
 

 

Introduction 
 
Accumulated epidemiologic studies support the 
notion that chronic inflammatory diseases are 
frequently associated with increased risk of vari-
ous human cancers [1, 2]. It is accepted that 
almost 25% of all human malignancies are con-
nected to chronic inflammatory diseases [3]. 
Although a causal link between chronic inflam-
mation and carcinogenesis was presumed more 
than century ago [4], only in the last decade has 
the causal connection between inflammation 
and carcinoma of the prostate been extensively 
investigated. Chronic inflammation is character-
ized by sustained tissue damage, damage-
induced cellular proliferation, and tissue repair 
[5]. The central causative role in this process is 
played by growth factors, reactive oxygen spe-
cies, and especially, pro-inflammatory cytokines. 

Our previous findings in a prospective five year 
follow-up study in needle biopsy specimens 
demonstrate a strong association between 
chronic prostatic inflammation, pre-malignant, 
and malignant changes in the prostatic epithe-
lium [6]. 
 
It has been observed that proliferative inflam-
matory atrophy (PIA) lesions are associated with 
chronic inflammation of the prostate, and histo-
logical transitions have been noted between 
areas of PIA and high-grade prostate intraepi-
thelial neoplasia (HGPIN), and between PIA and 
prostate cancer [7]. A key feature of the PIA 
lesion is the presence of mononuclear cells 
(MNC) and/or polymorphonuclear cells (PMNC) 
in both epithelial and stromal compartments 
[7]. One important aspect of PMNC and mono-
cytes/macrophages is their ability to synthesize 
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pro-inflammatory cytokines that modulate the 
inflammatory response. In this respect, inter-
leukin (IL)-8, tumor necrosis factor (TNF)-α, IL-
17, and IL-1β are pro-inflammatory cytokines 
with a central role in inflammatory processes. IL
-1β is the most potent inducer of nuclear factor-
kappaB (NF-B)-responsive genes in the pros-
tate gland, promoting aberrant NF-B activity 
and thus leading to development of inflamma-
tion in the prostate [8]. The transcription factor 
NF-B has been identified as a potential mo-
lecular bridge between inflammation and can-
cer [9]. Downstream NF-B signaling is crucial 
for initiation of a new wave of pro-inflammatory 
IL-17 signaling favorable to chronic intra-
prostatic inflammation [10]. 
 
IL-17-expressing CD4+ T helper (TH17) cells 
were recently proposed to be a third lineage 
along with TH1 and TH2 cells [11]. In addition to 
TH17 cells, a wide variety of T cells including 
CD8+ T cytotoxic (Tc17) cells [12], γδT cells [13], 
and natural killer T (NKT) cells [14] and innate 
immune cells, such as neutrophils [15] and 
monocytes [16] have the ability to produce IL-17 
under various pathological conditions. Previous 
studies have reported that high numbers of tu-
mor associated macrophages in many tumors 
correlates positively with increased angiogene-
sis and accelerated cancer progression. Studies 
have further shown that IL-17 expressing 
macrophages promote invasiveness in breast 
cancer cells and increase microvessel density in 
breast and colon tumors [17]. To date there 
have been no published investigations concern-
ing the prevalence of IL-17 expressing cells in 
prostate cancers, and consequently no data is 
available concerning their phenotype or their 
sites of localization in prostate adenocarci-
noma. Based on our previous findings that IL-1β
–induced NF-B activation in the prostate fa-
vors the accumulation of IL-17-positive leuko-
cytes in prostatic stroma [10], we hypothesized 
that IL-17 producing cells may be targets of spe-
cific pro-inflammatory signals that initiate intra-
prostatic inflammation. We investigated this 
hypothesis by evaluating a large number of radi-
cal prostatectomy specimens from prostate can-
cer patients for IL-17 expression and character-
izing the phenotype of IL-17 producing cells in 
these specimens. Our studies, for the first time, 
demonstrate that aggregates of macrophages 
and neutrophils that lie in close association with 
PIA lesions are the predominant IL-17 producing 
cells in prostate adenocarcinoma specimens. 

Materials and methods 
 
Patients and specimens 
 
We studied the whole-mounted radical 
prostatectomy specimens of 30 men who un-
derwent surgery for biopsy-proven adenocarci-
noma. Patients ranged from 45 to 72 years of 
age (mean = 61.0 ± 6.8 [SD]). In selecting our 
cases, we chose those subjects that demon-
strated the presence of adenocarcinoma, high-
grade prostatic intraepithelial lesions, and sig-
nificant components of benign prostatic hyper-
plasia. A total of seventeen specimens exhibited 
cancer with a Gleason score of 7, nine speci-
mens exhibited a Gleason score of 6, two speci-
mens exhibited a Gleason score of 9, and one 
specimen exhibited a Gleason score of 5 and 
another one a Gleason score of 8. These stud-
ies were approved by the Institutional Review 
Board at the University Hospitals Case Medical 
Center. 
 
