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Background: Chronic inflammation is believed to be a major factor in prostate cancer initiation
and promotion and has been studied using prostate cancer cells and immortalized cell lines.
However, little is known about the contribution of normal cells to the prostatic microenviron-
ment and inflammation. We aim to study the contribution of normal prostate epithelial cells
to prostate inflammation and to link the inflammatory status of normal cells to prostate cancer
aggressiveness.

Materials and methods: Short-term primary cell cultures of normal epithelial prostate cells
were derived from prostate biopsies from 25 men undergoing radical prostatectomy, cystopros-
tatectomy, or organ donation. Cells were treated with polyinosinic:polycytidylic acid, a mimic
of double-stranded viral RNA and a potent inducer of the inflammatory response. Secretion of
interleukin (IL)-8 in the cell culture medium by untreated and treated cells was measured and
we determined the association between IL-8 levels in these primary cell cultures and prostate
cancer characteristics. The Fligner—Policello test was used to compare the groups.

Results: Baseline and induced IL-8 secretion were highly variable between cultured cells from
different patients. This variation was not related to drug use, past medical history, age, or preop-
erative prostate-specific antigen value. Nonetheless, an elevated secretion of IL-8 from normal
cultured epithelial cells was associated with prostate cancer aggressiveness (P=0.0005).
Conclusion: The baseline secretion of IL-8 from normal prostate epithelial cells in culture is
strongly correlated with cancer aggressiveness and may drive prostate cancer carcinogenesis.
A better characterization of individual prostate microenvironment may provide a basis for per-
sonalized treatment and for monitoring the effects of strategies aimed at preventing aggressive
prostate cancer.
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Introduction

Prostate cancer (PCa) is the commonest cancer affecting North American men and the
second commonest cause of cancer mortality in the same population.! With few excep-
tions, PCa lesions are adenocarcinomas stemming from basal epithelial cells located
in the peripheral zone of the gland.?* Little is known, however, about the contribution
of the normal prostate microenvironment to carcinogenesis.

Prostate epithelial cells are the first line of host defense against inflammatory
stimuli, including pathogens; frequent challenges by these pathogens may lead to
a state of chronic inflammation in the prostate epithelium. In a study on patients
undergoing prostate biopsies, 20% of those presenting chronic inflammation in the
prostate were diagnosed with PCa over a 5-year follow-up period. In contrast, only
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6% of patients with no chronic inflammatory changes were
diagnosed with cancer over the same period.* Chronic inflam-
mation is therefore suspected to be a key player in prostate
carcinogenesis.’ Moreover, chronic use of anti-inflammatory
agents, such as aspirin or nonsteroidal anti-inflammatory
drugs (NSAIDs), has been associated with a reduction in
the risk of PCa, further pointing to a role of inflammation
in PCa initiation.%’

Studies have shown that PCa cells express several
cytokines, including interleukin (IL)-6 and IL-8, which
are involved in the initiation, maintenance, and promotion
of inflammation.®’ IL-8 is an important proinflammatory
cytokine secreted by a wide variety of normal and cancer
cells®!? from different tissues,''? including in the prostate.*!
The secretion of IL-8 by PCa cells is linked to its progression,
is increased in androgen-independent metastatic cells,'* and
correlates with the metastatic potential of cancer cells.!” Fur-
thermore, recent findings from Maxwell et al have emphasized
the importance of autocrine IL-8 secretion and signaling in
PCa, in which an attenuation of IL-8 signaling decreased
viability of PCa cells harboring partial or complete loss of
the tumor suppressor gene PTEN, an event prevalent in PCa.'
Globally, these results suggest that IL-8 may function as a
significant regulatory factor within the tumor microenviron-
ment and may be implicated in resistance to androgen depri-
vation and chemotherapy, in enhanced angiogenesis, and in
increased tumor growth.'* However, the contribution of IL-8
secretion by normal prostate cells to prostate carcinogenesis
and aggressiveness remains unknown.

Herein, we describe the baseline IL-8 secretion status and
the IL-8 secretory response to an inflammatory stimulus in
primary cultures of normal human prostate epithelial cells.
We then examine the relationship of IL-8 secretion to PCa
aggressiveness.

