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ABSTRACT 
Colorectal cancer (CRC) is a multifactorial disease, where both the 
environment and genetics play a role. It is estimated that 
approximately 35% of CRCs have a potentially identifiable 
genetic cause. Well-known and highly penetrant genetic causes 
make up less than 5% of all CRC, and leave many families not 
explained by known predisposing genes/mutations. Low penetrant 
alleles have also been thought to modify the risk of CRC. Linkage 
studies have been successful in discovering and localizing highly 
penetrant genes in CRC and risk loci has become possible to 
discover performing genome wide association studies (GWAS). 
 
In this study we have analyzed families with CRC where individuals 
with CRC as well as individuals with premalignant lesions, 
adenomas, were codes as affected. In total 600 individuals in 121 
families were included in the study.  
 
In total three genomic regions were found with suggestive linkage 
located at 4p16.3, 6p24.3 and 10p14. These regions were further 
studied using sequencing analysis and association studies using 
haplotypes. 
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INTRODUCTION 
Colorectal cancer (CRC) is a multifactorial 
disease, where both the environment and 
genetics play a role 1. It has been shown that 
family history is a major risk factor. Subjects 
with one first degree relative with CRC 
diagnosed at age under 50 years, have a 
relative risk of developing CRC of 2-3 2. It is 
estimated that approximately 35% of CRCs 
have a potentially identifiable genetic cause 3. 
Among the most well-known genetic causes are 
the monogenic syndromes Familial 
Adenomatous Polyposis (FAP) and Lynch´s 
syndrome (LS), which make up less than 5% of 
all CRC 1, and leave many families not 
explained by known predisposing 
genes/mutations.  
 
Linkage studies in familial CRC have been 
successful in discovering and localizing highly 
penetrant genes such as APC, MSH2, MLH1, 
and the most recent addition of GREM1 4. Low 
penetrant alleles have also been thought to be 
able to modify the risk of CRC. By performing 
genome wide association studies (GWAS) it has 
become possible to discover several risk loci 
using thousands of cases and controls 5, 6.  
 
CRC is in most cases preceded by premalignant 
lesions known as adenomatous polyps 
(adenomas). There are well supported scientific 
theories which stepwise explain the 
developmental process of adenomas to cancer; 
”the serrated adenoma pathway” and ”the 
adenoma carcinoma pathway” 7, 8. Even though 
more than 90 % of adenomas may not progress 
to cancer, some features might be helpful in 
evaluating their potential to undergo 
transformation. Adenomas more than one cm in 
width, or with mainly villous architecture or a 
high grade of dysplasia are called high-risk 
adenomas with greater probability of 
transformation 9. Even small adenomas could be 
considered precursors to colorectal cancer, 
particularly in patients known to be at 
increased risk due to their family history 10. 
 
In our recent linkage study, both patients with 
CRC and high-risk adenomas were coded as 

affected 11. Since family members in high-risk 
families have been included in surveillance for 
many years, several of those family members 
have been diagnosed with adenomas over time 
12. The present study aims to investigate the 
power of also considering family members with 
small adenomas as putative gene carriers. The 
same genotyping data as in the previous study 
was used to reanalyze 121 families with 
familial CRC. Family members with low-risk 
adenomas were recoded and considered as 
affected. The hypothesis was that loci harboring 
risk genes for adenomas and CRC would 
generate higher LOD scores and subsequently 
possible disease-causing loci would become 
more distinct when more individuals were coded 
as affected. In total, 66 individuals were 
recoded and added as affected in comparison 
with the previous study. 
 
All individuals were first included in linkage 
analysis followed by exome sequencing to 
search for high-risk gene mutations located in 
the suggested chromosomal regions, as seen in 
monogenic diseases. Next, association studies 
of 484 CRC cases and 1642 controls were 
performed to also test the hypothesis of low-risk 
gene candidates in the same suggested regions 
to explain the familiarity as seen in complex 
inheritance.  
 
MATERIALS AND METHODS 
Ethics statement 
The study was undertaken in agreement with 
the Swedish legislation of ethical permission 
and according to the decision in the Stockholm 
regional ethical committee (2008/125-31.2 
and 2002/489). All participants gave written 
informed consent to participate in the study. 
 
