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Abstract

Drug resistance remains a clinical challenge in cancer treatment due to poor understanding of underlying mechanisms. We have established several
drug-resistant prostate cancer cell lines by long-term culture in medium containing chemotherapeutic drugs. These resistant lines displayed a significant
increase in side population cells due to overexpression of drug efflux pumps including ABCG2/BCRP and MDR /Pgp.To uncover potential mechanisms
underlying drug resistance, we performed microarray analysis to identify differentially expressed genes in 2 drug-resistant lines. We observed that
POUSF1/OCT4, a transcription factor key to regulating pluripotency in embryonic stem cells, was upregulated in drug-resistant lines and accompanied
by transcriptional activation of a set of its known target genes. Upregulation of OCT4 in drug-resistant cells was validated by RT-PCR and sequencing
of PCR products as well as confirmation by Western blot and specific shRNA knockdown. Analysis of the regulatory region of POU5F//OCT4 revealed
a reduction of methylation in drug-resistant cell lines. Furthermore, these drug-resistant cells exhibited a significant increase in tumorigenicity in vivo.
Subcutaneous inoculation of as few as 10 drug-resistant cells could initiate tumor formation in SCID mice, whereas no detectable tumors were observed
from the parental line under similar conditions, suggesting that these drug-resistant cells may be enriched for tumor-initiating cells. Knocking down OCT4
expression by specific shRNAs attenuated growth of drug-resistant cells. Our data suggest that OCT4 re-expression in cancer cells may play an important

role in carcinogenesis and provide one possible mechanism by which cancer cells acquire/maintain a drug-resistant phenotype.
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Introduction

Although screening and early detection have dramatically
increased survival rates, prostate cancer remains the second
leading cause of cancer deaths among men in the Western
world. Hormone ablation is often achieved through surgical
or pharmacological means as a standard treatment approach
for most advanced prostate cancer patients. This therapy
aims to reduce androgen levels, which are believed to sup-
port prostate cancer cell growth and proliferation. A major-
ity of patients initially respond well to this treatment but
inevitably relapse and develop an incurable castration-
resistant disease within a few years.'

Few treatment options are currently available for
castration-resistant prostate cancer. Interchalating agents,
alkylating compounds, and microtubule stabilizers are the
main classes of drugs used in the clinic at this stage.” While
most offer only palliative effects, the latter group that
includes taxanes has shown promising clinical response in
combination with other drugs like prednisone.** However,
intrinsic or acquired resistance can often lead to failure of
this secondary treatment. Taxane resistance has been attrib-
uted to a number of factors including increased efflux pump
activity, selection of cells with increased survival advan-
tages, or enhanced DNA-damage repair. Overexpression of
ATP-binding cassette (ABC) transporter efflux pumps can

offer a protective effect from chemotherapeutic drugs as a
result in enhanced efflux of xenobiotics out of the cell. Tax-
anes such as docetaxel are direct substrates for P-glycopro-
tein (Pgp), so they can easily be exuded by cancer cells
expressing a high level of this protein.® Because docetaxel
exerts its mode of action by preventing microtubule depoly-
merization, alterations in B-tubulin expression or signaling
can also lead to decreased patient sensitivity to the drug.’
Understanding such pathways of chemoresistance is critical
not only for resensitizing tumor cells to therapeutic drugs
but also for prevention of this process.
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detection."”” One former pseudogene,
POUSF1B, is now believed to encode
a protein with 95% homology to
OCT4A and resides on chromosome

8q24, which is frequently amplified in
prostate cancers.'® These hurdles
underscore the importance of proper
primers and controls utilized for anal-
ysis to avoid false-positive detection.
Although a number of target genes of

OCT4 have been identified in embry-
onic stem cells,'”'® many remain to be
discovered, potentially uncovering
novel roles for this protein.'’

