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RadiobiologyRadiobiology: A : A changing sciencechanging science

todaytoday

ca. 1900ca. 1900      Classical RadiobiologyClassical Radiobiology

    Molecular RadiobiologyMolecular Radiobiology

                  major major inputinput

to to radiation oncologyradiation oncology

PhenomenologyPhenomenology

ModellingModelling

Understanding Understanding ofof

MechanismsMechanisms
Role of p53 and
inter- as well as

intracellular signal
transduction

Definition of  molecular
targets

Role of p53 and
inter- as well as

intracellular signal
transduction

Definition of  molecular
targets

Linear-Quadratic Model
of cell inactivation

Linear-Quadratic Model
of cell inactivation

Skin alterations
Death of cells

Skin alterations
Death of cells



What are the future perspectives What are the future perspectives ??

•• IdentificationIdentification of  of molecularmolecular  targets fortargets for  radiosensitizationradiosensitization / /

radioprotectionradioprotection in  in the context the context of of their their normal and normal and pathologicalpathological

mechanismsmechanisms

•• IdentificationIdentification of  of genetic markers genetic markers of of individual radiation sensitivityindividual radiation sensitivity

((GenomicsGenomics /  / ProteomicsProteomics))

••   DevelopmentDevelopment of  of molecular prediction formolecular prediction for RT ( RT (TheranosticsTheranostics))

•• IdentificationIdentification of of tissue specific target structures tissue specific target structures on on the basis the basis of of

biologicalbiological / / molecular imaging molecular imaging

••   Application Application of of stem cells stem cells to to rescue damaged rescue damaged normal normal tissuetissue



Growth Growth factor factor and and cellcell
matrix mediated survivalmatrix mediated survival

signaling determinsignaling determin
TT TT responsesresponses

Cytokine signalingCytokine signaling
determinsdetermins NT  NT responsesresponses

Target identificationTarget identification

Molecular Targeting StrategiesMolecular Targeting Strategies

IfIf  wewe  understandunderstand all all the details the details, , the mostthe most

relevant relevant molecular targets can be definedmolecular targets can be defined to to

develop thedevelop the best  best possiblepossible  therapeutic strategytherapeutic strategy

in RO !in RO !



Functional molecular imagingFunctional molecular imaging

high high resolution resolution PET-CT / PET-MRIPET-CT / PET-MRI



GenomicsGenomics
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Prognostic profilingPrognostic profiling
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ProteomicsProteomics

normal normal 
87 87 proteinsproteins

sensitivesensitive
–12 –12 proteinsproteins

resistantresistant
+15 +15 proteinsproteins

2D-PAGE (2D-PAGE (pH rangepH range 4-7) of non- 4-7) of non-irradiatedirradiated
lymphocytes from lymphocytes from normal, normal, radiation senradiation sen--
sitivesitive and  and radiation resistant identical twins radiation resistant identical twins !!



TheranosticsTheranostics

Predisposition ProfilingPredisposition Profiling
DNA-ChipsDNA-Chips

ProteinProtein chips chips

Treatment,Treatment, Selection Selection / /
RefinementRefinement

TreatmentTreatment Monitoring  Monitoring 

TherapeuticTherapeutic Intervention Intervention

DiagnosticsDiagnostics

PharmacogenomicsPharmacogenomics

  ImageImage guidance  guidance 

Home MonitoringHome Monitoring

 Diagnostic Devices Diagnostic Devices
Molecular ImagingMolecular Imaging

 Diagnostics Diagnostics

 Medical Imaging Medical Imaging

in in vitrovitro

 Diagnostics Diagnostics

 Molecular Imaging Molecular Imaging

TheranosticsTheranostics: link between diagnostics and therapy: link between diagnostics and therapy
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TheThe „Holthusen- „Holthusen-PrinciplePrinciple“ “ is is still still validvalid

ImplementationImplementation of of
available data sets available data sets willwill

selectively improveselectively improve
tumor responsetumor response
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TheThe „Holthusen- „Holthusen-PrinciplePrinciple“ “ is is still still validvalid

Implementation Implementation ofof
available data setsavailable data sets will will

help help toto selectively selectively
protect protect normal normal tissuetissue



