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Abstract

Background—Cancer stem cells are defined by their self-renewal and multipotential capabilities

and are hypothesized to be the source of primary and recurrent cancers. The stem cell properties of

self-renewal and pluripotency in embryonic stem cells and germ cells are regulated by Oct4A, a

splice variant of the POU5F1 (Oct3/4) gene, while the function of the alternative splice variant,

Oct4B, is unknown. Rare cells that express Oct4 were identified in several somatic cancers, however,

the differential contributions of the Oct4A and Oct4B variants were not determined.

Methods—Oct4A expression and co-localization with lineage markers was performed with PCR

and immunohistochemistry.

Results—Rare Oct4A expressing cells are present in human benign and malignant prostate glands

and the number of Oct4A expressing cells increases in prostate cancers with high Gleason scores.

Oct4A expressing cells were non-proliferative, and did not co-express markers of basal epithelial

cell or luminal epithelial cell differentiation, or AMACR, a marker of prostate cancer epithelial cells.

A subpopulation of the Oct4A expressing cells co-expressed Sox2, an embryonic stem cell marker,

but did not express other putative stem cell markers, such as ABCG2, NANOG or CD133. The

majority of Oct4A expressing cells co-expressed chromogranin A, and a subset of Oct4A expressing

cells co-expressed synaptophysin, both markers of neuroendocrine differentiation.

Conclusion—The increased number of cells that expressed Oct4A in prostate cancer compared to

benign prostate, and in cancers of increasing grade, suggests that Oct4A/Chromogranin A co-

expressing cells represent neuroendocrine cells in prostate cancer.
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Introduction

Oct4 (Oct3/4, POU5F1) is a transcription factor that is sufficient to maintain self-renewal and

pluripotency in embryonic stem cells and primordial germ cells, with Oct4 expression lost upon

differentiation in vitro and in vivo (1). The POU5F1 gene encodes two isoforms, POU5F1_iA

(Oct4A) and POU5F1_iB (Oct4B). Oct4A and Oct4B are composed of 360 and 265 amino

acids, respectively, of which 225 amino acids in the carboxy-terminal portion are common

(2). Oct4B generally is localized in the cytoplasm, and its role is unknown. Oct4A is localized

in the nucleus, and its expression appears associated with maintenance of an undifferentiated
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state in embryonic cells (3) and of stem cell properties in embryonic stem cells and primordial

germ cells (1). Additionally, Oct4A expression is a diagnostic marker in germ cell tumors

(4). Recent studies demonstrated Oct4 expression in benign skin and several somatic cancers,

including breast, bladder, and retinoblastoma, however, these studies did not discriminate

between Oct4A or Oct4B expression (5–8). It remains undetermined whether Oct4A

expression also is a marker of adult stem cells (ASCs) and/or cancer stem cells (CSCs).

ASCs and CSCs are defined by their capacity to perpetuate themselves through self-renewal,

and their generation of progeny that develop into the multiple differentiated cell phenotypes

of the specific tissue or tumor (9). As suggested by Pierce, the many similarities between tumor

formation and organogenesis suggest that CSCs functionally may be analogous to ASCs (10).

CSCs were first identified in leukemia, and subsequently were demonstrated in solid tumors,

such as breast and colon cancer (11–13). The hypothesis of the presence of CSCs in tumors

was supported further by the observation that only a small subset of tumor cells were capable

of regenerating the original tumor (14,15). While evidence of the presence and importance of

CSCs is accumulating, the origin of CSCs remains unclear. There are several possible

mechanisms for the development of CSCs: 1) malignant transformation of a benign ASC into

a CSC that retains self-renewal and multipotent capabilities; 2) malignant transformation of a

multipotent progenitor or transit/amplifying (T/A) cell into a CSC that acquires self-renewal

potential through transformation; 3) malignant transformation of a differentiated cell into a

CSC, with a re-acquisition of stem cell characteristics as part of the loss of differentiation.

Elucidation of the origin of CSCs would enable design of therapeutic strategies that specifically

target CSCs, eliminating the source of the tumor.

