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Evidence of a founder BRCA1 mutation in Scotland
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Summary BRCAI mutations have been identified in breast and ovarian cancer families from diverse ethnic backgrounds. We studied 17
different families with the BRCA1 2800delAA mutation; seven were ascertained in Scotland (Dundee, Edinburgh, Glasgow, St Andrews), five
in Canada (Toronto, Victoria) and five in the United States (Chicago, Philadelphia, Seattle). Overall there was a clear preponderance of
Scottish ancestry. Genotype analysis performed on key members from 17 families was consistent with a common haplotype, strongly
suggesting a single ancestral origin. A possible link was established between two families by tracing their genealogies through the records of
the Registrar General for Scotland. This is the first example of a BRCA1 mutation likely to be derived from a common founder in Scotland.
Further studies will be necessary to estimate more accurately the population frequency of the BRCA1 2800delAA mutation among unselected
cases of breast and ovarian cancer in Scotland and the UK. © 2000 Cancer Research Campaign
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Up to 7% of breast cancer cases in North America are estimated East) kindred and in an isolated case of breast cancer in Scotlanc
be due to mutations in predisposing breast cancer genes (Cla{Mullen et al, 1997). The mutant haplotype was found to be
et al, 1996; Newman et al, 1998). It is estimated that from 1 in 85@lentical to that reported in all other apparently unrelated
to 1 in 500 individuals carry a mutation in either of the highly breast—ovarian cancer families across Europe, with the exception
penetrant breast and ovarian cancer susceptibility g&RE# 1lor of marker D17S1327 for the West Lothian family. This may repre-
BRCA2(Easton et al, 1993; Ford et al, 1995). Women who carry @ent a different origin for the West Lothian family than the Baltic
mutation in theBRCAlgene have a 56—87% risk of developing region than other 5382insC families (Mullen et al, 1997).
breast cancer and a 16—-60% risk of developing ovarian cancer byFrequent mutations in an ethnically restricted population are
age 70 (Ford et al, 1994; Easton et al, 1995; Struewing et al, 1999ue to a founder effect. Founder effects may be most prominent in
Over 300 different mutations in thBRCA1 gene have been isolated populations that undergo rapid expansion from a limited
reported to the Breast Cancer Information Core (BIC) databaseumber of ancestors. The most frequently reported mutation in the
(BIC, 1998), but the number of different mutations in a definedBIC database is tHBRCA1185delAG (BIC, 1999). This mutation
ethnic group may be restricted. Although more are anticipateds estimated to be present in 1% of the Ashkenazi Jewish popula-
specific populations for which mutations BRCAlandBRCA2  tion and has been reported in North America, Israel, Iran, Iraq and
have been described include Austria, Netherlands and Belgiungurope (Struewing et al, 1995; Roa et al, 1996; Szabo and King,
Iceland, Sweden, Hungary, Russia and other Eastern Europed&f97). The reconstruction of haplotypes bearing common muta-
nations, as well as the Ashkenazi Jewish and French Canadiéions, such as the 185delAG, provided evidence for strong founder
populations (Johannesdottir et al, 1996; Neuhausen et al, 199éffects (Simard et al, 1994; Neuhausen et al, 1996). In the UK, the
Tonin et al, 1996, 1998; Gayther et al, 1997; Peelen et al, 199785delAG mutation was found in three Yorkshire families
Petrij-Bosch et al, 1997; Ramus et al, 1997; Szabo and KindNeuhausen et al, 1996; Xu et al, 1997). The Yorkshire families
1997). The most commd@RCA1lmutation among Europeans, the were found to share a haplotype that differed from the Ashkenazi
5382insC mutation, was found in about 79% of breast—ovariadewish haplotype (Neuhausen et al, 1996; Xu et al, 1997). This
cancer families in Russia (Gayther et al, 1997). BRCA1 was evidence of a separate origin or founder for BRCA1
5382insC mutation was previously found in a West Lothian (Soutli85delAG mutation in the Ashkenazi Jewish population and the

Yorkshire families.

