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Abstract Approximately 10% of all breast and ovarian

cancers are dominantly inherited and mutations are mainly

found in the BRCA 1 and 2 genes. The penetrance of

BRCA1 mutations is reported to be between 68 and 92%

and confers a 36–92% life time risk of breast cancer. Most

mutations in BRCA1 are uniquely occurring mutations, but

founder mutations have been described. In this study we

describe a founder mutation with wide spread presence in

the Inuit population. We have screened 2,869 persons

from Greenland for the presence of a BRCA1 mutation

(p.Cys39Gly) only found in the Inuit population. The

overall carrier frequency was 1.6% in the general popula-

tion, but the frequency differs geographically from 0.6% on

the West coast to 9.7% in the previously isolated popula-

tion of the East coast. This is to our knowledge the highest

population frequency of a BRCA1 mutation ever to be

described. To determine the clinical relevance of the

mutation, we have examined ten breast cancer patients and

nine ovarian cancer patients from Greenland for the

presence of the p.Cys39Gly mutation. We found three

ovarian cancer patients (33%) and one breast cancer patient

(10%) carrying the mutation. The high number of women

carrying a BRCA1 mutation known to trigger the devel-

opment of potentially lethal diseases leads us to recom-

mend an offer of genetic counselling and test for the

mutation to all females of Inuit origin, thereby hopefully

preventing a number of breast and ovarian cancer deaths.
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Introduction

Breast cancer is the leading form of cancer affecting

women worldwide today. The prognosis is generally good

with an estimated survival rate of 73% in developed

countries [1]. Ovarian cancer is a less frequent form of

cancer and it accounts for 4% of all cancer cases affecting

women. Due to the often late time of diagnosis and the

propagation to the abdominal cavity, it is the seventh most

common cause of death due to cancer in women [1].

Approximately 10% of all breast and ovarian cancers can

be ascribed to a dominantly inherited disposition [2, 3].

Germline mutations in BRCA1 and BRCA2 are responsible

for a large proportion of these hereditary breast and ovarian

cancers and confer a 36–92% lifetime risk of breast cancer

[4–8] and a 16–63% lifetime risk of ovarian cancer [5, 7, 9]

in women. The major part of reported mutations in BRCA1

are changes only found in a few from unrelated families

[10]. The remaining changes are founder mutations

occurring in different ethnic groups and populations. One

of the most studied populations are the Ashkenazi Jews in

whom just three mutations account for approximately 85%
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of the mutations found in the BRCA1 (185delAG and

5382insC) and BRCA2 (6174delT) genes [11].

To evaluate the significance and geographic distribution

of a specific BRCA1 mutation, c.234T [ G (p.Cys39Gly),

localised in the RING domain we screened a representative

proportion (5%) of the Greenlandic population.

Materials and methods

Subjects

DNA from 1,071 inhabitants from the Municipality

of Ammassalik, East Greenland was screened for the

p.Cys39Gly mutation. The samples cover 36.8% of the

Ammassalik population. Of these samples, 18 large fami-

lies (a total of 358 subjects) with a varying number of

members (1–40) were identified.

In addition, 1,798 blood samples collected in 2006 and

2007 from pregnant females in Greenland were examined

for the presence of the p.Cys39Gly BRCA1 mutation.

The first sample set mentioned above has been collected

between 1989 and 2004 in a population based investigation

of carrier status for two autosomal recessive diseases

[Cholestasis Familiaris Groenlandica (CFG) and Propionic

Acidemia (PA)] [12, 13]. The second sample set consists of

pregnant females from Greenland participating in a popu-

lation screening for CFG and PA covering more than 90%

of all pregnant. All samples have been anonymised.

DNA extraction from bloodspots

All the above mentioned samples were spotted onto filter

paper test cards and stored at -20�C until use. A fragment

of 1 mm in circumference was cut out of the blood spot on

the test cards and DNA was extracted from the filter paper

fragment by the Chelex 100 method [14].

