
Protease-Activated Receptor-1 is Upregulated in Reactive
Stroma of Primary Prostate Cancer and Bone Metastasis

Xiaotun Zhang1, Wenbin Wang1,2, Lawrence D. True3, Robert L. Vessella1, and Thomas K.
Takayama1,2,*

1Department of Urology, University of Washington, Seattle, Washington
2Department of Biochemistry, University of Washington, Seattle, Washington
3Department of Pathology University of Washington, Seattle, Washington

Abstract
BACKGROUND—Prostate cancer progression is partly facilitated by tumor-stroma interactions.
We recently reported that protease-activated receptors (PAR-1 and PAR-2) are overexpressed in
prostate cancer, and PAR-1 expression in peritumoral stroma is associated with biochemical
recurrence. However, the nature of PAR expression in prostate tumor microenvironment is not
fully understood. We therefore evaluated PAR-1 and PAR-2 expression in primary prostate cancer
and bone metastasis.

METHODS—PAR-1 and PAR-2 expression in normal, primary prostate cancer and the
corresponding bone metastatic tissues were examined by immunohistochemistry, and double-label
immunohistochemistry with the use of additional markers.

RESULTS—PAR-1 was expressed in peritumoral stroma in the majority of primary cancer
tissues (83%). Serial sections and double-label immunohistochemistry determined that these
PAR-1 expressing stromal cells were predominantly myofibroblasts, the primary cell type in
reactive stroma. Analysis of cancer glands revealed that PAR-1 expression was significantly
increased in the reactive stroma around higher Gleason grade cancers. PAR-2 was predominantly
expressed in the primary cancer cells as well as smooth muscle cells but not in reactive stroma. In
bone metastasis, PAR-1 expression in cancer cells was elevated compared to the primary site from
the same patient. In the bone reactive stroma, PAR-1 was present in vascular endothelial cells and
fibroblasts, while both PAR-1 and PAR-2 were expressed in osteoblasts and osteoclasts.

CONCLUSIONS—In primary prostate cancer and bone metastasis, PAR-1 is upregulated in
reactive stroma and PAR-2 is uniformly overexpressed in carcinoma cells, suggesting these
receptors may play potentially different roles in prostate cancer development and metastasis.
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INTRODUCTION
Prostate cancer is one of the most common malignancies of men, with approximately
220,000 new cases and 29,000 deaths annually in the United States [1,2]. Hormone therapy
failure follows an androgen-independent state which leads to widespread metastasis [3].
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Prostate cancer primarily metastasizes to bone, which can be a major cause of morbidity and
mortality [4]. Therefore novel strategies for effective treatment are needed. An area of
research with promise is the study of reciprocal interactions between cancer cells and the
surrounding tumor microenvironment (TME) [5]. For example, cancer cell growth may
depend on extracellular matrix (ECM), angiogenesis, and a variety of stromal cells.

In order to understand the stromal mechanisms in prostate cancer development, it may be
helpful to characterize the specific cells adjacent to the cancer epithelial cells. Prostate
stroma is mainly composed of fibroblasts and smooth muscle cells, and between which is an
intermediate cell type described as myofibroblast [6]. During wound repair, fibroblasts
switch their phenotype to myofibroblast-like, and remodel the ECM through angiogenesis
and increased protease activity. Tumors have similarities with wounds that do not heal in
that this stromal reaction also exists with an analogous pattern [7]. These highly proliferative
stromal cells immediately surrounding malignant glands have been described as “reactive
stroma” [6,8] or “carcinoma-associated fibroblast” (CAF) [9]. While this may be a very
important phenomenon, an effective marker of reactive stroma is not yet available. Because
serine proteases can have significant roles in tissue remodeling, including cancer invasion
[6,10], it is possible that the receptors activated by serine proteases (protease-activated
receptors, PARs) may be potential regulators of the reactive stroma.

