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The Eighth Annual Pezcoller Symposium focused on the mecha
nism of genetic instability, a characteristic of neoplastic cells that also

determines tumor progression. Immortality as a consequence of the
lack of susceptibility to mechanisms of maturation, senescence, and/or
apoptosis was also discussed because it is another pivotal character
istic of the neoplastic cell. Mutational lability, changes in DNA repair
capabilities, gene recombination processes, cell cycle check points
and apoptosis, the significance of telomerases in cell immortality and
senescence, and the clinical relevance and exploitation of the phe
nomena considered were topics discussed toward a clarification of
mechanisms involved and of the extent to which some of these
phenomena are causatively interrelated.

The first two sessions were devoted to discussions of possible
mechanisms of gene instability.

Maurizio Gatti discussed the TAs3 that occur in Drosophila mela
nogaster cells and that have counterparts in yeast, in some normal

human cells, and in a variety of human tumors. Telomeric length is
not the only determinant of TA formation. Two transacting functions
have been identified that are required to prevent telomeric fusion and
assure proper telomere behavior, namely UbcDl and pen. Mutations
in these genes cause end-to-end chromosome associations that are not
seen in wt cells. Two types of TA were seen after UbcDl mutations,
namely double TAs involving both sister chromatids of each interact
ing chromosome and single TAs in which each of the two sister
telomers behaved independently. It would appear that double TAs

occur prior to chromosome replication, whereas single TAs occur in
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S-G2. The UbcDl gene was cloned and was found to give rise to three
transcripts that result in the same protein that belongs to the E2

enzymes (ubiquitin-conjugating). It was hypothesized that TAs occur
in UbcDJ mutants as a consequence of to the failure to degrade via
ubiquitin one or more telomere-associated proteins.

Joe W. Gray discussed determinants of genetic instability in solid
tumors such as the proteins involved in detection and repair of DNA
damage,maintenanceof telomere length, and apoptosis.Molecular
cytogenetic techniques such as fluorescence in situ hybridization and
CGH are particularly useful to study damage resulting in changes of

the structure or number of genomic DNA copies. However, analysis
of LOH, differential display, and DNA sequence analysis are addi
tionally required to identify aberrations not detected by fluorescence
in situ hybridization and CGH. The results obtained using these
cytogenetic techniques in studies of solid tumors were discussed with
specific reference to the genetic variability seen among cells of the
same tumor, the location of recurrent aberrations in tumors from

different organ sites, the genetic determinants of these aberrations,
and the identification of novel genes with functional relevance located
in regions of recurrent abnormality. The assessment of average gene
copy number was carried out by CGH: heterogeneity in genomic
rearrangements was seen, and correlations between total number of

DNA sequence copy number abnormalities and survival were noted in
primary ovarian breast and bladder cancers. Progression of solid
tumors was also studied using CGH. Sequence copy number abnor
malities were found at different stages of progression in ovarian,

breast, and colorectal tumors without any particular order of occur
rence, whereas the number of abnormalities seemed to increase with
stage of the disease. Genes in regions of increased copy numbers may
be oncogenes acting as dominant; genes in regions of decreased copy
number may contribute to inactivation of tumor suppressor genes. An
analysis of the region of increased copy number at 20q 13 was carried
out in breast cancer, in which amplification is associated with poor
clinical outcome. The results discussed supported the notion that
detailed tumor genotypes are important determinants of tumor behav
ior and response to therapy.

Geoffrey M. Wahl discussed the relationship of cell cycle control
mechanisms to genetic instability with particular reference to the
functions of the p53 gene. The products of this gene are implicated in
at least four cell cycle checkpoints that might affect genetic stability:
(a)@ arrest as a consequence of DNA damage, such as DSBs; (b)
G0-G1 arrest in response to rNTP depletion; (c) spindle completion

checkpoint; and (6) control of centrosome replication (one per cycle).
The first two functions involve the transcriptional activation of the
CDK inhibitor p21. The characterization of the p53-mediated G0-G1

arrests as a consequence of rNTP depletion in the absence of DNA

damages or after DSBs was the main focus of the discussions. Uri
dine-reversible G0-G1 arrest is induced by PALA in p53+ cells; in

