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Abstract

Background: Men of African-ancestry have elevated prostate cancer (PCa) incidence and
mortality compared to men of other racial groups. There is support for a genetic contribution to
this disparity, with evidence of genetic heterogeneity in the underlying risk alleles between
populations. Studies of PCa among African men may inform the contribution of genetic risk
factors to the elevated disease burden in this population.

Methods: We conducted an association study of >100 previously reported PCa risk alleles among
571 incidence cases and 485 controls among Uganda men. Unconditional logistic regression was
used to test genetic associations and a polygenic risk score (PRS) was derived to assess the
cumulative effect of the known risk alleles in association with PCa risk. In an exploratory analysis,
we also tested associations of 17 125 421 genotyped and imputed markers genome-wide in
association with PCa risk.

Results: Of the 111 known risk loci with a frequency >1%, 75 (68%) had effects that were
directionally consistent with the initial discovery population,14 (13%) of which were nominally
significantly associated with PCa risk at 2< 0.05. Compared to men with average risk (25t-75t
percentile in PRS distribution), Ugandan men in the top 10% of the PRS, constructed of alleles
outside of 8924, had a 2.9-fold (95%ClI: 1.75, 4.97) risk of developing PCa; risk for the top 10%
increased to 4.86 (95%Cl: 2.70, 8.76) with the inclusion of risk alleles at 8g24. In genome-wide
association testing, the strongest associations were noted with known risk alleles located in the
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824 region, including rs72725854 (OR = 3.37, P=2.14 x 10711) that is limited to populations of
African ancestry (6% frequency).

Conclusions: The ~100 known PCa risk variants were shown to effectively stratify PCa risk in
Ugandan men, with 10% of men having a >4-fold increase in risk. The 8924 risk region was also
found to be a major contributor to PCa risk in Ugandan men, with the African ancestry-specific
risk variant rs72725854 estimated to account for 12% of PCa in this population.
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1.| INTRODUCTION

Prostate cancer (PCa) is the second most common cancer globally among men and is one of
the leading causes of cancer mortality.1:2 Long-standing racial/ethnic differences have been
noted, with men of African-ancestry having elevated incidence and mortality as well as more
aggressive tumors compared to other racial/ethnic groups. In Africa, PCa is the most
common cancer among men,* with incidence rates in Uganda being near the highest of all
African countries.5 Prostate cancer is one of the most heritable cancers,%with genome-wide
association studies (GWAS) having identified more than 100 risk variants, which in total
explain ~30% of the familial risk.”~13 Genetic studies in men of African-ancestry have
revealed risk alleles at a number of regions, including on chromosomes 8q24, 13q34, and
22q12 that are specific for men of African descent and which may contribute, in part, to the
greater PCa incidence in this population.10-13.14 To date, our understanding of genetic risk
for PCa in men of African ancestry is based on studies conducted primarily among African
American men.1013.15.16 Genetic studies in African men are needed to quantify the
contribution of germline variation to the higher risk observed in this population, and may
assist in detecting novel African-specific loci because of minimal to no non-African
admixture.

In the present study, we characterized risk associations at known PCa loci and constructed a
polygenic risk model comprised of all known risk loci to assess the cumulative genetic
effects of genetic risk loci in this high-risk population. In an exploratory analysis, we also
conducted a GWAS of PCa in Ugandan men to search for novel PCa risk alleles.

2| MATERIALS AND METHODS

2.1| Study participants

The Uganda Prostate Cancer Study (UGPCS) is a case-control study of incident PCa among
Ugandan men. Between January 1, 2010 to December 31, 2014, 571 incident PCa cases over
the age of 40 were enrolled from the Urology units at seven hospitals/clinics in Kampala
(Mulago Hospital, Uro Care, Mengo Hospital, Nakasero Hospital, Nsambya Hospital, Kibuli
Hospital, Surgeons Plaza) and six hospitals/ clinics outside of Kampala (Kagando Hospital,
Nyakibale Hospital, Surgical Clinic Mbarara, Bwindi Community Hospital, Mbarara
Hospital, Mbale Hospital). All cases were histologically confirmed and Gleason score was
determined for 317 (55.5%) of cases. Controls (17 = 485) were recruited from non-urologic
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clinics (ie, surgery) at the same hospital and were men over 40 with no history of PCa or
current urologic conditions. To remove potential undiagnosed disease, all controls were men
with a prostate-specific antigen (PSA) level <4 ng/m. Descriptive PCa risk factor
information was collected using a standardized questionnaire and a saliva spit kit (Genotek)
was used to collect germline DNA. Written (or a thumb print) consents were obtained from
each participant. The study protocol was reviewed and approved by the Uganda National
Council of Science and Technology, the Makerere University Research and Ethics
Committee, as well as the Institutional Review Board of the University of Southern
California.