TheBRCA12800delAA mutation was first reported in 1994 in a

Received 26 February 1999 breast-ovarian cancer family of Scottish descent in the US
Revised 3 June 1999 (Friedman et al, 1994). In 1995, Boyd et al described a Glasgow
Accepted 28 June 1999 breast cancer patient as homozygous for the 2800delAA mutation.
Correspondence to: A Liede More recently, Peto et al (1999) studied the prevalen8RafAl
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Table 1 BIC database summary sheet for >8 entries of suspected British origin (November 1999)

BRCA1 mutation Exon Entries Centres Ethnicity

G546T (E143X) 7 10 1 Irish, Western Europe

1294del40 1l1a 15 6 British, Irish

2080delA 11b 12 6 Dutch, British

2800delAA 11c 11 6 British, Scottish

T3053G (Y978X) 11c 9 4 Irish, Iraqi

3875del4 11d 26 11 Dutch, British, Czech

4184deld 11d 30 12 British, French, Indian, Pakistani
C4446T (R1443X) 13 38 13 British, French, Fr. Can., Belgian, Dutch

andBRCA2mutations in an unselected series of early-onset breasflutation detection
cancer patients (under age 46), regardless of family history. Pe}_oI
et al (1999) detected tlRRCA12800delAA mutation in a patient
from Glasgow. To explore the possibility that the 2800delAA
represents a population-speciBRCA1 mutation, we collected

ke the majority of BRCA1 mutations reported thus far, the
2800delAA leads to truncation of the mutant protein and predicted
loss of function. A variety of methods can be applied to initially

information and DNA specimens on 17 apparently unrelate etect the presence oBRCAlmutation (Friedman et al, 1995).

BRCAL 2800delAA families across North America and Scotland.ergndellit'czgsogé\év;::?n:gz r;;d?:t'gssi':_ﬁfr;m: le?guegggoﬁ at
Genotype analysis was performed using five polymorphic u P

microsatellite markers on chromosome 17q to determine whethc.?r;rm:leot'de 2820. The _chaln-terr_nlnatlng mutation in exon 11 may
. . e screened by protein-truncation test (PTT) or by single-strand
this mutation represents a founder effect.

conformational analysis (SSCA) or by a restriction enzyme assay
as the mutation creates a new Tth recognition site. Mutant bands
SUBJECTS AND METHODS were confirmed with direct sequencing of the exon 11 region.

Identification of families with 2800delAA Genotyping markers in the  BRCAZ region

The Br ncer Information re D 1997, 1 W
e Breast Cance nto _ato Core Database (199 . 998) ﬁuman genomic DNA was isolated from 20—-30 ml EDTA or ACD
searched for all entries with tilBRCA12800delAA mutation. At ;i . . .
- - . . blood samples. Five polymorphic microsatellite markers located
the time, nine entries were found from four different centres for

the 2800delAA (Table 1). Communication with genetics clinics in\?vr:erzhrosrggizriinl;? gt'thirn;vt'th?:((:g ilgc;n\;v::lgtza“?o ll(gng) ItThese
North America identified four additional families. The majority of u uct g yp ! '

- o . . markers were used in non-radioactive polymerase chain reaction
families were tested through clinical service following referral for poly

- . A - . (PCR) using 20 cycles, run on sequencing-type gel elec-
genetic counselling and risk assessment. These families typical - .
had evidence of genetic predisposition to breast cancer (e.g. t Oophore3|§, then transfe_rred to nylon memb_ranes_ blotted with 32P
first- or second-degree relatives diagnosed with breast cancearbelled oligo (CA) or with a 32P labelled primer if the locus was

) . ot a dinucleotide repeat. From centromere to telomere, the order
below age 50 or ovarian cancer). One Toronto family (UT10872 . ; ’
g ) y( eported in the Genome Database (GDB) is as follows: D17S1321,

was identified by a population-based study of unselected ovariaB178855 D17S1322. D17S1323. D17S1327. The total distance

cancer cases in the province of Ontario. One Scottish famil%O ered by these five markers is 405 Kb. Primer sequences to
(USt97) was among fifty unselected breast cancer cases diagnosed’ y ' q

below age 50 in South East Scotland. Three families had beearhnml.Ify these markers can be retrieved on-line from the GDB. A
WP ysical map for these markers has been previously resolved

reet‘g”fggi';e;"no d”z'z;t;’;’gn:rgrassgeoa\‘/vtt'(eu(gﬂé’) t’gg;gge)t (;”iggg '(Neuhausen et al, 1996): D1751321-(255 kb)-D17S855-(5 kb)-
’ ’ R17S1322-(45 kb)-D1751323-(100 kb)-D1751327

Where possible, cancer diagnoses were confirmed by retrieval
pathology or medical records. Detailed family history information
was collected for each kindred. Registrar General for Scotland

