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TGFa-PE40 is a chime& protein composed of transforming growth factor alpha (TGFa) linked to a modified 
Pseudomonas exotoxin (PE40). We tested the in vitro cytotoxicity of TGFePE40 on 23 diierent solid human 
tumour xenografts established in nude mice and human bone marrow cells from healthy donors, utilising a 
modified clonogenic assay. In order to distinguish non-specific toxicity from the targeted effects of TGFePE40, 
epidermal growth factor receptor (EGFR) expression of the tumours studied was assessed by Northern blot, slot 
blot and immunohistochemistry. TGFa-PE40 demonstrated differential cytotoxicity on human tumour xenografts 
in the clonogenic assay. No toxicity on human ‘bone marrow cells was observed. In vitro activity of TGFcr-PE40 
showed a significant correlation with the expression of EGF receptors as determined by immunohistochemistry 
and slot blot. Further studies will be performed in order to determine the in tivo activity of this compound in 
tumour-bearing nude mice. 
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INTRODUCTION 
NATURAL TOXINS produced by bacteria or plants, such as Pseudo- 
monas exotoxin, diphtheria toxin and ricin, have demonstrated 
a highly cytotoxic effect in mammalian cells and may be useful 
as possible therapeutic agents. In order to utilise the cytotoxic 
potential of natural toxins in cancer therapy, the molecules 
have to be selectively targeted to malignant cells. Initially, 
immunotoxins consisting of monoclonal antibodies chemically 
coupled to different cytotoxic molecules were developed, 
designed to bind specific antigens on the cell surface [ 11. In 
recent years, recombinant toxins have been formed using genetic 
engineering techniques. Different receptor binding proteins 
such as transforming growth factor alpha (TGFo), basic and 
acidic fibroblast growth factor, insulin-like growth factor-l, 
interleukin-2, interleukin4, interleukind, CD4 and binding 
portions of selected antibodies have been used to target toxins to 
malignant cells or cells infected with the human immunodefici- 
ency virus type 1[2, 31. 
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Pseudomcnus exotoxin A (PE) is a bacterial toxin from Pseudo- 
momzs nerugi~su that kills mammalian cells by inactivating 
protein synthesis. After binding to az-macroglobulin receptors, 
the toxin is internalised and processed in several intracellular 
steps to produce an active 37 kDa C-terminal fragment, which 
ADP-ribosylates elongation factor 2. PE40 consists of a 40 kDa 
fragment of PE lacking the cell recognition domain [4]. 

TGFa is a 50 amino acid polypeptide with mitogenic proper- 
ties in a variety of vertebrate cells. It shows considerable 
sequence homology with epidermal growth factor (EGF) and 
exerts its biological effects by binding to the EGF receptor 
(EGFR) [5]. EGFR expression, frequently accompanied by a 
parallel increase in TGFa expression, has been demonstrated in 
various human tumours and cell lines, including cancers of the 
head and neck, lung, stomach, breast, ovary, uterine cervix, 
kidney and bladder [6-93. High levels of EGFR predict a poor 
clinical prognosis in squamous cell lung cancer, bladder cancer 
and mammary adenocarcinoma [ 10, 1 I]. 

The recombinant toxin TGFcr-PE40 has been generated by 
fusion of a complementary DNA encoding TGFa to the PE40 
gene. The chimeric gene was expressed in E. coli and the 
chimeric protein has been purified to near homogeneity. The 
combination of cell killing and cell targeting properties of 
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TGFo-PE40 suggests a possible role as a selective antineoplastic 
agent. In various in virro models, the compound has demon- 
strated a clear cytotoxic potential in mammalian tumour cell lines 
expressing epidermal growth factor receptors [ 121. Recently, Pai 
and coworkers demonstrated in nine efficacy of TGFa-PE4O in 
nude mice bearing subcutaneous (s.c.) tumour xenografts of 
A431, a human epidermoid carcinoma, and DU145, a prostate 
carcinoma. For both tumour lines, a high level of EGFR 
expression was demonstrated [ 131. 

