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Abstract

Evidence suggests that cells with a stemness phenotype play a pivotal role in oncogenesis, and
prostate cells exhibiting this phenotype have been identified. We used two genome-wide
association study (GWAS) datasets of African descendants, from the Multiethnic/Minority Cohort
Study of Diet and Cancer (MEC) and the Ghana Prostate Study, as well as two GWAS datasets of
non-Hispanic whites, from the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening
Trial and the Breast and Prostate Cancer Cohort Consortium (BPC3), to analyze the associations
between genetic variants of stemness-related genes and racial disparities in susceptibility to
prostate cancer. We evaluated associations of single nucleotide polymorphisms (SNPs) in 25
stemness-related genes with prostate cancer risk in 1,609 cases and 2,550 controls of non-Hispanic
whites (4,934 SNPs) and 1,144 cases and 1,116 controls of African descendants (5,448 SNPs)
with correction by false discovery rate < 0.2. We identified 32 SNPs in five genes ( 7P63,
ALDHIAI1, WNTI1, MET and EGFR) that were significantly associated with prostate cancer risk,
of which six SNPs in three genes (7P63, ALDH1AIand WNTI) and eight EGFR SNPs showed
heterogeneity in susceptibility between these two racial groups. In addition, 13 SNPs in MET and
one in ALDH1A1 were found only in African descendants. The /n silico bioinformatics analyses
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revealed that EGFR rs2072454 and SNPs in linkage with the identified SNPs in MET and
ALDHIAI (r2 > 0.6) were predicted to regulate RNA splicing. These variants may serve as novel
biomarkers for racial disparities in prostate cancer risk.
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Introduction

In the United States, prostate cancer has surpassed lung cancer as the most common cancer
and is the second leading cause of cancer-related deaths in men 1. Racial and geographic
disparities in prostate cancer have been observed in large population studies 1-3. Notably,
African Americans (AAs) have the highest rate of prostate cancer, and prostate cancer in
patients of African descent often exhibits a more aggressive phenotype 3. Specifically,
according to the Surveillance, Epidemiology, and End Results Program (SEER) dataset, the
age-adjusted rate of prostate cancer was 203.5 per 100,000 among AA men versus 121.9 per
100,000 among white men for the period between 2009 and 2013 3. Previous studies
indicated that racial disparities in both incidence and mortality persist even after controlling
for factors associated with social determinants of health, including access to care 4.

Though the mechanisms underlying prostate cancer disparities among racial groups remain
largely unknown, high-throughput DNA sequencing studies have begun to elucidate a
genomic landscape of cancer traits in recent years 7+ 8. Racial disparities in cancer incidence
and mortality are likely attributed to the diversity in the genome 2 10, In recent years,
genome-wide association studies (GWASS) have identified some susceptibility loci that
provide partial evidence for a role for genetic factors in cancer risk in the general population,
and such factors may pave the way toward precision approaches for early detection of
cancer 1112, Among these studies, few have been undertaken in populations of African
descendants, and the results from most validation studies of the identified susceptibility loci
have not been consistent across different races 13-16, Therefore, it is important to continue
investigating factors underlying disparities in genetic susceptibility to prostate cancer in
different racial populations to unravel further the diverse etiology of the disease. To date,
most of the GWAS-identified loci are located in intronic and intergenic regions. In the post-
GWAS era, re-analyzing GWAS datasets by using candidate gene or pathway-based gene-set
approaches will help identify susceptibility loci that are likely to have biologically relevant
functions.

