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Abstract
BACKGROUND—Cytokines are key mediators of inflammation that may play important roles in
prostate cancer initiation and progression. Cytokines found in cancerous prostates may provide
further insight into the mechanisms of cancer initiation and progression, and facilitate the exploration
of new markers of prostatic neoplasia and inflammation. We describe the cytokine profile of prostatic
fluids obtained from cancerous prostate glands and correlate it to both cancer status and inflammation
grade.

METHODS—Prostatic fluid was collected from fresh radical prostatectomy specimens and analyzed
by human cytokine antibody microarray. Cases were selected from patients with either minimal or
extensive cancer volume on final pathology. Among the cytokines with the greatest difference
between the tumor volume groups, eight had their levels quantitated by ELISA and correlated with
cancer status and grade of inflammation by neutrophils, macrophages and lymphocytes.

RESULTS—Among 174 cytokines analyzed, HGF was the most increased (6.57-fold), and HGF
and IL18Bpa were significantly elevated in patients with extensive prostate cancer. IL17, GITR,
ICAM-1, and IL-18Bpa were elevated in specimens with neutrophilic inflammation into gland
lumina, and IL18Bpa, IL17, GITR, ICAM-1 were elevated in specimens with lymphocytic
inflammation in prostatic stroma.

CONCLUSIONS—Prostatic fluid cytokines were identified that may be useful in early detection
and prognostication efforts for prostate cancer, particularly if they can be found not only in prostatic
fluids obtained ex vivo, but in expressed prostatic secretions or urine samples from patients with their
prostates still in situ.
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INTRODUCTION
Prostate cancer is the most common cancer and the second leading cause of cancer-related
death in men over 40 years of age in the United States [1]. The etiology of prostate cancer is
not well understood. Chronic infection and inflammation are causes of cancer in the stomach,
liver and large intestine. Data from histopathological, molecular histopathological,
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epidemiological and genetic epidemiological studies show that chronic inflammation might
also be important in prostate carcinogenesis [2]. Proliferative inflammatory atrophy (PIA),
where proliferative glandular epithelium with the morphological appearance of simple atrophy
occurs in association with inflammation, is thought to be a possible precursor to prostate cancer
[3]. Chronic and/or acute glandular inflammation is indeed observed in many radical
prostatectomy specimens [4].

Cytokines are proteins that are expressed from immune, epithelial, and stromal cells, that can
be excreted into the lumina of glands [5,6]. Cells communicate with each other by networks
of interrelated cytokines. Cytokines are not only key mediators of inflammation, but may also
play important roles in the initiation and progression of prostate cancer. While some cytokine
analysis of prostatic fluid from expressed prostatic secretions has been performed [5,6], a
comprehensive cataloguing of cytokines from the cancerous prostate has not been reported.
Such a cytokine profile may provide further insight into the mechanisms of prostate cancer
initiation and progression, and may facilitate the exploration of new markers of prostatic
neoplasia and inflammation. In this study, we describe the cytokine profile of prostatic fluids
obtained from cancerous prostate glands and correlate it to both cancer status and inflammation
grade.

MATERIALS AND METHODS
Collection of Samples

Prostatic fluids were collected by squeezing ex vivo prostate glands that were freshly obtained
following radical prostatectomy for prostate cancer and collecting drops of fluid from the
protruding apical urethral stump. The radical prostatectomy specimens were then submitted
for routine formalin fixation, sectioning, and pathologic analysis as per standard protocol [7].
Prostate glands with either minimal prostate cancer (M, n=20) or extensive prostate cancer (E,
n=20) as estimated by tumor volume were chosen for this study. Specimens with minute foci
of a maximum tumor area of less than 15mm2 were assigned to the M group, and specimens
with a maximum tumor area of more than 80mm2 were assigned to the E group. The prostatic
fluids were kept at -80° C until the cytokine determination experiments. Approval was obtained
from our Institutional Review Board before initiating the study and all patients provided written
informed consent.