Immunohistochemistry 
 
To assess IL-17 expressing leukocytes and ana-
lyze their phenotype in formalin-fixed paraffin-
embedded whole mount human radical 
prostatectomy specimens we used primary anti-
bodies as following: IL-17 (R&D System Inc, Min-
neapolis, MN), CD68 (clone KP1), CD20 (clone 
L26), CD3 (clone PS1), and CD4 (clone BC/1F6) 
purchased from Biocare Medical (Concord, CA). 
For control staining, primary antibodies were 
replaced with irrelevant isotype-matched anti-
bodies procured from Jackson Immuno-
Research (West Grove, PA). Immunohistochemi-
cal analysis was performed using a protocol, 
antibodies, and reagents from Biocare Medical, 
with slight modifications. Briefly, 5-µm thick sec-
tions of whole mounted radical prostatectomy 
specimens were deparaffinized, rehydrated, and 
subjected to heated antigen decloaking with the 
Reveal antigen unmasking solution. The speci-
mens were blocked with PEROXIdazed-1 for 
endogenous peroxidase activity and BACK-
GROUNDsniper to reduce nonspecific back-
ground staining, and incubated with the primary 
Abs against human cell surface markers. Combi-
nations of primary (CD3/CD20, CD3/CD4, IL-
17/CD68, and IL-17 only) and secondary (MACH
-2 Poly-HRP and MACH-2 Polymer-ALP) antibod-
ies with different staining kits were used for two 
color staining. The staining was performed using 
Betazoid DAB kit for MACH-2 Poly-HRP Abs or 
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Vulcan Red Chromogen kit for MACH-2 Polymer-
ALP Abs. CTS kit (R&D System Inc, Minneapolis, 
MN) was applied for detection of IL-17 express-
ing cells in all specimens. The denaturation of 
all the antibodies in the first staining protocol 
after their detection with chromogen was pro-
vided by pretreatment with Denaturating Solu-
tion. This procedure was used for double stain-
ing to make sure that the second staining proto-
col will not cross react with the first one. After 
immunostaining, slides were counterstained in 
Gill’s #3 hematoxylin, mounted in crystal mount 
media, and dried overnight. 
 
Prostate histology 
 
Routine H&E-stained histological sections from 
the above-noted formalin-fixed paraffin-
embedded whole mount radical prostatectomy 
specimens corresponding to the immuno-
stained sections were evaluated for the pres-
ence of polymorphonuclear and mononuclear 
cells, and the spatial relationships of the inflam-
matory cell infiltrates to areas of PIA, benign 
prostatic hyperplasia and adenocarcinoma were 
observed and recorded. Particular attention was 
given to the presence and distribution of acute 
and/or chronic infiltrates, and each case was 
assigned a score on a scale of 0-no, 1-mild, 2-
moderate and 3-severe inflammation. The de-
gree of inflammation was assigned according to 
the approximate percent of stroma and glands 
in the prostatectomy specimen involved by ag-
gregates of 50 or more lymphocytes designated 
as “hot spots”, or by granulomatous inflamma-
tion on a scale of mild inflammation-1% to 10%, 
moderate inflammation-11% to 50% and severe 
inflammation-greater than 50% involvement. 
The morphological characteristics of adenocar-
cinoma, HGPIN, and PIA are well described in 
standard pathology texts.  
 
Assessment of IL-17 expressing cells 
 
Quantification of IL-17+ cells was performed in 
areas of benign tissue with scattered IL-17 ex-
pressing cells (Benign Tissue), in MNC hot spots 
located within foci of adenocarcinoma (Inside 
PCa), in MNC hot spots of benign tissue adja-
cent to foci of adenocarcinoma (Along PCa), in 
MNC hot spots in benign prostate tissue distant 
from foci of adenocarcinoma (Hot Spots), and in 
proliferative atrophy lesions (PIA Lesions) using 
light microscopy. Sections were examined with 
an inverted Olympus BH2 microscope (Olympus 

America Inc., Melville, NY) and images were ac-
quired with Image Proplus software (Media Cy-
bernetics, Carlsbad, CA), digitally scored on a 
computer. All IL-17+ cells within a visual field 
with magnification x125 were counted with the 
assistance of the software program, noting their 
relationships to specific pathologic entities. 
Scattered IL-17+ cells that were outside the cho-
sen visual field (x125) were excluded from 
analysis. The average number of diffusely dis-
tributed IL-17 expressing cells in benign tissue 
was also calculated in comparison (Benign Tis-
sue) using the Microsoft V Suite program 
 
Statistical analysis 
 
Statistical analysis was performed using one-
way analysis of variance (ANOVA) with 95% con-
fidence limits and Tukey’s correction. 
 