2.2 | Genotype calling and quality control

We genotyped 571 cases and 485 controls in UGPCS with the lllumina OncoArrayl’ as part
of the ELLIPSE GAME-ON Consortium.4 For quality control we combined these samples
with those from the ELLIPSE GAME-ON consortium. Quality control processes for
genotypes included removing SNPs with call rate <0.95, replicate concordance <99.8%
based on QC replicate samples, or due to poor clustering after visual inspection. Additional
removal criteria included monomorphic SNPs, SNPs with estimated MAF that deviated or
had mismatched alleles in comparison to the AFR individuals in phase I11 1000 Genome
Project (LKGP) data, and INDELSs not identified within 1KGP; 448 939 SNPs were available
for imputation (described below). Samples were removed with invalid sample (7= 3),
unknown duplication (7= 4) and call rate <0.95 (n= 6). Another three individuals were
further removed because they were 1st degree relative pairs. After QC, the remaining sample
size available for analysis was 580 cases and 460 controls.

2.3 | Imputation

The genotypes were phased by SHAPEIT8 and imputed with Minimac3 Version 1.0.12,
using the phase 111 1KGP cosmopolitan reference panel. SNPs with MAF <0.01 in the
UGPCS population or with imputation quality score<0.3 in the combined dataset were
excluded, leaving a total of 17 125 421 variants for statistical analysis.

2.4 | Statistical analyses

Principal component analysis (PCA) was performed using EIGENSTRATZ9 together with
the 1KGP populations. For each SNP, per-allele odds ratios (genotyped counts or imputed
dosage) and Pvalues were estimated using unconditional logistic regression, adjusting for
age and the first 10 principal components. A quantile-quantile plot was produced to assess
the influence of hidden population stratification.

We tested for association with 118 known risk variants for PCa in UGPCS, (20 at 8924, and
98 at non-8q24 regions). The known risk alleles were selected based on previous GWAS, 711
with African-specific risk alleles (rs75823044 at 13934 and rs78554043 at 22q12.1)
discovered in a previous GWAS meta-analysis in the African Ancestry Prostate Cancer
Consortium (AAPC),14 which included subjects in UGPCS, and an expanded variant list at
8924 as different studies report different variants likely representing the same signals.
Directional consistency of effect was defined as ORs in Ugandan men that were in the same
direction (ie, >1) as those reported previously in the population that discovered the variant.
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A nominal P-value of 0.05 was used to determine statistical significance. Risk allele
frequency comparisons were conducted between UGPCS controls and African Americans in
AAPC,10 a5 well as European ancestry samples in phase 111 1KGP.

Given the importance of variation at 824 in PCa and the observation of multiple
independent risk alleles,10:20-22 e performed a forward-selection stepwise logistic
regression procedure for the region 127.8-128.8 Mb to assess the number of independent
signals in UGPCS men. The correlation (/2) between the independent SNPs identified by the
stepwise regression procedure (P<0.001), and previous reported PCa risk alleles in the 8924
region, was calculated in the phase 111 1KGP African populations. An 8924 regional
association plot was generated using LocusZoom.23

We estimated the aggregate effect of known risk alleles, using a weighted polygenic risk
score, PRS; = %, — 18,gim: TOr each individual. gy, is the risk allele dosage for individual 7at

