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ABSTRACT

Surgical biopsies from ten head and neck squamous cell carcinomas
were labeled in vitro with bromodeoxyuridine. In histolÃ³gica! sections,
bromodeoxyuridine-positive nuclei and ÃŸ-fibroblast growth factor
(ÃŸ-FGF) were stained using immunohistochemistry. In clearly discernible
clusters of tumor cells, the cytoplasm shows strong positive ÃŸ-FGFstain
ing, whereas other tumor regions are completely ÃŸ-FGFnegative. Within

positively stained areas, the tumor cell bromodeoxyuridine labeling index
is higher in comparison to ÃŸ-FGF-negative areas by a factor of 5 Â±0.8.

This is reflected in a positive correlation of the tumor cell labeling index
and the relative extent of ÃŸ-FGF-positive tumor areas. Viable tumor areas
bordering on necrosis, which are known to be hypoxic, are ÃŸ-FGFnega

tive. The average tumor endothelial cell labeling index was 1.8 Â±0.6%, as
compared to 0.16% in adjacent normal mucosa. Since endothelial cell
pulse labeling indices are too low for a further quantitative analysis, the
relationship of ÃŸ-FGFexpression and endothelial cell turnover was stud
ied in more detail in two fairly well-differentiated murine squamous cell

carcinoma lines (AT 84 and AT 478). Labeling indices were higher and
endothelial cell doubling times were significantly shorter in ÃŸ-FGF-posi
tive as compared to ÃŸ-FGF-negative tumor areas (AT 84,9.3 h versus 25.4
h; AT 478/25, 6.8 h versus 16 h). Thus, the discrete expression of ÃŸ-FGFis

associated with regional differences in endothelial cell kinetics. In two
generations of the tumor line AT 478, characterized by different volume
doubling times of 18 days (AT 478/25) and 36 days (AT 478/4), ÃŸ-FGF-

positive areas represent 75.5 Â±6% and 19.7 Â±7% of the viable tumor
tissue, respectively. This indicates a correlation between ÃŸ-FGFproduc

tion of tumor cells and growth rate.

INTRODUCTION

Tumor angiogenesis is one important prerequisite of tumor growth
(1-3) and has been shown to be induced by tumor cell-derived an-
giogenic factors (4-6). Inadequate vascular supply causes focal tumor
necrosis as well as regional hypoxia of viable tumor tissue (7-9).

These tumor regions are both radioresistant ( 10) and particularly badly
accessible to blood-borne anticancer agents (11). It is therefore of
great clinical interest to investigate possible mechanisms causing in-
tratumoral heterogeneity of vascular supply. ÃŸ-FGF2is the best well-

described angiogenic growth factor, and its key role in tumor angio
genesis is well established (12). While its presence in tumors as well
as its importance in vascularization of tumors has been investigated,
the regional distribution within tumors, especially with respect to
metabolically different tumor subareas, is not known. This paper aims
at an analysis of ÃŸ-FGFdistribution in human and murine SCC with

respect to tumor necrosis, i.e., hypoxia as well as to tumor and endo
thelial cell proliferation.

MATERIALS AND METHODS

Human Tumor Biopsies, in Vitro BrdUrd Pulse Labeling. From surgical
specimens of 10 head and neck SCC (floor of mouth, n = 2; oropharynx, n =
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2; larynx, n = 4; hypopharynx, Â«= 2), large biopsies (0.4 to 1 cm') were taken

immediately after tumor excision. From each biopsy. 5 to 15 (hin slices of 0.3
mm were cut and were incubated for 2 h in Eagle's medium containing 50 UM

