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Abstract
Prostate cancer (PCa) is a multifocal neoplasm in which different cancer foci can be found within a
single organ. This feature represents a technical di�culty when obtaining highly-enriched primary
cultures of human prostate stroma cells (HPSCs), since their isolation involves enzymatic digestion of
large pieces of tissue, resulting in an unknown proportion of benign- (BAF) and carcinoma-associated
�broblasts (CAF). Here we report an e�cient tissue explant methodology to obtain highly-enriched
populations of BAFs or CAFs from benign and malignant human prostate specimens, including needle
biopsies. Also, we investigated whether different histological/pathological origins of the prostate tissue
determine the activation of distinct transcription programs in HPSCs. Analysis of gene expression pro�les
revealed that CAFs exhibited a unique transcriptional program characterized by up-regulation of genes
involved in proliferation, migration and cell adhesion. CAFs, but not BAFs, expressed typical activation
markers such as α-smooth muscle actin, tenascin C and collagen 1 and stimulated tumor growth of PCa
cells in vivo. Our study indicated that gene expression pro�le of HPSCs was determined mostly by the
zone rather than the pathological state of the prostate tissue and that tissue explants from needle
biopsies provide a valuable tool to obtain highly enriched primary cultures of HPSCs.

Introduction
Prostatitis, benign prostatic hyperplasia (BPH) and prostate cancer (PCa) share common alterations in
their functional interaction between the glandular epithelium and the stromal cells that result in altered
expression of chemokines, cytokines, matrix remodeling factors, and chronic in�ammatory processes.
These changes determine the formation of a "reactive stroma" that shares common features with the
activated stroma present in the wound healing process[1–5]. In the benign adult prostate, stromal and
epithelial cells synthesize and respond to growth factors in a reciprocal and dynamic manner to maintain
the normal tissue structure and functionality[3, 6, 7]. Paracrine growth factors produced by the stroma
cells provide regulatory signals to maintain the homeostasis and differentiated state of the epithelium. In
addition, the stroma plays a key role in the development and progression of several human prostatic
diseases[1–5].

The human prostate comprises three histologically and anatomically distinct zones; the peripheral zone
(PZ), the central zone (CZ) and the transitional zone (TZ)[3]. BPH occurs almost exclusively within the
transitional zone of the prostate, while PCa occurs primarily in the peripheral zone [3]. Gene expression
pro�le analyses of cells from these zones in normal prostate revealed differences in gene expression
patterns between the peripheral and transition zones that could modulate stromal-epithelial cell
interaction [1]. In addition, BPH appears associated with a state of hyperplasia of both the stromal and
epithelial compartments [2, 3], suggesting that prostate disease susceptibility is zone-dependent and
involves alterations of both, the stromal and the epithelial compartments. Despite these suggesting
evidences, little is known about the molecular pro�les of stromal cells within the different compartments
of the prostate, or during different disease states.
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The ability to obtain stroma cell cultures from human prostate tissue (HPSCs), in a reliable and
consistent manner, represents an invaluable tool for the study of the biology of human prostate tissue
under normal and pathological conditions. Moreover, it could provide insight into the molecular changes
that occur in the microenvironment during disease development and progression, including BPH and PCa.
BPH and PCa are highly heterogeneous diseases. PCa is a multifocal neoplasm in which several different
cancer foci can be found within a single human malignant prostate, with foci in close proximity to benign
areas. This feature represents a technical problem di�cult to overcome since the standard procedures for
isolation of primary stromal cell cultures (HPSCs) involves enzymatic digestion of large pieces of tissue,
usually over a gram, resulting in primary cultures that contain an unknown proportion of benign (BAF)
and carcinoma-associated �broblasts (CAF) [11]. Furthermore, procurement of fresh prostate tissue
specimens remains a challenge, and specimens generally are restricted to radical prostatectomy (RP)
tissue remnants and transitional zone specimens from benign hyperplasia resections of patients
undergoing surgery to relieve blockage. To our knowledge, our study demonstrates for the �rst time that
prostate tissue explants can be routinely established from needle biopsies to allow a rapid harvesting of
primary cultures of human stromal cells from the small fresh tissue specimens without disrupting
pathology analysis and facilitating sampling of speci�c human prostate zones undergoing diverse
pathologies, Gleason grades and stages.

