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A b s t r a c t

Recent data suggest that mast cells (MCs) and their
products are involved in the pathophysiology of
thrombosis. In the present study, we analyzed the
number, distribution, and phenotype of prostate MCs
and periprostatic MCs in patients with unilateral
periprostatic vein thrombosis (PVT) by
immunohistochemical analysis and electron
microscopy. MCs reacted with monoclonal antibodies
to tryptase, chymase, and c-kit/CD117 and stained
positively for tissue-type plasminogen activator (tPA)
and urokinase receptor (uPAR/CD87) but did not
express detectable urokinase (uPA) or plasminogen
activator inhibitors (PAI-1, PAI-2). We found an
increase in the mean ± SEM number of MCs in PVT
compared with control (PVT, 14.36 ± 1.57 vs control,
5.23 ± 0.57/mm2). The majority of MCs accumulated in
the adventitia of thrombosed veins and showed a
decrease in chymase expression. As MCs increase in
number in PVT and express a profibrinolytic phenotype,
we hypothesize that MC-derived molecules have a role
in endogenous fibrinolysis.

Mast cells (MCs) are multipotent effector cells of the
immune system.1-3 They derive from pluripotent hematopoi-
etic progenitor cells.4 However, in contrast with blood
basophils or other leukocytes, MCs complete their differenti-
ation in the extravascular space.1 MCs usually reside in
connective tissues and store a number of biologically active
mediators, including heparin, histamine, cytokines, and prote-
olytic enzymes.1,2 These substances are released from MCs
on certain stimuli, such as cross-linking of IgE-receptor or
activation through stem cell factor (SCF) receptor.5,6 MCs are
present in almost all organ systems, including lung, skin,
heart, and gastrointestinal tract.1,3,7 A number of previous
studies have shown that MCs in various organs differ from
each other in phenotype, mediator content, and response to
diverse stimuli.1-3,7 Based on the immunohistochemical
detection of chymase, Irani and Schwartz8 introduced 2
human MC types, namely, TC mast cells (MCTC) and T mast
cells (MCT). Under distinct pathologic conditions such as
inflammation, fibrosis, or tumor growth, the number of tissue
MCs may increase.9-11 Recent studies have shown that MCs
also increase in number in thrombosis of the atrial
appendage12 and in deep vein thrombosis.13 Furthermore, a
change was observed in the phenotype of MCs at the site of
thrombosis.12-14

Although the prostate is known to contain significant
numbers of MCs, little is known about phenotypic and func-
tional properties of prostate MCs in pathologic conditions. A
decrease in the number of MCs was found in patients with
prostatic cancer.15,16 Other data suggest that prostate MCs
increase in number in prostate hyperplasia.17 Thrombosis of
the periprostatic vein plexus (PVT) is a common finding at
autopsy.18 However, the pathogenesis and pathophysiologic
mechanisms of PVT are not fully understood. Although PVT
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often is asymptomatic, clinical symptoms may range from
venogenic impotence19 to acute genital swelling.20

The aim of the present study was to determine the local-
ization and phenotype of prostate MCs. Based on the results
of previous studies,12-14 we hypothesized that prostate MCs
might differ in number, localization, and phenotype in PVT.

Materials and Methods

Patients and Tissue Processing

Normal prostatic tissue was obtained at prostatectomy
from patients with prostatic cancer after informed consent
was given (n = 3). Furthermore, in a series of 392 consecu-
tive autopsies on males, the periprostatic venous plexus
(Santorini plexus) was evaluated for venous thrombosis,
characterized by a blood clot that totally obstructs the venous
lumen and that is fixed to the vessel wall ❚Image 1❚. In 16
cases, thrombosis was restricted to one side, and, thus, the
diagnosis of unilateral PVT was established. In these
patients, tissue was obtained from the thrombosed plexus
and the adjacent prostate tissue and from the contralateral
nonthrombosed plexus and the adjacent prostate tissue,
which served as the control (maximum of 6 areas in each
case). The autopsies were performed according to the guide-
lines of the local ethics committee. Characteristics of the
patients are given in ❚Table 1❚. After resection, tissue was cut
transversely, one part was fixed in neutral buffered formalin
(8% formalin in an 0.08-mol/L concentration of sodium
phosphate, pH 7.4) and the other part in Carnoy fluid (60%
ethanol, 30% chloroform, and 10% glacial acetic acid).

