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1. Introduction

There are approximately 160 000 new cases of prostate
cancer (PCa) and 26 730 PCa-related deaths annually
in the United States (American Cancer Society, 2017),
making PCa the second leading cause of cancer-related
deaths for American men. Recent statistics also reveal
that race disparities persist despite improvements in
PCa detection, access to care, and survival across all
demographics (American Cancer Society, 2016, 2017;
Powell et al., 2010). African American men (AAM)
have a 70% higher incidence rate and a twofold to
fivefold greater risk of dying from the disease com-
pared to European American men (EAM) (American
Cancer Society, 2016). Moreover, AAM diagnosed
with low-risk prostate cancer are more likely to harbor
higher risk disease (Maurice et al., 2017). The cause of
these disparities is likely multifaceted, including unde-
termined contributions from ancestry genetics and life-
style risk factors (Barrington ez al., 2015; Cooperberg,
2013; Hsing et al., 2007, Major et al., 2012; Parker
et al., 2011), and reviewed in Powell and Bollig-
Fischer (2013). This raises the fundamental motivation
for our work: that the molecular underpinnings for
race disparities in PCa, which remain to be under-
stood, may one day be exploited to advance clinical
decision-making and improve outcomes for all
patients.

Traditionally, AAM have been poorly represented in
reports of molecular genomic aberrations in PCa.
Recent research has begun to address this shortcoming
and to highlight the greater molecular complexity of
the disease. Most notably, it is validated that TP53
somatic aberrations and TMPRSS2-ERG fusions
occur significantly less often in tumors from AAM rel-
ative to EAM (Huang et al., 2017; Khani et al., 2014,
Lindquist ef al., 2016; Tomlins et al., 2015; Yamoah
et al., 2015). Amplification of the fatty acid synthase
(FASN) gene, however, was found to be more frequent
in PCa samples from AAM (Huang et al., 2017), and
this is consistent with our finding that FASN mRNA
expression is increased in PCa from AAM relative to
EAM (Powell et al., 2013).

In the current study, we performed RNA-sequencing
analysis to further understand the molecular diversity
of PCa by specifically investigating high-grade PCa
[Gleason Score (GS) > 7(4 + 3)] in relation to matched
noncancer adjacent tissue across AAM and EAM.
Here, our RNA-sequencing data analysis identified
cytokine signaling factors including interleukin-6
(IL-6) as showing race-specific differential expression.
For AAM, IL-6 was upregulated in the nonmalignant
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adjacent tissue, but for EAM, IL-6 expression was
higher in PCa tissue. Much effort has been put forth
to study the mechanistic role of IL-6 in PCa, support-
ing that I1L-6 is a key cancer-promoting factor and
rational therapeutic target (Lee et al., 2003; Qu et al.,
2013; Zhong et al., 2016). However, this narrative is
challenged by reports such as one from Pencik ef al.
(2015) showing that STAT3 activation, the down-
stream effector of IL-6 signaling, suppresses PCa pro-
gression (Pencik et al., 2015). Moreover, clinical trials
using antibodies to target IL-6 failed to provide benefit
to PCa patients (Dorff et al., 2010; Fizazi et al., 2012).
Yet, increased levels of IL-6 in patient serum associ-
ated with poor outcomes (Nakashima et al., 2000),
and serum IL-6 levels are known to be higher in AAM
than in EAM (Paalani et al., 2011). The importance of
IL-6 in PCa race disparities remains unresolved.

The RNA-sequencing results that we report herein
associated with AAM led us to recognize the potential
for microenvironment-derived (exogenous) IL-6 to
inactivate tumor suppressor TP53 in PCa cells that do
not express IL-6. Using a panel of PCa cells, including
cell lines from AAM, we also elucidated that exoge-
nous IL-6 upregulated expression of the epigenetic
reader methyl CpG binding domain protein 2
(MBD?2), specifically the alternative mRNA splicing
variant MBD2 v2, to promote cancer stem-like cells
(CSCs). The work we describe advances what is known
about the biology associated with PCa race disparities
and molecular signaling promoting CSCs.