Complete and informative records of all Scottish births, marriages
Controls and deaths, dating from the introduction of compulsory registra-
Control DNA was obtained from healthy Scottish blood donors viatr'r?;n'n ;iii zlrge?dt?lcl)z ie?r:it;:qﬂgrje’ E:;g?grgchél a(;c;rtlg stgtz
the South Eastern Scotland Blood Transfusion Service. In addft oY Y g piete, g 9 '
. o o hese are public records, so that the construction of accurate
tion, 50 unrelated individuals (e.g. spouses from within affecte . . : .
- multi-generation family trees presents fewer problems than is the
families) were tested for the 2800delAA. X y ) -
case in many countries (Collyer and De Mey, 1987; Sinclair,
1990). Using these records we explored the possibility of an ances-
tral link between the 17 families. Two of these families are thought
*Like USt97, she was ascertained through a survey of early onset breast cancers at@, be related as they are known to be descended from ancestors
like US97, she has no known family history of breast or related cancers. Hence theyyjth the same unusual surname, born in the same part of Scotland
penetrance of this mutation may be overestimated by selecting cases on the basis of d 1850. Other famili t linked th h |
family history. We are grateful to the authors of that report for their cooperation in aroun ' er families were not linke rough genealogy

providing additional information. records.
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RESULTS

Each of the 17 families contained at least two cases of breast
cancer diagnosed at age 50 or below, or ovarian cancer at any age
with the exception of family USt97 with only one case of
premenopausal breast cancer confirmed (Table 2). The average ag
of onset of breast cancer was 43 (range 25—77) and the average ac
of ovarian cancer was 57 (range 39-65). On average, there were
five women affected with breast cancer observed per family. Nine
of the 17 families had bilateral breast cancer cases. There were nc
cases of male breast cancer reported in any family. Ten of the 17
families contained cases of ovarian cancer (range 1-3 cases). Eigh
of these ten ovarian cancer families contained women diagnosed
with primary cancers of the breast and ovary. Family UW1
included one case of primary cancer of the fallopian tube at age 48.
Of the 17 families, eight contained prostate cancer, including four
families with two cases of prostate cancer. In general, mutation
status was not available for members of a family affected with
cancers other than breast and ovarian cancer, with the exception o
three cases (fallopian tube, colon and prostate cancers in UW1).
The characteristics of the 17 families with the 2800delAA muta-
tion are summarized in Table 2. The genotype observed for the
17 families was in concordance with the previous reports by
Friedman et al (1994, 1995) for two Seattle families (UWL1,
UW109). The genotype for the polymorphic microsatellite
markers D17S1321-D17S855-D17S1322-D17S1323-D17S1327
was 14-5-5-6-12 for the DNA samples tested belonging to the
17 BRCA12800delAA families (Figure 1). This genotype was
observed for all DNA samples of mutation carriers tested
belonging to the 17 families. It was possible to establish phase
unambiguously for six families (UW1, UG475, UC9214, UT9213,
UT9151, UE2) where multiple family members had participated in
genetic studies. Although phase was not established for the
remaining 11 families the genotype observed was consistent. Six
North American families reported Scottish ancestry. In four of the
North American families, the index case reported ancestry from
the British Isles.

Seven families from Scotland were among 150 multi-case
kindreds tested through the clinical genetics services. Of 50
unselected breast cancer cases presenting under the age of 50 |
the South East region, one was found to have the 2800delAA
mutation inBRCA1(USt97). Of 50 unrelated individuals (e.g.
spouses) tested in our series, none hadBREA12800delAA
mutation. DNA samples collected on population-based controls in
Scotland were tested specifically for tlEERCAL 2800delAA.
Molecular analysis did not detect the 2800delAA mutation in any
of the 100 non-cancer control samples tested.

Figure 1 depicts a representatB®CA12800delAA families
UV5763, UW109, UC9214, UT9151, UT10872 and UT271.
Figure 2 depicts family UG475 previously reported by Boyd et al
(1995) with a homozygouBRCA12800delAA mutant (indicated
as proband in pedigree). This family was also found to have a
BRCA28297delC mutation, detected in the maternal cousin of the
proband. For Table 2, information regarding the maternal cousin
with theBRCA28297delC mutation was excluded.

