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Abstract

Background: Studies evaluating the association between peripheral blood leukocyte telomere
length and testicular germ cell tumor (TGCT) risk have produced conflicting results.

Methods: Using available genotype data from the Testicular Cancer Consortium (TECAC),
polygenic risk score (PRS) and mendelian randomization (MR) analyses of genetic variants

previously associated with leukocyte telomere length were used to assess potential etiologic

associations between telomere length and TGCT risk.

Results: Genetically inferred telomere length was not associated with TGCT risk among 2,049
cases and 6,921 controls with individual-level genotype data (odds ratio (OR)=1.02, 95%
confidence interval (Cl)=0.97-1.07). MR analyses using summary statistic data further indicated
no evidence for an association between telomere length and TGCT risk among all available
TECAC consortium participants (3,558 cases; 13,971 controls).

Conclusions: Our analyses in the largest molecular genetic testicular cancer study to date
provide no evidence for an association between genetically inferred peripheral blood leukocyte
telomere length and TGCT risk.

Impact: The lack of evidence for an overall association indicates that peripheral blood leukocyte

telomere length is likely not a strong biomarker for TGCT risk.
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Introduction

Telomeres are AGGGTT nucleotide repeats that protect chromosomes from degradation (1).
Excessively long telomere length (TL), with upregulated telomerase activity, may result in
immortalized cells with unlimited potential for growth and proliferation, promoting
tumorigenesis (2). Several recent studies have identified peripheral leukocyte TL (LTL) as a
biomarker correlated with tissue-specific telomere length and associated with solid tumor
risk (1,3-5).

Recent genome-wide association studies (GWAS) have identified genetic variants associated
with peripheral LTL that have utility as a surrogate genetic measure in deciphering
associations with cancer risk (1,4-6). As the association between LTL and testicular germ
cell tumor (TGCT) risk is poorly understood (1,6), we used a polygenic risk score (PRS) of
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telomere length-associated variants and Mendelian randomization (MR) approaches to
examine if genetically-inferred LTL is associated with TGCT risk.

Material and Methods

Results

The Testicular Cancer Consortium (TECAC) was utilized to investigate the relationship
between inferred leukocyte telomere length and TGCT risk (7). In total, TECAC includes
imputed individual-level data from the NCI, UPENN, and UK cohorts (2,049 cases; 6,921
controls), as well as additional GWAS meta-analysis summary statistics from all 17,529
consortium participants (3,558 cases; 13,971 controls). Data used in this analysis are from
individuals with European ancestry and are available through direct application to TECAC
(www.tecac.org) and in dbGAP phs001349.v1.pl.

LTL was genetically-inferred for participants with available genotype data (NCI, UPENN,
and UK cohorts), using a PRS (1,5) containing 22 germline variants associated with LTL
(Supplementary Table 1) (8):

22
PRS; = Z wijx;j
i=1

where PRS;is the polygenic risk score for individual / wjis the estimated LTL-associated
variant weight in base pairs per LTL length-increasing allele, and x;; is the number of LTL
length-increasing alleles for the #7individual and the /7 LTL variant. The PRS was
standardized to have mean 0 and standard deviation of 1 and association tests were
conducted separately for the NCI, UPENN, and UK cohorts using logistic regression.
Results were combined using fixed effects meta-analysis.

Using available GWAS meta-analysis summary statistics from TECAC (7), we extracted
associations between LTL-associated variants and TGCT risk. Summary statistics-based MR
analyses were conducted merging LTL-associated variants into a genetic instrument across
all available TECAC participants (1,5,6). As standard errors were not available for the
original LTL-associated variants (8), other published variants with detailed summary
statistics were used (6). MR-Egger regression was utilized to evaluate heterogeneity and
potential pleiotropy of included LTL variants (1,6).

All statistical analyses were performed in R version 3.6.3 with two-sided significance levels
(P< 0.05).