We previously established drug-
resistant derivatives from the CWR-
R1 prostate cancer cell line.”” In an
effort to characterize these lines, we
examined the differentially expressed
genes that may underlie their drug

resistance and enhanced tumorigenic-
ity. Side population and microarray
analysis indicated that several stem-like
genes were preferentially expressed in
drug-resistant cells. Of interest, we
noted that embryonic stem cell marker
OCT4 was overexpressed compared
to the drug-sensitive parental line. We

> confirmed OCT4 expression using
multiple analyses. We further showed
that OCT4 in drug-resistant lines is
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Figure |. Drug-resistant prostate cancer cells have an expanded side population. Flow cytometric

side population analysis was performed as described in Materials and Methods.Verapamil and Ko 143
were used as blockers of MDR- and BCRP-expressing populations, respectively.A significant change of
SP population in drug-resistant lines (R1/DTX and R1/MX) compared to the parental line CWR-RI

(RI) was detected. P < 0.05.

OCT4/POUSF1 is a well-established transcription factor
critical for maintaining pluripotency in embryonic stem
cells. It remains unclear what roles if any OCT4 serves in
somatic cells or during carcinogenesis. A novel function of
OCT4 in tumorigenesis was proposed when its ectopic
expression induced dysplastic growth of epithelial tissue.®
It has also been described as a marker for germ cell tumors.’
OCT4 was reported to be reactivated in cancer cell lines,'*"!
yet other groups have not been able to detect such upregula-
tion.'>"* One possible explanation for these discrepancies is
that the POUSF1/OCT4 gene encodes 2 protein isoforms,
named OCT4A and OCT4B, the latter of which has no
known biological role currently.'* Some confusion has also
arisen from OCT4 pseudogenes existing within human and
mouse genome, which may produce false positives in PCR

functional in regulating transcription
of'its known target genes. Knockdown
of OCT4 in drug-resistant lines dem-
onstrated its biological significance as
it drastically attenuated tumor growth.
This study provides an interesting
insight into how prostate cancer cells may function during
advanced disease progression and how they may be tar-
geted to increase survival rates during secondary
chemotherapy.

Results

Drug-resistant prostate cancer cells overexpress drug efflux
pumps and exhibit an increased side population. In our previ-
ous publication, we developed drug-resistant prostate can-
cer cell lines to examine the role of Pim-1 kinases in
chemoresistance.”” These cells developed resistance to
docetaxel (DTX) or mitoxantrone (MX) after maintaining
clinically relevant doses in culture media. Both of these
chemotherapeutic drugs are commonly used to treat
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Table |. Differentially Expressed Genes in Drug-Resistant Cell
Lines

Upregulated® Downregulated®
Cell signaling GK JAKMIPI
NUCKSI KLK8
HUNK MLKL
HMOXI MAPKI3
MYB RASSF4
Stress related MDM2 PTEN
MGMT6 PARP8
ANXAI PTPN20B
Metastasisand CDH2 ITGB2
cytoskeleton  KRT4, KRT5, KRTI19 VIM
MMPI COLIA2
PLAT MMP2
MIDI CDHI 1, CDHI2
MARKI
GJAI
TUB4A
MAPT
Stem cell related POUSFI WIFI
AID SMO
SNAII WNTS5A, WNTS,
WNTI |
GDFé6 WISPI
KLF5 BMP2, BMP4,
BMP7
GATA6 ADFP
ILIRN GATA4
ZICI
SOXI1
Growth factors FGFR FGF7, FGFI4
and receptors
OXTR IGFI, IGF2
LDLR VEGFA
FOLRI, FOLR3 PPARG
TLR4 PGF
PPARGCIA HLF
LIFR
GDFI15
ADRB2
Transcription EBF3 SNAI2
factors SOXé6 FOXL2
E2F8 HOXBI3
DIDOI MAF
ELFI TCF7
CUGBP2
TEAD4

*Partial list of genes that were altered in both resistant lines at least
2-fold with P < 0.05.

