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Abstract

Background—Melanoma cases may exist in pancreatic cancer kindreds, while there is increased
risk of pancreatic cancer in familial melanoma. The two cancers may share genetic susceptibility
variants in common.

Methods—Three dbGaP-deposited GWAS datasets (MD Anderson melanoma, PanScan 1, and
PanScan 2 for pancreatic cancer) were used. Thirty-seven melanoma susceptibility variants in 22
genomic regions from published GWAS, plus melanoma-related genes and pathways were
examined for pancreatic cancer risk in the PanScan datasets. Conversely, nine known pancreatic
cancer susceptibility variants were examined for melanoma risk in the MD Anderson dataset.

Results—In the PanScan data, initial associations were found with melanoma susceptibility
variants in NCOAG (rs4911442) (OR=1.32, 95% CI 1.03-1.70, p=0.03), YWHAZP5 (rs17119461)
(OR=2.62, 95% CI 1.08-6.35, p=0.03), and YWHAZPS5 (rs17119490) (OR=2.62, 95% CI 1.08-
6.34, p=0.03), TYRP1 (p=0.04), and IFNA13 (p=0.04). In the melanoma dataset, two pancreatic
cancer susceptibility variants were associated: NR5A2 (rs12029406) (OR=1.39, 95% CI 1.01-1.92,
p=0.04) and CLPTM1L-TERT (rs401681) (OR=1.16, 95% CI 1.01-1.34, p=0.04). None of these
associations remained significant after correcting for multiple comparisons.

Conclusion—Reported variants of melanoma genes and pathways do not play a role in
pancreatic cancer predisposition. Reciprocally, pancreatic cancer susceptibility variants are not
associated with melanoma risk.
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Impact—Known melanoma-related genes and pathways, as well as GWAS-derived susceptibility
variants of melanoma and pancreatic cancer, do not explain the shared genetic etiology of these
two cancers.

Keywords
Shared etiology; pancreatic cancer; melanoma; association analysis

Introduction

Certain subsets of pancreatic cancer kindreds have members with increased risk of
melanoma (1); in parallel, there is increased risk for pancreatic cancer in melanoma kindreds
(2, 3). Hypothesizing that these two cancers have common genetic susceptibility, we
examined whether known melanoma-related genes and pathways, or susceptibility variants
of melanoma and pancreatic cancer found in previous genome wide association studies
(GWAS), have shared genetic etiology.

Materials and Methods

Three public GWAS datasets in Genotypes and Phenotypes (dbGaP) were used: (i) MD
Anderson Cancer Center melanoma GWAS (4), (ii) PanScan 1(5), and (iii) PanScan 2(6)
(PanScan datasets). These datasets, quality control procedures, selection of candidate
variants, gene and pathways, and methods are provided in Supplementary Materials and
Methods. Candidate susceptibility variants from existing GWAS and known melanoma-
related genes were selected. Pathways included genes known to be related to melanoma (26
genes), chromosome 9p21 (44 genes), cell cycle (8 genes), eye color (7 genes), freckling (5
genes), nevi (3 genes), pigmentation (12 genes), and sun sensitivity (8 genes)
(Supplementary Tables 1 and 2). For candidate genes and pathway association analysis,
SNPs were selected for each gene using a boundary of 20 kb upstream and 10 kb
downstream of the transcriptional sites. Data from genotyping and imputation were analyzed
using unconditional multivariable logistic regression assuming an additive model. For the
PanScan data, covariates in the model included age, sex, study site, genotypic race from
EIGENSTRAT analysis (principal components PC1 and PC2), and other significant
principal components (PC4 and PC9 for PanScanl, and PC3 for PanScan 2). In the Mayo
Clinic subset, we also included additional covariate data: smoking status, family history of
cancer (first degree), body mass index (BMI), and long-standing diabetes. We performed a
similar adjusted analysis of the melanoma data with publicly available covariates: age, sex,
two significant PCs (4), family history of cancer, and sun exposure parameters (sunburn,
nevi, moles, freckling, tanning, skin color, hair color, and eye color). Odds ratios (OR) and
95% confidence intervals (CI) were computed using Plink 1.07. Gene-based association
analysis was conducted using logistic regression model fit for genotype trend effects (1 d.f.)
adjusted for study, age, sex, self-described ancestry and PCs as previously described (6).
The gene-based p-value was evaluated through a bootstrap procedure using the minP test
statistic. We then conducted the pathway analysis based on the ARTP method which
combines gene-level p-values within a pathway into the test statistic and uses a bootstrap
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procedure to estimate its p-value (7). The p-value for both the gene-based and pathway
analyses was estimated by 30,000 parametric bootstrap steps.

