$XV GHU .OLQLN IeU BWUDKOHQWKHUDSLH XQ

'LUHNWRULQ 3URI 'U PHODOEBEIOMD FQJHQKDL

GHV )DFKEHUHLFKY OHGBRIQY BUHVULWMWOOBBE XUJ

=HOOXOIUH 8UVDFKHQ GHV XQWHUVFKLHGO
+39DVVR]JLLHUWHU XQG

I1R[HQQGX]LHUWHU 3ODWWHQHSLWKHON

GH .RS+DOVUHJLRQ DXI HLQH NRPELQL
SDGLRFKHPRWKHUDSLH

, QD X I XINDMVHUWDWLRQ
XU (UODQJXQJ GHV 'RNWRUJUDGHYVY GHU JHVDP\
'‘HP )DFKEHUHLFK OHGL}HE8@ LGYHHW @ KWOW SGBDVU E X U J

YRUJHOHJW YRQ

JUDQN =LHPDQQ
DXV %DG 6BDHMNNR Z

ODUEXUJ



$QIJHQRPPHQ YRP )DFKEHUHLFK -BHGLIH QVE WUW3 K DO EX®N
DP

*HGUXFNW PLW *HQHKPLJXQJ GHV )DFKEHUHLFKYV

'"HNDQ 3URI 'U +HOPXW 6FKIIHU
5HIHUHQW 3URI 'U $QGUHD :LWWLJ

.RUUHIHUHQW 3URI 'U 5REHUW ODQGLF



bUJWH JHEHQ OHGLNDPHQWH YRQ GHQHQ VLH :

LQ OHQVFKHQOHLEHU YRQ GHQHQ VLH QRFK Z
]XU %HKDQGOXQJ YRQ .UDQNKHLWHOQ

YRQ GHQHQ VLH *EHUKDXSW QLFKWYV ZLVYV

9ROWDLUH



, QKDOWVYHU]JHLFKQLYV

$EELOGXQJVYHUJHLEKQLV 9,,

7TDEHOOHQYHU]JHLFKQLV

$EN*U]XQIJVYHU]JHLEKQLYV

(LQI*KUXQJ BODWWHQHSLWKHONDOMWHRIARGHU .RSI
+XPDQH 3DSLOORPDYLUHO -
TXPRULQGXNWL-RQUEHXQUFEK +3 -
7TKHUDSLH YRQ SODWWHQHSLWIDIHYNBULIRIRPHQ GHU .RSI
(ITHNWH GHU 5DGLRWKHUDSLH DXI [HOOXOIUHU (EHQH
=HOOXOIUH :LUNXQJ YRQ &LVSODWLQ -
JUDJHVWHOOXQJ XQG =LHOVHW]XQJ -

ODWHULDO XQG OHWKRGHO -

&KDUDNWHULVWLND GHU YHUZHQGHWHQ =HOOOLQLHQ
. XOWLYLHUXQJVEHGLQJXQJHQ GHU 7XPRUJHOOOLQLHQ

.RQGLWLRQLHUWHY OHGLXP -
‘DFKVWXPVNXUYHQ ]XU %HVWLPPXQJ GHU 9HUGRSSHOXQJV
:67- 7THVW ]XU OHVVXQJ GHU =HOOYLDELOLWIW
.RORQLHELOGXQJVWHVW ]XU OHVVXQJ GHV NORQRJHQHQ h
3URWHLQELRFKHPLH ]XU OHVVXQJ GHU 3URWHLQH[SUHVVLF
'XUFKIOXVV]\WRPHWULH ]XU $QDO\VH GHU =HOO]J\NOXVSUR
'HWHNWLRQ GHU $SRSWRVH -
'HWHNWLRQ "RBGHDY W UD QIFERNGKMHQRUHVIHQIIIUEXQJ
%HVWUDKOXQJ YRQ =HOONXOWXUHO -
,QNXEDWLRQ PLW &LVSODWLOQ -
*HUIWH 3O0DVWLN XQG *ODVZDUHQ 5HDJHQ]LHQ
'DWHQDQDO\VH XQG 6WDWLVWLVFKH $XVZHUWXQJ

(UJHEQLVVH -

1IDFKZHLV GBWBBSXV LQ +16&& 7XPRUJHOOOLQLHQ

'DFKVWXPVYHUKDOWH®Q Z8RRUHD DL QOLHOQ -

(LQIOXVV YRQ &LVSODWLQ DX| GLH =HOOYLDELOLWIW

.RORQLHELOGXQJVWHVW -
.ORQRJHQHV hEHUOHEHQ QDFK ,ONXEDWLRQ PLW &LVSO
.RORQLHELOGXQJVIIKLINHLW QDFK 3KRWRQHQEHVWUDKH(
.ORQRJHQHV hEHUOHEHQ QDFK .RPELQDWLRQ YRQ %HVW
XQG &LVSODWLQLQNXEDWLRQ -




SHVLGXHO®B SHIOVWUDQJEUFKH QDFK %HVWUDKOXQJ
XQG &LVSODWLQLOQNXEDWLROQ -
=HOO]\NOXVSURJUHVVLRQ QDFK &LVSODWLQLQNXEDWLRQ
3KRWRQHQEHVWUDKOXQJ -
([SUHVVLRQVIQGHUXQJ GHU JHOO]\NOXVUHJXOLHUHQGHU 3
%HVWUDKOXQJ XQG &LVSODWLQLONXEDWLRQ -
([SUHVVLRQVIQGHUXQJ GHV 3URWHLQV &\FOLQ $ QDFK ¢
XQG &LVSODWLOQ -
([SUHVVLRQVIQGHUXQJ GHV 3URWHLQV &\FOLQ ( QDFK ¢
XQG &LVSODWLO -
([SUHVVLRQVIQGHUX-QGUIRW BHWH+3®G GHV S 3URWHLQV QD
%HVWUDKOXQJ XQG &LVSODWLOQ -
([SUHVVLRQVIQGHUXQJ GHU 3URWHLQH ( XQG ( QDFK &
XQG %HVWUDKOXQJ -
([SUHVVLRQVIQGHUXQJ GHVY HQGRJHQHQ S 3URWHLQV
&LVSODWLQ XQG %HVWUDKOXQJ -
$QDO\WH GHU =HOOWRGLQGXNWLRQ GXUFK 3KRWRQHQEHV
&LVSODWLQLQNXEDWLROQ -
$QDO\WH GHU =HOOWRGLQGXNWBRQWH=HOO}DKO LQ GHU
$QDO\WH GHU =HOOWRGLQGXNWLRQ * ,OQGXNWLRQ GHU $
.RUUHODWLRQ GHV JHOOXOIUHQ hEHUOHEHQV-PLW GHP =H

'LVNXVVLROQ -
+396WDWXV GHU XQWHUVXFKWHQ =HOOOLQLH®
,QWULQVLVFKH 7KHUDSLHVHQVLELOLWIW YRQ +16&& =HOO(

,QWULQVLVFKH 6HQVLELOLWIW YRQ +16&& =HOOOLQLHQ
,QWULQVLVFKH 6HQVLELOLWIW YRQ +16&& =HOOOLQLHQ
,QWULQVLVFKH 6HQVLELOLWIW YRQ +16&& =HOOOLQLHQ
XQG &LVSODWLQLQNXEDWLROQ -
S5HVLGXHOG SHIOVWUDQJEUFKH -
=HOO]\NOXVSURJUHVVLRQ XQG ([SUHVVLRQ YRQ =HOO]\NO:
QDFK &LVSODWLQLQNXEDWLROQ * %HVWUDKOXQJ
([SUHVVLRQ GHU 2QNRSURWHLQH +39 (  ( XQG GHYV
7XPRUVXSSUHVVRUV S -
=HOOWRGDQDO\VHOQ -
BFKOXVVIROJHUXQJHQ XQG $XVEOLFEN -




ILWHUDWXUYHUJHLEKQLYV

=XVDPPHQIDVVXQJ

6 XPPDU\

$QKDQJ

$QKDQJ $

$QKDQJ %

&XUULFXOXP 9LWDH

SXEOLNDWLROQHOQ

S9HU]JHLFKQLY GHU DNDGHPLVFKHQ /HKUHU

'DQNVDJIXQJ

(KUHQZ|UWOLFKH (UNOIUXQJ




$EELOGXQJVYHU]JHLFKQLV

SEELOGXQ@HHLQIOXVVXQJ GHU &DQFHU +DOOPDUNV GXUFK
GLH YLUDOHQ 2QNRSURWHLOH ( XQG ( -

SEELOGXQ@IFKVWXPVNXUY-H=-B80GIBREKH 87 -

$SEELOGX®@BHOOYLDELOLWIW YRQ +16&& =HOOOLQLHQ QDFK K &

$EELOGXQ@RQRJHQHV hEHUOHEHQ YRQ +16&& =HOOOLQLHQ
QDFK &LVSODWLOQLNXEDWLROQ -

$EELOGXQ@RQRJHQHYV hEHUOHEHQ YRQ +16&& =HOOOLQLHQ QDF

$EELOGXQ@RQRJIJHQHYV hEHUOHEHQ YRQ +16&& =HOOOLQLHQ QDF
NRPELQLHUW PLW &LVSODWLQLQNXEDWLRQ

$EELOGX®UXSSHQDXVZHUWXQJ-+3196 &RQEHOIWOLQLHQ QDFK
NRPELQLHUWHU 5DGLRFKHPRWKHUDSLH -

$EELOGXR®QJDO\VH UHVLGRI3SCABBVWIHDQJIEU-FKH -

$EELOGXQRHWLN GHU =HOO]\NOXVSURJUHVVLRQ YRQ +16&& =H
%HVWUDKOXQJ XQG_RGHU &LVSODWLQ -

$SEELOGXQUXSSHQDXVZHUWXQJ GHU UHODWLYHQ =HOO]J\NOXVS
LQ +39 XQG=HBOOOLQLHQ ]

$EELOGXQJSUHVVLRQ GHU &\FOLQH $ XQG ( QDFK %HVWUDKOX
&LVSODWLQLONXEDWLROQ -

$SEELOGXQHVWHUQEORW ]XU 9HULIL]JLHUXQJ GHU 6SH]JLILWIW GF
lU GLH BURWHLQH ( XQG ( -

$EELOGXQJSUHVVLRQ GHU 3URWHLQH S ( XQG ( QDFK %HVWI

&LVSODWLQLOQNXEDWLROQ -

$SEELOGX@RQDO\WVH GHYUDXBEVLRQ LQ +39+X6@& =HOOOLQLHQ
QDFK %HVWUDKOXQJ XQG RGHU &LVSODWLQLQNXED)

$SEELOGX@BRDO\WWH GHU $SRSWRVHUDWH LQ +16&& =HOOOLQLHQ
%HVWUDKOXQJ XQG RGHU &LVSODWLQLOQNXEDWLRQ

$EELOGXQRUUHODWLRQ GHVY NORQRJHQHQ hEHUOHEHQV EHL *
$SRSWRVHUDWH QDFK K %HVWUDKOXQJ XQG RGHU
&LVSODWLQLOQNXEDWLROQ -




$EELOGXQJHQ LP $QKDQJ
$EELOGXQIDFKVWXPVNXUYHQ DOOHU YHUZHQGHWHQ +16&& =HC

$EELOGXQJ[BPSODULVFKH +LVWRJUDPPH GHU =HOO]J\NOXVYHUW
+39 XQG HLQHU +39 +16&& =HOOOLQLH QDFK %HVWUL
XQGRGHU &LVSODWLOLQONXEDWLROQ -

$EELOGXQJ[HPSODULVFKH 'DUVWHOOXQJ GHU 'RWSORW $QDO\V
$SRSWRVHUDWH LQ +16&& =HOOOLQLHQ -




7TDEHOOHQYHU]JHLFKQLV

7TDEHOQHQWHLOXQJ YRQ SDWLHQWHQ PLW +16&& 7XPRUHQ LQ 5|

7DEHO®MUNPDOH GHU YHUZHQGHWHQ +16&& =HOOOLQLHQ XQW
QDFK +@WDWXV -

7TDEHOGHKVDPPHQVHW]XQJ GHV 3XIIHUV ]1XU +HUVWHOOXQJ YRQ
XQG GHU BURWHLQDVHLOKLELWRUHQ -

7DEHOGKVDPPHQVHW]XQJ- GHIG 6MAPHDIHOH3$Y GLH 6'6

7TDEHOGKVDPPHQVHW]XQJ GHVY YHUZHOGHWHOQ /DXISXIIHUV

7TDEHOGKXVDPPHQVHW]XQJ GHVY YHUZHQGHWHQ 7UDQVIHUSXIIHU

7TDEHOGMIOLVWXQJ GHU ]XU SBURWHLQGHWHNWLRQ -YHUZHQGHW

7TDEHOGHKXVDPPHQVHW]XQJ GHVY YHUZHQGHWHQ :DVFKSXIIHUV
XQG GHWBLKH®/IHQ] -

7TDEHOGKVDPPHQVHW]XQJ GHVY YHUZHQGHWHQ )IUEHSXIIHUV

7DEHOOHXVDPPHQVHW]XQJ GHU I*U '"HWHNWLRQ GHU ""6%V YHU?
/IVXQJHQ XQG $QWLN|USHU -

7DEHOO®HUGRSSOXQJV]HLW GHU +16&& =HOOOLQLHQ LQ 6WXQG
$XVVDDWGLFKWH=HW®RQHQ[ FP ]

7DEHOOHQ LP $QKDQJ

7TDEHOOKMGSKDEHWLVFKH $XIOLVWXQJ GHU YHUZHQGHWHQ *HUI!

7DEHOOIBBSKDEHWLVFKH $XIOLVWXQJ- XHQEG YODXZQGHYHQ 30D\

7TDEHOOKMGSKDEHWLVFKH $XIOLVWXQJ GHU YHUZHQGHWHQ /|V X(
XQG 5HDJHQIJLHQ -

7TDEHOOKMGSKDEHWLVFKH $XIOLVWXQJ GHU YHUZHQGHWHQ 6RIW
XQG QWHUQHWVHLWHOQ -




$ENeU]XQIJVYHU]JHLFKQLYV

$OSKDEHWLVFKH $XIOLVWXQJ GHU LQ GHU YRUOLHJHQGHQ $SUEHLW YH

$(%6) - -$PLQRHWK\O EHQ]JHQVXOIR!
$,) $SRSWIRYGX]LHUHQGHU )DNWR
$36 $PPRQLXPSHUR[RGLVXOIDW
$70 $WD[DLD WHODQJLHFWDVLD P:
$75 $WD[LD WHODQJLHFWDVLD DQ
%S . %&/ KRPRABRJIJDQWDJRQLVW NL¢
% & $ %LFLQFKRQLQVIXUH

%0)= %LRPHGL]LQLVFKHV )RUVFKXQ
%5&$ %UHDVW FDQFHU

%6$ %RYLQHV 6HUXP $OEXPLQ

%]z %H]LHKXQJVZHLVH

&''3 &LVSODWLQ

&', &\FORBKIQJLJH .LQDVH

&7 &KHPRWKHUDSLH

' %HVWUDKOXQJVGRMN)LYV EHHWLI

'$3, «-'LDPLGISBHQ\OLQGRO

"6 % '1$-'RSSHOVWUDQJEU+FKH

"5 '1$-6FKDGHQVDQWZRUW

‘(5 GRVH HQKDQFHPHQW UDWLR
'062 'LPHWK\OVXOIR[LG

1% '"HVR[\ULERQXNOHLQVIXUH

(&1 (QKDQFHG &KHPLOXPLQHVFHQ
(‘7% (WK\OHQGLDPLQWHWUDHVVLJ\
(*)5 (SLGHUPDOHU :DFKVWXPVIDNV
(0% (XURSILVFKH $UJQHLPLWWHO ¢

(5&& (IFLVLRQ UHSPRRSPHRPWHOQWLQJ



)$&6
) &6
)'S$
), 7&
) 6
)6&
*$3'+
+'0

+16&&

K7(57

l& &)$

0-6WDGLXP
0+& ,
003

P725&

ZHLEOLFK

JOXRUHVFHQFH DFWLYDWHG F
JHWDOHV .IOEHUVHUXP

JRRG DQG 'UXJ $GPLQLVWUDW
JOXRUHVFHLQLVRWKLRF\DQDW
JUDPHVKLIW

Y)RUZDUG 6FDWWHU

*O\FHUL QD OSKHRMEKIXWG URJHQI
+XPDQ GRXEOH PLQXWH

+HDG DQG QHFN VTXDPRXV FH
+XPDQHV 3DSLOORPD 9LUXV
+39 QHJDWLY

+39 SRVLWLY

+RPRORJH 5HNRPELQDWLRQ
+RUVHUDGLVK 3HUR[LGDVH
+XPDQH WHORPHUDVH UHYHU\

,P .RORQLHELOG XQJVRVQHDW BT
EHL GHU GLH ,QKLELWLRQ

,P :677HVW HUPLWWHOWH .RQ]
GLH ,QKLELWLRQ EHWUIJW

,QWHUIHURQ

,RQLVLHUHQGH %HVWUDKOXQ.
PIQQOLFK

JHUQPHWDVWDVHQ

ODMRU +LVWRNRPSDWLELOLWI
ODWOHWDOORSURWHLQDVHQ
ODFPPDOLDQ WDUJHW RI 5DSDP)

OLWWHOZHUW
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57

/\PSKNQRWHQVWDWXV
1LFRWLQDPLGDGHQLQGLQXNO
ILFRWGLHUHQGH 5HJLRQ
ILFKWVHQWLHOOH $PLQRVIXU
1XNOHRWLGH[]JLVLRQVUHSDUD
ILFKRWPRORJH (QGXQ@UNQ-SI
2FWR[LQRO
3KRVSKDWJHSXIIHUWH 6DO]O]|’
30DWWLHUXQJVHIILILHQ]
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3DUDIRUPDOGHK\G
3URSLGLXPLRGLG
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TXDQWLWDWLYH 3RO\PHUDVHD
5DGLRLPPXQRSUHFLSLWDWLR(
S5LERQXNOHLQVIXUH

8P GUHKXQBHILQXWH
5RVZ+30 OMHP R U LDVON LW X W H
5DGLRWKHUDSLH

VLHKH REHQ

6LGHZDUG 6FDWWHU

IDWULXPGRGHF\OVXOIDW
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IDWULXPGRGHROBEKOIODPLG
(OHNWURSKRUHVH

hEHUOHEHQVIUDNWLRQ QDFK

hEHUOHEHQVIUDNWLRQ QDFK
PLW *\ XQG —0 &''3

hEHUOHEHQVIUDNWLRQ QDFK
6PDOO LQWHUIHULQJ 51%
(LQIJHOQXSRBRVRIUGKLVPXV
'1$-(LQJHOVWUDQJEU-FKH
6KRUW WDQGHP UHSHDWYV
7XPRUJU|% H

7ULV K\G UR [\ PRHVORAPDH WHKDXQ | H L
6DO]O|VXQJ PLW 7ZHHQ

7HWUDPHWK\OHWK\OHQGLDPL(
7UDQVNULSWLRQVIDNWRU
XQEHKDQGHOW

+HLQULFK +HLQH 8QLYHUVLWI'
8QLYHUVLWIW YRQ OLFKLJDQ
8QLYHUVLWIW YRQ 3LWWVEXU.
BQLYHUVLWIW YRQ 7XUNX
9LDELOLWIW

9DVFXODU (QGRWKHOLDO *UR:
9ROOPHGLXP

9ULMH 8QLYHUVLWIW YRQ $PV’
9HUGRSSOXQJV]HLW
':DVVHUO | VIOWRIKHROLXP
'LOGW\S

XQEHNDQQW

3KRVSKRU\OLHUWHYV +LVWRQ



1 (LQI-KUXQJ 3SODWWHQHSLWKHONDOMWHRIARGHU

3ODWWHQHSLWKHOND UMIMRPHHEHREY .AKHDG DQG QHFN VTXDPRXV FH
+16&& VLQG PLW HLQHU ZHOWZHLWHQ ,QJLGHQ] WRKIXILIVWHOOHQ
7XPRUHUNUDQNXQJ H\W @ORQWHWRW DO 2EZRKO GLH ,QJLGHQ] I+U HL¢
8QWHUJUXSSHQ GLHVHU 7XPRUH DXI *UXQG HLQHV JHVXQINWQHQ 1LNR
UeFNOIXILJ LVW JLEW HV DQGHUH 6XEJUXSSHQ OGHBKIQQ, QHIOGHQR YR
GHQ OHW]WHQ -DKUHQ ]XJHQRPHWQD RD W6 HMFOQNGHIMH GlU 7XPRUH GH
2URSKDU\Q[ YRQ LQ 6WXGLHQ YRU GHP -DKU OYE GHULQ 6W
OXQGK|KOH LVW LQ GHQ YHUJDQJHQHQ ]ZHL 'HNDGHQ HQQH VWHLJ
*LOOHWRRO OHK@mMW DO 'LH ORUWDOLWIWVUDWH YRQ +16&& LQVJH

(UNUDQNWHQ SUR -DKU ZHOWZHLW GDYRQ WW DO LQ 'HXWVF
S5REHBR®KQVWLWXW *HVHOOVFKDIW GHU HSLGHPLRORJL¥FKHQ .UHE\

%HL +16&& KDQGHOW HV VLFK XP HLQH *UXSSH YRQ .DUJLQRPHQ
DQDWRPLVFKHQ /RNDOLVDWLRQHQ LKUHU (QWVWHKXQJ LQ IROJHQG
1DVRSKDU\Q[ 2URSKDU\Q[ +\SRSKDU\Q[ /DU\Q[ OXQGHKWK®H XQG 1D\

'"HUJHLW JLEW HV NHLQH HWDEOLHUWHQ 0D% QB KPH®UJKU )U+KH
KIXILJ HUVW LQ IRUWJHVFKULWWHQHQ 6WDGLHQ GLDJQRVWL]JLHUW
3DWLHQWHQ PLW +166& DQ 6\PSWRPHQ ZLH 6FK OXFNEHWMKEZIHY G H Q
OXQGJHUXFK %OXWHQDHQ 3UHL%

,QVJHVDPW HUNUDQNHQ PHKU 0IQQHU DOWWUDG®H Q7 DQKIRMIR&® *LOOLV
'"HU $OWHUVJILSIHO 1U GLH (UNUDQNXQJ ODHJW -®HWUWHIQW EHL
7LQKRIWMWDO  $0OV JHVLFKHUWH 5LVLNRIDNWRUHQ I+U GLH (QWVWHKX
.DQJHURJHQH 1ILNRWLQ XQG $ONRKRO /HHPDQV %UKDBKMNUW XQG %
DXVJHO|VW HQWVWHKW LQ -DKUJHKQWHQ *EHU HLQHRODHWBSODVLH |
1R[HRQGX]LHUWHQ 7XPRUHQ ILQGHQ VLFK PLW JUR%HU +{XILINHLW 0
SURWHLQHQ ZLH GHP 3URWHLQ S ! -RERWHGE P SHW L REXDVFW
JHOOHLJHQH .RQWUROOPHFKDQLVPHQ DXVJHVFKDOWBWLWHWGHQ X
IRUWVFKUHLWHQ NDQQ /HHPDQV %UDDNKXLWWQIEO% UBEHQKRII
GHU $OWHUDWLRQ HLQHV 7XPRUVXSSUHVVRUV ILQ@HHWHUFKIENWH +
$NWLYLWIW GHV (SLGHUPDOHQ :DFKVWXPVIDNWRU 5H]JHSWRUV HSL
(*)5 B6KHMW DO =XVIW]OLFK ZXUGHQ GXUFK .RPSOHWWVHTXHQ]
OXWDWLRQHQ EHVFKULHEHQ GHUHQ JHQDXH %HWHLOLJWE@®J DQ GHU
7JUHLEHUPXWDWLRQHQ MHGRFK QRFK QLFKWHME DK O LB ZUHDFHHNO U\
HW DO

'LH 3URJQRVH I+U 3DWLHQWHQ PLW 30DWWHRESUWXHON KUQUGR ¥ RO
LPROHQ 7XPRUVWDGLXP DE 'DV *HVDPW<EHUOHEHQ LQ IU+KHQ 6W
5LVLNRSURILO OLHJW EHL ! ZIKUHQG 3DWLHQWHQ@QIVW ILBHWJIHVFK!
5LVLNRSURILO HLQ *HVDPW<EHUOHEHQWRX®D 'DMIXIZBILVHQ $QJ



6HLW HLQLJHQ -DKUHQ HWDEOLHUW VLFK HLQH GLODAMMW.QINHDWYLRQH
EHUXKHQGH (LQWHLOXQJ YRQ +16&&DBWH® LAXY GOQGHIWLHQWHQ PLW
EHVFKULHEHQ EHL GHQHQ GLH NODVVLVFKHQ 5LVLNRIDNWRUHQ I-U H

$0OV 8UVDFKH I+U GLH .DUJLQRJHQHVH GLHVHU 3DWLHQWIBD® ZXUGH
6\UMIQHQ 6\UMIQHQ XQG 3\UK|QHQ HLQH ,QIBIGRARRQ@LRLW GHP
+39 LGHQWLILJLHUW -IDWRHQMWHKW@ RQW ¥BBUHQ VLQG LP 'XUFKVFKQL)\
XQG KDEHQ NHLQH RGHU HLQH VHKU JHULQJH 5DXFKHVBGDRQHVH 'L
NOHLQ QLHGMWDGHXP7 MHGRFK KIXILJ EHUHLWV EHL (UVWGLDJQRVH
296 XOGIW D@ 6HWWLDO OHKD®®@DDO $OV +DXSWULVLNRIDNWRU I
+39,QIHNWLRQ GLH ]X HLQHP +16&& I[+KUW ZHUGHQ HLQ KIXILJHU :
*HVFKOHFKWVYHUNHKU DQ{WI\DHKHQ 'T6RX]D

$NWXHOOH NOLQLVFKH 6WXGLHQ XQG UHWURVSHNWEZXARRBQPOWHQ EH
HLQHU-,©38NWLRQ DVVR]LLHUW LVW HLQH GHXWOLFKQEHO/HWWHHG 3URJI
7XPRU GXUFK GLH NODVVLVFKHQ .DUJLQRWHR® WRHWEBIGLQJW LVW
7LQKRHMUDO ,QQHUKDOE GLHVHU EHLGHQ *UXSSHQ JLEW HV EHL ¢
5LVLNRSURILO HLQLJH hEHUODSSXQJHQ WRAGDWOV YRQI$QIGHWMHDOXQJ

YRQ 5LVLNRJUXSSHQ DQKDQG GHU LQ 7DEHOOH GDUJHVWHOOWHQ .U
7DEHOOF.VLNRJUXSSHQ QDFK $QJ HW DO *H]HLJW LVWK®LHG(LQWHLO

GHV +8WDWXYV GHV 1LNRWLQNRQV.OPWVXQ®NDGHWRQ71IWLW GHP MHZ
--DKUHVIJHVDPW.EHUOHEHQ DXV $QJ .. HW DO 1(-0

SLVLNRJUXSY 1LHGULJHYV OLWWOHUHYV +RKHV 5LVI

+396WDWXYV SRVLWL] SRVLW QHJID QHJIJDWLY,

ILNRWLQNRQV ! ! !

71066 WDXV 1-1D 1 E1 7-7 7

--DKUHYV

*HVDPW<EHUO

$QJDEHQ *EHU GLH +{BMVIMRJHLWUMBBU .DUJLQRPH VFKZDQNW MH QDFK
]ZLVFKHQ ELV! ZDV X D GDUDQ OLHIMLGWYWH UQF & HIQG 6\ K C
DQDWRPLVFKH /RNDOLVDWLRQHQEGH VX RWHUWW %P RUMVQVWELHHUW ZDUHQ
HW DO +39RVLWLYH 7XPRUH ILQGHQ VLFK EHVRQGHUV KIXILJ LP %
XQG GHU 0XQGK|KOH KLHU HW DO:LWAXBNPQIAWW HV VHKU XQWHUVFK
OHWKRGHQ HIQHNMEBRRQ LP 7XPRUJHZHEH QDFK]XZHLVHQ $0V 6XUUR
LPPXQKLVWRFKHPLVFKHVIUBBMHQDY 3 ,1.$ VLHKKQ PDQ DOOH
DQDWRPLVFKHQ /RNDOLVDWLRQHQ ]XVDPPHQIDSRWLVZLYIBQKHXOEK YR C
DXVJHIJDQJHIQW $M3 6HWWLDO OHKD®@DDO 7LQKRWHDO



'LHVH =DKO ZLUG MHGRFK LQ GHQ NRPPHQGHQ -ERONGKXIWHKP PQWG
XQYHUIQGHUWHQ 5DXFKJHZRKQKH L\BMQRHLQH WKQDKPRRYBOJH]HLIW
NRQQWH 7H\WHKRIHU

+39SRVLWLYH +39 - WIBYH #A#BPRUH ZHUGHQ ELVODQJ DOV +:
]IXVDPPHQJHIDVVW XQG JOHLFK EHKDQGHOW 'LH EHVFKULHEHQHQ
8QWHUVFKLHGH LQ GHU .DUJLQRIJHQHVH YHUGHXWOLF®&RQLWHKGRFK (
YHUVFKLHGHQH (QWLWIWHQ ]X EHWUDFKWHQ VLQG GLH PJJOLF
7TKHUDSLHNRQJHSWHQ EHKDQGHOW ZHUGHQ VROOWHQ 'LH JHQDXHQ
ELVODQJ DOOHUGLQJV QRFK ]X ZHQLJ YHUVWDQDBHKQ GKP-HBQH 7KHU|
6WDWXV 11X HUP|JOLFKHQ

1.1 Humane Papillomavir en

'DV +XPDQH 3DSLOORPDYLUXV +39 JHK|UW ]X GHUW XMWIDPLOLHDOV }
NODVVLILIJLHUWHQ )DPLOLH GHU 3BWLDORPDBYLUH®D EH VIS FQ OWCH[X B O
*EHUWUDJHQ 'HU 1DFKZHLV HLQHU DEJHODXIHQHQ ,QDKNWLRQ ILQG!
DQQIKHUQG GHU %HY|OMMUPQ@J &ORMRWEDO % RWW DO

'LH %HGHXWX®LWHR® 1+8 GLH (QWVWHKXQJ YRQ .DUJLQRPHQ ZXU
-DKUHQ ELV HUVWPDOV I+U GDV =HUYL[NDUJLQRP SRVWXOLHL
$QIDQJ GHU HU -DKUH NRQQWHQ GLH B6XEW\SHQ +39 XQG
=HUYL[NDMQN®RRLHUW XQG JUXQGOHJIJHQGH =XVDPP-HQKIQWH RQLVFKH
XQG GHU (QWVWHKXQJ HLQHV =HUYL[NDUJLQRPV LGHIQWKHIWHHUW ZHL
VLQG <EHU 6XEW\SHQ GHU 3DSLOORPDYLULGD B OSKDQ W& U PLLHU W QZ R
PXNRVDEHIDOOHQGH 9LUHQ EHWD GHUPDWRWURSHKSSHBQGHWQG GLI
JDPPD QX XQG PX HEHQIDOOV GHUPDWRWHWRSBOILBEBEWDXYIDHEEAW '}
6\UMIQHQ

'LH PLW GHU .DUJLQRPHQWVWHKXQJ DVVRNXS S WH QUKD EVGH G LGIL B
+RFKULVLNRLVKLIKKQG 1LHGUULWINLNBIHOQRXQWHUVFKLHGHQ ZHUG
1ILHGULJULVL\BRQ+39KUHQ X D ]X &RQG\ORPDWD DFFXPLQDWD )HLJZ
MHGRFK NHLQH PDOLJQHQ 7XPRUH :LFKWLJH 9HUWUHWBU GLHVHU *U
5DXWDYD XQG 6\UMIQHQ ,P *HJHQV D W) SGIM] XG A H U-SRRK UBLLVH. NFR ¢
*UXSSH PLW SUINDQJHU|VHQ /IVLRQHQ XQG 7XPRUHQ VHEXRKO LP DQR.
GHURS+DOVUHJLRQ DVVR]LLHUW 'LH ZLFKWLJVWHQ 9HUWUHWHU GLH\

5DXWDYD XQG 6\UMIQHQ ‘IKUHQG EHLP =GMHYL[NDU]LQ
7XPRUH VRZRKO +39 DOV DXFK JHIXQGHQ ZHUGH@L@RRG\ XQG
+16&8& XPRUHQ YRUZLHJHQG PLW GHP 6XEW\S M3 DODVYRJLGHHW .UHI
(QWVWHKXQJ YRQ 7XPRUHQ ZLUG HLQH SHU@DHNMALRE ,GILHN WIRPQ
,PPXQV\WVWHP QLFKW JHQ+*JHQG HOLPLQLHUW ZLUG DQJHQRPPHQ ]XU



3DSLOORPDYLULGDH EHVLW]HQ HLQH ULQJI|UPLBEH GRSESHIOMMHQJILII
*HQRP OHVUL )HLWHOVRQ XQG O0XQJHU , Q Q HYULKUID@H G HW GHQR P
DQKDQG LKUHV ([SUHVVLRQV]JHLWSXQNWHV LP YLUODOKQ G HESHQW\NO
/ ODWH *HQH HLQJHWHLOWLWBRY YHEHIYUIWQBDHWVBB®W  IUsKH ( ELV
VSIWH / XQG / *HQH XQEKMNRGMRUHQGH UHJXODWRULVFKH 5
5DXWDYD XQG 6\UMIQHQ

'LH SULPIUH ,QIHNWLRQ PLW GHP 9LUXV ILQGHW QLFKWH® LR%HUHQ |
%HUHLFK GHU %DVDOPHPEUDQ QDFK OLNWRWODXPKXQ %WDW WM D W.MRQH
GHU HSLVRPDAHQWWUMNQH DNWLYH 7HLOXQJ GHU LQILJLHUWHQ :LUW
*EHU NHLQH HLJHQHQ 3URWHLQH ]XU 5HSOLNDWLRQRQYHUQGAW =XQI
'LIIHUHQJLHUXQJ GHU :LUWV]HOOH LQGX]LHUW XQG GBWUWAKQ@OH *HQ
GLH YLUDOHQ 3URWHLQH / XQG / JHELOGHWG SURWH NRH DHUG E LG |
]XVDPPHQ PLW GHP YLUDOHQ *MQBRRVGIZWORKWL I +@HU REHUVWHQ (S
IUHLJHJHEHQ ZLUG XQG HUQHXW =HOOHQ LQIL]LHUM® NDPIQHRU +DX

'IKUHQG GLH )XQNWLRQ GHU 3URWHLQH ( XQG ( ELVODQIODBLFKW JH
)XQNWLRQHQ GHU DQGHUHQ 3URWHLQH LQJZLVFKHI@H®W FKDUDNWHU
,Q GHU YRUOLHJHQGHQ $UEHLW VROO QXU GLH )RONM DRIQ(GHQGEHLG
( GHWDLOOLHUWHU EHVFKULHEHQ ZHUGHQ GD GLHNEHXWXQH 7XPR
KDEHQ 'LH )XQNWLRQ GHU DQGHUHBW DRMWHN QWD LX Q/GL Q\ 5D DQMIY D
EHVFKULHEHQ

1.1.1 Tumorinduktion durch HP-Viren

P *HIJHQVDW] ]XP HSLVRPDOHQ +39 *HQRP GDV EHW HNRPRMWDNXWHQ
LP 5DKPHQ GHU 7XPRUJHQHVH LP LQLWLDOHQ 6WDGLXRQRIGDYXU ,QW
'LUWVJHQRP &FWZDO] 'LH ,QWHJUDWLRQ GHV YLUDOHQ *HQRPV
.DUJLQRJHQHVH YRQ 9RUWHLO GD GXUFK GLHVHXHW DODFKVWXPVYRU
,P 5DKPHQ GHU ,QWHJUDWLRQ NRPPW HV KIXILJ ]XYHUQBRQIHUOX
(UELQIRUPDWLRQ ZREHL RIW HLQ 7HLO ]ZLVF KIHVQWGHHP Z{HIEG ( ZXOQGE K/H
GHQ 9HUOXVW GHU GD]ZLVFKHQ OLHJHQGHQ *K QHH( %MD & L(H EGHGW DK W
HEHQIDOOV 'HOHWLRQHQ DXl ]XU +DXVHQ 5DRWDWBGREE EWIMIQ
7XPRUHQ LP %HUHLFK GHU =H4DQYUHQGRGHDXFRSHLQH DNWLYH ([
GHV ( 3URWHLQV YRUKDQ H® V HLEWHKR@®H O

'LH 7XPRUHQWVWHKXQJ ZLUG GXUFK JHOOHLJHQH XQ® K B®HUDM OHFK
*UXQGOHJHQG KLHUI*U VLQG JHOOHLJHQH *HQH GLIBHSWD GRWXQWHJU
VRZLH ,QKLELHUXQJ GHU =HOOSUROLIHUDWLRQ XQG JJ =HOOWRGC
7XPRUVXSSUHVVRUJHQH :HLQEHUJ '"LHVHQ HQWJHJHQ VWHKHC
=HOOH GLH 3UROLIHUDWLRQ DQUHRBURWREG NRIHDMWUHLEHQ + VRJ



(LQ 7XPRU ZHLVW KIXILJ PHKUHUH OKW DW L RXQI® DO | WRLQWRVPKGHU 5H
-DKUJHKQWH ]XU (QWVWHKXQJ ZHVKDOE PDQ EHL YLHOHXH@GXPRUHQ Y
.DUJLQRJHQHVH DXVJHKW +DQDKDQ XQG :HLQEHUJ HQ$QIDQJIV N
OXWDWLRQHQ LQ 7XPRUVXSUHVVRUJHQHQ RGHU 3URWRRQNRJHQHC
2QNRJHQHQ EH|HH¥KEHGUL QJIW |+U GLH =HOOH HLQHQ :DFKVWXPVYRUWHF
OXWDWLRQHQ GLH LKUHUVHLWYV ZLHGHUXP HLQHQ 9RUWHLO I+U GLHI
VROFKHU OXWDWLRQHQ NRPPW HV VFKOLHMYROVFIORREG\$XQBELDARPQDWL

+DQDKDQ XQG :HLQEHUJ P 5DKPHQ GLHVHU 2QNRJ
7XPRUVXSUHVVRUHQ LQDNWLYLHUW ZIKUHQG 3URWRRQNRUHQH DNWIL
ZLFKWLJVWHQ %HUHLFKH LQ GHQHQ HLQH 7XPRU]JHOOH @HUIQGHU X«
7XPRU HQWVWHKW ZXUGHQ YRQ 'RXJODV $ +DQDKDQ XQG S5REHUW
]XVDPPHQIDVVHQG EHVFKULHEHQ +DQDKDQ XQG :HLQEHUIH XQG
(UNHQQWQLVVH HUJIQ]W +DQDKDQ XQG :HLQEHUJ HLMWHQ=HOOH
)IOOHQ HLQH 9LHO]DKO YRQ OXWDWLRQHQ LQ YHOQWRKLHG®WXOQUBUR
6LIQDOZHIJHQ EHWUHIIHQ GDPLW HLQHWUWOQRP HQWVWHKW .DQGRW!

