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Abstract
Caspase-8 (CASP8) and caspase-10 (CASP10) play key roles in regulating apoptosis, and functional
polymorphisms of them may alter apoptosis and cancer risk. However, no reported studies have
investigated the association between such polymorphisms and the risk of cutaneous melanoma (CM).
In a hospital-based study of 805 non-Hispanic white patients with CM and 835 cancer-free age- sex-
and ethnicity-matched controls, we genotyped three reported putatively functional polymorphisms
of CASP8 and CASP10--CASP8 D302H (rs1045485:G>C), CASP8-652 6N del (rs3834129:–/
CTTACT), and CASP10 I522L (rs13006529:A>T)--and assessed their associations with risk of CM
and interactions with known risk factors for CM. We also calculated the false-positive-report
probability (FPRP) for significant findings. CASP8 302H variant genotypes (DH: adjusted odds ratio
[OR], 0.70 [95% confidence interval (CI), 0.50-0.98]; DH+HH: unadjusted OR, 0.78 [95% CI,
0.62-0.98]; FPRP, 0.79) and CASP8 -652 6N del variant genotypes (ins/del: OR, 0.74 [95% CI,
0.57-0.97]; ins/del+del/del: OR, 0.76 [95% CI, 0.61-0.95]; FPRP, 0.61) were associated with
significantly lower CM risk than were the ins/ins genotypes. The CASP10 522L variant genotypes
were not associated with significantly altered CM risk. Also, the D-del-I haplotype was associated
with a significantly lower CM risk (OR, 0.52 [95% CI, 0.37-0.74]; FPRP, 0.116) than was the most
common haplotype, D-ins-I. Furthermore, multivariate logistic regression analysis revealed that
CASP8 D302H, CASP8 -652 6N del, and CASP10 I522L were independent risk factors for CM.
Therefore, these CASP8 and CASP10 variant polymorphisms may be biomarkers for susceptibility
to CM.
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INTRODUCTION
Apoptosis occurs under a variety of physiologic and pathologic conditions mainly via the death
receptor and mitochondrial pathways, leading to a cascade activation of caspases [Danial and
Korsmeyer, 2004; Hengartner, 2000]. In apoptosis, caspases function as cysteine aspartyl
proteases, cleaving numerous intracellular substrates and initiating cell dissolution
[Hengartner, 2000]. To date, researchers have identified 13 caspases [Cryns and Yuan,
1998], all of which are involved in apoptosis. Caspase-8 (CASP8 [OMIM:601763]) and
caspase-10 (CASP10 [OMIM:601762]) are the only known members of the caspase family to
contain duplicated death effector domains in long prodomains in their amino termini that
precede the cysteine protease catalytic domains in their carboxyl termini [Prunell, et al.,
2005]. These death effector domains allow CASP8 and CASP10, whose genes are both located
at chromosome 2q33-34 [Grenet, et al., 1999], to interact directly with the adaptor molecule
FAS-associated death domain [Medema, et al., 1997; Yang, et al., 1998], subsequently
activating downstream effectors such as caspase-3 and caspase-7 and triggering apoptosis
mediated by FAS (a tumor necrosis factor receptor) and FASLG (a tumor necrosis factor-
related apoptosis-inducing ligand) [Juo, et al., 1998; Kischkel, et al., 2001]. Therefore,
dysfunction of CASP8 and CASP10 can result in deregulation of apoptosis and lead to diseases
such as cancer [Shin, et al., 2002; Soung, et al., 2005; Takita, et al., 2000], including cutaneous
melanoma (CM) [Wang and Li, 2006].

CM is responsible for approximately 90% of all skin cancer-related deaths. It is estimated that
59,940 new cases of and 7,910 deaths were caused by CM in the United States in 2007 [Jemal,
et al., 2007]. The exact cause of CM remains unclear; however, ultraviolet (UV) light exposure
is a major risk factor [Gilchrest, et al., 1999; Wei, et al., 2003] because it causes damage to
DNA, and cells with excessive DNA damage undergo apoptosis, preventing abnormal growth
[Banerjee, et al., 2005; Bohm, et al., 2005]. Studies have shown that dysregulation of apoptosis
caused by polymorphisms of the genes involved in the apoptosis pathway plays a crucial role
in melanocytic carcinogenesis [Li, et al., 2006]. Moreover, recent studies revealed that the
CASP8 and CASP10 genes are highly polymorphic
(http://egp.gs.washington.edu/data/casp10/); thus, polymorphisms of CASP8 and CASP10 that
can alter the functions of these genes [MacPherson, et al., 2004; Son, et al., 2006] are likely to
modulate the risk of UV light-induced CM.