Cytokine Antibody Array
A Raybio™ Human Cytokine Array kit (Raybiotech, Norcross, GA, USA) including 174
cytokines was used per the manufacturer’s recommendations. Briefly, membranes
immobilized with capture antibodies were blocked with 5% bovine serum albumin/TBS
(triethanolamine-buffered saline) for 1 hr. Membranes were then incubated with prostatic fluid
samples (1 ml, in 10-fold dilution with TBS and Complete protease inhibitor cocktail tablets
(Roche Diagnostics, Indianapolis, IN) for 2 hrs. at room temperature. After extensive washing
with TBS/0.1% Tween 20 (3 times, 5 min each) and TBS (twice, 5 min each) to remove
unbound cytokines, membranes were incubated with biotin-conjugated anticytokine
antibodies. Membranes were washed and then incubated with horseradish peroxidase-
conjugated streptavidin (2.5 pg/ml) for 1 hr. at room temperature. Unbound materials were
washed out with TBS/0.1% Tween 20 and TBS. Finally, the signals were detected by the
enhanced chemiluminescence system, followed by additional washing. Spots were visualized
using enhanced chemiluminescence (ECL plus Western Blotting System, Amersham
Biosciences, Pittsburgh, PA). Membranes were exposed to Kodak X-Omat radiographic film
for 1 min. per image. Each film was scanned into TIFF Image files, and spots were digitized
into densities with Gel-Pro-Analyzer (Media Cybernetics, Bethesda, MD). The densities were
exported into Microsoft Excel, and the background intensity was subtracted prior to analysis.

Fujita et al. Page 2

Prostate. Author manuscript; available in PMC 2008 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Enzyme-Linked Immunosorbent Assay (ELISA)
Eight cytokines in prostatic fluids were measured by ELISA. A human ELISA kit (Raybiotech)
was used to detect hepatocyte growth factor (HGF), interleukin 12p70 (IL12), glucocorticoid-
induced tumor necrosis factor receptor (GITR), intercellular adhesion molecule 1 (ICAM-1),
and neurotrophin-3 (NT-3). A Quantikine human immunoassay kit (R&D Systems,
Minneapolis, MN) was used to detect interleukin 17 (IL17), and epithelial-neutrophil activating
peptide (ENA78). DuoSet ELISA development system (R&D Systems) was used to detect
interleukin 18 binding protein a (IL18Bpa). Each cytokines was measured based on the
manufacturer’s recommendations. For examples, to measure HGF, IL12, GITR, ICAM-1 and
NT-3 prostatic fluids were diluted accordingly. Samples were added (100μl/well) in duplicate
for incubation for 2.5 hrs. at room temperature. Biotinylated antibodies were subsequently
added (100μl/well)) and incubated for 1 hr. at room temperature. Incubation with streptavidin-
horseradish-peroxidase (for 15 min.) was followed by detection with 3,3V,5,5V-
tetramethylbenzidine (TMB) for 30 min. The reaction was stopped by the addition of 1.5 M
H2SO4. Plates were read using a wavelength of 450 nm on a microplate reader (PHERA star,
BMG LABTECH, Durham, NC).

Histological Analysis
Hematoxylin and eosin stained sections were used to assess the inflammatory status of the
prostate. For each case, two sections were chosen from right posterior, left posterior, right
anterior, and left anterior prostate at apex and middle (8 sections total) and were examined by
light microscopy for the presence of neutrophils, macrophages and lymphocytes. An
inflammation grade of 1 for neutrophils or macrophages (low-grade inflammation) was
assigned to specimens in which neutrophils or macrophages were observed only in prostatic
gland lumina, with no epithelial disruption, or in which neutrophils were not observed at all.
A grade of 2 (high-grade inflammation) was assigned to specimens in which the gland lumina
were filled with immune cells and/or pus and more than 10 neutrophils or macrophages were
found in the epithelial lining under 40x magnification, or in which these immune cells were
found in the interstitium with associated epithelial destruction. A grade of 1 for lymphocytes
was assigned to the specimens in which confluent sheets of inflammatory cells with nodule/
follicle formation were observed focally or multifocally in the stroma (less than 50% of area),
while a grade of 2 was assigned to specimens in which those were observed diffusely in the
stroma (more than 50% of area) in at least one section [8].

Data Analysis and Statistics
Positive control signals on each membrane were used to normalize cytokine signal intensities
from cytokine antibody arrays. Then, the data was normalized to PSA levels in each prostatic
fluid sample to account for differential yields of fluid actually of prostatic origin. Total PSA
levels in each prostatic fluid sample were measured by Hybritech PSA assay on the Beckman
Coulter Access Immunoassay System (Beckman Coulter, Inc., Fullerton, CA). The normalized
intensity value of cytokines in each group (M or E) was converted into the relative n-fold
change between groups. Data from ELISA in prostatic fluids were also normalized to the
average PSA levels in each prostatic fluid sample. Data from prostatic fluids was analyzed as
categorized by tumor volume (M and E), Gleason score (6, and ≥7), or inflammation grade (1
or 2). Statistical analyses were done using GraphPad Prizm 4.0 for Windows. Mann-Whitney
tests were used to analyze the difference of 2 categories. Chi-square tests were used to analyze
the correlations between tumor volume and inflammation grade. Spearman’s correlations were
used to analyze the correlations of 2 cytokines and that of cytokines and tissue weights or age.
Statistical significance was defined as a p value < 0.05.
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RESULTS
Cytokine Profile of Prostatic Fluid by Cytokine Array

The normalized intensity values of cytokines from group E (extensive volume prostate cancer)
were divided by those from group M (minimal volume prostate cancer) to calculate the relative
n-fold change. The ranked cytokine profile of the relative n-fold change obtained by cytokine
array is listed in Table 1; for a comprehensive listing see Appendix 1. Among 174 cytokines
analyzed, HGF was the most increased cytokine in group E (6.57-fold).

