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Racial disparities in prostate cancer: a molecular perspective
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1. ABSTRACT

Prostate cancerincidence and mortality rates are
remarkably higher in African-American men as compared
to their European-Americans counterparts. Despite these
recognitions, precise causes underlying such prevalent
racial disparities remain poorly understood. Although
socioeconomic factors could account for such differences
up to a certain extent, it is now being increasingly realized
that such disparity has a molecular basis. Indeed, several
differences, including genetic polymorphism, gene
mutations, epigenetic modifications, miRNAs alterations,
etc., have been reported in malignant prostate tissues
from patients of diverse racial backgrounds. Here,
we attempt to provide a molecular perspective on
prostate cancer racial disparities by gathering available
information on these associated factors and discussing
their potential significance in disproportionate incidence
and clinical outcomes.

2. INTRODUCTION

Prostate cancer is one of the most commonly
diagnosed malignancies among men worldwide and
remains the second leading cause of cancer-related
death in the United States. According to an estimate by
the American Cancer Society, 180,890 new diagnoses
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of prostate cancer will be made in 2016, and nearly
26,120 patients will die due to this malignancy (1).
Recent data suggest that the prostate cancer incidence is
declining, but the overall prostate cancer-related mortality
continues to rise among African-American (AA) men (2).

Epidemiological data suggest that the AA men
are disproportionately affected with prostate cancer
compared to European-Americans (EA). The overall
prostate cancer incidence and mortality are remarkably
higher in AAcompared to EAmen (3). According to publish
data, AA men are 1.6 times more susceptible to develop
prostate cancer, and about 2 times more likely to die from
this disease than EAmen. In fact, the disparity in mortality
rate between AA and EA men is higher for prostate
cancer than that for any other malignancy (2). In general,
AA men are often diagnosed with more advanced and
aggressive prostate cancer compared to any other racial/
ethnic groups. However, the observed greater mortality
rates in these men can only partially be explained by the
characteristics of tumors at the time of diagnosis (4).

So far, several studies have been conducted to
investigate the molecular and biological bases of prostate
cancer racial disparities, yet precise underlying causes
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remain largely unclear. It is commonly believed that access
to health care, cultural and socioeconomic factors, diet and
preventive health factors, such as awareness and motivation
for prostate cancer screening, contribute significantly to
prostate cancer racial disparities (5, 6). However, a growing
body of evidence now suggests that biological factors, such
as differences at the genetic and molecular level could be
more crucial than thought for racial disparities in prostate
cancer incidence and outcome (7). In this review article, we
have discussed molecular differences in prostate cancers
of AA and EA men, and highlight potential roles for such
variations in racially disparate clinical outcomes.

3. SOCIOECONOMIC AND BEHAVIORAL
FACTORS CONTRIBUTING TO RACIAL
DISPARITIES IN PROSTATE CANCER

The clear-cut underlying causes for racial
disparities associated with prostate cancer are not fully
understood. However, several non-biological and/or
biological risk factors such as socioeconomic status, lack
of access to care, diet, age, lifestyle, family history and
hormones, molecular alterations have been implicated as
contributing factors to the race-specific prostate cancer
incidence and clinical outcome. Epidemiological studies
indicate that socioeconomic status (SES) of AA men is
an important factor for higher mortality and morbidity
associated with prostate cancer (5, 6). However,
significance of SES in prostate cancer racial disparity is
debatable as no difference in prostate cancer recurrence
after radical prostatectomy was observed among lower
income AA patients as compared to AA patients of
middle income group (8). Although lack of access to
health care due to low health insurance rates or financial
condition in AA men relative to EAmen could very well be
responsible for their enhanced prostate cancer burden
and poor outcome, non-financial barriers including poor
health consciousness, not believing in the health care
system, fear of the diagnostic and/or treatment strategies
etc., have also been suggested as major factors for late
diagnosis. Significant evidence suggests that dietary
habits such as consumption of alcohol, animal origin
saturated fats, selenium, vitamin D, vitamin E, lycopene
and isoflavones are also associated with prostate cancer
racial disparities (9). Vitamin D insufficiency is a common
public health problem in the United States and has been
associated with prostate cancer mortality (10). AA men
have low serum level of vitamin D than EA that might
make them more susceptible to prostate cancer (11). In
addition, family history and quality of life are other factors
responsible not only for prostate cancer risk in specific
race, but also for overall clinical outcomes (12).

4. MOLECULAR BASES OF PROSTATE
CANCER RACIAL DISPARITIES

in socioeconomic
racial disparities

Although the difference
factors may be responsible for

associated with prostate cancer, it is being increasingly
recognized that these disparities have a molecular basis
as well. In fact, enhanced incidence and mortality in
AA men with prostate cancer have been observed as
compared to EA counterparts even when socioeconomic
factors have been accounted for (3,5). A number of
molecular factors specific to tumor cells, including
gene-polymorphism, -mutations, epigenetic alterations,
overexpression and/or suppression of miRNAs and
growth promoting/suppressing proteins, have been
associated with racial disparities (Figure 1). Moreover,
emerging evidence also suggests the participation
of tumor-microenvironment-associated inflammatory
signaling molecules in racially disparate clinical outcomes
in prostate cancer.

4.1. Genetic factors associated with prostate
cancer racial disparities

With the help of advanced molecular biology
techniques, the insight into the genomics of prostate
cancer has grown immensely. Several race/ethnic-
specific genetic abnormalities have been identified in
prostate cancer. In the subsections below, we discuss
current knowledge about these genetic alterations and
their possible association with observed prostate cancer
racial disparities.

4.1.1. Genetic polymorphism

Genetic polymorphism is one of the critical
determinants for the disease susceptibility and
therapeutic outcome. Ledet et al. performed linkage
analyses on 241 individuals from 20 large AA families
and identified 12924 and 2p16 loci to be dominantly
linked with prostate cancer susceptibility (13). In a
genome-wide association study using a set of ancestry
informative markers in 1,060 AA and 1,087 EA men
with prostate cancer, it was identified that four SNPs
(rs2660753, rs13254738, rs10090154, rs2735839)
were associated with aggressiveness of prostate cancer
in both AA and EA men (14). Data also suggested that in
AA patients, three SNPs were associated with prostate
specific antigen (PSA) levels, which was not the case
in EA patients. Moreover, it was also reported that two
other SNPs (rs266870 and rs2735839) were associated
with stage and Gleason scores. In three case-controlled
studies of European ancestry men from Iceland,
Sweden and the USA, Amundadottir et al. identified
allele 8 of microsatellite DG8S737 to be associated
with prostate cancer. Moreover, their study revealed
that about 13% of the healthy population and 19%
of prostate cancer patients carried at least one copy,
resulting in 8% increase in population-attributable risk
(PAR). In addition to this, their study revealed that in AA
men, about 30% healthy population and 41% of patients
were carriers with about 16% estimated PAR, which
could likely contribute to higher incidence of prostate
cancer in this population relative to men of European
ancestry (15).
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Figure 1. Molecular factors associated with prostate cancer racial disparity. Several molecular factors such as gene-polymorphism, -mutations, epigenetic
alterations, overexpression, and/or suppression of miRNAs and aberrant activation of molecular signaling pathways play pivotal role in prostate cancer

racial disparities.

