Lecture 20: Cell-Cycle Regulation and the
Genetics of Cancer

Read chapter 15.1-6
(642-675)



The normal cell division
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M: Mitosis
1. Breakdown of nuclear membrane
2. Condensation of chromosomes
3. Attachment of chromosomes to mitotic
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Isolation of femperature-sensitive
mutants in yeast

——1 Haploid cells treated
with mutagen.

Dilute and spread single cells on nutrient
plate at 22°C (permissive temperature).

Grow at 22°C Grow at 36°C
l Temperature-sensitive

—_— mutant

e Mutants grow normally at
permissive temperature

e Mutants loses gene
function at restrictive
temperature

e Thousands of cell cycle
mutants have been
1dentified



A cell-cycle mutant in yeast

-

(a) growth at permissive
temperature displays buds of
all sizes

(b) growth at restrictive
temperature shows cells have
finished first cell cycle and
arrested 1n the second



Use of heat-sensitive mutations to decipher
the timing of a gene’s function in the cell cycle
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Cyclin-dependent kinases (CDK) control the
cell cycle by phosphorylating other proteins

CDK-cyclin complex
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Nuclear lamins are one of the substrates of CDK
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Three cell cycle check points ensure genomic stability

61 to S (start) check points
62 to M check points
Metaphase-anaphase check points

sl D& ol inetad Are all chromosomes
Is environment favorable? attached to the spindle?
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CDKs mediate the transition from the G,-to-
S phase in human cells

G4 phase
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Interactions between various tumor suppressors
and proto-oncogenes in growth control of a cell

| When activated

DNA damage oncogenes are

sensed, p19ARF

p53, Mdm?2 Phosphorylation, | shifts the balance
regulatory acetylation toward apoptosis by
loop inhibiting Mdm2.

© mn @
Apoptosis
is initiated m
when Bax @ || . Tyrosine kinase

Bcl2.
APOPTOSIS ; _
p19ARF and @ wal m
p16 are
products of the
same gene. G =— )
RB, through its sequestration of
E2F, governs the G1/S transition.
KEY
@ Tumor-suppressor genes
Proto-oncogenes .
i Frofo-oncog Fig. 15.24
Activation; increased levels
Repression; decreased levels




70 cell-cycle genes identified through
temperature-sensitive mutation screens

TABLE 18.1 Some of the Cell-Cycle Genes in Which Mutations Contribute to Cancer

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 cerevisige 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 CDK 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 G;-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 G,-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,-te-5 transition

RB A mammalian protein that inhibits E2F

p2l A protein of mammalian cells that inhibits CDK 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 transcription
of p21

RADS A protein that inhibits the G-to-M transition of 5. cerevisiae in response to DNA damage

Eé A protein of the HPV virus that inhibits p53

EZ A protein of the HPV virus that inhibits Rb




p53: an anti-oncogenic protein

structural orgamization of p33 protein

1 2533 126 307 332 367 393

e % =
Transcriptional Sequence-specific Tetramerization
activation Domain DNA binding Domain Domain

“E=on
- Ewoluationarily conserved regions

-members of Li-Fraumeni cancer-prone families were
shown to carry germ-line p53 mutations.

-mice that are homozygous null for p53 are highly
predisposed to tumors. 1



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

p53
~ -
: p21
Induces expression O

\ SRk RNTeskar P p21 inhibits activity
of COK4—cyclinD
complexes.

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

Induces expression
of DNA repair genes

Fig. 18.11 a
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(d) Apoptosis

DNA degraded

l

Nucleus condenses; cell may
be devoured by surrounding cells
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Over 507 cancer cells contain mutations in p53

(c) p53 is mutated
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Inactive

G2-to-M check points

Phosphorylation
Inactivates CDK
(CDC2 in yeast)
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G,-1o-M check points

damage to DNA
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Cell can pause and make repairs
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Metaphase to anaphase checkpoint

(b)
Unattached
: chromosome
KSlgnal
Inhibition of
CDK activity
Metaphase =~ Anaphase

Pause between metaphase
and anaphase

Cell can pause and reattach chromosome
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General cancer phenotype includes
many types of cellular abnormalities
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(a) MOST NORMAL CELLS MANY CANCER CELLS

1. Autocrine stimulation

e Autocrine stimulation —

tumor cells make their own
signals to divide

Absent Present e [.oss of contact inhibition —
2 Contact inhibition IOSt prOpeI’ty to StOp
| — dividing when contacted
Present Absent by another cell
3 Cell death

e Loss of cell death —
resistance to programmed

e ‘ ﬂ® cell death

et e Loss of gap junctions — no
channels for connecting to
neighbor cell

g Irradiation % Irradiation

4, Gap junctions
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Three classes of error lead to
aneuploidy in fumor cells