Patients

Patients of Greenlandic Inuit origin, who were treated for

either breast or ovarian cancer, were identified at the tumour

bank at the Department of Pathology, Rigshospitalet. We

received paraffin embedded tissue from nine ovarian cancer

samples and ten breast cancer samples. In the case of five of

the ovarian samples and all of the breast cancer samples, we

also received normal, respectively ovarian and breast tissue.

All samples have been anonymised.

DNA extraction from paraffin embedded tissue

Sections of 10 lm cut from paraffin embedded breast or

ovarian cancer tumour tissue were treated with Ultra Clear

(JT Baker) to deparaffinate the tissue. The tissues were

treated with a proteinase K/extraction buffer solution

(10 mM Tris–HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl2,

0.45% TWEEN 20, 0.45% TRITON 9 100, BSA : 0.1 g/L

and 6 U/mL proteinase K) for 48 h. The samples were

incubated at 100�C for 10 min and then cooled on ice. The

DNA is ready to use after cooling.

Computer analysis of the mutation

The mutation was analysed using the program Align-

GVGD which is an extension of the original Grantham

difference [15]. The program predicts whether a missense

mutation is deleterious or neutral [16]. The Align-GVGD

calculates a value for the input amino acid changes. Values

for strongly dissimilar pairs have scores above 100. The

highest score obtainable is for a Cys to Thr change, with a

value of 215. The mutation was also analysed with the

PolyPhen [17] and the SIFT [18] algorithms.

Mutation analysis

The BRCA1 p.Cys39Gly mutation genotyping was per-

formed using allele-specific PCR amplification with

mutation-specific forward primer BRCA1-39syg-F: 50-AG

GAACCTGTCTCCACAAACG-30and reverse primer BR

CA1-39-R: 50-TCCTGGGTTATGAAGGACAAA-30. All

reactions were performed in the presence of an additional

primer set either specific for the exon 5 of the SLC30A9

gene (F: 50-AGCCATTCACATCAATATTTC-30and R:

50-ATTTGGTTTGCACTTTTATTC-30) located on chro-

mosome 4. The extra primer set served as internal control

of the reaction.

PCR amplifications were carried out in a 16 lL reaction

mixture containing 6 lL DNA, 19 Amplicon standard

buffer with 15 mM MgCl2 (Bie & Berntsen, Copenhagen,

Denmark), 2.5 mM of each dNTP, 10 pmol of each primer

and 1 unit of Amplicon Taq DNA Polymerase (Bie &

Berntsen, Copenhagen, Denmark). PCR conditions con-

sisted of an initial melting step for 5 min at 95�C followed

by 35 cycles of 95�C for 30 s, 54�C for 30 s and 72�C for

30 s, and a final extension step at 72�C for 7 min. PCR

products were separated on a 2.5% agarose gel containing

ethidium bromide. All reactions were performed in the

presence of a positive and negative external control.

Restriction enzyme digest

As a further control of the validity of the PCR test, all positive

samples were subjected to a new round of PCR amplification

with the following primers: BRCA1C39GF: 50-GCTCAC

TGAAGGTAAGGATCG-30 and BRCA1C39GR: 50-GAG

AAAGAATGAAATGGAGTTGG-30.
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PCR amplifications were carried out in a 16 lL reaction

mixture containing 4 lL DNA, 19 Amplicon standard

buffer with 15 mM MgCl2 (Bie & Berntsen, Copenhagen,

Denmark), 2.5 mM of each dNTP, 10 pmol of each primer

and 1 unit of Amplicon Taq DNA Polymerase (Bie &

Berntsen, Copenhagen, Denmark). The PCR conditions

were as follows: an initial melting step for 5 min at 95�C

followed by 35 cycles of 95�C for 30 s, 58�C for 30 s and

72�C for 30 s, and a final extension step at 72�C for 7 min.

The fragments were incubated with the BstE II enzyme 2 h

at 60�C. BstE II digests the following sequence 50-GGT-

NACC-30 only present in the mutant fragment generating

two bands of 140 and 260 base pairs. Digested PCR

products were separated on a 2% agarose gel containing

ethidium bromide.

