Am J Cancer Res 2022;12(4):1660-1670
www.ajcr.us /ISSN:2156-6976/ajcr0139929

Original Article

Identification of novel biomarkers

differentially expressed between African-American
and Caucasian-American prostate cancer patients

Fei Yel, Xiaoxia Han?, Yonzhao Shao?, Jingzhi Lo®, Fengxia Zhang?, Jinhua Wang®, Jonathan Melamed?,
Fang-Ming Deng?, Karen S Sfanos®, Angelo De Marzo®, Guoping Ren’, Dongwen Wang®, David Zhang?, Peng
Lee345

1Department of Pathology and Laboratory Medicine, Memorial Sloan Kettering Cancer Center, New York, USA;
Departments of Biostatstics, *Pathology, “Urology, °New York Harbor Healthcare System, New York University
School of Medicine, New York, USA; SDepartment of Pathology, Johns Hopkins University, Baltimore, MD, USA;
"Department of Pathology, First Hospital of Zhejiang University, Zhejiang, China; 8Department of Urology, Cancer
Hospital Chinese Academy of Medical Sciences, Shenzhen Center, Guangdong, China; °Department of Genomic
Medicine Unit, Sanofi, Waltham, MA, USA

Received October 19, 2021; Accepted February 10, 2022; Epub April 15, 2022; Published April 30, 2022

Abstract: Prostate cancer (PCa) incidence and mortality rate vary among racial and ethnic groups with the highest
occurrence in African American (AA) men who have mortality rates twice that of Caucasians (CA). In this study, we
focused on differential expression of proteins in AA prostate cancer compared to CA using Protein Pathway Array
Analysis (PPAA), in order to identify protein biomarkers associated with PCa racial disparity. Fresh frozen prostate
samples (n=90) obtained from radical prostatectomy specimens with PCa, including 25 AA tumor, 21 AA benign, 23
CA tumor, 21 CA benign samples were analyzed. A total of 286 proteins and phosphoproteins were assessed using
PPAA. By PPAA analysis, 33 proteins were found to be significantly differentially expressed in tumor tissue (n=48,
including both CA and AA) in comparison to benign tissue (n=42). We further compared protein expression levels be-
tween AA and CA tumor groups and found that 3 proteins were differentially expressed (P<0.05 and q<5%). Aurora
was found to be significantly increased in AA tumors, while Cyclin D1 and HNF-3a proteins were downregulated in
AA tumors. Predicted risk score was significantly different between AA and CA ethnic groups using logistic regres-
sion analysis. In conclusion, we identified Aurora, Cyclin D1 and HNF-3a proteins as being differentially expressed
between AA and CA in PCa tissue. Our study suggests that these proteins might be involved in different pathways
that lead to aggressive PCa behavior in AA patients, potentially serving as biomarkers for the PCa racial disparity.
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Introduction

Prostate cancer (PCa) places an exceptional
burden on the African American (AA) popula-
tion. There have been intensive studies that
show there is a disparity of PCa between AA
and Caucasian (CA) men; namely, AA men have
a notably higher prevalence than CA men and
present with PCa at a younger age [1-3].
Contributions to outcome disparities are multi-
factorial, including socioeconomic differences
that may affect access to quality health care
[4-8] as well as tumor biology. In order to under-
stand the molecular mechanisms contributing
to these disparities, it is crucial to identify bio-

logical factors that may contribute to the
increased PCa mortality observed among AA
men and characterize biomarkers predicting
cancer behavior.

The poor prognosis of AA men with PCa may be
attributed to biological factors such as tumor
biology, genetics and molecular changes [4-10].
Several epidemiologic and genetic investiga-
tions have focused on AA men to decipher the
molecular basis for such disparities; however,
the molecular causes of the more aggressive
PCa in AA patients remain to be further eluci-
dated. Androgens and the androgen receptor-
mediated signaling pathways that contribute to
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the racial disparity of PCa have been investi-
gated at both the protein and genetic level.
These studies suggest that androgens along
with other hormones and their receptors may
have an important role in racial disparity in PCa
[11-16]. Recent genome-wide association stud-
ies in PCa have shown genetic heterogeneity in
PCa association in AA men versus CA such as
differences at 8924 [17, 18] and 17921 chro-
mosomes [19]. Different levels of methylation
for functionally relevant genes were also re-
ported as possible factors in PCa racial dispari-
ties [20-22]. Growth factors have been studied
regarding the racial disparity in PCa and a well-
documented example is the finding that, epi-
dermal growth factor receptor (EGFR) muta-
tions are more common in AA patients than in
CA patients [23]. The differences in apoptotic
genes related to PCa racial disparity have also
been studied and showed a significant associa-
tion between Bcl-2 positivity and proliferation
in AA men [24]. There are several reported sin-
gle-nucleotide polymorphisms (SNPs) [25] and
copy number variations [26] associated with
racial diversity, which may influence non-
coding RNA expression, epigenetic regulation,
and/or post-translational modifications. How-
ever, their biological and clinical significance in
most cases is unknown. All of these findings
suggest that there are distinct molecular and
genetic differences contributing to racial differ-
ences of PCa development and disease pro-
gression, and subsequently, a subset of these
factors may contribute to a more aggressive
PCa biology in AA patients. Despite all these
efforts, studies on the difference between AA
and CA PCa are limited at the proteomic land-
scape level.

