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Rapid and Short-term Extracellular
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Prostatectomy Tissue
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OBJECTIVE

METHODS

RESULTS

CONCLUSION

To culture prostate cells from fresh biopsy core samples from radical prostatectomy (RP) tissue.
Further, given the genetic heterogeneity of prostate cells, the ability to culture single cells from
primary prostate tissue may be of importance toward enabling single-cell characterization of primary
prostate tissue via molecular and cellular phenotypic biomarkers.
A total of 260 consecutive tissue samples from RPs were collected between October 2014 and
January 2016, transported at 4°C in serum-free media to an off-site central laboratory, dissociated, and cultured. A culture protocol, including a proprietary extracellular matrix formulation
(ECMf), was developed that supports rapid and short-term single-cell culture of primary human
prostate cells derived from fresh RP samples.
A total of 251 samples, derived from RP samples, yielded primary human tumor and nontumor
prostate cells. Cultured cells on ECMf exhibit (1) survival after transport from the operating room
to the off-site centralized laboratory, (2) robust (>80%) adhesion and survival, and (3) expression of different cell-type-specific markers. Cells derived from samples of increasing Gleason score
exhibited a greater number of focal adhesions and more focal adhesion activation as measured
by phospho-focal adhesion kinase (Y397) immunofluorescence when patient-derived cells were
cultured on ECMf. Increased Ki67 immunofluorescence levels were observed in cells derived from
cancerous RP tissue when compared to noncancerous RP tissue.
By utilizing a unique and defined extracellular matrix protein formulation, tumor and nontumor
cells derived from primary human prostate tissue can be rapidly cultured and analyzed within 72
hours after harvesting from RP tissue. UROLOGY ■■: 1.e1–1.e10, 2017. © 2017 Elsevier Inc.

P

rostate cancer is the most common male cancer in the
United States and the second leading cause of male
cancer death in the United States.1 The ability to
culture primary prostate cells has the clear advantage of probing
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genomic heterogeneity, cell-extracellular matrix (ECM) interactions as well as measurement of static and dynamic molecular and cellular phenotypic biomarkers toward potentially
significant scientific, clinical, and therapeutic gains.2
Despite extensive work in the area of developing primary
prostate cell cultures and prostate cell line cultures, the proportion of patient prostate tissue samples that give rise to
these cultures is relatively low compared to other tissue types.3
To address the need for rapid and reproducible culturing
of primary prostate cancer cell lines, we developed a culturing method that utilizes an extracellular matrix (ECM)
protein formulation that facilitates the adhesion, survival,
and growth of primary human prostate cells (PHPCs).4
Methods to develop in vitro primary prostate cell cultures can be classified into 2 categories: (1) primary prostate cell cultures established directly from human tissue5
and (2) permanent prostate cell cultures or “prostate cell
lines.”3 Broadly, the former method isolates cells with limited
http://dx.doi.org/10.1016/j.urology.2017.03.029
0090-4295
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life span, whereas the latter method derives cells with unlimited proliferation capacity. Prostate cell lines are often
established with immortalizing agents such as transfection of viral genes or through spontaneous mutations in
culture from normal or cancer tissue.6 Although prostate
cell lines have the advantage of being able to be cultured
for prolonged periods of time (years), studies based on prostate cell lines can be difficult to interpret due to uncontrolled and spontaneous genetic mutations that arise in
culture that may be vastly divergent and not representative of the underlying molecular and cellular biology of prostate tissue in vivo.7 Conversely, short-term primary prostate
cell cultures derived directly from normal or cancerous prostate tissue may have a number of advantages because of
their likelihood to be more representative of prostate tissue
in vivo.8 That said, primary cell cultures do have their own
challenges due to their limited access, finite life span, and
relatively involved culturing techniques.9
Recent advances in our general understanding of cellECM interactions10 have shed light on important cellular
and molecular processes such as signal transduction,11 cell
survival and growth,12 cellular homeostasis and pathogenesis, and tissue morphogenesis.13
In vivo, the ECM is thought to be a dynamic and rich
microenvironment with both physical and molecular characteristics necessary for tissue homeostasis14 and tissue architecture, and has been implicated in the pathogenesis of
disease states such as cancer,15 fibrosis,16 and cardiac
hypertrophy.17 In the context of epithelial tissues, the ECM
is thought to be instrumental in defining physical and biochemical borders that drive cell differentiation,18 motility,
polarization, function, and pathogenesis. As such, applying
our continued growing understanding of the ECM and cellECM interactions may be an important consideration toward
developing physiologically relevant in vitro culturing systems.
Furthermore, given the renewed interest in phenotypic biomarkers and emerging techniques to dissect multiple signaling pathways by measuring live-cell phenotypic
biomarkers, the culturing system described may facilitate
the discovery of meaningful live-cell phenotypic biomarkers
and contribute to further delineating the molecular biology
of wild-type and diseased (ie, noncancerous and cancerous) human prostate cells.2
We present a system (Fig. 1) or environment to culture
both tumor and nontumor PHPCs and demonstrate that
extracellular matrix formulation (ECMf)-mediated PHPC
cultures enable (1) viable epithelial and stromal cells, (2)
rapid adhesion and cell spreading, (3) cell survival and
growth for at least 7 days, and (4) measurement of the immunofluorescence of protein markers that have been shown
to correlate with cancer progression (ie, local invasion and
metastasis).