To complement the observations in selected cell lines, exper- 
iments in highly predictive models of human disease are neces- 
sary. Here we report on the antineoplastic effect of TGFo-PE40 
in human tumour xenografts established in athymic nude mice, 
demonstrating the cytotoxic activity of the compound in model 
systems of slowly growing malignancies with close resemblance 
to patient tumours. All tumours were extensively characterised 
for growth pattern, histology and chemosensitivity both in vitro 
and in viva [ 141. In order to distinguish non-specific toxicity 
from targeted effects of TGFrr-PE40, EGFR expression of 
the tumours was assessed by Northern blot, slot blot and 
immunohistochemistry. 

MATERIALSANDMETHODS 
Humun tumours and nude mice 

Human tumour xenografts established in serial passage in 
athymic nude mice were used as tumour material. Athymic nude 
mice (outbred NMRI nu/nu strain) grown in our own breeding 
facilities were used. The animals were housed under specific 
pathogen-free conditions with free access to food and acidified 
water. Room temperature was controlled at 24 f l”C, relative 
humidity was above 70%. The human origin of the turnours was 
confirmed by isoenxymatic and immunohistochemical methods. 
All tumours were derived from different patients. Characteris- 
ation of these models has been described previously, including 
patient data, histology, growth behaviour, chemosensitivity 
to standard anticancer drugs in tirro and in &JO, isoenzyme 
phenotype analysis, hormone receptor analysis, surface markers, 
and DNA histogram as generated by flow cytometry [14, 151. 

TGFcl-PE40 was developed and synthesised by Ira Pastan and 
coworkers (Bethesda, Maryland, U.S.A.) [16, 171. TGFePE40 
stock solution was protected from light and stored at -80°C for 
a maximum of 6 months. The protein was diluted with 0.2% 
human serum albumin, and further dilution steps were perfor- 
med with saline. Final solutions were prepared freshly for each 
experiment. 

Clonogenic assay 
In vitro activity of TGFo-PE40 was studied in a mod&cation 

of the soft agar culture system introduced by Hamburger and 
Salmon [ 181. The methodology applied has been described 
previously [19]. Briefly, solid human tumour xenografts were 
mechanically and enxymatically disaggregated to a single cell 
suspension. Human bone marrow cells were aspirated from the 
iliac crest of healthy volunteers, mononuclear cells with a density 
of less than 1.007 g/ml were separated by density centrifugation 
in Ficoll paque. Culture plates consisted of 35 mm Petri dishes 
with two layers of soft agar. The bottom layer contained culture 
medium and agar only, for the top layer 0.2-l x lo6 turnour or 
bone marrow cells were added. Cytostatic drugs were applied by 
continuous exposure in 1.0 ml of medium on to the top layer 
(drug overlay). In each assay, six control plates received the 

vehicle only, drug-treated groups (TGFePE40 at concen- 
trations of 0.1,0.3, 1,3 and 10 ng/ml) were plated in triplicate. 
Cultures were incubated at 37°C and 7% CO2 in a humidified 
atmosphere for 6-21 days and monitored closely for colony 
growth. Within this period, in vitro tumour growth led to the 
formation of colonies with a diameter of >60 m. At the time of 
maximum colony formation (after 5-12 days of incubation), 
counts were performed with an automatic image analysis system 
(Bausch & Lomb Omnicon FAS IV). Drug effects were 
expressed in terms of percentage survival. A compound was 
considered as cytotoxic at a given concentration, if the mean 
number of colonies in treated plates was reduced to ~30% of the 
mean colony count of untreated controls. Individual 1c70 values 
(inhibitory concentration reducing colony formation by 70%) 
were calculated from dose-response curves of each single tumour 
line. The overall median 1c70 was calculated for all xenografts 
studied. A xenograft was considered to be responsive to 
TGFa-PE4O in vitro if the individual 1~70 of the tumour line was 
equal to or lower than the medtan It&. 