Materials and methods

Prostate specimens

This study was approved by the Institutional Review Board of
the CHU de Quebec Hospital, Quebec, Canada. We obtained
informed consent from 29 consecutive cancer patients who
were scheduled for either a prostatectomy or a cystoprostatec-
tomy procedure. Five patients (numbers 5, 12, 13, 15, and 22)
could not be included in this study for the following reasons:
1) we could not obtain prostate specimens for three patients
because their prostatectomy was stopped during the surgery
due to extensive invasion of the cancer; 2) we could not obtain
prostate specimens from one patient because we were not
informed of the rescheduled date of his prostatectomy; and 3)

one patient withdrew his consent. Medical charts were com-
prehensively reviewed. Patients having received current and/or
past radiation treatment, hormonal treatment, or chemotherapy
before surgery were excluded. Normal prostate tissue was also
obtained from one cadaver organ donor. Tissues were obtained
from prostatectomy specimen by needle biopsies taken in the
normal peripheral zone of the prostate, where previous biopsies
showed absence of cancer, and distant from any palpable tumor
(digital rectal exam or in the prostatectomy specimen), under
direct supervision of a pathologist.

Cell culture

Unless otherwise noted, all chemicals were bought from Life
Technologies (Carlsbad, CA, USA). Four to five biopsy cores
per prostate were transferred into sterile cold Hank’s Bal-
anced Salt Solution (Gibco®) and centrifuged at 600 x g for
10 minutes at room temperature. Biopsies were resuspended
in complete Minimum Essential Media (Life Technologies),
supplemented with 10% fetal bovine serum, 100 U/mL
penicillin/streptomycin, and 2 mM L-glutamine, transferred
into a 35 mm cell culture dish, and cut into approximately 8
mm pieces. Collagenase III (160 U/mL; Worthington Chemi-
cal, Lakewood, NJ, USA) was added and the suspension was
incubated for 15-18 hours (37°C, 5% CO,). Cells were then
dispersed by pipetting, and the cell suspension was centri-
fuged as described above. The cell pellet was resuspended in
complete keratinocyte serum-free medium ([KSFM] supple-
mented with 100 U/mL penicillin/streptomycin, 0.43 ng/mL
endothelial growth factor, 28 pg/mL bovine pituitary extract,
and 3 ng/mL cholera toxin; Sigma-Aldrich, St Louis, MO,
USA), transferred into a 75 cm? cell culture flask, and incu-
bated (37°C, 5% CO,) for 5 days before medium replacement.
Cells were confluent within 2-3 weeks. Only normal cells
will grow in these conditions, as low-calcium and serum-free
media do not allow proliferation of human cancer cells.!”!8

Cell characterization

Approximately 20,000 cells were seeded per chamber on a four-
chamber microscope slide. Once 60%—-80% confluence was
reached, cells were fixed in formaldehyde 2% for 30 minutes and
washed four times in phosphate-buffered saline (PBS). Cells were
permeabilized with acetone at —20°C for 3 minutes and washed
three times in PBS. Then, cells were blocked in PBS/5% bovine
serum albumin (BSA) for 1 hour. Primary antibodies AE1/AE3
(DAKO, Glostrup, Denmark [PBS/2% BSA (1:25)]) specific
to cytokeratins (1, 2, 3,4, 5, 6,7, 8, 10, 13, 14, 15, 16, and 19)
and vimentin (ab8978-1; Abcam Inc., Cambridge, MA, USA
[PBS/2% BSA (1:50)]) were added at the indicated dilution and
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incubated for 2 hours at room temperature. After three washes
in PBS/0.025% Tween® 20 for 5 minutes, secondary antibody
Alexa Fluor 488 (Invitrogen; Life Technologies [PBS/2% BSA
(1:2,000)]) was added at the recommended dilution and incu-
bated for 1 hour in the dark. Slides were washed in PBS/0.025%
Tween 20 three times for 5 minutes, after which the nuclei were
stained by incubating the slides for 10 minutes in a 1 pg/mL
4’ 6-diamidino-2-phenylindole (DAPI) solution (Cell Signaling
Technology, Danvers, MA, USA [1 ug/mL in PBS]). Cells were
examined and photomicrographs were taken under fluorescent
light using a Nikon A600 microscope (Nikon Instruments,
Melville, NY, USA), as per the manufacturer’s instructions.