2. Materials and methods

2.1. RNA sequencing of patient samples

Specimen collection and analysis were carried out with
the understanding and written consent of each subject.
The study methodologies conformed to the standards
set by the Declaration of Helsinki and were approved
by the Wayne State University Institutional Review
Board. RNA sequencing was applied to matched PCa
and adjacent noncancer prostate tissue specimens from
16 patients, eight AAM and eight EAM, for a total of
32 samples. All PCa specimens represented an aggres-
sive phenotype, with GS > 7(4 + 3) (Stark et al,
2009). De-identified, formalin-fixed paraffin-embedded
(FFPE) high-grade PCa (greater than 70% cancer cell
content) and matched adjacent nonmalignant tissue
samples were identified and reviewed at the Bioreposi-
tory in the Department of Pathology at Wayne State
University, Detroit, MI. Total RNA was isolated from
the FFPE specimens (eight sections, 10 um each per
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block; discarding surface section) using the Recover
All kit for FFPE, with extended proteinase K and
DNAse treatment (Life Technologies Inc., Carlsbad,
CA, USA). RNA quantity and quality were estimated
by spectrophotometry. Double-stranded cDNA prepa-
ration and library construction were done with the
Ovation Human FFPE RNA-Sequencing Multiplex
System (NuGEN, San Carlos, CA, USA) using 200 ng
total RNA. Key features are as follows: it is strand-
specific; no poly-A selection step (or other selection
step that could introduce bias or be problematic for
degraded RNA); and the approach integrates an insert
dependent adapter cleavage step that specifically tar-
gets ribosomal RNA for degradation (Adiconis et al.,
2013). Quality of library preparations was assessed
using the Tapestation (Agilent, Santa Clara, CA,
USA) (Fig. S1). Cluster generation was performed
using the Illumina cBot and HiSeq Paired End Cluster
Generation Kit (Illumina, San Diego, CA, USA). Flow
cells were paired end sequenced (100 cycles) on an Illu-
mina HiSeq 2500 (high-output mode). Sample libraries
were indexed and multiplexed in randomized fashion:
four per lane of an 8-lane flow cell. FastQC analysis
(www.bioinformatics.babraham.ac.uk/) was done to
know that more than 85% of reads, for all samples,
passed QC30. Transcript and gene-level expression
abundances were calculated using the cufflinks2 mod-
ule from the Cufflinks2 Suite (Trapnell ez al., 2009,
2012). The abundance results were reported in plain
text files showing P-values (adjusted for multiple test-
ing) and normalized abundance data in terms of
FPKM (fragments per kilobase of transcript per mil-
lion mapped reads).

In an additional quality control step, we ran a test
of the nonparametric Spearman correlation between
identical samples sequenced twice, in different batches,
which demonstrated high reproducibility (98%, data
not shown). We also compared our RNA-sequencing
data with expression data from our published study
that employed microarray-based analysis (Powell
et al., 2013). Applying nonparametric Spearman corre-
lation analysis to measurements from the two tech-
nologies yielded a high correlation (0.805 AAM and
0.811 EAM, Fig. S2), signifying that the results of
high-throughput sequencing compared to gene expres-
sion measured by validated microarray analysis across
the bulk of genes analyzed by both methods, even
though the PCa samples studied were different.

2.2. Statistical analysis of RNA-sequencing data

Matched high-grade [GS > 7(4 + 3)] prostate tumor
and adjacent normal specimens from 16 patients (eight
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AAM and eight EAM, Table S1) were subjected to
two replicate runs of RNA-sequencing analyses. The
standard fragments per kilobase of exon per million
reads (FPKM) per transcript were normalized by add-
ing 1 and applying a log-transformation. A mixed
model analysis was used to model normalized read
count as a function of race, tissue type (tumor or nor-
mal), and their interaction for each transcript,
accounting for the correlation between replicates and
different variance in the two batches. The outcomes
identified transcripts with a significant (P < 0.05) inter-
action effect between race and tissue type. FASTQ
and processed data are available at Gene Expression
Omnibus GSE104131. The Enrichr tool (Kuleshov
et al., 2016) was applied to the resulting significant
gene list to identify significantly overrepresented
KEGG pathways (P < 0.05). The Upstream Regulator
analysis tool (Kramer et al., 2014), included in the
Ingenuity Systems (Qiagen, Redwood City, CA, USA)
software suite, was used to identify significant overen-
richment (P < 0.05) for subsets of genes associated
with activation or inactivation of upstream regulators.

2.3. Cell lines, viability assays, real-time RT-PCR,
and immunoblot analysis

Details on cell line authentication, cell culture media
conditions, methods for viability, RT-PCR, and
immunoblot analyses are presented in Data S1.

2.4. Prostasphere formation assay

The presence of and self-renewal capacity of CSCs was
examined in PCa cell lines by this sphere-propagating
assay as described previously (Bao et al., 2017; Rybak
et al., 2011). Briefly, 1000 single cells were seeded in
1.5 mL of the FBS-free sphere formation media (1 : 1
DMEM:F-12 media plus with B-27 and N-2 supple-
ments, Gibco Brand, ThermoFisher, Waltham, MA,
USA) in six-well Ultra Low Attachment plates (Corn-
ing Inc., Corning, NY, USA). Treatments were added
and media replenished every 3 days. After 7 days of
incubation, the prostaspheres (at a size equal or greater
than 50 pm diameter) were counted and reported as a
fraction of the total number of cells seeded. Images
were taken using a Nikon Eclipse TE2000-U micro-
scope at 40x magnification (Tokyo, Japan).