RNA isolation and blotting 
Total cellular RNA was prepared according to the guanidium 

isothiocyanate method. Briefly, human solid tumour xenografts 
were dissected under sterile conditions, and necrotic tissue was 
removed. Vital tissue specimens were frozen in liquid nitrogen 
and homogenised. The samples were lysed in 4 M guanidium 
isothiocyanate, followed by ultracentrifugation through a caes- 
ium chloride cushion for 20 h. Pelleted RNA was recovered in 
ethanol, resuspended and extracted with phenol and chloroform: 
isoamylalcohol. RNA was stored in sodium acetate/ethanol, the 
concentration was measured photometrically using the optical 
density at 260 and 280 nm [20]. 

For Northern blot analysis, total RNAs (10 pg each) were 
denatured at 65°C in morpholinopropanesulphonic acid, formal- 
dehyde, fo rmamide and ethidium bromide, and loaded on to 
1.25% agarose gels containing formaldehyde and morpholinop- 
ropanesulphonic acid. The gels were run in morpholinopropane- 
sulphonic acid buffer at 70 V for 3-4 h and transferred to 
nitrocellulose membranes by capillary blotting overnight. For 
RNA fixation, the membranes were dried at 80°C for 2 h. Slot 
blot analysis was performed as described previously [20]. Total 
RNAs (5 cog) were denatured at 65°C in formamide, formal- 
dehyde and 20x standard saline citrate (SSC) and applied to 
nitrocellulose membranes using a slot blot apparatus. 

Probes, labelling and hybridisation 
EGFR mRNA expression was studied using the probe pE7 

(American Type Culture Collection, Rockville, Maryland, 
U.S.A.). This consists of an internal cDNA fragment covering 
bases 600-3000 approximately of the EGFR mRNA, coding for 
approximately 709 amino acids (2.4 kb insert). For quantifi- 
cation of the RNA amount loaded in individual lanes, expression 
of the housekeeping gene GAPDH was assessed using a 1.12 kb 
GAPDH-cDNA fragment. 

Nitrocellulose filters were prehybridised for 2-4 hours at 
65°C with 2 x SSC, 10 x Denhardt’s solution, 2.5% dextrane 
sulphate, 0.1% SDS, 0.1% Na2P04, 2 mM EDTA and 30 & 
ml salmon sperm DNA followed by an overnight incubation at 
65°C with a random prime labelled 2.2 kb Clal EGFR-cDNA 
fragment of pE7. The filters were washed 2 x 15 min with 
2 x SSC, 0.1% SDS, 0.1% Na2P0.,, 2 mM EDTA, followed by 
1 x SSC, 0.1% SDS, 2 mM EDTA and 0.4 x SSC, 0.1% SDS, 
2 mM EDTA at 65°C. Subsequently, blots were dried and 
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exposed to X-ray sensitive fihns at -70°C for l-3 weeks. The 
filters were stripped and rehybridised with the GAPDH probe. 

Evaluation of mRNA analysis 
Specificity of the DNA probes was determined by analysis of 

Northern blots. For EGFR-positive xenografts, the character- 
istic 10 kb EGFR transcript was observed, some tumours 
additionally showed one or two smaller transcripts. As positive 
controls, the prostate cancer line DU145 and the squamous cell 
carcinoma line A431 (data not shown) were used. For both 
turnours, clear expression of EGFR was observed. 

Quantitative evaluation of slot blot autoradiograms was per- 
formed by laser scanning densitometry. The positive control 
tumour DU145 was used as 100% standard, expression levels of 
all other specimens were calculated relative to the positive 
control. 

Immunohistochemistty 
Representative tissue sections were embedded in paraffin. 