Correlation of HGF and IL18BPa with Cancer Status by ELISA
Among the cytokines with the greatest difference between groups E and M, we selected eight
cytokines for further study (HGF, IL18Bpa, ICAM-1, IL17, NT-3, IL12, GITR, and ENA78)
and confirmed their levels in prostatic fluids qualitatively by ELISA. Each of these cytokines
was elevated in group E; the HGF and IL18Bpa elevations were statistically significant
compared to group M (Fig. 1). In an analysis based on Gleason score, only IL18Bpa was
significantly elevated in specimens with high Gleason grade (≥7). Strong correlations were
noted between some cytokines, especially between ICAM-1 and GITR (Spearman’s correlation
coefficient r = 0.820), ICAM-1 and ENA78 (r=0.782), and NT3 and GITR (r=0.782) (Table
2). No correlation was found between each cytokine and specimen weight. Weak correlations
were found between increasing age and IL12 (r=0.3480) and increasing age and NT3
(r=0.4001).

Relationship between Cytokine Levels and Prostatic Inflammation
Routine histochemical analysis demonstrated that neutrophils and macrophages were present
in prostatic glandular lumina (grade 1 inflammation, Fig. 2) and in the lining of the prostate
epithelium (grade 2 inflammation). Isolated lymphocytes aggregated in the stroma surrounding
ducts (grade 1 cases) and lymphoid follicles were occasionally noted (grade 2). There was no
statistical correlation between the inflammation grade by each immune cell type assessed
(neutrophil, macrophage, and lymphocyte) and tumor volume (M and E) (Chi-square test).
Data pertaining to eight cytokines found in prostatic fluids were analyzed according to
inflammation grade in the radical prostatectomy specimens. In cases stratified by neutrophil
inflammation, IL17, GITR and ICAM-1 were significantly associated with increasing (grade
2) inflammation (p<0.05), and ENA78 (p=0.0594) and NT-3 (p=0.0554) levels were close to
reaching statistical significance (Fig. 3). In cases stratified by macrophage inflammation, none
of these cytokines was significantly elevated in grade 2 vs. grade 1 infiltrates (Fig. 4). In cases
stratified by lymphocyte inflammation, IL18Bpa, IL17, GITR and ICAM-1 were significantly
elevated in grade 2 lymphocytic infiltration (p<0.05) (Fig. 5).

DISCUSSION
The prostate gland secretes many substances, including citric acid, polyamines, zinc, and
cytokines. Cytokines are secreted from lymphocytes, macrophages, and mast cells, and also
from prostatic epithelial and stromal cells [9-11]. Recently, cytokines have been shown to play
important roles in prostatic inflammation, carcinogenesis and cancer progression [9,12,13]. In
this study, we for the first time describe the cytokine profile of prostatic fluid from cancerous
prostates. A better knowledge of the cytokines present in prostate fluid may aid in
understanding the implications of the prostatic cytokine network on inflammation,
carcinogenesis, and prostate cancer progression, and may lead to novel cancer detection
strategies.

We initially studied prostatic cytokines by array, and catalogued the most prevalent cytokines
noted from fluids obtained from prostate specimens with extensive cancer as compared to those
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from prostates with minimal cancer. Among the most up-regulated cytokines in cases with
extensive disease, we selected HGF, IL18Bpa, ICAM-1, IL17, NT-3, IL12, GITR, and ENA78,
for more quantitative assessment by ELISA. These cytokines were selected from the groups
of cytokines that were elevated because of their known roles in cancer and inflammation-related
pathways.