SNP m; Cdefines a set of 92 non-8g24 risk SNPs with MAF >0.01 in UGPCS (6 non-8q24
known risk alleles were excluded because of MAF < 0.01), together with five independent
8924 risk alleles identified in the forward-selection stepwise procedure in UGPCS. The
weights for non-8qg24 risk alleles were marginal logORs from logistic regression adjusting
for 10 PCs and age in UGPCS. For variants in the 8924 region, we first obtained conditional
logORs from the regression model in the forward-selection stepwise procedure, and then to
correct for potential bias in effect estimation of newly discovered variants, we implemented
a fully Bayesian version of a weighted correction.24 The risk score was then categorized by
percentile (<10%, 10-25%, 25-75%, 75-90%, =90%) and the risk for each category was
estimated relative to the interquartile range (25-75%) using logistic regression with
covariates including 10 PCs and age. We assessed the influence of 8924 on the PRS by
comparing risk score values computed before and after the inclusion of the 5 8924 risk
alleles. Also, to evaluate the relative improvement on classification performance of PRS in
distinguishing cases from controls after including 8q24 variants, we calculated the area
under the receiver-operating-characteristic (ROC) curve (AUC).

We conducted case-case analysis to examine the association between PCa aggressiveness
with the independent risk variants in 8g24 identified in UGPCS, the known risk alleles and
PRS, using logistic models adjusted for PCs and age. We defined cases with Gleason score >
8 as aggressive and <8 as non-aggressive. For variants that were nominally statistically
significant in case-case testing (Ppet < 0.05), stratified analyses were run in which separate
logistic models were fitted using cases among each stratum and all controls (ORygq and

ORnon-agg)-

In the exploratory GWAS analysis, the genetic inflation factor (A = 1.026) indicated no
evidence of over-dispersion. A P-value of <5 x 1078 was used as the threshold for genome-
wide significance.

RESULTS

The mean age of the cases and controls included in the analysis were 70.9 (£9.5) and 65.1
(8.9), respectively (Supplementary Table S1). Of the 560 cases, Gleason score was
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available for 309, of which, 136 (44%) had a Gleason Score = 8. Supplementary Figure S1
illustrates genetic comparisons between Ugandan men in UGPCS and African ancestry
samples from phase 111 1KGP, and highlights close genetic relationships between Ugandan
men and the Luhya in Webuye, Kenya (LWK) compared to men of African ancestry men
from Western Africa, the United States and the Caribbean.

Of the 118 known risk loci, two were monomorphic (rs12621278, rs76934034) and another
five had a MAF < 0.01 (one at 8g24). Of the 111 variants with a MAF >0.01, directionally
consistent associations were noted with 75 (67.6%) variants, of which 14 were significantly
associated with PCa risk at £< 0.05 (Table 1, Supplementary Table S2). Of the three
African-specific risk alleles for PCa reported outside of 8q24, variant rs7210100 at 172113
was not significantly associated with PCa risk (OR = 1.04, = 0.86; RAF = 0.04), while the
effect sizes for rs75823044 at 13934 and rs78554043 at 22¢q12.1 were similar to those
reported previously in men of African ancestry,1* with rs75823044 nominally statistically
significant in UGCPS (rs75823044: OR = 2.02, P=0.04; RAF = 0.01; rs78554043: OR =
1.53, P=0.44; RAF = 0.01). In comparing the frequency of the known risk alleles between
populations, on average, the risk allele frequency in UGPCS controls was only 0.001 smaller
than that observed among African Americans in AAPC (P=0.82, ttest). A larger non-
significant difference in risk allele frequency distribution was noted between UGPCS
controls and European ancestry populations (1000 Genomes), being 0.04 larger in UGPCS
controls on average (P=0.11, £test), and with 29 (25.4%) having opposite minor alleles: 12
alleles (10.5%) had an RAF>0.5 in European ancestry populations and RAF<0.5 in UGPCS
whereas 17 (14.9%) had a RAF <0.5 in European ancestry populations that was >0.5 in
UGPCS. Five of the known variants were detected as nominally associated with PCa
aggressiveness in case-case analysis (P < 0.05), including rs6763931 [Prer= 2.1 x 1074;
ORnon-agg = 3.39 (95%Cl: 1.73, 6.67), ORagq = 0.78 (95%: 0.49, 1.22)], rs1218582 [Prer=
2.9 x 1074 ORpon-agg = 0.67 (95% CI: 0.51, 0.87), OR5gq = 1.31 (95%CI: 0.98, 1.76)],
rs8014671 [Pprer= 0.01; ORpon-agg = 1.21 (95%Cl: 0.92, 1.59), OR4gq = 0.72 (95% CI: 0.53,
0.99)], rs1465618 [Prer= 0.02; ORpon-agg = 1.67 (95%CI: 0.99, 2.80), OR,g¢ = 0.80
(95%Cl: 0.39, 1.64)], and rs2292884 [P = 0.04; ORnpgn-agg = 1.08 (95%Cl: 0.82, 1.42),
OR =0.72 (95%CI: 0.54, 0.97)].

