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Abstract In the present study, we analyzed tumor associat-
ed stromal remodeling with special respect to SPARC (se-
creted protein acid rich in cysteine) expression. 25 invasive
ductal carcinomas of the breast and corresponding tumor-
free breast tissue were studied immunohistochemically
(CD34, x-SMA, SPARC and TGFf3-R1). Tumor associated
stroma was characterized by a loss of CD34 expression, par-
alleled by a gain in x-SMA. While SPARC expression was
virtually absent from normal stromal cells in the tumor
stroma, strong cytoplasmic SPARC reactivity was found in
the majority of stromal cells. The TGF3-R1 also showed
stronger expression in the tumor stroma compared to that
of the normal breast. Stromal response to antecedent core
needle biopsy was similar to that observed in the tumor
stroma. We conclude that SPARC overexpression is a con-
stant and functionally important feature of invasive ductal
carcinomas, since SPARC mediates stromal de-adhesion
crucial for local tumor invasion and systemic spread, re-
spectively. When considering changes of the stromal phe-
notype (normal: CD34"«-SMA SPARC™ vs. carcinoma:
CD34 a-SMA'SPARC") as a tool in distinguishing benign
from malignant breast lesion one has to keep in mind that
the phenotype of granulation tissue in areas of antecedent
biopsy resembles that of tumor stroma.
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Introduction

Stromal remodeling precipitated by invasive carcinomas is
independent of the histologic type and primary tumor site,
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and shows uniform histological features as CD34 expres-
sion is lost in stromal cells, paralleled by a gain of x-SMA
expression [3—6, 22]. CD34 is mainly found on hemopoetic
precursor cells and endothelial cells [16]. In the microvas-
culature CD34 serves as an L-selectin ligand regulating leu-
kocyte rolling and emigration into tissue [16]. On the other
side, the function and significance of CD34 on stromal cells
referred to as CD34 " fibrocytes [8, 11] has up to now rarely
been addressed and therefore remains enigmatic. However,
CD34" fibrocytes constitute an important element of the
connective tissue of various organs [3-6, 18, 19, 22, 27].
Although it remains to be clarified whether all CD34" fi-
brocytes histologically detected in the connective tissue
derive from circulating cells, it appears reasonable to as-
sume that stromal CD34" fibrocytes are at least closely
related to circulating CD34 " fibrocytes originally described
by Bucala and coworkers in 1995 [8]. CD34" fibrocytes are
capable of tissue matrix synthesis [11, 14] and have been
shown to be potent antigen-presenting cells [10]. A loss of
CD34" fibrocytes as described in most carcinomas might
therefore favor local tumor invasion and subsequent sys-
temic spread.

Stromal remodeling in invasive carcinomas is certainly
an important prerequisite of local tumor invasion and dis-
tant spread. TGF 3 has been reported to induce x-SMA up-
regulation in fibrocytes, and might therefore play a role in
tumor associated stromal remodeling [1]. SPARC (secreted
protein acid rich in cysteine) also devised as osteonectin or
BM-40 belongs to the group of matricellular proteins and
has been claimed as a member of the invasion associated
cluster [15, 24]. We therefore undertook the present study
to relate TGFP-R and SPARC expression in stromal cells
to the phenotypic alterations in malignancy induced stro-
mal remodeling.

Materials and methods

The present study comprises a total of 25 breast biopsies
obtained exclusively from women with proven invasive
ductal carcinoma. The epidemiological data of the patients



Table 1 Tumor characteristics and epidemiologic data of patients
investigated

Number: 25

Median age: 52 years (range: 29-80)

Grading: G1: 3, G2: 21, G3: 1

UICC: pT1b: 6, pTlc: 14, pT2: 5; pNO: 20, pNla: 4, pN1mi:1

are summarized in Table 1, together with the major tumor
characteristics.

After resection, tissues were fixed in a 10% formalin
solution, embedded in paraffin, cut and stained H&E and
PAS for routine purposes. In all cases tumor free tissue from
resection margins was available for comparison. The site of
previous core needle biopsy was included in the specimens
in 14 cases.

Immunohistochemistry

CD34, x-SMA, SPARC and the TGF{3-R1 were detected
immunohistochemically by means of the standard avidin
biotin complex (ABC)-peroxidase method (ABC Elite Kit;
Vector, Burlingame, Calif., USA) using 3,3’-diaminoben-
zidine (DAB) as chromogen. The primary antibodies and
type of tissue pre-treatment 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 3 or 4
times 5 min (see Table 2).

