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European Organization for Research and Treatment of Cancer Workshop

Problems and Prospects in Current Therapeutic Application of Molecular Biology1

The meeting began with each participant introducing their
research experience and interests. Although there was a great
range in activities, some overlapping areas were noteworthy.
Laboratories were (a) converging to investigate biochemical
aspects of the expression and physiological role of cellular
oncogenes, including their inappropriate activation by DNA-
reactive agents, and their possible relevance to both the causa
tion and the clinical diagnosis and treatment of certain human
cancers; (b) developing Mabs2 to gene products, particularly if

regulatory functions of these products had been unraveled, for
example as growth factors or growth factor receptors; and (c)
investigating the role of (immunological) cytokines in relation
to leukemogenesis and tumorigenesis as well as for cancer
therapy. From a clinical point of view the relevance of this area
to chemotherapy and to the problem of cytotoxic drugs was
examined.

Rather than providing a comprehensive coverage of current
therapeutic applications of molecular biology, the workshop
focused on specific important topics to stimulate discussion
between clinical and experimental scientists on issues relevant
to therapy.

Oncogenes

R. NÃ¼sseprovided an overview of viral and cellular oncogenes
with emphasis on aspects of interest to therapeutic scientists,
including the identification of oncogenes, mechanisms of action
of oncogenes, mechanisms of oncogene activation, type and
localization of gene products, and types of animal and human
tumors for which an association with particular oncogenes has
been found. Oncogenes have been identified in association with
acutely transforming retroviruses, occasionally activated by in
sertion of a strong promoter (e.g., a retroviral long terminal
repeat), in the neighborhood of chromosomal rearrangements
(e.g., in chronic myeloid leukemia), sometimes as overexpressed
genes in tumors, and in a wide variety of experiments associated
with gene amplification exploring processes of differentiation,
genetics of yeast and Drosophila, etc. Cellular genes called
protooncogenes may be transduced by a retrovirus and con
verted to a viral oncogene by mutation and/or high expression.

Received 10/22/86; revised 2/18/87; accepted 2/24/87.
1This workshop was held on April 14 through 16 at Pomerio Castle.
Participants: Desmond N. Carney, Mater Misericordia Hospital, Dublin 7,

Ireland; Frans J. Cleton, University Hospital, 2333 AA Leiden, The Netherlands;
Frank Cuttitta; National Cancer Institute, Navy Branch, Bethesda, Maryland
20205; Nicolas De Tribolet, UniversitÃ©de Lausanne, 1000 Lausanne, Switzer
land: Robert B. Dickson, National Cancer Institute, Bethesda, Maryland 20205;
William Gullick, Institute of Cancer Research, Chester, Beatty, London, England;
Alan C. Hall, Institute of Cancer Research, Chester, Beatty, London, England;
Adrian L. Harris, Newcastle General Hospital, Newcastle upon Tyne. England;
Roel Nusse, Netherlands Cancer Institute, 1066 CX Amsterdam, The Nether
lands; Manfred Rajewski, UniversitÃ¤tEssen G.H., 4300 Essen I, Federal Republic
of Germany; Wilhelm Schmidt, UniversitÃ¤tEssen G.H.. 4300 Essen I, Federal
Republic of Germany; Karol Sikora, Hammersmith Hospital, London W12 OHS,
England.

: The abbreviations used are: Mab, monoclonal antibodies; SCLC, small cell
lung cancer; IL-2, interleukin-2; EGF, epidermal growth factor; GF, growth
factor; ER, estrogen receptor; E2. estrogen; TGF, transforming growth factor;
IGF, insulin-like growth factor; MMTV, mouse mammary tumor virus; GRP.
gastrin-releasing peptide; IFN, interferon; MHC, major histocompatibility anti
gen; TNF, tumor necrosis factor. Te, T cytotoxic.

