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Meeting Report

The Cell Membrane and Cell Signals as Targets in Cancer Chemotherapy
AACR,EORTC, and BACRSpecialConferencein Cancer Research1

The potential of the cell membrane and intracellular signal
ling pathways as targets for anticancer drug development was
the subject of a meeting held in the tranquil surroundings of
Queens' College, Cambridge University, UK, on September

14-16, 1989. It was the first meeting held outside the United
States or Canada organized by the American Association for
Cancer Research and was sponsored in association with The
European Organization for Research and Treatment of Cancer
(Pharmacokinetics and Metabolism Group) and the British
Association for Cancer Research. Delegates at the conference
came from four continents: Europe, North America, Australia,
and Asia. The meeting was held in brand new conference
facilities on the campus of a very old college, founded in the
15th century by the Queens of Henry VI and Edward IV.

The origin of the meeting was widespread frustration with
the slow pace of development of effective new anticancer treat
ments and the belief that new targets other than the traditional
ones of the cell nucleus and DNA might be one way to overcome
this stasis. The aim of the organizers was to bring together the
foremost scientists working on basic aspects of cell membrane
function and mechanisms of intracellular signalling related to
the control of cell proliferation, transformation, differentiation,
and metastasis and chemists, cancer pharmacologists, experi
mental chemotherapists, and cancer clinicians in whose hands
the ultimate development of new drugs will lie. The interest
was to achieve a cross-fertilization of ideas and to stimulate
further development in this exciting area. Each session began
with an overview of the basic science foundations, followed by
presentations specifically devoted to anticancer drug develop
ment.

Membrane and Signalling Targets for Drug Development (Chair
person: John A. Hickman)

The two opening presentations of the meeting, by Michael
Berridge (Cambridge University, UK) and by Timothy Rink
(Smith Kline and French Research, Welwyn, UK), set the scene
by reviewing the nature of signal cascades initiated at the cell
membrane and by tackling the fundamental problem of the
opportunity for selective drug action at this locus.

The bare bones of what is known about the cascades which
start after growth factors and other ligands bind to receptors
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were outlined by Michael Berridge. In describing this increas
ingly complex network of events initiated at the cell surface, he
drew attention to the potential role of oncogene products, such
as sis, src, erb-B, andfms, and speculated upon these and other
key elements of the cascades as potential targets for drugs. In
particular, Dr. Berridge hypothesized a role for so-called "in
tegrators'" in the cascades: these integrator proteins lie at the

crossroads of what is envisioned as a series of branching sig
nalling networks and he suggested that they may be attractive
as potential targets for pharmacological intervention. Two such
integrator targets were phospholipase C and protein kinase C,
the latter proving to be a focal point for many of the subsequent
presentations.

The complexity and the elegant integration of signal cascades
were illustrated with a detailed account of recent advances in
the understanding of the role of the inositol phospholipids in
calcium signalling. The now well characterized bifurcating cas
cade of receptor-mediated G-protein2-linked hydrolysis of phos-
phatidylinositol-4,5-bisphosphate to yield diacylglycerol and
IP}( 1,4,5) was described. Berridge outlined a hypothesis to
explain the nature of the calcium oscillations induced by the
release of IP3(1,4,5). He discussed ideas concerning the second
stage of calcium signalling, after IP,(l,4,5)-mediated calcium
release from the endoplasmic reticulum where the influx of
calcium from the extracellular milieu occurs via non-voltage-
dependent calcium channels. Of particular interest to the 240
assembled scientists was the account of the emergence of, and
possible roles for, the recently discovered phosphatidylinositol-
3-phosphate. Work on the function of the proto-oncogene c-src
suggests that this novel inositol lipid may be formed via an
association between middle T antigen/c-src and a unique, type
1, phosphatidylinositol-3'-kinase. Whitman et al. (1) have sug

gested that the 3-isomer may be a regulator of the inositol lipid
cascade, in a manner analogous to that of fructose 2,6-bisphos-
phate in glycolysis, and Berridge speculated that it may amplify
a normal hormonal response by mobilizing discrete hormone-
insensitive pools of phosphatidylinositol. Some of these pools
may be associated with the control of the structure and function
of the cytoskeleton. Such a system would constitute an impor
tant feature in a cell which contains elevated tyrosine kinase
activity associated with a number of oncogenes, also potential
targets for selective drug action (see below), and may explain
the "permissive" effects of insulin on the mitogenic signals

provided by non-tyrosine kinase-Iinked mitogens, such as bom-
besin and vasopressin systems, described by Rozengurt in a
later session at the meeting (see below).

The inhibition of inositol lipid metabolism by drugs was
discussed later in the proceedings by Peter Downes, but Ber
ridge chose to point out, as a possible precedent for further
selective drug intervention, the perhaps surprising selectivity of

2The abbreviations used are: G proteins, guanine nucleotide-binding proteins;
IP3(1,4,5), inositol (l,4.5)-trisphosphate; [Ca1*],. intracellular free Ca2* concen
tration; PAF, platelet-activating factor; EGF, epidermal growth factor; ABMT.
autologous bone marrow transplantation; ET-18-OCHj, l-O-octadecyl-2-O-
methyl-roc-glycero-3-phosphocholine; HPC, hexadecylphosphocholine; PKC,
protein kinase C; TGF-/3, transforming growth factor ft; [3H]PDBu. ('Hjphorbol-
12-13-dibutyrate; RA, retinoic acid; CR, complete remission; GM-CSF, granu-
locyte/macrophage colony-stimulating factor; G-CSF, granulocyte colony-stim
ulating factor; M-CSF. macrophage colony-stimulating factor.
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lithium as an inhibitor of inositol lipid metabolism. Lithium
noncompetitively inhibits the hydrolysis of key inositol phos
phates prior to the reincorporation of inositol into phospho-
lipid, thereby depleting the cell of inositol. The selectivity of
this action arises from the higher turnover of the inositol lipids
in overactive cells. The concept of this type of inhibition,
selective suppression of overactive pathways, might give pur
chase for novel drugs.