2.5. Fluorescence-activated cell sorting (FACS)
analysis

CSCs and total PCa cells were counted by fluores-
cence-activated cell sorting (FACS) analysis, using the
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BD LSR IT (BD Biosciences, San Jose, CA, USA), at
the Karmanos Cancer Institute Microscopy, Imaging
and Cytometry Resources Core. CSCs were sorted
based on triple-marker (CD44+/CD133+/EpCAM+)-
positive status. Fluorochrome-labeled monoclonal anti-
bodies against human CD44, CDI133, and EpCAM
proteins were obtained from EBiosciences (San Diego,
CA, USA; catalogue number 25-0441-82), Miltenyil
Biotec (Cologne, Germany; catalogue number 130-090-
854), and BD Biosciences (Franklin Lakes, NJ, USA;
catalogue number 347198), respectively.

2.6. Stable overexpression of MIBD2_v2 in
prostate cancer cell lines

Packaged lentiviral particles to overexpress GFP or
mCherry control genes, or MBD2_v2 were purchased
from Cyagen Biosciences (Santa Clara, CA, USA). The
custom-synthesized human MBD2_v2 (NMO015832.4)
gene, mCherry, or GFP sequence was subcloned into a
lentiviral expression vector downstream of the CMV
promoter. The construct was sequenced to ensure that
the MBD2_v2 sequence and orientation were correct.
The expression vector also expressed a puromycin resis-
tance gene. Cells were transduced and selected with pur-
omycin. GFP expression was visible by fluorescence
microscopy. Overexpression of MBD2_v2 was validated
by immunoblot analysis and semiquantitative RT-PCR
using TagMan probes.

2.7. Meta-analysis of MBD2_v2 expression using
the Oncomine database

Microarray data from the Oncomine database was
accessed on May 22, 2017 (Rhodes et al., 2004). All
PCa datasets utilizing the splice variant-specific Affy-
metrix probe for MBD2 v2 (214396_s at) or
MBD2_vl1 (202484 s_at), were queried to obtain log,
median-centered intensities, based on GS for clinical
specimens only. Patient specimens (n = 244) from a
total of five studies (Best et al., 2005; Glinsky et al.,
2004; Liu et al., 2006; Vanaja et al., 2003; Wallace
et al., 2008), were partitioned into two groups repre-
senting low-grade and high-grade PCa (GS 4-7 and
GS 8-9). A two-sided unpaired z-test was performed
on log, median-centered intensities to compare the two
groups.

2.8. Statistical analysis of data from PCa cell line
experiments

Statistical analysis of data resulting from experiments
using PCa cell lines was performed using GRAPHPAD
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prisM (GraphPad Software Inc., La Jolla, CA, USA).
Semiquantitative RT-PCR data are presented as the
mean and standard deviation of a representative
experiment. Mann—Whitney U test or unpaired two-
sided ¢-test (Welch’s ¢-test) was performed to test the sig-
nificance of difference between two groups, a P-value
< 0.05 is considered to be statistically significant.

3. Results

3.1. RNA-sequencing analysis of PCa and
noncancer prostate tissue from AAM and EAM

We analyzed RNA-sequencing normalized read count
differences between tumor and adjacent nonmalignant
tissue samples as a function of race. Plots for the nine
most significant differentially expressed genes among
the resulting 1206 significant coding genes identified
are provided in Fig. S3. We then applied the Enrichr
tool (Kuleshov et al., 2016) to the significant gene set
to identify significant signaling pathways overrepre-
sented in the data. Cytokine—cytokine receptor interac-
tion was the most significant pathway (Fig. 1A). The
genes associated with this pathway in our dataset are
provided in Table S2. Among them, IL-6 and TGFBI1
were upregulated in the noncancer, tumor-adjacent tis-
sue of AAM, but for EAM, IL-6 expression was
increased in PCa tissue and TGFBI was not differen-
tially expressed (Fig. 1B). We further examined our
significant gene set using the Upstream Regulator tool
(Kramer et al., 2014). Upstream Regulator analysis
compared our input list of differentially expressed
genes to a catalogue of perturbed datasets to consider
the significance of gene overlap and direction of
expression differences to predict the activity of
upstream regulators. This revealed a significant over-
representation and coordinated change in mRNA
expression in AAM tumor data for genes that are
known to be regulated by tumor suppressor protein
TP53 (Fig. 1C). Specifically, the direction of differen-
tial expression of genes downstream of TP53 suggested
that TP53 inactivation was occurring in PCa from
AAM (Fig. 1D).

3.2. IL-6 treatment promotes CSC growth in IL-6
nonexpressing PCa cell cultures

Our RNA-sequencing analysis of high-grade PCa and
noncancer adjacent tissues revealed differential 1L-6
expression specific to race (Fig. 1). The data from
AAM suggest a paracrine role for IL-6, but IL-6
expression was enriched in PCa specimens from EAM,
indicating that for some high-grade tumors, PCa cells
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may express autocrine-acting IL-6. We set out to fur-
ther distinguish the role of IL-6 using a diverse panel
of PCa cells, including cell lines from AAM. We began
by characterizing IL-6 expression levels. Based on
results of real-time RT-PCR analysis using TagMan
probes, IL-6 mRNA was not detected in MDA-PCa-
2b, RC77T or LNCaP cells, but it was highly
expressed in PC3 and DUI145 cells. The results in
Table 1 are annotated with the information that
MDA-PCa-2b and RC77T were derived from PCa
from AAM. Also, the cell lines expressing IL-6 are
TP53 mutant. IL-6 mRNA was not detected in TP53
wild-type cell lines (Table 1).