Materials And Methods
Samples Collection

Human prostate tissue was obtained from needle biopsies surgically resected from 108 different patients
at the Clinical Hospital from Ponti�cia Universidad Católica de Chile (PUC). Informed written consent was
obtained from all participants, and all protocols were approved by the Ethical committee of PUC. Benign
prostate needle core specimens from the transitional zone (TZ-BAF) were obtained from patients with
BPH that underwent holmium laser enucleation of the prostate HOLEP (18 samples) or transurethral
resection of the prostate TURP (23 samples). Peripheral zone needle biopsies from benign (PZ-BAF) and
malignant human prostate tissue (PZ-CAF) were obtained from radical prostatectomy tissue remnants or
needle biopsies from PCa patients (45 samples), respectively. H&E staining of formalin-�xed, para�n-
embedded (FFPE) tissue sections were prepared from each specimen to con�rm presence of benign or
malignant human prostate tissue and to obtain information about the histological subtype and
histopathological grade through the Department of Pathology at PUC. All experiments were performed in
accordance with relevant guidelines and regulations for human studies.

Tissue explants technique

Primary cultures of HPSCs were established from histologically con�rmed benign, BPH or PCa tissues by
the explant culture technique. Brie�y, prostate tissue specimens (needle biopsies, HOLEP and TURP) were
cut into 6-8 pieces of approximately 1x2 mm each and placed on 60 mm Petri dishes, containing DMEM
medium (Gibco BRL, Life Technologies) supplemented with 10% fetal bovine serum (Hyclone
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Laboratories, Logan, Ut), 2 mM glutamine, 100 U/ml penicillin, and 0.1 mg/ml streptomycin (all from
Hyclone Laboratories). Tissue explants were maintained in 60 mm Petri dishes at 37°C and 5% CO2

humidi�ed incubator. The medium was replaced every three days. The cell sprouting occurred within 5-12
days. The purity of stromal cell cultures was estimated by staining the primary cultures with an antibody
against epithelial pan-cytokeratin.

Cell growth

HPSCs were placed on 96 multi-well dish and cultured with DMEM medium supplemented with 10% FBS
for 1, 3, 5, 7, 10, and 15 days. Attached cells were collected by trypsinization and counted using a
hemocytometer. Trypan blue dye exclusion was used to determine viable cells. Doubling time (Dt) was
calculated as the log of the ratio of the �nal count (N) to the starting (baseline) count (Xo), divided by the
log2; that is Dt: [log(N/Xo)]/log 2.

Microarray analysis

Total RNA from HPSCs was isolated using TrIzol solution (Life TechnologiesTM) according to
manufacturer’s instructions. The Ambion MessageAmp II-Biotin Enhanced kit was used to synthesize
double-stranded cDNA and produce biotin-labeled cRNA from 500 ng of total RNA. After fragmentation,
10 mg of cRNA were hybridized at 45°C for 16 h to Illumina HT12v4 BeadChips oligonucleotide arrays
containing probes to >47,000 transcripts. The bioinformatics analyses were performed using the software
TMEV v4.7.4.

Xenograft experiments

In vivo experiments were conducted in accordance with the ARRIVE (Animal Research: Reporting of In
Vivo Experiments) guidelines following the ethical approval (bioethical committee of PUC) and, relevant
guidelines. 8-week-old male NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ mice (The Jackson Laboratory) were
injected subcutaneously with 1x106 PC3 cells in the right lateral �anks. For cell recombination analyses,
1x106 PC3 cells and 2x106 �broblasts, isolated from PZ-BAF or PZ-CAF, were co-injected. Animals were
monitored daily and tumor size was measured every 3 days using a caliper. Tumor volumes were
determined using the formula: width2 x length x π/6.

Statistical analysis

Data is presented as means ± SD from at least three independent experiments. Statistical signi�cance
was calculated using Student’s t-test. In each case, a p-value <0.01 was considered to represent
statistically signi�cant differences.

