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Properties of Properties of TumourTumour 
SuppressorsSuppressors

Properties:
• Negative regulation of cell growth and development
• Many tumour

 

suppressors are directly involved in the
regulation of the cell cycle

• Mutated in tumours
• Absence or inactivation of the gene product (absence of
function) is oncogenic

• Mutations are usually recessive; i.e. both copies of the 
gene must be mutated in order to contribute to tumour
formation*

*Two hits are required to inactivate tumour

 

suppressors;    

therefore one mutated allele can be carried silently in the 

germline

 

(basis of familial cancer syndromes)
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(1) Somatic cell hybridization (is cancer phenotype
dominant or recessive?)

Evidence for the Existence of Evidence for the Existence of 
TumourTumour Suppressor Genes

Normal fibroblast
(mouse)

Cancer cell
(human)

X

Normal

Cancer

Loss of human chromosomes
(e.g. normal chromosome 11)
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(2) Chromosomal (karyotype) analysis of blood
cells of patients with an inherited
susceptibility to cancer show chromosome deletions

e.g. Retinoblastoma

5% of patients with the inherited form of retinoblastoma 
have a germline

 

deletion of part of the long arm of one copy 
of chromosome 13. In all cases, band13q14 is included in 
the deletion. (N.B. These patients have many clinical 
problems in addition to RB tumours.)

Similar deletions are found in tumour

 

cells of patients with 
normal blood cell karyotypes

Wilms tumour
Deletions of the short arm of chromosome 11, involving 
11p13
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DNA Polymorphism = RFLP, SNP

Single nucleotide change in DNA Single nucleotide change in DNA 
sequence that usually does sequence that usually does notnot alter alter 

protein function protein function 

Functional proteinFunctional protein Functional proteinFunctional protein

(3) Loss of heterozygosity in tumours
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Restriction fragment length polymorphism (RFLP)

3m (maternal 
chromosome 3)

3p (paternal 
chromosome 3)

restriction endonuclease cutting sites

missing RE cutting 
site creates RFLP

CUT DNA WITH 
RESTRICTION 
NUCLEASE

region detected 
by DNA probe

3p

3m

GEL ELECTRONPHORESIS AND SOUTHERN 
BLOTTING WITH LABELED PROBE DNA

El
ec

tro
ph

or
es

is

Probe detects different DNA 
bands for maternal and paternal 
homologues, revealing an RFLP

For your information only
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Loss of heterozygosity (LOH) in tumours – 
cont’d
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RetinoblastomaRetinoblastoma

• Childhood ocular tumour
• Incidence 1/20,000
• Occurs in both sporadic (nonhereditary) (60%) and          

familial (hereditary) (40%) forms
• Sporadic -

 

one focus of tumour

 

growth (unilateral)
• Familial -

 

3-4 foci of tumour

 

growth (usually bilateral)
• Familial tumours

 

appear earlier than sporadic tumours

• Inherited as an autosomal

 

dominant trait
• Patients with familial RB commonly develop other
tumours

 

with the most common being osteosarcoma
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Inherited Cancer

A family history with many affected close 
relatives

An early age of onset compared to sporadic 
cancer of the same type

Multiple primary tumours
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Two mutation model 
of cancer
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Hereditary Cases

Nonhereditary Cases

In a small percentage of cases -

 

constitutional 
deletion of part of chromosome 13
• common band missing (13q14)
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The Two-Hit Hypothesis

First hit First hit 

First hit in First hit in 
germlinegermline

 

of of 
childchild

Second hitSecond hit
(tumor)(tumor)
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Analysis of DNA polymorphic markers specific to 
chromosome 13 indicate the following mechanisms for loss 
of gene function (in both hereditary and nonhereditary RB 
tumours):
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Family studies indicate that the duplicated chromosome 
13 originates from the affected parent -

 

therefore 
suggesting that RB tumours

 

arise as the result of 
complete loss of function at a locus on chromosome 13.

