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CHAPTERR 8 

THEE GENETICS OF FANCC AND FANCG IN 
FAMILIALL PANCREATIC CANCER 

Rogerss C, Van der Heijden MS, Brune K, Yeo CJ, Hruban RH, Kern SE, 

Gogginss M 

CancerCancer Biology and Therapy 2004; 3 (2): 167-169 
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TheThe genetics of FANCC and FANCG in familial pancreatic cancer 

Abstract t 
Patientss with Fanconi Anemia (FA; display a wide variety of defects in-cluding 
bonee marrow failure and a high risk of developing cancer. Multipl e FA genes 
existt whose proteins form a complex that along with RRCA1 is important for 
thee translocahzation of FANCD2 to nuclear foci1*1"". With BRCA2 and RADöl. 
thiss complex is thought to have a role in the repair of DNA double strand 
breaks.. Recently. Howlett ct a!. 4~ identified biallehc inacivating mutations of the 
BRCAZBRCAZ gene as the genetic basis of FA complementation group 1)1. Since carriers 
off  germlme BKC.A2 mutat ions have an increased risk or developing pancreatic 
cancer,, the FA pathway has been analyzed for inactivating mutations by van der 
Heijdenn ct w/.44. who identified FAX(~C and FAXCC mutat ions in patients with 
pancreaticc cancer. Here, we determined the role of germline FA gene mutations 
inn kindred in which several family members had pancreatic cancer. Sequence 
analysiss of 38 individuals with familial pancreatic cancer enrolled in the 
Nationall  Familial Pancreatic Tumor Registry (NFPTR) revealed previously iden-
tifiedd polymorphisms within two exons and one intron of FAXCiA. and in three 
intronss of FAXtXA In addition, an unaffected relative from one family con-
tainedd an exonic polymorphism within the l:A\'CC gene. These and published 
dataa suggest the possibility that although germline and somatic mutat ions in 
FAXCCFAXCC and FAXCC may contribute to the occurrence of pancreatic cancers, the 
pancreaticc cancers that arise apparently do so in a sporadic fashion rather than 
wit hh a phenotype of familial pancreatic cancer. FAX'C'C and FAXCG mutations 
mayy have low penetrance for the pancreatic cancer phenotype. 

Introduction n 
Pat ien tss w i t h Fanconi anemia (FA) d isp lay a w ide va r ie ty of defects in-

c lud ingg congen i tal abnorma l i t i es, bone m a r r ow fai lure, and an increased 

suscep t ib i l i tyy to cancer especial ly acu te myelo id leukemia (AML ) and 

headd and neck cancer4 l4"- I 6 6. The d iagnosis of FA is based on ident i fy-

ingg an acute sens i t i v i ty of l y m p h o c y te c h r o m o s o m es to DNA crossl ink-

ingg agen ts such as m i t o m y c in C (MMC ) and d i e p o x y b u t a n e1^ ' IfS°. Prior 

too the ident i f i ca t ion of FA suscept ib i l i ty genes, c o m p l e m e n t a t i on s tud-

iess identi f ied e ight FA c o m p l e m e n t a t i on g roups t h at are n ow k n o wn to 

cor respondd to genes t h at func t ion in the repair of doub le s t randed DNA 

breakss and DNA- in te r s t r and crossl inks. Seven FA genes (FAXCA, FAXCC. 