BrdUrd at 37Â°Cand hyperbaric O2 (2.5-fold atmospheric pressure). After

washing out the BrdUrd solution, tissue slices were fixed in 2% paraformal-

dehyde in 0.1 Mphosphate buffer for 1 h and rinsed in 6.8% sucrose in 0.1 M
phosphate buffer overnight. In preparation for plastic embedding, samples
were dehydrated in cold acetone for 1 h. After immersion in glycol methacry-

late (Technovit 8100: Heraeus Kulzer, Wehrheim i.Ts., Germany) for 10 h,
tissue slices were embedded into Teflon forms, and polimeri/.ation was initi
ated by adding Technovit Hardener II (Kulzer: starter based on tetramethyla-

niline). The entire procedure was carried out on ice.
Murine Tumors, in Vivo Repeated BrdUrd Labeling. Two SCC tumor

lines, one originating from a spontaneous murine SCC (AT 84) of the oral
mucosa and the other one from a spontaneous murine cervix or vaginal SCC
(AT 478), were compared. Late generations of both tumor lines have similar
tumor growth characteristics and tumor cell proliferation rates. For AT 478. an
early, more slowly growing generation was available for comparison (AT
478/4). Under pentobarbital anesthesia, 1-mm' fragments of donor tumor were

transplanted s.c. into the flank of syngeneic Neuherberg C3H mice using a
trochar. Experiments were carried out when tumors had reached 600 to 900 mg
of weight. Tumor growth was followed by caliper measurements, and volume
doubling times were estimated graphically from the obtained tumor growth
curves. The volume doubling time of the two late generation tumors (AT 84
and AT 478/25) was about 3 days at tumor volumes of 100 to 200 mg and had
increased to about 18 days by the time volumes of 600 to 900 mg were reached
and experiments were performed. AT 478/4 showed a slow, constant tumor
growth with a volume doubling time of about 36 days. In order to measure the
cell production rate of endothelial cells, 50 mg/kg of BrdUrd were repeatedly
injected i.p. at 8-hour intervals for either 16, 32, or 48 h. For each labeling

period, 2 to 3 mice were used. For AT 478/4, only the two longer labeling
periods of 32 and 48 h were investigated. One h after the last injection, the
animals were sacrificed by cervical dislocation, the tumours were excised, and
three parallel 0.8-mm slices, taken through the center of the tumor and at
approximately 1-mm distances on either side, were fixed and embedded as

described above.
Inumino- and Enzyme Histochemistry. From each embedded tissue

block, consecutive serial sections were stained for ÃŸ-FGFand for BrdUrd. For
anti-ÃŸ-FGF staining, sections were pretreated with 0.01% trypsin in 0.1%
CaCl2 (pH 7.8) at 37Â°Cfor 10 min. After washing in PBS, sections were

incubated with goat normal serum for 20 min. The primary antibody (rabbit
anti-ÃŸ-FGF) was diluted 1:200, and sections were incubated for 2 h at 37Â°C.

Then endogenous peroxidase activity was blocked by immersion into 0.06%

H2O2 Â¡nPBS for 20 min. After incubation for 30 min at room temperature each
in biotinylated goat-anti-rabbit and ABC complex, the peroxidase reaction was

carried out under the microscope with 0.06% diaminoben/.idine and 0.1%
H2O2 in 0.05 MTris buffer, pH 7.4. Controls included omission of the primary
antibody, incubation with an irrelevant primary rabbit antibody, and blocking
of immunoreaction by adding a 20-fold concentration of human recombinant
ÃŸ-FGFto the primary antibody solution. Optimal antibody dilutions for anti-
ÃŸ-FGFwere established using both frozen sections and glycolmethacrylate-
embedded sections of rat choroid plexus. The primary antibody and ÃŸ-FGF

were obtained from British Biotechnology (H. Biermann, Wiesbaden, Germa
ny); all other antibodies were from Vector (Vectastain ELITE kit; CamÃ³n,
Wiesbaden, Germany).

