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1. Cancer: basic facts
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1. Cancer Is a disease of old age
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2. Cancer seems to develop progressively
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2. Cancer seems to develop progressively

. Normal cells

2. Hyperplasia: Excessive numbers of otherwise normal cells

. Dysplasia: Cytologically abnormal cells (e.g. variability in nuclear
size and shape; increased number of nucleoli; increased mitotic

activity)

. Carcinoma in situ: invasion to underlying tissue, e.g. connective
tissue

. Metastatic melanoma: invasion and colonization at distant sites.



3. A Tumor Is not just a mass of malignant cells

Tumor: the historic Tumor: current
perspective view

X

X,

Q

TNF i’é\;
IL-1

VEGF

IL-10

IL-6
PGE2
etc.




3. A Tumor Is not just a mass of malignant cells

Normal Pre-malignant Invasive




4. Genetic heterogeneity of cancer cells

Tumor: the historic Tumor: current
perspective '




4. Genetic heterogeneity of cancer cells

Colorectal tumor cells:
* heterogenous
» ~ 11,000 genomic alterations

Tumour cell genome

. ] osthelial cell genome
Tumor-associated endothelial cells:

« homogenous
 ~ 79 differences in gene expression

Folkman et al., Nature Rev. Cancer, 1: 76-78, 2000
Stoler et al., PNAS, 96: 15121- 15127,1999
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5. Common characteristics (hallmarks)
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Synopsis 1
1. Cancer Is a disease of old age

2. Cancer seems to develop progressively

3. Tumor microenvironment

4. Genetic heterogeneity of cancer cells
5. Common characteristics (Hallmarks)



2
Mechanism of Carcinogenesis:
Initiation, promotion & progression
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Cancer Arises from single or multiple cells?

monoclonal tumors polyclonal tumors
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Cancer Arises from Single Cells

 Cancers are usually clonal in origin.
[ X-Inactivation studies in human cancer]



Tumor Clonality by X-Inactivation

Heterozygous Female Zygote Monoclonal Tumor
[single G6PD isoenyzme]
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Tumor Clonality by X-Inactivation

migration of G6PD enzyme
from various cells
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Tumor Clonality by X-Inactivation

Heterozygous Female Zygote Monoclonal Tumor
[single G6PD isoenyzme]
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Clonality of Lymphoid Proliferation

B Lymphocyte |Ig Light Chain g Kappa or Lambda
Heterogeneity Only

Plasma Cells |Heterogeneous Ig |Monoclonal Ig
Electrophoresis Spike

T Lymphocyte |Heterogeneous Homogeneous
Variable Regions Variable Regions




Cancer Arises from Single Cells - HOW??

MNormal Initiated
Cell Cell
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Cancer Arises from Single Cells - HOW??

MNormal Initiated
Cell Cell

0= @

1. Naturally occurring mutations because of faults during replication
(mistakes will increase under conditions that cause replication

stress).
2. Exogenous mutagens (radiation, diet, tobacco chemicals, etc.)



Mutational Targets

LLoss of TGF function in ‘t';iL:-_tﬁrpe
colon cancer by defective TGF-B

Mismatch repair (MMR) bei i

“TGF-B

serine/ /[ | wild type
Ha”markS mOStIy threonine ~_ Glu Lys Lys Lys Pro Gly
. kinase ‘ GAA AAA AAA AAG CCT GGT
affected: anti-growth domain :
) deletion
signals
mutant
truncated ‘g GAA AAA AAA GCC TGG TGA
receptor Glu Lys Lys Ala Trp Stop
degradation 1

Figure 12.28 The Biology of Cancer (© Garland Science 2007)



Mutational Targets

The example of P53
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Mutational Targets

The example of P53:

* 50-100 Té€TOIEC dIEPT) BUpivNg
dnuIoup-youvTal oTo dEPUA KABE
OEUTEPOAETTTO £€KBEONC aTOV NAIO!

» OI TTEPIOOOTEPEC avayvwpilovTal Kal
dlopBwvovTal AUECWC.

* Av dgv dlopBwbBouv, utropei va
LMETATTECOUV O€ POVIUNN METAAAQEN,
ouvnOw¢ CC AOyw TauTopEPEIAG (OTTWGS
o1o P53)

« Hallmarks mostly affected by p53
mutations: apoptosis, replicative
potential




Mutational Targets

Cancer initiation via:

1.

