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Heterozygous ATM Mutation 
Carriers

• This issue is of importance in view of the frequency of ATM
heterozygotes in the general population, estimated as ~ 2-3%

• The summary estimated relative risk of breast cancer in ATM
heterozygotes is ~4  (D Easton: Int J Radiat Biol 1994; 66 [Suppl 6]:177-182)

• If both estimates are correct, 3-4% of all breast cancer might be 
attributable to ATM heterozygosity

• Problem: more recent epi studies have yielded conflicting results 
regarding whether this risk estimate is correct (RM Tamimi et al: 
Breast Cancer Res 2004; 6:R16-R22)

• The strongest data in support of there being a relationship between ATM 
and breast cancer risk are found in studies targeting female family 
members from AT kindreds (JH Olsen et al: JNCI 2001; 93:121-127)







Heterozygous NBS Mutation 
Carriers
• Two founder mutations in NBS occur in Poland, permitting genetic

studies to be more efficiently accomplished

• 23 of 1289 (1.8%) subjects with various  cancers carried one of the 
founder mutations, versus 14/1620 (0.9%) controls

• significantly increased risks of melanoma, NHL and colon cancer 
were seen

• (J Steffen et al: Int J Cancer 2004; 111:67-71)

• Another Polish  study:

• 0.6% of 1500 controls were carriers

• 7% of 305 prostate cancer cases were carriers (OR = 3.9)

• 9% of 56 familial prostate cancer cases were carriers (OR = 16)

• (C Cybulski et al: Cancer Res 2004; 64:1215-1219)











Heterozygous BLM Mutation 
Carriers

• Case (n=1244) – control (n=1839) study of colon cancer risk in BLM
Heterozygotes in Subjects of Ashkenazi Jewish heritage

• Facilitated by the AJ BLM founder mutation

• Colorectal cancer subjects were 2.45 times more likely to carry the AJ 
BLM founder mutation than were controls
(SB Gruber et al: Science 2002; 297:2013)

• Emerging concept: “HAPLOINSUFFICIENCY”
• For some genes, a half-dose of its protein is not adequate for full gene function

• May be a particular issue for genes involved in maintenance of genomic integrity

• Subnormal levels of protein lead to genomic instability, increased mutation rate in 
affected cells, and an increased risk of malignant transformation

• Examples:  ATM, NBS, XP, FA





Cousins with Fanconi’s AnemiaCousins with Fanconi’s Anemia



Case 1

Café-au-lait spot Flat thenar eminence

Case 2

Absent thumbs, 
L pollicization Wrist Splint



Rosenberg P et al: Blood 2003; 101:822-826

• Vulvar Cancer:          O/E = 4300

• Esophageal Cancer:  O/E = 2400

• Head/Neck Cancer:   O/E =  700

• Beware the atypical presentation in young adults!
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FA Complementation FA Complementation 
Groups/GenesGroups/Genes

Rare375141.72p15-16.1L
Rare----J
Rare----I
~10622142.59p13G
Rare37411.311p15F
~5536102.56p21-22E

Rare14514453p25.3D2
Rare34182711.413q12.3D1/BRCA2
~10558144.69q22.3C
Rare859102.8Xp22.31B
~701455435.516q24.3A
%AAExonscDNALocusGroup



Carotid body is the most common location of PGL tumors







• Met Proto-oncogene

• Encodes hepatocyte
growth factor

Up to 3000 tumors per kidney!  Difficult to detect by US, CT - hypovasc



• Protein Product:            
FOLLICULIN



Birt-Hogg-Dubé Syndrome, con’t

• Germline mutations in BHD found in 51/61 (84%) US families

• 45% of mutation-positive families had ≥ 1 renal cell cancer

• Mutation hotspot in exon 11

• 27/51 (53%) of mutations occurred in this exon

• significantly fewer tumors with deletion mutations than insertion 
mutations

• 3 families affected by renal oncocytomas, first genetic association for this 
histologic variant of kidney cancer

• VHL, PRCC and BHD managed with observation for tumors < 3cm, partial 
neprectomy when larger

(LS Schmidt et al: Amer J Hum Genet 2005; 76:1023-1033)



• Gene identified: fumarate hydratase (Krebs cycle enzym
• Mutations in FH found in 31/35 (89%) families studied
• 98% of women with skin tumors also had uterine tumor

J Toro et al: Amer J Hum Genet 2003; 73:95-106

Unilateral, solitary, VERY aggressive; metastasize early



Hereditary leiomyoma renal cell carcinoma
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Histopathology of Hereditary 
Renal Cancers

• Von Hippel-Lindau……………….clear cell renal carcinoma

• Papillary Renal Cell Cancer……..type 1 papillary renal 
carcinoma

• Birt-Hogg-Dubé……………….hybrid oncocytic renal tumors; 
chromophobe renal carcinoma

• HLRCC……………………..type 2 papillary renal carcinoma;  
collecting duct carcinoma



Conclusions
• Reviewed a series of less common genetic cancer 

susceptibility syndromes
• Ataxia Telangiectasia
• Nijmegen Breakage Syndrome
• Bloom Syndrome
• Fanconi Anemia
• Hereditary Paraganglioma
• Familial Papillary Renal Cancer Syndrome
• Birt-Hogg-Dubé Syndrome
• Hereditary Leiomyoma Renal Cell Cancer Syndrome

• Recognition of the clinical phenotype is the key 
• Theme: potential risk of malignancy in heterozygous 

carriers of autosomal recessive disorders that involve 
maintenance of genomic integrity

• Novel mechanisms of inheritance (imprinting)
• Novel etiologic genes (fumarate hydratase; SDHB, C, D)
• Etiologic clues to be found in histopathologic heterogeneity


