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Aims of the lectureAims of the lecture
Review 2Review 2--hit hypothesis for hit hypothesis for tumourtumour
developmentdevelopment

Present characteristic features of 3 Present characteristic features of 3 
inherited cancer syndromesinherited cancer syndromes

NeurofibromatosisNeurofibromatosis
Familial Familial AdenomatousAdenomatous PolyposisPolyposis
Von Von HippelHippel LindauLindau DiseaseDisease

Discuss Discuss ““screeningscreening”” for early cancersfor early cancers



Cancer Cancer 

Is commonIs common
Involves genetic changeInvolves genetic change
Is rarely inheritedIs rarely inherited



RetinoblastomaRetinoblastoma

Commonest childhood eye Commonest childhood eye tumourtumour
1 in 15,000 children1 in 15,000 children
3rd most common childhood malignancy3rd most common childhood malignancy
Average age of onset 18 monthsAverage age of onset 18 months
60% present with 60% present with leukocorialeukocoria
Treat with radiotherapy/laser/Treat with radiotherapy/laser/cryotherapycryotherapy
or or enucleationenucleation



Germline RB1 Germline RB1 
mutation carriermutation carrier

No germline No germline 
mutationmutation



KnudsonKnudson’’s 2s 2--hit hypothesishit hypothesis

Mutation carrier

Normal tissue Cancer

Normal tissue Cancer

Sporadic Cancer



TumourTumour Suppressor GenesSuppressor Genes
Control cell growth and differentiationControl cell growth and differentiation
Function as Function as ““cellular recessivescellular recessives””



RetinoblastomaRetinoblastoma
Predisposition to develop Retinoblastoma (Predisposition to develop Retinoblastoma (““first first 
hithit”” germlinegermline mutation)  inherited in mutation)  inherited in autosomalautosomal
dominant fashiondominant fashion
10% of RB is familial10% of RB is familial
If no If no FHxFHx and bilateral RB 90% chance of RB1 and bilateral RB 90% chance of RB1 
germlinegermline mutationmutation
If no If no FHxFHx and unilateral multifocal RB 15and unilateral multifocal RB 15--90% 90% 
chance of RB1 chance of RB1 germlinegermline mutationmutation
If no If no FHxFHx and unilateral and unilateral unifocalunifocal RB 15% chance RB 15% chance 
of of germlinegermline mutationmutation



Neurofibromatosis type1(NF1)
Affects 1 in 2,500Affects 1 in 2,500
Multisystem disorderMultisystem disorder
Dominant Dominant 
Fully Fully penetrantpenetrant
Highly variable expressivityHighly variable expressivity

Great variability between affected Great variability between affected 
individuals in the same familyindividuals in the same family



NF1NF1

The NF1 gene on chromosome 17  The NF1 gene on chromosome 17  
encodes the protein encodes the protein NeurofibrominNeurofibromin . . 

59 exons (350kb genomic DNA)59 exons (350kb genomic DNA)

50% cases NF1 new mutations 50% cases NF1 new mutations 



NF1NF1
NeurofibrominNeurofibromin suppresses suppresses RasRas, a potent , a potent 
activator of cell growth and proliferation.activator of cell growth and proliferation.



NF1NF1-- Clinical FeaturesClinical Features

NeurofibromasNeurofibromas
Discrete Discrete cutaneouscutaneous neurofibromaneurofibroma of of 
dermis or epidermisdermis or epidermis
Discrete subcutaneous Discrete subcutaneous neurofibromasneurofibromas
that lie deeper in the skinthat lie deeper in the skin
Deep nodular Deep nodular neurofibromasneurofibromas
Diffuse Diffuse plexiformplexiform neurofibromasneurofibromas



NF1NF1-- Clinical FeaturesClinical Features

Other skin manifestationsOther skin manifestations
AxillaryAxillary frecklingfreckling



Ophthalmological Ophthalmological 
findingsfindings

LischLisch NodulesNodules
90%90%

NF1NF1-- Clinical FeaturesClinical Features



Ophthalmological findingsOphthalmological findings
Optic Optic GliomaGlioma

15%15%
Usually asymptomaticUsually asymptomatic
Presents withPresents with
deteriorating visiondeteriorating vision

NF1NF1-- Clinical FeaturesClinical Features



Skeletal problemsSkeletal problems
ScoliosisScoliosis

10%10%
Usually mild Usually mild 
Very small number Very small number 
with severe with severe 
presentationpresentation

PseudarthrosisPseudarthrosis
1%1%
Usually of long bonesUsually of long bones
Pathological fracturesPathological fractures

