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Cancer Cell Division




Lifetime risk

+ Chance of developing cancer
sometime in your life:

* Men ~1 in 2 (~ 50%)
* Women ~ 1 in 3 (~ 33%)

3/4 of all cancers are
diagnosed at age 55 and older



The Genesis of Cancer

UV-ight Radiation

Environm ental factorsﬁxl X Z Sm oking

’
lr. :

Chemicals ‘#__,.. Viruses Invasmn'

‘Metastasis

Normal cells Tumor cells

Angiogenesis =
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ATEPEN ROUNTREE - LS\ AR

Helping cells live longer
Scientists have proved that bits of
DNA called telomeres determine a
cell’s life span.

Each time a cell divides,
its telomeres shorten.
Eventually, the
cell dies.

Nucleus

Telomere

But an enzyme called
telomerase lengthens
telomeres, enabling cells

o divide indefinitely.
\../“ s L, Cell

0000000/ 000 --



Telomerase model
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KAPKINOIONOI NMAPAI'ONTEZ

1. XNUIKA
2. AKTIVOBOAia
3. loi



Occupational Carcinogens

Asbestos (Apiavrog)

— higher when combined with cigarette smoking

— 50 times greater risk than non-smokers, non-
asbestos exposed men

Chloromethyl methyl ether
[onizing radiation
Nickel, arsenic (glass, paints, pesticides)

Aromatic hydrocarbons (petroleum industry)




DIRECT-ACTING CARCINOGENS
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AMEZH METABOAH XHMIKHZ AOMH2
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BUT ACTIVATE CARCINOGEN
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Kanvog totyapou Anapivewon MoAuvon tpo®ng
(Bevlormnupévio) (apAatokivn)

e \ LS.

GCC ATG AAG CGG AGG CCC ATC
CCG TAC TTG GCC TCC GGG TAG

A

‘EkBeon otov Ao Arntapivwon MetaBoAMoudg
(UV)



EMIAPAZH IONIZOY2Az KAl MH IONIZOYzAz2
AKTINOBOAIAZ

Non-ionizing radiation DNA and the Microwave Effect
Overproduction of |

( cell phones ) ROS (Reactive Oxygen Species)
water )
« free radical

$—s

DNA damage is a \\
two-stage process DAMAGE

DAMAGE

\Di‘rit damage to DNA

Ionizing radiation ( x-rays )

Direct
Lotion

Indirect
Artion




EMIAPAZH YNEPIQAOYZ AKTINOBOAIAZ

b
H
\ ﬂ% E
N, C—N
Sugar— N‘:“ T~C=0
/ G e G
s s ™,
/ H CH,
Phosphate
%
\ H
1 G\ a
AY N e NH
Sugar—— —
7o -
/ s ,
/ H CH,

Adjacent thymine residues

/ bl \

Yy

L O H Y O H
Se W “ /
b rr b <2
Sugar NI . E:a_‘_c,_g ._1’-:-L.u:]ar—l"||1,,‘,“'m.| e s ZC=0
/ ’ 124 / s ol
H CH, / . &iCH,
Ph?spha[e Phosphate
\ - 0
N Dxc: —N \ No—N
\fiugﬁr—N{ s 4 3C=0 Ti-iugar—hl{ = . : 7C —OH
- CH, / H CH,

(a) Cyclobutane thymine dimer

{b) 6—4 pholoproduct



Cellular Carcinogenesis

reactive maolecule detoxic ation

metabolism ﬂgﬂ' inhibition
<o

o
DMA damage ﬂgg O A repair

initiation

mutation o
genetic damage ﬂgg inhibition

modified Fo o
CEIl struciure of_ g
>

uncontrolled
cell proliferation | inhibition

differentiation

progression

2 Dr. C. Gerhauser




Oykoyoévoil loi

l. loi ug dikAwvo DNA
66 Tou MatmmAAwpaTtog (HPV-16, HPV-18)
*l6g Tou ‘EptrnTa
*Adevoloi
*l6g Tou Epstein-Barr
*log TOUu TTOAUWHATOG
*SV40

Il. Io¢ tn¢ Hrraritidag B
lll. Perpoioi



Rous sarcoma virus
(@ non-defective, transforming avian virus)

