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Epidermal Growth Factor Receptor and
Transforming Growth Factor Alpha Expression in
Human Ovarian Carcinomas

Manuela Kohler, Thomas Bauknecht, Monika Grimm, Gerlinde Birmelin,
Friedrich Kommoss and Edgar Wagner

The varying tumorbiological behaviour of ovarian carcinomas probably influences operability, response to
chemotherapy, being one of the most relevant prognostic factors. Because it is believed that an activation of the
epidermal growth factor/transforming growth factor alpha (EGF/TGFa) signal pathway could be involved, we
analysed the expression of epidermal growth factor receptor (EGFR) and TGFa with molecular-chemical,
biochemical and immunohistochemical methods in 42 ovarian carcinomas, 4 ovarian metastasis, 2 other malignant
ovarian tumours, and in 25 nonmalignant tissues (ovary, myometrium). No major rearrangements or amplification
of the EGFR or TGF« genes were found. In non-malignant tissues no strong EGFR or TGFa signals were
detected. TGFa is mainly produced by the tumour cells as shown by immunohistochemistry. Four different high
molecular weight forms (2048 kD) were detected in malignant tissues by western blot analysis.
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INTRODUCTION
THE ABNORMAL expression and gene rearrangements of protoon-
cogenes and growth factors (GF) have been implicated in the
induction of malignant tumours [1]. The malignant phenotypes
of distinct tumours and the biological differences within tumour
groups are also believed to be caused by activated oncogenes or
GF. One of the best characterised GF/protooncogene signal
pathways is the epidermal growth factor/transforming growth
factor alpha (EGF/TGF«) system [2] which takes part in control
of the proliferation and differentiation of meso- and ectodermal
tissues. TGFa was initially discovered in retrovirally transfor-
med cells binding specifically to the epidermal growth factor
receptor (EGFR) as an EGF-like factor, and it has been impli-
cated in the malignant transformation process [3, 4]. Enhanced
production of TGFa and EGF receptor (EGFR) is frequently
detected in human tumour specimens and transformed cells of
ectodermal origin [S, 6]. Furthermore, cells transfected with
TGFa expression vectors become transformed. Later studies,
however, showed TGFa to be present in benign normal tissues
and cell types as well [7, 8] contributing to the normal develop-
ment, possibly through autocrine or paracrine mechanisms. The
EGF-like structure of TGFa is produced as part of a membrane-
anchored precursor and can be released as a diffusible bioactive
factor, defined by 50 aminoacids and six characteristically spaced
cysteines [9, 10]. The membrane precursor consists of an
extracellular domain that contains the mature TGFa followed by
a membrane-spanning hydrophobic sequence and a cytoplasmic
domain of unknown function. The processing of these TGFa
precursors is incomplete in many cells including tumour cells
which leads to an accumulation of pro-TGFa on plasma mem-
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branes [10]. The contact of pro-TGFa with the EGF/TGFa
receptor of the adjacent cell may activate the receptor thereby
mediating by cell-cell adhesion the promotion of cell prolifer-
ation. An early response in the cascade of the EGF/TGFa action
is the stimulation of nuclear protooncogenes such as c-fos, c-jun
and c-myc [12-14].

In view of the key role of the EGF/TGFa pathway for the
development of the normal but also malignant epithelial tissues
we analysed this pathway in ovarian carcinomas. These tumours
encompass a broad spectrum of lesions from borderline malig-
nant potential to highly aggressive tumours with a rapid growth
pattern and distant spread [11]. In earlier reports we described
the differences of EGFR/ligand expression in ovarian carcinomas
and its correlation with the results of chemotherapy and patients
prognosis [15-17]. An important question raised by these find-
ings is whether ovarian carcinomas produce or process TGFa
precursors with different biological activities and whether the
EGF/TGFa pathway is intact or disrupted in certain tumours
which could explain growth pattern and thus prognosis. There-
fore, we examined the EGFR and TGFa genes, mRNA levels
and the protein products in the ovarian carcinomas. The occur-
rence of TGFa preforms was analysed by western blottings and
was compared with the results of TGFa immunochistochemistry.