Benign prostate and prostate cancer (CaP) provide unique models to address the identity,

localization and roles of ASCs and CSCs due to the fact that prostate luminal epithelial cells,

and the majority of CaP cells, can be depleted selectively by androgen deprivation, leaving the

stem cell compartment and stem cell niche intact. Studies in rodent prostate demonstrated that

the prostate can undergo multiple rounds of castration-induced regression, and testosterone-

induced regeneration, suggesting the stem cell compartment was not androgen dependent.

Furthermore, the high likelihood of recurrence of CaP after androgen-deprivation therapy

suggests that CSCs are present in primary CaP, and that they survive androgen deprivation and

are the nidus of the lethal form of CaP (16).

Putative prostatic ASCs and CSCs have been identified by expression of markers such as:

ABCG2, CD133, CD44, and α2β1 integrin (17–19), expression of which are lost with exit from

the stem cell compartment. The progeny of prostate ASC are hypothesized to differentiate

along luminal, basal and neuroendocrine (NE) lineages, with expression of stem cell markers

replaced by expression of markers specific for the differentiated cell lineage. NE cells in the

prostate are thought to originate from stem cells, not the neural crest, and are proposed to

differentiate along a separate path from basal and luminal cells, possibly without a transition

through a transit/amplifying compartment (20,21). Prostatic NE cells are widely scattered

throughout the benign prostate (22), and NE cells in both benign and malignant prostate are

hypothesized to regulate growth, survival, differentiation and secretory activity in prostate

epithelial cells via secretion of neural peptides (23). The number of NE cells in prostate cancers

in the peripheral zone is higher than in cancers in the transition zone, thus, NE cells may have

increased stimulatory roles on epithelial cells within the peripheral zone that requires a higher

concentration of NE cells (24,25). The increase in NE-differentiation is associated with tumor

progression, stage and grade (26,27), and an expanded NE compartment correlates negatively

with survival, particularly in recurrent CaP (28,29). While the prognostic importance of NE-

differentiation is controversial, an expanded NE compartment may identify patients with

potentially more aggressive cancers (30,31).
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The present study examines Oct4A expression in benign prostatic hyperplasia (BPH) and CaP.

A rare population of Oct4A expressing epithelial cells was observed in both BPH and CaP.

Furthermore, the majority of Oct4A expressing cells co-expressed chromogranin A (ChrA)

and a subset expressed synaptophysin, markers of NE differentiation. Oct4A positive cells

were non-proliferative in both benign prostate and CaP, and did not co-express putative markers

of prostate stem cells, of luminal or basal epithelial cell differentiation, or of CaP. This is the

first report that Oct4A mRNA and protein is expressed in benign and malignant prostate tissue,

and that the number of Oct4A expressing, NE-like, cells is increased in CaP compared to BPH.

Material and methods

Clinical specimens

De-identified human prostate, prostate cancer, kidney, and seminoma tumor specimens were

obtained from the tissue archive in the Pathology Resource Network at Roswell Park Cancer

Institute (RPCI), Buffalo, NY, in accordance with the National Institute of Health (NIH)

guidelines for the use of human subjects in research, after review by the Internal Review Board

of RPCI.

RT-PCR

Total RNA was isolated from non-tumor prostate tissue and CaP tissue obtained by radical

prostatectomy using the RNeasy kit, and the RNA was treated with RNase-free DNase I

(Qiagen, Chatsworth, CA). Total RNA (2 μg) was used as a template for cDNA synthesis.

Reverse transcription was carried out using SuperScript III according to the manufacturer’s

instructions (InVitrogen, Carlsbad, CA). PlatinumR PCR Super Mix (InVitrogen) was used to

perform PCR amplification reactions with specific primers: Oct4A (32) (Sense: Oct4_F_P 5′-
GATGGCGTACTGTGGGCCC-3′; sense: Oct4_F 5′-AGCCCTCATTTCACCAGGCC-3′;
antisense: Oct4_R 5′-TGGGACTCCTCCGGGTTTTG -3′ and GAPDH (Sense: 5′-
GTCTTCACCACCATGGAGAAG-3′; antisense: 5′-
CAAAGTTGTCATGGATGACCTTGG-3′). PCR products were resolved on 2% agarose gels

and visualized using SYBR Green I (InVitrogen).

