Chapter 19

The Genetics of Cancer
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Sections to study

19.3 How cell division i1s normally controlled
19.1 Characteristics of cancer cells

19.2 The genetic basis of cancers

19.4 How mutations cause cancer phenotypes
19.5 Personalized cancer treatment
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How do cells know w
m Extracellular signa

nen to divide?

S: Steroids, peptides, and proteins that act
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Istances, collectively known as hormones.

Such as histocompatibility proteins. Cells In
communicate via these signals.
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Each signal transduction pathway/system
has four components

The activation or inhibition of intracellular targets after growth
factor binding is called signal transduction.
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Growth factors — hormones and cell-bound signals that
stimulate or inhibit cell proliferation.

Receptors — membrane-bound proteins that accept signals.
Signal transducers relay messages.
Transcription factors activate the expression of genes.
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The small GTPase RAS Is involved In growth factor
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Cell cycle and its regulation

DNA synthesis
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The length of cell cycle varies with each organism

Fertilized Xenopus egg | ! | 0.5hr
Cultured fibroblast —— > 2 M 2anr
Saccharomyces cerevisiae | o | > | °2 | " | 2hr
Gl S G2 M

Schizosaccharomyces pombe || | | | 25hr
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Experiments with yeast helped identify genes
that control cell division

The budding yeast The fission yeast
Saccharomyces cerevisiae Schizosaccharomyces pombe
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m Properties of yeast

= Grow as haploid or diploid organisms
m Can identify recessive mutations in haploids
m Complementation analysis in diploids

= Budding — daughter cell arises on the surface of mother cell
and grows In size during cell cycle. Helps determine stage of
cell cycle

m Powerful genetics

Tubulin and

nucleus

Actin
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The 2001 Nobel Prize in Physiology or Medicine

iF L
Leland H. Hartwell Paul M. Nurse Tim Hunt
Isolated cell division Found cdc2 Found cyclins
cycle cdc mutants In the fission yeast In sea urchin

In the budding yeast
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Isolation of temperature-sensitive mutants in yeast

¢ Haploid cells treated

= Mutants grow normally at " | with mutagen.
permissive temperature, c
but lose gene function at | _- |
- - Dilute and spread single cells on nutrient
restrictive tempe rature. plate at 22°C {perrrlissiue temperature).

m Several dozens of cell cycle
mutants have been Isolated.

| s

Grow at 22°C

Temperature-sensitiv
mutant P

Leland H. Hartwell




A cell-cycle mutant of yeast

m (a) Growth at permissive
temperature displays buds
of all sizes.

= (b) Growth at restrictive
temperature shows cells
arrested with a large bud.

Fig. A 19-14



Wild-type and cdc mutant cells several hours after
Incubation at the restrictive temperature

Wild-type | cdc8

cdc24 cdcl0

Figure from
Lee Hartwell
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A pathway of gene-controlled events In
S. cerevisiae cell cycle

BE=bud emergence, NM=nuclear migration, CK=cytokinesis, CS=cell separation, iDS=initiation of DNA synthesis
DS=DNA synthesis, mMND=medial nuclear division, IND=Ilate nuclear division, MF=mating factor, 19-16