It was previously reported that IL-6 signaling in
PCa sustains and promotes the generation of CSCs
(Kroon et al., 2013; Qu et al., 2013). We proceeded to
measure the impact that 1L-6 had on promoting CSCs
across our PCa cell line panel. Using a prostasphere
formation assay, we tested whether IL-6 treatment
influenced the formation of prostaspheres, demonstrat-
ing the presence of CSCs (Rybak ef al., 2011). In the
AA-derived MDA-PCa-2b cells, which do not express
IL-6, we observed an increase in the number of prosta-
spheres after 7 days of low-dose IL-6 treatment, and a
higher TL-6 concentration elicited a more significant
increase in the number of prostaspheres (Fig. 2A). We
further observed that within 48 h MDA-PCa-2b cell
viability also increased in a dose-dependent manner
(Fig. 2B). We then tested IL-6 treatment on cultures
of RC77T cells, which are also of AA origin and TP53
wild-type, and do not express IL-6. Similar to MDA-
PCa-2b cells, IL-6 treatment induced greater numbers
of prostaspheres (Fig. 2C) and increased cell viability
similar to MDA-PCa-2b cells (Fig. 2D). For PC3 cells,
which are TP53 mutant and express high levels of IL-6
endogenously, IL-6 treatment had no effect on prosta-
sphere growth (Fig. 2E). However, treatment of PC3
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cells with the IL-6 receptor inhibitor tocilizumab
reduced prostasphere formation (Fig. 2F).

The impact of IL-6 on CSCs on other prostate
cancer cell lines in our panel was measured by
FACS, where the fraction of CSCs was measured
based on triple-marker-positive status (CD44+/
CD133+/EpCAM+). This assay distinguishes CD133-
positive CSCs relative to non-CSCs, also referred to
as bulk cancer cells, that do not express CDI133.
CDI133 is a specific PCa CSC surface marker
(Richardson et al., 2004). For IL-6 expressing
DU145 cell line cultures, IL-6 treatment for 7 days
had no effect on the fraction of triple-marker-posi-
tive cell numbers. However, for IL-6 nonexpressing
LNCaP cells, a similar 7-day IL-6 treatment regimen
induced a threefold increase in the percentage of tri-
ple-marker-positive ~ CSCs  (Fig. 2G, Table S3).
Results using PC3 again showed that IL-6 treatment
had no effect on prostaspheres (Fig. 2G). For IL-6
nonexpressing RC77T cells, an increase in the per-
centage of triple-marker-positive CSCs was significant
at 14 days of treatment (Fig. 2G, Table S3).

3.3. IL-6 treatment induced expression of
alternative mRNA splicing variant MIBD2_v2,
which promotes CSCs

We recently identified in triple negative breast cancer,
an aggressive breast cancer subtype that disproportion-
ately affects African American women (Brewster et al.,
2014), that expression of epigenetic reader methyl bind-
ing domain protein 2 (MBD?2), specifically the alterna-
tive mRNA splicing variant MBD2_v2, is dependent on
reactive oxygen species (ROS) and necessary to main-
tain the cancer stem cell phenotype (Bao et al., 2017). In
generating PCa CSCs, IL-6 activity is coupled with the
production of ROS, which function as second messenger