The enzyme products of
CYP3A4 and CYP3A43 are well known to play a role in
testosterone metabolism and have been associated with
prostate cancer occurrence and aggressiveness (16).
Johnsonandcoworkersobservedsignificant CYP3A4allele
variations in different racial groups. AA men exhibited
higher frequencies of the CYP3A4*1B allele as compared
to EA menin both cases and controls. Interestingly,
CYP3A4*1B allele polymorphism was inversely
associated with the development of prostate cancer in
EA men (16,17). Furthermore, significant differences in
the CYP3A5 and CYP3A43 allele frequencies were also
observed among both AA and EA men with significantly
higher CYP3A5*1 and CYP3A43*3 allele frequencies
reported in AA men. The presence of the CYP3A4*1B-
CYP3A5*1 genotypes (i.e. both variants) was positively
associated with prostate cancer in AA men (16).
By performing the pairwise interactions study with
CYP3A4*1B and CYP3A43*3 alleles, authors reported
their significantly greater protective effects for early
onset of prostate cancer. EA carried 4.0. % of this allelic
combination, while higher frequency (35.0. %) of this
haplotype was observed in AA samples. This clearly
suggests that this haplotype may have its greatest impact
in AA. Itis likely that AA men carrying the CYP3A4*1B and
CYP3A43*3 combination will have lesser early prostate
cancer diagnoses (16). Arg462GIn gene variation is very
common among AA cases compared to the controls.
In EA with no family history, Arg462GIn was inversely
associated with low-grade and low-stage disease. While
in family-history positive EA, Arg462Gin was positively
associated with low-grade and early-stage disease.
Further analysis on AA population group suggested that
Arg462GIn was associated with positive family history
and high-stage disease (18,19).

Critical role of androgen receptor (AR)
signaling in prostate cancer pathobiology has been
very well documented (20). Exon encoding amino-
terminal transcriptional domain of AR consists of two

polymorphic repeats of high frequency, CAG and GGN.
It is reported that the length of CAG repeats is different
in AA (average 19-20) and EA (average 21-22) races.
Studies conducted over CAG repeats polymorphism
have shown that shorter-length CAG repeats increases
the prostate cancer disparity in AA men (21,22). Thomas
et al. reported two SNPs (rs4242382 and rs6983267)
in 8924 region and one SNP (rs4430796) in HNF1B
region of chromosome. They also observed two SNPs
(rs10896449 and rs10486567) over 1113 and JAZF1
region of chromosome 11 and 7, respectively. These
SNPs made them susceptible for the incidence and faster
progression of prostate cancer (23). Chang et al. validated
the genome-wide prostate cancer association in AA men
and identified SNPs associated with aggressive form of
disease. These SNPs were present on chromosome 8q24
(rs6981122, rs7000448 and rs16901896), chromosome
10 (rs7904463) and chromosome X (rs5945572) (24).

4.1.2. Gene mutations

In addition to gene polymorphism, mutations in
several genes are also considered as important genetic
factors contributing to racial disparities in prostate
cancer. Kittles et al. studied the significance of mutation
in the EPHB2 gene, which encodes the EphB2 receptor
tyrosine kinase, for prostate cancer prevalence in AAmen
in a case-controlled study (25). They reported that the
frequency of the K1019X (3055A—T) nonsense mutation
in the EphB2 gene differed between AA and EA prostate
cancer cases. Higherfrequency ofthe K1019X (3055A—T)
nonsense mutation and the higher prevalence of prostate
cancer among AA men was reported as compared to
their EAss. K1019X (3055A—T) nonsense mutation was
present in AA prostate cancer at a higher rate (15.3%)
as compared to EA cases (1.7%). In addition, higher
frequency of the K1019X (3055A—T) nonsense mutation
was associated with higher prevalence (> 2.0. fold) of
prostate cancer among AA men relative to EApatients.
These data confirm that K1019X mutation in EphB2
gene is an important genetic risk factor for the prostate
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cancer incidence in AA individuals (25). Edward et al.
conducted a study to investigate the association between
BRCA2 gene mutation and prostate cancer incidence.
They concluded that BRCA2 mutation is a potential risk
factor associated with prostate cancer incidences (26).
Mutation in a mitochondrial gene, cytochrome-C oxidase-
subunit 1 gene (COI), has also been shown to be
associated with prostate cancer aggressiveness in men
of AA ancestry when compared with EA individuals. CO/
missense mutation was found in 72.8% of AA prostate
cancer patients and 8.8% of EA patients. The high rate
of mutation present in AA COIl indicates its importance
in racial disparity for prostate cancer, which clearly
differentiates them from EA individuals (27).

4.2. Epigenetic changes in prostate cancer
racial disparity

In addition to the genetic alterations, prostate
cancer cells also carry epigenetic modifications, which
affectanumberofmolecularand cellularevents associated
with development, progression and therapeutic outcome.
Abundant evidence has accumulated to suggest that
epigenetic alterations are significantly different in the
prostate tumors of AA and EA men.

DNA methylation, the addition of a methyl group
to the cytosine within cytosine guanine dinucleotides
(CpGs), is considered the most frequent epigenetic
modification. DNA methylation ultimately causes gene
silencing by blocking the access of transcriptional factors
and/or activators to the target sites (28). Several studies
have demonstrated that the methylation rate of several
genes in normal and malignant prostate tissue is race-
specific, which may potentially contribute to the racial
disparity associated with prostate cancer (29-31). Kwabi-
Addo and co-workers examined the methylation pattern
of six different genes (GSTP1, AR, RARB2, SPARC,
TIMP3, and NKX2-5) in prostate tissue specimens
from AA and EA males. They observed significantly
higher methylation for all genes, except GSTP1, in the
AA samples in comparison to that from EA prostate
cancer patients. In addition, two genes (NKX2-5 and
TIMP3) were hyper-methylated in normal prostate tissue
samples of AA racial background as compared to those
from EA (29).

Woodson et al. examined racial differences in the
methylation status of the GSTP1, CDH1, ANXA2, CD44,
RARb2, RASSF1, CAV1 and EDNRB genes in prostate
tumors (30,31). Higher frequency of CD44 methylation
among AA relative to EA was observed (30,31).
Comparison of GSTP1 methylation in prostate cancer
samples with their clinical and pathological outcomes
showed that AAs with GSTP1 methylation were 13.3 times
more likely to have prostate cancer, whereas in Europeans,
this ratio was only 3.8 (32). These findings suggested
that methylated GSTP1 could be a putative biomarker
for prostate cancer diagnostics in AAs. By contrast, Das

et al. observed that the CD44 and GSTP1 were not
significantly different in terms of their methylation status
between populations. However, significantly enhanced
methylation of PYCARD (TMS1/ASC) in benign prostatic
hyperplasia (BPH) was reported in AA cases (33). Despite
these contradictory findings, the importance of epigenetic
modifications cannot be undermined. Future studies in
this area may be useful for understanding the molecular
basis of race-associated disease, as well as in identifying
biomarkers to better detect and assess prostate cancer in
a particular ethnic group.