Studies have also shown that CASP8 and CASP10 polymorphisms are associated with risk of
cancer of the lung [Son, et al., 2006], breast [Cox, et al., 2007; Frank, et al., 2006; MacPherson,
et al., 2004], and colon [Goodman, et al., 2006]. In contrast, a recent study found that the minor
-652 6N del allele of CASP8 was functional and protected against several types of cancer in
Chinese populations [Sun, et al., 2007]. However, to the best of our knowledge, no reported
studies have investigated the role of CASP8 and CASP10 polymorphisms in the development
of CM. Given that CASP8 and CASP10 play a role in carcinogenesis, we hypothesized that
putatively functional polymorphisms of CASP8 and CASP10 are associated with risk of CM.
We tested this hypothesis in a case-control study of 805 patients with CM and 835 cancer-free
control subjects who were frequency-matched by age, sex, and ethnicity. We used genomic
DNA and the polymerase chain reaction (PCR)-restriction fragment length polymorphism
method to determine the presence of three putatively functional single nucleotide
polymorphisms (SNPs)--CASP8 D302H, CASP8 -652 6N del, and CASP10 I522L--in the cases
and controls.
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MATERIALS AND METHODS
Study Subjects

Our study population was described previously [Li, et al., 2008]. Briefly, patients with newly
diagnosed and untreated CM who had been referred to The University of Texas M. D. Anderson
Cancer Center were recruited from May 1994 to February 2006. Patients who had no
metastases, had no other cancers, and agreed to a one-time donation of a blood sample were
included in the study. There were no restrictions on the patients’ age or tumor stage. The
response rate among patients approached for participation was approximately 85%. The
patients’ tumors were histologically classified according to the 2002 American Joint
Committee on Cancer melanoma staging system [Balch, et al., 2001].

Cancer-free control subjects were recruited during the same period from among self-reported
cancer-free visitors to M. D. Anderson Cancer Center; these individuals were not seeking
medical care but were instead accompanying patients on outpatient clinic visits. The response
rate for participation in this group was approximately 90%. The controls were not blood
relatives of the patients or each other and were frequency-matched with the patients by age (±
5 years), sex, and ethnicity.

After giving their informed consent to take part in the study, each eligible participant in person
to obtain data on age; sex; ethnicity; color of skin, eyes, and hair; family history of any cancer;
presence of moles or dysplastic nevi; tanning ability; lifetime number of sunburns with
blistering; occurrence of freckling in the sun as a child; and Fitzpatrick classification of sun-
reactive skin type [Fitzpatrick, 1988]. At the end of each interview, a sample of blood (30 mL)
was drawn from the participant into a heparinized tube. The research protocol for this study
was approved by the M. D. Anderson Institutional Review Board.

Polymorphism Selection
The National Institute of Environmental Health Science database
(http://egp.gs.washington.edu/) and related literature were searched in an effort to include all
putatively functional SNPs of CASP8 and CASP10 with a minor allele frequency greater than
0.05 in European descendants. As a result, one common nonsynonymous SNP for CASP8
(D302H in exon 9; rs1045485:G>C), one SNP in the promoter region of CASP8 (-652 6N del,
rs3834129:–/CTTACT), and one common nonsynonymous SNP for CASP10 (I522L in exon
8; rs13006529:A>T) were identified in the National Center for Biotechnology Information
dbSNP database for CASP8
(http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=841&chooseRs=all) and CASP10
(http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=843&chooseRs=all).

Genotyping
Leukocyte cell pellets were obtained from the buffy coat of blood by centrifuging 1-2 mL of
whole blood samples obtained from each of the cases and controls. Genomic DNA was
extracted from the cell pellets using the Qiagen DNA blood mini kit (Valencia, CA). The purity
and concentration of the extracted DNA were determined by spectrophotometric measurement
of absorbance at 260 and 280 nm.