Double labeling of CD34 and TGF3-R

For double labeling of CD34 and TGF(3-R1 sections were
pre-treated by micro-wave heating for 4 times 5 min as
described above. Thereafter TGF3-R1 was detected by means
of the ABC-alkaline phosphatase method (ABC-AP Kit;
Vector, Burlingame, CA). As primary antibody, a monoclo-
nal antibody against TGF(3-R1 (IgM, Novocastra, dilution
1:10 in PBS containing 1% horse serum) was used. There-
after, sections were incubated with a biotinylated horse anti
mouse IgM antibody (1:100 in PBS) followed by incuba-
tion with the avidin-biotin alkaline phosphatase complex.
Histo Red (Linaris, Wertheim-Bettingen, Germany) was
used as chromogen according to the instructions of the
manufacturer. After rinsing in PBS for 5 min, CD34 was
detected according to the ABC-peroxidase method using
the Qbend10 (IgG1la) antibody at a dilution of 1:40 as pri-
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mary antibody. Thereafter a biotinylated horse anti mouse
IgG1 (1:100 in PBS) was applied and finally sections were
incubated with the ABC peroxidase complex (VECTAS-
TAIN Elite ABC Kit, Vector). Histo Green (Linaris) was
used as chromogen according to the instructions of the
manufacturer and resulted in a green color reaction, whereas
the TGF-R1 stained red.

Semi-quantitative assessment of
immunohistochemistry

Immunoreactivity of CD34, x-SMA and SPARC was
assessed semi-quantitatively in the tumor free tissue, in the
center and periphery of the tumor. The percentage of stro-
mal cells expressing the respective antigen was graded as
“07, “4+7, “++” and “+++” 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 immunoreac-
tivity. Percentages were assessed by two independent observ-
ers, assuming that a microscopic high power field (objective
40x, microscopic magnification: x400) harbors 100 stromal
cells (range: 75—150). Immunohistochemical expression of
TGF(3-R1 was assessed qualitatively as positive or negative.

Statistical analyses
Comparison of groups (tumor-free versus tumor periphery;

tumor periphery versus tumor border) was performed using
the x°-test defining P<0.01 to be statistically significant.

Results
Tumor free breast tissue

In the tumor free breast tissue CD34 " fibrocytes were pre-
dominantly found in the lobular stroma, forming a dense
network that surrounded ducts and acini (Fig. 1a). Most
CD34" fibrocytes showed bipolar slender cytoplasmic pro-
cesses which appeared to communicate with neighbouring
CD34" fibrocytes. In the extralobular stroma, CD34" fibro-
cytes were found in the adventitia of small arteries and
arterioles and few CD34" fibrocytes were detected in the
collagen rich stroma remotely located from vessels. The
tumor free stroma was devoid of x-SMA positive myofi-
broblasts. Immunohistochemically SPARC expression was
found in myoepithelial cells and in endothelial cells of

Table 2 Antibodies applied for

immunohistochmenistry and Antibody (Clone)

Source

type of tissue pre-treatment.
dl double labeling, s single
staining

CD34 (Qbend 10)

SPARC
TGFB-R1 (8A11)

a—SMA (ASM-1)

Dako, Hamburg, Germany

Novocastra, UK
Novocastra, UK

Progen, Heidelberg, Germany

Dilution  Tissue pre-treatment

1:40 (dl)

1:50 (s)  Microwave 3x5 min, 600 W

1:40 Microwave 3x5 min, 600 W

1:10 (dI) Microwave 4x5 min, 600 W
1:25(s)  Microwave 4x5 min, 600 W

1:200 0,1% Trypsin Tris/HCI 15 min 37°C
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Fig. 1 The tumor-free lobular
stroma consists of densely
packed CD34" fibrocytes, the
extralobular stroma discloses
scattered CD34" fibrocytes (a).
SPARC is immunohistochemi-
cally expressed in myoepithelial
cells, few stromal cells and en-
dothelial cells (b). TGF3—R1
immunohistochemistry shows
membrane staining of acinar
epithelia and intra- and extra-
lobular stromal cells (¢). Double
labeling shows co-expression of
CD34 (green) and TGF3—R1
(red, see arrows) in intralobular
fibrocytes (d). The tumor asso-
ciated stroma contains «-SMA
positive myofibroblasts (e) that
also show cytoplasmic SPARC
immunoreactivity (f). Double
labeling of the tumor tissue
shows CD34 positivity (green) of
endothelial cells, a loss of CD34"
fibrocytes and strong TGF3—R1
immunoreactivity (red) (g)

arterioles and capillaries (Fig. 1b, Table 3). In nine cases, a
small population of stromal cells making up less then 5%
of stromal cells were weakly positive for SPARC, in the
remaining cases, stromal cells showed no SPARC immu-
noreactivity. TGF3-R1 immunoreactivity was strong in lym-
phocytes, myoepithelial cells, a subpopulation of ductal and
acinar epithelia and few intralobular fibrocytes (Fig. 1c).
Double labeling of the TGF3-R1 and CD34 showed the
bipolar processes of CD34+ fibrocytes to be reactive with
CD34, whereas the body of the cells exhibited positivity for
TGFp-R1 (Fig. 1d).