4.3. MicroRNAs

MicroRNAs (miRNAs or miRs) are small,
endogenous, non-coding RNAs of 18-25 nucleotides that
act as important regulators of gene expression. miRNAs
either degrade the target mRNAs or inhibit translation
upon binding to the complementary regions in the 3’
untranslated region (UTR) of the target mRNAs (34).
Emerging data suggest that miRNAs play critical roles in
tumor development, progression and therapy-resistance
(34-36). An aberrant expression of several miRNAs
has been observed in different tumors types including
prostate cancer. miRNAs either promote tumor
progression (oncomirs) or suppress their growth (anti-
oncomirs or tumor suppressor miRs) (35,36). Recently,
role of miRNAs in racial disparities associated with
prostate cancer has also been observed. Five miRNAs
viz. miR-1b-1, miR-26a, miR-30c-1, miR-219 and miR-
301 were shown to be differentially-expressed in prostate
tumors of AA and EA racial backgrounds (37). Later,
Theodore et al. examined the expression of miR-26a
in prostate cancer cell lines of AA (RC77N/E, RC77T/E
and MDA-2PCa-2b) and EA (PrEC, RC-92a and PC-3)
origin, representing non-malignant, malignant, and
metastatic prostate cancer tumors, respectively (38,39).
They observed increased (2.2. to 13.3. folds) expression
of miR-26a in AA prostate cancer cells of all three stages
and grades, when compared with EA cell lines of similar
clinical stage and pathological-grade. Interestingly,
there was an increasing trend in miR-26a expression
toward the more aggressive prostate cancer cell lines in
bases of both AA and EA origin. Differential-expression
of let7c and miR-30c in prostate tumor tissues from AA
and EA patients has also been reported (40). In a recent
study, Wang et al. identified 22 miRNA signatures in
AA and 18 miRNAs in EA prostate cancer. In addition,
they also identified novel AA-specific enriched miRNA—
mRNA pairs, including miR-133a/MCL1, miR-513c/
STAT1, miR-96/FOXO03A, miR-145/ITPR2, and miR-34a/
PPP2R2A. Computational pathway analysis suggested
that miRNA—-mRNA pairs predict the enhanced activation
of EGFR-PI3K-AKT signaling in AA compared with EA
cancers. Loss of function of these mMiRNA-mMRNA pairs
in AA prostate cancer cells reduced their proliferation,
aggressiveness and increased docetaxel-induced
cytotoxicity, while their converse manipulation in EA cell
lines enhanced their aggressive potential (41).
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5. ROLE OF ABERRANTLY-ACTIVATED
SIGNALING PATHWAYS IN PROSTATE
CANCER RACIAL DISPARITIES

Several lines of evidence suggest that aberrant
activation of various oncogenic pathways is associated
with prostate cancer racial disparities. Below we have
discussed in length about significance of these pathways.

5.1. Hormone-receptor signaling pathways
Androgens are hormones that are critical for
normal male sexual development. Upon binding to
androgen receptor (AR) within cells, androgens regulate
the expression of several androgen-responsive genes.
AR s anintracellular hormone receptor and a transcription
factor, which is widely known to play critical roles in
the development and progression of prostate cancer.
Moreover, emerging data also suggest that AR signaling
pathway is one of key biological mechanisms associated
with prostate cancer racial disparities. It has been reported
that AA men have higher serum testosterone levels th EA
men, which may be related to the higher risk of prostate
cancer in these men. In fact, high levels of androgens
have long been considered as risk factors for prostate
cancer development. Studies have suggested genetic
mutations in an isozyme form of 5a-reductase (encoded
by the SRD5A2 gene) to contribute to higher conversion
rate of serum testosterone to dihydrotestosterone as
another mechanism underlying prostate cancer racial
disparities. Moreover, Gaston et al. have reported that
expression of AR is 22% higher in benign prostate of AA
men than those of EA (42). Interestingly, their study also
revealed that its expression was 81% higher in malignant
prostate tissue of AA patients as compared to that in
EA counterparts. Using microarray and subsequent IPA
analysis, 1,169 genes were identified to be differentially-
expressed between AA prostate cancer and their
matched normal prostate. Further, ARA55, GNAOT,
GNB3, POLR2L, PRKCE, PRKD1, and TBP were among
the highly upregulated genes, while the expression of
CALR was down-regulated (43). Additionally, these data
yielded a significant overrepresentation of the genes of
AR signaling pathway. Gene fusions involving regulatory
sequences of androgen-responsive gene promoter region
of TMPRSS2, and coding sequences of ETS gene family
resulted in androgen-dependent upregulated expression
of ERG in prostate cancer (44). This prevalence of
TMPRSS2-ERG gene fusion was significantly different in
AA and EA prostate cancer cases being more common
in AA prostate cancer cases. Growing body of evidence
also suggests the role of estrogens in the development
and progression of prostate cancer. Circulating levels
of estradiol and precursor of estradiol “esterone” are
elevated in AA relative to EA men. Considering that AA
men have greater risk for prostate cancer development
as compared to EA, increased circulating estrogens might
suggest an association through the aberrant activation
of ER pathway (45,46). This hypothesis is strongly

supported by studies in which it was demonstrated that
following chronic administration of testosterone to rats at
low doses, prostate tumors developed at low incidence.
However, when estradiol was given together with low-
dose testosterone the incidence of prostate tumor
development increased to nearly 100% (47).

5.2. Growth factor receptor signaling pathway

Several growth factor receptors, which are
known to promote tumor growth, have also been identified
as potential causes of racial disparities in prostate
cancer. Enormous data is available to suggest a role of
epidermal growth factor receptor (EGFR) signaling in
prostate cancer carcinogenesis making it as a promising
therapeutic target (9). In fact, studies also document
the critical involvement of EGFR signaling pathway in
androgen-independent progression of prostate cancer.
Inhibitors of EGFR have been proven to impede the
growth of both androgen-dependent and androgen-
independent prostate cancer xenografts (48,49). Reports
also indicate that EGFR is linked to prostate cancer racial
disparity through intronic dinucleotide repeats (CA) and
its overexpression (50,51). It was demonstrated that the
longer allele of EA repeats is frequent in Asian individuals
with 80% decrease in EGFR protein levels in comparison
to shorter allele (51). In another study, Di Lorenzo
reported that EGFR overexpression was more frequent
in AA than EA patients (52). Later, it was demonstrated
that in AA prostate cancer patients, EGFR is significantly
overexpressed relative to EA patients suggesting that
it might have an impact on the design of anti-EGFR
therapeutic strategies in AA patients (9).

