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PLASMA MEMRRANE AS TARGET FOR ESTABLISHED 
ANTITUMOUR AGENTS 

MOST CURRENT antitumour agents are directed against DNA 
or designed to interfere with nucleic acid biosynthesis (e.g. 
alkylating agents, platinum complexes and anthracyclines). The 
interaction of these drugs with DNA is well established, but the 
precise mechanism by which these agents inhibit tumour growth 
is unknown. In fact, these compounds cause both structural and 
functional alterations of the plasma membrane at therapeutic 
concentrations and interactions of alkylating agents, platinum 
complexes and anthracyclines with the plasma membrane. This 
may contribute to the antitumour activity of these drugs and may 
be more important than has been appreciated [ llr] . Membrane 
effects may also offer new avenues for optimisation strategies 
with these compounds, and allow the development of more 
specific agents that act on the cell membrane and associated 
signalling pathways [5, 61. 

GROWTH FACTORS AND THEIR RECEPTORS 
The effects of antitumour agents on the cell membrane attract 

increasing attention because of the progress in our understanding 
of the molecular basis of regulation of cell proliferation in general 
and malignant growth in particular. Growth factor receptors are 
exposed at the plasma membrane, and a series of enzymes that 
play an essential role in growth factor signal transduction are 
membrane-bound. Thus, the plasma membrane is intimately 
involved in the control of cell proliferation [7, 81. Furthermore, 
transformation by oncogenes is closely related to processes 
occurring at the plasma membrane level. Oncogenes have been 
shown to cause: (1) autrocrine production of growth factors, 
(2) synthesis of growth factor receptors which are active even in 
the absence of the corresponding ligand, and (3) constitutive 
activation of elements of growth factor signal transduction 
[9]. These findings offer new strategies for a more selective 
antitumour therapy directed against oncogene products or inter- 
fering with their function. 

The concept of agents that could prevent biological growth 
factors stimulating their corresponding receptors seems 
especially promising in small cell lung cancer, in which autocrine 
production of bombesin is often significant for the growth of 
these tumours-although this does not seem to be a general 
feature of this tumour type [8]. Monoclonal antibodies directed 
against bombesin receptors inhibit growth of human small cell 
lung carcinoma in viva [lo]. The generation of antibodies against 
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growth factors or growth factor receptors has become a special 
area of tumour immunology (beyond the scope of this review) 
which focuses on chemotherapeutic strategies directed against 
membrane targets. Synthetic bombesin antagonists have been 
prepared [lo]. However, the growth inhibitory effect of these 
agents was not mediated by bombesin receptors. Suramin 
inhibits the binding of various growth factors, including platelet- 
derived growth factor (PDGF), transforming growth factor B 
and fibroblast growth factor [12, 131. Clinical trials with this 
compound have been started [ 14, 151. 

Somatostatins seem to represent biological growth factor 
antagonists [ 161. The inhibition by somatostatin of epidermal 
growth factor (EGF) stimulated growth has been correlated 
to an activation of phosphotyrosine phosphatase [17]. This 
interesting concept has led to the development of somatostatin 
analogues, some of which have been used for clinical trials [15, 
17, 181. 

TYROSINE KINASES AS TARGETS 
Various growth factor receptors, including the receptors for 

EGF, PDGF and insulin-like growth factor, exhibit protein 
kinase activity that catalyses the transfer of phosphate from ATP 
to tyrosine residues of the peptide substrate. This, together with 
the fact that a variety of oncogene products exhibit tyrosine 
kinase activity [19], has led to a search for protein tyrosine 
kinase inhibitors. The flavone quercetin proved effective against 
protein tyrosine kinase [20]. Although this compound is non- 
specific, also inhibiting protein kinase C, protein kinase A and 
other enzymes, its toxicity is low. Quercetin has synergistically 
enhanced the antitumour activity of cisplatin and may thus 
become clinically useful [2 11. The isoflavone genistein is a much 
more specific inhibitor of protein tyrosine kinase than quercetin 
[22]. Genistein’s toxicity, however, has so far prevented the use 
of this agent and its derivatives in the clinic. The situation is 
similar for erbstatin and its derivatives with anti-protein tyrosine 
kinase activity [23]. Nevertheless, these drugs represent useful 
lead substances. These compounds should be effective against a 
broad variety of tumours, including oestrogen receptor negative 
mammary tumours with high-affinity EGF receptors. 

PHOSPHOLIPID METABOLISM 
Several growth factors, including bombesin, thrombin, 

PDGF and EGF, stimulate a phosphatidyl inositol-4,5- 
bisphosphate (PIPJ specfic phospholipase C, generating inosi- 
tol-1,4,5_trisphosphate (IP,) and diacylglycerol (DAG). IP3 
mediates the release of Ca*+ from intracellular stores whereas 
DAG activates protein kinase C. Both the elevation of cytosolic 
free Ca*+ as well as the stimulation of protein kinase C are 
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important mitogenic signals [24]. Inhibitors of phospholipase C 
should block mitogenic stimulation by growth factors that use 

site of the enzyme [45]. The most potent inhibitor of protein 

this enzyme and should thus be potential antitumour agents. 
kinase C available is staurosporine, a microbial alkaloid acting 

Furthermore, several isozymes of phospholipase C with limited 
on the catalytic domain of the enzyme [46]. Again this compound 
is not strongly specific for protein kinase C, since it also inhibits 

sequence homology are known to exist, which offers the chance 
of a more selective blockade [2 11. 

protein tyrose kinase and CAMP and cGMP dependent protein 
kinases, although with somewhat higher I& values. 