Results 
 
Morphologic findings in radical prostatectomy 
specimens 
 
As stated previously, we chose cases that had 
substantial amounts of prostatic adenocarci-
noma as well as readily recognizable nodules of 
benign prostatic hyperplasia (BPH). All cases 
showed areas of chronic inflammation. Some 
areas of adenocarcinoma were immediately 
adjacent to areas of BPH, and other areas of 
cancer were present in a background of benign 
prostatic tissue that lacked features of BPH. To 
assess the potential contributions of IL-17 to 
the pathogenesis of various prostate lesions in 
patients with prostate cancer, we evaluated the 
levels of IL-17 expressing cells in hyperplastic 
and non-hyperplastic prostate tissue, foci of PIA 
and areas of prostate cancer. Since it has been 
previously shown that IL-17 positive cells in 
prostate tissue are mononuclear cells (MNC) 
rather than neutrophils [10], we focused our 
attention on sites of MNC accumulation.  
 
Histological findings in the whole mount pros-
tate glands are shown in Figure 1 at low (x125) 
and high (x800) magnifications. As shown in 
Figure 1A, benign prostate tissue distant from 
areas of adenocarcinoma typically contained 
scattered intra-stromal MNC. In foci of prostate 
cancer, scattered MNCs were found in the lu-
mens of malignant acini, and in the stroma sur-
rounding malignant acini (Figure1B). Scattered 
MNCs were also found in stroma and in benign 
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glandular epithelium at the interface between 
zones of cancer and adjacent normal prostate 
tissue (Figure1C). Figure 1D illustrates a "hot 
spot" of stromal MNC accumulation in benign 
prostate tissue, composed predominantly of 
lymphocytes with a few scattered macrophages. 
PIA lesions were also characterized by signifi-
cant stromal and intra-acinar accumulations of 

MNC (Figure1E). However, the MNC infiltrate 
was different in these sites compared to the 
inflammatory cell infiltrates in the areas de-
scribed above: although lymphocytes comprise 
the majority of MNCs in the stroma around PIA 
lesions, more abundant cells with the morphol-
ogic characteristics of macrophages were pre-
sent in these sites, and in addition, neutrophils 

Figure 1. Representative histo-
logical patterns of lesions in 
the formalin-fixed paraffin-
embedded whole mount radi-
cal prostatectomy specimens 
(H&E staining) from patients 
with prostate cancer. A. area 
of benign prostate tissue; B – 
area of prostate adenocarci-
noma; C. benign tissue adja-
cent to an area of adenocarci-
noma; D. site of mononuclear 
cells (MNC) accumulation 
(“hot spot”) in benign prostate 
tissue is comprised of cells 
with the morphologic features 
of lymphocytes; E. proliferative 
inflammatory atrophy (PIA) 
lesion in benign prostate tis-
sue.  Black arrowheads (x800) 
indicate intraluminal cells with 
monocyte/macrophage mor-
phology and white arrowhead 
(x800) indicate intraluminal 
cell with neutrophil morphol-
ogy. Scattered cells (red ar-
row, x800) with lymphocyte 
morphology (similar to D, 
x800) are shown in peri-
glandular stroma of PIA lesion.  
Left column presents prostate 
histologic zones at magnifica-
tion x125. Right column illus-
trates tissue located inside of 
the black squares of the left 
column in the same samples 
at magnification x800. Details 
are described in “Materials 
and Methods” section. 
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were present in the glandular epithe-
lium and within the lumens of the 
glands (Figure1E, x800). 
 
Sites of MNC accumulation were 
readily identifiable in all of the radi-
cal prostatectomy specimens that we 

