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Abstract
Breast cancer is the most common of cancers among
women in industrialized countries. Many of breast cancer
risk factors are known, but the majority of the genetic
background is still unknown. Linkage disequilibrium –
based association is a powerful tool for mapping disease
genes and is suitable for mapping complex traits in
founder populations. We report the results of a two-stage,
autosome-wide scan for LD with breast cancer. Our aim
was to identify genetic risk factors for sporadic breast
cancer in an eastern Finnish population. Our case-control
set is from the province of northern Savo in the latesettlement area of eastern Finland. This population is
relatively young and genetically homogeneous. We used

435 autosomal microsatellite markers spaced by an average
of 10 cM in a set of 49 breast cancer cases and 50 controls.
In the first-stage scan, we found 21 markers in LD with
breast cancer (Ps = 0.003-0.046, Fisher’s exact test). In the
second-stage scan with markers flanking 21 positive loci,
four significant markers were found (Ps = 0.013-0.046,
Fisher’s exact test). Haplotype analysis using global score
method with two, three, or four markers also revealed four
positive marker combinations (simulated P for global score
= 0.003-0.021). Our results suggest breast cancer – associated
regions on 3p26, 11q23, and 22q13.1 in an eastern Finnish
population. (Cancer Epidemiol Biomarkers Prev
2005;14(1):75 – 80)

Introduction
Breast cancer is the most common cancer among women in
industrialized countries. It is estimated that 1 in 10 women in
Finland will have breast cancer at some point in her life. Every
year, >3,500 new breast cancer cases are diagnosed in Finland
(population 5.2 million), and the number is increasing yearly
(Finnish Cancer Registry, http://www.cancerregistry.fi).
Mutations in BRCA1 (1, 2) and BRCA2 (3, 4) genes are known
to confer a high lifetime risk of breast cancer. However, it is
estimated that they explain only f15% of the observed familial
relative risk of breast cancer (5). In addition, in a study
investigating the genetic models of the non-BRCA1/BRCA2
familial clustering of breast cancer, the findings suggest that
several common, low-penetrance genes may account for the
residual familial aggregation of breast cancer (6). Therefore, it is
likely that other breast cancer susceptibility genes remain to be
identified. It is recognized that a woman with a first-degree
relative with breast cancer has twice the risk of developing the
disease herself, indicating the presence of low-penetrance
genes for breast cancer susceptibility in the general population
(7). Such low-penetrance susceptibility genes are likely to
interact with environmental and lifestyle factors as well as with
other genetic factors to cause disease.
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Case-control genetic association studies are a more efficient
way of identifying low- and moderate-penetrance risk-altering
genes than linkage studies of families. Linkage disequilibrium
(LD) or allelic association is based on the assumption that the
affected share a genetic variant/mutation, which is so close to
the marker that the probability of a recombination event to
occur between them is minimal. In young (15-25 generations)
isolated populations, the number of meioses is relatively low
and LD is thought to extend further than in older populations
(8). In addition, the rate of recombination varies between
chromosomes and within chromosomes (9). LD analysis has
been used successfully to discover genes for several diseases
of the Finnish disease heritage (10-15) as well as in other
isolated populations and complex diseases (8, 16-18).
Finland has been inhabited for f10,000 years. The size of
the Finnish population has been estimated to have been
f2,500 to 10,000 until 3,300 years ago, and only during the last
2,000 to 2,500 years, especially in the most recent 10 to 12
generations, the number of people has grown rapidly to the
present-day 5.2 millions. There has been very little immigration in Finland in the last 80 to 100 generations of expansion,
and repeated population bottlenecks have occurred, the last
one as late as the early 18th century. A relatively small group
of founders from the early-settlement area populated the latesettlement area (the eastern and northern parts of Finland)
only after 1500. The population of the late-settlement area has
been expanding for 20 to 25 generations in isolation (mainly
because of distance) and is characterized by subisolates with
V50,000 inhabitants (19-22). This population history makes the
eastern Finns an especially suitable material for LD analysis
(23, 24). Due to the founder effect, many diseases, mainly
autosomal recessive, are highly prevalent in Finland and rare
elsewhere (20). In cancer predisposition syndromes (e.g.,
hereditary nonpolyposis colorectal cancer), dominant founder

Cancer Epidemiol Biomarkers Prev 2005;14(1). January 2005

Downloaded from cebp.aacrjournals.org on January 16, 2021. © 2005 American Association for Cancer
Research.