Conclusion - The RB gene is a “recessive”

 

tumour

 

suppressor gene. Both alleles have to be mutated 
for tumour

 

formation. Absence or inactivation of the 
RB gene product leads to tumour

 

formation.

However, RB is inherited as an autosomal

 

“dominant”

 

trait because the chance of getting RB if 
you inherit a mutated RB gene from an affected 
parent is close to 100%.

The RB gene was cloned in 1986

13p 13m
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RB is inherited as an autosomal

 

dominant trait

RB gene is a recessive tumour

 

suppressor gene
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For your information only

Classic recessive genetic disease: 

25% of children from two heterozygote parent will have
the disease (every cell in the child’s body is -/-

 

for a particular 
genetic mutation)

+/-

 

X +/-

¼

 

+/+ : ½

 

+/-

 

: ¼ -/-

Retinoblastoma:

50% of children from an affected (+/-) parent will inherit the 
first RB mutation (every cell in the child’s body is +/-). 
Because of mutation rates and number of target cells, an 
average of 3-4 retinal cells will get the second mutation 
(resulting in 3-4 tumours). 

+/-

 

X +/+

½

 

+/+ ; ½

 

+/-
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chromosome -

 

1.5X108

 

bp

chromosome band -

 

107 bp
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Recent evidence indicates the existence of a genetic locus in 
chromosome region 13q14 that confers susceptibility to 
retinoblastoma, a cancer of the eye in children. A gene encoding

 

a 
messenger RNA (mRNA) of 4.6 kilobases

 

(kb), located in the 
proximity of esterase D, was identified as the retinoblastoma 
susceptibility (RB) gene on the basis of chromosomal location, 
homozygous deletion, and tumor-specific alterations in 
expression. Transcription of this gene was abnormal in six of six 
retinoblastomas

 

examined: in two tumors, RB mRNA was not 
detectable, while four others expressed variable quantities of RB 
mRNA with decreased molecular size of about 4.0 kb. In contrast,

 

full-length RB mRNA was present in human fetal retina and placenta, 
and in other tumors such as neuroblastoma

 

and medulloblastoma. 
DNA from retinoblastoma cells had a homozygous gene deletion in 
one case and hemizygous

 

deletion in another case, while the 
remainder were not grossly different from normal human control 
DNA. The gene contains at least 12 exons

 

distributed in a region of 
over 100 kb. Sequence analysis of complementary DNA clones 
yielded a single long open reading frame that could encode a 
hypothetical protein of 816 amino acids. 

The RB (RB1) gene cloned in 1987
Lee et al. Science 235: 1394

For your information only
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Mutation or absence of the RB protein has 
been reported in :

Retinoblastoma
Osteosarcoma

Small cell lung carcinoma
Breast carcinoma

Bladder carcinoma
Prostate carcinoma
Malignant glioma

In RB tumours, mutation of both copies of the RB 
gene appear to be sufficient to cause cancer (two 
rate-limiting steps)
In other tumours, additional (rate-limiting) events 
are required
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Properties of the RB proteinProperties of the RB protein
• Molecular weight of 105,000 (p105, pRB, pRb) 
• Found in the nucleus of the cell
• Phosphorylated

 

from S to M phase of the cell cycle
and dephosphorylated

 

in G1

• Hypophosphorylated

 

(active) RB protein 
suppresses cell proliferation

• Binds to:   E1A protein of adenovirus
Large T antigen of SV40, polyoma
E7 protein of papillomavirus

• These viral oncoproteins

 

bind to 
hypophosphorylated

 

(active) pRB
• Binding region -

 

pocket domain -

 

residues aa

 

379 to 
772 
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pRB

 

protein

Morris and Dyson, 2001

Advances in Cancer Research
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E2F - transcription factor
•

 

Originally identified as a transcriptional activator of the 
adenovirus E2 gene

• E2F is of cellular origin
•

 

E2F function requires heterodimerization

 

with members of 
the DP family (e.g. DP-1)

•

 