P *HJHQVDW] ]XU EHVFKULHEHQHQ PHKUVWXILJHIDVVRYILEBRWH®@H V H
.DUJLQRPHQ DOOHLQLJ HLQH ,QIHNWLRQ PLW GXPRYHDWVMWHKXQHU I
*UXQGOHJHQG LVW GLH ([SUHVVLRQ GHU YLUDOH® @H RIDHLYHH O OHB

OHVUL )HLWHOVRQ XQG 0XQJHU )DVW DOOH YR®QHD®DKDQ X«
+DOOPDUNV ZHUGHQ GXUFK GLHVH EHLGHQ 3URWHLQ I H HHRIQ IOXVVW
OXQJHW DOHVUL )HLWHOVRQ XQG O0XQJHU EHWPKQGE BB PXWG VR

(UOIXWHUXQJ GHU ZLFKWLJVWHQ )XQNWLRQHQ GHUGDILBBOGH) 3URW
SURWHLQH HVVHQWLHOO IeU +39 7TXPRUH VLQG XQG LP )RN.
*UXQGODJIJHQIRUMIFKKRIL HBOWHU 7XPRUH VWHKHQ
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Abbildung 1: Beeinflussung der Tumor Hallmarks durch die viralen Onkoproteine E6, E7 und
E5. Gezeigt sind die von Hanahan und Weinberg beschriebenen Tumor Hallmarks (Cell 2011)
und die HPV-Proteine, die nach derzeitigem Kenntnisstand einen zugehérigen Signalweg
aktivieren (blaue Pfeile) oder inaktivieren (rote Pfeile). Bis auf den Bereich der tumorférdernden
Inflammation ist fiir jeden der 10 Bereiche eine Interaktion der Onkoproteine mit einem Hallmark
beschrieben (Modifiziert nach Mesri, Feitelson und Munger, 2014; Abgedruckt mit Genehmigung
von Cell Press).

MMP = Matrix-Metalloproteinase; MHC | =Major Histokompatibilitdtskomplex I; hTERT =
humane Telomerase Reverse Transkriptase; IFN = Interferon;, mTORC1 = mammalian target of
Rapamycin 1, BAK = Bcl-2 homologous antagonist/killer; VEGF = vascular endothelial growth
factor.

Das virale Protein E7 ist ein ca. 11 kDa groRes Protein, welches keine eigene katalytische
Funktion besitzt, jedoch in der Lage ist, an eine groRe Zahl von Proteinen zu binden und diese
zu aktivieren, zu inhibieren oder iber weitere Interaktionspartner fiir den proteasomalen Abbau
zu markieren (Moody und Laimins, 2010; Rautava und Syrjanen, 2012; Roman und Munger,
2013). Eine Auflistung der verschiedenen Interaktionsproteine, die durch E7 beeinflusst werden,
findet sich bei Rautava et al. (Rautava und Syrjanen, 2012) und Roman et al. (Roman und
Munger, 2013). Im Folgenden beschrieben sind nur die Funktionen, die fur die Karzinogenese

am bedeutendsten sind.



'‘DV 3URWHLQ ( ZLUNW LQKLELHUHQG DXI| 3URWHHLQHW IGR® IGHRP HIQO O]
XQG ]XJOHLFK DNWLYLHUHQG DXl 3URWHLQH GLH GDOMKGHHOWZDFKVW

$P EHVWHQ XQWHUVXFKW LVW KLHUEHL GLH LQKLELHUHQGH
7TXPRUVXSSUHVVRUSURWRURWHMWL QREO DV RPLFKW WUDQVIRUPLHUW
=HOO]J\NOXV VHKU VWDUN UHJXOLHUW

+LHUGXUFK ZLUG JHZIKUOHLVWHW GDVV GLH =H30OHQH P O WQLIQX\VDAN \¥ Ui
*HQRP XQG EHL DXVUHLFKHQG H[WHUQHQ :DFKVWXPVIDNWNRWHQ VWD
SK\WLRORJLVFK DOV ,QKLELWRU GHV =HOO]\NOK\G BQKMIIVGHUP]HQW UDC
QLFKW SKRVSKRU\OLHUWHQ =XVWDQG LVW S5%PFI®OGHY yDIH GLH 7U

]X ELQGHQ XQG ]X LQKLELHUHQ 'DGXUFK ZURDGIHPWQARD DKH DG
XQG NDQQ QLFKWLOR@BEBVH sEHUWUHWHQ :HLQEHUJ ,Q +39 WU
7XPRUHQ ZLUG S5% GXUFK GDV 3URWHLQ ( I-U GHQ SURWHDVRPD
S3URWHDVRP GHJUDGLHUW 'DGXUFK NDQQ GLH -BFKRHIO®BGXQDEK
‘DFKVWXPVIDNWRUIK® LK & HH JH K H Q - &KDBI FOWSIR QW QLFKW DNWLY LVV
GLHVHP OHFKDQLVPXV ZLUG DXFK S DOV HLQMUZHQWHV W RBWBLOHORQ
( LQKLELHUW ZRGXUFK -6A/QGBRUERGX]EHUWHU =HOO]\NOXVDUUH
XQWHUGU*FNW ZLUG 1HEHQ GHU %HHLQIOXVVXQR @ HH LAHIDOH O X V
6LJQDOZHJHQ EHVFKULHEHQ GLH GXUFK ( SRVLWLYQ RGHU OQH
VLHKH $EELOGXQJ 6R LVW DXFK HLQH ,QGXNWLRQ GRP® SURDQJL
YDVFXODU HQUERWKKEFWRDO 9*) HLQH SURPHWDVWDWLVFKH )XQNWLRC
ODWOHWDOORSURWHLQDVHQ 003V HLQH LPPXQVXSSUHVVLYH )XQN
,QWHUBHU@ROZHIHQ XQG HLQH ,QKLELBBKRGHRZRKOHGQAENQIS$''5 DO\
DXFK GHWHISDUDWXU EHVFKULHEHQ :HLWHUH 6LJQDOZHJH GLH GXU
VLQG L@$BE QDFK LKUHU MHZHLOLJHQ %HGHXWXQJ I+U GLH 7XPRU +

'LH GXUFK GDV 3URWHLQ ( LQLWLLHUWH 3UROLIHO DR QRIQ KOKQEN G M UH L
=HOOH GD XQNRQWUROOLHUWH 3UROLIHUDWLRQ YHUP®IKIHN 6FKIGH
$EEDXSURGXNWH HQWVWHKHQ 3K\WLRORJLVFKHU :HLVH ZUGH GLHV
HLQHU 6WDELOLVLHUXQJ GHV 7XPRUVXSSUHVVRUSURWMNVQWYVSHVWKUH
DXIWUHWHQ RGHU EHL LUUHSDUDEOHQ 6FKIGHQ-\®UB GBIRIW RM HW.HQ V
=HOOHQ ZLUG GLH $NWLYLWIW YRQ S MHGRFRKAQXUFE GO \G 13 QY RAMIDION
ZHGHU HLQ =HOO]\NOXVDUUHVW QRFK GLH $SRSMRWVH HLQH B OHLOMHD
ZLUG S GXUFKJHKHQG WUDQVODWLHUW MHGRFK GXU#RB GDV KXPDQ
XELTXLWLQ\OLHUW XQG I+U GHQ SURWHDVRPDOHQ $EBBIX PDUNLHU
QLHGULJHQ *UXQGOHYHO YRQ S 3URWHLQ LQ =HORIEHMQ: KIQEEHUJ
=HOOVWUHVV NDQQ S SKRVSKRU\OLHUW ZHUGHQUXS® LLRPQ ¥ HIDNOWRIW G
7) HLQH 9LHO]DKO DQ *HQH DNWLYLHUHQ RGHU LODMWALYEHUHQ 'L
LQGHP HV PLW GHU ( XELTXLWLQ /LJDVH ( HWNRFDW HGE GURWH L
YHUPHKUW XELTXLWLQ\OLHUW XQG VR GHU SURWHDVRPDOHQ 'HJUDGE
ZLUNW ( ]XP HLQHQ V\QHUJLVWLVFK PLW ( DXI| GLHHDDMK\RQXEMLDNW
=HOOH =XP DQGHUHQ NDQQ GLH =HOOH QLFKW HIXMNDMWLR QO @ XI) G SR
JHQHWLVFKH ,QVWDELOLWIW JHI|[UGHUW ZHUGHQ



1HEHQ GLHVHU I+U GLH 7XPRUJHQHVH EHGHXWHQGHQ )X®NWLRQ LQW
JUR%HQ =DKO ZHLWHUHU 3URWHLQH XQG NDQQ VR GLH 7XPRUHQWVW
LVW HLQH $NWLYLHUXQJ GHU KXPDQHQ 7HORPHUDVGIXBRXH®VH 7UDGQG
=HOOHQ GHU =HOODOWHUXQJ GXUFK 9HUN+U]XQJHQHINW ZHORRBUH H
'HV :HLWHUHQ VLQG ,QWHUDNWLRQHQ 5IFW DELHQDIDISNRINQH X Q3H L
5HSDUDWXU GHV ,PPXQV\VWHPV XQG GHV =HOOWRGHNKEHVFKULHEH
EHHLQIOXVVWHQ 7XPRU +DOOPDUNV ILQGHW VLFK LQ $EELOGXQJ

=ZHL DXVI*KUOLFKH hEHUVLFKWVDUWLNHO ]X VIHPVDOQRKNQ ZBGR\NGHQQ |
ZXUGHQ GXUFKWDDE@RWDYD XQG 6\UMIQHQ  HWXD® @K GR G KQ G
LOLQJHOKXW] SXEOL]JLHUW %HLGHQ YLUDOH® NHRWHUQHQ JHI
NDWDO\WLVFKH S$NWL¥LYEWMGRBHHIH 'ESIVLW]HQ XQG VRPLW VWHWYV
%LQGXQJVSDUWQHUQ LQWHUDJLHUHQ P+VVHQ XP 5RPDYXMNQB 3UR]H\
0XQJHU 9DQGH 3RO XQG .OLQJHOKXW]

,QVJHVDPW OIVVW VLFK IHVYWVWHOOHQ GDVV VRERK® @ QIR HXFK (
VLQG GLH WHLOZHLVH V\QHUJLVWLVFKH XQG WLFRUJEBROMQHVAGH
EHVLW]HQ XQG Il«U +39 7XPRUH GLH WUHLEHQGHQ 2QNRSURWHLQH
JHPHLQVDP ZHUGHQ QDKH]X VIPWOLFKH %HUHLFKH GHU YRQ +DQDKDC
7XPRU +DOOPDUNV EHHLQIOXVVW ZDV GDV RQNRJHEM IRUGHQRWLD O E
KRKH 5HOHYDQ] LQ GHU RQNRORJLVFKHQ JRUVFKXQJ EHJU*QGHW VLH

1.2 Therapie von Plattenepithelkarzinomen der Kopf-Halsregion

'LH OHLWOLQLHQJHUHFKWH 7KHUDSLH YRQ +16&& EDVMWHKM@®X| HLQHI
DXV RSHUDWLYHU 7XPRUUNY RNXWMPR® KHD®ISR H 'LHVH GUHL 7KHUDSLH
MH QDFK 7XPRUVWDGLXP XQG $O0JHPHLQ]XVWDQG GHHQ@WWHBQWHQ
DQJHZHQGHW ,Q GHQ PHLVWHQ 6WDGLHQ ZLUG ]XQIFKVW GHU 3ULF
VRIHUQ LQGL]JLHUW GDV ]XJHK|ULJH /\PSKDEIOXVVJHBELHWHGWUFK HL
+LHUEHL ZHUGHQ VWDGLHQDEKIQJLJ QHEHQ GHQ /\PSKNQRWHQ DXFK
HQWIHUQW (LQH HOHNWLYH 1HEFN 'LVVHFWLRQ ZLW® L¥VXHKQHHL IHKC
O\PSKDWLVFKHQ OHWDVWDVLHUXQJ HPSIRKOHQ GD &LHRGXUFK GLH
JROOPDQQ XQG 1DVW

1HEHQ GHU 7XPRUUHVHNWLRQ VWHOOW GLH 5DGLRWERHUDISHH HLQH
SHUNXWDQH %HVWUDKOXQJ GHV 7XPRUV NRPPW VRARKCHQ@Q DGM
7KHUDSLHNRQJHSWHQ ]XP (LQVDW] 'LH *HVDPWGRVQE @WH QW IMRD QDF|
]ZLVFKHQ *¥ 6HLZHUW 6DODPD XQG 9RNHYV :ROIl )ROOPDQQ
1HEHQ GHP SULPIUHQ =LHO GHU .XUDWLRQ NDQQ GLH 5DGLDWLR L
6\PSWRPOLQGHUXQJ YHUZHQGHW ZHUGHQ

=XVIW]OLFK ]XU NRQYHQWLRQHOOHQ )UDNWLRQ LHIEKHI V(LFX H®OLGR VL
0|JOLFKNHLWHQ GHU +\SRIUDNWLRQLHUXQ®D]H® GRO VL QW H\JURH URGHL
+\SHUIUDNWLRQLHUXQJHQ ] % (LQ]JHOGRVLYV *\ [ 7DJ HWDEOLHU



'LHVH N|QQHQ GLH ORNDOH 7XPRUNRQWUROOH YHUEHVVHUQ D (
IHEHQZLUNXQJVZDKUVFKHLQOLFKMKM.W CEHG®WRXUIWVVDE QQ\

'LH LOWHQVLWIWVPRGXOLHUWH ELOGJHI*KUWH 5DGLRWKHUDSLH ,0
EHUHLFK DXI GHQ 7XPRU ]X EHVFKUIQNHQ XQG GXWRRUHLQH MNMRQIRUP
VFKRQHQ ] % GLH 3DURWLGHQ XP 1HEHQZHWNX®RJHQ ]X UHGX]LHUHC

,Q IRUWJHVFKULWWHQHQ 7XPRUVWDGLHQ XQG EHL 9RUOLHJHQ YRQ !
7XPRUZDFKVWXP LVW HLQH VLPXOWDQH 5DGLRFKHPRWREBHDSLH LQC
GHILQLWLYHV 7KHUDSLHNRQ]JHSW GXUFKJHI-KUW ZLUG XQG ]X
--DKUHVJHVDPW+EHUOHEHQVUDWH XQG GHU ORNDOHQ 7WPRUNRQW!L
%RXUKW DO ,Q ORNDO IRUWJHVFKULWWHQHQ 6WDGLHQ HUODXE
5DGLRFKHPRWKHUDSLH HLQH®EHXQYMWHR QWHDRDOW DOV HLQ SULPII
9RUJHKHQ HWH BIOW

JROJHQGH =\WRVWDWLND VLQG I+U GLH .RPELQDWLRQOWNHPDSLHQ °
-)OXRUXUDFLO O'RFRMBLO& &LVSODWLQ KDW KLHU HLQH EHVRQGH
6XEVWDQ] VRZRKO LQ .RPELQDWLRQ PLW DQGHUHQ &WHRR@HKW UDSH >
BWUDKOHQWKHUDSLH HITHNWLY ZLUNW

1HEHQ GHQ NODVVLVFKHQ =\WRVWDWLND ZLUG PZMWMUBK@JHIHGHIHU 5
PRQRNORQDOHQ $QWLN|USHU &HWX[LPDE LQ .RPELQDWHRQ PLW H
HLQJHVHW]W GHU ]X HLQHU JHJLHOWHQ ,QKLELWLRQ GHV 5H]F
‘:DFKVWXPVIDNWRU (*)5 I+KUW )*U IRUWJHVFKULWWHQHFKL6&& ZXUGH
GLHVH .RPELQDWLRQ HLQH EHVVHUH +HiVD 0@JVUDBWH DIQOHUBK®YJI VR
QDFKIROJHQGHQ 6WXGLHQ QLFKW EHVAMWMMWRLOW ZHUGHQ NRQQWH O0DUYV

$XFK DXl =HOONXOWXUHEHQH ZXUGH I+U GLHVH .RPELQGIDWORQ NHLQI
JHIXQGHQ ZHGHU IleU +39- QRE&EIHOOBOQLHRAW *BROWHWBHLWHUH
JHILHOWH 7KHUDSLHDQVIW]H ]XU %HKDQGOXQJ GHRPHLM &/&N Y IO®AV EG VK
NRPELQLHUWH &LVSODWLQ EDVLHUWH 5DGLRFKHPRWKHUBWBWLH GHQ OF
IRUWJHVFKULWWHQH 7XPRUH GDU

'LH NRPELQLHUWH 7KHUDSLH EHGLQJW HLQH =XQD KM RIHIHIMXWWR|
GHU 6FKOHLPKDXWWRI[L]LWIW VRGDVV PRPHQWDQ LRSBMWXGWLHQ HLC
3SDWLHQWHQ-IPUWR [EBHUWHQ 7XPRUHQ XQG JXWHU 3URJQRVH JHSU
JRUDVWLHUH SUEDQ &RUU\DEHE ZIMMFKHQ VRZRKO GLH 6WUDKOH
DXFK GLH &KHPRWKHUDSLH 'RVLHUXQJ PRGLIL]JLHUW %LVODQJ JLEW
(UNHQQWQLVVH <EHU GLH WXPRUELRORJLVFKHQ *UXNQGIODLMFK XQG
EHVVHUH WKHUDSHXWLVFBONWR.BEHUWKHQ7XPRUH EHJU-QGHQ &KXQJ
%RO XQG *UpJRLUH JULHGPDQ 6WDYDV XQG &PHODN



1.2.1 Effekte der Radiotherapie auf zellularer Ebene

*UXQGOHJHQG I+U GLH :LUNXQJ GHU 5DGLRWKHUDS|HVDKI DXORRU]HOO
GLH %LOGXQJ UHDNWLYHU ,RQHQ XQG 5DGLNDOH GXQFKLHVIHZLQQ R
,RQLVDWLRQVSUR]JHVVH I+KUHQ DXI GLUHNWHP ,RRLWIDNWRP ¥RIQ $WF
%LOGXQJ YRQ IUHLHQ 5DGLNDOHQ [XU 6RAKMGDIXQJ Q@WBUWUHKNWHNRP
6FKIGHQ ZHUGHQ LQ =HOOHQ YRUZLHJHQG GXUFK GDHXBBKVDWLRQG
HQWVWHKHQGHQ 5@2GIE2NDIHURLIDNVWHOW

1DFK 3BKRWRQHQEHVWUDKOXQJ PLW *\ NRPPW HVWBDHOBE®%HUQ [X
XQG HWZD 'RSSHOVWUDQJEUHRM @O'6% 6%LNRPMOOHQ GLH NRPSOHI
XQG leU GDV hEHUOHEHQ HLQHU =HSF®&HGHQWO/IFK H LHH® GaHR QLFKW R
IHKOHUKDIW UHSDULHUW ZHUGHQ NRPPW HV ]XPWHUENM®LREGHWOOH C
7XPRUJHOOHQ 'LHV NDQQ HQWZHGHU sEHU HLQHQ SHUPL{EHHIQWHQ =H
GHQ SURJUDPPLHUWHQ =HOOWRG $SRSWRVH RGHU <EHU HLQHQ
OLWRWLVFKH .DWDVWURSKH JHVFKHKHQ ZREHL OHWRWHH@H I[+U Gl
JHIJHQ+EHU 6WUDKOHQWKHUDSLH DP EHGHXWHQGVWHQ LPKW %HL GLI
HLQLJHQ OLWRVHQ DE E]Z N|QQHQ GLH =HOOW HH OXHIE QLA E WQR QK U
'6% ]X OHWDOHQ &KURPRVRPHQDEHUUDWLRQHQ I*KUHQ

*HQHUHOO NRPPW HV QDFK %HVWUDKOXQJ XQG 6FKIGUJXQJ GHU
'1$-6FKDGHQVDQWZRUW ''5 'XUFKDGLIM \8HRWE LIQHHF W D \KIDG PXW D W H G
DWD[LD WHODQJLHFWDVLD D Q® PFD/G] X VHIODHNH @&/ H B DE K LOVH. JH Q

$UUHWLHUXQJ GHV =HOO]\NOXV GHWBFKL@HMQS5HBP |UMDWRKKWGKQG 18R
‘HLWHUJDEH GHU B6FKIGHQ DQ 7RFKWHU]JHOOHQ YHUKLQ®HUW )sU C
'1$-6FKIGHQ LVWKRMROREKWQGYHOQRARPIRQRIRXY HQG MRLQLQJ 1+(-
DP KIXILJVWHQ JHQXW]WH 5HSBWDWWXUZBwHLRNRRHZHUGHQ GLH IUHL
'1$-(QGHQ ]XQIFKVW LQQHUKDOE HLQHV 3URWHLQNRPSOH[HV UIXPOLFI

$QVFKOLH%HQG ZHUGHQ GLH (QGHQ GXUFK 1XNOHDVHQ SUR]JHVVLH
YHUPHLGHQ GXUFK 3RO\PHUDVHDGHNR PSHWIHROMHHODIN XQG GXUFK
YHUNQ+SIW ,P *HJHQVDW] ]XU +RPRO-RSHQEHHMNRRWELEMNHNLBQHVHP
5HSDUDWXUZHJ GLH O|JOLFKNHLW GDVV ,QIRUPDWLRQRQHXI GHU '1$%
HQWVWHKHQ ,MG@WHUSHFKRUDWXU+PLUWWHGDV 1+(- MHGRFK LQ DO
=HOO]\NOXVSKDVHQ DNWLY XQGXEBE VIRUGHKDWHL Z IEGQ NHLQ KRPRORJF
6FKZHVWHUFKURPDWLG YRUOLHJW I+U GLH 6FKDGHQVUMSTLMDW XU HV
HLQHU =HOOH VWUDKOHQLQGX]LHUWH '6% ]X UHSDIHGUHRQ LVW F
JHVXQGHQ *HZHEH ]X PLQLPLHUHQ XQG JOHLFK]HLWIPIXWLIQQ ZLFKWL
7XPRUJHOOHQ GD =HOOHQ P LW-5HSDHID W XU PHHKVHOHNO LEK VWUDKOH
VLQG 7XPRUJHOOHQ PLW HLQHU JHVW|UWHQ '"'5 VSUHFKHQ GDKH
%HVWUDKOXQJ BIQV DLONRP H\



1.2.2 Zellulare Wirkung von Cisplatin

'DV =\WRVWDWLNXP &LVSODWLQ ZLUG EHUHLWINHKNWWIMY YL D @ L- YK Ui [0
VROLGHQ 7XPRUHQ HLQJHVHWI]W 'LH KRKH :LUNVDWINHKI EHGLQJW
GRVLVOLPLWLHUHQGH 1HEHQZLUNXQJHQ X D 1HSKURWRNL]GWHW 2W
]X LUUHYHUVLEOHQ 3RO\QHXURSDWKLHQ I*KUHQ NDQQ :DQJ XQG /LSS

&LVSODWLQ ZLUNW DOV LQWHUNDOLHUHQGH 6XEVWBQFRKBKISWVIFKOI
DXFK ,QWHUDNWLRQHQ PLW 3URWHLQHQ DX%HUKDOEHMHWGEGHOONHU
'DV SDUHQWHUDO YHUDEUHLFKWH &LVSODWL@HQLUBHG MUK +\GU
SRVLWLY JHODGRREBDHBTXBVHU 3UR]JHVV ILQGHW HUVW LP =\WRSODYV
.RQJHQWUDWLRQ DQ &KORULGLRQHQ ZHVHQWOLFK' LJHWHQJHXDVW DC
.RPSOH[ LQWHUDJLHUW LQWUD]HOOXOIU PLW 3UR@WHXQBQLSE®U® =HC
&LVSODWLQ LQWHUNDOLHUW LQ GLH 3JUR%H )XUEEKWRBHU '1$ XC
YRQ *XDQLQ XQG $GHQLQ +LHUGXUFK ELOGHQ VLFK VRZRKO 9HUQH
BWUDQJHV ,OMWUDYWUQBW]XQJHQ DOV DXFEWDLYFK® Q @AWH U S UD
AXHUYHUQHWIXQJHQ XQGWHLYFHKO QXQIG 3URWHLQHMQLZONUKDIDEQ X QJ
GHU 'RSSHOKHOL[ HUJHXJW XQG HLQH NRUUHNWH 5HSOLNDWLRQ XQG

'LWH1$-6FKIGHQ ZLH- 'RGSH@QJHOVWUDQJEU+FKH N|QQHQ YRQ 3URW
6FKDGHQVHUNHQQXQJ GHWHNWLHUW ZHYGHOLWW\HOVKH®E Q6N YL Y)X HU X
'1$-5HSDUDWXUVLJQDOZHJH ]X HLQHP 3UROLIHUDWLRQWXPWRSS XQG
=HOOWRG 'LH 5HSDUDWXRG X]RIQU WESIGIHPLQLQGHW <EHU GLH 1XNO
([JLVLRQVUHSDUDWXU 455VWDWWGLKHL HUVWH U$HEY FXIQLGV W5 HRIL W1 $
JHEXQGHQHP &LVSODWLQ H[IJLGLHUW XQG GLH HQWVWHKHQGH /«F
JHVFKORVVHQHWHBEGD %HL GHU +5 ZLUG GHU JHVFKIGLJWH $EVFKQ
KRPRORJHGEYSKQLWWY DXI GHP 6FKZHVWHUFKURPDWLG UHSDULHUV
MHGRFK QXU LQQHUKDOE XEHU -3KDIWHQGHY =HOO]J\NOXV ZHQQ
6FKZHVWHUFKURPDWLG YRUOHMIW ODNWILNRPHWW ®HOGD\ 'LH
BFKIGLIJXQJ GHU '1$ GXUFK &LVSODWLQ EHGLQJW GDWVGBUH 6XEV\
BWUDKOHQWKHUDSLH GHUHQ :LUNXQJ YHUVWIUNW VLHKH



1.3 Fragestellung und Zielsetzung

+39 XQG +396&& ZHUGHQ PRPHQWDQ PLW GHU JOHLFKHQ 7KHUDSLH
)sU GLH NRPELQLHUWH 5DGLRFKHPRWKHUDSLH |HH QXW) (HINMGDDRQELRO
GHU XQWHUVFKLHGOLFKHQ 3URJQRVH EHLGHU .DUJLQRPH KHUDQJH]R.

=LHO GHU YRUOLHJHQGHQ $UEHLW LVW HV B8QWHUWGHKLHGH LP
5HSDUDWXUNDSD]LWIW GHP =HOO]\NOXVYHUKDOWHQZIOHKHEHBOOWRG
+39 XQG +39 7XPRUHQ QDFK NRPELQLHUWG® Uy YW XERFKHPRMKHHU D' & HH
$QDO\WH GLHVHU ELRORJLVFKHQ +LQWHUJUL®BK IlsVW T WXQ GXP3PX N C
+16&& LQGLYLGXHOOH 7KHUDSLHSURWRNROOH HQWZLFNHOQ |X N|QQH



2 ODWHULDO XQG OHWKRGHQ

7DEHOOHQ PLW $XIOLVWXQJ GHU YHUZERGHMNHD * b DV Q BLOHIQV M QG
EHQXW]WHQ 6RIWZDUH XQG ,QWHUQHWVHLWHQ ILQGHQ VLFK LP $QKD

2.1 Charakteristika der verwendeten Zelllinien

'LH IROJHQGHQ 30DWWHQHSLWKHONDVY]L«IRPH B OLR@ LZDQU DY IGH UC
BQWHUVXFKXQJHQ Y+BEZHQ®AHR & 8' 806&& E 806&& +30-

80-6&& 806&& 83&, 6&& -98 7 +39 'LH +39 $GHQRNDUJLQRP
JHOOOLQLHQ DXV GHU =HUYL{66IGHH QDB Q LDOYGIRMLIWVLYNRQWUROOHQ
GHV :HVWHUQ %ORWV leU GLH 3URWHIXN ('LKQSHQOOHYLHE ZXUGH
IROJHQGHQ 3HUVRQHQ *EHU HLQ ODWHULDO 7UDQVIHU $JUHHPHQW ]XL

8'-68& 'U 7KRPDV +RIIPDQQ 8QLYHUVLWIW '«VVHO
80-6&& 'U 5HLGDU $ *UHQPDQ 8QLYHUVLWIW 7XUN
80-68& E 'U 7KRPDV ( &DUH\ 8QLYHUVLWIW OLFKLJD
80-6&& 'U 7KRPDV ( &DUH\ 8QLYHUVLWIW OLFKLJD
80-6&& 'U 7KRPDV ( &DUH\ 8QLYHUVLWIW OLFKLJD
80-6&& 'U 7KRPDV ( &DUH\ 8QLYHUVLWIW OLFKLJD
838&. 6&8& 'U 6XVDQQH 0 *ROOLQ 8QLYHUVLWIW 3LW)

.98 7 -RKDQ 3 GH :LQWHU 98 OHGLFDO &HQWHU ¢
6L +D 'U 6WHIDQ %D X+8Q LYKIWOALSASIW ODUEXUJ 'H>»
&D6NL 'U 6WHIDQ %D X+8Q LYKIWOALSASIW ODUEXUJ 'H>
+H /B 'U .ULVWLQ 'UH HNGH Y3KL\OLVBISWV ODUEXUJ 'H

'LH LQ GHU /LWHUDWXU YRUEHVFKULHEHQB@WXLRW)NWGIUOILEY MWH@ DV LC
7TDEHOOH DXIJHI-KUW



7TDEHO®OMHMUNPDOH GHU YHUZHQGHWHQ +16&& =HONDAURYHQ XQWHUWHL

+39| =HOO( $OWH|7106WDG|/RNDOLM7KHULD S - 5HIHUHQ]H
Gudi *HvEkol| ~YPGLQ  ghy 6WDW
e gsmg @HY F gy epy
8'-6&& 0 |71E0 * 2URSKD| 8% | )6 Zz %D®I®RDO
/DQVIRIWGD
/LEW D
¢ 87 ) | 710 *|o0XxQGK|| 8% |5 /DQVIRWGD
E 6&& /LEW D
T
o
o 80 0o |71D0 * /DU\Q[] &7 | & 6| /DQVIRWGD
* 6&& E /LEW D
80-6&& 0 710 *;| =XQJH 8% ZW | *UHQPIW D
JULHGR]
DO =K DIN
DO
+39| =HOO( $OWH|7106WDG|/RNDOLV7KHUD S - 5HIHUHOQIH
O *HVEKO| UPGLQ  ghy 6WDW
¢ 6sHQ| CHY 7XPI ayLpDU
80 0 |710 *|0XQGK]| ; ZW | /DQVIRWGD
6&& /LEW D
g 80 0 |71E0 * 0XQGK|[&7 5 zw | 7DQHW DO
= |6as
>
” 83&, 0 |710 *|+\SRSKD| 57 ZW | :KLWMW DO
P 68&&
%
- 0 |710;* | 0XQGK|| 8% |/ 5 | 6WHHQEHU),
98 7 ZW | +HUPVHO
'DOBW DO
5LHFNPBWQ
8 +HLQULFK +HLQH 8QLYHUVLWIW '«VVHOGRUI 87 S8@UYHUVLW\ R
OLFKLJDQ 83&, 8QLYHUVLW\ RI 3LWWVEXUJK 98 OQULMK S8QLYHUVL
) ZHLEOLFK 7 7XPRUJU|%H 1 I\PSKNQRWHQVWDWXV 0
QDFK LP -DKU GHU O9HU[IIHQWOLFKXQJ J+OWLJHU 8Q&&OMDVVLILN
&7 &KHPRWKHUDSLH 57 G5DGLRWKHUDSLH : XQEHN®WSW )6 )

YHU|IITHQWOLFKW LQ $UHQ] HW DO



'HU 1DFKZHLYV GMADWXY XQG GLH 3U¢IXQJ GHU DNWLYHQHS5HSOLNDWLF
XQG ( ZXUGHQ LQ XQVHUHP /DERU GXUFK -WIDXH'U 3 &5 $RILHN ]| PQ WHDIEBH\L
SULPHUVHTXHQJHAVW) DMXRMWMD RO GXUFKJHI-KUW

+39 ( JRUZDUG $&$SS&&*7TT7T*7T*7*$777*77
SHYHUVH &$*7**&7777*$&$*77$$7$&93

+39 ( JRUZDUG *$$&&**$&$*$*&&&$77$
S5HYHUVH $&$&77*&$$&$$$$**77$&$

'LH ,GHQWLWIW GHU HLQ]JHOQHQ =HOOOLQLHQ ZXUGH YRQHLQHP H
(LQJHOQXSREBRVRIUGKLVPHRAURI6&DH XQ-GDQEXKHRRUWS5HSHDW $QDO\VH
6755QDO\VH YHULILHMHDW &DVWUR

2.1.1 Kultivierungsbedingungen der Tumorzelllinien

=XU . XOWLYLHUXQJ GHU =HOIDAWIN)ER QLN GCW X3\RH ZB®HQ - =HOONXC
PHGLXP YHUZHQGHW ZHOFKHV PLW IROJHQGHQ =X)Q/GWQHQHDW IHAM L F K
9ROOPHGLXP 90 EH]JHLFKQHW

IHWDOHV .IOEHUVHUXP

QLFKW HVVHQWLHOOH $PLQRVIXUHQ 1($$
*HQWDP\FLQ PJ PO

VWDELOLVLHUWHY *OXWDPLQH PO

'LH =HOOOLQLHQ ZXUGHQ LQ 3HWULVFKDOHQ F36 PPWWO HLOQHP 'XUFKP|
 QNXEDWRP&EERILWE&?2 %HJIJDVXQJ NXOWLYLHUW 'LH =HOOHQ ZXUGHQ EH
+ .RQIOXHQ] UHJHOPI%LJ SDVVDJLHUW LQGHP \OHH RIQVHLQHU
IULVFKHP 90 LQ HLQHU 9HUG+*QQXQJ DXVJHVIW DEDSWOQHUGL HZDW M
=XQIFKVW ZXUGH GDV YHUEUDXFKWH 90 DEJHVDXJWWHGHOHEHO:
3KRVSKDWJHSXIIHUWHU 6DO]JO|VXQJ 3%6 JHZDBVIPKHREOQGXRUWHPBO 7
DGKIUHQW ZDFKVHQGHQ =HOOHQ EHVFKLFKWHW 'LH ,QNXEDWLRQ PLV
ELV PLQ LP ,QNXEDWRU ELV QDKH]X DOOH =HD% B QX BXYVGH Q VL]
GLH :LUNXQJ GHV 7U\SVLQ ('7$¢ PLW HLQHU ITXLYDOHBWHQ OHQJ
=HOOVXVSHQVLRQ ZXUGH LQ HLQHP PO 5HDJHBLQ KHONHQ IULHBWQ
1DFK $EVDXJHQ GHV hEHUVWDQGHV ZXUGH GDV =HOOSHOOHW UW (UL
XQG GLH =HOOHQ LQ HLQHU QHXHQ =HOONXOWXUVFHKIODQOMHeWDXVIHVIW
PD[LPDO 3DVVDJHQ NXOWLYLHUW 9RU MHGHP QLNIR\PNHRISN PZX\WU/GHHOG
=IKOXQJ LQ GHU 1HXEDXHUNDPPHU EHVWLPPW XQGIZHIL@H JEBRILQLH

9HUVXFK DXVJHVIW



2.2 Konditioniertes Medium

'DV NRQGLWLRQLHUWH OHGLXP EHVWDQG DXV 9ROOPHGLXP XQG VWHL
MHGHU LQGLYLGXHOOHQ =HOOOLQLH LP 9HUKIGW®IHP 9ROIOPHBUIP QC
HUIROJWH GD VLFK XQWHU 9HUZHQGXQJ YRQ QLFKW NRQGR@WLRQLHU\
&LVSODWLQ NHLQ .RORQLHZDFKVWXP HUJLHOHQ OLHV U'LHVHU (Il
XQEHKDQGHOWHQ .RQWUROOH EHREDFKWHW ZHUGHQ XQH ZLUG DXI
DXWRNULQ VH]HUQLHUWH )DNWRUHQ ]XU+FNJHI-KUW GWHQ-U HLQH
=HOOOLQLHQ HVVHQWLHOO VLQG

2.3 Wachstumskurven zur Bestimmung der Verdoppelungszeit

$0OV *UXQGODJH I+U ZHLWHUH ([SHULPHQWH ZXUGHO®QB YRQGRSSO.
‘:DFKVWXPVNXUYHQ I+U MHGH GHU DFKW =HOOOLQ@H® AHVWREPBW +1
EHVFKULHEHQ LQ 6XVSHQVLRQ JHEUDFKW XQG JH]IKOW $WVFKOLH%t
YRQ [ =HOOHQPLMP PO 90 LQ 3HWULVFKDOHQ PLW HLQHP 'XUFKP
'LH =HOO]JIKOXQJ HUIROJWH ]ZHLPDO WIJOLFK PLWHHMQDPXBEYRMD QG
HLQHU :RFKH $P YLHUWHQ 7DJ ZXUGH LQ DOOHQ =H®P N3OMXUVFKD/C
IULVFKHVY OHGLXP HUVHW]W

=XU =IKOXQJ ZXUGH GHU =HOOUDVHQ PLW —O 7U\SVEHKQ('l7B *EHUVF}
%UXWVFKUPDQNLUQULQNXELHUW $QVFKOLH%HQG ZXUGH GLH 5HDNWL
DEJHVWRSSW VRGDVV DOOH =HOOHQ LQ PO 6XVSH@VYHRRQHQWKDO
HUOIXWHUW GLH =HOO]DKO HUPLWWHOW 'LH 9HUGRSSOXQJ
H[SRQHQWLHOOHQ $EVFKQLWW GHU :DFKVWXPVNXUYH EHVWLPPW

2.4 WST-1 Test zur Messung der Zellviabilitat

'HU :67 7THVW ZDWHU VROXEQNW HWQID | RMWKRGH XP GDV hEHUOHEHC
QDFK HLQHU %HKDQGOXQJ ]X XQWHUVXFKHQ 'LH P HW D ERGLLUFHKNWS N W
*EHU GLH 6SDOWXQJ YRQ 7HWUD]JROLQ LQ )RUPD]D@WIPHVVWQG BW VI
(Q]\P 6XFFLQDVMHD]ROLQ 5HGXNWDVH ZHOFKHV LQ GHU $WPXQJVNHW
1$'3+ EHQ|WLJW XQG QXU LQ PHWDEROLVFK DNWLWHOXEHRR OH® IXQN
8PZDQGOXQJ NRPPW HV ]X HLQHP )DUEXPVFKODJ YRQ EODVVHP 5RW ]
YRQ )RUPD]DQ NRUUHOLHUW PLW GHU $Q]DKO P HWOERWDUV¥FRKDNWL
TXDQWLIL]JLHUW ZHUGHQ

'LH =HOOHQ ZXUGHQ LQ HLQHU =H-O0IDMHOQ KLQFPRQO 3JODWWHQ K YRU
%HKDQGOXQJ DXVJHVIW XQG DQVFKOLH%HQG I-U K S®IDW IMW HLJIH G
ELV —0 LQNXELHUW 1DFK =%JDEHDMR® SUR/:HJO HUIROJWH
HUQHXWH ,QNXEDWLRQ EHL f& leU K $QVFKOLH%HQG ZXUGH G
OLWKUDV /% EHL HLQHU :HOOHQOIQJH YRQ QP GHWHNWLHUW



Die Viabilitat (V) der Zellen nach Behandlung in Relation zur unbehandelten Kontrolle wurde
anschlieBend berechnet (siehe Formel 1) und mittels nicht-linearer Regression eine
Dosis-Wirkungskurve errechnet. Hierdurch konnte die Cisplatin-Konzentration ermittelt werden,

bei der 50 % der Zellen metabolisch inaktiv waren (Inhibitorische Konzentration 50%; IC-50ysT).

