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The Role of Tumor Suppressor Genes in Cancer and Development
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In the last ten years there has been a fundamental change in the way we
conceptualize cancer susceptibility. Instead of thinking about the family history
as the key to recognizing inherited susceptibilities, we can now consider the
fabric of susceptibility in terms germline alterations in tumor suppressor genes
each representing different threads that interupt the normal pattern of growth
controls in different tissues.

The first tumor suppressor gene to be cloned was the retinoblastoma gene in
1986 (Friend et al 1986), It has become a prototype for considering the
mechanisms by which tumor suppressor genes can limit cell growth. It has also
served as a prototype for the clinical utility of screening techniques. At the
present time all patients born in the United States with retinoblastoma are able to
be tested for whether they developed the disease because of a germline defect in
the gene. Four years ago we switched our focus from studying susceptibility
genes involved in pediatric malignancies to studying their role in adult
malignancies.

Breast cancer develops in over 150,000 women each year in the United States,
and one in nine women will develop breast cancer by age 75. This makes it one
of the most common cancers in women. We were particularily interested in
studying this tumor because it has been estimated that 10% of the women with
breast cancer develop it as a result of alterations in tumor susceptibility genes.
The search to identify which genes account for this susceptibility is much more
complicated than the search for the retinoblastoma gene because alterations in
at least five seperate genes can result in an increased risk of developing breast
cancer. The difficulties in attempting to identify one gene among this cluster led
us to focus on a unique rare presentation of breast cancer called "Li-Fraumeni"
syndrome (LFS). This syndrome is classically defined as occurring when three
first degree relatives develop cancer under the age of 45 and one of the three
cancers is a sarcoma. Interestingly, in LFS families, the most frequent
malignancy is breast cancer.

Using a candidate gene approach, we were able, two years ago, to determine
that affected members of LFS families frequently carry germline p53 mutations
(Malkin et al 1990). Since then we have found over fifteen examples of LFS
families with germline p53 mutations. These mutations can be found throughout
the p53 gene and can be due to either missense and nonsense mutations, or
splice defects. Although, germline mutations in the coding region of p53 make up
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a bulk of the alterations found in LFS, we have also found classic LFS families
who carry no such p53 mutations. The two most likely explanations for these
LFS-wildtype p53 families are as follows: They may carry hidden mutations in
p53 which lie for example in the promoter region, or they may carry alterations
inother proteins which are part of the p53 signalling pathway. Currently, we are
studying these interesting families in order to explore this growth limiting
pathway. At the same time we have developed methods by which to screen
patients DMA for mutations more rapidly. In a collaboration with Anne-Lise
B0rresen, we have used a new technique called "contant denaturant gel
electrophoresis" to screen patients for germline p53 mutations (B0rresen et al.
1992). The first patients which we screened were children who had developed
two independent primary malignancies. We have found that over 6% of these
patients carry germline p53 mutations (Malkin et al 1992). We have also
examined over 200 patients with breast cancer and found that less than one
percent of women with breast cancer carry germline p53 mutations (B0rresen et
al. 1992).

In the process of uncovering a diverse set of missense germline p53 mutations
which were not simply common polymorphisms, we began to sense a need to go
beyond the identification of such mutants and instead also ask whether any of
these germline p53 mutations might be functionally silent. We have answered
this question by introducing a large number of the germline p53 mutations into
expression vectors and then transfecting these constructs into cells which lack
p53 (Saos-2 cells). These results show that a majority of germline p53 mutations
alter p53 structure and inactivate its ability to block the growth of the Saos-2 cells
that lack p53. Importantly, some of the mutations (one at codon 181) which were
not common polymorphisms, nonetheless were functionally silent (Frebourg et al
1992). This fact led us to develop a functional asay by which to directly screen
for germline p53 mutations. This technique is based on the ability of the wildtype
p53 protein to bind to a specific DMA sequence and thereby transactivate certain
genes. We built a vector containing the DNA binding region for p53 connected to
low basal activity promoter whose activity could be assayed by a colorimetric
assay. We have developed this assay so that now it is as easy to screen for a
loss of p53 activity in one of two alleles, as it is to perform CDGE. We feel that
in the future it is likely that a majority of tumor suppressor genes may be able to
be screened at a functional level.