E2F binding sites have been found in cellular genes (c-

 

myc, N-myc, c-myb, DHFR, thymidine

 

kinase, 
DNA polymerase α, EGF receptor)

•

 

Many of these genes are expressed at the G1 transition 
and encode proteins essential for DNA synthesis

pRB-E2F
• E2F binds to hypophosphorylated

 

pRB

 

in G1

• Blocks function of E2F as a transcriptional activator
• Cell does not progress beyond G1

E2F + pRB

*pRB + E2F

E2F-pRB
E2F function blocked

*pRB

 

+ E2F
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Mutation of 
RB gene

Active E2F

Phosphorylation

 

of pRB

Active E2F

Inactivation of pRB = activation of E2F

Analysis of the structure of pRB

 

bound to adenovirus E1A
indicates that E1A and E2F bind to the same region of the
pRB

 

pocket domain
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R point (restriction point) -

 

point in mid-to-late G1 
when the cell makes the decision to either progress 
through cell cycle or go to G0 quiescent state

pRB

 

protein is phosphorylated

 

at R point

Cyclin D accumulate

Activation of cyclin D- 
Cdk4/6 complexes

Downregulation of CKIs

Activation of S-phase 
transcription factors

Accumulation of cyclin E 
(and A); activation of. 
Cdk2

Pre-R Post-R

G1 R G1 S G2 M

P

TF

pRb pRb
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Phosphorylation

 

of pRB

 

is controlled by kinases, 
phosphatases

 

and kinase

 

inhibitors:

•

 

Cyclins

 

D1, D2, D3 (cyclin

 

E, cyclin

 

A) are 
implicated in pRB

 

phosphorylation

•

 

These cyclins

 

are regulators of CDK4, CDK6 
(cyclin

 

D) and CDK2 (cyclins

 

A and E) which 
phosphorylate

 

(inactivate) pRB

•

 

CDK inhibitors (p16, p21) inhibit CDK activity; 
pRB

 

is not phosphorylated

 

and remains active 
(i.e. bound to E2F)

CDKs

 

have oncogenic

 

(growth promoting) 
functions while pRB, CDK inhibitors, protein 
phosphatases

 

(e.g. PP1) have tumour

 

suppressor (growth suppression) functions
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Cell 79: 573-582 (1994)
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pRB and E2F 

pRB

 

is a member of a family of proteins that also 
includes p107 and p130

There are 7 different E2F genes, encoding E2F-1, 
E2F-2, E2F-3, E2F-4, E2F-5, E2F-6, E2F-7

E2F1, E2F2, E2F3 are usually associated with 
active promoters in S phase

E2F4, E2F5, E2F6, E2F7 are usually associated 
with repressed promoters in G0 or G1 phase

pRB

 

associates with E2F1, E2F2 and E2F3

p107 associates with E2F4

p130 associates with E2F5
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pRB

 

and family members interact with many other 
proteins (including transcription factors)

* A more complete list of pRB

 

interacting proteins can be found in 
“Retinoblastoma Protein Partners”

 

by Morris and Dyson, 
Advances in Cancer Research 2001

For your information only
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Functions of Functions of pRBpRB

(1) pRB is a negative regulator of 
the cell cycle
Mitogens

 

and growth factors induce cyclin-

 

dependent kinases

 

(CDK) to phosphorylate

 

pRB

E2F is released

E2F responsive genes are expressed

Cell progresses to S phase of the cell cycle

Differentiation factors and growth inhibitory factors 
block CDKs, maintain pRB

 

in hypophosphorylated

 

form
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Functions of Functions of pRBpRB
(2) pRB - transcriptional regulator 
of Pol II genes: repression of E2F- 
dependent promoters by pRB

E2F-pRB complexes bind to E2F DNA binding sites 
within the promoter regions of E2F target genes 
required for progression to S phase of the cell cycle.  
E2F-pRB complexes actively repress transcription by:

(1) Preventing interaction of adjacent transcription 
activators with the basal transcription machinery