METHODS
Tissue Samples
All tissue samples were de-identified and collected under
institutional review board approval. A total of 260 con1.e2

secutive tissue samples from 6 sites across the United States
were derived from radical prostatectomy (RP) samples. Of
the 260 samples, 251 were successfully cultured. Tissue
samples were obtained either by biopsy cores procured using
an 18-mm gauge core biopsy gun (Bard) or by scalpel dissection (55% and 45%, respectively) to produce blocks of
tissue approximately 27 mm3 in volume.
Tissue Collection and Transport
Samples of cancerous and noncancerous tissue were collected based on the individual’s pathology report after RP
before specimens were placed in formalin. Specific sites of
the sample collection within the prostate were analyzed
in a standard fashion by a board-certified pathologist to
confirm the presence of cancerous (lesion) and noncancerous (normal) tissues. Samples were placed in proprietary serum-free culture media and shipped overnight at
4°C from the pathology laboratory to a laboratory in Beverly,
MA, via UPS or FedEx courier.
Surface Chemistry and Extracellular Matrix
All glass surfaces were immersed and cleaned with 20% nitric
acid (Sigma) for 30 minutes at 20°C and de-wetted with
acetone (Sigma). Glass surfaces were then treated with
silazane (Sigma) before polylysine, laminin, and ECMf4
surface coatings. All protein coatings were incubated on the
culture vessels for 1 hour at 37°C before seeding with cells.
Cell Isolation and Culture
Upon arrival in the centralized laboratory, tissue samples were
mechanically disrupted and treated with collagenase in LonzaPrEBM supplemented with 20 mM HEPES (4-(2hydroxyethyl)-1-piperazineethanesulfonic acid), and 5 mM
penicillin-streptomycin (Pen/Strep). After overnight digestion, samples were resuspended in fresh Lonza-PrEBM media,
supplemented with 20 mM HEPES, and 5 mM Pen/Strep,
and seeded on ECMf (proprietary collagen type 1 and
fibronectin-based formulation)4 coated tissue culture plates.
Cells were allowed to acclimate to culture conditions for 24
hours post surgery, before trypsinization, reseeding, and image
analysis. Cells were removed from plastic culture plates
(Fisher) via standard trypsin treatment and were seeded on
either 8-well glass-bottom imaging chambers (Ibidi), glassbottom 96-well plates (MatTek), or proprietary glassbottom microfluidic devices for image analysis.
Determination of Cell Number and Viability
All cells were counted using a hemacytometer before
seeding, whereas cell viability was based on the total number
of adherent cells post seeding.
Cell Growth Tests
The cell growth tests are described in Figure 2D.
Cell Characterization
Cells were fixed using 3.7% paraformaldehyde for 20 minutes
and permeabilized using 0.1% Triton X-100 (Sigma
Aldrich). Cells were treated with monoclonal primary antibodies and secondary antibodies as described in
Supplemental Figure S3.
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Figure 1. (A) Collection sites and patient inclusion criteria. IRB-approved protocols were initiated at independent university hospitals, large urology groups, and biobanks that receive samples from their own academic research collaborators.
In brief, samples were collected from Tufts University Hospital, CHTN; University of Pennsylvania, CHTN; University of Alabama,
CHTN; Vanderbilt University, CHTN; Ohio State University, Crouse Hospital/Associated Medical Professionals, LUGP; The
Urology Place (LUGP); Maine Medical Center BioBank; and Oncology of San Antonio (LUGP). Either centralized or sitespecific IRB protocols were submitted and approved with the noted inclusion criteria. Patient inclusion criteria included
the following: men of all races from 40 to 85 years old who are good candidates for RP; post-RP life expectancy of ≥10
