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Late effectsLate effects

R di thR di th l t dl t d ff tff t itiitiRadiotherapyRadiotherapy--relatedrelated effectseffects on on cognitioncognition::

• Memory – difficulties to learn new things

• Attention deficits

• Reduced stamina and patience

More pronounced side effects in younger children• More pronounced side effects in younger children

- Why?
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Irradiation – in vivo

TwoTwo areasareas alwaysalways injuredinjured byby irradiationirradiationTwoTwo areas areas alwaysalways injuredinjured by by irradiationirradiation
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StemStem cells and cells and progenitorsprogenitors –– proliferatingproliferating cellscells
Fukuda 2004 Cell Death DifferFukuda 2004 Cell Death DifferFukuda 2004 Cell Death DifferFukuda 2004 Cell Death Differ



Irradiation – in vitro

Plastic box to obtain even side scatter in the medium 

• Cell lines

• Rodent neurospheresRodent neurospheres

• Human neurospheres

4 MV photons4 MV photons
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Cell grafting

• Neural precursor cells 
(syngeneic)

• Glioblastoma cellsGlioblastoma cells 
(GFP labeled, syngeneic)
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Irradiation and cell death

Active caspase-3
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Fukuda et al. Cell Death Differ (2004) 11:1166-78Fukuda et al. Cell Death Differ (2004) 11:1166-78



Irradiation and cell death



Cell death

•• Regulation of caspase activationRegulation of caspase activationg pg p
(Blomgren 2001 JBC, Zhu 2007 CDD)

•• RegulationRegulation of AIFof AIFgg
(Zhu 2007 J Exp Med, Zhu 2007 CDD)

•• Autophagy and p53Autophagy and p53Autophagy and p53Autophagy and p53
(Tasdemir 2008 Nat Cell Biol)

•• OxidativeOxidative stressstressOxidativeOxidative stressstress
(Zhu 2005, 2007 CDD)



IR of young mice followed by 
ischemia in adulthood
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partly be explained by direct 
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Behavior, functional assessment

Voluntary running after IR

IR BrdU
Open Field 

Test

Rest 4 weeks Running



Behavior, functional assessment

Voluntary running after IR

Neurogenesis decreased after IR 
and increased several-fold after running Naylor 2008 PNASNaylor 2008 PNASand increased several fold after running



Behavior, functional assessment

Voluntary running after IR

Open field test: 

IR caused hyperactive 
behavior and this was 
partly normalized by 

irunning

Naylor 2008 PNASNaylor 2008 PNAS



Behavior, functional assessment

IntelliCageIntelliCage 
(www.newbehavior.com)



Behavior, functional assessment

IntelliCageIntelliCage



Behavior, functional assessment

Grafting of stem cells

IRIR

Non-
IR

Grafting after: 1 day 1 week 6 weeksGrafting after:              1 day                      1 week                    6 weeks



Behavior, functional assessment

Accumulated number of 

IntelliCage

errors during corner training
(place learning)

Day 1 Day 2 Day 3 Day 4Day 1           Day 2           Day 3           Day 4



Behavior, functional assessment

IntelliCage + Social BoxIntelliCage + Social Box
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