(2) pRB

 

recruits a co-repressor such as histone

 

deacetylase

 

I, RPB1, RbAp48
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Source: Tumor suppressor genes

in human cancer (2001), pg. 137
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Functions of Functions of pRBpRB
(3) pRB – transcriptional regulator 
of Pol II genes: activation of 
transcription by pRB

Transcriptional activation of some myogenic

 

genes by 
MyoD

 

requires pRB

pRB

 

cooperates with C-EBP to promote adipocyte

 

differentiation

pRB

 

cooperates with transcription factor Pax8 to 
activate Pax8 target genes (Pax8 is a transcription 
factor crucial for differentiation of thyroid follicular 
cells)
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For your information only
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•

 

One RB allele was disrupted in ES cell using a 
targeting vector.

•

 

Chimeric

 

mice were created by aggregating ES 
cells with embryonic cells at blastocyst

 

stage. Chimeric

 

animals able to transmit 
the disrupted RB allele to their offspring 
were identified.

•

 

Generated mice heterozygous for the disrupted 
RB gene (i.e. RB+/-). Heterozygous mice 
don’t get retinoblastoma tumours

 

but have 
pituitary gland tumours

 

later in life.

•

 

Homozygous mice (RB-/-) all die before birth 
(14.5-15.5 gestation). These mice have a 
defect in erythropoiesis

 

and show a 
significant amount of neuronal cell death. 
Eye development is normal; however, eye 
is still at a very early stage of development.

•

 

Retinal cells expressing E7 in transgenic mice 
undergo apoptosis at a time when they 
would normally be undergoing terminal cell 
differentiation.

Knock-out of RB gene in mice
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Why don’t RB-/- mice get retinoblastoma tumours?

During G1 decision is made to: proliferate
growth arrest
differentiate
die (apoptose)

Normally, if hypophosphorylated

 

(active) pRB

 

is 
present, it binds to E2F, and prevents progression 
of the cell to the S phase. When pRB

 

is 
phosphorylated, cell progresses to the S phase.

In human

 

retinal cells (RB-/-): Absence of pRB

 

results in active (free) E2F, the cell immediately 
proceeds to S phase -

 

no control.

In mouse

 

retinal cells expressing E7 (RB-/-): If pRB

 

is inactivated in mouse retinal cells by E7, these 
cells undergo apoptosis. The latter may represent a 
safety mechanism to protect the cell in case of pRB

 

inactivation. Deregulation of pRB

 

in relation to E2F 
may be recognized by most cell types as a 
potentially dangerous state (continuous cell 
proliferation, increased rate of mutation); therefore 
the cell initiates programmed cell death (apoptosis). 
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RB-/-

 

cell: deregulation of E2F --

 

programmed 
cell death

RB-/-

 

cell which has additional mutations (e.g. 
loss of p53) --

 

continuous cell proliferation

Human retinoblastoma appears to be an 
exception to this rule in that pRB

 

inactivation 
is sufficient to induce tumour

 

formation
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pRB and apoptosis
Loss of pRB

 

can trigger a p53-dependent 
apoptotic pathway

Release of E2F as the result of loss of pRB

 

triggers p53-dependent apoptosis

-

 

a possible target of free E2F is ARF 
(alternate reading frame encoded by 
p16INK4a)

-

 

ARF appears to inhibit the MDM2-

 

mediated turnover of p53

-

 

increase in p53 leads to increase in 
apoptosis

Tumor suppressor genes in human cancer (2001), pg.191
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RB

C/EBP
MyoD
NF-116
GRα

Tissue-specific gene 
expression, anti- 
apoptotic genes

Differentiation

Other signals

P19 ARF

⊥
mdm2

⊥
p53

Bax1, IGF-BP3 
others

Apoptosis

⊥
E2F-1

Other pro- 
apoptotic genes

E2F-1
E2F-2
E2F-3
Others?