Figure 2. H&E and IHC staining for inter-
leukin (IL)-17 in histological patterns of 
formalin-fixed paraffin-embedded whole 
mount radical prostatectomy from pa-
tients with prostate cancer.   A. scattered 
stromal IL-17 expressing cells (brown 
color, red arrowheads, x125 and red 
arrows, x800) in benign prostate tissue 
distant from cancer; B. scattered stromal 
IL-17 expressing cells (red arrowheads, 
x125) and scattered IL-17 expressing 
cells in mononuclear cell (MNC) hot spot 
(red arrows, x800) within a focus of ade-
nocarcinoma; C.  scattered stromal IL-17 
expressing cells (red arrowheads, x125) 
and IL-17 expressing cells (red arrow, 
x800) in a MNC hot spot in benign tissue 
adjacent to a focus of adenocarcinoma. 
IL-17 expressing cells with monocyte/
macrophage morphology are present 
within a capillary lumen (red circle) at the 
edge of the hot spot; D. scattered stro-
mal IL-17 expressing cells (red arrow-
heads, x125) and IL-17 expressing cell 
(red arrow, x800) in a MNC hot spot in 
benign tissue distant from cancer; E. 
stromal (red arrowheads, x125), peri-
glandular (black arrowhead, x800) and 
intra-glandular (black dotted circles, 
x125 and red arrows, x800) accumula-
tion of IL-17 expressing cells (brown 
color) in a proliferative inflammatory 
atrophy (PIA) lesion. Left column shows 
H&E and immunohistochemical staining 
for IL-17 in various histological patterns 
at magnification x125. Right column 
depicts H&E and immunohistochemical 
staining for IL-17 in tissues located in-
side the black squares of the left col-
umns of the same samples with magnifi-
cation x800. The images illustrate scant 
numbers of IL-17 expressing cells scat-
tered in benign prostate tissue (A) and in 
MNC hot spots (B, C, D) in various his-
tologic zones. The most striking accumu-
lations of IL-17 expressing cells appear 
within the lumens of glands in areas of 
PIA lesions in the peripheral zone of the 
prostate (E). Details are described in 
“Materials and Methods” section. (Figure 
2D and E on next page). 
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studied. PIA lesions were identified in 
21 of 30 cases (70%). Most of the 
PIA lesions were located in the pe-
ripheral zone of the prostate gland. 
The number of sites of stromal MNC 
accumulation ("stromal hot spots") 
varied considerably between individ-
ual specimens. The average number 
of stromal hot spots was 6-fold 
higher than the average number of 
PIA lesions in these specimens 
(Table 1). 
 
PIA lesions are the sites of accumu-
lation of IL-17 expressing cells in 
human prostate gland 
 
To assess IL-17-expressing cell distri-
bution in radical prostatectomy 
specimens, we analyzed consecutive 
sections stained with H&E and IL-17 
respectively, focusing on the mor-
phologic entities specified above, 
specifically: i) inflammatory cell infil-
trates in benign prostate tissue dis-
tant from cancer, ii) MNC hot spots in 
foci of cancer, iii) benign prostate 
tissue with a width of a visual field at 
x125 magnification immediately ad-
jacent to foci of cancer, iv) MNC hot 
spots in benign tissue distant from 
cancer, and v) inflammatory cell infil-
trates in PIA lesions. 
 
IL-17-immunoreactive cells were sim-
ply seen scattered in the areas of 
benign prostate tissue distant from 
prostate cancer (Figure2A). IL-17-
immunoreactive cells were also ran-
domly scattered in the stroma in 
zones of prostate cancer, and were 
also found in stromal hot spots in 

areas of cancer (Figure2B), in stromal hot spots 
in tissue at the interface between cancer and 
benign tissue (Figure2C), and in stromal hot 
spots in benign tissue distant from prostate 
cancer (Figure2D). Differences between the 
densities of IL-17+ cells in these various areas 
of benign and malignant prostate tissue 
(Figures2A-D) were undetectable without quanti-
tative statistical analysis. 
 
It is worth noting that IL-17+ cells with mono-
cyte/macrophage phenotype rather than lym-
phocytes were observed in micro-vessel lumens 

 

Figure 2. Continued from previous page for Figure 2. (Refer to previous 
page for the figure legends). 

Table 1. Number of sites of mononuclear cell 
(MNC) accumulations (“hot spots”) and prolif-
erative inflammatory atrophy (PIA) lesions in 
the whole mount radical prostatectomy speci-
mens of patients with prostate cancer (n=30) 

  
Hot Spot 
(mean ± 
SD) 

PIA Lesion 
(mean ± 
SD) 

Average per patient 
prostate gland 24 ± 12.9 4 ± 4 
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but not inside MNC hot spots (Figure2C, H&E 
and IL-17, x125, red circles). As discussed later, 
we propose that the presence of IL-17+ cells 
with monocyte/macrophage morphology inside 
prostate microvessels is a unique and previ-
ously undescribed finding, and may have some 
significance in the development of a specific 
inflammatory microenvironment (Figure2C, H&E 
and IL-17, x800, red circles). 
 
