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Update on Update on thethe  radiobiologyradiobiology in HNSCC ..... in HNSCC .....

••  EGFR  EGFR

••  EGFR and   EGFR and HypoxiaHypoxia

••    AutophagyAutophagy

..... ..... withwith  respectrespect to to
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RelevanceRelevance of EGFR  of EGFR inhibitioninhibition  byby C225 C225

forfor  radiotherapyradiotherapy

Bonner et al. New Bonner et al. New EnglEngl J  J MedMed 2006 2006

424 H&N 424 H&N tumortumor  patientspatients : 213  : 213 RT+CetuximabRT+Cetuximab (C225) (C225) / 211 RT  / 211 RT alonealone
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MonthsMonths MonthsMonths

RT plus C225RT plus C225

RTRT

RT plus C225RT plus C225

... ... studystudy was  was plannedplanned  aroundaround 1998 and  1998 and startedstarted in 2000, at a time  in 2000, at a time whenwhen

thethe  mechanismsmechanisms of  of howhow EGFR  EGFR mediatesmediates  cellularcellular  radiationradiation  responsesresponses

was was notnot  clearclear at all ! at all !
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FrequenciesFrequencies of solid  of solid tumorstumors  withwith

mutatedmutated  oror  overexpressedoverexpressed EGFR EGFR

Solid Solid tumorstumors presenting mutated or presenting mutated or

overexpressedoverexpressed EGFR EGFR

•• H&N            H&N            80-100%80-100%

•• Renal    Renal    50-90%50-90%

•• BreastBreast 14-91%14-91%

•• EsophagealEsophageal    43-89%43-89%

•• ProstateProstate 40-80%40-80%

•• NSCLCNSCLC 40-80%40-80%

•• Colorectal   Colorectal   25-77%25-77%

•• GastricGastric 33-74%33-74%

•• OvarianOvarian 35-70%35-70%

•• GliomaGlioma      40-63%40-63%

•• Pancreatic  Pancreatic  30-50%30-50%

•• BladderBladder 31-48%31-48%

Mutation/Mutation/overexpressionoverexpression is  associated is  associated
with with ……

•• enhanced receptor enhanced receptor signalingsignaling

•• massive massive tumortumor growth growth

•• enhanced invasive andenhanced invasive and

metastaticmetastatic potential potential

…and is generally correlated with…and is generally correlated with
resistance to chemo-/ radiotherapyresistance to chemo-/ radiotherapy
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ImportanceImportance of EGFR  of EGFR signalingsignaling in  in oncologyoncology    

CellCell  SurvivalSurvival, , ProliferationProliferation
TumorigenesisTumorigenesis, , MetastasisMetastasis

Chemo- & Chemo- & RadioresistanceRadioresistance

G1-S-ProgressionG1-S-Progression
ProliferationProliferation

ProliferationProliferation
MetastasisMetastasis

NuclearNuclear  TargetsTargets

CytoplasmicCytoplasmic
EGFR EGFR pathwayspathways

NuclearNuclear

EGFR EGFR pathwayspathways

PLCPLC PI3KPI3K RasRas STATsSTATs

E2F1E2F1 STAT3STAT3

CyclinCyclin D1 D1 B-MybB-Myb iNOSiNOS
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EGFEGF

TGFTGFαααααααα
AmphiregulinAmphiregulin

HB-EGFHB-EGF
EpiregulinEpiregulin HeregulinsHeregulins

NRG2NRG2
NRG3NRG3

HeregulinsHeregulins

ββββββββ-cellulin-cellulin

CysteineCysteine-rich-rich
domainsdomains

TyrosineTyrosine
kinasekinase
domaindomain

ErbB-1ErbB-1

Her1Her1
EGFREGFR

ErbB-2ErbB-2

Her2Her2
neuneu

ErbB-3ErbB-3

Her3Her3

ErbB-4ErbB-4

Her4Her4

C-terminusC-terminus

??

ErbBErbB-receptor family and its -receptor family and its ligandsligands

TyrosineTyrosine
kinasekinase

inhibitorsinhibitors

mABsmABs
(C225 / (C225 / CetuximabCetuximab))
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RadiobiologicalRadiobiological  propertiesproperties of EGFR  of EGFR signalingsignaling  

RadioresistanceRadioresistance RadioresistanceRadioresistance

GGüüvenven et al. et al.