Some important cell-cycle and DNA repair genes

AR R Some Important Cell-Cycle and DNA Repair Genes

Genes Gene Products and Their Function
CDKs Enzymes known as cyclin-dependent protein kinases that control the activity of other proteins by
phosphorylating them
CDC28 A CDK discovered in the yeast Saccharomyces cerevisiae that controls several steps in the 5. cerevisiae cell cycle
cDC2 A CDK discovered in the yeast Schizosaccharomyces pombe that controls several steps in the 5. pombe cell cycle;
also the designation for a particular COK in mammalian cells
CDK4 A CDK of mammalian cells important for the G,-to-5 transition
CDK2 A CDK of mammalian cells important for the Gy-to-S transition
cyclins Proteins that are necessary for and influence the activity of CDKs
cyclinD A cyclin of mammalian cells important for the G,-to-5 transition
cyclinE A cyclin of mammalian cells important for the Gy-to-5 transition
cyclinA A cyclin of mammalian cells important for 5 phase
cyclinB A cyclin of mammalian cells important for the G,-to-M transition
E2F A transcription factor of mammalian cells important for the G;-to-5 transition
RB A mammalian protein that inhibits E2F
p21 A protein of mammalian cells that inhibits CODK activity
plé A protein of mammalian cells that inhibits CDK activity
p53 A transcription factor of mammalian cells that activates transcription of DNA repair genes as well as transcrip-
tion of p21
RADS A protein that inhibits the G;-to-M transition of 5. cerevisiae in response to DNA damage
E6 A protein of the HPV virus that inhibits p53
E7 A protein of the HPV virus that inhibits Rb




Cyclin-dependent kinases (CDK) control the cell cycle
by phosphorylating substrate proteins
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m Nuclear lamins
= Underlie inner surface of the nuclear membrane
= Probably provide structural support for nucleus

= May also be site for assembly of DNA replication, transcription, RNA
transport, and chromosome structure proteins

= Dissolution of nuclear membrane during mitosis Is triggered by CDK
phosphorylation of nuclear lamins.

S ~—Nuclear envelope _
| b —Nuclear lamin =/ /[ | \~Spindle

\ d < &
" Phosphorylation ) '_ ";j
M of lamins. Lamins , “ o=~ /)0

become soluble.  »? | |

N\%

'J___J,, S

J

Nucleus with intact | Dissolution of nuclear
nuclear membrane membrane

Fig. 19.13 1949




Human CDKSs and cyclins can function in yeast
In place of native proteins

Yeast cells with
temperature-sensitive
CDK gene

Human
cDNA |
T Yeast CEN

vector

Transform with human
Plate at 36°C cDNA library in yeast CEN
vector. Plate at 36°C.

No colonies Isolates CEN vector

(only transformed containing human
colonies can grow) CDK gene

CEN vector containing—
human CDK : 19-20




Fig. 19.15

G1-to-S transition In human cells

G1 phase

UnphDSphorylated Hb is
Rb inhibits E2F phosphorylated

Phosphoryiated Rb

no longer inhibits E2F
E2F no longer
|nh|b|ted .

gF{

Genes necessary for DNA E
synthesis are activated.

CyclinD is degraded

,— CyclinA'is s@
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Individuals who inherit one copy of the RB~ allele are prone to
cancer of the retina (retinoblastoma)

Fig. 19.23
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The E7 protein of human papillomavirus (HPV, A3LkJ& @ &)
Inhibits Rb, leading to cell proliferation.

Disease

Common warts

Plantar warts

Flat warts

Anogenital warts

Anal dysplasia {lesions)
« Highestrisk!™ 16, 18, 31, 45
« Other high-risk! 7051 ", :3:5, :EIEi, :
« Probably high-risk:

Epidermodysplasia verruciformis more than 15 types

Focal epithelial hyperplasia (oral) 13, 32

Qral papillomas T s S

16

Laryngeal papillomatosis
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Genetic studies on G2-to-M transition in the
fission yeast S. pombe
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Humans make the transition from G2 to M similar to yeast

Phosphorylation
inactivates CDK
(CDC2 in yeast)

,\9

Phosphétase

Inactive Dephosphorylation
activates the CDK
(CDC2 in yeast)
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Cell-cycle checkpoints ensure genomic stability
Spindle orientation ¥
checkpoint . {9

Spindle assembly Start

checkpoint X

DNA replication
ﬁ-qb GZ\ / checkpoint

Bud morphology @

checkpoint
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G1-to-S checkpoint

(a) Transcription factor, p53 activated
by UV or ionizing radiation

m p53 pathway activated by
lonizing radiation or UV ]
light (causing DNA damage) [ERSSSERN Wi

delays entry into S phase.

m p53 - transcription factor,
Induces expression of DNA
repair genes and p21 (CDK
Inhibitor).

m DNA Is repaired before cell
cycle continues.