PARs are G-protein-coupled receptors that are implicated in cancer progression by
regulating multiple cellular processes. PARs are activated via cleavage of their extracellular
amino terminus by serine proteases: PAR-1, -3 and -4 by thrombin and PAR-2 by trypsin
[11,12]. PARs, especially PAR-1 and PAR-2, are overexpressed in several malignancies,
including breast cancer [13,14], colon cancer [15,16], gastric cancer [17,18] and prostate
cancer [19,20]. Once activated, PARs stimulate cancer progression through a variety of
mechanisms. For example, PAR-1 and PAR-2 promote colon cancer [15,16] and gastric
cancer [17] cell proliferation by transactivating epidermal growth factor receptor (EGFR). In
prostate cancer, PAR-1 and PAR-2 stimulation results in the activation of RhoA and Rac1/
Cdc42 signaling with resultant cytoskeletal changes and enhanced migration in the LNCaP
cells [19,21]. PAR-1 and PAR-2 also can upregulate oncogenic genes such as vascular
endothelial growth factor (VEGF) [22-24]. Furthermore, increased PAR-1 and PAR-2
expression is observed in proliferating stromal fibroblasts surrounding the breast carcinoma
cells but not in normal or benign tissues [14], indicating PARs in stromal fibroblasts may
also contribute to carcinogenesis.

We previously found that overexpressed PAR-1 in the prostate cancer peritumoral stroma is
associated with higher rates of biochemical recurrence [19]. However, another recent study
reported that PAR-1 was expressed predominantly on endothelial cells but not in tumor
stroma in prostate cancer [20]. Therefore, comprehensive characterization of PAR-1
localization in prostate cancer would be beneficial in clarifying the stromal expression of
PAR-1. With regards to metastatic prostate cancer, Chay et al. [25] reported the increased
PAR-1 expression in the cell lines derived from bone metastasis, but the in situ expression
of PARs in bone metastasis was not studied. Since PAR-1 and PAR-2 may facilitate cancer
dissemination, we applied additional immunohistochemical markers in this study to further
characterize PAR-1 and PAR-2 localization in normal, primary prostate cancer and the
corresponding bone metastatic tissues.

MATERIALS AND METHODS
Patients

Tissue samples used in this study were ten histologically normal prostates obtained at
autopsy with no history of reproductive or endocrine-related diseases, and twenty four
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patients who died from advanced prostate cancer with bone metastasis between 1998 and
2004. Rapid autopsies were performed under the aegis of the Prostate Cancer Donor
Program at the University of Washington Medical Center (UWMC) as previously described
[3]. Primary prostate cancer tissue and bone metastatic tissue from the same patient were
analyzed. The clinical information obtained for each patient including age at diagnosis,
Gleason score, final serum PSA level, androgen independence years, and intervals of time
after diagnosis to first bone metastasis is summarized in table I.

Tissues
Tissue samples were routinely fixed in 10% buffered formalin for 2 days and embedded in
paraffin. Following fixation, bone samples were decalcified in a 10% formic acid solution
until an assay for free calcium in solution was negative, and then processed for paraffin
embedding. Three micrometer (primary tissue) or five micrometer (bone tissue) serial
sections from each block were cut on a microtome (Reichert-Jung/Leica, Wetzlar, Germany)
and mounted on pre-charged slides (VWR Scientific, West Chester, PA). After baking for 2
hours in a 58°C incubator, sections were deparaffinized and rehydrated in xylene and a
series of graded alcohols.

Antibodies
Mouse anti-human PAR-1 monoclonal (clone number ATAP2, dilution 1:50), mouse anti-
human PAR-2 monoclonal (SAM11, 1:50) and normal mouse IgG antibodies were from
Santa Cruz Biotechnology (Santa Cruz, CA). Mouse anti-human α-smooth muscle actin (α-
SMA) monoclonal (1A4, 1:200) and mouse anti-human desmin monoclonal (DE-U-10,
1:150) antibodies were from Sigma (St. Louis, MO). Mouse anti-human vimentin
monoclonal (VIM 3B4, 1:200), mouse anti-human CD34 monoclonal (QBEnd-10, 1:200),
and mouse anti-human proliferating cell nuclear antigen (PCNA) monoclonal (PC 10, 1:400)
antibodies were from Dako (Glostrup, Denmark).