MATERIALS AND METHODS

The surgical specimens were immediately frozen in liquid
nitrogen and stored at —70°C for subsequent determination of
EGFR, TGFa immunohistochemistry and RNA analysis. The
tumour specimens were received from 42 cases with advanced
ovarian carcinomas (stage III and IV), from 7 cases with other
ovarian tumours and 25 non-malignant tissues. Routinely, all
specimens were examined histologically and contributed to the
histological subtype and grade of differentiation. Many of the
investigated cases (about 80%) had a similar histological subtype,
medium or low differentiated (G2 or G3) serous cyst-adeno
carcinoma. An EcoRI (Béhringer) 1.8 kb fragment of EGFR
cDNA corresponding with the extracellular domain of the
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receptor protein, obtained from M. Waterfield (London) and a
1.4 kb fragment of human TGFa cDNA, obtained from R.
Derynck (San Francisco) were labelled by random primer
extension [8] to a specific activity of 5 x 10® dpm/mg. X-ray
film XAR-5 was obtained from Kodak.

The TGFa antibodies (Tab 8, Tab 2, TBRY) were obtained
from R. Walker (Triton), prepared as described previously [8].
Biotinylated horse anti-mouse IgG antibody, avidin (A) and
biotinylated peroxidase (BC) were from Vector Laboratories.
Biotinylated goat anti-rabbit and rabbit anti-mouse IgG antibody
and streptavidin horseradish peroxidase were obtained from
BRL/GIBCO.

EGFR binding assay (EGFR RRA)

The EGFR binding capacities were estimated by the use of a
single point assay on a crude membrane preparation from the
tumour specimens as described previously [15, 16, 18]. The
relative amounts of binding capacities were calculated using the
specimen with the highest number of binding sites as 100%, the
specimens without detectable specific binding as 0% and the
remaining samples between those.

DNA analysis

Tissues were ground in liquid nitrogen and digested with
100 pg/ml proteinase K (Boehringer) in detergent containing
lysis buffer. DNA was purified by subsequent phenol and
chloroform extractions and precipitated with ethanol. For Sou-
thern analysis, DNA samples (10 pug) were digested with EcoRI,
HindIll and Rsal, electrophoresed through 1% agarose gels,
and transferred to nylon membranes (Zeta probe, BIO RAD) as
described previously [19]. Hybridisation was conducted at 65°C
in 0.5 mol/l sodium phosphate/7% (v/v) sodium dodecyl sulphate
(SDS), pH 7.2. The membranes were washed twice under
conditions of 40 mmol/l sodium phosphate/5% (v/v) SDS, pH
7.2 at 60°C and then exposed to X-ray films for 24 h.

RNA analysis

The amounts of EGFR or TGFa mRNA were analysed by
Northern blotting with total cellular RNA isolated from frozen
tissues by the guanidinum-isothiocynatate—caesium chloride
method as described elsewhere {8, 17]. Briefly, 10 pg RNA was
electrophoresed in a 1% agarose/2.2 mol/l formaldehyd gel,
stained in ethidium bromide as to control quality and amount of
RNA loaded onto the gel and transferred to nylon membranes.
The membranes were hybridised for 24 h at 42°C in the presence
of 50% formamide/10% dextran sulphate/1 mol/l NaCl/1% SDS
and were afterwards washed in 2 X sodium saline citrate
(§SC)/0.5% SDS for 30 min at room temperature and twice in
0.2 x SSC/0.1% SDS for 30 min at 65°C. The membranes were
exposed to X-ray film for 3 days for EGFR and 10 days for TGF«.
Quantitative evaluation of autoradiograms was performed by
densitometric analysis using the specimen with the highest
amount of mRNA as a 100% standard, the specimens without
specific banding as 0% and the residual samples between those.
The samples with >25% relative amounts of mRNA were
contributed to the group with a high mRNA expression rate.

Immunohistochemistry

The TGF« immunohistochemical staining reaction and the
semiquantitative analysis of the TGFa score on 6 pm cryostat
sections were performed as has been previously described [8].
Negative controls consisted of sections incubated with mouse
IgG instead of primary antibody. 500 tumour cells from rep-
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resentative microscopic fields were evaluated by two indepen-
dent observers. Immunoreactive scores ranging from 0 to 9 were
calculated by multiplying staining intensity (0: no staining, 1:
weak staining, 3: strong staining) by percentage of positive
epithelial cells (0-33%: factor 1, 34-66%: factor 2, and 67-100%:
factor 3). Such semiquantitative scores have been shown to be
of value in the assessment of immunohistochemical stainings
[20]. The type of staining distribution was assessed as described
{8], type-A tumours showing uniform staining of all epithelial
tumour cells, while type-B carcinomas had both clearly negative
and a second population of uniform strong positive cells. Finally,
type-C tumours showed a wide spectrum of staining intensity
from negative to weakly positive to intensely positive. The type-
B and type-C staining patterns were shown to be reproducibly
different by image analysis of breast carcinoma immunohistoch-
emical staining of progesterone receptor [21].