E2F target genes 
e.g.cdc6, pol α, cdk2, 
other S-phase genes

S phase entry

For your information only
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p53p53

p53 – second tumour

 

suppressor gene to be 
identified (1989); oncogene

 

(1984)

p53 gene is the most commonly altered gene in 
human tumours

 

(50%)

p53 was initially thought to be an oncogene: 
overexpression

 

of p53* induced immortalization in 
the DNA transfection

 

assay (primary mouse 
fibroblasts). However, the transfected

 

p53* was a 
mutant form of p53 (single amino acid change). Wild-

 

type (normal) p53 does not have transforming ability 
-

 

overexpression

 

of normal p53 inhibits 
transformation.

Loss of normal p53 function through deletion, 
truncation or mutation.  Mutant and truncated 
proteins have dominant negative function -

 

i.e., the 
mutant p53 interferes with the function of normal 
p53. p53 proteins binds to DNA as a tetramer.
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Is cellular proto-oncogene activation 
sufficient to cause cancer?

Evidence suggesting that multiple hits are required for
cancer formation:

(1)

 

Estimates based on age at which cancer appears and 
incidence of cancer indicate that 3 to 8 mutations (2 
mutations in the case of retinoblastoma) are required 
for cancer formation

(2)

 

Some cancers go through several stages
(3)

 

Multiple oncogenes

 

are required to transform cells in 
culture
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p53 – cont’d

First example of p53 gene inactivation in a human 
tumour

 

-

 

colon carcinoma. 17p13 (to which the p53 
gene has been mapped) is frequently deleted in 
colon carcinoma (on one chromosome). The 
remaining p53 gene is mutated -

 

both copies of 
p53 need to be inactivated.

Mutation of both copies of the p53 gene (TP53) is 
common in many cancers.

Mutation of a single p53 allele is found in some 
cancers.  Incompetent partner model: poor binding 
of p53 tetramer to target sites (Nicholls et al. J. 
Biol. Chem. 277:12937, 2002).

Germ line mutation of p53 is found in a rare 
disease called Li-Fraumeni

 

cancer family 
syndrome. Children who inherit the mutated copy 
of the p53 gene have a wide variety of tumours

 

at 
a very early age.
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Li-Fraumeni

 

syndrome –

 

affected individuals have a high 
incidence of cancer  

Green –

 

breast cancer
Yellow –

 

glioblastoma
Purple –

 

leukemia
Blue –

 

lung cancer
Orange-

 

pancreatic cancer
Red –

 

sarcoma
Brown –

 

Wilms

 

tumour
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Biochemical properties of p53

• 375 aa, nuclear, phosphorylation

•

 

Complexes with SV40 large T antigen, adenovirus 
E1B and papilloma

 

virus E6
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1 20 42 100 * *** **293 319 360 393

DNA Binding Domain Tetramerization
Domain

Transactivation
Domain

p53
Transcription Factor

p53 binds to specific nucleotide sequences
(called p53-responsive elements) located within the 
promoter of target genes

p53 domains
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p53 target genes

-

 

MDM2 (gene over-expressed in some 
tumours). Oncogene that confers enhanced 
tumorigenic potential when it is over-expressed. 
The MDM2 protein binds p53, abolishing its 
transcriptional activation function. MDM2 
binding also targets p53 for degradation. MDM2 
is a ubiquitin

 

E3 ligase

 

that targets p53 for 
nuclear export (mono-ubiquitinated) or 
degradation (poly-ubiquitinated). MDM2 serves 
as a negative feed-back control for p53.