Serial sections of 4 pm thickness were stained according to the 
ABC method (avidin-biotin complex) [21], using the Vectas- 
tain@ system (Camon, Wiesbaden, Germany). Briefly, after 
dewaxing and rehydration, slides were placed in absolute etha- 
nol. Endogenous peroxidase activity was blocked with 70% 
methanol and 33% HzOz (v/v 100/l). The primary antibody 
(polyclonal rabbit antibody, anti-EGFR Ab-4, Oncogene Sci- 
ence, Manhasset, New York, U.S.A.), directed against the 
intracellular domain of the EGF receptor, was prepared by 
dilution in 0.1% bovine serum albumin in phosphate buffered 
saline (PBS) at a ratio of 1:20, found to stain the antigen 
adequately. After application of the primary EGFR antibody, 
slides were incubated with the biotinylated second antibody 
(goat-antirabbit) for 60 min. ABC was applied for 60 min at 
room temperature. Finally, AEC (aminoethylcarbazole) was 
added for enzyme staining. All slides were counterstained with 
Mayers haematoxylin for 5 min and coverslipped with water- 
soluble mounting medium. As a positive control, the human 
prostatic carcinoma cell line DU145 was used (American Type 
Culture Collection, Rockville, Maryland, U.S.A.) As a negative 
control, human bone marrow specimens from healthy donors 
were embedded in paraffin and prepared as above. 

Each slide was evaluated by two of us (S.S., U.H.) based on 
the following criteria: -, no staining; +, moderate staining 
(lO-50% of tumour cells positive) and minimum background 
staining; ++, maximum staining (>50% of tumour cells 
positive) with no background staining. 

Correlation and statistics 
Clonogenic assay results were entered into a database and 

evaluated using specifically designed software. For comparison 
of clonogenic assay and immunohistochemistry, results were 
dichotomised. A tumour was considered to be responsive to 
TGFePE40 in vitro if the individual IC,,, was equal to or 
lower than the median 1~70. In immunohistochemistry, at least 
moderate staining with minimum background staining was 
required for expression of EGFRs. Statistical significance was 
assessed by use of the $-test (modified according to Yates for 
20 s n < 60). Clonogenic assay results and slot blot data were 
compared by use of the Wilcoxon test. Statistical significance 
was assumed to be P < 0.05. 

Cloiwgenic assay 
RESULTS 

The in vitro cytotoxicity of TGFa-PE40 was studied using a 
panel of solid human tumour xenografts of different histological 
entities established in nude mice and human bone marrow cells 
(CFU-GM) from two different healthy donors (Table 1). Drug 
concentrations ranged between 0.1 and 10 ng/ml with continu- 
ous exposure. In human tumour xenografts, a clear 
dose-response relationship was observed. At concentrations of 
0.1,0.3, 1, 3 and 10 r&ml, the 1~70 was reached in 0% (n = 01 
23), 9% (2/23), 30% (7/23), 39% (9/23) and 65% (15123) of the 
tumours studied, respectively. In contrast, colony growth of 
human bone marrow progenitor cells (CFU-GM) was not affec- 
ted by TGF+PE40. 

Further analysis of the 1~70 values demonstrated a median 1c70 
of 3.0 ng/ml. IQ0 values <3.0 ng/ml indicating responsiveness 
were observed for a variety of tumour lines of different histology 
(Table 1). Differential cytotoxicity was demonstrated, with 
activity in gastric cancer (one of the three xenografts studied), 
non-small cell (214) and small cell lung carcinomas (113) as well 
as in tumours of the breast (l/3), ovary and kidney, in a soft 
tissue sarcoma and in the positive control prostate tumour 
DU145. Colorectal tumours (n = 3) as well as melanomas 
(n = 2) and a testicular cancer xenograft were not responsive. 

Expression of EGFR 
Analysis of EGFR expression was performed at the mRNA 

and the protein level, using Northern as well as slot blot 
technique and immunohistochemistry, respectively. 