75

76

An Autosome-Wide Scan for LD with Breast Cancer
mutations have spread and become highly enriched and
specific for certain areas (25, 26). The same effect can be seen
with BRCA1 and BRCA2 mutations that predispose to breast
and ovarian cancer (27), although in the Finnish breast and
ovarian cancer population the proportion of BRCA1/BRCA2
mutations is lower than initially expected and some other
genes also are likely to be involved in breast cancer risk and
development (28). Thus, in a homogeneous founder population, low-penetrance susceptibility genes or alleles are also
enriched.
We report the first published autosome-wide microsatellite
screen for LD with breast cancer predisposing alleles. Our aim
was to find new genetic moderate- or low-penetrance risk
factors for sporadic breast cancer by identifying chromosomal
regions that are associated with breast cancer by screening
them for LD in a breast cancer case-control set from eastern
Finland. We screened the autosomes with 366 polymorphic
microsatellite markers and further analyzed 69 markers
flanking significant loci and calculated differences between
frequencies of the estimated two-, three-, and four-marker
haplotypes in case and control groups.

Materials and Methods
Cases and Controls. Our sample material is a carefully
selected case-control set from the province of northern Savo in
the late-settlement area of eastern Finland. Cases for this study
were ascertained through the Kuopio Breast Cancer Project (29,
30). The material for Kuopio Breast Cancer Project was
collected from women (with any suspected breast disease)
who came to Kuopio University Hospital (hospital district of 1
million people) for breast examination between April 1990 and
December 1995. Of these women, 516 were diagnosed and
histologically confirmed to have breast cancer. The Kuopio
Breast Cancer Project material also includes randomly selected
and individually matched age (within F5 years) and area-ofresidence controls from the National Population Register for
each case of breast cancer. For the LD study, we have selected
from this case-control material 49 cases who did not have a
strong family history of cancer according to the initial
interview and who were born around Kuopio in four rural
communities whereto moving has been minimal. We also
included 50 controls matched for age and long-term area of
residence. Age of onset of breast cancer ranged between 30 and
82 years, median age of onset being 54.0 years. Seventy-three
percent of the cases had breast cancer at or after age 50. The
median age of the controls was 54.5 years (range, 30-76 years).
Each patient gave informed written consent for participation in
the study. The joint ethics committee of Kuopio University and
Kuopio University Hospital has approved the Kuopio Breast
Cancer Project.
Genotyping. Genomic DNA was extracted from peripheral
blood lymphocytes using standard procedure (31). For the
first-stage screening of the autosomes, we used 366 markers
from the sixth version of the Weber lab microsatellite marker
set (http://research.marshfieldclinic.org/genetics/sets/
Set6ScreenFrames.htm), markers spanning f10 cM (range,
1-20 cM) apart in the genome. The average heterozygosity of
the markers was 0.76. The microsatellite repeats were PCR
amplified (single or multiplex) with fluorescent-labeled primers using standard procedures (32) and pooled for size
determination with an automated ABIPrism 310 Genetic
Analyzer (Applied Biosystems, Foster City, CA). In the
second-stage scan, an ABIPrism 377 DNA Sequencer (Applied
Biosystems) was used. The number of samples in this study
was designed so that it was possible to run all controls, 45 of
the cases and a blank control in one run that takes 96 samples
on ABIPrism 310. This was done to minimize possible variations in the sample running conditions (e.g., by using the