Results
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One hundred and eight patients that underwent either prostate surgery or needle biopsy were selected for
this study. The clinical and pathological features of the patient cohort are shown in Table 1. Fresh tissue
specimens obtained from surgical procedures (TURP or HOLEP) or from ultrasound needle biopsies were
used for the propagation of primary cultures of stromal cells (HPSCs) using the tissue explant technique
(Fig. 1). We established HPSCs primary cultures from a total of 67 trans-rectal needle biopsies obtained
from separate individuals or from surgical specimens; 23 samples from TURP and 18 samples from
HOLEP (Table 1). Prostate tissue explants were evenly distributed over the surface of tissue culture-
treated dishes in a minimal volume of culture medium, to preserve the tissue in contact with the culture
surface (Fig. 1C). This procedure allowed maintaining the adherence of the tissue wedges in close to
100% of the samples analyzed (Fig. 1C). After 7–10 days of explant culture, spindle-shaped cells started
to migrate out of tissue explants onto the culture dish (Fig. 1C, 1E). Signi�cant differences were observed
in the average of sprouting days between the different samples. HPSCs obtained from benign transition
zone using the TURP procedure took longer to start to migrate out of the explanted tissue (TZ-BAF-T; 23
days) when compared to HPSCs obtained from the HOLEP procedure (TZ-BAF-H, average 16 days)
(Fig. 1E). On the other hand, in tissue samples obtained from peripheral zone through needle biopsies
(PZ-CAF and PZ-BAF), the average time for the sprouting process to start was 10 days or less. HPSCs
from PCa patients (PZ-CAF) took the shortest time to sprout out the explanted tissue of all groups (7
days). Statistically signi�cant differences in the average sprouting time were found in PZ-CAF when
compared to PZ-BAF. The e�ciency (percentage) of the explant technique (i.e. the percentage of wedges
that sprouted cells compared from the total that adhered to the culture dish) was nearly 97% in the tissue
samples obtained through needle biopsies (22 in PZ-BAF and 45 in PZ-CAF) (Fig. 1F). However, from the
tissue samples obtained through surgical procedures, 79% of HOLEP (TZ-BAF-H) and 62% of TURP (TZ-
BAF-T) specimens sprouted out, which indicated that the e�ciency of the explant technique was
signi�cantly higher when samples were obtained from needle biopsies (94% PZ-BAF and 97% PZ-CAF).
Samples obtained from TURP showed the lowest e�ciency of all procedures (Fig. 1F).
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Table 1
Clinicopathologic characteristics of the patient’s cohort

Procedure HOLEP

(n = 18)

TURP

(n = 23)

Biopsy Pre-Qx (n = 22) Biopsy Pre-Qx/RP

(n = 45)

Diagnosis BPH BPH without neoplasia PCa

Type of sample TZ-BAF-H TZ-BAF-T PZ-BAF PZ-CAF

Age (yr.) 54–77 55–84 52–74 41–85

Prostate volume (cc) 33–133 39–74 23–97 27–200

PSA (ng/ml) 0.8–21.3 0.5–75 3.2–8.7 3.3–4730

Gleason N/A N/A N/A 6.0–9.0

Metastasis N/A N/A N/A M0-M1

TZ: transition zone; PZ: peripheral zone; BAF: benign-associated �broblast; CAF: carcinoma-
associated �broblast; BPH: benign prostatic hyperplasia; CaP: prostate cancer; HOLEP: holmium laser
enucleation of the prostate; TURP: transurethral resection of the prostate; RP: radical prostatectomy;
N/A: not applicable.

An immunohistochemical characterization of the HPSC cells isolated from human prostate tissue
specimens revealed that, even when most migrating cells possessed a typical mesenchymal morphology,
there was a mix of epithelial and stromal cells in all groups analyzed, as determined by expression of the
epithelial and mesenchymal markers cytokeratin and vimentin, respectively (Fig. 2A, B). A detailed
immunostaining analysis for the expression of vimentin, αSMA and pan-cytokeratin was performed for
PZ-BAF and PZ-CAF at different cell culture passages (from passage 0 to passage 4, Fig. 2C, D). Data
indicated that for benign and malignant primary cultures of peripheral zone at passages 0 and 1, a small
proportion of cells were positive for cytokeratin (Fig. 2C, D). However, at passage 3, the primary cultures
were positive only for stroma markers, indicating that from passage 3 and on, primary cultures isolated
from prostate needle biopsies were composed mostly by �broblasts without evident epithelial cell
contamination (Fig. 2C, D). In summary, the needle biopsies explant technique allowed us to obtain highly
enriched cultures of BAF from the peripheral zone, and CAF from either, the primary tumor or locally
advanced/metastatic PCa.