Previously described primers [Sun, et al., 2007] for the CASP8 -652 6N ins/del polymorphism
(rs3834129:-/CTTACT; NM_001228.4) were used, and the following primers with mismatch
bases (underlined) were designed to create new restriction sites and used to amplify the target
fragments of the CASP8 codon D302H G>C (rs1045485:G>C; NM_001228.4) and CASP10
I522L (rs13006529:A>T; NM_001230.4) polymorphisms in PCR analysis: 5′-
CATTTTGAGATCAAGCCCCGC-3′ (forward) and 5′-
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CCCTTGTCTCCATGGGAGAGGA-3′ (reverse) for CASP8 D302H and 5′-
GAGTGGACAAACAGGGAACAAA-3′ (forward) and 5′-
AGAACCAACAAAAACTCTCTGCAATA-3′ (reverse) for CASP10 I522L. These primers
generated PCR products of 171, 132, and 122 bp that were digested by the BfaI, BstUI, and
SspI restriction enzymes, respectively (New England Biolabs, Beverly, MA) to identify
genotypes of the CASP8 -652 6N ins/del, CASP8 D302H G>C, and CASP10 I522L A>T
genotypes, respectively (Fig. 1: a-f). Approximately 10% of the DNA samples were randomly
selected for genotype confirmation, and the repeated results were 100% concordant with the
original genotype data.

Statistical Analysis
The chi-square test was used to evaluate differences between the cases and controls in the
frequency of selected demographic variables, including the known risk factors for CM, and
each allele and genotype of the selected SNPs. Their skin color was self-assessed using a
screening questionnaire on a scale of 1 (light) to 10 (dark); values of 1-3, 4-6, and 7-10 were
categorized as fair, brown, and dark skin, respectively, to obtain similar numbers of
observations in each stratum for statistical comparison. Unconditional univariate and
multivariate logistic regression analyses were performed to obtain the crude and adjusted odds
ratios (ORs) and 95% confidence intervals (CIs) for CM risk. Also, testing for the homogeneity
of the ORs in different strata was performed using the Cochran-Mantel-Haenszel statistic
[Agresti, 2002]. In addition, multivariate logistic regression models were used to analyze
interactions between each SNP and stratified variables by adjusting for all other appropriate
variables, such as age; sex; ethnicity; color of skin, eyes, and hair; family history of any cancer;
presence of moles or dysplastic nevi; tanning ability; lifetime number of sunburns with
blistering; freckling in the sun as a child; and skin type, which were also used for variable-
stratification analyses. Receiver operating characteristic curves were plotted and summary
statistics of the area under the curve (AUC) were calculated [Honghu Liu, 2003] for all logistic
regression models using the SAS statistical software program (SAS/STAT version 9.13; SAS
Institute Inc., Cary, NC).

Haplotypes for the investigated variants on the same chromosome were reconstructed using
the PHASE program (version 2) [Stephens and Scheet, 2005; Stephens, et al., 2001], which
estimated an individual’s probability of having a particular haplotype pair given the
individual’s unphase genotypes. Each individual was assigned a pair of haplotypes that had
the highest estimated probability. Each haplotype was then treated as a binary variable coded
as 0 or 1 for lacking or having this particular haplotype, respectively. Haplotypes with a
frequency less than 1% were combined into one group of rare haplotypes for futher comparison.
The global omnibus test for case-control differences in the frequencies of all haplotypes was
performed using Pearson’s chi-square test [Jiao, et al., 2007]. The likelihood ratio test was used
to compare the results of the logistic regression model with haplotypes with the results of the
intercept-only model to evaluate the association between the frequencies of CASP8 and
CASP10 haplotypes and risk of CM [Feigelson, et al., 2006]. To estimate these associations,
ORs for CM were obtained using multivariable logistic regression models with and without
adjustment for age, sex, skin color, eye color, hair color, tanning ability, lifetime number of
sunburns with blistering, freckling in the sun as a child, presence of moles and dysplastic nevi,
and family history of cancer for the haplotypes. The most frequent estimated haplotype was
used as the reference group in all logistic regression models [Sprague, et al., 2007].

