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Abstract
Background & aim. Colon tumor carcinogenesis and 

rectal tumor carcinogenesis have each been associated with 
different genetic features, but data are still controversial 
and are insufficient to support their distinct molecular 
biology. Recently, genome-wide association studies (GWAS) 
have also found heterogeneity in colorectal cancer (CRC) 
risks based on population ethnicity and tumor features. 
Several single nucleotide polymorphism (SNP) markers 
are described in the literature as having site and/or stage 
specificity, including rs10795668, rs3802842, rs6983267, 
and rs4939827.  Replication of initial findings in different 
ethnic groups by independent studies is required to unravel 
the population-specific differences in risk. Methods. We 
examined whether inherited risk variants at rs10795668, 
rs3802842, rs6983267, and rs4939827 exerted a differential 
effect on colon and rectal cancers in a Romanian hospital 
based series of 153 CRC cases and 182 non-affected control 
subjects prospectively recruited between 2007 and 2010. 
Results. Rectal tumors were significantly associated with 
rs4939827 (OR = 4.85, P = 0.002) and rs6983267 (OR = 
3.00, P = 0.036), suggesting that carriers of risk alleles at 
these loci had increased susceptibility to development of 
rectal cancer rather than colon cancer. Carrying the C allele 
at rs3802842 appeared to be associated with a lower risk 
for rectal tumors in our dataset. We found no association 
between genotypes and tumor aggressiveness as reflected by 
TNM staging. Conclusions. The associations between SNPs, 
and tumor site and staging remain to be further clarified. Our 
results should be considered cautiously, but may be taken 
into acount in future, larger epidemiological studies.
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Introduction
Colorectal cancer (CRC) is one of the most common 

neoplasia and the third leading cause of cancer deaths, 
preceded only by lung cancer in male and breast cancer in 
female patients [1]. High penetrance mutations, such of those 
of the APC and MMR genes, account for less than 5% of 
cases in the pathogenesis of CRC. Another 8.3% cases arise 
in families with two affected first or second degree relatives; 
in this group, mildly or moderately penetrant alleles could 
explain the familial aggregation [2, 3]. It is expected that the 
remaining proportion of inherited susceptibility is likely to 
be explained by low-risk variants. 

Genome-wide association studies (GWAS) made possible 
the genotyping of hundreds of thousands of single nucleotide 
polymorphisms (SNPs) that tag linkage disequilibrium (LD) 
blocks in the genome. So far, the tagging SNPs with the 
strongest reported association signals for CRC are rs6983267 
at 8q24 [4], rs4779584 at 15q13 [5], rs4939827 at 18q21 [6], 
rs16892766 at 8q23 [7], rs10795668 at 10p14 [7], rs3802842 
at 11q23 [8], rs4444235 at 14q22 [9], rs9929218 at 16q22 
[9], rs10411210 at 19q13 [9], and rs961253 at 20p12 [9].

Despite advances in discovering low-risk variants 
involved in CRC etiology, considerable challenges lie 
ahead, such as identifying causative variants and elucidating 
their functional role, understanding and determining the 
contribution of these loci to the cancer risk in different 
ethnic groups, and demonstrating their role in morphogenetic 
pathways of colon and rectal cancers. In the genetic 
architecture of CRC, the number and distribution of low-risk 
alleles in any given population depend on several parameters 
(mutation rate, genetic selection, population demography), 
so it is possible that variants confer risk in one specific 
population but not in another [10, 11]. Therefore, it may 
require replication of initial findings in different ethnic 
groups by independent studies to unravel the population-
specific differences in risk.
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Recent reports suggest differential carcinogenesis 
of sporadic cancers of right colon, left colon (including 
rectosigmoid junction), and rectum. Other data suggest 
different  prognosis and outcome leading to a need for 
individualized therapy [12-14]. Data concerning site-specific 
genetic pathways exist, but are still controversial and more 
evidence is required to support differences between the 
molecular biology of colon and rectal cancers.