contrast, PS3â€”cells enter S phase in the presence of PALA despite
the lack of rNTPs pools required for completion of S phase, this
leading to structural chromosome changes. Inhibitors of dNTPs in
duced p53-independent arrest in early S-phase but not in G0-G1 . The
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fact that PALA results in the accumulation of nuclear p53 suggests the
possibility that reduction of rNTP may disrupt polysome structure and
facilitate p53 transport into the nucleus. The p53-mediated response to
DSBs lead to translocations, deletions, and gene amplification. The
hypothesis that p53-dependent cell cycle arrest in G1 after DNA
damage is to allow damage repair is not supported by the fact that
certain p53 + cells are more radiosensitive than isogenic p53 â€”cells
and that ionizing radiation induces similar numbers of chromosome
damage in p53 + and p53 â€”cells. Under certain conditions, p53-
deficient cells exhibit the same G2 delay as normal cells after DNA
damage; this is consistent with the possibility that DSB repair after
radiation may occur in S and/or G2 through p53-independent pro
cesses. On the basis of the results discussed, it was suggested that p53

helps to maintain genetic stability by eliminating cells that underwent
DNA damage rather than increasing their repair ability. Among the
many questions that remain to be answered is why comparable acti
vation of p53 by rNTP depletion and DNA damage leads to reversible
arrest in the former case and apoptosis/senescence in the latter.

Walter Giaretti discussed human colorectal tumor progression as a
model for the study of mechanisms of aneuploidy and heterogeneity:
FCM was used to determine DNA aneuploidy and cell/nuclei sorting
was performed to evaluate correlations with K-ras-2 and p53 muta
tions. DNA aneuploidy was seen in 30% of colorectal adenomas and
in 75% of early cancer and adenocarcinomas. The hypothesis was
postulated that aneuploidy cells are generated through â€œlossof DNA
symmetryâ€•:according to this model, simple chromosomes losses and
gains or more complex mechanisms, such as unbalanced rearrange
ments, may generate two daughter cells with near-diploid aneuploidy.
The fact that aneuploidy as measured by FCM shows characteristic
peaks of distribution in colorectal lesions suggests that it is not an
epiphenomenon of random origin.

George Stark outlined the activation and function of p53 and the
mechanism of tumor suppression through p21-dependent cell cycle
arrest in late@ and induction of apoptosis. A genetic approach was
followed to investigate the unknown pathway from DNA damage or
arrest of DNA synthesis to induction and activation of p53 using
mutants of the human fibrosarcoma cell line HTIO8O, which com
prises eight different complementation groups. Each of the groups
lacked a specific signaling component, namely a receptor subunit, a
receptor-associated tyrosine kinase (JAK), or a transcription factor
subunit (STAT). On the basis of the observations discussed, a model
was proposed in which activation of p53 involves not only increased
steady-state protein levels but also posttranslational modification ac
tivating the DNA-binding activity of the molecule. Evidence was also
obtained indicating that p53, in addition to its role in G1 and G2-M,
functions in a checkpoint that assures the dependence of mitosis on
completion of the S phase. This effect was confirmed comparing
normal mouse embryo fibroblasts treated with aphidicolin, hydroxyu
rea, or PALA with p53 â€”fibroblasts similarly treated: in the former
cells, no mitosis occurred, whereas it did occur in the latter. The p53â€”
cells that entered mitosis display a variety of mitotic lesions. These
findings point to an involvement of p53 in an additional cell cycle
checkpoint, preventing premature entry into mitosis when DNA syn
thesis is blocked.

Numerous types of DNA lesions induced by natural or man-made
causes lead to malfunctions and, if they occur in germ cells, to inborn
genetic defects. As Jan H. J. Hoeijmakers indicated, to prevent or
counter these lesions and their consequences, all living organisms
possess a network of DNA repair systems with complementary sub

strate specificities. These systems include nucleotide, base excision,
and recombination repairs, and each system represents a multistep
pathway that involves a number of proteins with concerted action;
single enzymes may also be specialized in the repair of certain lesions.