DNA sequencing

To validate the specificity of the analysis, one of the gen-

erated PCR fragments was cloned using the TOPO TA

cloning kit according to manufactures protocol (Invitro-

gen), transformed into TOP10 cells (Invitrogen). Plasmid

DNA was extracted by mini preparations according to

manufactures protocol (Qiagen). A total of six plasmids

were sequenced using standard M13 forward and reverse

primers.

Statistical methods

Fisher’s Exact test was used for examining the p.Cys39Gly

mutation distribution between cancer patients and popu-

lation samples. P \ 0.05 was considered statistically

significant.

Results

A total number of 2,869 samples (5% of the population) of

Greenlandic Inuit origin have been screened for a novel

BRCA1 mutation localised within the RING domain. The

mutation changes a conserved cysteine to a glycine at

amino acid position 39. The GD value obtained from the

Align-GVGD analysis for the BRCA1 39 Cys to Gly amino

acid change is 158.23. Further analyses with both the

PolyPhen and SIFT algorithms predicted the Cys to Gly

change to be damaging to the function of the protein.

Therefore it is highly likely that the mutation will have a

deleterious effect on the protein function of BRCA1.

The p.Cys39Gly mutation was found in 30 individuals

from 18 families (Table 1) in whom a total of 358 subjects

were tested. All families were from the municipality of

Ammassalik on the east coast of Greenland. Furthermore

713 inhabitants of the municipality of Ammassalik, not

determined to belong to any of the aforementioned large

families, were tested and 74 were found to carry the

mutation. In 2000 the municipality of Ammassalik had

2,911 inhabitants (statgreen.gl). We have hereby screened

36.8% of the population of Ammassalik, which is the

heaviest populated municipality on the east coast of

Greenland and found a carrier frequency of 9.7%.

Moreover, samples from pregnant females in 2006 and

2007 were screened for the p.Cys39Gly mutation. A total

of 1,798 samples were screened and we found 29 positives,

which corresponds to a carrier frequency of 1.6%. This

frequency varies geographically (Fig. 1).

A total of nine patients with ovarian cancer and ten

patients with breast cancer were genotyped, both groups

were from Greenland. Of the nine patients diagnosed with

ovarian cancer we found three (33%) carrying the

p.Cys39Gly mutation. In the group of breast cancer

patients we found one (10%) carrier out of a total number

of ten tested. Two of the p.Cys39Gly positive ovarian

cancer samples and the positive breast cancer sample

showed homozygosity for the mutation in the tumour

sample.

Fisher’s Exact test showed a statistically significant

higher frequency of the mutation in the cancer patients

compared to the background population of pregnant

women (P \ 0.001).

Discussion

Pathogenesis of the mutation

The p.Cys39Gly mutation in BRCA1 was first identified in

a 43 years old Inuit ovarian cancer patient who belonged to

a Ittoqqortoormiit family and has subsequently been

reported to occur in the Inuit population [19, 20], and in

one study without information about ethnicity [21].

The mutation is a missense mutation, a T to G trans-

version at amino acid position 39. Codon 39 is localised

Table 1 Frequency of the BRCA1 C39G mutations in the population

of Greenland and in the control samples

N Heterozygous %

Positive

Homozygous

Samples from

pregnant

1,798 29 1.6 None

Ammassalik

samples

1,071 104 9.7 None

Ovarian cancer

patients

9 3 33 2, in cancer

tissue

Breast cancer

patients

10 1 10 1, in cancer

tissue
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within the RING domain which spans amino acids 11–98

[22]. This domain is highly conserved and the cysteine

residue is conserved from Tetraodon through to humans.

The RING domain is also known to be important for pro-

tein-protein interactions of the BRCA1 protein [23]. The

Cys to Gly amino acid change in codon 39 has now been

reported to the Breast Cancer Information Core data base

(BIC, http://research.nhgri.nih.gov/bic/). Other amino acid

changes at this position have previously been reported and

been judged to be deleterious for the function of the protein

[24]. When the p.Cys39Gly mutation is analysed by the

Align-GVGD, PolyPhen and SIFT algorithms, it is unani-

mously predicted to be deleterious.