Of 37 melanoma susceptibility variants included in this analysis, 28 were present in the
PanScan GWAS data (n=23) or were represented by SNPs in high LD (r?>.05) (8) as
determined by Haploview (n=5). Nine variants could not be tagged (rs16891982,
rs17305573, rs1805006, rs1805007, rs28777, rs35391, rs35391, rs1129038 and rs1805008).
Several SNPs were shown to be associated with pancreatic cancer risk in the Mayo Clinic
subset with covariate adjustment; NCOAG (rs4911442) (OR=1.32, 95% CI 1.03-1.70,
p=0.03), YWHAZP5 (rs17119461) (OR=2.62, 95% CI 1.08-6.35, p=0.03), and YWHAZP5
(rs17119490) (OR=2.62, 95% CI 1.08-6.34, p=0.03)(Table 1). The association analysis of
melanoma pathways and genes in the PanScan data are shown in Supplementary Table 2.
Examination of the 44 genes at chromosome 9p21, where CDKN2A is located, revealed
marginal evidence for significant associations with pancreatic cancer risk: IFNA13
(p=0.044) and IFNAG (p=0.059). Evaluation of all 9p21 SNPs showed that the top three
SNPs with the lowest p-values were observed in LINGO2, which is associated with
Parkinson’s disease and essential tremor disorder. Although the gene-based p-value of
LINGO2 is 0.13, this gene had several SNPs (including those with the lowest p-values) with
P<0.001 located in two ~3 kb regions of relatively high LD (r2>0.5) (8) within this large
gene (total number of SNPs evaluated = 294). Evaluation of the 26 melanoma candidate
genes produced only one nominally significant gene, TYRP1. The top five SNPs with the
lowest p-values were in PTPRD, located at 9p. CDKN2A and CDKN2B were not significant
in this analysis (p=0.60 and 0.45, respectively). Of the nine known pancreatic cancer
susceptibility variants, one SNP showed moderate association with melanoma risk: NR5A2
(rs12029406) (OR=1.40, 95% CI 1.01-1.93, p=0.04) (Table 2). None of the detected
associations were significant after adjusting for multiple comparisons.

Discussion

Genetic variants associated with risk for pancreatic cancer and melanoma and known
melanoma-related pathways and genes do not account for the shared genetic etiology
between melanoma and pancreatic cancer. The shared etiology of these cancers, clearly
involves factors beyond SNPs.

Conclusion

Reported variants of melanoma genes and pathways do not play a role in pancreatic cancer
predisposition. Conversely, pancreatic cancer susceptibility variants are not associated with
melanoma risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wu et al. Page 4

Acknowledgments

The authors thank the investigators and participants in the Pancreatic Cancer Cohort Consortium (PanScan), the
Pancreatic Cancer Case-Control Consortium (PanC4) studies (listed in Supplementary Table 2), and the M.D.
Anderson Cancer Center melanoma case-control study. dbGaP provided access to the datasets (dbGaP Study
Accession: phs000187.v1.pl). We thank Martha Matsumoto for assistance with PanScan data preparation.

This study was supported in part by Mayo Clinic SPORE in Pancreatic Cancer (P50CA102701), R0O1CA97075, and
the Intramural Research Program of the National Institutes of Health (NIH), National Cancer Institute (NCI),
Division of Cancer Epidemiology and Genetics (DCEG). L. Wu is a trainee in the program funded by NIH/NCRR
CTSA Grant Number TL1 RR024152

References

1. Lynch HT, Brand RE, Hogg D, Deters CA, Fusaro RM, Lynch JF, et al. Phenotypic variation in
eight extended CDKN2A germline mutation familial atypical multiple mole melanoma-pancreatic
carcinoma-prone families: the familial atypical mole melanoma-pancreatic carcinoma syndrome.
Cancer. 2002; 94:84-96. [PubMed: 11815963]

2. Goldstein AM, Fraser MC, Struewing JP, Hussussian CJ, Ranade K, Zametkin DP, et al. Increased
risk of pancreatic cancer in melanoma-prone kindreds with p161INK4 mutations. N Engl J Med.
1995; 333:970-4. [PubMed: 7666916]