Genetic instability is a consequence of the loss of one or more of these
mechanisms. NER was discussed in detail. The use of mutants has
been essential for the acquisition of the present knowledge of NER in
prokaryotes and eukaryotes. In humans, three autosomal recessive
conditions are associated with impaired NER and are expressed in
skin and eyes hypersensitivity to UV light (sunlight). Genetic heter

ogeneity defined in cell fusion experiments underlined clinical van
ability. It is of interest that CS and related syndromes may occur
without NER defects; this indicates that CS features other than pho
tosensitivity have a different molecular basis. The reaction mecha
nisms of NER were discussed in detail as clarified mainly using in
vitro reconstitution systems. It has been found recently that two NER
pathways exist, namely a rapid transcription-coupled DNA repair and
a slower global genome repair; the specific involvement of certain
NER factors for one or the other pathway was discussed. The clinical
consequences of function sharing between NER and transcription
were outlined. The multisubunit complex TFIIH has both basal tran
scription and NER function and provides an additional link between
these two processes. Models for the relationships ofTFIIH defects and
clinical features were proposed based on the data available to date. In
mice, gene targeting in embryonal stem cells was used to obtain
NER-deficient mouse strains; in embryonic fibroblasts from a CSB
mutant, a specific loss of transcription-coupled repair was found.
When a global genome repair defect was introduced in CSB-deficient

mice, accentuation of the CS phenotype was seen. The use of these
CSB mice and of other NER-deficient mouse models should help to
clarify the relationship of molecular defects to their pleiotropic phe
notypic consequences.

The third session focused on discussions of telomerases and their
involvement in cell immortalization and senescence.

Ellen Monson discussed investigations carried out in Zakian's
laboratory on the regulation of telomere length by the Pifi DNA

helicase. The role of telomeres in the maintenance of chromosome
stability and the function of telomerase in preventing telomeres from
shortening upon chromosome replication by DNA polymerase were
reviewed. The interaction of the DNA helicase PIF1 and the telomere
binding protein RAP1 in yeast was discussed in detail. RAP! encodes
an indispensable multifunctional protein that binds duplex telomeric
DNA repeats; it also activates or represses the transcription of several
genes, the products of which may be involved in telomeric length
regulation. PIF1 encodes a DNA helicase required for mitochondrial
DNA repair and maintenance. Evidence was discussed suggesting that
RAP1 and PIF1 regulate telomere length by different mechanisms and
that the two proteins interact under conditions of Pifip overexpres
sion. Specifically, the toxicity of the full-length wt PIF1 or of the
nuclear form PIFI S overexpression was suppressed by the expression
of Rapl@BBp (a copy of RAP1 missing amino acids 19â€”497).On the
basis of further experimentation, it was concluded that this reversal is
independent of the role of these factors in telomere length regulation.
Models were proposed to explain the interactions of PIF1 and Rapl,
which are under investigation.

The consequences of mutations that alter telomeres in the yeast
Kluyveromyces lactis were discussed by Michael McEachern. The
â€œcappingâ€•of chromosome ends by telomeres was mentioned as an
essential function of telomerase, which allows us the distinction of
these ends from DSBs and thus the prevention of the triggering of the
responses to DSBs. It became apparent that telomerase is responsible
for telomere maintenance in all of the yeasts studied. The K. lactis
telomerase RNA gene (TER-1) was identified, as were all of the DNA
fragments with telomere homology within the genome. Normal te

lomere maintenance was dependent upon a functional TER-] gene.
Deletion mutants of TER-1 senesce progressively related to telomeres
shortening. Postsenescence survivors were found among cells lacking
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telomerase; these cells did show some telomere length maintenance,
which is likely to occur by different mechanisms. Homologous re
combination in some form appeared to be responsible for telomere
maintenance deletion in ThR-l mutants and to be induced by the loss
of telomere capping. This telomere cap-prevented recombination
seems to occur through gene conversion events. Studies of the dy
namics of telomeric repeat turnover showed slow rates of turnover and
variability between different ends within the same cell; it was also
shown that the more internal telomeric repeats are replicated by DNA
polymerase and not turned over by telomerases. The regulation of
telomere length disrupted as a consequence of TER-l template mu
tations led in many cases to telomere lengthening. The genomic
instability derived from altered telomeres in yeast was discussed:
examples include changes in sequence and size of the telomeres
themselves, increased degree of gene conversion rates, increased rate
of chromosome loss, and telomere-telomere fusions. The fact the
telomerase is present in most human cancers supports the idea that
telomere function has a potentially important role in neoplasia, but the
clarification of the exact relationships in this respect must await
further research.

