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Abstract

BACKGROUND—African—American men with prostate cancer (PCa) present with higher-
grade and -stage tumors compared to Caucasians. While the disparity may result from multiple
factors, a biological basis is often strongly suspected. Currently, few well-characterized
experimental model systems are available to study the biological basis of racial disparity in PCa.
We report a validated in vitro cell line model system that could be used for the purpose.

METHODS—We assembled a PCa cell line model that included currently available African—
American PCa cell lines and LNCaP (androgen-dependent) and C4-2 (castration-resistant)
Caucasian PCa cells. The utility of the cell lines in studying the biological basis of variance in a
malignant phenotype was explored using a multiplex biomarker panel consisting of proteins that
have been proven to play a role in the progression of PCa. The panel expression was evaluated by
Western blot and RT-PCR in cell lines and validated in human PCa tissues by RT-PCR. As proof-
of-principle to demonstrate the utility of our model in functional studies, we performed MTS
viability assays and molecular studies.

RESULTS—The dysregulation of the multiplex biomarker panel in primary African-American
cell line (EO06AA) was similar to metastatic Caucasian cell lines, which would suggest that the
cell line model could be used to study an inherent aggressive phenotype in African—American men
with PCa. We had previously demonstrated that Protein kinase D1 (PKD1) is a novel kinase that is
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down regulated in advanced prostate cancer. We established the functional relevance by over
expressing PKD1, which resulted in decreased proliferation and epithelial mesenchymal transition
(EMT) in PCa cells. Moreover, we established the feasibility of studying the expression of the
multiplex biomarker panel in archived human PCa tissue from African—Americans and Caucasians
as a prelude to future translational studies.

CONCLUSION—We have characterized a novel in vitro cell line model that could be used to
study the biological basis of disparity in PCa between African—Americans and Caucasians.

Keywords

protein kinase D1; racial disparity; Metallothionein; N-cadherin; MMPs; EO06AA; T120 beta-
catenin; S11 snail

INTRODUCTION

The incidence and mortality rate of prostate cancer (PCa) is 1.1 and 2.4 times (respectively)
higher in African—Americans compared to Caucasians. In addition, African—Americans are
diagnosed with PCa at a younger age, have higher Gleason scores, are more likely to have
bilateral prostate involvement, and the prostate gland tends to be larger with greater tumor
volume compared to Caucasians [1]. The reasons for these differences are likely
multifactorial and may stem from modifiable factors like socioeconomic status,
environmental exposure, lifestyle variations, and cultural beliefs [2,3], or from non-
modifiable factors such as genetic [4] and other biologicalcauses that include variations in
gene sequence, expression [5], or DNA methylation [6]. African—Americans and Caucasians
have differentialexpression of genes involved in immune response, apoptosis, focal
adhesion, and the Wnt signaling pathway in prostate epithelial and stromal tissue [5,7,8].
Our laboratory discovered and studied the role of protein kinase D1 (PKD1), a novel tumor
and metastasis suppressor in prostate cancer [9]; furthermore, we have described several
proteins that interact with PKD1 and contribute to PCa [9-18].

The loss of PKD1 is associated with epithelial mesenchymal transition (EMT) in prostate
cancer [18,19]. EMT induces a mesenchymal and invasive phenotype to epithelial cancers
by altered gene expression [20]. EMT is also associated with loss of epithelial markers
expression [21]. PKD1 interacts and phosphorylates the classic epithelial marker E-cadherin
and its interacting protein beta-catenin [15]. PKDL1 also interacts with androgen receptor
(AR), which is known to contribute to PCa development, progression, and resistance to
treatment [22]. PKD1 facilitates nuclear translocation of AR by phosphorylation of heat
shock protein 27 at serine 38 [16]. Moreover, PKD1 regulates other proteins involved in
cancer progression, including matrix metalloproteinase MMP-2, and MMP-9 [17].

Based on work from our laboratory and others, we generated a multiplex biomarker panel
(MBP) that could portend progression in men with PCa. We explored whether the MBP
could be used to study the biological basis of aggressive phenotype in men with PCa. As a
first step, we assembled and characterized a cell line model for comparative studies between
African—Americans and Caucasians with PCa. Our study demonstrates that the MBP is
characteristically dysregulated in primary African—American PCa cell line similar to
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metastatic Caucasian cells. Therefore, our model may be used for comparative studies of
potentially aggressive tumors in African-American men with PCa.

