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Abstract CD34" fibrocytes are constitutive elements of the
connective tissue where they play a role in matrix synthesis
and tumor-associated stromal remodeling. Secreted protein,
acidic, and rich in cysteine (SPARC) is a pivotal mediator
of stromal remodeling precipitated by invasive carcinomas.
The present study was undertaken to investigate CD34"
fibrocytes in the stroma of the tumor-free urinary bladder,
chronic cystitis, and urothelial carcinomas together with
stromal expression of o-smooth muscle actin (x-SMA),
CD117, and SPARC. In tumor-free urinary bladder and
chronic cystitis, CD34" fibrocytes were found in the deep
lamina propria and tunica muscularis, whereas the superfi-
cial lamina propria disclosed a CD34-negative and «-SMA-
positive fibrocyte-like cell. Invasive urothelial carcinomas
revealed a complete loss of CD34" fibrocytes and concom-
itant appearance of x-SMA-reactive myofibroblasts which
showed strong expression of SPARC. CD117 expression of
tumor-free and tumor-associated stroma revealed no differ-
ences. We in this study for the first time describe CD34"
fibrocytes in the urinary bladder and an up-to-now
unknown population of x-SMA-positive fibrocytes exclu-
sively occurring in the superficial lamina propria. Stromal
remodeling associated with invasive carcinomas in the
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urinary bladder is characterized by a loss of CD34"
fibrocytes paralleled by a gain of x-SMA-positive myofi-
broblasts and increased expression of SPARC.
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Introduction

CD34" fibrocytes have been described in the stroma of the
upper aerodigestive tract [6], the lung [22] and heart [7], the
gastrointestinal tract [4, 20, 21], the cornea [14], the breast
[3, 8, 11, 24], and the female genital tract [5], where they
constitute the most prevalent cell population. In most of
these locations, stromal remodeling associated with inva-
sive carcinomas is characterized by a virtually complete
loss of CD34" fibrocytes, paralleled by a gain of x-smooth
muscle actin (x-SMA)-positive myofibroblasts which are
not observed in the normal tumor-free stroma [3-6, §, 11,
20, 24]. Moreover, the carcinoma-associated stromal phe-
notype change is accompanied by strong expression of
secreted protein, acidic, and rich in cysteine (SPARC) [8,
17,23, 26] and to a lesser extent of CD117 [6]. SPARC and
TGFf act together in the regulation of CD34 and «-SMA
expression [1, 2, 14, 25], and SPARC mediates stromal de-
adhesion which might constitute a pivotal step for tumor
invasiveness. CD34" fibrocytes, originally described by
Bucala et al. [10] in 1994, are derived from circulating
CD45" myeloid cells. As shown by several subsequent
investigations, CD34" fibrocytes are involved in wound
healing and matrix synthesis, and they appear to act as
potent antigen presenting cells [1, 10, 12, 13, 16]. It has
therefore been speculated that a loss of CD34" fibrocytes
might be essential for a malignant tumor to escape host
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Table 1 Epidemiologic data of patients investigated

Diagnosis n Male Female  Initial Low  High
(median  (median  diagnosis grade grade
age) age)

CcC 18 12 (71) 6 (8l.5) - - -

PUC,pTa 11 6 (57) 5(77) 7 10 1

UC, pT1 17 14 (70) 3 (85) 15 15 2

UC, pT2 12 11 (69) 1 (95) 10 7 5

CC Chronic cystitis, UC urothelial carcinoma, PUC papillary
urothelial carcinoma

immunosurveillance. Although, meanwhile, many studies
as to this cell population have been published, the precise
anatomical distribution, histogenesis, function, and fate in
the tumor stroma of CD34" fibrocytes remain in part
enigmatic. Up to now, reports concerning the occurrence
of CD34" fibrocytes in the urinary bladder have due to
our knowledge not been published. We therefore under-
took the present study to investigate whether CD34"
fibrocytes occur in the stroma of the tumor-free urinary
bladder, chronic cystitis, and urothelial carcinomas and to
what extent the stromal expression of «a-SMA, CDI117,
and SPARC is altered in carcinoma-associated stromal
remodeling.