-

 

p21 (Waf1/Cip1) (cyclin-dependent kinase

 

inhibitor). N.B. p21 can inhibit CDKs

 

required for 
pRB

 

phosphorylation

 

(inhibits proliferation). 
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p53 - Guardian of the genome
In response to ionizing or ultraviolet irradiation, p53 
levels and p53 activity increase: p21 accumulates, 
CDKs

 

are inhibited, pRB

 

is not phosphorylated, E2F 
is not released, cell cycle does not proceed to S

Induction of p53 can result in:

G1

 

arrest -

 

allows the cell to repair DNA damage 
before proceeding to S phase 

Apoptosis (depends on extent of damage, cell type, 
environment)

p53-/-

 

cells do not arrest. They replicate damaged 
DNA resulting in an increased number of mutations 
and genomic instability -

 

cancer
p53 gene knock-out mice -developmentally normal

-

 

dramatic increase in 
incidence of cancer with

 

age

Other members of the p53 family --

 

p73, p63
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Tumour

 

suppressor genes in human cancer (2001), pg. 167
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p53 and Cancer Therapy – read Chen F., Wang W and 
El-Deiry, WS. Biochem Pharmacol. 80:724-730 (2010) for update on new 

strategies to target p53 in cancer

~50% of all breast cancers, 60% of lung 
cancers, 70% of colorectal cancers have p53 
mutations

Phase I-III trials involving p53 gene therapy:

Lung non-small cell carcinoma: adenovirus 
vector expressing p53 injected directly in 
tumour

 

nodules (plus cisplatin)

Head and neck squamous

 

cell carcinoma: 
same treatment as above 

Hepatocellular

 

carcinoma and liver 
metastases: hepatic artery infusion of p53 
adenoviral vector

For your information only
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p16 (MTS1, INK4A, CDKN2)p16 (MTS1, INK4A, CDKN2)

Cytogenetic

 

abnormalities at 9p21 noted in a variety 
of tumours

p16 is a CDK4/6 inhibitor, inhibits phosphorylation

 

of 
pRB

 

by cyclin

 

D/CDK. If pRB

 

is 
hypophosphorylated, it is in active state (bound to 
E2F) and the cell does not proceed to S phase of 
cell cycle until pRB

 

becomes phosphorylated

 

and 
releases E2F

In a p16-negative cell, phosphorylation

 

of pRB

 

is not 
inhibited
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pRB, p53, ARF and apoptosis
•

 

Loss of proper pRB

 

control can trigger a p53-

 

dependent apoptotic pathway

•

 

Release of E2F as the result of loss of pRB

 

triggers 
p53-dependent apoptosis

•

 

A possible target of free E2F is ARF (alternate 
reading frame encoded by p16INK4a)

• ARF inhibits MDM2-mediated turnover of p53

• Increase in p53 leads to apoptosis

Tumor suppressor genes in human cancer 
(2001), pg.191
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Breast cancer susceptibility Breast cancer susceptibility 
genesgenes

(review Rosen et al. J. Cell Physiol. 196:19-41, 2003)

5-10% of all breast cancers result from inherited 
genetic mutations. 25% of breast cancers diagnosed 
before age 30 result from inherited genetic factors.

Three well-characterized predisposition genes: p53, 
BRCA1, BRCA2.

BRCA1 and BRCA2 identified by positional cloning: 
(1) linkage analysis using polymorphic probes to 
study large families, (ii) identification of transcripts 
located in this region and (iii) determining whether 
mutations are found in possible breast cancer 
genes.

For your information only
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Breast cancer susceptibility genes – 
cont’d

BRCA1 [Science 266:66-71 (1994)]

BRCA1 gene mutations in one allele were found in 
the germline

 

of 4 of the 8 families used in the 
linkage analysis

In each of the four families, at least one woman 
>80 years carried the mutation without ever 
having had breast cancer -

 

other factors are 
involved.

BRCA1 gene mutations are found in ~40-45% of 
hereditary breast cancer cases and 80% of 
families predisposed to breast and ovarian cancer. 
In contrast to the RB gene, BRCA1 mutations are 
rarely found in sporadic breast and ovarian 
cancers.

For your information only



61

Proposed functions for BRCA1:

BRCA1 is a large nuclear protein, contains two 
BRCT motifs -

 

motif found in DNA repair proteins.

BRCA1 may function as a transcription factor.

Expression of BRCA1 in MCF7 breast cancer cells 
decreased their capacity for tumour

 

formation in 
nude mice.