Serendipity will no doubt continue to play a major role in
drug discovery, and Tim Rink was careful to point out that the
many classes of therapeutically useful membrane-active agents,
including the cardiac glycoside ouabain, would not have sur
vived the logical scrutiny of a rational team of drug designers.
Undoubtedly, the best example is that of the calcium antago
nists: the ubiquity of voltage-dependent calcium channels would
have suggested no avenue for selective action but, once again,
in hyperactive tissue their therapeutic efficacy and selectivity
are legion. Biochemical and physiological nihilism may simi
larly have prevented the development of currently useful anti-
tumor drugs. Most current drug discovery and developmental
pharmacology is based on an understanding of agonist- and
antagonist-receptor interactions, and Rink suggested that the
precedents given by the antiestrogen antitumor drugs should
provide a lead in the conceptualization of discrete membrane-
and signalling-associated targets for future antitumor drugs. He
also described, using examples from his own work on platelets,
the necessity for appropriate biochemical assays to measure the
effects and selectivity of agents which inhibit signal cascades;
this was a theme which ran through many subsequent presen
tations.

Physical Interactions of Membranes (Chairperson: Thomas R.
Tritton)

The second session of the meeting was devoted to biophysical
considerations in the study of membrane interactions. Dennis
Chapman (University of London, UK) provided a foundation
for discussion of this topic by surveying the various approaches
available to investigators interested in structural aspects of
membrane biology and in the nature of small molecule-mem
brane interactions. Since subsequent speakers continually wove
into their talks ideas on membrane fluidity, lipid asymmetry,
lipid-protein interactions, and boundary lipid, it was stimulat
ing and useful to have first discussed the experimental basis for
these concepts.

The remaining three presentations in the biophysical session
were concerned with anticancer drug-membrane interactions.
Thomas Tritton (University of Vermont, Burlington, VT) sum
marized the mechanisms of doxorubicin-membrane interac
tions deduced from his laboratory's fluorescence spectroscopic

studies on liposomes as a model membrane. A variety of exper
iments revealed that doxorubicin disorganizes the structure and
fluidity of the bilayer and that the presence of cardiolipin in a
membrane confers specificity for interaction with the drug. This
phospholipid in normal cells is confined to mitochondrial mem
branes but in tumor cells also appears in the plasma membrane;
thus, lipid composition appears to be one aspect of cellular
biochemistry that may be responsible for drug specificity. Flu
orescence studies also revealed that doxorubicin penetrates
rather deeply into the bilayer and adopts an angle of orientation
of approximately â€”¿�55degrees. This causes a severe disruption
of ordered phospholipid packing, which helps to explain the
extraordinarily potent ability of doxorubicin to modulate mem
brane functions.

Ben de Kruijff (University of Utrecht, The Netherlands)
continued the theme of doxorubicin-membrane interactions by
describing his group's use of NMR spectroscopy to study the

problem. Since doxorubicin is positively charged under phys
iological conditions, it has special affinity for acidic phospho-
lipids, particularly cardiolipin, as described above. This lipid
promotes the formation of nonbilayer structures (such as hex
agonal or inverted phases) in membranes, which can be clearly-
distinguished by NMR techniques. Doxorubicin stabilizes car
diolipin from forming nonbilayer structures and, as a result,
inhibits all mitochondrial enzymes which are known to specif
ically interact with cardiolipin. This inhibition in turn is hy
pothesized to be involved in the notorious cumulative dose-
dependent cardiomyopathy caused by doxorubicin, and whole
animal "P NMR studies in fact revealed a significant drop in
energy-rich phosphates upon doxorubicin administration. Re
cent NMR results also showed that doxorubicin has a strong
interaction with phosphatidic acid, a key negative charged lipid
recently found to be involved in signal transduction (this was
also discussed by Moolenaar; see below).

The final talk in the biophysical session, by Alessandro
Noseda (Mario Negri Institute, Milano, Italy), introduced the
subject of the ether lipids, a class of membrane-active anticancer
drugs structurally related to PAF and much discussed at the
meeting. Electron microscopic evaluation of cells exposed to
ether lipids revealed extensive membrane reorganization, man
ifested as ruffling, blebbing, and hole formation. The onset of
these alterations in the cell surface correlated well with the
progression of cytotoxicity in vitro. The physical basis for the
membrane damage was assessed by scanning calorimetry and
spectroscopic techniques. By comparing a series of structural
analogues, it has been possible to show that partition into the
bilayer, with subsequent modulation of the gel-liquid crystal
transition temperature (i.e., fluidity) and the calorimetrie en
thalpy, is correlated with cytotoxicity against cancer cells. The
most provocative findings were new data suggesting that cho
lesterol content may be an important variable that modulates
ether lipid-membrane interaction, thus providing a clue to the
potential specificity of action for this class of drugs.

Growth Factor-initiated Signalling (Chairperson: Harold L.
Moses)

The opening presentation of the session on growth factor-
initiated signalling was by Harold Moses (Vanderbilt University
School of Medicine, Nashville, TN). There are now over 50
known peptides that stimulate or inhibit cell proliferation, and
this number excludes neuropeptides and gastrointestinal pep-
tides, which can also have growth factor properties. An exten
sively studied model for both the positive and the negative
actions of growth factors is the skin keratinocyte. In this cell
transforming growth factor Â«,whose membrane-anchored pre
cursor form is also active, stimulates cell proliferation through
binding to the EGF receptor. TGF-/Ã•,a prototype of a family
with about 15 members, inhibits proliferation. A great deal of
experimental information is available about TGF-0. It is re
leased in a latent form that can be activated by acid conditions
or plasmin. In mammals three closely related TGF-/3 genes have
been isolated, designated TGF-/ÃŒ,,TGF-/3,, and TGF-f3,. TGF-
ÃŸdoes not act by inhibiting growth factor receptor binding or
transducing signals and does not inhibit terminal differentiation
of cells. Rather, the key to the action of TCP-/} seems to lie in
the selective inhibition of the expression of a few key mitogenic
genes including c-myc. TGF-/3 reduction of c-myc involves cis-
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acting negative transcriptional elements.
Michael Waterfield (Ludwig Institute for Cancer Research,

London, UK) reviewed work on the relationship of structure to
function for the EGF receptor. Overwhelming evidence now
indicates that ligand binding to the EGF receptor induces
receptor dimerization, and intermolecular phosphorylation by
activated receptor kinase is a consequence of the apposition of
internal domains brought about by the oligomerization of ex
ternal domains. The secreted external domain has been pro
duced by Waterfield's group in milligram quantities, using

baculovirus vectors in insect cells, and detailed biophysical
studies have been performed. Although the domain binds EGF
and transforming growth factor Â«with the same affinity as
solubilized receptor and shows conformational changes, it does
not oligomerize in the presence of ligand.