MolecularMolecular  TargetingTargeting  StrategiesStrategies to  to improveimprove  tumortumor

and and prevent prevent normal normal tissue reponsestissue reponses

EXAMPLE 1 :  EXAMPLE 1 :  EGF-EGF-Receptor antagonistsReceptor antagonists  asas  targettarget to  to improve tumor improve tumor 

           response           response

EXAMPLE 2 :  EXAMPLE 2 :  TGFß1-TGFß1-productionproduction//signaling as targetsignaling as target to  to prevent radiationprevent radiation--

           induced fibrosis           induced fibrosis

EXAMPLE 3 :  EXAMPLE 3 :  Bowman Bowman Birk Protease InhibitorBirk Protease Inhibitor (BBI) and  (BBI) and PhosphoPhospho--

           Tyrosine as tools           Tyrosine as tools to  to selectively protect selectively protect normal normal tissuetissue



EGFREGFR



Solid Solid tumorstumors presenting presenting

overexpressedoverexpressed or mutated EGFR or mutated EGFR

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

•• Renal    Renal    50-90%50-90%

•• BreastBreast 14-91%14-91%

•• Esophageal  Esophageal  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%

•• Glioma   Glioma   40-63%40-63%

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

•• BladderBladder 31-48%31-48%

overexpressionoverexpression / mutation is  associated / mutation 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

EGFR EGFR overexpressionoverexpression in human  in human tumorstumors



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

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

RT plus RT plus C225C225

RTRT

RT plus RT plus C225C225

EGFR EGFR overexpressionoverexpression in human  in human tumorstumors



CellCell  SurvivalSurvival,, Proliferation Proliferation
TumorigenesisTumorigenesis, , MetastasisMetastasis

Chemo- &Chemo- & Radioresistance Radioresistance

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-B-MybMyb iNOSiNOS

EGFR EGFR signalingsignaling



ActivatedActivated EGF  EGF receptor receptor and and itsits  cellular consequencescellular consequences

P-EGFRP-EGFR

-       +             ligand         ligand

P-EGFRP-EGFR

-IR  +2Gy

��  RadioresistanceRadioresistance

PI3KPI3K

AKTAKT

mTORmTOR

RafRaf

MEKMEK

MAPKMAPK

RasRas

STATSTAT

Cell CycleCell Cycle
ControlControl

ProliferationProliferation ProliferationProliferationSurvivalSurvival



��  RadioresistanceRadioresistance

PI3KPI3K

AKTAKT

EGFR-EGFR-

TKTK

Cell CycleCell Cycle
ControlControl

mTORmTOR

ProliferationProliferation

RafRaf

MEKMEK

MAPKMAPK

ProliferationProliferation

RasRas

SurvivalSurvival

STATSTAT

TargetingTargeting EGFR  EGFR signalingsignaling

monoclonal antibodymonoclonal antibody ( (mABmAB))

small moleculesmall molecule  tyrosinetyrosine
kinasekinase  inhibitorinhibitor (SMI) (SMI)

��  RadioresistanceRadioresistance��  RadiosensitizationRadiosensitization



FaDuFaDu  tumor xenograft modeltumor xenograft model

Krause et al. 2005Krause et al. 2005 Radiother Radiother. . OncolOncol. 74:109-115. 74:109-115

  Tumor   Tumor Control Study Control Study in vivoin vivo    Clonogenic assay Clonogenic assay in in vitrovitro

 H&N SCC  H&N SCC cell linescell lines

HarariHarari et al. 2001 IJROBP 49:427-433 et al. 2001 IJROBP 49:427-433

C225 leads to C225 leads to radiosensitizationradiosensitization in vitro and in vivo in vitro and in vivo



Effect of C225 on Effect of C225 on localisationlocalisation of DNA-PK of DNA-PK

Huang Huang et al. 2000et al. 2000 Clin Clin. . Cancer Cancer Res. 6:2166-2174Res. 6:2166-2174



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

ToulanyToulany et al. et al.