The morphological characteristics and proliferative rate of TZ-BAF, PZ-BAF and PZ-CAF cultures were
evaluated in vitro using growth curve and Ki-67 expression analyses. Fibroblasts maintained their
phenotypic characteristics during culture showing a uniform spindle-shaped morphology (Fig. 3A).
Quantitation of cell growth was performed using the trypan blue exclusion method. Our results indicated
that primary cultures of �broblasts obtained from explants of malignant PZ tissue showed higher level of
proliferation compared to both, benign TZ or PZ tissues (Fig. 3B). Based on the data presented in Fig. 3B,
we determined the doubling time (Dt) for each group. Our results indicated doubling times of 3.1, 7.9 and
8.7 days for PZ-CAF, TZ-BAF and PZ-BAF, respectively. No signi�cant difference in doubling time were
observed between TZ-BAF and PZ-BAF (p < 0.05). To con�rm the differences found between CAF and BAF,
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we performed an immuno�uorescence analysis for the expression of the cell proliferation marker, Ki-67.
Percentages of Ki-67-positive cells were signi�cantly higher in PZ-CAF (∼80%) compared to both, TZ-BAF
and PZ-BAF (less than 20% for both groups, Fig. 3C, D) primary cultures. Based on these observations, we
hypothesized that prostatic �broblast cultures of different histological and pathological origins have
distinct transcriptional pro�les. To test this hypothesis, we performed a transcriptomic analysis of a pool
of 10 cDNA samples from each origin (TZ-BAF, PZ-BAF and PZ-CAF) using an Illumina Platform array
technology. Prostate �broblasts samples were analyzed by hierarchical clustering[13] using 18,392 genes,
or considering only the 393 genes differentially expressed (Fig. 3E). Dendrogram analysis (Fig. 3E)
showed that TZ-BAF cultures clustered differentially from both, PZ-BAF and PZ-CAF, which indicates that
the most striking difference of the transcriptional programs was associated with the histological origin of
the �broblasts (transitional vs peripheral zones). Heatmap analysis of the genes expressed 10-fold higher
or 10-fold lower (393 in total) in each zone is showed in Fig. 3F. Figure 3G and 3H represents the genes
that are most differentially expressed in benign PZ �broblasts compared to benign TZ �broblasts. Gene
Ontology (GO) analyses revealed that many of those genes were involved in biological processes that are
known to be important in the development of benign prostatic diseases, such as smooth muscle
contraction, cytoskeleton organization, lipid metabolic process and immune response. Since PCa
originates mostly in the peripheral zone, the comparison of the transcriptional pro�les of �broblasts
obtained from benign or malignant PZ tissues revealed a set of differentially expresses genes (Fig. 3G,
H). GO analyses indicated that many of those genes were involved in processes that are associated with
the activation of biological programs such as transcription, in�ammatory response, cell adhesion and
motility. To con�rm the gene expression changes observed by microarray analyses, real-time RT-PCR and
western blot were performed in TZ-BAF, PZ-BAF and PZ-CAF for the typical activated markers genes
associated to CAF. qRT-PCR analyses indicated that the activation markers α-smooth muscle actin
(αSMA), tenascin C (TNC) and collagen 1 (Col1), were signi�cantly up-regulated in CAF compared to BAF
(Fig. 4A). No signi�cant changes were observed for vimentin and �broblast activation proteins (FAP;
Fig. 4A). Western blot analyses of the smooth muscle cell markers calponin and αSMA, and the �broblast
marker vimentin, revealed that TZ-BAF cultures were heterogeneous and composed mostly of smooth
muscle cells (calponin positive), while PZ-BAF cultures exhibited less expression of the smooth muscle
marker calponin (Fig. 4B, C). In contrast, PZ-CAF cultures showed a phenotypic switch to a predominantly
myo�broblast population, a typical feature of CAF (Fig. 4B, C).