years; baseline PSA of ≤20 ng/mL; biopsy Gleason score ranging from 6 to 10; clinical stage T1-T3b; no neoadjuvant hormone
or chemotherapy, or radiation therapy for prostate cancer before radical prostatectomy; absence of clinical or imaging (Xray, CT, MRI, or bone scan) signs of metastatic deposits; and agreement of the patient to participate in this clinical trial.
(B) Summary of postradical prostatectomy pathology reports. Gleason score and pathologic T-staging summary for 251
consecutive patients. Out of 260 samples received, 251 patient samples were successfully cultured. In summary, 14% of
the samples were Gleason 6, 49% were Gleason 3 + 4, 25% were Gleason 4 + 3, 5% were Gleason 8, 5% were Gleason
9, and 2% were Gleason 10. (C) Diagram of the cell collection, culturing, and characterization process. Presumed normal
or lesion areas were determined via gross examination. After the collection of tissue samples via either 18-mm core biopsy
gun or surgical resection from noncancerous (normal) or cancerous (lesion) areas of the RP, the samples were placed in
septum capped tubes prefilled with transport media, kept at 4°C, and placed in a transport box with cold packs to be sent
to a centralized laboratory. Upon receipt, the sample tubes were removed from the transport box; tissue was collected via
centrifugation and then placed in a buffer containing dissociation enzymes, and incubated at 37°C for at least 12 hours in
a culture dish precoated with a proprietary ECMf. Dissociated samples were then collected from the supernatant as well
as trypsinized off of the culture dish, collected, and concentrated via centrifugation for washing and reseeding on a glassECMf-coated substrate for at least 12 hours. After the cells were equilibrated to the ECMf, the cells were trypsinized and
reseeded on a glass-ECMf-coated device, well, or dish for analysis. The Cells were then analyzed via automated microscopy using differential interference microscopy and confocal fluorescent microscopy. CHTN, NIH Cooperative Human Tissue
Network; CT, computed tomography; ECMf, extracellular matrix formulation; IRB, institutional review board; LUGP, Large
Urology Group Practice; MRI, magnetic resonance imaging; PSA, prostate-specific antigen; RP, radical prostatectomy.
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Figure 2. Extracellular matrix screen and characterization of ECMf-mediated culturing—adhesion, cell spreading or cytoskeletal
activation, cell growth, metabolic activity, P-focal adhesion kinase (P-FAK-Y397) and focal adhesion number toward characterizing successful culturing of primary human prostate cells. (A) Cells derived from a cancerous region of radical prostatectomy were dissociated and cultured in tissue culture on uncoated glass, or glass coated with polylysine, laminin, or
a proprietary ECMf for 12 hours, and stained for phosphorylated focal adhesion kinase (P-FAK [Y397]) and alpha-tubulin.
DIC images and fluorescence images show cells preferentially adhere, spread, and form focal adhesions when seeded on
ECMf when compared to laminin, polylysine, and glass. *ANOVA results show that the means are statistically different (P
value < .0001). (B) Adhesion efficiency was measured by quantifying the percent of cells that adhered at 2 hours (n = 5
samples). Adhesion was measured by the number of cells that remained after washing 3 times with phosphate-buffered
saline buffer. Cells were imaged and quantified using NIH ImageJ and MATLAB software. (C) Cell spreading, a measure of
actin and microtubule cytoskeletal activation, was measured by quantifying the percentage of cells plated that had distinct nuclear and cytoplasmic areas (n = 5 samples). Box plot quantification of the total number of cells spread on various
substrates 24 hours post dissociation from primary tissue samples. The 3 lines within each of the boxes represent an