MATERIALS AND METHODS

Cell Lines and Culture Conditions

We used two cell lines derived from Caucasians, LNCaP (androgen-dependent cells derived
from lymph node metastasis) and C4-2 (castration-resistant cells derived from LNCaP cells),
and two cell lines derived from African—Americans, EOO6AA (derived from primary PCa),
and MDAPCa2b (derived from bone metastasis). EOO6AA was a generous gift from Dr.
Shahriar Koochekpour (Roswell Park Institute, University at Buffalo, State University of
New York) [23] and three additional cell lines were obtained from ATCC (Manassas, VA).
Cell lines were authenticated during culture by STR DNA profiling using PowerPlex 16HS
(Promega) (Supplementary Table SI). LNCaP, C4-2, and EO06AA were cultured in RPMI
(HyClone) supplemented with 10% fetal bovine serum (FBS) and 1% antibiotic/anti-fungal
solution. MDAPCaz2b cells were cultured in HPC1 (AthenaES) supplemented with 20%
FBS. All cell lines were cultured in a 5% CO5 incubator at 37°C, and the growth medium
was exchanged every 2-3 days.

Prostate Cancer Tissue Collection

Snap frozen PCa tissue from African—American and Caucasian men with matching Gleason
scores were obtained from the tumor tissue bank of the Comprehensive Cancer Center of
Wake Forest University School of Medicine following institutional approval (IRB#
IRB00028125).

MTS Assays

Approximately 5x103 cells per well were seeded into 96-well plates. Cell proliferation was
evaluated after 72 hr by incubating cells in MTS/PMS mix (CellTiter 96 Aqueous MTS
reagent, G1111, Promega, phenazine methosulfate, P9625, Sigma) for 1 hr at 37°C.
Absorbance was detected at 490 nm with a microplate reader (SpectraMax M5, Molecular
Devices). The culture medium was used as a blank. Experiments were performed in
triplicate.

Real-Time PCR (RT-PCR)

RNA was extracted from PCa tissue samples and cultured PCa cells using the RNeasy Plus
Mini kit (74134, Qiagen). For PCa tissue samples, 500 ng of RNA was used for cDNA
synthesis using the Quantitect reverse transcription kit (205-311, Qiagen). For cultured
cells, 2 ug of RNA was used for cDNA synthesis using Transcriptase 111 (18080-044,
Invitrogen).

Primer sets were designed using the NCBI Primer-Pick tool (for Sybr green assay) or
selected and ordered from ABI TagMan assays (Applied Biosciences). A complete list of
primers is shown in Table I. The specificity of the primers was confirmed by sequencing the
PCR product. For TagMan assays, the primers with best coverage and probes that spanned
exons were selected. Genomic contamination possibility of samples was ruled out using
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related RNA samples in the same RT-PCR run. RT-PCR was performed using 7 ng cDNA
from human prostate cancer tissue or 50-100 ng cDNA from cultured cells in the presence
of 1 pl of primer set (10 pM) and 10 pl of Tagman Universal PCR Mastermix (4304437
Applied Biosystems) or Sybr Select Mastermix (4472908, Applied Biosystems, Life
Technologies) in the 7,300 real-time PCR system (Applied Biosystems). RNA18S was used
as a housekeeping gene for normalization with the ddCT method. All steps (cell culture,
RNA isolation, cDNA synthesis, and RT-PCR) were repeated three times.

Immunofluorescence (IF)

Cells were cultured on cover slides, fixed in 4% paraformaldehyde for 20 min on ice, and
permeabilized with 0.1% Triton-X100 for 3 min at room temperature. Non-specific adhesion
sites were blocked in Protein Block solution (X0909, Dako) for 30 min at room temperature.
Visualization of protein signals in cells was performed by incubation with primary
antibodies for 1 hr and followed by 45 min incubation with related secondary antibodies and
stained with DAPI for 5 min at room temperature (Table I1). Mouse or goat isotype 1gG was
used as the negative control for the primary antibody. Slides were examined using a Zeiss
Axio M1 microscope. The intensity of the fluorescence and exposure time was the same for
all cell lines. Each experiment was performed in duplicate.

Western Blot Analysis

Cell-compartment proteins were extracted using a subcellular protein fractionation kit
(78840, Thermo Scientific), and whole protein lysate was extracted using Pierce RIPA buffer
(89900, Thermo Scientific) according to protocols provided by the manufacturer. Equal
concentration of protein were loaded on 10% SDS-PAGE gels and transferred onto a PVDF
membrane (Millipore, Billerica, MA). Primary antibodies for PKD1, AR, vimentin, E-
cadherin, and N-cadherin were obtained from Santa Cruz Biotechnologies; and pT120 beta-
catenin (whole protein) was generated in our laboratory [24]. Total protein loading was
assessed using beta-actin (A5441, Sigma—Aldrich). Bands were visualized using horse-
radish peroxidase (HRP) conjugated secondary anti-mouse or anti-rabbit antibody (Cell
Signaling Technology) in conjunction with chemiluminescence substrate (34094, Thermo
Scientific) via LAS 3,000 imaging system (Fuji Photo Film). ImageJ software was used to
analyze the density of electrophoretic Western blot bands. The values were normalized to
beta-actin expression. The experiments were performed in triplicate.