7, T100% Formel (1)

Vy =

mit V,: Viabilitdt nach Konzentration x; Vy: Viabilitdt der Kontrolle = 1; A,: gemessene Absorption

nach Konzentration x.

2.5 Koloniebildungstest zur Messung des klonogenen Uberlebens

Der Koloniebildungstest dient als Goldstandard zur Bestimmung der klonogenen Fraktion nach
einer Behandlung. Erstmals von Puck und Marcus 1956 (Puck und Marcus, 1956) beschrieben,
lasst sich hiermit die Zellfraktion ermitteln, die nach einer Behandlung noch zu einer
unbegrenzten Zellteilung fahig ist. Hierbei werden nach einer Behandlung und anschlieBender
Kultivierung der Zellen die Zellen gezéahlt, die in der Lage sind, eine Kolonie aus mindestens
50 Zellklonen zu bilden. Zellen, die direkt durch die Behandlung absterben, oder in einen
irreversiblen Zellzyklusarrest (Seneszenz) versetzt werden, koénnen hierdurch ebenso
ausgeschlossen werden, wie Zellen, die nach wenigen mitotischen Teilungsphasen im sog.
“mitotischen Zelltod” sterben. Der mitotische Zelltod stellt nach einer Bestrahlung eine wichtige

Zelltodform dar.

Erste Arbeiten zum klonogenen Uberleben wurden unter Anleitung von Frau Dr. A. Arenz
gemeinsam durchgefiihrt. Im weiteren Verlauf der Arbeit wurden Versuche zum klonogenen

Uberleben selbststandig geplant, durchgefiihrt und ausgewertet.

Zunachst wurde die Plattierungseffizienz (PE) jeder Zelllinien bestimmt. Hierzu wurden die
Zellen in Suspension gebracht und eine steigende Anzahl an Einzelzellen in Petrischalen mit
einem Durchmesser von 6 cm ausgesat. Nach einer Inkubationszeit von 14 bis 18 Tagen wurde
das Medium abgesaugt, der Zellrasen mit 4 ml PBS gewaschen, anschlieffend fur 10 min
mittels 10 % Formaldehyd fixiert und mit 0,1 % Kristallviolett geférbt. AbschlieRend wurde die
Uberschiussige Farblésung verworfen und die Petrischalen vorsichtig mit H,O gespult, um
Uberschissige Farbreste auszuwaschen. Nach Trocknen der Petrischalen wurden die Kolonien
hinsichtlich GréRe und Zellzahl unter dem Mikroskop begutachtet und alle Kolonien in einer
Petrischale, die aus mindestens 50 Zellen bestanden, gezdhlt. Hieraus wurde die

Plattierungseffizienz nach folgender Formel berechnet:

Anzahl Kolonien
PE

~ Anzahl ausgesater Zellen Formel (2)
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Durch die Ermittlung der Plattierungseffizienz konnte zum einen die fiir jede Zelllinie individuell
erforderliche Anzahl an Zellen ermittelt werden, welche benétigt wird, um im Kontrollansatz
ca. 50 Kolonien zu erhalten. Zum anderen konnte der Einfluss der Zelldichte bei Aussaat auf die
Plattierungseffizienz untersucht werden, da eine zu hohe, sowie eine zu geringe Zelldichte bei

Aussaat die Koloniebildung beeintréchtigen (Franken et al., 2006).

Zur Prufung der klonogenen Fraktion nach Bestrahlung wurden die Zellen in steigender Zellzahl
(200 - 24000 Zellen/PS) ausgesat. Die Aussaat erfolgte 14 h vor Bestrahlung, um zu
gewabhrleisten, dass die Zellen am Boden der Zellkulturschale adharent waren aber noch keine

Zellteilung stattgefunden hatte.

Nach der Bestrahlung (siehe 2.10) mit Photonen in einer Dosierung von 0-8 Gy wurden die
Zellkulturschalen fir 14 bis 18 Tage inkubiert und hiernach wie oben beschrieben gefarbt und

ausgezahlt.

Zur Prifung der klonogenen Fraktion nach Cisplatininkubation wurden die Zellen 8 h vor Beginn
der Inkubation in steigender Zellzahl ausgesat und anschlieBend mit Cisplatin in steigender
Konzentration (0/0,1/0,5/1/2/5 yM) inkubiert.

Nach einer Inkubationszeit von 24 h wurde das cisplatinhaltige Medium abgesaugt, die Zellen
vorsichtig mit 2 ml PBS gewaschen und anschlieend 4 ml konditioniertes Medium in die
Kulturschalen gegeben. Die Zellen wurden bis zur Zahlung der Kolonien fir weitere
14 bis 18 Tage inkubiert. Zur Testung der klonogenen Fraktion nach kombinierter Behandlung
wurden die Zellen 14 h vor der Behandlung in steigender Zellzahl ausgesét. Die Zugabe von
Cisplatin (0,5 uM) erfolgte unmittelbar vor der Bestrahlung. Nach einer Inkubationszeit von 24 h
wurde das Cisplatin-haltige Medium wie oben beschrieben durch frisches Medium ersetzt. Die

Kolonien wurden nach 14-18 Tagen gezahlt.

Die Auswertung der Koloniebildungstests erfolgte durch Berechnung der Uberlebensfraktion
(survival fraction, SF) und anschlieBender halblogarithmischer Darstellung nach Franken et al.
2006 (Franken et al., 2006). Bei Bestrahlungsexperimenten wurde die Dosis-Effekt Kurve auf
Grundlage der Messpunkte der Uberlebensfraktionen bei jeder Dosis nach dem

linearquadratische Modell berechnet (Franken et al., 2006).

_ Anzahl Kolonien nach Behandlung

Anzahl ausgesater Zellen « PE Formel (3)

Formel zur Berechnung des linearquadratischen Models:

=]

(D) . ;
—— = explaD + bD?)
s(0) 3 Formel (4)

wobei S: Uberlebensfraktion; D: absorbierte Dosis; a: Gewebekonstante der lineare

Komponente; b: Gewebekonstante der quadratischen Komponente.
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Auf Grundlage dieser Kurven konnten die Uberlebensfraktion bei 2 Gy (SF2,
survival fraction bei 2 Gy) und die dose enhancement ratio (DER) als Verhaltnis der SF nach

Kombinationsbehandlung mit der SF nach alleiniger Bestrahlung berechnet werden. Dafir gilt:

|
DERZ = SF'—RT

SF2gcr Formel (6)

mit DER: dose enhancement ratio; SF2xr: Uberlebensfraktion nach Bestrahlung mit einer Dosis
von 2 Gy; SF2gcr: Uberlebensfraktion nach Bestrahlung mit einer Dosis von 2 Gy und

simultaner Cisplatininkubation.

2.6 Proteinbiochemie zur Messung der Proteinexpression

Durch Behandlung mit DNA-schadigenden Agenzien kann es zu Anderungen in der
Proteinexpression onkogener oder tumorsuppressiver Proteine innerhalb der Tumorzellen
kommen. Solche Anderungen in der Proteinexpression wurden mittels Western Blot Analyse

quantifiziert.

Die Durchfuhrung der Western Blots, im Besonderen die Gelelektrophorese, das Blotten und
die Detektion erfolgte unter Mithilfe von Frau S. Preising. Die Planung der Versuche, die

Probengewinnnung und Analyse wurden komplett selbststéndig durchgefiiht.

Die Zelllinien wurden hierzu in einer Zellzahl von 2 x 10* Zellen / cm? ausgesat und 24 h spater
bestrahlt (6 Gy) und / oder mit Cisplatin (20 yuM) behandelt. Die Analyse der Proteinexpression
nach unten aufgefihrtem Protokoll erfolgte zu den Zeitpunkten 6, 12 und 24 h nach

Behandlung.

Zum Analysezeitpunkt wurden die Petrischalen auf Eis gestellt, um eine Anderung der
Proteinexpression zu inhibieren. AnschlieBend wurde das Medium abgesaugt und der Zellrasen
mit eiskaltem PBS gewaschen, um Mediumriickstdnde zu entfernen. Zum Lysepuffer (siehe
Tabelle 3.) RIPA (radioimmunoprecipitation assay buffer) wurden jeweils frischer
Proteaseinhibitoren Cocktail (PIC) und Phenylmethylsulfonylfluorid (PMFS) zugegeben. Der
Zellrasen wurde mit 200 pl eiskaltem Lysepuffer Oberschichtet und die Zellen mittels
Zellschaber von der Petrischale gelést. Das Lysat wurde anschlieRend mit einer 21 G Kanile
und einer Spritze in ein 1,5 ml Reaktionsgefald transferiert und fiinfmal durch die Spritze
vorsichtig auf- und abgesogen. Hierdurch konnten die Zellen durch die Scherkréfte zusatzlich
vereinzelt werden. Die Proben wurden fiir 20 min bei 4°C auf einem Uberkopfschittler inkubiert

und anschlieRend bei -20°C gelagert.
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7TDEHOOHKXVDPPHQVHW]XQJ GHV 3XIIHUV ]XU +HUVWHOOXQJ YRQ 3
SURWHDVHLQKLELWRUHQ

5,3% /\VHSXIIHU PO 1D&O
13

'"HR[\FKRODW
6'6
PO 7U+&0O S+

BURWHDVHLQKLELWRUHQ &RF JHO|VW@4Q+QLO [ 6WDPPO|V
—0 $(%6) +&0

Q0 $SURWLQLQ

—0-(

—0 /HXSHSWLYXOIDW

ODPP &HOO 3,&

SKHQ\OPHWK\OVXOIRQ\OIOXR PO LQ (W2+

=XU %HVWLPPXQJ GHU 3URWHLQPHQJH MHGHU 3UREHS$YXDGH GHU ¢
YHUZHQGHW ZHOFKHU DX| GHU-SRE®XKWWYRQ XFSOH]ZHE@MKN X YHIQQ | D F K
. XSIHULRQHQ EDVLHUW 'LH 5HDNWLRQ ZLUG WHPSHUP@XUDEKIQJL
3HSWLGELQGXQJHQ YHUPLWWHOW 'LH UHGX]LOFEKARQ QX EX H H LIRIQHQ E
&KHODWNRPSOH[ GHU ]X HLQEPHDWEXPX FIKIW BLYRROHWWH [+KUW 'L}
3URWHLQ NRUUHOLHUW PLW GHU ,QWHQVLWIW GHV )DMBGRAQFKODJHYV
NDQQ +LHU]X ZXUGH ]XQIFKVW HLQH 9HUG*QQXQJVUHLKH PLW EHI
DQJHIHUWLJW XQG HLQH 6WDQGDUGNXUYH HUVWHOOW 'LH 6WDQGLE
$OEXPLQ %6$ DQJIHIHUWLJW +LHU]X ZXUGH GLH -8WIDRBOLQXQJ
IROJHQGHQ 9HUG-QQXQJHQ HUVWHOOW

—J PO —J PO —J PO —J PO —J PO —J PO —J
IA\WVHSXIIHU

'LH $QDO\WH GHU 6WDQGDUGUHLKH XQG-&SONWMWRE HMHBAHLRYIMWH 'KQOL

+LHU]X ZXUGHQ —0 3UREH E]Z 6WDQGDUG YRUJHOHUIAM XURG —C
3URWHLQ $VVD\ 5HDJHQ] $ %LFLQFKRQLQVIXUND\XGBD3BQUFH %&$
XSIHUVXOIDW 9HUKIOWQLV LQ MHGHV :HOO SIREHHOWLKWUW $Q

PLQ EHL f& LQNXELHUW XQG GLH $EVRUSWLRQ EHL QP LQ HLQF

EHVWLPPW $QKDQG GHV 3URWHLQVWDQGDUGY NRQQWH/ FXLH 3URW
HUPLWWHOW ZHUGHQ

OLWWHOV *HOHOHNWURSKRUHW2R O\DIFW UQXP GR G(IOFOWEBHTKRUHVH 6
NJQQHQ 3URWHLQH DQKDQG LKUHU OROHN+OJU|%H DXIGIMAUHQQW Zt
3URWHLQH ODXIHQ EDVLHUW DXI| $FU\ODPLGSROP®PHRIHZ ZXWG3RO\
7HWUDPHWK\OHWK\OHQGLDPLQ 7(0(' *EHU $PPRQHXMS KORI RIBLYK O I L
HWWHQUHDNWLRQ HLQLrIBWKWHW EEGVIBD AX\@DPLG 4XHUYHUQHW]XQJH
3RO\PHULVLHUXQJVUHDNWLRQ GLUHNW GXUFK GLH GHJDEH YRQ 7(0('
XQPLWWHOEDU YRU GHP *LH%HQ GHU *HOH ]XJHJHEHQ



(LQH KRKH .RQJHQWUDWLRQ DQ $FU\ODPLG |+KUWBWH]JXP HILOQH B W GHHQ S
JHQDXHUH $XIWUHQQXQJ NOHLQHU 3URWHLQH ZIKUHQG JUR%H
$FU\ODPLGNRQ]JHQWUDWLRQHQ EHVVHU DXIJHWUHQQW ZHUGHQ 'LH
*HONDPP PP JHELOGHW 'LH JHJRVVHQHQ *HOH IZMUGHQ DQVFKC
JHODJHUW XP HLQH YROOVWIQGLJH BRO\PHULVDWLRQ ]X JHZIKUOHLV

,Q GHU YRUOLHJHQGHQ $UEHLW ZXUGHQ IXQGL4BAURWHQQBH®H +39

PLW 3RO\DFU\ODPLG XQG I+U GLH 3URWHLQM &\F®RIO) BF XQG RLGUH
YHUZHQGHW 6R NRQQWH MH QDFK ]X EHVWLPPHQGHP3BREW® L HLQH
*U|%HQEHUHLFK GLHVHV 3URWHLQV JHZIKUOHLVWHWHEBQGHQHGXVIW
HLQ 6DPPHOJHO 3RO\DFU\ODPLG YRUJHVFKDKDUHMQ %M GE&H PURE
VDPPHOQ XQG DQVFKOLH%HQG GLH 3URWHLQH JOHLFKFKY%WAKJ LP 7UF
ZXUGHQ GLH 7UHQQJHOH LQ *HONDPPHUQ JHJRVVHQ XQG DQVFk
*EHUVFKLFKWHW XP HLQH JHUDGH 2EHUIOIFKH XQG HL@H®Q /XIWDXVV
3RO\PHULVDWGR@VRSWRISDQRO PLWWHOV )LOWHUSDSLHU HQWIHUQW

7UHQQJHO JHJRVVHQ (LQH =XVDPPHQXBW]XUQUHQOHWOFDAPBOGHW VLF
7DEHOOH

7DEHOGKVDPPHQVHW]XQJ-GHIG6TAPHDIHOH3IBY GLH 6'6

6DPPHOJHO | TUHQQJHO | TUHQQJHO

OLOO+2 PO PO PO
$FU\ODPLG 5RWLSKHR o) PO PO
*HO

$FU\ODPLG %LVDFU

7ULV +&0 0 S+ - PO PO
7ULV +&0O 0 S+ PO - -
6'6 o) o) o)
$36 o) o) o)
7(0(" 0 o) o)
'LH 3URWHLQSUREHQ ZXUGHQ PLW HLQHU 3URWHLQPHOQHH]XRQ J

ZXUGHQ GLH 3UREHQ PLW 5HLQVWZDVVHU HQWVSUHFKHQG YHUG+*QQ
SLSHWWLHUW $QVFKOLH%HQG ZXUGHQ GLH 3UREH@GHQ@ LPGHEHL
IDXIVWIQGHU HLQJHVSDQQW XQG GLH .DPPHU PLW [ F/DEISIOHU =XV
JHI*OOW 'DV *HVDPWYROXPHQ O GHU 3URHPE BXBEBWWDHGEMH X
IXVIW]OLFK O HLQHV OROHNXODUJHZLFKW YV VW DEIGDHIGS \3 UROWH DQ U N |
IDGGHY N'D 7KHUPR )LVKHU 6FLHQWLILF ,QF 5RFNIRUG ,/



'LH (OHNWURSKRUHVH HUIROJWH EHL 9 I-U PLQ 'DRQDFEW ZXUGH
ZHLWHU YHUDUEHLWHW

7TDEHOGKVDPPHQVHWI]XQJ GHVY YHUZHQGHWHQ /DXISXIIHUV

[ /IDXISXIIHU S+ J 7ULV %DVH
J *O\FLQ
J 6'6
$XI1+OOHQ DX40rPLW OLOOL

OLWWHOV :HVWHUQ %ORW ODVVHQ VLFK GLH LQ GBDUIHINWKWSKRU
DXIJHWUHQQWHQ 3URWHLQH DXV GHP *HO DXI| HLQH OHABUWIQ *EHUW!
%ORWYHUIDKUHQ DQJHZHQGHW 'LH OHPEUDQ XQG GDV )LOWHUSD
HUIRUGHUOLFKH *U|%H JHVFKQLWWH ) HPEQUIBRVW Z3RUD MDRQGA HGHI) O X

PP 3RUHQJU|%ALQ-UQ OHWKDQRO DNWLYLDUW2XQZBWRXHX LQ OL
JLOWHUSDSLHU XQG OHPEUDQHQ ZXUGHQ DQVFKOLH%HQ@G LQ 7UDQ
JHODXIHQHQ *HOH ZXUGHQ HEHQIDOOV DX| GLH BGDNRBGPRIOQFKE *U|%
DEJHWUHQQW $QVFKOLH%HQG ZXUGH GHU %ORW LQ GHU %ORWNDPP}

$QRGHLOWHUSDSLHU + OHPEUDQ * *HO +)LOWHUSDSLHU + .DWKRGH

+LHUEHL ZXUGH GDUDXI| JHDFKWHW GDVV /XIWEODVHQHZHYFKHQ GH!
ZXUGHQ XQG GLH %ORWNDPPHU OHLFKW PLW 7UDQVIMUSXIIHU =XV
EHIHXFKWHW zZDU 'HU 7UDQVIHU GHU 3URWHLQHOHPERUDIWH <EHU K E

7TDEHOGHKKVDPPHQVHW]XQJ GHV YHUZHQGHWHQ 7UDQVIHUSXIIHUV

7UDQVIHUSXIIHU S+ J 7ULV %DVH
J *O\FLQ

$XI11+O0OHQ DXI ©ORGPLW OLO
PO OHWKDQRO

PO LJHV 6'6

'LH DXI GLH OHPEUDQ *EHUWUDJHQHQ 3URWHLQH N|FEMEDULW VSH]
JHPDFKW ZHUGHQ +LHUEHL ELQGHW ]XQIFKVW PILH Ue $ QGADIN BUWRHANH L ¢
DQ GDV 3URWHLQ DXl GHU OHPEUDQ XQG DQVFKOLH®BQ®HRDQQ HLC
SULPIUHQ $QWLN|USHU ELQGHQ

=XQIFKVW ZXUGHQ GLH OHPEUDQHQ I-U K LQ OLOFK LQ 7%67 JHI
:DVFKHQ I-U MHZHLOV PLQ PLW 7%67 ZXUGH GHU 3QGRIQUDQWLN]|U
9HUG-QQXQJ DXI GLH OHPEUDQ JHIJHEHQ XQG EHL f& *EHU 1DFKW D
$QVFKOLH%HQG ZXUGH QLFKW JHEXQGHQHU $QWLN|USIHU GXUFK GUH
PLQ HQWIHUQW GLH OHPEUDQ I-U K EHL 5DXPWHPSHUIPWXU PLW Gl
6FKe*WWOHU LQNXELHUW XQG DQVFKOLH%HQG BMODIBXW GRKFWWOHU P



JHZDVFKHQ 'LH 'HWHNWLRQ GHU 3URWHLQH HUIROJWHVBRUFK 3LSH
(QKDQFHG &KHPLOXPLQHHBHIHMRH QRFKWDDAEDDV 6W H I3Q H-UHDHD
DXI GLH OHPEUDQ +LHUEHL ZLUG GDV /XPLQRO GXUFK GLH KRUV
BHNXQGIUDQWLN|USHUV R[LGLHUW 'LH GDEHL HQWVWHRH®GH &KHPF
,QWDV &KHPRFDP ,PDJHUV GHWHNWLHUW 'DV (& ZXUGH YRU MHGH
PO BROXWLRQ 2% OO+6ROXWLRQ % XQG LQ GHU 'HWHNWLHUNDP
OHPEUDQ JHJHEHQ 'LH OHPEUDQ ZXUGH DEKIQJLJ YRQ GHP XQW!]
ELV PLQ EHOLFKWHW 'LH $XVZHUWXQJ GHU 3URERQHHUIROJWH
$QVFKOLH%HQG ZXUGH GLH 3URWHLQH[SUHVVLRQ DXLHIDN XQ&VKDO\
LQ 5SHODWLRQ ]XU XQEHKDQGHOWHQ .RQWUROOKBQWVNMW]SHULUHQJ&H G
VLFK LQ 7DEHOOH GLH =XVDPPHQVHW]XQJ GHSHDDNOKSIXQIHUV X
7DEHOOH

7DEEB $XIOLVWXQJ GHU ]XU 3URWHLQGHWHNWLRQ YHUZHQGHWHQ $QV

3URW| SULPIUHU $QW| 9HUG-QQ VHNXQGIUH 9HUG+QQ]
%6$ L $QWLN|USH 7%67
7%67
S ORXVH-BQWLOR/ *RDW-DRMMH |,
2. - %' +53 $3 3
3KDUPLQJHQ OLOOLSRUH
+39 ORXVH-BOWL ( *RDW-DRWMH |,
( + .ORQ (' * VF +53 $3 3
6DQWD &UX OLOOLSRUH

WLRWHFKQROR]]

+39 ORXVH-BOWL ( *RDW-DRWMH |,
( + ORQ ) - +53 $3 3

(XURPHGH] OLOOLSRUH
&\FOL| 5DEELW& TFOW O ( *RDW-BQBELW
( &HOO 6LJQ +53 $3 3

OLOOLSRUH

&\FOL| ORXVH-BOROLL Q ¢ *RDW-DRMMH |,

$ .ORQ %} +53 $3 3
&HOO 6LJQDOLQ OLOOLSRUH

*$3'+ | 5DEELW {BOWL *RDW -BQEBELW
.ORQ & &H +53 $3 3

6LIQDOLQJ OLOOLSRUH




7DEHOGKVDPPHQVHW]XQJ GHV YHUZHQGHW HIX DIQFAKE XIITHUV XQG GHU
&KHPLOXPLQBMBHBIGH

7%67 PO [ 7%6 J 7ULV %DVH
S+ J 1D&O
$XI1+O0OHQ DXI GROGPLW OLO

PO 7ZHHQ
PO ®UO+2

(&/ 6ROXWLRQ $ PO 0 -AIOV S+
PJ /IXPLQRO

6ROXWLRQ % PJ SPBAABUR[\FRXPDULQVIXUH
PO '062

2.7 Durchflusszytometrie zur Analyse der Zellzyklusprogression

'LH %HVWUDKOXQJ HEHQVR ZLH HLQH %HKDQG OX®J=PIOW W R\GR N WKW L N
]X HLQHU S$UUHWLHUXQJ GHU =HOOHQ DQ VSH]HLYPFKGIQHBXQNW
=HOO]\NOXVSKDVHQ I*KUHQ HLQHQ SHUPDQHQWHQ$SWHNWVHILQG X]L H |
=HOOWRG LQLWLLHUHQ )RLMHUH¥WQGONH 5LHOH ODGGLND

'IKUHQG GHV =HOO]\NOXV YHUIOBKDOMW VGHK GHQ]HIBQHQ =HOOHQ Y
HLQIDFKHOHKBOW Q tIXDWHW X HLQHP GRSSKHOWWQ Q$LQ GHU * 0

3KDVH ,QQHUKB&EBPVEHEZHBEVHQ GLH =HOOHQ HLQHHKILQW HPIHGLIUF
$EJHVWRUEHQH =HOOHQ XQG 9WOOMHQRRHHHQWKBOWHQ ILQGHQ VL
VRJ VXBEKDVH 'LHVH NDQQ ]XU $QDO\WH GHV =HOOWRGHV JHQXW]W Zt

'LH bQGHUXQJ GHKDAWHY YRQ Q X Q NDQQ PLWWHOV 'XUFK
JOXRUHVFHQFH DFWLYDWHG FHOO VRUWLQJ5e«FN\GF KG®H W\HHN \B IXH B HZ H
3UROLIHUDWLRQ XQG GLH 9HUWHLOXQJ GHU =HOOHQ LQ GHQ HLQ]HOGC

P ([SHULPHQW ZXUGH ]XU OHVWXQDWFHVGHWUS$ 1XNOHLQVIXUHLQW,|
3URSLGLXPLRGLG 3, YHUZHQGHW 3, LQWHUNDOLHU®W RQBKWHQXU L
IXNOHLQVIXUHVWUXNWXUHQ ] % 51$ ZDV ]X HLQHPOIIGKNBKQLFK KR
Z*UGH 8P GLHV ]X YHUPHLGHQ ZXUGH GHQ 3UREHQ 51DXQH$ ]XJHVHW
YRQ 51$ 6WUXNWXUHQ l«KUW

U GHQ 9HUVXFK ZXUGHQ GLH =HOOHQ LQEHAQHY LQFRWH YRQ |
=HOONXOWXUVFKDOHQ DXVHBWAHZEG QRBKEHVWUDKOW  *\ PLW &L
EHKDQGHOW RGHU NRPELQLHUW EHKDQGHOW ZREHIH®LMS@ODMQLQ GLL
SLSHWWLHUW ZXUGH $QVFKOLH%HQG ZXUGHQ]BLW SXDNOW Q EN X EJXHPU |
=XP $QDO\WH]JHLWSXQNW ZXUGH ]XQIFKVW GDV OHGLXPHWLQ+-KU®Y PO
GHU =HOOUDVHQ PLW PO 3%6 JHZDVFKHQ XQG GDQDFK GDV 39
5HDJHQ]JU|KUFKHQ SLSHWWLHUW XP EHUHLWV JHO|VWH =HOOHQ XQG



'HU =HOOUDVHQ ZXUGH PLW PO $FFXWDVH *EHUVHRIOFHKQW HW XQG
PLQ LONXELHUW 'DV *HPLVFK DXV OHGLXP XQG 3% ®W)ULGXJ L-HUU WP L C
XQG GHU hEHUVWDQG DQVFKOLH%HQG YHUZRUIHQ

'LH GXUFK $FFXWDVH DEJHO|VWHQ =HOOHQ ZXUGX @ HRV3HIOQHW BQSH
GDV PO 5HDJHQ]JU|KUFKHQ JHIJHEHQ =XOHW]W ZXUWKDEHROPLOGH

]X GHU =HOOVXVSHQVLRQ SLSHWWLHUW XPXGIGH @ HMMROHBHIQV]KXLL[L!
JJUEXQJ XQG $Q-DG W BHEXDLIHUW

=XP )IUEHQ GHU 3UREHQ ZXUGHQ GLH =HOOHQ ]XQIRKNMUWU GHUQ Et
hEHUVWDQG YRUVLFKWLJ DEJHVDXJW XQG DQVFKOLH%HQG GDV 3H
HUQHXWHU =HQWULIXJDWLRQ XQG 9HUZHUIHQ GHV hEHUVLWWDQGHV ZX

+ O IULVFK DQJHVHW]WHP )IUEHSXIIHU =XVDPPHQGHWYX\QJ VLHE
XQG l+U PLQGHVWHQV PLQ OLFKWJHVFK-W]W LQNXELHUW

7TDEHOGHKXKVDPPHQVHW]XQJ GHV YHUZHQGHWHQ )IUEHSXIIHUYV

JIJUEHSXI| S3URSLGLXPLRGLG 6\ JPO
51DVH$ 6WRFN PJ | J PO
7ULWRQ BWRFN
LQ [ 3%6

'LH $QDO\VH GHU JHIIUEWHQ =HOOHQ HUIROJWH $UMDPHUDBQOHLW X
'XUFKIOXVV]\WRPHWHU /65 ,, LQ GHU )ORZ &\WRWP HWPWD\WERRAR ) B FLQG W
2QNRORJLH GHIQBKHOVS®BNW ODUEXUJ =XU $QUHJIXQJ GHU =HOOHQ ZX
"HOOHQOIQJH YRQ QP YHUZHQGHW XQG GLHOPRVUMVRQ]NBRQD®, L
3HULGIKORUBIRWBLQ .DQDO JHPHVVHQ 'LH )OXVVUDWH ZXUGH \
P|JOLFKVW QXU HLQH =HOOH ]X HLQHP =HLWSXQNW GHEGHRVHU SDVV
GDVV ]ZHL =HOOHQ PLW*HHDOMFKEBPH UHPHLQVDP GHQ /DVHU SDVVLH
JU|%HUH =HOOH PLW - G-RIBH WeHPW HIMWLHUW ZHUGHQ ,QVJHVDPW Z
PLQGHVWHQV =HOOHQ GHWHNWLHUW

'LH $XVZHUWXQJ GHU 3UREHQ HUIROJWH PLW GHU 6RIWZDUH )ORZ-R
GLH =HOOHQ DQKDQG LKUHU ORUSKRORJLH LP )RUZDUBHXQW® HILGWZDU
XQG =HOOGHEULV DXVJHVFKORVVHQ $QVFKOLH%HQG ZXUGHQ
3HU&BLIQDOV -3HXEDHWWHQ DXVVRUWLHUW =XOHW]W ZXUGH GLH
=HOOHQ DQKDQG HLQHV $0JRHW WKV R@D KK DPEVREY XQG 6PLWK
3HU&RB 3HU&3 )OIFKH .DQDO DOV +LVWRJUDPP GDUJHVWHOOW $QKD
SUR]JHQWXDOH 9HUWHLOXQJ GHU =HOOHQ LQ GHQ BUQPRPQHQ =HO
GDUJHVWHOOW XQG GLH bQGHUXQJ GHU 9HUWHLIONQI VGHKD VHHD € B Q
5HODWLRQ ]XU XQEHKDQGHOWHQ .RQWUROOSUREH DQDO\VLHUW



2.8 Detektion der Apoptose

=\WRVWDWLND ZLH ] % &LVSODWLQ XQG LR QO\OHQ® HHLEHH B WRIK O X
SURJUDPPLHUWHQ =HOOWRG LQGX]LHUHQ ZREHL YRUZKHMJHQG GUH
JRUPHQ XQWHUVFKLHGHQ ZHUGHQ 1HNURVH $XWRSKOIUIGHMQG $SRS
YRUOLHJHQGHQ $UEHLW ZXUGH GLH $SRSWRVH DON XHQMPHEN & AKW H Q (
/IRQJ XQG 5\DQ

'D GLH HLQJHOQHQ =HOOWRGPHFKDQLVPHQ WHLOZHLVHHGXUFK VLF
JHVWHXHUW XQG JOHLFKH 3URWHLQH H[SULPLHUW ZHUGHQ ZXUGHQ
%HVWLPPXQJ GHU =HOOWRGDUW PHKUHUH HW\VDYHUIBXVIMG OLFKELQL!
11X GHU XQWHU EHVFKULHEHQHQ OHWKRGH ZXUGH GHH $QWHLO Gt
=HOO]\NOXV LQ3KBVHVEHEFFDQG YJO KLHU]X

'"HV :HLWHUHQ ZXUGH GLH $SRSWRVHUD& H 3G WD \HDQ B@Q\Y i HLQWN9 3 UL
GLHVHV $VVD\V LVW HV GDVV GLH =HOOPHPEUDKLHIBM\LFKHLGGR
IHUWHLOXQJVPXVWHU GHU HLQIHOQRG ADS B 8 VIZKNVFKW QD XQDHILQ/ W 6
VLFK LQ YLWDOHQ =HOOHQ 3KRVSKDWLG\SNG ULXQU DIDM B UR Q QQHKH
OHPEUDQ =X HLQHP IUKHQ =HLWSXQNW LQ GHU $SRSWmRVH XQG ZI
JHODQQWHQ $SRSWRVHN|USHUFKHQ DSRSWRWLF ERGHHM®MZLUG 3KR)
GLH IX%HUH OHPEUDQ Y HYRMmIM WBAHY DOV ODNURSKDJHQ VWLPXOLHU
LQGX]LHUW HLQH 3KDJR]J\WRVH GHU $SRSWRVHN|USHUFKHQ /RQJ X
GXUFKJHI*KUWHQ $VVD\ GLHQW GDV 3KRVSKDWLG\OVHUHLWYHVOV %LQ
3KRVSKREOWEBEBQGH 3URWHLQ ZHLVW HLQH KRKH $I11ID@QVIMEHXY 3KRVS
NHLQH LQWDNWH =HOOPHPEUDQ SDVVLHUHQ 6RPLW GLBGHW LKV QXU
GLH IX%HUH OHPEUDQ YHUODJHUW ZLUG ,Q GLHVHP $VVD\ LVW $0Q
JOXRUHVFHLQLVRWKLRF\DQDW ),7& JHNRSSHOW H&RHNQ B UG\D X GG J@L
5DWH DQ IUsK DSRSWRWLVFKHQ =HOOHQ DQDO\VLHUW ZXUGHQ 8P
GHWHNWLHUHQ XQG GLHVH HEHQIDOOV DQDO\VLHUHQY)X7R|QQHQ ZX!
GHU XQWHU EHVFKULHEHQH 6WRIlI 3URSLGLXPLRGLGLH3 1$YHUZHQ
HLQODJHUQ NDQQ PXVV GLH =HOOPHPEUDQ EHUHLWY JW%HUH /FNF
VSIWHUHQ =HLWSXQNW LQ GHU $SRSWRVH JHVFKLGIQMIBRRYW -VULBG |
DEHU SRVLWLY I-)U78&Q @HKUGI QG VSIWDSRSWRWLVFKH =HOOHQ VRZRK
$QQH[LQ7& SRVLWLY VLQG

)*U GHQ $VVD\ ZXUGHQ GLH =HOOHQ K YRU %HJIJLQEIKXGHU %HKE
YRQ [ =HOOHQDXWRHVIW KQGQG K QDFK %HVWUDKOXQJ ' XQ
&LVSODWLQLQNXEDWLRQ 0 DQDO\WLHUW =XQIFKVWOZXUGH GTC
SHDJHQJU|KUFKHQ <EHUI*KUW GLH =HOOHQ DQVFKOLH3®%6QG PLW 3
HEHQIDOOV LQ GDV 5HDJHQJU|KUFKHQ JHJHEHQ 6R NRQQMMHQGRKFK Q
LP OHGLXP IORWWLHUHQ PLW HUIDVVW ZHUGHQ OHGL¥YRQXQG 3%6 Z
JHQWULIXJLHUW XQG GHU hEHUVWDQG YHUZRUIHQ :IKUHQGGHVVHQ
$FFXWDVH *EHUVFKLFKWHW XQG ELV ]XP $EO|VHQ DHODHY|\AMOQHQ F
=HOOHQ ZXUGHQ ]XP 3HOOHW KLQ]X SLSHWWLHUW XQG HUQHXW ZLH F



'HU hEHUVWDQG ZXUGH DEJHVDXJW XQG GDV 3HOOHW LQ O O %LQG

$QQH[LER7& O 3, UHVXVSHQGLHUW 1DFK PLQ ,OQONXEDWLRQ LP
GXUFKIOXVVI\WRPHWULVFKH OHVVXQJ DP 'XUFKIOXVV]\VBRIPHWHU /6E
$QDO\WH PLW GHP $QDO\WHSURJUDPP )ORZ-R HLOHW EH IH 2XQMBHID G L

DOV 'RWSORW DQKDQG YRQ )6& XQG 66& GDUJHVWHOOW XQG =HOO\

'DQDFK ZXUGHQ GLH HLQJHVFKORVVHQHQ =HOOH®LHEND IDOIOEHOV '
2UGLQDWH XQGQDD&DX|I GHU $EV]LVVH GDUJHVWHOOW 'HU 'RWSORW
QDFK IROJHQGHP .ULWHULXP -SRWMUWHLOWHJPAMELYH, =HOOHQ