individual experiment. Fresh primary prostate cells were dissociated for 12 hours and then seeded onto various surface
coatings and incubated for 12 hours at 37°C with 5% CO2. Fresh media were exchanged into each culture vessel after
overnight incubation. The percent confluence of cells on the surface was measured for each condition. The experiment
was repeated using 3 different tissue samples (n = 3) derived from radical prostatectomy tissue. *ANOVA results show
that the means are statistically different (P value = .0003). (D) Cell growth was measured by seeding cells and counting
cells over the course of 3 days (n = 3 samples). An equal number of freshly dissociated primary prostate cells were seeded
(at t = 0) on various coated surfaces and monitored daily for growth over a 72-hour period. Images of the cells on each
surface were captured at 24-hour intervals. The conditions were repeated for 3 different primary prostate tissue samples.
*ANOVA results show that the means are statistically different (P value = .02) for all 3 conditions at all time points. Specifically, an initial screen was performed using silanized glass, or polylysine, laminin, or ECMf-coated silanized glass surfaces. A freshly dissociated primary human prostate sample was distributed evenly among 3 substrate-coated wells. After
24 hours of incubation at 37°C and 5% CO2, the substrate wells were washed with media. The wells were then imaged
and percent confluence was calculated. For growth curves of cells on varied substrates, 15,000 cells were seeded per
condition, and the cells were incubated at 37°C and 5% CO2 and imaged at 24-hour intervals for 3 days. (E) Metabolic
activity was measured via dehydrogenase activity (n = 3 samples). Graph comparing the metabolic activity of cells grown
on ECMf, laminin, polylysine, surface coatings, and uncoated glass. The averages of 3 repeats for 3 different tissue samples
are shown and compared among the various coated surfaces. The error bars are standard deviation. *ANOVA results show
that the means are statistically different (P value < .0001). Specifically, for metabolic assays, 12,000 cells were seeded
into each well that was silanized and then uncoated or precoated with ECMf, laminin, or polylysine. The cells were incubated on various surfaces overnight at 37°C with 5% CO2. Before adding a metabolic substrate, each well was exchanged
with fresh media. A commercial cell-based mitochondrial activity assay from Dojindo Molecular Technologies was utilized
to measure NAD(H), NADP(H), and dehydroxylase levels. (F) Phospho-focal adhesion kinase (Y397) fluorescence was quantified using objective ImageJ and MATLAB software for 500 cells per sample (n = 5 samples) from patients with different
Gleason scores. The graphs are box and whisker plots showing the first and third quartiles as boxes, with the lines in the
middle representing the mean. Error bars represent minimum and maximum values for a given biomarker measured. Parameters of the linear regression are: y = 0.001x + 0.012 noted within the plot. ANOVA analysis of the samples demonstrates that the means are significantly different with a P value of <.0001. (G) The number of focal adhesions was quantified
using ImageJ and MATLAB software for 500 cells per sample (n = 5 samples) from patients with different Gleason scores
(“0” denotes normal tissue). Graphs are box and whisker plots showing the first and third quartiles as boxes, with lines in
the middle representing the mean; error bars represent minimum and maximum values for a given biomarker measured.
Parameters of the linear regression are: y = 4.3x + 12.0. ANOVA analysis of the samples demonstrates the means are
significantly different with a P value <.0001. ANOVA, analysis of variance; DIC, differential interference contrast; ECMf,
extracellular matrix formulation.