FAXCF)FAXCF) l/BRCAZ,, FAXCD2, FAXCF, FAXCF, FAXCC) have been c loned. 
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Proteinss encoded by five of these complementation groups (A. C. E, F. and 
G)) form a complex that is important in the activation of FANCD2. 
FANCD22 activation leads to the formation of nuclear foci with BRGA1 '"r\ 
Recently,, Howlett ct <//.4- found that patients with FA arising from com-
plementationn groups B and Dl have germline biallelic mutat ions of the 
BRXAZBRXAZ gene. Carriers of one defective germline BRCAZ mutation have an 
increasedd risk of developing breast, ovarian, and pancreatic cancer0- ' ^ . 
Indeed,, germline BRCAZ mutat ions can be found in approximately 4-7"<> 
off  apparently sporadic pancreatic cancer patients'"10. Further, among pa-
tientss with familial pancreatic cancer (those in which at least two first 
degreee relatives have pancreatic cancer), germline BRCAZ mutat ions are 
presentt in approximately 17% of patients1"^ 144. These findings raised 
thee possibility that genetic alterations of other members of the FA path-
wayy could also contribute to inherited pancreatic cancer. Recently, van 
derr Heijden cl dl. identified FAXC'C and FAXCG gene mutat ions in pan-
creaticc cancer44. In this study, we examined patients with familial pan-
creaticc cancer for FAXCX* and I'-AXCX*, germline alterations in order to 
determinee the role of FA mutat ions in families with pancreatic cancer. 
Sequencee analysis identified polymorphisms within the introns and 
exonss of the f/\.YCC and FAX'CG genes. Another exonic polymorphism 
wass found in FAXCC from a family member without pancreatic cancer. 

Materiall and Methods 

Germlinee L)NA was obtained from 38 pancreatic cancer patients enrolled 
inn the National Familial Pancreatic Tumor Registry (NFPTR)'"1". Affected 
patientss from kindreds with 2 or more family members wi t h a history of 
pancreaticc cancer were selected for this study. All kindreds and samples 
weree assigned a coded number to assume patient confidentiality. Our Insti-
tutee Review Board approved the study. Pancreatic cancer patients are 
listedd according to coded sample numbers preceded by the letter P. PI 
familyy members not diagnosed with pancreatic cancer are listed by a 
codedd number preceded by F. An exception is P36 who has pancreatic 
cancerr and is the daughter of PI. 

Thee sequences of all 14 exons of the FAXCX', gene as well as the sequences 
off  10 of 14 exons of the I'AXCX'. gene were analyzed. FAXCX' exons 2, 3. 
7.. and 10 were not analyzed because no known germline mutat ions were 
identifiedd in these exons, Exon 1 of I AXCXA was also sequenced from 
sevenn members fof one kindred) not diagnosed with PC to determine the 
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Figuree 8.1 Electropherogram of the FANCC polymorphisms. Coded sample num-
berss are indicated. Affected bases are boxed. Sequences matching wi ldtype are 
listedd below sequences wi th polymorphisms. A 77C>T B 28T>G C IVS8 + 80 G>A. 

inheritancee of the 77C>T polymorphism. Primers used for the PCR ampli-
ficationfication of FANCC and FANCG have been described44. PCR products were 
sequencedd at the Johns Hopkins University School of Medicine Biosynthe-
siss and Sequencing Facility with an ABI 3700 automated capillary sequen-
cer.. Sequences were analyzed with Sequencher (Gene Codes Corp.). Sequ-
encee variants were confirmed by sequencing independent PCR products. 

R e s u l t s s 

Genomicc DNA from 38 patients with familial pancreatic cancer was ex-
aminedd for possible disease causing mutat ions in FANCC and FANCG. 
TenTen exons of FANCC and all 14 exons of FANCG were analyzed by 
sequencing.. The intronic regions immediately flanking these exons were 
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Figuree 8.2 Segregation of cancer and FANCC 77C>T wi th in a pancreatic cancer 
family.. This is a family having members w i th pancreatic cancer. Those wi th pan-
creaticc cancer (red), lymphoma (yellow), or breast cancer (blue) are indicated. A 
codedd number preceded by F list P1 family members not diagnosed wi th pancre-
aticc cancer. An exception is P36 who has pancreatic cancer and is the daugther 
off P1. Figures w i th dots represent individuals carrying FANCC 77C>T. Coded 
samplee numbers are listed below representations of members whose FANCC 
exonll were sequenced. All other relatives were not sequenced at this locus. 
(*)) indicates the FANCC 28T>G variat ion found in one family member (F4). 