same capillary for all samples). The remaining four of the cases
were run first on another run to recheck that marker is fine.
The runs were analyzed using GeneScan 2.1 software (Applied
Biosystems). All samples included an internal GeneScan-500
[TAMRA] size standard (Applied Biosystems) according to
which the size of the fragment was determined. When LD
with breast cancer was observed, the second-stage scan with
additional markers from the Genome Database (http://
www.gdb.org/) located close to those with significant (or near
significant) Ps was done. Altogether, we used 69 additional
markers. Intermarker distances and order were obtained from
the databases at the Sanger Institute (http://www.sanger.
ac.uk), Human Genome Browser Gateway at the University of
California at Santa Cruz (http://genome.ucsc.edu), Cedar
Genetics at the University of Southampton (http://cedar.
genetics.soton.ac.uk), and Marshfield Center for Medical
Genetics (http://research.marshfieldclinic.org/genetics).
Statistical Methods
Allele Frequencies. Significance levels for comparisons of the
allele frequencies between cases and controls were computed
using Fisher’s exact test and Monte Carlo approximation
implemented in SPSS version 11.5. m 2 and Fisher’s exact tests
were also done to compare the frequency of the possible
associated allele versus the frequency of all other alleles pooled
together between cases and controls. Breast cancer – associated
risks for the associated alleles of the significant markers were
estimated as odds ratios with 95% confidence intervals using
2  2 cross-tabulation in SPSS version 11.5.
Genotype Frequencies and Hardy-Weinberg Equilibrium. Significance levels for comparisons of the genotype frequencies
between cases and controls were computed using Fisher’s
exact test and Monte Carlo approximation implemented in
SPSS version 11.5. Deviation of the genotype distributions
from Hardy-Weinberg equilibrium (HWE) was checked for the
combined set (cases and controls) in the markers that were in
LD with breast cancer using HWE and Associate software
(http://linkage.rockefeller.edu/ott/linkutil.htm). P < 0.05
was considered as significant deviation from the HWE When
P < 0.05 was detected, the HWE was calculated separately for
cases and controls.
Haplotype Analysis. Haplotype analyses testing two-, three-,
or four-marker haplotypes for significant difference in haplotype frequencies between cases and controls were done on 27
markers that were in LD with breast cancer (21 significant and 2
borderline markers from the first-stage scan and 4 significant
from the second-stage scan) and 44 additional (second-stage)
markers next to them in altogether 25 chromosomal regions. All
possible combinations, including the associated marker with
one, two, or three of its adjacent markers (altogether 76 marker
combinations), were tested. Haplotype frequencies were
computed using the ‘‘haplo.score’’ software (33). Haplo.score
uses unphased genotype data, and via the Expectation
Maximization algorithm (34), it estimates the haplotype
frequencies. This software implements a global score test for
haplotype frequency differences between cases and controls.
Moreover, the program provides haplotype-specific tests,
which allow evaluation of all individual haplotypes when the
global score test is significant. To improve the m 2 approximation of the score test, we used a threshold level of 0.005 and
omitted haplotypes with frequency of <0.5%. Marker combinations where the global score test for differences in haplotype
frequencies between cases and controls reached significance (at
P = 0.05 level) were investigated further by simulations
(10,000). This involved simulating the case-control status of
the individuals in the study and performing the test each time.
The simulations were carried out using haplo.score. In all
statistical tests, Ps <0.05 were considered significant, and all Ps
are unadjusted for multiple comparisons.
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Results
Allele Frequencies. In the first-stage scan, we detected 21
markers on 16 chromosomes to have difference in allele
frequencies between cases and controls (Ps = 0.003-0.049),
indicating that these markers are in LD with breast cancer. We
also detected two markers associated with breast cancer with
borderline significance (Ps = 0.057 and 0.054; Table 1). On 5 of
the 16 chromosomes (1-3, 17, and 19), more than one marker
was in LD with breast cancer in the first-stage scan, but none of
these markers were adjacent. We did not detect any markers
associated with breast cancer on 6 of the 22 chromosomes. The
presented P s are unadjusted for multiple comparisons,
although it is unclear how the adjusting for multiple
comparisons should be best done in genome-wide screenings.
None of the Ps reaches 0.05/366, which would be the statistical
significance level according to conservative Bonferroni correction. We selected 23 loci (21 with the most significant Ps and 2
with borderline significance) on 16 chromosomes for the
second-stage scan where altogether 69 additional flanking
markers were analyzed. At 4 of these 69 markers, allele

frequencies differed between cases and controls (Ps = 0.0130.046, Fisher’s exact test; Table 1). We further carried out
single-allele tests using 25 of the 27 markers (25 significant and
2 near-significant) and testing the alleles from markers where
the difference between cases and controls in the count of the
tested allele was z10. We tested 39 alleles of 25 markers and
found a significant association with 28 alleles, a borderline
significance with 2 tested alleles and 8 were not significant
(Table 1). The odds ratios of the associated alleles indicated
9 protective (odds ratio, 0.13-0.47) and 21 risk (odds ratio, 1.8412.86) alleles (Table 1).
Genotype Frequencies and HWE. The genotype frequencies
between cases and controls differed significantly with six
markers: D3S3053, D7S1818, D19S178, D19S254, D22S1177,
and D22S445 (data not shown). A significant deviation (P <
0.05) from HWE was detected with three markers in the
combined set. This effect is most pronounced for marker
D1S179 where cases, controls, and the combined set deviate
from HWE (Table 1). The deviation at marker D1S179 is
probably due to the large number of alleles (15). Of the other