IL-8 measurements

Cells were tested after their second passage and all experi-
ments were conducted in triplicate. Briefly, 7,200 cells
were seeded per well in a 96-well plate in 50 UL of KSFM.
After 24 hours, 50 UL of KSFM containing 20 pg/mL of
polyinosinic:polycytidylic acid (poly(I:C); Sigma-Aldrich)
was added in half of the wells to reach a final concentration of
10 pg/mL, while 50 UL of KSFM alone was added to control
wells. After 20 hours, cell supernatants were collected for IL-8
measurement and total DNA was measured according to the
DRAQ5® LI-COR® protocol (LI-COR Biosciences, Lincoln,
NE, USA), to account for the number of cells present per well.
IL-8 secretion was measured in the culture medium using the
human IL-8 ELISA MAX™ Deluxe set (BioLegend, San
Diego, CA, USA), as per the manufacturer’s instructions. With
the exception of the time course experiment, IL-8 secretion
was normalized to total DNA per well.

Data analysis

The median and interquartile range (IQR) of IL-8 expres-
sion per patient was calculated and tabulated by cancer
aggressiveness. Similarly, we tabulated IL-8 secretion levels
by use of NSAID, including aspirin. For statistical testing, the
Fligner—Policello test' and the Spearman’s correlations were
used when the normality hypothesis could not be verified;
otherwise, we used the Pearson’s chi-squared test.

We used a definition of moderately aggressive PCa as
Gleason score 6 and stage less than pT2c, while aggressive
PCa was defined as Gleason score 7 or greater, or stage pT2c
or greater.

Results
Cohort

The study cohort was composed of 25 men, with a median
age of 60.0 years (IQR: 55.0-68.0) and median preoperative

prostate-specific antigen value of 4.5 ng/mL (IQR: 0.97-5.5)
(Table 1). Eighteen of these men underwent a radical prostate-
ctomy, six (in whom no clinically manifest PCa was detected
before surgery) underwent a radical cystoprostatectomy for
bladder cancer, and one sample was recovered from a cadaver
organ donor in the context of transplant surgery. No patient
had clinical evidence of chronic prostatitis, but pathological
examination of the prostatectomy specimens revealed that
patient 19 had evidence of chronic prostatitis. Sixteen patients
had an aggressive PCa, while two patients had a moderately
aggressive PCa (Table 2). There was no evidence of lymph
node invasion for any patient. Pathological examination of the
six cystoprostatectomy specimens showed that two patients
had a moderately aggressive PCa and that four had no PCa.
Bladder tumor from one patient invaded the prostate stroma
(stage T4a). Pathological examination of tissues, including
the prostate, from the organ donation confirmed the absence
of cancer (patient 1). Complete follow-up of this cohort,
over a period of up to 3 years, revealed that only one patient,
recruitment patient 4, had a biochemical recurrence of PCa,
with a PSA level of 0.3 ng/mL.

Primary prostate cell culture

Cells were grown for four to seven passages, each passage
lasting 5—10 days, after the initial passage, which lasted
14-21 days. No significant morphological or growth kinetic
differences were observed between cell cultures from the
different patients. Cell characterization confirmed that the
selection protocol for epithelial versus stromal cells was
effective: the cultured cells expressed cytokeratins, an epi-
thelial marker (Figure 1), but no expression of vimentin,
a fibroblast marker, was observed.

Baseline and induced prostate

inflammation

IL-8 secretion remained stable across passages 1-3. It
was not affected by freeze/thaw cycles, and increased in a
dose- and time-dependent manner in response to poly(I:C)
(Figures 2 and 3). A plateau was not reached in these condi-
tions even after 20 hours of incubation. Thus, based on the
results shown in Figures 2 and 3, IL-8 secretion was measured
after 20 hours of incubation in absence (baseline level) or
presence of 10 wg/mL of poly(I:C).