4 3, ), 7&RVLWLYH =H@HIQWLYRBSRY,ZWLYH =HOOWNGQMWIBWLYH
=HOOHQ =HOOHQ LQ 4 ZXUGHQ DXV GHU $XVZHOWXQUQBIXVQXWFKOTI
3;SRVLWLYHQ 6LJQDOV ELVODQJ QLFKW JHQDX HMHNXNGWRYWHGR IL
ZDKUVFKHLQOLFK X D 51$ DOV DXFK VHKU VSIWRQHNQB@GMBKH =
XQWHUVFKLHGHQ ZHUGHQ &XPPLQJV :LOOV K@GDEFKQHOGPRRQQ
DQGHUHQ 4XDGUDQWHQ EHILQGHQ VLFK QDFK GHP *D¥WHQ@OH®OJHQGF
4 JU-KDSRSWRWLVFKH =HOOHQ 4 VSIWDSRSWRWQVBKW 4HOOHQ 'L
ZXUGH DXI QRUPLHUW XQG GLH SURJHQWXDOH 9HQWHLOXQJ ¢
A4XDGUDQWHQ PLW GHP 3URJUDPP *UDSK3DG 3UWYPELDBXB®BKQHW VLH

2.9 Detektion von DNA-Doppelstrangbriichen -Immunfluoreszenzfarbung

'1$-'RSSHOVWUDQJEU*FKH '"'6%V VWHOOHQ GHQ ZHVHQWOLFKHQ 6F
LRQLVLHUHQGHU %HVWUDKOXQJ XQG QDFK &LV SIDHDWYH Q LIQWEE@IW LR Q
N|JQQHQ GLH GXUFK HLQH %HKDQGOXQJ YHUXUVDFKWHIHQ 6%V LQ G
+LHUEHL ELQGHW ]XQIFKVW HLQ SURWHLQVSH]LILVFREBOHSOGWQN|USH
" 6%V HLIQHW VLFK KLHU]X GLH SKRVSKRUWSHUWHYV) RPUN ®H\G HUH@R
3URWHLQHQ HLQHQ .RPSOH[ DQ GHU 6WHOOH GHV 'RSHIOM UDQJEL
ODUNHU I+U '""6%V HWDEOLHUW KDW $Q GHQ DQ + BELQEHEWQBHQ®HQ

BHNXQGIUDQWLN|USHU GHU VSH]LILVFK JHJHG GEULLP IGDHWHN |US WU L
JHQHULHUW ZXUGH 'LHVHU VHNXQGIUH $QWLN|USHUIHNRSBPAIW]OLFK
XQG VR XQWHU HLQHP YOXRUHV]HQ]JPLNURVNRS VLFKWEDU

'LH =HOOHQ ZXUGHQ I+U GLH -)"RWHN\WLRIQQWR Q= HO®HHKAMOMRQ FP

DX 'HFNJOIVFKHQ LQ-B3QRDWWH BDXOWIHVIW 1DFK (UUHLFKHQ HLQHU .RQ
=HOOHQ PLW HLQHU 'RVLV YRQ *\ EHVWUDKOWR GV P& MW QDWW UQ
.RPELQDWLRQ DXV &LVSODWLQ XQG %HVWUDKOXQJ EHWIB%IBHOW 1DF
JHZDVFKHQ XQG DQVFKOLH%HQG IeU PLQ ]XU )L[LHUXQJ PLW
LOQNXELHUW 'XUFK GUHLPDOLJHV :DVFKHQ PLW 3%bUIZX WG HGLDDW P
*EHUVFK+VVLJH 3)$ HQWIHUQW 8P HLQH $QWLN|USHUELOB®QHB DQ GLH
]X HUP|JOLFKHQ HUIROJWH DQVFKOLH%HQG GLH 3HUBPHDPL@LVLHUXQ
DXl GHP 6FK*WWOHU 'LH 3UREHQ ZXUGHQ GDQDFK GUHLPDOLJ IeU
JHZDVFKHQ XQG DQVFKOLH%HQG I+U K EHL 5DXPWMO®SHUDWXU |
*EHUVFKLFKWHW XP XQVSH]JLILVFKH %LQGXQJHQ ]X YHUKLQGHUQ



IDFK HUQHXWHP :DVFKHQ ZXUGHQ GLH

ZXUGHQ O $QWLN|USHU DXI HLQHQ 3DUDILOP SLSHWWLHNUW XQG G
GHU ]JHOOEHZDFKVHQHQ 6HLWH QDFK XQWHQ DXI| GWH R@ \W UNRDS MUHO | \
LQ HLQHU IHXFKWHQ OLFKWJHVFKW]WHQ .DPPHU EHL *EHU
'"HFNJOIVFKHQ LQ HIGMHWWH HE@BUI-KUW XQG GUHLPDO PLQ
JHZDVFKHQ XP QLFKW JHEXQGHQH $QWLN|USHUUHVWH ]X HQWIHU!
6HNXQGIUDQWLN|USHU HUIROJWH HEHQIDOOV DXl 3DUDILOP [I-U
1DFK GUHLPDOLJHP :DVFKHQ PLW :DVFKO|[VXQJ GLH

=HOOHQ PLW GHP SULPIUHQ

F

*-'LDPLGISBEHQ\OLQGRO JHIIUEW +LHU]X ZXUGHQ GLH '"HFNJOIVFKHQ

O '$3|]VXQJ LQ

$EVFKOLH%HQG ZXUGHQ GLH

HLQHU IHXFKWHQ

OLFKWJIHNE® VL QWHEKE L HDURWY H U
'"HFNJOIVFKHQ YLHUPDO RLW 3%6

Ji

(LQGHFNPHGLXP ORZLRO 'DEFR DXl 2ZEMHNWWUIJEHQ HILWJXPHWWHYV

OLNURVNRSLHUHQ OLFKWJHVFKW]W EHL

/IVXQJHQ XQG $QWLN|USHU ILQGHW VLFK LQ 7DEHOOH

f& JHODJHAHQ GHW HQYEVDPPH

7TDEHOOH-XVDPPHQVHW]XQJ GHU IU "HWHNWLRQ GHU '"'"6%V YHUZHQ
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SHUPHDELOLVLHUX

[ 3%6
%6%$
7ULWRQ ;

%ORFNLHUO|VXQJ

[ 3%6
%6%$

)& 6

:DVFKSXIIHU

[ 3%6

%6%$
7ZHHQ

BULPIUDQWLN]|USH

ORXVH-BRRWVYLSHRWRQH + $; +

.ORQ -%: OLOOLSRUH

6HNXQGIUDQWLN|U

$OH[D JOXRRQMXJDWHGORXD/W BQWL
3.-3> -$.-0 3URPRNLQH

'1$-)DUEVWRII
6WRFN PJ PO

+-'LDPLGISEHQ\OLQGRO '$3, B5RWK

(LQGHFENPHGLXP

ORZLRO 'DEFR

'LH JHIIUEWHQ 3UREHQ ZXUGHQ PLW
DXVIJHZHUWHW XQG UHSUIVHQWDWLYH
PLQGHVWHQV

+LOIH HLQHV ,JOXRUHV]HQ]P
=HOOHQ IRWRJUDIHHUW )-U G

=HOONHUQH DQDO\VLHBRWLXE}IVEHLRBW]DKO GHU + $;



=HOOHQ GLH HLQ ]X VWDUNHY SDQQXNOHIUHV 6LIQDS®MDA\VH $: DXIZ
DXVJHVFKORVVHQ )eU GLH $XVZHUWXQJ ZXUGH GLH $RQMKWRGHAH )RFL
QRUPLHUW

2.10 Bestrahlung von Zellkulturen

'LH %HVWUDKOXQJ GHU =HOOHQ I+U .RORQLHELOGXQJIJVQIHVWV XQG
EUsFKHQ HUIR@HIH3RRWRQHQ DP /LQHDUEHVFKOHXQLJHU (OHNWD
BWRFNKROP 6FKZHGHQ LQ GHU .OLQLN 1IsU 6WUDKOHQWKHUL
8QLYHUVLWIWVNOLQLNXP *LH%HQ XQG ODUEXUJ *PE+ 6WDQGRUW
9RU %HJLQQ GHU ([SHULPHQWH ZXUGH GXUFK GDH OMHIGMWXKQUVBKRI3K\\
'U . =LQN HLQH $EVROXWGRVLPHWULH GXUFKJHIFKWWA JVWH UL ®)GIIED X H |
GLH =HOONXOWXUVFKDOHQ DX| HLQHU  -B5© DANLWMKHIH @R O MRINW KX BHIVQ
DXV HLQHP *DQWU\ZLQNHO YRQ f EHVWUDKOW PX%EHBLRMRGBVYV GD
EHVWUDKOWHQ =HOOREHODO|FHHQPENXWD QG =HOONXPR X$ONEFKDOHQ
BWUHXN|USHU ZXUGH HLQH FP GLF-30 D3IRW MP W K \G PHH WKIDFON D O W X |
DXIJHOHJW 'LH 'RVLVOHLVWXQJ EHWUXJ *\ PLQ

$OOH ZHLWHUHQ %HVWUDKOXQJVH[SHULPHQWH ZXUGHXQQBW GHU H[SH
HLQULFK®XQJ L; LP VWUDKOHQELRORJLVFKHQ /DERU GHU .OLQLN |-
5DGLRRQNRORJLH LP %LRPHGL]JLQLVFKHQ )RUVFKXQIJMMWQAWQ XP %O0)-=
UIKUH I+U GLH )RUVFKXQJ ZXUGH ZIKUHQG GHU ([SHULPHQWDOSKD
KLHUGXUFK GHU |+U GLH =HOOHQ DXIZIQGLJH 7UDQN SHRQ@WILHOD GLH
ZXUGHQ GLH ZHLWHUHQ %HVWUDKOXQJVH[SHULPHQWRAHPGRIH)= GXU
%HVWUDKOXQJ GHU =HOOHQ PLW 3KRWRQHQ HLQHU L@WHULH YRC

PP .XSIHU PP $OXPLQLXP ZXUGH QLHGULJHQHQWWHWW FKH 6W
=HOONXOWXUVFKDOHQ ZXUGHQ DXl HLQHU FBODGNWMKRHQ@D OYRO\F
5¢FNVWUHXN|USHU JHODJHUW 'LH 'RVLVUDWH EHWUXJ WH*\ PLQ
ZXUGH DXFK DQ GLHVHP *HUIW HLQH $EVROXWGRVLPBWULH GXUF
SEWHLOXQJ GXUFKJHI<KUW

2.11 Inkubation mit Cisplatin

&LVSODWLQ PJPO ZXUGH GXUFK GLH =HQWUDOH NOWRMWBHRVLND =X
*LH%HQ XQG ODUEXUJ 6WDQGRUW ODUEXUJ EHUHLWJHVWHOOW +

PJ PO LQ 1D&0 GLH PD[LPDO HLQH :RFKH DXIEHZDKUW Z
(QGNRQ]JHQWUDWLRQ I+U GHQ MHZHLOLJHQ 9HUVXFK ZXUG® GXUFK ¢
=HOONXOWXUPHGLXP HUJLHOW &LVSODWLQ ZXUGH VRBIHWHY QLFKW |
+DOEZHUWV]HLW LP PHQVFKOLFKHQ .J[USHU IsU K XRGGHQ =HOO
DQVFKOLH%HQG PLWWHOV OHGLXPZHFKVHO XQG H.IXQ@PADOLV FHRD:®NE@ K H ¢
HQWIHUQW



)»U GLH .RPELQDWLRQVH[SHULPHQWH ZXUGH &LVSODMQ QGLHQPLWWH
=HOONXOWXUVFKDOHQ SLSHWWLHUW XQG DQVFKOLH%HQG I+U K
,QNXEDWLRQ LQ GHQ .XOWXUJHII%HQ EHODVVHQ XQG DQVFKOLH
DXVJHZDVFKHQ

2.12 Gerate, Plastik und Glaswaren, Reagenzien

7DEHOOHQ PLW $XIOLVWXQJ GHU YHUZERGHMNHD * b DV Q BLOHIQV M QG
EHQXW]WHQ 6RIWZDUH XQG ,QWHUQHWVHLWHQ ILQGHQ VLFK LP $QKD(

2.13 Datenanalyse und Statistische Auswertung

'LH 'DWHQ GHU HLQ]JHOQHQ B8QWHUVXFKXQJHQ ZXUGHQ ]XQIFKVW
%HUHFKQXQJHQ ZLH 1RUPLHUXQJHQ DXI .RQWUROOHQ XQG +DXVKE
GXUFKJHI*KUW $QVFKOLH%HQG ZXUGHQ GLH 'DWHQ GH® HLQ]JHOQHC
*EHUWUDJHQ XQG KLHU ]XQIFKVW OLWWHOZHUWH XQG 6WDQGDUGDEZ
DQGHUV DQJHJHEHQ ZXUGH DXV GLHVHQ :HUWHQ HLQHLNBWVSUHEKEF
JHQHULHUW =XGHP ZXUGHQ VIPWOLFKH VWDWLVWLVFKH %HUHF!
*UDSK 3DG 3ULVP GXUFKJHI<KUW

)eU GLH $XVZHUWXQJ GHU =HOOOQaWDMWXW ZXKDQBQLIGLHV=HPOHQ LQ +
+39 =HOOOLQLHQ JUXSSLHUW XQG MHZHLOV OLWWHOZHXN®SHRQG 6WD{
EHUHFKQHW $QVFKOLH%HQG ZXUGHQ GLH 8QWHUVEKLWGHW]ZINVF K HQ
BWXGHQWHVW DX 6LIJQLILNDQ] *EHUSU«IW $0OV 6LICHUMNDQ]QLYHDX Z
JHZIKOW

=XP 9HUJOHLFK GHU %HKDQGOXQJVJUXSSHQ .RQWURMXOX®JI %HVWUI
&LVSODWLQ XQWHUHLQDQGHU EHL YHUVFKLHGHQHQOGWNV]HLWSX
PLWWHOV =ZHLZHJH 9DULDQ]DQDO\VH $13RF BGUW KQ B FH UMR Q'IHHW LSARS
ZXUGH DQJHZHQGHW XP 8QWHUVFKLHGH ]JZLVFKHQ GHQ %HKDQGOX
6LIQLILNDQ] ]X WHVWHQ O0DQ WHLOW KLHU]X F&D G L&L 3@LOLND QLY
OHVVXQJHQ XQG WHVWHW DQVFKOLH%HQG DOOH 5HLKHQ JHJHQ G
+LHUGXUFK NDQQ WURW] PXOWLSOHQ 7HVWXQJHQ HLQHUGHRRODWLRQ
$OOHUGLQJV N|QQHQ QXU JUR%H 8QWHUVFKLHGH ]ZLVFKHQ GHQ
*UHHQKDOJK

'LH 8QWHUVXFKXQJ RE .RUUHODWLRQHQ J]ZLVFKHQ YHUVFKLHGHQ
EHVWHKHQ HUIROJWH GXUFK %HUHFKQXQJ GHV .RUUHXMWLRQVNRH
THVWXQJ GHU 6LJQLILNDQ] PIHWWHGSYV ]ZHLVHLWLJHP W






'LH 9HUGRSSOXQJV]HLW GHU =HOOOLQLHQ ZXUGH DXW GHHW 6WHLJIX
HISRQHQWLHOOHQ :DFKVWXPVSKDVH |I*U MHGH =HOOWHQWLIHFKHSWD UDW
DOOH =HOOOLQLHQ HLQ FKDUDNWHULVWLVFKKUYWH. PRRL ®QOIDPI OAHRKGIL
/IDWHQ]SKDVH QDFK $XVVDDW HISRQHQWLHOOHU 3KDVH XQG DQ\

VSIWHVWHQV K 'LH 9HIDG R SEOXP D/AKWW=HOOOLQLHQ VLQG LQ 7DE}
(LQH EHLVSLHOKDIWH :DFKVWXPVNXUYH HLQHU +1&8& =HIOHDOLQLH |
JUDILVFKHQ $XVZHUWXQJIHQ GHU ZHLWHUHQ =HOOOLQLHQ

$QKDQJ % $EELOGXQJ $

7DEHOOHIHUGRSSOXQJV]HLW GHU +16&& =HOOOLQLHQ LQ B6WXQGHQ
YRQ [ =HOOHQ FP

+39 =HOOOLQLHQ I9HUGRSSOXQJV]IHLW LQ

8'-6&&

80-6&& E

876&&

80-6&&

+39 =HOOOLQLHQ 9HUGRSSOXQJV]IHLW LQ

80-6&&

80-6&&

83&, 6&&

-98 7

)*U GLHVH =HOOOLQLH HUIROJWHGOCELHQ$X¥®PDDW PLW |

3.3 Einfluss von Cisplatin auf die Zellviabilitat

'LH =HOOYLDELOLWIW -GHD 039 NLPI® ¥BDFK &LVSODWLQLQNXEDWLRQ Z
leU ZHLWHUI*KUHQGH ([SHULPHQWH ZLH GHQ .RORQ@IGTEL\VGERQJIV W
JHPHVVHE® =HOOYLDELOLWIW ZXUGH PLWWHOV 1$'3+ DEXIXILJHU 8PZ
JRUPD]DQ SKRWRPHWULVYIFKU]XQZRWAHMQYPWGLH =HOOHQ K QDFK $X
DQVWHLJHQGHQ &LVSODWLQNRQJHOWUDKWLRQ@NELHUW (V JHLJW VLFK
+39 =HOOOLQLHQ QDFK &LVSODWLQLQNXEDW LIRGL W L\@ HD X HALH@W Q L IO
+39 =HOOHQ ,QQHUKDOE EHLGHU *UXSSHQ ILQGHXYHWMENE MHGRFK

UHVLVWHQWHU JHJHQ-EHU &LVSODWLQ VLQG VRGDNOWDJIWHILFX GLH

$EELOGXQJ $ 'LHV JHLJWH VLFK DXFK EHL $RQOWWHL GHHWU &IMS0D
9LDELOLWIW GHU =HOOHQ XP YHUPLQGHUW LVW.s;QKLENVWRULVFKH
OLHJW l+U DOOH =HOOOLQLHQ LQ HLQHP %HUHLFK®%ZLVFKHQ ELV












3.4.3 Klonogenes Uberleben nach Kombination von Bestrahlung und

Cisplatininkubation

'LH hEHUOHEHQVIUDNWLRQ YRQ +16&& =HOOOLQLHQVR®¥HLGHQWEMAK 3KTF
'RVLV- *\ XQG NRQVWDQWHU &LVSODWLQNRQ]JHQWUDWLRQ —0 I
VLFK GDVV ELV DXHGQBLEA® BOOH =HOOOLQLHQ XQBWRMIVJ YRP
GXUFK GLH &LVSODWLQLQNXEDWLRQ LQ .RPELQDWURQLPUWUEBMU 3K
NORQRJHQHY hEHUOHEHQ DXIZLHVHQ D O$E BIDFEXBO Q8 HQLPIKRIQ% HV W U
EHL GHQ ORQREHKDQGOXQJHQ IDQGHQ VLFK WHLOZHLVH *EHUODSSH
+39 XQG +3BO0O0OLQLHQ

'LH ]XVIW]OLFKH &LVSODWLQLQNXEDWLRQ YHUUGB®HX®S$H GDHUNORQ|
+39 =HOOOLQLHQ ZHVHQWOLFK VWIUNHEHOO® LIQQ HQH U' *IX § B HI WHWL |
$QDO\WH GHU hEHUOHEHQVIUDNWLRQHQ QDFK DOOHLQLJHU %H"
hEHUOHEHQVIUDNWLRQ EHL JOHLFKHU 6WUDKOHQGRVLV QDFK
RW HQKDQFHPHQW ®BIWLRLQHU 'RVLV YRQ *\ EHWUXJUBHUWHULQJV
+39 =HOOOLQLH®Q&& BOEELOGXQJ ) - I=BHOBOLQLHB&& 8
$EELOGXQJ $ 'HU K[HKWWHLQHU +39 =HOOOLQLEBREEHWUXJ
$EELOGXQJ ( HEOWOOOBOLHRE & $BELOGXQJ % 'HU 6) :HUW ZDU LC
*UXSSHQ GHU +39 VLJQLILNDQW JHULQJHU DOV =HQOGHUHOUXS
6) “ YV “ s leU +39$EELOBRQJI $-:HHW '

QDFK .RPELQDWLRQVEHKDQGOXQJ ZDU LQ GHU *DRWSHHEHQJIHYHU=H
' “ *\ YV “ *\ S leU +393$EYRLO-GEQJ % :LH VFKRQ
EHL $XVZHUWXQJ GHU HLQ]HOQHQ =HOOOLQLW® ODIQBHNMMBKE HHILQ G H X \
*\ (5 “ YV “ S l+U +3$EEVOGXDNI & %HL K|KHUHC
'RVHQ QDKP GHU 8QWHUVFKLHG LQ GHU (Y4PRWAKBQCGBOLKQG®RBK ZH
]X VRGDVV VLFK QDFK HLQHU 'RVLV YRQ X@\®HUMFKHHE HONZ LWLFIQH.Q
EHLGHQ *UXSSHQ IDQGHQ 7DEHOOH






$EELOGXQORQRJHQHV hEHUOHEKQ@G 3B+ =HOOOLQLHQ QDFK DOOH
%HVWUDKOXQJ*\ JHVWULFKHOWH /LQLH XQG QDFK %HVWUDKOHX
&LVSODWLQLQNXEDWLRQ —0 GXUFKJH]RJHQH /LQIX¥P GHQIHJIHEHQ
GLH =HOOOLQLHQ GXUFK GLH &LVSODWLQLQNKEDPNU RRVLV KRIQU H\LQH
VHQVLELOLYVLERMWHDXD®HFG PHIY EDWRRQQ HW DO

7DEHOOHALVSODWLQLQNXEDWLRQ EHGLQJWH 6WUDKOHQUPQELERQOLVI
'LMRY HQKDQFHPHQW® UBWLMRHZHLOV I+U GLH *UXSSH SHQ@O-OR9Q DHIG Gt
DQJHJHEHQ

$EVRUELHUWH '(5 GHU *UXSS| '(5 GHU *UXSS S:HUW
>*\@ +39 =HOOOL +39 =HOOOL(













P *HJHQVDW] KLHU]X OLH% VLFK ]XP JOHLFKHQWNEWHQ SXNW DKIOQ
LQQHUKDOE -GKDVH GHWHNWLHUHQ $EELOGXQJ % 6RZRKO GLH
* .3KDVH DOV DXFK$GHHVW 0ZDUHQ LQ +39 =HOOOLQLHQ GHXWOLFK
=HOOHQ LQ-BKDWVH ®» ' @ QDFK K “ YV “ . ]eU +39 YV
$EELOGXQJ % -DOWOIODERLHHHQQGBOLHQ JHLIJWH VLFK EHUHLWYV QDF
$QVWLHJ -GKBVH $QWHLOV XQG HLQBH BEMDHK PUDGIMLRQ 1DFK K ZLH\
+39 =HOOOLQLHQ HLQH =HOO]\NOXVYHUWHLOXQDOBKOVEHE PROWERO O}
YHUJOHLFKEDU ZDU ,P *HJHQVDW{$KUHVMW KQHE3W GHIWOODQLHQ +E
JHVDPWHQ 8QWHUVXFKXQJV]HLWUDXP DQ 'HUY3KBDWHLONIGHU ]%XPOOH
=HLWSXQNW K ZLHGHU DQ EOLHE DEHU +sEHU GHQ JHVDPWHQ =
XQEHKDQGHOWHQ 9HUJOHLFKVJUXSSH

'LH $QDO\WVH GHV $QWHLOV3&BVH HOLOM®! IQXGHEWIE +39 =HOOOLQLHQ ]
K HLQH $SEQDKPKIDEHU BDNWLRQ $EELOGXQJ-6WDWQ\GHWXSBEK U\ BIC

$XVZHUWXQJ JHLIJW VLFKUGEBVW GBU+390=HOOOLQLHQ ZIKUHQG GHU J

VXFKXQJ VLIJQLILNDQW VWIUNHU B XHIHSULIW HAD US B OMQIBF K- B 9

s EHL K S$EELOGXQJ %

'LH .RPELQDWLRQVEHKDQGOXQJ DXV &LVSODWLWQH L P—9H UXI@G I5G 1D W
GHQ (LQJHOEHKDQGOXQJHQ ]X HBKONY $XQHBKNMY GBV-+6HO00DE G318 Q
=HOOHQ LG@KOWH 8'' @ QDFK K “ leU +39 - * leU
$EELOGXQJ & ,P 9HUJOHLFK ]XU DOOHLQLJH®3% H¥MUDBUQEXIGIQ]H L J W
$UUHVW LQ-BKIWVH OLHVHU ZDU GHXWOLFK JHULQJHU DXVJHSUIJW XC
=HLWSXQNWHQ DXI DOV EHL DOOHLQLJHU %HVWUDNKQXEIV ZEEWEQ X Q
JHLJWHQ VLFK NHLQH VLJQLILNDQWHQ 8QWHUEBWPIOIHGH HDLVFKHQ +39






3.7 Expressionsanderung der zellzyklusregulierender Proteine nach

Bestrahlung und Cisplatininkubation

'LH $QDO\WVH GHU 3URWHLQH[SUHVVLRQ GHU ]HRMION & X \KQHEI XOLHUH
HUIROJWH LQ ]266&&39806&& E XQG ]ZHL +36&&80 -98 7
+16&& =HOOOLQLHQ LQ HLQHP =HLWLQWHUYDOO + K QDFK %HKDQG

3.7.1 Expressionsanderung des Proteins Cyclin A2 nach Bestrahlung und
Cisplatin

,Q +39 XQG =#B®DOOLQLHQ I*KUWH GLH DOOHLQLJH %X KIHQRQ@BXQJ PLW
VLIQLILNDQWHQ bQGHUXQJ GHU &\FOLQ $ S3URWHIQHYSDKPVLRQ L
SEELOGXQd $

'LH DOOHLQLJH 3KRWRQHQEIRYWUDLIQIHNRQIRGHY ¥RQO *\ 1+KUWH LQ +39
]X HLQHP NRQWLQXLHUOLFKHQ $QVWLHJ GHU &\AGHLQ&IFQLSWHVVLRQ
([SUHVVLRQ LQ GHQ EHVWUDKOWHQ =HOOOLQLHQENKDQIAHOIMNMW HU|I
.RQWUROOH S ,QQHUKDOE GHV 8QWHUVXFKXQJV]BLADUDXPHV VW]
QDFK KXQG K HEHQIDOOV VLJQLILNDQW VWIUNHU H[SULPLHUW DO
s $EELOGXQJ $ '- =IQO«BOLQLHQ IDQG VLFK HEHQIDOOV HLQH =XC
([SUHVVLRQ 'HU 3URWHLQOHYHO VWLHJ ELV9H WKJ QB ERKY% XYW B Q WAR®DX
VLIQLILNDQW K|KHUH ([SUHVVLRQ XQG EOLHE GDQ® ELV K DX
$EELOGXQJ $ % ,Q GBMDWBRVKIWIBSSLHUWHQ $QDO\VH JHLJW VLFK G

K QDFK %HVWUDKOXQJ +39 =HOOOLQLH® $H L@$IUWVMLIR QNDXQ WHK MHQ
DOV +3B0AQLHQ S

%HL GHU .RPELQDWLRQ DXV &LVSODWLQ — OV DEXGEWHWR YU DXQGEQJ
+39 =HOOOLQLHQ ([SUHVVLRQVIQGHUXQJHQ I+U &\FOLRQW GLH ]Z
IQGHUXQJHQ GHU DOOHLQLJHQ %HVWUDKOXQJ XaOE) @I U, Q OIHMIPLWH Q
JHLJWH VLFK WURW] GHU OHLFKW K|KHUHQLQSHG® VWWHRQ® WLHGR FLKN EG
S8QWHUVFKLHG ]XU XQEHKDQGHOWHQ .RQWUR®WEWXYGJURS S UKD E C
=HOOOLQLHQ $EELOGXQJ $ % '



3.7.2 Expressionsanderung des Proteins Cyclin E2 nach Bestrahlung und
Cisplatin

'LH ,QNXEDWLRQ PLW &LVSODWLQ —0 DO OH@MHO LKIHDH ] X QH QM
=XQDKPH GHU ([SUHVVLRQ YRQ &\FOLQ ( PLWKHROHWR &LYSODWDRQWF
LOQNXEDWLRQ JHIROJW YRQ HLQHU OHLFKWHQ $EQDRPH39X VSIWHU
=HOOOLQLHQ ZXUGH &\FOLQ ( VLJQLILNDQW K|K®WHR[SROQRLBHRIGO I C

s E]Z S l+U K E$EELOGXQJ $ (
,Q +39=HOOOLQLHQ JHLJWH VLFK ]XP =HLWSXQNW K PLQH VLJQLI
9HUJOHLFK ]XU .RQWUROOH S $EELOGXQJ $ &

'XUFK %HVWUDKOXQJ GHU =HOOOLQLHQ PLW *\ NRGOMCH QHLQH VL.
([SUHVVLRQ LP 9HUJOHLFK ]XU XQEHKDQGHOWHGHRQW UG DKM [HIWU PIVHH
VLFK K QDFK 5DGLDWLR HLQH OHLFKWH =XQB®PKPHHEROJWLPR]Q HL
HLQHU HWZDV YHUPLQGHUWHQ ([SUHVVLRQ K&IDFK %HVWUDKOXQJ

(LQH .RPELQDWLRQ DXV &LVSODWLQLQNXEDWLRQ PH) G HUHZWODRROXQJ
( ([SUHVVLRQ GLH LQ +39 =HOOOLQLHQ RQW&IGHSDDWULWHQN BEDWI
YHUJOHLFKEDU- Xi® QQLOIHQ HWZDV JHULQJHU DXVJHSUIJW ZDU S$E
VLIJQLILNDQW VWIUNHUH ([SUHVVLRQ YRQ &\FOH®DQG®RQW B XEHLQGH
+39 =HOOOLQLHQ ]XP $QDO\WVH]HLWSXQNW S$SEEHOWIOIWHKHOOW ZHUGH

'LH JUXSSLHUWH $QDO\WH GHU =HOGWIMKY JHQHKDGGLGEMUKBDE
B8QWHUVXFKXQJV]HLWUDXPHYV NHLQH VLJQLILNDQWH® 8IBEEBUVFKLHGH
=HOOOLQLHQ XQDEKIQJLJ YRP %HKDQGOXQJVUHJILPH









3.8.1 Expressionsanderung der Proteine E6 und E7 nach Cisplatin und

Bestrahlung

'XUFK GLH DOOHLQLJH ,QNXEDWLRQ PLW &LVSODWIXFKXQJIV]HMDW® HV ]
OHLFKW DEQHKPHQGHQ ([SUHVVLRQ GHV +39 ( BURWMNDKY X®EER D\E X
HLQHU 'RVLV YRQ *\ I[*KUWH LP *HJHQVDW] KLHWHXQBIE =XQRBFK %HV
GHU ([SUHVVLRQ ELV ]X HLQHU VWDWLVWLVFK VLFBELIDNDQWHQ +
XQEHKDQGHOWHQ .RQWUROPHLOBKQJ K$ S 'LH NRPELQLHUWH $SSOL
&LVSODWLQ XQG %HVWUDKOXQJ I«KUWH ]X HLQHU VWOWHNIQUBIKY +HUD]
&LVSODWLQLQNXEDWLRQ 'LH ([SUHVVLRQ VDQN <EHU GHQ 8QWHUYV
=HLWSXQNW K VLIJQLILNDQW YHUPLQGHUW JHJHQ-EHU GHU XQE
$EELOGXQJ '

'LH ([SUHVVLRQVDQDO\VH GHV +39 3URWHLQV ( XERWWNRQHVQH UANX U |
YHUPLQGHUWH ([SUHVVLRQ ]X DOOHQ $QDOSVHIHDIPKSXHOINMHWQ  $E
NRQWLQXLHUOLFKHQ $EQDKPH ELV K QDFK % HV/DWWHDIXO XQQ X\@ B OHOW
NDP ]X NHLQHU ZHLWHUHQ $EQDKPH YRQ ( =X DOOHQ 8QWHUVXI
+HUDEUHJXODWLRQ GHV S3URWHLQV ( LP 9HUJOHLFK ]XU .RQW
$EELOGXQJ ( ,P *HJHQVDW] KLHU]X I*KUWH GHW DGO M MQU NN 9 V'
([SUHVVLRQ GHV +39 ( 3URWHLQV 1DFK .RPELQDWILRQVEBRWQGOX
YHUPLQGHUWH ([SUHVVLRQVZHUWH IKQOLFK GHQHQ GHU DOOHLQLJH
$EELOGXQJ (

3.8.2 Expressionsanderung des endogenen p53 Proteins nach Cisplatin und

Bestrahlung

%HL GHU 8QWHUVXFKXQJ GHU ([SUHVVLRQ GHV HQGRJBWHQ S 7XPF
VLFK NHLQH 8QWHUVFKLHGH ]JZLVFKHQ GHQ YHUVFKLHGHQHQ %HEFk
=HOOOLQLHQ %HL GHU $XVZHUWXQJ GHU =HIXGGHQ GHIQ I+&Y WX QG ZH
&LVSODWLQ QRFRGHBMWURKBIXIIWLRQ DXV EHLGHP ]X HLQHU ,QGXNW
YRQ S LP 9HUJOHLFK ]XU XQEHKDQGHOWH®@ .R%® WU RDOGHQS$EEI
%HKDQGOXQJVUHILPHQ NDP HV LQ GHU JUXSSLHUWHQ $XVRBUWXQJ ]>
LP 9HUJOHLFK ]XU XQEHKDQGHOWHQ .RQWUROOH S$EELOGXQJ % &






3.9 Analyse der Zelltodinduktion durch Photonenbestrahlung und
Cisplatininkubation

3.9.1 Analyse der Zelltodinduktion *Zellzahl in der subG1-Phase

)sU GLH $QDO\WH GHV =HOOWRGV LQ GHQ +16&¢& =IBGIO0LHDQABBQZXQ G H
GHU VX3XDVH DQDO\WLHUW  VLHKH +LHUEHL JHLJWH VLI
S8QWHUVXFKXQJV]HLWUDXPHV ELV K LQ DOOHGEBEWE ONQ GHO®D HQ QH V
GHU VX3KDVH

'LH DOOHLQLJH %HVWUDKOXQJ IKUWH LQ +39 =DHKPOHOIGHWQ ]XQl
VXE*3KDVH ELV ]XP =HLWSXQNW K QDFK %HVWUDKOXQJ PLW
1DFK K IDQG VLFK HLQH VLJQLILNDQW K|K+3KID\6 WP ®HU 38 D DHQ | XQ
XQEHKDQGHOWHQ .RQMDNRD M FN XE*K “ YV “

S l+U .RQWUROOH YV ,5 $EELOGXQJ % &ILIN ODOHL@® LJIH-99HKD
e KUWH EHUHLWYV ]X IUeKHQ =HLWSXQNWHQ LR HQDIQ BKPBO®NL QL
VXE*)UDNWLRQ 'LHVH ZDU EHUHLWYV K QDFK %HJLQWQ KWK KM VSODV

VXE*3KDVH QDFK K “ YV “ S XQG QDKP ELV
&LVSODWLQLQNXEDWLR®KEMHWHLF KX WKE* “ YV “
S l+U .RQWUROOH YV &LVSODWLQ 'LH .RPEKQPQWLR®WDXN EXLVSC

HLQHP GHU DOOHLQLJHQ &LVSODWLQLQNXEDWNRQ WKIQO+X® B RP.K GYHLL
VXE*)UDNWLRQ QDFK K XQG ZHLWHUHU VLJQLILNDKDVHUQDEEDKPH C
K “ S E]Z QDFK K " Sl-U .ROQMWZWHROGH YV

,5 &LVSODWLQ $EELOGXQJ %

,Q +39=HOOOLQLHQ IDQG VLFK QDFK DOOHLQLJHW Y-HIMHWIDKXX QPIL W L (
HLQHU =XQDKPH GHU =HG®BYH.QEGH WK VXEFK %HVWUDKOXQJ 'LHVH =X
]XP =HLWSXQNW K QDFK %HVWUDKOXQJ VLJQLIL)NDRQYWK|REOHDOV
VXE*3KDVH QDFK K “ YV “ s BU .RQWURDO
$EELOGXQJ $ :LH LQ +39 =HOOOLQiHQO®ILQWHQVHE®HL G H8\W O L FKH
GHU VXE* )UDNWLRQ GXUFK DOOHLQLJHU &LV DEP W LEH @ N-XDIWIOR DQP
GHU VX3E®VH QDFXQG K VXEDVH QDFK K “ YV “

s E]Z QDFK K “ YV S “ l+U .RQWUROOH YV &LVSOL
'LH .RPELQDWLRQVEHKDQGOXQJ=HQOWHQRKPKNHLQHE® 8QWHUVFKLHG
&LVSODWLQLQNXEDWLRQ (V IDQGHQ VLFK HEHRKBQ O3/H V L JRQ \WUINFD@MWH-
XQG GHU .RPELQDWLR®KE HKDQG® XQK-3XBEH QDFK K “

S E]Z QDFK K “ S l+U .RQWURO®H YV ,5
$EELOGXQJ $

'LH $XVZHUWXQJ ]JHLJWH QDFK NHLQHUH@HKDQGLOMOIW A R GO@W W UW FI
]ZLVFKHQ GHU *UXSSH GHU=HITO XIQQA. HB9 6RZRKO LQ =819 000\ DXFK +
l[*KUWH GLH ,QNXEDWLRQ PLW &LVSODWLQ X VGHQYLMMXERQWHK|KHUHQ
DOV GLH DOOHLQLJH %HVWUDKOXQJ 5 YV &LVSODBYZQ QDFK
S leU +39












4 'LVNXVVLRQ

_.OLQLVFKH 'DWHQ JHLJHQ GDMWSRWLHQWHQ PL®&&3BHVVHU DXI| GLH
DQVSUHFKHQ DOV 3DWLEQWHEUPNLMQIRIB®E =LHO GHU $UEHLW ZDU F
LQ GHU JHOOXOIUHQ XQG PROHNXODUHQ 6FKDGHEVD GWRAROWQYRQ +
QDFK %HVWUDKOXQJ XQG &LVSODWLQLQNXEDWLRBHRE R BKWQMWHQLH U
8QWHUVFKLHGH HUNOIUHQ XQG KLHUDXV JJI JHJLHOWH 7KHUDSLHVW