Mutational activation of oncogenic (proliferative) pathways (e.g.
growth factor receptors and downstream signaling proteins,
proteins involved in cell cycle checkpoints.

. Mutational inactivation of apoptotic (cell death) pathways (e.qg.

growth inhibitory receptors, proteins involved in apoptosis,
tumor suppressors).

. Mutational inactivation of DNA repair mechanisms (e.g. BER,

NER, etc).

. Mutational inactivation of antioxidant response (e.g. SOD).
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Normal Initiated Preneoplastic
Cell Cell Focal Lesion
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Promoters

. Reactive Oxygen Species (ROS) and redox active

xenobiotics and metals

Phorbol esters (e.g. TPA)

Polycyclic aromatic compounds (e.g. Dioxin)
Peroxisome Proliferators (oxidized fats)
Endocrine Disruptors (estradiol)

. Chronic inflammation (e.g. Colitis, pancreatitis, etc.)
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Three strikes to Cancer

Initiation: Mutation in one or more cellular genes controlling
key regulatory pathways of the cell (irreversible).

Promotion: selective growth enhancement induced in the
initiated cell and its progeny by the continuous exposure to a
promoting agent.

Progression: results from continuing evolution of unstable
chromosomes; further mutations from genetic instability during
promotion—results in further degrees of independence,
Invasiveness, metastasis, etc.




Colon tumor progression: Vogelstein, Fearon et al.

(Science 1989)
DNA DPC4/MADH4
hypomethylation (SMAD4)
activation loss of
- 18q TSG
loss of APC - I ras ql loss of p53
normal 1 hyperplastic _V_ early—»

epithelium epithelium

Figure 11.10 The Biology of Cancer (© Garland Science 2007)



Three strikes to cancer
carcinoma
Breakthrough phase

A single cell develops a specific driver-gene
mutation and begins to divide abnormally

ot

CDK2NA = PIK3CA

Expansion phase

A cell develops an additional driver-gene
mutation that gives rise to a benign tumor

//

CDK2NA MAPK1

Invasive phase

A cell develops an additional driver-gene TP53 STK11
mutation in at least one of the indicated pathways, PIK3CA EBXW7
enabling it to invade surrounding tissues

Metastasis

The NEW ENGLAND
JOURNAL of MEDICINE




Cancer Evolution
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Synopsis 2

1.

O KapKivog gival hia JIKPO-£CEAIKTIKI d1adIKaOia JETAOXNUOATIOMOU
EVOC PUOIOAOYIKOU KUTTAPOU OE MIA KOIVOTNTA KUTTAPWY TTOU AUEAVEI
QVECEAEYKTA.

[ToAucTtadiakn diadikaaoia: Evapen, Trpoaywyn, eCENCN.

KaBe otadio trpokaAegital atrd yeTaAAayEg TTou TTpoadidouv OTO
KUTTOPO TTAEOVEKTAMATA ETTIRIWONG.

O1 yetaAAayég TrpokaAouvTal atrd QUOIKA AGBn Tou GUOTHUATOC
QAVTIYPAPNG-ETTIOIOPOWO NG (CUVETTIKOUPOUMEVWY HIKPO-
TTEPIBAAAOVTIKWV TTAPAYOVTWYV), 1] OTTO ECWYEVEIC TTEPIBAANOVTIKOUC
TTAPAYOVTEC.

MeTOAAQYEC ETTITPETTOUV O€ OPIOHEVA YOVIDIA VO OTTOKTOOUV VEEC I
augnuEVeC AeiToupyiec (oykoyovidia) eV UTTOPEI va KATAOTEIAOUV TIC
(PUOIOAOYIKEC AEITOUPYIEC AAAWY (OYKO-KATAOTAATIKG yovidia).

2Ta TEAIKQ OTADIA TNG OYKOYEVEONG, TA KUTTAPA XAVOUV TTAVTEAWG
TOUG PUBUIOTIKOUG INXAVIOMOUG EAEYXOU TNG AVTIYPAPAG Kal
emOIOPOWONC KAl ATTOKTOUV £CAIPETIKA A0TAOR yOVIOIWUATA
(YEVETIKN ETEPOYEVEIQ).