BRCA1 interacts with DNA repair protein RAD51. 
BRCA1-/-

 

breast cancer may arise because of 
inadequate DNA repair response.

Breast cancers from patients with mutations in 
BRCA1 have 2 to 3 times more chromosome 
abnormalities than sporadic cancers.

Some of the BRCA1 functions may be mediated by 
interaction with p53 and pRB.

BRCA1-/-

 

mice die at day 7.5-8.5 gestation. BRCA1 
is important for early development.

BRCA1 – maintenance of genomic integrity

For your information only
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Nature Genetics 12: 191-194, 1996

For your information only
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BRCA2 [Nature 378: 789-792 (1995)]

BRCA2 implicated in ~35% of breast cancer-only 
families, as well as male breast cancer.

BRCA2 is a large nuclear protein. Like BRCA1, 
BRCA2 interacts with RAD51.

BRCA2-/-

 

mice start dying after day 8.5 gestation. 
Phenotype similar to that of BRCA1-/-

 

mice, 
although abnormalities are not massive as 
observed in BRCA1-/-

 

mice. 

For your information only
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Myriad Genetics holds the patents on BRCA1 
and BRCA2.  

ON MAY 12, 2009, THE ACLU AND THE PUBLIC PATENT 
FOUNDATION (PUBPAT) FILED A LAWSUIT CHARGING 
THAT PATENTS ON TWO HUMAN GENES ASSOCIATED 
WITH BREAST AND OVARIAN CANCER ARE 
UNCONSTITUTIONAL AND INVALID. THE SUIT CHARGES 
THAT THE PATENTS STIFLE DIAGNOSTIC TESTING AND 
RESEARCH THAT COULD LEAD TO CURES AND THAT 
THEY LIMIT WOMEN'S OPTIONS REGARDING THEIR 
MEDICAL CARE. 

ON MARCH 29, 2010 A NEW YORK FEDERAL COURT 
RULED THAT THE PATENTS ON THE BRCA1 AND BRCA2 
GENES ARE INVALID. THE U.S. COURT OF APPEALS FOR 
THE FEDERAL CIRCUIT HEARD MYRIAD'S APPEAL OF 
THAT RULING IN APRIL 2011.

IN JULY 2011, THE APPEALS COURT RULED THAT 
COMPANIES CAN OBTAIN PATENTS ON THE GENES BUT 
CANNOT PATENT METHODS TO COMPARE THOSE GENE 
SEQUENCES.

For your information only
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NF1 and NF2NF1 and NF2

Neurofibromatosis type 1 (LOH at 17q11) -

 

autosomal

 

dominant disorder that affects 1/3500 
people: benign neurofibromas

 

(90% of cases) and 
malignant neurofibrosarcomas, abnormal eye 
development and cafe-au-lait

 

skin spots in second 
decade of life.

All cases of NF1 result from the inheritance of a 
mutant allele (equal frequency of predisposing alleles 
from an affected parent versus new germline

 

mutations).

NF1 gene identified by linkage analysis of affected 
families and positional cloning. Confirmed by 
sequencing the DNA of NF1 patients (and finding 
mutations in NF1 gene). Mutations in NF1 gene 
found in sporadic tumours

 

including colon cancer 
and melanoma.

For your information only
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NF1 and NF2 – cont’d

NF1 is a tumour

 

suppressor because: (i) NF1 
mutations are inactivating (no functional product), (ii) 
LOH in malignant neurofibrosarcomas

 

is common 
(nonmutated

 

allele is deleted and mutated allele is 
retained), (iii) LOH has been reported in tumours

 

arising in heterozygous NF1+/-

 

mice, (iv) introduction 
of normal NF1 gene into tumour

 

cells of NF1 patients 
results in reversion of the tumour

 

phenotype.

Function  of NF1: GAP protein (down-regulates ras

 

activity)

For your information only
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NF1 and NF2 – cont’d
Neurofibromatosis type 2 (LOH at 22q) -

 

autosomal

 

dominant disorder, much rarer than NF1, generally 
leads to acoustic nerve tumours

 

and meningiomas.