There are two major tumorigenic pathways leading 
to CRC. The first is driven by chromosomal instability 
(CIN), leading to a progression from normal mucosa to 
adenoma and carcinoma. Mutations accumulate in the 
KRAS oncogene and tumor-suppressor genes, including 
APC on 5q, TP53 on 17p, and SMAD4 on 18q [15]. The 
few studies that have analyzed rectal cancers indicate that 
80-98% arise through this CIN pathway [16, 17]. The second 
pathway is characterized by mutations in mismatch-repair 
genes (MMR). If somatic cells are affected, microsatellite 
instability (MSI) is responsible for sporadic tumors [18]. MSI 
is reported in <10% of rectal cancers, and it is still unknown 
which target genes are involved; notably, most of the MSI 
observed in MMR-deficient cells are bystander events that 
play no role in carcinogenesis [19]. 

By evaluating the independent effects of the common 
variants (SNPs) on CRC risk, GWAS also found heterogeneity 
in associations based on tumor location and tumor stage, 
providing additional evidence for different carcinogenic 
pathways across CRC subgroups. Several studies have 
published genotype-phenotype analyses for the loci 8q24, 
18q21, 10p14, and 11q23, and sex, tumor site, tumor 
stage, age at onset, and family history [20-22]. Some 
reported significant associations with tumor site, stage, and 
morphology [7, 8, 20-23].

To investigate the hypothesis of different patterns of 
CRC susceptibility across populations and phenotypic 
subgroups, we aimed to assess whether inherited risk variants 
at rs10795668, rs3802842, rs6983267, and rs4939827 
exerted a differential effect on colon and rectal cancers, 
and to compare our results with those reported in other 
populations. To our knowledge, this is the first study of the 
genotype-phenotype association for these loci in a Romanian 
population sample. 

Material and methods
Study population
Our hospital-based investigation comprised a series 

of 153 CRC cases and 182 non-affected control subjects. 
All subjects were of self-reported Romanian ethnicity 
and were residents in the South-Eastern part of Romania. 
Cases included unrelated men and women, each with a 
histologically confirmed diagnosis of CRC. They were each 
recruited between 2007 and 2010, during hospitalization for 
CRC surgical treatment at the St. Mary Clinic of General and 
Esophageal Surgery, Carol Davila University of Medicine 
of Pharmacy, Bucharest, Romania. Controls consisted of 
patients from the same clinic, as well as from Th. Burghele 

Clinic, Carol Davila University of Medicine of Pharmacy, 
Bucharest, Romania, who were hospitalized for various 
conditions but with no evidence of cancer. Control subjects 
were randomly selected based on admission records, and 
frequency-matched to cases based on age groups and sex. 
All eligible subjects were invited to participate in the study 
and to donate a blood sample; a 9-ml whole-blood sample 
was collected from each subject using EDTA vacutainers. 
Blood tubes were barcode-labeled and stored at −80°C 
before shipment on dry ice to deCode Genetics (Reykjavik, 
Iceland) for genotyping.

Demographic and lifestyle information, and medical 
and family cancer history data were collected by trained 
interviewers via direct interview using standardized 
questionnaires. Clinical data were abstracted from hospital 
medical records and histological tumor features were 
obtained from pathological reports. For tumor stage, we used 
TNM classification (6th edition, WHO, 2002) [24], grouping 
cases as localized (stage I+II) or invasive (stage III+IV). 
Tumor site was described according to ICD-O classification 
(3rd edition, WHO, 2000) [25]; all cases with tumor location 
coded C18 or C19 were defined as colon cancers, and those 
coded as C20 were defined as rectal cancers.

The study was reviewed and approved by the Ethics 
Committee of the National College of Physicians in Romania. 
All participating subjects were fully informed about the goals 
and procedures of the study, and written informed consent 
was obtained and signed prior to enrolment. There was a 
98% participation rate for both cases and controls.

Genotyping
Genomic DNA was extracted from peripheral blood using 

a semi-automated platform for high-quality, high-throughput 
DNA extraction. The kits (Chemagic DNA Blood10k kit), 
the equipment (Chemagic Magnetic Separation Module 
MSM I), and the methods were from Chemagen (Chemagen 
Biopolymer-Technologie AG). We genotyped rs10795668 
on 10p14, rs3802842 on 11q23.1, rs4939827 on 18q21.1, 
and rs6983267 on 8q24.21. Genotyping of all SNPs and an 
initial quality check were performed using the Centaurus 
Assay developed by Nanogen and reagents from EPOCH 
(Nanogen, Inc.). Genomic DNA extraction, genotyping, 
and quality control were performed at deCode Genetics, 
Reykjavik, Iceland.