Tissue then was embedded in paraffin and cut in series of 2-
µm sections. In addition, tissue was snap-frozen in precooled
isopentane and prepared for cryostat sections. Specimens
with histologically verified prostatic cancer or moderate to
severe prostatitis were excluded from the study. H&E and
Giemsa stains were performed routinely.

Antibodies and Other Reagents

A series of antibodies was used for immunohistochem-
ical analysis: antichymase (G3) and antitryptase (B7) anti-
bodies, Chemicon, Temecula, CA; anti-tPA, anti–urokinase
plasminogen activator (uPA) and anti–plasminogen activator
inhibitor (PAI)-1, Biogenesis, Poole, England; anti–uroki-
nase receptor (uPAR)/CD8 (IgG2a) and anti-PAI-2, Amer-
ican Diagnostica, Greenwich, CT; monoclonal antibody BA2
(anti-CD9), Jansen, Beerse, Belgium; monoclonal antibody
84H10 (anti–intercellular adhesion molecule [ICAM]-1),
Immunotech, Marseille, France; monoclonal antibody My9
(anti-CD33), Coulter, Hialeah, FL; monoclonal antibodies
Leu 15 (anti-CD11b), Leu 22 (anti-CD43), and Leu 44 (anti-
CD44), Becton Dickinson, San Jose, CA; and anti-CD3,
anti–leukocyte common antigen (LCA; anti-CD45), Y2/51
(anti-CD61), and PG-M1 (anti-CD68), Dako, Glostrup,
Denmark. The monoclonal antibody VIM5 (anti-
uPAR/CD87) was obtained from the 5th International Work-
shop and Conference on Human Leukocyte Differentiation
Antigens.21 The anti-c-kit antibody YB5.B8 was provided by
L.K. Ashman, MD (University of Adelaide, Australia). A
specification of antibodies used in the study is given in
❚Table 2❚.

Immunohistochemical Analysis

Immunohistochemical analysis was performed using
streptavidin-peroxidase and diaminobenzidine (Vector,
Burlingame, CA) or streptavidin–alkaline phosphatase and
neofuchsin (Dako). Antibodies were applied as described
previously.12,14 Control slides were equally treated using
isotype-matched antibodies or normal animal-matched
serum or omitting the primary antibody. For colocalization
of antigens in MCs, sequential double labeling was
performed. For detection of first antibody, a biotinylated
second-step antibody, streptavidin-biotin-peroxidase
complexes, and aminoethylcarbazol (Vector) were used,
resulting in a reddish-brown color. Samples were mounted,
analyzed, and photographed. Then, cover glasses and
mounting fluid were removed with distilled water, and slides
were subsequently stained with alkaline phosphatase–conju-
gated antibody against human MC tryptase22 and
bromochloroindolyl phosphate/nitroblue tetrazolium-
substrate (BCIP/NBT, Dako). Slides were remounted and
reanalyzed and the same regions were photographed again.
Colocalization of antigens was confirmed by staining of

❚Image 1❚ Macroscopic aspect of thrombosed periprostatic
venous plexus.
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serial sections. In addition, simultaneous double labeling
with fluorescein isothiocyanate–labeled streptavidin and
alkaline phosphatase–conjugated antitryptase antibody (visu-
alized by BCIP/NBT substrate) was performed as
described.13,14 An alkaline phosphatase–conjugated mouse
IgG was used instead of alkaline phosphatase–conjugated
antitryptase antibody to exclude nonspecific binding. To
evaluate the number of chymase-positive MCs and to deter-
mine the ratio between tryptase-positive/chymase-positive
MCs (MCTC) and MC with low or undetectable amounts of

chymase (MCT), adjacent sections were stained either with
antitryptase antibody or with antichymase antibody, by use
of peroxidase-conjugated goat antimouse antibody and
aminoethylcarbazol according to Irani et al.23

Determination of MC Numbers in Tissue Sections

The number of MCs in tissue sections was determined
as described previously.12,13 In brief, serial sections were
prepared and subjected to staining by H&E (for morphome-
tric examination) and immunohistochemical analysis (for
counting MCs). In a first step, sections were scanned into a
personal computer (Canon CF-2700, Canon, Lake Success,
NY; IBM Pentium, International Business Machines,
Armonk, NY; Microsoft Windows NT, Microsoft, Redmond,
WA). Tissue areas in a given section were marked and the
sizes of areas (mm2) calculated by using the Lucia M. Color
Imaging Analysis program (Laboratory Imaging, Prague,
Czech Republic). MCs in each region were counted as
tryptase-positive cells by using light microscopy and calcu-
lated as cells per square millimeter. As a control, MCs also
were counted in Giemsa stains, using the same Giemsa-
stained slides for morphometric examination.

