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Abstract

Background—Epidemiologic studies have found evidence of an inverse association between
diabetes status and prostate cancer risk. We explored the hypothesis that common genetic variation
may explain, in part, the inverse association between diabetes and prostate cancer.

Methods—We tested 17 diabetes risk variants for association with prostate cancer risk in a
prostate cancer case-control study of 2,746 cases and 3,317 controls from five racial-ethnic groups
in the Multiethnic Cohort.

Results—After adjustment for multiple testing none of the alleles were statistically significantly
associated with prostate cancer risk. Aggregate scores that sum the risk alleles were also not
significantly associated with risk.

Conclusions—We did not find evidence of association of this set of diabetes risk alleles with
prostate cancer.

Impact—Resequencing and fine-mapping of the GWAS-identified loci for diabetes and prostate
cancer is necessary to understand any genetic contribution for the inverse association between
these common diseases.
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Introduction

Epidemiologic studies provide support for type 2 diabetes (T2D) being protective for
prostate cancer (PC) (1). Recently, three loci (HNF1B, JAZF1, and THADA) have been
associated with the risk of both diseases, suggesting a genetic link (2).

Support for this hypothesis was recently provided in a PC study of 18 established T2D
genetic risk variants, which reported a summary T2D genetic risk score (both with and
without the HNF1B allele) to be associated with decreased PC risk in men of European
ancestry (OR 0.96; 95%CI 0.92-0.99; P=0.02; without HNF1B) (3).
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As part of the Population Architecture using Genomics and Epidemiology (PAGE)
initiative, we tested established T2D risk alleles in a study of 2,746 incident PC cases and
3,317 controls among 5 populations from the Multiethnic Cohort (MEC).

Study population

Genotyping

The MEC is a prospective cohort of 215,251 subjects, previously described in detail (4).
Incident cancer cases are identified annually through cohort linkage to population-based
cancer Surveillance, Epidemiology, and End Results (SEER) registries in Hawaii and Los
Angeles County as well as to the California State cancer registry.

The MEC PC case-control study includes 2,746 invasive cases and 2,288 controls, frequency
matched by age (5 year groups) and race (5). We included 1,029 additional male controls
with no PC history from a colorectal cancer MEC case-control study (6). Altogether, this
study included 2,746 cases and 3,317 controls (European American (472/558), African
American (721/954), Latino (668/704), Japanese American (753/936), and Native Hawaiian
(132/165)). The Institutional Review Boards at the University of Southern California and
University of Hawaii approved the study protocol.

Genotyping of 17 T2D risk variants (Table 1) was performed using TagMan. The variant in
SLC30A8 (rs13266634) failed genotyping due to an adjacent SNP (rs16889462). The
genotype completion rate for each SNP was >96.0% among both cases and controls in each
racial/ethnic group. Of 90 Hardy-Weinberg Equilibrium (HWE) tests for each SNP in each
racial/ethnic group, 2 were statistically significant (p<0.05, 4.5 expected).

Statistical Analysis

Results

Odds ratios (OR) and 95% confidence intervals (95% Cl) for log-additive effects were
estimated in unconditionallogistic regression models adjusted for age, diabetes self report,
and BMI (kg/m?2). Subjects missing genotype information for more than 5 SNPs were
excluded (n=62). Aggregate T2D risk scores (sum of total risk alleles - assighed based on
OR>1 in published T2D GWAS) were used to test the hypothesis that overall T2D
susceptibility is protective for PC risk. The risk score per allele ORs assumed independent
effects of approximately the same magnitude for each allele. Individuals missing genotypes
for a SNP were assigned the average number of risk alleles within each ethnicity.

On average, cases (mean 69.3 years) were slightly older than controls (68.6). After adjusting
for multiple tests, we observed no statistically significant associations with PC risk. In
racial/ethnic pooled analysis the TSPANS variant (rs7961581) was nominally significantly
associated with risk prior to adjustment for multiple tests (OR=0.90; 95% CI 0. 83-0.99;
P=0.021). In racial-ethnic specific analysis we observed p values < 0.05 with variants in
IGF2BP2 CDC123 and THADA (HWE p value=2.0x10~* for rs7578597 in Japanese
Americans due to 2 rare homozygotes, 0.4 expected).