As studied extensively, CAF showed an increased ability to affect tumor progression in initiated epithelial
cells compared to BAF [4, 14]. Therefore, we decided to test whether our CAF cultures, obtained from
needle biopsies, could increase tumor formation and growth in vivo. The PCa cell line (PC3) was grafted
alone, or in combination with PZ-BAF or PZ-CAF, subcutaneously in the �ank of immunocompromised
mice. After 30 days, tissue recombinants composed of PC3-CAF tumors exhibited striking growth with a
maximum wet weight of 2942 mg, and an average weight of 2118 mg. In contrast, PC3-BAF tissue
recombinants, and PC3 alone, demonstrated low growth after 30 days of the co-engraftment. PC3-BAF
showed a maximum wet weight of 1080 mg, and an average weight of 738. PC3 alone showed a
maximum wet weight of 1087 mg, and an average weight of 765 mg (Fig. 4C, D). These results con�rmed
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that the tissue explant procedure from needle biopsies allowed establishment of CAF cultures that
expressed typical activation markers and stimulated tumor growth of PCa cells in vivo.

Discussion
Unraveling the role of �broblasts in cancer progression, response to therapy and acquisition of recurrence
remain crucial to understanding the contribution of the tumor microenvironment to prostate cancer
biology. In solid tumors, it has been demonstrated that paracrine communication between CAF and
cancer cells is regulated by a reciprocal set of signals/factors that promote tumor growth, cancer cell
invasion and metastasis by enhancing the survival, proliferation, stemness, metastasis-initiating capacity
of cancer cells, and resistance to therapy, among other properties[2, 15–20]. In PCa, it has been
demonstrated that CAFs de�ne the evolution of the castration-resistant phenotype during PCa
progression[17]. Kato et. al., using high and low passages CAF as a model to study the heterogeneity of
tumor associated �broblasts demonstrated that the CD105 + CAF population mediated prostatic tumor
epithelial cell differentiation and castration resistance in a paracrine manner[17]. Due to the multifocal
nature of PCa, obtaining pure cancer areas from radical prostatectomy tissue specimens for in vitro and
preclinical research remains a challenge. Furthermore, the use of radical prostatectomy samples limits
primary stroma cell culture mostly to better-differentiated cancers since the majority of patients with high
grade PCa tumors with nodal metastases usually are inoperable. Needle biopsies provide an alternative
source of high-grade malignant PCa tissue samples for procurement of tissue from patients before
systemic androgen ablation to provide cells with unique biological behaviors. To our knowledge, this is
the �rst article to report the isolation of stromal cells from needle biopsy specimens. This methodology
can be established to allow a rapid harvesting of primary cultures of human stromal cells from the small
fresh tissue specimens without disrupting pathology analysis and facilitating sampling of speci�c
human prostate zones undergoing diverse pathologies, Gleason grades and stages. In addition, other
types of primary cells, such as the prostate epithelial cells, could be potentially isolated and cultured
using this technique, which could improve our understanding of the cell type-speci�c contribution from
the tumor microenvironment to the biology of prostate cancer.

Comparison of the cellular and molecular properties of CAF derived from moderate grade or non-
metastatic PCa versus high-grade metastatic PCa may unravel molecular mechanisms crucial for the
understanding of the progression of PCa. Our gene expression analysis indicated that the gene
expression pro�le of �broblasts was zone-speci�c, since BAFs obtained from the peripheral zone shared
more similarities with CAF (also obtained from peripheral zone) than BAF obtained from the transitional
zone. Other studies also have reported differences at the molecular level between the different prostate
zones, although these studies were not restricted to the stromal compartment[8, 21, 22]. Divergent
hormone responsiveness of primary cultures of PZ- and TZ-derived stem cells[21] as well as differential
expression of certain hormone-metabolizing enzymes in the inter-zone (e.g. CYP1B1)[22] have been
reported. Van der Heul-Nieuwenhuijsen, et al.,[8] indicated that peripheral and transition zones of human
prostate tissue obtained from radical prostatectomy remnant tissue have identical stroma and epithelium
distribution and equal expression of cell-type markers, suggesting that the quantity and phenotype of the



