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Abstract We investigated tumor-free mucosa and squa-
mous cell carcinomas of the oral cavity, the pharynx, and
larynx with respect to the presence of stromal CD34*
fibrocytes and a-smooth muscle antigen (SMA)-positive
myofibroblasts. Additionally, stromal expression of
CD117 was analyzed. A total of 39 squamous cell
carcinomas were assessed immunohistochemically. In all
cases investigated, CD34" fibrocytes were found in the
tumor-free stroma, whereas a-SMA-positive myofibrob-
lasts were lacking. Areas of lymphocytic infiltration
disclosed a focal reduction of CD34* fibrocytes. CD117
expression was absent from the tumor-free stroma. Of 39
squamous cell carcinomas, 33 were free of stromal CD34*
fibrocytes, and, in 31 carcinomas, stromal a-SMA-posi-
tive myofibroblasts occurred at least focally. CD117-
positive stromal spindle cells were found in 25 carcino-
mas. Compared with tumor-free mucosa, the number of
tissue mast cells was significantly increased in carcino-
mas. We conclude that stromal remodeling induced by
invasive carcinomas is characterized by a loss of CD34*
fibrocytes and subsequent gain of a-SMA-positive my-
ofibroblasts. The diagnostic impact of this finding is,
however, limited by the fact that chronic inflammation
may also be accompanied by a focal loss of CD34*
fibrocytes.
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Introduction

With respect to their cellular composition, tumor-laden
and tumor-free stroma are clearly distinct. These differ-
ences are widely independent of the anatomical site and
histological type of carcinoma and consist of a loss of
CD34* fibrocytes and a subsequent gain of a-smooth
muscle antigen (SMA)-positive myofibroblasts [2, 3, 4, 6,
12, 17]. CD34* fibrocytes appear to be constitutive
elements of the connective tissue in a multitude of
anatomical sites, such as the skin [12], the breast [3, 6],
the gastrointestinal tract [2, 14, 15], and the cervix [4]. In
all of the aforementioned locations, the stroma of invasive
carcinomas discloses a reduction or complete loss of
CD34* fibrocytes paralleled by the occurrence of a-SMA-
positive myofibroblasts [2, 3, 4, 6, 12, 17]. In addition to
their function as matrix-producing [5, 8] and antigen-
presenting cells [7], CD34* fibrocytes secrete platelet-
derived growth factor (PDGF) [10], the receptor of which,
c-kit (CD117), a protein receptor with tyrosine kinase
activity, is structurally identical to that of stem cell factor
(SCF).

To our knowledge, investigations concerning the
occurrence of CD34* fibrocytes in the upper aero-diges-
tive tract and their behavior in invasive carcinomas of this
anatomical site, up to now, have not been published. a-
SMA-positive myofibroblasts have recently been reported
in squamous cell carcinomas of the larynx [20].

We undertook the present study to analyze the stroma
of tumor-free mucosa and squamous cell carcinomas of
the oral cavity, the pharynx, and larynx with respect to the
presence or absence, respectively, of CD34* fibrocytes
and a-SMA-positive myofibroblasts. We additionally
investigated whether stromal cells express the CD117
antigen.

Materials and methods

This study comprises a total of 39 squamous cell carcinomas of the
oral cavity (n=16), the oropharynx (n=13), hypopharynx (n=6), and
larynx (n=4) obtained from 34 patients. The patients, 28 of which
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were males, ranged in age between 44 years and 96 years
(arithmetic mean: 61.1 years). The stroma within the border of
the invasive carcinoma was defined to be tumor associated,
whereas stroma beyond the border of the tumor was regarded as
tumor free. In all cases, tumor-free tissue from resection margins
was available for comparison. Tissues were fixed in a 10% formalin
solution, embedded in paraffin, cut and stained with hematoxylin
and eosin (H&E) and periodic acid-Schiff for routine purposes. The
Giemsa stain was performed to distinguish tissue mast cells from
CD117-positive stromal cells.