castration-resistant prostate cancer. Side population (SP)
was first analyzed to characterize these lines and determine
what percentage of cells possesses a drug-resistant phenotype
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Figure 2. OCT4 expression is upregulated in drug-resistant cells.
(A) Total RNA was isolated from CWR-RI| and its drug-resistant
derivatives, and then RT-PCR analysis was performed using OCT4-specific
primers as described in Materials and Methods. |8S was used as a control.
(B) Total cell lysates from CWR-RI and its drug-resistant derivatives
were subjected to Western blot using monoclonal OCT4 antibody. Actin
served as a loading control. (C) Drug-resistant RI/DTX and RI/MX
cells were treated with lentivirus encoding a control shRNA (Control)
or 2 independent OCT4 shRNAs (shOCT4) for 48 hours. Expression of
OCT4 protein was determined by Western blot as above.

(Fig. 1). The SP is defined as the cells that exhibit enhanced
efflux of DNA-binding dye Hoechst 33342 dye and is often
considered to have similar characteristics to stem cells.”' As
expected, both docetaxel-resistant (R1/DTX) and mitoxan-
trone-resistant (R1/MX) lines exhibited a significant
increase in SP percentage as a result of their constant expo-
sure to drugs. The SPs of R1/DTX and R1/MX after adding
drug efflux pump blockers verapamil or Kol43, respec-
tively, were effectively eliminated. Conversely, there was
little change in SP when treating R1/DTX with Ko143 or
R1/MX with verapamil. Treating the parental CWR-R1
cells with either verapamil or Ko143 had no significant
effect on the already small SP. This suggested that docetaxel-
resistant cells preferentially utilize MDRI1 as their domi-
nant efflux pump, whereas mitoxantrone cells predominantly
use BCRP. This observation was confirmed by flow cytom-
etry and immunofluorescence (data not shown), which
agreed with current literature regarding known substrates of
these efflux pumps.”>*

Drug-resistant prostate cancer cells overexpress embryonic
stem cell marker POU5FI/OCT4. Microarray analysis was
performed to identify unique genes commonly altered in
both drug-resistant cell lines compared to their drug-
sensitive parental line. Only genes that were altered in both
lines at least 2-fold with P values of at least <0.05 were
considered to be of interest. A summary of some relevant
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Figure 3. OCT4 is transcriptionally active in drug-resistant cells. (A)
Reduced methylation of regulatory regions of OCT4 using Hpall-sensitive
PCR. Genomic DNA isolated from CWR-RI and its drug-resistant
derivates were digested with control (ddHZO),Hpall,or Mspl as described
in Materials and Methods. The digested DNA was used as the template
for PCR amplification using primers specific for the promoter or enhancer
site of POU5FI/OCT4 gene. The level of methylation was determined by
normalizing with undigested DNA from each cell line and set relative
to the parental CWR-RI line, whose value was set as |. P < 0.00] and
0.05 as labeled. (B) Expression of OCT4 target genes in CWR-RI or
its drug-resistant derivatives was determined by real-time PCR analysis
as described in Materials and Methods. The value in the parental line

CWR-RI| was set as |.The PCR products were shown at the bottom.

P < 0.001 and 0.05 as labeled.

genes is listed in Table 1. Interestingly, we observed that a
stem cell marker POUSFI, also known as OCT4, was
among the genes significantly upregulated at the transcript
level in both R1/DTX and R1/MX cell lines. In addition,
several OCT4 target genes were also upregulated. These
findings were particularly intriguing given that OCT4
expression is believed to be restricted to self-renewable plu-
ripotent embryonic stem cells. Therefore, we further inves-
tigated whether OCT4 could serve a role in drug resistance