Transfection

Transfection was performed using PKD1 plasmid DNA. The vector containing PKD1 was
kindly provided by Dr. F.J. Johannes (Fraunhofer Institute for Interfacial Engineering,
Stuttgart, Germany) [10,24]. For transfection, EOO6AA cells were seeded in 6-well plates
(1x10[5] cells/well). When cells reached 50-60% confluence, they were transfected with
either PKD1-harboring or empty vector (0EGFP) using FUGENE® HD Transfection Reagent
(E2311, Promega) according to the manufacturer’s protocol. Briefly, cells were incubated at
a 3:1 ratio of transfection reagent: DNA for 12-16 hr. Cells were allowed to recover in the
appropriate culture medium for 24 hr and selected using G418 antibiotic (400 ug/ml) for 1
week.

Prostate. Author manuscript; available in PMC 2016 July 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

NickKholgh et al.

Statistics

Page 5

MTS assays were performed to compare cell proliferation rates among different cell lines
using two-way analysis of variance (ANOVA) with Bonferroni post-test correction. Results
of RT-PCR gene expression were compared using a two-way ANOVA (tumor tissues) and
one-way ANOVA (cell lines) with Bonferroni multiple comparisons posttest. AP-values <0.05
were considered to be significant. To assess the relationship between the cell lines and the
human tissue data, absolute Spearman correlations were calculated. Due to differences in
sample size and unpaired individual points in the cell line and human tissue data, a random
sample was substituted for the human tissue data. This sample was then used to calculate the
absolute Spearman correlation between the human tissue samples and cell line data. After
repeating this process 500 times, we calculated the average absolute Spearman correlation
between human tissue samples and cell lines.

RESULTS

We developed a rationale based MBP consisting of genes that have demonstrated influence
on the development of a malignant phenotype in PCa [10,13,15,17,18]. The MBP members
included PKD1, N-cadherin, Snail, vimentin, MMP-2, MMP-9, Metallothionein (MT1), E-
cadherin, beta-catenin, AR, and heat shock protein 27 (HSP27). We have characterized the
MBP in two available cell lines of African—American origin (EO0O6AA and MDAPCa2b) and
compared them to well-studied androgen-dependent LNCaP cells (Caucasian background)
and itscastration-resistant derivative, C4-2 cells.

Our previous work demonstrated that PKD1 is down-regulated in advanced PCa; therefore,
we consider loss of PKD1 to be a marker of the aggressive phenotype [12,25]. First, we
evaluated the transcriptional and protein expression of PKD1 in the cell lines. PKD1 mRNA
expression was significantly lower in EQO6AA and MDAPCa2b cells compared to LNCaP
cells (P< 0.0001) and similar to C4-2 cells (Fig. 1A); however, the protein expression of
PKD1 in MDAPCa2b was elevated similar to LNCaP cells (Fig. 1C).

As PKD1 has an inhibitory effect on cell proliferation [14], we compared the proliferation
rate of these cell lines with LNCaP cells, which highly express PKD1, and C4-2 cells, which
express comparatively low levels of PKD1. The proliferation rate in EO0O6AA cells was
comparable to the aggressive C4-2 cells, and it was significantly higher than LNCaP cells (P
< 0.0001). The proliferation rate of MDAPCa2b cells was not significantly different from
LNCaP cells (Fig. 1B) and could be related to a higher level of PKD1 protein in these cells.
To examine whether the higher proliferation rate of EOO6AA was related to a lower
expression of PKD1, EO06AA cells were transfected with PKD1 (Fig. 1D). Overexpression
of PKD1 in EOO6AA caused a significant decrease in proliferation rate when compared to
control (P< 0.001) (Fig. 1E).