Immunohistochemistry

Immunohistochemistry was performed using standard avidin biotin
complex-peroxidase method (ABC Elite Kit; Vector, Burlingame,
CA) using 3,3'-diaminobenzidine as chromogen. CD34 antigen was
detected using a monoclonal antibody (QBENDI10, dilution 1:50;
Dako, Hamburg, Germany) after microwave pretreatment. CD117
expression was detected accordingly, using a polyclonal rabbit
antibody (c-kit, dilution 1:100; Dako, Hamburg, Germany). Mi-
crowave 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 3x5 min. a-SMA was
detected using a monoclonal antibody (ASM-1, dilution 1:200;
Progen, Heidelberg, Germany) after tissue pretreatment with 0.1%
trypsin for 15 min at 37°C.

Quantification of mast cells

In each case, the number of mast cells per HPF (i.e. high power
fields at 400x microscopic magnification) was assessed in tumor-
free tissue and tumor-associated stroma as the arithmetic mean
mast cells in five randomly selected microscopic fields. Compar-
ison of values was performed by means of the student’s #-test.
P<0.01 was considered to be statistically significant.

Results

Tumor-free mucosa

CD34* fibrocytes characterized by an inconspicuous
cytoplasm with slender elongated bipolar neurite-like
projections and a small nucleus were found in the tumor-
free stroma of all specimens investigated. The highest
number of CD34* fibrocytes was observed in the vicinity
of vessels, around submucosal glands and adjacent to the
covering epithelium (Fig. 1A). In areas with more
pronounced lymphocytic infiltration, CD34* fibrocytes
were reduced in number or completely lacking. a-SMA
myofibroblasts were absent from the tumor-free stroma,
and CD117 expression was also not observed in the
tumor-free stroma.

Squamous cell carcinomas

The border of invasive squamous cell carcinomas was
characterized by an abrupt loss of CD34* fibrocytes,
which was already visible at low microscopic magnifica-
tion (Fig. 1B). In 33 cases, the stroma of invasive
squamous cell carcinomas was completely devoid of
CD34* fibrocytes; 6 cases disclosed, at least, a focal loss

Table 1 Distribution of CD34" fibrocytes and a-smooth muscle
antigen (SMA)-positive myofibroblasts in the tumor-associated
stroma together with the expression of CD117 in tumor-associated
myofibroblasts. — No positive cells, + focal accumulations of
positive cells, ++ diffusely scattered positive cells

- + ++
CD34" fibrocytes 33 6 0
a-SMA-positive myofibroblasts 8 19 12
CD117-positive stromal cells 14 21 4

of this cell type. Residual CD34* fibrocytes showed no
local predilection for the center or periphery of the lesion.
The tumor-associated stroma was made up of diffusely
scattered plump spindle-shaped a-SMA positive myofi-
broblasts with a characteristic tram-tracking of thick
intracytoplasmatic a-SMA-reactive fibers in 12 cases. In
19 cases, these cells were focally distributed throughout
the tumor stroma (Fig. 1C). The stroma of 8 carcinomas
disclosed no a-SMA-positive myofibroblasts. Cytoplas-
mic CDI17-immunoreactivity of stromal spindle cells
was focal in 21 and diffuse in 4 cases; 14 cases showed no
CD117 reactivity of stromal spindle cells in the tumor
(Fig. 1D; Table 1).

The tumor stroma contained 23.9+9.5 (arithmetic
mean + standard deviation) mast cells per HPF, a value
significantly higher than that observed in the tumor-free
stroma (8.1+£5.6; P<0.01) (Fig. 1E, F).