Insulin-like growth factors (IGFs) are growth-
promoting hormones that play a crucial role in cell
proliferation, differentiation, and apoptosis. IGFs exert
their effects by binding to the IGF-I receptor. Numerous
studies have reported higher systemic concentrations
of IGF-1 among AA compared with EA (53). The
physiologic basis for higher IGF-1 among AA is not yet
known. A simple explanation could be that AAs secrete
more growth hormones in general for some undefined
reasons. Nonetheless, higher IGF-1 expression has
been associated with higher intake of total energy,
carbohydrate, fat, and protein (53). Moreover, adiposity
and physical activity may also influence IGF-1 levels,
which is suggestive of influence of dietary habits on
prostate cancer disparities (53).

5.3. Inflammatory signaling pathways

The tumor microenvironment (TME) typically
consists of immune cells, adipocyte, blood vessels,
and secreted soluble and insoluble factors such as
cytokines, growth factors and an interconnected network
of stromal fibroblasts. As a result, there is continuous
bi-directional cross-talk between the tumor and stromal
cells, which facilitates growth-promoting inflammatory
signaling. Moreover, this signaling could also potentiate
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Figure 2. Interaction between different factors contributing to prostate cancer racial disparity. Socioeconomic factors (dietary habits, life-style and living
environment) may cause or impact inherit genetic as well epigenetic alterations in host as well as tumor that interplay with each other to give rise to
various tumor phenotypes i.e. aggressive, therapy resistance etc. which ultimately responsible for the racial disparities in incidence and clinical outcomes.

tumor aggressiveness, resistance to therapy and
immunosuppression. Chronic inflammation is known to
play pivotal roles in the development and progression of
prostate cancer (54). About 80-90% of prostate cancer
specimen indicate the signs of immune infiltration (55).
Besides immune cells, cancer-associated fibroblasts
(CAFs) present in TME also participate vigorously in
growth and aggressiveness of the tumor by secreting
several chemokines, cytokines, growth factors and other
inflammatory mediators (56,57). CAFs communicate with
cancer cells and immune cells through direct cell contact
or by paracrine/exocrine signaling. This multifaceted
communication is crucial to provide the appropriate
microenvironment for tumorigenesis, angiogenesis, and
metastasis.

Even though very few studies have been
performed to investigate the significance of inflammatory
TME in prostate cancer racial disparities, we have some
strong evidence in the literature suggesting that there
is disparate inflammatory TME in prostate cancer of AA
and EA racial backgrounds (8,11). Histological analysis
of prostate biopsy specimen from AA and EA patients
revealed that significantly higher proportion of biopsy
specimens of AA racial background (35.5. % of 493) had
infiltration of immune cells than that from EA men (28.0%
of 736) (58). Levels of PSA were higher in both groups
that had prostate inflammation as compared to those
without inflammation (58). Wallace et al. performed
the microarray analysis to study the gene expression
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profile of primary prostate tumors resected from patients
of AA (n=33) and EA (n=36) racial background. They
found several differentially-expressed genes in prostate
tumor samples of AA and EA patients (59). Furthermore,
bioinformatics analysis revealed that most of the
differentially-expressed genes, including those encoding
for autocrine mobility factor receptor (AMFR), chemokine
receptor 4 (CXCR4), and matrix metalloproteinase
9 (MMP9), were associated with immune response,
stress response, cytokine signaling, chemotaxis, and
inflammation or tumor-immunobiology (59). In another
microarray-based study, it was shown that genes
associated with immune-related pathways, including
IL1B, IL6, and IL8, were overexpressed in prostate
cancer tissues from AA men compared to those from EA
men (60). In addition, many stroma-associated genes
were also found to be differentially-expressed in AA
tumors relative to EAtumors. In stromal compartment, the
altered genes were mainly linked with cytokine signaling
molecules, including several interleukins, TGF-, MIF
and oncostatin M, thus implying that immune effectors
released from stromal cells may also possibly define
prostate cancer racial disparities (60). Enhanced mRNA
expression of CXCR4, IL-6, IL8, IL1B, and TGFB1 was
also reported in prostate tumor specimens of AA racial
background as compared to EA cases. Differential levels
of inflammatory cytokines have been detected in serum
from prostate cancer patients of different racial groups.
Serum IL-6 positively correlates with tumor-burden,
disease aggressiveness, therapy-resistance, and poor
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clinical outcome of prostate cancer patients (61,62). In
several studies, it has been reported that AA men have
higher IL-6 levels than EA men, which suggests that IL-6
may be one of the key determinants of high prostate
cancer morbidity and mortality in them (63-65). Together,
these studies suggest that disparate inflammatory
microenvironment may also underlie disproportionate
incidence and unfavorable outcomes in AA men.

6. CONCLUSIONS AND FUTURE
PERSPECTIVES

With increasing awareness and dedicated
governmental support, research on understanding and
eliminating the causes of racial disparities in cancer and
other benign diseases is gaining momentum. Indeed, in
many academic health centers, health disparity research
has become one of the priorities. This increasing focus
has resulted in an influx of data on various aspects of
prevalent health disparities including that in prostate
cancer. It is now well recognized that men of African
descent experience greater incidence and mortality
rates of prostate cancer as compared to men of other
ethnicities and these disparity gaps continue to rise.
At the same time, we have also developed a better
understanding of the underlying causes associated with
prostate cancer racial disparities. The data now strongly
support that besides differences in socioeconomic
status, genetic and non-genetic biological factors
play an important role in racial disparities associated
with prostate cancer. In fact, a number of genetic and
epigenetic aberrations have been associated with racial
disparities. However, exact link of these aberrations as
causal factors remain yet to be established. Importantly,
emerging evidence now also suggests differential
tumor-microenvironment may also be one important
cause for racially disparate clinical outcomes in
prostate cancer patients, since the composition of tumor
microenvironment can differ from patient to patient as
a result of the genetic makeup of tumors, extent of
genetic heterogeneity, host genetics as well as life-
style, dietary and environmental factors. Therefore, it
can be postulated that biological differences in tumors
or more specifically, in tumor-microenvironment, are
determined not only by host and tumor genetics, but
also by socioeconomic, cultural, and behavioral aspects
of the patients (Figure 2). This gives us a broader and
more inclusive perspective of biological basis of prostate
cancer racial disparities, and should direct our future
endeavor in basic, clinical and translational research. As
is always the case with any type of research, availability
of relevant resources, funding support and appropriate
research tools are vital to make progress in prostate
cancer health disparity research. Thus concerted efforts
at the research team level, community level, in clinics
and by our policy makers are needed to make race-
associated disparities as a thing of the past or at the
least make them irrelevant in clinical practice.

778

7. ACKNOWLEDGEMENTS

We would like to acknowledge the funding
support from NIH/NCI (CA185490 and CA175772 (to
APS)) CA204801 (to SS) and USAMCI.