In this study, we hypothesize that the gene
expression profiles of PCa in AA and CA pati-
ents can reveal biological differences between
the two populations that may explain the more
aggressive cancer phenotype in AA paitents.
We used PPAA analysis: a high-throughput pro-
tein assay with a capability to characterize hun-
dreds of proteins in tissue samples, to identify
and evaluate the alterations of functionally im-
portant proteins and phosphoproteins in sam-
ples from AA and CA PCa patients and identify
a robust set of proteins that are associated
with PCa racial disparity. The changes of these
proteins were further correlated with an impor-
tant outcome factor Gleason score and showed
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distinct protein expressions between AA and
CA cohorts.

Materials and methods
Tissue specimens and patient characteristics

For the Protein Pathway Array (PPAA) analysis, a
total of 90 fresh frozen tissue specimens with
adequate protein including tumor and adjacent
normal prostate were obtained during surgical
resection on patients with primary PCa from
the hospitals of Mount Sinai and the Prostate
Cancer Biorepository Network (PCBN) (25 AA
tumors, 21 AA benign, 23 CA tumors, 21 CA
benign samples). All samples were snap frozen
tissue collected before year between 2003 to
2013 with a minimum 10 year follow up at the
time of study. All cancer cases were examined
by frozen section with at least 80% cancer vol-
ume. The clinicopathologic data of the patients
are summarized in Table 1. This study was
reviewed and approved by the institutional ethi-
cal review board.

Protein pathway array analysis (PPAA)

As descripted previously [27, 28], total protein
was extracted from 90 fresh frozen prostate
samples. 1 mL of 1x lysis buffer (Cell Signaling
Technology, Danvers, MA) with 1x protease
inhibitor cocktail (Roche Applied Science,
Indianapolis, IN) and 1x phosphatase inhibitor
cocktail (Roche Applied Science, Indianapolis,
IN) were added to each tissue sample. Homo-
genizer (Benchmark Scientific, Edison, NJ) with
1.7 mm acid washed zirconium beads (Ops
Diagnostics, Lebanon, NJ) was used to homog-
enize the samples. The machine operated for
30 seconds at 4,000 rpm and samples were
then put on ice for 15 minutes. The lysate
was sonicated 3 times for 15 seconds each
time on ice water, then centrifuged at 14,000
rom for 30 min at 4°C to remove incompletely
lysed debris. The protein concentration was
determined with the BCA Protein Assay kit
(PIERCE, Rockford, IL). 315 pg of lysated pro-
tein was loaded in one well across the entire
width of 10% SDS polyacrylamide and se-
parated by electrophoresis. After electrophore-
sis, the protein was transferred electrophoreti-
cally to a nitrocellulose membrane (BioRad,
Hercules, CA). Three nitrocellulose membranes
were made from each sample and each mem-
brane was blocked for 1 hour with blocking buf-
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Table 1. Clinicopathologic characteristics of
90 patients

Clinicopathologic characteristic No. of patients

(n=90)
Mean age
Histology
Tumor size
Ethnicity 44 CA, 46 AA
Gleason score
6 10
7 68
8 0
9 10
NA 2
Pathological TNM stage
IA 5
1153 46
1 35
v 1
Perineural invasion (Y/N)
Yes 85
No 3
NA 2
Lymhovascular invasion (Y/N)
Yes 4
No 57
NA 29
Extra-prostatic extension (Y/N)
Yes 25
No 25
NA 40

