
[CANCER RESEARCH 47, 3337-3338, June 15, 1987]

Meeting Report

Cancer at the Cellular Level1

This symposium was organized to celebrate the 10th Anni
versary of the Peralta Cancer Research Institute. This institute
began as a joint project of the University of California and
Peralta Hospital in Oakland and became independent in 1982.
It was founded to conduct research on fundamental aspects of
cancer cell biology and has focused on human breast cancer.
This 3-day symposium presented an overview of exciting recent
advances in the cellular and molecular biology of cancer. A
number of themes emerged from the five sessions, which were
organized around the topics of growth factors and oncogenes,
tumor cell heterogeneity, drug resistance and gene amplifica
tion, differentiation, and chromatin organization and gene
expression.

From the discussion of oncogenes, there appears to be an
increased awareness of tissue specificity with a given oncogene
being important for certain cell types and not others. Further
more, additional factors besides oncogene expression are re
quired for malignancy. The need for additional factors other
than viral transforming genes was directly demonstrated by D.
Hanahan (Cold Spring Harbor Laboratory, Cold Spring Har
bor, NY), who inserted into transgenic mice a DNA construct
containing regulatory information for the rat insulin gene linked
to protein coding information for the SV40 transforming re
gion. He found that T-antigen, which was expressed only by
pancreas cells, was not sufficient for malignancy since many
nonmalignant pancreatic cells expressed T-antigen and animals
developed pancreatic tumors expressing SV40 T-antigen only
after a long latent period. Tissue specificity was described by
H. M. Temin (McArdle Laboratory for Cancer Research, Mad
ison, WI) as a characteristic of the turkey oncogene, rei, which
transforms only spleen and bone marrow cells but not fibro-
blasts. Similarly, H. Varmus (University of San Francisco, San
Francisco, CA) found specificity to be a characteristic of Int-1,
a cellular sequence activated by "insertional-mutagenesis" of

mammary tumor virus which morphologically transforms
mammary cells. N-myc amplification seems to be important for
neuroblastomas, retinoblastomas, and small cell lung cancers
but not other malignancies, with the N-myc apparently exerting
its influence at the level of malignant progression, not initiation
(J. M. Bishop, University of San Francisco, San Francisco,
CA). The fact that oncogenes are important in so many different
systems has led to a search for antioncogenes. One aspect of
the definition of an antioncogene was presented by J. Wyke
(Imperial Cancer Research Institute, London, United Kingdom)
as those genes that play a role in neoplasia by virtue of their
propensity to suffer recessive mutations. R. Sager (Dana Farber
Cancer Institute, Boston, MA) discussed the evidence from
hybrid studies that point to the existence of such tumor sup
pressing antioncogenes.

A number of talks focused on aspects of tumor heterogeneity;
the frequency with which it is observed; its relationship to
malignant progression; and the mechanisms that generate it.
G. Heppner (Michigan Cancer Foundation, Detroit, MI) stud
ied a series of tumor subpopulation lines with varying potential
for mÃ©tastasesderived from a single mouse mammary tumor.
She concluded that tumor heterogeneity can be fueled by host
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factors such as activated macrophages as well as by inherent
genetic instability. Heterogeneity and instability are generally
conceived as important for malignant progression. The chemo-
therapeutic drugs used to treat malignancies may themselves
stimulate malignant progression. R. S. Kerbel (Mount Sinai
Research Institute, Toronto, Ontario, Canada) postulated an
epigenetic mechanism, namely gene activation or inactivation
resulting from drug induced alterations in DNA methylation,
to account for the increased tumorigenicity and metastatic
ability associated with progression. In human breast cancer,
malignant progression may occur quite slowly so that, in pri
mary tumors, many invasive cells may still have a diploid
karyotype (H. S. Smith, Peralta Cancer Research Institute,
Oakland, CA). These diploid tumor cells may be more inform
ative than tumor cell lines with grossly aberrant karyotypes for
investigating early somatic genetic changes as well as other
alterations involved in the acquisition of malignant characters.
Development of the aneuploidy associated with malignant pro
gression may be related to chromosome fragile sites (T. Glover,
University of Michigan, Ann Arbor, MI). The fragile sites
coincide with chromosomal breaks observed in some tumors
and are near chromosomal rearrangements. Little is known
about the molecular mechanisms leading to induction of such
breaks and rearrangements.

Gene amplification is another manifestation of genetic insta
bility in tumor cells. One session explored mechanisms for
amplifying genes and the effect of such amplifications on drug
resistance. By characterizing cells after a single selection in
drug, G. Stark (Imperial Cancer Research Institute, London,
United Kingdom) found that an early event in amplification
and selection for /V-(phosphonacetyl)-L-aspartic acid resistance
may be a five-fold overreplication of a 10,000-kilobase piece of
DNA. This huge amount of coamplified DNA is then reduced
in further steps of amplification. Cells selected by Stark for
double resistance to ^-(phosphonacetyO-L-aspartic acid and
methotrexate may provide important insights into mechanisms
of chromosome instability operating in cancer cells because
they may harbor mutations which facilitate amplification of
many genes. Two cases in which gene amplification is involved
in drug resistance were discussed in the session. Gene amplifi
cation of a closely related family of high molecular weight
glycoproteins appears to be responsible for broad range cross-
resistance to structurally unrelated anticancer drugs (V. Ling,
Ontario Cancer Institute, Toronto, Ontario, Canada). Ampli
fication of the gene for dihydrofolate reducÃasehas been found
by R. T. Schimke (Stanford University, Stanford, CA) to be a
common mechanism by which resistance to methotrexate is
generated. He found that various cancer chemotherapy drugs
inhibit progression through S phase thereby inducing amplifi
cation. Hence, drugs which are currently being administered to
kill cancer cells induce increased heterogeneity and drug resis
tance by two mechanisms, gene amplification and faulty meth
ylation (Kerbel, see above).