Immunohistochemistry (IHC)

Paraffin-embedded human tissues were sectioned (5μm), de-paraffinized, rehydrated through

graded alcohol washes, and antigens unmasked by boiling in citrate buffer pH 6.0. Co-

localization analyses were performed by immunohistochemistry (IHC) using the EnVision™

G/2 Double Stain System according to the manufacturer’s instructions (Dako). For

characterization of protein expression in human tissue, slides were incubated with primary

antibodies against: Oct4 (1/500, SC9081; 1/100, SC8628), androgen receptor (AR) (1/100,

SC816), p63 (1/200, SC8431, Santa Cruz Biotechnology, Santa Cruz, CA), cytokeratin (CK)

5 (1/100, MAB3224), ABCG2 (1/25, MAB4146, Chemicon, Temecula, CA), Ki-67 (1/200,

556003, Biosciences, San Jose, CA), alpha-methylacyl-CoA racemase (AMACR) (1/100,

39-4000), Synaptophysin (1/400, 18-0130, Zymed, Carlsbad, CA), CD133 (1/10, 130-090-422,

Miltenyi Biotec, Auburn, CA), Nestin (1/300, MAB1259), SOX2 (1/50, MAB2018, R&D

systems, Minneapolis, MN), CD56 (1/25, 3576, Cell signaling, Danvers, MA), Bombesin

(1/300, NCL-Bomp, Novocastra Laboratories, Newcastle, UK), ChrA (1/1200, A0430),

prostate specific antigen (PSA) (1/50, M0750, Dako, Santa Barbara, CA), NANOG (1/80,

14-5769, eBiosience, San Diego, CA), ChrA (1/100, MS-381-P1, Thermo Fisher Scientific,

Waltham, MA). Following incubation with the primary antibody, tissue sections were

incubated at room temperature for 2 hours with the appropriate secondary antibody, AlexaFuor

594-conjugated anti-rabbit or anti-mouse antibody (1/400, InVitrogen, Carlsbad, CA), or

horseradish peroxidase (HRP)-conjugated anti-rabbit or anti-mouse antibody (1/100, Dako)

followed by 3,3′-diaminobenzidine (DAB) enzymatic development or co-localization analyses
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performed using the EnVision™ G/2 Double Stain System (Dako). Sections were

counterstained using hematoxylin, mounted with Cytoseal 60 (Richard- Allan scientific,

Kalamazoo, MI), and analyzed using a Zeiss Axioskop-2plus microscope. Control experiments

included omission of primary antibody as a negative control, and tissues known to express the

protein of interest (human seminoma and kidney) as a positive control. In addition, incubation

with blocking peptide (1/10, sc-8628 P, Santa Cruz Biotechnology, Santa Cruz, CA) for 2 hours

at room temperature was performed prior to immunostaining with Oct4 antibody (1/100,

SC8628). The number of Oct4A positive cells in BPH and CaP specimens were determined

by analyzing twenty random 20X fields of each specimen. The number of Oct4A+/ChrA−,

Oct4A−/ChrA+, and Oct4A+/ChrA+ cells in BPH and CaP specimens were determined by

analysis of six 20X fields of each specimen. Statistical analysis was performed using unpaired

Student’s t-Test.

Results

Oct4A Expression in Prostate and CaP

Oct4A mRNA expression in clinical specimens of human prostate tissue harvested from radical

prostatectomy specimens was analyzed using RT-PCR (Figure 1). Each prostate surgical

specimen was evaluated by a pathologist, and total RNA was isolated from areas designated

as non-tumor and tumor. Extracted RNA was treated with RNase-free DNase I to avoid

amplification of genomic DNA contamination, particularly non-transcribed pseudogenes of

the POU5/Oct4 family (32). PCR primers specific for Oct4A were used that did not recognize

known pseudo-genes of Oct4 that have been found to be transcribed in many cancers (33).