fer including 3% BSA in 1x TBST containing 20
mM Tris-HCI (pH 7.5), 2700 mM NaCl, and 0.1%
Tween-20. The membrane was clamped on a
Western blotting manifold (Mini-PROTEAN I
Multiscreen apparatus, Bio-Rad, Hercules, CA)
which had 20 separate channels across the
membrane. The multiplex immunoblot was
performed using a total of 286 protein speci-
fic or phosphorylation site-specific antibodies
(shown in Table 2). The antibodies were divid-
ed into 9 sets, each set contained 26-36 anti-
bodies. For the first set of 36 primary antibod-
ies, a mixture of 2 antibodies in the blocking
buffer were added to each channel and then
incubated at 4°C overnight. The membrane
was washed with 1x TBS and 1x TBST and was
then incubated with secondary anti-rabbit
(BioRad, Hercules, CA) or anti-mouse (Bio-Rad,
Hercules, CA) or anti-goat (Santa Cruz Bio-
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technology, Santa Cruz, CA) antibody conjugat-
ed with horseradish peroxidase for 1 hour at
room temperature. The membrane was de-
veloped with chemiluminescence substrate
(Immun-Star HRP Peroxide Buffer/Immun-Star
HRP Luminol Enhancer) (Bio-Rad, Hercules,
CA), and chemiluminescent signals were cap-
tured using the ChemiDoc XRS System (Bio-
Rad, Hercules, CA). The same membrane was
then stripped off using stripping buffer (Re-
store Western blot stripping buffer, Thermo
Scientific, Rockford, IL) and then used for blot-
ting with another set of primary antibodies as
described above. Each membrane was blotted
for three times.

For PPAA, the signal of each protein was deter-
mined by densitometric scanning (Quantity One
software package, Bio-Rad) and the back-
ground was locally subtracted from raw protein
signal [28, 29]. The background-subtracted
intensity was normalized by “global median
subtraction” method to reduce variation among
different experiments, that means, the intensi-
ty of each protein from each sample divided by
total intensities of all proteins from the same
sample and then multiplied by average intensi-
ty in all samples.

Statistical analysis

The Significance of Microarrays (SAM) tool
(http://www-stat.stanford.edu/tibs/SAM) and
t-test were used to identify differentially ex-
pressed proteins between tumor tissues and
non-tumor tissues. The overlap proteins with
q<5% from SAM and P<0.05 from t-test were
selected for downstream analysis.

Logistic regression analysis used R Software
(Version 3.3.1). Exact Wilcoxon rank sum test
is used to compare Gleason score between AA
and CA groups. Non-negative matrix factoriza-
tion (NMF) brunet method (R package NMF)
was used to select proteins. Logistic regression
was used to model ethnic group (AA vs CA) with
Gleason score as the only explanatory variable
in baseline model. The full logistic model
includes Gleason score and NMF selected pro-
teins as explanatory variables. The area under
receiver operating characteristic curve (AUC)
and 95% confidence interval were calculated to
evaluate model performance. Exact Wilcoxon
rank sum test is used to compare the predicted
risk score between AA and CA based on the fit-
ted logistic regression model. Two-tailed test
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Table 2. List of the antibodies included in the protein pathway array analysis

Antibodies specific p-AKT, p-GSK-3a/B, p-p38 MAPK, p-P44/42 MAPK, p-p53, p-PDK1, p-PKC a/Bll, p-PKCa,

for Phosphorylation  p-PKCD, p-PTEN, p-Smad1/5, p-Stat3

Antibodies for signal  14-3-3 Beta, ADAM-10, ADH, AIM2, Akt, alpha-tubulin, annexin A1, ASC, ASCL1, ATF-1,

transduction proteins Aurora, Auxin, Bak, Bax, B-catenin, Bcl-2, Bcl-6, Bcl-xL, BENC4, BID, Calpain 2, Calretinin,
CaMKKa, Caspase-1 p10, CathepsinB-25, CathepsinB-37, CD33, cdc25C, cdc42,
cdk2, cdk4, cdk, c-IAP2, cPKCa, CREB, CTGF, cull, cx43, cyclin B4, cyclin E, Cyclin D1,
Cytokeratin 18, Cytokeratin 19, Cytokeratin 5-, DHFR, Dmnt1, DRG1, E2A, E-cadherin,
EGFR, ERa, Era, ERCC1, Factor XIIB, FAH, FAS, FEN-1, FGF-8, FKHR, FTa, fusin, Galectin-3,
GLP-1R, Glutamine Synthetase, GSTP1, HDAC1, HGF, Hint1, HIP-3a, HMG-1, HNF-3a,
H-Ras, HSP27, HSP70, Hsp90, ICAM-1, IGFBP5, IL-11, IL-18, IL-3Ra, IL-6, ITF, Jagged 1,
Keratin 10, LKB1, LSD1, L-Selectin, Lyn, Maspin, MATlIbeta, MDM2, Mesothelin, MetAP-2,
MetRS, MGr1-Ag, MMP-13, MMP2, MMP-7, THFD1, MTHFR, NALP1, N-cadherin, NFkB52,
NFkBp50, NFkBp65, Nkx-3.1, NM23-H1/2/3, Notch4, NQO1, ODC, p14, p27, P2X7,
p38B, p44/42, P504S, Pax-2, PC2, PCNA, PDEF, PEDF, Plk, MAPK, MAPK, PTEN, Raf-B,
RAGE, RANKL, Rap1, SK3, SOD-1, SPAK, Stat1, stat3, Tau, TCF-1, TFlIIHp89, TIMP3, TIRAP,
TRAF6, Tyro3, VAP-1, VEGF, Vimentin, VSV-G, Wnt1, WT1, XIAP, B-actin, GADPH