Fig. 1. Analysis of RNA-sequencing data from PCa and matched noncancer adjacent tissue identified race-specific differential gene
expression. RNA sequencing and interaction effect analysis were run on PCa and matched noncancer adjacent tissues from eight AAM and
eight EAM (32 samples total, repeated). (A) The Enrichr tool was applied to the resulting significant gene set to identify KEGG signaling
pathways overrepresented in the data. (B) Race-specific, differential gene expression patterns are shown for TGFB1 and IL-6, which were
among the genes contributing to significant overrepresentation of the cytokine—cytokine receptor interaction pathway in (A). The interaction
effect analysis P-value is provided. (C) Upstream Regulator analysis compared our input list of differentially expressed genes to a catalogue
of perturbed datasets to consider the significance of gene overlap and direction of expression differences to predict the activity of upstream
regulators, for example, transcription factors. The algorithm accounts for the direction of differential expression of genes downstream of an
upstream regulator to calculate a negative activation zscore (predictive of inactivation) or a positive activation z-score (predictive of
activation). (D) Enriched network of genes associated with TP53 function identified by Upstream Regulator Analysis. The patterns of
expression displayed here represent PCa relative to noncancer adjacent tissues specific to AAM. Green nodes showed significant (P < 0.05)
decreased expression, and red nodes were significantly increased. The edges connecting TP53 to other genes represent published
regulatory relationships: blue activating expression and orange inhibitory. The result indicates that although TP53 mRNA levels were not
different for either EAM or AAM, TP53 function was being inactivated in PCa from AAM.
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signaling factors (Qu et al., 2013). Therefore, we
hypothesized that IL-6 treatment of PCa cells upregu-
lates expression of MBD2_v2 and that increased
MBD2_v2 expression promotes PCa CSCs. We tested
this using IL-6 nonexpressing RC77T and LNCaP cells.
As can be seen from immunoblot analysis, IL-6 treat-
ment induced increased protein and mRINA expression
of the MBD2_v2 isoform in both cells lines (Fig. 3A,B).
Levels of the long isoform, mRNA variant MBD2_vl,
were not affected by IL-6 treatment (Fig 3A). The addi-
tion of a pharmacological STAT3 inhibitor blocked IL-
6 induction of MBD2_v2 (Fig. 3C), corroborating the
role of exogenous IL-6 signaling via STAT3. Treatment
with a STAT3 inhibitor alone downregulated MBD2_v2
(Fig. 3D), and prostaspheres (Fig. 3E) in IL-6 express-
ing DUI145 cells, indicating that MBD2_v2 levels and
prostaspheres were sustained by the endogenous IL-6
signaling in this cell line. Regarding STAT3
immunoblotting, each of the panels (Fig. 3A,C,D)
demonstrate that STAT3 phospho-protein levels
(pSTAT?3) were induced by IL-6 treatment, while total
protein levels were unaffected, which is consistent with
canonical IL-6 signaling.

We proceeded to stably overexpress MBD2 v2 in
LNCaP cells to assess the impact on CSCs via a
prostasphere formation assay. Under nonattachment,
serum-free conditions overexpression of MBD2_v2
caused a significant increase in prostasphere numbers
and an increase in prostasphere size relative to GFP-
expressing controls (Fig. 4A-C, Fig. S4). We subse-
quently performed the same experiment using the AA
patient-derived RC77T prostate cancer cell line, and
the results were essentially the same (Fig. 4D-F,
Fig. S4), underscoring that although a molecular phe-
notype may be enriched in PCa from AAM (i.e., TP53
wild-type, IL-6 derived from the environment), it is
not exclusive to PCa from AAM. A report by Lu et al.
(2014) details the mechanism whereby in human
pluripotent stem cells (hPSCs), MBD2_v2 activates
genes such as NANOG and SOX2. It is well known
that SOX2 and NANOG directly interact and regulate
self-renewal of hPSCs and CSCs (Gagliardi et al.,
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Table 1. PCa cell lines differ in endogenous IL-6 expression. IL-6
levels were measured in PCa cell lines by real-time RT-PCR
analysis using TagMan probes. Relative levels for PC3 and DU-145
cells, which expressed IL-6, were calculated by the AAC; method
using Pactin expression as the normalizer. Cell lines were
authenticated, and the TP53 mutation status according to the
COSMIC database is listed.

PCa cell line Relative IL-6 expression level TP53 mutations
PC3 6.18 p.138fs

DU-145 1.00 p.V274F
LNCaP Not detected Wild-type
MDA-PCa-2b? Not detected Wild-type
RC77T? Not detected Wild-type

Samples were determined Not Detected by the One Step Plus
Systems (Applied Biosystems, Foster City, CA, USA).
Derived from tumors from AAM.

2013; Jeter et al., 2016; Sarkar and Hochedlinger,
2013). We proceeded to test whether MBD2_v2 regu-
lates the mRNA expression of SOX2 and NANOG in
the context of PCa cells. SOX9 was also of interest to
us based on a recent report that it fulfills a molecular
function similar to SOX2, but may have a predomi-
nant role in therapy resistant PCa (Chen et al., 2016).
The results complete a set of experiments providing
evidence that exogenous IL-6 treatment upregulates
MBD2 _v2 in TP53 wild-type LNCaP and RC77T cells
(Fig. 3) and that upregulated MBD2_v2 by stable
overexpression in RC77T cancer cells upregulates
NANOG, SOX2, and SOX9 (Fig. 4G-I). In LNCaP
cells, only NANOG increased with MBD2_v2 overex-
pression (Fig. 4G). Perhaps giving some indication of
differences for these two cell lines that had up to now
in the course of our study appeared molecularly simi-
lar. Although based on the literature the cell function
outcome will be the same: increasing any single one of
these factors will likely promote the stemness pheno-
type (Chen et al., 2016; Gagliardi et al., 2013; Jeter
et al., 2016; Sarkar and Hochedlinger, 2013).