Oct4A mRNA was expressed in all benign prostate and prostate cancer tissue samples analyzed

with both primers for Oct4A, and no apparent differences in mRNA levels were found between

matched non-tumor and tumor specimens for individual patients.

To identify the population of cells within the prostate that expressed Oct4A, IHC was

performed in BPH (Figure 2A) and CaP (Figure 2B–D) tissue sections obtained from radical

prostatectomy specimens with cancers of Gleason grades ranging from 5 to 10. Cytoplasmic

and nuclear expression of Oct4A was observed in cells residing within the basal compartment

of both benign prostate and CaP tissues using a rabbit polyclonal antibody against amino acids

1–134 of Oct4A that does not recognize Oct4B (Figure 2A–D). The total number of Oct4A

positive cells was quantified in 20 fields from each specimen, and compared using unpaired

Student’s t-Test (Figure 2G). The number of Oct4A expressing cells was lower in BPH

specimens compared to the number in the matched CaP specimens. CaPs with a Gleason score

>6 demonstrated a significantly increased number of Oct4A expressing cells (p ≤ 0.001)

compared to BPH, suggesting that Oct4A positive cells may have a role during CaP

progression. However, there was not a significant correlation between the number of Oct4A-

positive cells in a prostate specimen and Gleason score for the small number of specimens in

this study. Tissue specimens from human seminomas were analyzed as positive controls for

Oct4 expression to verify the specificity of the Oct4A antibody (Figure 2E–F). A nuclear

pattern of Oct4 expression was observed in seminoma tissue, consistent with previously

published data (34). In order to determine whether the cytoplasmic localization detected in

prostate specimens (Figure 2) was associated with the Oct4A isoform, immuno-co-localization

with a second Oct4 antibody (SC8628) was performed in prostate and seminoma tissue in the

presence (Figure W1 A1, B1) and absence (Figure W1 A2, B2) of a specific peptide analogue

of the amino-terminal portion of Oct4A. Detection of Oct4A nuclear expression was lost in

seminoma tissue in the presence of the blocking peptide (Figure W1B). Similarly, detection of

Oct4 in both the nucleus and cytoplasm in prostate tissue was lost when the antibody was

incubated with the blocking peptide prior to incubation with tissue.
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Co-localization of Oct4A and Stem Cell, Cancer, and Proliferation Markers in Human Prostate

To determine whether Oct4A expressing cells had a stem cell phenotype, IHC analyses were

performed to detect co-expression of Oct4A and the putative prostate tissue stem cell markers

CD133, CD34 and ABCG2, or with the embryonic stem cell markers Sox2 and NANOG. A

small fraction of Oct4A expressing cells co-expressed Sox2 (Figure 3A1–A2), however, not

all Sox2 expressing cells co-expressed Oct4A (Figure 3A3). In contrast, Oct4A expression did

not co-localize with expression of the putative stem cell markers NANOG (Figure 3B1),

ABCG2 (Figure 3C), CD133 (Figure 3D1), or CD34 (data not shown). Importantly, neither

NANOG nor CD133 expression were detected in any prostate cancer specimens examined.

However, NANOG expression was present in seminoma specimens (Figure 3B2), and CD133

expression was present in benign human kidney specimens (Figure 3D2), tissues previously

described as positive controls for NANOG and CD133 expression, respectively (7,35). Co-

expression of Oct4A and ABCG2 was not observed (Figure 3C) even though cells individually

expressing each of these markers were present in CaP tissue. Finally, co-expression of Oct4A

and AMACR was examined to determine whether CaP cells that express AMACR also

expressed Oct4A, suggesting the presence of CSC-like cells committed to a cancer cell lineage.

However, Oct4A expressing cells that co-expressed AMACR were not observed (Figure 4A).