Western blot analysis

TGFa extraction was performed as described previously [18].
SDS-PAGE (polyacrylamide gel electrophoresis) was performed
in reducing conditions as described by Schigger and von Jagow
[22]. Molecular weight standards (Sigma) were routinely added
for protein size calibration. After electrophoresis, the gel was
removed from the glass plates and rolled onto a sheet of
submerged nitrocellulose paper (0.22 pm) avoiding air bubbles
between the gel and the paper. The electroblot unit (Frobel),
containing the gel and nitrocellulose paper were assembled
according to the manufacture’s instructions. Electroblotting was
performed in the presence of 25 mmol/l Tris/HCI, pH 9.4/20%
methanol/40 mmol/l 6-aminocaprionic acid (cathode), 0.3 mol/l
Tris/HCI, pH 10.4/10% methanol and 25 mmol/l Tris/HCI,
pH 10.4/10% methanol (anode). The proteins were transferred
for 1 h at 0.8 mA/100 mm?. After the transfer the gels were
routinely stained with Coomassie blue to proof the efficiency of
the transfer. For immunodetection the nitrocellulose paper was
submerged in block buffer (phosphate buffered saline/0.1%
Triton X-100/3% BSA) for 2 h at room temperature and incu-
bated with TBR9Y for 24 h at 4°C. This was followed by incu-
bation with biotinylated goat anti-rabbit IgG and streptavidin
horseradish peroxidase conjugate. The peroxidase specific stain-
ing was carried out with 4-chloro-1-naphthol.

RESULTS

48 different ovarian tumours, including 42 ovarian carci-
nomas, 4 ovarian metastasis, 1 sarcoma and 1 teratoma of the
ovary, were analysed. Placenta from 20 weeks of gestation as
well as term placenta, which are known to express EGFR and
TGFa, were taken as positive control tissues. Furthermore, 25
different non-malignant tissues (ovary and myometrium) were
investigated.

Table 1 shows for the ovarian tumours the results of EGFR
binding capacities, the amounts of EGFR and TGFa mRNA
together with the TGFa immunostaining indices and the results
of TGFa Western blot analysis. Examples of EGFR and TGFa
northern blots of tumours with different amounts of mRNA’s,
of non-malignant tissue and of placenta are shown in Fig. 1.
The ethidium bromide staining reaction demonstrates intact
ribosomal RNA and the same quantities of total RNA. An
EGFR transcript with a size of 10 kb and a TGFa transcript
with a size of 4.4 kb was found in the tumour probes as well as
in the non-malignant tissues. The TGFa western blots of TGFa
producing tumours and non-malignant tissue are demonstrated
in Fig. 2.
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Table 1. Malignant ovarian tumours. Relative amounis of EGFR

and TGFoa mRNA (%) Results of TGF o western blot and immu-

nohistochemistry
EGFRRRA EGFR TGFa TGFa TGFa
Nr fmol (%) mRNA (%) mRNA (%) western immunoh*
QOvarian carcinomas
27 0 0 0 ND ND
49 3 @.5) 5 59.9 + ND
67A 2 (5) 53 12.6 ND ND
89 0 0 0 ND 0
138 1 @2.5) 0 0 + ND
146 5 (12.5) 7 0 ND ND
157 5 (12.5) 4 21 + 0
159 5 (12.5) 4 b ND 0
166 6 (15) 0 0 ND ND
183 3 (7.5 4 0 ND ND
186 2 ) 0 0 ND ND
207 0 12 17 + 0
200 4 (10 9 0 ND 1/C
276 0 9 21 + 3/C
277 0 0 19 + 3/A
292 12 (30 36 12 + 6/A
29 0 1 9 + ND
301 1 Q2.5) 1 0 + 6/B
301 4 (10 0 0 ND 6/C
328 3 (7.5 7 25 + 2/C
329 ND 9 29 ND ND
359 46 (115t 9 78 ND 6/A
363 5 (12.5) 2 4 + 6/B
387 38 (100) 100 0 0 0
45 7 (17.5) 7 8 + 3/C
448 ND 0 0 + 6/C
451 0 0 0 + 0
466 0 0 2.4 + ND
480 0 0 13 + 3/A
483 7  (17.5) 3 0 + 6/C
484 27  (67.5) 25 0 + 6/C
487 0 0 0 + 3/C
488 S5 (12.5) 44 9 + 6/C
491 2 5 22 7 ND ND
502 0 4 7 + 6/C
505 0 7 57 + 6/A
506 2 ©) 6 67 + /A
513 0 7 100 + 12/A
564 2 ©) 3 52 ND 6/A
566 2 &) 3 88 + 3/A
573 3 7.5) 0 93 + 4/C
58313  (32.5) 7 80 ND 6/A
Other malignant ovarian tumours
123 0 0 0 0 0
258 ¢ 58 88 + 1c
286 0 20 48 + 6/A
378 ND 4 20 + 4/A
443 4 (10 0 3 + 9/C
45010  (25) 0 63 + 6/C