4.1 HPV-Status der untersuchten Zelllinien

‘IKUHQG HV HLQH 9LHQHDIOW DOQH@BORSTXPRUJHOOOLQLHQ .+7= JLEW
ELVODQJ OHGLJOLFISRVLWENE =B®DOOLQLHQ GLHVHU 7XPRUHQWLYV
,Q 9RUDUEHLWHQ ZXUGHQ DXFK HLQLJH ZHLWHUH *33QSHOR®IRLHQ I
ODQJHU 9HUGRSSOXQJV]HLW XQG XQJHQ+JHQGHU .RDBQEHEMWOGXQJ\
YHUZHQGHW ,Q GHQ JHQXW]WHQ =HOOOI®LHQSOLMHIW :DR%WUSLYRGH U
VRGDVV GLH 6LWXDWLRQ LP 3DWLHQWHQ DGITX®MWH-BBHGHUJHVSLHJH
ZXUGH HUVW ZIKUHQG GHU $UEHLW EHVFKULHEHQ GDYWLYWDXI| HLQ
=XQIFKVW ZXUGHQ ,GHQGWDMWY XGEU+YHUZHQGHWHQ =HOOOLQLHQ
B8QWHUVXFKXQJHQ EHVWIWLIJWHQ GDVV DOOH YHUZEQGH@HQ +39
/LWHUDWXUDQJDEH@RALBHYEW]HQ ,Q- GHY FKAM HBHQHQ /LQLHQ OLHY
NHLQH-439QDFKZHLVHMHW WDHQ],Q]ZLVFKHQ ZXU G HH WR P2 DHUKIR |

DO JHJHLJW GDVV GDV YLUDOH *HQRPLEIQLLI®\GD\D ®@RFADQHB I HORE (
LOQWHJULHUW ZXUGH %H6&&HUZXHGEOHQQH HSBLVRPDOHV +39 7UDQ
QDFKJHZLHVHABW2DWKRILHVY VFKHLQW GLH 7KHVH ]X VWsW]HQ GDVV G
+39 *HQRPV HLQHQ HVVHQWLHOOHQ B6FKULWW IX® RAHD .05 D L\QRE B Q M/
]XU +DXVHQ =XGHP ZXUGH HLQH DNWLYH ([SKXHMVLRQ GHU Y
QDFKJHZLHVHQ ZDV XQVHUH HLJHQHQ ([SUHVVLRQVDQDO\VHQ ]X G
=XVIW]OLFK ]HLJWW QDROWKRI DO LQ DOOHQ +39 =HOOOLQLHQ DX
([SUHVVLRQ GHV YLURQHQUNBYQWQLY GLH LQ ]XN.QIWLJHQ $QDO\VH
VLHKH

4.2 Intrinsische Therapiesensibilitat von HNSCC Zelllinien

6RIHUQ GLH NOLQLVFK EHVVHUHQ $QVSUHFKUDW HI® Q G HHQ Q@ HEL & | KAH WH
GHU =HOOHQ EHJU*QGHW OLHJIHY YMA®DBIW K|KHUFHK OXFKLELOLWIW

7XPRUJHOOOLQLHQ ]JHLJHQ %LVODQJ ZXUGH PLW GLEVEUWHNSRWKF
JHJHQ+EHU LRQLVLHUHQGHU 6WUDKOXQJ DOOHLQH +EGIOSQELH® =XU
JHIJHQ-EHU &LVSODWLQ JQEWVHKNUKEZBQHIJHQ'DWHQ 'HU 7KHUDSLHVW
IRUWJHVFKULWWHQHQ 6WDGLHQ EHUXKW DOOHUGLQJV DXI HLQF
5DGLRFKHPRWKHUDSLH ,Q GHU YRUOLHJHQGHQ $UEMDW ZZWGH GHVK
+16&& =HOOOLQLHQ VRZRKO JHJHQ+EHU &LVSODWIH) XQ@F DRGKVLHU
JHIJHQ*EHU GHU .RPELQDWLRQ DXV &LVSODWLQ XQG 3KRWRQHQEHVWL



4.2.1 Intrinsische Sensibilitat von HNSCC Zelllinien gegentber Cisplatin

'LH XQWHUVXFKWHQ +336&RGHBOOLQLHQ JHLIWHQ HLQH KHWHURJHC
JHJHQ+EHU &LVSODWLQ ZDV P|JOLFKHUZHLVH GLH HUUWXNMHWHRY LP
5 .LPSKOW DO 6R ILQGHQ VLFK LP =HOOYLDELOLWIW\GWMHIVW HLQL
&LVSODWLQVHQVLELOLWIW ]ZL\EHKOH® HGIOH QX Q'GIU+3IRORQLHELOGXQJV
KLQJHJHQ GDVV GLH *UXSSH GHU +39 +16&& HUHOOOIRH HHEHUP+38UIO
=HOOOLQLHQ LP OLWWHO VLJQLILNDQW VHQV KR 8HIHIHEQ ELHW | \& L4/330C
7¥9RUH ZXUGH DXFK LQ 7XPRU[HQRBWD DMV EHYXQW LI>W GLVHHQEJIJDWLY
(UJHEQLVVH LQ I1U*KHUHIQQ 3XBDURD VELRIQMBUZHQGHWH $QDO\WHPHWI
1DJHON DI®JHW DO YHUZHQGHWHQ OHGLJOLFK HLQHM ©NEBOYLDELO
$VVD\ 3URPHJD ]XU hEHUSU-IXQJ GHU ]JHOOXOIUWQ GBH@QMPELOLW
YHUJOHLFKEDUHQ =HOOYLDELOLWIWVWHVWYV JHLJW. JQLFIKNDXWKULQ
B8QWHUVFKLHG ]ZLVFKHQ +=3DOXOQ@LHP® OLWWHOV =HOOYLDELOLWIWV
OHGLJOLFK HLQ DNWLYHU OHWDEROLVPXV LQ GHQ £HOOHMOBOQFKZHL
HUIDVVW GLH VLFK QLFKW PHKU DNWLY WHLIOH @ W U® KOHHMEHK | OLRY LW
'"HWHUPLQLHUXQJ GHU 5DGLRVHQVLELOLWIW LVW WWHIZQARWHI= NRORK
]X YRQ GHU $QDO\VH DXV]XVFKOLH%HQ 'HVZHJHQ ZXUGH GDV NOI
.RORQLHELOGXQJVWHVW GHU DOV *ROGVWDQGDUG DPOUVOHUWXQJ G|
$QKDQG XQVHUHU 'DWHQ DXV GHQ .RORQLHELOGXQJVWHVW XQG Gt
LPSGIW D - .LPBWHDO 6WHMQDO EHVWIWLIJW VLFK VRPLW HLQH
LOQWULQVLVFKH 6HQVLELOLWIW +39 +16&& =HDK EHQIGH®D XIIE-BX-EMNW H
VLQG DXFK DXV NOLQLVFKHU 6LFKW UHOHY DVQW H G [D &N OGLHQ ORMNV XHLIQ
QRFK YRUKDQGHQHQ NORQRJHQHQ 3RWHQWLDO I|+U GDVLEXGWUHWHQ
"‘RRGZDUG XQG %ULVWRZ

,Q GHU $UEHLW YRQ .LPSOH ZXUGH DXFK QDFK ZHPWHQH® FBKRIGIOM JH
JHVXFKW XP QHXH SRWHQWLHOOH %LRPDUNHU ]X |LQIGHSID DAIHQY EH L
VHQVLWLYH 7XPRUH HLQHQ GHXWOLFK JHULQJHUHQ UHYHO GH'
FURNRPSOHPHQWLQJ (5&& DXIZHLVHQ 'LHVHV 3URWHRIQY LVW [eU
SHSDUDWXUZHJ 1(5 ZLFKWLJ G X{LFEXGXZHBBKHQ ' B VBFEKDGHQ@ UHSDL
ZHUGHQ 6RPLW N|QQWH (5&& SRWHQWLHOO DOV %LHRE@DIWIHHPXU |
BXEJUXSSHQ LQQHUKDOE GHU KHWHUR/IRQ HQU WS ST FAGRHUH +@OHQHQ X
HLQH 'RVLVUHGXNWLRQ EHL 3DWLHQWHQ PLW WHIVLEOHQ 7XPRUHQ H



4.2.2 Intrinsische Sensibilitat von HNSCC Zelllinien gegentber Bestrahlung

,Q XQVHUHU $QDO\VH ]JHLJWH VLFK GDVV +3DQ¥HHPGLQQEQLERHOU]
JHIJHQ-EHU HLQHU 3KRWRQHQEHYWXPKODXQ@DULQGH®O'\Y.HBAV (UJHEQL
PLWQ YBWNXNRBLHQ YRHW.IFS.QRHW DO XQG S5LHFMWDIBIMHFNPDQQ

HW DO +<EHUHLQ =XGHP LVW XQVHUHGHQ B O L\DH \NARKGHIQ XHRWE O RK W X Q J
+39 7XPRUH EHVVHU DX| HLQH 5DGLRWKHWD ®ICH DQURWHF&HE® 6HV
JHIXQGHQHQ 8QWHUVFKLHGHV ]JHLJW VLFK DXFK K DZFWKH DEOICAKLQLJIHU
&LVSODWLQ GDVV GLH *UXSB3XPRUIHOROQGQ+3Q LQVIHVDPW KHWHUR
LKUHU 6WUDKOHQVHQVLWLYLWIW VLQG

R ILQGHQ VLFK WHLOZHLVH hEHUODSSXQJHQ JZLVFKHQ EHLGH
%HVWUDKOXQJVGRVHQ ZDV EHLVSLHOVZHLVH GD]X IGKHW GDVV
hEHUOHEHQVIUDNWLRQ EHWUIJW LQ GHWWUXISBH IGND WY RE
GHU HQWVSUHFKHQGHGHRODOLQIH®3PEZHLFKW 6RPLW WUDJHQ GLH ¢
(QGSXQNWH EHL HBWHHEARBRRPDW®O 6) XQG 6) XQG 8QWHUVFKLHGEH
GHU OHWKRGLN ]X DEZHLFKHQGHQ (UJHEQLVVHQHSKEOL]LHUWHU 'D\
1DJHQW DO

*HUDGH ]XU $QDO\WH GHU 6WUDKOHQHP SHV) GXDL.FHKMWHD® LVW GHU YI
YHUZHQGHWH =HOOYLDELOLWIWVW HY WG LNHWLHWPL \BAKY D]\X ZE MW U PEK W HG
BWRIIZHFKVHODNWLYLWIW HLQ 5<FNVFKOXVV DX| BKBRVRHQLWIW F
AHXQWHUVFKLHGOLFKHQ =HOOWRGPHFKDQLVPHQ QDFKKHLQHU %HYV
$EIROJHQMOGRFK NHLQH %HU<FNVLFKWLJXQJ *UXSSHQ GLH ]XU $Q
.RORQLHELOGXQJVWHVW DQZHQGHWHQ EHVFKUHLEHQ *EHUHLQVWLF
=HOOOLQLHQ DOV VWUDKOHQVHQVLEOHU EHL D OYHUFZGHIQGENWE BLFEKW
=HOOOLQLHQ XQG GHU G-HWPRGLSIL FNEMHRR®@W $UHDY DO

S5LHFNPBWQS5LHFNPDQ @O EHVFKUHLEW GLH +39 =HOOOLQLHQ OHLFI
DOV LQ XQVHUHQ 8QWHUVXFKXQJHQ ZREHL GLH $UEBQDWIQNSSH HL
3URWRNROO EHQXW]W EHL GHP GLH =HOOHQ HUVW ZDD/FIGHZHU %HV\V
JHIXQGHQHQ 8QWHUVFKLHG HUNOIUHQ NDQQ =XGHP ZXUGH LQ G
XQWHUVFKLHGOLFKHVEHIDIQHMLHEY YHUZHQGHW ZDV ]XP HLQHQ G
B8QWHUVFKLHGH ]ZLVFKHQ =*=BOO®RQGLHBI VW+W]W ]XP DQGHUHQ DEHL
B8QWHUVFKLHGH LQ GHU $XVSUIJXQJ GHU JHIXQGHQHQO 18@WHUVFKLHG
=HOOOLQLHQ JHLFKQHQ VLFK GXUFK HLQH JUR%H +6\WHGIRIVDLWIW |
7XPRUJHOOOLQLHQ <EHU XQWHUVFKLHGOLFKH OXWDWGRQMQ@SHNWUH
=HLWSXQNWHQ YRU E]Z QDFK HLQHU 7XPRUWKHUDSLHEVD W 3DWLHQ
VRZRKO VHQVLEOHUH XQG WHOAY WHIOWIOURLHYI ZDV GLH $XVSUIJ
XQWHUVFKLHGOLFKHQ 6HQVLELOLWIW LP 9HUJOHLFK ]X +39 +16&& =H



*HQHUHOO NRQQWH DEHU LQJZLVFKHQ GXUFK XQVHUBQEWEMIONHQ XQC
S5LHFNPP@WQDO XQG .LAWOEO .LPSHOM DO JH]JHLJW ZHUGHQ GDVV L
OLWWHO +39 +16&& =HOOOLQLHQ VWUD K118 ¥ HIX\PIRAW M B 0 OLLALGH Q DXOG
VRPLW GLH NOLQLVFKH %HREDFKWXQJ GHV K|KHUHQQ WHKIQBSHXWL\
KIKHUHQ LOQWULQVLVFKHQ 6HQVLELOLWIW GHIW DRXOPRUJHOOHQ EHJU-QG

4.2.3 Intrinsische Sensibilitat von HNSCC Zelllinien gegentber Bestrahlung
und Cisplatininkubation

‘LU NRQQWHQ JHLJHQ GDVV EHVRQGHUV LQ GHNVAWYSBEFRKEHU(I4+B W=
GXUFK .RPELQDWLRQ GHU %HVWUDKOXQJ PLW HLQHUWHMDMAWDWLQLQ
NRQQWHQ DOOH +39 =HOOOLQLHQ GXUFK GLH ,®RXBLHOM @ LFOLW L8H W\
ZHUGHQ +LQJHJHQ EHZLUNWH &LVYISOOWILQLHQ HPQIHBWIO HRFK ]X HLQH
%HVWUDKOXQJ NHLQHQ ]XVIW]JOLFKHQ (IIHNW D®EEGOEXHIOOKXOIUH

8'-6&& ,QVJHVDPW ]JHLJWH VLFK KLHUEHL HUQHXW GLH +HWHURJHQL
EHL HLQHU 'RVLV YRQ *\ DXFK +39 =HOOOLQLBQVELHLBHQH JFt
BHQVLELOLVLHUXQJ GXUFK &LVSODWLIZ®PRXM]ADHVOH@LBQV HLQLJH +39

'"HQQRFK NRQQWHQ ZLU JHLJHQ GDVV &LVSODWLQ JHULBB®H QDFK HLQ
=HOOOLQLHQ VLJQLILNDQW VWIUNHU JHJHQ<EHU 9GKEHO®WBY QUK O X G
'LHVHQ Y(WIHEQLVVH VLQG NRQJUXHQW PLW NOLQLVRFKEQ&BEWXGLHQ
3SDWLHQWHQNRKRUWAQ 6HWKL

*HQHUHOO JHLJW VLFK GDVV HV WHLOZHLVH JHJHEAQ W] Q/ILFKM (WU JH
+39 7XPRUJHOOOLQLHQ JHJHQ+EHU &LVSODWLQHX®QOG V%BXMKI DLKO X Q
.RPELQDWLRQ JLEW VKRBIGH DX¥PKQGH I+U GLHVH XQWHUVFKLHGOLFKH
N|JQQHQ VRZRKO LP PHWKRGLVFRBY PREBEKHEHQ ©OX\HIBIKO GHU =HOOOL
%HVRQGHUHP LQ GHU 7DWVDFKH GDVV HLQLJH OOXHSHQ PHWUEIDL WH
KDEHQ 'LH hEHUSU+IXQJ GHV 9RUKDQGHQVHLQV YRQ +39 '1$ HUVFK
6R NRQQWHMHWPSOHLPSMH DO IHVWVWHOOHQ GDVV LQ HLQLJHQ
=HOOOLQLHQ NHLQHHBYHDS ZHDFXHQ NDQQ 'LHVH 7DWVDFKH XQG GLF
8QWHUVFKLHGH HUNOIUHQ GLH KHWHURJHQ K@ GUEKEPBXMIWAIVA]JO 'HU
=XGHP LVW GLH $Q]DKO GHU ]XU 9HUI*JXQJ VWHKHQ®HQ +39 7
_.RSI+DOVUHJLRQ VHKU NOHLQ VRGDVV MH QDFK XQWHUWOEKWHP (QG
GHU *UXSSH GHU +39 =HOOOLQLHQ ]X XQWH UV RKDLODBOWRKM Q- KU HE QL
NDQQ

0|JOLFKH JHOOXOIUH *UXQGODJHQ l+U GLH K|KHUWH{ @ H\QJ QQH® XWDW +3
BW|UXQJHQ LQFBKNGHOVUHSDUDWXU =HOO]J\NOXVG\WUHIJRQDWLRQ bQ
YRQ 2QNRXPRUVXSSUHVVRUSURWHLQ RGHU HLQ YHUPHKUWHU =HOO
OHFKDQLVPHQ ZLFKWLJ VLQG I+U GLH 6HQVLELQKWGEW SIBKHY16&&
QDFKIROJHQG LP 9HU JOLBIEBRK=MHOD @BYPLHQ DQDO\WVLHUW



4.3 Residuelle DNA-Doppelstrangbriiche

(LQH P|JOLFKH S8UVDFKH I+U HLQH HUK|KWH LQWWYEBVY L%HAKW BBIQYXQLUC
NDQQ HLQH JHVW|UWH 5HSDUDWXU YRQ '1$ 'RSSHONVWWDQJEU+FKHQ
'LH $QDO\WH GHU 3KRVSKRU\OLHUXQJ DP +LVWRQ H®§; I+U $; JLO
'RSSHOVWUDQJEU*FKH LQQHUKDOE GHU '1$ 6DN XDHQ6MRKY® WM
GDVV GLH .RPELQDWLRQ DXV %HVWUDKOXQJ XQG &IRMRODWUY ]X PH
JHLIJWH VLFK NHLQ VLJQLILNDQWHU 8QW HUMFBEQB G Q|IZH § FKIHDMV k B B W)XOQ |
JIKLIJINHLW 'RSSHOVWUDQJEU«FKH ]X UHSDULHUHQ VSIWHVAK (JXIHEQLV
VSIWHUHQ $QDO\WHQ LQ XQVHUHP /DERU XQG ]X 9HH\MIH®WOLFK X
5LHENPEB@QDO S$UHWQW DO %HLGH $UEHLWHQ NRQQWHQ ]JHLJHQ
=HOOOLQLHQ K QDFK %HVWUDKOXQJ VLJQLILINBIQWH ©HIXOQVUH3OLG X H
=HOOOLQLHQ ,Q GHU $UBMWLBQHEQN FRBONE® D NRQQWH ]XGHP JH]HLJW
ZHUGHQ GDVV HLQH .RUUHODWLRQ GHU UHVLGXHOOHQ #\$; JRFL PLW
EHVWHKW 'LH *UXSSH XQWHUVWUHLF K W HsDIPU W& UH DY N GHHDQWQQ Z LE K ¢
OHFKDQLVPXV GHU ]XU K|KHUHQ LQWULQVLVFKH®JIJIBEEHWLYLWIV
%HVWUDKOXQEL EFNRWRIQIO  *UXQG I+U XQVHU QHJDWLYHV (UJHEQLYV
$QDO\WH LQ GLHVHU $UEHLW PLW PD[LPDO NRQKOKINRWVNJIAXDEKVHQF
P *HJHQVDW] GD]X ZXUGHQ EBUHBWHQP XQG 5LHFNRWDQQ
S5LHFNPWg®O H[SRQHQWLHOO ZDFKVHQGH =HOOHQ YHUZHQGHW

'LH $Q]DKO XQG GLH .LQHWLN YRQ + $: )RFLXNQWHQVEKOOEBWY RQF
GHUMHQLJHQ SUROLIHULHUHQGHU =HOOHQHW QD 6 R~ K®V ¥ XHKQ
PIJOLFKHU 8QWHUVFKLHG ]JZLVFKHOOOI®LQKAG GXWFK XQVHU PHWEk
9RUJHKHQ ZDKUVFKHLQOLFK QLFKW GHWHNWLHUEDU ZDU

4.4  Zellzyklusprogression und Expression von Zellzyklusproteinen

nach Cisplatininkubation + Bestrahlung

(LQ EHGHXWHQGHV 7XPRU +DOOPDUN LVW GLH RBOVRWNKCIXYGHWE®HQH V\
'DFKVWXPVIDNWRBEKIGHQ$XQG IX%HUHQ (LQIO*VVHQ +DQDKDQ XQG :H
+39 +16&& ILQGHW VLFK HLQH 9LUXV EQ&XSLHUGH COQFE K @ X\VFDW LR Q
EHGLQJWH JHVW|UWH 5HIJXODWLRQ GHV =HOO]\NOXV WHUWVY XB KWH Q
ZLH VLFK HLQH 3KRWRQHQEHVWUDKOXQJ XQG RGHU\NO@M EBQVSOD\
+16&& =HOOOLQHK®Q DXVZLUN

'LH $QDO\VH GHU =HOO]J\NOXVSURJUHVVLRQ ]HLBW®HQWDFKQ HRQ@EMLH L
3URJUHVVLRQ +39 =HOOOLRQHEIIKREYHGKNQG* HLQHQ VWIUNHUHQ XQG
DQKDOWHQGHI@HVW® =HI®OOLQLHQ JHLIWHQ ]ZDU HEHQIDOOV HLQHQ G
* 0-3KDVH GLHVHU ZDU MHGRFK LQQHUKDOE YRQ K ZHHGHU YRC
DOOHLQLJH %HVWUDKOXQJ ODVVHQ VLFK XQVHUH $DEHHQV RQWY BOIQ (
S5LHFNPBOWQBQAHFNPDQ Q@O .LPHW 50 .LPS®WHDO XQG $HWQDO

$UHQIW DO YHUJOHLFKHQ XQG ]JHLJHQ HLQH hEHUHLQVWLPPXQJ



.RQIJUXHQW XU $UUHWLHUXQJ GHU =HOOHQ LQQHUKDIHK®HY =HO
([SUHVVLRQ YRQ &\FOLQ $ -ZKDVHKHWDLULEDBHWHSULPLHUW ZLUG XQG D
VFKQHOO DEJHEDXW ZLUG (LQH HUK|KWH ([SUHVVGERQ ZHQOWQVR@LW
GHU-3KDVH KLQ

,Q GHQ PHLVWHQ =HOOOLQLHQ ZLUG GXUFK %H K DQQEHKPIOBLBHELYVS
* .3KDVH HUUHLFKW RBSHGD XQVHUHQ $QDO\WHQ NRQQWHQ ZLU MHG
&LVSODWLQ QRFK QDFK GHU .RPELQDWLRQ DXV &LV SGIDWLHQ XQUG 3KR
GHU =HOOOLQLBIDVE GHWGHQ 'LHVHV 'HIL]LW ]XU3EDVHWNBQXQJ LQ
GXUFK GDV )HKOHQ HLQHV IXQNWLRQDOHQ S S3URWHLRW EHJU<QG
UHJXOLHUW S LQ QRUPDOHQ =HOOHQ HBKDHG CHQTFKNOXY N WRRI) L&H
&'.-,QKLELWRUV S  :HLQEHUJ ,Q +39 =HO ORHIQ IGHKQ ZK. WB® G LH V|
3URWHLQ ( EORFNLHUW 1Z&QURQMGPBOY HLQHSOXVHWDWRRIZHLIPVHQ
BRPLW OLHJW LQ +3HO@M®ELPBHQ NHLQ IXQNWLRQDOHV S YRU (V JHL
XQG QDFK GHU .RPELQDWLRQVEHKDQGOXQ4J3HDR\DH OHQGE KQYBIFK $CH IV \
.RPELQDWLRQ ]XVIW]JOLFK HLOKOWWHHVEH WL QHHWIHO DXVIHSUIJW ZDU
DOOHLQLJHU %HVWUDKOXQJ *OHLFK]HLWLJLQ@D®&HQ D.RP BILYSWDRQ QLIS
JUDNWLRQ GHMOWHEY GHXWOLFK HUK|KW ZDV DXI HLQHQ YHUPHKUW}F
+39 XQG +3HOOOLQLHQ ZDUHQ DOVR QLFKW -I3® D3/HU ] XD DK U HQUQ H W KO
=XGHP ZHLVHQ +39 =HOOOLQLHQ ]XVIW]JOLFK ]X HSUHWRHMXYUH SV MWWHQ }
YHUPHKUWH 5DWH DQ =HOOWRG DXI

'LHV EHVWIWLJW VLFK DXFK LQ XQVHUHU $QDO\VHW GHO $SRSW
JRLMHU XQG WH 5LHOH NRQQWHQ ]JHLJHQ GDWWUHVOWOHQ Gl
DXIZHLVHQ QLFKW GLUHNW VWHUEHQQWBRQEDMH | MRUWRAFN UHL\BHB &
DXV GLHVHQ =HOO]\NOXVSKDVHQ KHUDXV GHU \VH®D R RRK B L BMQUHQV W
VWDUNHQ $UUHVW XQG HLQHQ YHUPHKUWHQ =HOOWRG9DXI VRGDYV
=HOOOLQLHQ VHKU ZDKUVFKHLQOLFK HUVFKHLQW E#)XGG&KQBW NHLWQH G
GXUFK GLH YHUPHKUWH 5DWH R3G HONNGXGDEOHOKHG HAMHDOLHFNP D
S5LHFNPBWQDO EHVFKULHEHQ KDEHQ =XVIW]JOLFK ]X GHQ JHIXQGHQ
=HOO]\NOXVSURJUHVVLRQ XQG &\FOLQ $ 5HJXIODIVYINKE DNRLRIW H QQ A
+RFKUHJXODWLRQ YRQ &\FOLQ ( LQ +39 =HOOOLQLHPKEMREBBKWHQ

&\FOLQ $ XQG ( ([SUHVVLRQ XQG +39 ZXUGH EHUHIMAV LR\DUXIHIUHQ $L
&KLHQ 1JR\GOQX H U 6R NRQQWH JH]JHLJW ZHUGHQ GDVV GXlI
3URWHLQ EHLGH &\FOLQH YHUPHKUW H[SULPLHUWRDHEBHWQUDIEQXU |
=XELOODIIUHWRDO =XGHP LVW EHNDQQW GDVV HLQH JHVW|UWH &\l
HLQHU JHVWHLJHUWHQ FKURPRVRPDOHQ ,QVWDELOLWIVBOXHNGYHUPHK
XQG $OPDVDQ HWDDGRQ 2E GLH LQ GLHVHU $UEHLW EHVFKULHE!
([SUHVVLRQ YRQ &\FOLQ ( GLUHNW LP =XVDPPHQXQGJ]HQWXGHWHK|KH
BHQVLELOLWIW JHJHQ+EHU &LVSODWLQ VWHKW VROOWWODQJZHLWHU
VLQG GLH JHQDXHQ OHFKDQLVPHQ ZLH HLQH JHVW|UWH &\FOLQ
=HOO]\NOXVG\VWUHJXODWLRQ DXFK ]X YHUPHKUWHP EHQOWRG I+KUW



(V ]JHLJW VLFK DOVR GDVV VRZRK®168&88 TXPR WX OEYPLHQ $OWHUDV
GHU =HOO]J\NOXVSURJUHVVLRQ DXIZHLVHQ ,Q +39 +1A8 EMGLQJIW
2QNRSURWHLQV ( HLQH ,QKLELWLRQ GHV 7XPRUVXSSUHNVWRUVHES5% X
=HOOHQ DP .RQWUROOSXQNW ]ZLVIKIMH GHRP B Q XRQGG GHAQ BH U
*OHLFK]JHLWLJ ZLUG GXUFK GDV YLUDOH 3URWHLIEKIQUYHWHQLQQGHUV
=HOOJ]\NOXVDUUHVWHRQ G I=HH QD¥FKKIGHQ HLQWUHWHQ N|Q@GHQ NRPPV
LOLQJHOKXW] 6RPLW VLQG GLH YLUDOHQ 2QNRSURWHLQH P
=HOO]J\NOXVUHJIZ0RWLHRQ XRG

P *HJHQVDW] KLHU]X ZXUGHIB&EBHIHL®39 9LHO]DKO YRQ OXWDWLF
JHOO]\NOXVUHJIJXOLHUHQGHQ 3URBKHQ QHIGI QZ LIH) BWHIQ&\EOY. Q &\FOLQHQG
SURSUROLIHUDWLYHQ 7UDQVNULSWLRQNW BW R U H.H & H VORKVWLWER Q H QD
VFKHLQHQ- L4Q 6:8® GHQ =HOO]\NOXV VWDUN ]X EHHLQIOXVVHQ XQG N]|
YRUKDQGHQHQ OXWDWLRQ LQ S GLH JHIXQGHQH JHVW|UWH =HOO]\NC

4.5 Expression der Onkoproteine HPV E6 / E7 und des
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'LH EHLGHQ YLUDOHQ 2QNRSURWHLQH ( XQG ( VAIBR&+YR®LH .DU]L
HVVHQWLHOOHU %HGHXWXQWUDLMNKIRUPLHUMHEQ3$HOOOLQLHQ VFKHLQ
DEKIQJLJ YRQ GHU ([SUHVVLRQ GHU YLUDOHG@BBURRPH®HGODVWKQG ( ]X
YRQ %HUQDUG :HLQVWHLQ JHQHRIGIFORY HQU F 7 DREREULIFIWREXYHW ZXUGH

"HLQVWHLQ 'DV .RQ]JHSW EHVFKUHLEW GLH $EKHOQMRAHHIQIGHID 7XPF
ZHQLJHQ 3URWHLQHQ XQG sEHUDNWLYLHUWHQ 6LJQDONDVNDGHQ X
6HQVLELOLWIW GHU 7XPRUJHOOHQ DXI HLQH ,QKLELWMRQQEBXHVHU 7XP
-RH (LQH O|JOLFKNHLW ZDUXP +39 +16&& VHQWOHEXQ@GIJHJIHQ-EH
&LVSODWLQWKHUDSLH VLQG N|QQWH LQ HLQHU bQEHUYRQJIGHHW Q[SUH
([SUHVVLRQ GLH 7XPRU]JHOOHQ DEKIQJHQ QDFK %HKDQGOXQJ OLHJHQ

‘LU NRQQWHQ ]JHLJHQ GDVV HV QDFK DOOHLQLHHU[%HMWWULLRD XQD ] X
( XQG ( NRPPW (LQH YHUPHKUWH ([SUHVVLRQ HLQ MV SDIUNRSRIRWHLQ
GD GLH =HOOHQ JOHLFK]JHLWLJ HLQH YHUPHK WWBHX BHQLWLHEQ OLMWXW JH.
BWXGLHQ JHLJHQ MHGRFK GDVV HLQH YHUPHKUMGH U SHHM VROV E BV
5HSDUDW X U-YRREGHIBVWUDQJEUFKHQ DAXUWXBBKN VFKHLQW HV DOVR
HLQHU YHUPHKUWHQ JHQRPLVFKH ,QVWDELOLWIW XQG MMUN®/ IUNWHP
S5LHFNPBWQDO NRQQWHQ EHUHLWYV JHLJHQ GDVV GLH K|KHUH 6HQ\
JHIJHQ+EHU %HVWUDKOXQJ PLW HLQHU YHUPHRBW HQL 5 RW HJ B © DWH. W LUGN
'1$-'RSSHOVWUDQJEU*FKHQ NRUUHOLHUW )«U GDV 3URWHLQ ( LVW E
PLW GHU 'RSSHOVWUDQJEUXFKUHSDUDWXU LQWHUIHUL® WWQGDOODFH
ELVODQJ HLQH YHU]J|JHUWH 6FKDGHQVHUNHQQXQJ GXUFK ,QWHUD
:DOOBMHDO XQG HLQH ,QWHUPMNMD\RWY POABREBBP3URWHLQ GDV DQ GH
5HSDUDWXU GXUFK KRPRORJH 5HNRPELQBWLBQ +5 EHWHLOLJW LVW



6RPLW VFKHLQW HLQH YHUPHKUWH ([SUHVVLRQ GHU 2QRNRSURWHLQ!
'1$-6FKIGHQ ]X EHHLQIOXVVHQ XQG VR ]1X HLQBUVHRUKIKWWE U6 HRRFR B H(
JHIHQ*EHU 3KRWRQHQEHVWUDKOXQJ EHL]XWUDJHQ

P *HJHQVDW] GD]X EHZLUNW HLQH ,QNXEDWLRQ RLHLEEOHODW LQQKQ C
%HVWUDKOXQJ HLQH VLJQLILNDQWH +HUDEUHJXODWLRQL®HHQ3URWH
bKQOLFKH (IITHNWH ZXUGHQ DXFK LQ +39 =HUYL{WOANWLRAP]HOOOLQLH
(LQH YHUPLQGHUWH ([SUHVVLRQ GHU +39 3URWHLQH EHGHQJW LQ
HUK|KWH 5DWH DQ DSRSWRWLVHFWHIO=HODWY | PKKEIDRKRMNRQQWHQ ZLU ]
GDVV HLQH &LVSODWLQLQNXEDWLRQ ]X VLJQILIQND® We KWWK U (¥S RELW R\
VLFK DOVR GDVV GLH +39 +16&& =HOOOLQLHQ LQLGHQMHU 3URO
2QNRSURWHLQHQ DEKIQJHQ XQG HLQH +HUDEUHJXODMKRQHYRQ ( X
6HQVLELOLWIW JHJHQ<EHU &LVSODWLQ XQG HLQHU%RPWUDPKWXRQ VW K
VLQG 'LHVH %HREDFKWXQJ HUVFKHLQW ]XQIFKVW SBVNGRKDMQ6LW X
LQ GHU HLQH +RFKUHJXODWLRQ JHIXQGHQ ZXUGH *UXRG KLHUI-U
,QWHUDNWLRQHQ ]JZLVFKHQ ( XQG ( XQG ]JHOOHL$HBH®MGXQEWHLQHQ
R 1*KUW HLQH YHUPHKUWH ([SUHVVLRQ YRS UDWHXD K Q G HAWVWN JUMW R
HLQHU K|KHUHQ 6WUDKOHQWWQ@WQELORWHIHEHKJ 3DWHNOOHQ ( XQG ( T
DXFK VHKU VWDUN GLH 3UROLIHUDWLRQ I|[/UGHUQGH[SQUNRSURWHLQH
GLHVHU I+KUW VRPLW HEHQIDOOV ]X HLQHU K|KHUHQ 6HQVLELOLWIW 4

(LQH O|JOLFKNHLW ZLH HLQH YHUPLQGHUWH ([SUHVVHRQWHRR ( LQ
$SRSWRVH [+KUW LVW GLH 5HDNWLYLIUXQU GO RPRWR/XSSUHVVR
&DLFHGRQDGRW DO 'LHVHU OLHJW LQ +39 7XPRU]JHDOWBYLHQ RIWP
XQG NDQQ EHL 5HDNWLY LGN QB QG XK JHBOXOIUHP 6WUHVV =HOO]
YRUQHKPOLFK-2QDGH U XQG =HOOWRG LQGX]JLHUHQ 6WLHZH ,
+16&& =HOOOLQLHQ NRQQWHQ ZLU VRZRKO QDFXO®WY Q UDKHWX QGEIL 1 O
.RPELQDWLRQ DXV EHLGHQ 7KHUDSLHIRURSIQHNNLAD Q@G K ZMXN DV H®H UL
'LUNXQJ YRQ &LVSODWEBOORLQLIMH@EE&EHUXKW YRUQHKPOLFK DXI G
'1$-$GGXNWHQ ZREHL GLH 5DWH DQ $GGXNWHQ DXVVEKODHMEHQG |
JHIJHQ*EHU &LVSODWLQ ]X V+HGIHY .MPHBM LAV OPUHUKEXWFK NRPPW HV ]X
HLQHU %HHLQIOXVVXQJ HLQHU 9LHO]DKO YRQ 3URWEHHD HE® OOMER GHU
DXFK sEHU S XQDEKIQJLJH OHFKDQLVPHQ HLQJHOHLWHW ZHUGHQ ND:

'HQQRFK VFKHLQW GLH +HUDEUHJXODWLRQ GHU 2QNRSURWHLQH 2ZI
$UEHLWHQ DQGHUHU *UXSSHQ JHLJHQ GDVV HLQHXQSH(JLPLWFWHGWHUDI
VL51$ ]X HLQHUDSWLYLHUXQJ XQG ]X BHLQEWIYHWMOKYBIRISWRVH 1+KU
/L XQG -RKQVRQ 1 HE- @ HRIQMW HMOWH +HUDEUHJXODWLRQ YRQ |
DXFK GXUFK ,QNXEDWLRQ YRQ =HOOHQ PLW DQGHUHQ HIKMUDSHXWL
SHDNWLYLHUXQJ YRQ S LQ +39 +16&& HUUHLFKW ZHUBHRWHQXQG -R
OHJHQ MHGRFK QDKH GDVV GLH 5HDNWLYLHUXQJ YRGHU JRLFKW GH
HLQHU 6HQVLELOLVLHUXQJ YRQ +39 +16&& I*KUW GDFKRARKD DWER ¢
NHLQH VLJQLILNDQWHQ bQGHUXQJHQ GHU ([SUHVVLRQ YRQ S QDFKZI



9LHOPHKU VFKHLQW GLH YHUPLQGHUWH ([SUHWQ® JXGHUQWPHLEHQG
YHUPHKUWHQ =HOOWRG XQG GDPLW HLQHU K|KHUHQ Q@HQMLEWOLWIW C
GHU VRZRKO PLW QHXHUHQ 6XEVWDQ]HQ DEHU DXKKW PZMWH NODVVL
&LVSODWLQ HUJLHOW ZHUGH® D®QQ *UXDBORYBEQG KLHUI-U N|QQW!
$EKIQJLINHLW GHU 7XPRUJHOOHQ YRQ GHU ([SUHYVVRQQGHWHYLUDOF
"HLQVWHLQ :HLQVWHLQ GLHV U DQGHUH 2QNRSURWHLQH EHVFI