For many years, clinical screening tests for prostate cancer have provided approaches to
detect the disease at an early stage 17- 18, Despite recent challenges and controversies, the
PSA blood test is still the most widely used method for early detection of prostate cancer 19,
PSA is expressed and secreted by the luminal cells in the prostate. In addition to being
routinely used for prostate cancer detection, PSA also serves as a differentiation marker for
and an indicator of recurrence following treatments 20. However, prostate cancer is
heterogeneous, exhibiting diverse morphological and histopathological phenotypes 10: 19,
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Subpopulations of prostate cancer cells with a lower or negative PSA level have been
identified in high-grade, recurrent or metastatic tumors 2%, Such subpopulations of cells
related to castration-resistant prostate cancer exhibit a stemness phenotype, with preferential
expression of stem cell markers, such as CD44, integrin a2 and ALDH1A1 21, Cells having
a stemness phenotype are thought to promote oncogenesis, characterized by self-renewal and
generation of heterogeneous cell populations 22. For example, CD133%/a,f," cells isolated
from prostate tumors have been shown to have self-renewal ability with high differentiation
similar to that of embryonic stem cells 23.

Given the evidence that cells exhibiting a stemness phenotype contribute to oncogenesis, we
hypothesize that genetic variants in stemness-related genes are associated with prostate
cancer risk. In the present study, we tested our hypothesis using four previously published
GWAS datasets, including African descendants and non-Hispanic whites, and identified
mechanisms underlying racial disparities in susceptibility to prostate cancer.

Materials and methods

Study populations

The present study included a total of 2,753 prostate cancer patients and 3,666 controls
representing two racial groups (i.e., men of African descent and European descent/non-
Hispanic whites) from four studies (Supporting Information Table 1 & 2; See details of
study populations in Supporting Information Methods). Specifically, there were 1,144 cases
and 1,116 controls from populations of African descendants, of which 670 cases and 658
controls were from African Americans in the Multiethnic Cohort Study of Diet and Cancer
(MEC) and 474 cases and 458 controls were from Africans in the Ghana Prostate study. For
non-Hispanic whites, the present study included 1,609 cases and 2,550 controls, with 1,150
cases and 1,101 controls from The Prostate, Lung, Colorectal and Ovary (PLCO) screening
trial and 459 cases and 1,449 controls from the Breast and Prostate Cancer Cohort
Consortium (BPC3). Each of the four studies was reviewed and approved by the
corresponding Institutional Review Board and Duke Institutional Review Board.

Gene and SNP selection

A list of 25 stemness-related genes (Supporting Information Table 3) in prostate cancer was
collected according to the online dataset GeneCards (http://http://www.genecards.org/) using
the search term “prostate cancer stem cell”. Genotyped SNPs within these genes and their

+ 2-kb flanking regions were selected for association analysis. Genotype imputation was
performed with IMPUTEZ2 for each study according to multi-population reference panels
from the 1000 Genomes Project Phase 3 24 25, Imputed SNPs with info value > 0.8 were
qualified for further analysis. As a result, there were 8,609, 8,600, 13,765 and 13,845 SNPs
in the aforementioned 25 genes from populations of the PLCO, BPC3, Ghana and MEC
studies, respectively. After being filtered with the criteria of minor allele frequency (MAF) >
0.05, genotyping call rate > 95% and Hardy-Weinberg equilibrium = 107° in each study,
there were 5,239, 5,345, 6,267 and 6,549 common SNPs from PLCO, BPC3, Ghana and
MEC, respectively. In the final analysis, 4,934 common SNPs were included for both PLCO
and BPC3 for non-Hispanic whites and 5,448 common SNPs were included for both Ghana
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and MEC for African descendants. Pairwise linkage disequilibrium (LD) of the SNPs was
further estimated by using the data from the 1000 Genomes Project Phase 3 of the matched
population (http://www.1000genomes.org/).

Functional annotation and eQTL analysis

We predicted functional annotations of the SNPs using three online tools: SNPinfo (https://
snpinfo.niehs.nih.gov/snpinfo/snpfunc.htm), RegulomeDB (http://www.regulomedb.org/)
and HaploReg (http://archive.broadinstitute.org/mammals/haploreg/haploreg.php). In the
expression quantitative trait loci (eQTL) analysis, we used additional data on genotyping and
MRNA expression levels measured by the Illumina Human-6 v2 Expression BeadChip for
the corresponding genes in lymphoblastoid cell lines obtained from 107 Northern Europeans
from Utah and 326 Africans in the HapMap 3 project (https:/hapmap.ncbi.nim.nih.gov/) 2.