Since the majority of Oct4A positive cells did not express putative stem cell markers, and were

negative for expression of the CaP cell marker AMACR, Oct4A positive cells were examined

for co-expression of the proliferation marker Ki-67 to determine if Oct4A expressing cells

represented a T/A cell. Analysis for co-expression of Oct4A and Ki-67 demonstrated that

Oct4A positive cells were not proliferative (Figure 4B), suggesting that Oct4A expressing cells

were not in the T/A compartment.

Oct4A and Differentiation Marker Co-Expression in Human Prostate

Since Oct4A expressing cells did not co-express putative markers of stem or T/A cells, Oct4A

expressing cells were characterized for co-expression of markers of commitment to basal cell

(p63, CK5, and CK15) and luminal cell (AR and PSA) differentiation lineages. Commitment

to the basal epithelial lineage was evaluated by analysis of co-expression of Oct4A and the

prostate basal cell markers p63 (Figure 5A), CK5 (Figure 5B), and CK15 (data not shown).

Because both nuclear and cytoplasmic cellular localization of Oct4A was observed, and

expression of many of the markers of stromal and epithelial differentiation is cytoplasmic, a

dual-staining protocol was developed: immunofluorescent staining (Alexa 594) was utilized

in conjunction with DAB colorimetric co-staining Oct4A positive cells did not co-express any

of the basal cell markers examined, suggesting that Oct4A expressing cells do not represent a

subset of basal cells. Furthermore, consistent with cellular morphology and localization within

the prostate glands, Oct4A expressing cells did not co-express the luminal epithelial cell

markers AR and PSA (Figure 5C, 5D).

Oct4A expressing cells were evaluated for co-expression of markers associated with

commitment to the NE differentiation lineage. The majority of Oct4A expressing cells co-

expressed the NE marker ChrA (Figure 5E), with Oct4A−/ChrA+ and Oct4A+/ChrA− cells

observed infrequently. Immunofluorescence staining for ChrA was utilized in conjunction with

DAB-based colorimetric staining for Oct4A for evaluation of co-expression because of the

strong cytoplasmic expression of ChrA and the low levels of Oct4 expression. As controls of

the specificity and sensitivity of the dual staining technique, immunofluorescence and IHC

analyses were performed in the presence of only the Alexa 594-conjugated secondary antibody

(fluorescence), and in presence (Figure W2A) and absence (Figure W2B) of the primary

antibody for ChrA (Figure W2A-B). The control demonstrated that immuno-reaction of the

anti-rabbit Alexa 594-conjugated secondary antibody occurred only in the presence of anti-

ChrA primary antibody, indicating the Alexa 594-conjugated secondary antibody was not

recognizing the Oct4 primary antibody (Figure 5E). In addition, staining performed
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simultaneously in prostate and seminoma tissue demonstrated co-expression of ChrA and

Oct4A in prostate (Figure W2C), however, co-expression was not observed in seminoma

(Figure W2D). To confirm co-localization of Oct4 and ChrA, additional antibodies against

Oct4 and ChrA were analyzed (Figure W3A–B). Co-localization of Oct4 and ChrA with

antibodies developed in different species demonstrated the identical staining pattern, and

indicated the staining was not due to non-specific cross-reaction between primary and

secondary antibodies.

ChrA is a sensitive marker of the NE lineage and is used frequently to detect the NE phenotype

in prostate cancers. Co-localization of Oct4 with additional markers of NE differentiation was

examined to determine the maturation of the NE phenotype associated with NE-differentiation.

Approximately 50% of Oct4A positive cells co-expressed synaptophysin (Figure 5F), a marker

of the NE lineage that may identify more mature NE cells compared to ChrA expression.