RadiotherRadiother  OncolOncol  2005a2005a
RadiotherRadiother  OncolOncol  2005b2005b
ClinClin  CancerCancer Res  Res 20062006

Mol Mol CancerCancer Res  Res 20072007

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-DNA-RepairRepair

viavia NHEJ NHEJ

DNA-PKDNA-PK
DNA-DNA-RepairRepair

viavia NHEJ NHEJ

Radiation-induced EGFR Radiation-induced EGFR signalingsignaling



C225 C225 preventsprevents  radiationradiation--induced nuclearinduced nuclear  translocationtranslocation of of
EGFR and EGFR and activation activation of DNA-PKof DNA-PK

EGFREGFREGFREGFR DNA-PKDNA-PKEGFREGFR DNA-PKDNA-PK

DNA-DSBDNA-DSB
REPAIRREPAIR ??

��
C225C225

Dittmann et al. J. Biol. Chem. 2005Dittmann et al. J. Biol. Chem. 2005



Dittmann et al. J. Biol. Chem. 2005Dittmann et al. J. Biol. Chem. 2005

C225 C225 mediates impaired mediates impaired DNA-DSB DNA-DSB repair repair and and enhancesenhances

radiation sensitivityradiation sensitivity



K K����

RR RR

LigandLigandLigand LigandLigandLigand

•• chemical class: chemical class: pyrimidopyrimido-[5,4-D]--[5,4-D]-
pyrimidinepyrimidine-2,8--2,8-diaminediamine,N8-(3-,N8-(3-

chlorochloro-4--4-fluorophenylfluorophenyl))

•• highlyhighly selective inhibitor of EGFR selective inhibitor of EGFR

tyrosine tyrosine kinasekinase

•• binds directly to intracellularbinds directly to intracellular
tyrosine-tyrosine-kinasekinase domain domain

•• inhibits inhibits ligandligand-induced cell growth-induced cell growth

-  erbB1-cells IC-  erbB1-cells IC5050 = 0.01 µM = 0.01 µM

 - erbB2-cells IC - erbB2-cells IC50  50  = 1.0   µM= 1.0   µM

BIBX1382BSBIBX1382BS

TKITKITKITKI

SpecificSpecific  inhibitioninhibition of EGFR- of EGFR-tyrosine kinase activitytyrosine kinase activity



Differential Differential radiation response radiation response of of RasRaswtwt or Ras or Rasmtmt

tumor cellstumor cells to BIBX1382BS to BIBX1382BS

ToulanyToulany et al.  et al. ClinClin. . CancerCancer Res. 2006 Res. 2006
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Total Dose (Gy)Total Dose (Gy) Total Dose (Gy)Total Dose (Gy)

K-Ras K-Ras mutated cell linesmutated cell lines

ToulanyToulany et al.  et al. RadiotherRadiother.. Oncol Oncol. 2005. 2005

DMF 1.3-1.7 DMF 1.3-1.7 for Rasfor Rasmtmt cell lines cell lines
A549, MDA-MB231, PC3A549, MDA-MB231, PC3

No No effect effect in normal Ras in normal Ras cell linescell lines
FaDuFaDu, HTB35/, HTB35/SiHaSiHa, HH4DD, HH4DD

(2 Gy (2 Gy fractionsfractions))

Differential Differential radiation response radiation response ofof

RasRaswtwt or Ras or Rasmtmt tumor cells tumor cells to BIBX1382BS to BIBX1382BS

K-Ras K-Ras wildtype cell lineswildtype cell lines

Fractionated dose irradiation Fractionated dose irradiation (4 x 2 Gy)(4 x 2 Gy)



AutocrineAutocrine  activationactivation of EGFR-PI3K-AKT  of EGFR-PI3K-AKT signalingsignaling

in K-in K-RASRASmtmt cells cells

PI3KPI3K

AKTAKT

EGFR-EGFR-
TKTK

RafRaf

MEKMEK

MAPKMAPK

ProliferationProliferation

CREBCREB

AmphiregulinAmphiregulin
TGFaTGFa

RasRas

PI3KPI3K

AKTAKT

EGFR-EGFR-
TKTK

ToulanyToulany et al. 2005  et al. 2005 RadiotherRadiother. . OncolOncol. 76:143-150. 76:143-150
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MEKMEK
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EGFR/EGFR/erbBerbB-1-1