LTR| gag pol eny src |LTR

Abelson murine
Leukemia virus
(defective)

LTR| gag abl LTR

Harvey sarcoma virus
(a defective murine virus)

LTR |gag |vVL30 | ras |V¥L30|LTR

NS

sequences from a
rat retrovirus, VL30

s abfand rasare v-onc sequences which were picked
up (probably as processed trancripts) from c-onc
sequences in the host.
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@ Growth factor
Q-
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59 G protein

@ Tyrosine-kinase
receptor

@ Protein kinases )
{phosphorylation
cascade)

€ Growth-inhibiting factor

Q-

e

Hyperactive
%5 Ras protein | @ Receptor «%
atP; (product of
oncogene) © G protein
+ / issues
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on its own
O Protein )
kinases Defective or

NucLEus

@ Transcription
factor (activator)
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DNA /AT AT

\ Gene

\

expression

4

Protein that stimulates

the cell cycle

e

L

missing trans-
cription factor,
such as p53,
cannot activate

© Transcription
factor (such
as p53)

DNA 7/ // .fff;:}' o ‘

D 0~0~0~

transcription
‘

¥

4

Protein that inhibits

{a) Growth-stimulating
pathway

A the cell cycle
Protein Protein
overexpressed/_ . absent
=k
Cell cycle " Cell cycle

overstimulated

not inhibited

Copynght @ Pearsen Education, Ing., pubishing as Benjamin Cummings

{b) Growth-inhibiting
pathway

{c) Effects of abnormalities
(both increase cell division)



OyKOKOTAOTAATIKG yovidia Oykoyovidia

Mpwtooykoyovidlo .
8 8 1n peTal\ayn oto '

OYKOKATAOTAATIKO
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Au&nTikog mapdyovrag
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Evdokutrapikol

Mpwteiveg pUBUIONG
KUTTAPLKOU KUKAOU

DNA &
Kuttapdémiaoua
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1. Deletion or Point Mutation in Coding
Sequence: constitutively active protein
produced in normal

amounts

2.Gene Amplification: normal protein
produced in much higher
amounts

3.Chromosome Rearrangement:

a) placement of strong enhancer nearby
causes overproduction of normal protein

OR

b) fusion to another actively transcribed
gene results in either increased levels of
the fusion product (normal activity
averproduced) ar the fusion protein is
hyperactive (increased activity in normal
amuounts)

Froto-ongogens

— DONA

-5
"~.... Protein produced



cancer-causing agent
{LV light, chemicals, etc.)

to-oncogens

R e

cancerous phenotype







Ras Activation and the MAP Kinase Cascade

Tyrosine kinases. G-Protein coupled receptors

o RasGDP—_

2 OF 1
gaps (' | GEFs
RasGTP «—"

(ON) ~ 3

Raf-1 (MAP kinase kinase kinase)
MEK (MAP kinase kinase)

Nuclear regulatory proteins i mmm—m l;Rl\s (MAP kinase)
cvtoplasmic substrates



Evepyotroinon pe HETAAAOZN :
2TO ras otda Kwolikovia 12, 13 kai 61
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Gene Amplification — Novidiakn Evioyxuon
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normal cell tumor cell

Nucleolus
Gene amplification
overexpression
D of HER2 proteins

HER2 protein (10- to 100-fold)

cell surface with extracellular domains of HER2 protein

Herceptin
monoclonal antibody
selectively targets the
extracellular domain
of the HER2 protein
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m HER2 protein overexpression

/n& b

tumor cell
HER2 oncogene
amplification

HER2: Human Epidermal Growth Factor Receptor-2 EGF: Epidermal Growth Factor
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Reciprocal ransiocation betweon one # 9 and one #22
chromosome forms an exira-bhong chromosome 9 (Sder 0%

and the Philadelphia chromosome (Ph1) containing the
fused abl-bor gone, This i a schematic view repraseding
melaphase chromosomes.



Chromosome 9 Chromosome 22 Philadelphia Chromosome
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© R.L. Huckstep 1997

The classical picture of a Burkitt's lymphoma of the left parotid in a 10 year old boy in
Uganda.
This boy was treated by Dr Dennis Burkitt in 1964 with methotrexate.