NF1NF1-- Clinical FeaturesClinical Features



CNSCNS
Learning disabilityLearning disability

Usually mildUsually mild
3030--50%50%

Large headLarge head

NF1NF1-- Clinical FeaturesClinical Features



Malignant tumour of the peripheral Malignant tumour of the peripheral 
nerve sheathnerve sheath

Life time risk of 13% Life time risk of 13% 
Usually from preUsually from pre--existing existing plexiformplexiform
neurofibromaneurofibroma

AstrocytomaAstrocytoma 2%2%
PheochromocytomaPheochromocytoma 0.7%0.7%
RhabdomyosarcomaRhabdomyosarcoma 1.4%1.4%

NF1NF1-- Cancer predispositionCancer predisposition



Genetic Genetic counsellingcounselling issuesissues
Variability in phenotype Variability in phenotype 
makes reproductive makes reproductive 
decision making difficultdecision making difficult

Value of screening Value of screening --
differences between differences between 
different healthcare different healthcare 
systemssystems

Mutation analysis of Mutation analysis of 
limited valuelimited value



Jenny 15Jenny 15

Vitreous Vitreous haemorrhagehaemorrhage

Ophthalmological referralOphthalmological referral



Jenny 15Jenny 15

Vitreous Vitreous haemorrhagehaemorrhage

Peter aged 42Peter aged 42

Radiotherapy for brain Radiotherapy for brain 
tumourtumour



Could Jenny and Peter have Could Jenny and Peter have 
the same disorder?the same disorder?

vHLvHL Mutation analysis performed Mutation analysis performed 

Whole gene deletion of Whole gene deletion of vHLvHL identified in identified in 
Jenny and PeterJenny and Peter

Testing offered to rest of familyTesting offered to rest of family



Anne 78 yrsAnne 78 yrs



Von Von HippelHippel LindauLindau DiseaseDisease

Affects 1 in 35,000 individualsAffects 1 in 35,000 individuals
Penetrance highPenetrance high
Associated with a wide variety of tumours,Associated with a wide variety of tumours,

retinal retinal angiomasangiomas (60%)(60%)
haemangioblastomashaemangioblastomas

((cerebellarcerebellar 60%, spinal 25% and brainstem 18%)60%, spinal 25% and brainstem 18%)

renal cell carcinoma (28%)renal cell carcinoma (28%)
phaeochromocytomaphaeochromocytoma (15%). (15%). 



vHLvHL GeneGene
vHLvHL protein protein 
suppresses tumour suppresses tumour 
growth and growth and 
downregulatesdownregulates
angiogenicangiogenic factors.factors.

~ 90% individuals ~ 90% individuals 
with clear with clear 
diagnosis of diagnosis of vHLvHL
will have mutation will have mutation 
identifiedidentified



Anne 78 yrsAnne 78 yrs



Screening regimen for vHL (yearly)

Ages 5-18
Eye/retinal examination
24 hour urine collection for catecholamines

Ages 18-65
Eye/retinal examination
Physical examination
24 hour urine collection for catecholamines
MRI of abdomen

MRI of brain and spine (2-3 yearly)



Family history of colorectal Family history of colorectal 
cancercancer

Mary d.36 CRC

Jim d.29 CRC

Jane 
23

Claire 
21



Mary d.36 CRC

Jim d.29 CRC

Jane 
23

Claire 
21

Multiple Multiple 
polypspolyps

Colorectal Colorectal 
cancer with cancer with 
hepatic hepatic 
metastasesmetastases



Familial Familial AdenomatousAdenomatous
PolyposisPolyposis

1 in 10,0001 in 10,000
polyps develop during second decadepolyps develop during second decade
colonic malignancies third decadecolonic malignancies third decade
Associated featuresAssociated features

CHRPECHRPE
DesmoidDesmoid tumourstumours
OsteomasOsteomas



APC mutationsAPC mutations
Majority truncating mutationsMajority truncating mutations
Amino terminal Amino terminal -- codon 157codon 157-- attenuated FAPattenuated FAP



Case 2Case 2

Mary d.36 CRC

Jim d.29 CRC

Jane 
23

Claire 
21

What are the counseling issues for Jane?What are the counseling issues for Jane?



Issues for JaneIssues for Jane

What is her risk of being affected?What is her risk of being affected?

How can you clarify her status?How can you clarify her status?

What screening should be offered?What screening should be offered?

Can prenatal diagnosis be offered? Can prenatal diagnosis be offered? 