DNA-DSB DNA-DSB repairrepair  throughthrough  nonnon

homologoushomologous  endjoiningendjoining NHEJ NHEJ

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     -

PDK1/2

PI3K

DNA-PK

Akt

GyGy

ToulanyToulany et al.,  et al., ClinClin  CancerCancer Res 2006 Res 2006

ToulanyToulany et al., Mol  et al., Mol CancerCancer  TherTher 2008 in press 2008 in press

RoleRole of AKT in  of AKT in regulatingregulating DNA-PK DNA-PK

PP

PP

       concon siRNA siRNA      AktAkt siRNA siRNA

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

AktAkt

P-TP-T26092609

DNA-PKDNA-PK

Akt-Akt-

siRNAsiRNA

LY294002LY294002

APIAPI

EGFR-EGFR-specspec.TK-.TK-inhinh. (BIBX). (BIBX)

DNA-DSB DNA-DSB repairrepair  isis  markedlymarkedly  inhibitedinhibited ! !

RADIOSENSITIZATIONRADIOSENSITIZATION
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EGFR / PI3K EGFR / PI3K inhibitors mediate enhancedinhibitors mediate enhanced

residual DNA-residual DNA-damagedamage

K-K-RasRasmtmt  A549A549

A549 + 6 GyA549 + 6 Gy

A549 + BIBX + 6 GyA549 + BIBX + 6 Gy

γγγγγγγγ--H2AX-H2AX-Foci indicatingFoci indicating

residual DNA-DSB 24hresidual DNA-DSB 24h
after after IRIR

K-K-RasRaswt wt FaDuFaDu
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ImportanceImportance of EGFR- of EGFR-signaling for signaling for DNA-DSB DNA-DSB repairrepair

in K-in K-RasRasmtmt tumor cells tumor cells

PI3KPI3K

AKTAKT

EGFR-EGFR-
TKTK

RafRaf

MEKMEK

MAPKMAPK

ProliferationProliferation

RasRas

DNA-DSBDNA-DSB

repair repair (NHEJ)(NHEJ)

DNA-PKDNA-PK

EGFR-EGFR-
TKTK

ApoptosisApoptosis

EGFR-EGFR-
TKTK

EGFR-TKEGFR-TK

DNA-PKDNA-PK

nuclearnuclear
translocationtranslocation

PI3KPI3K

AKTAKT

DNA-DSBDNA-DSB

repair repair (NHEJ)(NHEJ)

DNA-PKDNA-PK

ApoptosisApoptosis



ApoptosisApoptosis

PI3KPI3K

AKTAKT

EGFR-EGFR-
TKTK

RafRaf

MEKMEK

MAPKMAPK

ProliferationProliferation

RasRas

PI3KPI3K

AKTAKT

EGFR-EGFR-
TKTK

DNA-DSBDNA-DSB

repair repair (NHEJ)(NHEJ)

EGFR-EGFR-
TKTK

EGFR-TKEGFR-TK

DNA-PKDNA-PK

nuclearnuclear
translocationtranslocation

DNA-PKDNA-PK

BIBXBIBXBIBX

      API-59      API-59      API-59

LY294002LY294002LY294002

     C225     C225

EGFR-EGFR-

TKTK

EGFR-TKEGFR-TK

DNA-PKDNA-PK

nuclearnuclear

translocationtranslocation

DNA-DSB DNA-DSB repair repair (NHEJ)(NHEJ)

enhanced radiation sensitivityenhanced radiation sensitivity

ImportanceImportance of EGFR- of EGFR-signaling for signaling for DNA-DSB DNA-DSB repairrepair

in K-in K-RasRasmtmt tumor cells tumor cells



TGFßTGFß



Tissue responses resulting Tissue responses resulting in in radiationradiation--induced fibrosisinduced fibrosis

of of the lungthe lung

AlveoliAlveoli
PneumoPneumo--

cytescytes

CapillaryCapillary
EndothelialEndothelial

cellscells

Inflammatory cytokinesInflammatory cytokines

Bronchial Bronchial EpitheliumEpithelium

FibroblastsFibroblasts FibrocytesFibrocytes

Alveolar Alveolar macrophagesmacrophages

Inflammatory processInflammatory process

CollagenCollagenCollagen

FIBROSISFIBROSIS
FibrogenicFibrogenic
CytokinesCytokines

PDGF,  PDGF,  TGF-ßTGF-ß

(Rübe et al.  2004)(Rübe et al.  2004)



