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Objective—The objective of this study was to test the association between calpain-10 (CAPN10),
a diabetes susceptibility gene, with risk of pancreatic cancer (PC).

Methods—DNA samples from 83 incident exocrine PC cases and 166 controls, all of whom were
smokers, were genotyped for four markers of CAPN10 in a nested case–control study based on the
Beta-Carotene and Retinol Efficacy Trial (CARET), a randomized chemoprevention trial of subjects
at high risk of lung cancer. Controls were matched on sex, race, age, CARET intervention arm,
duration of exposure to asbestos, and smoking history. Conditional logistic regression was used for
statistical analyses.

Results—The minor allele of SNP-43 (rs3792267) in intron 3 was associated with increased risk
of PC with an odds ratio of 1.57 (95%CI 1.03–2.38, p = 0.035) per allele. The three markers of the
highest risk haplotype had an odds ratio of 1.98 (95%CI 1.12–3.49, p=0.019) for risk of PC compared
to the most common haplotype. There was no evidence of interaction between either of these
associations by diabetes status.

Conclusion—These results suggest that variation in CAPN10 may be associated with increased
risk of PC among smokers. Thus, studies of genes associated with diabetes risk in PC are warranted
in a larger population.
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Introduction
Pancreatic cancer (PC) is the fourth leading cause of cancer death in the USA [1]. It is estimated
that PC will be diagnosed in over 37,000 people in 2008 resulting in over 34,000 deaths [1].
The majority of PC are exocrine tumors, and 95% of these are pancreatic ductal
adenocarcinomas. Exocrine PC has a short survival time, with an average of only 4 months
[2]. Smoking is the most established risk factor for PC with population attributable fraction of
22% [3].

A recent meta-analysis has shown that a family history of PC increases risk nearly twofold
[4], suggesting genetic susceptibility to PC. Linkage and gene expression studies reported a
mutation in Palladin (PALLD) gene linked with PC in a single family [5,6]. Variants in the
methionine synthase reductase (MTRR) gene, the mouse double minute 2 homologue
(MDM2) gene, and the apoptotic genes, Fas-Fas ligand (FasL) and caspase-8 (CASP8), have
been associated with PC in hospital-based case–control studies [7–9]. However, the presence
of common susceptibility alleles for PC that could lead to earlier diagnosis and even cancer
prevention in the general population remains to be confirmed. Although somatic mutations in
oncogenes and tumor suppressor genes, including K-ras, p16, and p53 [10], have been
identified in pancreatic adenocarcinomas, it is not known whether germline mutations in these
genes contribute to the familial aggregation of PC.

A relationship between PC and type 2 diabetes (T2D) is also well established. A meta-analysis
of 17 case–control studies and 19 cohort studies concluded that there is an approximately 80%
greater risk of PC among individuals with type 2 diabetes, with the strongest association among
those with <5 years duration of diabetes [11]. At least two additional case–control studies
support the hypothesis that diabetes may be an early manifestation of PC rather than a risk
factor for its development [12,13]. Other studies have suggested that factors associated with
abnormal glucose metabolism, a hallmark of diabetes, might have an important role in the
etiology of PC [14], though a causal effect remains to be established. Based on these data, we
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postulated that variation in genes associated with diabetes risk may also be involved in the
development of PC.

Calpain-10 (CAPN10) was identified as a candidate gene for T2D by positional cloning [15],
and the CAPN10 protein product is a regulator of insulin secretion in pancreatic β-cells [16].
Single nucleotide polymorphisms (SNPs) within CAPN10 were associated with diabetes in a
case–control study with over 6,000 white subjects [17] and in a meta-analysis in Europeans
[18]. Because of this relationship to diabetes and its functional role in the pancreas, we
evaluated the association between four variants in the CAPN10 gene and risk of incident PC.

Materials and Methods
Cases and Matched Controls

Study subjects have been described previously [19]. Briefly, subjects were selected from the
Beta-Carotene and Retinol Efficacy Trial (CARET), a randomized chemoprevention trial of
heavy smokers or asbestos-exposed workers at high risk of lung cancer [20]. As of September
1, 2004, 83 confirmed incident exocrine PC cases were available for analysis from this cohort,
excluding cases diagnosed with lung cancer or those who had no history of smoking. For each
eligible case, two controls without cancer were selected. Controls were matched to cases on
age (5-year intervals), sex, race, CARET intervention arm, asbestos exposure, and smoking
history using a two-step process. First, cases and controls were matched on smoking status
(former or current). Current smokers were further matched on number of cigarettes per day
(±10), while former smokers were matched on years elapsed between quitting and study
enrollment, resulting in 166 controls used in the analysis. Race and diabetes status were self-
reported, and body mass index (BMI), defined as weight per height squared (kg/m2), was based
on measurements performed at baseline (study enrollment).