In the pooled sample, the mean risk allele count was 17.0 (range 8-25) and the per allele OR
of the T2D risk score was 1.00 (95%CI 0.98-1.03; P=0.69). The ORs for the risk score
ranged from 0.98 in Latinos to 1.03 in European Americans and were not statistically
significant in any population (all P-values>0.20).
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Discussion

In this multiethnic study, we found limited evidence that the known T2D risk variants are
associated with PC risk independently or in combination. Our null findings with the
summary risk score is different from a previous PC study of European Americans which
found an inverse association (3). Aside from the SLC30AS8 allele, the same variants were
investigated in both studies (though for many SNPs highly correlated proxies to the index
SNPs were used in the previous study). Discovered in European-ancestry populations, many
of these markers may not be proxies of the functional alleles in other populations due to
differences in LD and allele frequencies. However, we previously showed that the majority
of these alleles were associated with T2D risk independently and in aggregate, in these
populations (7). We also did not observe significant population heterogeneity in the
associations of these variants. In the combined sample we had >77% power (adjusting for 17
tests) to detect an OR of 0.85 for common alleles (MAF>0.25). We were underpowered,
however, to detect modest associations in any single racial/ethnic group.

In conclusion, we did not find evidence for associations between validated T2D risk variants
and PC risk in multiple populations. Once identified, the functional alleles at these loci, as
well at other novel T2D risk loci, will need to be examined for a role in PC risk in these
populations.

Acknowledgments

Assistance with phenotype harmonization, SNP selection and annotation, data cleaning, data management,
integration and dissemination, and general study coordination was provided by the PAGE Coordinating Center
(UO1HGO004801-01). The National Institutes of Mental Health also contributes to the support for the Coordinating
Center.

We thank the participants of the Multiethnic Cohort who have contributed to a better understanding of the lifestyle
and genetic contributions to prostate cancer. We also would like to thank Christian Caberto for assistance in data
integration and analysis.

The Population Architecture Using Genomics and Epidemiology (PAGE) program is funded by the National
Human Genome Research Institute (NHGRI), supported by U01HG004803 (CALiCo), U01HG004798 (EAGLE),
U01HG004802 (MEC), U01IHG004790 (WHI), and U01HG004801 (Coordinating Center). The contents of this
paper are solely the responsibility of the authors and do not necessarily represent the official views of the NIH. The
complete list of PAGE members can be found at http://www.pagestudy.org. The Multiethnic Cohort study (MEC)
characterization of epidemiological architecture is funded through the NHGRI PAGE program (U01HG004802).
The MEC study is funded through the National Cancer Institute (R37CA54281, R01 CA63, PO1CA33619,
U01CA136792, and U01CA98758).

References

1. Kasper JS, Giovannucci E. A meta-analysis of diabetes mellitus and the risk of prostate cancer.
Cancer Epidemiol Biomarkers Prev. 2006; 15:2056-62. [PubMed: 17119028]

2. Frayling TM, Colhoun H, Florez JC. A genetic link between type 2 diabetes and prostate cancer.
Diabetologia. 2008; 51:1757-60. [PubMed: 18696045]

3. Pierce BL, Ahsan H. Genetic susceptibility to type 2 diabetes is associated with reduced prostate
cancer risk. Hum Hered. 69:193-201. [PubMed: 20203524]

4. Kolonel LN, Henderson BE, Hankin JH, et al. A multiethnic cohort in Hawaii and Los Angeles:
baseline characteristics. Am J Epidemiol. 2000; 151:346-57. [PubMed: 10695593]

5. Haiman CA, Patterson N, Freedman ML, et al. Multiple regions within 8q24 independently affect
risk for prostate cancer. Nat Genet. 2007; 39:638—44. [PubMed: 17401364]

6. Cheng I, Caberto CP, Lum-Jones A, et al. Type 2 diabetes risk variants and colorectal cancer risk:
the Multiethnic Cohort and PAGE studies. Gut. 2011

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2012 September 1.


http://www.pagestudy.org

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Waters et al.