The pathogenity of the mutation is further verified by the

finding of loss of heterozygosity (LOH) in three out of four

cancers from mutation carriers, where the LOH serves as the

second hit in accordance with Knudson’s two hit theory for

tumour suppressor genes [25], especially when considering

that somatic BRCA1 mutations are rare in sporadic breast

and ovarian cancer [26, 27]. Not surprisingly we found the

mutations to occur statistically significant more often in

breast and ovarian cancer patients compared to the back-

ground population (P \ 0.001).

Cancer in Greenland

Few studies have examined the breast and ovarian cancer

incidence in Greenland let alone the spectrum of BRCA1

or BRCA2 mutations in the population. A study examining

the development in cancer incidence in Greenland in the

period of 1973–1997 found an increase in the incidence of

lung (23%), stomach (24%), cervix uteri (10%) and breast

cancer (14%). There was no significant increase in ovarian

cancer with the incidence of ovarian cancer being com-

parable to the incidence in Denmark [28]. The authors

suggest that the increasing Westernised life style in

Greenland together with the increase in average life

expectancy is part of the explanation for the increase in

breast cancer incidence. Furthermore the diagnostic pos-

sibilities have also increased and more women now

undergo examination for breast or ovarian cancer. This

may also contribute to the increase in incidence of breast

Fig. 1 Number of tested

individuals and their location.

Greenland is divided into four

municipalities: North, Middle,

South and East-West, which

have been further divided into

East and West by the dotted line
for our purpose. Map modified

from http://www.

statgreen.gl/dk/kort.html
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cancer. The breast cancer risk in Greenlandic Inuit

migrating to Denmark doubles, which may be explained

partly by change in environmental factors and changes in

the fertility pattern [29]. Further factors influencing the

onset of breast cancer is parity, onset of menarche and

menopause [30]. All of which are factors that have changed

in Greenland within the last few decades. The penetrance

of p.Cys39Gly mutation is currently not known, but it can

be speculated that the mutation has been a low penetrance

mutation until recently. After the changes in life style in

Greenland, the mutation may now have changed into a high

penetrance mutation, which may in part explain the

increase in breast cancer incidence.

From our results we can conclude that the p.Cys39Gly

mutation is an unknown variant outside the Inuit popula-

tion, and is most likely an Inuit founder. Most of our

material consists of people with Inuit background though it

cannot be ruled out that there may be a number of samples

of a different ethnic origin, mainly Danish.

BRCA1 mutation spectrum

The prevalence of BRCA1 mutation carriers has been

estimated to range between 0.125 and 0.25% in different

populations (Peto J 1999, Ford D 1995, Antoniou AC 2002,

Antoniou AC 2000, McClain MR 2005). Among the pop-

ulations most frequently studied for founder mutations are

the Askenazi Jews. Familial breast and ovarian cancer is

seen in this population, and the BRCA-1 and -2 spectrums

of the Askenazi Jews have therefore been thoroughly

described. It has been found that two mutations in the

BRCA1 gene (185delAG and 5382insC) and one mutation

in BRCA2 gene (6174delT) are the major mutations

responsible for hereditary breast and ovarian cancer in this

population [11]. In the general population of Askenazi

Jews it has been showed that the two BRCA1 mutations are

present in approximately 1% and 0.13% respectively [31,

32]. Another well-studied population is the population of

Iceland. Here, one mutation in BRCA2 (999del5) is the

only high-frequency founder mutation. It has been found in

0.4–0.6% of unaffected Icelanders, in 7.7–8.5% of breast

cancer cases that had not been selected on the basis of

family history or age of onset, and in 6–7.9% of ovarian

cancer cases [33–35]. These carrier frequencies are some-

what lower than the 1.6% our study has observed in the

general population of Greenland, and the Inuit population

seems to have the highest carrier frequency of a BRCA1

mutation found in any population so far. Hansen et al. have

studied the frequency of the p.Cys39Gly mutation in a

smaller area on the West coast of Greenland. They find a

frequency of almost 1% which is in concordance with our

results from the same area (Fig. 1).