BrdUrd-labeled nuclei were stained as follows. Proteolytic treatment was
achieved by 0.1% trypsin in 0.1% CaCl2 (pH 7.8, 37Â°C)for 10 min and 0.4%
pepsin in 0.01% HC1 for 40 min (37Â°C).After DNA denaturation in 2 M HCI

for 40 min. the sections were incubated for 20 min with normal goat serum
(1:20), for 2 h with mouse anti-BrdUrd (1:40, 37Â°C),for 30 min with goat

anti-mouse (1:20) and. finally, for 30 min with alkaline phosphatase-anti-
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alkaline phosphalase complex. The alkaline phosphatase reaction was carried
oui using a Naphthol AS-Bi phosphate as substrate and new fuchsin as chro-

mogen. All antibixlies were obtained from DAKO (DAKO. Hamburg. Ger

many).
In order to count endothelial cell labeling indices in human tumors, the

BrdUrd procedure was preceded by labeling endothelial cells with a rabbit
anti-human Factor Vlll-relaled antigen ( 1:2(X).DAKO) using the same staining
routine as described for anti-ÃŸ-FGF.Since this antibody does not label murine

endothelial cells, a double staining technique suitable for counting the endo
thelial cell labeling index in experimental tumors was developed. ADPase is an
endothelial marker en/.yme which has been shown to label endothelial cells of

various murine tumors well. The en/.yme reaction can be visualized by means
of a lead precipitation method (13) prior to BrdUrd immunohistochemistry.
The enzyme reaction product, lead sulfide. is relatively stable. It will, however,
be dissolved by the 2 M HC1 which is routinely used for DNA denaturation in
preparation for anti-BrdUrd staining. We found that the same effect on the

accessibility of intranuclear BrdUrd to its antibody can be achieved by im
mersion into I<7<detergent (Tween 20) solution in 0.05 Mcitric acid for 20 min.

without significant fading of the endothelial cell ADPase staining. All other
steps of the anti-BrdUrd reaction were carried out as described above.

Tissue sections were mounted on poly-L-lysine-coated slides. All antibodies

were diluted in \% bovine serum albumin solution in PBS. Nuclei were then
stained with hematoxylin. and sections were covered with gelatin. Where not
specified otherwise, reactions were carried out at room temperature.

Morphometry and Counting of Labeling Indices. In order to compare
localization of ÃŸ-FGFand BrdUrd in the two consecutive sections from a

biopsy, and in order to estimate the relative extent of positively stained tumor
tissue, photographs or drawings of projected sections were prepared at a
magnification of X80. ÃŸ-FGF-positive tumor regions were identified on his-

tological slides at a magnification of x 100, and their absorbance was measured
in comparison to adjacent ÃŸ-FGF-negative tumor tissue, using a computer-
aided image analysis system (Samba; Alcatel-Titn, Grenoble, France). The
extent of ÃŸ-FGF-positive and -negative areas was then marked on the photo

graphs or drawings and was measured using a semiautomatic image analysis

system (MOP; Kontron, Eching, Germany). With the help of these graphs.
ÃŸ-FGF-positive and -negative areas were selected for separate assessment of

labeling indices. In murine tumors 100 to 500 endothelial cell nuclei were
evaluated per section, at a magnification of x 1000. The average labeling index
Â±standard deviation from the three sections through one tumor was used as a
measure of endothelial cell proliferation. In human tumor biopsies, the material
was more limited, and counting of endothelial cell labeling indices was only
possible by pooling counts from all tissue sections from one tumor, without
taking positive or negative ÃŸ-FGFexpression of surrounding tumor tissue into

account.

RESULTS

Distribution of ÃŸ-FGFand Tumor Cell Proliferation. In all hu
man and murine tumors examined, there were clearly ÃŸ-FGF-positive
as well as -negative tumor cells. Positive cells occurred in aggregates

or whole positive areas, the extent of which, at a low magnification of
X80 to 100, could be outlined and quantified on photographs of whole
tissue sections. The absorbance of tumor areas defined as ÃŸ-FGF

positive was increased by a factor of 2.2 Â±0.3 as compared to
ÃŸ-FGF-negative, viable tumor tissue. In human SCC, the relative
extent of ÃŸ-FGF-positive tumor areas is not only very variable be

tween tumors (mean. 23 Â±13%), but also between slices or biopsies
from one tumor (coefficient of variation ranging from 0.07 to 0.4).
Tumor cell proliferation was also not distributed homogeneously
throughout viable tumor tissue. Areas of particularly intensive prolif
eration could be discerned and were found to roughly correlate with
positive ÃŸ-FGFstaining. This is illustrated at a histolÃ³gica! level in