Table 1. Associated markers and alleles in the first-stage and second-stage scans
Marker

Location (cM)*

No. different alleles
and genotypes observed

P

Alleles

Genotypes

HWEc

Allele
frequency
differenceb

Associated
allele size (bp)

ATA29C07
D1S179
D2S410

247.23
252.12
125.18

8
15
8

20
27
21

0.982
0.000
0.419

0.014
0.038
0.013

D2S1384

200.43

6

14

0.847

0.039

D2S434
D2S338
D3S3050
D3S3053

215.78
250.54
14.16
181.87

6
10
5
6

17
26
11
12

0.795
0.602
0.455
0.080

0.016
0.046
0.034
0.004

D4S2394

128.08

9

24

0.851

0.029

D7S1818
D8S592
D9S925
D10S2327

69.56
125.27
32.24
100.92

6
6
10
7

13
12
30
13

0.813
0.600
0.854
0.645

0.033
0.045
0.039
0.041

D11S1986

105.74

14

41

0.167

0.023

D13S796

93.52

7

19

0.299

0.057

D14S749

108.22

7

17

0.763

0.003

D16S422
D17S969

111.12
27.75

13
5

40
9

1
0.457

0.012
0.049

D17S809
D19S178
D19S254

74.45
68.08
100.61

9
12
9

26
31
19

0.013
0.947
0.889

0.010
0.025
0.034

D20S109
D20S887 {
D22S426 {
D22S1177 {

74.47
72.27
36.07
37.47

15
9
6
8

46
29
13
25

0.071
0.198
0.006
0.379

0.054
0.041
0.013
0.018

D22S445

39.87

6

15

0.135

0.022

D22S1142 {

30.88

9

27

0.778

0.046

257
152
160
165
140
144
268
NA
234
223
227
237
252
185
150
182
200
220
192
223
235
149
162
167
171
175
206
125
129
250
173
132
136
NA
249
217
180
182
103
115
183

Statistics for
the associated allele
Px

Odds ratio
(95% confidence
interval)

0.054
0.002
0.002
0.018
0.131
0.061
0.003
NA
0.096
0.010
0.002
0.135
0.015
0.004
0.007
0.021
0.182
0.036
0.048
0.019
0.043
0.047
0.025
0.120
0.052
0.007
0.019
0.007
0.109
0.001
0.004
0.030
0.017
NA
0.075
0.0002
0.034
0.003
0.006
0.120
0.030

1.836
12.855
2.978
3.079
0.579
1.860
0.376
NA
1.712
2.420
4.712
1.619
2.313
0.424
0.450
0.446
1.535
2.342
2.308
2.989
0.404
2.010
0.400
1.667
1.850
3.421
3.434
2.221
1.725
0.468
3.279
1.941
3.532
NA
2.154
6.545
2.218
0.128
0.298
1.571
2.788

(1.019-3.308)
(1.625-101.672)
(1.471-6.029)
(1.221-7.762)
(0.295-1.133)
(0.998-3.466)
(0.198-0.715)
(0.940-3.120)
(1.253-4.674)
(1.681-13.212)
(0.897-2.923)
(1.195-4.475)
(0.237-0.758)
(0.254-0.799)
(0.228-0.872)
(0.855-2.755)
(1.067-5.139)
(1.019-5.226)
(1.188-7.522)
(0.174-0.939)
(1.032-3.916)
(0.184-0.871)
(0.897-3.098)
(1.022-3.347)
(1.373-8.525)
(1.197-9.853)
(1.251-3.944)
(0.910-3.272)
(0.402-0.545)
(1.437-7.485)
(1.095-3.442)
(1.229-10.149)
(0.949-4.887)
(2.156-19.871)
(1.078-4.563)
(0.028-0.579)
(0.126-0.703)
(0.895-2.756)
(1.101-7.062)