Expression of EGFR mRNA. The specificity of the 
EGFR-cDNA used was determined by Northern hybridisation. 
Examples of EGFR expression demonstrating the characteristic 
10 kb transcript in gastrointestinal tumours are given in Figure 
1. Only few tumour lines demonstrated an additional 4 kb 
transcript (GXF 251 and DU 145). 

Quantitative evaluation of EGFR mRNA expression was 
performed using the slot blot technique. EGFR mRNA signals 
were observed in 13/19 tumours studied (Table 1). Positive or 
highly positive tumours were found for all histiotypes studied. 
The positive control tumour line, DU145, was highly positive 
for EGFR mRNA, whereas human bone marrow cells did not 
express the message for EGFRs. 

Zmmunohistochemistry. Immunohistochemical analysis. re- 
vealed a similar expression pattern (Table 1). Twelve of the 21 
xenografts studied showed expression of the EGFR protein, as 
defined by at least moderate staining with minimum background 
staining. Staining was membrane-associated and intracellular 
(cytoplasmic) in all cases. Adenocarcinomas showed typical fine 
granular staining of membranes and submembranous cytoplasm. 
The distribution of positive cells appeared heterogeneous, with 
focal or diffuse staining patterns. Two xenografts showed 
maximum staining without background staining, i.e. the gastric 
carcinoma line GXF 209 and the positive control prostatic 
carcinoma DU145. A variety of xenografts showed moderate 
staining with minimum background, i.e. tumours of the colon, 
stomach, lung, breast, ovary, kidney and melanoma. Human 
bone marrow specimens were negative for EGFR. Three 
tumours (colon carcinoma CXF 886, gastric cancer GXF 97 and 
breast cancer MAXF 401) showed EGFR mRNA expression in 
Northern and slot blots, but immunohistochemical staining for 
EGFR protein was negative. 
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Table 1. Comparison of in vitro colony inhibition by TGFa-PEQO (IC,~ values) and expression of 
EGFR as detected by immunohistochemisty and slot blot in human tumour xenografts 

Tissue Histology 
TGFa-PE40 
tc,, (np/niB 

EGFR expression 

IHC* Slot blot (%)t 

HBM No. 1 
HBM No. 2 
CXF 280 
CXF 886 
CXF 1103 
GXF 97 
GXF 209 
GXF 251 
LXFA 629 
LXFE 409 
LXFL 529 
LXFL 1029 
LXFS 538 
LXFS 605 
LXFS 650 
MAXF 401 
MAXF 1162 
MAXF 1322 
MEXF 276 
MEXF 5 14 
OVXF 899 
RXF 1220 
SXF 587 
TXF 593 
DU 145 

Human bone marrow, donor 1 
Human bone marrow, donor 2 
Colorectal cancer 
Colorectsl cancer 
Colorectal cancer 
Gastric cancer 
Gastric cancer 
Gastric cancer 
Lung cancer, adenocarcinoma 
Lung cancer, squamous cell carcinoma 
Lung cancer, large cell carcinoma 
Lung cancer, large cell carcinoma 
Lung cancer, small cell carcinoma 
Lung cancer, small cell carcinoma 
Lung cancer, small cell carcinoma 
Breast cancer 
Breast cancer 
Breast cancer 
Melanoma 
Melanoma 
Ovarian cancer 
Renal cancer 
Soft tissue sarcoma 
Testicular cancer 
Prostate cancer 

>lO.O$ _ 0 
> lO.O$ _ 0 

13.8 - 0 
>lO.O$ - 76 
> lO.O$ + 24 

13.8 - 27 
3.0 ++ 116 
1.2 + >loo 
0.2 + nd 
6.5 - 0 
0.1 + 43 
6.8 - 0 
0.4 f 78 
4.7 - 0 

17.8 - 0 
11.8 - 116 

> lO.O$ + 27 
0.9 + nd 

>lO.O$ - 0 
5.6 + 14 
0.9 + 22 
1.3 + 41 
0.8 nd nd 
7.5 nd nd 
0.7 ++ 100 

* As determined by immunohistochemistry: - , no staining; + , moderate staining and minimum background 
staimllg; ++, maximum staining with no background staining; t as compared to positive control prostate 
cancer cell line DU 145 (expression level 100%); $ xc,,, was not reached at the concentrations used. The highest 
concentration studied in vitro is given (10 q/ml). Tumour line was not included in the calculation of median 
IC,,. nd, not done. 