However, Oct4A expressing cells did not co-express the NE markers bombesin or CD56, NE-

differentiation markers expressed normally by only a small proportion of prostate

neuroendocrine cells, possibly the most mature NE cells (Figure 5G–H) (26,36). Furthermore,

Oct4A positive cells did not co-express the NE marker nestin (Figure 5I). However nestin was

expressed in the endothelial cells, as previously reported (37,38). To determine whether the

increase in the number of NE cells was correlated to the increase in the number of Oct4A

expressing cells, the total number of Oct4A+/ChrA−, Oct4A−/ChrA+, and Oct4A+/ChrA+

cells were quantified in 6 low-magnification microscopic fields of six BPH and seven CaP

specimens, and were analyzed using unpaired Student’s t-Test (Figure 6). No significant

differences were found in the number of Oct4A+/ChrA− and Oct4A−/ChrA+ cells in BPH

specimens compared with CaP. However, the number of Oct4A+/ChrA+ cells increased

significantly in CaP compared to BPH (p=0.018). Therefore, CaP is characterized by an

increased population of Oct4A expressing cells that co-expressed the NE lineage markers ChrA

and/or synaptophysin.

Discussion

This study is the first to demonstrate expression of Oct4A mRNA and protein in human benign

prostate tissue and CaP, and that the number of Oct4A expressing cells is increased in CaP

compared to benign prostate. We demonstrated that Oct4A mRNA was expressed in all the

non-tumor and tumor samples analyzed, and no detectable differences were found at the mRNA

expression level, consistent with the low number of NE-like cells. Expression of Oct4 mRNA

was demonstrated previously in bladder and prostate carcinomas. Oct4 mRNA expression was

increased in bladder carcinoma compared to benign bladder tissue, however, there was not a

significant correlation between the expression level of Oct4 and tumor grade or stage (6). Low

levels of Oct4 mRNA were detected in normal prostate and CaP tissues, however, when Oct4

expression was corrected for levels of CK18 expression (number of prostate epithelial cells),

the level of Oct4 mRNA was decreased slightly in CaP compared to normal prostate (39). The

apparent decrease of Oct4 expressing cells in high Gleason Grade CaP based on mRNA

evaluation probably reflected a total increase in the epithelial cell compartment in these

aggressive malignancies rather than a decrease in NE cells. Additionally, apparent levels of

Oct4 expression measured only by RT-PCR may be confounded by artifacts generated by

pseudo-gene transcripts resulting in false positive expression (32). Six highly conserved

pseudo-genes for Oct4 (Oct4-pg1 to Oct4-pg6) have been indentified by nucleotide BLAST

(basic local alignment sequence tool) searches against mRNA transcripts (40). Two of the six

pseudogenes, Oct4-pg1 and Oct4-pg5, have been identified as being transcribed in some cancer

cell lines and cancer tissues (33). Two forward primers designed by Liedtke et al. that do not

recognize any pseudo-genes currently identified were used in our studies (32). We

demonstrated that Oct4A mRNA was expressed in all the non-tumor and tumor samples
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analyzed, and no detectable differences were found at the mRNA expression level, consistent

with the low number of NE-like cells.

The localization of Oct4A expressing cells within glandular structures in the area anticipated

to house the stem cell “niche” was suggestive, however, Oct4A expressing cells did not co-

express candidate markers for ASCs or CSCs, or markers of commitment to the differentiated

lineage of prostate luminal or basal lineage, or of cancer epithelial cells. Additionally, it is

possible that prostate stem cells do not express CD133, ABCG2, or NANOG; thus Oct4A

cannot be ruled out as a prostate stem cell marker. Oct4A expressing cells did not demonstrate

proliferative activity, indicating that they did not represent cells within a T/A compartment,

the immediate progeny of the ASCs/CSCs that are responsible for population expansion before

commitment to differentiation. Rather, the small population of Oct4A expressing cells in CaP

co-expressed markers of immature/primitive NE cells, suggesting these cells might represent

stem cell progeny committed to the NE lineage. NE cells in prostate are intriguing since they

do not depend on androgen for survival and are likely to survive androgen deprivation therapy,

and they may play an important role in advanced CaP through the secretion of growth and

survival factors (41). Importantly, the extent of NE-differentiation in CaP and metastases is

correlated with increased stage, Gleason grade, microvessel density, and proliferation and

survival of cancer cells, particularly in recurrent CaP (41,42). Consequently, identification of

Oct4A expression as an early marker of commitment to a NE lineage and phenotype in CaP

may provide insight into the mechanism of NE-differentiation in prostate cancer and their role

in the evolution of androgen-independent CaP.