*Genetic distance (sex average) in cM from p telomere (http://research.marshfieldclinic.org/genetics/Physical_Maps/).
cP from m 2 test (Associate program) for cases and controls combined.
bP from Fisher’s exact test for the difference in allele frequencies cases versus controls.
xP from Fisher’s exact test for associated allele versus all other alleles pooled together.
{Markers in the second-stage scan.
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two markers, D17S809 had significant deviation in cases, and
at D22S426, the controls are slightly off from equilibrium
(P = 0.03). If the HWE Ps were adjusted for multiple
comparisons, then D17S809 and D22S426 combined sets and
D22S426 controls would not deviate from HWE.
Haplotype Analysis. Haplotype analysis testing two-,
three-, or four-marker haplotypes for significant difference
between cases and controls was done on 76 marker combinations. We found four marker combinations with a global test
score of V0.05 and simulated Ps of 0.003 to 0.021 (D3S3630D3S1050 , D11S1986 -D11S1347 , D22S426 -D22S1177 , and
D22S1177-D22S445) and a further three with near significant
global score (Table 2). The number of observed haplotypes with
frequency of >0.5% with these 4 of 76 marker combinations
with global score P V 0.05 varied from 22 to 45 (Table 2).
Among these altogether 119 individual haplotypes, we found
four haplotypes significantly more frequent in cases and seven
haplotypes significantly more frequent in controls (Ps = 0.0070.038 and simulated Ps = 0.004-0.030; Table 2). Table 2 shows
the frequencies of significant individual haplotypes (with
>0.5% frequency), and it should be noted that in some instances
the frequency is quite small. However, in all but one of the
shown haplotypes, the frequency is >5% in either cases or
controls.

Discussion
We have conducted a microsatellite scan of the autosomes for
LD with breast cancer in an eastern Finnish population. In the
first-stage scan, we found 21 markers on 21 different
chromosomal regions in LD with breast cancer. In the
follow-up scan, four more markers were in LD with breast
cancer, resulting in two regions showing enhanced evidence
of existing genetic breast cancer risk factors by association
with adjacent markers. We conducted haplotype analysis

with markers from 25 chromosomal regions, and it suggests
that we have three positive candidate regions in this twostage autosome-wide scan. We propose that three chromosomal regions, on 3p26, 11q23 and 22q13.1, are associated
with breast cancer in our study population. On chromosomes
3 and 11, two markers restrict these regions to 600 and 900
kb, respectively. On chromosome 22, three markers span an
area of 550 kb and divide it to regions of 250 and 300 kb. In
this region on 22q13, we observed two separate haplotypes,
but it could also be one associated 550-kb region.
Testing 366 markers at the 0.05 significance level is predicted
to give 18 positive associations by chance alone (366  0.05).
Because we found 21 positives in the first stage, it is reasonable
to propose that some of these represent true associations.
Haplotype analysis using global score method and markers in
and around associated chromosomal sites revealed four
positive regions, which fits well with this assumption.
Estimating the number of possible false-positive results in the
second-stage scan is more complicated because the markers
were selected next to the markers that are in LD with breast
cancer and therefore are not independent. The Bonferroni
correction was not used here, as it is very conservative and we
view these results as a guide for further investigation and not
statistically definite significant associations. Thus, we wanted
to follow-up all possible associations in the second-stage scan.
In addition, it is unclear how the adjusting for multiple
comparisons should be best done in genome-wide screenings
(8), and a method that identifies wrong positives has not been
introduced. When studying complex diseases, it is expected
that there will be multiple loci affecting the trait, and a very
strict control of the number of false positives (such as the
Bonferroni method) will result in a considerable loss of power
to identify secondary signals (8). We are aware that all possible
breast cancer – associated loci may not have been recognized in
our screen due to the longer distance between markers in some
chromosomal regions and a limited sample set. In addition, at
the time when this scan was initiated, the exact physical

Table 2. Significant and near significant haplotypes
Marker
combination

Distance Distance Global
Simulated No.
Statistics for significant haplotypes
(cM)*
(kb)c
score Pb P x
observed
Frequency
haplotypesk
Haplotype{ Overall** Casescc Controlsbb P xx

D3S3630-D3S1050

3.76

560

0.012

0.016

22

D11S1986-D11S1347

0

908

0.046

0.003

45

D22S426-D22S1177

1.4

240

0.055

0.021

24

D22S1177-D22S445

2.4

303

0.058

0.018

28

D2S436-D2S410
D2S410-D2S363

7.02
0

9,471
1,154

0.077
0.095

NA
NA

32
29

D3S3725-D3S3053

0

60

0.068

NA

32

182-227
182-234
186-223
235-177
227-177
215-182
213-186
211-180
182-115
188-103
180-115
184-160
169-252
171-254
160-252
92-227
88-223