The cascade initiated by growth factor-receptor binding is
coupled to the generation of intracellular events by G proteins.
The mechanism of action of G proteins was reviewed by David
Clapham (Mayo Clinic and Foundation, Rochester, MN). G
proteins couple more than 70 receptors to enzymes, such as
adenyl cyclase and phospholipases, as well as ion channels.
There are two general classes of G proteins. The higher molec
ular weight G proteins are heterotrimers consisting of a-, fi-,
and -y-subunits. It is the Â«-subunit, of which at least 12 forms
are known, that has intrinsic GTP-binding and hydrolysis ac
tivity. The smaller (MT20,000-30,000) class of G proteins are
only now beginning to be studied and are consequently less well
understood. The cellular functions of the small G proteins are
unknown but their widespread distribution in mammalian cells
suggests an important role, possibly in signal transduction or
in intracellular trafficking. They comprise a large family includ
ing the ras oncogene product and at least 19 other gene prod
ucts, and their diversity may auger well for the development of
specific agonists and antagonists. Recent work in platelets
suggests that at least one small G protein may be regulated by
phosphorylation, resulting in its translocation from the plasma
membrane to the cytosol (2).

Chris Marshall (Institute of Cancer Research, London, UK)
summarized recent work on the post-translational modification
of the p21 ras proteins required in localization to the inner
surface of the plasma membrane. The first step occurs in the
cytosol and involves removal of three C-terminal amino acids.
This is followed by polyisoprenylation and carboxyl methyla-
tion on cysteine 186. The resultant modified protein is stable
and binds weakly to the membrane. Blocking polyisoprenyla
tion with inhibitors of mevalonic acid synthesis blocks all
processing steps. Clearly, the medicinal chemist might consider
strategies of intervention here. Palmitoylation on cysteine res
idues upstream from cysteine 186 greatly increases the affinity
for membrane binding but stability of the protein is decreased.
The half-life for the palmitoylated proteins is 20 to 60 min. N-
and H-ras, like ra.v-related proteins, are palmitoylated, while
Kirsten ras 4B and similar proteins are not palmitoylated. There
was considerable interest among the meeting participants that
these fatty acylation reactions might provide a sensitive target
for disruption of ras function, but little concrete progress has
been reported.

The signal initiated by the oncogenic p21 ras protein has
received considerable attention. Incorporation of p21 protein
into mouse fibroblasts by scrape loading in the presence of
insulin and insulin-like growth factor-1 leads to morphological
transformation and DNA synthesis. There is also slow phos
phorylation of PKC. Down-regulation of PKC with phorbol
esters abolishes the stimulation of DNA synthesis but does not

affect the morphological changes by H-ras. Thus, raÃappears
to act by two signal pathways, one involving PKC and the other
as yet unknown.

Membrane Lipids and Signalling (Chairpersons: Paul Workman
and Wolfgang E. Berdel)

Continuing a theme begun in earlier sessions. Peter Downes
(Smith Kline and French Research, Welwyn, UK) described
approaches to the development of medicinal chemistry in the
complex area of inositol phospholipid signalling pathways. A
focus of this effort is the continuing identification of the enor
mous number of myo-inositol metabolites, including interme
diates in the removal of IP.,( 1,4,5) and in the synthesis of
poly-phosphates, such as inositol pentakisphosphate and inosi

tol hexakisphosphate. The sublety, complexity, and diversity of
inosiiol phosphate metabolism provide a basis to understand
how the cell can perform a bewildering repertoire of biochemical
reactions in response to an initially simple set of signals. We
can begin to elucidate the means by which cells can distinguish
between different receptors operating through similar signal
transduction pathways. This clearly encourages optimism for
selective pharmacological intervention.

Having surveyed various potential therapeutic wrecking sites
in phosphoinositol metabolism, Downes identified the branch
point created by the recently identified phosphatidylinositol-3'-

kinases (see the talk by Berridge discussed earlier) and phos-
phatidylinositol-4'-kinases as a particularly exciting target for

the development of anticancer agents. Using partially purified
placenta! and RBC phosphatidylinositol kinases, his team is
exploring the structure-activity relationships for the ATP and
phosphatidylinositol molecular recognition sites. Differences
exist between the two enzymes. Downes described the group's

recent progress in the development of ATP-site antagonists of
phosphatidylinositoI-4'-kinase. ATP has a Km of 47 n\i, while

the K, for adenosine is higher, at 86 pM. However, inhibitory
potency is improved by substitution in the 8-position, as in 8-
(2-pyridyl)adenine, with a K, of 36 n\t. Enhanced activity could
also be attained by modification at the 9-position. and a low A'Â¡

of 3.7 UMwas achieved with 9-cyclohexyladenine (SKF 97495).
Pharmacological activity was observed in intact RBCs and
macrophages with this agent. Downes was careful to point out
that these were only early days in the interaction between
medicinal chemists and biochemists and, like Tim Rink, he
noted how vital it was for the imaginative chemist to be provided
with appropriate biochemical models.

Linking together the earlier presentation by Noseda on the
biophysical perturbation of membranes by ether lipids and
subsequent experimental and clinical papers on these drugs by
Modest, Berdel, and Unger (as well as numerous proffered
posters), Ewa Ninio (INSERM. Paris, France) reviewed the
biochemistry and biology of PAF and related compounds. She
emphasized the important range of cell responses which are
mediated through the binding of PAF to specific membrane
receptors. PAF antagonists, including natural products (gink-
golides, kadsurenone), structural analogues (CV 6209. SRI 63-
072), and triazolobenzodiazopine (WEB 2086), allow receptor-
mediated effects to be distinguished from alternative, poten
tially less specific pathways. Platelet aggregation is a widely
used bioassay for PAF, but Ninio also described the use of high
pressure liquid chromatography with electrochemical detection,
together with mass spectrometry, for structural determination.