In addition, the interactions among the CASP8 and CASP10 genotypes and selected known
risk factors for CM (tanning ability, lifetime number of sunburns with blistering, and freckling
in the sun as a child) were assessed. An OR11 higher than OR10*OR01 suggested a more-than-
multiplicative interaction [Brennan P, 2004]. To assess this evidence of a departure from a
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multiplicative model, the interaction terms for the pair of ariables for an interaction of interest
were fitted using standard unconditional logistic regression analysis. ORs, 95% CIs, and P
values for interactions and trend tests were calculated using multivariate logistic regression
models in which an interactive term was created as the product of each of the dichotomized
genotypes with each of the dichotomized risk factors.

To determine whether the main effect of the CASP8 and CASP10 SNPs was independent of
other known risk factors, selected variables were included in the multivariate logistic regression
analyses of data from only those subjects who completely answered their questionnaires
[Wang, et al., 2007]. Two models were fitted. The first model included age, sex, and the three
polymorphisms of interest, the aim being to control for any potential effects due to associations
among the polymorphisms. The second model excluded the polymorphism that did not show
a statistically significant association with CM risk in the first model but included all other
known risk factors, the aim being to further assess the independent effects of the
polymorphisms. P values less than or equal to 0.05 were considered statistically significant.

Finally, the false-positive-report probability (FPRP) was used to detect the false-positive
association findings [Wacholder, et al., 2004]. In all of the significant statistical tests in our
study using the overall study population, the high (≈0.1) and modest (≈0.01) prior probabilities
of an association and an OR of 1.5 for the genotype and haplotype were chosen to calculate
FPRPs. An FPRP less than 0.2 was considered a noteworthy association. All tests were two-
sided and were performed using the SAS software program (version 9.13).

RESULTS
Characteristics of Study Subjects

Because less than 1% of the cases and controls were not non-Hispanic whites, we included
only non-Hispanic white patients with CM (n = 805) and matched controls (n = 835) in the
final analysis. Their ages ranged from 18 to 87 years. As shown previously [Li, et al., 2008],
the frequency of classic phenotype traits that are known risk factors for CM (i.e., eye color,
hair color, tanning ability, lifetime number of sunburns with blistering, freckling in the sun as
a child, and presence of moles and dysplastic nevi) was significantly higher in the cases than
in the controls after adjustment for age and sex (data not shown). Therefore, these traits
appeared to be risk factors for CM risk in this study population, and we used them for
adjustments in the multivariate logistic regression analyses performed to assess the main effects
of the genotypes on CM risk.

Association between CASP8 and CASP10 Genotypes and CM Risk
The frequencies of variant alleles and genotypes of the three CASP8 and CASP10 SNPs are
listed in Table 1. Compared with the controls, the cases had a significantly lower frequency of
the CASP8 302H allele (P = 0.034) and DH+HH genotypes (P = 0.029) and of the CASP8-652
6N del allele (P = 0.092) and ins/del+del/del genotypes (P = 0.014) but an insignificantly higher
frequency of the CASP10 variant 1522L allele (P = 0.206) and IL+LL genotypes (P = 0.292).
However, we observed no difference in the distribution of the CASP8 -652 6N and CASP10
1522L genotypes between the cases and controls according to Clark level (P = 0.864 and 0.236,
respectively) or tumor stage (P = 0.883 and 0.681, respectively) (data not shown).

After adjustment for other selected known risk factors (skin color, eye color, hair color, tanning
ability, lifetime number of sunburns with blistering, freckling in the sun as a child, presence
of moles and dysplastic nevi, and family history of cancer), we found a significantly lower risk
of CM associated with the CASP8 D302H DH (adjusted OR, 0.70 [95% CI, 0.50-0.98]),
CASP8 D302H DH+HH (adjusted OR, 0.71 [95% CI, 0.51-0.99]), CASP8 -652 6N ins/del
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(adjusted OR, 0.74 [95% CI, 0.57-0.97]), and CASP8 -652 6N ins/del+del/del (adjusted OR,
0.75 [95% CI, 0.58-0.97]) genotypes than with their corresponding common DD and ins/ins
genotypes, whereas we observed no association of a significantly altered risk with the
CASP10 I522L genotypes (Table 1).