Drugs that inhibit phospholipase C include mepacrine [26] 
and monoalide [27]. However, these agents are not specific for 
the PIP2 specific phospholipase C. Neomycin inhibits phospho- 
inositide metabolism because of its high affinity for these phos- 
pholipids [28]. In view of the severe toxicity of the aminoglycos- 
ides, attempts to exploit their effect on phosphoinositide 
metabolism for cancer chemotherapy have not yet been initiated. 
Doxorubicin activates phosphoinositide turnover, an effect that 
has been correlated with the antitumour activity of this antibiotic 
131. 

Ether lipids and alkylphosphocholine are presently the most 
promising lead substances with an effect on phospholipase C. 
Ether lipids and hexadecyl phosphocholine depress growth 
factor induced formation of IPs and the resulting Ca2+ response 
[29, 301. The reduction of IPs formation may indeed be caused 
by inhibition of phospholipase C [31]. The reduction by phos- 
pholipid analogues of second messenger formation occurs at the 
same drug concentrations required for inhibition of tumour cell 
growth [3 11. Phospholipid analogues gave promising results in 
clinical trials [32-353. Improvement of specificity on phospho- 
inositide metabolism by development of inositol analogues is 
a logical consequence in view of the available data. These 
developments should also consider as additional targets the 
various kinases acting on phosphotidylinositol or inositol phos- 
phates. 

Recently, however, derivatives of staurosporine [47, 481 have 
been synthesised that have remarkable protein kinase C speci- 
ficity. One of these compounds also has antitumour activity in 
vivo [48]. Another strategy for the development of inhibitors of 
this enzyme originates from the observation that tamoxifen, a 
triphenylethylene, has activity against protein kinase C, which 
may be responsible for its antitumour effect in oestrogen receptor 
negative tumours [49, 501. As a consequence of these studies 
triphenylacrylonitriles, which can be classified into two sub- 
groups, one acting on the regulatory domain of the enzyme and 
another interfering with the catalytic site, have been synthesised 
1511. 

The bryostatins are macrocyclic lactones isolated from marine 
bryozoans [52]. They resemble phorbol esters in their high 
affinity for protein kinase C and, like phorbol esters, they 
activate this enzyme [53]. The initial activation is then followed 
by down-modulation. However, in contrast to phorbol esters, 
they do not act as tumour promotors [54]. Bryostatins have 
antitumour activity [55, 561. Studies to optimise bryostatins by 
systemic derivatisation procedures have begun [57]. 

Studies on these lines have been started. Phosphonate ana- 
logues of phosphotidylinositol have been synthesised and shown 
to inhibit phospholipase C in a dose-dependent manner [36]. 
5-deoxymyo-inositol and 5-deoxy-5-fluoro-myo-inositol inhibit 
phosphorylation of phosphotidylinositol phosphate [37]. Non- 
hydrolysable phosphothioate analogues of inositol phosphates 
have also been synthesised [38]. All these compounds may serve 
as building blocks for specific inhibitors of inositol phosphate 
metabolism. It should be emphasised, however, that besides the 
phosphotidylinositol specific lipase C, a phosphotidylcholine 
specitic phospholipase C and probably also a phospholipase D 
are involved in mitogenic signalling [39]. Whether these enzymes 
are affected by the available phospholipid analogues remains to 
be studied. 

Protein kinase C comprises a family of closely related enzymes; 
eight isoxymes have been discovered [40]. Several laboratories 
are investigating whether differences in the sensitivity of the 
various isoenxymes to different inhibitors can be detected. If 
such differences are found, this could lead to tissue or tumour 
selective antagonists of protein kinase C. Inhibitors of this 
enzyme synergistically enhance the antitumour activity of cispla- 
tin in vitro as well as in viva [21, 431. All protein kinase C 
inhibitors studied so far have this property. This observation 
may lead to the first application of compounds active against 
protein kinase C in combination chemotherapy. 

Evidence is accumulating that protein kinase C activity is 
correlated to pleiotropic drug resistance [58]. This seems to be 
the result of an activation of the m&-l gene product gp170 
mediated by protein kinase C [58]. Thus, inhibitors of this 
enzyme seem to be suitable candidates to overcome drug resist- 
ance. Preliminary results from our laboratory with staurospor- 
ine-etoposide combinations in etoposide-resistant cells are prom- 
ising. 

