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Figure 17.1. The process of malignant transfor-
mation may result from either a gain-of-function
mutation that activates an oncogene, or a loss-
of-function mutation in a tumor-suppressor gene.
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Figure 17.7. Gain-of-function mutations that re-

sult in the activation of an oncogene require only
one copy to be activated; that is, oncogenes act
in a dominant fashion. Loss-of-function muta-
tions that inactivate a tumor-suppressor gene
require both copies to be inactivated for the ma-
lignant phenotype to be expressed:; that is, tumor-

suppressor genes act in a recessive fashion.
This may be true at a cellular level; however, in
viewing the pedigree of a cancer-prone family,
the loss of a tumor-suppressor gene may appear
to be inherited as a dominant mutation.




Onkogének aktivacioja




Normal Growth &
Development

Normal
Expression

Radiation

. | (Translocation)

activated
oncogene

Retrovirus Augmented |inappropriate Chemicals
inserts Expression [Expression (Point Mutation)
gene

Neoplastic Growth

Figure 17.2. The way in which the concept of oncogenes provides a ready answer for how agents
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guishable from another. The retrovirus inserts a gene; a chemical may activate an endogenous onco-
gene by a point mutation; radiation may do the same by, for example a translocation. (Adapted from
Bishop JM: Cellular oncogene retroviruses. Ann Rev Biochem 52:301-354, 1983, with permission.)




TABLE 17.1. Chromosomal Changes Leading To Oncogene Activation and the Human
Malignancies Associated With Them

Deletion (1) Neuroblastoma

Deletion (1) Neuroblastoma

Deletion (5) Acute nonlymphocytic leukemia
Deletion {(11) Sarcoma

Translocation (9—12) Chronic myelogenous leukemia
Translocation (8~14) B-cell lymphoma

Translocation (2-8) Burkitt's lymphoma
Translocation (2~—8) Burkitt’s iymphoma
Translocation (3~8) Parotid gland tumor
Translocation (6—14) Carcinoma

Translocation (3-8) Acute myelocytic leukemia
Translocation (9-22) Chronic myelogenous leukemia
Translocation (9-22) Chronic myelogenous leukemia
Translocation (8-22) Burkitt's lymphoma

Gene amplification Neuroblastoma

Gene amplification Breast carcinoma




Chromosome 9  Chromosome 22

Figure 17.3. How a symmetric translocation between chromosomes 9 aﬁd 22 brings together the
bcl-2 and abl genes to form a fusion gene, associated with over 90% of cases of chronic myeloge-
nous leukemia (CML).
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Figure 17.11. Ras mediates its effect on cellular proliferation, at least in part, by the activation of a
cascade of kinases. Ras is a GDP/GTP-regulated binary switch that resides at the inner surface of
the plasma membrane and acts to relay extracellular ligand-stimulated signals to cytoplasmic signal-
ing cascades. A linear pathway in which ras functions downstream of receptor tyrosine kinases and
upstream of a cascade of serine~threonine kinases provides a complete link between the cell surface
and the nucleus. Activated ERKs can trans|ocate into the nucleus to phosphorylate and activate tran-
scription factors, such as Elk-1. Activated ERKs also phosphorylate substrates in the cytoplasm, in-
cluding the Mnk kinase, and thus contribute to translation initiation of mRNAs with structured 5’-un-
translated regions. This is an oversimplified illustration, because there are at least three signaling
‘pathways that lie downstream of ras. (Adapted from Vojtek AB, Der CJ: Increasing complexity of the
ras signaling pathway. J Biol Chem 273:19925—-19928, 1998, with permission.)
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Figure 17.8. The process of somatic ho-
mozygosity. In a normal cell, there are two
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copies of each chromosome, one inher-
ited from each parent. For a given sup-
pressor gene to be inactivated, the copy
must be lost from both chromosomes.
This could, of course, occur by indepen-
dent deletions from the two chromo-
somes, but in practice it is more common
for a single deletion to occur in one chro-
mosome while the second chromosome

some, with the deletion, then replicates.
The cell is thus homozygous, rather than
heterozygous, for that chromosome.