Further, a cellular protooncogene may be activated directly by
somatic mutation (1). Discussion ensued as to which genes
involved in the expression of genetic changes in cancer cell
phenotypes merit the designation "oncogenes," and the per

centage of cancers which may be explained by currently known
oncogenes. A pessimistic view was expressed that in the major
ity of tumors one could not yet identify genes of specific
relevance to the multistep process to carcinogenesis. On the
other hand, oncogenes could be specifically linked to tumor
progression. This aspect is already yielding prognostic infor
mation to clinicians [e.g., N-myc in poor prognosis neuroblas
toma (2); amplified c-myc in SCLC variants]. Another view
expressed was that the definition of an oncogene is problematic
since any gene which, for instance, encodes a growth factor
(e.g., bombesin and IL-2) or receptor could be so categorized;
what change in DNA therefore qualifies for designation as an
oncogene? A broad definition of an oncogene as a locus at
which a genetic alteration contributes to a transformed pheno-
type was introduced. Such a definition leads to a commonality
in clinical strategy: to achieve selectivity in attempts to reverse
alterations caused by the gene products. Except for point mu
tations, e.g., the ras genes, and gene fusions, differences between
normal and malignant gene products will be quantitative only.
A clear example of a new oncogene (previously nonexistent in
the genome) and its product is the bcr-abl fusion gene in chronic
myelogenous leukemia usually resulting from t (9, 22) chro
mosome rearrangement. This product could be utilized to de
velop a tumor-specific monoclonal antibody (3) directed to a
unique determinant formed by the outer junction. It was noted,
however, that only cell surface localized oncogene products may
be therapeutically exploitable. This accounts for the interest in
growth factor receptors (see below), even though differences
between normal and malignant cells may be only quantitative
in those instances. Unique structural mutations in human cells
have also resulted from fusion (trk oncogene) and from trun
cation and fusion in experimental animals (4). However, most
tumors in humans have been linked with either enhanced on
cogene expression such as c-myc (via translocation, amplifica
tion, or insertion), L-myc and N-myc, and myb, or with point
mutations, e.g., N-ros, H-ras, and K-ras. Quantitative changes
in mRNA and other protein levels have been noted in studies
from fresh tumor samples, but it was cautioned that in cell lines
these could often be artefactually induced by culture conditions
(converse examples also occur, e.g., few brain tumor cell lines
have gene amplification for EGF receptor but fresh samples
frequently do). Antibodies to gene products and immunohisto-
chemical studies are becoming important tools in defining
qualitative alterations in gene expression and relationship to
clinical stage and course of disease and will not be detailed
further here.

J. G. McVie outlined problems in integrating such informa
tion for therapeutic purposes. Current therapeutics is successful
mostly in tumors arising in the young, with failure in most
cancers being related to pharmacokinetic impasse (sanctuaries),
multiorgan failure (lack of sufficient selectivity), malignant
evolution with development of secondary resistance, primary
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resistance (e.g., colon cancer, renal cell cancer, and melanoma),
and development of secondary malignancy (a new area of study
is exploring the relationship of oncogenes to therapy). New
approaches are needed to consider problems already identified
in current therapies and strategies including cell membrane
alterations induced by chemotherapy, locoregional intensifica
tion of therapy, modulation of the immune system, the induc
tion of tumor cell differentiation by a variety of drugs, plus
carriers to target with this wide range of products. Objectives
of Phase I clinical trials must be redefined when these new
strategies are tested in lieu of cytotoxic drugs.