Electron and Immunoelectron Microscopy

Electron microscopy and immunoelectron microscopy
were performed on nontumorous prostatic tissue obtained
from patients with prostatic cancer (n = 3) according to
published techniques.24-26 In brief, tissue samples were
washed in phosphate-buffered saline (PBS) containing Ca2+

and Mg2+ and fixed in 2% paraformaldehyde, 2.5%
glutaraldehyde, and 0.025% CaCl2 buffered in a 0.1-mol/L

❚Table 1❚
Patient Characteristics

Case No./Sex/Age (y) Major Findings at Autopsy

1/M/86 Pulmonary embolism, pneumonia, deep vein
thrombosis

2/M/63 Myocardial infarction
3/M/45 Bacterial endocarditis, aortic valve insufficiency,

peripheral embolism
4/M/69 Gastric carcinoma, lung metastases, deep

vein thrombosis
5/M/68 Liver cirrhosis
6/M/59 Subarachnoid hemorrhage
7/M/80 Pneumonia, auricular thrombosis
8/M/67 Carcinoma of the lung
9/M/73 Liver cirrhosis
10/M/55 Cerebellar hemorrhage, pulmonary embolism, 

deep vein thrombosis
11/M/56 Chronic obstructive pulmonary disease, dilated 

cor pulmonale
12/M/98 Pulmonary embolism, deep vein thrombosis
13/M/77 Pneumonia
14/M/76 Carcinoma of the larynx
15/M/68 Myocardial infarction, coronary thrombosis
16/M/85 Gastric ulcer, intestinal bleeding

❚Table 2❚
Specification of Monoclonal Antibodies Used*

Monoclonal Antibody Antigen CD Source Immunoglobulin Subclass Titer

Antitryptase Tryptase — M IgG1 1:2,000
Antichymase Chymase — M IgG1 1:200
Anti-tPA tPA — G 1:100
Anti-uPA uPA — M IgG1 1:20
VIM5 uPAR CD87 M IgG1 1:50
Anti-PAI-1 PAI-1 — M IgG1 1:20
Anti-PAI-2 PAI-2 — M IgG2a 1:20
Anti-CD3 T-cell receptor CD3 R 1:100
BA2 p24 CD9 M IgG2a 1:100
Leu15 Mac-1 CD11b M IgG2a 1:150
My9 gp67 CD33 M IgG2b 1:50
Leu22 Leukosialin CD43 M IgG1 1:100
Leu44 Pgp-1 CD44 M IgG1 1:200
Anti-LCA LCA CD45 M IgG1 1:20
84H10 ICAM-1 CD54 M IgG1 1:2,000
Y2/51 VNR-beta, beta3 CD61 M IgG1 1:500
PG-M1 gp110 CD68 M IgG3 1:100
YB5.B8 c-kit CD117 M IgG1 1:250

G, goat; gp, glycoprotein; ICAM, intercellular adhesion molecule; LCA, leukocyte common antigen; M, mouse; PAI, plasminogen activator inhibitor; R, rabbit; tPA, tissue-type
plasminogen activator; uPA, urokinase plasminogen activator; uPAR, urokinase receptor; VNR, vitronectin receptor.