We further categorized the MBP under three distinct and functional groups: (i)
Mesenchymal markers (EMT), Metallothionein (MT), and matrix metalloproteinase markers
(MMPs); (ii) Epithelial markers; and (iii) androgen-receptor signaling markers. We
compared the transcriptional and protein expression of biomarkers for each of the African—
American and Caucasian cell lines.
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Mesenchymal, MMP, and MT Markers

This group consists of markers generally associated with aggressive phenotypes in cancers
and includes three epithelial mesenchymal transition (EMT) markers (N-cadherin, Snail, and
vimentin), two MMP markers (MMP-2 and MMP-9), and Metallothionein (MT), a free
radical scavenging metal responsive small protein. The gene expression of N-cadherin,
Snail, and vimentin was significantly higher in EOO6AA cells than other cell lines (P <
0.0001) (Fig. 2), which is considered characteristic of an aggressive phenotype. We further
corroborated that the protein expression of these three EMT markers was higher in the
EO06AA cell line compared to the LNCaP cell line; moreover, this was consistent with the
aggressive metastatic C4-2 cells (Figs. 3A and 4). PKD1 is known to phosphorylate Snail, a
major transcriptional repressor of E-cadherin at Serine 11 (S11), and decrease the inhibitory
effect of snail on E-cadherin expression. The loss of PKD1 decreases S11 phosphorylation
[18]. EOO6AA showed lower level of PKD1 and phosphorylated S11 snail by IF staining
(Fig. 3A). The transcriptional and protein expression of the EMT markers in MDAPCa2b
was not significantly different from LNCaP cells. The same pattern was observed for MMP
markers (Figs. 2 and 3). The protein expression of MT in both African—American cell lines
(EOCO6AA and MDAPCa2b) was higher compared to LNCaP. Interestingly, both African—
American cell lines showed dominant cytoplasmic expression of MT whereas MT
expression in LNCaP and C4-2 cells was mostly nuclear (Fig. 3B).

Epithelial Markers

E-cadherin is a classic epithelial cell marker and functions in complex with beta-catenin. We
have previously demonstrated that decreased E-cadherin expression is associated with an
aggressive malignant phenotype in PCa [9,25]. We have also shown that PKD1
phosphorylates beta-catenin, specifically at threonine 120 residue (T120) and influences
subcellular localization of beta-catenin [24]. In the current study, EOO6AA and C4-2 cells
showed very low expression of E-cadherin, whereas the expression was higher in the
MDAPCa2b and LNCaP cell lines (Figs. 3B and 4).

Because phosphorylation of beta-catenin at the threonine 120 position (T120) by PKD1
influences subcellular localization of PKD1 [24], we investigated the expression of
phosphorylated beta-catenin-T120 in the four cell lines using the T120-phosphospecific
antibody generated in our laboratory. Immunofluorescence (IF) was visualized for non-
nuclear (cytoplasmic or cell adherens junction) expression of beta-catenin in EOO6AA,
MDAPCa2b, and C4-2 cells with nuclear localization of beta-catenin seen in LNCaP cells.
Because phosphorylation of beta-catenin at T120 can be detected in the trans-Golgi network,
we further validated the IF results by Western blot using lysates from different subcellular
compartments. Compared to LNCaP cells, EOO6AA cells had lower expression of
phosphorylated beta-catenin at T120 in the cytoskeletal fraction, which includes the trans-
Golgi network. These results are consistent with decreased PKD1 expression in EOO6AA
cells (Fig. 4).

AR Signaling

AR and its chaperone proteins including Heat Shock Protein (HSP) 27 play a major role in
PCa [26]. Moreover, distinct AR mutations and single nucleotide polymorphisms (SNPs) are
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described in African—American men with PCa. The expression of AR in EOO6AA and
MDAPCa2b cells was significantly lower than in LNCaP cells (P< 0.01) (Fig. 2). IF studies
revealed AR expression primarily in the nucleus of LNCaP and MDAPCa2b cells, whereas
C4-2 and EOO6AA cells showed cytoplasmic expression of AR. We further validated the IF
results by Western blot. Nuclear expression of AR was higher in LNCaP and MDAPCa2b
cells and lower in EOO6AA cells; AR expression was not detectable by Western blot in C4-2
cells (Fig. 4).

Finally, we evaluated the cell line model for functional studies. As a proof-of-principle
study, we altered expression of PKD1 in the cell lines. To evaluate the importance of
decreased PKD1 expression in the EO06AA cell line, we transfected EO06AA cells with
PKD1/pEGFP or pEGFP empty vector (as control). The efficiency of transfection was
~70%. Using G418 for 1 week, we selected for the pure transfected population.
Overexpression of PKD1 in EO06AA cells significantly decreased expression levels of Snail,
N-cadherin, vimentin, and MMP-2 (£< 0.0001) and significantly increased expression level
of E-cadherin (P< 0.0001) (Fig. 5A). Similar results were observed in C4-2 cells with
PKD1 overexpression (data not shown).