Ahsy

Dlplmd
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Spindle error DIMA, replu:atmn Centrosome
or FEFI'EIIT error error
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Aneuploid Chromosome aberrations Tetraploid
(translocations, deletion,
amplification)
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Changes that enable tumor to disrupt local
tissue and invade distant tissues

gy =

Basement O
membrane ~ )

(d.1) Metastasis

Tumor cells

(d.2) Angiogenesis

—— Blood vessel

Ability to metastasize

Angiogenesis - secrete substances that cause blood vessels to grow
toward tumor

Evasion of immune surveillance



A. Cancer phenotype results from
accumulation of multiple mutations in the
clonal progeny of cells

B. Most cancers result from exposures to
mutagens

+ If one sib or twin gets cancer, other usually does not

- Populations that migrate - profile of cancer becomes
more like people indigenous to new location
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Cancer develops over time
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Cancer arises by successive mutations in a
clone of proliferating cells

Normal cell

l \ First mutation

ﬂSecond mutation
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Cancer mutations

(a) Dominant oncogene

_L—Mutated gene —— Abnormal or

excessive protein

*——
Normal geneJ
Excessive cell proliferation

(b) Mutant tumor-supressor gene
iMutated gene —-
—_——

|Normal gene —— Normal protein

Normal cell proliferation

No protein or
inactive protein

Both genes mutated
No protein or inactive protein
[—"eP P

tNcm protein or inactive protein

Excessive cell proliferation

occur in two forms

With one abnormal
gene activated mutant
protein is expressed.

With one
mutated gene
normal protein

is still expressed.

With two

mutated genes
no normal protein
is expressed.

* Oncogenes

- dominant
mutations

* Mutant tumor-
suppressor genes

- recessive
mutations
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Oncogenes

TABLE 18.3 Retroviruses and Their Associated Oncogenes*

Virus Species Tumor Oncogene
Rous sarcoma Chicken Sarcoma src
Harvey murine sarcoma Rat Sarcoma and erthyroleukemia H-ras
Kristen murine sarcoma Rat Sarcoma and erthyroleukemia K-ras
Moloney murine sarcoma Mouse Sarcoma mos
FB] murine osteosarcoma Mouse Chondrosarcoma fos
Simian sarcoma Maonkey Sarcoma sis
Feline sarcoma Cat Sarcoma 8is
Avian sarcoma Chicken Fibrosarcoma jun
Avian myelocytomatosis Chicken Carcinoma, sarcoma, and myleocytoma myc
Ableson leukemia Mouse B cell ymphoma abl
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(b) Human tumor cells

Rt T TRy

Purify tumor cell

N - Exposure of noncancerous
Wk cells to tumor DNA in
Calc_lu_m phmsphaﬂa
p;‘empllatluc:-n. Enlers"DNA CUlTUI"e
Mouse cells | | - Human tumor DNA to
\_?:"*_‘f
Several cells are .rr‘ansfor'm normal mouse
transformed.

cells

- Human DNA isolated
from transformants

Jr — Transformed cells

Purify DNA from transfectant.
Expose to probes with short

Alu sequences to isolate human
DMA responsible for transformation.
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Tumor suppressor genes

TABLE 18.5 Mutant Alleles of These Tumor-Suppressor Genes Decrease the Accuracy of Cell Reproduction*

Normal Function of Gene
(if known), or Disease Syndrome

Gene Resulting from Mutation Function of Normal Protein Product
p53 Controls G,-to-S checkpoint Transcription factor

RB Controls G,-to-5 transition Inhibits a transcription factor

p21 Controls G,-to-S transition Inhibits CDK

ATM Controls G,-to-$ phase, and G,-to-M checkpoint DNA-dependent protein kinase

BS Recombinational repair of DNA damage DNA/RNA ligase

XP Excision of DNA damage Several enzymes

hMSH2, hmLH1
FA

BRCAT

BRCAZ

Correction of base-pair matches
Fanconi anemia

Repair of DNA breaks

Repair of DNA breaks

Several enzymes
Unknown
Unknown

Unknown
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Some cancers run in families such as

retinoblastoma
Egg SpermJ(\
HB-\V/ RB*
Cells of the retina

i = E, -
- T

«)  RB7/RBcell

RB*/RB~ cells

RB*/RB- L _
cancer-prone n oo
individual ‘31,3) RCHYRSERIIS

Tumor of the retina
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