* See the “Materials and Methods” section for proprietary information.
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concentration of sodium cacodylate buffer (pH 7.4) at room
temperature for 60 minutes. Then, specimens were washed 3
times in a 0.1-mol/L concentration of sodium cacodylate
buffer, postfixed with 1.3% OsO4 buffered in a 0.66-mol/L
concentration of collidine, and stained en bloc with 2%
uranyl acetate in sodium maleate buffer (pH 4.4) for 2 hours
at room temperature. Specimens then were rinsed, dehy-
drated in an alcohol series, and embedded in EPON 812.
Ultrathin sections were cut and placed on gold grids. For
conventional electron microscopy, sections were contrasted
in uranyl acetate and lead citrate. Postembedding immuno-
gold labeling was performed on osmium-fixed, epoxy
resin–embedded ultrathin sections as described.26 Grids were
etched 3 times in 3% sodium metaperiodate and washed in
PBS containing a 50-mmol/L concentration of glycine (pH
7.4). The sections then were preincubated in PBS containing
10% fetal calf serum and 0.5 µg/mL of polysorbate at room
temperature (pH 7.4) for 30 minutes, washed, and incubated
with antitryptase monoclonal antibody G3 (10 µg/mL) in 1%
bovine serum albumin for 4 hours. After incubation, samples
were washed 4 times in PBS containing 0.5 µg/mL of
polysorbate (pH 7.4) and once in PBS containing 1% bovine
serum albumin and 0.5 µg/mL of polysorbate (pH 8.0). After
washing, grids were incubated with a goat antimouse anti-
body conjugated with gold (10-nm gold particles) for 3 hours
at room temperature. Thereafter, the grids were washed 3
times in PBS containing 0.5 µg/mL of polysorbate (pH 7.4)
and were contrasted in 1% uranyl acetate (5 minutes) and
lead citrate (30 minutes). The sections were viewed in a

JEOL 1200 AX transmission electron microscope (JEOL,
Tokyo, Japan).

Statistical Evaluation of Data

Differences in MC numbers and phenotype were
analyzed by standard tests including the Student t test and
linear regression and correlation. A P value of less than .05
was considered statistically significant. Values represent the
mean ± SEM.

Results

Location and Phenotype of Prostate MCs
As determined by Giemsa staining and by immunohisto-

chemical analysis using antibodies against human MC
tryptase, MCs were found in abundance in the fibromuscular
stroma of the prostate gland with a discrete increase beneath
glandular epithelium and around small blood vessels ❚Image

2❚. Furthermore, MCs were found scattered in the peripro-
static soft tissue.

In ultrastructural analysis, prostate MCs were easily
recognized by conventional electron microscopy. In partic-
ular, MCs exhibited a monolobed nucleus with partially
condensed chromatin, narrow surface folds, and numerous
cytoplasmic granules ❚Image 3❚. The cytoplasm also
contained mitochondria, a few lipid bodies, intermediate fila-
ments, and free ribosomes but lacked glycogen aggregates.
The granules were mainly membrane bound and occasionally

❚Image 2❚ Immunohistochemical staining of mast cells (MCs)
with antibodies against tryptase using the alkaline-
phosphatase method and neofuchsin. Human prostate MCs
in the fibromuscular stroma surrounding a prostate gland
(antitryptase, neofuchsin, original magnification ×400).

❚Image 3❚ Electron microscopy of prostatic tissue. Mast cells
were recognized by their monolobed nucleus and
characteristic cytoplasmic granules, which occasionally
contained scrolls (original magnification ×10,000).
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contained scrolls. In immunogold labeling experiments with
antitryptase monoclonal antibody, virtually all MCs contained
tryptase-immunoreactive material in their cytoplasmic gran-
ules ❚Image 4❚. The majority of granules in the prostate MCs
were positive for tryptase. Interestingly, the tryptase-reactive
material seemed to be restricted to the electron-dense parts of
the granules. Other cells in the prostatic tissue and matrix
structures were consistently negative for tryptase.

To characterize the immunohistochemical phenotype of
prostate MCs, we applied a series of antibodies (Table 2).
Prostate MCs were recognized by antibodies against
tryptase, chymase, CD9 (p24 antigen), CD33 (gp67 antigen),
CD43 (leukosialin), CD44 (Pgp-1 homing receptor), CD45
(LCA), CD54 (ICAM-1), CD61 (beta chain of beta3 inte-
grins), CD68 (gp110), and CD117 (c-kit). No reactivity of
MCs with antibodies against CD3 (T-cell receptor) or CD11b
(beta2-integrin Mac-1) was found.

Incidence of Periprostatic Vein Thrombosis

In a series of 392 consecutive autopsies on males,
thrombosis of the Santorini periprostatic venous plexus was
detected in 67 cases (17.1%). Of these 67 patients, 51 had
bilateral thrombosis and 16 had unilateral PVT (Image 1). In
none of the 16 cases had specific clinical symptoms of PVT
been established. In 7 (44%) of 16 patients with unilateral
PVT, coexisting thrombosis in other organ systems (eg, deep
vein thrombosis, pulmonary embolism, coronary thrombosis)
was found at autopsy (Table 1).