Growth Factors and Receptors

Because of their cell surface location and their actions, recep
tors to GFs constitute a major important focus for tumor
biology as well as for their implications in therapeutic research.
W. Gullick reviewed various GF receptors including insulin
receptor, IGF-I and II receptors, PDGF receptor, EGF recep
tor, the putative neu receptor and the truncated EGF receptor
(v-erb-B). The structure of some of these receptors is fully
known and most of their genes have now been cloned. Antibod
ies to various domains of EGF receptor may be of interest, as
are antagonist analogues of EGF or a-TGF. Either of these
might modulate the effect of the activated EGF receptor signals
on growth and differentiation. Although the affinity for EGF
is no different in receptors from malignant or normal cells,
remarkable differences in receptor number exist. Factors mod
ulating the expression of EGF need to be further investigated;
also it is unclear why two separate genes exist for a-TGF and
for EGF. The former has been implicated in hypercalcemia of
malignancy and here again antagonist analogues of a-TGF or
EGF would be of interest in cancer treatment. The distribution
of EGF receptor in normal cells and malignancy is becoming
well delineated. After expression during embryonic develop
ment, EGF receptor is detected in cell types derived from all
three germ layers, but at highest levels in rapidly dividing
undifferentiated epithelial cells. EGF itself is secreted in adults
from salivary glands, placenta and probably other sites, whereas
a-TGF is secreted in embryonic development and by some
transformed cells. The occurrence of high levels of EGF recep
tor protein in a high proportion of squamous tumors may
indicate genetic changes or a "frozen state" of differentiation.

Some correlation of EGF receptor expression with invasiveness
is emerging. The ability of several antibodies to EGF receptor
to induce tumor regression in xenografts is of interest and
contrasts with rather variable in vitro effects. High priority must
be given to the possible role of such Mabs in therapy, to be
reiterated again later.

The neu protein represents another major area of interest
because of its homology with the EGF receptor, particularly in
its intracellular domain, and because a mutation in its gene is
now known to be responsible for malignancy in rats treated
with certain chemical carcinogens. In addition the neu gene has
been found to be amplified in certain human adenocarcinomas
(5). Polyclonal antipeptide antibodies have been raised to se
quences close to the carboxyterminal of the molecule3 which

have been used to examine neu protein expression in a wide
variety of normal tissues and primary human malignancies.
This system may prove an excellent model for the further
exploration of therapeutic manipulations (6).

A. L. Harris noted an inverse correlation between ER content

3W. Gullick fi al., unpublished results.

of breast tumors and EGF receptor. Only four of 53 ER-positive
tumors had EGF receptors but 31 of 51 ER-negatives had
increased levels of EGF receptor (7). In bladder (8) and lung
(9) cancer a clear relationship between EGF receptor and his-
topathological stage was noted. An interesting consequence
related to EGF receptor activation (which may enhance inva
siveness) is the stimulation of urokinase release. Dickson de
scribed the relationship of GFs and growth resulting from E2
stimulation of MCF-7, an estrogen-dependent human breast
cancer cell line (10, 11). Conditioned medium from such stim
ulated cells could partially sustain the growth of these cells in
castrated female nude mice. Growth in vitro and in vivo (12)
indicated that the stimulus was probably related to a-TGF and
to a lesser extent IGF-I. 0-TGF was also secreted, particularly
in response to an tÂ¡estrogens,and was inhibitory (13). PDGF-
like molecules and all the above GFs are also secreted by E2-
independent tumors and all except PDGF are enhanced by
transfection of MCF-7 cells with H-ras, which confers to this
cell line an estrogen-independent growth in spite of retaining
ER (14, 15).

One important point is that some cell lines with a low number
of EGF receptors are autostimulating with a-TGF. These tu
mors may be a candidate for a-TGF antagonists. On the other
hand, some cell lines with amplified excessive production of
EGF receptors are not stimulated to grow by EGF. These types
of tumors may well be candidates for targeting to the EGF
receptor with drugs linked either to EGF itself or to antibodies
to the receptor. The different patterns of expression of function
of EGF receptor might therefore require different therapeutic
approaches.