Cowelation of EGFR expression to TGFa-PE40 efficacy in 
vitro. A clear relationship between EGFR protein expression 
and sensitivity to TGFePE40 was observed. In 12/21 tumours, 
expression of EGFR was demonstrated by immunohistochemical 
staining with a polyclonal antibody and nine of these tumours 
were considered sensitive (ICY,, < 3.0 &ml) to TGF~Y-PE40 in 
vitro. Nine other tumours did not show EGFR expression, and 
all were resistant in the clonogenic assay (lcTo > 3.0 r&ml). 
This difference was statistically significant (P = 0.003, J- 
test modified according to Yates, n = 21). A comparison of 
TGFePE40 cytotoxicity and quantitative EGFR mRNA 
expression as determined by slot blot analysis also revealed a 
significant correlation (P = 0.007, Wilcoxon test). 

DISCUSSION 
In this study, we demonstrated cytotoxic activity of the 

recombinant toxin TGFcx-PE40 in highly predictive models of 
slow growing human solid turnours. The efficacy of TGFePE40 
was evaluated utilising a modified clonogenic assay with human 
tumour xenografts established in serial passage in athymic nude 
mice. The compound displayed differential cytotoxicity and a 
clear doseresponse relationship at concentrations between 0.1 
and 10 @ml. Colony formation of non-small cell lung cancer, 
breast and ovarian cancer specimens as well as one soft tissue 
sarcoma and the positive control prostate carcinoma DU145 
was reduced significantly with 1~70 values below 3.0 ng/ml 

(continuous exposure). In contrast, growth of human bone 
marrow cells from two different healthy donors was not affected 
by TGFa-PE40, even at the high concentration of 10 &ml. 
Similar cytotoxicity profiles have been observed by Von Hoff 
and associates [22], who studied 107 patient tumour specimens 
in a human turnout colony-forming assay for sensitivity to TP40, 
a similar recombinant toxin consisting of the entire TGFa 
protein fused to a 40 kDa segment of the Pseudomonas exotoxin 
A. Sensitive tumour types included breast, colorectal, endometr- 
ial, head and neck, non-small cell lung, gastric and pancreatic as 
well as sarcoma. Other authors demonstrated activity of the drug 
in protein synthesis inhibition assays using clonal tumour cell 
lines [17]. 

Various groups demonstrated activity of TGFcr-PE40 in 
selected cell lines expressing high levels of EGFRs, for example, 
DU145 prostate carcinoma, A431 squamous cell carcinoma or 
HT 29 colorectal cancer, both in proliferation inhibition assays 
in vifro as well as in nude mice after subcutaneous injection of 
the cell lines in vivo [ 12, 131. In a complementary analysis, we 
evaluated the compound in models of slow growing human solid 
tumours. In contrast to cell lines cultivated in vitro, human 
tumour xenografts established in athymic nude mice in vivo 
retain the characteristics of the original patient’s neoplasms to a 
greater extent. These include tumour heterogeneity, growth 
factor expression and vascularisation pattern [14, 151. In order 
to distinguish between non-specific, merely cytotoxic effects and 
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Figure 1. Northern blotting. Total RNA (10 w) from different gas- 
trointestinal tumour xenografts and the positive control prostatic 
carcinoma DU145. Hybridisation with a random prime labelled 2.2 kb 
Clal EGFR-cDNA f?agment of pE7. Autoradiography demonstrates 
the characteristic 10 kb EGFR transcript. To ensure uniform RNA 
loading and transfer from the gel to nitrocellulose filters, each blot 

was rehybridised to a human GAPDHprobe. 

selective cell kill mediated by TGFa directed drug targeting, the 
expression of EGFRs was assessed in the tumour lines studied. 