*TGFa Immunoh. = TGFa immunchistochemistry.

+EGFR gene arrangement (Southern blot).

The EGF binding capacities (fmol/mg), the mRNA amounts, the TGF«
Western blot and immunohistochemistry results are presented from 42
ovarian carcinomas and 6 additional malignant ovarian tumours. The
relative amounts of EGFR binding capacities (%) and of the mRNA
bandings (values in per cent compared with the specimen with the
highest expression rate) were calculated as described in Materials and
Methods.
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Fig. 1. Northern blotting. 10 pg total RNA isolated by
guanidinium-isothiocynate—caesium chloride method from different
ovarian tumours, non-malignant tissue and placenta were put on each
lane. Lane 1: 123 (ovarian sarcoma), 2: 328, 3: 186, 4: 157, 5: 296, 6:
301, 7: nonmalignant tissue, 8: 378, 9: 513, 10: 286, 11, 12: placenta.
(a) Hybridisation with a labelled 1.8 kb EcoRI EGFR fragment. (b)
Hybridisation with a 1.4 kb EcoRI TGF« fragment. (¢) The ethidium
bromide staining shows the intact ribosomal RNA and that equal
amounts were put onto the gel.

For the investigation of the EGFR and the TGF« gene, DNA
isolated from the ovarian carcinomas and placenta was digested
by EcoR1, HindIIl, Pstl and Rsal. Figure 3 shows an example
of a Southern blot.

The biochemical EGF RRA detected specific EGF binding
{(n = 27) in about 68% of the analysed ovarian carcinomas
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Fig. 2. Western blotting. Equal amounts of protein isolated from
different ovarian tumours and non-malignant tissue as described
above were resolved on an SDS-polyacrylamide gel and blotted
onto a nitrocellulose filter. TAB2 antibody was diluted 1:1000 and
biotinylated rabbit anti-mouse and streptavidin peroxidase conjugate
were employed to visualise immunospecific bands. Molecular weight
markers are indicated on the left side of the figure. (a) lane 1: 363, 2:
378, 3: 480, 4: 483, 5: 513, 6: non-malignant tissue. (b) lane 1: 573, 2:
506, 3: 138, 4:448.

(n = 40) with binding capacities from 1 to 46 fmol/mg, whereas
the mRNA analysis (n = 42) revealed specific nRNA bandings
in six additional biochemical EGF-R (=) cases (Table 1). In
order to compare the biochemical and mRNA EGFR data, the
tumours were categorised according to their binding capacities
or hybridisation signals as described in Materials and Methods.
About 10% of the analysed specimens expressed high amounts
of EGFR mRNA which is similar to the number of cases with
high EGF binding capacities. However, high binding capacities
coincide in only a few cases (n = 3) with high expression rates.

Figure 4 shows the correlation (P = 0.423) between the
biochemical and the mRNA hybridisation EGFR signals of all
investigated specimens. In 11 out of 48 cases, the biochemical
EX 28:8/9-F
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Fig. 3. Southern blotting. 10 pg DNA purified by phenol and chloro-

form extraction were digested with EcoRlI restriction enzyme hybrid-

ised to the EGFR probe. Lane 1: 258, 2: placenta, 3: 513, 4: 483, 5:
480, 6: 207, 7: 566, 8: 286, 9: 583, 10: lambda, HindIII digested.

signals were lower and in 10 cases, they were higher as compared
with the mRNA amounts.