Measures of the average baseline IL-8 secretion were
highly reproducible in cell cultures from a single patient, but
varied considerably between cultures from different patients,
ranging from 24.6-931.7 pg/mL (Figure 4). Preoperative use of
NSAIDs was routinely stopped 7 days before surgery and thus
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Table | Characteristics of study subjects

Patient classification Age Preoperative Prostate Bladder
numbers according to (years) PSA (ng/mL) Clinical Pathological Gleason Pathological
Recruitment Baseline IL-8 stage stage score stage
Organ donation | 28 ND

20 2 64 1.4 T2

28 3 73 1.0 T2b
21 4 86 35 T2b
24 5 64 4.7 Tlc T2c 7

4 6 53 395 Tlc T3b 7

7 7 56 52 Tle T2a 7

16 8 55 5.5 T2a T2c 7

26 9 6l 34 Tle T2a 6

17 10 59 4.7 T2b
23 I 79 35 6 TIS
29 12 60 10.0 Tle T2c 7

2 13 70 9.4 T2b T3a 7

| 14 69 2.1 6 T4a

8 15 68 5.5 Tle T3a 7

27 16 55 5.5 Tle T2c 7

18 17 58 42 T2b T2c 7

9 18 52 1.9 Tlc T2a 6

10 19 63 1.5 T2b T2c 7

25 20 52 29 Tlc T2c 7

6 21 59 4.5 T2a T3a 7

19 22 68 10.7 Tlc T3a 7

3 23 48 43 Tlc T2c 7

14 24 66 4.5 T3c T3a 8

I 25 57 7.7 T2a T2c 6

Notes: Primary cell cultures were derived from prostates of 24 men who underwent radical prostatectomy or cystoprostatectomy and from one organ donor. Prostate
cancer was confirmed in 20 patients; five patients had no prostate cancer detected after pathological examination.
Abbreviations: IL-8, interleukin 8; PSA, prostate-specific antigen; TIS, tumor in situ; ND, not determined.

did not affect baseline or induced secretion (data not shown;
P=0.76 and P=0.98, respectively). Neither baseline nor induced
IL-8 secretion levels were associated with age or preoperative
PSA values (Pearson’s coefficient —0.007 and —0.007; P=0.74
and P=0.76, respectively; data not shown).

The induced IL-8 secretion following poly(I:C) treatment
was reproducible in cell cultures from single patients, but
varied considerably across cultures from different patients
(range: 169.4-2,240.6 pg/mL [Figure 5]). No association
was observed between baseline and induced IL-8 secretion
levels (Pearson’s coefficient 0.2; P=0.34).

Prostate IL-8 secretion

and cancer aggressiveness

As shown in Figure 4, the baseline IL-8 secretion level was
associated with PCa aggressiveness. The median baseline
IL-8 secretion levels were significantly lower in patients
without PCa or having nonaggressive PCa (95.4 pg/mL, IQR:
56.5-107.9), compared to patients having aggressive PCa
(309.4 pg/mL, IQR: 98.5-373.0; P=0.0005). Furthermore, we
also performed Spearman’s correlation tests and found that

both the Gleason score (rho =0.587, P=0.002) and the degree
of aggressiveness significantly increased with the basal level
of IL-8 (rho =0.63; P=0.0007). Moreover, we conducted a
sensitivity analysis using two more stringent definitions of
aggressive PCa: 1) either as Gleason score 7 or greater, or
stage ¢cT2c or greater, or PSA >10; or 2) Gleason score of
8 or greater, stage pT3, or PSA >20. Observed associations
remained significant in these analyses, strengthening our
findings (data not shown). In contrast to the results obtained
with baseline IL-8 secretion, there was no association
between the induced IL-8 secretion and PCa aggressiveness
([Figure 5] P=0.46).