Finally, analysis of Affymetrix microarray expres-
sion data sets, accessed via Oncomine (Rhodes et al.,
2004), demonstrated that GS 8-9 PCa express

Fig. 2. IL-6 treatment induced prostasphere formation in IL-6 nonexpressing PCa cell line cultures. (A) Effect of IL-6 treatment relative to
vehicle control on the numbers of prostaspheres in 7-day cultures of MDA-PCa-2b cells. (B) Effect of IL-6 treatment (72-h) on viability of
MDA-PCa-2b cells, run in triplicate and repeated twice. (C) Effect of IL-6 treatment relative to vehicle control on the numbers of
prostaspheres in 7-day cultures of RC77T cells. (D) Effect of IL-6 on viability of RC77T cells, 7-day treatment run in triplicate and repeated
twice. (E) Effect of 7-day IL-6 treatment on the numbers of PC3 prostaspheres. (F) Effect of IL-6 receptor inhibitor tocilizumab (10 pm,
7 days) on prostaspheres in PC3 cultures. (G) Impact of IL-6 treatment on the percentage of CSCs in other cell lines in our panel measured
by FACS analysis. Cells were treated with IL-6 at 10 ng-mL~" for 7 or 14 days for RC77T. The fraction of CSCs relative to total cell count
was measured based on CSC triple-marker-positive status (CD44+/CD133+/EpCAM+). The results are presented as fold-change, IL-6 treated
vs. control. Prostasphere assay and FACS data are representative of repeated experiments and are the average of three independent
biological replicates. *P < 0.05, **P < 0.01.
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significantly higher levels of MBD2_v2 relative to GS
4-7 PCa (Fig. 4]). Conversely, further analysis showed
an inverse relationship between variant MBD2_vl
expression and PCa GS (Fig. 4K).

3.4. IL-6 treatment decreased wild-type TP53
protein in IL-6 nonexpressing cells

As described above, results of our RNA-sequencing
data analysis pipeline revealed that IL-6 was at signifi-
cantly higher levels in the noncancer, tumor-adjacent
tissue of AAM relative to PCa from AAM and tumor-
adjacent tissue from EAM. Also, although TP53 itself
was not differentially expressed, the significant results
from Upstream Regulator Analysis identified evidence
for inactivation of wild-type TP53 signaling in PCa
from AAM (Fig. 1C,D). We predicted that these find-
ings were related and hypothesized that microenviron-
ment-derived IL-6, or exogenous IL-6 treatment in
culture, downregulates wild-type TP53 protein levels in
PCa cells. Wild-type TP53 function is known to play a
role in inhibiting the CSC phenotype (Chang et al.,
2011; Ren et al., 2013), thus, this hypothesis is also
relevant to IL-6 promotion of CSCs. To test it, we
measured the effect of IL-6 treatment on TP53 levels
using IL-6 nonexpressing, TP53 wild-type cell lines
RC77T and LNCaP. Immunoblot analysis demon-
strated that TP53 protein levels decreased in both
RC77T and LNCaP cells treated with 1L-6 (Fig. 5A).
Real-time RT-PCR analysis validated that IL-6 treat-
ment did not induce TP53 mRNA level changes (data
not shown). Also, for IL-6 expressing DU145 cells, IL-
6 treatment had no effect on mutant TP53 levels
(Fig. 5A). Lastly, by real-time RT-PCR analysis we
tested the effect of IL-6 treatment on the expression of
genes that are known to be regulated by wild-type
TP53 function using the RC77T cell line. We selected
to test EPHA2 and VCAN because they are among
the significant results from the RNA-sequencing data
analysis results associated with specimens from AAM
in Fig. 1D, and because they are regulated by direct
TP53-DNA binding (Fischer, 2017). We also tested the
more commonly studied TP53-regulated factor cyclin-
dependent kinase inhibitor 1A (CDKNI1A), otherwise
known as p21. For all three genes, mRNA expression
levels decreased with IL-6 treatment (Fig. 5B).

4. Discussion

We began this investigation with RNA sequencing of
PCa patient specimens, which produced new evidence
of molecular diversity for high-grade PCa associated
with race. Our analysis identified race-specific

E. A. Teslow et al.

differential gene expression comparing tumor and
noncancer adjacent tissue samples. Countering a pre-
vious report that PCa tumors lack IL-6 expression
(Yu et al., 2015), our RNA-sequencing data analysis
highlighted that PCa tumors from EAM, and by
extension PCa cells, express relatively high levels of
IL-6. We measured IL-6 expression across a diverse
PCa cell line panel. DU145 and PC3 PCa cell lines
expressed abundant IL-6 mRNA, but IL-6 was not
detected in RNA harvested from LNCaP cells. Oka-
moto et al. (1997) reported similar findings based on
measurement of IL-6 protein secreted from these cell
lines. Our panel also included RC77T and MDA-
PCa-2b derived from AAM, and with this expanded
panel, we observed that IL-6 nonexpressing PCa cell
lines — LNCaP, RC77T, and MDA-PCa-2b — are
TP53 wild-type. In contrast, IL-6 expressing cell lines
— DUI145 and PC3 — are TP53 mutant. TP53 status
in our diverse PCa cell line panel may reflect that
TP53 mutations are less frequent in PCa from AAM
relative to PCa from EAM (Huang et al.,, 2017,
Lindquist ez al., 2016).