Materials and methods

The present study comprises a total of 58 cystoscopic
biopsies of the urinary bladder obtained from 58 patients. In
18 patients (Table 1), biopsies showed chronic cystitis. All
patients with chronic cystitis had a pertinent history and
clinical presentation. The presumed cause of chronic
cystitis was prostatic hyperplasia in men and long-standing
ascending infection in women. Biopsies were taken to rule
out malignancy and showed a moderate to severe lympho-
cytic infiltrate of the lamina propria. Squamous metaplasia
as well as eosinophilia was each reported in four cases.
Patients with histologically proven urothelial carcino-
mas in previous or subsequent biopsies were excluded
from the chronic cystitis group. Urothelial carcinomas
were present in 40 patients. The carcinomas were graded
in two tiers according to the WHO (2004); tumor staging
was performed according to the UICC TNM classification
(2002). Patients’ age, gender, and underlying diagnosis
are summarized together with the major tumor character-
istics in Table 1. Thirty-two of the 40 cases with
urothelial carcinomas were initial diagnoses, and the
remaining cases were recurrent tumors. In all cases,
tumor-free biopsy particles or tumor-free biopsies located
remotely from the tumor were available for comparison.

@ Springer

However, the tumor-free biopsy particles varied greatly in
size because some of them only covered superficial parts
of the lamina propria, whereas others included the lamina
propria in full thickness and adjacent tunica muscularis.
Tissues were fixed in a 10% formalin solution, embedded
in paraffin, cut, and stained with H&E and PAS for
routine purposes.

Immunohistochemistry

CD34, x-SMA, SPARC, and CD117 were detected immu-
nohistochemically by means of the standard avidin biotin
complex (ABC)-peroxidase method (ABC Elite Kit; Vector,
Burlingame, CA, USA) using 3,3’-diaminobenzidine
(DAB) as chromogen. The primary antibodies and type of
tissue pretreatment are listed in Table 2. Microwave
pretreatment was performed by heating the deparaffinized
and rehydrated sections, immersed in 10 mM sodium citrate
buffer (pH 6.0), in a microwave oven at 600 W for three or
four times for 5 min (see Table 2).

Double-staining immunohistochemistry

Double-label immunohistochemistry was performed for
CD34, shown in brown color, and for x-SMA, shown in
green color. In detail, as the first step, sections were stained
for CD34 using a microwave oven heating for antigen
retrieval and the ChemMate Detection Kit Peroxidase/DAB
(DakoCytomation) which included biotinylated secondary
antibodies, streptavidin peroxidase, and DAB as chromo-
gen, producing a brown staining reaction. Sections were
then again subjected to microwave oven heating (three
times for 5 min). After cooling to room temperature, for the

Table 2 Antibodies applied for immunohistochemistry and type of
tissue pretreatment

Antibody Source Dilution  Tissue pretreatment

(clone)

CD34 Dako, Hamburg,  1:50 Microwave 3 x5 min,

(Qbend Germany 600 W

10)

CD117 Dako, Hamburg,  1:100 Microwave 3 %5 min,
Germany 600 W

SPARC Novocastra, UK 1:40 Microwave 3 x5 min,

600 W

x-SMA Progen, 1:200 0.1% trypsin Tris/HCI

(ASM-1) Heidelberg, for 15 min at 37°C
Germany

For double-labeling procedure, see the text.
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second step, sections were reacted with the monoclonal
antibody against x-SMA. Bound antibodies were detected
using the same ChemMate Detection Kit as described
above, but the staining reaction was based on HistoGreen
(Linaris, Wertheim-Bettingen, Germany), producing a green
staining reaction. Sections were counterstained using
nuclear fast red. Incubations were performed on an
automated immunohistochemistry apparatus (Autostainer
plus; DakoCytomation). As controls, the primary antibody
of the first step (anti-CD34) was substituted by an irrelevant
monoclonal antibody while all other steps remained
unchanged, or the primary antibody of the second step
(anti-a-SMA) was substituted by an irrelevant monoclonal
antibody leaving the other steps unchanged. These controls
yielded the expected results.