3. Goldstein AM, Chan M, Harland M, Gillanders EM, Hayward NK, Avril MF, et al. High-risk
melanoma susceptibility genes and pancreatic cancer, neural system tumors, and uveal melanoma
across GenoMEL. Cancer Res. 2006; 66:9818-28. [PubMed: 17047042]

4. Amos CI, Wang LE, Lee JE, Gershenwald JE, Chen WV, Fang S, et al. Genome-wide association
study identifies novel loci predisposing to cutaneous melanoma. Hum Mol Genet. 2011; 20:5012—
23. [PubMed: 21926416]

5. Amundadottir L, Kraft P, Stolzenberg-Solomon RZ, Fuchs CS, Petersen GM, Arslan AA, et al.
Genome-wide association study identifies variants in the ABO locus associated with susceptibility
to pancreatic cancer. Nat Genet. 2009; 41:986-90. [PubMed: 19648918]

6. Petersen GM, Amundadottir L, Fuchs CS, Kraft P, Stolzenberg-Solomon RZ, Jacobs KB, et al. A
genome-wide association study identifies pancreatic cancer susceptibility loci on chromosomes
13g22.1, 1932.1 and 5p15.33. Nat Genet. 2010; 42:224-8. [PubMed: 20101243]

7. Yu K, Li Q, Bergen AW, Pfeiffer RM, Rosenberg PS, Caporaso N, et al. Pathway analysis by
adaptive combination of P-values. Genet Epidemiol. 2009; 33:700-9. [PubMed: 19333968]

8. Gabriel SB, Schaffner SF, Nguyen H, Moore JM, Roy J, et al. The structure of haplotype blocks in
the human genome. Science. 2002; 296:2225-9. [PubMed: 12029063]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



Page 5

Wu et al.

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

88'0 | (L1'1-€80)66'0 | 890 | (90'T-26'0)86'0 | 900 | (00'T-08'0)06'0 | 610 | (8T'T-L6'0)L0°T mm% (Se'T-€TT) V2T XON / 4AL 6T£90818! 1T
120 | r1-260)STT | 980 | (60'T-06'0)66'0 | 050 | (0T'T-280)S6'0 | 180 | (9T°'T-68'0)20°T wﬁ% (¥6'0-T8°0) L8'0 NLY 9TST08TSI 1T
v6'0 | (221-€8'0)800T | S80 | (60'T-€6'0)800°T | 910 | (€0'T-18'0)26'0 | 800 | (€2'T-66'0)TT'T moNEo (8€'1-T2'T) 62T dAL 0SEEBETSI 1T
1,0 | 1T-280) 260 | 820 | (2TT-260)%0T | G50 | (STT-€60)€0T | €50 | (WT'T-¥6°0) €0°T %/w (86'0-28'0) 260 HAL 209zv0Ts! | TT
€00 | (re9-80T)e9z | 690 | (6v'T-220)20T | 280 | (eL1-€90)v0T | G60 | (65T-59°0)20°T %./w (0L1-2v) ¥'8 SdZVHMA Jeau 06¥6TTLISI | 0T
€00 | (Ge'9-80T) 29z | 820 | (9v1-GL0)50T [ 060 | (02T-€90)€0T | 960 | (G5T-€9°0) 660 wﬁw% (oL1-27) v'8 GdZVHMA Jeau T9V6TTLTS! 0T
800 | (cos-16°0)2Tc | 820 | (577-920)G0T | 06'0 | (09'T-650)26'0 | 980 | (29°T-29°0)¥0'T @ﬁw% (zv1-€€) 89 GdZVHMA Jeau VEVETTLTSI 0T
850 | (ez1-680)50T | 9¢0 | (1T'T-96'0)€0T | o0 | (2T T-G6'0)90T | 220 | (2T'T-€6'0)20°T @w% (16'0-08'0) $8'0 dv.LN 62E€C0LS) 6
290 | (eT1-280960 | Lv0 | (vO'T-T6'0) 260 | G€0 | (90'T-98'0)S6'0 | S80 | (60°'T-T60) 660 Hm\oo (cz'1-60'T) ST'T dV.LIA feau 0cz8t1ees! 6
8,0 | (211280860 | 900 | (9T'7-866'0)80°T | 810 | (TZ'T-26'0)80T | 9¢0 | (9T'T-G6'0)GO'T wm% (¥6'0-18°0) 280 TdYAL feau 66.807Ts! 6
L£0 | (Lz1-160)80T | 0z0 | (e11-86'0)S0T | €0 | (LT1-G6'0)S0T | 0£0 | (9T'T-96°0) SO'T ww% (¢6'0-2L0) ¥80 dVLIA Jeau OTGGEETS! 6
690 | (zzt-880)€0T | T20 | (2T'T-260)G0T | G20 | (8T'T-96'0)90T | S¥0 | (WT'T-¥6°0) ¥O'T %@ (16'0-92°0) £8°0 dv.LIN 152.S.0Ts! 6
v6'0 | (61'T-68'0) L00T | 020 | (€T'T-86'0)S0'T | £80 | (ETT-16'0)TOT | 910 | (8T'T-26°0) LO'T mﬂ% (8T'T-90'T) TT'T 2THOZS IV €969TOETS! 14
ev'o | (0T'T-080) %60 | 990 | (60'T-G6'0)20T | ¥S0 | (STT-€6°0)€0T | 990 | (80°'T-68'0) 860 wwoO (56'0-G8'0) 68'0 | TSASOAD/ LNYV L2TyLS) T
L00 | (8e'T-66'0) 2T'T | 250 | (S0'T-16'0)860 | 9.0 | (#T'T-16'0)20T | 020 | (E0°T-G8°0) ¥6'0 wm% (26'0-58'0) 16'0 Tdyvd 0606TZ€S! T