4.6 Zelltodanalysen

'LH 5ROOH GHU $SRSWRVH DOV HLQH =HOOWRGIRUP |+U HLQ EHVVHUH
ELVODQJ LQ HLQLJHQ BWXGLHQ GLH ]X XQWHPYHKQLHGDW A KN & F&KRIK O X
*HQHUHOO NRQQWHQ $UEHLWHQ PLW +39 =HOOOLGHWQL[YRUZEHJIHQC
+39 ( XQG RGHU ( WUDQVILILHUWHQ =HOOHQ ]JHLJH@39GDVV HLQH
=HOOOLQLHQ LQGX]LHUW ZHUGHQ NDQQ 2E AbK& OWUQQVQVFIQH]SH
HLQHU K|KHUHQ $SRSWRVHUDWH I[+KUW XQG GLHVHU =RQOWRGPHFE
%HGHXWXQJ LVW LVW MHGRFK ELVODQJ XMWV BB QY H QY HARP HIKRWQVQKV H
$SRSWRVH LQ +39 +16&& LP 9HUIBKEEFK KK @BFK %HVWUDKOXQJ ILC
SLHFNPBW®O +LQJHJHQ JHLJWH VLFK LQ GHW $6DE HIPVBIOHRINO.LP SO H
VRZRKO HLQH =UR@I/ISEHNGH YLWIW DOV D XK GCHU $LHYHYISQULFKW
EHLGHV I+U HLQH YHUPHKUWH $SRSWRVHLQGXNWLRQ LQ +93 +16&&

‘LU NRQQWHQ K QDFK %HVWUDKOXQJ PLW *\ NHIQ® Q BRQWHUVFKI
=HOOOLQLHQ LQ GHUSRYWWLYPQHEH®OHQ XQG DXFK NHLQH =XQDKPH
VXE#*3KDVH EHLGHV +LQZHLVH DX| HLQH IHKOHQGH $SRSWRVH E]Z
-HGRFK JHLJWH VLFK QDFK K HLQH VLJQLILNDQWH® [(KHW H 6 DBMH D
*UXSSH GHU +39 =HOOOLQLHQ 6RPLW VFKHEQWHHWSKQNW XD KL Q
%HVWUDKOXQJ ]X HLQHU =XQDKPH GHU =HOOWRGLQDBXWWIIRQ ]X NR
=HOOHQ ]XQIFKVW GXUFK HLQHQ YHUPRBKPWWHI QHUKDWEL QHVHYHDO 0]
DUUHWLHUHQ XQG GDQQ DXI *UXQ®FGEKQERRWG UM SIBRISHURWHU L'Q& X]LHU
JRLMHU XQG WH 5LHOH 6R VFKHGRKHIG HQQUHSDVB WXWH X 0% H
YHUPHKUWH $SRSWRVH ]XU K|KHUHQ LQWULQVLVFKHQ 6HQVLEL
3KRWRQHQEHVWUDKOXQJ HEWLPOWUDJIHQ %OLW]HU

%HGHXWHQGHU VFKHLQW GLH ,QGXNWLRQ GHU $SRIW 8 B WLIF KX%H K
VHLQ 'LH 5DWH DSRSWRWLVFKHU =HOOHQ ZDU QFKFK QRG VEDMWLQLQ
.RPELQDWLRQ DXV %HVWUDKOXQJ XQG &LVSODM)L@3¥LBQKRILNDQW K|
'LHV ]JHLJWH VLFK VRZRKO LQ GHU -QHNY SRV LGHWY H@ GHQQH® XQG
%HVWLPPXQJ GHIDNWERQ

=XGHP NRQQWH®|KHUHG5DWH DSRSWRWLVFKHU =HOOH®ULAXW HLQHP
NRUUHOLHUHQ ZDV GLH %HGHXWXQJ GHU $SRSWRVH I«U GDV EHV
XQGRGHU %YHVWUDKOXQJ EHNUIIWLIW



'LH K|KHUH 5DWH DSRSWRWLVFKHU =HOOHQ LQ +39 ©QUREBWKI@QJW YH
([SUHVVLRQ GHU 2QNRSURWHLQH ( XQG ( ]XVDPPHQ@RGDENHLGK GLH
+39 WUDQVIRUPLHUWHQ 7XPRUHQ GDUVWHOOHQ XQ GDNMWHAK [LHUMIQD SR
5DXWDYD XQG 6\UMIQHQ 2E KLHU]IX HLQHW NWWYLE LAY WIRRX
DQKDQG GHU YRUOLHJHQGHQ 'DWHQ QLFKW VFKOLH®BQ'REDSZLU NHLC
IHVWVWHOOHQ NROWQWDHQ LPISAOMO XQG DQGHUH *UXSSHQ $EGXON
6DEUL XQG 'HXWKMKEHQ QDFKJHZLHVHQ GDVV VLFK S SULQJLSLHOC
UHDNWLYLHUHQ OIVVW XQG KLHUGXUFK HLQ S YBERUWMXFE&WHU =HO«
XQDEKIQJLJH $SRSWRVHZHJH LQKLELHUHQ ZIUH DXFK HLQH YHUP
SHDNWLYLHUXQJ GHQWED® *BBQHWMQKLELHUW LQ WUDQVIRUPLHUWH
$SRSWRVH XQDEKIQJLJ YRQ S GXSRKWRW DGIHMILR QURWRHLQH ZLH %D
XQG %DQNV XQG BoW[DOWUKMVMNLWHUHQ XQWHUGUFNW (
JUHLVHW]XQJ GHV $SRSWRVH LQGX]LHUHQGHQ )DNWRHMWS$D)O DXV GHC

XQG LQKLELHUW GLH $NWLYLWIW YRWQ D&D V SORMLQV KO\ HHDINNHKX ¢
JUR%HQ (LQIOXVV DXI| GHWQUBRBU CRURPGE HLQNVHEY 7XPRUHQ XQG HLQH 5HC
3URWHLQOHYHOV ZLH ZLU VLH QDFK &LV XOHWQHY ESHHRDENDAFLKYAL H W X IQD E
$SRSWRVH DXFK XQDEKIQJLJ YRQ S [+KUHQ

'LHV VW+W]W VLFK DXFK GXUFK GLH 7DWVIRKEHV GV G Q H HILRNKLID
GDV GLH ([SUHVVLRQ YRQ ( XQG ( XQWHUGU*FNW ]X HL8BU YHUPHKL
l+KUW 'HVIDWQDNCH V

(V JHLJW VLFK DOVR GDVV GHU DSRSWRWLVEE& ¥ HIKW WIWLHOW K QG ® OF
LQ JU|%HUHP 0D%H GXUFK &LVSODWLQ LQGX]LHUHQ ORQGWQ:LH $SRS
+39 +16&& YHUPLWWHOW ZLUG LVW DOOHUG LGOIV VFIKAKMY HE QDHG RHFIK
YRQ GHU ([SUHVV-BR®RWHUQ+39 XQG ( DEKIQJERQPRILHQH HA®HAWLRQ
"HLQVWHLQ ]X VHLQ G DHGWHIDEFKYWXBHU =HOOWRG XQWHUGU
,QKLELWLRQ GHU WXPRUWUHLEHQGHQ 3URWHLQHS XU HER®® ]X Hl
YHUPHKUWHQ =HOOWRG ZLH GXUFK XQV QDFKJHZLHVHQ



4.7  Schlussfolgerungen und Ausblick

,QVIJHVDPW OHJHQ GLH (UJHEQLVVH GHU GDUJHVWHOOWHQ 9HUVXF|
+16&& 7XPRUH HLQH NRPELQLHUWH %HKDQGOXQJ DXV &LVSODWLQ X
*UXQGOHJHQG KLHUI*U VFKHLQHQ HLQH JHVW|UWH (FEHOYWERQVUHJIXC
GHU 3URWHLQH ( XQG ( VRZLH HLQH YHUPHKUWH B®RSWHRWHH ]X VH
OHFKDQLVPHQ ]XVDPPHQ PLW HLQHU JHVW|UWHQ 'DP 5XKMUDW XU 51
HLQHU S5HDNWLYLHUXQJ YRQ 50 S LHPESOMHVHUH 3URJQRVH LQ +39 +1
7TXPRUHQ 1X YHUPLWWHD®Q %OLW]HU

'"HUJHLW UHNUXWLHUHQ HLQLJH N®L@L\GAHPH =AW XG LGILH 37KWM UG WHH Q « U
7XPRU ]X LQGLYLGX® DH VIKHWMSLHLQWHQVLWIW ]X UHGX]LHUHQ GD
DXVJHKW GDVV GLH GHUJHLWLJH OHLWOLQLHQJHWHIE KPRV 739U D S L H
DVVR]LLHUWHQ 7XPRUHQ P|JOLFKHUZHLVH HLQH hEHUWKHUDSLH GDU\

'LH GDUJHVWHOOWHQ 'DWHQ OHJHQ MHGRF K DQDAR L .GDMYHBH XPIRW HI
QLFKW DX| GLH FLVSODWLQKDOWLJH &KHPRWKHUDSLHYHMHLEKWHW Z
GLH %HVWUDKOXQJVGRVLV XQG RGHU GLH 'RVLV GHU &KHPRWKH
HEHQIDOOV LQ HLQLJHQ B6WXGLHQ HYDOXLHUW ZLUG +LHUGXUF
1HEHQZLUNXQJHQ UHGX]LHUHQ ODVVHQ 'LHVH 6WX®MH® @ HWWKIIWLJ
'RVLV YRQ EHUHLWVYV HWDEOLHUWHQ XQG ]XJHODVVHQ OHGLNDP
1HXHUH 7KHUDSHXWLND KDEHQ ELVODQJ NHLQH ZHVHQW®LFKH 9HUEH
7XPRUHQ HUEUDFKW

'XUFK JHQRPLVFKH $QDO\WHQ VRZRK®16&8 ™XFPRDXAKRYIBWH PLWWOH I
JHJHLIJW ZHUGHQ GDVV DXFK GLHVH EHLGHQ *UXSSHQ Q@KW KRPRJ
GHV *HQSURILOV YHUVFKLHGHQH 6XEW\SHM) DGHQWMILRWILGIKHMQLEDW V I
HV ELVODQJ NHLQH LQGLYLGXDOLVLHUWH 7XPRUWKHUDSLH EHL +16
EHVWLPPWHU %LRPDUNHU EDVLHUW LVW

)eU +39 7XPRUH N|QQWH HLQ VROFKHU SURJQRV\WDWHF B URWOHYDQWHU
VHLQ :LH REHQ HUZIKQWHW [DEOWKRWIKR| JH]HLJW GDVV LQ DOO}
HWDEOLHUWHQ 7XPRUJHOOOLQLHQ WURW] ,QWHJUDWR@®@Q GHV YLUL
QDFKZHLVEDU LVW 'LHV LVW EHVRQGHUV LQW HUH\GLDQWE HiD GHLQ E
,QWHJUDWLRQ 7HLOH GHV YLUDOHQ *HQRPV KHUDXVJHVWHQMN.WWHQ ZH
( XQG YROOVWIQGLJ RGHU ]XPLQGHVW WHLOZHL\YH *HWOIRKH® JHKH C
]X HLQHU IHKOHQGHQ 5HJXODWLRQ GHUX@GUHRDWLE QHGHIX QGO R JIHQGHH L
PDOLJQHQ 7UDQVIRUPDWLRQ +39 7XPRUH GDUVWHOOWLHXU +DXVF
%BHGHXWXQJ GHV Y L(UEMH Q39 RIKHPIRJMQ QXU ZHQLJ XQWHUVXFKW

JHGLJOLFK $UEH LW MQ DNRQGHOQDED +DXVZDM®O NRQQWHQ
JHLJHQ GDVV HLQ*HQWIRMWHLVQHU YHUEHVVHUWHQ *HVDPW<EHUOHEHC
PLW +39 7XPRUHQ GHV 2QBSKBIU\Q[HUYL[ DVVR]JLLHUW LVW =XVIW
=HUYL[NDU]JLQRP]JHOOOLQLHQ HLQ SRVLWLYHUHQVQIDXNVGIH QHV
6W UDKOHQVH® WILMWIIML WW\WH WQ G ® O



JQ]ZLVFKHQ LVW EHNDQQW G@VVHQWRML]QHL @ BN UHJ HDMPBLE Q YRQ
VWDWWILQGHQ NDQQHWHR®AKMBOEDGEWF RO JHLJWHQ GDVV GHU

OHWK\OLHWOWXV( GHUQGXQIJVVWHOOHQ VRZRKO LQ +16&& =HOOOL
7XPRUSUREHQ YRQ 3DWLHQWHQ PLW +16&& VWDUN XQWHUVFKLHC
OHWK\OLH6WOWXV YHUKLEEBUQIWHH5HS UHXQIGR G PRQ QLFKW PHKU

DQ GLH HQWVSUHFKHQGHQ UHJXODWRUQRFKEQQGW®H ORBQQ LP(L@BIC
3URJQRVWLVFKH 5HOHYDQ] HLQHV LQWDNWHQ -6 WDURXWH LYW XQGF&W
DEVFKOLH%HQG JHNOIUW VRGDVV GHVVHQ %HGHXWXQJHIQG 3DWLHQW
XQWHUVXFKW ZHUGHQ VRIOWWK 5HXVFKHQEDFK

1HEHQ GLHVHQ EHLGHQ $QVDW]SXQNWHQ VFKHERKD G N B K UHHLRMHU DRGHD
HLQ $QVDW] XP +16&& 7XPRUH l+U HLQH %HVWUDKOXQBUWKHUDSLH
$QVSUHFKUDWHQ ]X YHHWHN® HU @V W VF &

$UEHLWHQ YRQ HMD @@D P S DKP\S DIVO XQG UHWURVSHNWLYH $QDO\\
%RQQHU 6WXGLH ]XU :LUNXQJ YRQ &HWXLPO®E U@ LJH@E &G PARQ QHEH Q

LQWULQVLVFKHQ )DNWRUHQ LQ GHU =HOOH DXFK LFPAXNG@QHUPLWW
WKHUDSHXWLVFKHQ $QVSUHFKHQ EHLWUDJHQ XQG EHV l+U +39 +16&.

=XU JHQDXHUHQ 8QWHUVXFKXQJ LPPXQYHUPLWWHOWHU (IITHNWH IHEF
7LHUPRGHOOH LQ GHQHQ VROFKH (IITHNWHQZ I IYBXFW LG 7XPRG M Q|
NRQHQ=XGHP ZHUGHQ $QVWUHQJIXQJHQ XQWHUQRPPHQ GLH $Q]DK
7XPRUJHOOOLQLHQ GXUFK 3ULPIUNXOWXUHQ ]X VWHHEHQQ+3G6D GLH E
+168&& =HOOOLQLHQ VHKU NOHLQ LVW XP VWBWXYW GWRMKH X VO HEH @ U
N|QQHQ =LHO VROAQWH.WMBR DPXN¥SSHQXQWHUVFKLHGH XQG P|JOLFKF
GHQHQ VLFK +39- XXQRRYMD XQWHUVFKHLGHQ ]X JHQHULHUHQ GLH GC
BWXGLH YHULIL]JLHUW ZHUGHQ N|QQHQ

,Q GHU YRUOLHJHQGHQ $UEHLW NRQQWH JH]HLJW ZDHIW\GR{QL HADWN UG L H
LP OHUJOHLFIQHYDWEYHQ +16&& 7XPRUH DXFK LQ HLQHU K|KHUHQ LQW
GHU 7XPRU]JHOOHQ JHJHQ+EHU HLQHU FLVSODWLQEDVLHUWHQ 5DG
%HGHXWHQG KLHUIU VFKHLQW QHEHQ HLQHU JHVVWHUMHXG HHWE]\NO
([SUHVVLRQ GHU YLUDOHQ 2QNRSURWHLQH ( XQG ( ]X VHLQ zZDV
DSRSWRWLVFKHQ =HOOWRGV [+KUW 'LH 5ROOH GHV PKPRUNKWSUHVV]
DEVFKOLH%HQG JHNOIUW XQG VROOWH ZHLWHUJHKHQG XQWHUVXFKYV
+39SRVLWLYH =HOOOLQLHQ NRPELRQBUSLY S0 BWWRWEKHW BDIGL RIHOH Y |
'LHVH VROOWHQ DXFK EHL GHU 'LVNXVVLRQ GHU bBKGWUPKWLYRQ 7k
ZHUGHQ 6R VFKHLQW DQKDQG GLHVHU $UEHLW HKHW®RGHLRH 5HGX
&LVSODWLQGRVLV JLHOI*KUHQG DQVWDWW &LV SODMHRY WLRPO DMHUD SL |
ZHLWHUI*KUHQGH 8QWHUVXFKXQJHQ GLH EHUHLWV L@HEWQIL]JLHUWE
7KHUDSHXWLND JH]JLHOW DXVQXW]HQ XQG PLW GREBELQLRWVIENGF KX 5D
GLH hEHUOHEHQVUDWHQ ZHLWHU ]X VWHLJHUQ XQGIGXH HWEBAQZLUN
RKQH GLH (ITHNWLYLWIW GHU 7KHUDSLH ]X VHQNHQ



5 ILWHUDWXUYHU]JHLFKQLV

$EGXONDULBDEBUL 6 DQG 'HXWVFK ( HSQWLYLUDO DJHQW &L
IXQFWLRQ DQG HQKDQFHV WK H DWD/RIFR\DAMMHA WDQIPMU Y Q 23BF R J
SS + GRL VM RQF

$QJ . .+DUULV - :KHHOHU 5 :HEHU 5 BRMH®@WKDOHVWUDLIX\HQ
+ @&KXQJ & + -RUGDQ 5 & /X & .LP + $[HOURG 5 ¢
5HGPRQG . 3 DQG *LOOLVRQ 0 / L+ XPDQOSRISLOORPD"
SDWLHQWYV ZLWK RURSKDU\QJHDO FDQFHU T 7KH 1HZ (QJOI
ODVVDFKXVHWWYVY OHGLFDO 6RFLHW\ SS + GRL 1

$UHQ] $LHPDQQ ) OD\HU & :LWWLJ $ 'UHIINH . VPDHIQLQJ 6
--3 (QJHQ&DEMDOLF 5 DQG :LWWHNLQGW & H,QFUHDVH
+39SRVLWLYH KHDG DQG QHFN FDQFHU FHOO B®QQBEHQGEXH WR
LQGXFWLRQ RI DSRSWRVLV § 6WUDKOHQWKHUDSLH XQG 2QN
5RQWJHQJHVHOOVFKDIW >HW DO@ SS -+ GRL v

%DOHUPSDM.FXHO < :DJHQEODVW - G6HLW] 2 "HLVVRN.DV5|GHO )
( M7TXPRXILOWUDWLQJ O\PSKRF\WHV SUHGLFW UHVSH
FKHPRUDGLRWKHUDS\ LQ KHDG DQG QHFN FDQFHSS %ULWLVK
+ GRL EMF

%DOHUPSDS/G8O ) 5|GHO & .UDXVH 0 J/LQJH $ J/RKDXV ) %DXF
., %XGDFK 9 *NLND ( 6WXVFKNH 0 $YODU 0 *URVX $ /
- %D\HU & 6WDQJO 6 %HOND & 3LJRUVFK 6 O0XOWKI
O0J]QQLFK ' =LSV ' DQG )RNDV ( -LQILOW UDWXIPQRXO\PSKRF\W
UHODWLRQ WR +39 VWDWXV DQG FOLQLFDO RXWBQPHULQ SDW
DIWHU SRVWRSHUDWLYH FKHPRUDGLRWKHUDS\ $ PXOWLFHQW
FRQVRUWLXP UDGLDWLRQ R5QFRIORQWHIRXBWLRQDO -RXUQDO R
SsS + GRL LMF

%DOOR.RROGRYVN\ 3 +RIIPDQQ 7 %DO] 9 +10GHEU® QEWU %+ *HU}

H(VWDEOLVKPHQW DQG FKDUDFWHUL]DWPRRXRDQRXU FHOC

KHDG DQG QHFN VTXDPRXV FHOO FDUFLQRFD\RERDWD VWY DYXWR®DR
PRGHO 1 $QWLFDQFHU UHVHDUFK *5((&( % SS +

%OLW]HU 6PL&VK 0 $ +DUULV 6 / DQG .LPSOH 5 FDO DQEBHYLHZ
%LRORJLF $VSHFWV RI +XPIRY BWBYBD BRKDPRXW &HOO &DUFLQ
WKH +HDG DQGHUHTNYLRQDO -RXUQDO RI 5DGLDWLRQ 2QFROR
(OVHYLHU ,QF Ss + GRL M LMURES

%RO DQG *UpJRLUH 9 MLRORJLFDO EDWRVUIRGL DYRERIQPDW K & LDHC
+39SRVLWLYH KHDG DQG QHFN FDQFHUV § %LROHG UHVHDUFK
GRL



%RQQHU +D®DUL 3 0 *LUDOW - $]DUQLD 1 6KLQ ' 0 &RKHQ 5

5 SDEHQ ' -DVVHP - 2YH 5 .LHV 0 6 %DVHOJD -
$PHOODO 1 5RZLQVN\ ( . DQG $QJ . . FHWXI[EPOGERMKHUD S
VTXDPHXWVWO FDUFLQRPD RI WKH KHDG DQG QHFN § 7KH 1HZ
PHGLFLQH 8QLWHG 6WDWHYV SS + GRL 1(-O0RD
%RQQHU+BDUDUL 3 *LUDOW - DQG &RKHQ 5 MEHWDFLPDE IRU

KHDG DQG QHFN\HFDQAXWYLYDO GDWD IURP D SKDVH UDQGR
UHODWLRQ EHWZHIQRG XHHEX LPWVKEY] 7KH /DQFHW 2QFRORJ\ SS
6 - -

%RVFK ) %XUFKHOO $ 1 6FKLIIPDQ 0O *LXOLDQR $ 5HUBH 6DQMRYV

/IXQD * .MDHU 6 . DQG O0OXxR] 1 H(SLGHPLRORJ\ DQG
+XPDQ 3DSLOORPDYLUXV ,QiBFMFURON ,PSOGLFDMH.RQV LQ &F
1HRSODVLDY 9DFFLQH 6XSSOH Ss L. GRL K

M YDFFLQH

%RXUKLWLUH & *UDIlI 3 *UpJRLUH 9 ODLQJRQ 3 &RQNLV * *HU
0 'HVSUH] 3 3LJQRQ 7 %DUGHW ( S5LFFRKYHLWIHRIIURLV
6HQ 6 7XFKDLV & 'XSXLV 2 *XHULI 6 /DSHOUH 0 )DYL
IXVLQFKL $ 7HPDP 6 3LQQD $ 7DR < * %ODQFKDUG 3 I
H&RQFRPLWDQW FKHPRUDGLRWKHUDS\ YHUVXV DFFHOHUDWLRC
FRQFRPLWDQW FKHPRWKHUDS\ LQ ORFDOO\ DGYDQFHG KHDG
IDQFHW 2QFRORJ\ SS + GRL -6

%XVFK & .ULHJV O /IDEDQ 6 7TULELXV 6 .QHFKW 5 SHWHUVHQ

5LHFNPDQQ 7 -SRVUEWIYH +16&& FHOO OLQHV EXW QRW S
ILEUREODVWY DUH UDGLRVHQVLWL]HG E\ WKH LQKLELWLRQ
2QFRORJ\ (OVHYLHU ,UHODQG /WG SS + G

M UDGRQF

%XW] *HLVHQ & 8O0OPDQQ D 6SLWRNRMONU ') DQG +RESBMHOXOD U
UHVSRQVHVSMRIVEIOLYH FDQFHU FHOGUQFR U HHDJRYWM FUNSWH V V|
RI ( RQFRJHQH H[SUHVVLRQ DQG LQGXFWLRQ RI DSRSWRVLYV
FDQFHU -RXUQDO LQWHUQDWLRQDO GX FDQFHU - Ss +
$,-,-& | &2

&DLFHWMQDGRVI/LQ 5 )XMLVDZD & <XHK % 6DQJZDQ 9 DQG 6L
H:LOVASH S  UHDFWLY DRRICRHF X0 H/ B QQHIOXBHQ SDSLOORPDYLU
+39SRVLWLYH KHDG DQG QHFN VTXDPRXV FHOO EBUFLQRPD T

/WG Ss + GRL M RUDORQFRORJ\
&MGRQ &6KUIJLR & 0 %XUJHVV $ 'HDQV $ - 6XWKHUODQG 5 /
H&\FOLQ ( LQGXFHV JHQRPLF LQVWDELUORW\FERCPLFKDQL
( 1 &HOO F\FOH *HRUJHWRZQ 7H] 8QLWHG 6WDWHYV

FF



&DVWURLYNV : * HNKQULFRIBQE®RIMWIW $ 3DZOLWD 0 DQG 6FKPLW
H+ LIKKURXJIKSEWVEHIE DXWKHQWLFDWLRQ RI KXPDQ FHOO OL
-RXUQDO RI &DQFHU :LOH\ 6XEVFULSWLRQ 6HUYLBKBY ,QF $:

* GRL LMF
&HSHGD )XHUWHV 0 $ &DVWLOOD - $ORQVR & 4XHYHGR & DI
M%LRFKHPLFDO PHFKDQLVPV RI FL¥FBQBPWU @ FNWRWRIQFRWG IfF LS
FKHPLVWU\ 1HWKHUODQGV SS
&KDR . 6 0O&AMKDLO 1 +XDQJ & 6LPSVRQ - 5 3HUH] & $ +DXJK
* M, QWRRGXWDWHG UDGLDWLRQ WKHUDS\ UHGXFHV ODWH

FRPSURPLVLQJ WXPRU FRQWURO LQ SDWLHQWYV ZIRMK RURSKDU
ZLWK FRQYHQWLRQDO WHFKQLTXHVY 5DGLRWKHUDS\ DQG 2QF
KWWS G[ GRL RUJ- 6 -

&KDWXUYHGLQFHOV ( $ $QGHUVRQ : ) DQG *LOQEWRWUBQGYV |
IRU KXPDQ SDSLOHRPREGQEMODWHG RUDO VTXDPRXV FHOO FC
WKH 8QLWHG 6WDWHVY -RXUQDO RI &0LQLFDO 2QFRORJ\ 8QL
GRL -&2

&KXQJ & DG *LOOLVRQ 0 / H+XPDQ SDSLOORPDYLUXV LQ KHEC
UBH LQ SDWKRJHQHVLYVY DQG FOLQLFDO LPSODKDWILRBRMP &OL
MRXUQDO Rl WKH $PHULFDQ $VVRFLDWLRQ IRU &DQFHU 5HVHD

- &&5 -

&OLIIRUG *DOOXV 6 +HUUHUR 5 OXQR] 1 6QLMGHUV 3 - ) O9DI
+ )HUUHFFLR & +LHX 1 7 ODWRV ( ORODQR 0 5DMNXP
6DQMRYV 6 6KLQ + 5 B6XNYLUDFK 6 7KRPDV --/2 7XQVDN
0 DQG J)UDQFHVFKL 6 H:RUOGZLGH GLVWUWESMALRQ RI K>
LQ F\WRORJLFDOO\ QRUPDO ZRPHQ LQ WKH ,QWHWDWLRQDO
+39 SUHYDOHQFH VXUYH\V $ SRROHG DQDO\VLVY 7KH /DQFHW
GRL 6- -

&XPPLQJV %:L®OV |/ 3 DQG 6FKQHOOPDQQ 5 * MOHDVXUHPHQ
ODPPDOLDQ &HOOVY &XUU 3URWRF 3KDPDFRO /HPDVWHUV
SK V OHDVXUHPHQW

'f6RX]D *UHLPHU $ 5 OLVFLGL 5 3DZOLWD 0 )DNKU\ & .RFK
*LOOLVRQ 0 / -FRQW&WDR® VWXG\ Rl KXPDQ SDSLOORPI
RURSKDU\QJHDO FDQFHU § 7KH 1HZ (QJODQG MRXUQDO RI

SS + GRL 1(-ORD



'DV / &.DUULVRQ 7 * :LWW 0 ( OXOOHU & 6WHQVRQ . %ODL
6HLZHUW 7 < +DUDI ' - DQG 9RNHV ( ( H&RPSDULV
ORFRUHJLRQDOO\ DGYDQFHG REEBBREDWAQHEDODQGXIMRRXV F
FDUFLQRPD RYHU WZR GHFDGHV 1 $QQD®Y WKRQRRARB\XQ RIII
6RFLHW\ IRU OHGLFDO 2QFRORJ\ (602 SS -

DQQRQF PGX

'"HVDLQWHVHRHUHW & *R\DW 6 <DQLY O DQG 7KLHUU\ ) M
SDSLOORPDYLUXV ( SURWHLQ LQ +H/D FHOOVRAMHRGY WR DSI
S -3 $YDLODEOH DWwW KWWS HPERM HPERSUH

DEVWUDFW

'HVDLQWHWR®W 6 *DUED\ 6 <DQLY 0 DQG 7KLHUU\ ) H3L
LQGXFHLBGHSHQGHQW DSRSWRVLV LQ +H/D FHOOV § 2QFRJH

GRL VM RQF
'LNRPH\ @®RUJPDQQ . .|FKHU 6 .ULHJV 0 ODQVRXU :Q< 3DUSO\\
7 DQG 5RWKNDPP . H5DGLDWLRQ '1$ 'DPDJH DQG X\

7KHUDSHMUDIQAVODWLRQ RI UDGLDWLRQ PRGLILHUVY LQ .HOOH
HGV '1$ 5HSDLU LQ &DQFHU 7KHUDS\ OROHFXODWV 7DUJHWYV I
QG HGQ (OVHYLHU 6FLHQFH SS +

JRLMHDQPB WH 5LHOH + H&KHFN 'RXEOH &KHFN ZRKHO*H %DUULHL
SS + GRL FF

JUDQNHQ$ 3 5RGHUPRQG + 0 6WDS - +DYHPDQ - DQG YDQ %

H&ORQRJHQLF DVVD\ RI FHOOV LQ YLWUR § 1DWXUH SURWF
QSURW

JULHGPDQ 6WIDYDV 0 - DQG &PHODN $ - H&OLQKXFDDQDQG VFLI
SDSLOORPDYLUXV RQ KHDG DQG QHFN FDQFHU\Y :RUOG MRXU
Ss + GRL ZMFR Y L

JULHGPDQIRWWLQJKDP / 'XJJDO 3 3HUQDV ) * <DQ % <DQJ ;
‘DHV & HW'HILFLHQW 73 H[SUHVVLRQ |XOQIPWULMRQDUHQG F
UHVWRUHG E\ TXLQDFULQH LQ KHDG DQG QHFN MOQFHU T &
RIILFLDO MRXUQDO RI WKH $PHULFDQ $VVRFLDWISBQ IRU &DQF

+ GRL - &&5 -

*DOOX]]L9UWDOH , S$EUDPV - 0 $OQHPUL ( 6 %DHKUHFNH ( +
'DZVRQ 7 0 'DZVRQHRUX :(® )XOGD 6 *RWWOLHE ( *UHF
+HQJDUWQHU 0 2 .HSS 2 .QLJKW 5 D .XPDU 6 J/LSWRQ ¢

ODORUQL : OHKOHQ 3 1XxH] * 3HWHU 0 ( S3LDFHQWLQL
KL < BLPRQIBQGHQDEHHOH 3 :KLWH ( <XDQ - =KLYRWF
* DQG .URHPHU * HOROHFXODU GHILQLWLRQV RI FH(

UHFRPPHQGDWLRQV RI WKH 1RPHQFODWXUH &RPPLWWHH RQ &
DQG GLITHUHQWLDWLRQ SS * GRL FGG



*DR * &KHUQRFN 5 ' *D\ + $ 7KRUVWDG : / =kbQJ 7XB :DQJ +
< [HZLV - 6 DQG :DQJ ; -3&5$ PGIRWKRIG 5/IRU TXDQWLILFDW|
KXPDQ SDSLOORPDYLUXV WUDQVFULSWV LQ DUFKLYHG WLV
RURSKDU\QJHDO FDQFHU SURJQRVLVY ,QWHUQDWWRRQO -RXUC

6HUYLFHV ,QF $ :LOH\ &RPSDQ\ SS + GRL LM

*DUQHWW 'XHUNYXIKHV - 3 *DUQHWW 7 -2XIKHE 'MHUNVHQ
HORGXODWLRQ RI DSRSWRVLV E\ KXPDQ SDSLGER&RPBWYLRIXV +3¢
9LURORJ\ SsS + GRL - - V

*LOOLVRQ &DVWHOOVDJIXp ; &KDWXUYHGL $ *RRGPDQ 0 7 6QLMC
$UE\Q O DQG )UDQFHVFKL 6 H&RPSDUDWLYRK) HSLGHPLR
DQG DVVRFLDWHG FDQFHUV RI WKH KHDG DQG QHRN DQG FHU
FDQFHU -RXUQDO LQWHUQDWLRQDO GX FDQFHU GRL LM

*OHQQV0$ )XUQHVV 6 :RUWKLQJWRQ + 9 &RQZD\ ' , 2OLYHU
ODFOXVNH\ 0 3DYLWW 6 &KDQ . . : %URFNOHKXUVW 3 D

M, QWHUYHQWLRQV IRU WKH WUHDWPHQW RI RUDO FDYLW\
UDGLRWKHUDS\Y &RFKUDQH 'DWDEDVH RI 6\VWHPDWLF 5HYLH?Z
GRL &' SXE

*UHHQH )%DOFK & 0 )OHPLQJ , ' )JULW] $ +DOOHU ' * ORUUR

$-&& &DQFHU 6WDJLQJ +DQGERRN 710 &ODVVLILFDWLRQ

BSULQJHU 1HZ <RUN 67%7 5HI HOHFWURQLF PHGLFDO OL
KWWSV ERRNV JRRIOHIGH- ERKNV'LG 63

*UHHQKDOJK 7p+RZ WR UHDG D SDSHU 6WWBDWVWWEVNLIIRQY WKHG6QRILI

UHODWLRQV DQG WKHLLJOBSQWHADOOWHVYHDUFK HG SS *
EPM
*UHQPDQ &DUH\ 7 ( OF&ODWFKH\ . ' DIRHWR * GHNADRIOD]

5 ROl * 7 [DFLYLWD [/ 3 +R / %DNHU 6 5 .UDXVH &
H,Q 9LWUR UDGLDWLRQ UHVLVWDQFH CSHORMLIHBMO/OZOWEH YV
VTXDPRXV FHOO FDUFLQRPD RI WKH KHDG DQG QHFNY &DQFHU

*XEDQRYD%URZQ % ,YDQRY 6 9 +HOOHGD\ 7 OLOOWDHYD <DUEU
1 H'RZQUHJIXODWLR@ FRBROWEWLYH KHDG DQG QHFN VTXDPF
FDUFLQRPD GXH WR SURPRWHU K\SHUPHWK\ODWLRQ FRUUHO|
&OLQLFDO FDQFHU UHVHDUFKx DQ RIILFLDOIRWBRXDQIFG R WKH
SHVHDUFK SS + GRL & &5 -

*XVWHU - HLVVOHGHU 6 9- %XIMHKY & 3HWHUVHQ & .QHFKW 5 'L
DQG 5LHFNPDQQ 7 H7KH LQKLELWLRQ RI 3%33 EXW QRW
UDGLRVHQVLWL]DWLRRVLRMLV¥IB9 $S16&& FHOO OLQHV § 5DGLR\
RQFRORJ\x MRXUQDO RI WKH (XURSHDQ 6RFLHWOIRL 7KHUDSF
LJUHODQG SS + GRL M UDGRQF



+DDV 6WHIDQ - IDERUMRXUQDO -R@OWBOR WM KBPXVY/IDHFROAKRX U QD O
2Q0LQH $YDLODEOH DW KWWS Z2ZZ ODERUMRXUQDO GH UX
$FFHVVHG 6HSWHPEHU

+DQDKDQDQG :HLQEHUJ 5 pu+DOOPDUNV RI FDQFHU WKH QH[W JHQ

(OVHYLHU ,QF SS * GRL M FHOO
+DQDKDQDQG :HLQEHUJ 5 $ H7KH +DOOPDUNV RI &DQFHUY &H(
GRL KWWS G[ GRL RUJ 6-

]XU +DXVHQ + p&RQG\ORPDWD $FXPLQDWD DQG +XPDQ *HQLWDO &
$FXPLQDWD DQG +XPDQ *HQLWDO &DQFHUY &DQFHU UHVHDUFI
$YDLODEOH DW KWWS FDQFHUUHV DDFUMRXUQDOV RUJ FRQW

]XU +DXVHQ + p3DSLOORPDYLUXVHVY DQG FDQFHU IURPDED\RIEF VW XGL
IDWXUH UHYLHZV &DQFHU SS * GRL QUF

+DXVZDOG6LPRQ & +HFKW 6 'HEXV - DQG-WIQBMH®XWFRPH [IDRGJ
SDWWHUQV Rl IDLOXUH LQ SDWLHQWYV ZLWK DGYDQFHG KHDC
RQFRORJ\ /RQGRQ (QJODQG %LROHG &HQWUDO /WG S

+HOOHGDR 7- *HQW ' & 9DQ (QJHOZDUG % 3 DQG YD® *HQW ' &
VWUDQG EUHDN UHSDLU IURP PHFKDQLVWLF XQGHUVWDQGLC

UHSDLU SS + GRL M GQDUHS
+RVVHLQSRRW @G BERX=DKU & H*UDSKLFDO SUHVHQWDWLRQ RI
DVVRFLDWLRQY 7KH /DQFHW (OVHYLHU /WG - S
-HPDO %UD\ ) )HUOD\ - &HQWHU 0 0 )HUOD\ - :DUG ( DQG )R

FDQFHU VWDWLVWLFV § &$ D FDQFHU MRXUQBS IRY FOLQLFL
GRL FDDF
.DQGRWKOR/HOODQ 0 ' 9DQGLQ ) <H . 1LX % /X & :LH 0 =KI
- ) :\FIDONRZVNL 0 $ /HLVHUVRQ 0 ' O OLOOHU & $ :H
- :HQGO 0 & /H\ 7 - :LOVRQ 5 . ©5DSKDHO % - DQC
HOXWDWLRQDO ODQGVFDSH DQG VLJQLILFDQFH DFURVV PLC
1DWXUH 3XEOLVKLQJ *URXS D GLYLVLRQ RISODFBRLDKOM) 3XE
S5HVHUYHG SS + $YDLODEOH DW KWW
QDWXUH
.DQJ 0 $BR-¢f DQG 2XFKL 7 H'HUHJXODWLRQ RI '1$ 'DPDJH 5HV