Discussion

In this study, we used epithelial cell primary cultures derived
from biopsies taken in the normal portion of prostates
obtained from prostatectomies, cystoprostatectomies, or from
an organ donor to study the association between IL-8 secre-
tion and PCa aggressiveness. We used these cultures as an in
vitro model reflecting the normal prostate microenvironment.
We determined that baseline and induced IL-8 levels as
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Table 2 Clinical characteristics of study subjects

Variable Frequency
Patients, n 25
Age (years)
Mean (£SD) 60.9 (£11.2)
Median (range) 60 (55-68)
Preoperative PSA (ng/mL)
Mean (£SD) 6.12 (£7.56)

Median (range) 4.52 (0.97-5.49)

Specimen provenance

Radical prostatectomy, n (%) 18 (72)
Cystoprostatectomy, n (%) 6 (24)
Cadaver organ donor, n (%) 1 (4)
Pathological stage
TO, n (%) 4 (16)
Tle, n (%) 3(12)
T2a, n (%) 3(12)
T2¢, n (%) 9 (36)
T3a, n (%) 5 (20)
T3b, n (%) 1 (4)
Gleason score
6,n (%) 5 (25)
7,n (%) 14 (70)
8, n (%) 1 (5)
PCa aggressiveness
No cancer, n (%) 5 (20)
Moderate, n (%) 4 (l6)
Aggressive, n (%) 16 (64)

Notes: The cohort was composed of 25 patients with a median age of 60 years
(IQR: 55-68). Of these 25 patients, 18 underwent a radical prostatectomy for
PCa, six underwent a cystoprostatectomy for invasive bladder cancer, and one was
an organ donor. The median PSA value was 4.52 ng/mL (IQR: 0.97-5.49). After
pathological examination of the prostate tissue, it was concluded that five patients
had no PCa, four had a moderately aggressive PCa, and 16 had an aggressive PCa.
Abbreviations: IQR, interquartile range; PCa, prostate cancer; PSA, prostate-
specific antigen; SD, standard deviation.

measured in cultures of normal prostate epithelial cells var-
ied considerably from one patient to another. We observed
a strong association between baseline, but not induced, IL-8
secretion and PCa aggressiveness, whereby a higher baseline
inflammatory level was associated with aggressive PCa. This
suggests that the baseline inflammation level (ie, chronic

resting state) of the normal prostate microenvironment may
be a driver of PCa aggressiveness.

In response to infection and other proinflammatory
stimuli, epithelial cells secrete chemoattractants and proin-
flammatory cytokines, notably IL-8.2°2! In this study, we
determined that the baseline level of IL-8 secretion from
normal prostate epithelial cells in culture, but not the induced
level, was associated with PCa aggressiveness. This result is
of critical importance since IL-8 is known to act as an early
warning system and to induce the recruitment of immune and
inflammatory cells?*?! that can produce oxidative molecules,
thereby damaging cell components such as cell walls and
DNA, potentially causing precancerous lesions. Furthermore,
IL-8 is known to be a strong angiogenic factor, thus creating
the perfect environment for cancer initiation and progression.
Our results confirm the observations made by Murphy et al
showing that IL-8 is produced by prostate epithelial cells.’
Furthermore, the association we observed between basal lev-
els of IL-8 secretion and PCa aggressiveness agrees with the
observation that levels of IL-8 secretion are higher in benign
prostatic hyperplasia than in normal epithelium,? and that
levels of IL-8 secretion in the epithelium adjacent to the tumor
are higher in patients who relapsed than in those who did not.”
That these observations were obtained in a model of normal
epithelium cell primary culture and not in immortalized cell
lines gives strength to our results and may prove useful to
dissect the mechanisms leading to this observation.

Consistent with our findings, variability in the level of
IL-8 and other cytokine secretion has also been observed
by others in serum?*% and in situ in a limited panel of pros-
tate tissues.?® IL-8 secretion is regulated by many cellular
processes, including transcriptional and posttranscriptional
regulation and cell-signaling pathways.?*?’ Deregulation
of one of these cellular processes, leading to an increased
secretion of IL-8, may drive carcinogenesis or cancer

progression.?®

Figure | Characterization of human primary prostate epithelial cell cultures.