DNA Extraction and Genotyping
DNA was obtained from whole blood (N=216) or serum (N=33) and was extracted using
QIAamp DNA Blood Mini Kit/protocol (Qiagen, Inc, Valencia, CA). DNA from serum was
whole genome amplified by QIAGEN REPLI-g Services (Hilden, Germany).

SNP-44 (rs2975760) and SNP-43 (rs3792267) in intron-3, SNP-63 (rs5030952) in intron-6,
and Indel-19 (rs3842570) in intron-13 of CAPN10 were selected based on previous evidence
of association with T2D [17,18]. Using TaqMan™ assays, genotypes were analyzed using an
ABI Prism™ 7900HT Fast Real-Time PCR System. Sequential genotyping of the DNA
samples was performed until unambiguous genotypes were ascertained, and thus, there were
no missing genotypes in the analysis.

Statistical Analysis
All statistical analyses were performed using either R Gui, version 2.5.0 (www.r-project.org)
or STATA 9.0 (Stata Corp. College Station, TX). The Fisher exact test was performed to test
for deviations from Hardy–Weinberg equilibrium (HWE) in controls. Conditional logistic
regression assuming additive genetic models was used to obtain odds ratios (OR), 95%
confidence intervals (CI), and p values, and multiple comparisons were evaluated using the
Bonferroni correction. We estimated haplotypes using the expectation-maximization algorithm
implemented in Haplo. stats module in R. We then tested for association with reference to the
most common haplotype. To test for interaction of the association between CAPN10 variants
and PC by diabetes status, we compared models with and without an interaction term between
each marker and diabetes status using a likelihood ratio test.
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Linkage disequilibrium (LD) of the CAPN10 genomic region was evaluated using genotype
data for Caucasian samples from the HapMap project (http://www.hapmap.org) and
graphically displayed using HaploView [21]. Pairwise R2 and D′ values among controls were
also calculated by HaploView.

Results
The matching procedure resulted in similar distributions for gender, race, and age between
cases and controls (Table 1). Among all subjects, 75% were male and 94% were white, and
the mean baseline age was approximately 61 years. Mean BMI for cases and controls were
similar (28.0 versus 26.8, respectively). Sixteen percent of cases, compared with 13% of
controls, self-reported diabetes at baseline. All subjects were current or former smokers at
baseline.

Each of the four CAPN10 genetic markers had a minor allele frequency (MAF) >10% (Table
2), and none showed a deviation from HWE in controls (data not shown). Table 2 presents the
conditional logistic regression results for the association of each marker with PC, assuming an
additive genetic model. SNP-43 (rs3792267) was associated with risk of PC (p=0.035),
although this result was not significant after Bonferroni correction. For each additional copy
of the minor allele “A” of this marker, there was a 57% increased risk of PC (OR=1.57, 95%
CI 1.03–2.38). No significant association was found for the three remaining markers.

Pairwise correlations among the markers for the controls, measured by R2, were low, ranging
from 0.04 to 0.23. However, all pairwise D′ values were 1, illustrating a lack of recombination
events between the markers. These data imply that the marker alleles were inherited together
on the same chromosome, but none of the markers alone capture all the variations for the region.
Thus, haplotypes were constructed to capture as much variation as possible for the association
analysis As shown in Fig. 1, the haplotype structure in CAPN10 using the Caucasian genotypes
from the HapMap project, SNP-44 (intron-3), SNP-43 (intron-3), and Indel-19 (intron-6) are
within a region of high LD. SNP-63 (intron-13) is 3 kb downstream of this region. Therefore,
we performed three-marker haplotype analysis excluding SNP-63.

Table 2 shows the frequency of the resulting haplotypes, and their association with risk of PC,
using the most common haplotype “TG-ins” as the reference group. Each of the two remaining
haplotypes, “CG-ins” and “TA-ins,” approximately doubled the risk of PC (OR=1.98, p=0.019
and OR=1.78, p=0.0099, respectively). As shown in Table 2, there was no evidence of
interactions between the SNPs and diabetes status with risk of PC.