were used in all analyses. A maximum p value
of 0.05 was chosen for statistical significance.

NMF (non-negative matrix factorization) analy-
sis for the data set, which contains samples of
AA tumor and benign, CA tumor and benign,
used an un-supervised matrix factorization
method. NMF method was used to identify
local signatures and de-convolute mixed sig-
nals, widely used for dimension deduction and
feature selection. We created a matrix with
normalized positive protein expression values,
and clustering samples and extracting genes
using NMF implemented in an R package
(https://cran.r-project.org/src/contrib/Archive/
NMF/). Meta genes associated with AA tumor
in contrast to AA benign, and CA tumor versus
CA benign were extracted.

Results

Differential expression of proteins between
tumor and normal samples

The PPAA analysis includes 90 samples that
contain 48 tumors and 42 matched benign tis-
sues. There were 176 of 286 proteins de-
tected in either tumor or non-tumor tissue
(Table 2). Of these proteins, 33 proteins were
found to be significantly differentially express-
ed when compared between tumor and non-
tumor tissues based on ttest and SAM two
class unpaired analysis (t-test P<0.05 and SAM
0<5%) (Supplementary Table 1). Among these
33 proteins, 13 proteins and phosphoproteins
were predominantly overexpressed in tumor
tissues and include: p-PKC a/Bll, cyclin E, H-
Ras, annexin A1, Aurora, Cyclin D1, NFkBp50,
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NFkBp52, EGFR, HSP70, 14-3-3 Beta, FAS, and
Maspin. In contrast, 20 proteins were found to
be down-regulated in tumors including: MetRS,
MGr1-AG, CathepsinB-37, PDEF, NQO1, PCNA,
p38B, FEN-1, P504S, MetAP-2, Dmnt1, ASC,
Cytokeratin 18, 1L-18, HSP9O, IL.-6, ADAM-10,
MDM2, ERCC1, and HSP27.

Differential expression of proteins between
tumor and normal in AA and CA subgroups

In the comparison of proteins in 23 CA tu-
mors vs 21 CA benign, 28 proteins were found
significantly differentially expressed (Supple-
mentary Table 2). There were 15 proteins
found to be upregulated: Annexin Al, H-Ras,
Cyclin D1, WT1, NFkBp50, FAS, Stat1, NFkB52,
cyclin E, Vimentin, PTEN, NFkBp65, L-Selectin,
p-PKCa, and TFIIHp89. 13 proteins were
found to be downregulated: VSV-G, MGri1-Ag,
CathepsinB-37, B-actin, MetRS, ASC, ASCL1,
TIMP3, NQO1, Tau, PDEF, MetAP-2, and P504S.
Moreover, when proteins were compared
between 21 AA benign and 25 AA tumor sam-
ples, a total of 12 proteins were found signifi-
cantly differentially expressed (Supplementary
Table 3). Five proteins were found to be upregu-
lated: Aurora, p-p38 MAPK, stat3, p-PKC a/BlI,
and p-PKC A. 7 were found to be downregulat-
ed: MetRS, XIAP, MGr1-Ag, PCNA, Hsp90, HNF-
3a, FEN-1.