The hypothesis that cancer is a manifestation of defective
differentiation was also explored. Two speakers discussed re
versibility of the differentiation state suggesting possible ways
in which the defective differentiation associated with malig
nancy could be generated. Using rat muscle cells fused with
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nonmuscle cells to form stable, nondividing heterokaryons, H.
Blau (Stanford University, Stanford, CA) concluded that
expression of genes in the nuclei of the muscle cell is plastic
and can be altered by exposure to foreign cytoplasm. Since the
nuclei of the two cell types remain separate, gene activation is
presumably mediated by tissue-specific /raws-acting regulators.
Reversibility of the differentiated state was also discussed by G.
Ringold (Stanford University, Stanford, CA) who found that a
regulatory factor involved in triggering the conversion of prea-
dipocytes to adipocytes is under glucocorticoid control. Fur
thermore, tumor necrosis factor, which is associated in vivo
with cachexia, blocks adipocyte differentiation and reversibly
shuts off transcription of adipose specific genes.

The extracellular matrix seems to be a key regulatory element
for differentiation as well as various aspects of malignancy.
M. J. Bissell (University of California, Berkeley, CA) presented
evidence that ECM2 plays a fundamental role in regulation of

mouse mammary gland differentiation by regulating milk pro
tein production at multiple points. She proposed a model of
"dynamic reciprocity" in which ECM is postulated to be con

tiguous with the cytoskeleton and the nuclear matrix influen
cing gene expression both directly and indirectly. Differentia
tion of myogenic cells also was strongly modulated by the ECM
since matrices containing high levels of hyaluronic acid mark
edly suppressed myotube formation in culture (P. A. Jones,
USC Comprehensive Cancer Center, Los Angeles, CA). The
role of ECM components in angiogenesis was discussed by J.
Folkman (Harvard University Medical School, Boston, MA).
Most tissues are capable of making large amounts of angiogenic
factors yet endothelial cells remain quiescent. Why? Folkman
presented evidence that laminin may inhibit endothelial cell
proliferation in culture. He postulated that, in vivo, laminili
containing basement membrane may surround the endothelial
cells and prevent their unregulated growth. Degradation of
laminin by tumor proteases could trigger tumor angiogenesis
by destroying the normal angiogenic control mechanism. The
laminin receptor, a cell membrane protein interacting with
laminin, was characterized by L. A. Liotta (National Cancer
Institute, Bethesda, MD). In normal epithelium, which is an
chored to a continuous basement membrane, laminin receptors
are localized at the basal cell surface. In contrast, invading
carcinoma cells contain augmented levels of laminin receptor
distributed over the entire perimeter of the cells.

Control of DNA replication and cell proliferation are fun
damental for preventing the malignant phenotype. Three model
systems for studying these phenomena were discussed. Utilizing
a viral construct linking sequences of SV40 and BPV, H.

Weintraub (Hutchinson Research Center, Seattle, WA) defined
elements of the BPV genome responsible for replicating in
tandem with cellular DNA. These elements consist of two cis-
acting sequences, which are closely linked to BPV replication
origin, and a third element which acts in trans. There is also
evidence for both cis- and irons-acting regulatory signals con
trolling src-oncogene expression (Wyke). The role of platelet
derived growth factors in regulating proliferation of cultured
fibroblasts was discussed by C. D. Stiles (Dana Farber Cancer
Institute, Boston, MA). Platelet derived growth factor regulates
expression of competence genes, several of which are cellular
protooncogenes. The onset of growth arrest may also be an
actively regulated process mediated by interferon.

Rather than develop a unifying theme, the summary speakers
each presented a unique perspective on directions for cancer
research at the cellular level. Temin discussed cancer growth
and progression from the perspective of population genetics
where events are considered either mutation or selection driven.
Wyke questioned the reductionistic approach of considering all
malignant changes as being inherent to the tumor lineage itself
while Folkman directed his comments to the importance of cell
crowding as a signal for quiescence. M. Stoker (Clare Hall,
Cambridge University, United Kingdom) stressed the impor
tance of determining whether model systems accurately describe
human cancers.

The meeting brought into focus the complex interactions of
genes and the environment that define whether a cell remains
normal or becomes malignant. A dazzling array of molecular
and cellular technical skill was presented, but there was no clear
view of how this myriad of directions could explain cancer.
Perhaps the mistaken perception is to assume there could be a
single explanation for cancer. Rather, the loss of cellular growth
control known as cancer may be a symptom, like a headache is
a symptom, with multiple unrelated etiologies. It will be the
challenge for the next decade to sort out how the multiplicity
of exciting advances in molecular and cell biology relate to
cancer prevention, diagnosis, and treatment.
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1The abbreviations used are: ECM, extracellular matrix; BPV, bovine papil-
loma virus. 3To whom requests for reprints should be addressed.
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