PROTEIN KINASE C 
Phospholipase C generates DAG which in turn activates 

protein kinase C. The activation of protein kinase C and its 
concomitant translocation to the plasma membrane are essential 
steps in mitogenic signalling by a variety of growth factors [40]. 
Furthermore, protein kinase C is essential for the growth 
stimulatory action of transforming rus oncogenes [41], the most 
frequently expressed oncogenes in human tumours [42]. Protein 
kinase C is an important target of ether lipids and alkylphospho- 
cholines [43, 441. Similar dose-response relations are observed 
for the growth inhibitory effect of these phospholipid analogues 
and their activity against protein kinase C [43]. Besides phos- 
pholipid-analogues, various other inhibitors of protein kinase C 
have been identified [45]. However, most of these agents are 
not specific for protein kinase C. Many, including local anaes- 
thetics and Ca2’ calmodulin antagonists, are lipophilic drugs 
binding non-specifically to the hydrophobic regulatory binding 

PLEIOTROPIC DRUG RESISTANCE 
The &r-l gene product gp170 is an interesting target for 

tumour chemotherapy. This membrane protein acts as a non- 
specific pump decreasing the intracellular concentration of sev- 
eral antitumour agents so that toxic levels cannot be achieved 
[59]. Several compounds, including verapamil, chlorpromazine 
and cyclosporin, partly reverse the multidrug resistance (MDR) 
phenotype. This effect seems to be due to a competitive inhi- 
bition of drug efflux [60]. However, the dosages that have to be 
administered to reach effective concentrations in vivo lead to 
severe side-effects. Therefore, programmes for a rational design 
of MDR modulators have been started. Derivatives of Ca” 
antagonists that no longer bind to Ca2’ channels appear 
especially attractive [61, 621. 
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W+CHANNELS 17 Garret IS, Couahlin SR, Niman HL, Tremble PM, Giels GM, ._. 
Cytosolic free Ca*+ increases after stimulation by most growth 

factors [24]. In many cases, stimulation of quiescent cells with a 
growth factor leads to an immediate, transitory Ca*+ response, 
which is caused by mobilisation of Ca*+ from intracellular stores. 
This intracellular Ca*+ release is then followed by an additional 
influx of extracellular Ca*+. The corresponding Ca2+ channels 
are different from the well-studied voltage-operated calcium 
channels (VOC) in excitable cells. For growth factors, the 
channels are usually activated by second messengers. Ca*+ influx 
by these poorly defined channels has been termed receptor 
mediated calcium entry (RMCE) [63]. These channels are 
attractive targets for growth inhibitory agents. At concentrations 
one to three orders of magnitude higher than those required to 
inhibit voltage-dependent Ca*+ entry, several Ca*+ antagonists 
acting on VOCs also depress Ca2+ influx via RMCE [63]. At 
these concentrations, Ca*+ antagonists acting upon VOCs have 
antitumour activity in viva [64]. However, these effects do not 
seem to be caused by a blockade of Ca*.+ entry [64]. Obviously, 
specific antagonists of RMCE are required. Recently, a com- 
pound that is claimed to inhibit selectively RMCE, 1+[3-(p- 
methoxyphenyl)-propyloxy]-p-methoxyphenetyl-lH-imidazole 
hydrochloride, has been presented [63]. This may lead to a new 
class of antitumour agents acting on RMCE. 
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CONCLUSION 
Phospholipid analogues are a new class of antitumour agents 

that inhibit tumour growth by an interference with plasma 
membrane functions. These compounds have already entered 
the clinic. They represent the first generation of antitumour 
agents directed against the plasma membrane. These drugs will 
be followed by a second generation, targeted against well-defined 
structures of the plasma membrane that are essential in growth 
control, including growth factor receptors and enzymes involved 
in growth factor signal transduction. These rationally designed 
compounds are being developed in many laboratories around 
the world. There is a high probability that these efforts will soon 
lead to new, clinically useful antitumour agents. 
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Meeting Report: 
Occupational Exposures in Insecticide Application 

and Some Pesticides 

INTRODUCTION 
THE LATEST in the series of IARC Monographs un the Evaluation 
of Carcinogenic Risks to Humans is the product of the deliber- 
ations of scientists from 19 countries (see list of participants at 
the end of this article), who met in Lyon, France, on 1623 
October 1990. They evaluated the evidence on the carcinogenic- 
ity of 17 pesticides, and for occupational exposures in insecticide 
application [l] using the standardised wording and groupings 
established within the Monographs [2]; the degrees of evidence 
for carcinogenicity for the different exposures were evaluated as 
outlined in Table 1. 
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Pesticides are now used throughout the world-to varying 
BACKGROUND 

degrees, depending on the dominating crops in a country, its 
stage of economic development, climatic conditions and the 
prevalence of pests. Crops are affected by pests and by compe- 
tition from weeds; the trend towards large-scale monoculture of 
new plant species and cultivars, in which natural, indigenous 
insect predators play no role, has increased the problem. Crop 
losses due to pests can range from 10% in developed countries 
up to as much as 75% in developing countries. Furthermore, 
pesticides are in widespread use in urban areas for the control of 
disease vectors. Thus, worldwide consumption of pesticides in 
the mid-1980s was about 3 million tonnes; of these, herbicides 
accounted for 46%, insecticides for 31% and fungicides for 18%. 