Notes: (A) Primary outgrowth of epithelial cells derived from a biopsy specimen. (B) Primary epithelial cell colony. (C) Characterization of epithelial cells: green fluorescence
shows high-molecular-weight cytokeratins; blue fluorescence shows nuclei reactive with 4,6-diamidino-2-phenylindole (DAPI). No vimentin staining was observed in primary

epithelial cell cultures (data not shown).
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Figure 2 Induction of IL-8 secretion in primary cultures of prostate epithelial cells.

Notes: Normalized IL-8 (pg/mL) was measured after 20 hours of incubation with poly(I:C), a double-stranded RNA mimicking a viral infection. IL-8 secretion increased in a
dose-dependent manner with poly(l:C) concentration. IL-8 secretion was similar at different early passages and was not affected by freeze/thaw cycles.

Abbreviations: IL-8, interleukin 8; poly(I:C), polyinosinic:polycytidylic acid.
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Figure 3 Time course of secretion of IL-8 in primary cultures of prostate epithelial cells at passage 3.
Note: IL-8 was secreted early in the culture medium following induction of inflammation by poly(l:C) 10 pg/mL, a double-stranded RNA mimicking a viral infection.
Abbreviations: IL-8, interleukin 8; poly(l:C), polyinosinic:polycytidylic acid.
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Abbreviation: IL-8, interleukin 8.
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(P=0.46).
Abbreviations: IL-8, interleukin 8; poly(l:C), polyinosinic:polycytidylic acid.

IL-8 secretion was induced when primary cells were
treated with the viral mimicry agent poly(I:C), in order to
induce acute inflammation. The level of that induction was
not associated with PCa aggressiveness. Indeed, acute inflam-
mation is generally resolved within days and is unlikely to
be associated with carcinogenesis. However, the failure to
resolve acute inflammation may lead to chronic inflammation
that is associated with cancer,?® as suggested by our data on
baseline IL-8 secretion.

This study has some limitations. First, cell cultures from
only 25 patients were used. However, these were primary
cultures directly derived from well-characterized prostate
biopsies from patients for whom we had a complete medi-
cal history, which is rare. Furthermore, even based on such
a limited number of cell cultures, the association measured
between baseline IL-8 secretion and cancer aggressiveness
was strong (P=0.0005). Second, a unique cytokine (ie, IL-8)
was measured in this study, based on the recognized role
of this cytokine in the male genital tract, in cancer, and on
the fact that IL-8 secretion appears to be an adequate surro-
gate marker of prostate inflammation.?**° A more exhaustive
and comprehensive analysis of the inflammatory response
involving the analysis of several proinflammatory cytokines
is planned as a further study. Third, epithelial prostate tissue is
composed of various epithelial cell types (stem cells, defini-
tive basal and luminal cells) at different stages of a continuum
of differentiation.’! In the present study, we do not know if
primary cultures of normal epithelial cells reflect the cell type
composition of normal epithelial prostate tissue, but since

these cells all belong to the same epithelial lineage, we do
believe that they would be susceptible to the same selection
criteria. Further work should include the measurement of a
variety of cytokines or mediators related to inflammation as
well as validation using immunohistochemistry on prostate
tissue sections. Even given these limitations, the primary
culture model of normal epithelial cells presented herein
better reflects the in vivo state of the human prostate and the
genetic diversity of men than immortalized cell lines.

Conclusion

As IL-8 may be considered a surrogate marker of prostate
inflammation,?®* our findings support the hypothesis that
prostate inflammation may participate in the creation of the
milieu in which aggressive PCa will develop. The dynamic
measurements suggest that the level of baseline IL-8 secre-
tion, rather than the magnitude of the induced IL-8 secretion,
is likely responsible for the carcinogenesis steps leading to
aggressive PCa. Thus, chronic inflammation as measured
by IL-8 secretion in the prostate microenvironment may be
considered a contributing factor to PCa, which is clearly a
complex disease. More research to decipher the mechanisms
linking baseline inflammation to early prostate carcinogen-
esis is needed and justified.
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