Of 17 available LTL-associated variants, four were found to be nominally associated with
TGCT risk (P<0.05) with only one (rs28616016) demonstrating a positive association (Table
1, Supplemental Table 2, Supplemental Figure 1). There was no overall association between
LTL-associated variants and TGCT risk (P=0.72, Figure 1) and no association between the
LTL PRS and TGCT risk (odds ratio (OR)=1.02, 95% confidence interval (C1)=0.97-1.07,
P=0.45, Pn¢=0.34; Supplemental Figure 2). Stratified analyses by TGCT histologic group
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(seminoma=824 cases, non-seminoma germ cell=1,046 cases) also suggested no association
between the LTL PRS and TGCT risk (seminoma: OR=1.04, 95% CI1=0.96-1.12, P=0.33;
non-seminoma germ cell: OR=1.01, 95% CI1=0.95-1.08, P=0.71; Supplemental Figure 3).
Likewise, MR analyses indicated no directionality between the LTL-associated variants and
TGCT risk (maximume-likelihood method OR=0.63, 95% CI=0.22-1.80, P=0.39;
Supplemental Tables 3-4, and Supplemental Figure 4). The MR-Egger regression intercept
was not statistically significant (P=0.56), indicating no pleiotropic effects (Supplemental
Table 4).

As two included LTL-associated variants (rs7705526 7ERT and rs28616016 RFWD3) are in
linkage disequilibrium with previously-identified TGCT GWAS variants (rs2736100 7ERT,
rs4888262 RFWD3 R%zyr= 0.51, 0.69; respectively) (7), we conducted sensitivity analyses
removing these variants to investigate any potential influence of these variants on the overall
LTL PRS association with TGCT risk (Supplemental Figures 5-6). These sensitivity
analyses with TGCT published variants removed indicated suggestive evidence for an
association between the remaining LTL-associated variants and TGCT risk ( 7ER7 removed
P=0.12; TERT and RFWD3removed P=0.03; Supplemental Figures 5a and 6a) and between
the variant removed LTL PRS and TGCT risk ( 7ERT removed P=0.005, Pne=0.42; TERT
and RFWD3removed P=0.049, Pnt=0.29; Supplemental Figures 5b and 6b).

Discussion

Our study of 3,558 TGCT cases and 13,971 controls provides little overall evidence for an
association between LTL-associated variants and TGCT risk. This lack of association was
consistently observed among individual telomere length-associated variants, as well as
within PRS and MR analyses. The TERT and RFWD3 variants, in linkage disequilibrium
with previously-identified TGCT GWAS variants, were the only variants to demonstrate
evidence suggesting an association with LTL (indirect and direct association, respectively).
Sensitivity analyses removing the 7ERT and RFWD3 variants suggested a marginal
association between LTL and TGCT risk, indicating the relationship between LTL and
TGCT may be complex.

Studies with comparable sample sizes to our investigation detected associations between
inferred LTL and cancer risk (1,4). Our genetic approach does not contain the biases
typically associated with studies of measured LTL (e.g., differences in LTL by DNA
extraction approach) (5) and only utilized weights from a single large LTL GWAS (8)
ensuring improved PRS weighting and more accurate downstream analyses. Some LTL
variants were not included into our analysis due to unavailable data (rs547680822 and
rs4027719) or low-quality imputation (rs188891454, rs144510686, and rs28372734). It is
not likely these exclusions significantly affected our overall findings as these variants
cumulatively explain ~0.2% of the variation in measured LTL (8). Current LTL variants
identified by GWAS (N=75,000 individuals) explain a small percentage of the variance in
measured telomere length (6,8), suggesting GWAS in larger samples may discover
additional LTL variants that could better explain telomere length in testicular tissue or
capture relevant aspects of telomere length more important for TGCT risk.
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Our study finds no compelling evidence for an overall relationship between current LTL
variants and TGCT risk suggesting LTL is likely not a strong biomarker of TGCT risk.
However, some components of LTL, specifically when removing 7ERT and RFWD3
variants, do demonstrate evidence for a relationship with TGCT risk, suggesting specific
genetic elements of LTL may be relevant for TCGT risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