Association between Melanoma Risk and SNP Genotypes Stratified by the Known Risk
Factors for CM and Evaluation of Possible Interactions

We further stratified the observed association between CASP8 variant genotypes and CM risk
according to the known CM risk factors shown in Table 2. Although we consistently observed
the significant reverse association between CM risk and variant genotypes of both CASP8 and
CASP10 SNPs in a subgroup of subjects over the age of 50 years, interactions between these
genotypes and other known risk factors may have occurred. For example, the CASP8 H allele
carriers were more likely to have a low risk of CM associated with black or brown hair, good
tanning ability, and a lack of sunburns with blistering or freckling, whereas the CASP8-652
6N del allele carriers were more likely to have a low risk associated with an eye color other
than blue, poor tanning ability, and sunburns with blistering. In the CASP10 1522L SNP
carriers, elevated risk of CM associated with the L allele was statistically significant only in
men, subjects with dark or brown skin, and subjects with good tanning ability.

The apparent differences in some of stratum-specific ORs in Table 2 show that CASP8 D302H
and CASP8 -652 6N may interact with the stratifying variables differently as evidenced by the
homogeneity tests without adjustment for other covariates (data not shown). In contrast, we
did not observe any obvious difference in stratum-specific ORs for CASP10 I522L. Further
statistical testing identified some statistical evidence of an interaction of CASP8 D302H
genotypes with age (P = 0.019) and an interaction of CASP10 522L genotypes with sex (P =
0.025) and tanning ability (P = 0.021), after adjustment for other covariates (Table 2).

Association between CASP8 and CASP10 Haplotypes and CM Risk
Because the CASP8 and CASP10 genes are both located on chromosome 2, we performed an
LD analysis and inferred haplotype using the expectation-maximization algorithm. We found
that minor alleles of the three SNPs were in incomplete LD (CASP8 D302H and CASP8 -652
6N: D’ = 0.27, r2 = 0.012, P < 0.001; CASP8 D302H and CASP10 I522L: D’ = 0.30, r2 = 0.015,
P < 0.001; CASP8 -652 6N and CASP10 I522L: D’ = 0.69, r2 = 0.460, P < 0.001) (Fig. 1: g).
We inferred eight haplotypes of the CASP8 and CASP10 genes, five of which had a frequency
greater than 0.05, in both cases and controls using the observed genotypes of the three SNPs
(Table 3). The overall distributions of the CASP8 and CASP10 haplotypes in the cases and
controls were significantly different (P = 0.0003). Using the most common haplotype, D-ins-
I, as the reference, we found that all haplotypes containing the del allele were associated with
a reduced risk of CM but that only the D-del-I haplotype was associated with a significantly
reduced risk of CM (adjusted OR, 0.52 [95% CI, 0.37-0.74]). Three haplotypes (H-ins-I, H-
ins-L, and H-del-I) had frequencies of less than 5%, so we combined them into a single “minor
haplotype allele” category, which was also associated with a reduced risk of CM (adjusted OR,
0.50 [95% CI, 0.31-0.80]) (Table 3). These data suggest that the CASP8 -652 6N del allele was
the major allele that contributed to reverse association between the CASP8 and CASP10
haplotypes and CM risk.

Multivariate Analysis of the Association between the CASP8 and CASP10 Genotypes/
Haplotypes and CM Risk

We fit five separate multivariable logistic regression models to identify independent effects of
the CASP8 and CASP10 SNPs and haplotypes on the risk of CM (Table 4). We separately
added each of the SNPs and the combined genotypes of all SNPs and haplotypes to the model
that included other covariates, such as age, sex, skin color, eye color, hair color, tanning ability,
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lifetime number of sunburns with blistering, freckling in the sun as a child, presence of moles
and dysplastic nevi, and family history of cancer. The AUC was the greatest for the model that
included haplotypes (AUC = 0.745; P = 0.003), which was a slight improvement over the model
that included the combined genotypes of all SNPs (AUC = 0.743; P = 0.011). Therefore, we
chose the haplotypes over the SNPs in the final multivariate logistic regression model.