Differential expression of proteins between
tumor-tumor and normal-normal in AA and CA
samples

The three proteins Aurora, Cyclin D1 and HNF-
3a were found to be differentially expressed
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Table 3. Results of logistic regression and predictive ability of models

OR (95% CI) p value AUC (95% ClI) p value of Predicted risk score (CA vs AA)

Based model

Gleason score  0.390 (0.106, 0.953) 0.073  0.769 (0.592, 0.946) 0.021
Full model

HNF3A 1.011 (0.718, 1.39) 0.94 0.939 (0.843, 1) <0.001

NQO1 1.593 (1.109, 3.311) 0.069

VAP-1 0.907 (0.615, 1.195) 0.511

MetRS 0.353 (0.054, 0.81) 0.097

p-p53 2.259 (1.004, 12.099) 0.174

L-selectin 0.383 (0.027, 1.559) 0.268

DNMT1 0.745 (0.398, 1.043) 0.15

FGF8 2.803 (1.06, 24.629) 0.176

pGSK3AB 0.372(0.084, 0.779) 0.051

Fas 0.175 (0.001, 1.063) 0.317

pPKCaBII 0.002 (0, 0.272) 0.09

Gleason score 0.004 (0, 0.196) 0.067
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Figure 1. Boxplot of AA and CA risk score distribution.
Boxplot of AA and CA patients risk score distribution
in cohort 2 showing the CA group has larger median
value and quantile range.

between 25 AA and 23 CA tumor samples
(Supplementary Table 4). Aurora was upregu-
lated, while Cyclin D1 and HNF-3a were down-
regulated. In contrast, when comparing 21 AA
benign vs 21 CA benign samples, four proteins
were found significantly differentially express-
ed (Supplementary Table 5). FAS and Factor
XIIB were up-regulated while SPAK and FGF-8
were downregulated.

Protein expression difference in AA/CA based
on Gleason score and selected proteins

To identify a robust set of proteins that could
classify the different ethnic groups (AA vs CA)
we used predicted risk score analysis. There
were 87 non-housekeeping proteins. Proteins
with a call rate of <70% for each cohort were
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removed and 46 proteins were left after quality
control. Proteins HNF3A, Tau, NQO1, VAP-1,
MetRS, p-p53, L-selectin, DNMT1, FGF8, pGSK-
3AB, Fas and pPKCaBlIl were selected using
NMF analysis. Table 3 summarizes logistic
regression results, AUC and p values for pre-
dicted risk score. For baseline models using
only the Gleason score as covariate, the AUC
was 0.769. The predicted risk score difference
between AA and CA was significant (P value:
0.021) (Figure 1). Furthermore, when selected
proteins were included to the logistic regres-
sion analysis in combination with Gleason
score, the AUC increased substantially from
0.769 to 0.939 and the predicted risk score
between AA and CA groups were significantly
different (P<0.001), suggesting that based on
the logistic regression model approach HNF3A,
Tau, NQO1, VAP-1, MetRS, p-p53, L-selectin,
DNMT1, FGF8, pGSK3AB, Fas and pPKCaBII
proteins are good markers for distinguishing AA
tumors from CA tumors. NMF analysis was per-
formed for sets of samples and revealed dis-
tinct protein expression patterns in for both
training and validation sets (Figure 2).

Discussion

In this study, we proposed to identify novel bio-
markers associated with racial disparity in PCa.
We examined protein alterations in AA and CA
samples using PPAA. Of 286 proteins tested,
176 proteins were detected out of 286 proteins
tested in either tumor or non-tumor tissue.
From these 176 identified proteins, 33 were dif-
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Figure 2. Non-negative Matrix factorization analysis of gene features separating AA and CA group (A) and AA/CA
sample clustering using the feature gene sets (B). (A) 13 genes have significant differential expression between AA
and CA; (B) AA and CA samples segregate into subgroups using the 13 gene features.