To evaluate MBP in human PCa tissue, we compared the differential gene expression levels
of the MBP members in human prostate cancer tissue from African—American and
Caucasian men. We used 15 PCa tissue samples from African—Americans and compared
them to an equal number of PCa tissue samples from Caucasians that were matched for
Gleason score. The expression levels of N-cadherin, Snail, and MMP-2 in African—
American PCa tissues were significantly higher compared to PCa tissues from Caucasians
(Fig. 5B). No significant difference in expression was observed for PKD1, E-cadherin, beta-
catenin, AR, vimentin, MMP-9, or MT in prostate cancer samples between the two races
(data not shown). The correlation between tissue samples and cell line data ranged from 0.33
to 0.89, and the highest correlations observed noted for PKD1, N-Cadherin, and beta-
Catenin expressions.

DISCUSSION

The results from our study suggest MBP is differentially expressed in two African—
American cell lines compared to Caucasians. Our earlier studies demonstrated that PKD1 is
characteristically down-regulated in advanced prostate cancer; furthermore, prostate-specific
PKD1 knock-out in mice does not alter the normal prostate phenotype [27]. Therefore, we
consider loss of PKD1 in the prostate to be a late event in PCa and a marker of an aggressive
disease. The down-regulation of PKD1 in primary African—American EO06AA cells
suggests that these cells could be inherently aggressive. Alternatively, because the
experiments are done in a cell line, the general limitations of cell line models such as clonal
selection, artifactual changes due to in vitro passaging are among other possibilities that
need to be addressed prior to definitively concluding the inherently aggressive nature of the
African—American cell line. Therefore, it may not be appropriate to generalize the results
found in cell line model to in vivo PCa tissue because cell lines are maintained for several
generations in artificial condition and accumulated changes in their phenotype (including
gene and protein expression) cannot be generalized to in vivo condition. However, the MBP

Prostate. Author manuscript; available in PMC 2016 July 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

NickKholgh et al.

Page 8

could be a valuable tool in evaluating the biological basis for racial disparity among men
with PCa.

Loss of PKD1 induces epithelial-to-mesenchymal transition (EMT), which is a key
phenotype in neoplastic progression. During EMT, epithelial cells acquire mesenchymal cell
properties, including morphologic changes, loss of epithelial markers, expression of
mesenchymal markers and, most importantly, the ability to migrate and invade [21]. During
EMT, E-cadherin is down-regulated and N-cadherin is up-regulated. This phenomenon is
known as cadherin switching and is associated with increased motility [28]. We have
previously demonstrated cadherin switching in high-grade human PCa [11]. In the present
study, the EO06AA cells (derived from a primary prostate tumor in an African—American
male) showed cadherin switching, which is characteristic of high-grade prostate cancer in
humans and commonly found in metastatic PCa cell lines. Furthermore, the expression level
of vimentin, another important mesenchymal marker and essential regulator of mesenchymal
cell migration is also up-regulated in EOO6AA cells [29]. The increased expression of
mesenchymal markers and loss of epithelial markers in EOO6AA, suggest the aggressive
nature of EOO6AA cell line.

PKD1 also regulates EMT through phosphorylation of Snail, a major transcriptional
repressor of E-cadherin, at the serine 11 (S11) [18]. Microarray and immunohistochemistry
studies have shown a direct correlation between increased Snail expression and high Gleason
scores in prostate cancer [30]. In addition, Snail expression is higher in aggressive metastatic
Caucasian cell lines compared to non-aggressive LNCaP cells [30]. In the current study,
Snail expression in EO06AA cells was significantly higher than other cell lines. Furthermore,
expression of S11-phosphorylated Snail was lower in the EOO6AA PCa cell line and higher
in MDAPCaz2b cell line to LNCaP cells. Currently, PKD1 is the only known kinase to
phosphorylate Snail at S11. We have previously shown that S11 phosphorylation increases
the nuclear export of Snail, and thereby inhibits repression of E-cadherin and induces a
benign epithelial phenotype [18]. As a corollary, loss of S11 phosphorylation could induce
E-cadherin repression and contribute to an aggressive malignant phenotype. The cell line
model developed in this study provides an invaluable opportunity to dissect the molecular
mechanisms of aggressive PCa.