Patients and healthy controls used for the 
studies 
Linkage studies: In total 121 Swedish families 
with 600 individuals with an increased risk of 
developing CRC were included in the linkage 
study 11. Information about the families were 
retrieved from the Department of clinical 
genetics at the Karolinska University Hospital in 
Stockholm, Sweden between years 1990 - 

https://esmed.org/MRA/mra/view/2780
https://esmed.org/MRA/mra


                                                         Novel Regions For The Risk of Adenomas and Colorectal Cancer 

 

 
Medical Research Archives | https://esmed.org/MRA/mra/view/2780 3 

2005. Families were included in the study if 
there were at least two affected relatives 
informative for linkage analysis. Family 
members underwent colonoscopy during this 
time period and the findings of either polyps or 
CRC were documented. FAP was excluded using 
medical records from affected individuals and 
LS was excluded using our current clinical 
protocol 13. High-risk families were defined as 
families with more than three affected 
individuals in more than one generation. 
Moderate risk families were defined as families 
with two or more sibs affected in one 
generation.  
Exome studies: Genomic DNA isolated from 
140 CRC cases from in total 65 CRC families 
were used for exome sequencing initially for a 
separate study (published PMID: 33729574). 
The samples were from the 121 families in the 
linkage study, plus a few other families not used 
in linkage analysis. 
Association studies: Data from a previous CRC 
GWAS 6, 484 familial cases vs 1642 controls, 
were used as a secondary test for the four 
detected loci. The samples were consecutive 
cases from the Stockholm-Uppsala region and 
healthy controls were blood donors from the 
same region.  
Haplotype studies: CRC families with one 
affected case and one first degree relative 
were used for haplotype studies. 62 familial 
CRC cases (34 from the families used in the 
linkage study and 28 from other families) and 
one child each were used for genome wide 
genotyping for testing candidate haplotypes 
from association studies.  
 
Genotyping for linkage and haplotype 
analysis 
Genotyping of 548 family members from CRC 
families with 6090 markers for linkage analysis 
was performed as described 11. For the 
association study, CRC cases and controls were 
genotyped at the Center for Inherited Disease 
Research at Johns Hopkins University, US using 
the Illumina Infinium® OncoArray-500K 
BeadChips (6). To test suggested haplotypes 
from the association study, 62 familial cases 
and one child, were genotyped using the same 

procedure as described for the linkage analysis 
11.  
 
Linkage analysis 
In the linkage analysis all individuals with CRC 
or any adenomas were coded as affected. All 
other family members were coded as unknown. 
The families were divided into two different 
groups; high risk (more than 3 affected 
individuals in more than one generation), and 
moderate risk (two or more siblings affected in 
one generation). 
 In total 121 families were used with 7256 
markers spread along the genome. Since four 
families were too large to run through the 
MERLIN software they had to be split - finally 
adding up to 126 families. The four families 
were split so that each sub-family used one 
common ancestor and fitted into the limit as 
defined while running the program 11. 
 Pedcheck was used for the initial control 
of Mendelian inheritance analysis among 
families 14. A parametric linkage analysis was 
used for all chromosomes. As a supplement non-
parametric analysis using Whittemore and 
Halpern NPL statistics was made 15. MERLIN was 
then used to detect any genetic marker 
inconsistencies and to compute LOD- and 
heterogeneity LOD (HLOD) scores. Analyses 
were done for both recessive and dominant 
mode of inheritance, with the disease allele 
frequency set to 0.0001. The penetrance rates 
for the dominant and recessive mode of 
inheritance for homozygous normal, 
heterozygous, and homozygous affected were 
set to 0.05, 0.80, 0.80 and 0.001, 0.001, 1.0 
respectively. Since presence of linkage 
disequilibrium (LD) may inflate multipoint 
linkage statistics, a threshold of r2 = 0.1 were 
used to avoid false positive results inflating the 
statistics 16. LD among SNPs with r2>0.1 was 
accounted for by MERLIN organizing the 
markers into clusters. MERLIN makes use of the 
population haplotype frequencies to assume LD 
within each cluster. To maintain uniformity in our 
study subsets, the same clusters were 
continuously used in all analysis. 
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Exome sequencing of CRC samples  
Genomic DNA was prepared from peripheral 
blood using standard protocols and quantified 
using a Qubit Fluorometer (Life Technologies, 
US). Sequencing libraries were prepared 
according to the TruSeq DNA Sample 
Preparation Kit EUC 15005180 or EUC 
15026489 (Illumina, US). Briefly, 1-1.5 ug of 
genomic DNA was fragmented using the 
Covaris 400 bp protocol (Covaris, Inc., US). 
After fragmentation, all samples were 
subjected to end-repair, A-tailing, and adaptor 
ligation of Illumina Multiplexing PE adaptors. 
An additional gel-based size selection step was 
performed, and the adapter-ligated fragments 
were subsequently enriched by PCR followed 
by purification using Agencourt AMPure Beads 
(Beckman Coulter, Sweden). Exome capture 
was performed by pre-pooling equimolar 
amounts and performing enrichment in 5- or 6-
plex reactions according to the TruSeq Exome 
Enrichment Kit Protocol (EUC 15013230). 
Library size was checked on a Bioanalyzer High 
Sensitivity DNA chip (Agilent Technologies, 
Sweden) while concentration was calculated by 
quantitative PCR. The pooled DNA libraries 
were clustered on a cBot instrument (Illumina) 
using the TruSeq PE Cluster Kit v3. Paired-end 
sequencing was performed for 100 cycles using 
a HiSeq 2000 instrument (Illumina) with TruSeq 
SBS Chemistry v3, according to the 
manufacturer’s protocol. Base calling was 
performed with RTA (1.12.4.2 or 1.13.48) and 
the resulting BCL files were filtered, de-
multiplexed, and converted to FASTQ format 
using CASAVA 1.7 or 1.8 (Illumina). The 
sequencing was performed at an average 
coverage of 100x. 
 