of prostate cancer cells. To validate the microarray data, we
performed RT-PCR using OCT4 specific primers, which do
not amplify pseudogene sequences.'’ Furthermore, these
primers are located in exon 1 and 4 and thus do not amplify
the OCT4B isoform. We obtained a 748-bp PCR product for
both of the drug-resistant cell lines, while very little was
detected in the parental line, suggesting that OCT4 is upregu-
lated in these cell lines (Fig. 2A). We also performed Western
blot to confirm that OCT4 protein is also expressed in drug-
resistant cells (Fig. 2B). It should be noted that this monoclo-
nal OCT4 antibody recognizes an N-terminal epitope between
amino acids 1 to 134, which are not present in the OCT4B
isoform. To further confirm that the protein band detected by
the OCT4 antibody was indeed encoded by POUSFI, we
treated drug-resistant cells with lentivirus encoding 2 inde-
pendent short hairpin RNA (shRNA) constructs specific for
OCT4. As shown in Figure 2C, the level of OCT4 was signifi-
cantly decreased by treatment with either shOCT4 in both
resistant lines. These data support the possibility that OCT4 is
re-expressed in R1/DTX and R1/MX lines.

OCT4 is transcriptionally active in drug-resistant lines.
Because OCT4 is known to be silenced through genomic
methylation within its regulatory regions during differentia-
tion of embryonic stem cells,** we proceeded to test whether
methylation status of regulatory regions of the POUSFI
gene was altered in these drug-resistant cell lines. This
would provide a mechanism by which OCT4 could be
re-expressed at an increased level in these cells. Genomic
DNA from each cell line was collected and digested with
either Hpall or Mspl restriction enzymes to examine meth-
ylation status in a similar approach described by Yeo et al.”®
These isoschizomers cleave DNA at the same sequences,
but the former is methylation sensitive, whereas the latter is
not. Therefore, a methylated region of DNA should remain
intact after Hpall digestion and could be amplified by PCR.
Conversely, Mspl serves as a negative control to ensure
complete DNA digestion. Primers in the POU5SF1/OCT4
proximal promoter and distal enhancer region were used,
each containing one Hpall/Mspl cleavage site. Following
enzyme digestion, real-time PCR was utilized to quantify
the digestion efficiency in each cell line. Ntera cells were
used as a negative control since they have been shown to
exhibit low levels of methylation at the POUSFI1/OCT4
locus.”> As shown in Figure 3A, there was a significant
decrease in PCR product formation in both drug-resistant
lines compared to the parental line. This suggested that
OCT4 methylation is decreased at both the enhancer in pro-
moter regions of POUSF1/OCT4 in the resistant lines. An
analysis of the expression of AID, a demethylase associated
with demethylation of the POU5F1/OCT4 locus in induced
pluripotent stem (iPS) cells,”® supported this notion as it
was increased in both resistant lines compared to the
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Figure 4. Drug-resistant cells are more tumorigenic. (A) Clonogenicity
of CWR-RI and its drug-resistant derivatives was examined using soft
agar assay as described in Materials and Methods. Colonies between 50
and 200 pm were counted on an automated plate reader. Representative
data of triplicate experiments are presented. P < 0.01. (B) Tumorigenicity
of CWR-RI and its drug-resistant derivatives was tested by subcutaneous
inoculation of approximately 10 cells from each line into the flanks of
castrated SCID mice (5 mice/line). After 8 weeks, mice were sacrificed
and tumors harvested from RI/DTX and RI/MX xenograft. CWR-R| cells
did not form any detectable tumors under these conditions.

CWR-R1 control (Suppl. Fig. S1). To further validate the
microarray data and assess the functionality of OCT4 in the
drug-resistant cell lines, expression of several target genes
regulated by OCT4 was analyzed by real-time RT-PCR.
MIDI1, MYB, ILIRN, RPS27, and CUGBP2 have been
previously shown to be OCT4 direct target genes in ChIP
assays.'® As shown in Figure 3B, these OCT4 target genes
were upregulated at the transcription level in drug-resistant
cells compared to their drug-sensitive parental line. Taken
together, these results suggest that not only is OCT4 over-
expressed in these drug-resistant R1/DTX and R1/MX
cells, but it may also play a functional role by regulating
expression of its target genes.