SVYMO Ul pansesgo sjuelsen A1jiqrideasns

YN (10 %g6)
aneA | (1'D %S6) aneA | (1'D %S6) aneA | (1'D %S6) aneA | (1'D %S6) IV oY | ™0 uoifey
-d <le} -d <le} -d 4o -d do /JoulN | ewouep N aueD dnNs | 1o
18SgNS pauiquiod 1?21
ol oke N Ueasued pauiquiod 11 Uedsued | Ueasired
S Jaoued a1easoued yum sAemyred pue sausb ‘sjueLiea A11jigndaosns ewoug|aw JO SUOIIRIJOSSY
Talqel

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



Page 6

Wu et al.

>S1J 190ued d1jessoued pue JueLieA paiahie) ay) UsaMIag UOIIRID0SSe 8y} Juasaldal 01 pash ale pue dNS paleblel 8yl JO @ UIYHNM 8Je S18YoBIq UIYIM (S)IueLBA

#

sueadoin3 ul (4wIN) Aouanbaly aaj|e Jouiw pue Sa|3|[e 80UaIa3J pue JOUIA
M

620 | (82T-€6'0)60T | 920 | (0T'T-88°0)860 [ €20 | (5TT-280)260 | S6'0 | (OTT-T6'0)€00T | SO0 | (hOZ—+ST)8LT 9LHAN | lv5T8509s1 '09T906TTS] | 0T
o/ 021588Ts!

vz0 | (STT-260)180 | €10 | (LeT-L60)TTT | 850 | (827T-280)90T | 020 | (LET-¥60)ETT 620 | (620-19'0) 690 ZoY3H #lresestisi] [ ST
o 2€8ET6CTS!

¥9'0 | (0£7-59'0)26'0 | 020 | (90T-220)060 | ¥T0 | (90'T-99°0)¥80 | 800 | (€21-6670) TT'T 0€0 (Tr1-12T) I€T AL | 4lsszee6Ts) ‘0seE6ETSI] 1T
o ZYTLY8TS!

v9'0 | (0£7-59'0)26'0 | 020 | (90T-220)060 | ¥T0 | (90'T-99°0)¥80 | 800 | (€21-6670) TT'T 0€'0 (6 T¥T'T) 92T AL | ylsszee6Tst ‘0see6ETsI] 1T
19 £520£80TS!

850 | (tzTt-1200€60 | TvO | (1O'T-T6°0) 260 | €€0 | (S0T-S80)S6'0 | S0 | (L0'T-82°0) T6°0 050 (68°0-1720) 18°0 dVLW Jeau | ,[S68070/51 'L2TS960TSI] 6
o £50GE6S!