The mechanism of transformation by ras proteins has been
studied by A. C. Hall. These proteins are located at the inner
surface of the plasma membrane and can bind GTP/GDP. It is
thought that they regulate signal transduction across mem
branes. When an as yet unknown receptor binds to its ligand,
this stimulates GTP/GDP exchange on the p21 ras protein.
p21 ros-GTP exists in an active conformation and can stimulate
the generation of an intracellular second messenger, which is a
signal for proliferation. It is possible that the mutant ras pro
teins found in 10-20% of human tumor cells do not need a
receptor signal to stimulate activation of the ras protein. The
result would be a continuous proliferative signal. The role of
the normal ras protein has been examined using a model system
of NIH-3T3 cells transfected by a normal N-ras gene linked to
a MMTV promoter. It has been shown that overexpression of
the normal ras protein can stimulate DNA synthesis and leads
to cell transformation. The effect on DNA synthesis is enhanced
by at least one growth factor, EGF. It may be that moderate
increases in ras production, in the presence of growth factors,
can affect cell behavior. This is currently being investigated. In
summary, (a) mutant ras proteins are known to have profound
biological effects on cells even when expressed at low levels; (A)
high level expression of the normal ras protein (20- to 50-fold
over normal levels) has a similar effect and can lead to complete
transformation of NIH-3T3 cells; and (c) moderate increases
(5- to 10-fold) in expression of the normal ras protein can
stimulate DNA synthesis and this is enhanced in the presence
of EGF and perhaps other growth factors.

D. N. Carney described the identification of bombesin/GRP
as an autocrine factor in SCLC colonies. Although only nine
of 34 cell lines have GRP receptors, and small numbers of
receptors per cell (2000), as well as a small percentage of cells
(5%) responding to bombesin, proliferation rates are enhanced
1.5- to 3-fold in nearly all classic SCLC lines. Only four of
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seven c-myc amplified variant cell lines respond to GRP and
the latter cell lines stop secreting GRP. It is of interest that
VIP and secretin increase bombesin release, somatostatin in
hibits it, and calcitonin and neurotensin have no effect. Recep
tor was down regulated by bombesin, with a subsequent over
shoot. F. Cuttitta described efforts from the same laboratory to
develop means of interfering with this autocrine system in vitro
and ;'// vivo. He also described the identification of a family of

GRP/bombesin peptides secreted by SCLC which not only
stimulate but also inhibit proliferation acting on different re
ceptors. This family of peptides is also secreted by pancreatic
and colonie carcinomas, but very different patterns of growth
factors and presumably also inhibitory factors are secreted by
such cell lines. By growing these cell lines in serum-free, phenol
red-free medium, high-performance liquid Chromatographie
techniques have successfully been utilized to detect the elabo
ration of such factors in patterns characteristic of each tumor
type.

Monoclonal Antibodies

Mabs were discussed from the standpoint of their feasibility
and desirability for therapeutic strategies rather than with re
gard to specific issues such as coupling to toxins and antibody
classes. Discussion of the latter aspects was felt to be premature
since initial experiences with Mabs for systemic administration
in treatment, including antiidiotype therapy of lymphomas, had
identified considerable problems such as antigenic modulation,
insufficient specificity, and insufficient cytotoxicity.

The bombesin SCLC system and the EGF receptor and neu
systems previously mentioned hold major interest because of
their selectivity for particular malignant phenotypes and the
surface localization of the target. Cuttitta described a clear
therapeutic effect of an Mab specific for bombesin (2A11) which
results in growth inhibition of SCLC cell line growth after
exposure to 10-UM concentrations, and tumor inhibition and
regression of xenografts with daily treatments even in estab
lished tumors. Also gastric secretion was inhibited by Mab
2A11 indicating biological activity. An antiidiotype Mab to
Mab 2A11 was also made which binds to the receptor and was
actually found to stimulate SCLC colony growth. Trials with
Mab 2A11 will be performed in patients with SCLC, and
endpoints during the Phase I trial will include the elimination
of bombesin, which can be detected in the urine of these
patients, and interference with tumor imaging, which can be
achieved with radiolabeled bombesin.