In contrast to the findings in the sites described 
above, numerous IL-17-expressing cells with an 
unusual distribution were observed in PIA le-
sions (Figure 2E). Scattered stromal IL-17+ cells 
were seen throughout the lesions; stromal MNC 
hot spots in these sites were almost free from IL
-17+ cells, as in other zones of the prostate 
(Figure2E, x125). However, aggregates of IL-17-
immunostaining cells were found within gland 
lumens (Figure2E, x125, black dotted circles). 
Examination at higher magnification confirms 
that the lymphocyte populations in PIA lesions 
are confined to the stroma around glands. 
Abundant inflammatory cells resembling macro-
phages and neutrophils are present in the gland 
lumens, and occasional inflammatory cells are 
within gland epithelium (Figure2E, H&E x800). 
These intraluminal and intra-epithelial cells 
were shown to exhibit intensely positive immu-
nostaining for IL-17 (Figure2E, x800, red ar-
rows). 

Quantification of IL-17 expressing cells in hu-
man radical prostatectomy specimens 
 
Since the distribution of inflammatory cells in 
human prostate glands tends to be patchy 
rather than diffuse, the numbers of IL-17 immu-
nostained cells were quantitated in all speci-
mens, focusing on the morphologic entities 
specified above, specifically: i) benign prostate 
tissue distant from cancer, ii) MNC hot spots in 
foci of cancer, iii) benign prostate tissue with a 
width of a visual field at x125 magnification 
immediately adjacent to foci of cancer, iv) stro-
mal MNC hot spots in benign tissue distant from 
cancer, and v) PIA lesions. All IL-17+ cells within 
a visual field with magnification x125 were 
counted, noting their relationships to specific 
pathologic entities. Scattered IL-17+ cells that 
were outside the chosen visual field (x125) 
were excluded from analysis. However, the aver-
age number of diffusely distributed IL-17 ex-
pressing cells in benign tissue was also calcu-
lated in comparison.  
The levels of IL-17+ expressing cells in benign 
prostate stroma uninvolved by stromal hot spots 
(27 ± 12 [SD] cells per visual field) and areas 
infiltrated with prostate adenocarcinoma (32 ± 
19 [SD] cells per visual field) were both signifi-
cantly lower than the number of such cells in 
the other pathologic areas under study 
(Figure3). IL-17+ cell accumulation was most 

Figure 3. Quantification of interleukin (IL)-
17 expressing cells in the formalin-fixed 
paraffin-embedded whole mount human 
radical prostatectomy specimens from 
thirty patients with prostate cancer.  Re-
sults are expressed as absolute numbers of 
IL-17 positive cells per visual field with 
magnification x125. The average is shown 
as a horizontal line through the box. The 
lower and upper margins of the box repre-
sent the 25th and 75th percentiles, with the 
extended arms representing the minimal 
and maximal number, respectively. The 
data were analyzed using one-way analysis 
of variance (ANOVA) with 95% confidence 
limits and Tukey’s correction. Details are 
described in “Materials and Methods” sec-
tion. 
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pronounced in PIA lesions (141 ± 
75 [SD] per visual field). The abso-
lute number of IL-17+ cells in PIA 
lesions was approximately 4-fold 
higher than in MNC hot spots 
within areas of prostate cancer 
(p<0.000001), approximately 3-
fold higher than in MNC hot spots 
in benign tissue at the periphery of 
areas of prostate cancer (48 ± 23 
[SD] per visual field, p<0.00001), 
and approximately 3 fold higher 
than in MNC hot spots in benign 
tissue distant from prostate cancer 
(43 ± 26 [SD] cells per visual field, 
p<0.00001) (Figure3).  
 
PIA Lesions are the sites of accu-
mulation of IL-17-producing CD68+ 
macrophages and neutrophils 
rather than B or T Lymphocytes 
 
Since recent studies suggest an 
important role for pro-inflammatory 
IL-17 producing cells in the devel-
opment of chronic inflammation, 
autoimmunity [18], and prostate 
cancer progression [19], we next 
focused on phenotyping the IL-17-
expressing cells in PIA lesions. 
Consecutive slide analysis showed 
abundant cells with the morphol-
ogic features of macrophages and 
neutrophils within gland lumens in 
PIA lesions (Figure4A H&E, x800), 
and these cells exhibited strong IL-
17-immunoreactivity (Figure4A and 
4B). We found that CD3+ T and 