Bioinformatics workflow 
Sequencing reads were aligned to the 
reference genome GRCh37 using BWA 17. 
Aligned reads were sorted and PCR-duplicated 
reads were removed using Picard 

(http://broadinstitute.github.io/picard/). The 
calculation of mapping and enrichment statistics 
were done with Picard and GATK. Variants 
were called using GATK by following the best 
practice procedure implemented at the Broad 
Institute. Variant Quality Score Recalibration 
from GATK were used for quality control of the 
variants. Variant annotation was done by 
ANNOVAR (version 2016-Feb-01). The 
annotated information includes RefSeq gene 
annotation (version 73) and dbSNP rs number 
(version 138). Background allele frequencies 
were from 1000 Genomes Project allele 
frequencies. Sequence variant analysis was 
performed for the regions 4p16.3, 6p24.3 and 
10p14. 
 
Quality control of the data for association 
study 
In total 4,381 individuals (2,709 cases and 
1,672 controls) and 516,258 markers were 
included in the analysis 6. Haploid genotypes, 
genotypes with gender inconsistency or 
genotypes with same position variants were 
excluded resulting in 344,234 SNPs. In the next 
step SNPs with <98% call rate, <5% minor 
allele frequency (MAF) and those inconsistent 
with Hardy–Weinberg equilibrium in controls 
were removed (markers were excluded that 
failed the Hardy-Weinberg test at a specified 
significance threshold: hwe 0.001), thus 
342,359 SNPs remained. In the final step, a 
multidimensional scaling (MDS) analysis was 
conducted on all the remaining markers for the 
purpose of population stratification and to 
identifying ethnic outliers among samples. These 
outliers were excluded from the dataset while 
the remaining were plotted in an MDS plot. In 
total, 342,359 SNPs and 4,305 individuals 
remained (2,663 cases and 1,642 controls) to 
be used in the analyses. In this paper we only 
used a subset of 484 familial cases and all 
1,642 controls. 
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           Figure 1c 

 
Figure 1: Matching haplotypes on the different chromosomes and the location of known genes in this region 
– chromosome 4 (H1 and H2) (Figure 1A), chromosome 10 (H1 and H2) (Figure 1B) and chromosome 6 (H1 
and H2) (Figure 1C). All positions are annotated according to GRCh37. SNP, single nucleotide 
polymprphism. 

 
Statistical Analysis  
A logistic regression model was employed to 
examine the association between one single 
SNP or haplotype and cancer risk. A sliding 
window design was used. Corresponding odds 
ratio (OR), standard errors, 95% confidence 
intervals and P-values were subsequently 
calculated. Statistical analysis and plot 
generation were conducted using PLINK v1.07 

(18). P-values were modified to correct for 
multiple testing used generated p-values 
divided by the number of SNPs in each 
haplotype in Table 3. 
 