Statistical analysis

For each study, we calculated principal components (PCs) using the Genome-wide Complex
Trait Analysis (GCTA) on the LD-pruned subset of the whole-genome typed dataset, as
recommended 27- 28, The first 20 PCs were analyzed for their associations with prostate
cancer risk by the univariate logistic regression analysis. Those PCs with significant
associations were included as covariates in further analyses of associations between SNPs
and prostate cancer risk. For each SNP, we estimated odds ratios (ORs) and 95% confidence
intervals (95% CIs) by unconditional logistic regression of case/control groups with
adjustment for age and PCs. Cochran’s Q statistics and /2 was used to access the inter-study
and inter-race heterogeneity of the SNPs. We defined an SNP with a Q-test 2< 0.100 or #
>50.0% as heterogeneous. We used a meta-analysis first to generate race-specific results of
overall risk associated with the SNPs in fixed-effects models, if no heterogeneity between
two studies, or random-effects models, when heterogeneity existed. We then generated the
heterogeneity statistic to test the differences between non-Hispanic whites and African
descendants by using Cochran’s Q statistics and /2. The £ index of 25%, 50% and 75% was
considered low, medium and high heterogeneity, respectively 2°. The false discovery rate
(FDR) approach was used to correct for multiple comparisons to reduce the probability of
false-positive findings 30. For each identified SNP, a meta-regression analysis was conducted
among results from the four studies to further analyze the heterogeneity between the two
racial groups by using “metafor” package of R software. Multiplicative interactions between
the SNPs and the racial group were evaluated using multivariate logistic regression analysis
adjusted for age and the racial group in a pooled dataset from the four studies. In the eQTL
analysis, we calculated the correlations between SNPs and corresponding mRNA expression
levels by using a general linear regression model. Differences in mMRNA expression levels
between the two populations were examined by a two-sample #test. Statistical analyses were
performed using R (version 3.3.1), SAS (version 9.1.3; SAS Institute, Cary, NC, USA) and
PLINK (version 1.07), unless otherwise specified.
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Results

Basic characteristics of the study populations

The overall analysis included 2,753 prostate cancer cases and 3,666 controls of two racial
groups from four studies (Supplemental Tables 1-2). The age distribution was statistically
different between cases and controls (£ < 0.001), with the control group being older than the
case group (= 70 years: 58.5% versus 43.8%). Additional details regarding the racial groups
from the four studies are presented in Supporting Information Table 2. To control for the
population stratification, the first 20 PCs in each study were included in the models for
analyses of associations with prostate cancer risk (Supporting Information Table 4).
Therefore, age and PCs were adjusted for their possible confounding effects in the following
multivariate logistic regression analysis.

Association analysis of SNPs and prostate cancer risk in populations of African
descendants

The workflow of the current study is presented in Fig. 1. Considering that the allele
frequency of each SNP varies between populations of different races, we separated our
analyses into two parts. In the first part, we analyzed the associations between common
SNPs (MAF = 0.05) and prostate cancer risk in populations of African descendants (Fig. 1a).
The imputation resulted in 6,267 and 6,549 common SNPs for the Ghana study and the
MEC study, respectively (Fig. 2a—b); we then performed a meta-analysis using the 5,448
overlapped SNPs present in both studies (Fig. 2¢) and found that 300 common SNPs were
associated with prostate cancer risk with a ~value < 0.05. After multiple test correction
using the FDR < 0.2 (Table 1), 24 SNPs in four genes (i.e., eight in 7P63, 13 in MET, two in
ALDHIAIand one in WNTI) remained significant. The minor alleles of SNPs in
ALDHI1A1 were associated with a decreased risk of prostate cancer, whereas the other 22
SNPs in three genes were all associated with an increased risk of prostate cancer.