The pleiotropic molecular effects of PAF include elevation
of intracellular Ca:+, activation of protein kinase C, and stim-
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ulaiion of DNA synthesis. Ninio pointed out that, although
lysophospholipids had been regarded somewhat pejoratively as
"just detergents" because of their lytic properties, recent evi

dence also supported protein kinase C modulation by lyso-PAF
and lysophosphatidylcholine. The latter stimulates the enzyme
at low doses but inhibits at high doses. Lysophospholipids are
not stored in the cell but are (re)acetylated by acyltransferases
and CoA-dependent transacylases. Some escape acylation with
long chain fatty acids and are instead converted to PAF by a
specific acetyltransferase. Stimulation of appropriate cells (neu-
trophils, monocytes, mast cells) was shown to generate both
lyso-PAF and PAF itself. Acetylation of lyso-PAF to native
PAF seems to require a phosphorylation-dependent stimulation
of the specific acetyltransferase. A second route of PAF pro
duction involves de novo synthesis via CDP-choline phospho-
transferase acting as alkyl-acetyl-glycerol; this pathway governs
constitutive manufacture in tissues such as kidney, lung, and
uterus. Synthesis is regulated variously in different cell types.
Control is exerted through activation of anabolic enzymes,
phospholipase A2, and acetyltransferase and also via the re
cently identified PAF-degrading enzyme acetylhydrolase. New
data implicate protein kinase A in the phosphorylation of
acetyltransferase, and protein kinase C and G proteins may also
regulate PAF synthesis. Ninio speculated on the potential for
the phospholipid environment to regulate numerous receptors
and enzymes, in addition to the phospholipid breakdown prod
ucts which participate as intercellular and intracellular media
tors of signal transduction. Chemical analogues of these prod
ucts are also likely to exhibit multiple pharmacological effects.
Numerous proffered posters at the meeting dealt with the
mechanism of action of potential anticancer ether lipids. It is
not clear as this time to what extent these agents require
functional PAF receptors, and this will be an important issue
to clarify as PAF-related drugs continue to enter early clinical
trial in cancer patients. It is, however, important to bear in
mind that selective antitumor activity might be attained by
mechanisms not involving specific PAF receptors.

Data on the effects of doxorubicin on the membrane and
cytoskeleton of human RBCs as a model system were presented
by John Hickman (Aston University, Birmingham, UK). After
short term incubation with doxorubicin, the Ca2+-induced mor
phological transition of RBCs from the discocyte to the echin-
ocyte form was inhibited. Since the morphology of the
human RBC is controlled by complex interactions between the
membrane and the cytoskeleton and since inositol lipids appear
to play an important role, further studies were conducted on
the interaction of doxorubicin with inositol lipid metabolism.
This work showed that doxorubicin both stimulates and inhibits
inositol lipid metabolism, and preliminary results suggest that
the drug may interfere with the coupling of G proteins, both
inhibitory and stimulatory, to phospholipase C. It was consid
ered possible that changes in the physical interactions between
these proteins and the membrane may be altered, in the way
implied by Tom Tritton (see above).

An overview of the development of new membrane-targeted
ether lipid analogues of PAF with antineoplastic activity was
given by Edward Modest (Boston University School of Medi
cine). These compounds were originally synthesized in West
Germany. They can express their antitumor activity by direct
cytotoxic or cytostatic action, by differentiation of malignant
cells, and by macrophage activation. Their interaction with cell
membranes leads to cell death and these compounds are inactive
on DNA. The mechanisms of action leading to cytotoxicity are
not completely understood, although inhibition of PKC, anti-

metabolite action in phospholipid metabolism, and interaction
with the EGF system have been described. Modest reported the
synthesis of a class of nonphosphorous ether lipids, and some
of these structures seem to have antitumor activity in vitro and
also in vivo in mouse leukemia and tumor models. Studies on
combination chemotherapy with these drugs and other cyto
toxic agents and on multimodality treatment including hyper-
thermia are underway.

Wolfgang Berdel (The Technical University of Munich,
FRG) presented experimental and clinical data on the role of
membrane-toxic lipids and cryopreservation for purging of
autologous bone marrow grafts. ABMT represents an effective
supportive treatment for high dose radio- and chemotherapy
with marrow-toxic protocols in some malignant diseases. One
problem of this approach is the reimplantation of residual
malignant disease possibly present in the marrow. Studies to
assess the applicability of ether lipids for purging of residual
malignant myeloid and lymphoid cells from bone marrow in
the treatment of leukemia and lymphoma with ABMT after
ablative chemo- and radiotherapy show that incubation with
the 1-O-alkyl ether lipid ET-18-OCH, and subsequent cryopres
ervation can eliminate >3 log clonogenic malignant cells, under
conditions which allow recovery of more than 50% of the
normal human hematopoetic progenitor cells. This selective
cytotoxicity of the ether lipid for malignant cells has subse
quently led to a clinical Phase I study in patients with acute
leukemia to determine the safety and efficacy of ABMT using
remission marrows treated with ether lipids in vitro. In this
study eight patients have undergone ABMT in the second or
later remission of their disease. Engraftment of the marrow
after transplantation was not a major problem at the first dose
level of the ether lipid used for purguing. This multi-institu
tional study at the Technical University of Munich (FRG),
Emory University (Atlanta, GA), and Keio University (Tokyo,
Japan) is still ongoing, using the second dose level of the ether
lipid for purging.

The development of alkylphosphocholines as experimental
anticancer drugs was reviewed by Clemens Unger (University
Medical Hospital, GÃ¶ttingen, FRG). These structures are de
rivatives of glycerol-based ether lipids and have shown cytotoxic
activity in vitro in several neoplastic cell lines from solid tumors
or hematopoietic origin. In addition, there was clear therapeutic
activity in vivo in chemically induced breast cancer models in
rats as well as one head and neck tumor xenograft in nude mice.
On the other hand the most active analogue, HPC, did not
show any therapeutic activity in P388 murine leukemia and
other tumor models of the standard tumor-screening panel.
This is intriguing, since it provides a hint of an alternative
mechanism of action. Similar to the glycerol-based ether lipids,
HPC is toxic for cellular membranes but genetically inactive.
The first clinical studies with a topical application of HPC in
alkylglycerols showed promising therapeutic results in skin
mÃ©tastasesof breast cancer patients. Phase I trials with oral
administration are currently under way. The results of these
clinical trials are eagerly awaited.

Ionic Mechanisms of Signal Transduction (Chairperson: Garth
Powis)

In the first session on growth factors and ionic mechanisms
of signal transduction, Enrique Rozengurt (Imperial Cancer
Research Fund, London, UK) reviewed his elegant studies using
the Swiss 3T3 fibroblast as a paradigm for the control of cell
proliferation by growth factors and mitogens. The bombesin
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family of neuropeptides have proven to be potent mitogens in
this system. This is of particular interest because of their
putative role as autocrine growth factors in small cell lung
cancer cells. Bombesin binds to a specific cell surface receptor
whose isolation has now become possible by its stabilization
with high concentrations of Mg2+ during cell homogenization.