RI/DTX and RI/MX exhibit enhanced tumorigenicity in
vitro and in vivo. To test whether the drug-resistant cells with
re-expressed OCT4 protein have tumorigenic growth
advantages compared to the parental line, we first examined
their ability to self-expand in soft agar assays. As shown in
Figure 4A, R1/DTX and R1/MX were more clonogenic
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Figure 5. Expression of OCT4 plays a critical role in growth and
survival of drug-resistant cells. (A) CWR-RI and its drug-resistant
derivates were treated with lentivirus encoding control or shOCT4 for
48 hours and allowed to grow for 6 days before being fixed and stained
with Coomassie blue (left). The density of cells was quantified using a
densitometer (right). Representative data from triplicate experiments
were shown. (B) RI/DTX and RI/MX cells were treated with lentivirus
encoding either control shRNA or shOCT4, and approximately | x 10*
cells were mixed with Matrigel (BD Biosciences) and then inoculated
subcutaneously into flanks of castrated SCID mice at 48 hours
postinfection. Tumors were measured weekly (left) before the animals
were sacrificed, and tumors were harvested at 4 weeks postinoculation
(right). (C) Immunohistochemical analysis using a monoclonal OCT4
antibody in tumors collected from B.
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than their drug-sensitive parental line. Furthermore, inocu-
lation of as few as 10 R1/DTX or R1/MX cells into cas-
trated male SCID mice was sufficient to form tumors after
8 weeks (Fig. 4B), while the parental R1 cells could not
induce detectable tumor growth under similar conditions.
These data suggested that the resistant lines are enriched for
tumor-initiating cells. We hypothesized some of the genes
differentially regulated in these drug-resistant lines, such as
those identified in our microarray analysis, may be respon-
sible for their enhanced tumorigenicity.

Expression of OCT4 plays a critical role in growth and survival
of drug-resistant prostate cancer cells. To test whether OCT4
re-expression plays a role in drug-resistant activity in R1/
DTX and R1/MX cells, we treated the resistant cells with
either control shRNA or OCT4 shRNA and examined the
effect of OCT4 knockdown on their growth in vitro. As
shown in Figure 5A, knockdown of OCT4 in both drug-
resistant lines reduced growth by more than 50% (Fig. 5A).
Similar inhibitory effects on growth of drug-resistant lines
were also detected in xenograft models (Fig. 5B). The paren-
tal CWR-R1 cells formed significantly smaller and fewer
tumors than the drug-resistant cell lines under our experi-
mental conditions, supporting our earlier clonogenicity
experiments. In addition, immunohistochemical analysis
was performed on the collected tumors using the monoclo-
nal OCT4 antibody (which only recognizes OCT4A). Con-
sistent with Western blot analysis, the xenograft tumors
derived from drug-resistant cell lines showed an increase of
OCT#4 staining compared to their parental line (Fig. 5C).

Discussion

Treatment of prostate cancer remains a clinical challenge
since there are limited options for patients with castration-
resistant tumors. In addition, these patients will inevitably
develop resistance to cytotoxic agents used during
advanced stage. Our data suggest that this process may
enrich more aggressive tumor-initiating cells in recurrent
tumors that are increasingly difficult to target. Therefore, a
better understanding of mechanisms of drug resistance is
needed to improve treatment efficacy for secondary pros-
tate cancer therapy. Identifying pathways underlying che-
moresistance to use as targets offers an opportunity for
patients to maintain or regain sensitivity to drugs used dur-
ing combination therapy.