DNA damage —» RAD9 Mad «— kinetochore attachment

Cdc2—cyclin B.__
Cdc2—cyclin A

Cdk2-cyclin D
Cdk4 —cyclin D
Cdk5—cyclin D

Restriction £/
point

Cdk2— cyclin A -
" Cdk2—cyclin E

Cdk2, Cdk4| Emdayovrai amrod
DNA damage » P33 Cyclin D, E} AugnTikoUg MapdyovTeg



Activation of cyclin D1 in tumours

Translocation




FONIAIO

abl
bcl-2
erbB

ret

N-ras

K-ras

H-ras

CdK4

N-myc

L-myc

TYNOZ
KAPKINOY

Xpovia puehoyeviig Asuxatpia
AEppwpa B-kuttdpwy

Kapkivwpa mAakwdougq
erbnAiou, aotpokUTWHA

Kapkivwpa Bupeoetdouq

Kapkivwpa Bupeoetdouq kat
oUPOYEVVNTIKOU CWANvQ,
HEAQVWHQ

O&gia puehoyeviiq kat
AEUPOBAACTIKY Aeuxalpia,
kapkivwpa Bupeoetdolg,
MEAQvwuQa

Kapkivog max€og evrépou,
TveULoVOoG, TIAyKPEATOQ
Kat Bupeoetdolg, peAdvapa

Zapkwuara

NeupoBAAOTWHA, HIKPOKUTTAPIKOG
Kapkivog nveupovog

Kapkivog nvedpova

MHXANIZMOZ
ENEPIrOMOIHZHZ

Metatéron
Metatoruon

Movidlakr) enékraonm

Avadiatagn DNA

2NUELaK] HeTaAayn

ZNUELAKY) peTaAayn

2ZNUELaKN) peTalayn

Fovidlakr) enéxkTaom

Movidlakr) enékraon

Movidlakn enéktaon

AEITOYPIIA
NPQTEINHE

AvaoToA£ag anomrwong

Yriodox€ag EGF: Kivaon npwteivawv
(tupoaivng)

G npwteivn

G npwteivn

G npwteivn

Kivaom puBuiong
KUTTApPIKoU KUKAOU

Metaypa@ikdg napdyovrag

Metaypa@ikdg napdyovrag



PuBuiotikn) neploxr)  MNpwtooykoyovidio

v
Mpwteivn
TMPWTOOYKOYOVIBioU

MetagpepBeioa pubIOTIKY MetapepBeioa KwdIKA

MetaMayr) 1} EMewn Metalayn  éMewn nepoxn neploxn
1 2 3 4

4 v 4 4
Mpwteivn 2UvBeon NMPWTEivNg
HE aANQYHEVN ou NepLEXEL TURaTa
dopr) / Aertoupyia kwdikonoloupeva anéd

Augnuévn ouvBeon AUENuévn olveeon SlaPOPETIKA Yovidla
™G MPWTEIVNG ™G NPWTEIVNS



(A)

inactive growth
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3 ’ intracellular
| signaling

4‘ | proteins
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inactive gene
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NORMAL RESTING CELL

nucleus

Cl\()regulatory protein

growth
factor

gene required

for cell proliferation

activated growth
factor receptor
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| signaling

| proteins

activated gene

Ir’egulatory protein
%

transcription

(B) NORMAL PROLIFERATING CELL

inactivate growth

,\/) - factor receptor
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intracellular
signaling protein
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‘(,PJ ~intracellular
v

signaling protein

activated gene
regulatory protein

\iiy
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transcription

CELL PROLIFERATION
IN ABSENCE OF GROWTH FACTOR

(C) PROLIFERATING CANCER CELL



Oixoyeviig kapkivog oTrjBoug

Kapkivog mayéog evrépou

MeAavwpara

Neupoevdokpiveig

Kapkivog veppou

FAoiwpa apiBAnoTpoeIdous

(peTivoBAdoTwpa)

FONIAIO
BRCA1
BRCA2
p53
MSH2
MLH1
PMS1, 2
APC
MTS1 (CDKNZ)
CDK4
NF-1
NF-2
RET
WT1
VHL

RB

p53

TYNOZ KAPKINOY

MaoTog, wobrkn

Maotég (kat ota dUo pUAQ)