MMPs are involved in the degradation of the extracellular matrix and play an important role
in tumor invasion and metastasis by breaking down connective tissue barriers [31]. MMP-2
and MMP-9 are overexpressed and are of significant prognostic and predictive markers of
high-risk prostate cancer [32]. In the current study, the expression of MMP-2 and MMP-9 in
EO06AA cells was higher compared to other study cell lines (LNCaP, C4-2, and
MDAPCa2b) [10]. While MMPs are generally considered markers of an aggressive
phenotype in a variety of human cancers, our laboratory has demonstrated a novel anti-
proliferative role for MMP-2 and MMP-9 in human PCa that is regulated by PKD1.
Therefore, the dysregulation of MMP-2 and MMP-9 in the cell line model characterized in
this study allows for a valid assessment of the complex and divergent roles of MMP-2 and
MMP-9 in cancer development and progression. In addition, the model provides another
opportunity to discriminate the often variable and opposing roles played by same genes in
PCa.
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Metallothionein (MT), a metal scavenger biomarker, plays an important role in metal
detoxification and homeostasis; furthermore, MT is expressed in advanced prostate cancer
and positively correlates with increasing Gleason score [33]. In the current study, the
transcriptional level of MT was not different among study cell lines; however, the protein
expression of MT in EOO6AA and MDAPCa2b was higher than LNCaP and might suggest a
more aggressive phenotype for these two African—American cell lines compared to LNCaP.
In addition, subcellular localization of MT in both African—American cell lines was
localized primarily in the cytoplasm while MT expression was localized primarily in the
nucleus for both LNCaP and its derivative C4-2 cells. MT subcellular distribution is specific
for cell type; moreover, MT is functionally important for cellular protection against
anticancer agents in human prostatic cancer cells [34]. The current cell line model might be
useful to determine the mechanisms that control subcellular localization and function of MT
marker.

We have previously shown that down-regulation of PKD1 and/or E-cadherin significantly
increased cell proliferation, and this effect was currently mediated by beta-catenin [14].
PKD1 is the only known kinase to phosphorylate beta-catenin at T120 residue. The T120
phosphorylation causes accumulation of beta-catenin in the trans-Golgi network and
decreases nuclear beta-catenin involvement in Wnt signaling [24]. The role of beta-catenin
in PCa is only beginning to be understood; however, it has been well established that the
mutation of adenopolyposis protein (APC), which prevents the degradation of cytoplasmic
beta-catenin [35], promotes nuclear translocation of beta-catenin and cell proliferation in
colon cancer [36]. The study cell line model could be used to improve our understanding of
the role of beta-catenin in prostate cancer. Our previous study has shown that subcellular
localization of beta-catenin by IF can serve as a biomarker to predict the clinical course of
PCa[15].

PKD1 is known to influence AR expression through phosphorylation and nuclear
translocation of heat shock protein 27 [16]. Subcellular localization of AR is an indicator for
AR activity; furthermore, AR localization in cytoplasm suggests that in the ECO6AA
prostate cancer cell line, like the aggressive metastatic C4-2 cell line, AR is largely inactive
[37] which could be explained with the loss-of-function mutation in AR in EO06AA cells
[38]. As prostate cancer progresses to a castration-resistant phenotype in humans, the cancer
cells are able to survive despite low levels of androgen in the serum and tissue [39].
Therefore, the African—American-derived EO06AA and C4-2 cells may have an innate
ability to remain aggressive in the presence or absence of androgens. Previously EO0O6AA
cells have been shown to exhibit castrate-resistant growth characteristics although they were
derived from a hormonally naive patient [38]. In contrast, MDAPCa2b cells that were
derived from a castrated patient expressed AR and remained sensitive to androgen. Elevated
levels of PKD1 protein in these cells might be responsible for nuclear translocation of AR.
The cell line model provides a robust system to study the progression to castration resistance
in PCa.

Low expression of mesenchymal markers (N-cadherin, vimentin, and Snail) and high
expression of E-cadherin in the African—American-derived MDAPCa2b cell line (derived
from bone metastasis) was similar to the expression level of these biomarkers in the non-
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aggressive LNCaP cells, which exemplifies mesenchymal-to-epithelial transition (MET) in
seeded tumor cells of bone metastasis [40,41]. Although the transcriptional expression of
PKD1 in MDAPCa2b cells was lower than LNCaP, the subcellular protein analysis showed
high expression of PKD1. The observed benign phenotype in MDAPCa2b cells can be
explained by high PKD1 expression in protein level. The discrepancy in PKD1 expression
between RNA and protein level in MDAPCa2b might be the result of the dysregulation of
PKD1 degradation mechanisms in these cells and merits further investigation.

In this study, we established the feasibility of studying MBP in human PCa tissue. We
demonstrated a correlation (in gene expression) ranging from 0.33 to 0.89, and the highest
observed correlations between human and cell line data were noted for PKD1, N-cadherin,
and beta-catenin expressions. A significant differential expression of genes between
African—American and Caucasian men with PCa was observed for N-cadherin, Snail, and
MMP-2. The lack of a significant difference in the remaining members of MBP (PKD1,
beta-catenin, E-cadherin, vimentin, MMP-9, and MT) may be related to the small sample
size and inadequate power. The goal of this experiment was to establish the feasibility of
studying MBP in human tissue. Further large-scale biomarker development and validation
studies are required to establish the utility of MBP in clinical practice.