RESULTS 
Linkage analysis 
Linkage analysis was carried out using three 
different subsets of families and both recessive 

https://esmed.org/MRA/mra/view/2780
https://esmed.org/MRA/mra


                                                         Novel Regions For The Risk of Adenomas and Colorectal Cancer 

 

 
Medical Research Archives | https://esmed.org/MRA/mra/view/2780 6 

and dominant inheritance were tested. Linkage 
analysis was performed in 27 high risk families 
(more than three affected individuals in more 
than one generation), 49 moderate risk families 
(two or more sibs affected in one generation) 
and finally in all 121 families.  
 
The analyses of the 121 Swedish CRC families, 
where all individuals with adenomas were set 
to have an affected status did not generate any 
statistically significant (>3) LOD/HLOD score. 

However, there were positive LOD/HLOD 
scores above 2 in the sub-studies, which are 
suggestive of linkage (Table 1). The same table 
also show those families contributing most to 
each locus. One region on 4p16.3 was found 
using recessive analysis (max HLOD for the 
marker rs736455) for the high-risk families 
(Table 1). Another locus was found on 10p14 in 
the moderate risk families using an autosomal 
dominant model. All loci with LOD/HLOD above 
1 are listed in Supplemental Table 1.  

 

Study group Max SNP Locus LOD HLOD Model Families 

High risk rs736455 4p16.3 0.9 2.3 AR 8,110, 478, 740_2 

Moderate risk rs942434 10p14 2.1 2.1 AD 106, 231, 324-1,348-1,663, 849 

Family 231 rs761116 6p24.3 2.2 1.5 AD 231 

Table 1: Best LOD / HLOD from linkage analysis.  

 
Besides, one family (no 231) had a LOD of 2.2 
(between markers rs767022 - rs561332) of its 
own as the separate best score for a third locus 
on 6p24.3. No other family in this study had the 
power to generate a similar LOD score. For the 
locus on 6p24.3 a few other families also had 
positive LOD of 0.2-0.5 but the overall max 
LOD and HLOD for this locus was only 0.3 and 
1.5 respectively. Family number 231 had eight 
individuals with low-risk adenomas in the 
linkage study, explaining why this family was 
given special attention.  
 
Sequencing analysis in the three detected regions 
using high-risk hypothesis 
Linkage analysis was used in families with the 
hypothesis that the families segregated with 
dominant or recessive high-penetrant disease, 
and we used sequencing to search for 
pathogenic mutations in genes located in the 
three regions with suggestive linkage. 
 

Exome sequencing was performed in up to four 
members, in a total of 194 members from 62 
families, including seven of the linked families 
(8, 110, 231, 348, 478, 740 and 849) (Table 
1). The three regions of interest were analyzed. 
In short, exonic and splice variants in familial 
CRC family members were selected, 
synonymous and unknown variants were 
removed. Variants were also eliminated if the 
frequency was higher in the ExAC database 
(using the European population as well as all 
individuals in this database) compared to our 
familial CRC cases. As a final step the sequence 
variant had to be more than twice as common 
in our CRC families compared to the European 
population in the ExAC database. Any filtered 
sequence variant had to segregate in at least 
one of the families contributing to the LOD score 
(Table 1). Since only exonic and splice 
mutations were searched for we did not require 
two hits in any family. The results are presented 
in Table 2.  

Table 2: Sequence variants suggested from the high-risk analysis. 
 

Association studies for the three regions using a 
low-risk hypothesis 

The hypothesis of low-risk mutations as in 
complex disease was tested with haplotype-

Locus Position SNP Variant  Gene AF MAF_Eur Model Family 

4p16.3 4322624 rs34623124 C>G ZBTB49 0.0342 0.0149 AR 110 

10p14 7774317 rs41290291 T>C ITIH2 0.0089 0.0040 AD 849 

10p14 8006519 rs17366712 G>C TAF3 0.0804 0.0258 AD 231 
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association analysis using 484 familial CRC 
cases and 1642 healthy controls. The results did 
not show any statistically significant results, 
although borderline significant results were 
observed. Since a sliding window haplotype 
analysis was used, many haplotypes with 
different sizes represented the same target 
(five best haplotypes are shown in 
Supplemental Table 2). The two best different 
haplotypes for each locus was chosen for testing 
in 62 familial colorectal cancer cases with 
available haplotype-data (Table 3, 
Supplementary Table 3). Since the 62 cases 
were genotyped with a different SNP assay all 
six haplotypes had incomplete information. The 
number of individuals who could possibly have 
the candidate haplotypes were used to 
calculate haplotype frequency (FA62 in Table 
3, Figure 1 a-c). Depending on the many 
incomplete alleles no conclusion could be drawn 
from the comparison of the allele frequency 
among familial cases in the association study 

and the 62 other familial cases. None of the 
linked families had any of the two best 
haplotypes for region on chromosome 4p16.3 
(4:H1 and 4:H2 Table 3, Figure 1a). For the 
region on chromosome 10p.14 family 348 
could possibly have the 10:H2 haplotype 
(Table 3, Figure 1b). Regarding the region on 
chromosome 6p24.3, chosen because of family 
231, this family could possibly have the 6:H2 
haplotype (Table 3, Figure 1c). 
 