Immunohistochemistry
Immunohistochemistry (IHC) was performed as previously described in detail [26]. To
accurately characterize PAR-1 and PAR-2 positive cells, double-label IHC was performed to
simultaneously detect PAR-1 or PAR-2 expression with combination of the proliferation
marker (PCNA), α-smooth muscle actin (SMA) and desmin. Briefly, after antigen retrieval,
sections were incubated with avidin/biotin blocking solution (Vector Laboratories,
Burlingame, CA) to block endogenous biotin activity. After incubation with 5% normal
horse-chicken-goat serum (Vector Laboratories) for 1 hour, the sections were incubated with
appropriately diluted primary antibodies at 4°C overnight and then incubated with
biotinylated secondary antibodies at room temperature for 30 minutes. For visualization,
avidin-biotin complex (Vectastain Elite ABC kit, Vector Laboratories) was applied at room
temperature for 30 minutes followed by using either SG or DAB (Vector Laboratories) as
the chromogen. Before the second stain, 3% hydrogen peroxide was used to quench the
remaining horseradish peroxidase, and avidin/biotin solution was used to block the
remaining biotin activity. Sections were incubated with 5% normal serum for 1 hour, and
then with the second primary antibody for 1 hour at room temperature, followed by
incubation with biotinylated secondary antibodies and amplification with avidin-biotin
complex. Sections was developed using DAB or SG as the chromogen. Positive stained cells
exhibited the deposition of gray precipitate (SG) and/or brown precipitate (DAB). To better
differentiate the two reaction products, no counterstaining was performed in double-label
IHC.

Zhang et al. Page 3

Prostate. Author manuscript; available in PMC 2009 August 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Result evaluation and Statistical analysis
For immunohistochemical assessment, immunoreactions were evaluated manually based on
the extent and intensity of staining. The proportion score was assigned to represent the
extent of positive stained cells (0, none; 1, <10%; 2, 10%-50%; and 3, ≥50%). The intensity
score was then assigned according to the average staining intensity of positive cells (0, none;
1, weak; 2, moderate; and 3, strong) [26,27]. A total immunoreactivity score was calculated
by addition of proportion score and intensity score [28]. Statistical analysis was performed
using the chi-square test to assess the correlation between PAR-1 expression and Gleason
pattern, and using Wilcoxon non-parametric test to evaluate the difference of PAR-1 or
PAR-2 expression in normal, primary prostate cancer and bone metastasis. p<0.05 or p<0.01
was considered statistically significant.

RESULTS
PAR-1 expression in primary prostate cancer and bone metastasis

Localization of PAR-1 in primary prostate cancer—We performed IHC in tissues
from 10 cases of normal prostate and 24 cases of prostate cancer. In normal prostate, PAR-1
was not or very weakly expressed in epithelial and stromal cells (Fig. 1A). PAR-1
immunolabeling was observed in most vascular endothelial cells (Fig. 1B). In primary
cancer, PAR-1 expression was increased both in the epithelial and stromal compartments. In
20/24 (83.3%) of the primary cancer tissues, PAR-1 was highly expressed in stromal cells
surrounding the malignant glands, especially the high Gleason grade glands (Fig. 1C, D). As
a control, stromal cells immediately surrounding the benign glands did not overexpress
PAR-1 (Fig. 1E, F). Besides these peritumoral stromal cells, PAR-1 was also expressed in
some stromal cells in interstitial area (Fig. 1G). Consistent with our previous report [19],
PAR-1 expression was also observed in some high Gleason grade cancers (Fig. 1H), and
most of the low grade cancers (Fig. 1I). The specificity of these findings was confirmed
using mouse IgG as a negative control (Fig. 1J).

PAR-1 is upregulated in reactive stroma of primary prostate cancer—To better
define these PAR-1 positive peritumoral stromal cells, we further characterized these cells
using immunohistochemical markers: vimentin, α-SMA and desmin. Expression of vimentin
(a marker for cells of mesenchymal origin) [29] without α-SMA indicates a fibroblast
phenotype [30]. Co-expression of α-SMA and desmin (a late stage smooth muscle marker)
indicates smooth muscle cells. Co-expression of vimentin and α-SMA without expression of
desmin is indicative of a myofibroblast phenotype, an intermediate between fibroblasts and
smooth muscle cells [30]. IHC on serial sections showed that most of these peritumoral
stromal cells were positive for PAR-1 (Fig. 2A), vimentin (Fig. 2B), α-SMA (Fig. 2C), but
not desmin (Fig. 2D). This indicates that these PAR-1 expressing peritumoral stromal cells
are mostly myofibroblasts, which have been defined as the main cell type in “reactive
stroma” [30,31]. To further confirm this finding, we performed double-label IHC on serial
sections. Consistently, double IHC showed most of these peritumoral stromal cells were
PAR-1 (+)/desmin (-) (Fig. 2E), but PAR-1 (+)/α-SMA (+) (Fig. 2F). As endothelial cells
also express PAR-1, we then compared the expression of PAR-1 with CD34, an endothelial
antigen [32]. As shown in figure 2G and 2H, CD34 labeled the endothelial cells in isolated
capillaries around the malignant glands, but these endothelial cells are only a small portion
of the PAR-1 positive stromal cells. We also performed double IHC using antibodies to
PAR-1 and PCNA, which labels the nuclei of proliferating cells [33]. Co-localization of
PAR-1 and PCNA was observed in reactive stromal cells (Fig. 2I). Taken together, these
data demonstrated that PAR-1 is highly expressed in reactive stroma of prostate cancer.
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As we observed that PAR-1 tends to be expressed in reactive stromal cells surrounding
higher Gleason pattern glands than lower ones, we randomly chose 523 individual cancer
glands to investigate the correlation between PAR-1 expression and Gleason patterns. As
summarized in table II, PAR-1 expression was significantly increased in reactive stromal
cells around higher Gleason grade glands (patterns 4-5) than lower ones (patterns 1-3)
(81.7% vs. 18.3%). In cancer cells, PAR-1 expression was significantly increased in lower
Gleason grade glands than higher ones (79.7% vs. 20.3%).