Due to the limited availability of prostate cancer cell lines derived from African—American
men, we studied the two available cell lines. The process of generating a stable cell line from
the African—American patient with prostate cancer in EOO6AA may have selected for
aggressive clones and may not be representative of the entire disease. Nevertheless, our
results suggest that at least one clone was inherently aggressive in the original African—
American patient from which the EO06AA cell line was derived. Previous clonal studies
evaluating sources of metastasis in prostate cancer patients have indicated that metastases
often have an identifiable clonal origin and arise from small, indolent-appearing areas of
Gleason score 3 disease [42].

In summary, we have assembled and characterized a unique and novel cell line model that
can be used perform a variety of molecular studies focused on PKD1-centered signaling,
EMT, dual role of MMPs in PCa, AR transport, cell scavengers such as MTs, and specific
phosphorylation events of Snail and beta-catenin. Moreover, the cell line model could be
used for related cell biology experiments including proliferation, migration, and invasion
assays. As the molecular aspects of the model are characterized, the model could be used for
in vivo xenograft animal experiments including orthotopic and heterotopic models. As future
biomarker development and validation studies establish the utility of the MBP in clinical
practice, “back from bed to bench” functional studies could be performed using the cell line
model to address potential complications or concerns. In particular, the model provides a
unique resource to specifically address research questions focused on African—American
men with PCa.
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Fig. 1.

(A) PKD1 expression in African—American and Caucasian prostate cancer cell lines using
real time PCR. RNA18S was used as a housekeeping gene for normalization. (B)
Proliferation assay: Proliferation rate in the cell lines was evaluated by MTS assay. Over 72
hr, C4-2 and EO06AA cells had significantly higher proliferation rates than LNCaP and
MDAPCaz2b cells. Proliferation rates of LNCaP cells were also significantly higher than in
MDAPCaz2b cells (P< 0.05). (C) PKD1 protein expression in cytoplasmic fraction of all
four cell lines. The expression level was normalized against beta-actin. (D) PKD1 expression
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in transfected EOO6AA cells measured by real time PCR. EO06AA cells were transfected by
either PKD1-harboring EGFP (E006AA/PKD) or empty EGFP (E006AA/empty vector)
plasmids. In real time PCR, expression RNA18S was used for normalization. (E) MTS assay
in PKD1 transfected EO06AA cells. EOO6AA/empty vector was used as control. EOO6AA/
PKD1 (green line) was compared to EO0O6AA/empty vector (blue line) over 72 hr. EOO6AA/
empty vector and EO06AA/PKDL1 results were significantly different (P < 0.0001).
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Fig. 2.

Quantification of gene expression by real-time PCR. Expression of Multiplex Biomarker
Panel (MBP) in African—American and Caucasian prostate cancer cell lines. RNA18S was
used as a housekeeping gene for normalization. Not detected expression was considered as
Ct = 40 (the maximum amplification cycles). Y axis shows fold increase in gene expression.
P<0.05 is considered as significant and indicated by an asterisk (*). P-value for each
biomarker mentioned on the top left of each graph. Note that the expression levels of heat
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shock protein 27 in C4-2 cells and MDAPCaz2b cells were significantly lower than in other
cell lines.
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(A—C) Quantification of MBP by immunostaining. EOO6AA cells displayed a protein

expression pattern similar to that in C4-2 cells. Small Square Panel: specific staining of the
target protein. Large square panel: merged image. The scale bar is 10 um. (C) IgG control in
different cell lines.

Prostate. Author manuscript; available in PMC 2016 July 12.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

NickKholgh et al.

Page 19

LNCaP

C4-2

EODBAA
MDAPca2b

N-cadherin M sssssnss SES—— S = RELOD

1 1.7 1.6 1.2
Vimentin S - D 57KDa
1 27190 18995 0.5
E-cadherin M see— S 120KDa
1 0 0 1

|\'- I —
0.1

B-catenin
pT120 B-cat ¢ * — — 115KDa
0.2 0.9 1.5
N — i 101D
AR 1 0.1 0.2 1.1

1 0.2 0.3 p

M S S e 43KDa

beta-actin C - —  43KDa
S m— — — 43KDa
N —— . 43KDa

Fig. 4.