Semiquantitative assessment of immunohistochemistry

Immunoreactivity of CD34, CD117, «-SMA, and SPARC
was assessed semiquantitatively in the tumor-free tissue and
tumor-associated stroma as previously described [8]. In
brief, the percentage of stromal cells expressing the
respective antigen was categorized as “07, “+7, “++”, or
“+++” when up to 5%, more than 5% and up to 25%, more
than 25% and up to 50%, or more than 50% of stromal
cells, respectively, disclosed immunoreactivity. Percentages
were assessed by two independent observers, assuming that
a microscopic high-power field (objective 40%, microscopic
magnification: 400x) harbors 100 stromal cells (range: 75—
150). Double-stained (CD34 and «-SMA) slides were
assessed qualitatively.

Statistical analyses

Comparison of frequencies was performed using the
chi-square test assuming p<0.01 to be statistically
significant.

Results
Tumor-free urinary bladder

The loose connective tissue of the lamina propria harbored
small stromal cells with inconspicuous cytoplasm and
slender dendrite-like projections. In the superficial lamina
propria, these cells were arranged in parallel to the basal
lamina of the covering urothelium and immunohistochemi-
cally disclosed a-SMA reactivity (40 of 40) (Fig. la),
whereas CD34 was not detected (Fig. Ic). Stromal cells

within the deeper lamina propria were predominantly
located around larger veins and arteries; those located
remotely from vessels were haphazardly arranged and
disclosed in partly multipolar cytoplasmic projections. In
contrast to the superficial lamina propria, stromal cells of
the deeper lamina propria were negative for x-SMA
(Fig. 1b) and positive for CD34 constituting characteristic
CD34" fibrocytes (Fig. 1d). Accordingly, in the tumor-free
lamina propria, CD34" fibrocytes were found in 23 of 40
cases (Table 3). This value precisely reflects the number of
biopsies covering the full thickness of the lamina propria,
whereas small superficial biopsies of the lamina propria
contained no CD34" fibrocytes. Fascicles of smooth muscle
in the tunica muscularis were surrounded by densely
packed CD34" fibrocytes.

No dual expression of CD34 and x-SMA was found by
means of double labeling indicating two distinct popula-
tions of a-SMA-positive fibrocytes in the superficial
lamina propria (Fig. le) and CD34" fibrocytes in the deep
lamina propria and tunica muscularis (Fig. 1f).

CD117 expression was found in a small population of
stromal cells within the tumor-free stroma, whereas SPARC
positivity appeared in up to 50% of the stromal cells.
Strong CD117 staining was also found in mast cells which
were scattered throughout the tumor-free lamina propria
and tunica muscularis. The smooth muscle within the
lamina propria and tunica muscularis was negative for both
CD117 and SPARC.

Chronic cystitis

In chronic cystitis cases, the distribution of CD34"
fibrocytes and x-SMA-positive stromal cells was similar
compared to that observed in the tumor-free bladder.
Double labeling disclosed two distinct populations of
CD34" fibrocytes in the deep and x-SMA-positive stromal
cells in the superficial lamina propria. There was also no
significant difference as to the number of CDI117- and
SPARC-reactive stromal cells (Table 3). Compared to the
tumor-free samples, the number of mast cells as detected by
CD117 appeared to be increased.