Statistical analysis
Each SNP was tested for deviation from Hardy-Weinberg 

equilibrium in the controls by comparing the observed and 
expected genotypes frequencies with the Chi-square test with 
one degree of freedom, using a freely available web tool 
(http://www.oege.org/software/hwe-mr-calc.shtml). 

We evaluated the association between the risk of 
cancer for each SNP and the corresponding risk alleles (as 
previously reported in the literature) using unconditional 
multiple logistic regression for additive, dominant, and 
recessive genetic models. For additive model, subjects were 
assigned a dummy variable of 0, 1, or 2, representing the 
number of risk alleles they had for that SNP. For the dominant 
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model, subjects were coded 1 if they had at least one risk 
allele and 0 if they had no risk allele. For the recessive model, 
subjects were assigned 0 if they had two risk alleles and 1 if 
otherwise. Odds ratios (ORs) were adjusted for gender and 
age, and the corresponding 95% confidence intervals (CIs) 
were calculated. Age groups were set as follows: under 60 
years, 60-69 years, and over 69 years. 

With our sample size, we had an overall power of 
80% and a significance level of 0.05 to detect ORs ≥ 1.93 
(rs10795668), 1.94 (rs4939827), 1.91 (rs6983267) and an 
OR ≤ 0.55 (rs6983267), respectively.

We additionally used the Cochrane-Armitage test for 
trend, which takes into account the individual genotypes 
rather than just alleles. Subset analysis included stratification 
according to tumor location (colon or rectum) and TNM 
stages (I+II or III+IV). All tests were two-sided and 
considered significant if P < 0.05. Statistical analysis was 
performed using Stata/SE 11 software.

Results
Study population
The characteristics of the CRC cases and controls 

included in this study are shown in Table I. Ages ranged from 
32-94 years for cases, and 19-88 years for controls (medians 
of 69 and 63 years, respectivelys p=0.0001). Family history 
of cancer was slightly higher among cases compared to 
controls (15.68% versus 11.54%) (P=0.474). Among the 
CRC cases, there were no significant differences in rates 
of tumor site (57.52% colon cancers versus 42.48% rectal 
cancers) or tumor stage (55.26% TNM stage I+II versus 
44.73% TNM stage III+IV). 

Genotyping data
Descriptions of the genotyped SNPs and the reported 

risk alleles are presented in Table II. For all four SNPs 
investigated, the allele frequencies among controls were 
consistent with the Hardy-Weinberg equilibrium (P≥ 0.01). 
Table III shows no evidence of a statistically significant 
association between the investigated SNPs and CRC 
risk—with one exception—rs4939827 heterozygous and 
dominant variants, for which we observed a significant 
inverse association with CRC risk. Stratified analyses for 
each SNP by tumor location and TNM staging are shown in 
Tables III-IV, together with ORs and P values. 

rs10795668
In our study population, we found no association between 

CRC and the rs10795668 A allele, which was previously 
reported to be associated with CRC risk. Tumor location 
stratified analysis showed a marginally significant risk for 
rectal cancer compared to colon cancer for AG heterozygous 
individuals (OR = 2.12; CI = 0.99-4.10; P = 0.052). This 
was consistent with the results for the dominant model of 
the A allele in the case of risk of rectal cancer versus colon 
cancer (OR = 1.68; CI = 0.86-3.26), as well as for dominant 
model carriers for rectal cancer versus controls (OR = 1.27; 
CI = 0.69-2.37). We found no evidence for association of 
rs10795668 with TNM stages of cancer.

rs3802842
The rs3802842 C allele had an association with CRC, 

with the highest OR found for AC heterozygous (OR = 
1.11; CI = 0.68-1.81). However, our stratified analyses 
revealed that this SNP was associated with a significantly 
lower risk for rectal cancers compared to colon cancers, 
having an OR of 0.47 (CI = 0.23-0.94; P = 0.033) for the 
heterozygous variant, and an OR of 0.44 (CI = 0.22-9.87; 
P = 0.019) for the dominant model, with a Ptrend of 0.02. 
These results are supported by the risk estimates for colon 
cancer versus controls, with an OR of 1.42 (CI = 0.80-2.53) 
for heterozygous and an OR of 1.40 (CI = 0.80-2.46) for the 
dominant model, although these estimates were statistically 
non-significant. We found no association with TNM stages 
of tumors for rs3802842.