0.037
0.046
0.018
0.095
0.071
0.050
0.046
0.033
0.057
0.013
0.084
0.153
0.051
0.036
0.083
0.028
0.024

0
0.085
0
0.049
0.113
0.011
0
0.069
0.020
0
0.160
NA
NA
NA
NA
NA
NA

0.085
0
0.058
0.128
0.022
0.127
0.081
0
0.115
0.016
0.014
NA
NA
NA
NA
NA
NA

0.017
0.019
0.035
0.033
0.034
0.005
0.027
0.005
0.009
0.034
0.007
0.005
0.050
0.047
0.046
0.027
0.040

*Genetic distance (sex average) between markers in cM (Marshfield).
cDistance between markers in kb (Marshfield).
bP for global test score for the difference in haplotype frequencies cases versus controls from haplo.score.
xSimulated P for the global score from haplo.score.
kNumber of haplotypes observed with frequency >0.5%.
{Individual haplotypes (allele size in bp) with significant difference in allele frequencies between cases and controls.
**Frequency for given haplotype in cases and controls combined.
ccFrequency for given haplotype in cases.
bbFrequency for given haplotype in controls.
xxP for frequency difference of individual haplotype cases versus controls from haplo.score.
kkSimulated P for frequency difference of individual haplotype cases versus controls from haplo.score.
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P kk
0.014
0.018
0.018
0.030
0.030
0.004
0.030
0.005
0.006
0.014
0.004
NA
NA
NA
NA
NA
NA
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locations of some markers were not available. As a consequence, some markers in the second-stage scan are not as close
to markers that were in LD in the first-stage scan as initially
expected. This, in turn, could lead to false-negative results.
Therefore, a denser marker map and a bigger sample set could
probably have led to an improved result of the scan. Of the 366
markers in the first-stage scan, 59% were spaced by V10 cM,
30% by 11 to 15 cM, and 11% were spaced by 16 to 20 cM. Less
than half of the screened chromosomes harbored one or two
gaps of 18 to 20 cM. However, in this f20-generation-old
founder population, relatively few meioses have occurred and
LD should extend beyond the distances between adjacent
markers in the first-stage and second-stage scans in general (8).
In a subisolate of Kuusamo in the late-settlement region, up to
50% of microsatellites showed LD at distances 3.5 to 7.5 cM and
30% at distances >7.5 cM (35). Our study population was
selected from a small rural area in the late-settlement region
and could possess the genetic characteristics more similar to the
Kuusamo population than the late-settlement population in
general. It is also worth noting that with a 10 cM map LD
between marker and risk allele needs to extend 5 cM, as our
scan is not for LD between markers but between marker and
risk allele that lies somewhere between two markers spaced by
10 cM in average.
It has been estimated that, in single nucleotide polymorphism (SNP) association studies of complex disease, increasing
the sample size is more prudent than increasing the number of
SNPs (36). Although a lot of discussion and estimations of the
sample size and number of SNPs needed have been published
(e.g., refs. 37, 38), to our knowledge thus far, only one genomewide SNP scan has been conducted using 28,000 SNPs in a set
of 272 breast cancer cases and 276 controls (39). In a study
comparing the extent of LD using SNP and microsatellite
markers in Finnish populations, the results showed that a
single microsatellite was more informative than the combined
information from 3 to 5 SNPs (35). Microsatellites also detect
LD over longer distances than SNPs (8). However, it is difficult
to estimate accurately how sample size or marker density
improves a genome-wide microsatellite scan, as studies on
comparisons of changing marker density or sample size in
microsatellite scans have not been published. We used Fisher’s
exact test with Monte Carlo approximation to handle the
limited capacity of the used sample size. In addition, simulated
Ps were calculated for haplotype estimations.
Our scan was conducted to gain knowledge of possible
genetic breast cancer risk factors on population basis. We
selected the cases who did not have a strong family history of
breast cancer from a small geographic region for optimal
homogeneous gene pool and as small effective number of
unrelated founders as possible (37). We searched for lowpenetrance risk factors for breast cancer that do not show up
clearly in families. In addition, when the cases are a homogeneous group from small geographic region, the subset of genetic
risk factors they carry could be also homogeneous and the
number of them is reduced. The genetic diversity of this
population is believed to be lower than that of the Finnish
population in general, and this feature has been the basis for
mapping several genes and even genes for complex diseases
(40). The case would be different if we had a more heterogeneous population. When this work was initiated in 1996, it was
not recognized as it is according to the current knowledge that it
could be useful to have family material even in association
studies (41). Due to the nature of our population, this study falls
between traditional LD study and family linkage study. Being a
young isolated population, this group of eastern Finns could be
seen as a sample set between a family set and a group of
nonrelatives. However, the rate of genetic relationship is low, as
the sample population is consistent with HWE.
BRCA1 and BRCA2 genes are known high-risk genes for
familial breast cancer, and recently, it has been proposed that
BRCA1 might have a tumor suppressor function also in
sporadic breast cancer (42, 43). Polymorphic variants in highrisk breast cancer susceptibility genes (e.g., BRCA genes) are