Noninvasive papillary urothelial tumors (pTa)

With respect to the expression of CD117 and SPARC, the
stroma of noninvasive papillary urothelial tumors disclosed
no qualitative or quantitative differences compared to the
tumor-free urinary bladder, whereas CD34 expression was
completely absent from the stroma of these lesions
(Table 3). Moreover, x-SMA-reactive stromal cells were
more numerous in the stroma adjacent to and within
noninvasive carcinomas, where they disclosed stronger o-
SMA reactivity and a myofibroblastic phenotype.
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Fig. 1 Stromal cells of the
superficial lamina propria ex-
hibit a fibrocyte-like appearance
and strong -SMA positivity
(a), whereas those of the deep
lamina propria and tunica mus-
cularis are negative for a-SMA
(b). In contrast, the stroma of
the superficial lamina propria
discloses no reactivity for CD34
(¢); in the deep lamina propria
and tunica muscularis, CD34"
fibrocytes surround the vessels
and fascicles of the smooth
muscle (d). Double labeling
discloses a mutually exclusive
reactivity of a-SMA (green)

(e superficial lamina propria)
and CD34 (brown) in the stro-
mal cells (f deep lamina propria)
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Invasive urothelial carcinomas

As in noninvasive tumors, CD34" fibrocytes were also
completely absent from invasive carcinomas (Fig. 2a,
Table 3). The stroma of invasive papillary carcinomas
consisted of plump elongated myofibroblasts arranged in
parallel or in a herringbone-like pattern. These cells were
positive for x-SMA, featuring a characteristic tram-tracking
of thick intracytoplasmic x-SMA-positive fibers (Fig. 2b).
The stromal cells also mostly disclosed strong SPARC
positivity (Fig. 2¢), whereas CD117 was only observed in a
small subpopulation of tumors displaying no significant
difference in comparison to the tumor-free stroma (Table 3).
Double labeling showed no dual positivity for x-SMA and
CD34 in the carcinoma-associated myofibroblasts (Fig. 2d).
Areas of antecedent biopsies were found in four cases and
disclosed «-SMA-positive and CD34-negative myofibro-
blasts which showed weak SPARC positivity. CD117 was
not observed in this cell population.

@ Springer

Discussion

The present study is the first to report on CD34" fibrocytes
within the urinary bladder, where they occur in the deep
lamina propria and the tunica muscularis. CD34" fibro-
cytes, originally described by Bucala et al. in 1994 [10],
have meanwhile been shown to be an important and
constitutive element of the connective tissue of most organs
which have been investigated until now [3—6, 8, 11, 20-22,
24]. The major functions of CD34" fibrocytes are matrix
synthesis and antigen presentation, suggesting a putative
role in host response to invasive carcinomas [1, 10, 12, 13].

In addition, the present study reveals a novel cell type
located in the superficial lamina propria which is negative
for CD34, shows strong «-SMA reactivity, and morpho-
logically resembles fibrocytes. Owing to their morphologic
aspect and at least partial reactivity for SPARC and CD117,
these cells are distinct from smooth muscle cells and
myofibroblasts. Due to their x-SMA expression, it is likely
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Table 3 Semiquantitative assessment of CD34, a-SMA, CD117, and SPARC expression in tumor-free biopsies and tumors of different stage

CD34* a-SMA* CD117 SPARC*

0 + ++ 0 + ++ +++ 0 + 0 + ++ +++
Tumor-free n (%) 17(43) 18(45) 5(12) 0(0) 20(50) 18 (45) 2(5) 29(73) 11(27) 4(10) 33(82) 3(8) 0(0)
Chronic cystitis n (%) 5 (28)  10(56) 3 (17) 0(0) 8(44) 8(44) 2(11) 15@3) 3(17) 3(17) 12(67) 3(17) 0(0)
pTa n (%) 11(100) 0(0) 0 2(18) 1(9 5@5 3(27) 9(82) 2(I18) 4(36) 5@5 2(18) 0(0)
pT1 n (%) 17(100) 0(0) 0() 0() 3(18) 8@7) 6(35 17(100) 0(0) 0(0) 11(65) 4(23) 2(12)
pT2 1 (%) 12(100) 0(0) 0@ 0@ 0@ 7(8) 542 11(92) 1(8) 0(0) 4(33) 768 1(8)

Highest frequencies in the respective group are set in bold.
*p<0.01 (chi-square test)

0 <5%, + >5 and <25%, ++ >25% and <50%, +++ >50% positive stromal cells.

that the superficial stromal cells play a role in providing and
maintaining mechanical properties of the lamina propria,
whereas CD34" fibrocytes in the deeper lamina propria are
mainly involved in matrix synthesis.