rs4939827
The analysis of rs4939827 T allele carriers showed the 

above-mentioned unexpected significant inverse association 
with CRC, with an OR of 0.42 (CI = 0.23-0.76; P = 0.004) 
for CT heterozygous and an OR of 0.46 (CI = 0.26-0.81; P 
= 0.008) for dominant variant. When we compared only the 

Table I. Characteristics of study population

Cases Controls P

N N

Total subjects 153 182

Gendera N (%) N (%)

Women 77 (50.3) 37 (20.3) 0.0001

Men 76 (49.7) 145 (79.7)

Age at selection Years Years

Mean age ± SDb 67.9 ± 11.2 60.8 ± 14.7 0.0001

Median agec 69 63 0.0001

Age groupsa N (%) N (%)

<60 years 29 (18.9) 71 (39.0) 0.0001

60–69 years 48 (31.4) 52 (28.6)

≥70 years 76 (49.7) 59 (32.4)

Family history of cancera N (%) N (%)

None 129 (84.3) 161 (88.5) 0.474

1 relative 20 (13.1) 16 (8.8 )

2 relatives 4 (2.6) 5 (2.7)

Personal cancer historya N (%) N (%)

No 140 (91.5) 182 (100) 0.0001

Yes 13 (8.5) 0 (0)

Site of tumor N (%) N (%)

Colon 88 (57.5) n/a

Rectum 65 (42.5) n/a

Stage of tumors by TNM N (%) N (%)

Stage I 36 (23.7) n/a

Stage II 48 (31.6) n/a

Stage III 51 (33.5) n/a

Stage IV 17 (11.2) n/a

n/a - not applicable; aFisher‘s exact test; bStudent‘s t-test; cWilcoxon 
rank-sum test
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colon cancer cases with controls, we found marked inverse 
associations for CT heterozygous, with an OR of 0.21 (CI = 
0.11-0.43; P = 0.0001); for TT homozygous, with an OR of 
0.29 (CI = 0.13-0.65; P = 0.003); and for dominant model, 
with an OR of 0.24 (CI = 0.12-0.46; P = 0.0001) with a 
Ptrend of 0.01. At the same time, when comparing rectal 
cases with colon cases, we found a statistically significant 
risk for rectal cancers, having a Ptrend = 0.001, for both 
homozygous (OR = 4.85; CI = 1.76-13.37; P = 0.002) and 
heterozygous variants (OR = 4.91; CI = 1.92-12.50; P = 
0.001), and for the dominant model (OR = 4.88; CI = 2.01-
11.85; P = 0.0001). These findings were consistent with the 
risk of rectal cancer when compared to the controls, with an 
OR of 1.88 (CI = 0.69-5.13) for homozygous and an OR of 
1.48 (CI = 0.60-3.63) for dominant variant, even if these ORs 
were not statistically significant. We observed statistically 
significant inverse associations between stages I+II TNM 
and rs4939827 CT variant (OR = 0.33; CI = 0.16-0.68; P = 
0.003) and dominant model (OR = 0.38; CI = 0.19-0.75; P 
= 0.005), as well as a marginal association between TNM 
stages III+IV and the heterozygous (OR = 0.20; CI = 0.25-
1.12; P = 0.098).

rs6983267
For the G allele of rs6983267, we found an association 

with CRC, with an OR of 1.38 (CI = 0.70-2.69) for 
homozygous and an OR of 1.21 (CI = 0.69-2.14) for 
dominant model. Our stratified analyses by tumor location 
revealed an increased risk, with statistical significance for 
rectal versus colon cancers, with an OR of 3.00 (CI = 1.07-
8.39; P = 0.036) for homozygous variants and with an OR 
of 2.61 (CI = 1.06-6.43; P = 0.038) for the dominant model 
of the G allele. At the same time, we found a greater risk for 
rectal cancer when compared to controls with an OR of 2.17 
(CI = 0.82-5.75) for GG homozygous and an OR of 1.91 
(CI = 0.81-4.54) for dominant model, although these risks 
were statistically non significant. For CRC stages I+II, we 
observed slightly increased associations for homozygous and 
for dominant variant (OR = 1.36; CI = 0.60-3.07 and OR = 
1.18; CI = 0.59-2.36, respectively). The risk of developing 
advanced diseases (TNM stages III+IV) was greater for 
heterozygous (OR = 1.20; CI = 0.56-2.57) and for dominant 
variant (OR = 1.18; CI = 0.58-2.43). These associations were 
not statistically significant.