Location, Number, and Distribution of MCs in
Periprostatic Vein Thrombosis

The numbers and distribution of MCs in PVT and the
contralateral nonthrombosed periprostatic venous plexus
(control) were examined by Giemsa and tryptase staining. In
control samples, we found MCs scattered in the adventitia of
the veins and in loose connective tissue located between the
vessels. In PVT, substantially higher numbers of MCs were
detected by tryptase staining compared with control samples
(PVT, 14.36 ± 1.57 vs control, 5.23 ± 0.57/mm2; P < .05)
❚Image 5❚, ❚Figure 1A❚, and ❚Figure 1B❚. MC numbers in
Giemsa stains showed a similar increase in PVT compared
with control samples (data not shown). When analyzing indi-
vidual cases, a significant augmentation of MC numbers in
the thrombosed periprostatic venous plexus was found in all
but 2 of our patients (88%). Interestingly, the increase of MC
numbers in PVT was mainly found to be due to an accumu-
lation of MCs in proximity to small blood vessels in the
adventitia of the thrombosed veins ❚Image 6❚.

We next asked whether the increase in MCs in patients
with unilateral thrombosis of the periprostatic plexus also
would be detectable in the prostatic tissue. Thus, we deter-
mined the MC numbers in the left and right posterior lobes of
the gland and compared the thrombosed side (PVT) with the
contralateral side (control). Interestingly, in the patients
exhibiting the highest MC concentrations in periprostatic
tissue, we also found a marked augmentation in prostate MCs.
Overall, however, there was only a slight (but not significant)

❚Image 4❚ Immunogold labeling of prostate mast cells (MCs)
with antitryptase monoclonal antibody. Tryptase-
immunoreactive material was localized to MC granules. Note
that tryptase reactivity is restricted to the electron-dense
parts of the granules (antitryptase monoclonal antibody,
original magnification ×120,000).

❚Image 5❚ Immunohistochemical staining of mast cells
(MCs). Vessel wall of a thrombosed periprostatic vein with
numerous MCs lying scattered in the adventitia (antitryptase,
neofuchsin, original magnification ×100).
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increase in MCs in prostatic tissue in patients with PVT
compared with control samples (PVT, 23.37 ± 9.55 vs control,
21.73 ± 9.53/mm2; P = .63) ❚Figure 1C❚ and ❚Figure 1D❚.

Phenotype of MCs in Periprostatic Vein Thrombosis

As assessed by immunohistochemical analysis, MCs
were recognized by antibodies against tryptase, chymase,

CD9, CD33, CD43, CD44, CD45, CD54, CD61, CD68, and
CD117/c-kit. No reactivity of MCs with antibodies against
CD3 or CD11b was found. Thus, MCs in the vessel walls of
thrombosed periprostatic venous plexus expressed an iden-
tical CD phenotype to those in prostatic tissue.

We also examined MCs for expression of profibrinolytic
and antifibrinolytic molecules by immunohistochemical

❚Figure 1❚ Number of mast cells (MCs) per square millimeter in patients with periprostatic venous thrombosis (PVT) (n = 16) vs
contralateral nonthrombosed venous plexus (control [CO]). In 14 of 16 patients (A), as well as in the total count of all cases (B),
a significant increase in the mean ± SEM numbers of tryptase-positive MCs in the thrombosed plexus (14.36 ± 1.57/mm2)
compared with the contralateral unaffected plexus (5.23 ± 0.57/mm2; P < .05) was observed. By contrast, the number of MCs
in prostatic tissue in cases with PVT was only slightly (not significantly) elevated compared with CO (C and D).
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analysis. MCs in both PVT and control samples reacted with
anti-tPA and anti-uPAR antibodies, but they did not react
with anti-uPA, anti-PAI-1, or anti-PAI-2 antibodies ❚Image 7❚

and ❚Image 8❚. Evaluation of the number of tryptase- and
chymase-positive MCs (MCTC) compared with tryptase-

positive MCs with undetectable amounts of chymase (MCT)
revealed that in control samples, 69.74% ± 3.74% of MCs
expressed chymase and, thus, resembled the MCTC pheno-
type. However, in PVT only 56.19% ± 4.19% of MCs
expressed chymase, representing a significant decrease of
13.55% (P = .02) ❚Figure 2❚.

