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Abstract
The caspase recruitment domain-containing protein 15
(CARD15) plays a crucial role in mediating the innate immune
response. Mutations within this protein have been shown to be
independent risk factors for the development of Crohn’s
disease in Caucasians. As Crohn’s disease patients are at
increased risk of developing sporadic colorectal cancer, it is
conceivable that genetic variability within CARD15 may also
play a role in determining susceptibility to this gastrointestinal malignancy in individuals without Crohn’s disease. This
hypothesis is supported by the findings of two case-control
studies that found the frequencies of CARD15 mutations were
significantly elevated in Polish and Greek colorectal cancer
patients. Given the results of these previous studies, we
examined whether the high incidence of sporadic colorectal
cancer observed in New Zealand Caucasians was due to
mutations within CARD15. To answer this question, we
genotyped 133 colorectal cancer patients and 201 Caucasian
controls for R702W, G908R, 1007fs, and P268S. C 2 Testing
found that the combined frequency of R702W, G908R, and
1007fs was significantly elevated in colorectal cancer patients
compared with controls (P = 0.001; odds ratio, 2.8; 95%
confidence interval, 1.5-5.4), but no association was detected
between tumor behavior or age of disease onset and CARD15
mutations in our colorectal cancer cohort. This study is the
first to explore the link between CARD15 mutations and
colorectal cancer in New Zealand Caucasians. Our results
strongly suggest that CARD15 influences susceptibility to
colorectal cancer, but we have found no evidence to indicate
that CARD15 mutations predict the clinicopathologic characteristics of this disease. (Cancer Res 2006; 66(5): 2532-5)

Introduction
Patients with inflammatory bowel disease are known to have an
increased risk of developing colorectal cancer (1). In Caucasians,
the caspase recruitment domain-containing protein 15 (CARD15)
mutations R702W, G908R, and 1007fs have been shown to be
independent risk factors for Crohn’s disease with up to 50% of
patients carrying at least one of these variants (2). All three
mutations occur on a background haplotype that is identified by
the presence of the single nucleotide polymorphism P268S. This
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variant is a marker for a novel CARD15 haplotype (IVS8 + 158) that
confers a population-attributable risk of 15.1% for Crohn’s disease
in Ashkenazi Jews (3). CARD15 mutations may also increase the
susceptibility of developing colorectal cancer in Caucasians
without Crohn’s disease. Of the three previous case-control studies
that have examined the role of CARD15 in colorectal cancer, two
report an increased frequency of CARD15 mutations in colorectal
cancer patients compared with healthy controls (4, 5), suggesting
that this protein may also play an important role in determining
susceptibility to colorectal cancer. The incidence of colorectal
cancer in New Zealand is one of the highest in the world and is
predicted to increase in the next decade due to an aging population
(6). It is possible that one of the factors contributing to the elevated
risk of colorectal cancer observed in Caucasians is genetic
variability within CARD15. To determine whether CARD15
mutations play an important role in determining colorectal cancer
susceptibility in New Zealand Caucasians, we screened patients
diagnosed with sporadic colorectal cancer and healthy controls for
R702W, G908R, 1007fs, and P268S.

Materials and Methods
Study participants. Patients with colorectal cancer presenting for
surgery at Christchurch Hospital (Christchurch, New Zealand) for a newly
diagnosed bowel cancer were consented for banking of tumor tissue and a
DNA sample in the Cancer Society Tissue Bank between November 2002
and December 2004 (7). Comprehensive clinical data, including age at
disease onset and clinicopathologic characteristics of the tumor, were
collected prospectively on each colorectal cancer patient and stored in the
Cancer Society Tissue Bank database located in the Christchurch School of
Medicine and Health Sciences. Patients were excluded from this study if
they had a clinical history of Crohn’s disease. Healthy Caucasian controls,
living within the catchment area of Christchurch Hospital, were recruited at
random from the electoral roll. Details of the recruitment and the
demographics of this control cohort have been previously described (8).
Informed consent was obtained from all study participants and ethical
approval for this research was given by the Upper South B Regional Ethics
Committee of New Zealand. The use of colorectal cancer patient DNA was
approved by the Cancer Society Tissue Bank Board.
DNA samples. Genomic DNA was collected from the peripheral blood of
patients with colorectal cancer and from healthy controls using guanidine
isothiocyanate extraction (9) and rapid boiling lysis (10), respectively. The
colorectal cancer DNA samples were provided by the Cancer Society Tissue
Bank. Patient and control DNA samples were genotyped for the CARD15
variants R702W, G908R, 1007fs, and P268S using a previously described
multiplex amplification refractory mutation system (11).
Statistical analysis. The significance of differences in the CARD15 allele
frequencies between colorectal cancer patients and controls and the
association of CARD15 variants with clinicopathologic characteristics were
assessed using m2 tests. Odds ratios (OR) were determined with the
corresponding m2 distribution test and 95% confidence intervals (95% CI).
Only P values <0.05 were considered significant.
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Table 1. Allele and genotype frequencies for CARD15 mutations in colorectal cancer patients and controls
Mutation