We predicted potential functions of those 24 SNPs by using three online tools, and results
are summarized in Supporting Information Table 5. Most of these SNPs are located in
intronic regions of the corresponding genes, except for rs149188492 (located in the 3
untranslated region of MET) and rs855723 (located in the 5" upstream region of WNTI).
All 24 SNPs were predicted to play a role in transcriptional regulation, either located within
transcription factor binding sites and DNase | hypersensitive sites or promoter and enhancer
histone marks. Among the 13 SNPs of MET, three (rs139335187, rs201395418 and
rs567033632) are in high LD (r2 > 0.8) with rs13223756 and four (rs377420134,
rs115240747, rs114707545 and rs115293079) are in moderate LD (r2 =0.63-0.72) with
rs13223756 based on the LD data from populations of African descendants in the 1000
Genomes Project Phase 3. The rs13223756 SNP is located in an exonic region of MET,
which is predicted to be involved in RNA splicing regulation by SNPinfo. In ALDH1A1, the
risk-associated SNPs rs722921 and rs13959 are in moderate LD (r2=0.69) based on
populations of African descendants in the 1000 Genomes Project Phase 3. ALDH1A1
rs13959 is located in an exonic region, which is predicted to affect RNA splicing by
SNPinfo as well.
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Association analysis of SNPs and prostate cancer risk in non-Hispanic whites

Similar to the previous analyses for populations of African descendants, we analyzed the
associations between prostate cancer risk and common SNPs in two GWAS datasets of non-
Hispanic whites, including 5,239 SNPs in the PLCO study and 5,345 SNPs in the BPC3
study (Fig. 2d—e). We performed a meta-analysis by using the overlapped 4,934 common
SNPs in both studies (Fig. 2f) and identified 233 SNPs that were associated with prostate
cancer risk with a P-value < 0.05, of which eight SNPs in EGFR remained significantly
associated with an increased risk of prostate cancer after multiple test correction by FDR <
0.2. One of these eight SNPs, rs2072454, is in an exonic region of EGFR, and the other
seven SNPs of EGFR are located in the intronic regions. Functional prediction, using the
three previously mentioned online tools, indicated that rs2072454 may play a role in RNA
splicing and that the other intronic variants may play roles in transcriptional regulation
(Supporting Information Table 5).

Heterogeneity of the SNPs between two racial groups of African descendants and non-
Hispanic whites

We further evaluated potential differences in the SNP-associated of prostate cancer between
the two racial groups of African descendants and non-Hispanic whites. Of the top 24 SNPs
initially identified in African descendants, only 10 were found in non-Hispanic whites from
both PLCO and BPC3, and the other 14 SNPs (13 in MET and one in ALDH1AI) were
significantly associated with cancer risk only in African descendants (Table 1). According to
European data from the 1000 Genomes Project and the two non-Hispanic white population
datasets used in the present study, we found only one allele for these 14 SNPs in European
descendants, which appeared to be African-specific variants. Of the other 10 SNPs found in
both racial groups, six SNPs in three genes (four in 7P63, one in ALDH1A1 and one in
WNTI) showed moderate to high heterogeneity between African descendants and non-
Hispanic whites (/2=51.2-81.7 between two racial groups, Table 2 and Supporting
Information Table 6). In contrast, the top eight EGFR SNPs initially identified in non-
Hispanic whites were but not in African descendants; however, these eight SNPs showed
high heterogeneity between populations of African descendants and non-Hispanic whites
(all Q-test A< 0.100 and £2>75.0 between two racial groups, Table 2 and Supporting
Information Table 6).