TABLE 17.2. Currently Identified Tumor Suppressor Genes
SUppressor C Associated romosome

p-105 Rb Nucleus 13q Retinoblastoma
WT Nucleus 3 different‘loci, lIp Wilms’ tumor

NFI Cytoplasm 17q Neurofibroma, sarcoma
?

FAP : 174 Familial adenomatosis polyposis
p-53 Nucleus 17p Breast cancer, small cell lung cancer,

cervical cancer, bladder cancer
DCC Cell surface 18q Colon cancer
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Figure 17.9. Cancer has long been thought to be a multistep process and has been described with
operational terms such as initiation, promotion, and progression. In at least one human malignancy,
namely, colon cancer, the molecular events during the progress of the disease have been identified.

(Based on the work of Vogelstein.)
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Figgre 2.9. Left: lllustration of the for-
mation of a symmetrical translocation.
Radiation produces breaks in two dif-
ferent prereplication chromosomes.
The broken pieces are exchanged be-
tween the two chromosomes, and the
“sticky” ends rejoin. This aberration is
not necessarily lethal to the cell. There
are examples in which an exchange
a}berration of this type leads to the ac-
tivation of an oncogene. See Chapter
1{5 on radiation carcinogenesis. Right:
Diagram of a deletion. Radiation pro-
duces two breaks in the same arm of
the same chromosome. What actually
hgppens is illustrated more clearly in
Figure 2.10. :
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Figure 2.10. lllustration of the formation of a deletion by ionizing radiation in an interphase chro-
mosome. It is easy to imagine how two breaks may occur (by a single or two different charged par-
ticles) in such a way as to isolate a loop of DNA.The “sticky” ends rejoin, and the deletion is lost at
a subsequent mitosis because it has no centromere. This loss of DNA may include the loss of a sup-
pressor gene and lead to a malignant change. See Chapter 19 on radiation carcinogenesis.







Frequency of oncogenic alterationsin murine tumors
after in utero exposuretoionizing radiation

Tumors Unirradiated Irradiated

L ymphoid
MycC expression 28%1 23%:1
p53 mutations 25% 13%
LOH at Acrb 40% 30%
LOH at D4AM it77 40% 23%
Liver
H-ras expression 33%; 20%;
N-ras expression 33%¢ 20%:¢
H-ras mutations 33% 40%
LOH at Acrb 33% 40%
LOH at D4AM it77 33% 0%
Lung
H-ras expression 50%, 40%;
P53 expression 50% 60%;
K -ras mutations 33% 17%
LOH at Acrb 66% 0%
LOH at D4AM it77 0% 22%
Uterus
LOH at D4AM it77 33% 25%

Incidence of the most frequent oncogenic alter ations
are shown. Symbols: | - decreased gene expression;
t - increased gene expression;
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Iig. 2. Molecular structurz of 7/PRT mutations in CHO cells. Direct
mutations are those arising as an immediate conscquence of irraciation,
presumably at the site of DNA damage in the irradiated cell (Figure 3B).
Late-arising mutations are those occurring in the descendants of the
irradiated cell after many generations of replication (Figure 3C and D). In
these experiments, mutations were analyzed in unstable clonal populations
derived from single cells surviving radiation exposure and examined
approximately 25 population doublings later.







Védekez6 mechanizmusok szerepe

mutéci(’)%daganat

1. apoptdzis
2. adaptacio

3. immunrendszer







Osszefoglalas

1. az ionizalé sugarzas dozisfliggden daganatot okozhat

2. nincs a sugarzasra specifikus mutéacio a kialakult
daganatokban

3. nem minden mutacio okoz daganatot

modellje jol hasznalhat6 sugarvédelmi szempontokbdl, de
valosziniileg talbecsiili a sugarhatasra kialakulo daganatok

szamat.