A pertussis toxin-insensitive G protein couples the bombesin
receptor to a mechanism that activates PKC, leading, among
other events, to phosphorylation of the acidic M, 80,000 cellular
protein, Ca2* mobilization mediated through Ip,( 1,4,5), Na+
and K+ fluxes, transmodulation of the EGF receptor, enhance
ment of cAMP accumulation, and expression of the proto-
oncogenes c-fos and c-myc. Interestingly, unlike a number of
growth factors, bombesin does not stimulate protein tyrosine
kinase activity. In a poster presentation, Rozengurt gave evi
dence for a two-domain structure for the receptors for bom
besin, vasopressin, and bradykinin in Swiss 3T3 cells and pos
sibly also small cell lung cancer cells. The first domain is ligand
specific and blocked by ligand-specific antagonists; the second
domain is common to all three receptors and is blocked by
substance P analogues. A recent controversy has surrounded
the "push-me, pull-you" function of PKC, following a sugges

tion by Nishizuki that cell growth is controlled through feed
back inhibition by PKC, since its down-regulation can remove
this inhibition and allow growth factors to act. Rozengurt
argued instead for the forward action of PKC and presented
evidence against Nishizuki's proposal by showing that the 2-

diacylglycerol activators of PKC do not always desensitize the
enzyme but can still cause mitogenesis.

Wouter Moolenaar (The Netherlands Cancer Institute, Am
sterdam, The Netherlands) reviewed the role of EGF in cell
proliferation. Binding of EGF to its receptor causes receptor
dimerization and cross-phosphorylation. A possible target for
drug development could be inhibition of EGF receptor dimeri
zation, since this should inhibit subsequent action by the recep
tor. Histamine is an unlikely agent to act as a mitogen but it is
as potent as EGF in stimulating the growth of HeLa cells.
However, in diploid fibroblasts histamine has no effect on cell
proliferation unless primed by EGF. Moolenaar suggested that
agents that trigger phosphoinositide hydrolysis, such as hista
mine, cannot stimulate DNA synthesis in normal diploid cells,
while, in general, ligands acting through activation of protein
tyrosine kinase are more potent at causing cell proliferation
than those acting through phosphoinositide turnover. Finally,
the role of phosphatidic acid as a mitogen was covered; this
lipid evokes at least three signalling responses: activation of a
pertussis toxin-insensitive G protein mediated phosphoinosi
tide hydrolysis with stimulation of PKC and Ca2+ release,
release of arachidonic acid, and activation of a pertussis toxin-
sensitive G protein-mediated inhibition of adenylate cyclase.
However, the mitogenic action of phosphatidic acid does not
appear to require the phosphoinositide-protein kinase pathway,
and the prospect of a novel signalling pathway, ripe for phar
macological intervention, is an exciting challenge.

Michael Cabalan (University of California, Irvine, CA) cov
ered studies of patch-clamp recording and video-imaging of
fluorescent ion-sensitive dyes in lymphoid cells and highlighted
the specificity of K* channels in replicating cells. Lymphocytes
possess at least three types of voltage-gated K* channels, dis

tributed in a characteristic pattern among functional and devel
opmental subsets of T-lymphocytes. Several lines of evidence
point to a requirement of Â»/-typeK+ channels for the activation
of T- and B-lymphocytes by mitogens. A mitogen-activated
Ca2+ current has recently been described in T-cells, using a

combination of whole-cell or perforated patch recording tech
niques and single-cell Ca2+ measurements with the Ca2+-sensi-

tive dye fura-2. Treatment of Jurkat T-cells with phorbol ester
induces a small Ca2+-selective increased current accompanied
by a rise in [Ca2+],. The absence of detectable current fluctua

tions suggests that, if conducted by channels, they must have a
very small conductance or very brief opening. The Ca2+ current
may contribute to oscillations in [Ca2+], evoked by mitogenic
stimuli, which are dependent on external Ca2+ and can be
blocked by NÂ¡2+or isostonic K+ outside the cell.

The role of K* transport in cell proliferation received further

treatment by Hans Grunicke (University of Innsbruck, Austria).
Alkylating agents such as nitrogen mustard and trenimon in
hibit the uptake of the potassium congener Rb*. At low nitrogen
mustard concentration, inhibition of the furosemide-sensitive
RbMransport system is proportional to the decrease in cell
growth and the effect is lower in nitrogen mustard-resistant
cells. Although uptake of nitrogen mustard into the cell is
required for the inhibition of Rb+ uptake, the effect does not

appear to be the result of the alkylation of DNA and inhibition
of protein synthesis or a loss of cell viability. Clearly, inhibition
of the Kb transport is not the only mechanism leading to
inhibition of cell proliferation, because complete blockade of
the system by furosemide alone does not have this effect.
However, it does suggest that an early effect catalyzed by
alkylating agents is an interference with growth factor signal
transduction, one effect of which is to increase K* transport,
via the alkylating agent-sensitive Na+,K+,Cl~ co-transporter.

In the final presentation of this session, Garth Powis (Mayo
Clinic, Rochester, MN) reviewed attempts to develop growth-
inhibitory agents that act by inhibiting |<'a |, signalling. Based

on the observation that heparin can inhibit the intracellular
release of Ca2+ from internal stores by IPj(l,4,5), studies with

another group of polyionic compounds, the dextran sulfates,
showed that they will also inhibit Ca2+ release, with activity

increasing as the dextran sulfate molecular weight increases.
Dextran sulfates have little effect on cell growth, possibly
because they cannot enter cells, but suramin, a polysulfated
compound which does have antiproliferative activity and which
is currently in clinical trial as an anticancer agent, was found
to inhibit intracellular ('a' release. Suramin and dextran sul

fate also block the binding of platelet-derived growth factor to
its receptor, so it will be difficult to separate the two actions on
cell proliferation. The ether lipid ET-18-OCH,, when incubated
with cells for 18 h, was found to be a potent inhibitor of
intracellular Ca2+ uptake and IP3(l,4,5)-mediated release of
Ca2+. It is possible, although not yet proven, that the effects of

the ether lipids on tumor cell proliferation could be related to
their effects on Ca2+ homeostasis. The area of Ca2* signalling

intervention is ripe for development by medicinal chemists.