The genes involved as low-risk genes within 
these haplotypes were for 4p16.3 – (4:H1); 
GRK4, RNU6, HTT, MSANTD1, (4:H2); 
TMEM128, ZBTB49, and LYAR and for 10p14 
– (10:H1); KIN, ATP5C1 and TAF3, and finally, 
for 6p24.1 – (6:H1); OFCC1 (Figure 1a-c). A 
search for mutations within exons of these genes 
was already performed and exonic variants 
were found in the genes ZBTB49 and TAF3 on 
chromosomes 4p16.3 and 10p14 (Table 2).  

 

Chr Position 
Haplotype 

number Haplotype FA FU FA62 OR P-value (req p-value) 

4p16.3 2990375-3298800 4:H1 AAAAAGGGAAAGGGGGAAAGA 0.05 0.02 0.06 2.33 1.00E-05 (5.88E-06) 

  4238315-4346427 4:H2 AGGGGGACCGGAGGAAAAAAAGG 0.05 0.02 0.05 2.84 1.20E-05 (5.88E-06) 

10p14 7793035-7965553 10:H1 AGGGGGAGGCAGAGAAAAAGAGA 0.06 0.03 0.11 1.94 1.56E-05 (7.17E-06) 

  7028723-7073636 10:H2 GAAAAAAAGGAG 0.08 0.05 0.04 1.71 3.37E-05 (7.17E-06) 

6p24.3 9869358-10049137 6:H1 AAAAGAGGAGGCAAGGGGAGGG 0.04 0.01 0.11 3.36 1.57E-06 (3.37E-06) 

  8749360-8853850 6:H2 AAAAAGAAGA 0.03 0.01 0.11 2.63 2.18E-06 (3.37E-06) 

Table 3: Haplotype frequency and odds ratio for two best different haplotypes per chromosomal region 
with suggestive linkage.  
Chr - chromosomal localization; Position – genomic position in Hg19: FA - haplotype frequency in affected: 
FU – haplotype frequency in unaffected: FA62 - potential haplotype frequency in 62 familial CRC cases: 
OR - odds ratio: Req p-value – calculated required p-value for significant result 

 
DISCUSSION 
Linkage analysis in 121 families was used in this 
study, in conformity with our previous study:” 
Linkage analysis in Familial Non-Lynch 
Syndrome Colorectal Cancer Families from 
Sweden” 11. The difference between the two 
studies is the affected status criteria. In this 
study we considered individuals as affected 
when presenting with both high- and low risk 
adenomas, whilst in our previous linkage study, 
only patients with colorectal cancer or high-risk 

adenomas were considered as affected. The 
rationale behind the study was still that the 
families included had a family history 
suggesting high-risk colorectal cancer. Since the 
cohort used for the first study was small, we 
wanted to increase the power. It was not 
possible to include more families, but more 
family members could be coded as affected by 
changing criteria for affected status to also 
apply to those with adenomas less than 10mm. 
The hypothesis was that even early adenomas 
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could predict a gene carrier. Still, no 
statistically significant results were found. Two 
loci (4p16.3 and 10p14) had LODs and/or 
HLODs above 2, suggestive of linkage. One 
single family with many family members with 
small adenomas (family 231) had a max LOD 
>2 for one locus at 6p24.3. 
 
The locus on chromosome 4p16.3 was found 
also in the previous study where small 
adenomas were not considered as risk factors 
11. The HLOD improved in this analysis from 2,1 
to 2,3. The locus on chromosome 10p14, was 
not observed in our recent linkage analysis. The 
LODs for family 231 increased by the fact that 
additional eight persons with small adenomas 
were used as affected in analysis. However, this 
locus was not supported by other families and 
the overall LOD/HLOD for the locus was <1 
and therefor considered of less interest.  
 