Fig. 1. While the mean overall tumor cell labeling index was 18.7 Â±
5% (coefficient of variation = 0.27), a separate analysis of ÃŸ-FGF-
positive and -negative areas revealed a significant difference of 28.6
Â±3% (coefficient of variation = 0.1) versus 6.3 Â±1% (coefficient of
variation = 0.16), respectively (P < 0.001). Accordingly, there is a

positive correlation between the overall tumor cell labeling index and
the extent of ÃŸ-FGF-positive areas (Fig. 2). Comparison of the coef

ficients of variance indicates a higher intertumor variability for the
overall labeling index than for the two tumor subpopulations. Viable
tumor regions bordering on areas of necrosis were usually ÃŸ-FGF

negative. Even at large magnification, no systematic morphological
difference between ÃŸ-FGF-positiveand -negative tumor cells could be
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Fig. 1. Consecutive serial sections from a human SCC stained for ÃŸ-FGF(a) and
BrdUrd (h). There is a correlation between ÃŸ-FGFexpression and active tumor cell
proliferation. Tumor cells bordering on necrosis in) are ÃŸ-FGFnegative. The scale

markers correspond to 50 urn.
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Fig. 2. Relative extent of ÃŸ-FGF-positive tumor ureas as a function of overall labeling

index in ten different human SCC. Paints, mean calculated from 4 to 7 evaluated slices per
tumor biopsy; bars. SD. The curve was fitted lo experimental data by linear regression.
BnlUR. BrdUrd.
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distinguished. In ÃŸ-FGF-positive tumor cells, the entire cytoplasm

showed a positive reaction, while the nucleus was only occasionally
positive (Fig. 3).

Murine tumors showed a similar distribution of ÃŸ-FGF-positive

tumor areas. In the periphery of tumors, where tumor cell proliferation
was particularly intensive, tumor cells were usually ÃŸ-FGFpositive.

Toward the tumor center there was a zone of morphologically intact
and proliferating tumor cells which were ÃŸ-FGFnegative and which

were surrounding large central necroses. However, this general pattern
was not absolutely regular. Often there were projections of very ac
tively proliferating. ÃŸ-FGF-positivetumor chords with a central blood
vessel reaching through the ÃŸ-FGF-negative zone into necrotic areas.

In the periphery of tumors, necrosis was very rare, and a chorded
arrangement of tumor cells around the blood vessel was not apparent.

While in the two fast growing tumor lines AT 84 and AT 478/25
large areas of viable tumor tissue were ÃŸ-FGFpositive, the more
slowly growing AT 478/4 expressed ÃŸ-FGFonly in much smaller

areas, usually located in the outer layers of the tumor. The tumor
volume doubling time at the time of the experiment was approxi
mately 18 days for AT 487/25 and 36 days for AT 478/4. The mor
phology of the two generations was not evidently different with re
spect to the extent of necrosis, tumor architecture, or tumor cell
morphology. However, 75.5 Â±6% of viable tumor tissue was ÃŸ-FGF

positive in AT 478/25, as compared to only 19.7 Â±7% in AT 478/4 (P
< 0.001). The labeling indices of tumor cells were analyzed sepa
rately in ÃŸ-FGF-positive and -negative areas of AT 478/25 and AT
478/4. In both tumor generations, it was significantly lower in ÃŸ-FGF-
negative as compared to ÃŸ-FGF-positiveareas (paired t test, P < 0.01 :

Table 1). After a repeated labeling period of 32 h, labeling indices of
both passages were similar. However, while labeling indices of both
ÃŸ-FGF-positive and -negative tumor cells of AT 47825 showed a
significant increase from 32-h to 48-h labeling, this was not the case

in AT 478/4. This could be indicative of a smaller growth fraction in
AT 478/4. However, the data in Table 1 clearly show that, within
ÃŸ-FGF-positive or -negative compartments, differences in tumor cell

kinetics between the two generations of AT 478 were minor in com
parison to the enormous difference in the extent of ÃŸ-FGF-positive

areas.
Endothelial Cell Proliferation. The endothelial cell labeling in

dex in human SCC was 1.8 Â±0.6%, as compared to 0.16% in adjacent
mucosa. Since only 4 tumor sections included mucosa that was clearly
tumor free, the counts from these were pooled, and no interindivid-