Growth and Determination of Cancer and
Noncancer Cells
The growth and determination of cancer and noncancer
cells are described in Figure 4.
Metabolic Assays
The metabolic assays used in the study are described in
Figure 2E.
Imaging Methods
The imaging methods performed in the study are described in Supplemental Figure S4.
UROLOGY ■■ (■■), 2017

Image Analysis Algorithms
The image analysis was performed using custom MATLAB
software (MathWorks). Cells were identified using a combination of center of mass and grayscale values. Background normalization was applied across the image.
Statistical Analysis
A 2-tailed t test was used to determine if fluorescence staining was significantly different between compared populations of cells. Analysis of variance was used to test the
significant difference among samples based on Gleason score,
adverse pathology, and focal adhesion intensity.
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RESULTS
From October 2014 to January 2016, 260 consecutive tissue
samples were collected from RP tissue under institutional
review board approval (Fig. 1) and were processed as outlined in Figure 1 with the aim of creating rapid and shortterm PHPC cultures harboring both tumor and nontumor
cells. Of the 260 tissue samples collected, 251 were successfully cultured. Inclusion criteria included the features
of a localized prostate cancer with no clinical and imaging
signs of metastatic deposits for the successfully cultured 251
patients. This is shown in Figure 1.
The following criteria were used to determine if tissue
samples were successfully cultured: (1) adhesion greater
than 80% of seeded cells within 2 hours of tissue dissociation; (2) subsequent cell spreading by greater than
80% of adhered cells 12 hours post seeding; (3) continued growth up to 7 days; (4) positive immunofluorescence
staining of alpha-tubulin and discernible microtubule
(MT) architecture; (5) positive immunofluorescence staining of phospho-focal adhesion kinase (P-FAK) (Y397);
(6) metabolic activity as measured by dehydrogenase-,
NAD(H)-, and NADP(H)-mediated mitochondrial activities; (7) heterogeneous cell populations demonstrated
by positive immunofluorescence staining of epithelial
marker prostate-specific membrane antigen, luminal marker
cytokeratin 8 + 18, and fibroblast marker alpha–smooth
muscle cell actin; and (8) positive immunofluorescence
staining of Ki67.
There were no patient-specific characteristics or pathologic trends unique to the 9 samples (3%) that were unable
to be cultured. Reasons for unsuccessful culturing were due
to either the presence of yeast or fungus at the time of collection (5 samples) or cross contamination of yeast or fungus
from 1 sample to an adjacent sample (4 samples) during
incubation after the receipt of a contaminated sample. Specifically, 2 isolated instances of contamination occurred
during the collection and processing of the 251 cells that
resulted in the 9 samples developing yeast. Although Pen/
Strep was present in the media, we opted to not include
a fungicide in the media to minimize molecular and cellular perturbations from the media formulation.
A proprietary ECMf was developed4 based on its ability
to promote adhesion, cell spreading, and focal adhesion formation. Cell spreading was monitored to measure the level
of actin protrusion and signaling activity that regulates actin
cytoskeletal dynamics. When compared to culturing on glass,
polylysine, and laminin, this ECMf promoted rapid adhesion and sustained growth, whereas glass, polylysine, and
laminin exhibited reduced adhesion and negligible growth
(Fig. 2). Approximately 14% of cells perished during transport, whereas 98% of surviving cells survived after plating
on, and while adhered to, ECMf (Supplemental Figure S1
and Fig. 2B). Samples remained viable at 4°C for at least
48 hours in the transport media. Whereas glass and polylysine were selected as negative controls, laminin was tested
based on its established role in epithelial architecture in
vivo.19,20
1.e6