E\ QWHUFHOOXODU &RQWDFWY -RXUQDO RI %LRORJLFDO &K
GRL MEF O



.HFEN 0 =XR = .KDWWUL $ G6WULFNHU 7 3 %URZQ & ,PDQJXOL

)DQJ 3 %UDJHOPDQQ - 'H%RHU 5 (O 'LQDOL 0 $NWROJ
5RJHQ 6 * 6DOJLD 5 :HLFKVHOEDXP 5 5 /LQJHQ 0 : 6W
&RKHQ ( ( :KLWH . 3 9RNHV ( ( DQG B6HLZHUW 7 <

DQDO\VLV RI +HDG DQG 1HFN &DQFHU LGHQWLILHWHWZR ELROR
QR®39 VXEW\SHV § &OLQLFDO FDQFHU UHVHDUFKXQ DQ RIILFL
$VVRFLDWLRQ IRU &DQFHU 5HVHDURK&5GRL

.LPSOH ©5DQG +DUDUL 3 O H,V UDGLDWLRQ GRVH UHGXFWLRQ \
SRVLWLYH KHDG DQG QHFN FDQFHU"Y 2UDO 2QFRORJ\ (OVHY
GRL M RUDORQFRORJ\

.LPSOH 5+BUDUL 3 O 7TRUUHV §$ <DQJ 5 = 6RULDQR % - <X
%OLW]HU * & 6PLWK O D /RUHQ] [/ /HH ' <DQJ ' 7
+DUWLJ * . DQG /DPEHUW 3 ) H'HYHORSPHQW DQG FKD

SRVLWLYH -DAGDWMBIOYH KHDG DQG QHFN VTXDPRXV FHOO FDUFL
&OLQLFDO FDQFHU UHVHDUFKx DQ RIILFLDOIRIWRXDQIG LRI WKH

5HVHDUFK Ss + GRL &&5 -

.LPSOH GPLWK 0 %OLW]HU * DQG 7RUUHV $ LW QIQDOFHG UDG!
SRVLWLYH KHDG DQG QHFN FDQFHUY &DQFHU UHVHDUFK

- &$1 -

.QHFKW %XVVPDQQ / O|FNHOPDQQ 1 DQG /|[ULQF] % % THVAN:

UHDOO\ WKH IXWXUH VWDQGDUG LQ WKH WUHBWPHQW RI RU
SsS + GRL - V- -
.UHLPHU $&GLIIRUG * 0 %R\OH 3 DQG )UDQFHVFKL 6 L+ XP

7\SHV LQ +HDG DQG 1HFN 6TXDPRXV &HOO &DUFLQRPDV :RU(
5HYLHZY &DQFHU (SLGHPLRORJ\ %LRPDUNHUV SUHYHQWLRQ

- (3; -
.URHPHU * M&ODVVLILFDWLRQ RI FHOO GHDWK UHFRPHQGDWLR
&RPPLWWHH RQ &HOO GHDWK T &4HOO GHDWK DQG GLIITHUH
FGG &ODVVLILFDWLRQ
/IDQVIRUG &UHQPDQ 5 %LHU + 6RPHUV . ' .LP 6 < :KLWHVLGH
/' HONRERUVMQG &DUH\ 7 ( pn+HDG DQG 1HFN &DQFHUV!
- 5 : DQG 3DOVVRQ % HGV +XPDQ &HOO &XOWXUH &DQTF

'RUGUHFKW 6SULQJHU 1HWKHUODQGV SS -8 GRL

IDZUHQFH O06RXJQH] & /LFKWHQVWHLQ / &LEXOVNLV . IDQGHU (
* $00\ $ %DODVXQGDUDP 0 %LURO %RZOE\ 5 %URRN
&DUOVHQ 5 &KHQJ &KX $ 'KDOOD 1 *XLQ 5 +ROW &
/[HH /. + obuub 0 D OD\R O ORRUH 5 D 0XQJDC
SREHUWVRQ D 6FKHLQ - ( 6LSDKLPDODQL 3 7DP % 7t

SURWRSRSRY $ 6DQWRVR 1 /HH 6 3DUIHQRY O =KDQJ -



7DQJ - B5HQ ; 6HWK 6 +DVHOH\ 3 =HQJ ' <DQJ [/ ;X
3DQWD]JL $ %ULVWRZ & D +DGMLSDQD\LV $ - 6HLGPDQ -
. XFKHUODSDWL 5 $NEDQL 5 &DVDVHQW 7 /LX : X <
"HLQVWHLQ - 'LDR / :DQJ - +RQJ)DQ < /LX - :DQJ
%DOX 6 %RGHQKHLPHU 7 %XGD ( 1HLO #D\HV3' +RDGO
-HIIHU\V 6 5 -RQHV & ' .LPHV 3 . /LX <6 ODUURQ -
OLHFIJNRZVNL 3 D ORVH / ( 3DUNHU - 6 3HURX & 0 3U
6KL < 6LPRQV - 9 6LQJK ' B6RORZD\ 0 * 7DQ ' O9HOXY
'DULQJ 6 :LONHUVRQ O ' :X - =KDR 1 &KHUQLDFN $ '
7ZDUG $ ' 6HNKDU 3HGDPDOOX & 6DNVHQD * -XQJ - 2M
/ =DFN 7 , 6FKXPDFKHU 6 ( %HURXNKLP 5 )UHHPDQ 6
&KR - &KLQ / *HW] * 1REOH 0 6 'L&DUD ' =KDQJ +
*HKOHQERUJ 1 9RHW ' /LQ 3 )UD]JHU 6 B6WRMDQRY 3 /
6RXJQH] & *DEULHO 6 % /DZUHQFH O 6 O0X]Q\ ' 'RGGD!
& B5HLG - ORUWRQ ' +DQ < +DOH : &KDR + &KDQJ
*LEEV 5 D .DNNDU 1 :KHHOHU ' ;L / &LULHOOR * /I
5DPLUH] 5 6DQGHU & 6KHQ 5 6LQKD 5 :HLQKROG 1
$NVR\ % 'UHVGQHU * *DR - *URVV % -DFREVHQ $ 5H
2Q0XU 6XPHU 6 6XQ < &KDQ 7 D ORUULV / * ]6WXDUW -
& <DX & %D\OLQ 6 % &RSH / 'DQLORYD / +HUPDQ -

ODJOLQWH ' 7 /DLUG 3 : 7ULFKH 7 :HLVHQEHUJHU ' -

$JUDZDO 1 %LVKRS - %RXWURV 3 & %UXFH - 3 $YHUH
&DUH\ 7 ( &KHQ = &KHQJ + &KLRVHD 6 , &RKHQ ( 'L
(JORIlI $1DJODU $ . )HJHUULV 5 / )JUHGHULFN 0 - *UDQGL)
+DGGDG 5 , +DPPHUPDQ 3 6 +DUULV 7 1HLO +D\HV ' +X
- /LSSPDQ 6 0) /OR+%JK - % O\HUV - .ZRN 6KLQJ 1J 3

2UGRQH] % 3LFNHULQJ & 5 3U\WWRZVN\ 0 5RPNHV 0 6C
D 6HHWKDOD 5 6HLZHUW 7 < 6L + 7ZDUG $ ' 9DQ :DH
‘L]QHURZLF] 0 <DUEURXJK : * =KDQJ - =XR = 9%XUQH
*DUGQHU - /DX . ODOOHU\ ' ORUULV 6 3DXODXVNLV -

6KHOWRQ 7 6KHUPDQ 0 <HQD 3 %ODFN $-YRVWRIHQ - )l
- 0 +DUSHU + D /HUDDV . J/LFKWHQEHUJ 7 0 5DPLUH] 1
( %DERXG - -HQVHQ 0 D .DKQ $ % 3LKO 7 ' 3RW
‘DOWRQ - 6 :DQ < %XUWRQ 5 D 'DYLGVHQ 7 'HPFKR
JHUJXVRQ O / OLOOV 6KDZ . 5 2]HQEHUJHU % D 6KHW
7DUQX]]JHU 5 :DQJ = <DQJ / &ODXGH =HQNOXVHQ - 6DOO
& %ROODJ 5 :HLQEHUJHU 3 *ROXVL VNL : *ROXVL VNL

ODFNLHZLF] $ 6XFKRUVND : 6]\ELDN % :L]JQHURZLF] 0 %)
*DUGQHU - ODOOHU\ ' 3HQQ\ 5 6KHOWRQ 7 <HQD 3 ¢
BDQGXVN\ * $JUDZDO 1 $KQ - %LVKRS - &DOLIDQR -

+XL $ % < ,ULVH -3HYPBMGRQH] % :DOGURQ - %RXWURYV



:DJIJRWW ' O O\HUV - :LoOooLDP : 1 /ILSSPDQ 6 O (JH
JHUQDQGH] & +HUEHUW / %UDGIRUG & 5 &DUH\ 7 ( &KH
6 -RQHV 7 5 .RPDUFN & O ODODNK 0 OF+XJK - % OR\}t
$ SHWHUVRQ [/ D BULQFH 0 ( 5R]JHN [/ 6 6DUWRU 0 D
+ 0 :ROI * 7 %RLFH / &KHUD % 6 JXQNKRXVHU

+DFNPDQ 7 * 1HLO +D\HV ' +D\ZDUG 0 & +XDQJ O .LPU
6DOD]DU $ + 6KRFNOH\ : : 6KRUHV & * 7KRUDRH / "HLV
6 =DQDWLRQ $ O &KLRVHD 6 'LHUJDDUGH % ODULH

SRPNHV 0 6HHWKDOD 5 %URZQ % 7 *XR < 3KDP 0 DQ!
M&RPSUHKHQVLYH JHQRPLF FKDUDFWHUL]DWLRQ RI KHDG

FDUFLQRPDVY 1DWXUH SS + GRL QDWXUH

/HHPDQV &%BDDNKXLV % - 0 DQG %UDNHQKRII 5 + H7KH PR
KHDG DQG QHFN FDQFHU § 1DWXUH UHYLHZV &DQFHU 1DWXUF
+ GRL QUF

JHYHUULH®WHBJDPDVFKL ' *KDOL / 20D $ :DUQHV *- $NJO %

(VEXGHUR 5 3HQQD $ (GGDRXGL $ DQG 6WRUH\ $
SURWHLQV LQ SUMDEBIWHGJUBIIMDBRSWRIRWUR IDFWRUV IURP
PLWRFKRQGULDY $SRSWRVLV SS - +- GRL v

/L & QG -RKQVRQ ' ( H/LEHUDWLRQ RI IXQFWLRQDO S E\ SURW
SDSLOORPIRYLWXVH KHDG DQG QHFN VTXDPRXV FHOO FDUFLC
DSRSWRVLYV DQG FHOO F\FOH DUUHVW 1 &HOO F\FOH *HRUJH
GRL FF

ILHEHU 0 5 H7KH OHFKDQLVP-6RVURXEOHS$ %UHDN 5HSDLU E\ \
1RQKRPRORJRXV-RI$QIA 3DWKZD\] $QQXDO 5HYLHZ RI %LRFK

SS * GRL DQQAXUHY ELRFKHP

/ILQ & *UDQGLV - 5 &DUH\ 7 ( *ROOLQ 6 O :KLWHV/ILGH 7 / .R
DQG /DL 6 < pH+HDG DQG QHFN VTXDPRXV FHOO FDL
HVWDEOLVKHG PRGHOV DQG UDWLRQDOH IRU VHOHFWLRQ § +I
SS * GRL KHG

ILQGHO %XUUL 3 6WXGHU + 8 $OWHUPDWW + - *UHLQHU 5 + D

SDSLOORPDYLUXV VWDWXV LQ DGYDQFHG FHUYLFDO FDQFH

VLIJQLILFDQFH IRU FXUDWLYH UDGLDWLRQ WUHRDRBHEM | ,QW

FDQFHUx RIILFLDO MRXUQDO RI WKH ,QWHUQDWLRS®DO *\QHFR
+ GRL M [

/JLQGHO 5LHNHQ 6 'DIILQJHU 6 :HEHU . - 9LOOLHUV ( 'H DQG
WUDQVFULSWLRQDO UHJXODWRU JHQH ( Rl WBHOXKPBEVIDSLO
WKH UDGLRVHQVLWLYLW\ RI FHUYLFDO NHUDWLQRF\WHVT



/ILQGHOGH 9LOOOLHWYNKUUL 3 6WXGHU 8 $OWHUPDWW + - *UHLQHL
M, PSDFW RIIMOUHDOWDWXV RQ RXWFRPH DIWHU UDGLRWKHU
KXPDQ SDSLOORPDODWULWKXYWH FDQFHU RI WKH XWHULQH FHUYL[ T

RI UDGLDWLRQ RQFRORJ\ ELRORS\ SK\VWLBWRL

M LMURES
/IRQJ - BQG 5\DQ . O HM1IHZ TURQWLHUV LQ SURPRWLQJ WXPRX
DSRSWRVLVY QHFURSWRVLYVY DQG DXWRSKDJ\Y 2QFRJHQH ODF
SS + GRL RQF

ODGGLND$®GH 6 5 3DQLJUDKL 6 SBDUDQMRWK\ 7 :HJODUF]\N
obEGD . ' 'LHFKHF ( DQG /RV O H&HOO MKOMLYDO FH(
SDWKzD\V DUH LQWHUFRQQHFWHG LPSOLFDWLRQV IRU FDQF
XSGDWHVx UHYLHZV DQG FRPPHQWDULHYV LQ FD/MRHUIPDFWURELDO

+ SS + GRL M GUXS
ODUW-EB®IV.HPS 6 'BOP 6 8 :LMQROWV ) 0 - %ULQN $ +RQH\ZHOC
- %UDDNKXLV % - 0 DQG %UDNHEQKRXIQG 3ODWLQXPLV WKI
ODMRU 'HWHUPLQDQW Rl &LVSODWLQ 6HQVLWLYLRWPDLQ +HDG D
&HOOV 1 30R6 RQH S H GRL MRXUQDO SRQH

ODUWLQ 2, Y®VKNHYLFK $ &KRR 6 "RRGELQH / -HJJR 3 D 0
/IREDFKHYVN\ 3 MEWDWLVWLFDO DQDD\DIMNG RAAIR NLQHWL
ORFDOLVDWLRQ RI '1$ UHSDLU IRFL LQ DGO GROWMH® WHRQV | R
SUHGLFWLRQ RI UDGLRVHQVLWLYLW\Y] '1$ 5HSDLWGRIOVHYLHU

M GQDUHS

ODUWLQV 3DWYDWKDQHQL 8 %DXPDQ - ( 6KDUPD $ . 5DH] / (
<XQXV ) .XUODQG % ) (DWRQ . ' J/LDR - - OHQGH] ( )
. &KDL ; :DOODFH 6 * $XVWLQ 0 6FKPLGW 5 DQG +I

M&LVSODWLQ DQG UDGLRWKHUDS\ ZLWK RU ZLWKRXWW HUORWL
FHOO FDUFLQRPD RI WKH KHDG DQG QHFN $ UBRQGREBEDHG SKD!
2QFRORJ\ SS * GRL -&2

OD\HU & BWUDKOHQELRORJLVFKH &KDUDNWHULDUHUXRR KXPDQ!
=HOOOLQLHQ SKGWHKHEQVYYHUWWXW $YDLODEOH DW KW
JLHVVHQ GH JHE YROOWH[WH

OD]XPGHU 3®HVFD ' DQG $OPDVDQ $ H$ -HN\OO LIQWKHGH 5RO
*HQRWRI[LF 6WUHVV 5HVSRQVHY &HOO &\FOH Ss +

OHKDQQD %HHFK 7 1LFKRKMR®\ 7, (OF&RQNH\ & 3DOHUL 9 DQG &
H3UHYDOHQFH RI KXPDQ SDSLOORPDYLUXV LQ BURSKDU\Q.
KHDG DQG QHFN FDQFHU2V\VWHPD@DRG\VHW [RH ZWGE® GV ED WLP F
UHJLRQY +HDG 1HFN :LOH\ 6XEVFULSWLRQ B6HUYLFHV ,QF
S + GRL KHG



OHVUL $( )HLWHOWROQQG 0XQJHU . H+XPDQ 9LUDO 2QFRJHQHVL
+DOOPDUNV $QDO\VLV § &HOO KRVW PLFUREHGRALVHYLHU ,C

M FKRP
9DQ ORQVMRX %DO®P $ - 0 9DQ 'HQ %UHNHO 0 0 DQG :UHHVPDQ
H2URSKDU\QJHDO VTXDPRXV FHOO FDUFLQRPD S$URPQLTXH GL\
2QFRORJ\ (QJODQG (OVHYLHU /WG Ss + G

M RUDORQFRORJ\

ORRG\ & DQG /DLPLQV / D H+XPDQ SDSLOORPDYLUXV RQFRSL
WUDQVIRUPDWLRQ § 1DWXUH UHYLHZV &DQFHU 1DWXUH 3XE(
GRL QUF

1DJHO GDUWGHQVHPS 6 5 %XLM]H O -DFREV * %UDDNKXLV % -
5 + H7UHDWPHQW UH\RYR@ALN HRIQEIDMBIOYH KHDG DQG QHF
VTXDPRXV FHOO FDUFLQRPD FHOO OLQHV 1 XJUDO*RQFRORJ\ (
GRL M RUDORQFRORJ\

1JX\HQ & DRQG 0:QJHU . HW'LUHFW DVVRFLDWLRQ RI WKH +39 (
F\FOLQ $ &'. DQG F\FOLQ ( &'. FRPSOH[HV § 9LURORJ\
M YLURO

1R\D )DQG &KLHQ : M,17{S$&TLSR216HIJUDGDWLRQ LQ 'LIITHUHQ
.HUDWLQRF\WHYV ,V $EURIJDWHG E\ &RVWDELOL]DWLRQ ZLWK
SBDSLOORUQDYLUXV (1T -RXUQDO RI YLURORJ\ GRL -9,

216 X0O0OLYDKXD®J 6 +-2BBRQH] % ODVVH\ & 6LX / / :HLQUHE
LP - %D\OH\ $ - &XPPLQJV % 5LQJDVK - 'DZVRQ / $

&KHQ ( ,ULVK - *LOEHUW-5 =KBRL+$ :DOGURQ - 1 DQG ;
H2XWFRPHV-RHOMMBWHG RURSKDU\QJHDO FDQFHU SDWLH
UDGLRWKHUDS\ DORQH XVLQJ DOWHUHG IUDFWMRXD\WDRQ T 5

RI WKH (XURSHDQ 6RFLHW\ IRU 7KHUDSHXWLF 5DGWRORJ\ DQG

LJUHODQG /WG SS + GRL M UDGRQF

20WKRI 1+XHEEHUV & 8 .ROOLJV - +HQIOLQJ 0 G5DPDHNHUV )
JHOMDEUHFKWV - $ 6WHJPDQQ $ 3 $ 6LOOLQJ 6 :LHOD
‘DOOLQH + 0 *ROOLQ 6 0 +RIIPDQQ 7 . 'WPDQ@WHU - .U
- 3 DQG 6SHHO ( - 0 HOLUDO ORDG JHQWLHPSUWHVVLRC
LQWHJUDWLRQ VIDNVNRFLOWBEG +16&& FHOO OLQHVY ,QWHUQD
&DQFHU SS ( #( GRL LMF

3DUN - ILFNHO . 3 7RUUHV $ ' J/HH ' /DPEHUW 3 ) DQG .LPSOF

SDSLOORPDYLUXV W\SH ( RQFRSURWHLQ FDXMHW D GHOD\ |
5DGLRWKHUDS\ DQG RQFRORJ\x MRXUQDO RI WKH (XURSHD
5DGLRORJ\ DQG 2QFRORJ\ (OVHYLHU ,UHODQG /WG GRL



9DQGH 3RO DBQGH.OLQIJHOKXW] $ - M3DSLOORPDYLUXV ( RQFF

(OVHYLHU + SS + GRL M YLURO

3UHL% 'RUQRIlI : +DJPDQQ ) * DQG 6FKPLHGHU $ 7DVFKHQI
LQWHUGLV]LSOLQIUH (PSIHKOXQJHQ WK HEBUDXIFHINVFKZHUGW
9HUODJ

3XFN 7DRG ODUFXV 3 -UBPWRRQOBPPDOLDQ &HOOVY 7KH -RX
([SHULPHQWDO OHGLFLQH SS + GRL MHP

4XRQ PQG )RUDVWLHUH pRRQWURYHUVLHYV LQ WUHDWPHQW GHLQWH
SDSLOORPVYRFXDWHG RURSKDU\QJHDO FDUFLQRPDV VKRXOG
DQG IRU ZKRP"Y -RXUQDO RI FOLQLFDO RQFRORRIRKHWNLFLDO |
RI &OLQLFDO 2QFRORJ\ SS + GRL -&2

5DXWDYDQG 6\UMIQHQ 6 H%LRORJ\ Rl KXPDQLG DSHD® MRIGY LU X\
QHFN FDUFLQRJHQHVLV § +HDG DQG QHFN SDWKR®RJ\ 6SULQ.
GRL V- - -

SHXVFKHQEDFKXHEEHUV & 8 3ULJJH ( 6 %HUPHMR - / .DOWHLYV
BHXWKH , 0 & .ROOLJV - 6SHHO ( - 0 20WKRI 1 .U}t
_.OXVVPDQQ - 3 O9LQRNXURYD 6 DQG 9RQ .QHEHO 'RHEHULW]
VWDWXV Rl +39LQGLQJ VLWHV FODVVLILHDVVREMW®H\G RI
RURSKDU\QJHDO FDQFHUVY &DQFHU SS + GRL

SLHFNPDQ@ULELXV 6 *URE 7 - OHAHBGHWH®WXNMBK && 'LNRPH\ ( DQ
.ULHJV O pM+16&& FHOO OLQHV SRVLWLYHJKRW +39 DQG
FHOOXODU UDGLRVHQVLWLYLW\ GXH WR55DGLRWRHUBG\' ®%Q G H ¢
RQFRORJ\x MRXUQDO RI WKH (XURSHDQ 6RFLHW\OIRL 7KHUDSH
(OVHYLHU ,UHODQG /WG SS = GRL M UDGRQF

5LHJHU $+DOO % ( /XRQJ / 7 6FKDQJ / 0 DQG %DUUHGD ' 5
DSRSWRVLV DVVD\V XVLQJ SURSLGLXP LRGLGH DOQHUDWH D
SRVLWLYHV WKDW SUHYHQW DFFXUDWH DVVHVVPHQW RI FHOO
OHWKRGV * SS * GRL KWWS G[ GRL RUJ M MLF

SREHIRFKQVWLWXQM *HVHOOVFKDIW GHU HSLGHPLRORJLVFKHQ .UHEVI
H 9 .UHEV LQ 'HXWVFKODQG - GR-L UNLSXEO

GH 5RGD +XWPDODQ:DOERRPHUV - 0 YDQ GHQ %UXOH D - OHLMHU &
- pM7KH XVH RI JHQHUDO SULPHUV *3 DQG *3 KHORQJDWH (
DGMDFHQW KLJKO\ FRQVHUYHG VHTXHQFHV LPSURYHV KXPDQ
3&5 § 7KH -RXUQDO RI JHQHUDO YLURORJ\ BWV SS
KWWS ZZZ QFEL QOP QLK JRY SXEPHG



5RPDQ BQG 0XQJHU . pH7KH SDSLOORPDYLUXV ( SURWHLQVY 9
SS * GRL M YLURO

5XXWX BHLWVDUR 3 -RKDQVVRQ % DQG 6\UMIQHQ &I D H7UDQ\
KXPDQ SDSLOORPDYLUXV *+SRVLWLYH VTXDPRXW HISGEWXKHOLD
VHOHFWLYH JURZWK DGYDQWDJH DIWHU YLUDO LQWHJUDWLRC
:LOH\ 6XEVFULSWLRQ 6HUYLFHV ,QF $ :LOH\ &RIPSDQ\

LMF

6DN $QG 6WXVFKNH 0 H8VH Rl + $; DQG 2WKEWUBQRBPDUNH L
%UHDNV 'XULQJ 5DGLRWKHUDS\Y 6HPLQDUV LQ 5DGLDWLRQ 2C
GRL KWWS G[ GRL RUJ M VHPUDGRQF

6DQMRVp'tB] 0 &DVWHOOVDJXp ; &OLIIRUG * DQG %UXQL / |

DQG JHQRW\SH GLVWULEXWLRQ RI FHUYLFDO +39¥EDGRIEZRPHQ ZL
SS * $YDLODEOH DW KWWS ZZZ QFEL QOP QLK JRY ¢

6FKZDU] )JUHHVH 8 . *LVVPDQQ / OD\HU : B5RJJHQEXFN % 6WUI
+ ]XU DQG ]XU +DXVHQ + HEWUXFWXUH DQG WUDQ
SDSLOORPDYLUXV VHTXHQFHV LQ FHUYLFDO FDUFL®RPD FHOO
GRL D
BHLZHUW &DGDPD - . DQG 9RNHV ( ( H7KH FKHPRUDGLDWLRC
DQG QHFN FDQFHUY 1DW &OLQ 3UDF 2QFRO 1DWXUH 3XEOLVK
$YDLODEOH DW KWWS G[ GRL RUJ QFSRQF

BHWKL $®WMKPL 5 )JUDQFHVFKL 6 6WUXLMNXLQWDQ 'BBERVKLWL %

,EUDKLP O DQG .DWR , M&KDUDFWHULVWLFVY DQG VXUYL"®
E\ +39 VWDWXV D FBEDPHHUG UVWVHIXEW P\ QWHUQDWLRQDO MRXL
-RXUQDO LQWHUQDWLRQDO GX FDQFHU SS + GRL

6KHX -&- +XD-4& :DQ / F:Q /BL-70 7VHQ& +-LQDZDWK 1+ 7VDL 0
&KDQJ:1 /LQ-)& /LQ&& +VLHK [(DQJ/7 6KLW DQG 7VDL )
- WXQFWLRQDO *HQRPLF $QDO\VLV ,GH®ORVWL BLHFGH SS\LRSIH U P |
$FWLYDWLRQ DV WKH ORVW &RPPRQ *HQHWLF (YHRW LQ 2UDO
&DQFHU 5HVHDUFK S - $YBLODEOH DW
KWWS FDQFHUUHV DDFWMRXUQDDEVRUJIDFRWQ W H Q

6SDQRV : 18RZLFNL 3 /HH ' : +RRYHU $ +RVWDJHU % *XSWD
DQG /HH - + L, PPXQH UHVSRQVH GXULQJ WKHUDS\ ZLWK
KXPDQ SDSLOORPDWHXWHDG D Q G BKILPNH ¥ DRIFRIWRIOD U\QJRORJ
KHDG QHFN VXUJHU\ SS + GRL DUFKRWR

BWHHQEHUJIHIG $HUPVHQ 0 H,QWHJUDWHG KXPDQ SDSLOORPDYL
KHWHURJ\JRVLW\ DW T DQG T LQ DQ RUDO PRQMIQRPD DG
&DQFHU UHVHDUFK Ss + $YDLODEOH DW KWWS FDC

FROQWHQW VKRUW $FFHVVHG 2FWREHU



6WHLQ $6Z3LFN $ 6PLWK 0 $ %OLW]HU * & <DQJ 5 = 6DKELC

IDPEHUW 3 ) /[LX & = DQG .LPSOH 5 - H;HQRJIJUDI!
SUHGLFWLYH ELRPDUNHUV IRU VWDQGDUG KHDG DQG QHFEN
PHGLFLQH 8QLWHG 6WDWHYV SS + GRL FDP

6WLHZH 7 p7KH S IDPLO\ LQ GLIIHUHQWLDWLRQ DQG WXPRULJHQHYV

3XEOLVKLQJ *URXS SS * $YDLODEOH DW KWWS G C
6WUDQVNYJQ@RII $ 0O 7ZDUG $ ' .RVWLF $ &LEXOVNLV . 6LYD
* 9 /DZUHQFH 0 6 6RXJQH] & OF.HQQD $ 6KHIOHU (
6WRMDQRY 3 &DUWHU 6 / 9RHW ' &RUWpV 0 / $XFODLU

* *XLGXFFL & 2QRIULR 5 & 3DUNLQ O 5RPNHV 0 :HLVV
5 5 :DQJ / 5IEDHWGIXR & )HBOBRGHER +0GWMDIEBD $

OHOHQEMWJOD - :LQFNOHU : $UGOLH . *DEULHO 6 % Of
( 6 *HW] * *ROXE 7 5 *DUUDzZD\ / D DQG *UDQGLV -
PXWDWLRQDO ODQGVFDSH RI KHDG DQG QHFN VTKDPRXV FHO(

<RUN 1 < SS + GRL VFLHQFH
6WUXLMWDQ@ GHU OHLMGHQ ( .D]JHP 6 WHU 6FKHJJHW - GH *UXLMC
0 DQG )HOWNDPS 0 & : M6SHFLILF EHWDSDSLOORPDYL

VTXDPRXV FHOO FDUFLQRPD RI-LWIGKFHNGL @ SRSWRVWY 8R% SULI
KXPDQ NHUDWLQRF\WHVY -RXUQDO RI *HQHUDO 9LURORJ\
YLU -

6\UMIQHQB6\UMIQHQ 6 DQG 3\UK|QHQ 6 H+XPDQ 3DSLQORPD 9LU
/JHVLRQV RI /DU\QJHDO 6TXDPRXV &HOO &DUFLQRPDVY 25/
$YDLODEOH DW KWWS ZZZ NDUJHU FRP '2,

7DQJ $ +DXIl 6 - 2ZHQ - + *UDKDP 0 3 &]JHUZLQVNL O - 3DULI
3DSDJHUDNLV 6 6WRHUNHU - OF+XJK - % &KHSHKD
&DUH\ 7 ( DQG 3ULQFH 06&& D Q8 KXPDQ SDSLOORPDYLU
-SRVLWLYH FDQARODWWHLERHOKHDG DQG QHFN VTXDPRXV FHO!

OLQH 7 +HDG QHFN 8QLWHG 6WDWHYV SsS + GRL
7KRPDV DQG %DQNV / H,QKLEGWERG RBRGEMNRVLV fE\ +39
2QFRJHQH Ss + GRL VM RQF
7KRPDV MQG %DQNV / H+XPDQ SDSLOORPDYLUXV +39 ( LQWH
FRQVHUYHG DPRQJVW ( SURWHLQV IURP KLJK DQG ORZ ULVI
*HQHUDO 9LURORJ\ SsS + $YDLODEOH DRK KWWS M

RUJ FRQWHQW MRXUQBO MJY-



7TLQKRIHU|KUHQV . .HLOKRO] 8 .DXIPDQQ D /HKPDQQ D "HLF#
D 6WURPEHUJHU & .OLQJKD-FPHWRPPHWUWIHKNHU 6W|O]HO
+RIPDQQ 9 O +LOGHEUDQGW % ORVHU / (UYHQV - % | W
6WDEHQRZ 5 5HLQHFNH D %XGDFK 9 +RIIPHLVWHU % D
HERQWULEXWLRQ RI KXPDQ SDSLOORPD YLUXV WRPWKH LQFLGHE
RI WKH KHDG DQG QHFN LQ D (XURSHDQ SRSXODWLRQ ZLWK
(XURSHDQ -RXUQDO RI &DQFHU SS * GRL M HM

TXQIJWHDNNKXQL®LSSRYD O JRGRU W XDRBV'XHUNVHQ p7KH )XOO
/HQIJWK ,VRIRUP RI +XPDQ 3DSLOORPDYLUXV ( WRG ,WV 6SC
'LITHUHQW 6LWHV RQ WKH 3URFDVSDVH '"HDWK (IITHFWRU 'RP

SS + GRL -9,
BUEDQ &RUU\ - DQG 5LVEFKLQ H:KDW LV WKH EHVW WUHDWPH
SDSLOORBRYLWAWGHDDQWLYH RURSKDU\QJHDO FDQFHU"Y &DQF!I
+ GRL FQFU

'H 9LOOLHWUW JDXTXHW & %URNHU -B 8 B@GOGGEXUG+DIXVHQ +

H&ODVVLILFDWLRQ RI SDSLOORPDYLUXVHVY] QUERRR RUJ S
M YLURO
'DOG $ #RVNLQV ( ( :HOOV 6 , )HUULV 5 / DQG RIDQ 6 $
PLFUR51$ SURILOHV LQ VTXDPRXV FHOO FDUFLQRED RI WKH K
KXPDQ SDSLOORPDYLUXV § +HDG QHFN 8QLWHG 6WDWH'
GRL KHG
'DOODFH 15RELQVRQ . +RZLH + / DQG *DOORZD\ ' $ H+309

$EURJDWH $75 $FWLYLW\ 5HVXOWLQJ LQ ,QFUHDVHG 3HUVLVYV
'DPDJHY 3/R6 3DWKRJ 3XEOLF J/LEUDU\ RI 6FLHQFH
GRL MRXUQDO SSDW

:DOODFH$ IDQG *DOORZD\ ' D HMODQLSXODWLRQ RI FHOOXODU
PDFKLQHU\ IDFLOLWDWHY SURSDJDWLRQ RI KXPD@QFIBDSLOORP|
ELRORJ\ (OVHYLHU /WG GRL M VHPFDQFHU

:DQJ 'DQG /LSSDUG 6 - H&HOOXODU SURFHVVLQDWISEHIDWLQXF
'UXJ 'LVFRY SS * $YDLODEOH DW KWWS G[ GRL RUJ

‘DWVRQ - ®RKDPEHUV 6 + 6 DQG 6PLWK 3 3 - H$ SUDJPDWLI
DQDO\VLV Rl 'l$ KLVWRJUDPV ZLWK D GHILQDEOH * SHDI
6XEVFULSWLRQ 6HUYLFHV ,QF $ :LOH\ &RPSDQ\

GRL F\WR

"HLQEHUJ 5 7KH %LRORJ\ RI &DQFHU 6HFRQG (GLWLRQ QG HGQ 7D

"HLQVWHLQ , %u$GGLFWLRQ WR 2QFRJHQHV 2 WKH $FKLOOHV +HDO
X0\ SS + GRL VFLHQFH



‘HLQVWHLQDQG%RH $ . HOHFKDQLVPV RI 'LVHDVH RQFRJHQH D
UDWLRQDOH IRU PROHFXODU WDUJHWLQJ LQ FDQFHU WKHUDSE

3XEOLVKLQJ *URXS Ss + $YDLODEOH DW |
QFSRQF
‘KLWH - :HLVVIHOG - / 5DJLQ & & 5 G5RVVLH . 0 ODUWLQ & /

& 6 /DZ - & O\HUV ( 1 -RKQVRQ - 7 DQGQIRXBIQFH6 0
Rl FOLQLFDO DQG GHPRJUDSKLF ULVN IDFWRUV R WKH HVW
VIXDPRXV FHOO FDUFLQRPD FHOO OLQHV § 2UDO RQFRO
GRL M RUDORQFRORJ\

'LWWHNLQGWJQ&U 6 OD\HU & 6 DQG .OXVVPDQQ - 3 H%D
GHYHORSPHQW DQG LPSRUWDQFH RI KXPDQ SDSLOORPD YLUX
FDQFHU § *06 FXUUHQW WRSLFV LQ RWRUKLQRODB\QJRORJ\ |

'RF GRL FWR

:ROIl - )ROOPDQQ O DQG 1DVW $ pM7KH GLDJQRVLV DQG WU
FDQFHU ¢ "HXWVFKHYV bUJWHEODWW LOWHUQDWLRQDO
GRL DUJ]WHEO

‘:RRGZDUG :D®G %ULVWRZ 5 * MSDGLRUYGDRWLWWY QW )\ FRIO BV QP

QRUPDO VWHP FHOOV RU ZKDW WKH +HLVHQEHUJ XQFHUWDI
ELRORJ\ 1 6HPLQDUV LQ UDGLDWLRQ RQFRORJ\ 8QLWHG
GRL M VHPUDGROQF

=KDQJ XDQ 6 OHQJ 4 0D < .DWL\DU 3 6FKOHJHO 5 DQG 5RVHQ
,QWHUDFWLRQ ZLWK +XPDQ 3DSLOORPDYLUXV 2QFRSURWHL

&KHPLVWU\ SS * GRL MEF O

=KDR B®BQJ-0 <LQ<; 3DWHO 0 5 )ULWFKLH . TKRUQH / OXOGUH?
0 & 6XQ : :LONHUVRQ 0 ' &KHUD % 6 +DFNPDQ 7 =DQ
20VRQ - ( &RXFK 0 ( 6KRFNOH\ : "HLVVOHU 0 &
JXQNKRXVHU @ . 20VKDQ D ) DQG +D\HV ' 1 p'Ll

S ,1. D ORFDOLVDWLRQ PD\ VLIJQDO GLIIHUHQW VXUYLYDO F
FDQFHU § %ULWLVK MRXUQDO RI FDQFHU 1DWXUH 3XEOLVKL
GRL EMF

=LHPDQQ$YHQ] $ 3UHLVLQJ 6 :LWWHNLQGW &&DEDOOIFDGEQDQGE |
LWWLJI 8 H,QFUHDVH G- /RN MVHY IWHD B D38 QHFN FDQF
OLQHV-LWBDGLPWIRGODWLQ GXH WR GHFUHDVHG H[SUHVVLR
RQFRSURWHLQV DQG HQKDQFHG DSRSWRVLV 1 $PHULFDQ MRX!I
6WDWHV SS +



=XELO®PHDUHUR 0O0QBGHMU % -9DHTXB] 0 $ -$ORIUHRY (
&DVWD®HEPHGR ( -OX@RH - ) DOQERBEDBFYQ & H7KH
LOQWHJUDWER® IRJFABHDVHY WKH H[SUHVVLRQ Rl F\FOLQV $ DQG
DQG ZLWKRXWGERIZHVLRQVY -RXUQDO RI & WRORJ\ ,QGLDQ $F
,QGLD OHGNQRZ 3XEOLFDWLRQV OHGLD 3YW /WG SS