Discussion
To our knowledge, this pilot study is the first to suggest an association between variants in the
diabetes susceptibility gene CAPN10 with PC among smokers. The minor allele “A” of SNP-43
was associated with an increased risk of PC (OR=1.57, p=0.035). For α-level 0.05 with four
markers, the expected number of false positives was less than our observed number of
significant findings (expected, 4 × 0.05=0.2), suggesting that this finding was not observed by
chance. However, this result was not statistically significant after Bonferroni correction.

Haplotype analysis showed that haplotype “TA-ins” increased risk of PC by 80% compared
with the common haplotype “TG-ins” (OR=1.80, p=0.01). These two haplotypes differed only
at the position for SNP-43, and the risk of having allele “A” in SNP-43 in this haplotype was
consistent with the result for SNP-43 alone. Similarly, haplotype “CG-ins” nearly doubled the
risk of PC compared with the reference haplotype (OR=1.98, p=0.019). These results suggest
that haplotypes formed by multiple markers were more informative than analysis based on
individual markers and may reflect the combined effects of multiple marker variants.
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A number of studies have reported that an association between “homozygous G” genotype at
SNP-43 of the CAPN10 gene was associated with increased risk of diabetes [15,17,18]. In the
present study, however, increased risk of PC was associated with the “A” allele of SNP-43,
suggesting that the CAPN10 risk for PC may not be attributable to its association with risk of
diabetes. However, the CAPN10 variant could have pleiotropic effects on diabetes and PC
through different alleles. Alternatively, this difference could be due to a “flip-flop” effect that
can occur when different LD patterns are present in the populations being sampled due to
cryptic population structure [22]. Because SNP-43 is intronic, and thus less likely to be the
causal variant than a coding variant, such an effect could be present.

Because CAPN10 is a diabetes candidate gene, we examined a possible interaction between
baseline diabetes on the association of CAPN10 markers with PC. There was no evidence of
interaction from these data, but power was limited due to the small sample size of this pilot
study.

The CAPN10 protein is expressed ubiquitously, with the highest levels of expression in the
heart, pancreas, brain, liver, and kidney [15]. An immunohistochemical study identified
CAPN10 specifically in the insulin-containing cells and the islet cells of the pancreas [16].
Inhibition of CAPN10 activity in mouse islets has been shown to increase glucose-induced
insulin secretion [23], implying a relationship between CAPN10 and glucose homeostasis in
pancreatic islets. However, these pathologic processes may or may not be relevant because
exocrine PC develops in pancreatic ductal cells, not islet cells.

A study showing that overexpression of human CAPN10 in beta cells of transgenic mice islets
enhanced ryanodine-induced apoptosis [24] implies that the association of CAPN10 with PC
seen in this study might be mediated through apoptosis, the programmed cell death process
that may be blocked in cancer cells, resulting in abnormal growth of tissue. Recent case–control
studies showed that the apoptotic genes, FasL and CASP8, were associated with PC [9].
Whether or not CAPN10 acts through the same apoptotic pathway warrants further
investigation.

A major strength of this study is its prospective design and the availability of incident PC cases,
avoiding survival bias in case–control studies due to the rapid fatality of pancreatic cancer.
The use of cases and controls who were all smokers from the CARET cohort [19] reduces the
possibility of confounding due to smoking, the most established risk factor for PC. However,
the smoking history in this cohort is also a study limitation since such a high-risk sample may
not be representative of the general population. The power to detect association was also low
due to the small sample size. Other limitations include the fact that diabetes status was self-
reported and that only four markers in the CAPN10 gene were used, possibly not capturing all
of the important variation in the CAPN10 gene.

In conclusion, we found that the intronic SNP-43 and its haplotype in CAPN10, a diabetes
susceptibility gene, were associated with PC among smokers from the CARET cohort. Building
on these results, future studies of diabetes candidate genes with greater statistical power are
likely to increase our understanding of genetic susceptibility to PC.
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Fig. 1.
Linkage disequilibrium (LD)of CAPN10 gene region based on data from the HapMap Project,
Caucasian population genotype data, visualized by HaploView [21]. Color coding: D′=1
(bright red);: D′<1 (pink/red);: D’ not statistically significant (blue/white). The black
triangles frame regions of high LD. Only SNP-44(rs2975760) and SNP-43(rs3792267),
located in intron-3, were available in the HapMap data, and they are outlined in yellow. Indel-19
(rs3842570) is located in intron 6 within the same LD region. SNP-63(rs5030952) is located
3 kb downstream of this region
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