PHPCs plated on glass coated with silazane alone had
suboptimal adhesion and growth and thus did not meet the
first criteria (adhesion > 80%) for successful cell culture.
PHPCs plated on glass surfaces coated with polylysine and
laminin exhibited an average of 28% and 44% confluence after 24 hours in culture (Fig. 2C) and also did not
meet our first criteria for successful culture. Conversely, after
the cells were seeded on glass coated with ECMf, PHPCs
exhibited greater than 80% adhesion after 2 hours (Fig. 2B)
and 99% cell spreading confluence at 24 hours after culture,
meeting our first criteria. Given these observations, we then
continued to characterize PHPC ECMf-mediated cultures toward understanding if culturing PHPCs on ECMf
would meet our remaining criteria.
PHPCs plated on ECMf exhibited greater than 3-fold
faster growth within 72 hours when compared with PHPCs
grown on polylysine and laminin (Fig. 2D). Further, quantification of metabolic activity supports the observation that
cells are able to survive and exhibit mitochondrial activity on ECMf and exhibited more mitochondrial activity
as measured by dehydrogenase activity (Fig. 2E) when compared with glass, polylysine, and laminin. Moreover, growth
assays demonstrated that cells continue to survive and grow
in culture for greater than 7 days (Supplemental Figure S2).
To further verify cell adhesion and intracellular morphology, alpha-tubulin staining was performed and demonstrated canonical MT bundles and architecture (Fig. 2A)
of single cells in a 2-dimensional environment. Because focal
adhesion kinase (FAK) has been observed to transduce
integrin-mediated cell-ECM interactions and intracellular signaling, which are important for survival and growth,
FAK activation, as measured by P-FAK (Y397) immunofluorescence, was determined. Not only did P-FAK (Y397)
localization confirm integrin activation but also P-FAK
(Y397) punctate number and fluorescent intensity confirmed that ECMf activated integrin-mediated focal adhesion complexes more than polylysine or laminin.
Moreover, comparing P-FAK (Y397) fluorescence across
PHPCs derived from patients with increasing Gleason scores
(Gleason 6, 7, 8, and 9) showed a potential positive linear
correlation of P-FAK (Y397) fluorescence intensity with
post-RP Gleason score (Fig. 2F). Patients with increasing
Gleason scores also exhibited an increased number of focal
adhesions (Fig. 2G) as determined by P-FAK immunofluorescence. Importantly, additional staining of panFAK can be done to further confirm a positive correlation
of P-FAK and RP Gleason score to determine if P-FAK or
pan-FAK expression increases with Gleason score. Preliminary data confirm that the ratio of P-FAK to panFAK fluorescence is increased in ECMf-mediated PHCP
cultures derived from cancerous tissue when compared to
ECMf-mediated cultures derived from noncancerous tissue
(Supplemental Figure S5). This observation supports a hypothesis that P-FAK fluorescence intensity positively correlates with increasing Gleason scores.
Given our observations supporting successful culturing
of PHCPs on ECMf as defined by robust (greater than 80%)
cell adhesion, robust cell spreading, positive immunofluoUROLOGY ■■ (■■), 2017
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Figure 3. Cell-type characterization of ECMf-mediated primary human prostate cell cultures. (A) Fresh primary prostate cells
were seeded onto extracellular matrix-coated surfaces incubated overnight at 37°C with 5% CO2. The cells were stained
with PSMA as an epithelial cell marker, cytokeratin 8 + 18 as a luminal epithelial cell marker, and alpha-smooth muscle
actin as a fibroblast marker. Controls were treated with secondary antibody only and treated with the same conditions as
the primary antibodies. All images are at 20× magnification. (B) Graph of percent of each type of cell found in the culture
system. Five hundred cells were counted as either epithelial, luminal, or fibroblasts based on staining patterns for cultures derived from RP tissue samples (n = 3 samples). Then the percentage of each cell type was calculated. Graph shows
the percentage of each cell type. DIC, differential interference contrast; ECMf, extracellular matrix formulation; PSMA, prostatespecific membrane antigen.

rescence staining of P-FAK (Y397), MT architecture, continued growth up to 7 days, and metabolic activity indicative
of biochemically active cells, specific cell types present in
ECMf-mediated PHPC cultures were characterized.
Using cell-type-specific markers for prostate epithelial
cells (prostate-specific membrane antigen),21 luminal cells
(cytokeratin 8 + 18),22 and fibroblasts (alpha-smooth muscle
actin),23 ECMf-mediated cultures were probed for the presence and population distribution of the aforementioned cell
types (Fig. 3A). Although all 3 cell types were cultured in
ECMf-mediated PHPC cultures, epithelial cells were the
UROLOGY ■■ (■■), 2017