Tahle 1 Comparison of Iunior cell labeling indices for a late, fast-growing generation
Ã•AT47H/25) and an early, slowly growing generation (AT 47K/4) of the same tumor

line

ÃŸ-FGFpositive, 32 h
ÃŸ-FGFnegative, 32hÃŸ-FGF

positive. 48 h
ÃŸ-FGFnegative, 48 hAT

478/255I.6Â±4.5"

36Â±669.1

Â±5
54.3Â±6AT

478/455.9Â±8

41*658.6Â±4

41Â±6P

value (/test)0.22

O.I0.001

0.01"
Mean Â±standard deviation.

Fig. 3. Photomicrograph of a human tumor biopsy, showing ÃŸ-FGF-negative tumor
cells (if), tumor cells with ÃŸ-FGF-positive cytoplasm (arrow), and tumor cells with
ÃŸ-FGF-positive cytoplasm and nucleus (Ã¼oithlearrow). Anti-ÃŸ-FGF immunoperoxidase
staining and hematoxylin counterstaining. The scale marker corresponds to 30 urn.

ual variability was obtained. In spite of the relatively low number of
endothelial cell nuclei (150 to 1000 per tumor) counted and the low
endothelial cell labeling index, linear regression and Spearman's

rank order test suggest a positive correlation between the extent of
ÃŸ-FGF-positive areas and the endothelial cell labeling index (P <

0.001).
Continuous labeling studies in murine tumors provided a better

basis for quantitative analysis. The ADPase staining facilitated iden
tification of tumor blood vessels, i.e., endothelial cell nuclei. Since the
enzyme is present mostly in the endothelial cell cytoplasm, nuclei
stained with hematoxylin or BrdUrd could be clearly distinguished
(Fig. 4). At all labeling periods and in all tumor sections evaluated, the
endothelial labeling index in ÃŸ-FGF-negative areas was distinctly
lower than in ÃŸ-FGF-positiveareas (paired / test, P < 0.001 ). In both,
ÃŸ-FGF-positiveand -negative tumor areas, there was a steady increase

in the labeling index of endothelial cell nuclei with increasing labeling
time (Fig. 5). Assuming that all endothelial cells are capable of pro
liferation and that endothelial cell loss is negligible, the endothelial
cell doubling time can be estimated by extrapolation of a linear
regression line fitted through repeated labeling data to 100% labeled
cells ( 14). In AT 84, it was 9.3 days in ÃŸ-FGF-positiveas compared to
25.4 days in -negative areas. In AT 478/25, similar values of 6.8 days
in ÃŸ-FGF-positive versus 16 days in -negative areas were obtained.

However, since this extrapolation by far exceeds the range of mea
sured values, these values represent rough estimates.

Comparison of AT 478/25 and AT 478/4 shows a slightly lower
endothelial cell proliferation in ÃŸ-FGF-positive areas of AT 478/4 as
compared to AT 478/25 (P < 0.01, Fig. 5), while within ÃŸ-FGF-

negative areas endothelial cell labeling was similar in both tumor
generations.

ÃŸ-FGFExpression in Endothelial Cells. Endothelial cells in hu
man tumors were either ÃŸ-FGFpositive or negative, without obvious
correlation to ÃŸ-FGFexpression in surrounding tumor cells. Because

of the relatively large extent of the stromal compartment in human
tumors, it was not possible to strictly distinguish normal stroma mi-

crovessels from tumor microvessels or to clearly allocate a capillary to
ÃŸ-FGF-positiveor -negative tumor regions. In oblique or longitudinal

capillary transsections, the endothelial cells were homogeneously pos
itive or negative. In murine SCC, where all blood vessels are bound to
represent newly formed tumor blood vessels, a systematic pattern
emerged. Endothelial cells in ÃŸ-FGF-positive tumor areas were them
selves negative. In ÃŸ-FGF-negative areas of fast growing AT 84 and
AT 478/25, occasional ÃŸ-FGF-positive microvessels were encoun
tered. In the much larger ÃŸ-FGF-negative areas of AT 478/4, the

positive reaction of microvessels was regularly observed.