PAR-1 expression is elevated in bone metastasis—We further studied PAR-1
expression in bone metastasis. PAR-1 was expressed both in metastatic cancer cells and
bone stromal cells (Fig. 3A, B). In 14/24 (58.3%) of bone metastasis, PAR-1
immunoreactivity in cancer cells (Fig. 3B) was increased compared to the primary cancer
tissue from the same patient (Fig. 3C). We further analyzed this elevation by comparing the
PAR-1 staining intensity scores. The result showed PAR-1 expression in cancer cells was
increased in bone metastasis than the primary cancer tissues (p<0.01) (Fig. 3D), suggesting
PAR-1 may play a role in prostate cancer bone metastasis. As vascular endothelial cells
contribute to the formation of a favorable cancer cell bone microenvironment, we compared
PAR-1 with CD34 by serial section staining. PAR-1 was expressed in both cancer cells and
bone stromal cells (Fig. 3E), while CD34 labeled some of the PAR-1 positive stromal cells
but not cancer cells (Fig. 3F). These data suggest that PAR-1 expression in reactive stroma
in the bone is predominantly composed of endothelial cells and fibroblasts. We also
observed that PAR-1 was apparently expressed in osteoclasts (Fig. 3A) and osteoblasts (Fig.
3G), which are the essential cells to the bone reaction in metastasis [34].

PAR-2 expression in primary prostate cancer and bone metastasis
Similar to PAR-1, very weak PAR-2 immunolabeling was observed in normal prostate
tissues (Fig. 4A). In primary cancer, PAR-2 was uniformly and strongly expressed in cancer
cells in both low and high Gleason grade glands (Fig. 4B, C). PAR-2 was distinctly
increased in malignant glands compared to benign glands (Fig. 4D-F). PAR-2 expression in
24 primary prostate cancer specimens was significantly elevated compared to 10 normal
prostate specimens (p<0.01). PAR-2 was also present in some stromal cells, but without the
peritumoral characteristics as observed for PAR-1 (Fig. 4G). Double IHC showed that these
PAR-2 positive stromal cells are mostly smooth muscle cells by expressing α-SMA (Fig.
4H). Unlike PAR-1, PAR-2 was not expressed in the endothelial cells (Fig. 4I).

In bone metastasis, PAR-2 was consistently and highly expressed in cancer cells (Fig. 4J).
Compared to normal prostate tissues, PAR-2 expression in bone metastasis was dramatically
increased (p<0.01), while no significant difference was found when compared to the primary
cancers (p>0.05). Similar to PAR-1, PAR-2 immunolabeling was also observed in
osteoblasts (Fig. 4K) and osteoclasts (Fig. 4L).