Maotég, odpKwua

Maxu évtepo, evoounTpLo, (OXt MoAurodiaon)
Maxu évrepo, evdounTplo, (60Xt moAurtodiaon)
Maxo évrepo, evoounTpLo, (Ot moAurnodiaon)
Maxu évrepo, evdounTpLo, (moAurnodiaon)
Aépua, MAykpeag

Aépua

Eyk€palog, AMa

Eyképalog, GAN\a

Oupeoeldng, GA\a

Kapkivog Wilm

Neppoi, dA\a

Moiwpa apeBAnoTpoeldouq

2U0vdpopo Li-Fraumeni, eyk€palog, oapkwpa, AANa

KATHIOPIA TONIAIOY
OYKOKATAOTAATIKO
OYKOKATAOTAATIKO
OYKOKATAOTAATIKO
Erudi6pbwong DNA
Erudiépbwong DNA
Erudiépbwong DNA
OYKOKATAOTAATIKO
OYKOKATAOTAATIKO
OYKOKATAOTAATIKO
OYKOKATAOTAATIKO
OYKOKATAOTAATIKG
Oykoyovidlo
OyYKOKATAOTAATIKG
OyYKOKATAOTAATIKG
OYKOKATAOTAATIKO

OYKOKATAOTAATIKO



Tumor Supressor Proteins and

the Cell Cycle
A Rb
‘i,,_ p53
G1 a}:plnsis



Tumor Suppressor Genes

» At the present time, approximately 20 genes have been implicated as
tumor suppressors 1N luman, they can be classified into several
categories.

. Rb (retinoblastoma, bind E2F, G1/S
regulation), pl&(melanoma, MTS1, CDK4/6 mhibitor), p53 (cancer,
transcription factor, mduce p21 cell cycle inthibitor)

: NF1 (neurofibroma, activate GTPases of Ras),

APC (colon cancer, binds b-catenmn, mhibit myc), PTEN (breast,
thyroid, phosphatase, antagomze PI3K), WT1 (Wilm tumor of
kidney, transcription factor , compete with egrl )

: BRCAI (breast cancer, transcription factor, coupled
with DNA repair), MSH2 HNPCC (colon cancer, mismatch reparr)

- P53, BAD, efc
o Others: VHL (kadney, protein ubiquutin degradation)




Retinoblastoma Normal
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Hormal chromasames 13 Chromosomes 13 with BB locus
deleted

Mormal retinal Retinal cell at Retinoblastoma
cell risk cell
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DNA Virus Inactivation of Rb Protein Function

E1A (adeno)
large T ag (SV40)
E7 (HPV) transcriptional

\ - — actlvatlnn

'.riral anas transcribed
transcription ﬂ‘f progression to
S-phase

viral protein



E7 - an oncogene product of one of
the human papilloma viruses

T~

DNA DNA
s E2F mn™5
Promoters Promoters
Promoters “off"; Promoters “on”;

cell remains in GO cell begins mitosis
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Viral Inactivation of p53 Function

-

SV40 large T ag:
stabilizes p53 in inactive state

HPV EG:
triggers degradation of p53

adeno E1B:
blocks transcriptional activation
function of p53



VIRUS INFECTS CELLS WIRUS REPRODUCES IN - TURMOR CELLS DIE
TUROR CELLS BUT MOT

IN HEALTHY OMES



Chromosome Chromosome
17 13

]

EEE&‘IU




S Phase Arrest DNA Repair

lonizing Radiation

C-\

DNA Damage


http://locus.umdnj.edu/nigms/pathways/Fanconi_imgmap.gif

Inactivation of the ATM gene leads to ataxia-telangiectasia (A-T)
Expert Reviews in Molecular Medicine© 2003 Cambridge University Press




Novidio ATM
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Medscapea www.medscape.com

Cell cycle control
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MEPIZ>ZOTEPA

f\ 10 20
——

—_— —
\J XTYNMHMA XTYNMHMA XTYTTHMATA
OYZIOAOIIKO MOEANON T MEPIZZOTEPO T AY=HZH MNAHPQZ
KYTTAPO AY=H>H, AAANA AKOMA KAAOHOEZ KAPKINIKO KYTTAPO