Discussion

MCs have been studied extensively in various human
organs, including lung, skin, heart, uterus, and gastroin-
testinal tract.7,27-29 Depending on the organ system, differen-
tiation, stage of maturation, and pathologic conditions, MCs
are heterogeneous cells in terms of their phenotype, func-
tional properties, and local distribution.1,2,30 For instance, an
increase of MCs or changes in the MC phenotype have been
found in certain tumors,11,31,32 inflammation,9,33 fibrosis,10

and thrombosis.12-14 In the present study, we examined the
human prostate gland and found an abundance of MCs in the
prostatic fibromuscular stroma and in the periprostatic tissue.
Our data show that prostate MCs increase in number in PVT
and express tryptase, chymase, well-established MC-associ-
ated CD antigens, and a profibrinolytic phenotype (tPA posi-
tive, uPAR positive, PAI negative).

Human MCs in various organs express the proteolytic
enzyme tryptase.22 In our study, this concept was confirmed
for prostate MCs by immunohistochemical and ultrastruc-
tural analysis. In particular, as assessed by immunoelectron

❚Image 6❚ Immunohistochemical staining of mast cells
(MCs). The augmented MCs in patients with periprostatic
vein thrombosis usually were located in clusters near small
blood vessels (antitryptase, neofuchsin, original magnification
×1,000).

❚Image 7❚ Indirect immunoperoxidase staining of the tunica
adventitia in periprostatic vein thrombosis with anti–tissue-
type plasminogen activator (tPA) antibody and aminoethyl-
carbazol. Blood vessels and mast cells stain positive for tPA
(anti-tPA and aminoethylcarbazol, original magnification
×1,000).

❚Image 8❚ Subsequent double labeling with alkaline
phosphatase–conjugated antitryptase antibody and bromo-
chloro-indolyl phosphate/nitroblue tetrazolium (BCIP/NBT),
confirming the identity of mast cells (antitryptase antibody
and BCIP/NBT, original magnification ×1,000).
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microscopy using a monoclonal antibody against tryptase,
virtually all cells ultrastructurally identified as MCs
contained tryptase, and the enzyme was strictly localized to
cytoplasmic MC granules, as has been described for lung
and skin MCs.34 Furthermore, tryptase was a highly specific
MC marker, since no other cells in the tissues were positive
for tryptase. These findings are in line with the data
published by Schwartz,22 who found a selective restriction of
tryptase expression to MCs. Because of the apparent speci-
ficity of tryptase for prostate MCs, we used this marker to
determine the location of MCs and their phenotype in double
immunohistochemical stains.

Quantification of MC numbers in our study revealed a
striking augmentation of local MCs at the site of thrombosis
of the periprostatic venous plexus compared with the con-
tralateral nonthrombosed side. Most of the accumulated MCs
in PVT were located in the adventitia in close apposition to
the thrombosed veins and near small blood vessels. This
particular distribution may have several explanations. One
possibility could be that MCs developed locally from blood-
derived MC progenitors. Several studies have shown that
tryptase-positive MCs could be generated in vitro from per-
ipheral blood cells by SCF4,35 or locally accumulated by SCF
injection in vivo.36 Another explanation would be that MC
chemotactic factors were provided by activated endothelial
cells. In this regard, it is noteworthy that thrombin-activated

endothelial cells express SCF and uPA and thereby can
induce chemotaxis of MCs.37 In our study, MCs in PVT
expressed receptors for both SCF (c-kit/CD117) and uPA
(uPAR/CD87). Since endothelial cells in PVT are likely to
be in an activated state, one may speculate that endothelial
cell–derived mediators induced accumulation of MCs in
vivo. However, since there is no decrease in the number of
MCs in adjacent prostatic tissue (but rather a slight increase),
a simple redistribution of prostate MCs from surrounding
areas seems unlikely.