Figure 4. H&E and IHC staining for IL-17, CD3, CD20, CD4, and CD68, in the PIA lesion of formalin-fixed paraffin-
embedded whole mount radical prostatectomy specimens from patients with prostate cancer. Consecutive prostate 
tissue slide staining for: A – H&E, B – IL-17 (brown color), C - two color CD3 (T lymphocytes – pink color) and CD20 (B 
lymphocytes – brown color), D – CD3 (pink color) and CD4 (brown color) with co-localization of CD3 and CD4 (dark 
brown or black colors) on helper-inducer T lymphocytes (dark brown or black colors), and E – IL-17 (brown color) and 
CD68 (pink color) with co-expression of IL-17 and CD68 proteins in tissue macrophages (dark brown or black colors). 
Red arrows (x800) indicate intra-glandular IL-17 expressing cells. Yellow asterisks (x125) indicate sites of B and T 
cell accumulation in MNC hot spots in the prostate stroma. Black arrowheads (x800) indicate peri-glandular and glan-
dular T cells. Green arrowheads (x800) indicate peri-glandular CD4+CD3+ T helper cells. Black arrows (x800) indicate 
peri-glandular CD3 T cells without co-localization of CD4 antigen. Red arrowheads (x800) indicate intra- glandular IL-
17 producing CD68 positive macrophages. Left column presents H&E staining and leukocyte immunophenotyping of 
the same PIA lesion with magnification x125. Right column depicts H&E staining and leukocyte immunophenotyping 
of tissue of the same PIA lesion located inside of the black squares of the left columns with magnification x800.  The 
figure shows that IL-17 positive cells (B) are located predominantly intraluminally in PIA lesions and that they are not 
T or B lymphocytes (C), or classical IL-17 expressing CD4+CD3+ T helper (TH17) cells (D), but rather CD68+ tissue 
macrophages (E) expressing IL-17 protein. Details are described in “Materials and Methods” section. 
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CD20+ B lymphocytes were commonly organized 
as stromal lymphoid MNC follicles (“hot spots”) 
mostly in the peripheral zone of the prostate 
(Figure4, yellow asterisks, x125). Only isolated 
B and T lymphocytes were detected in the glan-
dular epithelium of PIA lesions and none were 
found in the gland lumens in PIA lesions 
(Figure4C, anti-CD20 and anti-CD3, x800). To 
investigate the distribution of CD3+CD4+ T 
helper-inducer lymphocytes in PIA lesions, we 
used double immunostaining, because of the 
ability of human monocytes/macrophages co-
express CD4 surface marker [20]. As shown in 
figure 4C, (x125), stromal MNC hot spots are 
comprised of B and T lymphocytes. Many of 
these lymphocytes were CD4+CD3+ T helper-
inducer cells (Figure4D, x125). The CD4+ T cells 
also accumulated along the acinar basement 
membranes (Figure4D, x800), but were not 
identified within gland lumens, (Figure4D, x125 
and x800), whereas IL-17-expressing leukocytes 
accounted for the majority of intraluminal in-
flammatory cells. To confirm the production of IL
-17 cytokine by intraluminal cells with the mor-
phologic features of macrophages, we used 
double immunostaining for consecutive slides 
with IL-17 and CD68. Numerous IL-17-

producing CD68-positive macrophages were 
demonstrated within gland lumens (Figure4E, 
x800), as well as a few of these cells within the 
stroma of PIA lesions (Figure4E, x125). 
 
Prostate microvessels might deliver IL-17 pro-
ducing monocytes/macrophages to PIA lesions 
 
Since inflammatory cell extravasation followed 
by the appearance of IL-17 positive MNC in 
prostate stroma is one of the last events of the 
intraprostatic pro-inflammatory wave following 
acute systemic IL-1β administration in vivo [10, 
we next assessed whether resident leukocytes 
in PIA lesions acquire the ability to express IL-
17, or whether PIA lesions represent sites of 
accumulation of IL-17 expressing cells. The phe-
notype of IL-17 expressing cells inside stromal 
capillaries was evaluated in consecutive slides 
using immunostaining for the CD68 monocyte/
macrophage antigen. It is apparent that the ma-
jority of nucleated cells within capillaries 
(Figure5A, x800) were IL-17 and CD68+, 
(Figure5B and 5C) indicating a high probability 
of co-localization for these markers. Addition-
ally, Figure 6 shows direct evidence of a co-
expression of IL-17 and CD68 on nucleated 

Figure 5. H&E and IHC staining for IL-17 
and CD68 in lumens of capillaries in for-
malin-fixed paraffin-embedded whole 
mount radical prostatectomy specimens 
from patients with prostate cancer. A – 
H&E staining, B – staining for IL-17 (light 
brown color) and C – staining for CD68 
(dark brown color) expressing cells in lu-
mens of microvessels (black dotted cir-
cles, x200) located in benign tissue be-
tween the areas of prostate adenocarci-
noma (not visible at right side of the slide), 
proliferative inflammatory atrophy (PIA) 
lesion (red arrowheads, x200) and MNC 
hot spot (yellow asterisks, x200). Stromal 
CD68+ tissue macrophages (dark brown 
color in red circles, x200) adjacent to the 
MNC hot spot show no co-expression of IL-
17 protein. Left column presents H&E 
staining and immunostaining for IL-17 and 
CD68 in prostate tissue with magnification 
x200.  Right column depicts H&E staining 
and immunostaining for IL-17 and CD68 in 
prostate tissue located inside of black 
squares of the left columns with magnifi-
cation x640. Details are described in 
“Materials and Methods” section. 
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cells inside microvessels adjacent to a PIA le-
sion, indicating that they are IL-17 producing 
monocytes. 
 