Discussion
Recently, we reported associations of rs10795668, 

rs3802842, rs6983267, rs4939827, and rs4444235 with 
CRC risk in a homogenous Romanian population sample, 
suggesting different patterns of susceptibility for colon and 
rectal cancers [26]. Here, in an extended case-control series, 
we pursued these particular findings and we examined four 
SNP markers that were described in the literature as having 
tumor site and/or stage-specificity: rs10795668, rs3802842, 
rs6983267, and rs4939827.

rs4939827
In our analysis, carriers of the T allele had a greater risk of 

developing rectal cancer (with the most marked association 
for homozygous), while the C allele conferred susceptibility 
for colon cancer. This was not surprising, since several other 
GWAS have shown that common variations at 18q21, defined 
as rs4939827, rs12953717, and rs4464148, influence CRC 
risk and show notable site-specific differences [8, 27, 28]. 
Our results were parallel to those found by Tenesa et al [8], 
while Curtin et al [27] reported findings in the opposite 
direction. A possible explanation is that 18q21 contains genes 
encoding all three types of SMADs required for regulation of 
TGF-beta signaling, including two activators (SMAD2 and 
SMAD4) and one inhibitor (SMAD7). Deregulation of TGF-
beta signaling is associated with malignant transformation 
of adenomas driven by CIN, which is more frequent in the 
rectum [29]. In fact, five (14q22, 15q13, 18q21, 19q13, 
and 20p12) of the ten independent validated loci associated 
with CRC are located within proximity of genes involved 
in TGF-beta signaling, highlighting this tumor-suppressor 
pathway in the pathogenesis of CRC [5, 6, 8, 9].

rs6983267 
Variants at 8q24 have been associated with numerous 

cancers in addition to CRC, including the prostate [30], 
breast [31], and urinary bladder [32]. A previous study 
showed a physical interaction between the rs6983267 
region and MYC [33], an important proto-oncogene that 
is over-expressed in numerous cancers, including CRC. 
It also was previously demonstrated that SNP rs6983267 
at 8q24 enhances Wnt signaling and disrupts the TCF4 
transcription factor binding site within 1 Mb of MYC [34]. 
This deregulated Wnt signaling is predominantly associated 

Table II. Description of SNPs selected for genotyping on the basis of genome-wide association studies

SNP Risk 
Allele

Region Reported 
Gene(s)

Risk Allele 
Frequency in 

Controls

P OR
(95% CI)

First Author/Date/ 
Journal/Study

Initial Sample 
Size

rs10795668 A 10p14 Intergenic 0.67 3 × 10-13 1.12 
(1.10-1.16)

Tomlinson, March, 
2008, Nat Genet

922 cases, 
927 controls

rs3802842 C 11q23.1 Intergenic 0.43 6 × 10-10 1.11 
(1.08-1.15)

Tenesa, March 30, 
2008, Nat Genet

981 cases, 
1,002 controls

rs4939827 T 18q21.1 SMAD7 0.52 8 × 10-28 1.2 
(1.16-1.24)

Tenesa, March, 
2008, Nat Genet

981 cases, 
1,002 controls

rs6983267 G 8q24.21 Intergenic 0.48 7 × 10-11 1.24 
(1.17-1.33)

Tomlinson, March, 
2008, Nat Genet

922 cases, 
927 controls
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Table III. Association of selected SNPs with colorectal cancer risk, respectively with TNM stage. ORs were adjusted for gender and age group

SNP and 
risk allele

Geno-
type

Ctrs
N (%)

CRC 
Cases, 
N (%)

Stage 
I+II 

cases 
N (%)

Stage 
III+IV 
cases 
N (%)

CRC cases vs. controls Stage I+II cancer cases vs. 
controls

Stage III+IV cancer cases 
vs. controls

OR 
(95%CI)

P Ptr OR 
(95%CI)

P Ptr OR 
(95%CI)

P Ptr

rs10795668 
A

GG 93 
(51.1)

81 
(53.6)

44 
(52.4)

37 
(54.4)

        1        1        1

AG 70 
(38.5)

56 
(37.1)

33 
(39.3)

24 
(35.3)

0.96 
(0.59-1.59)

0.888 0.95
(0.52-1.72)

0.869 0.98
(0.32-1.86)