In this study, we have characterized the CWR-R1 cell
line and its derivatives, which have developed resistance to
docetaxel and mitoxantrone, two different agents commonly
utilized to treat advanced recurrent prostate cancer. These
drug-resistant cell lines were established by maintaining
clinically relevant doses of the chemotherapeutic drugs in
culture media over a period of months. As expected by

virtue of their acquired drug resistance, these cell lines
exhibited an enhanced SP compared to their parental line.
Analysis of other tumor types by flow cytometry suggests
potential cancer stem cells or tumor-initiating cells may
reside within the SP.?’ Soft agar assays and in vivo tumorige-
nicity experiments support this notion, as R1/DTX and R1/
MX were found to be significantly more tumorigenic than
their parent counterparts. As few as 10 unsorted cells were
sufficient to form xenograft tumors in NOD/SCID mice,
while the parental cells did not form any detectable tumors
under similar conditions. This suggests that during the pro-
cess by which cells acquire drug resistance, those cells with
enhanced tumor-initiating ability were selected for.

A number of genes differentially regulated in the drug-
resistant lines were identified by microarray analysis.
Although DTX and MX have quite different mechanisms of
action, both resistant lines shared numerous changes over
their derivative CWR-R1. We focused on several stem cell—
related genes following SP analysis and found that POUSF1/
OCT4 was among those upregulated in R1/DTX and R1/
DTX compared to their parental line. Although POUSF1/
OCT4 expression in cancer remains controversial, we dem-
onstrated that OCT4 expression was enhanced in both drug-
resistant cell lines using multiple analyses including
RT-PCR, sequencing, Western blot, and shRNA knock-
down. We also showed that the “re-expression” of OCT4 was
associated with reduced methylation in the regulatory region
of POUSF locus, possibly due to the elevated expression
of AID. AID is required for promoter demethylation and
induction of OCT4 (also known as POUSF1) and NANOG
gene expression in iPS cells. However, we did not detect a
change in NANOG expression in our drug-resistant lines. It
is possible that AID may demethylate different regulatory
regions depending on cell context. It is still unclear whether
the observed “re-expression” of POUSF1/OCT4 in drug-
resistant cells was due to de novo demethylation of the
POUS5F1/0CT4 locus or enriched rare OCT4-positive cells
pre-existing in the drug-sensitive parental line. It is also
possible that chemotherapy may induce neuroendocrine
differentiation analogous to that shown in radiation ther-
apy.”® OCT4 is expressed in a subpopulation of prostate
neuroendocrine cells,” and therefore, the increased OCT4
expression may reflect an increase in this population. Nev-
ertheless, we confirmed that OCT4 was transcriptionally
active by analyzing the expression of several OCT4 target
genes using real-time RT-PCR. Although these genes
have not been previously confirmed as direct targets of
OCT4 transcription, they were identified as associated with
OCT4 through ChIP analyses. Some of the more commonly
known OCT4 targets associated with stem cell function
such as NANOG, KLF4, and GATA6 were unchanged in
R1/DTX and R1/MX. Further, SOX2 was only modestly
increased in these resistant lines (data not shown).
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Consistent with our observations, a recent genome-wide
study on prostate cancer showed that POUSF is overex-
pressed in over 25% of castrated metastatic prostate cancer
cases but less than 11% of primary prostate cancer cases,’’
implying a potential role of POUSF overexpression in
disease progression. We propose that OCT4 may serve a
novel role in mediating growth and survival of drug-
resistant cancer cells as in our model. Targeting protein
expression by shRNA led to a dramatic decrease in cell
growth assays and tumorigenicity in vivo. The exact mech-
anisms by which OCT4 regulates growth in these drug-
resistant prostate cancer cells are not yet known, so further
studies will explore these precise pathways and mecha-
nisms. Posttranslational modification of OCT4, such as
phosphorylation, may determine its transcriptional speci-
ficity.”! Therefore, it is possible that OCT4 re-expression
in cancer cells may regulate previously unidentified path-
ways supporting carcinogenesis. A ChIP-seq analysis may
provide more insight into which OCT4 target genes are
relevant within this context.