Differential Expression of PAR-1 and PAR-2
As described above, the expression pattern of PAR-1 and PAR-2 appears to be different,
especially in high Gleason grade cancers. Therefore, we compared PAR-1 and PAR-2
localization in advanced prostate cancer and bone metastasis by serial sections. In primary
cancer with high Gleason grade, PAR-1 was localized predominantly in reactive stroma
(Fig. 5A), while PAR-2 was in cancer cells (Fig. 5B). Similarly, in bone metastasis, PAR-1
was highly expressed in reactive stroma and to a lesser extent in cancer cells (Fig. 5C),
while PAR-2 was strongly expressed in cancer cells (Fig. 5D). This differential expression
pattern of PAR-1 and PAR-2 suggests they may play different roles in prostate cancer
progression.
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DISUCSSION
One of the possible mechanisms of prostate cancer progression may be due to the complex
interplay between the cancer epithelium and the surrounding stromal cells. Instead of having
contact inhibition to the cancer cells, the adjacent stromal cells may actually be promoting
cancer growth through the release of growth factors. But how these stromal cells acquire
mitogenic properties is mostly unknown. It is possible that cancer cells may be stimulating
stromal cells via expression of soluble proteases [10,35,36]. Recently, there has been
increased attention on PAR-1, which is over-expressed in prostate cancer cells and
peritumoral stromal cells. Therefore, the analysis of PAR-1 expression in stromal cells
associated with prostate cancer may add unique information regarding their roles in prostate
cancer progression. Here we show that PAR-1 is upregulated in reactive stroma in primary
prostate cancer and also in bone metastatic tissues.

The exact nature of PAR-1 expression in prostate cancer is not fully understood. We
previously observed that PAR-1 is expressed predominantly in the stromal cells surrounding
malignant glands [19], whereas Kaushal and colleagues reported that PAR-1 expression is
localized to endothelial cells but not tumor stroma [20]. However, their conclusion was not
based on any characterization of the PAR-1 expressing cells with immunohistochemical
markers for stromal cells. In their samples (their Fig. 4), the positive stromal expression may
have been misinterpreted as background staining because of weaker staining [20]. Our
staining technique may have provided a more clear stromal PAR-1 expression. In this study,
we further confirmed our previous observation that PAR-1 expression in prostate cancer is
predominantly in tumor stroma. Moreover, the positive expression of α-SMA, vimetin and
PCNA but not desmin by these PAR-1 positive stromal cells shows a myofibroblast
phenotype, the primary cell type in reactive tumor stroma [6]. Reactive stroma has been
observed in various types of malignancies, including breast, lung, colon, gastric and prostate
[7]. These cells are associated with all stages of cancer progression by increasing the
expression of some extracellular matrix glycoproteins and growth factors. For example,
myofibroblasts derived from invasive breast carcinomas enhance the growth of tumor cells
by secreting stromal cell-derived factor-1 (SDF-1) [37]. In prostate cancer, the cancer
associated fibroblasts have been shown to promote tumor growth in a mice tissue
recombination study by Olumi et al. [9]. There are several potential markers of the activated
fibroblast phenotype, including tenascin-C in breast cancer [38] and fibroblast-activation
protein in colon cancer [39,40]. In the current study, the PAR-1 expression by these cells
suggests that PAR-1 could also be a potential new marker for the reactive stroma in prostate
cancer.

The expression of PAR-1 and PAR-2 in epithelial cancers (including breast, gastric, and
lung) as well as the surrounding stromal fibroblasts has been previously reported by
D'Andrea et al, but prostate cancer was not evaluated [14]. Here, it was determined that
PAR-1, but not PAR-2, is expressed in the reactive stroma of primary prostate cancer as well
as bone metastasis. Moreover, PAR-1 expression is significantly increased in the reactive
stroma around higher Gleason grade glands than lower ones. This association of reactive
stroma and high grade disease is consistent with a previous study, in which Tuxhorn et al.
reported the proportion of myofibroblasts in reactive stroma increases from moderately
differentiated to poorly differentiated prostate carcinoma [31]. This could be a unique
finding for prostate cancer, in part due to the fact that prostate epithelium produces
significant amount of serine proteases. D'Andrea et al. theorized that in many epithelial
cancers, the TME produces tissue factor, which in combination with coagulation factor VIIa
may activate the serine protease, thrombin, the main physiologic activator of PAR-1 [14].
Our recent data on prostate cancer epithelial cells demonstrates a different mechanism
whereby prostate-associated serine proteases (such as kallikreins-2, -4) can directly activate
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PAR-1 and/or PAR-2 on prostate cancer cells [41]. The consequence of this stimulation
includes activation of RhoA signaling which leads to cytoskeletal changes and increase
migration [19,42]. Therefore the presence of PAR-1 may be important for both the cancer
epithelium and the surrounding stromal cells.