In the cervix uteri and the breast, in situ carcinomas are
characterized by a loss of CD34" fibrocytes in the adjacent
stroma [3, 5]. This phenomenon was not observed in the
urinary bladder because the superficial lamina propria is
devoid of CD34" fibrocytes. Therefore, the diagnostic value
of CD34" fibrocytes in the diagnosis of carcinomas of the
urinary bladder is comparably low. Nevertheless, the
presence of CD34" fibrocytes separates tumor-free urinary
bladder and chronic cystitis on one side from invasive and
noninvasive carcinomas. In invasive urothelial carcinomas,
the stromal composition is similar to that observed in
various other carcinomas of whatever histologic type or
anatomical location recapitulating the stereotypic transition

Fig. 2 The stroma of invasive
carcinomas shows a complete
loss of CD34™ fibrocytes (a note
preserved CD34 reactivity of
endothelial cells) accompanied
by a gain of x-SMA-positive
myofibroblasts (b). Tumor-asso-
ciated myofibroblasts show a
strong reactivity for SPARC (c).
No coexpression of x-SMA
(green) and CD34 (brown) was
observed in the myofibroblasts
by means of double labeling (d)
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from the CD34" «-SMA™ fibrocytes in the tumor-free
stroma toward the tumor-associated CD34 a-SMA"
myofibroblast [3—6, 8]. This finding is in keeping with
Shimasaki et al. [28] who reported myofibroblasts in the
stroma of urothelial carcinomas of the urinary bladder.

In squamous cell carcinomas, stromal remodeling is at
least in part due to recruitment of additional growth-
regulating pathways mediated by CD117 [6]. This is not
the case in urothelial carcinomas. However, except for
CDI117 expression, stromal remodeling in the urinary tract
closely resembles that observed in various other organs.
Thus, our study confirms the role of SPARC which has
been claimed to play a role in stromal invasion by
carcinomas. SPARC is a matricellular protein, serving
several functions, the most important of which in the
present context is induction of stromal de-adhesion [9, 15,
19]. It is interesting to note that in the present study,
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SPARC was also observed in the tumor-free lamina propria,
reflecting the morphologic aspect of a loose “de-adhesive”
stroma. SPARC expression is upregulated by TGFf and
vice versa [2, 25, 27], precipitating many features of
carcinoma-associated stromal remodeling as TGF{ has
been shown to downregulate CD34 and upregulate o-
SMA [1, 14]. Accordingly, immunohistochemical double
labeling showed the expression of CD34 and «-SMA to be
mutually exclusive in the tumor-free as well as in the
tumor-associated stroma. Downregulation of CD34 might
further increase stromal de-adhesion induced by SPARC
because CD34 signaling has been reported to create and
maintain cell-cell contacts and homotypic adherence of
mesenchymal cells [18]. Because CD34" fibrocytes play a
pivotal role in matrix synthesis and repair as they are a
major source of collagen types [ and III [1, 10, 13], a loss of
this cell population and the adhesion of stromal cells may
constitute an important prerequisite for tumor invasion,
tumor cell migration, and subsequent distant tumor spread.
This assumption is underlined by the fact that a CD34"
fibrocyte loss develops stereotypically in virtually all
invasive carcinomas investigated up to now [3-6, 8, 11,
20-22, 24]. When considering the immunohistochemical
analysis of the CD34" stromal cell population as a
diagnostic tool, it should be kept in mind that stromal
response to unspecific damage such as previous biopsies is
similar to that observed in invasive carcinomas [11].
Therefore, a loss of CD34" fibrocytes does not prove
malignancy although in contrast, the presence of this cell
population excludes malignancy with a high degree of
probability.
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