= If DNA Is badly damaged,
cells commit suicide.

Fig. 19.16

Induces exprassion

of CDK inhibitor, p21 S e
o P21 inhibits activity

of CDK4—cyclinD

complexes.

""l

L
Induces expression
of DNA repair genes

Rb remains
unphosphorylated
and E2F is inhibited,
preventing entry into
S phase of cell cycle

&)

19-27



(c) p53 is mutated

\Y70\Y/A\WA\V/

Single-strand break

DMNA replication

NN INL

Double-strand break

|

Chromosome rearrangements

Defective Gy-to-5
checkpoint. Replication
proceeds: p53 inactive
and p21 not induced

k!
L}

—— Mutant p53 can't
induce functional
p21, so cell enters
S phase

(d) Apoptosis

DNA degraded

Mucleus condenses; cell may
be devoured by surrounding cells

= p53 mutants do not

Induce p21 and cell cycle

IS not arrested.

m Cells replicate damaged

DNA.
m Cells die.
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Two checkpoints act at the G,-to-M transition
DNA damage during G2

(a) Radiation
damage to DNA

Inhibition of
CDK activity

Gs Mitosis

l

Cell can pause and make repairs
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Checkpoint in M
Spindle formation and chromosome attachment

Unattached
. chromosome
KSlgnal

Inhibition of §
CDK activity

Metaphase Anaphase
P Pause between metaphase P

and anaphase
Cell can pause and reattach chromosome
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Checkpoints ensure genomic stability

Three types of genomic instability:

m Chromosome aberrations: such as deletion, duplication,
and translocation.

= Single-stranded nicks — normally repaired in G1 phase.
= Aneuploidy

= Chromosome loss or gain by spindle error— normally
corrected in G2-to-M checkpoint.

m Changes in ploidy

m Caused by defective centrosomes or spindles.
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Three classes of error lead to genomic instability
In tumor cells

Centrosome

Spindle error  /  DMNA replication
F i Or repair error Y error
,f' L

.l':'l.l"I-F‘I.JF3|ul'I:| Chromosome aberrations Tetraploid
(tfranslocations, deletion,
amplification)

I'||I
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19.1 Characteristics of cancer cells

Cancer results when some cells in an individual organism’s body
divide out of control and eventually acquire the ability to spread
beyond thelr prescribed boundaries.

Moles and
skin cancer
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Relative percentages of new cancers in the US

3% - Melanoma of skin —3%

3% QOral ————
-
Breast——32% -

2% Pancreas 2%

Colon and rectum

Jterus
Ovary 5%

8% Urinary ————4%

36% — Prostate

7% Leukemia and— 6%
lymphomas

15% All other——13%

Fig 19.1 19-34



Each cancer may represent a unigue property

m Cancer can develop In different tissues and organs.

= Different cell types vary in their phenotypic responses to the same
cancer-causing mutations.

m Cancers affecting the same tissue may have different origins and
effects. Cancers In different patients often have unique
properties.

= Mutations in a variety of different genes that regulate cell division can
help produce cancer.
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Sl CU O S

Each cancer cell displays a number of phenotypes

Uncontrolled cell growth.

Genomic and karyotypic instability.

The potential for immortality.

The ability to get more nutrients and invade distant tissues.
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1. Changes that produce uncontrolled cell growth

fa) MOST NORMAL CELLS MANY CANCER CELLS

Autocrine $t|mulat|ﬂr|

m Autocrine stimulation —

tumor cells make their own
signals to divide.

m Loss of contact inhibition —

lost property to stop | ST—
dividing when contacted by \eaaceccsssee,)  \SEESEEES
anOther Ce”. Present Absent
= | oss of gap junctions — no 3 Cell death
Channels for Connectlng to %Irradiatiﬂr‘l Irrajlatlﬂn

neighbor cell

m Loss of cell death — @ "C:;““; @ @

resistance to programmed
CE” death 4. — ‘ Gap junctions

Fig. 19.2
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The 2002 Nobel Prize in Physiology or Medicine