1S9 Ul Jo suelren A311011deasns UNM(G'0<z4) AT UBIY YIMSANS

060 | (0z71-980)T0T | 60 | (S0T-T6'0)860 | €50 | (9T'T-€6'0)#0T | 2T0 | (20'T-¥8°0) €6°0 ¥€'0 (68°0-820) €8°0 992v1d 120T009s! 44
v/9

980 | (02T-980) 20T | 090 | (S0'T-16'0)860 | 870 | (9TT-€6'0)¥0T | ST0 | (€0'T-G8°0) €6°0 v€0 (88°0-820) €80 992v1d €90782¢s! 44
v/9

680 | (91'1-€80)860 | 080 | (L0'T-260)660 | 880 | (TTT-680)660 | 290 | (80'T-680)86°0 L€0 (96'0-980) 16°0 XN 0EYSYSI 12
12

€00 | (021-€0T)2eT | 260 | (TT'T-060)866°0 | 260 | (2T'T-S8°0) 2660 | 590 | (0Z2'T-¥8°0) #0'T 600 (LT-€€T) 18T 9VOON ZrYTTI6YS 0z
v/9

eT0 | (5€T-960)¥TT | vv0 | (TT'1T-960)€0T | ST0 | (221-260)60T | €80 | (2T'1-26'0) T0°T €0 (#9T-62°T) S¥'T | TdLOdX / TdeSdd YTYTT6PS) 0z
/1

990 | zT-280 70T | 950 | (TT'T-96'0)20T | T20 | (T2T-960)80T | 820 | (0T'1T-680) 660 82°0 (82°0-19°0) 69°0 | TdLOdX / TdZSdd 29€STOTS! 0z
Q/L

6T0 | PeT-¥6002TT | 60 | (TT'T-96'0)€0T | 290 | (60T-280)860 | 9T0 | (6T'T-L670) L0°T 62°0 (S7'1-82°T) 95°T 171€94V €9/G8/ 15! 9T
v

260 | (ee1-8200T0T | 020 | (0T'T-280)860 | 280 | (€27T-S80)20T | 9v'0 | (OT'T-18°0) ¥6°0 120 (€8'1T-25'T) L9°T 0TMAd 22€85¢s! 9T
o
AYN (19 %s6)

aneA | (1D %S6) aneA | (1'D %S6) aneA | (1'D %S6) anen | (1'D %S6) ‘v o | ¥0 uolfiey

-d do -d do -d do -d do / JouliN | ewouep i\ a9 dNS | Jud

19SgNs pauIquiod 1731

oo oke uedasUed paulquio) |1 Uedsued | Ueasued

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



Page 7

Wu et al.

>S1I BLIOUBR|3W pUB JueLIBA palabie) 8yl Ussmiag UOIRID0SSE 8y} Juasaldal 03 pasn si pue dNS palebiel ayy Jo @ UIYIM SI S18YIBIQ UIYIM Em:w>#

sueadoin3 ul (4wIN) Adouanbaly a]a]|e JouIW pue Sa|3|[e doUBI8a4 pue JOUIN
*

. (0T T-v80) LE0 (8z1-21T) #lv100£9s1]
450 96'0 12 0z'T oav 2265058/ 6
900 (€€'7-00'T) 90 (LZT-TT'T) £e'gTdg »lot2eopsi] S
ST'T J/L 6T'T ‘LHIL-TTNLATO 189TOVS!
v00 (€6°'7-T0°T) ev'0 (68'0-82°0) TZebt 18€5599.151] .
o't o/L €80 ‘TVSHN 90¥6202TS4
1S9.91U1 JO dNS UM (G'0<z4) @1 UBIY UNMSANS
e . - T'2ebet
09'0 (12'1-06°0) ve0 (0eT-£T'D) TI5dgvA 9969565 et
v0'T oY 11 Jeau
. . . - "Zebet
. (T2'1-16°0) 6€0 (Ge'1-8T'T) e
¥S0 0T o 97T jmmmi GZEEYS6S] €1
160 (Tz'1-€8°0) 810 (LeT-¥T'T) TZebt TvZSoppsI I
00T /L A ‘TSN
. (87'1-98°0) 920 (¥8°0-12°0) T2ebt
v6'0 10T v/ 110 2SN 7806.€S! g
. (22'1-16°0) 1€°0 (£8'0-62°0) T2ebt
6v'0 50T /L 180 FATSN €v806.€s! 1
. (6T'1-68°0) v2'0 (¥8'0-12°0) T2ebtT
560 10T oN 110 ‘2SN 1646160751 E
SYMD Ul PBAJSST0 SANS
anen-d | (1D %S6) 4O | JVIN BRIV oY / JouliN | (1D %S6) HO JedueD dites Joued uoiBey aue dNs aWOSOWO 1Yo
ewouep N

MSLI ewouraW Yum sjuelreA Aljigndsasns Jaoued oiealoued JO UONRIJOSSY

¢ ?olgel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



