LDQJ < 6ERQHUP CAPIN.%LRO
JOHWFKHU -$ +XEHUPDQ .+ 4LQ /; 9LDOMRYHPLOIHOWHLQ &. /HILXV ( $QGHUV
=KHQJ ' %HUJHU 0) &KHQ < $QWRQHVFX%5-RKQWRQ@586 OROHFXODU DQG F\WRJI
LV UHFXUUHQWO\ LQDFWLYDWHG WKURMWXPRUKU @8ERQORNWIWNOG QIKDXVHQ QHXI
PDOLJQDQW SHULSKHUDO QHUYH VKHDWK&WHXRRRVRREDW &R QA WU

/L < B5DR 3. :HQ 5 6RQJ < OXLU ' :DOC
$QGUHROL ) %DUERVD $- 3DUHQWL 6RU@k 65  RH@QHNRRQ *, .DGHVFK 7 1R
ORGXODWLRQ RI HSLIJHQHWLF WDUJHW\V HRP® BAWRMIRERRWYRRUBG@FRIHQH
FOLQLFRSDWKRORJLFDO UHOHYDQFH WMUXPWXBROHGEWDP DQA QGQUHW 8 $OHGR
GLVFRYHU\ SHUVSHFWLYHV &XUU 3KDUP {HMIQDUG +* /i]DUR & 6FKZDQQ FHOOV K
<DQJ = +H 1 =KRX 4 %UG UHFUXLWY BXWIEWWRRQ LQ QHXUR(EURPDV HYLG
FKURPRVRPHV DW ODWH PLWRVLV WR SUFRHFEKWRQQIRKDAOH MESRIRQDWLRQV +XP
DQG FHOO F\FOH SURJUHVVLRQ ORO &HOO %LRO

ORFKL]XNL . 1LVKL\DPD $ -DQJ 0. 'H\ $3DKRNRW ( 3DUIDLW % /XVFDQ $ *RX
7DPXUD 7 1DWVXPH + <DR + 2]DWR . 7K#XPHRKRERPXUFHQGHDX , J)RXYHDXW &

SURWHLQ %UG VWLPXODWHV * JHQH WUBQVWWUNKBQAYWHLENE SURPRWIVILGDXG ' 1
SURJUHVVLRQ WR 6 SKDVH - %LRO &KHPW\SH PROHFXODU GLDJQRVLV ZKDW FD(

3DWHO $- /LDR &3 &KHQ = /LX & :DQRXKPYH P ODUJH JHQH ZLWK ORVV RI I3
%(7 EURPRGRPDLQ LQKLELWLRQ WULJIJHUVBSRSWHWVvLY RI 1)

DVVRFLDWHG PDOLJQDQW SHULSKHUDODGEYVHQOQVKHDOWKH@ X$BRIVADUGHW 9 &K
WKURXJK %LP LQGXFWLRQ &HOO 5HS :LOOHPV / 8]XQRY 0 ,IUDK 1 'UH\IXV )

JLOLSSDNRSRXORV 3 4L - 3LFDXG 6 6RBYIX[ 3pARKVEDLUN © SURWHLQ VIQWKE

JHGRURY 2 HW DO 6HOHFWLYH LQKLELWLN@SR[?P/BQQLPFQDCREBQHL WXWHV D SURPL
1DWXUH FXWH P\HORLG OHXNHPLD %ORRG

&RXGp 00 %UDXQ 7 %HUURX - 'XSRQW 0 %HUWUDQG 6
ODVVH $ 5DuRX[ ( ,W]\NVRQ 5 'HORUG 0 5LYHLUR 0(
+HUDLW 3 %DUXFKHO $ 'RPEUHW + *DUGLQ & %(7 LQKLELWRU
27; WDUJHWV %5' DQG %5' DQG GHFUHDVHV F 0<& LQ

DFXWH OHXNHPLD FHOOV 2QFRWDUJHW GRL
RQFRWDUJHW
%RL 0 *DXGLR ( %RQHWWL 3 .ZHH , %HUQDVFRQL (

7DUDQWHOOL & 5LQDOGL $ 7HVWRQL 0 &DVFLRQH / 3RQ]JRQL
0 OHQVDK $$ 6WDWKLV $ 6WXVVL * HW DO 7KH %(7
%URPRGRPDLQ ,QKLELWRU 27; $uHFWV 3DWKRJIJHQHWLF
3DWKzZD\V LQ 3UHFOLQLFDO % FHOO 7XPRU ORGHOV DQG
6\QHUJL]HV ZLWK 7DUJHWHG 'UXJV &OLQ &DQFHU 5HV
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