Origin of Inuit in Greenland

The geographic difference in carrier frequency is most

likely due to a high degree of isolation and small number of

inhabitants as well as the possibly different ancestry of the

east Greenlanders [36]. The ancestors (the Thule culture) of

the current population of Greenland are thought to have

migrated into Greenland from the Canadian islands about

year 900 [37]. It is likely that they brought the mutation with

them, as the highest frequencies of the mutation is found in

the east coast and the northern part of the west coast, and the

frequency decreases towards the south in accordance with

the increased distance from the passage from Canada.

According to mitochondrial DNA studies the Thule

culture interbred with the existing Dorset culture creating a

mixed population on the west and south coast of Greenland

[36].

Conclusion

The p.Cys39Gly mutation in BRCA1 mutation is especially

prevalent in the population of Greenland and in patients

diagnosed with breast or ovarian cancer. The observed

carrier frequency of 1.6% is higher than the prevalence of

many genetic diseases for which routine screenings are

offered, such as PKU and congenital hypothyroidisme

(Andrews LB). Also it is almost double the frequency of

BRCA1 mutations found in Askenazi population. Further-

more, collaboration with the national health authorities of

the US and Canada (NIH and Health Canada) would be of

interest to assess the occurrence of the p.Cys39Gly muta-

tion in the North American Inuit population. We recom-

mend that the female population of Greenland, along with

the approximately 4.600 women of Greenlandic origin

living in Denmark, should be offered genetic counselling

and subsequent screening for the p.Cys39Gly mutation.
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legat, Meta og Håkon Baggers Fond and Grosserer Valdemar Foerson

og Hustru Thyra Foersom, født Ottos Fond and Arvid Nilssons Fond.

TLH was generously supported with a senior research scholarship

from Fonden af 17-12-1981. This study has been approved by the

Danish Research Ethics Committees and The Commission for Sci-

entific Research in Greenland.

References

1. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer

statistics, 2002. CA Cancer J Clin 2:74–108. doi:10.3322/

canjclin.55.2.74

High frequent BRCA1 founder mutation 417

123

http://dx.doi.org/10.3322/canjclin.55.2.74
http://dx.doi.org/10.3322/canjclin.55.2.74


2. Claus EB, Schildkraut JM, Thompson WD, Risch NJ (1996) The

genetic attributable risk of breast and ovarian cancer. Cancer

11:2318–2324. doi:10.1002/(SICI)1097-0142(19960601)77:11\
2318::AID-CNCR21[3.0.CO;2-Z

3. McPherson K, Steel CM, Dixon JM (2000) ABC of breast dis-

eases. Breast cancer-epidemiology, risk factors, and genetics.

BMJ 7261:624–628. doi:10.1136/bmj.321.7261.624

4. Fodor FH, Weston A, Bleiweiss IJ, McCurdy LD, Walsh MM,

Tartter PI, Brower ST, Eng CM (1998) Frequency and carrier risk

associated with common BRCA1 and BRCA2 mutations in

Ashkenazi Jewish breast cancer patients. Am J Hum Genet 1:45–

51. doi:10.1086/301903

5. Ford D, Easton DF, Stratton M, Narod S, Goldgar D, Devilee P,

Bishop DT, Weber B, Lenoir G, Chang-Claude J, Sobol H, Teare

MD, Struewing J, Arason A, Scherneck S, Peto J, Rebbeck TR,

Tonin P, Neuhausen S, Barkardottir R, Eyfjord J, Lynch H,

Ponder BA, Gayther SA, Zelada-Hedman M (1998) Genetic

heterogeneity and penetrance analysis of the BRCA1 and BRCA2

genes in breast cancer families. The Breast Cancer Linkage

Consortium. Am J Hum Genet 3:676–689. doi:10.1086/301749

6. King MC, Marks JH, Mandell JB (2003) Breast and ovarian

cancer risks due to inherited mutations in BRCA1 and BRCA2.