Finally, the FPRP values for a prior probability of 0.01 for the CASP8 SNPs and CASP8-652N
were 0.79 and 0.61, respectively, assuming that the OR for the specific genotype was 0.67,
with a post-hoc statistical power of 0.90 and 0.89, respectively. The association of the haplotype
D-del-I with CM risk yielded an FPRP value of 0.04 for a prior probability of 0.01, assuming
that the OR for CM risk was 0.67 and had a statistical power of 0.106, which was a noteworthy
finding (Table 5).

DISCUSSION
In this hospital-based case-control study of CM, we found that the CASP8 D302H (DH/DH
+HH) genotypes were associated with a lower CM risk than the CASP8 DD genotype was and
that the CASP8 -652 6N (ins/del+del/del) genotypes were associated with a lower CM risk than
the CASP8 -652 6N ins/ins genotype was. In addition, the D-del-I haplotype was associated
with a significantly lower CM risk than was the most common haplotype, D-ins-I. Furthermore,
the combined CASP8 and CASP10 genotypes seemed to be independent of other risk factors
that modulated CM risk. To the best of our knowledge, this is the first study of the association
of CASP8 and CASP10 SNPs with risk of CM.

The CASP8 302 aspartate lies on the surface of the CASP8 protein, and the residual amino acid
change may alter CASP8’s interactions with antiapoptotic molecules and the autoprocessing
of procaspase 8 molecules [Frank, et al., 2005; MacPherson, et al., 2004]. Although reports of
four studies of associations between the CASP8 D302H polymorphism and different cancers
have been published, they had inconsistent results. The earliest study, which was conducted in
the United Kingdom using 3191 patients with breast cancer and 3258 cancer-free controls,
found that CASP8 302H variant genotypes were associated with a significantly reduced breast
cancer risk [MacPherson, et al., 2004], which is consistent with our findings for CM. A later,
small study conducted in the United States using 216 patients with colon cancer and 255 cancer-
free controls found an association between colon cancer risk and the combined CASP8 302H
and glutathione S-transferase T1-null genotypes but not the CASP8 D302H polymorphism
alone [Goodman, et al., 2006]. Also, a German study of 511 patients with familial breast cancer
and 547 cancer-free controls found an association between breast cancer risk and the combined
CASP8 D302H and CASP10 V410I genotypes but not the CASP8 D302H polymorphism alone
[Frank, et al., 2006], whereas a study from Korea found that the CASP8 -678del (a
typographical error for -652del) and IVS12-19G→A genotypes were not associated with lung
cancer risk [Son, et al., 2006]. However, these three most recent and relatively small studies
may not have had enough statistical power to detect the main effect of the CASP8 D302H or
-652 6N del polymorphisms. One even more recent large study, which included pooling
analyses of 14 studies in the Breast Cancer Surveillance Consortium, confirmed a main effect
of CASP8 D302H on breast cancer risk [Cox, et al., 2007].

The CASP8 promoter -652 6N del allele has been found to destroy a binding element for
stimulatory protein 1 and to reduce the expression of CASP8, thus resulting in a reduction in
the apoptosis reactivity of T lymphocytes upon stimulation by cancer cells or
phytohemagglutinin in an ex vivo model [Sun, et al., 2007]. Also, UV light exposure can induce
immunosuppression [Schwarz, 2005]. Therefore, one possible mechanism underlying the
observed reverse association with CM risk in our study is that the CASP8 -652 6N del variant
may have caused reduced apoptosis in the T lymphocytes and led to decreased escape of
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transformed cells from the antitumor immune response, resulting in protection against CM
[Sun, et al., 2007]; alternatively, reduced apoptosis of the cells involved in the immune process
may have led to protection against CM. For example, T-lymphocyte apoptosis can be induced
by activation-induced cell death through tumor-specific antigens, resulting in interrupted
immune homeostasis and surveillance [Green, et al., 2003]. With this in mind, our results of a
reverse association between the CASP8 -652 6N del variant and CM risk in our non-Hispanic
white population are consistent with results of the study of a Chinese population by Sun and
colleagues [Sun, et al., 2007].