At 8924 (Figure 1), five independent signals were defined (P < 0.001; Table 2) in the
stepwise selection procedure. In addition to rs72725854, the variants included rs28556804,
which is highly correlated with the previous reported risk allele rs7463326 (/2 = 0.95, AFR
phase |11 1KGP; Supplementary Table S3), rs1456315, previously reported in Japanese?®
and Chinese?6 studies and moderately correlated with another previous reported risk allele
rs72725879 (2 = 0.41, AFR phase 111 1KGP), and variants rs6470538 and rs73707269,
located in close proximity (35-155 kb) to MY C with little correlation to known risk alleles
(72 < 0.01; Supplementary Table S3). We did not detect statistically significant differences in
effect by aggressiveness for the 8q24 variants.

In estimating a PRS for the 92 non-8g24 risk alleles, the mean weighted score was 6.70 for
PCa cases and 6.25 for controls (P < 2.2x 10716, £test). The average PRS increased to 10.09
in PCa cases and 9.24 in controls (P< 2.2 x 10716, £test) with the inclusion of the five risk
alleles at 8q24 (Figure 2). Similarly, for non-8g24 risk alleles, men in the top 10% PRS had
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a 2.9-fold (95% ClI: 1.75, 4.97) elevated risk compared to those with the average risk (PRS
in 25th-75th percentiles), which increased to 4.86 (95%CI: 2.70, 8.76) with the inclusion of
risk alleles at 8g24 (Table 3). Moreover, the AUC of the PRS also improved by adding the 5
8024 variants, increasing from 0.67 (95%Cl: 0.65, 0.71) to 0.73 (95%Cl: 0.70, 0.76). The
PRS was equally associated with aggressive and non-aggressive PCa in case-case analysis
(aggressive vs non-aggressive OR = 0.92, A= 0.49).

In the genome-wide analysis, only five SNPs, all located in the risk region at 8g24.21
(Supplementary Table S4, Supplementary Figure S3) were genome-wide significant. Variant
rs72725854 was found to be the most statistically significant in association with PCa risk
(OR =3.37, P=2.14 x 10711, with a risk allele frequency (RAF) of 0.14 in cases and 0.06
in controls. This variant is only found in men of African ancestry and is the most strongly
associated risk variant for PCa found to date in men of African ancestry.14 The other four
genome-wide significant variants were all located in the vicinity (within ~10 kb) and were
correlated with rs72725854 (72 = 0.52-0.61) (Supplementary Table S4).

DISCUSSION

In this study, we characterized known genetic risk factors for PCa in Ugandan men. Of the
118 established risk alleles for PCa, 111 are common in Ugandan men (MAF>0.1%) and
~70% had ORs in UGPCS that were directionally consistent with previous studies, which
suggests that most of the known PCa susceptibility variants are likely to be markers of PCa
risk in East African men. Just over half (56.7%) of the effects sizes observed in UGPCS
were smaller than those observed in European ancestry populations (or had opposite
directions), and only 14 risk alleles achieved nominal statistical significance. This
observation is likely due to many factors, including variability of effect estimation due to
small sample size, true differences in the effect of these susceptible variants across ethnic
groups and population differences in LD between the index risk SNPs and causal alleles.
Larger studies in men of African ancestry will be required to disentangle these possibilities.

The overwhelming importance of genetic variation at 8q24 in contributing to PCa risk was
confirmed in UGPCS, with five independent risk alleles observed in this region. The
polygenic risk score analysis further demonstrated the substantial contribution of 8924 to
PCa susceptibility, with the mean risk score increasing by ~50% with the inclusion of the
five independent risk SNPs in the 8924 region (9.70) to the PRS of the 92 non-8g24 known
risk alleles (6.49). The change in the AUC of 0.06 when adding 5 8q24 alleles suggests
variation in this region is important for risk classification, although overfitting likely exists
in this study and external validation is needed.