ferentially expressed between non-tumor tis-
sues and tumors, suggesting that there is sig-
nificant dysregulation of signaling proteins in
tumors. These are primarily signaling proteins
and are important in diverse cellular processes
including the cell cycle, signal transduction,
cell-cell interactions, cell adhesion, DNA dam-
age repair and inflammation. Some of the dys-
regulated proteins were reported to be involved
in PCa in previous studies, which is consistent
with our findings. For example, Aurora kinase A
(AURKA) is significantly overexpressed in mod-
els of AR-positive castration-resistant PCa
samples [30] and its levels were significantly
elevated in both primary human and mouse
PCas and cell lines [31]. Two recent studies
reported that immunoregulatory protein Anne-
xin 1 increased the tumor stem cell dynamics
and induced EMT changes, which ultimately
resulted invasion and progression in PCa cells
[32, 33]. PDEF was down-regulated in both
metastatic PCa cell lines and clinical patient
samples [34]. The expression of some of the
proteins in our study differed from that
described in previous publications. For exam-
ple, Maspin expression was increased in our
study however, decreased levels of Maspin
expression have been previously reported by
other investigators [35, 36]. When we evaluate
the down regulated genes, our study found
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FEN1, p504S and MetAP-2 down-regulation in
PCa samples compared to normal samples, in
contrast, increased levels of those proteins
have been showed in previous studies [37-39].
ADAM10 protein was also found to be down-
regulated in our study while increased nuclear
localization of ADAM10 was previously demon-
strated [40, 41]. The differences may be
explained by the technique that the authors
used such as immunohistochemistry which
measures only the staining intensity and local-
ization while PPAA has the advantage of mea-
suring total protein level. Other factors might
be related to these discrepancies may also be
biological factors including antibodies used,
methodology (immunoblot versus immunohis-
tochemistry), tumor origin and differences in
tumor biology. Interestingly, only few proteins
from these 33 altered proteins have been pre-
viously studied in PCa racial disparity. Previous
work from our group showed high expression of
Mdm protein in CA patients compared to AA
patient samples, which is consistent with our
current findings [42]. Shuch et al. also studied
the association of EGFR expression and race in
202 patients and showed a high EGFR expres-
sion in AA patients [23]. It's important to note
that, some of the dysregulated proteins found
in our study including MetRS, MGrl-ag, and
14-3-3-beta proteins have not been reported
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previously in PCa demonstrating the utility of
the PPAA method to identify new markers in
PCa. This finding also suggests the role of mul-
tiple pathways in carcinogenesis and empha-
sizes the importance of combinational thera-
pies in the management of treatment.

When we evaluated differential expression of
specific proteins among AA and CA tumor
subgroups, three individual proteins showed
statistically significant differential expression;
Aurora kinase A was up-regulated, while, cyclin
D1 and HNF3A were down-regulated in AA ver-
sus CA tumors. Interestingly, Zhang et al. [47]
recently reported that the genes with different
expression levels between AA and EA patients
with prostate cancers in the same grade cate-
gory are very limited in numbers, which is simi-
lar finding with our data showing only three sig-
nificant proteins changed in the tumors with
similar Gleason scores between AA and CA.
However, Zhang et al. [47] concluded that the
contribution of the Gleason patterns to the vari-
ability of gene expression level is much more
significant than patient races, which is contra-
dictory to other reported literatures that there
are distinct molecular and genetic differences
contributing to racial differences of PCa [4-26].
High expression of Aurora has been shown in
Castration resistant PCa [43] and correlated
with poor prognosis in PCA. The role of Aurora
in racial disparity has been studied in other
cancers including breast cancer but not in PCa
[44]. This study represents first time identi-
fication of Aurora as an ethnic marker for AA
group. Cyclin D1 in contrast was decreased in
our AA tumors samples compared to CA tu-
mors. This is a novel finding because most of
the prior molecular genetic studies investigat-
ing the role of cyclin D1 in PCa primarily focus-
ed on CA PCa patients, in whom cyclin D1
expression was higher in PCa overall [45]. For
example, Pereira et al. studied cyclin D1 in PCa
samples and the patient population used was
composed of 79% CA men [45]. The transcrip-
tion factor FoxA1l (FOXA1), also named HNF-
3a, was also downregulated in our AA tumor
samples. Reports of FoxAl function in prostate
cancer have been controversial; for example,
some studies have shown that high FoxAl
expression is associated with worse prognosis
probably by enhancing AR activity [27, 28],
while other studies have shown an association
of decreased FoxA1 expression with castration-
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resistant, poor prognosis PCas [29]. In a recent
study, Jin et al. focused the dual role of FOXA1
in PCa carcinogenesis and showed an AR-
independent function of FOXA1 as a metasta-
sis inhibitor in in vivo and in vitro samples [46].
Overall, these findings suggest Cyclin D1 and
HNF3A regulate oncogenic process via differ-
ent molecular mechanisms, including apopto-
sis and cell proliferation pathways, in AA com-
pared to CA PCa patients, which is consistent
to most recent study reported by Rayford et
al.[48].