In contrast to PAR-1, PAR-2 may have a separate biological role in prostate cancer. First,
the expression pattern is different. We found that PAR-2 is expressed in cancer cells and
some smooth muscle cells, but not present in the reactive stroma. Secondly, the specific
agonist-activator(s) may be different. Although PAR-2 is typically activated by trypsin and
mast cell tryptase [12], the widespread tissue distribution of PAR-2 indicates that more
activating proteases for PAR-2 could be found in the TME. Recent studies suggest some
trypsin-like serine proteases, such as kallikreins and TMPRSS2, could be endogenous
activators of PAR-2 [36,43,44]. We recently reported that both hK2 and hK4 can activate
PAR-2 and increase DU-145 prostate cancer cells proliferation [41], suggesting an important
role of PAR-2 in prostate cancer growth. Therefore, PAR-1 may be a stromal activator while
PAR-2 may be an activator for prostate cancer epithelium.

Bone metastasis is a critical problem because it is the second most frequent site of prostate
cancer metastasis and effective treatment is not yet available [45,46]. One potential strategy
may be to utilize the finding that PAR-1 is over-expressed by bone metastatic tissue.
Functional PAR-1 has been shown to be overexpressed by a cell line derived from bone
metastasis [25]. But the expression of PAR-1 in human prostate metastatic tissue had not
been previously reported, to our knowledge. We found that PAR-1 is upregulated in bone
metastatic tissue compared to the primary sites on the same patient in the majority of cases
(14/24). The increased PAR-1 may be an important mediator of bone metastasis but the
mechanism is complex. In particular, we found that both osteoblasts (bone forming cells)
and osteoclasts (bone lysis cells) express PAR-1. On one hand, osteoblasts may be
stimulated through PAR-1 while osteoclasts may paradoxically be inhibited. Song et al.
showed that osteoblasts will proliferate when stimulated with thrombin [47]. In contrast,
PAR-1 knock out mice exhibit increased osteoclasts suggesting that PAR-1 is inhibitory to
osteoclast differentiation [48]. Clearly, further research is required to determine the
mechanism of PAR-1 mediated bone metastasis.