DISCUSSION

The first angiogenic growth factor to be identified and characterized
biochemically was ÃŸ-FGF(4, 15, 16). With the availability of specific

antibodies it could also be demonstrated immunohistochemically in
human normal tissues (17) and tumors (18, 19). The aim of the present
study was to investigate the intratumoral distribution of ÃŸ-FGFand its
relevance to intratumoral heterogeneity of vascular supply and endo-
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Fig. 4. Photomicrograph of a murine SCC (AT 478/4). The double staining technique
for BrdUrd (red nuclei) and ADPase (brown endothelium) facilitates identification of
BrdUrd-labeled and -unlabeled endothelial cell nuclei. Hematoxylin counterstaining.
Scale marker corresponds to 30 um.

thelial cell proliferation on the one hand and tumor cell proliferation
on the other hand. The most striking observation was the discrete
distribution within viable tumor tissue. Distinct tumor areas were
positive for ÃŸ-FGFwhile in other areas tumor cells that could not be
distinguished morphologically were negative. Schulze-Osthoff et al.
(18) observed strongly ÃŸ-FGF-positive SCC tumor cells, but they did

not describe their distribution within the tumor. What could be the
reason for a heterogeneous FGF expression within one tumor? In
normal tissues such as the myocardium, it has been suggested that
ÃŸ-FGFis involved in controlling an adaptive tissue response to patho-

physiological stimuli (20), such as hypoxia (21). In SCC, however,
ÃŸ-FGFwas strongly expressed in very actively proliferating parts of

the tumor, which are known to be well oxygenized (22, 23), while it
was not present in tumor areas bordering on necrosis, which are
known to be poorly vascularized and hypoxic (7, 24). Thus, ÃŸ-FGF

expression in tumor cells does not appear to be a regulatory response
to changing regional metabolic requirements.

This raises the question of the function of ÃŸ-FGFin these tumors.

Cell kinetic studies in murine SCC confirmed the association of a high
endothelial cell labeling index and regional ÃŸ-FGFexpression. There

are two subpopulations of endothelial cells with distinctly different
proliferative activity. In ÃŸ-FGF-positive tumor areas, the endothelial

cell doubling time could be estimated at 6.8 to 9.3 days. In a mouse
mammary carcinoma, Tannock (25) first reported a rapid cell produc
tion rate of endothelial cells, estimating a doubling time of 2 to 2.5
days. Hobson and Denekamp (26) reported similar overall endothelial
cell turnover times in a panel of mouse mammary carcinomas of 2 to
13 days, depending on the tumor line and the method of extrapolation
of experimental data. These doubling times are slightly shorter than
those we observed in ÃŸ-FGF-positive tumor areas and are certainly

shorter than an overall value for our SCC. However, in the present
study endothelial ADPase staining was combined with anti-BrdUrd

staining. This greatly facilitated the identification of capillary endo
thelial cells and thus prevented underestimating the number of unla
beled endothelial cell nuclei. Estimating the endothelial cell turnover
time by extrapolating continuous or repeated labeling data to 100%
labeled cells is statistically not a very precise procedure. After 48-h

repeated labeling, Hobson and Denekamp counted between 10 and
60% labeled endothelial cell nuclei, which is roughly in accordance
with the 20 to 30% recorded for ÃŸ-FGF-positive areas in the present

study. Apart from differences in technique, the tumors investigated by
both, Tannock (25) and Hobson and Denekamp (26), were mammary
carcinomas which had relatively short volume doubling times ranging

from 2 to 13 days, while we studied slowly growing SCC with a
volume doubling time of 18 to 36 days.