J J BiolBiol  ChemChem  20012001
Genes Genes ChromosChromos  CancerCancer  20032003

Dittmann et al.Dittmann et al.
J J BiolBiol  ChemChem  20052005

RadiotherRadiother  OncolOncol  20052005
RadiotherRadiother  OncolOncol  20072007

IntInt J Rad  J Rad OncolOncol  BiolBiol  PhysPhys  20082008

RadiotherRadiother  OncolOncol  20082008
Mol Mol CancerCancer 2008 2008

RadiotherRadiother  OncolOncol  2009 2009 submsubm..

J J BiolBiol  ChemChem 2009  2009 submsubm..

ToulanyToulany et al. et al.

RadiotherRadiother  OncolOncol  2005a2005a
RadiotherRadiother  OncolOncol  2005b2005b

ClinClin  CancerCancer Res  Res 20062006
Mol Mol CancerCancer Res  Res 20072007
Mol Mol CancerCancer  TherTher  20082008

DNA DNA RepairRepair 2008 2008
RadiotherRadiother  OncolOncol  2009 2009 submsubm..

CancerCancer Res Res 2009  2009 submsubm..

Rodemann et al.Rodemann et al.
SemSem Rad  Rad OncolOncol  20072007

IntInt J  Rad  J  Rad BiolBiol  20072007

PLCPLC PI3KPI3K RasRas STATsSTATs

DNA-PKDNA-PK
DNA-RepairDNA-Repair

via NHEJvia NHEJ

DNA-PKDNA-PK
DNA-RepairDNA-Repair

via NHEJvia NHEJ
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HowHow  isis  IR-inducedIR-induced  nuclearnuclear  accumulationaccumulation of EGFR  of EGFR achievedachieved ? ?

CytoplasmCytoplasm

NucleusNucleus

CellCell  membranemembrane

    Dittmann et al.Dittmann et al.

J J BiolBiol  ChemChem 2005 2005

RadiotherRadiother  OncolOncol 2005 2005
RadiotherRadiother  OncolOncol 2007 2007

RadiotherRadiother  OncolOncol 2008 2008

Mol Mol CancerCancer 2008 2008

perinuclearperinuclear  accumulationaccumulation

karyopherin-dependentkaryopherin-dependent
nuclearnuclear  importimport

caveolincaveolin  associatedassociated
internalizationinternalization

RRRHIVRKRRRHIVRKTTLRRLRR  

EGFREGFR

αααααααα-Karyopherin-Karyopherin nuclear         nuclear         

porepore

PPP

SerSer//Thr-kinaseThr-kinase

(PKC(PKCαααααααα))

T654T654
645645 657657

(EGFR-NLS)(EGFR-NLS)

Brescia-080509



C225 C225 preventsprevents  radiation-inducedradiation-induced  nuclearnuclear  accumulationaccumulation of of
EGFR and EGFR and activationactivation of DNA-PK of DNA-PK

Dittmann et al. J Dittmann et al. J BiolBiol  ChemChem 2005 2005

EGFREGFREGFREGFR DNA-PKDNA-PKEGFREGFR DNA-PKDNA-PK

DNA-DSBDNA-DSB
REPAIRREPAIR ??

��
C225C225
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Dittmann et al.Dittmann et al.

J J BiolBiol  ChemChem 2005 2005

RadiotherRadiother  OncolOncol 2005 2005

C225 C225 mediatesmediates  impairedimpaired DNA-DSB  DNA-DSB repairrepair
and and enhancesenhances  radiationradiation  sensitivitysensitivity
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DNA-DSB DNA-DSB repairrepair  byby NHEJ and  NHEJ and itsits  kinetickinetic  

fffastfast=60-70%=60-70%

ττττττττ = 2-5min = 2-5min

ffslowslow=30-35%=30-35%

ττττττττ = 100-150min = 100-150min

residual DSB

•• ThereThere  isis  fastfast and  and slowslow  repairrepair of DNA-DSB of DNA-DSB

•• RepairRepair  isis  finishedfinished  afterafter  abaoutabaout 12 h 12 h

•• KineticKinetic of  of repairrepair  isis independent of  independent of radiationradiation dose dose
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DNA-PKDNA-PKcscsDNA-PKDNA-PKcscs

ArtemisArtemis

Mre11Mre11

NBS1Rad50
Fen-1

ProcessingProcessing of of

DNA-endsDNA-ends

LIGASE IVLIGASE IV

XRCC4XRCC4
LigationLigation of of

DNA-endsDNA-ends

ffslowslow= 30-35%= 30-35%
t=10-360 mint=10-360 min

fffastfast= 65-70%= 65-70%
t=2-5 mint=2-5 min
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RadioresistanceRadioresistance

DNA-PKcs
DNA-Repair

via NHEJ

DNA-PKcsDNA-PKcs
DNA-RepairDNA-Repair

via NHEJvia NHEJ

FunctionsFunctions of  of EGFR-signalingEGFR-signaling in  in regulatingregulating DNA  DNA repairrepair

SlowSlow  componentcomponent of  of DNA-PKcs-DNA-PKcs-

dependentdependent DSB  DSB repairrepair

Time Time requiredrequired
forfor  fullfull  activityactivity::

apprappr. 10-15 min. 10-15 min

 Fast  Fast componentcomponent of  of DNA-PKcs-DNA-PKcs-

dependentdependent DSB  DSB repairrepair

RadioresistanceRadioresistance

PI3K/AktPI3K/AktPI3K/Akt
CytoplasmicCytoplasmic

pathwaypathway

DNA-PKcs
DNA-Repair

via NHEJ

DNA-PKcsDNA-PKcs
DNA-RepairDNA-Repair

via NHEJvia NHEJ

??
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EGFR-PI3K-Akt EGFR-PI3K-Akt signalingsignaling  isis  involvedinvolved in in

radiation-inducedradiation-induced fast  fast activationactivation  DNA-PKcsDNA-PKcs

PI3KPI3K

AktAkt

DNA-PKDNA-PKcscs

EGFREGFR
BIBXBIBX

LY294002LY294002

Post 2 GyPost 2 Gy
 (min) (min)

P-AktP-Akt

AktAkt

P-TP-T26092609

DNA-PKDNA-PK

IP: P-AktIP: P-Akt

- -     3      5    3      5     -

       con siRNAcon siRNA      Akt siRNAAkt siRNA

    -       +        -       +    -       +        -       +        IR (2 Gy)IR (2 Gy)

AktAkt

P-T2609P-T2609

DNA-PKDNA-PK

2 2 GyGy

BIBXBIBX

P-T2609P-T2609

DNA-PKcsDNA-PKcs

2 2 GyGy

LY294002LY294002

P-T2609P-T2609

DNA-PKcsDNA-PKcs

-      +     +-      +     +
-       -     +-       -     +

-      +     +-      +     +
-       -     +-       -     +

2 2 GyGy

BIBXBIBX

P-P-AktAkt

AktAkt

-      +     +-      +     +
-       -     +-       -     +

API / API / siRNAsiRNA

ToulanyToulany et al. et al.

ClinClin  CancerCancer Res 2006 Res 2006

Mol Mol CancerCancer  TherTher 2008 2008

PPT2609T2609
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EGFR-PI3K-Akt EGFR-PI3K-Akt signalingsignaling  isis  involvedinvolved in in

radiation-inducedradiation-induced  DNA-DSB-repairDNA-DSB-repair

ToulanyToulany et al. et al.

ClinClin  CancerCancer Res 2006 Res 2006

Mol Mol CancerCancer  TherTher 2008 2008

PI3KPI3K

AktAkt

DNA-DNA-

RepairRepair

H2AX-Focus-AssayH2AX-Focus-Assay

detectsdetects DNA-DSB DNA-DSB

15 min15 min 24 h24 h

post post irradiationirradiation

EGFREGFR
BIBXBIBX

LY294002LY294002
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RadioresistanceRadioresistance

DNA-PKcs
DNA-Repair

via NHEJ

DNA-PKcsDNA-PKcs
DNA-RepairDNA-Repair

via NHEJvia NHEJ

FunctionsFunctions of  of EGFR-signalingEGFR-signaling in  in regulatingregulating DNA  DNA repairrepair

SlowSlow  componentcomponent of  of DNA-PKcs-DNA-PKcs-

dependentdependent DSB  DSB repairrepair

Time Time requiredrequired
forfor  fullfull  activityactivity::

apprappr. 10-15 min. 10-15 min

Fast Fast componentcomponent of  of DNA-PKcs-DNA-PKcs-

dependentdependent DSB  DSB repairrepair

RadioresistanceRadioresistance

PI3K/AktPI3K/AktPI3K/Akt
CytoplasmicCytoplasmic

pathwaypathway

DNA-PKcs
DNA-Repair

via NHEJ

DNA-PKcsDNA-PKcs
DNA-RepairDNA-Repair

via NHEJvia NHEJ

Time Time requiredrequired

forfor  fullfull  activityactivity::
apprappr. 1-3 min. 1-3 min
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Red: Red: bloodblood  vesselsvessels