As indicated by Howard Cooke, telomere length maintenance is
likely to be the result of a balance between loss and addition of
telomere repeats. Telomere length regulation in mammalian cells was
studied evaluating the following: (a) changes in length of a human X
chromosome pseudoautosomal telomere (Xpter) following its transfer
to a mouse cell environment; and (b) changes of cloned telomere
repeats that had healed a broken hamster chromosome in a Chinese
hamster hybrid cell line. In the first approach, evidence was obtained
indicating a 10-kb increase in length of Xpter after 20 divisions of the
XMGU-l cells, a human-mouse hybrid cell line that contains a human
x chromosome as the sole human component. In the second approach,

in transformant cells in which introduced telomere repeats had healed
the end of a broken hamster chromosome, the fate of the introduced
construct was observed upon cell growth. The results pointed to the
existence of a control mechanism governing telomere length, and
further data suggested that the cellular environment is the critical
determinant of telomere length.

The last two sessions focused on mechanisms of cell cycle control
as they related to genomic instability and apoptosis; they also included
discussions of the clinical potential of the phenomena considered.

Leland Hartwell discussed recent findings in Saccharomyces cer
evisiae of how the cell cycle is controlled, with particular reference to
fidelity of genomic replication and transmission. Arrest at G2 occurs
in both mammalian and yeast cells after X-irradiation; rad9 mutants
were found to be defective in cell cycle arrest after X-ray, whereas
other mutants were more sensitive than rad9 mutants (e.g., rad52).
rad9 was responsible for arrest of the cell cycle not only following
X-ray-induced DNA damage but also following defects that arrest
cells in late S phase (e.g., DNA ligase), and not after other defects,
showing selectivity of action. The cdcl3 mutant arrested in G2 after a
shift to restrictive temperature, and through its mutagenization, six
genes were identified that affect a DNA damage checkpoint. This
checkpoint is necessary for the damaged cells to delay cell cycle
progression until the damage is repaired. It was then found that most

cdcl3 mutants induce recombination near the end of chromosomes,
where polarity of strand degradation at restrictive temperature was
found to be the same as during DSBs. It was suggested that cdcl3
mutants may be defective in masking telomeres: it is conceivable that

single-stranded DNA generates a strong signal for the DNA damage
checkpoint. Recently, it was found that some DNA damage check
point genes also control the rate of DNA replication after DNA
alkylation damage; other such genes have a more subtle function in
the sense that half of the genome replicates rapidly and half slowly.

Sister chromatid exchange is induced in mammalian cells in response
to bulky lesions in DNA and occurs only during replication over
damaged DNA; this also occurs in S. cerevisiae. The hypothesis was
proposed that sister chromatid exchange reflects the capacity of the
replication fork to switch templates from a damaged template to the
newly synthesized sister strand, thus avoiding replication over dam
aged bases. The possibility that DNA damage checkpoints are con
served between yeast and human cells, though likely, needs further
experimental proof.

Kim Nasmyth discussed mechanisms of control of the cell cycle in
eukaryotes. The discussion focused on â€œwhatis at the heart of the
budding yeast cell cycle.â€•Prominent among cell cycle progression
regulatory molecules are the CDKs. In S. cerevisiae, Cdc28, or Cdk-l,
has a clear function in regulating the chromosome cycle and performs
tasks carried out by cdc2 in Schizosaccharomyces pombe and shared
by Cdk4, Cdk2, and Cdkl (cdc2) in mammalian cells. The various
functions of cdkl are performed by a variety of kinases that differ in
their cyclin subunits. Different cdk subtypes catalyze different cell
cycle transitions, also depending on the state of the cell or the
presence or absence of their substrates at different points along the
cycle. There seems to be considerable overlap in the activities of
different cyclins in yeast. Moreover, recently it has been found that
certain key transitions are triggered by factors that are not cdks. Many
of the genes involved in cyclin proteolysis are also necessary for the
onset of anaphase and encode 205 particles, which make up the
anaphase-promoting complex that catalyzes the ligation of ubiquitin
molecules to cyclins and targets them for proteolysis. High-fidelity
replication of chromosomes is assured by firing in late G1 origin
recognition complex and by doing so only once per cycle. It seems
that the formation during G1 of a prereplicative complex containing an
origin recognition complex and Cdc6 is required for the firing of
origins upon activation of Clb/Cdkl. The Clb/Cdkl kinases that

trigger replication in G1 cells are also responsible for preventing the

formation of pre-RCs needed for the next replication. The dual rep
lication functions of most Clb/Cdkl kinases leads first to formation of
pre-RCs and then to origin firing; these two steps cannot occur
simultaneously. Cdc6 is an unstable protein that is required for the