Therefore, 14 SNPs in four genes (7P63, ALDHI1AI1, WNTIand EGFR) showed different
effects on prostate cancer risk between the two racial groups. To further evaluate these
differences, we applied the meta-regression analysis of the four studies as independent
datasets and included the racial group (i.e., African descendant and non-Hispanic white) as a
moderator (Table 2). The results of the heterogeneity of the two racial groups in meta-
regression analysis were similar to the Q-test Pvalue for testing the heterogeneity between
the two racial groups (Table 2). In addition, we analyzed multiplicative interactions between
the 14 SNPs and the racial group in a pooled dataset, including 2,753 cases and 3,666
controls from the four studies. The 14 SNPs showed significant interaction effects with race
(all P<0.05, Table 2).
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LD analysis—We further analyzed the LD map for the top SNPs that were identified to be
associated with prostate cancer risk in the two racial groups (i.e. 24 SNPs in four genes of
African descendants and eight SNPs in EGFR of non-Hispanic whites). Based on the 1000
Genome Project Phase 3 African dataset, the eight SNPs in 7P63all located in the intronic
regions are in moderate to high LD (all r2 > 0.7) (Fig. 3a). In the MET gene, the 12 SNPs
also share moderate to high LD (r?=0.6-1.00), except for the intronic SNP rs116458171 of
African descendants (Fig. 3b). The two SNPs in ALDHI1A1 of African descendants were in
low LD (r?=0.44) (Fig. 3c). The eight SNPs in £GFR were all in high LD according to the
1000 Genomes Project Phase 3 European dataset (all r2 > 0.8) (Fig. 3d). Therefore, we chose
the SNPs, with predicted functions and exhibiting heterogeneity between racial groups, in
each gene based on a threshold of r2 = 0.6 in the LD analysis. As a result, seven SNPs in five
genes (TP63rs7616437, MET rs114707545, MET rs116458171, ALDHI1A1rs8187942,
ALDHI1A1rs72291, WNTI1rs855723 and EGFR rs2072454) were selected for further
analyses.

Stratified analysis for tumor aggressiveness

Prostate cancer with a Gleason score > 7 or stage = |11 was defined as aggressive, and other
cases with a Gleason score < 7 and stage < I11 were defined as non-aggressive (Supporting
Information Table 2). We then conducted a subgroup analysis by tumor aggressiveness in the
available datasets, including MEC for AAs and PLCO for non-Hispanic whites (Supporting
Information Table 7). In six selected SNPs in four genes of African descendants, SNPs in
TP63, MET and WNT1 showed risk effects on both non-aggressive and aggressive disease,
and two SNPs in ALDH1A1 showed protective effects on both disease groups in the MEC
study. In the PLCO study of non-Hispanic whites, rs2072454 was associated with an
increased risk of prostate cancer in both disease groups. However, no heterogeneity was
identified between subgroups of aggressiveness.

eQTL analysis—To substantiate biological mechanisms underlying the findings of risk
associations, we conducted additional eQTL analysis to explore the correlation between
identified SNPs and the mMRNA expression levels of the corresponding genes using the
HapMap 3 project (Table 1). Among these, the results of the selected SNPs in five genes
(i.e., TP63 MET, ALDH1A1, WNT1and EGFR) are shown in Fig. 4. Four of the five genes
were differentially expressed between African and European populations. Compared to
European populations, African populations had a significantly lower mRNA expression level
of 7TP63and MET (Fig. 4a and c), but a significantly higher expression level of WNTI1and
EGFR (Fig. 4d and e). Among the 24 top SNPs of African descendants, the risk A allele of
rs116458171 was significantly associated with lower levels of MET mRNA expression in
Africans (P=0.024, Beta = —0.107, Table 1 and Fig. 4c). In the eight top SNPs of non-
Hispanic whites, we observed significant associations between these eight SNPs (all in high
LD) and EGFR mRNA expression in Europeans (all 7= 0.031 and Beta = 0.036, Table 1).
We visualized the eQTL results for the selected SNP, rs2072454 in EGFR (Fig. 4e).
Europeans with the rs2072454 risk C allele had significantly higher levels of expression of
EGFRmRNA (P=0.031, Fig. 4e). In Africans, although there was a slight trend toward
correlation of the rs2072454 C allele with a lower level of expression of EGFR mRNA, this
correlation was not statistically significant (P= 0.361, Beta = —0.005, Table 1 and Fig. 4e).
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Discussion