The transcriptional regulatory function of Oct4A suggests the protein should be localized in

the nucleus of the cell. The Oct4A isoform has been described to have predominantly a nuclear

localization pattern while the Oct4B isoform has a cytoplasmic localization pattern (3,43).

However, the detection of both nuclear and cytoplasmic expression of Oct4A in this study is

consistent with a previous report of Oct4 expression in bladder cancer (6). Our data demonstrate

that both the nuclear and cytoplasmic staining in prostate are associated with Oct4A expression

since pre-incubation of the antibody (sc-8628) with a blocking peptide (1/10, sc-8628 P, Santa

Cruz Biotechnology, Santa Cruz, CA) homologous with a segment of the Oct4A protein

blocked detection of Oct4 protein in both the nucleus and cytoplasm. Cytoplasmic localization

of Oct4A could be due to post-translational regulation since Oct4 activity is regulated post-

translationally by phosphorylation and/or ubiquitination (44–46). Alternatively, cytoplasmic

localization of Oct4A in human cancer cells could be due to alteration of translocation of the

transcription factor into the nucleus through a modulated process. Recent studies demonstrated

that Oct4 was imported into the nucleus by importin-α1β and that a decrease in the importin-

α1 activity immediately reduced nuclear localization of Oct4 (47). Overall, cytoplasmic

localization of Oct4A observed in human prostate could be due to a failure in translocation,

post-translational regulation or mutation in the protein coding sequence; however, further

analyses are necessary to confirm these hypotheses.

Oct4 expression has been observed in benign skin and several non-germ cell cancers, including:

breast, bladder, and retinoblastoma (5–8). In addition, ectopic expression of Oct4 resulted in

dysplastic growth that was dependent on continuous Oct4 expression in multiple epithelial

tissue, such as fore-stomach, intestine, and skin (48). Furthermore, induction of human

pluripotent stem cells was reported by three independent groups using different combination

of factors, including: Oct4, Sox2, Myc, Klf4, Nanog and Lin28 (49–51). Considering the role

of Oct4 as a pluripotentcy factor, and a possible role in the etiology of cancer, Oct4 was

investigated as a marker for CSCs.

Oct4 expression has been reported previously in benign prostate and cancer cell lines as

evidence of the presence of ASC and CSC compartments. A subpopulation of telomerase-
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immortalized prostate epithelial cells that demonstrated stem cell properties expressed Oct4

protein (52). Similarly, subpopulations of CaP cells that were capable of reconstitution of the

original prostate tumor in vivo expressed Oct4 mRNA in culture (53). These observations

suggested that Oct4 is a marker for prostate ASCs and CSCs. However, our data that the rare

cells in human prostate tissue that express Oct4A co-express NE markers, but not putative stem

cell markers, raises questions about the validity of comparing putative stem cell markers in

long term cultured prostate cell lines and prostate tissue.

Although the origin of NE cells, and the mechanism responsible for the increase in NE cells

in advanced CaP are unknown, it has been proposed that NE cells present in CaP are different

in their biochemical properties and origins than NE cells in benign prostate (22). Proposed

mechanisms for the increased number of NE cells in advanced CaP include: differentiation of

the progeny of CSCs to the NE lineage, and/or trans-differentiation of CaP epithelial cells into

NE cells. NE cells in benign prostate glands express CK5 (54), which was not co-expressed in

the Oct4A and ChrA expressing cells in CaP, suggesting these cells do not represent benign

NE cells. Previous studies suggested that NE cells in CaP express AMACR (55), however, in

this study, AMACR did not co-localize with Oct4A, contraindicating that NE cells represent

a trans-differentiated CaP cell. However, the increased numbers of Oct4A+/ChrA+ in CaP, in

combination with the lack of expression for putative markers of stem cells, cellular

proliferation, and luminal (AR, PSA) or basal cell differentiation (CK5, p63), suggests that

Oct4 expression represents a marker of NE cells in CaP.