formation of pre-RCs and that provides another control factor for the

sequence of events leading to initiation. A fluctuation in the activity
of Clb/Cdkl kinases is critical for the control of chromosome repli
cation. The activation of CLB5 and CLB6 gene transcription when G1
cells reach a critical site is the first step toward Clb/Cdkl activation.
Proteolysis following ubiquitin conjugation of inhibitors and cyclins

plays an important role in assuring the implementation of proper
sequence of events, particularly the sudden transitions between low
and high-Clb/Cdkl kinase states, which appear to drive the replication
cycle in budding yeast. Coordination between mass accumulation and
the chromosome cycle is through dependence of the latter on the
former and not vice versa.

Gerard Evan proposed, â€œatumor cell can be considered as a normal
cell whose proliferative mechanisms have been activated by mutation
rather than by extracellular signals.â€•Evidence was presented that
myc, ras, and bcl-2 have the dual functions of being promoters and
suppressors of cell proliferation; when they are activated at the same

time, negative growth effects of one are suppressed by the positive
growth functions of the other. Although the transcription factor func

tion of myc is supported by much evidence, most of the target genes
regulated by c-Myc are still unknown. Gene amplification, transloca
tion, and mutations of c-myc affect its expression such that the gene
can no longer be shut down. Although c-myc induces cell transfor
mation in vitro, it requires cooperation with other factors (e.g. , Ha-ras,
V-abl, and bcl2) to induce tumors in vivo. The oncogenic synergy of
c-myc with the antiapoptotic bcl2 is consistent with the possibility that
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FCM, a proliferation-associated nuclear antigen (Ki67), which is
present throughout the cell cycle with the exception of G0, was
measured against DNA content. Increased Ki67-positive G, with
normal S phase was found in metaplastic epithelium at an early stage
of neoplastic progression; at later stages of neoplastic progression,
increased S phase occurred in most cases associated with aneuploidy.
Some patients developed G2 (tetraploid C4N) fractions, which in
creased with risk of cancer. Patients with 4N had a significantly
greater incidence of progression to aneuploidy as evaluated within 17
months. Using a PCR-based technique of whole genomic amplifica
tion, LOH frequency was identified in patients with aneuploidy and
was found with decreasing incidence in Yip, Sq. 9p, and 13q. The
majority of instances of LOH were subchromosomal. The fractional
allelic loss did not correlate with ploidy. Allelic losses in Yip, p53
mutations, and p53 overexpression developed early in Barrett's esoph
agus progression toward cancer. It seemed that l'7p LOH and p53
mutations preceded aneuploidy and were interdependent with the
development of 4N. Allelic losses in Sq followed l7q changes and
were independent of neoplastic progression. Allelic losses in 9p2l
occurred early in premalignant tissues and before aneuploidy. On the
basis of these findings, a model of neoplastic progression in Barrett's
esophagus was proposed.

David Livingston discussed the E2F-1 degradation by the ubiquitin
proteasome pathway. The transactivation function of E2F-1, which
also depends on cdk3, peaks at G1-S and in early S phase. Under
certain conditions, E2F-i can lead to neoplastic transformation, can be
mitogenic, and can induce apoptosis during or shortly after S phase.
Recent data strongly suggest that E2F-i can also have a tumor
suppression function. Thus E2F-i has important functions in cell
homeostasis. E2F-1 synthesis begins in G1 and is cell cycle controlled;
the question was asked whether protein stability contributes to this
control. Evidence was presented that E2F-1 is unstable in vivo due to
its degradation by the ubiquitin-proteasome pathway; the availability
of specific E2F-l sequences to this degradation pathway is down
regulated by pRb binding. The COOH terminus of E2F-1 is required
for efficient degradation, as verified in U2OS cells transiently trans
fected with E2F-1 and several mutants. The mutant deficient in the
COOH terminus had a half-life of about 10 h. Given the fact that