most predominant (Fig. 3B). Given that the culture media
were designed to facilitate epithelial cells and we still observe
9% of cells harboring fibroblast-specific protein markers,
covalently coating glass surfaces with ECMf may facilitate epithelial-stromal cocultures and further our understanding of prostate epithelial-stromal interactions, their
molecular regulation, and potential relevance in prostate
homeostasis and pathogenesis. Optimization of the cell
culture media to promote greater heterogeneity in ECMfmediated PHPC cultures may enable culture of prostatic
mesenchymal and immune cells.
1.e7
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DISCUSSION
Previous work toward single-cell cultures of tumor and
nontumor human primary prostate cells from RP leveraged different serums containing media formulations rather
than the biophysical culturing environment.5-9 An important body of work has shown that both biochemical and
physical properties of the ECM lead to signals conducive
for survival and growth.14,24 ECMf, a collagen type 1 and
fibronectin - based combination of extracellular matrix
proteins,4 may facilitate integrin-mediated receptor clustering that has been shown to be important in cell survival and growth25-27 and perhaps mimics the receptor
clustering inherent in 3D tissue architecture. Further, glass’s
1.e8

extreme stiffness and controlled, and uniform, surface chemistry may offer a conducive environment, promoting forcemediated receptor clustering when the proper combinations
of ECM molecules are discretely adsorbed. For example,
the concurrent engagement of collagen type 1 and fibronectin
receptors (ie, integrins, discoidin domain receptors, etc.)
found in prostate cells may provide important intracellular signaling transduction cues for primary prostate cells in
vitro. Successful engagement of these extracellular ligands
on rigid surfaces may be sufficient to activate signaling pathways necessary for survival, by enabling the culturing of
primary prostate cells in vitro on glass without serum, which
may contain proinflammatory signals, that otherwise can
deter from successful culturing of prostate cells in vitro.
UROLOGY ■■ (■■), 2017
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Figure 4. Ki67 expression in ECMf-mediated primary human prostate cell cultures derived from cancerous regions (lesion)
and noncancerous regions (normal) of radical prostatectomy tissue as measured by immunofluorescence. Given that samples
were collected from tissue defined by pathologists as either areas of noncancerous tissue (normal) and cancerous tissue
(lesion), tissue was heterogeneous for individual cells classically defined as benign, hyperplasic, or cancerous. As samples
were heterogeneous, the exact ratio of benign (normal or noncancerous) cells vs cancerous cells was unknown. It was
hypothesized that benign cells were enriched in noncancerous tissue, and conversely, cancer cells were enriched in cancerous tissue. In an effort to distinguish noncancerous cells from cancerous cells, the amount of Ki67 expressed in the
nucleus was measured via immunofluorescence given the hypothesis that cancerous cells exhibit a higher level of nuclear
Ki67 expression. (A) ECMf-coated surfaces were able to maintain cells from both cancerous (lesion) and noncancerous
(normal) regions and are useful for producing an environment for distinguishing between cancer and normal cells. Inset
images in the upper right of the fluorescent images show a zoomed image of the cell circumscribed by the yellow box.
Fresh primary prostate cells from cancerous and noncancerous regions were seeded onto extracellular matrix-coated surfaces incubated overnight at 37°C with 5% CO2. Cells were stained with Ki67 antibody to compare levels associated with
cancerous and noncancerous regions. Panels of DIC images and fluorescent images show cells stained for Ki67, alphatubulin, and DAPI nuclear counterstain. Further, Ki67 and alpha-tubulin colocalization, as well as Ki67, alpha-tubulin, and
nuclear DAPI colocalization, is presented. (B) Graph comparing the Ki67 staining between cells derived from cancerous
and noncancerous regions. The mean gray value of each cell (lesion: n = 1653, normal: n = 1449) was measured in cells
derived from cancerous and noncancerous regions. The average gray value for each sample is depicted in the graph with
error bars equal to the standard deviation. The means are significantly different based on using a t test statistic (P value < .0001).
ECMf-coated surfaces were able to maintain cells from both cancerous and noncancerous regions and are useful for producing an environment for distinguishing between cancer cells and normal cells. (C) Histograms of Ki67 mean cellular
fluorescence intensity of cells derived from cancerous tissue (lesion) and cells derived from noncancerous tissue (normal)
show cells stained for Ki67 as distinct populations. (D) Graph comparing the Ki67 nuclear staining cells derived from cancerous tissue (lesion) compared to cells from noncancerous tissue (normal). The mean gray value of each cell (lesion:
n = 1014 cells, normal: n = 965 cells) was measured. The average gray value for each sample is depicted in the graph
with error bars equal to the standard deviation. The means are significantly different based on using a t test statistic (P
value < .0001). (E) Histograms of Ki67 nuclear staining mean fluorescence intensity show that cells derived from cancerous tissue and cells from noncancerous tissue stain for Ki67 as distinct populations. DIC, differential interference contrast; ECMf, extracellular matrix formulation.