This work was supported by the Intramural Research Program of the US National Cancer Institute and used the
computational resources of the NIH’s High-Performance Computing Biowulf cluster. The Testicular Cancer
Consortium is supported by NIH grant U01 CA164947 to KLN, PAK and SMS. The Penn GWAS (Penn) was
supported by the Abramson Cancer Center at the University of Pennsylvania (P30 CA016520) and NIH grant
CA114478 to K.L.N. and P.A.K. The Danish GWAS was supported by Villum Kann Rasmussen Foundation, a
NABIIT grant from the Danish Strategic Research Council, the Novo Nordisk Foundation, the Danish Cancer
Society, and the Danish Childhood Cancer Foundation. This work was supported by the Norwegian Cancer Society
(418975), the Nordic Cancer Union (S-12/07) and the Swedish Cancer Society (CAN2011/484 and CAN2012/823).
The Norwegian/Swedish study was supported by the Norwegian Cancer Society (grants number 418975 - 71081 -
PR-2006-0387 and PK01-2007-0375); the Nordic Cancer Union (grant number S-12/07) and the Swedish Cancer
Society (grant numbers 2008/708, 2010/808, 2011/484, and CAN2012/823). S.S. is supported by National Cancer
Institute grant RO1CA085914 and contracts CN-67009 and PC-35142, and Fred Hutchinson Cancer Research
Center institutional funds. C.T. is supported by the Movember foundation. The opinions expressed by the authors
are their own and this material should not be interpreted as representing the official viewpoint of the U.S.
Department of Health and Human Services, the National Institutes of Health or the National Cancer Institute.

Financial support:

The authors received no specific funding for this work.

References

1. Haycock PC, Burgess S, Nounu A, Zheng J, Okoli GN, Bowden J, et al. Association between
telomere length and risk of cancer and non-neoplastic diseases: a mendelian randomization study.
JAMA Oncol. 2017;3:636-51. [PubMed: 28241208]

2. Artandi SE, DePinho RA. Telomeres and telomerase in cancer. Carcinogenesis. 2009;31:9-18.
[PubMed: 19887512]

3. Demanelis K, Jasmine F, Chen LS, Chernoff M, Tong L, Delgado D, et al. Determinants of telomere
length across human tissues. Science. American Association for the Advancement of Science;
2020;369.

4. Machiela MJ, Hsiung CA, Shu X-0O, Seow WJ, Wang Z, Matsuo K, et al. Genetic variants
associated with longer telomere length are associated with increased lung cancer risk among never-
smoking women in Asia: a report from the female lung cancer consortium in Asia. Int J Cancer.
2015;137:311-9. [PubMed: 25516442]

5. Machiela MJ, Hofmann JN, Carreras-Torres R, Brown KM, Johansson M, Wang Z, et al. Genetic
variants related to longer telomere length are associated with increased risk of renal cell carcinoma.
Eur Urol. 2017;72:747-54. [PubMed: 28797570]

6. Li C, Stoma S, Lotta LA, Warner S, Albrecht E, Allione A, et al. Genome-wide association analysis
in humans links nucleotide metabolism to leukocyte telomere length. Am J Hum Genet. Elsevier;
2020;106:389-404. [PubMed: 32109421]

7. Wang Z, McGlynn KA, Rajpert-De Meyts E, Bishop DT, Chung CC, Dalgaard MD, et al. Meta-
analysis of five genome-wide association studies identifies multiple new loci associated with
testicular germ cell tumor. Nat Genet. Nature Publishing Group; 2017;49:1141-7.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2021 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Brown et al.

Page 6

8. Taub MA, Weinstock JS, lyer KR, Yanek LR, Conomos MP, Brody JA, et al. Novel genetic
determinants of telomere length from a multi-ethnic analysis of 75,000 whole genome sequences in
TOPMed. bioRxiv. 2019;749010.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2021 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Brown et al. Page 7

RFWD3
&

0.1
=
z - ® o
9 &
© ®
Q
° e o
T 004 @ P ——
B —

@

= @
e
S * o
E
@©
¢ -0.11
©
3
9
@
@©
1y
o
Z
(73

-0.2

TERT
@
20 30 40 50 60 70
SNP--Telomere Length Association (BP change)
Figure 1.

The effect of each variant on genetically-predicted telomere length and testicular germ cell
tumor risk. Estimates for the single nucleotide polymorphism (SNP)--telomere and SNP--
testicular germ cell tumor associations are presented in Table 1. A trend line and 95%
confidence interval are plotted using a linear model (P= 0.7150).
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