HGF has been shown to be important in prostate cancer progression, invasion and metastasis
[14]. IL18Bpa and IL12 are involved in the Th1 immune response[15,16]. IL-12 is the major
cytokine responsible for the differentiation of T helper 1 cells, which are in turn potent
producers of IFN-γ [15]. IL18Bpa is a potent inhibitor of IL-18, which is a central player in
inflammation and in the immune response, and which has antineoplastic properties. ICAM-1
is expressed by leukocytes, epithelial cells, endothelial cells and tumor, stimulates
neovascularization [17], and is elevated in the serum of patients with cancer [18]. IL-17 is a
pro-inflammatory cytokine, that plays a crucial role in the development of autoimmunity and
allergic reactions, and the expression of IL17 from Th17 is stimulated by IL23, which promotes
tumor incidence and growth [19]. NT-3 is a member of the neurotrophins; it is expressed by
prostate epithelial cells and stromal cells from prostates with cancer, but not by benign prostatic
tissue [10]. GITR is expressed by T regulatory cells (Treg) as well as activated T cells and NK
cells. ENA-78 produced by monocytes, macrophages, fibroblasts, endothelial cells, and several
types of epithelial cells is a member of the CXC family of chemokines, and acts as a potent
chemoattractant and activator of neutrophil function as well as an angiogenic factor in cancer
[20,21]

In the cytokine antibody array portion of our study, HGF in prostatic fluid was the cytokine
most increased in extensive disease cases, a finding that was confirmed statistically by ELISA.
HGF, which can be derived from a variety of tissues, is known to be elevated in the serum of
men with metastatic prostate cancer [22]. In the prostate, stromal cells secrete HGF, which acts
locally on prostate epithelial cells expressing its receptor, the tyrosine kinase c-Met. Prostate
cancer can also express HGF via stimulation by IL-1β, PDGF, bFGF, VEGF, and EGF derived
from stromal cells [23]. The intracellular cascade that ensues secondary to c-Met
phosphorylation appears to be responsible for most of the effects of HGF, including its pro-
mitogenic and anti-apoptotic properties, and its effects on developmental cell migration.
Alterations of HGF or c-Met levels can affect these and other biological pathways associated
with cancer progression [14].

While prostatic fluid HGF and IL-18Bpa levels were related to tumor volume, prostatic fluid
IL-18BPa, IL17, GITR, and ICAM-1 levels were correlated with inflammation. These results
indicate that the above cytokines may be regulated or released by specific immune cells in the
gland lumina (neutrophils) or in the epithelial lining or stroma (lymphocytes). In fact, IL17 is
expressed by Th17, a distinct T cell subset that stimulates the production of cytokines that
attract neutrophils to the site of inflammation [24]. Neutrophils use ICAM-1 on epithelial cells
to migrate across the epithelial lining [25], and ICAM-1 is also one of the cytokines induced
by IL17 [24]. Among these cytokines, IL18Bpa and GITR may be new markers of prostatic
inflammation that is associated with cancer initiation or progression. Importantly, IL18Bpa
was correlated with both cancer and inflammation status in our study. IL18 plays an important
role in host defenses against various infectious microbes, but overproduction of IL18 causes
autoimmune diseases and inflammatory tissue damage [26]. The excretion of IL18Bpa from
monocytes and NK cells is induced by IL12 and interferon gamma, and IL18Bpa limits the
inflammatory response induced by IL18 [27]. IL18Bpa is also secreted by colon cancer cell
lines after interferon gamma stimulation [28], which suggests that prostate cancer cells
themselves may also secrete IL18Bpa upon stimulation by lymphocyte-derived cytokines with
the background of inflammation. Since IL18Bpa inhibits the anti-tumor cytokine IL-18, the
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finding of IL18Bpa in malignant prostates suggests an attempt by the cancer to escape immune
surveillance and may be correlated with poor prognosis.

GITR has been shown to co-stimulate T cells and abrogate suppression of Treg [29], and to
diminish NK cell antitumor immunity [30]. GITR also correlates with neutrophilic infiltration.
In GITR-/- mice, neutrophil infiltration into arthritic areas was significantly less than in GITR
+/+ mice [31]. Whereas GITR-expressing Treg help limit collateral tissue damage caused by
vigorous antimicrobial immune response in normal tissues [32], Treg cells are increased in
human solid tumors and an increased number of Treg cells correlates with poor prognosis
[33]. The increase of GITR induced by the inflammation may be associated with the increase
of Treg which suppress the anti-tumor immunity.

We found strong correlations between the expression levels of certain cytokines: ICAM-1 and
GITR, ICAM-1 and ENA78, and GITR and NT-3. ENA-78 strongly attracts neutrophils, and
the adhesion of neutrophils to vessel walls or epithelial cells in an area of inflammation occurs
via ICAM-1 [34]. It is plausible that GITR-expressing cells, such as regulatory T cells or NK
cells, stimulate the expression of NT-3 or ICAM-1 on prostate cancer cells; it may also be that
GITR-expressing cells also express ICAM-1 and/or NT-3. Elucidating the reasons for the
correlation between these cytokine pairs will require further studies.