Eventually, the detection of people at risk to develop cancer may be able to help
decrease the incidence of cancer by identifying individuals who could benefit
from early detection methods. Because it could potentially be more helpful to
develop rational drug design based on tumor suppressor genes, we have felt that
it is essential to also concentrate on elucidating tumor suppressor gene functions
and in identifying other components of the control pathways.

One approach which we have taken recently is to look at the role tumor
suppressor genes take in controlling development. We have turned to Xenopus
laevis to perform many of these studies. Cloning of the Xenopus Retinoblasoma
gene has allowed us to determine that overexpression of XRb and Xp53 have
little effect on control of replication and the rapid synchronous cleavages prior to
the midblastula transition (Destree et al 1992). These results led us to ask
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whether XRb inactivation would disrupt early Xenopus development. We could
not get any of the antisense technologies to work. Therefore, we turned to the
microinjection of RNA encoding Ela as a mechanism of expressing Ela protein
we did this because previously Ela had been shown to be able to functionally
inactivate XRb and several other cellular proteins. Microinjection of Ela into 2 cell
Xenopus embryos had no effect on early development, but after the midblastula
transition, cells which should acquire new cell fates were unable to do so.
Preliminary studies suggest that a small portion of the Ela protein between amino
acids 30-139 is capable of disrupting development. This portion of Ela does not
seem to involve XRb and so these effects will need to be traced to the
modulation of other cellular proteins. Because we can monitor these effects by
use the of a convenient mesoderm induction system, we plan to explore
questions of early mesoderm induction and the role of growth limiting pathways.
The long term goal is to use this information to help define the normal growth
limiting pathway so that drugs will be able to be designed which correct the
deficiencies resulting in the inactivation of certain tumor suppressor genes.
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Discussion - THE ROLE OF TUMOR SUPPRESSOR GENES IN CANCER AND

DEVELOPMENT

M. Oren

Is there any loss of heterozygosity on 17p in the tumour in those LFS patients

which have no p53 germ line mutations?

S.H. Friend

I think there are four families with no p53 mutations and we have looked at two

families which have no loss of heterozygosity on 17p. The other thing that is worth

mentioning is that we have found that there were low levels of p53.

M. Oren

So you would believe that maybe p53 is not a player at all in those particular

tumours?

S.H. Friend

Yes, I think our hope is, that if we get enough of these families and look at

them that we will be able to identify other genes on the p53 pathway, which will all

read out as LFS.

M. Crescenzi

In the experiments in which you introduce E1A in the developing Xenopus

embryo you said cell proliferation was not affected but differentiation was. So, what

were you getting? large gastrulas or did they stop dividing after a while?

S.H. Friend

If you block early development by any means, and you have no cell division,

you can see there are too few cells. These embryos have the right number of cells but

they are not undergoing invagination, in that assay. If you go ahead and let them sit

there long enough, they will go ahead and lyse, but it is not the type of non-specific
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toxicity that you see when you just put it in a high level of non-specific RNA. I think

there is a specific block there.

G.E. Francis

When we looked at a large pedigree of Li-Fraumeni syndrome which was

studied by Esther Chang, she had found a truncatable c ras 1. and when she

transfected that into NIH-3T3 cells we were able to show that that perturbed the

activity of topoisomerase II, and that gives us an attractive route to get both genetic

instability (because perturbed topoisomerase 2 is error prone) and also, because in

some systems topo 2 is implicated in a positive way in a permissive event prior to

differentiation, to perturb differentiation. Then, subsequently that family was also

shown to have a p53 mutation and I believe some cells from the same family, normal

cells, also had a slightly elevated expression of mvc. So that family seemed to have

an awful lot going for it to give it tumours, and I was wondering if rather than

suggesting that your families all have a repertoire of single alternatives, there cannot

be, in fact, constellations of different defects within families, possibly varying the

penetrance because you are inheriting different components via different ways. Would

you like to comment on that?