Sydney Brenner H. Robert Horvitz John Sulston
Cambridge U MIT Cambridge U

For their discovery of genetic programs that control cell death In
C. elegans.
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Screening for cell death mutants in C. elegans

The nematode C. elegans ) ,

19-41



Specific cells

All dying cells

I | ‘ healthy cell engulfing cell

committed to die

healthy cell /
DECISION TO DIE

—

dying cell

DEGRADA-
KILLING ENGULFMENT TION

— —_—

ced-1

e nuc-1

ces-2 — ces-1 | egl-1— ced-9— ced-3 — ced-11 ced-7

tra-1 /

CES-2: bZip transcription factor

1 NUC-1: DNAse

ced-2
ced4S cad &

T ced-10

CES-1: zinc-finger transcription factor ced-4L ced-12

TRA-1: zinc-finger transcription factor ced-8

(Zarkower and Hodgkin)

CED-2: CrkIl-like protein

) CED-5: DOCK180-like protein
EGL-1: BH3 protemn CED-10: Rac-like protein

CED-9: Bcl-2-like protein  CED-12: PH & SH3-binding motifs

CED-4: Apaf-1-like protein
CED-3: Caspase CED-7: ABC transporter
) P CED-1: SREC-like receptor

CED-8: XK-like protein CED-6: adaptor protein
CED-11: TRPC7-like protein? (Liu and Hengartner)




EXTRINSIC PATHWAY
INTRINSIC PATHWAY Fas/CD95,

TNF-R1
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CHEMOTERAPY

T
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2. Changes that produce genomic and karyotypic instability

= Mutation rate is much higher
INn cancer cells.

= Defective in mismatch repair
during DNA replication. ENAEEE
Mlsmatch created by

= Defective in DNA damage DNA polymerase

repair caused by radiation or Mismatch

UAV/ : : not corrected
] in cancer cell

m Gross chromosomal
rearrangements.

= Aneuploidies and polyploidies.
= Defective mitotic apparatus.

Replication

l Mutation

Fig. 19.4 19-44



Tumor-cell karyotypes often show increased
chromosomal rearrangements
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Three classes of error lead to genomic instability
In tumor cells

Centrosome

Spindle error  /  DMNA replication
F i Or repair error Y error
,f' L

.l':'l.l"I-F‘I.JF3|ul'I:| Chromosome aberrations Tetraploid
(tfranslocations, deletion,
amplification)

I'||I

19-46



3. Changes that produce a potential for immortality

m Loss of limitations on the number of cell divisions.

= Ability to grow In culture — normal cells do not grow well in
culture.

m Restoration of telomerase activity.

Most normal cells Many cancer cells

Immortality

Cumulative

cell number
Cumulative
cell number

Number of passages

Number of passages

Growth in
soft agar

Cell growth
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4. Changes that enable tumor to get more nutrients
and invade distant tissues

® Some tumors get more nutrients by secreting substances that
cause blood vessels to grow toward them.

= Anglogenesis — A physiological process that new blood vessels form
from pre-existing vessels.

= Ability to metastasize.

m Evasion of immune surveillance.
(d.1) Metastasis

T.L:‘”lzf = ‘) ‘;m

Basement
membrane

(d.2) Angiogenesis

—— Blood vessel

Fig. 19.5 19-48



19.2 The genetic basis of cancers

Cancer presumably arises by successive mutations in a clone of
proliferating cells.

Normal cell

\Third mutation

AN
\
‘ \\Fourth mutation
7/ |

Malignant

¥~ cell

Fig. 19.6 19-49



It takes several mutations in different genes to

produce a cancer

(a)
100¢— a myc (Transgenic) 100 - T < 4
L a.ﬂ_ﬁf (e 00 o, P537/p53*
< . —. G,
eﬂ_; 80 — ras (Transgenic) A 80 p53t/p53 ‘e "%Q
[
= 70 8
o o
E 60 — % 60
= Al B p53~/p53~
£ 40— 240~
a myc + ras
= (Doubly transgenic) 30—
=3
F 20 o0 |-
| 10
0 0 | | |
0 100 il 0 100 200 300 400 500
Age (days) Age (davs

P53 Is not essential for normal cell
function, but it plays a role in

preventing tumor formation.
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XAX? Female Sample of tissue

Cancers are clonal
descendents of one
cell

Glucose-6-phosphate
dehydrogenase (G6PD)

Electrophoresis to separate
allelic forms of enzyme

l l

Beutler E et al. (1962) The
normal human female is a
mosaic of X-chromosome
activity: studies using the
gene for G6PD-deficiency as a
marker. P.N.A.S.