8. REFERENCES

R.L. Siegel, K.D. Miller, A. Jemal: Cancer
statistics, 2016. CA Cancer J.Clin. 66 7-30
(2016)

DOI: 10.3322/caac.21332

P. Fernandez, M. Salie, T.D. du, A. van
der Merwe: Analysis of Prostate Cancer
Susceptibility Variants in South African Men:
Replicating Associations on Chromosomes
8924 and 10q11. Prostate Cancer
DOI: 10.1.155/2015/465184 (2015)

L.S. Lim, K. Sherin: Screening for prostate
cancer in U.S. men ACPM position statement
on preventive practice. Am.J.Prev.Med.
34 164-170 (2008)

DOI: 10.1016/j.amepre.2007.10.003.

M.R. Cooperberg: Re-examining racial
disparities in prostate cancer outcomes.
J.Clin.Oncol. 20;31 2979-2980 (2013)

S. Chhatre, M.S. Bruce, S.J. Sanford, R.
Jayadevappa: Understanding the Racial
and Ethnic Differences in Cost and Mortality
Among Advanced Stage Prostate Cancer
Patients (STROBE) Medicine (Baltimore) 94
1353 (2015)

DOI: 10.1097/MD.0000000000001353

R.M. Hoffman, F.D. Gilliland, J.W. Eley, L.C.
Harlan, R.A. Stephenson, J.L. Stanford, P.C.
Albertson, A.S. Hamilton, W.C. Hunt, A.L.
Potosky: Racial and ethnic differences in
advanced-stage prostate cancer: the Prostate
Cancer Outcomes Study. J.Natl.Cancer Inst.
93 388-395 (2001)

DOI: 10.1093/jnci/93.5.388

K.F. McGinley, K.J. Tay, J.W. Moul: Prostate
cancer in men of African origin. Nat.Rev.Urol.
13 99-107 (2016)

DOI: 10.1038/nrurol.2015.298

I.J. Powell, A. Bollig-Fischer: Minireview: the
molecular and genomic basis for prostate
cancer health disparities. Mol.Endocrinol.
27 879-891 (2013)

DOI: 10.1210/me.2013-1039

B. Shuch, M. Mikhail, J. Satagopan, P. Lee, H.

© 1996-2017


http://dx.doi.org/10.3322/caac.21332
http://dx.doi.org/10.1.155/2015/465184�(2015
http://dx.doi.org/10.1016/j.amepre.2007.10.003
http://dx.doi.org/10.1097/MD.0000000000001353
http://dx.doi.org/10.1093/jnci/93.5.388
http://dx.doi.org/10.1038/nrurol.2015.298
http://dx.doi.org/10.1210/me.2013-1039

Racial disparities in prostate cancer.

10.

1.

12.

13.

14.

15.

Yee, C. Chang, C. Cordon-Cardo, S.S. Taneja,
I. Osman: Racial disparity of epidermal growth
factor receptor expression in prostate cancer.
J.Clin.Oncol. 22 4725-4729 (2004)

DOI: 10.1200/JC0.2004.06.134

A.B. Murphy, Y. Nyame, K. Martin, W.J.
Catalona, C.M. Hollowell, R.B. Nadler, J.M.
Kozlowski, K.T. Perry, A. Kajdacsy-Balla,
R. Kittles: Vitamin D deficiency predicts
prostate biopsy outcomes. Clin.Cancer Res.
20 2289-2299 (2014)

DOI: 10.1158/1078-0432.CCR-13-3085

K. Batai, A.B. Murphy, L. Nonn, R.A.
Kittles: Vitamin D and Immune Response:
Implications for Prostate Cancer in African
Americans. Front Immunol. 7:53 (2016)

DOI: 10.3389/fimmu.2016.00053

M. Gacci, E. Baldi, L. Tamburrino, B. Detti, L.
Livi, N.C. De, A. Tubaro, S. Gravas, M. Carini,
S. Serni: Quality of Life and Sexual Health
in the Aging of Prostate cancer Survivors.
Int.J.Endocrinol

DOI: 10.1.155/2014/470592 (2014).

E.M. Ledet, O. Sartor, W. Rayford, J.E. Bailey-
Wilson, D.M. Mandal: Suggestive evidence
of linkage identified at chromosomes 12q24
and 2p16 in African American prostate
cancer families from Louisiana. Prostate.
72 938-947 (2012)

DOI: 10.1002/pros.21496

J.T.Bensen, Z. Xu, G.J. Smith, J.L. Mohler, E.T.
Fontham, J.A. Taylor: Genetic polymorphism
and prostate cancer aggressiveness: a case-
only study of 1,536 GWAS and candidate
SNPs in African-Americans and European-
Americans. Prostate. 73 11-22 (2013)

DOI: 10.1002/pros.22532

L.T. Amundadottir, P. Sulem, J. Gudmundsson,
A. Helgason, A. Baker, B.A. Agnarsson,
A. Sigurdsson, K.R. Benediktsdottir, J.B.
Cazier, J. Sainz, M. Jakobsdottir, J. Kostic,
D.N. Magnusdottir, S. Ghosh, K. Agnarsson,
B. Birgisdotti, R.L. Le, A. Olafsdottir, T.
Blondal, M. Andresdottir, O.S. Gretarsdottir,
J.T. Bergthorsson, D. Gudbjartsson, A.
Gylfason, G. Thorleifsson, A. Manolescu,
K. Kristjansson, G. Geirsson, H. Isaksson,
J. Douglas, J.E. Johansson, K. Balter, F.
Wiklund, J.E. Montie, X. Yu, B.K. Suarez,
C. Ober, K.A. Cooney, H. Gronberg, W.J.
Catalona, G.V. Einarsson, R.B. Barkardottir,

779

16.

17.

18.

20.

21.

22.

23.

J.R. Guicher, A. Kong, U. Thorsteinsdottir,
K. Stefansson: A common variant associated
with prostate cancer in European and African
populations. Nat.Genet. 38 652-658 (2006)
DOI: 10.1038/ng1808

C. Zeigler-dohnson, T. Friebel, A.H. Walker, Y.
Wang, E. Spangler, S. Panossian, M. Patacsil,
R. Aplenc, A.J. Wein, S.B. Malkowicz, T.R.
Rebbeck: CYP3A4, CYP3A5, and CYP3A43
genotypes and haplotypes in the etiology
and severity of prostate cancer. Cancer Res.
64 8461-8467 (2004)

DOI: 10.1158/0008-5472.CAN-04-1651

C.M. Zeigler-dohnson, E. Spangler, M. Jalloh,
S.M. Gueye, H. Rennert, T.R. Rebbeck:
Genetic susceptibility to prostate cancer
in men of African descent: implications for
global disparities in incidence and outcomes.
Can.J.Urol. 15 3872-3882 (2008)