Protein Kinases (Chairperson: Andreas Gescher)

In the first part of the session, which introduced protein
kinases as potential targets for cancer chemotherapy, John
Haley (Oncogene Science, Manhasset, NY) reviewed mecha
nisms by which EGF receptor protein tyrosine kinases are
activated or repressed, and Peter Parker (Ludwig Institute for
Cancer Research, London, UK) outlined the diversity of protein
kinase C polypeptides. Activation of EGF receptor tyrosine
kinases has been implicated in tumorogenesis by overexpression
of a truncated receptor lacking the EGF binding domain, as in
the viral oncogene \-erbB. Haley described the results of exper
iments testing the hypothesis that structurally altered EGF
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receptors confer altered growth potential on cells. Expression
of a truncated EGF receptor lacking the extracellular ligand
binding domain activated the intrinsic tyrosine kinase and
induced transformation of immortalized rodent fibroblasts. The
transformed phenotype became enhanced by further truncation
of the C-terminal domain containing the tyrosine autophos-
phorylation sites PI and P2. Overexpression of EGF receptors
with an intact extracellular region resulted in EGF-dependent
transformation, which was reduced by C-terminal truncation.
It was concluded from these experiments that expression of
receptors with a truncated EGF-binding domain alone is suffi
cient to transform mammalian fibroblasts, in contrast to chick
fibroblasts transformed by \-erbB, where additional deletion of
the C-terminal receptor sequences appears to be an absolute
requirement. One could speculate that it might be possible at
some stage to cause specific receptor alterations by pharmaco
logical means that would influence growth and differentiation
in a planned manner.

Protein kinase C polypeptides are the enzyme family via
which tumor-promoting phorbol esters cause their pleiotropic
effects on cells, and this family was clearly identified by Michael
Berridge as one of the key targets for therapeutic intervention.
Physiological activation of PKC is accomplished by diacylglyc-
erols. The complementary DNA cloning of PKC has led to the
identification of a family of related gene products. There are
six distinct gene products, which give rise to at least seven
polypeptides. Complementary DNA probes and monospecific
antisera have been employed to show that these genes are
differentially expressed in tissues and cell lines. The identifica
tion of multiple PKC forms poses two questions: are they
isoenzymes which catalyze the same phosphorylations and is
there a difference in the way their activity is regulated? The
biochemical characterization of the different gene products has
shown that there are differences with respect to both substrate
specificity and effector dependence. This realization suggests
that, while certain PKC isotypes may show overlapping speci
ficity, they are likely to fulfill unique roles in vivo, which might
lead to specific modulation of PKC-dependent proliferation or
differentiation by exogenous agents.

In the second part of the session, the first three presentations
dealt with inhibitors of protein kinases, mainly PKC and tyro
sine protein kinases; the last two presentations explored the
mechanisms of action of hematopoietic factors and of retinoic
acid on normal and leukemic cells.

Daniel Dexter (E.I. du Pont de Nemours and Co., Wilming
ton, DE) outlined the approaches used by his group in the
search for specific synthetic inhibitors interacting either at the
regulatory or at the catalytic domains of PKC. (a) Computer
modeling and comparison of the pharmacophores from the
three-dimensional structures of the phorbol diester phorbol
myristate acetate and dihydroteleocidin B have led to the syn
thesis of a series of benzyl alcohols which disclosed high affinity
for mouse brain PKC. Members of this series exhibited com
petitive kinetics for ['HjPDBu, were partial agonists in a cell-

free system, and stimulated the activity of plasminogen activa
tor in cultured endothelial cells. (*) [N,N-dimethyl-*H]-N,N-

dimethyl-staurosporine was synthesized and shown to bind to
the catalytic site on PKC. This agent will be used as a probe to
search for catalytic inhibitors of PKC. (c) A series of bis-
naphthalene sulfonamides were synthesized and some of them
were found to inhibit binding of ['H]PDBu, with A'Â¡values of

0.5-1 /JM, and to modulate the catalytic activity of PKC. The
potency of ['H]PDBu competition correlated with ability to
inhibit the growth of the human melanoma RPMI-7272 line in

culture. Two analogues in this series exhibited modest antitu-
mor activity against B16 melanoma in mice.

Andreas Gescher (Aston University, Birmingham, UK) re
viewed the different modulators of PKC activity, including the
natural diacylglycerols, the phorbol esters, and the terpenoid
compounds structurally unrelated to phorbol esters (mezerein,
teleocidin, aplysiatoxin, ingenol 3-tetradecanoate). He put em
phasis on an unusual class of potent activators of PKC, the
bryostatins, which are shortly to be placed into Phase I clinical
trial. These compounds are macrocyclic lactones isolated from
marine bryozoans on the basis of antineoplastic activity against
the P388 leukemia cell system. The bryostatins at nanomolar
concentrations inhibit phorbol ester binding to PKC and stim
ulate enzymatic activity in vitro to a degree comparable to the
phorbol esters. However, the bryostatins induce only a subset
of the typical phorbol ester responses. Moreover they can block,
in an apparently noncompetitive fashion, the action of the
phorbol esters that they themselves do not induce. For example
bryostatins abolished the tetradecanoyl phorbol acetate-induced
differentiation or growth inhibition in HL-60 human promye-
locytic leukemia cells, human lung adenocarcinoma cells, and
primary mouse epidermal cells. The bryostatins also inhibit the
tetradecanoyl phorbol acetate-induced tumor promotion in
mouse skin and they have been shown to have an antimetastatic
effect in mice with B16 melanoma; thus, these compounds
acting on protein kinase C might provide a fertile model system
for future drug development.

Yosef Oraziani (Ben Gurion University of the Negev, Beer
Sheva, Israel) reviewed the results obtained in the search for
inhibitors of protein tyrosine kinases. Quercetin, a bioflavonoid,
is widely distributed in plants and occurs in free or conjugated
form in many fruits and vegetables. It has been shown to inhibit
numerous enzymes including ATPases, reverse transcriptase,
and cyclic AMP phosphodiesterase. It inhibits cyclic AMP-
independent but not cyclic AMP-dependent protein kinases and
tyrosine protein kinases such as that of pp6ll>Ã¯rc.This specificity

is intriguing, as quercetin is a competitive inhibitor for the ATP
binding site of the kinases and is uncompetitive for the sub
strates. An isoflavone recently isolated from fermentation broth
of Pseudomonas sp., genistein, is also a specific inhibitor of
protein tyrosine kinases, such as that of the EGF receptor,
ppoO1>r<.and pp110*"*"'".The inhibition is also competitive with

respect to ATP and noncompetitive to the substrate. In contrast
to quercetin, genistein is a less potent inhibitor of serine- and
threonine-specific protein kinases. Whereas quercetin, geni-
stein, and some of their synthetic analogues have a wide spec
trum of action and compete for ATP, erbstatin, isolated from
the medium of an actinomycete, exhibits high affinity for the
tyrosine kinase activity of the EGF receptor by competing at
the substrate binding site. A. Levitzki and his group have
designed and synthesized a series of benzylydene compounds,
termed "Tyrphostins," which are also highly specific inhibitors

of the tyrosine kinase activity of the EGF receptor. For example
Tyrphostin 8 has a K, of 11 n\i for the EGF receptor tyrosine
kinase, versus 1200 /Â¿Mfor the insulin receptor tyrosine kinase.
These agents have also been shown to block the autophosphor-
ylation of the EGF receptor and the proliferation of A431/
clone 15 cells induced by EGF and will be useful pharmacolog
ical probes of this class of enzymes.