In ÃŸ-FGF-negative areas, an endothelial cell turnover time of about

16 to 25.4 days was estimated in the present study. Although signif
icantly longer than in ÃŸ-FGF-positive areas, these doubling times are

still shorter than the values obtained in the microvasculature of var
ious normal tissues such as lung, liver, kidney, heart, or skin (26-28),

ranging from 47 to 400 days. The finding of an increased endothelial
cell proliferation rate in ÃŸ-FGF-negative areas points to the activity of
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Fig. 5. Endothelial cell labeling index for three murine SCX', analy/ed separately for
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other angiogenic factors besides ÃŸ-FGF.Since, as pointed out above,

these areas are likely to be hypoxic, this is in good agreement with
recent reports of an increased vascular endothelial cell growth factor
expression in hypoxic regions of glioblastomas (29).

In the two fast growing SCC (AT 84 and AT 478/25), with a volume
doubling time of about 18 days, ÃŸ-FGF-negative areas were rather

small. In the more slowly growing fourth passage of AT 478, with a
volume doubling time of about 36 days, however, ÃŸ-FGF-negative

areas were predominant. What distinguished the fast and slowly grow
ing generation of AT 478 was mainly the extent of ÃŸ-FGF-positive

regions. Variations in tumor cell or endothelial cell kinetics within
these subareas between the two tumor generations were minor. In
vitro, ÃŸ-FGF-producing cells, such as endothelial cells or NIH 3T3
cells transfected with ÃŸ-FGFcomplementary DNA, have been shown
to be capable to respond to ÃŸ-FGFby way of interaction with cell

membrane FGF receptors (30, 31 ). Furthermore, normal keratinocytes
are positive for ÃŸ-FGF(18) and respond to ÃŸ-FGFby increased

proliferation (32). It is therefore reasonable to assume a causal rela
tionship behind the correlation of the pattern of ÃŸ-FGFexpression and

the regional heterogeneity of tumor cell proliferation in SCC. Normal
endothelial cells are positive for ÃŸ-FGF,and in vitro they can promote

their own growth (28, 33). The increased proliferation of endothelial
cells that did not show any ÃŸ-FGFimmunoreactivity can be explained
by paracrine action of ÃŸ-FGFsynthesized by surrounding tumor cells.
Release of ÃŸ-FGFfrom tumor cells has been described, although
ÃŸ-FGFcontains no signal peptide and the pathway of ÃŸ-FGFrelease
from cells is not known (3). However, the expression of ÃŸ-FGF

receptors by tumor endothelial cells has not been proven in vivo and
can only be hypothesized on the basis of in vitro observations (34).
Furthermore, it is difficult to explain why these endothelial cells
should not themselves contain ÃŸ-FGFas observed in normal tissue

endothelial cells in vivo (18) and in vitro (30, 33). A lack in sensitivity
of immunohistochemistry appears to be unlikely since capillaries in
the tumor capsule or in large ÃŸ-FGF-negative areas were clearly

stained. A number of cell functions or cell surface markers which are
typical for normal tissue capillary endothelial cells are absent in tumor
microvessels (13, 35). However, since some tumor capillaries did
show a positive reaction for ÃŸ-FGF,this is not very pobable either. On
the other hand, a downregulation of ÃŸ-FGFproduction under the
influence of exogeneous ÃŸ-FGFhas not been observed. Quite in
contrast. Weich et al. (36) described a ÃŸ-FGF-induced increase in
ÃŸ-FGFmRNA in cultured bovine capillary endothelial cells. More
insight into the development of intratumoral heterogeneity of ÃŸ-FGF

content could possibly be gained from sequential studies in early
stages of the same tumor lines.

The extent of ÃŸ-FGF-positive areas in human SCC ranged from 3

to 49% of the section area examined, with a mean of 23%, which is
close to the 19.7% value in AT 478/4. In analogy to murine SCC, one
has to assume that only in these ÃŸ-FGF-positive regions of the human

SCC is endothelial cell turnover particularly rapid. In the remaining
part of the tumors it is much slower and approaches the range of
values to be expected in normal tissues. This finding is of importance
when considering forms of tumor therapy targetting proliferating
endothelial cells (37, 38).
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