G. Casey, P.J. Neville, S.J. Plummer, Y. Xiang,
L.M. Krumroy, E.A. Klein, W.J. Catalona, N.
Nupponen, J.D. Carpten, J.M. Trent, R.H.
Silverman, J.S. Witte: RNASEL Arg462GIn
variant is implicated in up to 13% of prostate
cancer cases. Nat.Genet. 32 581-583 (2002)
DOI: 10.1038/ng1021

J. Li, E. Mercer, X. Gou, Y.J. Lu: Ethnical
disparities of prostate cancer predisposition:
genetic polymorphisms in androgen-related
genes. Am.J.Cancer Res. 3 127-151 (2013)

P.A. Watson, V.K. Arora, C.L. Sawyers:
Emerging mechanisms of resistance to
androgen receptor inhibitors in prostate
cancer. Nat.Rev.Cancer. 15 701-711 (2015)
DOI: 10.1038/nrc4016

J. Farrell, G. Petrovics, D.G. MclLeod, S.
Srivastava: Genetic and molecular differences
in prostate carcinogenesis between African
American and Caucasian American men.
Int.J.Mol.Sci. 14 15510-15531 (2013)

DOI: 10.3390/ijms140815510

E.M. Lange, A.V. Sarma, A. Ray, Y. Wang,
L.A. Ho, S.A. Anderson, J.M. Cunningham,
K.A. Cooney: The androgen receptor CAG
and GGN repeat polymorphisms and prostate
cancer susceptibility in African-American
men: results from the Flint Men’s Health
Study. J.Hum.Genet. 53 220-226 (2008)

DOI: 10.1007/s10038-007-0240-4

G. Thomas, K.B. Jacobs, M. Yeager, P. Kraft,

© 1996-2017


http://dx.doi.org/10.1200/JCO.2004.06.134
http://dx.doi.org/10.1158/1078-0432.CCR-13-3085
http://dx.doi.org/10.3389/fimmu.2016.00053
http://dx.doi.org/10.1.155/2014/470592�(2014
http://dx.doi.org/10.1002/pros.21496
http://dx.doi.org/10.1002/pros.22532
http://dx.doi.org/10.1038/ng1808
http://dx.doi.org/10.1158/0008-5472.CAN-04-1651
http://dx.doi.org/10.1038/ng1021
http://dx.doi.org/10.1038/nrc4016
http://dx.doi.org/10.3390/ijms140815510
http://dx.doi.org/10.1007/s10038-007-0240-4

Racial disparities in prostate cancer.

24.

25.

26.

27.

S. Wacholder, N. Orr, K. Yu, N. Chatterjee,
R. Welch, A. Hutchinson, A. Crenshaw, G.
Cancel-Tassin, B.J. Staats, Z. Wang, J.
Gonzalez-Bosquet, J. Fang, X. Deng, S.I.
Berndt, E.E. Calle, H.S. Feigelson, M.J. Thun,
C. Rodriguez, D. Albanes, J. Virtamo, S.
Weinstein, F.R. Schumacher, E. Giovannucci,
W.C. Willett, O. Cussenot, A. Valeri, G.L.
Andriole, E.D. Crawford, M. Tucker, D.S.
Gerhard, J.F. Fraumeni, Jr., R. Hoover, R.B.
Hayes, D.J. Hunter, S.J. Chanock: Multiple
loci identified in a genome-wide association
study of prostate cancer. Nat.Genet.
40 310-315 (2008)

DOI: 10.1038/ng.91

B.L. Chang, E. Spangler, S. Gallagher, C.A.
Haiman, B. Henderson, W. lIsaacs, M.L.
Benford, L.R. Kidd, K. Cooney, S. Strom, S.A.
Ingles, M.C. Stern, R. Corral, A.D. Joshi, J.
Xu, V.N. Giri, B. Rybicki, C. Neslund-Dudas,
A.S. Kibel, ILM. Thompson, R.J. Leach,
E.A. Ostrander, J.L. Stanford, J. Witte, G.
Casey, R. Eeles, AW. Hsing, S. Chanock,
J.J. Hu, E.M. John, J. Park, K. Stefflova, C.
Zeigler-Johnson, T.R. Rebbeck: Validation of
genome-wide prostate cancer associations
in men of African descent. Cancer Epidemiol.
Biomarkers Prev. 20 23-32 (2011)

DOI: 10.1158/1055-9965.EPI-10-0698

R.A. Kittles, A.B. Baffoe-Bonnie, T.Y. Moses,
C.M. Robbins, C. Ahaghotu, P. Huusko, C.
Pettaway, S. Vijayakumar, J. Bennett, G.
Hoke, T. Mason, S. Weinrich, J.M. Trent,
F.S. Collins, S. Mousses, J. Bailey-Wilson, P.
Furbert-Harris, G. Dunston, |.J. Powell, J.D.
Carpten: A common nonsense mutation in
EphB2 is associated with prostate cancer risk
in African American men with a positive family
history. J.Med.Genet. 43 507-511 (2006)
DOI: 10.1136/jmg.2005.035790

S.M. Edwards, Z. Kote-Jarai, J. Meitz, R.
Hamoudi, Q. Hope, P. Osin, R. Jackson,
C. Southgate, R. Singh, A. Falconer, D.P.
Dearnaley, A. Ardern-Jones, A. Murkin, A.
Dowe, J. Kelly, S. Wiliams, R. Oram, M.
Stevens, D.M. Teare, B.A. Ponder, S.A.
Gayther, D.F. Easton, R.A. Eeles: Two percent
of men with early-onset prostate cancer
harbor germline mutations in the BRCA2
gene. Am.J.Hum.Genet. 72 1-12 (2003)

DOI: 10.1086/345310

T.A. Scott, R.Arnold, J.A. Petros: Mitochondrial

780

28.

20.

30.

31.

32.

33.

34.

35.

36.

Cytochrome ¢ Oxidase subunit 1 Sequence
Variation in Prostate Cancer. Scientifica.
Cairo.) 2012:701810. 701810 (2012)

P.A. Jones, S.B. Baylin: The fundamental
role of epigenetic events in cancer. Nat.Rev.
Genet. 3 415-428 (2002)

B. Kwabi-Addo, S. Wang, W. Chung, J. Jelinek,
S.R. Patierno, B.D. Wang, R. Andrawis,
N.H. Lee, V. Apprey, J.P. Issa, M. Ittmann:
Identification of differentially methylated
genes in normal prostate tissues from African
American and Caucasian men. Clin.Cancer
Res. 16 3539-3547 (2010)

DOI: 10.1158/1078-0432.CCR-09-3342

K. Woodson, R. Hayes, L. Wideroff, L. Villaruz,
J. Tangrea: Hypermethylation of GSTP1,
CD44, and E-cadherin genes in prostate
cancer among US Blacks and Whites.
Prostate. 55 199-205 (2003)

DOI: 10.1002/pros.10236

K. Woodson, J. Hanson, J. Tangrea: A survey
of gene-specific methylation in human
prostate cancer among black and white men.
Cancer Lett. 205 181-188 (2004)