Tissue Clone 1 of  Clone 2 of Tumor
sample normal cells normal cells sample

Fig. 19.7



Environmental mutagens increase the likelihood of cancer

Environmental trigger Somatic Type of

mutation Senos
Bladder
' or
Blood

or
Brain

- or

53 i/’ Breast
g,c; A or
Colon
or
Esophagus
or

| S—— Liver

[ Radiation o

ﬂ Lung

IIII Or
iy Spleen

= or
Thyroid
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m If one sib or twin gets cancer, the other usually does not.

= Populations that migrate — profile of cancer becomes more like
people indigenous to new location.

= Numerous environmental agents increase cancer development.

1 AR The Incidence of Some Common Cancers Varies Between Countries

Site of Origin
of Cancer High-Incidence Population Low-Incidence Population

Location Incidence* Location Incidence*
Lung USA (New Orleans, blacks) 110 India (Chennai) 5.8
Breast Hawaii (Hawaiians) 94 Israel (non-Jews) 14.0
Prostate UsA (Atlanta, blacks) 91 China (Tianjin) 1.3
Cervix Brazil (Recife) 83 Israel (non-Jews) 3.0
Stomach Japan (Nagasaki) 82 Kuwait (Kuwaitis) 3.7
Liver China (Shanghai) 34 Canada (Nova Scotia) 0.7
Colon UsA (Connecticut, whites) 34 India (Chennai) 1.8
Melanoma Australia (Queensland) 31 lapan (Osaka) 0.2
Nasopharynx Hong Kong 30 UK (southwestern) 0.3
Esophagus France (Calvados) 30 Romania (urban Cluj) 1.1
Bladder Switzerland (Basel) 28 India (Nagpur) 1.7
Ovary New Zealand (Polynesian Islanders) 26 Kuwait (Kuwaitis) 3.3
Pancreas USA (Los Angeles, Koreans) 16 India (Pune) 1.5
Lip Canada (Newfoundland) 15 Japan (Osaka) 0.1

"Incidence indicates number of new cases per year per 100,000 population, adjusted for a standardized population age distribution (so as to eliminate
effects due merely to differences of population age distribution). Figures for cancers of breast, cervix, and ovary are for women; other figures are

for men. Adapted from V. T. DeVita, 5. Hellman, and 5. A. Rosenberg (eds.), Cancer: Principles and Practice of Oncology, 4th ed. Philadelphia:
Lippincott, 1993; based on data from C. Muir et al., Cancer Incidence in Five Continents, Vol. 5. Lyon: International Agency for Research on




(a) Lung cancer death rates, United States, 1930-91
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Columnar Cilia
cells

-+ Basal cells
= Basement
membrane
— Connective
tissue

Healthy lung tissue

Lung cancer takes
many years to develop
and spread

}Basal cells proliferate
(1 year after smoking starts)

— Cilia and columnar cells destroyed.
Squamous or "flattened" cells
(5 years after smoking starts)

Cancer cells with atypical nuclei
(8 years after smoking starts)

Cancer cells with atypical nuclei

“—Basement membrane

Early cancerous invasion
(20—22 years after smoking

starts; first symptoms)




Some cancers run 1n families

Egg Sperr‘n)(\

F?B‘j\'/ F:'-B*
Cells of the retina
\-

RB*/RB~ cells

Individuals who
Inherit one copy of
the RB~allele are
prone to cancer of
the retina i | A —

RB*/RB~

cancer-prone (P oo
individual ‘&J RERE el

Tumor of the retina

Fig. 19.23 19-56



Cancer vs genetic diseases

Cancer Is caused by mutations in genes that normally regulate
cell growth and division.

m  Cancer differs in two ways from genetic diseases caused by
the inheritance of one or two copies of a single defective gene.