The RNA-sequencing data analysis results associ-
ated with AAM led us to test the potential for
microenvironment-derived, or exogenous IL-6 to
downregulate wild-type TP53 protein in IL-6 nonex-
pressing PCa cell lines. Immunoblot analysis showed
that IL6 treatment caused a marked decrease in TP53
protein levels in TP53 wild-type cell lines. In parallel,
we observed that IL-6 treatment had no effect on
TP53 mRNA. Additional studies are needed to
uncover the mechanism by which, wild-type TP53 pro-
tein is downregulated by IL-6 signaling in PCa cells.
However, it is already reported that loss of wild-type
TP53 is required for cancer cell expression of the stem
cell phenotype (Chang et al., 2011; Ren et al., 2013).
Moreover, low TP53 wild-type protein levels in PCa
are associated with worse outcomes (Kluth et al.,
2014), but it remains unclear whether higher IL-6
levels in the adjacent stroma and serum of AAM cor-
relate with low levels of wild-type TP53 protein in PCa
specimens from AAM.

We characterized the effect of IL-6 on CSCs in
our PCa cell line panel. Summarizing the results of
these experiments, IL-6 treatment of IL-6 nonex-
pressing PCa cells elicited a significant, dose-depen-
dent increase in the number of CSCs. For IL-6-
expressing PCa cell lines, adding IL-6 to the media
of IL-6-expressing cells did not increase the number
of CSCs. These data suggest that in IL-6-expressing
PCa cell line cultures the IL-6 receptor population
was saturated by endogenous IL-6 levels. Our work
underscores that previous, unsuccessful clinical trials
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appropriately assessed the significance of IL-6 signal-
ing in PCa progression, but may have failed in their
approach to target IL-6 or IL-6 signal transduction
factors JAK/STAT (Buchert et al., 2016; Dorff et al.,
2010; Fizazi et al., 2012; Plimack et al., 2013).
Zhong et al. (2016) propose that a higher affinity
IL-6 antibody with an extended half-life will con-
tribute to solving the issue. On the other hand, more
thorough understanding of downstream IL-6 signal-
ing mechanisms driving PCa CSCs could provide

MBD2_v2 promotes prostate cancer stem cells

insights for improved PCa treatment strategies. Our
finding that IL-6 signaling upregulates expression of
MBD2 _v2, to support and promote expansion of the
CSC niche in PCa, opens a novel avenue for
research. CSCs are identified in patient tumors and
tumor-derived cell line cultures as a subfraction of
self-renewing, tumor-initiating PCa cells that also
give rise to drug resistance and metastatic recurrence
(Maitland and Collins, 2008). The insight for us to
test the effect of exogenous IL-6 treatment on
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Fig. 3. Activation of IL-6 signaling upregulated expression of the MBD2 short isoform MBD2_v2 in PCa cell lines. (A) Immmunoblot analysis
of MBD2 isoforms, phosphorylated STAT3 (pSTAT3), and total STAT3 protein levels in IL-6 nonexpressing cell lines LNCaP and RC77T
treated with IL-6 (10 ng-mL~", 14 days) or diluent control. (B) MBD2_v2 mRNA levels in LnCaP and RC77T cell lines measured by real-time
RT-PCR using TagMan probes. Results are presented as fold-change, IL-6-treated relative to vehicle-treated conditions. (C) Immunoblot
analysis of MBD2 isoforms, pSTAT3, and total STAT3 protein in LNCaP cells treated with IL-6 in combination with the STAT3 inhibitor drug
cryptotanshinone (CTS, 500 nwm) or vehicle control for 14 days. (D) Immunoblot analysis of MBD2 isoforms, pSTAT3, and total STAT3 protein
in IL-6-expressing cell line DU-145, treated with CTS (500 nm) or vehicle control for 48 h. Cell culture treatment, protein harvest, and
immunoblot analysis were carried out three times. (E) Effect of CTS treatment relative to vehicle control on the numbers of prostaspheres
in 7-day cultures of DU145 cells. **P < 0.01.
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Fig. 4. MBD2_v2 overexpression enhances prostasphere formation and is associated with high-grade PCa. (A) Immunoblot measure of
MBD?2 isoforms in LNCaP cell line stably transduced with MBD2_v2 or GFP control expression vectors. (B,C) The effect of stable MBD2_v2
overexpression in LNCaP cells on prostasphere size and prostasphere numbers relative to GFP-expressing LNCaP control cells.
Bar = 1000 um. (D) Immunoblot measure of MBD2 isoforms in RC77T cell line stably transduced with MBD2_v2 or mCherry control
expression vectors. (E,F) The effect of stable MBD2_v2 overexpression in RC77T cells on prostasphere size and prostasphere numbers
relative to mCherry-expressing RC77T control cells. Three biological replicates were used in each prostasphere assay, which was performed
twice (total of six biological replicates). Bar = 1000 um. (G-I) Real-time RT-PCR analysis was performed to measure the effect of MBD2_v2
stable overexpression on NANOG, SOX9, and SOX2 levels in LNCaP and RC77T cells. (J,K) PCa data sets compiled from Oncomine [GS 4-7
(n=171) and GS 8-9 (n = 53)] were used to test if high MBD2_v2 or MBD2_v1 transcript expression associated with high GS. **P < 0.01.