Invasive ductal carcinomas

The tumor associated stroma was virtually free of CD34"
fibrocytes and the interface between tumor-free and tumor
associated stroma showed an abrupt loss of CD34" fibro-
cytes. CD34" fibrocytes at the tumor border were mor-
phologically identical to those located remotely from the
tumor. In four cases, few residual CD34" fibrocytes were
found in the tumor periphery, making up less than 5% of the
stromal cells. The tumor associated stroma consisted of
plump myofibroblasts showing intense cytoplasmic x-SMA
immunoreactivity mostly displaying a tram track pattern
(Fig. 1e). In all cases, stromal cells also showed strong cy-
toplasmic staining for SPARC (Fig. 1f). Comparison of the



Table3 Semi-quantitative assessment of CD34, a-SMA and SPARC
expression in tumor-free breast tissue, tumor center and tumor pe-
riphery, respectively

CD34** a-SMA*# SPARC**
0 +++ ++0 + + ++0 + ++ +++

Tumor free 00 16 9 250 00 25 0 00
Tumor periphery 25 0 0 0 06 14 5 1 9105
Tumor center 250 00 19 96 010 12 3

0: <5%, +>5% and <25%, ++ >25% and <50%, +++: >50% positive
stromal cells, *P<0.01 for tumor free vs tumor periphery; #P>0.01
for tumor periphery vs tumor center

tumor center and periphery disclosed no statistically sig-
nificant differences in x-SMA- and SPARC expression,
respectively (Table 3). TGF3-R1 immunoreactivity of tumor
associated myofibroblasts was more intense compared to
that observed in CD34" fibrocytes of the tumor free stroma
(Fig. 1g).

In areas of antecedent biopsy, the granulation tissue
showed a phenotype similar to that of the tumor stroma as
the stromal cells showed strong expression of x-SMA and
SPARC accompanied by a negative reaction of CD34.
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cells can less easily be explained. In primary cultures of
fibrocytes, a progressive time dependent loss of CD34 ex-
pression was observed [12, 20, 26]. Moreover, in vitro dif-
ferentiation of CD34" fibrocytes from CD14" monocytes
requires direct T-cell interaction, indicating that cell-cell
contacts are crucial for the development and maintenance of
CD34 expression in fibrocytes [1]. Therefore it appears to
be reasonable that the loss of CD34 expression in stromal
cells is at least in part due to a reduction and modification of
cell-cell contacts mediated by SPARC. This assumption
might additionally explain the phenotypic similarity of tu-
mor stroma and granulation tissue. Chauhan and cowork-
ers were the first to point out that stromal remodeling in
carcinomas closely resembles granulation tissue and woung
healing observed at sites of antecedent biopsy [9]. This is in
keeping with the findings of the present study. Moreover,
benign complex lesions of the breast such as radial scars are
characterized by a focal loss of CD34" fibrocytes [22].
Thus, when considering the detection of CD34" fibrocytes
as a tool in distinguishing benign from malignant breast
lesions, it has to be kept in mind that a loss of this cell
population does not automatically indicate malignancy. On
the other side, the presence of CD34" fibrocytes excludes
malignancy with a high degree of certainty [3, 9, 22].

Discussion

Porter and coworkers were the first to report SPARC ex-
pression in tumor associated stromal cells and assumed that
SPARC expression “might contribute to some aspects of
tumor progression” [21]. In the present study, stromal remod-
eling associated with invasive breast cancer, characterized
by aloss of CD34 expression paralleled by a gain of a«-SMA,
is strongly related to an increased expression of SPARC
(secreted protein acid rich in cysteine). The regulation of
SPARC synthesis and secretion is elusive, but recent in-
vestigations have shown that TGF31 increases the synthe-
sis of SPARC in stromal cells [2, 23] while SPARC vice
versa interferes with the TGF(31 signaling system [25].
These findings suggest a close functional relation of SPARC
and TGF1 which may in part be reflected by a similar
cellular distribution pattern observed in the present study
in that, SPARC and the TGF3-R1 are predominantly found
in myoepithelial cells and few lobular stromal fibrocytes of
the normal breast.

SPARC exerts three major functions: anti-proliferation,
de-adhesion and regulation of ECM synthesis [7]. De-ad-
hesion of the tumor associated stroma is defined as an in-
termediate state of adhesion caused by restructuring of focal
adhesions and stress fibers mediated by matricellular pro-
teins such as SPARC [17] and constitutes a prerequisite for
tumor cell migration and tissue invasion [13]. Moreover,
de-adhesion leads to alterations of the cytoskeleton in part
characterized by synthesis of stress fibers, which histolog-
ically is reflected by the abundance of a-SMA positive
myofibroblasts. In addition, TGF31 has also been reported
to directly increase a-SMA expression in fibrocytes [1].
On the other side, the loss of CD34 expression in stromal
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