Page 4

7. Waters KM, Stram DO, Hassanein MT, et al. Consistent association of type 2 diabetes risk variants
found in europeans in diverse racial and ethnic groups. PLoS Genet. 2010:6.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2012 September 1.



Page 5

Waters et al.

¥2'0 €0 120 €20 €20 0£0 8NVdSL 2

6.0 1200 (66'0-€8'0)06°'0 | (ST'T-950)08°0 (€0'T-€2°0)28°0 (90 T-72°0)68°0 (80°'T-82°0)26°0 (6T'T-28°0)66°0 4 T8GT96/8!
620 9g'0 LE0 8e'0 110 9g°0 TTCNOM 1

150 €6'0 (60'T-€6°0)00°T (22 1-18°0)22T (TT'1T-¥8°0)26°0 (TT'1-28°0)56°0 (22'1-12°0)16°0 (€€ T-26°0)TT'T 1T 6T2SS!
08°0 8.0 290 8.0 260 860 TONOM 0 o

Sv'0 9.0 (eTT-260)20T | (16'T-6L0)SCT (r2'1-88'0)50°'T (STT-8L0)56'0 | (8T'T-2L0)260 (0S'T-0L'0)€0°T T gl68LECC
v€0 GE0 vE'0 70 12°0 A4 TONOM 0 o

2€0 G50 (90T-06'0)86°0 | (22'T-650)98°0 (82'T-16'0)80'T (60'T-22°0)26°0 (vT'T-18°0)96°0 (ET'T-8L°0)¥6°0 1T §568L€cc
970 120 LT0 870 ST ST0 €21000 9

€20 €50 (T T-¥6'0)€0T | (8€T-19°0)26°0 (02'T-€8°0)00'T (TT'1-62°0)T6°0 (92'1-98°0)%0°T (#9T-€0'T)OET 0T 06.62.2Ts!
120 vT0 500 ¥2'0 620 2€0 211401 1

€60 16°0 (60T-T6'0)00T | (¥9'T-¥9°0)20°T (0€'T-99'0)26°0 (92'1-88'0)90'T (ETT-¥8'0)26'0 (8T°T-T8°0)86°0 0T 9¥T€06.8!
50 620 820 £9°0 7K1} 850 X3HH 2

980 220 (yT'1-L6°0)S0°T (87'1-22°0)€0°T (ST'1-98°0)66°0 (02'1-68°0)€0°T (0£'T-¥6°0)0T'T (ze1-26°0)TT'T 0T G/8TTITSI
GL0 110 950 G8°0 18°0 28°0 9ZNMA0 v

16°0 680 (80'T-16°0)66'0 | (2'T-€9°0)56°0 (ST'1-28°0)00'T (¥T'1-92°0)€6°0 (L2'1-88°0)90°T (02'1-62°0)56°0 6 802€8€Ts!
89°0 110 8.0 290 2.0 150 T4Zve 1

G20 ¥5'0 (90'1-06'0)86'0 | (S52'T-85°0)58°0 (8€'1-86'0)9T'T (80'1-62°0)€6°0 (21'1-€8'0)96°0 (80'1-62'0)06°0 L G/ 1798l
€70 950 770 2€0 50 1€0 TIVMAa0 2

850 9e'0 (ZTT-96'0)70T | (8¥'T-¥20)S0°T (€T'T-98°0)66°0 (#1'1-€8°0)86°0 (Z€T-00TIWT'T (€2'1-58'0)20'T 9 0v8%G..81
9.0 18°0 660 1.0 ¥9'0 290 1S4M 9

950 €T0 (LTT-86'0)20T | (T€2-€6°0)97'T (Ge'1-97°0)6L°0 (TET-€6'0)TT'T (52'1-€6'0)80'T (2z'1-58'0)20'T 4 TETOTOOTS!
Ge'0 620 0£0 920 250 620 Zdgz4ol 1