1. Most mutations that lead to cancer occur In the somatic
cells of one tissue.

2. Multiple mutations In an array of genes must accumulate
over time in a clonal descendents of a single cell before the

cancer phenotype appears.
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19.4 How mutations cause cancer phenotypes

m Oncogene: Mutant allele of a normal gene that acts dominantly
In cancer formation.

= Protooncogene: The normal gene that becomes oncogene
upon mutation.

= Mutant tumor-suppressor gene: Mutant allele of a normal gene
that acts recessively in cancer formation.

= Tumor-suppressor gene: The normal gene of mutant tumor-
suppressor gene.
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(a) Dominant oncogene

_L—Mutated gene ——
—

Abnormal or

excessive protein With one abnormal
gene activated mutant

protein is expressed.
Normal gene—l

Excessive cell proliferation

(b) Mutant tumor-supressor gene .
No protein or

_LMutated gene—=- o ~ive orotein With one

" o ) mutated gene
_ normal protein

* is still EKPFEESEd.
Normal gene —— Normal protein

Normal cell proliferation

Both genes mutated
I No protein or inactive protein With two

mutated genes
e no normal protein

—? ' ' ‘ ' is expressed.
No protein or inactive protein

Excessive cell proliferation




Oncogenes

Cancer Location/Type

Mechanism

myc

PDGF

RET

erb-B

Her-2/neu

Blood, breast, lung, brain,
stomach

Brain

Thyroid

Brain, breast

Breast, ovary, salivary glands

Blood, lung, colon, ovary,
pancreas

Blood
Breast, head, and neck
White blood cells

Alters transcription factor

Alters growth factors or growth
factor receptors

Alters growth factors or growth
factor receptors

Alters growth factors or growth
factor receptors

Alters growth factors or growth
factor receptors

Affects signal transduction

Releases brake on apoptosis
Disrupts cell cycle protein (cyclin)

Translocation alters proto-
oncogene and stimulates cell
division




Tumor Suppressors

MTS]1 Many sites Releases brake on cell cycle
RB Eye, bone, breast, lung, bladder Releases brake on cell cycle
WT1 Kidney Releases brake on cell cycle

p53 Many sites Disrupts p53 protein, which
normally determines whether
DNA is repaired or cell dies

DPC4 Pancreas Affects signal transduction

NF1 Peripheral nerves Disrupts inhibition of normal ras,
which stimulates cell division

APC Colon, stomach Makes nearby DNA more
susceptible to replication errors

BRCAI, BRCA2 Breast, ovary, prostate Faulty repair of double-stranded
DNA breaks

hMSH2, hMLH1,  Colon, uterus, ovary Disrupts DNA mismatch repair
hPMS1, hPMS2

Lkb1 Peutz-Jeghers syndrome After birth, fails to block expression
(many sites) of vascular endothelial growth
factor, normally active in embryo

N P A Y R B e A e




Two methods to Isolate oncogenes

1. Analysis of tumor-causing retroviruses

LEUKOSIS VIRUS

SARCOMA VIRUS

I
| gag | po I l i EA-

ACUTE LEUKEMIA VIRUS
gag onc env

— A N——— A,
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Life Cycle

Virus particle attaches to host cell
membrane, core disintegrates, releasing
RMA. Reverse transcriptase produces
RMNADNA, then DNA/DNA helix,

Retroviral DNA

Viral promoter Protooncogene

Nucleus ' '
contains Cellular DNA N ———

host cell Integration
DMA

-

|
| - . F
I I ’[’ Deletion and fusion

Integration of a viral DNA helix .-
into host chromosome — — —
Activated oncogene
Cell
chromosome