The western analysis of the TGFa products revealed four
different TGFa species with the molecular weights of about 48
kD, 30kD, 25 kD and 20 kD. Among all 33 analysed specimens,
we found the 48 kD form in 16 cases, the 30 kD form in 16
cases, in 22 cases the 25 kD and in 9 cases the 20 kD form were
present. Furthermore, in a tumour (513) with an extraordinarily
high level of TGFa mRNA we found additional TGF« specific
bandings between 6 and 20 kD and in tumour 528/90 a 14 kD
TGFa form was detected. In many cases a good relationship
exists between the results of the northern blotting and those of
the western blot analysis. However, discordant results were
obtained in 6 out of 33 cases indicating a possible alteration of
the TGFa preform processing. The results of TGFa immunohis-
tochemistry indicate the tumour cells as the TGFa source with
varying production rates, the stromal cells are TGFa negative.
The investigation of the TGFa gene in ovarian tumours did not
show rearrangements or amplifications (data not shown).

The case number of adnexal tumours other than common
epithelial carcinomas (metastasis, teratoma, sarcoma) is too low
to detect significant differences between both groups of ovarian

120

100}~ +

80—

EGFR mRNA (%)

-20 0 20 40 60 80 100 120
EGF RRA(%)

Fig. 4. The EGFR binding capacities were measured by EGF RRA
and the EGFR mRNA expression by northern blotting and densitome-
try of the mRNA bandings. The relative quantities were evaluated
taking into account the specimens with the highest value as 100%.
Several biochemically EGFR negative tumours express low mRNA
bandings as an indication of reduced sensitivity of the EGF RRA.
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neoplasms. The discordant results between the EGFR binding
and mRNA expression can perhaps be explained by the TGF«
production rate. We observed some tumours with a high TGFa
but a low EGFR or a high EGFR and a low TGFa expression
level without a clear connection between these mRNA findings.
The TGFa expression analysis of nonmalignant tissues revealed
low amounts of TGFa mRNA in 44% of the investigated cases
whereas no bandings were found in the western blots. The
discrepancy could be explained by the findings of immunohisto-
chemistry. TGFa specific immunostaining reactions were
detected in epithelial cells only, and stromal cells were TGFa
negative. The analysis of the EGFR gene by Southern blotting
detected no amplification, but in two cases, rearrangements of
the EGFR fragments were found. Case number 207 had an
itensified 7.7 kb banding (EcoRI), and case number 359 had an
additional 3.4 kb banding (PstI). It is of interest that specimen
359is characterised by a high EGF binding capacity (46 fmol/mg)
but only moderate amounts of EGFR mRNA (9.4%). The
investigation of the TGFa gene in ovarian tumours did not show
rearrangements or amplifications of the enzyme digested TGFa
fragments.