The implications of this study are of great significance to
prostate cancer therapy. Unfortunately, the mortality rate of
advanced prostate cancer remains high since patients often
relapse and become resistant to androgen deprivation ther-
apy. Chemotherapeutic drugs such as taxanes remain a via-
ble option for treatment, but resistance to cytotoxic drugs
can become another hurdle to overcome. Therefore, combi-
nation treatment targeting both the bulk tumor as well as
chemoresistant tumor-initiating cells could provide a
greater increase in survival rates. There is a critical need to
better understand mechanisms of drug resistance in order to
identify novel targets to improve treatment efficacy. Our
data suggest that OCT4 may be one such target, and its use
may be especially relevant to aggressive drug-resistant
cancers.

Materials and Methods

Cell culture and constructs. CWR-R1 lines were cultured in
RPMI 1640 medium (Mediatech Inc., Manassas, VA) sup-
plemented with 10% heat-inactivated fetal bovine serum, 1%
penicillin/streptomycin, and maintained in a 37°C incubator
at 5% CO_. Drug-resistant cell lines were developed as previ-
ously described” and maintained in medium containing 100
nM docetaxel (Fluka, Sigma-Aldrich, St. Louis, MO) for
R1/DTX or 20 nM mitoxantrone (Sigma, Sigma-Aldrich)
for R1/MX. Lentiviral constructs expressing OCT4 shR-
NAs were purchased from Sigma, which contains target
sequence CCGGTCATTCACTAAGGAAGGAATTCTC
GAGAATTCCTT CCTTAGTGAATGATTTTT or Addgene
plasmid 12197 (Cambridge, MA) with target sequence
GGATGTGGTCCGAGTGTGGTT.

Side population analysis. The method previously
described by us for analyzing side population was uti-
lized.”> One million cells were suspended in 1 mL DMEM
containing 2% fetal calf serum (FCS) and 10 mM HEPES.
The cell suspension was incubated with 1 mg/mL Hoechst
33342 (Sigma) at 37°C in the presence or absence of Pgp
inhibitor verapamil (50 uM) or BCRP inhibitor Ko143
(1 uM). After 90 minutes of incubation, cells were centri-
fuged at 4°C and resuspended in cold HBSS with 2% FCS
and 10 mM HEPES. Prior to analysis, propidium iodide
(2 pg/mL) (Sigma) was added to discriminate dead cells.
Samples were then analyzed by BD LSR II 4-laser flow
cytometer (BD Biosciences, San Jose, CA). The Hoechst
dye was excited at 355 nm, and the fluorescence profile
was measured in dual wavelength analysis (405/30 nm
and 670/40 nm). The side population was analyzed as
mentioned in references.”** Two independent measure-
ments were performed, and a significant change in SP
population was determined by the Student ¢ test at a
P value less than 0.05.

Microarray analysis. Total RNA was collected from cells
and analyzed using the RNA 6000 Nano kit on an Agilent
Bioanalyzer (Agilent Technologies, Palo Alto, CA). RNA
was fluorescently labeled according to the standard proto-
col designed for the Agilent Human Whole Genome Expres-
sion System. Fluorescent dyes (Cye5 and Cye3) were
incorporated into the amplified cRNA during a linear ampli-
fication step. Approximately 2 pg total RNA from drug-
resistant lines was labeled with the Cye5 dye. RNA from
the R1 parental cells was labeled with the Cye3 dye and
served as a common reference, while the other labeled sam-
ples were cohybridized in a classic 2-color hybridization
scheme. Hybridization was carried out using the conditions
specified by the manufacturer. The Agilent microarrays
contained 44k 60mers in sense orientation. Scanned images
were processed for quality assessment using the Agilent
Feature Extraction software. Preprocessed, normalized
expression values were imported into the BRB-ArrayTools
(National Cancer Institute, Bethesda, MD) software for
visualization and analysis. A list of genes was compiled that
composed of statistically significant changes that were least
2-fold increases or decreases in expression.