OXI KAKOHOEIA NEOIMAAZMA;
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2n petalayry Kuttapikog
x MIOMANAoIaopog

3n peTalayn

-

Kitrapa pe akdpa peyautepo Kuttapo pe augnuévo
pPUBLS MoAamactaouoU (duotAaoia) pPUBUS MOAanAaolacoU
(unepraoia)

‘ 4n petalayn

In situ Kapkivwpa

Aeioduon otoug Lotolqg
(MeTaoTaTIKO KapKivwua)



Colon

Colon wall

Normal colon epithelial cells

}

SN

Small benign growth (polyp)

{

Larger benign growth (adenoma)

Malignant tumor (carcinoma)

@ Loss of tumor-suppressor
gene APC (or other)

@ Activation of ras oncogene

© Loss of tumor-suppressor
gene DCC

@ Loss of tumor-suppressor
gene pb3

B Additional mutations



.
Proposed Genetic Model of
Colorectal Cancer

g (APC) Microsatellite instability
Mormal (MSHQ, MLH1, MSHBI
S i MSHE, PMST, PMS2)
epithelium N 12q (k-ras)
| Dysplastic /
epithelium _ ¥ 18q (DCC)
Early 18q (DCC)
adenoma 17p (pS3
P & P (p53)
f - Intermediate
e adenoma _ W
f Late
T adenoma _¥
Other genetic - =
alterations Carcinoma
Metastasis

Fearon E, Voeelstein B. Cell 61:759-767, 1990 and [vanowvich et al. Am ] Med 107:68-77, 1999
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fibronectin
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fiber
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membrane
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INVASION

Three Steps in crossing a
basal lamina - a task that

invasive tumour cells must
perform

BIMDING TO LA MIrMIN
lamirir
[ EEy

e ———— —_— e
Lype-1'y ol aga in Basel lamisa

TAGESTHON OF Basa. | okdlke
BY TYFE-Iv COLLaGENASE

MIDTILTY
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AIMATOIENHZ META®OPA KAI TOMNIKH AIHOHZH 2TH AEYTEPOIENH ©GEZH

(1) @)

Metaotatikog
OyKog



60% ac0evarv en@aviCovy NETUGTAGES KOTA TN
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Xoppatvouy TOAD VOPIS KOTA TNV TOPELD TS VOGOV
Exotoppiplo KOPKIVIKG KOTTOPO TEPVOVV GTNV
KVKAOQOPLO KaOnuepva

Avyotepo amo 0,01% kata@Epvovy va 6GovV
OEVTEPOYEVEIS EOTIES

H ayysloyéveon etvor amapaittn Yo T1 010.67TOPG TOV
KOPKIVIKOV KUTTAPOV

O1 HETOOTAGELS UTOPEL VO, EIVOL TO 1010 EvUlcONTES 6TV
OVTIKOPKLVIKY 0€pameio e TOVS TPOTOYEVEIS OYKOVS
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[Towa elvon Tae 6TdOL0 TNG OYKOYEVESTC;

[Towot mapdryovteg Bewpovvton kapkivoyovor; ITotog o
LUNYOVICUOG Opdong KaBevoc amd avTtovg (EMLYPOULOTIKA)
T1 elvon T0L OYKOKOTOGTAATIKG KOl TL TO. OYKOYOVIOL0,;
Me molovg unyavicovg umopet va «evepyomombe» Eva
0YKOYOViO10;

Tt etvan 1 yovidrwokn evioyvon (eméktoon) Kot Tdg
GUUUETEYEL GTNV OYKOYEVEDT);

T1 elvan 10 ypopdcoua tng DIAaSEAPELNG KOl TTMG
EUTAEKETAL GE AEVYOUIES;

ITowa ) dpdion ¢ Tpwteivng Rb;

[Towa n dpdon ¢ mpwteivnc Po3;

Ti Aéer n Bewpio T@V TOAAOTAGV YTUINUATOV Y10 TV
0YKOYEVEDT;

[Towx eival Ta otddL0 TG LETAOTAONC;
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