LTGFLTGFββββββββ11

TGFTGFββββββββ11activeactive

TGFTGFββββββββ11

R2R2 R1

GTCAGAC

Smad4

PP PP

PP PP
Smad4

PP PP

PP PP

Smad4

R2R2 R1R1

TGFTGFββββββββ11

PP PP

Smad 2

PPSmad7

TGFTGFββββββββ1-Gene 1-Gene expressionexpression

gene expressiongene expression, e.g. p21, p27, , e.g. p21, p27, collagencollagen

SmadSmad 2/3 2/3

SmadSmad 2/3 2/3

SmadSmad 2/3 2/3

SmadSmad 2/3 2/3

SmadSmad 2/3 2/3

Smad 3

LTGFLTGFββββββββ11

TGFß1-TGFß1-signaling signaling and potential and potential targetstargets  forfor  intervention intervention 

Smad 2

proteolyticproteolytic

activationactivation
e.g.e.g. Furin Furin

protease
inhibitors
Haase et al.

2004

proteaseprotease
inhibitorsinhibitors
Haase et al.Haase et al.

20042004

anti-TGFββββ1-AB
Hakenjos et al 2000

anti-TGFanti-TGFββββββββ1-AB1-AB
HakenjosHakenjos et al 2000 et al 2000

Kinase-Inh.
Wiegman et al. 2007

KinaseKinase-Inh.-Inh.
Wiegman Wiegman et al. 2007et al. 2007

  ROSROS

  ROSROS

 Amifostine
Vujaskovic et

al. 2002

  AmifostineAmifostine
Vujaskovic Vujaskovic etet

al. 2002al. 2002

Mn-SOD / Amifostine
Epperly et al. 1998 /

Vujaskovic 2002

Mn-SOD /Mn-SOD / Amifostine Amifostine
EpperlyEpperly et al. 1998 / et al. 1998 /

Vujaskovic Vujaskovic 20022002

T
F

T
F



RadiationRadiation--inducedinduced  lunglung  fibrosisfibrosis

Total Total collagen productioncollagen production

beforebefore RT RT

6 6 monthmonth
afterafter IR IR

(SD 28 Gy)(SD 28 Gy)

((VujaskovicVujaskovic et al. 2002) et al. 2002)

TGFß1 TGFß1 productionproduction

Rat Rat lunglung



ROSROS

LTGFßLTGFß

TGFßTGFß

activationactivation of of

proteolyticproteolytic
enzymesenzymes

((VujaskovicVujaskovic et al. 2002) et al. 2002)

150 mg/kg 150 mg/kg amifostineamifostine 30 min  30 min beforebefore IR IR
AmifostineAmifostine

Amifostine preventsAmifostine prevents  manifestationmanifestation of  of radiationradiation--inducedinduced

fibrosisfibrosis of  of the lung bythe lung by  inhibitinginhibiting TGF-ß  TGF-ß productionproduction

TGFß1 TGFß1 genegene

expressionexpression



BBI / BBI / pTyrpTyr



Asp

Glu

Lys

Lys

AspAsp Glu Ser
Ser

Arg
Met

Asp
Ser

CysArg

CysGlnPro

Pro

Asn Cys

Thr
Ala

Ala

Cys

Gln

Asp

Cys
Cys

Pro

Leu
Asn

Ser

Cys

Ser

Cys

Cys

Glu

His

Lys

Ser

Cys
Ile

Cys
Ala

Tyr

ProAla
Gln

Cys

Cys
Phe

Val

Asp
Ile

Thr
AspPhe

Tyr

Pro

Cys Pro

Ser

Asp Lys Glu Asn

1
30

20

10

60

70

50

40

Leu

Ser

Ser
Lys

Bowman-Bowman-Birk Proteinase InhibitorBirk Proteinase Inhibitor (BBI) and  (BBI) and pTyrpTyr

phosphophospho--tyrosine tyrosine ((pTyrpTyr))