Nucleus Fig. 19.20a

——Integrated
viral DMA




The 1989 Nobel Prize in Physiology or Medicine

Harold E. Varmus J. Michael Bishop
UCSF UCSF

For their discovery of the cellular origin of retroviral oncogenes.
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1A X Retroviruses and Their Associated Oncogenes*

Virus Species

Rous sarcoma Chicken
Harvey murine sarcoma Rat
Kristen murine sarcoma Rat
Moloney murine sarcoma Mouse
FBJ murine osteosarcoma Mouse
Simian sarcoma Monkey
Feline sarcoma Cat
Avian sarcoma Chicken
Avian myelocytomatosis Chicken
Ableson leukemia Mouse

Tumor

Sarcoma

Sarcoma and erthyroleukemia
Sarcoma and erthyroleukemia
Sarcoma

Chondrosarcoma

Sarcoma

Sarcoma

Fibrosarcoma

Carcinoma, sarcoma, and myleocytoma
B cell lymphoma

Oncogene

src
H-ras
K-ras
mos
fos
sis

sis
jun
myc
abl

*Retroviruses identified as causative agents of tumors in animals contain oncogenes that were derived from a cellular gene. Adapted from Lewin,

Genetics, 1e, Oxford University Press, Inc. by permission.
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2. Exposure of noncancerous
cells to tumor DNA In
culture.

m  Use human tumor DNA
to transform normal
mouse cells.

m [Isolate human DNA
from transformants.

Fig. 19.21

(b) Human tumor cells

Purify tumor cell
DA 1

Calcium phosphate
precipitation. Enters DMNA
of normal mouse cells.

Mouse cells 1

| T————

=several cells are
transformed.

1 — Transformed cells

e

1

FPurify DNA from transfaectant.
Expose to probes with short

Alu sequences to isolate human
DMA responsible for transformation.




Tumor-suppressor gene mutations release a brake on cell
division and decrease accuracy of cell reproduction

CUIR ERI Mutant Alleles of These Tumor-Suppressor Genes Decrease the Accuracy of Cell
Reproduction*

Normal Function of Gene (if known), or
Disease Syndrome Resulting from Mutation Function of Normal Protein Product

Controls Gy-to-5 checkpoint Transcription factor
Controls G,-to-5 transition nhibits a transcription factor

ATM Controls G,-to-5 phase, and G;-to-M checkpoint DNA-dependent protein kKinase
Bs Recombinational repair of DNA damage DNA/RNA ligase

XP Excision of DNA damage Several enzymes

hAMSHZ, hmLH1 Correction of base-pair matches Several enzymes

FA Fanconi anemia Unknown

BRCAT Repair of DNA breaks Unknown

BRCAZ2 Repair of DNA breaks Unknown

*Many tumor-suppressor genes have been associated with a specific function in the cell cycle necessary for acouracy of cell division,
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Several cancers caused by mutant tumor-suppressor
genes are inherited in a dominant fashion

m ~ /5% of RB*/RB~individuals develop retinoblastoma.

m ~66% of BRCA*/BRCA-women develop breast cancer at the
age of 55.
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MNondisjunction
(loss)

RB~

Fig. 19.23, 19.24

Cells of the retina

RB*/RB~cells

RB~/RB™cell

RB*/RB~

cancer-prone ) (P P
individual &J HEETesls

Tumor of the retina

MNondisjunction Mitotic Gene
and replication recombination conversion Deletion

Point
mutation
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Summary on cancer development

m Several mutations in different genes are required for cancer
formation.

= Mutations in DNA synthesis and DNA damage repair.
= Mutations that prevent apoptosis.
= Mutations that help to stimulate blood vessel formation.

= Dominant mutations In protooncogenes may overactivate
expression of proteins that promote cell proliferation.

m Recessive mutations In tumor-suppressor genes may release the
brakes that keep cells from proliferating.
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19.5 Personalized cancer treatment

m Cancers affecting the same tissue may have different origins and
effects. Cancers In different patients often have unique
properties.