There are several proteins differentially ex-
pressed in benign tissue of African and
Caucasian patients but not in prostate cancer
including SPAK, FGF-8, FAS, and Factor XIIIB.
SPAK is WNK (with no lysin kinase) signal
kinase [49]. It has lower level of expression in
benign AA prostate tissue compared with CA
tissue. There is no significant difference in
cancer between AA and CA tissue. The results
indicate that, relatively, there is an increase in
the level of SPAK expression in cancerous
compared to benign AA prostate tissue. SPAK
is involved in cellular homeostasis, angiogene-
sis [49, 50] and promotion of cell invasion and
tumor growth [50]. Our data correlated these
publications and indicates SPAK may be relat-
ed with AA and CA prostate cancer disparity.
The FGF-8 provides instructions for making a
protein called fibroblast growth factor 8 (FGF-
8) [b1]. Its expression in benign AA is lower
than CA, but no difference in cancer between
AA and CA, which indicates that FGF-8 expres-
sion is relative higher in cancer compared with
benign AA prostate. FGF-8 is involved in many
processes, such as promoting cell division, reg-
ulation of cell growth and maturation. There-
fore, our results indicate that FGF-8 may be
suggested to be involved in the progression of
prostate cancer and correlated with AA and CA
prostate cancer disparity [51]. Fatty acid syn-
thase (FAS), a key enzyme of the fatty acid bio-
synthetic pathway, functions as a central regu-
lator of lipid metabolism and plays a critical
role in the growth and survival of tumors with
lipogenic phenotypes [52]. It has been shown
to be overexpressed in various types of human
cancer, including the prostate, breast, ovarian,
endometrial, lung, colorectal, stomach and
skin cancer [52]. Factor XIIIB, also known by the
name fibrin stabilizing factor, is a key clotting
factor in the coagulation cascade known for
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stabilizing the formation of a blood clot, and
abnormal FXIII expression levels are found in
some cancer patients [53]. Since both FAS and
Factor XIIIB are known to be important in tumor
growth, tumor stroma formation and metasta-
sis [52, 53], it has been suggested that FAS
and FXIIIB expression levels may also be impor-
tant in tumor development and metastasis.
Factor XIIIB has higher level of expression in
benign AA prostate tissue, the significance is
uncertain.

We used logistic regression based model to
identify predictive biomarkers which are relat-
ed to PCa in men of African descent versus
the men of Caucasians. We first used a base
model using Gleason score to classify the pro-
teins and found that there was an association
between Gleason score and different ethnic
groups. However, when we used the full model
using the selected proteins including HNF3A,
Tau, NQO1, VAP-1, MetRS, p-p53, L-selectin,
DNMT1, FGF8, pGSK3AB, Fas and pPKCaBlI
in combination with Gleason score accurately
predicted risk in an ethnicity dependent man-
ner. Predicted risk score between AA and CA
was significantly different. Those eleven differ-
entially expressed genes were associated with
various molecular pathways including endo-
crine signaling, adhesion, DNA methylation, cell
division, and programmed cell death. Thus,
these data suggest AA PCa patients have dif-
ferentially expressed genes that could contrib-
ute to the aggressiveness of PCa. Although
Gleason score is one of the best predictors of
PCa aggressiveness, there are limited number
of studies and potential biomarkers which can
effectively identify the aggressive disease in
PCa patients from African descent. Identifica-
tion of new molecular targets may significantly
help predicting aggressive disease and assist
in the development of new targeted therapies
especially for AA men with PCa.

While we have identified novel protein biomark-
ers associated with PCa racial disparity, our
study has minor limitations. Because it is diffi-
cult to collect tissue of both tumoral and non-
tumoral tissue from AA and CA patients, our
sample size is limited. In addition, the signifi-
cantly altered markers especially in AA versus
CA group patient samples were not yet as-
sessed by other means such as immunohisto-
chemistry, which would be a validation to our
findings. Future clinical studies will be needed
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to further validate our findings and evaluate the
associations of these potential markers with
PCa tumor characteristics in the racial disparity
of PCa using larger-sized patient cohorts.

In conclusion, our data show a multiple dysreg-
ulated signaling proteins contributing to racial
disparity in PCa patients. Importantly, the
results suggest that these differentially ex-
pressed proteins may in part explain the differ-
ence in clinical outcomes between AA and Ca
PCa patients.
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Supplementary Table 1. Proteins differentially expressed between tumor and non-tumor tissues