also candidates for low-penetrance alleles that alter breast
cancer risk in population. Indeed, BRCA2 gene N372H
polymorphism has been reported to confer 1.31-fold risk of
breast cancer (44). This study included a sample population
also from eastern Finland. Interestingly, the N372H-associated
breast cancer risk among the studied populations was lowest
in the Finns. In our scan, we did not detect LD with breast
cancer at a BRCA1 intragenic (intron 20) marker, D17S855 (P =
0.480), or at the markers flanking BRCA1 (D17S1299 and
D17S579) that locate 2.2 Mb (f1 cM) and 1.6 Mb (f0.6 cM)
from BRCA1 , respectively (P s = 0.225 and 0.330). On
chromosome 13, we analyzed markers flanking BRCA2 gene
(D13S260 and D13S1493) and neither of them showed LD with
breast cancer (Ps = 0.290 and 0.955, respectively). These
markers are 1.6 Mb (2.15 cM) apart and locate 450 kb and 1 Mb
from BRCA2. These results could arise due to small sample
size, but they may also indicate the fact that low-penetrance
BRCA variants are not involved in our set of breast cancer
cases. The core haplotypes of different BRCA1 and BRCA2
mutations detected in Finland extend 1.6 to 15.5 and 2.7 to 3.2
cM, respectively (27). This suggests that LD around these
genes extends far enough for us to detect LD with breast
cancer by using microsatellites within those distances from the
genes if common low-penetrance BRCA variants were strongly
involved.
We have identified three potential candidate regions for
genetic breast cancer risk factors. These regions include both
known and unknown or predicted genes. Moreover, some of
the genes are proposed to be cancer related and some of them
could be candidates for breast cancer – associated genes based
on the proposed function of the gene product. On 3p26, there
are three genes, two of which are not very well characterized or
properly named. Evidence from loss of heterozygosity studies
suggests that a few candidate tumor suppressor genes lie on
chromosome 3p (45) but none of them locates in the 600-kb
region of the significant haplotype found in our scan. On 11q23,
the 900-kb haplotype region includes 13 named genes and 4
hypothetical genes. Chromosome 11q21-24 region is also
known for loss of heterozygosity in several different cancers,
including breast cancer. In the 550-kb region of the two
significant haplotypes, 22q13.1 locates seven named genes,
two noncharacterized and two hypothetical genes. The results
for the three-marker haplotype D22S426-D22S1177-D22S445
was not significant (global score, P = 0.19). This could be due to
dividing of the risk to several haplotypes of which none is
significantly associated alone, as with this marker combination
we observed 51 haplotypes with frequency of >0.5%. Therefore,
we cannot exclude the possibility of two separate regions and
risk factors on 22q13.
We conclude that in the two-stage autosome-wide scan of
435 autosomal microsatellite markers we detected 25 markers
in LD with breast cancer (with unadjusted Ps < 0.05) and
breast cancer association with two or more adjacent markers in
two chromosomal regions. Haplotype analysis identified three
regions, on 3p26, 11q23, and 22q13.1, with difference in
haplotype frequencies between cases and controls with four
marker combinations. Based on previous publications of genes
in these regions, a candidate for breast cancer risk-altering
gene may lie in one of these regions. The third stage in this
scan will be the follow-up investigation and thorough analysis
of the four regions picked up in the haplotype analysis,
confirming the associations and identifying the risk-altering
genetic change.
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