0.947

AA 19 
(10.4)

14 
(9.3)

7 
(8.3)

7 
(10.3)

0.96 
(0.43-2.14)

0.913 0.62 0.87 
(0.32-2.34)

0.778 0.75 1.11 
(0.40-3.07)

0.843 0.68

Dom 89 
(48.9)

70 
(46.4)

39 
(46.9)

30 
(44.8)

0.96 
(0.60-1.54)

0.875 0.93 
(0.53-1.63)

0.812 1.00 
(0.55-1.83)

0.987

Rec 163 
(89.6)

137 
(90.8)

76 
(91.6)

60 
(89.5)

1.03 
(0.47-2.24)

0.941 1.13 
(0.43-2.95)

0.805 0.90 
(0.33-2.38)

0.823

rs3802842
C

AA 101 
(55.5)

81 
(53.3)

42 
(50.0)

38 
(56.7)

        1         1         1

AC 68
(37.4)

65 
(42.8)

40 
(47.6)

25 
(37.3)

1.11 
(0.68-1.81)

0.680 1.10 
(0.61-1.96)

0.746 0.99 
(0.53-1.87)

0.982

CC 13 
(7.1)

6 
(3.9)

2 
(2.4)

4 (5.9) 0.68 
(0.22-1.08)

0.497 0.91 0.48
(0.09-2.45)

0.376 0.72 0.59
(0.25-3.28)

0.860 0.75

Dom 81 
(44.5)

71 
(46.7)

42 
(50.0)

29 
(43.3)

1.05
(0.65-1.69)

0.840 1.02
(0.58-1.81)

0.929 0.98 
(0.53-1.79)

0.942

Rec 169 
(92.9)

146 
(96.1)

82 
(97.6)

63 
(94.0)

1.54
(0.51-4.64)

0.441 2.18
(0.43-10.9)

0.343 1.12
(0.31-4.03)

0.861

rs4939827 
T

CC 32 
(17.7)

42 
(27.5)

24 
(28.6)

18 
(26.5)

         1         1        1

CT 106 
(58.6)

69 
(45.1)

35
(41. 7)

33 
(48.5)

0.42 
(0.23-0.76)

0.004 0.33
(0.16-0.68)

0.003 0.20 
(0.25-1.12)

0.098

TT 43
(23.8)

42 
(27.5)

25 
(29.8)

17 
(25.0)

0.56 
(0.28-1.10)

0.095 0.45 0.49
(0.22-1.12)

0.090 0.63 0.28 
(0.26-1.49)

0.286 0.44

Dom 149 
(82.3)

111 
(72.6)

60 
(71.4)

50 
(73.5)

0.46
 (0.26-0.81)

0.008 0.38
(0.19-0.75)

0.005 0.56 
(0.27-1.14)

0.109

Rec 138 
(76.2)

111 
(72.6)

59 
(70.2)

51 
(75.0)

0.97 
(0.57-1.65)

0.900 0.92
(0.49-1.72)

0.787 1.02 
(0.51-2.03)

0.960

rs6983267 
G

TT 43 
(23.6)

31 
(20.5)

16 
(19.5)

15 
(22.1)

        1          1         1

GT 92
(50.6)

75 
(49.7)

40 
(48.8)

34 
(50.0)

1.13 (0.62-
2.06)

0.691 1.09    
(0.52-2.27)

0.826 1.20   
(0.56-2.57)

0.636

GG 47 
(25.8)

45 
(29.8)

26 
(31.7)

19 
(27.9)

1.38
(0.70-2.69)

0.352 0.36 1.36 
(0.60-3.07)

0.456 0.29 1.16 
(0.49-2.71)

0.736 0.72

Dom 139 
(76.4)

120 
(79.5)

66 
(80.5)

53 
(77.9)

1.21
(0.69-2.14)

0.509 1.18
(0.59-2.36)

0.645 1.18
(0.58-2.43)

0.642

Rec 135 
(74.2)

106 
(70.2)

56 
(68.3)

49 
(72.1)

0.79 (0.47-
1.33)

0.381 0.78   
(0.42-1.45)

0.429 0.97   
(0.50-1.91)

0.951

Ptr = P value of Cochrane-Armitage test for trend; Dom: dominant; Rec: recessive model; Ctrs: controls.

with the classic tubular adenoma pathway and CIN cancers, 
which are more frequent in the rectum [29]. 