Discussion 
 
Identification and phenotyping of intraprostatic 
IL-17 producing cells were performed in this 
study and their distribution in various zones in 
radical prostatectomy specimens was analyzed. 
Our findings highlight the long-recognized rela-
tionship between chronic inflammation and can-
cer [21]. Previous studies suggest that the de-
gree of inflammation within areas of prostatic 
adenocarcinoma may be an independent pre-
dictor for prostate cancer recurrence. Patients 

with high-grade inflammation in the malignant 
areas of their radical prostatectomy specimens 
have a significantly higher biochemical recur-
rence rate than patients with low-grade inflam-
mation within their prostate cancers [22]. More 
recently, a five year follow-up study has demon-
strated that chronic inflammation itself may be 
a significant risk factor for the development of 
prostatic adenocarcinoma [6]. 
 
Infiltrates of inflammatory cells are commonly 
associated with malignant neoplasms. Analysis 
of two major prostate tumor-infiltrating lympho-
cyte subsets showed that capsular and perineu-
ral invasion as well as biochemical progression 
was related to strong expression of T and B cells 

Figure 6. IHC staining for IL-17 and CD68 inside microvessel at the PIA lesion of formalin-fixed paraffin-embedded 
whole mount radical prostatectomy specimens from patients with prostate cancer (magnification x125). IL-17 (brown 
color) and CD68 (pink color) proteins are co-expressed (dark brown or black colors) in monocyte/macrophages inside 
capillaries located in stroma adjacent to PIA lesion. Red arrows indicate intra-glandular IL-17 expressing CD68+ 
macrophages. Black arrows indicate intra-epithelial IL-17-non-producing CD68+ macrophages. Yellow asterisk indi-
cates site of accumulation of mononuclear cells (“hot spot”) in the prostate stroma. Insertion represents microvessel 
located inside of the black square: red arrowheads indicate IL-17 producing CD68+ monocyte/macrophages inside of 
the capillary space; black arrowhead indicates stromal IL-17 expressing CD68+ macrophage (magnification x800). 
The figure shows that IL-17 expressing cells can be readily detected inside lumens of capillaries located in the periph-
eral zone of the prostate, and that CD68 monocytes/macrophages inside the stromal capillaries near PIA lesion ex-
press IL-17 protein. Details are described in “Materials and Methods” section. 
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[23]. More specifically, elevated densities of 
CD4+ T helper-inducer lymphocytes [24] and 
mast cells [25] located in areas of prostate ade-
nocarcinoma are associated with poor survival 
and higher Gleason scores. In contrast, other 
studies report that a higher tumor-infiltrating 
lymphocyte density, evaluated by H&E staining, 
is protective against disease progression [26]. 
An inverse relationship has been reported be-
tween the degree of primary tumor infiltration by 
CD68+ macrophages and the likelihood of pros-
tate cancer progression [27]. Another recent 
study demonstrate that patients treated with 
androgen deprivation therapy exhibit a high 
density of CD68+ macrophages which was re-
lated to and seemed to favor the development 
of advanced prostate cancer [28]. 
 
Tumor-associated macrophages are a signifi-
cant component of the inflammatory cell infil-
trates in most, if not all, tumors. These cells are 
derived from circulating monocytic precursors, 
and are attracted to the tumor by chemokines. 
Appropriate activation of tumor-infiltrating 
macrophages can destroy prostate tumor cells 
by cathepsin E-specific growth arrest and induc-
tion of apoptosis [29], or by inhibition of angio-
genesis [30]. In the current study we found scat-
tered IL-17 positive MNC within foci of prostatic 
adenocarcinoma. However, our findings indicate 
that accumulation of IL-17-expressing cells is 
characteristic only of PIA lesions. In general, PIA 
may represent injury to the prostate epithelium, 
regardless of the source of the damage, which 
as a consequence elicits a stereotypical stress 
and regenerative response [31]. PIA lesions are 
by definition associated with chronic prostatic 
inflammation, and histological transitions be-
tween areas of PIA and HGPIN, and between PIA 
and prostate cancer, have been observed and 
reported [32, 33].  
 