Twenty-one of the 23 tumours as well as human bone marrow 
specimens were analysed for EGFR mRNA expression by 
Northern and slot blot hybridisation. The expression pattern 
observed was in accordance with the literature [5-91. The 
characteristic 10 kb EGFR transcript was detected in 13 of the 
21 xenografts studied. An additional 5.6 kb transcript has been 
reported in other systems, however, no evidence of this was 
found with the probe used. Aberrant signals of 4 kb were 
detected in the gastric carcinoma GXF 25 1 and in DU145 cells, 
but these may be due to cross-hybridisation. Similar transcript 
patterns have been described recently [23, 241. 

EGFR protein expression was assessed by immunohistochem- 
ical staining of paraffin-embedded specimens of the same 
tumours. The primary antibody used detects the intracellular 
domain of the EGFR. Membrane-associated and intracellular 
(cytoplasmic) immunoreactivity was observed. Identical staining 
patterns have been observed by various authors with the same 
or other antibodies. Intracellular staining has been explained by 
ligand-induced receptor intemalisation or by immunohisto- 
chemical detection of cytoplasmic EGFR precursors [25-271. 
Comparison of slot blot data and immunohistochemistry results 
have revealed a clear correlation between EGFR mRNA detec- 
tion and expression of the EGFR protein. However, three 
Nmours demonstrating EGFR mRNA did not show expression 
of the protein. This indicates a lower sensitivity of the immuno- 
histochemistry technique, which may be due to background 
staining of some of the xenografted malignancies. Alternatively, 
post-transcriptional regulation might influence EGFR protein 
synthesis. 

Comparison of clonogenic assay data and EGFR protein 
expression demonstrated a sign&ant correlation (P = 0.003). 
Twelve of the 21 tumours sNdied displayed EGFR either on the 

cell surface or intracellularly. In vitro clonogenic growth of nine 
of these tumours was reduced significantly by incubation with 
TGFePE40, resulting in 1~70 values ~3.0 ng/rnl. Nine tumours 
did not express EGFR, and IC,~ values of these tumours were 
well above 3.0 ng/ml. Correlation of rc,o values to quantitative 
EGFR mRNA expression data, as determined by slot blot 
analysis, also revealed a significant correlation (P = 0.007, 
Wilcoxon test). Efficacy of TGFa-PE40 was observed in EGFR 
mRNA expressing lines only. However, three tumours express- 
ing EGFR protein and mRNA were resistant to TGFa-PE40. 
This may be due to high endogeneous levels of EGF or TGFa 
with competitive binding to the receptor or to primary resistance 
of Nmour cells against the Pseudomonas exotoxin A. Further- 
more, tumours showing EGFR protein or mRNA expression 
might be heterogeneous, consisting of EGFR-negative and 
EGFR-positive fractions of tumour cells. Similar to the clinical 
situation, the discrepancy between the numbers of receptors 
and sensitivity to TGFa-PE40 may thus be due to tumour 
heterogeneity, with a proportion of cells with high receptor 
numbers being killed and another proportion of cells with low 
receptor numbers being resistant. 

In conclusion, these data con&m the specific effect of 
TGFcz-PE40 in V&O in a panel of slow growing human solid 
tumour xenografts with close resemblance to patient neoplasms. 
Application of the compound should focus on histological types 
expressing EGFRs. Recent studies in EGFR-expressing turnour 
types (i.e. glioma, glioblastoma, medulloblastoma and non- 
small cell lung carcinoma) demonstrated activity of 
TGFaLPseudomoncls exotoxin fusion proteins in selected -our 
models in tivo [28, 291. Additional in viva testing of TGFrw-PE40 
is warranted. 
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