Given the relevance of prostate cancer and potential advantages of using in vitro ECMf-mediated PHPC cultures toward further characterizing the molecular biology
of prostate cells (cancerous and noncancerous), Ki67 fluorescence, known to be upregulated in prostate cancer cells,
was assessed.28 Ki67 fluorescence was compared in tissue
samples obtained away from the known area of cancer (noncancerous, normal) in fresh RP specimens and tissue obtained from the known area of cancer (cancerous, lesion)
in the RP specimens.
PHPC cultures derived from cancerous regions of RPs
exhibit a statistically significant increase in Ki67 cellular
mean fluorescence when compared with PHPC cultures
derived from noncancerous regions. Further, given that Ki67
is activated and affects cell transcriptional activity, we compared Ki67 nuclear mean fluorescence by colocalizing Ki67
with nuclear 4′,6-diamidino-2-phenylindole (DAPI) staining (Fig. 4C-F) and found that a larger proportion of cells
exhibited higher Ki67 fluorescence in samples derived from
cancerous tissue. Further characterization can be done to
detail the properties of ECMf-mediated PHCP cultures. For
example, it has been shown that some differentially expressed proteins such as prostate-specific antigen are rapidly
lost in vitro in plastic-based culturing systems.29 Similarly, it has been shown that androgen receptor expression and androgen-related protein expression are perturbed
when culturing prostate cells on plastic.30 Preliminary data
confirm that androgen receptor is expressed in ECMfmediated PHCP cultures on glass (Supplemental Figure S6).
UROLOGY ■■ (■■), 2017

That said, the observation of Ki67 fluorescent intensity and localization in cancerous and noncancerous tissue,
as well as the observation that focal adhesion number and
P-FAK fluorescence increase with higher RP Gleason scores,
indicates that human prostate tissue cells (cancer and
noncancer cells) are supported in ECMf-mediated PHCP
cultures.
Taking into account the potential logistical challenges
of sample transport-time (eg, longer than 48 hours from
the time of tissue sample acquisition to ECMf-mediated
culturing), the ability to culture cells derived from freshfrozen cores was evaluated. Core biopsies were placed in
transport media supplemented with 10% DMSO and then
frozen (−80°C) for 5 days before thawing and dissociation. Initial data confirm the ability to culture PHPCs from
fresh-frozen cores (Supplemental Figure S3).

CONCLUSION
The use of ECMf-coated glass substrates to culture PHPCs
provides several advantages including its simplicity, costeffectiveness, timescale, and ability to probe molecular characteristics that may be relevant in prostate cancer. Our
observations that ECMf-mediated culturing to facilitate adhesion, survival, and growth of primary prostate cells and
cells derived from cancerous regions exhibits increased Ki67
expression and nuclear localization when compared to noncancerous regions supports the conclusion that both tumor
and nontumor cells are supported by an ECMf-mediated
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culture system. The novel capability of culturing both tumor
and nontumor cells on ECMf has the potential to add to
the current body of work and concerted effort dedicated
to the successful culture of primary human prostate tumor
cells in vitro toward meaningful insights into what has been
a traditionally challenging tumor type to culture. The novel
capability to culture single cells from primary human prostate tissue avails important opportunities such as the measurement of previously inaccessible biomarkers toward
enhanced clinical applications. Support of such applications, given the observation that cells within ECMfmediated cultures derived from Gleason 8 patients vs
Gleason 6 patients exhibit more phosphorylated FAK and
more focal adhesions, as measured by anti-P-FAK (Y397),
it may be of interest to further explore the application of
ECMf-mediated culturing to clinical applications such as
patient stratification, diagnostics, targeted therapeutic discovery, and personalized therapy selection.
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