DISCUSSION

The presence of specilBRCAlor BRCAZmutations is dependent
in part on the population from which the breast and ovarian cancer
families are ascertained, emphasizing the importance of founder

British Journal of Cancer (2000) 82(3), 705-711
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Figure 1  Pedigrees of families UV5763, UW109, UC9214, UT9151, UT9213, UT10872 and UT271. Black circles indicate women affected with breast or
ovarian cancer. Squares indicate men. Grey circles and squares indicate individuals affected with cancers other than breast or ovarian cancer. Diagonal slash
indicates deceased. Ov = ovarian cancer, Br = breast cancer, Pr = prostate cancer, Pa = pancreatic cancer, Bl = bladder cancer, Cx = cervical cancer,

St = stomach cancer, Lu = lung cancer, Sk = skin cancer, Te = testicular cancer, Rh = rhabdomyosarcoma, Psu = primary site of cancer unknown. The numbers
following the abbreviations indicate ages of diagnosis. The plus sign indicates the presence of the BRCA1 2800delAA mutation. The associated haplotype for
polymorphic microsatellite markers D1751321-D17S855-D17S1322-D17S1323-D17S1327 of 14-5-5-6-12 is indicated below the symbols of the individuals
genotyped

British Journal of Cancer (2000) 82(3), 705-711 © 2000 Cancer Research Campaign
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BRCAL 2800delAA BRCAZ2 8297delC

Figure 2 Pedigree of family UG475. Black circles indicate women affected with breast or ovarian cancer. Squares indicate men. Grey circles and squares
indicate individuals affected with cancers other than breast or ovarian cancer. Diagonal slash indicates deceased. Ov = ovarian cancer, Br = breast cancer,
Co = colorectal cancer, Lu = lung cancer, To = tongue cancer. The numbers following the abbreviations indicate ages of diagnosis. The plus sign indicates the
presence of a BRCA1 or BRCA2 mutation (indicated below symbol)

mutations in population-specific studies (Neuhausen et al, 1996mplied a common ancestral origin for the 1294del40 families of
Szabo and King, 1997). In particular, haplotype and genotyp@®ritish-lIrish descent. Friedman et al (1994) first reported the
analysis provides evidence that a spe@BRCAlor BRCA2muta- BRCA12800delAA mutation. The 2800delAA was also previ-
tion can be associated with the geographic or ethnic origin of theusly found in Scottish families, including an individual appar-
study population. This knowledge is relevant not only for theently homozygous for the 2800delAA mutation (Boyd et al, 1995).
country of origin of the common founder, but also for immigrantin this study of 17 distincBRCA1 2800delAA families, we
populations. Many EuropedBRCAlandBRCA2mutations have provide evidence for a foundBRCAlmutation specific to the
been observed in the USA or Canada, reflecting migration patterr&cottish population.
to North America. The Scottish population is frequently described as being of
The most commoBRCAlmutations found in British breast- ‘Celtic’ origin though the definition of Celtic is somewhat impre-
ovarian cancer families to date have been the 1294deld@jse. The Celts are believed to have spread from the mainland of
4184del4, C4446T, 3875del4 and 2800delAA mutations (Table 1)Europe via Northern France and Spain to Cornwall, Wales, Ireland
There were between 11 and 38 entries for each of BB&A1 and Scotland, beginning over 2000 years ago. There were
mutations in the BIC Database (BIC, 1999). The C4446T mutatiomdigenous Scots who were displaced by, or who merged with, the
was reported frequently and families were of British, Belgian,incoming Celts and in the intervening centuries Viking raiders and
French and French-Canadian descent (Neuhausen et al, 19%fher Scandinavian seafarers and fisherfolk have also added to the
Tonin et al, 1998). The 4184del4 mutation is reported in numerougopulation mix. In the study of breast—ovarian cancer families in
families in North America and Europe (BIC, 1998). PreviousWales, theBRCA12800delAA was not detected among 17 fami-
genotype analysis fdBRCA14184del4 mutation families found lies (Lancaster et al, 1998). However, culturally and linguistically
diversity in the haplotypes which was not surprising consideringhe Irish and Scottish Celts appear to have more in common with
the families were of British, French, Indian and Pakistani descergach other than with present day Bretons, Cornish or Welsh.
(Friedman et al, 1995; Neuhausen et al, 1996; Szabo and Kingrevious studies on the distribution of genetic polymorphisms,
1997). In Wales, fouBRCA1 (4184del4, 2011insT, 2594delC, such as HLA haplotypes, tend to place the Irish/Scottish ‘Celts’
1997del4) and twBRCA2(4075delGT, 6287del4) mutations were somewhere between the modern day English and the Scandinaviat
detected in eight breast cancer families, including two familiepopulations (Bodmer et al, 1987).
with the BRCA14184del4 mutation and two families with the  The present day Scottish population has expanded over the pas
2594delC mutation (Lancaster et al, 1998). The 2080del4 mutatiob50 years from a somewhat depleted gene pool. The tendency of
(Table 1) has been reported in several Dutch families and, mofgoth Scots and Irish to establish themselves in all parts of the
recently, in two breast cancer patients of the unselected seriesworld is well recognized. There has been relatively little inward
the UK by Peto et al (1999). Other mutations includeBREA1  migration in the past 200 years but a very substantial emigration,
G2508T and th&RCA23295insA, both found in a breast cancer principally to North America and Australia, during the mid nine-
patient of Scottish descent (Liede et al, 1998). Only the 1294del4@enth century, coinciding with the Highland ‘clearances’ when
and the 2800delAA mutations have been reported exclusively ifarge sections of the population were displaced from land they
British and North American families. There were 15 entries for thedccupied as tenant farmers. Several of the families ascertained in
BRCA11294del40 mutation found in six centres in Britain and Scotland for this study included relatives in North America and
North America (BIC, 1999). Neuhausen et al (1996) demonstrateAustralia who have obtained counselling and screening as a result
a conserved haplotype for six 1294del40 mutation families whiclof contacts maintained with their roots. Genotype and limited