BBI BBI affectsaffects normal and normal and tumorigenic tumorigenic human  human fibroblastsfibroblasts

differentiallydifferentially

HH4ddHH4ddHSF1HSF1

Normal human Normal human skinskin

fibroblastsfibroblasts
TransformedTransformed, , tumorigenictumorigenic

human human skin fibroblastsskin fibroblasts

wildtypewildtype p53 p53 mutatedmutated p53 p53

(Dittmann et al.1995)(Dittmann et al.1995)



wildtypewildtype p53:  p53: functionalfunctional mutatedmutated p53:  p53: non-non-functionalfunctional

BBI BBI affectsaffects p53 p53wtwt and p53 and p53mtmt  tumor cells differentiallytumor cells differentially

lung adeno carcinomalung adeno carcinoma

cellcell line A549  line A549 presentingpresenting

wildtype wildtype p53p53

lung adeno carcinomalung adeno carcinoma

cell cell line A549 line A549 transfectedtransfected

w/ w/ mutatedmutated p53 p53

(Dittmann et al.1998)(Dittmann et al.1998)



Stimulation of DNA-DSB-Stimulation of DNA-DSB-repairrepair  byby P-Tyr in p53 P-Tyr in p53wtwt  cellscells

(Dittmann et al. 2006 )(Dittmann et al. 2006 )

fibroblastsfibroblasts, p53, p53wtwt

γ-H2AX--H2AX-focus assay focus assay waswas used for determination used for determination of residual DNA-DSB 24 h post IR of residual DNA-DSB 24 h post IR

0                       2   0                       2                            6                 6



Mode of Mode of action action of BBI and of BBI and pTyrpTyr

p53p53wtwt

PP

Activation Activation of DNA-of DNA-
repair machineryrepair machinery

Enhanced cell survivalEnhanced cell survival
post IRpost IR

EGFREGFRpre-irradiation
treatment with

BBI / pTyr

prepre--irradiationirradiation
treatmenttreatment  withwith

BBI / BBI / pTyrpTyr

?

Dittmann et al. Dittmann et al. RadiotherRadiother. . OncolOncol 2008 2008

Wanner et al. Wanner et al. RadiotherRadiother. . OncolOncol 2008 2008

Dittmann et al. Dittmann et al. RadiotherRadiother. . OncolOncol 2007 2007
Dittmann et al. Int. J. Rad. Biol. 2003Dittmann et al. Int. J. Rad. Biol. 2003

Dittmann et al. Dittmann et al. CurrCurr. Med. Chem. 2003. Med. Chem. 2003

Dittmann et al. Int. J. Dittmann et al. Int. J. CancerCancer 2001 2001



BBI BBI effecteffect in vivo: normal  in vivo: normal tissue tissue vs. vs. tumor responsetumor response

C3H-C3H-micemice  were treatedwere treated 3x  3x withwith different different

doses doses of BBI at day –2, day -1, and day 0of BBI at day –2, day -1, and day 0

beforebefore IR;  IR; both hind legs were irradiatedboth hind legs were irradiated
w/ SD of 55 Gy. Leg w/ SD of 55 Gy. Leg contracture contracture waswas

quantifiedquantified up to 120  up to 120 days days post IR.post IR.

(Dittmann et al. 2005)(Dittmann et al. 2005)

Leg Leg contracture assaycontracture assay Tumor growth Tumor growth delay assaydelay assay



Current impact Current impact of of proposed perspectivesproposed perspectives

IdentificationIdentification of  of molecularmolecular  targets fortargets for  radiosesitiradiosesiti--

zationzation /  / radioprotectionradioprotection in  in the context the context of of their northeir nor--

mal and mal and pathological mechanismspathological mechanisms

IdentificationIdentification of  of genetic markers genetic markers of of individual radiation sensitivityindividual radiation sensitivity

((GenomicsGenomics /  / ProteomicsProteomics))

DevelopmentDevelopment of  of molecular prediction formolecular prediction for RT ( RT (TheranosticsTheranostics))

IdentificationIdentification of of tissue specific target structures tissue specific target structures on on the basis the basis of of

biologicalbiological / / molecular imaging molecular imaging

ApplicationApplication of  of stem cells stem cells to to rescue damaged rescue damaged normal normal tissuetissue
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