The association between rs6983267 and colon and 
colorectal cancer in European and European American 
populations is strongly supported by a recent meta-analysis, 
which also underlines the fact that allele frequency varies 
across racial and ethnic groups and may influence the 
magnitude of associations [35]. The site-specific differences 
in risk for this variant have been analyzed in a small number 
of studies. Two independent studies [20, 35] reported 

significant associations with colon tumors (cases with tumors 
in the rectosigmoidian junction or rectum were excluded). A 
recent Swedish study did not detect a significant association 
with tumor location (colon versus rectum or right versus 
left colon) [36] Moreover, a separate analysis in cancer-
free adenoma cases provided evidence that rs6983267 is 
associated with an elevated risk of adenoma development [4], 
especially multiple adenoma [37], pointing to the neoplastic 
transformation of adenomas in the rectum.

Thus, the association of rs6983267 with rectal cancers, 
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Table IV. Association of genotypes of the four SNPs with tumor location. ORs were adjusted for gender and age groups.

SNP and 
risk allele

Genotype Colon 
Cancer 
cases 
N (%)

Rectal 
cancer 
cases N 

(%)

Colon cancer cases vs. 
controls

Rectal cancer cases vs. controls Rectal cancer cases vs. colon 
cancer cases

OR 
(95%CI)

P Ptr OR (%95CI) P Ptr OR (95%CI) P Ptr

rs10795668 
A

GG 51 
(58.6)

30 
(46.9)

1 1 1

AG 26 
(29.9)

30 
(46.9)

0.71 
(0.38-1.29)

0.261 1.36 
(0.72-2.59)

0.346 1.99
(0.99-4.04)

0.054

AA 10 
(11.5)

4 (6.2) 0.97 
(0.39-2.34)

0.942 0.36 0.89 
(0.26-2.99)

0.850 0.82 0.78 
(0.22-2.75)

0.694 0.33

AG + AA, 
vs. GG 

36 
(41.4)

34 
(53.1)

0.76
(0.44-1.33)

0.339 1.27
(0.69-2.37)

0.442 1.68 
(0.86-3.26)

0.127

AA, vs. 
AG + GG 

77 
(88.5)

60 
(93.8)

0.90 
(0.38-2.15)

0.814 1.30
(0.40-4.20)

0.660 1.72 
(0.50-5.87)

0.386

rs3802842 
C

AA 40 
(45.4)

41 
(64.1)

1 1 1

AC 43 
(48.9)

22 
(34.4)

1.42
(0.80-2.53)

0.232 0.72 
(0.38-1.39)

0.332 0.47 
(0.23-0.94)

0.033

CC 5
(5.7)

1 (1.6) 1.25 
(0.36-4.32)

0.721 0.19 0.21 
(0.02-1.80)

0.154 0.15 0.19 
(0.02-1.72)

0.140 0.02

AC + CC, 
vs. AA  

48 
(54.5)

23 
(35.9)

1.40 
(0.80-2.46)

0.238 0.65 
(0.34-1.23)

0.187 0.44 
(0.22-9.87)

0.019

CC, vs. 
AC +AA 

83 
(94.3)

63 
(98.4)

0.95 
(0.28-3.17)

0.930 4.25 
(0.50-36.12)

0.185 3.73 
(0.42-3.21)

0.238

rs4939827 
T

CC 34 
(38.6)

8 (12.3) 1 1 1

CT 34 
(38.6)

35 
(53.8)

0.21 
(0.11-0.43)

0.0001 1.31
(0.52-3.32)

0.564 4.91
(1.92-12.50)

0.001

TT 20 
(22.7)

22 
(33.8)

0.29 
(0.13-0.65)

0.003 0.01 1.88 
(0.69-5.13)

0.218 0.10 4.85 
(1.76-13.37)

0.002 0.001

CT + TT, 
vs. CC 

54 
(61.4)

57 
(87.7)

0.24 
(0.12-0.46)

0.0001 1.48 
(0.60-3.63)

0.390 4.88 
(2.01-11.85)

0.0001

TT, vs.  
CT + CC 

68 
(77.3)

43 
(66.1)

1.26 
(0.64-2.39)

0.520 0.66 
(0.34-1.29)

0.226 0.60 
(0.29-1.25)

0.173

rs6983267 
G

TT 23 
(26. 4)