E2F-l binding to pRb and degradation both appear to involve the
COOH terminus of the molecule, the question was asked whether pRb

binding affects the stability of E2F-l . U2OS cells were transfected
with both E2F-1 and a pRB mutant, which cannot be phosphorylated
but can bind normally to E2F-l. It was found that in the presence of
the pRb phosphomutant E2F-l, protein stability increased, without a
concomitant change in , cell progression due to E2F-1 overproduc
tion under the experimental conditions set up. Comparing the half-life
of wt E2F-1 and of a mutant severely impaired in pRb binding
capacity, the stabilization of E2F-1 protein was found to be parallel,
with the capacity to bind to pRb. It was then demonstrated that E2F-1
is degraded by the ubiquitin proteasome pathway. The identification
of ubiquitinated species of E2F-1 in suitably transfected 5020 cells
treated with the proteasome inhibitor confirmed that E2F-l is ubiq
uitinated and then proteasome degraded. The control of E2F-1 turn
over by pRb has important implications for controlling the killing
(apoptotic) and transformation actions of E2F-l and also for the
concurrent capability of pRb-E2F-i complex to act as transcriptional
repressors. Thus, the previously demonstrated inhibition of DNA
binding of the E2F-IIDP-l heterodimer by cyclin A-dependent kinase
at an S-phase checkpoint and the ubiquitin-proteasome pathway
dependent E2F-1 degradation demonstrated herein appear to be im
portant mechanisms to assure the proper function of E2F-l in the
progression of cells along the , and S phases of the cell cycle.

Yoichi Taya indicated that it had been suggested that the phospho
4440

c-myc also induces apoptosis. The dual function of c-myc has now
been generalized to include most promoters of cell proliferation, such
as E1A, E2F-l, and Cdc2SA phosphatase. Tumor cells expressing
deregulated oncogenes (c-myc, EJA, and ras) show greater sensitivity
to induction of apoptosis by various insults. Many anticancer treat
ments act by inducing apoptosis, and in many cases, resistance is
mediated by a suppression of apoptosis. Antiapoptotic mechanisms
include improper expression of gene products that inhibit apoptosis
and unscheduled activation of signal transduction pathways that pro
mote cell viability. An example of the former is the deregulated
expression of bcl2. IGF-1 is a survival cytokine in several cell types
and is implicated in the growth of many tumors. IGF-i inhibits
apoptosis induced by growth cytokines withdrawal (e.g., IL3) or after
serum withdrawal in Rat-l cells transformed by c-myc; protein syn
thesis is not required for this function. It was found that domains of
the IGF-l receptor required for antiapoptotic function are different
from those required for mitogenesis or transformation. Phosphatidy
linositol 3-kinase is likely to be involved in the antiapoptotic effect of
IGF-l because wortmannin, an inhibitor of the enzyme, effectively
blocks IGF-l-mediated protection from c-myc or UV light-induced
apoptosis in fibroblasts. The results obtained with partial loss of
function mutants located in the Ras effector loop indicated that
activation of the Raf pathway promotes apoptosis, whereas that of
phosphatidylinositol 3-kinase suppresses it. Recently, it was demon
strated that bcl2, as well, can inhibit cell proliferation. Thus, each of
the three cooperating oncogenes, myc, ras, and bcl2, can independ
ently trigger mechanisms that prevent the expansion of cells affected
by their mitogenic action.

William Burhans discussed the inhibition of DNA replication after
DNA damage during S phase in yeast. The dose-dependent magnitude
of this inhibition is biphasic: an initial steep component after low
level damage, followed by a shallower component at higher levels.
These two components appear to be related to inhibition of two
different processes, namely initiation of DNA replication at origins
and subsequent elongation of nascent chains at replication forks. A
recently developed assay distinguishes between initiation- and don
gation-specific inhibitoly effects independently of an intrinsic label,
using a two-dimensional gel electrophoresis technique. This technique

separates replicating from nonreplicating DNA on the basis of the

unique structure and migration characteristics of replicating DNA on
agarose gels: initiation inhibition is detected as a decrease of RIs
because previously formed RIs mature in the absence of new initia
tion; elongation inhibition is detected as an accumulation of RIs.
Evidence was obtained indicating that initiation inhibition of S. cer
evisiae DNA induced by the DNA-damaging agent adozelesin occurs
as part of the MEC1IRad53 intra-S-phase checkpoint response to
DNA damage. RIs eventually accumulate after some time; this mdi
cates an additional inhibition of elongation. The results discussed
represent the first evidence for DNA damage-induced initiation- and
elongation-specific inhibition of DNA replication in yeast. The results
also suggest that these specific effects correspond to the MEC1/
RAD53 intra-S-phase checkpoint response of S. cerevisiae and that
they related to the function of proteins involved in the initiation of
DNA replication.