N. De Tribolet and K. Sikora described Mabs to a melanoma
antigen and c-myc respectively (16-18). Although such Mabs
may be useful in demonstrating preferential localization in
tumors, clinical testing must await further definition of safety
of Mab-toxin conjugates. Some clinical studies are already
proceeding with Mabs which have shown antitumor activities
in vitro and in xenografts. However, the problems of such
approaches are becoming well known and are not to be further
elaborated here except for noting that locoregional approaches
(such as intraperitoneal or intraarterial routes) may prove to be
the optimal setting for their initial testing.

Biological Response Modifiers

Biological response modifiers were discussed as another an
titumor strategy, resulting from advances in molecular biology.
As an example, Muggia and Sikora described future studies
which appear desirable with IFN. These include combinations

with other IFNs, with IFN inducers, with chemotherapy, and
with drugs inhibiting the polyamine pathway or enhancing
intracellular AMP levels. All these strategies are suggested from
preclinical studies. Schmidt described the essential components
in effective tumor eradication by Tc cells, and by NK cells
including lymphokine-activated killer cells recently in trial by
Rosenberg's group. Although for Tc cells there are essential

relationships to class I MHC on target cells for antitumor
efficacy, the requirements for effector action of NK cells on
targets are not similarly defined. Both sets of effector cells,
however, are dependent on an intact T-helper cell derived from
antigenic recognition via presentation by dendritic macro
phages, and from IL-1 and class II MHC antigenic loci on
macrophages. Expansion of Tc is dependent on this initial T-
helper and macrophage reaction which in turn is under control
of T-suppressor activities. In addition Tc expansion is related
to IL-2, to 7-interferon, and to the presence of the antigenic
stimulus including class I MHC loci. The role of interferons in
modulating the expression of MHC loci is becoming defined
and may account in part for their biological activity against
malignancies in vivo, a- and /3-Interferons have been shown to
enhance expression of class I MHC antigens whereas 7-inter-
ferons have been shown to enhance both class I and II antigens.
The effects of 7-interferon on class II loci of dendritic antigen-
presenting macrophages may in turn also enhance T-helper
recognition. Tumor cells however may inhibit the local immune
response. Brain tumor cells have been shown to release factors
inhibiting interleukin-2-mediated effects (19, 20). Such factors
probably account for the suppression of the proliferative re
sponses of tumor-infiltrating lymphocytes in a range of human
cancers including melanoma, breast, colon, and lung cancer,
and glioma (21). A burgeoning area of clinical and laboratory
research includes the interaction between lymphotoxin or TNF
and 7-interferon. TNF acts by increasing class I MHC antigens
(22); in addition TNF exhibits direct cytotoxicity. The stage
has therefore been set for exploitation of specific manipulations
of cellular and humoral immune reactions in the treatment of
malignancy. This, coupled with increasing knowledge of intra-
cellular biochemical consequences of biological response mod
ifiers, will provide guidance for further clinical trials and a
lesser reliance on the strictly empirical basis of current studies
with these agents.

In this context F. J. Cleton described their efforts in the
treatment of melanoma with a combination of 7- and a-inter-
feron. Despite a dose-related cytotoxic effect of 7-interferon on
melanoma and an enhanced expression of class I HLA antigens
in vitro, there was no clinical effect in a Phase I-II trial. He
also cautioned that these approaches may be associated with
toxicities which, although different from those of cytotoxic
drugs, are nonetheless potentially life threatening. In the report
of Rosenberg and coworkers a shock-like state from extensive
capillary leakage is produced by IL-2 and lymphokine-activated
killer cells. Pulmonary edema, tachycardia, and anasarca occur
regularly with such treatment and have restricted patient selec
tion. The observed activity in renal cell carcinoma and mela
noma must now be confirmed by other studies.