Science 5645:643–646. doi:10.1126/science.1088759

7. Struewing JP, Hartge P, Wacholder S, Baker SM, Berlin M,

McAdams M, Timmerman MM, Brody LC, Tucker MA (1997)

The risk of cancer associated with specific mutations of BRCA1

and BRCA2 among Ashkenazi Jews. N Engl J Med 20:1401–

1408. doi:10.1056/NEJM199705153362001

8. McClain MR, Nathanson KL, Palomaki GE, Haddow JE (2005)

An evaluation of BRCA1 and BRCA2 founder mutations pene-

trance estimates for breast cancer among Ashkenazi Jewish

women. Genet Med 1:34–39. doi:10.1097/01.GIM.0000151156.

14983.08

9. Risch HA, McLaughlin JR, Cole DE, Rosen B, Bradley L, Kwan

E, Jack E, Vesprini DJ, Kuperstein G, Abrahamson JL, Fan I,

Wong B, Narod SA (2001) Prevalence and penetrance of germ-

line BRCA1 and BRCA2 mutations in a population series of 649

women with ovarian cancer. Am J Hum Genet 3:700–710. doi:

10.1086/318787

10. Palomba G, Cossu A, Friedman E, Budroni M, Farris A, Contu A,

Pisano M, Baldinu P, Sini MC, Tanda F, Palmieri G (2007)

Origin and distribution of the BRCA2–8765delAG mutation in

breast cancer. BMC Cancer 7:132. doi:10.1186/1471-2407-7-132

11. Frank TS, Deffenbaugh AM, Reid JE, Hulick M, Ward BE,

Lingenfelter B, Gumpper KL, Scholl T, Tavtigian SV, Pruss DR,

Critchfield GC (2002) Clinical characteristics of individuals with

germline mutations in BRCA1 and BRCA2: analysis of 10,000

individuals. J Clin Oncol 6:1480–1490. doi:10.1200/JCO.20.6.

1480

12. Eiberg H, Norgaard-Pedersen B, Nielsen IM (2004) Cholestasis

Familiaris Groenlandica/Byler-like disease in Greenland—a

population study. Int J Circumpolar Health 63(Suppl 2):189–191

13. Ravn K, Chloupkova M, Christensen E, Brandt NJ, Simonsen H,

Kraus JP, Nielsen IM, Skovby F, Schwartz M (2000) High

incidence of propionic acidemia in Greenland is due to a pre-

valent mutation, 1540insCCC, in the gene for the beta-subunit of

propionyl CoA carboxylase. Am J Hum Genet 1:203–206. doi:

10.1086/302971

14. Walsh PS, Metzger DA, Higuchi R (1991) Chelex 100 as a

medium for simple extraction of DNA for PCR-based typing

from forensic material. Biotechniques 4:506–513

15. Grantham R (1974) Amino acid difference formula to help

explain protein evolution. Science 4154:862–864. doi:10.1126/

science.185.4154.862

16. Mathe E, Olivier M, Kato S, Ishioka C, Hainaut P, Tavtigian SV

(2006) Computational approaches for predicting the biological

effect of p53 missense mutations: a comparison of three sequence

analysis based methods. Nucleic Acids Res 5:1317–1325. doi:

10.1093/nar/gkj518

17. Ramensky V, Bork P, Sunyaev S (2002) Human non-synonymous

SNPs: server and survey. Nucleic Acids Res 17:3894–3900. doi:

10.1093/nar/gkf493

18. Ng PC, Henikoff S (2003) SIFT: Predicting amino acid changes

that affect protein function. Nucleic Acids Res 13:3812–3814.

doi:10.1093/nar/gkg509

19. Hansen TV, Ejlertsen B, Albrechtsen A, Bergsten E, Bjerregaard

P, Hansen T, Myrhoj T, Nielsen PB, Timmermans-Wielenga V,

Andersen MK, Jonson L, Nielsen FC (2008) A common Green-

landic Inuit BRCA1 RING domain founder mutation. Breast

Cancer Res Treat 115(11):69–76

20. Bisgaard ML, Harboe TL, Ejlertsen B, Nielsen IM, and Eiberg H

(2007) Hereditary disposition to cancer of the breast and ovary

in the Eastgreenlandic population. Nuna Med conference 2007

(http://www.nunamed.org/Dokumenter/Abstracts%20tekst.pdf)