Protein ID Fold Change pt-;/tSISJe qig'\l/:;e;/to)
Up p-PKC a/BlI 1.4285 7E-06 0.00
H-ras 1.7223 0.0031 0.00
Cyclin E 1.6705 0.0015 0.00
Annexin Al 1.3307 2E-05 0.00
Aurora 1.5535 0.0051 0.00
Cyclin D1 1.5108 0.0063 0.00
NFkBp50 1.3078 0.0077 2.44
NFkB52 1.3614 0.0251 4.75
EGFR 1.4119 0.0444 4.75
HSP70 1.2065 0.0116 4.75
14-3-3 Beta 1.1787 0.0069 4.75
FAS 1.3148 0.0378 4.75
Maspin 1.2504 0.0381 4.75
Down METRS -2.121 8E-08 0.39
MGri1-Ag -1.74 5E-06 0.00
CathepsinB-37 -1.426 0.0002 0.00
PDEF -1.433 0.001 0.00
NQO1 -1.391 0.0004 0.00
PCNA -1.613 0.0026 0.00
P38B -1.604 0.0048 0.00
FEN-1 -1.305 0.0009 0.39
P450S -1.349 0.0022 0.00
MetAP-2 -1.342 0.0262 0.00
Dmntl -1.267 0.0093 1.5323
ASC -1.291 0.0104 1.5323
Cytokeratin 18 -1.416 0.0117 1.5323
IL-18 -1.26 0.0117 1.5323
Hsp90 -1.321 0.0117 1.5323
IL-6 -1.283 0.0299 2.7941
ADAM-10 -1.236 0.0157 2.7941
MDM2 -1.432 0.0488 3.4756
ERCC1 -1.182 0.0025 3.4756
HSP27 -1.239 0.0353 0.00
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Supplementary Table 2. Proteins differentially expressed between tumor and normal tissues in CA
group

Protein ID Fold Change pszlsje q‘f’\gﬁe&
Up Annexin A1 1.47683 1.14E-06 0.00
H-Ras 2358472 0.00171 0.00
Cyclin D1 1.991868 0.00171 0.00
WT1 1.781772 0.003446 0.00
NFKB52 1.603709 0.005614 0.00
FAS 1.67749 0.003209 0.00
Statl 1.871136 0.016646 0.00
Cyclin E 1.726876 0.01076 0.00
Vimentin 1.699801 0.009418 3.095238
LSelectin 1.360884 0.07438 3.095238
PTEN 1.589591 0.014173 3.095238
NFKBp50 1.409385 0.004232 3.095238
NFKBp65 1.671406 0.023684 3.095238
p-KCa/BlI 1.355816 0.03862 3.095238
TFIIHP89 1.604384 0.030086 3.095238
Down VSV-G -2.05298 0.00065 0.00
MGri-Ag 1.81574 0.000282 0.00
B-actin 1.50146 1.8E-05 0.00
Cathepsin 1.57687 0.000289 0.00
METRS -1.89054 0.000232 0.00
ASC -1.50073 0.00197 2.826087
ASCL1 -1.49965 0.007427 2.826087
TIMP3 -1.37636 0.007633 2.826087
NQO1 1.47493 0.017944 2.826087
Tau -1.54888 0.02315 4.642857
PDEF -1.46369 0.01253 4.642857
MetAP-2 1.49145 0.034101 4.642857
P450S 1.45163 0.008653 4.642857

Supplementary Table 3. Proteins differentially expressed between tumor and normal tissues in AA
group

Protein ID Fold Change pfjaez[e qig'\l/llj_;e(so/to)
Up Aurora 2.302838 3.23E-05 0.00
p-PKC a/BlI 1.480663 0.00061 0.00
Stat3 1.503772 0.001583 0.00
p-p38 1.746332 0.00994 0.00
p-PKCa 1.489588 0.003452 0.00
Down MetRS -2.13794 7.89E-05 0.00
HNF-3a -1.41654 0.009417 4.6875
XIAP -1.61331 0.008217 4.6875
PCNA -1.82138 0.007571 4.6875
MGr1-Ag -1.58536 0.007764 4.6875
FEN-1 -1.37112 0.006264 4.6875
Hsp90 -1.53575 0.012458 4.6875
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Supplementary Table 4. Proteins differentially expressed between tumor tissues in AA and CA group

Protein ID Fold Change pfj:lsje q‘f’\gﬁeﬁ;)
Up Aurora 213077984 0.000167 0.00
Down Cyclin D1 0.52183808 0.05468 0.00
HNF-3a -0.67310347 0.021776 0.00

Supplementary Table 5. Proteins differentially expressed between normal tissues in AA and CA group

Protein ID Fold Change pfj:lsl}e q‘f’\gﬁe;)
Up FAS 1.737631896 0.009907 0.00

Factor XIllB 1.597850001 0.007869 0.00
Down SPAK 0.69737255 0.014339 0.021803

FGF-8 -0.707158336 0.01414 0.001502