Sugbcellular localization of PKD1-related biomarker panel. Western blot immunoblot. Each
subcellular fraction was run in a separate membrane and gel. Densitometry of
electrophoretic Western blot bands for subcellular fractions was calculated using Image J
software. The expression level of each target protein was compared among cell lines in each
specific subcellular compartment. The mentioned value under each band show “peak
percentage” that are obtained by dividing the area of each peak by the sum of all measured
peaks from all lanes and normalized based on beta-actin expression. N: nucleus. C:
cytoplasm. M: cell membrane. S: cytoskeleton.
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(A) Racial disparity in expression of EMT markers in human prostate cancer tissues. 15
African—American men with prostate cancer were compared to 15 Caucasian men with
prostate cancer. Based on two-way ANOVA, race accounts for 4.83% of the total variance (F
=4.31, DFn =1, DFd = 84, P-value = 0.0409). (B) The effect of PKD1 overexpression on
EO06AA cells Quantification of gene expression by real time PCR on transfected EOO6AA
cell line. EOO6AA/PKD (E006AA cells stably transfected with PKD1 vector) was compared
to EO06AA/empty vector (EOO6AA cells stably transfected with empty vector).
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TABLE |
Real-Time PCR Primer Set Information
Gene ID Accession No Sequence Product length (bp)
Snail 1 NM_005985.3 Fw: 5-ACCACTATGCCGCGCTCTT-3’ 115
Rev: 5-GGTCGTAGGGCTGCTGGAA-3
Heat shock protein 27 NM_001540.3 Fw: 5-GGAGATCACCGGCAAGCAC-3 115
Rev: 5-GGAGGAGGAAACTTGGGTGG-3
Matrix metalloproteinase 2 NM_004530.4 Fw: 5-GGCTGCCCTCCCTTGTTTC-3 100
Rev: 5-AGGTCCTGGCAATCCCTTTG-3
Matrix metalloproteinase 9 NM_004994.2 Fw: 5-TTTGAGTCCGGTGGACGATG-3' 197
Rev: 5-GCTCCTCAAAGACCGAGTCC-3
E-cadherin NM_004360 Fw: 5-GCTGGACCGAGAGAGTTTCC-3 179
Rev: 5-CGACGTTAGCCTCGTTCTCA-3
N-cadherin NM_001792.3 Fw: 5-TTGGACCATCACTCGGCTTA-3’ 161
Rev: 5-AGTCACACTGGCAAACCTTCA-3
Methalothionin NM_005946.2 Fw: 5-TTCCACGTGCGCCTTATAGC-3 133
Rev: 5-TCTTTGCATTTGCAGGAGCC-3’
f-catenin NM_001904.3 HS00355049-m1 67
NM_001098209 & 210
Androgen receptor NM_001011645.2 HS00171172-m1 72
NM_000044.3
Vimentin NM_003380.3 Hs00185584-m1 73
Protein kinase D1 (PKD1) NM_002742.2 Hs00177037-m1 82
RNA18S5 NR_003286.2 Hs03928990-g1 61

The last five primers were ordered for Tagman assays and the rest for SyBr Green assays.
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TABLE Il
Antibody Information
Primary antibody (Catalogue No., company) Dilution Secondary antibody Dilution
PKD1 antibody (sc-639, Santa Cruz) 1:100 Alexa fluor 594 (A11012, Invitrogen) 1:333
AR antibody (sc-7305, Santa Cruz) 1:100 Alexa fluor 488 (A11001, Invitrogen) 1:333
N-Cadherin antibody (sc-7939, Santa cruz) 1:100 Alexa fluor 594 (A11012, Invitrogen) 1:333
E-Cadherin antibody (sc-21791, Santa Cruz) 1:100 Alexa fluor 488 (A11001, Invitrogen) 1:333
Vimentin antibody (sc-6260, Santa Cruz) 1:100 Alexa fluor 488 (A11001, Invitrogen) 1:333
Methallothionein antibody (sc-11377, Santa Cruz) 1:100  Alexa fluor 594 (A11012, Invitrogen) 1:333
S11-Snail 1:1,000  Alexa fluor 488 (A11001, Invitrogen) 1:333

antiT120 phosphorylated B-Catenin (pT120, rabbit polyclonal)* ~ 1:1,000  Alexa fluor 594 (A11012, Invitrogen) ~ 1:333

anti-Hsp27 (ab39399, Abcam) 1:100 Alexa fluor 594 (A11012, Invitrogen) 1:333
anti-MMP2 (ab37150, Abcam) 1:100 Alexa fluor 594 (A11080, Invitrogen) 1:333
MMP-9 antibody (sc-6840, Santa Cruz) 1:100 Alexa fluor 594 (A11012, Invitrogen) 1:333
B-catenin antibody (H102, sc-7199, Santa Cruz 1:100 Alexa fluor 594 (A11012, Invitrogen) 1:333

*
pT120 B-Catenin antibody was generated by commercial contractor Milliporezo. All antibodies were used in Western blots as well. For all
antibodies, dilution ratio of 1/200 was used for Western blots, except p-catenin antibody, for which a 1/300 dilution was used.
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