8 
(12.5)

1 1 1

GT 41 
(47.1)

34 
(53.1)

0.91 
(0.46-1.80)

0.783 1.78 
(0.72-4.39)

0.209 2.41 
(0.94-6.20)

0.068

GG 23 
(26.4)

22 
(34.4)

1.01 
(0.47-2.19)

0.979 0.82 2.17 
(0.82-5.75)

0.118 0.05 3.00 
(1.07-8.39)

0.036 0.07

GT + GG, 
vs. TT  

64 
(73.6)

56 
(87.5)

0.94 
(0.50-1.79)

0.857 1.91 
(0.81-4.54)

0.141 2.61 
(1.06-6.43)

0.038

GG, vs.  
GT + TT 

64 
(73. 6)

42 
(65.6)

0.93 
(0.50-1.74)

0.815 0.71 
(0.36-1.39)

0.320 0.63 
(0.31-1.31)

0.224

Ptr = P value of Cochrane-Armitage test for trend

rather than with colon cancers, observed in our study could be 
due to different population, sample size, or study design.

rs3802842 and rs10795668
It has been demonstrated that susceptibility alleles of 

rs3802842 and rs10795668 are more prevalent in rectal 
tumors [7, 8]. Both SNPs show significantly different 
patterns of associations for different ethnic groups [38]. 
rs3802842 is located close to POU2AF1, which encodes 
a transcription factor whose role is yet to be determined. 

Elucidating the role of rs10795668 is difficult since this 
SNP is located in an 82-kb LD block that contains no protein 
coding transcripts [10]. 

In the present study, we found that the A allele of 
rs10795668 tended to be  associated with rectal cancers, but 
the differences were not statistically significant. Carrying 
the C allele at rs3802842 appeared to be associated with a 
lower risk for rectal tumors, a reverse effect to that previously 
reported [8, 28, 38].
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It is difficult to discuss how these correlations might be 
interpreted in their biological context, as the exact causative 
SNP is still not known for all risk loci. However, our 
findings may be useful for confirming these loci as distinct 
and etiologically different risk factors in colon and rectum 
carcinogenesis.

Our study has strengths and limitations. One strength 
is its well-defined homogeneous sample of a single ethnic 
group with detailed clinical data. This allowed us to 
investigate for subset determinants (tumor site and stage). 
However, it cannot be ruled out that some of our results 
are falsely positive in the context of the number of tests 
performed. Although we tested four SNPs, we did not adjust 
for multiple testing, as this study was set up as a replication 
to confirm previous findings. A conservative Bonferroni 
correction for four SNPs would lead to a P value threshold 
of 0.05/4 = 0.0125.

The lack of significant associations observed, could 
also be attributed to a limited sample size. In particular, 
the power would be prohibitively low in subset analyses 
by stratification according to tumor location. Assuming the 
ORs of 1.40 for positive associations, and 0.70 for inverse 
associations at P = 0.05, a CRC case population of about 
1560 with an  estimated 930 colon cancer cases and 630 
rectal cancer cases would be  required to reach a power 
of 80%. This number of 1560 CRC cases, together with a 
control population of about 1600 would provide ORs ≥ 1.23 
for positive associations, and ≤ 0.82 for negative associations 
for CRC risk, with a significance level of  0.05 and a power 
of 80% for all SNPs investigated. 

Our data are consistent with other reports on European 
populations [23, 27, 36] and strengthen previous evidence 
of true associations. However, the direction of association 
is variable across different ethnic groups, suggesting genetic 
heterogeneity or possible gene-environment interaction 
[39]. 

The specific pattern of risk for colon and rectal cancers 
leads to clinical and public health implications. In the shorter 
term, the potential to refine genetic risk stratification within 
populations and phenotypic subgroups could result in the 
adapting of surveillance to individual-predicted level of risk. 
In the future, understanding the functional role of these SNPs 
on the genetic pathways could lead to targeted therapeutic 
strategies and prognosis.

Conclusions
The present data suggest that, in an independent 

Romanian sample, common genetic variations at rs10795668, 
rs3802842, rs4939827, and rs6983267 display different 
patterns of association with colon and rectal cancer risk, 
supporting the hypothesis of different carcinogenic pathways 
with a distinct molecular biology.

Our results should be considered cautiously, but may 
be taken into account in future, larger, epidemiological 
studies. 
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