Page 9/16

speci�c cell types is not different between these two prostate zones. Moreover, in this study, microarrays
and RT-PCR analyses in human prostate tissue from PCa (PZ) and BPH (TZ) demonstrated 12
differentially expressed zone-speci�c genes in the peripheral zone of prostate relative to transition
zone[8]. However, the contribution of the epithelial or the stromal compartment to the differential
expression of these 12 genes was not explored in this study. Together, our and other studies indicated
that PZ and TZ of the prostate have differential gene expression patterns for individual cell types that
could be associated with the pathological origin of the prostatic diseases. Further studies are necessary
to elucidate the speci�c cellular and molecular mechanisms activated in each zone that modulate the
stromal–epithelial cell interaction in the prostate under normal and pathological conditions.
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Figure 1

Establishment and characterization of tissue explants techniques from benign and malignant human
prostate tissue. A. H&E staining of human prostate tissue obtained from TURP-surgery, HOLEP-surgery
and needle-biopsy from benign and tumor tissue. Upper pictures: 100x and lower pictures: 200x
magni�cation. B. Representative images of the human prostate tissues obtained from TURP-surgery,
HOLEP-surgery, and needle biopsy. C. Left panels, tissue explant culture assay. Middle and right panels,
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phase contrast images. D. Adherence percentage of prostate tissue explants respect to total explants
placed. E. Sprouting cells time of prostate tissue explants from TURP (23 days, TZ-BAF-T), HOLEP (16
days, TZ-BAF-H), the benign needle biopsy (13 days, PZ-BAF) and tumor needle biopsy (7 days, PZ-CAF).
F. E�ciency of adherence (%) of prostate tissue explants with respect to total explants seeded. *p<0,01.

Figure 2
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Immunostaining analysis of stromal and epithelial markers in primary cultures of HPSCs isolated from
human prostate tissue explants. A-B. Immunocytochemical analysis of the tissue explant culture for the
mesenchymal phenotype markers, vimentin (A), and the epithelial phenotype marker, pan-cytokeratin (B).
Magni�cations in A and B: upper panels 10X and lower panels 20X. C-D. Immuno�uorescence analyses
of HPSCs from PZ-BAF (C) and PZ-CAF (D) from passage 0 (P0) to passage 4 (P4) of culture. HPSCs
were immunostained for the mesenchymal phenotype markers, vimentin and αSMA, and the epithelial
phenotype marker, pan-cytokeratin. Magni�cations panels C and D: 20X.
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Figure 3

Cell growth, proliferation and gene expression pro�le assays of HPSCs isolated from benign or malignant
tissue. A. Phase contrast images of HPSCs on P4. Black bar: 100 µM. B. Growth curves of HPSCs isolated
from TZ-BAF, PZ-BAF, and PZ-CAF. Doubling times were 7.9 days for TZ-BAF, 8.7 days for PZ-BAF and 3.1
days for PZ-CAF. C. Immunocytochemical analyses of Ki-67 expression in HPSCs. DAPI was used to
counterstain nuclei. White bar: 50 µm. D. Quantitation of Ki-67 positive cells from panel C. * = p<0,01. E.
Upper panel, dendrogram clustering for total genes analyzed in mRNA microarray. Lower panel,
dendrogram analysis of the 393 genes differentially expressed between the three groups. F. Relative
expression map of the genes corresponding to the higher and lower expression (393 in total) in each
prostate zone. G-H. Relative expression levels of the genes that are most differentially expressed in PZ-
BAF compared to TZ-BAF cultures (G) and PZ-CAF vs PZ-BAF(H).
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Figure 4

Phenotypic and functional stromal characterization of primary cultures of HPSCs isolated from benign or
malignant human prostate tissue. A. mRNA expression of the activated-stroma markers were analyzed
using RT-PCR in HPSCs from TZ-BAF, PZ-BAF, and PZ-CAF. Values are representative of averages ± SEM,
from 3 independent experiments, each one performed in triplicate. B. Western blot analyses of the
activated-stroma markers αSMA, calponin and vimentin in primary cultures of BAF and CAF. C-D. In vivo
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effect on tumor growth of BAF and CAF using a PC3 cell line-derived xenograft model. C. Representative
images of tumors obtained from each condition. D. Evaluation of tumor weight after tumor dissection. * =
p<0.01.
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