DISCUSSION

In the present study we have analysed the expression of EGFR
together with the EGFR binding ligand TGFa in ovarian
carcinomas. Comparing results of biochemical and mRNA
EGFR detection methods, it can be seen that in about 10% of
the biochemically EGFR negative specimens, a weak mRNA
signal was found as an indication for a lower sensitivity of the
EGFR RRA as compared with the northern blot. Considering
the sensitivity limits of mRNA analysis, it may be assumed that
probably all ovarian carcinomas express EGFR as an essential
parameter for their viability. Further experiments with the
polymerase chain reaction (PCR)-method should clarify this
question. The discordant results of EGF binding assay and
mRNA analysis need careful interpretation. Only in two cases
EGFR gene rearrangements have been found. Modifications of
the receptor molecule especially influence receptor recycling
[23], and a modified ligand binding domain may influence
EGF/TGFa binding properties {24]. The mitogenic properties
of the tumour cells is not only dependent on the presence of the
growth factor receptor but also on the local concentration and
the biochemical structure of the ligand. In earlier reports we
described the tissue levels of EGF and EGF like factors/TGFa
in specimens of ovarian and other gynaecological cancers [18].
Immunohistochemistry demonstrated that the malignant cells
of the ovarian carcinomas produce EGFR [17] and its ligand
TGFa [8). TGFa is probably produced by the cells in a
glycosylated transmembrane-bound preform [25, 26]. The esti-
mation of the TGFa gene products by western blotting revealed
high molecular forms in 31 out ot 33 ovarian carcinomas. Two
cases were factor negative, and one of the remaining two tumours
had a 14 kD form and in the second tumour, TGFa peptides
with molecular weights from 6-20 kD were found. Other groups
describe similar results and the existence of biologically active
TGFa preforms [25, 26]. Bringman et al. report an activation
step to the smaller 6 kD peptide by the action of elastase-like
enzymes as an important step for its action [8)]. The detection of
the low molecular weight 6 kD form in the tumour with the
extremely high TGFa expression rate can be taken as an evidence
that TGFa usually exists in its preforms and may be activated
locally to the 6 kD form by the action of proteases or glycosidases.
However, the concentration of the 6 kD form is usually too low
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to be detected if it is not purified. In nonmalignant tissues, we
were unable to detect TGFa in western blots, whereas both
immunohistochemistry and mRNA analysis revealed TGFa
expression by epithelial cells. Dilution by stromal proteins is a
possible explanation for this discrepancy. However, it may also
be speculated that in nonmalignant tissues, the TGFo preforms
are rapidly activated to the low molecular weight 6 kD forms
which will be metabolised after receptor binding [24] and thus
could explain the low tissue concentration of the 6 kD form.
There is no information about the metabolic half-life of the
different TGFa species. TGFa producing tumours may activate
TGFa in such a manner which increases the local TGFa
concentration and causes a constitutive TGFa signal for the
tumour cells. Comparison of TGFa mRNA analysis with the
western blots and the immunostaining scores exhibit a good
correlation in some cases, but discordant results also exist.
The reason for this is probably a post-translational TGFa
modification as described by others [26].

Comparison between EGFR and TGFa expression showed
reduced EGFR binding capacities in tumours with a high EGFR
mRNA signal, if tumours had a high TGFa expr:ssion level.
From these results we conclude that EGFR can uc down
regulated in tumours producing high amounts of TGFa.

We believe that the estimation of the EGFR and TGFa
expression in ovarian cancer will be helpful for the clinical
characterisation of such tumours. We currently prepare the
publication of clinical data indicating that the results of chemo-
therapy are related to the expression rates of these parameters.
These findings will add further to the body of evidence that
tumour biology is one of the important factors to estimate the
clinical course of malignant disease.
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Comparison of Intra-arterial Versus Intravenous 5-
Fluorouracil Administration on Epidermal
Squamous Cell Carcinoma in Sheep

Garry J. Harker and Frederick O. Stephens

Clinical evidence that intra-arterial chemotherapy is more effective in regressing head and neck cancers than
equivalent intravenous doses is lacking. Intra-arterial versus intravenous 5-fluorouracil infusion was compared in
a naturally occurring, auricular epidermal squamous cell cancer in sheep. Of 18 lesions infused intra-arterially
and of 18 infused intravenously with the same dose, 39 and 11%, respectively responded objectively (over 50%
regression); mean (S.E.) tumour volume reduction was 37(23) and 18(22)%, respectively. There was a statistically
significant difference in the mean tumour response and in numbers of tumours regressing by at least 40% of
tumour volume (50% of intra-arterial treated tumours compared with 11% of intravenous treated lesions) after
the 16 day total infusion time in favour of intra-arterial treatment. Technically, the intra-arterial route in this
model was an improvement on previous small animal models. These findings lend support to the need for

continuing clinical study of intra-arterial infusion.
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INTRODUCTION
THE STATE of the art concerning the theory, development,
application and criticism regarding the intra-arterial chemother-
apeutic technique in the treatment of cancer, has been reviewed
comprehensively [1-4]. In spite of vast clinical experience,
appropriate experimental and clinical trials have not been con-
ducted in the management of head and neck carcinoma, in
contrast with hepatic cancer [5-8], to confirm the principle that
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intra-arterial drug administration results in higher regional
tumour drug concentrations and regression rates than are attain-
able by systemic drug delivery {1, 9]. This is primarily due to
the fact that relatively small patient numbers are managed in
diverse units where the required clinical and surgical expertise
are available. On this basis, multi-institutional trials, enabling
standardisation of therapeutic regimens, have been difficult to
establish. Several investigators have sought further information
from experimental small animal models, however, most series
have had drawbacks for both biological and technical reasons
[10-12]. This report documents the suitability of sheep epider-
mal squamous cell carcinoma in the head and neck region (Fig.
1) as a model for the study of intra-arterial S-fluorouracil (5-FU)
administration.