Since high-risk disease was the first hypothesis 
tested for this cohort of families, exome 
sequencing of 23 affected family members 
from seven linked families were analyzed. No 
strong candidate gene was suggested by 
sequencing analysis among our linked families. 
However, there was one gene possibly involved 
in at least one (family 110) of the four families 
mostly contributing to the LOD score at 4p16.3, 
ZBTB49 and two genes, ITIH2 and TAF3, on 
10p14 suggested for families 845 and 231. No 
gene was suggested in family 231 for the 
chromosome 6p24.3 region. A limitation was 
that only three of the six families contributing 
most to the LOD on chromosome 10p14 were 
sequenced, which means that we could have 
missed genes and mutations. Moreover, since 
exome sequencing was used, mutations outside 
the exons were not studied but could still be of 
importance and thus missed. The locus on 
4p16.3 has not been described in previous 
GWAS but 10p14 has been suggested to 
harbor low-risk colorectal cancer predisposing 
genes and our study supports this 19, 20. 
However, the chromosomal 4p16.3 region has 
been implicated and suggested as a tumor 
suppressor gene in colorectal cancer because a 

high frequency of loss of heterozygosity in a 
Chinese study 21. 
 
The genes in the haplotypes suggested by 
association studies were on 4p16.3; GRK4, 
RNU6, HTT, MSANTD1, ZBTB49, LYAR and 
TMEM128, and on 10p14; KIN, ATP5C1 and 
TAF3, and finally the OFCC1 gene in the 
6p24.3 region. None of those genes was 
suggested to be a high-risk gene but it is 
possible that some of them could contribute to 
CRC risk as low-risk alleles. In fact, the genes 
ZBTB49 and TAF3 were also suggested by 
mutations in the sequenced families and also by 
the haplotype analysis and are therefore the 
best candidate genes from this study. The 
ZBTB49 different isoforms have been 
suggested to be induced by TP53 or induce RB1 
and has been suggested having a tumor 
suppressor function 22. The TAF3 gene was 
suggested from the sequencing in some of the 
family members in family 231, as well as a 
possible target in one of the two risk-
haplotypes on 10p14. The CTCF gene directly 
recruits TAF3 to promoter distal sites and a role 
for TAF3 in pluripotency has been suggested 23. 
One gene of interest was the HTT gene, and in 
this study, no variant in this gene was 
segregating in the linked families. However, 
there were several frameshift or missense 
nonsynonymous variants among the sequenced 
CRC cases with very rare or unique mutations in 
this gene. None of those mutations were 
expected to cause Huntington´s disease (HD). 
The HTT gene has been suggested to influence 
CRC risk and cancer is less common than 
expected in the HD population. However, this 
does not appear to be related to glutamine-
length in HTT 24.  
 
In spite using high-risk families, the lack of high-
risk gene in our study was not too surprising. 
We previously spent many years searching for 
high-risk genes in loci suggested by linkage 
analysis in one breast- and one colorectal 
cancer family, until we finally could conclude 
that the linkage results was explained by low 
penetrant mutations as in a complex inherited 
disease 25, 26. Instead we set up to test for low-
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risk genes using association analysis in 484 
familial CRC cases and controls. Haplotype 
analysis had been shown to be more powerful 
than single SNP analysis 25-28, why haplotype 
analysis was used to test all three regions. The 
numbers of familial cases and controls were 
small and only borderline statistically significant 
results were found (Supplemental Table 2, 
Table 3). However, the genes implicated from 
this study could still be contributing to CRC risk.  
 
The lack of statistically significant results in the 
study is obviously an issue but very difficult to 
solve since increasing the number of families for 
linkage and association will not necessarily 
improve the LODs/HLODs or ORs. One reason 
for this could be the heterogeneity in the nature 
of cancer disease. Increasing the number of 
cases and controls might help only if you add 
samples with same genetic background – such 
as the same genes involved in high-risk disease 
or similar allelic distribution for the low-risk 

studies. In fact, we have noticed that when 
studying subgroups selected for various 
phenotypes, we always get higher LOD scores 
compared with the analysis from the whole 
group 11. 
 
CONCLUSION 
In conclusion, we started to search for high-
penetrant disease in familial colorectal cancer 
and ended up with a hypothesis of complex 
disease also in families where high-penetrant 
disease was suggested from family history. We 
have had similar results before 25-26,28. Further 
studies need to be done to find high-, 
moderate- or low-risk genes acting together in 
familial colorectal cancer.  
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