To determine whether genetic variants in prostate cancer stemness-related genes contribute
to prostate cancer susceptibility among racial groups, we used the genotyping data from
published GWASs from the Ghana and MEC studies of African descendants and the PLCO
and BPC3 studies of non-Hispanic whites. We found a greater than 1.50-fold increased risk
of prostate cancer associated with 13 SNPs in MET and a 40% decreased risk of prostate
cancer associated with rs8187942 in ALDH1A1 in African descendants. In contrast, SNPs in
EGFR were found to be associated with an increased risk of prostate cancer in non-Hispanic
whites. Moreover, we found that several SNPs in 7P63, ALDH1A1, WNT and EGFR were
associated with risk of prostate cancer in populations of African descent, but not in non-
Hispanic whites or vice versa. Regarding functional prediction of the SNPs associated with
prostate cancer risk, rs2072454 in EGFR was predicted to be involved in RNA splicing
regulation and its risk allele was also associated with higher levels of expression of EGFR
mRNA. In addition, seven SNPs in MET and one in ALDH1AI1 were in moderate to high
LD (r2 > 0.6) with other variants in the same genes and were also predicted to regulate RNA
splicing. These functional SNPs in five genes found to be associated with prostate cancer
risk and with racial differences in prostate cancer risk have not been previously reported.

In the present study, we found eight SNPs in 7P631to be significantly associated with
prostate cancer risk in men of African descent, of which four showed differences in prostate
cancer risk between the two racial groups. The 7P63gene is a homolog of 7P53, which is a
member of the tumor suppressor gene p53 family. Unlike the role of 7P53as solely a tumor
suppressor, 7P63encodes two isoforms generated from alternative RNA splicing, including
TAp63, which contains an N-terminal transactivation (TA) domain and functions as a tumor
suppressor, and DNp63, which lacks the TA domain and functions as a proto-oncogene.
DNp63 plays a role in maintaining the proliferative potential of epidermal progenitor cells,
including bladder and prostate epithelial cells 31. It has been reported that overexpression of
TP63 can change the ratio of TAp63/DNp63, resulting in relatively higher expression of
DNp63 in tumor tissue versus normal tissue 32. Several SNPs in 3¢28 within the 7P63gene
region have been previously reported to be associated with risk of lung cancer and bladder
cancer 33:34 but have not been previously reported to be associated with risk of prostate
cancer.

We also identified SNPs in WNTIand ALDH1AI that were differentially associated with
prostate cancer risk between the two racial groups. WNT1 is part of the WNT signaling
pathway that plays crucial roles in cell proliferation, cell migration, cell fate and stem cell
renewal 35. SNP rs855723 was previously reported to be correlated with expression of
WNT1mRNA in lymphoblastoid cells from Europeans 3. In the present study, we
demonstrated that the rs855723G allele was significantly associated with lower WNT1
mMRNA expression levels in the HapMap 3 project European population. This variant was
predicted to affect transcription factor binding, residing within the CCCTC-Binding Factor
(CTCF) binding site based on chromatin immunoprecipitation sequencing (CHIP-seq) data
from HaploReg. Distinct epigenetic patterns, including DNA and histone methylation of the
CTCF binding sites have been documented in benign prostate hyperplasia versus prostate
cancer 37,
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ALDH1A1 is part of the aldehyde dehydrogenase family, which is involved in intracellular
retinoic acid production 38. Aldehyde dehydrogenase serves as a binding protein for
metabolic molecules and potentially functions as an antioxidant, which links it to a role in
maintaining stemness 38. In particular, one study has shown that ALDH1A1(+) prostate
cancer cells exhibit high clonogenic and tumorigenic capacities 3°. Isoforms of ALDHIAI,
generated by alternative RNA splicing, are associated with different expression levels of the
gene in endometrial adenocarcinoma patients 39, In the present study, one SNP in the
ALDHI1A1 exon region, which is predicted to affect alternative RNA splicing, is in LD with
the identified SNP associated with prostate cancer risk in African population.