MBD2_v2 expression, and subsequently observe that
upregulated MBD2_v2 increases PCa CSCs, is based
on results of our investigation into how ROS signal-
ing promotes malignant transformation and the stem
cell phenotype in triple negative breast cancer cells
(Bao et al., 2017). Our current study identified that
MBD2_v2 sustains PCa CSCs. Furthermore, a pro-
inflammatory signaling environment (i.e., exogenous
IL-6) induces MBD2_v2 expression that drives

expansion of the CSC population in TP53 wild-type
PCa cells. With these two studies, we have uncov-
ered a mechanism implicated in two cancer types
that disproportionately impact African Americans.

LNCaP RC77T DU-145
B 1.5 O rRC77T
Il RC77T IL6
[ =
S
o ® 1.0 l _T_ _T_
[}]
2 =
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m 0.5 b
£
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Fig. 5. IL-6 treatment downregulated wild-type TP53 protein levels
in non-1L-6 expressing PCa cell lines. (A) TP53 immunoblot analysis
of IL-6 nonexpressing, TP53 wild-type RC77T, and LNCaP cell
lines, and TP53 mutant DU-145 cells, each treated with IL-6 or
vehicle control for 7 days. (B) Real-time RT-PCR analysis of mRNA
expression levels of known TP53-regulated genes in RC77T cells
treated with [L-6 or vehicle control for 7 days. Cell culture
treatment, protein harvest, and immunoblot analyses were carried
out three times.

We intend to pursue studies to uncover further
mechanistic insights surrounding how MBD2 v2
expression is regulated by IL-6 in PCa. However, we
can hypothesize that the mechanism by which
MBD2_v2 functions to maintain and promote the gen-
eration of CSCs is similar to the mechanism described
for hPSCs. MBD2_v2 is one of two alternative mRNA
splicing variants for the epigenetic reader MBD2 gene
and in hPSCs MBD2_v1 binds methylated CpG pro-
moter sequence and recruits the Nucleosome Remodel-
ing and Deacetylase (NuRD) corepressor complex to
silence transcription of pluripotency genes and pro-
mote cellular differentiation (Lu et al., 2014).
MBD2_v2 binds the same promoter sequences, but
lacks the domain required to recruit the NuRD com-
plex; and upregulated MBD2_v2 displaces MBD2_vl1
to promote stem cell phenotypes (Lu et al., 2014).
Analysis using the Oncomine gene expression microar-
ray database (Rhodes et al., 2004) showed that high
MBD2_v2 expression in patient tumors correlated with
high-grade PCa and that high MBD2_ vl expression
correlated with low-grade PCa. We do not yet have
preliminary insight as to whether MBD2_v2 is differ-
entially expressed in PCa from AAM relative to EAM.
Public gene expression data sets are lacking in AAM
specimens, and despite having achieved approximately
100 million high-quality paired end reads per sample,
MBD?2_v2 mapped read counts were below the detec-
tion threshold in our RNA-sequencing data. This
underscores the challenge of using genomewide RNA
sequencing to analyze specific mRNA splicing variants
(Mehta et al., 2016).

Based on data from previous studies with a focus on
PCa tissue, there appears to be no association between
IL-6 levels in cancer cells and high-grade PCa (Pencik
et al., 2015; Powell et al., 2013). Herein, we report that
AAM with high-grade cancer have significantly higher
IL-6 expression in the tumor microenvironment. Fur-
thermore, AAM have higher circulating levels of IL-6
relative to EAM (Maurice et al., 2017), and AAM are
more likely to advance to higher grade disease (Mau-
rice et al., 2017). Thus, further research to define the
signaling mechanism for induction of MBD2_v2
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expression in PCa, by IL-6 derived from the microen-
vironment, may be particularly relevant for AAM.

5. Conclusion

In conclusion, the results of the current study con-
tribute to characterizing gene expression patterns in
high-grade PCa and noncancer tissues from EAM and
AAM. The results advance molecular understanding of
how IL-6 signaling promotes the CSC phenotype in
PCa cells derived from EAM and AAM. Continued
research is warranted to realize how these new insights
for CSC biology can be exploited to overcome PCa
race disparities and improve outcomes for all men.
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