Other Laboratory-Clinical Collaborations

Future therapeutic applications will undoubtedly emerge
from investigations utilizing precise methods of molecular bi
ology to clinical specimens. Such studies can only take place
where a close dialogue exists between clinicians and laboratory
scientists. Sikora described the investigation of c-myc as a
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marker for differentiation in teratoma revealed by immunohis-
tochemistry. Rajewsky has utilized Mabs to study the process
of DNA repair following adduci formation from prenatal ex
posure of rats to ethylnitrosourea. The selective induction of
brain tumors is associated with a failure of brain tissue to
remove O'-guanine ethylation in DNA. Regarding the use of in
vitro systems in detection of the expression of this DNA-repair
enzyme, he and his coworkers have found an active O*-alkyl-

guanine DNA alkyltransferase in culture malignant cell lines
derived from ethylnitrosourea-treated prenatal rat brain in spite
of defective repair activity of the parental normal brain cells in
vivo. In addition, since carcinogenic events, including alkylating
drug treatment, lead to transition and transversion mutations,
the consequences of such mutations on oncogene expression
and growth factor stimulation must be considered.

Harris has been utilizing the identification of common path
ways to chemosensitivity as an indicator of specific DNA repair
deficiencies, or heretofore unidentified pathways to chemosen
sitivity. Chinese hamster ovary cells have been exposed to
survival selection pressures by ethylmethanesulfonate and the
surviving colonies "toothpicked" and clones analyzed for bleo-
mycin and mitomycin sensitivity. Interesting cross-sensitivity
patterns of these clones in comparison to the wild-type Chinese
hamster ovary cells have been identified: e.g., X-ray, bleomycin,
and cisplatin cross-sensitivity may represent one common de
fect in DNA repair; another showing sensitivity restricted to
the monofunctional decarbamoyl derivative of mitomycin-C
and UV light represents a defect of monadduct repair, etc. (23).

Concern over interpreting in vitro results too literally was
expressed by Carney who indicated a much lower incidence of
c-myc amplification in fresh specimens obtained from heavily
pretreated SCLC patients than in cell lines established from
tumors of similar patients (13 versus 45%). Such low amplified
c-myc expression incidence was not unlike the 15% incidence
observed in cultured cell lines from untreated tumors.

Breast Cancer: Impact of Molecular Biology

Breast cancer cell lines have by now been widely investigated
for the relationship of oncogene expression, hormone depen
dence, and stimulatory and inhibitory factors. In human cell
lines amplification has been observed of c-myc (SKBR-3), N-
ras (MCF-7), and erb-B (MDA-468). The C-erb-B2 or neu
oncogene is amplified in 10% of fresh tumors including the
MAC 117.

In addition, gene amplifications have been related to the
presence of double-minute chromosomes. Other chromosomal
abnormalities, such as deletions in chromosomes 1 and 16, have
been found in some breast cancer samples. In addition to these
findings in human lines, experimental models utilizing MMTV
were described by Nusse (24). Induction of neoplasia with
MMTV may take place by specific gene insertion, oncogene
activation by carcinogens, or by gene insertion into a susceptible
germ line (which may be an excellent model for genetic predis
position). Identification of various genes in experimental mam
mary tumors and their relationship to phenotypic alterations
could yield clues as to the role of specific gene expression in
the elaboration of various cytoskeletal proteins, growth factors,
and other substances which may alter phenotypes. In the
MMTV model one gene (int-2) was present in all well-differ
entiated tumors, and it was lost when tumors became morpho
logically like carcinosarcoma and became keratin-negative.