The Induction of Terminal Differentiation (Chairperson: Jean-

Pierre Abita)

While malignancy clearly involves changes in proliferation
biochemistry controlled by cell signalling, the disease is perhaps
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most appropriately perceived to be of aberrant differentiation.
The concept, promulgated by Potter, of oncology as blocked
ontogeny begs the question of what signals control differentia
tion and whether they can be modulated by drugs so as to
remove this block.

Michael Dexter (Holt and Christie Radium Institute, Man
chester, UK) reviewed the work performed in his laboratory on
the growth and differentiation factors involved in normal he-
matopoiesis. Interleukin 3 is the only growth factor which,
alone, sustains the growth and differentiation of early stage
progenitors common to all of the lineages. Interleukin 1 is not
a growth factor by itself and synergizes with GM-CSF and M-
CSF, but not with G-CSF, to increase the number of primitive
stem cells. On the other hand, G-CSF can act like interleukin
1 in synergizing with GM-CSF and M-CSF. Since all these
growth factors act by binding to specific cell surface receptors,
it appears that the primitive stem cells possess the receptors for
all the growth factors and that cell lineage specificity results
from the loss or modulation of some of the receptors during
differentiation. This is not, perhaps, encouraging for selective
intervention. When bone marrow stem cells respond to soluble
growth factors in vivo, their growth and differentiation is highly
dependent on cell-cell contact with stromal cells, suggesting
that these cells produce some growth factors which are not
released but remain bound to the cell surface.

The second messenger systems involved in the actions of the
hematopoietic growth factors (interleukin 3, GM-CSF, M-CSF,
and G-CSF) have been examined in Dexter's laboratory by

using a highly enriched population of murine granulocyte/
macrophage colony-forming cells. They all induce the translo
cation of PKC from the cytosol to the cell membrane. More
over, pretreatment of the cells with phorbol diester, which
down-modulates PKC activity, inhibits the effects of the growth
factors. This PKC translocation by the growth factors occurs
in the absence of changes in the metabolism of phosphatidyli-
nositols and in intracellular calcium concentration. On the
other hand, the four growth factors activate a Na+/H* anti-

porter, leading to an increase in intracellular pH. Ether lipids
and particularly ET-18-OCH, are specifically cytotoxic to tu-
moral cells, including most of the leukemic cell lines, compared
to nontransformed cells. Although the exact mechanism of
action of ET-18-OCH, is still largely unknown, Dexter has
shown that a number of agents like chloroquine, quinidine. and
monensin protect leukemic cells against the cytotoxic effect of
ET-18-OCH., by inhibiting the uptake of the drug. Moreover,
when HL-60 cells are differentiated to granulocytes by dimethyl
sulfoxide or to macrophages by phorbol diester, they become
resistant to the cytotoxic action of the ether lipid and the
differentiated cells accumulate less drug than the uninduced
ones.

Jean-Pierre Abita HÃ´pital Saint-Louis, Paris, France) pre
sented results obtained by his group with RA in vitro on the
differentiation of the human myeloid leukemia cell line HL-60
and of fresh blast cells isolated from patients with acute myeloid
leukemias and in vivo on the treatment of patients with acute
promyelocytic leukemia (LAM3). The in vitro work with HL-
60 cells suggested that RA might induce the differentiation
process by modulating the activity of transmembrane signalling
systems such as Na+ transport, Na+,-K*-ATPase, Na+/H+ an-

tiport, and phospholipase C. Addition of RA (or dimethyl
sulfoxide), which induces the differentiation of HL-60 cells into
granulocytes, provokes an early increase in pHÂ¡of about 0.4 pH
unit, whereas agents like y interferon, which induce a monocytic
differentiation of HL-60 cells, increased the pHÂ¡by only 0.2

pH unit, suggesting a role for the pHÂ¡in the commitment of
the cells to one or the other pathway. A role of pH (pH,, and/
or pHÂ¡)could be also inferred from results published by Fisch-
koff showing that HL-60 cells differentiated preferentially to
wards eosinophils instead of monocytes, in the presence of
butyrate, when they were cultured in alkaline pH (7.6-7.8). The
earliest event measured after RA addition to HL-60 cells was a
reduction in the production of inositol phosphates and diacyl-
glycerol, indicating an inhibition of phospholipase C activity.
Experiments with permeabilized cells and with plasma mem
brane preparations indicated that RA interfered with the cou
pling of phospholipase C to its regulatory G protein. Moreover,
inhibition of the stimulation of phospholipase C by guanosine-
5'-0-(3-thio)triphosphate could be seen when RA was added

directly to membrane preparations of HL-60 cells, suggesting
that RA might act directly at the level of the plasma membrane.

Abita also presented results obtained in China (Wang and
Huang, University of Medicine) and in HÃ´pital Saint-Louis in
Paris, France (Castaigne, Degos, and Chomienne) on the treat
ment of patients with acute promyelocytic leukemia (AML.M.,)
with all-iraws-retinoic acid. This RA isomer, not found in a
clinical form in Europe, had been prepared in China. In Shang
hai, 34 patients, of whom 14 were in relapse from conventional
chemotherapy, have been treated orally with all-fra/w-RA alone
at a dose of 45 mg/nr/day for 3 months. CR with normalization
of the bone marrow was obtained in 33 patients, without any
aplastic phase. In all the patients who suffered disseminated
intravascular coagulation prior to treatment, normalization of
the coagulation parameters was evident after a few days. Pa
tients who received a\\-trans-RA as the sole maintenance ther
apy after CR had a median of CR of 5 months (range, 3-16
months) and a median survival of 9 months (range, 3-17
months), whereas those who received all-frans-RA alternately
each month with l-/i-D-arabinofuranosylcytosine (20 mg/day)
had a median CR of 11.5 months (range, 3-35 months) and a
mean survival of 14.5 months (range, 10-37 months). In Paris,
20 patients with acute promyelocytic leukemia (AML.M,),
newly diagnosed or in releapse from conventional chemother
apy, had been treated with all-frans-RA with very similar results.
These preliminary data seem very encouraging for the concept
of "differentiation" therapy at least in the treatment of LAM3,

although they need to be extended to other centers.