= Mutations in a variety of different genes that regulate cell division can
help produce cancer.

m Early diagnosis Is the key.
m Surgery to remove cancer and chemotherapy to kill cancer cells.
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Detection of cancer-causing BRCA1 mutations with DNA
microarrays or DNA sequencing

BRCAl‘
Hil NN Human chr.17
~ 100 kb 1863 a.a.
g 5500 bp BRCA1 ndividual with normal genotype

coding region
requires 22000

ASOS CAGTATTTCATTGGTACCTGG
m Each column 2420 2440

contains an ASO
differing only at the

nucleotide position =

under analysis. CAGTATTTCATTGGTACCTGG
2420 C 2440

Individual with heterozygous mutation
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m Prices for diagnosis of cancer-causing BRCA1 and BRCAZ2
mutations are high.

m Protected by patents from Myriad Genetics.
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Proactive treatment against cancer

1. Surgery to remove cancer and chemotherapy to Kkill cancer cells.

= Angelina Jolie underwent breast _ |
tissue-removing surgery to prevent e sion
breast cancer in 2013. ﬁ

= Her mother died of cancer at 56.

= She carried cancer-causing mutations I
BRCAL.
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Gleevec treats chronic myelogenous leukemia.
(#3| , ZndtiE4ENovartis#) 2§, 3])

BCR-ABL. & g e ( BCR-ABL  \_
oncopigigls” £ ~ oncoprotein -

._”_;;ATE&_g@—P ®

i

Chronic Chronic
myelogenous myelogenous
leukemia leukemia




2. Vaccination against cancer caused by viral infection
Human papillomavirus (HPV, A %Lk %8 % )

Disease

— s e

Carmmmon warts ST L

Flantar warts .'1 2,04, 63

Flat warts .:E:, 10,8

Anogenital warts 5, 11,42, 44 and others!™

Anal dysplasia (lesions) L o B e b | (141

« Highest risk!! 16, 18, 31, 45
Genital cancers o Other high-risk#01%1 53 35,

39,

= Probably higt'l—ri:s;le;::['1 2! 26, 83, BB, BB, 73, &

Epidermodysplasia werruciformis |[more than 15 types

Focal epithelial hwperplasia (oral) |13, 32
Qral papillomas B, 7, 11,16, 32
.1 B
Cyst | &0

Laryngeal papillomatosis
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m Gardasil, a subunit vaccine against human papillomavirus
(HPV) that cause ~70% of cervical cancers. Developed by
Merck and was approved by FDA in 2005.

Virus in cervix
enters cells
throwgh micro-
abrasions

Inlects cells
+HP

Human papilloma virus (HPV)

Sexually transmitted HPV infections are common and often asymplomatic,
untreated cases in women are the main cause of cervical cancer

.-"""L_: '.-.-:- i_."'-"'\r\_
=" i i -
i - th = A sexually = More than = 15 have been
: rth transmitted 100 types of identified as
- = L yirus that HFY have putting women
o T causes been found at high risk for
cancer s0 far cervical cancer

HPY 90 percent of 0.8 percent of
replicates  cases heal cases develop
within two years Cancer

L |
=

Infection spreads HPV invades deeper layer
FR—— of tissues and turns cancerous




3. Oncolytic virotherapy (&A% 57 %)

Ses”
Oncolytic viruses (&8 J&2): Viruses that can kill .’
cancer.

m Natural viruses that can infect and kill tumor D

e
¥
M

cells. ,4,.,?.
= Rabies virus (3£ X ##), parvovirus (8- &%), K,
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m Engineered viruses that can specifically kill
tumor cells.
= 1991, Herpes simplex virus-1 (HSV-1, 1% 3 45 55,5
% -2) killed human glioma.
= Adenovirus (B 5% #)

= Newcastle disease virus (NDV, #7 3%J& 5% 3),
reovirus (348 5% %), influenza A virus (7 2 /i
R JA-2) and measles virus (JRB-5% ).

Martuza RL et al. (1991) Experimental therapy of human
glioma by means of a genetically engineered virus mutant.

Science 252: 854-856
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