DOI: 10.1016/j.canlet.2003.11.027

H. Enokida, H. Shiina, S. Urakami, M.
Igawa, T. Ogishima, D. Pookot, L.C. Li, Z.L.
Tabatabai, M. Kawahara, M. Nakagawa, C.J.
Kane, P.R. Carroll, R. Dahiya: Ethnic group-
related differences in CpG hypermethylation
of the GSTP1 gene promoter among
African-American, Caucasian and Asian
patients with prostate cancer. Int.J.Cancer.
20;116 174-181 (2005)

P.M. Das, K. Ramachandran, J. Vanwert, L.
Ferdinand, G. Gopisetty, |.M. Reis, R. Singal:
Methylation mediated silencing of TMS1/ASC
gene in prostate cancer. Mol.Cancer. 5:28.
28 (2006)

A. Bhardwaj, S. Singh, A.P. Singh: MicroRNA-
based Cancer Therapeutics: Big Hope
from Small RNAs. Mol.Cell Pharmacol.
2 213-219 (2010)

A.Bhardwaj, S. Arora, V.K. Prajapati, S. Singh,
A.P. Singh: Cancer “stemness”- regulating
microRNAs: role, mechanisms  and
therapeutic potential. Curr.Drug Targets.
14 1175-1184 (2013)

DOI: 10.2174/13894501113149990190

S.K. Srivastava, S. Arora, S. Singh, A.

© 1996-2017


http://dx.doi.org/10.1038/ng.91
http://dx.doi.org/10.1158/1055-9965.EPI-10-0698
http://dx.doi.org/10.1136/jmg.2005.035790
http://dx.doi.org/10.1086/345310
http://dx.doi.org/10.1158/1078-0432.CCR-09-3342
http://dx.doi.org/10.1002/pros.10236
http://dx.doi.org/10.1016/j.canlet.2003.11.027
http://dx.doi.org/10.2174/13894501113149990190

Racial disparities in prostate cancer.

37.

38.

39.

40.

41.

42.

43.

44.

Bhardwaj, C. Averett, A.P. Singh: MicroRNAs
in pancreatic malignancy: progress and
promises. Cancer Lett. 347 167-174 (2014)
DOI: 10.1016/j.canlet.2014.02.015

G.A. Calin, C.M. Croce: MicroRNA signatures
in  human  cancers.  Nat.Rev.Cancer.
6 857-866 (2006)

DOI: 10.1038/nrc1997

S.C. Theodore, J.S. Rhim, T. Turner, C. Yates:
MIiRNA 26a expression in a novel panel of
African American prostate cancer cell lines.
Ethn.Dis. 20 S1-100 (2010)

S.C. Theodore, M. Davis, F. Zhao, H. Wang,
D. Chen, J. Rhim, W. Dean-Colomb, T.
Turner, W. Ji, G. Zeng, W. Grizzle, C. Yates:
MicroRNA profiling of novel African American
and Caucasian Prostate Cancer cell lines
reveals a reciprocal regulatory relationship
of miR-152 and DNA methyltranferase 1.
Oncotarget. 5 3512-3525 (2014)

DOI: 10.18632/oncotarget. 1953

D. Hatcher, G. Daniels, I. Osman, P. Lee:
Molecular mechanisms involving prostate

cancer racial disparity. Am.J.Transl.Res.
20;1 235-248 (2009)
B.D. Wang, K. Ceniccola, Q. Yang, R.

Andrawis, V. Patel, Y. Ji, J. Rhim, J. Olender,
A. Popratiloff, P. Latham, Y. Lai, S.R. Patierno,
N.H. Lee: Identification and Functional
Validation of Reciprocal microRNA-mRNA
Pairings in African American Prostate
Cancer Disparities.  Clin.Cancer Res.
21 4970-4984 (2015)

DOI: 10.1158/1078-0432.CCR-14-1566

K.E. Gaston, D. Kim, S. Singh, O.H. Ford, I,
J.L. Mohler: Racial differences in androgen
receptor protein expression in men with
clinically localized prostate cancer. J.Urol.
170 990-993 (2003)

DOI: 10.1097/01.ju.0000079761.56154.e5

B.D. Wang, Q. Yang, K. Ceniccola, F. Bianco,
R. Andrawis, T. Jarrett, H. Frazier, S.R.
Patierno, N.H. Lee: Androgen receptor-target
genes in african american prostate cancer
disparities. Prostate Cancer

DOI: 10.1.155/2013/763569 (2013)

T.L. Sreenath, A. Dobi, G. Petrovics, S.
Srivastava: Oncogenic activation of ERG:
A predominant mechanism in prostate cancer.
J.Carcinog. 10:37. 37-3163 (2011)
DOI: 10.4.103/1477-3163.9.1122.

781

45.

46.

47.

48.

49.

50.

51.

52.

53.

M.C. Bosland: The role of estrogens in
prostate carcinogenesis: a rationale for
chemoprevention. Rev.Urol. 7 Suppl 3:S4-
S10. S4-S10 (2005)

R. Ross, L. Bernstein, H. Judd, R. Hanisch,
M. Pike, B. Henderson: Serum testosterone
levels in healthy young black and white men.
J.Natl.Cancer Inst. 76 45-48 (1986)

M.C. Bosland, H. Ford, L. Horton: Induction
at high incidence of ductal prostate
adenocarcinomas in NBL/Cr and Sprague-
Dawley Hsd: SD rats treated with a
combination of testosterone and estradiol-17
beta or diethylstilbestrol. Carcinogenesis.
16 1311-1317 (1995)

DOI: 10.1093/carcin/16.6.1311

F.M. Sirotnak, M.F. Zakowski, V.A. Miller, H.I.
Scher, M.G. Kris: Efficacy of cytotoxic agents
against human tumor xenografts is markedly
enhanced by coadministration of ZD1839
(Iressa), an inhibitor of EGFR tyrosine kinase.
Clin.Cancer Res. 6 4885-4892 (2000)

F.M. Sirotnak, Y. She, F. Lee, J. Chen, H.I.
Scher: Studies with CWR22 xenografts in nude
mice suggest that ZD1839 may have a role
in the treatment of both androgen-dependent
and androgen-independent human prostate
cancer. Clin.Cancer Res. 8 3870-3876 (2002)

F. Gebhardt, K.S. Zanker, B. Brandt:
Modulation of epidermal growth factor
receptor gene transcription by a polymorphic
dinucleotide repeat in intron 1. J.Biol.Chem.
274 13176-13180 (1999)

DOI: 10.1074/jbc.274.19.13176

D. Hatcher, G. Daniels, I. Osman, P. Lee:
Molecular mechanisms involving prostate
cancer racial disparity. Am.J.Transl.Res.
20;1 235-248 (2009)