Metastasis and Cell Death (Chairpersons: Garth L. Nicolson
and Garth Powis)

The session on tumor metastasis began with a discussion by
Marc Marcel (University Hospital, Ghent, Belgium) on tumor
cell invasion. Using the chick heart invasion model developed
in his laboratory, in which tumor cells are brought into contact
with reconstituted heart tissue, Marcel has studied the effects
of a variety of agents on tumor cell invasion and growth.
Previously, microtubule inhibitors had shown anti-invasive ac
tivity, and recent work with pyrimido-pyrimidines and flavon-
oids such as (+)-catechin demonstrated their effects on invasion.
These latter agents, particularly the phorbol esters, appear to
modify tumor cell adhesion mediated by laminin. Alkylyso-
phospholipids such as ET-18-OCH, inhibited invasion of some
but not all tumor cells, and pertussis toxin and retinoic acid
also inhibited invasion of some tumor cells but stimulated
invasion of others. The assay appears to be useful for examining
the anti-invasive effects of a wide variety of anticancer agents.

Ian Hart (Imperial Cancer Research Foundation, London,
UK) presented recent data on the differing effects of various
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agents on normal and transformed melanocytes. There was a
loss in requirement for and response of melanocytic cells to
phorbol esters after transformation; transformed melanocytes
were growth inhibited by PKC-activating agents. Similarly,
transformed but not untransformed melanocytes were growth
inhibited by cholera toxin. Thus, the elucidation of aberrations
in the cell-signalling pathway of a single cell type may provide
clues concerning both the etiology of melanocyte transforma
tion and possible ways of reversing this process. In addition,
the possible response of transformed cells to novel therapeutic
treatments which act through cell signalling pathways may vary
according to the stage of tumor development. Consequently,
examining the cells from primary tumors may not predict the
behavior of cells from secondary growths, a result that has been
obtained by a number of other investigators.

Garth Nicolson (University of Texas M.D. Anderson Cancer
Center, Houston, TX) presented evidence linking the molecular
changes at the cell surface with specific adhesive, invasive, and
growth properties of metastatic tumor cells. Some of the mol
ecules mediating metastatic tumor cell adhesion to microvessel
endothelial cells and basement membranes, motility, and move
ment were discussed and strategies designed to inhibit these
molecules presented. Inhibition of tumor degradative enzymes
was shown to be particularly useful in inhibiting invasion and
metastasis. For example, chemical derivatives of heparin and
the drug suramin inhibited the cell surface enzyme heparanase,
which degrades basement membrane heparan sulfate proteogly-
can. Future efforts will probably concentrate on the growth
properties of metastatic cells, as Nicolson has shown that highly
metastatic cells respond differentially to organ paracrine growth
factors isolated from different organ sites. One of these, a M,
~66,000 lung-derived growth factor, was a potent stimulator of
lung-metastasizing tumor cells. Nicolson also made a case for
using membrane-active drugs in particular combinations with
other agents. Using cycles of cytotoxic agents followed by
cytostatic agents, diversification of surviving malignant cells
that survive cytotoxic therapy can be prevented. Since many of
the agents discussed at the conference possess cytostatic but
not cytotoxic activities, their greatest usefulness in cancer
chemotherapy may be in protocols that combine more tradi
tional cytotoxic drugs with membrane-active cytostatic agents.

Irrespective of the target or mechanism, one of the central
questions of cancer chemotherapy remains "why do cells die"

after drug treatments. This question was addressed in the last
presentation of the meeting by Sten Orrenius (Karolinska In
stitute, Stockholm, Sweden), who spoke on the role of the cell
membrane in Ca2+-mediated cytotoxicity and programmed cell

death (apoptosis). Progression of toxic cell injury caused by
drugs and chemicals in mammalian cells has been associated
with perturbation of intracellular Ca2+ homeostasis. Sustained
increases in [Ca2*], are believed to mediate cell killing through
activation of Ca2+-dependent proteases, phospholipases, and

endonucleases. In thymocytes, as a paradigm for apoptosis,
glucocorticoid hormones cause a sustained increase in [Ã‡a2"1"],

due to production of a pore-forming factor than can be blocked
by protein synthesis inhibitors. The pore-forming factor then
allows Ca2+ to cross the plasma membrane, leading ultimately

to cell death. Apoptosis is not induced only by glucocorticoids.
A pattern of DNA damage suggestive of endonuclease activa
tion can be observed in cells exposed to the environmental
contaminant 2,3,7,8-tetrachlorodibenzo-/>-dioxin and in cells
exposed to oxidative stress. It is probable that other agents
causing this type of cell damage will be found, and one expects
that an understanding of the specific mechanisms of cell death

will lead to new ideas about cytotoxic cancer chemotherapy.
Modulation of the balance between tumor cell proliferation,
differentiation, and programmed cell death appears as an alter
native strategy to the use of antiproliferative drugs alone.

Summary (Discussion Leader: Garth Powis)

The Final session of the meeting was an open and frank
discussion of ways in which it might be possible to use the
targets that had been discussed at the meeting for new antican-
cer drug development and of what the potential problems of
this approach were. A consensus was reached that, while most
work to date had focused on mechanisms of growth control in
normal cells, future efforts should be made simultaneously on
two fronts. First, and perhaps self-evidently, we need to increase
the sophistication of our understanding of the differences in
membrane biology and signalling mechanisms that exist be
tween normal and tumor cells. The second stage is expected to
follow naturally from the first, namely the development of
agents that could successfully exploit these differences for the
purposes of chemotherapy. Many of the drugs discussed at the
meeting were discovered by random screening or by molecular
modification of existing agents, and this work predated at
tempts to use membrane and signalling targets for cancer drug
development. The actions of such drugs on the cell membrane
had been discovered serendipitously and only following some
understanding of the basic biology of membrane signal trans
lation. The next period of drug development will focus on
agents specifically directed to cell membrane and signalling
targets. This promises to be an exciting phase of cancer chemo
therapy, with some attention focused away from the traditional
sites for anticancer drug action. Naturally, this effort will re
quire the concerted interdisciplinary collaboration of basic mo
lecular biologists and cell physiologists with innovative chem
ists, cancer pharmacologists, experimental chemotherapists,
and clinicians. This first international meeting showed how
specialists in these different areas can be brought together
successfully to assess progress, define problems, and indicate
avenues in which real advances are to be made. The ultimate
success of this approach will be judged by future advances made
in new drug development, but most of the meeting participants
left with a sense of high anticipation and returned to their
laboratories with new ideas. In anticipation of these advances,
a second international meeting is planned in 3 years time.
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