MET, also known as the hepatocyte growth factor receptor, is a proto-oncogenic receptor
tyrosine kinase that transduces signals from the extracellular matrix to the cytoplasm 40. A
recent study reported that a splice site alteration involving exon 14 in MET was found in
multiple cancers 41, The altered MET is constitutively active and plays a role in oncogenic
transformation 4. In the present study, the identified prostate cancer risk-associated SNPs in
MET were in LD with a SNP predicted to regulate RNA splicing. The SNPs identified in
MET here are novel loci that contribute to prostate cancer risk and are enriched in
populations of African descent. In addition, the risk allele of rs116458171 was associated
with lower levels of expression of MET mRNA, is located in an intronic region and is
predicted to affect transcriptional regulation. Taken together, these results indicate that
further studies are warranted to elucidate the biological mechanisms underlying the observed
associations.

rs2072454, located in the EGFR coding region, is predicted to have an effect on the
regulation of RNA splicing by SNPinfo. £EGFR, also known as £ERBB1, encodes a well-
known transmembrane glycoprotein that is a member of the receptor tyrosine kinase
superfamily 42. Particular growth factors selectively bind to EGFR and trigger intracellular
signaling, which ultimately results in cell proliferation #2. Increased expression of and
somatic mutations in EGFR and related growth factors are frequently observed in cancer and
promote proliferation of tumor cells 42. In non-small cell lung cancer and prostate cancer,
somatic mutations in exons 20 and 21 of EGFR have been observed in such tumors with a
highly proliferative and invasive phenotype 43. It has been reported that EGFR
overexpression in prostate cancer tissues is significantly more common in men of African
ancestry than in white men 44,

Genome-wide analyses of transcriptomes have revealed extensive alternative RNA splicing,
which generates enormous biological diversity 4°. Specifically, next-generation sequencing
data suggest that approximately 95% of genes in the human genome undergo alternative
RNA splicing 4°. During this process, the pre-mRNA generates multiple messenger RNAs
that are translated into distinct proteins with divergent biological functions 4°. The
connection between alternative RNA splicing and cancer risk and progression has become
increasingly appreciated because of a considerable number of recent studies indicating that
alternative and aberrant isoforms can dysregulate signaling pathways, thus contributing to
oncogenesis 4°. The cis-acting RNA splicing elements, a part of the regulatory system
controlling RNA splicing, consist of exonic and intronic splicing enhancers (ESEs and ISEs)
and silencers (ESSs and 1SSs). In the present study, EGFR rs2072454, MET rs13223756 and
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ALDHI1AI1rs13959 (the latter two are in LD with the identified SNPs) were predicted to be
located within ESE regions by SNPinfo. Specifically, we found that the rs2072454C allele
was associated with an increased risk of prostate cancer and higher level of expression of
EGFRmMRNA in Europeans.

Genetic patterns vary across different populations, such as the allele frequencies of SNPs
and LD by haplotype structures 46, Therefore, SNPs, haplotypes and gene-gene interactions
could provide broad aspects of genetic diversity in multiple dimensions. In the present study,
we have shown that the number of common SNPs in stemness-related genes was greater in
African descendants than in non-Hispanic whites. Furthermore, we have found that prostate
cancer risk-associated SNPs in MET and ALDH1A1 were more likely to be confined to
populations of African descent.