Green: Green: hypoxichypoxic  areaarea

Blue: Blue: tissuetissue  withwith good  good bloodblood  supplysupply

Tumor Tumor hypoxiahypoxia and EGFR  and EGFR expressionexpression ? ?
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EGFR EGFR isis  stabilizedstabilized and  and activatedactivated  byby  exposureexposure to  to hypoxiahypoxia

PiettaPietta et al.  et al. unpublishedunpublished 2009 2009
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PiettaPietta et al.  et al. unpublishedunpublished 2009 2009

A549 A549 lunglung  cancercancer  cellscells in  in vitrovitro

HypoxiaHypoxia  mediatesmediates  radioresistanceradioresistance
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Lysosom

KlionskyKlionsky and Emr (2000), Mizushima et al. (2003) and Emr (2000), Mizushima et al. (2003)

AutophagyAutophagy –  – inductioninduction and  and executionexecution

AutophagosomeAutophagosome AutolysosomeAutolysosome

LysosomeLysosome

FormationFormation AnnealingAnnealing & Fusion & Fusion Degradation & Degradation & RecyclinRecyclin
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CuervoCuervo (2004) (2004)

AutophagyAutophagy – dual  – dual rolerole in  in oncologyoncology

.... .... thusthus, , inhibitioninhibition of  of autophagyautophagy  shouldshould  induceinduce  radiationradiation

sensitivitysensitivity of  of tumortumor  cellscells ! !
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Apel et al. Apel et al. CancerCancer Res. 2008 Res. 2008

IonizingIonizing  radiationradiation  inducesinduces  autophagyautophagy

ControlControl

((UntreatadUntreatad /  / unirradiatedunirradiated))

72 h 72 h afterafter  tretamenttretament

withwith  RapamycinRapamycin

Brescia-080509

4 h 4 h afterafter  2 Gy2 Gy 4 h 4 h afterafter  4 Gy4 Gy 4 h 4 h afterafter  10 Gy10 Gy



Protein Protein componentscomponents  necessarynecessary

forfor  autophagosomeautophagosome  formationformation
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stabile stabile inhibitioninhibition of  of proteinprotein  expressionexpression  forfor 5-8  5-8 daysdays

Control-siRNAControl-siRNA BECLIN1BECLIN1-siRNA-siRNA

22 55 88 1111 1414 22 55 88 1111 1414
daysdays post  post transfectiontransfection

Apel et al. Apel et al. CancerCancer Res. 2008 Res. 2008

siRNAsiRNA  approachapproach to  to inhibitinhibit  autophagyautophagy  proteinsproteins
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HN-SCC                HN-SCC                Cervix-SCCCervix-SCC                                                                                                  NSCLCNSCLC

Single doseSingle dose

irradiationirradiation

(1 - 4 Gy)(1 - 4 Gy)

FractionatedFractionated

dose dose irradiationirradiation

(4 x 1 Gy)(4 x 1 Gy)

Control-siRNAControl-siRNA

APG4BAPG4B-siRNA-siRNA

Apel et al. Apel et al. CancerCancer Res. 2008 Res. 2008

SFSF2 2 0.580.58

SFSF2 2 0.280.28

SFSF2 2 0.230.23

SFSF2 2 0.140.14

  FADU                     HTB35  FADU                     HTB35                                                                                                              A549A549

APG4B-siRNA APG4B-siRNA enhancesenhances  radiationradiation  sensitivitysensitivity in in

SCC SCC cellscells in  in vitrovitro
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SummarySummary

••  whenwhen all  all detailsdetails of  of thethe  rolerole of EGFR and  of EGFR and itsits  signallingsignalling in  in thethe

controlcontrol of  of DNA-repairDNA-repair  underunder  normoxicnormoxic and  and hypoxichypoxic  conditionsconditions

isis  understoodunderstood  betterbetter and  and moremore  selectiveselective  targetingtargeting  strategiesstrategies

maymay  bebe  developeddeveloped

••  antagonisticantagonistic  strategiesstrategies to  to radiation-inducedradiation-induced  autophagyautophagy  offeroffer

thethe potential  potential forfor  radiosensitizationradiosensitization
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