Previous studies demonstrate that 79% of BPH 
and 58% of prostate cancer specimens exhibit 
higher levels of IL-17 mRNA and protein expres-
sion [34]. In contrast, normal prostate tissue 
exhibits weak IL-17 expression restricted to lym-
phocytes, whereas the hyperplastic glandular 
epithelium, smooth muscle cells and infiltrating 
lymphocytes in BPH specimens exhibited reac-
tivity for IL-17. In the present study, although we 
used anti-human IL-17 antibody procured from 
the same vender as reported in an earlier study, 
we did not observe any reactivity to this anti-
body in the stromal or epithelial cells in the 

prostatectomy specimens studied.  Further-
more, in our study, phenotyping of IL-17-positive 
cells in prostatectomy specimens indicated that 
these cells are predominantly CD68+ macro-
phages and neutrophils, particularly in the PIA 
lesions. Accumulation of IL-17 expressing 
macrophages and neutrophils was 3-5 folds 
higher in PIA lesions as compared the densities 
of these cells within prostate adenocarcinoma 
or in benign prostate tissue uninvolved by PIA. 
These findings suggest that areas of prostate 
adenocarcinoma, PIA lesions, and areas of be-
nign prostate tissue uninvolved by PIA may rep-
resent different microenvironments. Previous 
studies support the significance of intra-luminal 
macrophages in PIA lesions in patients with 
prostate cancer and have addressed the ability 
of these macrophages either to express COX-2 
independently [35] or following induction of COX
-2 expression in prostate epithelium in human 
BPH specimens [36].  
 
It has been shown that the levels of TH17 cells 
gradually increase in the microenvironments of 
many mouse and human tumors during tumor 
development [37] and that IL-17 up-regulates 
the production of a variety of pro-inflammatory 
cytokines [38] and proangiogenic factors [39] to 
promote tumor development [40]. A recent 
study has shown that prostate-infiltrating lym-
phocytes seem to be skewed towards the TH17 
phenotype in patients with prostate cancer, 
however, the preponderance of TH17-mediated 
inflammation was associated with a lower 
pathologic Gleason score [41]. In the present 
study we observed that CD68+ macrophages 
and polymorphonuclear cells, rather that CD4+ 
TH17 cells, are by far the predominant IL-17 
expressing cells in PIA lesions in cancerous 
prostate glands. This finding suggests that intra-
prostatic macrophages play a much more sig-
nificant role than previously recognized in pro-
moting prostate inflammation and possibly addi-
tionally promoting the development of prostate 
cancer. 
 
Documentation of the presence of significant 
numbers of IL-17-expressing CD68+ monocytes 
inside stromal capillaries and of the predomi-
nance of intraluminal and intraepithelial IL-17 
expressing neutrophils and CD68+ monocytes/
macrophages in PIA lesion of patients with pros-
tate cancer are the most significant findings in 
our present study. These data are in concor-
dance with the findings in a recent study report-
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ing increased numbers of infiltrating monocytes 
in the early and advanced stages of tumor 
growth of rat prostate cancer induced by N-
methyl-N-nitrosourea plus testosterone [42]. It 
has been demonstrated that CC chemokine 
ligand 2 (CCL2, also known as monocyte 
chemoattractant protein-1) may be one of the 
tumor microenvironment-derived signals that 
recruit tumor-associated macrophages, originat-
ing from circulating monocytes in tumor-related 
vasculature [43].  More recently, CCL2 has been 
highlighted as a factor that increases prostate 
tumor growth and bone metastasis through re-
cruitment of macrophages and osteoclasts to 
the tumor site [44]. Our results are in concor-
dance with many of these observations, and 
suggest that a currently unidentified but power-
ful PIA-specific chemoattractant for IL-17 ex-
pressing blood derived monocytes/
macrophages may significantly contribute to the 
establishment of chronic prostatic inflammation 
and the development of prostate cancer. 
 
Taken together, our present data demonstrate 
that release of inflammatory IL-17 from mono-
cytes/macrophages and neutrophils may be a 
characteristic of PIA lesions in prostate adeno-
carcinoma. The accumulation of IL-17 producing 
cells in PIA lesions presents direct evidence of 
an inflammatory microenvironment that may 
support the development and progression of 
prostate cancer. The ability of intra-prostatic 
monocytes/macrophages to actively express 
pro-inflammatory IL-17 and accumulate in PIA 
lesions may help to bridge the gaps in our un-
derstanding of the relationships between 
chronic prostatic inflammation and the develop-
ment of prostate cancer. 
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