A limitation of our study is that we did not assess the cytokine profile of prostatic fluid derived
from prostates that were completely benign. The reason for this is that radical prostatectomy
(complete removal of the prostate) is not performed on patients without prostate cancer. One
consideration was to analyze the cytokine profile of prostatic fluid derived from radical
cystoprostatectomy cases in men shown pathologically not to have prostate cancer. However,
these men by definition have high grade and/or muscle-invasive bladder cancer neighboring
the prostate, which might result in a cytokine profile difficult to discriminate from that
associated with urothelial cancer, (which can also reside in the prostatic urethra). Rather than
selecting such patients, we chose to make our comparisons between cases with minimal (or
“clinically insignificant”) prostate cancer (M) and those with prostate cancers of significant
volume (E). Interestingly, one case in the M group was diagnosed with prostate cancer by
biopsy, but had no cancer found in the radical prostatectomy specimen despite intensive re-
sectioning. While this case cannot be considered a completely negative control for prostate
cancer, analysis of prostatic fluids from this case by ELISA did not demonstrate any significant
differences in comparison with the average data derived from the other M group cases. In
addition, when we controlled for specimen weight as a surrogate of BPH, we did not note any
significant differences in cytokine levels across all cases. Thus, we feel that the cytokine
profiles we have described delineate important differences between early cancers and late
cancers and regarding the related inflammatory status of the prostate.

CONCLUSIONS
In conclusion, we hope that our cytokine data provide information that is helpful to researchers
studying cytokine networks, paracrine stimulation pathways, and oncogenesis in the prostate.
HGF and IL18Bpa were elevated in prostatic fluid from patients with extensive prostate
cancers. IL17, GITR, ICAM-1, and IL-18Bpa were elevated in prostatic fluid from specimens
with neutrophil inflammation in gland lumina, and IL18Bpa, IL17, GITR, ICAM-1 were
elevated in fluid from specimens with lymphocytic inflammation in stroma. These and other
cytokines may perhaps be useful in early detection and prognostication efforts if they are found
not only in prostatic fluid obtained ex vivo, but in expressed prostatic secretions or post-DRE
urine samples from patients with their prostates till in situ.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Correlation of cytokines with cancer status. Each cytokine levels measured by ELISA was
analyzed stratified by cancer status. The HGF and IL18Bpa elevations were statistically
significant compared to group M. (M: minimal prostate cancer (n=20), E: extensive prostate
cancer (n=20))
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Fig. 2.
Inflammation of prostate by neutrophils, macrophages or lymphocytes. A: Some neutrophils
or macrophages were observed only in gland lumina, with no epithelial destruction. B: A gland
lumen filled with neutrophils and pus, with neutrophils noted within the epithelial lining
(inflammation grade 2). C: A gland lumen filled with macrophages and pus, with macrophages
noted within the epithelial lining (inflammation grade 2). In grade 2 lymphocytic inflammation,
confluent sheets of inflammatory cells with nodule/follicle formation. D: were observed
diffusely in the stroma (more than 50% of the area) in at least one section.
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Fig. 3.
Relationship between cytokine levels and neutrophil inflammation. IL17, GITR and ICAM-1
were significantly associated with grade 2 inflammation (p<0.05).

Fujita et al. Page 11

Prostate. Author manuscript; available in PMC 2008 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
Relationship between cytokine levels and macrophage inflammation. No cytokines was
significantly elevated in grade 2 vs. grade 1 inflammation.
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Fig. 5.
Relationship between cytokine levels and lymphocyte inflammation. IL18Bpa, IL17, GITR
and ICAM-1 were significantly elevated in grade 2 lymphocytic inflammation (p<0.05).
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Fig. 6.
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Table 1
Cytokine Profile of Prostatic Fluid

Cytokine Ratio (E/M) Average signal of E group (SD) Average signal of M group (SD)
HGF 6.57 118.24 (164.50) 18 (14.90)

IL18Bpa 2.58 4.37 (6.67) 1.69 (2.60)
ICAM-1 2.41 53.34 (68.50) 22.15 (23.09)

IL17 2.34 1.74 (2.78) 0.74 (1.15)
NT3 2.32 1.79 (2.38) 0.77 (1.31)

IL12p70 2.32 4.41 (5.92) 1.90 (1.48)
GITR 1.99 3.80 (4.56) 1.91 (1.69)

ENA78 1.74 20.93 (28.61) 11.99 (18.71)
E = Extensive prostate cancer, M = Minimal prostate cancer.

Full cytokine profiling is shown in Appendix.
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Table 2
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