On the basis of evidence that human cancers develop as a conse
quence of genetic instability and clonal evolution leading to accumu
lation of genetic errors, Brian Reid studied the sequence of genetic
events connected with the development of esophageal cancer in pa
tients with Barrett's disease. Aneuploidy was not seen in 44 patients
with gastroesophageal reflux without Barrett's disease but was found
in 3 of 70 patients with metaplasia, 2 of 32 with low grade dysplasia,
5 of 8 with high-grade dysplasia, and 25 of 28 with cancer. The
aneuploid cells contained clonal kanyotypic abnormalities. Using
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rylation of pRb at G1-S is carried out by Cdk 4/6-cyclin D, Cdk2-
cyclin E, and Cdk2-cycin A, but the reasons for the successive
requirements of these systems and their role had not been clearly
understood. Recently, it was found that the pRb consensus motif for
phosphorylation by Cdk4-cyclin D is different from that for phospho
rylation by Cdk2-cycin Ela and that at least one of the 13 or 14
possible phosphorylation sites of pRb is specifically phosphorylated
by Cdk4-cyclin D1 during the cell cycle. The differences in consensus
motifs for phosphorylation by Cdk4-cyclin D and Cdk2-cyclin EtA
found were further verified by seeing the effects of amino acid
substitutions on substrate specificities. An antibody recognizing phos
pho-SerY8Â°was generated using chemically synthesized phosphopep
tides as antigen. This antibody recognized wt GST-Rb phosphorylated
by Cdk4-cyclin D but not that phosphorylated by Cdk2-cyclin EtA. In
contrast, mutant GST-Rb was not recognized by this antibody after
phosphorylation by Cdk4-cyclin Dl. The results outlined above mdi
cate that the consensus motif for phosphorylation of pRb by Cdk4-
cyclin Dl is different from that for phosphorylation by Cdk-cyclin
EtA.

Giulio Draetta reviewed briefly the role of the Cdk complexes in
the progression of mammalian cells through the cycle. Two families
of inhibitors have been identified, one specific for Cdk4/6-cyclin D
complexes (e.g., p16) and others inhibiting all Cdk complexes (e.g.,
p21, p27, and p57). The alterations found in tumors affect the capacity
of cells to respond during G@to growth-regulatory signals, which feed
out Cdk4/cyclin Di and Cdk2/cyclin E complexes. The Cdc25 phos
phatases are essential activators of cell cycle progression because they
remove the inhibitory phosphate from Cdks. Cdc25A and Cdc25B
interact with Raf-l protein kinase, can promote oncogenic transfor

mation in vitro and in vivo, and cooperate with H-Ras; Cdc25B was
found overexpressed in 32% of 124 breast cancer cases. The tran

scription of Cdc25A and Cdc25B m.RNAs is regulated by c-myc and
Cdc25A appears to be a likely determinant of c-myc-induced apop
tosis. On the basis of the information mentioned above, it was pro
posed that Cdc25 inhibitors may be developed as anticancer agents.
The action and control of the ubiquitin degradation pathway were
discussed. The role of the ubiquitin pathway in the regulation of p53
levels was discussed as an example. The presence of p27 in colorectal
and breast cancers was indicated; p27 was first identified as an
inhibitor of Cdk2 and Cdk4 in cells arrested in G1 by TGFf3. Over
expression of p27 causes cell cycle arrest; degradation of p27 also
occurs by the ubiquitin pathway and the rate of p27 ubiquitination is
decreased in proliferating cells, probably related to posttnanslational
modification of p27 and changes in the activity of enzymes E2 and E3.
The lack of p27 in tumor tissues is likely due to increases in its
degradation, suggesting the possibility of targeting the ubiquitination
reactions in vivo to restore p27 accumulation and thus activity. The
potential chemotherapeutic relevance of the new sites of intervention
described was indicated.

In conclusion, the discussions of genetic instability mechanisms,
with particular reference to recombination and repair; those of the role
of telomerases in determining cancer cells immortality; and those of
the regulation of the cell cycle through the participation of multiple
factors, each of which is in turn regulated through processes of
activation and degradation, all provided insights into the possibility of
designing new types of intervention on which to base the development
of new therapies.

4441

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/19/4437/2862164/cr0570194437.pdf by guest on 19 M

ay 2023