Real-time PCR. Total RNA was extracted from confluent
100-mm plates of CWR-R1 and drug-resistant cells using
TRIzol reagent (Invitrogen, Carlsbad, CA). Approximately
5 pg total RNA was treated with DNase I (Ambion, Austin,
TX) and then used for reverse transcription using the iScript
kit (Bio-Rad Laboratories, Hercules, CA). PCR amplifica-
tion of the resultant was carried out using FastStart Taq
Polymerase (Roche, Basel, Switzerland), following the
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program: 10-minute denaturation at 94°C, 35 cycles at
94°C for 30 seconds, 58°C for 30 seconds, and 72°C for
45 seconds. PCR products were run on 1% agarose (Invitro-
gen) gel with a 100-bp DNA ladder. OCT4 primers used
were the following: ACACCTGGCTTCGGATTTCG (for-
ward) and GGCGATGTGGCTGATCTGCT (reverse). Bio-
Rad GelDoc imagining system was used to capture images
of PCR products separated by 1% agarose gels. Hpall-
sensitive PCR was carried out as described by Yeo er al.”
Approximately 0.5 pg genomic DNA was incubated with
Hpall or Mspl for 48 hours, with Ntera DNA serving as a
negative control. Digested DNA was amplified using real-
time PCR using the undigested DNA for normalization.
Real-time PCR was performed as described previously.*
18S primers used were TTGACGGAAGGGCACCAC
CAG (forward) and GCACCACCACCCACGGAATCG
(reverse); OCT4 target gene primers: MID1 caccgtgtggaa-
caagtgtc (forward) and atttcgggacacttctggtg (reverse);
ILIRN ggaagatgtgcctgtectgt (forward) and ccttegtcag-
gcatattggt (reverse); MYB ggcagaaatcgcaaagctac (forward)
and gcagggagttgagctgtagg (reverse); RPS27 gacctacgcea-
cacgagaaca (forward) and cgtttgtgcatggctaaaga (reverse);
CUGBP2 ccatacgcatccacacactc (forward) and gcaaacatc-
gacggaatctt (reverse).

Western blot and antibodies. Immunoblotting was carried
out as described previously.*® Mouse monoclonal anti-
OCT4 antibody was from Santa Cruz Biotechnology
(sc5279) (Santa Cruz, CA). Monoclonal anti-actin antibody
(sc8432) were both from Santa Cruz Biotechnology. All
experiments shown are representative of at least 3
experiments.

Soft agar assay. Soft agar assays were set up as described
previously.’” Briefly, approximately 1 x 10* cells from
CWR-RI1 or its drug-resistant derivatives were plated in a
24-well plate and allowed to incubate for 8 days. Plates
were stained with iodonitro tetrazolium blue (2 mg/mL)
and quantified using an automated reader from Microbiol-
ogy International (Frederick, MD) under an inverted micro-
scope. Only colonies measuring between 50 to 200 um
were counted by the reader.

In vivo xenograft models. The tumor growth of CWR-R1
and its derivates in xenograft models was carried out as
described previously,™ using the cell number as indicated
in the figures. For tumor initiation experiments, 10 cells
suspended in 25 pL medium were mixed with 25 pL of
Matrigel (BD Biosciences, Franklin Lakes, NJ) and then
subcutaneously (s.c.) injected in flanks of castrated
NOD/SCID mice. For knockdown experiments, 10* cells
were mixed with 100 puL of Matrigel (BD Biosciences) at
48 hours postinfection and then s.c. injected as above.

Tumor volumes were measured weekly and calculated
using the formula 0.5236 x 1r12 XTI, wherein r <r. Differ-
ences in tumor sizes formed on both flanks were compared
by the paired ¢ test.

Immunohistochemical analysis. The Vectastain Elite ABC
Kit (Vector Laboratories, Burlingame, CA) was used for
immunohistochemical staining according to the protocol
supplied by the manufacturer using a monoclonal OCT4
antibody as described previously.*’
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