NF2 gene was also isolated by linkage analysis and 
positional cloning. Same criteria as described above 
were used to confirm that NF2 is a tumour

 

suppressor.

NF2 gene encodes a protein called merlin. Merlin is 
proposed to interact with a signal transduction 
pathway to convey messages between the cell 
membrane and cytoskeleton (review article: Xiao et al. 
Genes Chromosomes Cancer 38:389, 2003)

Recently, merlin

 

has been shown to increase the 
stability of p53 by inhibiting MDM2-mediated 
degradation of p53.

For your information only
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PTEN
(phosphatase and tensin homologue)

-

 

Tumour

 

suppressor associated with deletion at 10q23 in
glioblastoma

 

(brain tumour), prostate, breast, thyroid, skin
cancers

- Germline

 

mutation of PTEN causes Cowden syndrome
(high incidence of benign tumour-like nodules early in       
life and increased incidence of breast, thyroid, brain   
tumours

 

later in life)

- PTEN functions by dephosphorylating

 

PIP3, the primary
product of PI3-kinase function (PIP3→PIP2), and by 
antagonizing PI3-kinase function

- PI3-kinase implicated in regulation of cell proliferation and 
survival; activated by growth factor receptors such as
Her2/neu, EGFR, PDGFR

PIP3 =
Phosphatidylinositol (3,4,5)-trisphosphate 
(PtdIns(3,4,5)P3) 

For your information only
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PKB = Akt

Maehama, T. Biol. Pharm. Bull. 30: 1624, 2007

For your information only
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- PI3K-Akt-PTEN signaling pathway –

 

target for cancer    
therapy? E.g. for treatment of glioblastoma?

- Control of PTEN function is very complicated.  PTEN is
positively and negatively regulated at the transcriptional level,
and is also regulated by post-translational modification
(phosphorylation, ubiquitylation, oxidation and acetylation).
Furthermore, the subcellular

 

distribution of PTEN at the   
plasma membrane, in nucleus and cytoplasm, is strictly   
controlled (reviewed in Tamguney, T and Stokoe, D. J. Cell 
Sci. 120: 4071, 2007). 

For your information only
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MultiMulti--step cancer step cancer –– Familial Familial 
adenomatousadenomatous polyposispolyposis

At least three tumour suppressors and one oncogene 
in FAP:

APC (adenomatous

 

polyposis

 

coli) –

 

mutations in APC 
found in polyps (predisposes to colon cancer) (5q21); 
mutations in APC result in constitutive activation of Wnt

 

signaling pathway

K-ras -

 

40% of large polyps

p53, DCC -

 

(deleted in colon cancer; 18q) -

 

uncommon in 
polyps, found in the majority of colon cancers

FAP occurs in 1/10,000 people and is characterized
by the development of thousands of polyps in the colon 
during the second or third decade of life.

A small percentage of these polyps will develop into 
carcinomas of the colon. 
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Wall of the colon from an individual with FAP

FAP normal
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Normal
Epithelium

Dysplastic
ACF

Early
Adenoma

Metastasisintermediate
Adenoma

Late 
Adenoma Carcinoma

APC K-RAS
DCC/DPC4/ 
JV18? p53

Other 
Changes

MMR 
Deficiency
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Human

Human normal fibroblast (BJ)
and epithelial (embryonic 
kidney) cells

Hahn et al. Nature 400:464, 
1999) 



79

Telomeres and Telomeres and telomerasestelomerases

Telomeres are located at the ends of 
chromosomes

• tandem hexameric

 

repeats
• 10-15 kb of TTAGGG repeats
•

 

telomere length in primary human cells 
progressively gets shorter with age

Telomerase activity maintains telomere length, 
synthesizes telomeric

 

DNA
•

 

telomerase active in ~85% of human 
cancers
•

 

important for tumour

 

progression and 
tumour

 

maintenance
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