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(3), 705-711
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which cancer cases in family UG475 are associated VBRGA1

Maorth or BRCAZ2mutation or both. Thd8RCA28297delC is a novel
Atlantic mutation detected in another Glasgow family UG12343 which
Ocean contains four cases of female breast cancer (ages 37, 47, 64, 64)

and one case of prostate cancer.
& In Glasgow, Dundee/St Andrews and Edinburgh, a series of
=+ Orkney breast—ovarian cancer families with evidence for a genetic predis-
Islands position (e.g. two first- or second-degree relatives diagnosed with

¥y breast cancer below age 50 or ovarian cancer) was tested and
f six BRCA1 2800delAA mutation families were identified.
-—-%; ,* Approximately 4% of at-risk Scottish families were found to have
L T, the BRCA12800delAA mutation. The absence of the 2800delAA

mutation in a series of 100 non-cancer controls is consistent with

E the pathogenic nature of tBRCAlmutation.

O @Iand Dyindee North The overall incidence of breast cancer in Scotland is relatively
"% St. Andrews Sea high; the age-standardized rate (world) for Scotland is 72.70 per

&mz}éggglwthh e 100 000, whereas the rate for England and Wales is 68.84 per
I Qurg 100 000 (IARC, 1997). Information on the prevalenc&BICAL

- K
Central
. Lov%?a’%s

s Fanh i and BRCA2in breast and ovarian cancer incidence specific to
/" Condondersy  Souvem tpancs Newcastie Scotland is not available. Larger population-based studies are
G x SO Budnfries upon Tyre necessary to more accurately estimate the contribution of the
4 "'Béﬂast PR Eng/and'wfddleshmugh BRCAlandBRCAZ2in the general breast and ovarian cancer inci-

§% S . . .
\Ln_ PR Mt % dence in Scotland. Although further studies are necessary, we esti-
Figure 3 Map of Scotland. The BRCAL 2800delAA families likely originaed ~ Mate the frequency of thBRCA12800delAA mutation among
from the Central Lowlands and Southern Uplands of Scotland. The BRCA1 Scottish breast cancer patients diagnosed below age 50 could
2800delAA families were identified through regional genetics clinics in the reach 2%. The overall frequency of this mutation in the genera|
West Central region of Scotland (Glasgow, Edinburgh, Dundee and St lati in Scotland i d lie bel 1%
Andrews). One Toronto family (UT271) originated from the county of population in Scotland is expected to lie below 1%.

Kirkudbrightshire (near Dumfries). To date, the 2800delAA mutation has not
been identified in families from the Aberdeen catchment area of the North

East (Haites, personal communication). Map was modified from Virtual ACKNOWLEDGEMENTS
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Table 3 Three additional families* with BRCA1 2800 delAA)

Family Centre Origin or ancestry Breast cancer Ovarian  Other cancers
total <50 >50 total
1 Peto et al (1999) Cambridge & Glasgow  Glasgow, Scotland 1 1 0 0 none reported
2 Ainsworth et al (pers comm, BIC 1999) London, Ontario Scotland & England 2 2 0 0 stomach (1), colon (1)
3 Steel et al (pers comm) Edinburgh Scotland & Yorkshire 5 2 3 1 colon (1), prostate (1), lung (1)

*Families found after completion of study by Liede et al; genotype analysis currently underway.
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