Genotype
/

R702W
CRC
Control
G908R
CRC
Control
1007fs
CRC
Control
P268S
CRC
Control
702/908/1007
CRC
Control

/+

%Allele frequency

P

OR (95% CI)

+/+

116
189

15
12

2
0

7.1
3.0

0.03

2.30 (1.1-5)

127
198

6
3

0
0

2.2
0.8

0.09

3.10 (7.7-12.7)

127
197

6
4

0
0

2.2
1.0

0.19

2.30 (0.64-8.4)

86
109

37
80

10
12

21.4
26.0

0.06

0.65 (0.41-1.0)

104
183

27
17

2
1

—
—

0.001

2.80 (1.5-5.4)

Results
One hundred and thirty-three Caucasian colorectal cancer
patients without Crohn’s disease and 201 Caucasian controls
drawn from the same region of New Zealand were genotyped for
the CARD15 variants R702W, G908R, 1007fs, and P268S (Table 1).
The allele frequencies of CARD15 variants found in the control
cohort did not differ significantly from frequencies reported
previously in Australian, United Kingdom, Norwegian, and Belgium
Caucasians but did differ markedly from the CARD15 allele
frequencies observed in a number of other Caucasian populations
(Table 2). Excluding P268S, R702W was the major CARD15 variant
detected in both New Zealand controls and colorectal cancer
patients. A single compound heterozygote carrying R702W and

G908R was found in the controls and two R702W homozygotes
were identified within the colorectal cancer cohort. m2 Testing
showed that the combined frequency of R702W/G908R/1007fs was
significantly higher in the colorectal cancer patients than in our
control cohort [P = 0.001; OR, 2.8; 95% CI, 1.5-5.4]; however,
individually, only R702W was found to be associated with colorectal
cancer [P = 0.03; OR, 2.3; 95% CI, 1.1-5.0], although a trend toward
significance was also observed for P268S [P = 0.06; OR, 0.65; 95% CI,
0.41-1.0] and G908R [P = 0.09; OR, 3.1; 95% CI,7.7-12.7]. No
association was detected between colorectal cancer and 1007fs
(Table 1).
The distribution of R702W, G908R, and 1007fs within the
colorectal cancer cohort for a range of clinicopathologic

Table 2. CARD15 allele frequencies in Caucasian populations
Mutation

R702W
CRC
Control
G908R
CRC
Control
1007fs
CRC
Control
P268S
CRC
Control

%Allele frequency
Poland
(n = 300;
ref. 4)

Finland
(n = 348;
ref. 14)

Greece
(n = 100;
ref. 5)

New
Zealand*
(n = 201)

Australia
(n = 409;
ref. 15)

United
Kingdom
(n = 349;
ref. 16)

Italy
(n = 108;
ref. 17)

Spain
(n = 312;
ref. 18)

Norway
(n = 202;
ref. 19)

Germany
(n = 373;
ref. 19)

Belgium
(n = 95;
ref. 20)

—
—

—
—

4.8
1.0

7.1
3.0

—
4.5

—
5.2

—
6.0

—
4.0

—
2.7

—
4.8

—
2.1

—
—

—
—

8.7
3.6

2.2
0.8

—
0.7

—
1.4

—
2.3

—
2.5

—
1.2

—
0.7

—
0.5

14.4
7.0

1.9
1.9

12.5
6.0

2.2
1.0

—
1.0

—
1.6

—
1.4

—
1.6

—
1.2

—
4.1

—
1.1

—
—

—
—

—
—

21.4
26.0

—
—

—
—

—
—

—
—

—
—

—
—

—
—

*This study.
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characteristics was also assessed using m2 testing (Table 3). No
association was found between carriers of one or two CARD15
mutations and tumor location, size, or development. Similarly,
colorectal cancer patients under 60 years of age at diagnosis were
no more likely to carry a CARD15 mutation than patients z60
years. In contrast, a significant association was detected between
gender and presence of R702W, G908R, and 1007fs. Female
colorectal cancer patients were less likely to carry one of the three
CARD15 mutations than their male counterparts (P = 0.03; OR, 0.34;
95% CI, 0.18-0.92; Table 3).