A predictive PRS for PCa may be effective for identifying high-risk populations who are
most likely to benefit from biopsy and subsequent treatment, and in reducing the over-
diagnosis of indolent disease.?” Studies among men of European descent (using 100 risk
SNPs) indicate that men in the 90-99% of the PRS have a ~3-fold increase in PCa risk
compared to the population average (25th-75th percentile of the PRS distribution).” In our
study, using a comparable set of 97 risk SNPs, Ugandan men in the 90-99% of the PRS
demonstrated an increased PCa risk of 4.55-fold (95%Cl: 2.48,8.36) compared with the

Prostate. Author manuscript; available in PMC 2020 October 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Du et al.

Page 7

average risk. This elevated risk might be attributed to African-specific risk alleles included
in our PRS, especially rs72725854, which has a greater effect size and is limited to Ugandan
men, or, perhaps variability in effect estimation due to the limited sample size of our study.
To address this, we also constructed the PRS using per-allele log odds ratios obtained from
the large AAPC meta-analysis (>10 000 cases) in men of African Ancestry as weights,14
which includes some of the UGPCS samples. Here, we found that men in the 90-99% risk
stratum had a relative risk of 4.79 (95%Cl: 2.64, 8.71), which is still larger than that reported
in previous studies among Whites, and is similar to that observed using Uganda-specific
weights (ie, ORs) suggesting that the effects and/or frequencies of PCa risk alleles may be
greater in men of African ancestry. However, the risk may be higher in our study because we
removed controls with PSA levels =4 ng/m, which is a criterion that is not applied
consistently in other studies. We found no evidence of heterogeneity in the PRS by disease
aggressiveness which is consistent with other studies.?8 Other studies have provided
evidence of heterogeneity in PRS effects by PCa family history,28 but unfortunately, family
history was not available in our study, so we were not able to assess this hypothesis here.

A major limitation in this study is the small sample size, with statistical power for testing of
known risk loci and for risk allele discovery being underpowered. For known risk alleles
with MAF of 20%, the power to detect ORs of 1.25 at a nominal significant level (P < 0.05)
was only 55%. In the exploratory genome-wide analyses, for alleles with MAF of 20%,
there was only a priori adequate power (80%) to detect alleles with large effects (ORs >1.90)
at genome-wide significance (P <5x 1078).

The most genome-wide significant association was noted with rs72725854. The risk variant
rs72725854 is tri-allelic, with the risk allele T only reported in African ancestry populations,
and is correlated with other published African ancestry-specific 824 risk alleles
rs114798100 (/2 = 0.54) and rs111906932 (/2 = 0.39). This variant is located in an intergenic
region near a long non-coding RNA, PCAT1 (Prostate Cancer Associated Transcript 1), and
was previously discovered in the AAPC GWAS which included the majority of UGPCS
subjects.2* While the RAF of this variant is similar across African ancestry populations (5—
11% in AFR populations in 1KGP) the odds ratio was slightly higher in Ugandan men (OR
=3.37; 95%Cl, 2.36-4.82) compared to that reported in AAPC, which included mainly
African Americans (OR = 2.13; 95%Cl, 1.97-2.32).14

In summary, we found that the known PCa risk variants can effectively stratify PCa risk in
Ugandan men, with 10% of men having a >4-fold increase in risk. These results also
emphasize the importance of germline variation at the 8q24 risk region in the etiology of
PCa in Ugandan men. Larger studies in African populations will be required to identify
additional PCa risk alleles that aid in risk stratification and that contribute to the higher PCa
incidence in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Regional association plot of the 8924 risk region (127.8-128.9 MB) in Ugandan men.

Single-nucleotide polymorphisms (SNPs) are plotted by position (x-axis) and -log10 ~-
value (J~axis). LDs were estimated from AFR individuals in phase 111 1000 Genomes
Project (LKGP) data using /2 statistics. The most statistically significant associated SNP
(purple diamond) is rs72725854, and the surrounding SNPs are colored to indicate pairwise
correlation with the index SNP
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FIGURE 2.

Density plots of the polygenic risk scores. The dotted lines are controls and the solid lines
are cases. The green lines are density distributions of the polygenic risk score (PRS) derived
from 92 known non-8qg24 risk SNPs. The blue lines are distributions of the PRS derived
from 92 known non-8qg24 risk SNPs plus 5 independent risk alleles in the 8924 region
identified among UGPCS men. The labeled values are the mean PRS of the corresponding
categories
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