1600 920 (ETT-26'0)S0T | (8T'T-G5'0)T8°0 (92'T-¥6'0)60'T (8T'T-¥8'0)66°0 (TT'T-68'0)26'0 (26 T-50T)9Z'T € 0962011Sl
69°0 €L°0 290 69'0 1.0 v2°0 6SLNVAY 2

8.0 680 (60'T-€6°0)TO'T (22 1-08°0)LT'T (LT'1-88°0)20'T (ZT'1-18°0)56°0 (€2'T-16°0)90°T (LT'1-62°0)96°0 € €0T.L09VS!
76°0 €60 96°0 16'0 160 680 9dvdd 2

06°0 150 (€2'1-06'0)S0°T (0T'€-92°0)€S'T (27'1-89°0)86°0 (€€'1-82°0)20'T (65'T-69'0)70°T (97'1-18°0)60'T € 282108Ts4
060 G660 660 260 GL0 060 VavHL 1

1700 2600 (52'1-86'0)TT'T (80'2-L7'0)66°0 (8T'8-87'T)L1'E (LLT-16°0)TE'T (T2'1-88°0)%0°T (62'1-€2°0)26°0 4 16581G/81
vT°0 G500 200 0T'0 z€0 110 ZHOLON 1

060 220 (v0'T-¥8'0)e60 | (€T'2-670)20°T (89°'T-59'0)S0'T (1€'1-6,°0)20'T (50'T-82°0)16°0 (8T°T-29'0)68°0 T TE6EZ60TS!

ﬁazn_ A_ucwhc $]011U0d N._”mwm $]011U02 GOT $|011U00 9E6 $]011U02 0L $]011U092 56 $|011U00 8GG aua9) 1sadeaN/ 1yd ._._uwumw.r 3|9]|V/dNS

anfea S9SeI 917/ ‘2 $9Sed 2CT $9sed £G/ S9s5ed 899 S8sed Tg/ sased gy
d pajood pajood suellemeH aAlleN suedl WY soune] SURDIIBWY ULy suedlIsWY
asaueder ueadoiang

NIH-PA Author Manuscript

Auoiuyis/aoel Ag st 182ued 81e1soud UM Saja|[e %SLi dgL UMOUS JO UOITRID0SSE 8 |

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2012 September 1.



Page 6

Waters et al.

Jaypo yoea oy pajsnlpe £68.£¢zs! pue G68.£2¢S!

§

(1591 4p ) sdnoub o1uyla SS0ITR S103JYa d19]e Jo Allsuabolalay Joy anjen 4 = 18Uy

%

(puesis premioy) 9€ pIIng 190N

1

(si1sAjeue pajood ur) Andiuyis pue ‘(yiodal
-}19s) sa18qeIp g adA1 ‘(sa1enb) 1AIg ‘(sajiuenb) abe oy paisnipe sYO "S|0au09 Ul Aouanbaiy aja]e XS ayl yim Buoje s10a4e abiesop ajaj[e 10 (S|eA8lul 32USPIJU0D 94G6 PUR) O11el SPPO Y3 SI [|39 Ydea U]
*

2€0 v20 120 820 770 6€0 ol v
2€0 8€0 (50'1-68°0)26'0 | (02'T-S5°0)18°0 (#0'1-¥2'0)88 0 (92'1-06°0)20°T (80'T-18'0)€6°0 (S52'1-88°0)S0'T 9T 9€T050884
Ha;n_ (puauy) S]043U09 /TE'S $]043U02 G9T $]043U02 9E6 $]043U09 70/ $]043U09 $56 $]043U02 8GG EVEISREESEINTS (Vo) %Bmm.r 919]1V/dNS
anjea S9sed 917/'¢ S9Sed ZET S9sed £G/ S9Sed 899 S9sed 1Z/. Sosed /v
d psjood pajood suelremeH aAleN suedLIBWY soune] SUBDIIBWY UedLIY suedLIsWY
asaueder ueadoing

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2012 September 1.