However, SNPs with a MAF less than 0.05 were not all included in the analyses of the
present study. Several studies have shown that rare variants may be responsible for
substantial portions of inherited prostate cancer susceptibility 47. In searching evidence for
racial disparity, we attempted to assess the interactions between SNPs and two racial groups
in the available GWAS datasets. However, interactions between SNPs and four GWAS
studies were nested inside the racial groups, and thus it was impossible to completely adjust
or detect such an interaction in present models. In the future, large studies including more
racial groups, rare variants and environmental factors may provide sufficient statistical
power to detect possible interactions among races, rare functional SNPs and environmental
factors in prostate cancer risk. Besides, we found that four genes (7P63, MET, WNT1 and
EGFR) with identified prostate cancer risk-associated SNPs may function differently by
racial group, because they were differentially expressed in lymphaoblastoid cell lines derived
from Africans and Europeans in the HapMap 3 project. Subsequent molecular studies to
investigate biological differences by racial backgrounds are needed to substantiate the
functional impact of these risk-associated SNPs on racial disparities in prostate cancer risk.

In conclusion, we investigated the associations between genetic variants in 25 prostate
cancer stemness-related genes and prostate cancer risk in African descendants and non-
Hispanic whites, including 2,753 cases and 3,666 controls. We found several SNPs in 7P63,
MET, WNTI1and ALDH1A1 to be associated with prostate cancer risk in populations of
African descent and SNPs in EGFRto be associated with increased risk of prostate cancer in
non-Hispanic whites. Several SNPs in the aforementioned genes showed differences in
prostate cancer susceptibility between the two racial groups and were predicted to play roles
in regulation of RNA splicing and transcription. Our findings identify some evidence for
RNA splicing-regulatory SNPs as possible novel biomarkers that may provide new insights
into the molecular mechanisms underlying racial disparities in prostate cancer risk.
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What’s new?

We assessed the role of stemness-related genetic variants in racial differences in prostate
cancer risk by re-analyzing published datasets from four genome-wide association studies
of African descendants and non-Hispanic whites. We found that SNPs in 7P63,
ALDHIAI, WNTI, METand EGFR were significantly associated with prostate cancer
risk. Specifically, SNPs in 7P63, ALDH1A1, WNTIand EGFR showed differences in
prostate cancer risk between these two racial groups. It is likely that this racial disparity
in prostate cancer risk may be associated with RNA splicing-related SNPs in EGFR,
METand ALDHIAL
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Figure 2.

Manhattan plots of the four studies and the meta-analysis results of the two racial
populations. The red horizontal line indicates £=0.05 and the blue line indicates FDR = 0.2.
(a) 6,549 common SNPs from Africans of the Ghana study. (b) 6,267 common SNPs from
African descendants of the MEC AA study. (c) The meta-analysis of 5,448 SNPs in two
studies of African descendants. (d) 5,239 common SNPs from non-Hispanic whites of the
PLCO study. (e) 5,345 common SNPs from non-Hispanic whites of the BPC3 study. (f) The
meta-analysis of 4,934 SNPs in two studies of non-Hispanic whites.
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Overview of the top SNPs in the two racial populations and linkage disequilibrium (LD)
analysis based on the 1000 Genomes Project Phase 3 database. Gene regions from the UCSC
browser (NCBI37/hg19) (a) 7P63, (c) MET, (e) ALDH1AIand (g) EGFR. LD analysis in
Africans: (b) eight SNPs in 7P63, (d) 13 SNPs in MET and (f) two SNPs in ALDH1A1 LD
analysis in Europeans: (h) eight SNPs in EGFR.
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Figure 4.

Correlation between SNPs and the mRNA expression level of corresponding genes in
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lymphoblastoid cell lines from the HapMap 3 project. Each figure depicts results of each

SNP in 326 Africans, 107 Europeans and the comparison of overall expression levels

between the two populations: (a) rs6795002 and 7P63, (b) rs722921 and ALDHI1A1, (c)

rs116458171 and MET, (d) rs855723 and WNT1 and (e) rs2072454 and EGFR.

Abbreviations: AFR, African; EUR, European.
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