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Most environmental causes of cancer are mutagens: 
mutagenic compounds, X-rays, uv



Cancer tends to arise in actively dividing cells

• Epithelial cells (lining of intestine, lungs etc.) = carcinoma

• Blood and lymphatic cells = lukemia, meyloma, lymphoma

• Connective tissue (bones, tendons muscle) = sarcoma





Cancer is a genetic disease of somatic cells

The underlying cause is mutations
that release cells from the normal constraints

that exist in well organized tissues
allowing uncontrolled growth

Which are the key genes that are mutated ? 



Incidence of stomach cancer as a function of age



Major complications in understanding the genetic basis of cancer 

• Early initiating events occur rarely in complex tissues 
and are therefore extremely difficult to detect

• Multiple mutations are necessary to produce a tumor cell

• Different types of tumor have different genes mutated

• The key initiating event often leads to an increase in mutation rate
thus tumor cells often bear many fortuitous mutations 

Important aspects of the disease we won't discuss 
relate to the spread of cancer cells
and the formation of large tumors

(metastasis and angiogenesis)



3T3 cells in culture Transformed 3T3 cells



Plate phage
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DNA from human
tumor cells

Transfect mouse 3T3 cells

Culture for 2 weeks
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Oncogene

Replica on
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Phage library

Extract DNA,
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Focus of transformed
3T3 cells growing among 
untransformed cells

Second cycle

Isolation of the Ras oncogene
from human tumor cells
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Cell cycle in S. cerevisiae



Add mutagen; 
distribute into
smaller aliquots

Incubate
at 23 ˚C

Replica-plate
and incubate

23 ˚C 36 ˚C
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for growth; growth at 23˚,
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A genetic screen for cell cycle mutants



Wild type cdc28 mutant cdc7 mutant
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Cell cycle in S. cerevisiae



cdc2 + (wild type)

cdc2 - (recessive)

cdc2D (dominant)

Opposite effects of cdc2 alleles in S. pombe



Maternal mRNA and Mrtosis 
391 
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Figure 2. Correlatron of the Level of Cyclin with the Cell Divrsron Cycle 

A suspension of eggs was fertrlrzed, and after 6 mm, %S-methionine was 
added to a final concentration of 25 pCr/ml. Samples were taken for 
analysrs on gels at 10 min intervals, starting at 16 min after fertilization. 
Samples were taken 20-30 set later into 1% glutaraldehyde I” calcium- 
free anifrcral seawater for later mrcroscoprc examination; the cleavage Index 
IS shown thus: O----El. The autoradiograph shown as an Inset was scanned 
to yield the data plotted thus: cyclin, U; protern B, A. .A. 

The Cyclical Fluctuation in Cyclin Are Due to 
Periodic Destruction and Continuous Synthesis 
It seemed most likely that the oscillation in the level of 
cyclin was achieved by continuous synthesis punctuated 
by destruction at a certain point in the cell cycle. To test 
this hypothesis, we examined the pattern of protein syn- 
thesis during successive 10 min pulses, at the same time 
performing a continuous labeling experiment in a parallel 
sample from the same batch of fertilized eggs. Figure 3 
shows the continuous labeling experiment on the left, and 
the pulse-labeling experiment on the right; the lanes are 
related to the sampling time such that lane a represents a 
continuous 26 min label in the left panel and a pulse from 
15 to 25 min in the right panel; lane b a continuous 36 min 
sample or a pulse from 25 to 35 min, and so on at IO min 
intervals; the eggs started to divide at lane e. Whereas the 
continuous labeling shows the usual disappearance of 
cyclin just before cleavage, the pulse-labeling experiment 
shows the rate of synthesis of cyclin remaining essentially 
the same throughout the first cell cycle. 

This result is confirmed in Figure 4, which shows the 
quantitation of the intensity of the bands in the pulse- 
labeling experiment. One would expect most of the pro- 
teins to behave like protein C, and show a linear increase 
in the rate of synthesis with time. Likewise, the behavior of 
band H, which is almost certainly a histone, is in accord 
with the findings of Wells et al. (1981); its synthesis is 
barely detectable before first cleavage, and rises rapidly 
at the two-cell stage. The behavior of cyclin (band A) 
shows a third way that mRNA can be recruited, for its rate 

Continuous FulSes 
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Figure 3. Comparison between Continuous and Pulse-Labeled Embryos 

A batch of eggs was fertiltzed and splrt into two. The frrst 2 ml (30,ooO 
eggs) had Y&h volume of labeled methronine added 5 min after the sperm, 
and samples for analysrs on gels were taken at 10 mm intervals thereafter. 
The other batch was allowed to develop, and every 10 mm a sample of 0.1 
ml was added to a tube containing 1 pl of 35S-methronine. mrxed, and 
Incubated for IO mm before adding 0.2 ml 25% TCA. The letters above 
each lane correspond to the equrvalent endpornts. (a) continuous label for 
25 mm, pulse from 15 to 25 mm; (b) 35 mm continuous, 25-35 mm pulse; 
(c) 45; (d) 55; (e) 65; (1) 75; (g) 85; (h) 95: (i) 105 min. m: markers. Cleavage 
occurred between lanes e and f 

of synthesis rises very rapidly after fertilization, with only a 
relatively small rise thereafter. There does not appear to 
be any significant variation in its rate of synthesis correlated 
with the cell division cycle. This result suggests that the 
variations in the intensity of cyclin revealed by a continuous 
label are due to its destruction by periodic proteolysis, and 
not to periodic synthesis coupled with continuous rapid 
turnover. 

The fact that there is no sign of periodic variations in the 
extent of labeling of cyclin in short pulses suggests that 
newly synthesized cyclin may have to participate in some 
sort of maturation or assembly process before it can be 
destroyed. 

The possibility that cyclin is labeled by methionine by 
some process other than normal protein synthesis is ex- 
cluded by two kinds of experiments. First, its synthesis 
can be programmed in a reticulocyte lysate by mRNA 
extracted from unfertilized or fertilized eggs (data not 
shown). Second, its labeling is inhibited by emetine, as is 
shown below. 

The Rate of Cyclin Synthesis Declines at the End of 
Cleavage 
Figure 5 shows that cyclin continues to be synthesized at 
a high rate for at least 5 h after fertilization at 20°C (morula 



What is the basic organization of the cell cycle ? 

Are the steps of the cycle mechanistically linked ?
"substrate-product" model 

Is there an autonomous "cell cycle clock" ?



However, the steps of the cycle are linked 
by negative feedback loops

known as "checkpoint control" pathways

There is there an autonomous "cell cycle clock" 
which is composed of cyclin + CDK

The amount of cyclins oscillates 
throughout the cell cycle 
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General types of mutations leading to cell transformation

Activation of growth control pathways
signaling quiescent cells to divide inappropriately

Inactivation of checkpoints
allowing cells with damaged DNA or misaligned chromosomes

to divide allowing high mutation rates and chromosome imbalances 

Inactivation of DNA repair genes
allowing high mutation rates causing other oncogenic mutations



Oncogene — 

dominant gain-of-function mutations 
promote cell transformation 

Tumor suppressor gene — 

recessive, loss-of-function mutations
promote cell transformation 