Various studies have revealed notable differences in the
MC phenotype in different organs regarding their mediator
content, whereas there was not much difference in the CD
phenotype.12,13,27,29 It was an aim of the present study to
establish the immunohistochemical phenotype of prostate
MCs and compare it with MCs in the pathologic condition of
PVT. Regarding the CD antigens, prostate MCs expressed a
similar phenotype to MCs in other body sites, such as in the
human lung27 or in atrial appendages.28 It is well established
that 2 types of human MCs can be discriminated based on
the expression of 2 proteolytic enzymes, namely tryptase and
chymase.8 While one type of MC expresses both enzymes
(MCTC), other MCs express tryptase but only low or even
undetectable amounts of chymase (MCT).23 In the present
study, expression of tryptase in prostate MCs was demon-
strable by immunohistochemical and immunoelectron
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❚Figure 2❚ Chymase expression of mast cells (MCs) in patients with periprostatic venous thrombosis (PVT) (n = 16) vs
contralateral nonthrombosed venous plexus (control [CO]). In each case (A), as well as in the total count of all cases (B), there
was a decrease in the percentage of MCTC vs MCT in the thrombosed plexus compared with the contralateral unaffected
plexus.
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microscopic analysis. The amount of chymase expressed in
MCs was evaluated by using the protocol established by
Irani et al23 to differentiate between MCTC and MCT. Inter-
estingly, the percentage of MCTC among accumulated MCs
in PVT was significantly lower compared with control
samples. The reason for this change in mediator expression
is not clear. One possibility could be that the accumulated
MCs selectively release proteolytic enzymes with consecu-
tive loss of granular mediators. Another explanation would
be that MCs produce lower quantities of the enzyme because
of a different stage of cell maturation or because of differ-
ences in local expression of microenvironmental MC regula-
tors. A third possibility might be a selective augmentation of
a distinct MC sublineage (MCT), probably induced by the
local microenvironment. Regarding the functional role of
MCs in thrombosis, several important properties of the MC-
derived enzymes tryptase and chymase have to be consid-
ered. Likewise, chymase has been shown to inactivate
thrombin,38 and tryptase is reported to degrade fibrinogen
and activate prourokinase, thus contributing to the process of
endogenous fibrinolysis.39,40

The profibrinolytic potential of a cell is determined by
its capacity to produce and release plasminogen activators
(tPA, uPA) and PAIs (PAI-1 and PAI-2). During thrombus
formation, local endothelial cells, vascular cells, and perivas-
cular cells may produce PAIs in excess over plasminogen
activators. Our immunohistochemical staining experiments
revealed that, by contrast, MCs produce significant amounts
of plasminogen activators in the absence of PAIs. In partic-
ular, MCs in PVT expressed tPA and uPAR, but they did not
express PAI-1 or PAI-2. These results correspond with the
phenotype of MCs in other tissues41,42 and those detectable
in deep vein thrombosis.13 The observation is also in line
with messenger RNA analyses performed on highly enriched
human lung MCs and the mast cell line HMC-1, both of
which transcribe tPA and uPAR but lack mRNA for
PAIs.41,42 Thus, this profibrinolytic phenotype, which was
not found in other perivascular cells, predicts a prominent
role for MCs in endogenous fibrinolysis or thrombolysis.43

This concept is supported further by the fact that MC gran-
ules contain heparin,1,14 a molecule that acts as a cofactor of
antithrombin III and tPA.44

Conclusions

Several studies have suggested that MCs are involved in
the pathophysiology of thrombosis and the consecutive
repair. For example, it has been described that MC-deficient
mice are more susceptible to thromboembolic stimuli and
have a higher incidence of fatal thrombosis compared with
their normal littermates.45,46 Moreover, the induction of

thrombosis in experimental animals is associated with a local
increase of MCs.47 Bankl et al have described an augmenta-
tion and accumulation of MCs in deep vein thrombosis13 and
auricular thrombosis.14 The present study provides clear
evidence that MC numbers significantly increase in PVT.
Our hypothesis, that MCs and MC-derived mediators have a
role in thromboembolic events also is supported by the find-
ings that MCs in thrombotic conditions differ in their pheno-
type/mediator content from “normal MCs” and express
profibrinolytic molecules in the absence of PAIs. The data
from the present study favor the concept that MCs are
involved in maintaining the local hemostatic balance in a
prothrombotic state to prevent further apposition of throm-
botic material or by acting as repair cells.43 Further studies
are under way to specifically investigate this issue.
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