L.G. Di, G. Tortora, F.P. D’Armiento, R.G.
De, S. Staibano, R. Autorino, M. D’Armiento,
L.M. De, P.S. De, G. Catalano, A.R. Bianco,
F. Ciardiello: Expression of epidermal growth
factor receptor correlates with disease relapse
and progression to androgen-independence
in human prostate cancer. Clin.Cancer Res.
8 3438-3444 (2002)

P.B. Higgins, J.R. Fernandez, M.l. Goran,
B.A. Gower: Early ethnic difference in
insulin-like growth factor-1 is associated
with African genetic admixture. Pediatr.Res.
58 850-854 (2005)

© 1996-2017


http://dx.doi.org/10.1016/j.canlet.2014.02.015
http://dx.doi.org/10.1038/nrc1997
http://dx.doi.org/10.18632/oncotarget.1953
http://dx.doi.org/10.1158/1078-0432.CCR-14-1566
http://dx.doi.org/10.1097/01.ju.0000079761.56154.e5
http://dx.doi.org/10.1.155/2013/763569�(2013
http://dx.doi.org/10.4.103/1477-3163.9.1122
http://dx.doi.org/10.1093/carcin/16.6.1311
http://dx.doi.org/10.1074/jbc.274.19.13176

Racial disparities in prostate cancer.

54.

55.

56.

57.

58.

59.

60.

61.

DOI: 10.1203/01.PDR.0000182583.92130.08

A.M. De Marzo, E.A. Platz, S. Suftcliffe, J.
Xu, H. Gronberg, C.G. Drake, Y. Nakai,
W.B. Isaacs, W.G. Nelson: Inflammation in
prostate carcinogenesis. Nat.Rev.Cancer.
7 256-269 (2007)

DOI: 10.1038/nrc2090

A. Strasner, M. Karin: Immune Infiltration and
Prostate Cancer. Front Oncol. 5:128 (2015)
DOI: 10.3389/fonc.2015.00128

S.K. Deshmukh, S.K. Srivastava, A.
Bhardwaj, A.P. Singh, N. Tyagi, S. Marimuthu,
D.L. Dyess, Z. Dal, V, J.E. Carter, S. Singh:
Resistin and interleukin-6 exhibit racially-
disparate expression in breast cancer
patients, display molecular association and
promote growth and aggressiveness of tumor
cells through STAT3 activation. Oncotarget.
6 11231-11241 (2015)

DOI: 10.18632/oncotarget.3591

G. Landskron, M. De la Fuente, P. Thuwaijit, C.
Thuwaijit, M.A. Hermoso: Chronic inflammation
and cytokines in the tumor microenvironment.
J.Immunol.Res. 2014:149185

DOI: 10.1.155/2014/149185.

J.A. Eastham, R.A. May, T. Whatley, A.
Crow, D.D. Venable, O. Sartor: Clinical
characteristics and  biopsy  specimen
features in African-American and white men
without prostate cancer. J.Natl.Cancer Inst.
20;90 756-760 (1998)

T.A. Wallace, R.L. Prueitt, M. Yi, T.M. Howe,
J.W. Gillespie, H.G. Yfantis, R.M. Stephens,
N.E. Caporaso, C.A. Loffredo, S. Ambs:
Tumor immunobiological differences in
prostate cancer between African-American
and European-American men. Cancer Res.
68 927-936 (2008)

DOI: 10.1158/0008-5472.CAN-07-2608

M.A. Kinseth, Z. Jia, F. Rahmatpanah, A.
Sawyers, M. Sutton, J. Wang-Rodriguez,
D. Mercola, K.L. McGuire: Expression
differences between African American and
Caucasian prostate cancer tissue reveals
that stroma is the site of aggressive changes.
Int.J.Cancer. 134 81-91 (2014)

DOI: 10.1002/ijc.28326

Z. Culig: Proinflammatory cytokine
interleukin-6 in prostate carcinogenesis.
Am.J.Clin.Exp.Urol. 2 231-238 (2014)

62. D.P. Nguyen, J. Li, A.K. Tewari: Inflammation
and prostate cancer: the role of interleukin 6
(IL-6) BJU.Int. 113 986-992 (2014)

DOI: 10.1111/bju.12452

63. C.L. Coe, G.D. Love, M. Karasawa, N.
Kawakami, S. Kitayama, H.R. Markus, R.P.
Tracy, C.D. Ryff: Population differences in
proinflammatory biology: Japanese have
healthier profiles than Americans. Brain
Behav.Immun. 25 494-502 (2011)

DOI: 10.1016/j.bbi.2010.11.013

64. T.L. Gruenewald, S. Cohen, K.A. Matthews,
R. Tracy, T.E. Seeman: Association of
socioeconomic status with inflammation
markers in black and white men and women
in the Coronary Artery Risk Development in
Young Adults (CARDIA) study. Soc.Sci.Med.
69 451-459 (2009)

DOI: 10.1016/j.socscimed.2009.05.018

65. N. Ranjit, A.\V. Diez-Roux, S. Shea, M.
Cushman, T. Seeman, S.A. Jackson, H. Ni:
Psychosocial factors and inflammation in the
multi-ethnic study of atherosclerosis. Arch.
Intern.Med. 167 174-181 (2007)

DOI: 10.1001/archinte.167.2.174

Abbreviations: AA: African-American, EA:
European-Americans, @ PSA:  prostate-specific
antigen, SES: socioeconomic status, PAR:
population-attributable risk, COI: cytochrome-C
oxidase-subunit 1 gene, CpGs: cytosine guanine
dinucleotides, UTR: untranslated region, EGFR:
epidermal growth factor receptor, IGFs: Insulin-like
growth factors, TME: tumor micro-environment,
CAFs: cancer-associated fibroblasts, CXCRA4:
chemokine receptor 4

Key Words: Prostate Cancer, Racial Disparities,
Genetics, miRNAs, Growth Factors, Inflammatory
Signaling

Send correspondence to: Arun Bhardwaj,
Department of Oncologic Sciences, Mitchell
Cancer Institute, University of South Alabama, 1660
Spring Hill Avenue, Mobile-36604-1405, Alabama,
USA, Tel: 251-445-9874, Fax: 251-460-6994,
E-mail: abhardwaj@health.southalabama.edu

© 1996-2017


http://dx.doi.org/10.1203/01.PDR.0000182583.92130.08
http://dx.doi.org/10.1038/nrc2090
http://dx.doi.org/10.3389/fonc.2015.00128
http://dx.doi.org/10.18632/oncotarget.3591
http://dx.doi.org/10.1.155/2014/149185
http://dx.doi.org/10.1158/0008-5472.CAN-07-2608
http://dx.doi.org/10.1002/ijc.28326
http://dx.doi.org/10.1111/bju.12452
http://dx.doi.org/10.1016/j.bbi.2010.11.013
http://dx.doi.org/10.1016/j.socscimed.2009.05.018
http://dx.doi.org/10.1001/archinte.167.2.174
mailto:abhardwaj%40health.southalabama.edu?subject=