21. Thomassen M, Hansen TV, Borg A, Lianee HT, Wikman F,

Pedersen IS, Bisgaard ML, Nielsen FC, Kruse TA, Gerdes AM

(2008) BRCA1 and BRCA2 mutations in Danish families with

hereditary breast and/or ovarian cancer. Acta Oncol 4:772–777.

doi:10.1080/02841860802004974

22. Brzovic PS, Meza J, King MC, Klevit RE (1998) The cancer-

predisposing mutation C61G disrupts homodimer formation in

the NH2-terminal BRCA1 RING finger domain. J Biol Chem

14:7795–7799. doi:10.1074/jbc.273.14.7795

23. Wu LC, Wang ZW, Tsan JT, Spillman MA, Phung A, Xu XL,

Yang MC, Hwang LY, Bowcock AM, Baer R (1996) Identifica-

tion of a RING protein that can interact in vivo with the BRCA1

gene product. Nat Genet 4:430–440. doi:10.1038/ng1296-430

24. Abkevich V, Zharkikh A, Deffenbaugh AM, Frank D, Chen Y,

Shattuck D, Skolnick MH, Gutin A, Tavtigian SV (2004) Anal-

ysis of missense variation in human BRCA1 in the context of

interspecific sequence variation. J Med Genet 7:492–507. doi:

10.1136/jmg.2003.015867

25. Knudson AG Jr (1971) Mutation and cancer: statistical study of

retinoblastoma. Proc Natl Acad Sci USA 4:820–823. doi:
10.1073/pnas.68.4.820

26. Haitian Z, Yunfei L, Jian Z, Jian L, Qinghua L, Fuqiang W

(2008) Mutation screening of the BRCA1 gene in sporadic breast

cancer in southern Chinese populations. Breast 6:563–567. doi:

10.1016/j.breast.2008.08.003

27. Merajver SD, Pham TM, Caduff RF, Chen M, Poy EL, Cooney

KA, Weber BL, Collins FS, Johnston C, Frank TS (1995)