R. B. Dickson elaborated on their MCF-7 H-ras transfection
model and its relationship to GF synthesis and presence of

estrogen receptors. Although ER continued to be present in
transfected cells at only slightly lower numbers per cell than in
the nontransfected variants, their response to GFs such as a-
TGF, EGF, and IGF-I was blunted, and their growth in vivo
was also no longer significantly regulated by estrogen. This
blunted response to all GFs could be linked to an increase in
their elaboration. These experiments suggest that E2 indepen
dence may not always be related to the presence or absence of
ER but rather to independent events which result in enhanced
GF production, as well as to other possible mediators such as
increased phosphatidyl inositol turnover (25) and enhanced
expression of laminin receptor (26). Elucidation of various E2-
dependent and E2-independent functions raises therapeutic
possibilities not heretofore considered. It also raises questions
on the mechanism of action of drugs such as tamoxifen which
may act by inhibiting estrogen-related production of GFs and
by enhancing expression of growth inhibitory modulators. We
may be entering an era of identifying important receptor sites
other than E2 in breast cancer which offer extensive possibilities
for therapeutic manipulations. In addition we must consider
means of reducing H-ras- and other oncogene-associated ef
fects, although these may also be vital to normal cells.

Conclusions in Relation to Therapy

Molecular biology has markedly enhanced our notions of the
genotypic and phenotypic alterations in malignancy, and al
ready has a considerable impact on diagnostic and biological
information obtained from tumor material. The therapeutic
implications of many such concepts and new determinations,
however, are neither obvious nor likely to be simple. Neverthe
less one must begin to make a realistic assessment of possible
targets and objectives before awaiting to be drowned by a vast
number of clinical reagents introduced with little thought as to
the possibility of tumor selectivity, narrowness of efficacy, and
the probability of successful targeting. Priorities need to be
established in relation to specific diseases, e.g., breast cancer,
or specific cellular targets, e.g., the EGF receptor or other
surface proteins which appear to be abnormally expressed in
certain tumor types. In the latter instance, however, we need to
consider the adverse consequence to normal tissue cells con
taining such receptors. Mabs directed to these receptors or
raised to synthetic oligopeptides identical to natural membrane
molecules have already shown some autitumor activity in model
systems. Other strategies which need to be considered are the
elaboration of analogues to TGFs which compete for the recep
tor, and finally immunization with polypeptides which may
induce antibodies to surface domains of these receptors. The
advisability of one strategy versus another could depend on the
number of specific receptors present on tumor cells, and on the
extent to which these receptors are shared by normal cells.
Identification of autocrine systems (such as the bombesin-
bombesin receptor system in SCLC) and unique oncogene
sequences (such as the ras-point mutations, or the abl-bcr hybrid
gene) also point to specific targets which may be exploited.
Each system, however, has unique problems such as the type of
strategy to be used to demonstrate a biological effect and how
to effectively deliver an Mab to a tumor-specific target such as
the aW-/Â»cr-derivedprotein which is cytoplasmic.

Caveats in the therapeutic application of molecular biology
are therefore numerous and include: (a) The dichotomy between
in vivo and in vitro findings (examples: failure of IFN induction
of MHC antigens in vivo, variations of DNA repair in vivo
versus in vitro, discordant findings of c-myc amplification in
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freshly obtained versus cell line studies, discordant presence of
EGF receptors in fresh versus cell line preparations, and dis
cordant effect of Mabs on growth in vivo versus in vitro), (b)
Lack of selectivity of many putative targets, e.g., the ubiquitous
nature of the EGF receptor in normal tissues, (c) Possibility of
uncovering toxic effects, e.g., the capillary leakage syndrome
secondary to IL-2 plus LAK cells, (d) Modulation of cellular
targets; best exemplified by the failure of antiidiotype antibodies
to be reproducibly effective in B-cell lymphomas. (e) Long lag
time and expense required for verification of effects, e.g., purg
ing of marrow in autologous marrow reinfusion programs. (/)
Requirements for randomized trials to demonstrate biological
activity especially when mechanisms for antiproliferative effects
are not clear (e.g., biological response modifier combinations
with chemotherapy).

The dialogue between clinicians and laboratory scientists in
molecular biology must increase if possibilities of controlling
cancer by novel and selective means are going to be translated
into reality.
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