The function of CASP10, the closest homologue of CASP8, is almost completely unknown.
A recent study revealed that despite having functions that overlap some CASP8 functions,
CASP10 had selective substrate cleavage specificity and thus may have nonredundant roles in
apoptosis signaling [Fischer, et al., 2006]. In particular, the 522I>L involves the last amino
acid of the CASP10 protein and is not thought to be directly associated with cancer risk; indeed,
prediction of protein functions using the Sorting Intolerant From Tolerant program did not
provide a definitive result of the CASP10 protein functions for this nonsynonymous
polymorphism (http://egp.gs.washington.edu/data/casp10/cas10.pph-sift.txt). However, the
CASP10 I522L SNP may be in LD with unknown functional SNPs or haplotypes associated
with CM risk. The German study of 511 familial breast cancer cases and 547 controls by Frank
and colleagues described above found an association of reduced breast cancer risk with the
combined CASP8 D302H and CASP10 V410I genotypes, suggesting a joint effect of CASP8
and CASP10 genotypes. In our study, however, we did not include the CASP10 V410I
polymorphism in ous study, because the frequency of this variant allele is reportedly less than
0.05 in European descendants (http://egp.gs.washington.edu/data/casp10/). Nevertheless, we
found that the D-del-I haplotype was associated with a lower CM risk.

In addition, we observed some statistical evidence of gene-environment interactions between
CASP8 D302H and sunburn with blistering and between CASP10 I522L and sex and tanning
ability. However, because of our study’s limited sample size and the current uncertainty about
the biological mechanisms underlying such interactions, these findings are only suggestive.
Indeed, in our multivariate logistic regression analysis, these SNPs appeared to be independent
of other risk factors and associated with CM risk. Larger population-based studies and
additional mechanistic studies are needed to validate these interactions.

In summary, we found that the CASP8 D302H and CASP8 -652 6N variant genotypes are
associated with the risk of CM in a single locus analysis and that the combined variant
genotypes of the CASP8 D302H, CASP8 -652 6N, and CASP10 I522L SNPs and their
haplotypes had an effect on the risk of CM in multivariate analysis. Even though our study was
relatively large, our sample size apparently was not large enough to identify significant
associations in some subgroups. Also, we used common putatively functional SNPs rather than
tagging SNPs; the selected SNPs may be functional but may not have represented all genetic
variations within the genes or may have been in LD with other causal alleles that were not
included in this study. Because ours was a hospital-based case-control study, the control
subjects may not have been representative of the general population. Finally, the control
subjects were not evaluated for skin lesions as rigorously as the patients were, and the risk
factors for CM were self-reported, introducing the possibility of misclassification of risk
factors. These limitations can only be overcome in future large, well-designed prospective
studies including all tagging SNPs.
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FIGURE 1.
The CASP8 and CASP10 gene structure and genotypes and the CASP8 -652 6N ins/del
(rs3834129:–/CTTACT), CASP8 D302H (rs1045485:G>C), and CASP10 I522L
(rs13006529:A>T) sites. a: The CASP8 gene structure and locations of the -652 6N ins/del and
D302H G>C variants. b: The CASP10 gene structure and locations of the I522L A>T variant.
c: Genotyping of CASP8 -652 6N ins/del (ins/ins, ins/del, and del/del), CASP8 D302H G>C
(GG, GC, and CC), and CASP10 I522L A>T (AA, AT, and TT) using genomic DNA. d: Direct
sequencing results for the CASP8 -652 6N ins/del genotypes (del/del and ins/ins). e: Direct
sequencing results for the CASP8 D302H G>C genotypes (GG, GC, and CC). f: Direct
sequencing results for the CASP10 I522L A>T genotypes (AA, AT, and TT). g: LD display
for CASP8 and CASP10 SNPs. The colors are based on D’ and logarithm (base 10) of odds
(LOD): the shaded pink/light gray area represents D’ < 1 and LOD ≥ 2, and the bright red/dark
area represents D’ = 1 and LOD ≥ 2. The numbers displayed in the diamonds are the r2*100
for pairwise SNPs: 23 for the HapMap data and 46 for the observed data in this present study.
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