Somatic mutations in the BRCA1 gene in sporadic ovarian

tumours. Nat Genet 4:439–443. doi:10.1038/ng0495-439

28. Friborg J, Koch A, Wohlfarht J, Storm HH, Melbye M (2003)

Cancer in Greenlandic Inuit 1973–1997: a cohort study. Int J

Cancer 6:1017–1022. doi:10.1002/ijc.11502

29. Boysen T, Friborg J, Andersen A, Poulsen GN, Wohlfahrt J,

Melbye M (2008) The Inuit cancer pattern—the influence of

migration. Int J Cancer 11:2568–2572. doi:10.1002/ijc.23367

30. Narod SA (2006) Modifiers of risk of hereditary breast cancer.

Oncogene 43:5832–5836. doi:10.1038/sj.onc.1209870

31. Roa BB, Boyd AA, Volcik K, Richards CS (1996) Ashkenazi

Jewish population frequencies for common mutations in BRCA1

and BRCA2. Nat Genet 2:185–187. doi:10.1038/ng1096-185

32. Struewing JP, Abeliovich D, Peretz T, Avishai N, Kaback MM,

Collins FS, Brody LC (1995) The carrier frequency of the

BRCA1 185delAG mutation is approximately 1 percent in Ash-

kenazi Jewish individuals. Nat Genet 2:198–200. doi:10.1038/

ng1095-198

33. Johannesdottir G, Gudmundsson J, Bergthorsson JT, Arason A,

Agnarsson BA, Eiriksdottir G, Johannsson OT, Borg A, Ing-

varsson S, Easton DF, Egilsson V, Barkardottir RB (1996) High

418 T. L. Harboe et al.

123

http://dx.doi.org/10.1002/(SICI)1097-0142(19960601)77:11%3c2318::AID-CNCR21%3e3.0.CO;2-Z
http://dx.doi.org/10.1002/(SICI)1097-0142(19960601)77:11%3c2318::AID-CNCR21%3e3.0.CO;2-Z
http://dx.doi.org/10.1136/bmj.321.7261.624
http://dx.doi.org/10.1086/301903
http://dx.doi.org/10.1086/301749
http://dx.doi.org/10.1126/science.1088759
http://dx.doi.org/10.1056/NEJM199705153362001
http://dx.doi.org/10.1097/01.GIM.0000151156.14983.08
http://dx.doi.org/10.1097/01.GIM.0000151156.14983.08
http://dx.doi.org/10.1086/318787
http://dx.doi.org/10.1186/1471-2407-7-132
http://dx.doi.org/10.1200/JCO.20.6.1480
http://dx.doi.org/10.1200/JCO.20.6.1480
http://dx.doi.org/10.1086/302971
http://dx.doi.org/10.1126/science.185.4154.862
http://dx.doi.org/10.1126/science.185.4154.862
http://dx.doi.org/10.1093/nar/gkj518
http://dx.doi.org/10.1093/nar/gkf493
http://dx.doi.org/10.1093/nar/gkg509
http://www.nunamed.org/Dokumenter/Abstracts%20tekst.pdf
http://dx.doi.org/10.1080/02841860802004974
http://dx.doi.org/10.1074/jbc.273.14.7795
http://dx.doi.org/10.1038/ng1296-430
http://dx.doi.org/10.1136/jmg.2003.015867
http://dx.doi.org/10.1073/pnas.68.4.820
http://dx.doi.org/10.1016/j.breast.2008.08.003
http://dx.doi.org/10.1038/ng0495-439
http://dx.doi.org/10.1002/ijc.11502
http://dx.doi.org/10.1002/ijc.23367
http://dx.doi.org/10.1038/sj.onc.1209870
http://dx.doi.org/10.1038/ng1096-185
http://dx.doi.org/10.1038/ng1095-198
http://dx.doi.org/10.1038/ng1095-198


prevalence of the 999del5 mutation in icelandic breast and

ovarian cancer patients. Cancer Res 16:3663–3665

34. Rafnar T, Benediktsdottir KR, Eldon BJ, Gestsson T, Saem-

undsson H, Olafsson K, Salvarsdottir A, Steingrimsson E,

Thorlacius S (2004) BRCA2, but not BRCA1, mutations account

for familial ovarian cancer in Iceland: a population-based study.

Eur J Cancer 18:2788–2793. doi:10.1016/j.ejca.2004.09.008

35. Thorlacius S, Sigurdsson S, Bjarnadottir H, Olafsdottir G, Jon-

asson JG, Tryggvadottir L, Tulinius H, Eyfjord JE (1997) Study

of a single BRCA2 mutation with high carrier frequency in a

small population. Am J Hum Genet 5:1079–1084

36. Helgason A, Palsson G, Pedersen HS, Angulalik E, Gunnarsdottir

ED, Yngvadottir B, Stefansson K (2006) mtDNA variation in

Inuit populations of Greenland and Canada: migration history and

population structure. Am J Phys Anthropol 1:123–134. doi:

10.1002/ajpa.20313

37. Gulløv HC (ed) (2004) Grønlands forhistorie. Gyldendal,

Copenhagen, Denmark

High frequent BRCA1 founder mutation 419

123

http://dx.doi.org/10.1016/j.ejca.2004.09.008
http://dx.doi.org/10.1002/ajpa.20313

	A high frequent BRCA1 founder mutation identified �in the Greenlandic population
	Abstract
	Introduction
	Materials and methods
	Subjects
	DNA extraction from bloodspots
	Patients
	DNA extraction from paraffin embedded tissue
	Computer analysis of the mutation
	Mutation analysis
	Restriction enzyme digest
	DNA sequencing
	Statistical methods

	Results
	Discussion
	Pathogenesis of the mutation
	Cancer in Greenland
	BRCA1 mutation spectrum
	Origin of Inuit in Greenland

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