S.H. Friend

I think that the question of the need for multiple changes is still up in the air.

You would think that if you can go five generations with a strong autosomal dominant

pattern, that any series of genes would have to be incredibly tightly linked to make it

through at that high degree of penetrance within that family. So it is very hard to

picture two different chromosome regions that were somehow combining to give the

LFS phenotype. On the other hand, there is enough diversity in the penetrance right

now, that I think it should be left open. I do not think there is any good evidence, but

that variation in penetrance sort of counterbalances and suggests that maybe there

is some other effect that might be required. The other thing to say is that the cell lines

which are usually how people look at the cells from these LFS families seem to

accumulate a lot of changes on the way. An important question is: Do the lymphocytes
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from those patients have all those changes, and if it they do then I think that is

something that should be looked at in other families.

G.E. Francis

I was not just making the point about penetrance, it's the point that all the

patients' cells do not generate tumours, they generate a constellation of tumours and

how they are acquiring the second defects that give rise to the tumours or subsequent

defects. It may be some of those subsequent defects or additional defects are in fact

also inherited.

S.H. Friend

I think there is no question that for most tumour suppressor genes, with the

exception, maybe, of Rb, that it is one of a cascade of events that leads you,

depending upon what that cascade is, to different tumours.

K. Nasmyth

This is really a question for Friend and Oren, maybe you can tell us a little bit

more about what people think p53 might actually be doing at a molecular level. I

mean, there are some ideas that it could be involved in some kind of check point

control that monitors DNA damage in Gr Would you like to comment on that?

S.H. Friend

If you look at all the evidence of what statements had been made about p53,

only about half of them, or maybe even 80% can be logically connected together.

There are many facts which seem to be in distinct contradiction, and I think that when

you talk about the role of p53 it should be kept in mind that it is going to have many

apparent functions. The strongest data that is new, I think, is suggesting that p53 is

a transcriptional activator, that it does have a function in controlling the G1 S cell

pause that DNA damage can give. For me that does not mean that it could not be a

central mediator of apoptosis, and that being a central mediator of apoptosis does not

mean that it is not involved in differentiation. I think the current data is so varied that
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it is difficult to have a single concept of what p53 does.

M. Oren

I think 1 agree with all you said, if we try to confine ourselves to the more

molecular level. Biologically you can say differentiation and apoptosis are phenomena

that are linked in many contexts, you can make good sense of this and bad sense of

that, but it does not really tell you what p53 as a molecule does. There is now heavy

evidence in favour of p53 acting as a sequence-specific transcription factor, but it is

not definitely proven that p53 has to act as a transcription factor in order to mediate

its relevant biological activities. I believe this concept intuitively, but I do not think the

evidence is really conclusive, especially because, as far as I know, all the well

characterized mutants that are tumour-derived and have actually no suppressor activity

by biological assays have lost the ability to bind DNA efficiently and sequence

specifically. I am not aware of any bona fide tumour-derived mutant which binds as

well as wild p53 but is totally transcriptionally dead. So I think the consensus right now

is that you abolish binding to DNA en route to becoming an inactive variant of p53.

One question which is very much in the air is, can anyone identify genes which are

really relevant targets for transcriptional activation by p53?

S.H. Friend

One should consider GADD 45, that is the G.,/3 expressed gene which is

known to be important in halting a cells progression from G1 into S phase.

M. Oren

Okay, it is probably going that way, but I think one should be cautious and

consider that having a very efficient transcriptional activation activity by p53 still does

not prove formally that this is what it is supposed to do.