In summary, this study showed that PAR-1 and PAR-2 are upregulated in primary prostate
cancer and bone metastasis. Our finding of PAR-1 overexpression in reactive stroma
supports the hypothesis that the interactions between cancer cells and the surrounding TME
play important roles during tumor progression. In contrast to PAR-1, PAR-2 has less
demonstrable change at the metastatic sites compared to the primary sites. The differential
expression of PAR-1 and PAR-2 in prostate cancer may also suggest their different roles in
prostate cancer development.
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Figure 1. Representative immunohistochemical localization of PAR-1 in normal and primary
prostate tumor tissues
A: No or very weak PAR-1 expression in epithelial cells (indicated by white arrow) and
stromal cells (black arrow) of normal prostate tissues. B: PAR-1 expression in endothelial
cells (black arrow). C and D: In prostate cancer, peritumoral stromal cells surrounding high
Gleason pattern glands showed predominant PAR-1 immunostaining (black arrow). E and
F: Compared with benign glands nearby (white arrow), malignant glands had specific
PAR-1 positive stromal cells around (black arrow). G: Besides peritumoral stromal cells
(black arrow), PAR-1 was also expressed in some stromal cells in interstitial area (white
arrow). H: PAR-1 immunostaining in high Gleason pattern glands (white arrow). I: PAR-1
immunostaining in low Gleason pattern glands (white arrow). J: Normal mouse IgG used as
a negative control.
Original magnification: A, C, E, G and J ×200; B ×400; D, F, H, and I ×600.
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Figure 2. Immunohistochemical characterization of PAR-1 localization in reactive stroma
A-D: Serial sections stained with PAR-1, vimentin, α-SMA and desmin antibodies,
respectively. The peritumoral stromal cells were PAR-1 positive (A, black arrow), vimentin
positive (B), α-SMA positive (C) but desmin negative (D). E*, F*: Serial sections with
double staining of PAR-1 (brown) & desmin (gray) (E), and PAR-1 (brown) & α-SMA
(gray) (F). The peritumoral stromal cells were PAR-1 and α-SMA positive, but desmin
negative (black arrows). G, H: Serial sections stained with CD34 (G, black arrow) or PAR-1
(H, black arrow). I*: Co-expression of PAR-1 (in brown) and PCNA (in gray) in reactive
stromal cells (black arrow).
Original magnification: A to I ×400
*No counterstaining was performed in double-label IHC.
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Figure 3. PAR-1 expression in prostate cancer bone metastasis
A, B: PAR-1 expression in cancer cells (white arrow), bone stromal cells (black arrow) and
osteoclasts (arrowhead). C: PAR-1 expression in primary prostate cancer tissue from the
same patient of figure 3A and 3B: epithelial cells were PAR-1 negative (white arrow) while
stromal cells were positive (black arrow). D: The intensity of PAR-1 staining in cancer cells
was increased in bone metastasis compared to the primary cancer in the same patient (p <
0.01). E, F: Serial sections of bone metastasis stained with PAR-1 and CD34: PAR-1 (E)
was expressed in cancer cells (white arrow) and bone stromal cells (black arrow), while
CD34 (F) was expressed only in endothelial cells (black arrow). G: PAR-1 expression in
osteoblasts (black arrowheads).
Original magnification: A, C, E and F ×200; B ×600; G: ×400.
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Figure 4. Representative immunohistochemical localization of PAR-2 in normal, primary
prostate cancer, and bone metastasis
A: Normal prostate tissues showed weak PAR-2 expression in epithelial cells (white arrow)
and stromal cells (black arrow); B, C: PAR-2 expression in epithelial cancer cells (white
arrows) in low Gleason pattern glands (B) and high Gleason pattern glands (C); D-F: PAR-2
was highly expressed in malignant glands (bottom-left corner of D, magnified in figure F)
but not in benign glands (top-right corner of D, magnified in figure E); G: Besides cancer
cells (white arrow), PAR-2 expression was also observed in some stromal cells (black
arrow); H*: Double IHC of PAR-2 (in brown) and α-SMA(in gray): cancer cells were
PAR-2 positive (white arrow), and some of the stromal cells co-expressed PAR-2 and α-
SMA(black arrow); I: PAR-2 was not present in endothelial cells (black arrow); J: PAR-2
was highly expressed in cancer cells in bone metastasis (white arrow); K: PAR-2 was
present in osteoblasts (white arrowhead); L: PAR-2 was present in osteoclasts (black
arrowhead).
Original magnification: A, B, D, G, and J ×200; C, E, F, H, K, and L×400; I×600
*No counterstaining was performed in double-label IHC.
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Figure 5. Differential Expression of PAR-1 and PAR-2
A, B: Serial sections of primary prostate cancer with high Gleason pattern stained with
PAR-1 and PAR-2: PAR-1 (A) was localized in reactive stroma (black arrow) but not in
epithelial cancer cells (white arrow); while PAR-2 (B) was present in cancer cells (white
arrow) but not in reactive stroma (black). C, D: Serial sections of bone metastasis stained
with PAR-1 and PAR-2: PAR-1 (C) was highly expressed in reactive stroma (black arrow)
and lightly expressed in epithelial cancer cells (white arrow); while PAR-2 (D) was highly
present in cancer cells (white arrow) but not in reactive stroma (black).
Original magnification: A-D ×200
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Table I

Patients Clinical Data

Clinical Data No. of cases (%) mean

Age at Diagnosis (years) 63.5

<65 14 (58.3%)

≥65 10 (41.7%)

Final Serum PSA (ng/mL) 597.95

<300 9 (37.5%)

≥300 15 (62.5%)

Gleason Score 7.9

4-6 5 (20.8%)

7-10 19 (79.2%)

Androgen Independence (years) 1.94

<1.5 13 (54.2%)

≥1.5 11 (45.8%)

Androgen Ablation Duration (years) 3.75

<4 13 (54.2%)

≥4 11 (45.8%)

Survival (years) 5.4

<5 14 (58.3%)

≥5 10 (41.7%)

Bone metastasis delay from diagnosis (years) 3.33

<3 14 (58.3%)

≥3 10 (41.7%)
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Table II

Correlation of Gleason patterns with PAR-1 Expression in Malignant Glands and the Surrounding Reactive
Stroma

PAR-1 Expression

Carcinoma Cells Surrounding Reactive Stroma Total

Lower Grade Glands* 212 47 259

Higher Grade Glands** 54 210 264

Total 266 257 523

X2= 197.2012, p<0.01

*
Glands with Gleason patterns 1~3

**
Glands with Gleason patterns 4~5
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