alsoo sequenced. Sequencing revealed polymorphisms in 1 exon (77C>T) 
andd 1 intron of FANCC and in 3 introns of FANCC in patients with pan-
creaticc cancer. Analyzing the frequency of 77C>T in other family mem-
berss from the kindred with the 77C>T variant revealed an additional 
polymorphismm (28T>G)_, in a family member wi thout cancer. 
Exonn 1 of FANCC from PI contains the 77C>T variant (Figure 8.1A), lead-
ingg to the ammo acid change S26F. The PI pedigree (Figure 8.2) shows 
thee frequency of the 77C>T polymorphism and identifies members with 
cancer.. Family members with pancreatic cancer (red), lymphoma (yel-
low),, or breast cancer (blue), do not show cosegregation with 77C>T. 
Exonn 1 of FANCC also contained a sequence variation in F4 at 28T>G. 
wit hh a deduced ammo acid change of C10G (Figure 8. IB). An mtronic 
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polymorphism,, IVS8 + 80 G>A was located in three pancreatic cancer 
pa t i en tss (Figure S. IC). 

Severall  intronic polymorphisms were identified in FANCG: IVS1+77A/C. 
IVSS++ 126T/C. and 1VS5 + 58 C/T. These intronic polymorphisms are not 
thoughtt to be functionally significant because they are not within splice 
sitess or known regulatory regions. In addition, these variants are prevalent 
inn the normal population and therefore are unlikely to be disease causing. 

Discussion n 

Inn this study, we find in our population that germline FANCC and FAXCC 
genee mutat ions do not contr ibute to the clustering of pancreatic can-
cerss seen in the sett ing of familial pancreatic cancer. Several known 
FANCCFANCC and FANCG polymorphisms were found as well as novel poly-
morphisms,, but based on prior studies and this study, none of these 
polymorphismss are thought to be functionally significant. One 
77C>TT FANCC polymorphism results in a nonconservat ive amino 
acidd change of a serine to a phenylalanine. This nucleotide polymor-
phismm has been previously documented1'^1. The lack of segregation of 
thiss variant wi t h disease in the affected kindred suggests that 77C>T 
iss not disease causing. 
Ourr results suggest that mutat ions in the FANCC and FANCG genes are 
probablyy not a common cause of inherited pancreatic cancer where 
mult iplee family members have pancreatic cancer. However, this find-
ingg does not rule out the possibil ity that other FA gene alterat ions 
mayy contr ibute to familial PC. FANCA a l terat ions are the most fre-
quent lyy FA causing mutat ions accounting for approximately two 
thirdss of all cases of FA, while FANCC and FANCG mutat ions each 
onlyy account for 12% of FA cases171. With a FA carrier rate in the 
Unitedd States populat ion estimated between 1 in 200 to 1 in 300, it is 
possiblee that a low prevalence of FANCC and FANCG mutat ions 
wouldd be evident wi th i n a larger populat ion of familial pancreatic 
cancerr pat ients1 7 2. At this time, est imates as to the cancer risk of FA 
carrierss are largely unknown. 
Thesee results are in contrast to the pancreatic cancer risk with germline 
BRCA2BRCA2 mutat ion carriage, where the average risk of developing pan-
creaticc cancer in carriers is approximately 5%. and mutat ions in 
BRCA2BRCA2 are the commonest known cause of familial pancreatic cancer. 
Onee potent ial ly important clinical implication of finding germline FA 
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genee mutat ions is that loss of FA pathway function in affected patients 
mayy render their cancers hypersensit ive to DNA damaging agents 
suchh as MM C or DEB1 6- lfVS. 
Despitee some advances in our understanding of familial pancreatic can-
cer .̂. ^ . 44. 144. l,.-. 174 w e s t j | | cJQ n o t understand the genetic basis of most 
formss of familial pancreatic cancer. It wil l be important to examine other 
geness in the FA pathway to determine if the loss of function of these 
geness contributes to pancreatic cancer development. For example, inac-
tivationn of EANCD2 in mice not only leads to a Fanconi anemia pheno-
type.. but also leads to the development of epithelial cancersJ7;i. In addition. 
J inn et dl. U6 recently demonstrated that menin. the protein encoded by 
MENMEN I. interacts with Fancd2 and that cells lacking menin are sensitive 
too DNA damage. Mutat ions in the MEN! gene give rise to the multiple 
endocrinee neoplasia type 1 syndrome, a syndrome characterized by pan-
creaticc islet cell tumors and other endocrine tumors, but a distinct lack 
off  common epithelial cancers such as pancreatic ductal adenocarcinoma 
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