Discussion

In accordance with previous studies regarding various
anatomical sites, the present investigation demonstrates a
phenotypical change of the stroma associated with inva-
sive squamous cell carcinomas of the upper aero-digestive
tract, consisting of a loss of CD34* fibrocytes paralleled
by a gain of a-SMA-positive myofibroblasts. The mech-
anisms initiating this process are yet not well understood,
but have been thought to be related to a soluble factor
secreted by tumor cells [6, 18]. Experimental studies have
shown that a-SMA is upregulated in CD34* fibrocytes
exposed to transforming growth factor (TGF)-S [1]. This
might be the primary event of stromal remodeling,
followed by a complete loss of CD34 expression, result-
ing in the aforementioned phenotypical alteration of
tumor-associated stroma. In squamous cell carcinomas of
the upper aero-digestive tract, TGF- is upregulated [9,
13, 16], and we found tissue mast cells, another important
source of TGF-p, to be significantly increased in number
in the tumor stroma. The latter finding is not restricted to
the upper aero-digestive tracts, since Humphreys and
coworkers [11] described elevated numbers of mast cells
in the stroma of cutaneous basal cell carcinomas and also
suggested that mast cells might play a role in tissue
remodeling associated with basal cell carcinoma. Regard-
ing these data, it seems to be reasonable that the
phenotypical change of CD34* fibrocytes toward a-
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Fig.1 The stroma of the upper aero-digestive tract harbors
diffusely scattered CD34* fibrocytes, which are more densely
packed in the subepithelial stroma (A). The stroma of invasive
squamous cell carcinoma (to the upper right) is devoid of CD34*
fibrocytes (B); the infiltrating border of invasive carcinomas shows
an abrupt loss of CD34" fibrocytes. Tumor-associated spindled

SMA-positive myofibroblasts is, at least in part, mediated
by TGF-p.

In contrast to the tumor-free stroma, tumor-associated
myofibroblasts were c-kit (CD117)-positive, indicating
that SCF or PDGF or both might play a role in the
proliferation of this cell type. Granulocyte-macrophage
colony-stimulating factor (GM-CSF) is closely related to

stromal cells are a-SMA positive (C), and 25 cases disclose CD117
positivity (D). The number of tissue mast cells in the normal
mucosa (E, CD117 immunohistochemistry) is significantly lower
than tumor-laden stroma (F, CD117 immunohistochemistry). In
this case, stromal spindle cells were negative for CD117

macrophage colony-stimulating factor (M-CSF), which is
constitutively expressed in CD34" fibrocytes [8, 10],
downregulates CD117 expression in mast cells [19] and,
as suggested by our data, in stromal myofibroblasts. In
turn, upregulation of CD117 in stromal myofibroblasts in
mast cells is likely to be a direct sequel of a reduction of
CD34* fibrocytes.
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Phenotypical alterations of the stroma, chiefly the loss
of CD34* fibrocytes, have been considered valuable tools
in distinguishing benign from malignant lesions [2, 3, 4,
17]. When applying this criterion, some precautions and
recommendations should be regarded. The loss of CD34*
fibrocytes in the breast stroma is, in most cases, due to
malignancy, but recent studies also described CD34-
negative spindle cell proliferations in areas of previous
biopsy [6]. A minority of radial scars of the breast also
exhibit stromal areas negative for CD34 and positive for
a-SMA [17]. In the present study, a loss of CD34*
fibrocytes was also of reduced value in detecting invasive
carcinoma, since areas with lymphocytic infiltration also
exhibited a loss of CD34* fibrocytes. However, o-SMA
myofibroblasts were not observed in these areas. There-
fore, the diagnosis of malignancy should not solely be
based on a loss of CD34" fibrocytes.

The functional consequences of the loss of CD34+
fibrocytes, along with their value in diagnosing malig-
nancy, remain a matter of speculation requiring further
investigation. However, considering that CD34* fibro-
cytes are antigen-presenting cells, their reduction or
complete elimination enables an invasive tumor to escape
immune-surveillance. This might constitute an important
step in local tumor infiltration and distant tumor spread.
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