6 =XVDPPHQIDVVXQJ

30DWWHQHSLWKHONDU]LGRPNUBHWRQ.RS16&& VWHOOHQ HLQH VH
7XPRUHUNUDQNXQJ GDU 0DQ XQWHUVFKHLGHW EHL ROD&RI&H XPRUH(
]ZLVFKHQ +XPDQHQ 3DSLOORPDYLUXV +39 DVVR]LZHHWHERMWPRUHQ
XQG $ONRKRO LQGX]LHUWHQ .DUJLQRPHQ :IKUHQG HGUW ,JHLIW QL FKJ (
l+U +3®VVR]LLHUWH 7XPRUH HLQH VWDUNH =XQDKPH GHU ,Q]JLGHQ] E
'HOW .OLQLVFKH 6WXGLHQ KDEHQ JH]+BRW. WAD\\Q 3MX\\F RHGIW HHL @ LEM ¥
$QVSUHFKHQ XQDEKIQJLJ YRP YHUZHQGHWHQ 7KHUDSLHBKJILPH DXIZ}
LQ HLQHP *HVDPWS:EHUOHEHQ YRQ ! ZLHGHU ,P *HJHQVDW]
*HVDPW*EHUOHEHIDWIY¥HU +16&& ZHQLJHU DOV %LVODQJ ZLUG LQ
7XPRUHQWLWIWHQ MHGRFK QLFKW XQWHUVFKLHGHQ ,Q IRUWJHVF}
7XPRUH PLW HLQHU GHILQLWLYHQ RGHU DGMXY DRWHHU EIIMEODW I
EHKDQGHOMWLW UHNUXWLHUHQ HLQLJH 6WXGLHQ GLH HLQH 'HHVND
DVVR]JLLHUWHU 7XPRUH SU*IHQ 'LH ELRORJLVFKHQ +LQAKHUJU-QGH
$QVSUHFKHIVYRIJLLHUWHU 7XPRUH VLQG MHGRFK QLFKW DEVFKOLH%H

=LHO GHU KLHU YRUOLHJHQGHQ $UEHLW ZDU HV LQWHKHQMWLVFKH 8UV
HLQH 5DGLRFKHRRWKHUIDGDB\VLHUHQ +LHUI+U ZXUGHQ GDV NORQRJ}
GLH =HOO]\NOXVSURJUHVVLRQ GLH 3URQPIUHVDWR® Q/ RQL MLUDDBIQL 2D
XQG KXPDQHQ 7XPRUVXSIQUHVYRMBBRBEHSQUDWXUPHFKDQLVPHQ LQ
+39QHBDWLYHQ XQG -SRNUWLBEQ +16&& =HOOOLQLHQ QDFK %HV
&LVSODWLQLQNXEDWLRQ XQWHUVXFKW

,Q hEHUHLQVWLPPXQJ PLW N O LSIRAMLKMLYY HIWHIE &R QXPFIUHQ OLH% VI
EHL +S®VLWLYHQ =HOOOLQLHQ HLQH VLJQLILNDQW%HMBHDKOMPSILQ
RGHU &LVSODWLQ IHVWVWHOOHGR¥XWHPHOLHBMM. YILIFR GXUFK HLQ
&LVSODWLQLQNXEDWLRQ GHXWOLFK VWIQNHUWUDIGLRMREGEV E HIOMLO/LGLL
1DFK DOOHLQLJHU %HVWUDIKERXQWLYEBG VPFXHLUQEHIBWK YK G 3ZHOOOLQL]
HLQ DXVJHSUIJWHU XQG SUR O R EKDNHWEHHV $HHBGIYWNIOX G HW 1 DQGHQ VI
B8QWHUVFKLHGH LP *HKDOW' RRSHIBVMIXHDIEWOF K I1$E RY/ILWFLKHHD +80 G
+39QHIJDWLYHQ 7XPRUJHOOOLQLHQ $OOHUGLQJV JHLDWHRQ AKQ EHVR
+39SRVLWLYHQ =HOOOLQLHQ HLQHU =XQDKPH GHU $SREW@®RNM :IKUHQ
$QVWLHJ GHU YLUDOHQ 2QNRSURWHLQH ( XQG ( NDPG IGKHWH HLQ
.RPELQDWLRQ GLHVHU PLW %HVWUDKOXQJ ]X HRIQHHLGHW BILRWE WQ HH
(V NRQQWH MHGRFK NHLQH bQGHUXQJ GHU ([SUHVVLRQ \GMWOTXWRUV X
ZHUGHQ

6RPLW VFKHLQHQ 6W|UXQJHQ GHU =HOO]\NOXVUHJXODPSVLHRQ/UIROHLQV
GHU YLUDOHQ 2QNRSURWHLQH JUXQGOHJHGRMVELW IGLHUKIXARBRH] BB QOIL
VRZRKO JHJHQ+EHU %HVWUDKOXQJ XQG &LVSODWL® HEL.QQHU@H QDOV
5DGLRFKHPRWKHUDSLH ]X VHLQ (V JHLJW VLFK G&DWQIMN®RPELQLHU
&LVSODWLQWKHUDSLBRMLWDLGHH 1+ U6 &&9UHOHYDQW VHLQ N|QQHQ XQG
]XN*QIWLJHU '"HHVNDODWLRQVSURWRNROOH ]X EHU*FNVLFKWLJHQ VLQ



7 6XPPDU\

+HDG DQG QHFN VTXDPRXV FHOO FDUFLQRPD +16&& DUH GLYLGHG LC
JURXS LV FDXVHG E\ FODVVLFDO ULVN IDWWRWRWERHNHIQRKEWLVQ H HDPC
DOLQIHFWLRQ ZLWK KXPDQ SDSLOMKRRBYGHRVYH+HRU WKHOHUVW JURXS
VWDEOH WKH ODWWHU RQH VKRZV D GUDPDWLF L®FDNWHDR/AH DSMH® LFDC
+16&& KDYH D EHWWHU WUHDWPHQW UHVSRQVH UHJDUmOHVV RI V
IDYRUDEOH SURJQRVLV FRPIDWHGH WR6&&9 7RIHWKHU ZLWK GDWD
JHQHUDWLRQ VHTXHQFLQJ VWXGLHVY WKLE83DWGR MR WHGE DEE6HBIND Q
QHJDWLYH +16&& DUH WZR ELRORJLFDOO\ GLWRWQ PW DHAWWRORQLH3/9 +
DGRSWHG VWUDWLILFDWLRQ IRU LQGLYLGXDOAIRG LWUWMBWRHI W3 HIL
QHIJDWLYH +16&& SDWLHQWYV UHFHLYH WKH VDPHWN\LKHUDWS \D\G KXW DXQMX
VLPXOWDQHRXV &LVSODWLQ EDVHG UDGLRFKHPR@WKWRDWGN HKSBHLD O (
LQ RQJRLQJ FOLQHHAOF-® OMDM. DY Bl WKHSWKHWDSH LRABMROLHG WKH

ELRORJLFDO PHFKDQLVPV FDXVLQJ WKLV EHWWHU UHVSRQVH UDWHYV

7KLV ZRUN DLPV DW VWXG\LGR GLW HYH-QEHPDMBRY+B9 168&& FHOO OLQHYV
FRQWULEXWH WR WKH LPSURYHG VDWINRW P\ WG UHMIROVEKKHRU H4+ R Y H
UHVSRQVH RI D SDQ#®\WVRIWRKHW BG®HRXWLYI FHOO OLQHV WR LRQL]L
DQG RU &LVSODWLQ LQFXEDWLRQ ZDV DQDO\JHIE ELCALMDV ¥ OIRIIR $H @ K
VXUYLYDFOF FH GO RJUHV VLR QR GRFF UMY WORRR B I VS B R WHINLYR'U FHOO GHDYV
DQG 'AGDPDJH UHSDLU

,Q FRQFRUGDQFH ZLWK F®ORQLWDOHGBMID ©3INHV ZHUH VHQVLWLYH
UDGLDWLRQ DQG &LVSODWLQ LQFXEDQHRDWIKHQFFARM®SDUEBVZLW KD 6%
+39SRVLWLYH FHOO OLQHV WKH UDGLRVHQVLRLQMID\ HAWHFRAQ RH U8 MVKSIE
+39QHJDWLYH RGRVLWEYH FHOO OLQHV H[KLELWHGEF\FQH HDUWHWY W Q G
LQ *SKDVH DIWHU LUUDGLDWLRQ DO RGH MD\QHS DWV\W B G HG. WS MW UG VLY FL
+RZHYHU WKLV ZDV QRW UHIOHFWHG E\ D KLJKNWUWXPE HLUURDNM VL
FRPSDUHG WRJP3WLYH FHOO OLQHV ,QVWHDG DQ LQFUH@VH LQ DSR
LQFXEDWLRQ ZDV IRXQG -BRYHRLUDGOFHQO+®2LQHYV ,Q OLQH ZLWK W
H[SUHVVLRQ RI ERWK YLUDO RQFRSURWHLQV ( DQG ( 2®K VHHQ ZK
&LVSODWLQ RU D FRPELQDWLRQ RI &LVSODWLRGROQ & ILRQ D0 Q O W MGILD
DQ LQFUHDVH RI ERWK SURWHLQV )RU WXPRU VXSSUHVVRU SURWHL
IRXQG LQ DOO FHOO OLQHV UHJDVWDWXV Rl WUHDWPHQW DQG +39

7KHVH GDWD LQGLFFWH WHOMI¥GDWLRQ WRIMKWDOMLZQWK GRIQG (

OHDGLQJ WR LQFUHDVHG DSRSWRVLV IDFLOISRYWW VY W KRHH &Q J B H Q HW/I
FRPELQHGFMBBRWKHUDS\ 7KXV FRPELQHG HIIHFWV Rl UDGLRWKHUD
SURPRWH WKH LPSURYHG UH-\DS/R/@RVFHDWHGHY1R&& 38KHUHIRUH DGDS
GRVDJH Rl UDGLDWLRQ DQG &LVSODWLQ PLJKW HHVDLBPR UWHUSDRFPLVQ W
WR D VLQJOH PRGDOLW\



8 $QKDQJ

8.1 Anhang A

7TDEHOOKMGSKDEHWLVFKH $XIOLVWXQJ GHU YHUZHQGHWHQ *HUIWH

*HUIW

JLUPHQQDPH GHV *HU

JLUPD 6LW]

%ORWNDPPHU

3HUIHF W9 ©pkPUL\p
(OHNWUREORWWHU

3HTODE 7THFKQRORJ
(UODQJHQ

&KHPLOXPLQH
,PDJHU

&KHPR&DP ,PDJHU

,QWDV 6FLHQFH ,PD
L QVWUXPHQWYV *PE+

"XUFKIOXVV]\V

%' /65 ,, JORZ & WRPH

%' %LRVFLHQFH
(UHPERGHJHP %HO

JHLQZDDJH

6FRXWS 352

2KDXV &RUSRUDWLH
6FKZHL]

*HONDPPHU

SHUIHFWWRGSHOJIHOV\
7ZLQ ([:6

3HTODE 7HFKQRORJ
(UODQJHQ

+HL]JEOREN

'LIJLWDO +HDWEORFN

9:5 ,QWHUQDWLRQD
'DUPVWDGW

,QNXEDWRUHQ +(5$&H0O0 +HUDHXV +ROGLQJ
+DQDX
182 OHPPHUW *PE+ &R
6FKZDEDFK
O0DJQHWU-KUH| 0,; HFR 0DJ 0+QFKHQ

OLNURVNRS

,QYHUWHG PLFURVFR

ORWRULVHG UHVHDUH
VA\VWHP PLFURVFRSH

20\PSXV (XURSD +R
*PE+ +DPEXUJ

1HW]WHLO SHT3RZHU 3HTODE 7THFKQRORJ
(UODQJHQ

30DWWHQUHD| OLWKUDV /% OLFUR| % HUWKROG 7HFKQR
"LOGEDFK

%HVWUDKOXQ| 1. 3UHFLVH (OHNWD 2QFRORJ\ 6

6XSHUQRYD 09 3] &UDZOH\ :HVW 6XV

/JLQHBHVFKOHXQL.
'RVLVOHLVWXQJ




%HVWUDKOXQ
JRUWVHWI]XQ

2. ;-5%' L;
'RVLVOHLVWXQJ

3UHFLVUPR® ,QF 1R
%UDQIRUG &7 86$%

6FKeWWOHU

.RPSDNWVFKWWOHU

(GPXQG %«KOHU +H

6WHULOEDQN

+(5% 6DIH

+HUDHXV +ROGLQJ
+DQDX

IRUWH[HU

9RUWHI[*BHQLH

6FLHQWLILF ,QGXVYV
1< 86%

=HQWULIXJHQ

+HUDHXV )URMARRWULI
OHJDIXJH 5

+HUDHXV +ROGLQJ
+DQDX

7TDEHOOKMGSKDEHWLVFKH $XIOLVWXQJ-XHWG VODA/EZQGHWHQ 30DVWLN

3obvwanvzZzDU

*U | %o H

JLUPD 6LW]

'"HFNJOIVFKHQ

PP 'XUFKPHVVHU

OHQ]HO *PE+ %UDX

(LQPDOVSULW| PO +HQNH 6DVV :ROI 7

.DQ+-OHQ [ PP % %UDXQ OHOVXQJH
OHOVXQJHQ

OXOWL )OH[ )G o) o) BRUHQVRQE  %LRE

6DOW /DNH &LW\ 87

OXOWLZHOO 3

-ZHOOGZHOOGZHOO

*UHLQHPQWILRP E +
JULFNHQKDXVHQ

SLSHWWHQVS|

(SSHQGRUI +DPEXU

SLSHWWHQVSL

*UHLQHPQWILRP E +
JULFNHQKDXVHQ

S5HDNWLRQVJH

6DUVWHGW 1<PEUH

S5HDNWLRQVJH

6DUVWHGW 1<PEUH

6HURORJLVFK

6DUVWHGW 1<PEUH

6XSHU)URVWS
2EMHNWWUIJH

5 /IDQJHQEULOQEKN /L
OHGLJLQWHFKQLN (

=HOONXOWXU

6DUVWHGW 1<PEUH

=HOOVFKDEHU

0 0 0
0

PO PO PO
PO PO

PO PO PO

[ [ PP

FP FP FP

FP

6DUVWHGW 1<PEUH




'LH 3LSHWWHQVSLW]HQ XQG GLH 5HDNWLRQVJIHII%H + PO Z)
$XWRNODYHQ GDPSIVWHULOLVLHUW %HL GHQ VROWVMIKENE LQ GHU
*ODVZDUHQ KDQGHOWH HV VLFK XP VWHULOH 9HUEUDXFKVPDWHULDOI

7TDEHOOKMGSKDEHWLVFKH $XIOLVWXQJ GHU YHUZHQGHWHQ /|VXQJHQ X

/IVXQJ 5HDJHQ] JLUPD 6LW]

$FFXWDVH 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

5RWLSKRUHVH *HO &DUO 5RWK *PE+ &R .* .DUOV,
$FU\ODBLLE D F UYO\DRQB 'HXWVFKODQG

$PPRQLXPSHUR[RGLVXOI| $SSOL&KHP *PE+ 'DUPVWDGW

$TXD DG LQMHFWDELOLD % %UDXQ OHOVXQJHQ $* OHOV

'"HR[\FKRODW 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

'LPHWK\OVXOIR[LG '062 | $SSOL&KHP *PE+ 'DUPVWDGW

(WKDQRO UHLQVW 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

(WKDQRO YHUJIOOW 2WWR )LVFKDU *PE+ &R .* 6D

J)IWDOHV 5LQGHU 6HUXP | %LRFKURP *PE+ %HUOLQ 'HXW

*HQWDP\FLQ 3$$ *( +HDOWKFDUH %LRVFLHQ
3LVFDWDzZD\ 1- 86%

6WDELOHV *OXWDPLQ 3$$ *( +HDOWKFDUH %LRVFLHQ
3LVFDWDzZD\ 1- 86%

*O\FLQ &DUO 5RWK *PE+ &R .* .DUOV
'"HXWVFKODQG

IXPLQRO 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

OHWKDQRO &DUO 5RWK *PE+ &R .* .DUOV
'"HXWVFKODQG

ORZLROGLD]DELF\FOBFWL &DUO 5RWK *PE+ &R .* .DUOV
'$% &2 '"HXWVFKODQG

IDWULXPFKORULG 1D&O| &DUO 5RWK *PE+ &R .* .DUOV




'"HXWVFKODQG

IDWULXPGRGHF\OVXOIDY

&DUO 5RWK *PE+
'"HXWVFKODQG

&R .* .DUOYV

ILFKWVHQWLHOOH $PLQF 3%%$ *( +tHDOWKFDUH %LRVFLHQ
3LVFDWDzD\ 1- 86%

13 5RFKH 'LDIJQRVWLFV *PE+ 0DQQ(
'"HXWVFKODQG

SDUDIRUPDOGHK\G 3)$% &DUO 5RWK *PE+ &R .* .DUOV
'"HXWVFKODQG

SKHQ\OPHWK\OVXOIRQ\O| 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

3KRVSKDW JHSXIIHUWH € 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

BURSLGLXPLRGLG 3, 6LIPPOGULFK &KHPLH *PE+ 7DX

'"HXWVFKODQG

SURWHDVH ,QKLELWRU &

$SSOL&KHP *PE+ 'DUPVWDGW '

S5LQGHUDOEXPLQ %6%

3$$ *( +HDOWKFDUH %LRVFLHQ
3LVFDWDzD\ 1- 86%

51DVH$

6LIPPOGULFK &KHPLH
'"HXWVFKODQG

*PE+ 7DX

5RVZEBOON OHPRULDO ,QY) 3%$%$ *( +HDOWKFDUH %LRVFLHQ

530, - =HOONXOWXUP| 3LVFDWDZD\ 1- 86%

THWUDPHWK\OHWK\OHQG| 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

7TUIH\&/ 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

7ULV K\GUR-[DPPHWRPHWKIL &DUO 5RWK *PE+ &R .* .DUOYV

7TUL%DVH '"HXWVFKODQG

TULWRQ &DUO 5RWK *PE+ &R .* .DUOV
'"HXWVFKODQG

7TU\SVLQ [ 6LIPPOGULFK &KHPLH *PE+ 7DX

'"HXWVFKODQG




7TZHHQ 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

:DVVHUVWRIISHUR[LG + | $FURV 2UJDQLFV 7KHUQR )LVKH}
%HOJLHQ

.ULVWDOOYLROHWW 6LIPPOGULFK &KHPLH *PE+ 7DX
'"HXWVFKODQG

OLOFKSXOYHU JOXND $QDOVWLFDO %XFKV 6*

7TDEHOOHGSKDEHWLVFKH $XIOLVWXQJ GHU YHUZHQGHWHQ 6RIWZDUH >

6RIWZDUH JLUPHQQDPH| )LUPD 6LW]
6RIWZDUH

'‘DWHQDXVZHUWXQ| *UDSK3DG 3U| *UDSK3DG 6RIWZDUH /D
GDUVWHOOXQJ 869%

'"RNXPHQWDWLRQ OLFURVRIW 2| OLFURVRIW &RUSRUDWL
86%

/ILWHUDWXUUHFKH| SXEPHG IDWLRQDO &HQWHU IRU
,QIRUPDWLRQ %HWKHYV

JLWHUDWXUYHUZD| OHQGHOH\ 'Hl OHQGHOH\ /WG /RQGRQ(
*UR%EULWDQQLHQ













8.2  Curriculum Vitae

'LH 6HLWH &XUULFXOXP 9LWDH HQWKIOW SHRKWQWH ¥ WH QIBMHQ 06 G
2QOL9PIM [ITHQWOLFKXQJ



8.3  Publikationen

2ULJLODODUEHLWHQ

) =LHPD®Q $UHQ] 6 3UHLVLQJ & :LWWHNLQGW -&DELODOLNFPDIQ 5
'LWWLJ ,QFUHDVHG V-WOWDWHGEWHRIG+B3QG QHFN -EDQ P DAMIORQ O'L Q|
&LVSODWLQ GXH WR GHFUHDVHG H[SUHVVLRQ RI ( DQG ($PRQFRSURW|
- &DQFHU 5HV )HE -

$ $UHR]=LHPD@Q OD\HU $ :LWWLJ . 'UHIINH 6 3UHLVLQJ 6 :DJQHL

5 (QJHQEMFUWOLF & :LWWHNLQGW ,QFUHBDSR\NG W DGH RVHDBY DWIGY QW F

FDQFHU FHOO OLQHV GXH WR FHOO F\FOH G WM H&\W 0D KQRQWKME QG
6HS - ‘2, v oo - -

.RQJUHVVEHLWUIJH

JUDQN =LHPDKQA®LS 7HUKRUVW 6WHIDQLH 3UHLVLQJ 6WHMH 6HOW]V

$UHQ] -3HWHU .OXVVPDQQ (NNHKDUG 'L-NPEHO GL® 0§ QGILHIK DLLMWV LI

,QKLELWLRQ FXHIDWQYHIP +16&& GXUFK +HPPXQJ GHU KRPRORJHQ 5H

5DGLRVHQVLELOLVLHUXQJ 6WUDKOHQWKHU 2®RIRO VX Q 6XSSO
- -] 9RUWUDJ EHL GHU -DKUHVWDJXXQJ GHU '(*52 ODQQKHLP

BWHYH 6HOWDWOINP =LHPOMMIDQLH 3UHLVLQJ .ULVWLQ 'UBHMIMHU $QGUHD
_.OXVVPDQQ (NNHKDUG 'LNRPH&DELWOLFQ ¥HEXDHDN :LWWLJ )+KUW %R
+39DVVR]JLLHUWHQ 3ODWWHQHSLWKHONDW]EKWRMRQ [SHUHLQRSI

BWUDKOHQVHQVLELOLVLHUXQJ" 3RVWHU EHL GHU -DKUHVWDJXQJ ¢

9LROD %DOJHU $QGUHD $UHQDUPWNIEZQHR DIHEHWMWHQJ.OXVVPDQQ
(NNHKDUG 'LNRPH\ 5LWDE(@IHFKBOWUHD :LWWLJ 'HXWOLFKH 6WUDI
YRQ +16&RO0O0OLQLHQ GXUFK GHQ GXDOHQ 3;%(P725Y$HNUX U QKEEWWR U
GXUFK +HPPXQJ GHU 'RSSHOVWUDQJEUXFKUHSDUDWXU 3RVWHU E
"(*52 ODQQKHLP

JUDQN =LHPDKMQALO®LS 7THUKRUVW 6WHIDQLH 3UHLVLQJ 6WHYH 6HOW]V
$UHQ] -3 HOWHU .OXVVPDQQ (NNHKDUG 'LNRPHLOBILWD $@QEIUIQK D:WLW W
7TDUJHWLQJ &'.V VHQYHWDRWLWH3916&& FHOO OLQHV WR UDGLDWLRC(
KRPRORJRXV UHFRPELQDWLRQ UHSDLU 3RVWHU EHQR 6\P
6WUDKOHQWKHUDSLH® '"UHVGHQ



$QGUHD $UHQ] 9LROD %DO]JHUUBPWNIBEQHRBDHEEBHMWHIQJI.OXVVPDQQ

(NNHKDUG 'LNRPH\ 5LWDE(@IHFKDBQWUHD :LWWLJ 'XDO 3, .P725 ,Q
%(= HQKDQFHV UDGLRVHQVLWLYLW\ Rl +16&& ®%HOKWSOLQH V3 BXW HUR
EHLP 6\PSRVLXP A([SHULPHQWHOOH 6WUDKOHQWKHUDSLH3 'UHVGH

) =LHPD®@Q $UHQ] 6 3UHLVLQJ & :LWWHNLQGW -&DELMOAFPDNQ 5
'LWWLJ %HVWUDKOXQJ “ &LVSODWLQ YHUIQGHUQ XGAG! (([SUHVVLRQ ¢
VWHLJHUQ GLH $SRSWRVHUDWH +39 +16&& =HOOHQ *+ *QIQMEW [+U HLQ
3RVWHU EHLP 6\PSRVLXP A([SHULPHQWHOOH 6WUDKOHQWKHUDSLH

) =LHPD®Q $UHQ] 6 3UHLVLQJ & :LWWHNLQGW -&DELODOLFPDIQ 5
'LWWLJ +39 SRVLWLYH +16&& FHOO OLQHV VKRZLBO@MQKDQFHG
FKHPRWKHUDS\ FRPSDUHG WR +39 QHJHYKXWDID VFHRO® \RIGWKHVRQERZAQ
DQG ( DQG HQKDQFHG DSRSWRVLV '*+2 3RVWHU EHL GHU -DK
+DPEXUJ

) =LHPD®Q $UHQ] 6 3UHLVLQJ & :LWWHNLQGW -&DELOOAFPDNQ 5
'LWWLJ +39 SRVLWLYH +16&& =HOOHQ JHLJHQ HLQH WUBKKOKQ B HQVLE
&LVSODWLQ GXUFK HLQH YHUPLQGHUWH ([SUHVVLRQHGBKHUNMHNRSUR)
$SRSWRVH 6WUDKOHQWKHU 2QNRO >6XSSO -@ - - * "2,
9RUWUDJ EHDIGBHWVWDIXQJ GHU '(*52 "«VVHOGRUI

) =LHPD@QS$UHQ]DKPDSKL 5 (QJ}EQEDOWLF $ :LWWLJ +39 SRVLWLY]
=HOOHQ JHLJHQ HLQH HUK|KWH JHOOXOIUH 6W UDKHDMH@NNQX Y VWY HW W\
DEHU NHLQH HY®PRWVELIWLYLWIW JHIHQ-EHU +39 QHJDWLYHQ =HOOH(

9 - 6 - ‘2, V. - - - 9RUWUDJ EHL GHU
-DKUHVWDJXQJ GHU '(*52 "LHVEDGHQ



8.4 Verzeichnis der akademischen Lehrer

OHLQH DNDGHPLVFKHQ /HKUHU ZDUHQ GLH QDFKIROJHQGHQ 'DPHQ X
LFK DQ GLHVHU 6WHOOH KHU]JOLFK GDQNH

9RUNOLQLVFKHU 6WXGLHQDEVFKQLWW

%DVOHU %DXHU %HWWH %UDXQ %UGHK® 5&MHW)IHXYV HUX WU XHFKHLQ Q
.RROPDQ /LOO [/|IIOHU /IXHUV O0OLODQL OXBGOOOHU 1HKP-GEHKEWPROLY
6HLW] 6WHLQLJHU 6WLHZH 6XVNH :HLKH HVWHUPDQQ

.OLQLVFKHU 6WXGLHQDEVFKQLWW

$LIQHUDBRUL %DUWK %DUWVFK %DXHU %DXP %DXPDQQ %HFNHU
%XUFKHUW &]XEDWNDR KRR HQ-BHDELDWWF )HQGULFKQNHOPD QXFKV
*HNV *|UJ *UHVV *ULPP *URVVH *U]JHVFKLN +HUWOV +|DI®Q +RIPD
.LOO .LUFKHU .ORVH .RKQHPDQXPOHUQLROERKRII O0DLHU ODLVFK
ORVVGRUI OXHOOHU OXWWHUV 1HXEDXHU 1LRVQIRUGHQWFKLOGODDQ
S5RWKPXQG 5XFKKROW] 6FKIIHU 6FKRIHU B6HLIHUW B6HMXQGR 6HVW
':DJQHU :HUQHU :LWWLJ :XOl =HPOLQ



8.5 Danksagung

'XUFKKDOWHYHUP|JHQ LVW QLFKW DOOHLQ $XVVFK®ODHHEHYGEGQIGUGEH YV
OHQVFKHQ DXI GLH ZLU DXI XQVHUHP :HJ WUHIIH¥ HX QiEQR/IFW HXH § HQGZ GU
AXLQWHVVHQ] I*U HLQ HUIROJUHLFKHV $QNRPPHQ

'"HQ OHQVFKHQ GLH PLFK DXI GLHVHU 5HLVH EHJOHLWH\WKBEHIKRQOXQG |
PIFKWH LFK KLHU GDQNHQ

=XQIFKVW GDQNH LFK )UDX 3URI 'U $ :LWWLJ I+U BKHP® JOQW KN HLLKAU HG
$QOHLWXQJ ]X EHDUEHLWHQ )+U LKUH +LOIH EHX®G(UVWHAGHQXWE
ZLVVHQVFKDIWOLFKH %HWUHXXQJ VRZLH GLH VWRNLIQH $UEGH WD D&
QDWLRQDOHQ .RQJUHVVHQ ]X SUIVHQWLHUHQ XQG KLHWXRPPHQLPPHU
P|FKWH LFK )UDX 3URI :LWWLJ LQ EHVRQGHUHP 0D%H GDQNHQ

(EHQVR P|FKWH LFK )UDX 3UR&DEL GO (B JGMEXDW® GDVV VLH PLU DOV 'L
l*U BWUDKOHQWKHUDSLH HUP|JOLFKW KDW GLH @G UWENEWH G KL @ EHKUB P (
ZIKUHQG GHU $QIHUWLJIXQJ GHU $UEHLW XQG DXFK LQ P HLWQHWWBMVHU
KDW

'HV :HLWHUHQ JLOW PHLQ 'DQN )UDX 'U $ $UHQ] U WFGLHERIW G HQV.PLDIL
l+U 6WUDKOHQWKHUDSLH

=XGHP P|FKWH LFK DOOHQ OLWDUEHLWHUQ YRQ +HUUQ FURI 'U
.RRSHUDWLRQVODERU GHIVH@QLEQN 12K UHIEKWHLONMNPEHJ GHUL ¥ KU WIXW | W
*LH%HQ 11U GLH =XVDPPHQDUEHLW LP %HVRQGHUHQ I<WNH®LH %HVF
IDPHQWOLFK VHLHQ KLHU )UDX 'U & O0D\HGLXQBEH LIGHX ViH KR \& | REEUXAN WQ \
]XVDPPHQ JHDUEHLWHW KDEHQ

‘HLWHUKLQ P|FKWH GHQ OLWDUEHLWHUQ GHV /DERUV IQU36\RUDKOHQELR
'DKP'DSKL PHLQHQ 'DQN DXVVSUHFKHQ ,P %HVRQGHUHQ JLXWGPHLQ 'D¢
JUDX 'U 6 .|FKHU %HLGH KDEHQ PLU EHL GH U NIXMWE HWRKX@J $SERHDD \ D M 16
LPPHU JXWH 5DWVFKOIJH JHJHEHQ

'DQNHQ P|FKWH LFK DXFK +HUUQ 3URI 'U ( 'LNRPH\ *DVWSWRIHZVRU LC
ODUEXUW KDW PLFK LP 5DKPHQ PHLQHU ZLVVHQVFK MW $BEHQW KLY DX\
VWHWYV ]XP NULWLVFKHQ 'HQNHQ DQJHUHJW XQ GHBIEW R/ARR WLLH IHHUWRH J(@ QFE
=XGHP KDEH LFK YLHOH O|JOLFKNHLWHQ GHU 'DUVWHOOXQJ XQG $XVZH!

'DQNHQ P|FKWH LFK DXFK GHQ OLWDUEHLWHUQ GHWJ.®QGLINPIMS I8 W HDIOM
GHU $EWHLOXQJ I«U PHGL]JLQLVFKH 3K\VLN XQWHUGLHLWYQP MWROQLBIURI C
%HVWUDKOXQJVH[SHULPHQWHQ XQG GLH JHPHLQVDPH 'XGHWI-RUADN GH
leU 6WUDKOHQWKHUDSLH

(EHQVR P|FKWH LFK GHU $UEHLWVJUXSSH L/XQJ XQWHLUHEWXNQHQY R Q
GDVV HV PLU HUP|JOLFKW ZXUGH *HUIWH GHU $UEHLWVJUXSSH l«U PHLQ



6FKOLH%OLFK JLOW HLQ VHKU JUR%HU 'DQN )UD X 3BRHL YR QH QKXW V&
&DELOOLF 9RQ LKU NRQQWH LFK HLQH OHQJH SUDMNW R VWKHKU ) HUOWDLPIINHHC
DUEHLWHQ

=X JUR%HU 'DQNEDUNHLW ELQ LFK PHLQHQ (OWHUQ XRXGLPRHQHP %L
XQWHUVWeW]W KDEHQ XQG PLU PHLQH $XVELOGXQJ XQG PHLQ 6WXGLXP

$X%HUGHP P|FKWH LFK PHLQHU JUHXQGLQ ODULR $GHAR GR¥K\ ROIQFKHPOQ
ODQJZLHULJHQ =HLW GHU 3URPRWLRQ XQWHUVW -W]WORR®WINQGDREM (
'DKHLP NULWLVFK GLVNXWLHUHQ NRQQWH

$EVFKOLH%HQG GDQNH LFK DOOHQ DQGHUHQ GLH PLFIQLNKLHQG PF
BWUDKOHQWKHUDSLH EHJOHLWHW KDEHQ XQG GLH KLHMLWLERW SHU
LQVJHVDPW VHKU OHKUUHLFK XQG SURGXNWLY XQG KDW PLFK LQ PHLQ}



8.6  Ehrenwdrtliche Erklarung

,FK HUNOIUH HKUHQZ|UWOLFK GDVV LFK GLH GHP )RAKIERHQWHS B XCHG L
HLQJHUHLFKWH $UEHLWA BLWLWHR RKDHWONWHULVLHUXQJ ]JHOOXOIUH
XQWHUVFKLHGOLFKH -&QYWRY HFHKWHWQH H390QGX L RUMWHU 3ODWWHQHSLWKHO
.RSI +DOVUHIJLRQ QDFK NRPELQLHUWHQ 6B GLREKGPNRWKHWWILHROH QW
5DGLRRQNRORJLH XQWHU GHU /HLWXQJ YRQ )UDX 3URI)UDX $U :ISWWLJ
$UHQ] RKQH VRQVWLJIJH +LOIH VHOEVW GXUFKJEHLKNW\WNHL@EH BHLGEHH G DI
LQ GHU 'LVVHUWDWLRQ DXIJHI*KUWHQ +LOIVPLWWHNBLEHRRBHW KDEH
DXVOIQGLVFKHQ OHGL]LQLVFKHQ )DFKEHUHLFK HLRQ* HVXQRBK XHL £X QD \QWRX
GLH YRUOLHJHQGH RGHU HLQH DQGHUH $UEHLW DOV 'LVVHUWDWLRQ YR

,FK YHUVLFKHUH GDVV LFK VIPWOLFKH ZI[UWOLFKHQ RGHU NKQQJHPI%
JHPDFKW KDEH

OLW GHP (LQVDW] YRQ 6RIWZDUH ]XU (UNHQQXQJ YRQ 30DJLDWHQ ELQ L

'LH 1DFKIROJHQGHQ 3XEOLNDWLRQHQ XQG .RQJUHNWMEPEMWQ I'LNV WH. Q8 DDAXI
HQWVWDQGHDQ

3XEOLNDWLRQHQ

) =LHPD®Q $UHQ] 6 S3UHLVLQJ & :LWWHNLQGW -&BEL®OLFP3QQLEW [
,QFUHDVHG VHQVIUMHODWHNRIKHDG DQG QHFN- EDQFGEUDMHM®R® O L&Q N\ MRV L
GHFUHDVHG H[SUHVVLRQ Rl ( DQG ( RQFRSURWHLQV DQV HRIKDQFHG

$ S$UHR]=LHPD@Q OD\HU $ :LWWLJ . 'UHIINH 6 3UHLVLQJ 6 :DJQHU
(QJHQK&OWBN.OOLF & :LWWHNLQGW ,QFUHDRHIGNU D B LKRHVIHE DIQWEL @ HWN FEID-
OLQHVY GXH WR FHOO F\FOH G\WUHJXODWLR®UDG® G H Q@EXRW 2R R
6HS - ‘2, v oo - -

.RQJUHVVEHLWUIJH

) =LHPD®@Q $UHQ] 6 3UHLVLQJ & :LWWHNLQGW -&BEL@OLFPHQQLVEW [
%HVWUDKOXQJ “ &LVSODWLQ YHUIQGHUQ GLH ([SUHVVLRIHGHWGL2HNRS
$SRSWRVHUDWH +39 +16&& =HOOHQ % *U*QGH l-U HBRN WHIK|EMLHP 7KHU
6\PSRVLXP ([SHULPHQWHOOH 6WUDKOHQWKHUDSLH +DPEXUJ

) =LHPD®Q$UHQ] 6 3UHLVLQJ & :LWWHNLQGW-&DBELORVNP® Q:Q W3N L(D I+
SRVLWLYH +16&& FHOO OLQHV VKRZ DQ B Q KDRKHIFR WHE VUDVE L FIRP'S IVRHGD
QHJDWLYH FHOOM BXHODW LRRZRI WKH RQFRJHQHV ( DQG ( DQG HQKDC

3RVWHUSUIVHQWDWLRQ EHL GHU -DKUHVWDJXQJ GHU '*+2 +DPEXU.



) =LHPD®Q$UHQ] 6 3UHLVLQJ & :LWWHNLQGW-&DBELORVNP®H Q:Q WV LD I+
SRVLWLYH +16&& =HOOHQ JHLJHQ HLQH HUK|KWH “6&IQNWIED O/ILW | & XIHIKH &4
YHUPLQGHUWH ([SUHVVLRQ GHU 2QNRSURWHLQH ( XHKGBH Q WKHL JHMNRHDL

>6XSSO @ +  '2, - ¥ - 9RUWUDJ EHL GHU -DKUHVWD
'(*52 '«VVHOGRUI

) =LHPD@Q$UHQ]DKPDSKL 5 (QJKQEDOWLF $ :LWWLJ +39 SRVLWLYH -
JHLIJHQ HLQH HUK|KWH JHOOXOIUH 6WUDKOHQVHQVDWUMNMNWIW EHPG NHHLL@Q
HUK|KWBODWHQVLWLYLWIW JHIHQ*EHU +39 QHIJDWLYHQ =HOO6Q 6WUDK

- ‘2, v - - - SRUWUDJ EHDIKHHIVWDIXQJ GHU '(*52
:LHVEDGHQ

2UW 'DWXP 8QWHUVFKULIW

'LH +LQZHLVH ]XU (UNHQQXQJ YRQ 30DJLDWHQ KDEH LFRWBHMUGHLUQQWC
3KLOIBSAWHUVLWIW ]XU 30DJLDWVHUNHQQXQJ 30DJLDWVVRIWZDU}
+RFKVFKXOUHFKHQ]JHQWUXP VLQG PLU EHNDQQW

2UW 'DWXP 8QWHUVFKULIW %9HWUHXHU