Conclusion

An increased NE cell population in CaP often is associated with more aggressive disease and

recurrence after androgen-deprivation therapy, suggesting that NE cells play a crucial role in

CaP progression (23,56). The characterization of molecular and cellular mechanisms that

determine NE-differentiation during CaP progression is critical to identification of possible

therapeutic targets for inhibition of expansion of the NE compartment. Our discovery that NE

cells express Oct4A could provide a new key for exploring further the mechanism of NE-

differentiation and identifying new targeted therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Oct4A mRNA expression in human prostate tissue

RT-PCR performed on cDNA synthesized from RNAs isolated from human prostate specimens

representing tumor and non-tumor samples, each set represents 1 patient specimen. RT-PCR

primers: (A) Oct4_F_P/Oct4_R, (B) Oct4_F/Oct4_R and (C) GAPDH specific primers.
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Figure 2. Oct4A expression in human prostate tissue

Oct4A expression in (A) BPH; (B) CaP Gleason Score 5; (C) CaP Gleason Score 6; (D) CaP

Gleason Score 9. White bar: 10μM. (E) Oct4A expression in human seminoma as a positive

control. (F) Human seminoma lacking Oct4 primary antibody as a negative control. (G) Oct4A

quantification in different Gleason Score samples. The total number of Oct4A positive cells in

20 fields for each specimen versus Gleason Score. Statistical analysis of Oct4A expressing

cells quantified in prostate specimens comparing different Gleason Scores and BPH: the red

line represents the mean. * p-Value < 0.05.
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Figure 3. Oct4A co-expression with markers for putative stem cells in human prostate tissue

(A) Co-expression of Oct4A (Permanent red) and Sox2 (DAB); (B1) Oct4A (Permanent red)

and NANOG (DAB); (C) Oct4A (Permanent red) and ABCG2 (DAB); (D1) Oct4A (Permanent

red) and CD133 (DAB) in prostate tissue. (B2) NANOG (DAB) in seminoma tissue; (D2)

CD133 (DAB) in human kidney tissue. Black bar: 10μM. Black arrows indicate Oct4A staining

and blue arrows indicate expression of secondary markers.
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Figure 4. Oct4A co-expression with markers for CaP and proliferation in human prostate tissue

(A) Oct4A (Permanent red) and AMACR (DAB); (B) Oct4A (Permanent red) and Ki67 (DAB)

in prostate tissue.
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Figure 5. Oct4A co-expression with differentiation markers for basal, luminal, and neuroendocrine
lineages in human prostate tissue

(A) Co-expression of Oct4A (Permanent red) and p63 (DAB); (B) Oct4A (DAB) and

cytokeratin 5 (alexa 594); (C) Oct4A (Permanent red) and AR (DAB); (D) Oct4A (Permanent

red) and PSA (DAB); (E) Oct4A (DAB) and chromogranin A (alexa 594); (F) Oct4A

(Permanent red) and synaptophysin (DAB); (G) Oct4A (Permanent red) and bombesin (DAB);

(H) Oct4A (Permanent red) and CD56 (DAB); (I) Oct4A (Permanent red) and nestin (DAB).

Black bar: 10μM. Black arrows indicate Oct4A expression and blue arrows indicate expression

of differentiation markers.
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Figure 6. Oct4A and ChrA quantification in CaP compared to BPH

Total number of Oct4A+/ChrA−, Oct4A−/ChrA+, and Oct4A+/ChrA+ cells in 6 fields for each

specimen. n = 6 BPH and n = 7 CaP. Statistical analysis of Oct4A+/ChrA−, Oct4A−/ChrA+,

and Oct4A+/ChrA+ cells quantification comparing CaP and BPH. Lines represent the mean.

* p-Value = 0.018.
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