agree with the findings of Kurzawski et al. (4) and Papaconstantinou et al. (5) who both reported significant associations between
colorectal cancer incidence and CARD15. However, the frequencies
of each CARD15 mutation differed markedly among the control
cohorts, indicating the individual contributions of R702W, G908R,
and 1007fs to colorectal cancer susceptibility may vary significantly
among Caucasian populations. When the effect of each variant was
assessed individually, we only detected a significant association
between R702W and colorectal cancer. In contrast, Papaconstantinou et al. (5) found that all three CARD15 mutations were
significantly elevated in Greek colorectal cancer patients. Similarly,
Kurzawski et al. (4) found 1007fs to be associated with colorectal
cancer susceptibility, whereas Alhopuro et al. (14) found no link
between colorectal cancer and the frameshift mutation in a
population-based series of 1,042 Finnish colorectal cancer patients.
This lack of association between colorectal cancer susceptibility
and G908R and 1007fs observed in New Zealand and Finnish
colorectal cancer patients may reflect the relative rarity of the
alleles in these populations compared with the frequencies
reported in Greek and Polish Caucasians (Tables 1 and 2). It is
conceivable that an association between CARD15 genetic variability and colorectal cancer incidence may have been detected in the
Finnish study if cases and controls had also been genotyped for
R702W. Studies investigating the frequencies of CARD15 mutations
in Crohn’s disease patients have found R702W to be the most
common of the three CARD15 variants in many European control

Discussion
Inflammation plays a key role in the development of gastrointestinal disorders, such as ulcerative colitis, Crohn’s disease, and
colorectal cancer (12). As CARD15 is involved in initiating the
innate immune response, it is conceivable that R702W, G908R, and
1007fs, which abolish the normal functioning of this protein, may
increase susceptibility to these diseases. Such a link has already
been shown for Crohn’s disease in Caucasians (13).
The aim of this study was to examine whether CARD15
mutations increased susceptibility to colorectal cancer in New
Zealand Caucasians without Crohn’s disease. We found that both
the frequency of R702W and the combined frequencies of the three
key CARD15 mutations were significantly elevated in colorectal
cancer patients compared with controls (Table 1). These results

Table 3. Clinicopathologic features of colorectal cancer patients with and without CARD15 mutations
Variables
Gender
Female
Male
Age (y)
z60
<60
Tumor location
Left colon
Right colon
Tumor size (mm)
z30
<30
Duke’s stage
Stage A
Stage B
Stage C
Vascular invasion
Yes
No
Necrosis
Yes
No
Lymph node involvement
Yes
No
Infiltrative margin
Yes
No

n

Carriers*

Noncarriers

P

OR (95% CI)

56
77

6
20

50
57

0.03

0.34 (0.18-0.92)

115
18

23
4

92
14

0.83

0.89 (0.26-2.90)

13
25

2
4

11
21

0.90 (Left vs right)

1.10 (0.43-2.60)

104
29

23
3

81
26

0.16

0.41 (0.11-1.40)

28
51
49

3
12
8

25
39
41

0.26 (A vs B + C)
0.70 (A + B vs C)

0.48 (0.13-1.80)
0.83 (0.30-2.10)

40
88

11
15

29
73

0.10

2.1 (0.86-5.00)

19
84

6
15

13
69

0.15

2.2 (0.74-6.40)

49
81

10
16

39
65

0.94

0.97 (0.40-2.33)

48
71

10
12

38
59

0.80

0.86 (0.33-2.21)

*Patients with R702W, G908R, or 1007fs.
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cohorts (Table 2). The variability in frequency of CARD15
mutations in Caucasians illustrates, first, the importance of
recruiting cases and controls from the same country and ideally
from within the same region and, second, in screening for all
common mutations.
As in Crohn’s disease—where patients with one or two CARD15
mutations are more likely to suffer early onset of disease; have
inflammation localized to the ileum; and develop granulomas,
stenosis, and structuring and fistulizing complications than
individuals with no CARD15 mutation (13)—it is possible that
these mutations may also be predictive of age of colorectal cancer
onset and tumor behavior. Associations with CARD15 variants
and specific clinicopathologic characteristics were observed in
both the Polish and Finnish colorectal cancer cohorts. Within the
Polish colorectal cancer cohort, the frequency of the 1007fs
variant was found to be significantly elevated in patients that
were >60 years of age at diagnosis (4), whereas in the Greek
cohort advanced stage tumors were more frequently seen in
patients that carried at least one CARD15 variant (5). Our study
did not detect any differences in age of onset or tumor behavior
between individuals that carried one or more CARD15 mutations
and those that had a wild-type CARD15 genotype. However, we
did observe a significant association between gender and
CARD15. Female colorectal cancer patients were far less likely
to carry a CARD15 mutation than their male counterparts. The
reason for this significant difference is unknown and has not been
reported before.
Unlike the three previous studies examining CARD15 variants
and colorectal cancer, our study also included the analysis of P268S.
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