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 Ancient Greeks,Hippocrates (460-370 BC), the
first to recognize cancer and gave cancer its
name, from the Greek term "carcinos” or
"karkinos"

The bones of a dinosaur that may have had

cancer have been found from 150 million yrs ago

1932, Louis Leakey discovered a mandible in
Kenya of Australopithecus or Homo erectus that
George Stathopolous believes was a malignant
tumor and may have been Burkitt's lymphoma, a
common cancer of the jaw in contemporary east
Africa.




Lung and bronchus: 135,720 {22%}

Colon and rectum: 53 200 {9%}
Pam eas: 47,050 (8%) .
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DEFINATION

Diseases in which abnormal cells divide without control
and can invade nearby tissues. Cancer cells can also

spread to other parts of the body through the blood and

lymph systems.
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Oncogenes — mutated forms of normal cellular genes generally
involved in promoting cell proliferation. These mutations result in

dominant gain of function (Activation).

Tumor Suppressor genes — genes whose normal function in regulating
proliferation is to stop it. Mutation results in recessive loss of function

(Inactivation).



Hypothesis: Mutation in one gene associated with each step

In progression.

Carcinogenesis is the accumulation of multiple genetic

alterations that drive a normal cell to malignancy.



STEPS LEADING TO COLON CANCER

1) Loss of APC ( a tumor suppressor gene)
- leads to a small growth called a polyp

2) Gain-of-function mutation in Ras (oncogene)
- leads to a benign, class || adenoma

3) Loss-of-function P53;loss of function DCC

( tumor suppressor genes: DDC involved in cell-cell contacts;
P53 is involved in a DNA checkpoint for DNA damage).

- Results in a “late” adenoma.

!

Other changes lead to metastasis (spreading) of
cancer cells to other tissues
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Multistep carcinogenesis

Stages in the evolution of colon cancer

Chromosome 5qg gene loss or mutation
Normal
colon cell

Increased
cell growth

‘ Adenoma
[
Chromosome 18 loss or mutation

w Adenoma DCC tumor suppressor gene
Il

Ras gene mutation

“w < Adenoma >
I
\_//-\
Chromosome 17 loss or mutation ‘ ‘ Carcinoma )

P53 tumor suppressor gene \/

Other chromosome losses ‘



Cancer Is a multistep process

(G) Colon cancer Loss of p53 gene
Oncogenic mutation (chromosome 17)
Loss of apc gene of a ras gene Loss of a gene (possibly

(chromosome 12) dcc) on chromosome 18
8 2 Y B g . f «,S\v
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Normal colonic mucosa Benign Benign

Malignant invasive
(early) adenoma (late) adenoma carcinoma
(b) Astrocytoma Multiplication of gene for

epidermal growth factor
receptor (chromosome 7)
Loss of a cluster of genes Loss of one copy of
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Normal tissue Low-grade tumor Higher-grade tumor

chromosome 10
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Most aggressive form
of tumor




BASIC BIOLOGIC FEATURES OF
NEOPLASMS

Abnormal
Differentiation Proliferation InvaS|on

Oncogenic Lesion
RAS, MIYC, E2ZF Aciivation)

Apoptosis Senescence




ACQUIRED CAPABILITIES OF A CANCER CELL

Cancer Self sufficiency in growth signals
Insensitivity to antigrowth signals
Tissue invasion & metastasis

o . . . Self-sufficiency in
Unlimited replicative potential ~growth signals

Sustained Angiogenesis

Sustained Ir]sensitivit_y to

antigrowth signals

Evading Apoptosis

Evading host immune response

Tissue invasion

and metastasis apoptosis

Limitless replicative
potential




TUMOR SUPPRESSOR GENES
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Growth factor

Farnesyl

arowth factor receptor membrane anchor

Bridging  Activates

protein Inactivation by

hydrolysis of GTP

Phosphate )

BLOCKED IN

MUTANT RAS Activation of

MAP kinase pathway

Activation of transcription

Cell cycle progression <«——— myc protein

1

n of ras genes. When a normal cell 1s stimulated through a growth factor receptor, nactive (GDP-bound) ras 1s activated 1© a GTP-bhound
L ros teerans raf-l and stmulates the MAP-Kinase palivay 10 ransmit growihi-promoting signals 10 e nuciens. The mutant ras protein is
2 Dacanse of mabily 1o hydrolyze GTP, leading 10 continuons shmulation of cells without any extermal rigeer. The anchoring of ras
o7 the farnesyl moiety is essential for its action.



(a) Growth factors, hormones

{b) Receptors (oncoganas)
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THE HER RECEPTORS FAMILY

HER?2 HERI/EGFR

Subdomain |

Subdomain |l
. (dimerisation domaln)

3‘9 Subdomain I ("‘.
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Receptors are able to homo - and heterodimerise

EGFR, epidermal growth factor receptor; HER, human epidermal growth factor

Yarden Y & Sliwkowski MX. Nat Rev Mol Cell Biol 2001; 2:127-137.
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HER2 DIMERIZATION:
DOWNSTREAM SIGNALLING

HERI, 3, 4

~

Ligafid-activated
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|. Baselga ] & Swain SM. Nat Rev Cancer 2009; 9:463—475; Yarden Y & Sliwkowski MX. Nat Rev Mol Cell Biol 2001; 2:127-137;
2. Tzahar E, et al. Mol Cell Biol 1996; 16:5276-5287.
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| HER2-CONTAINING DIMERS: INDUCE POTENT

MITOGENIC SIGNALLING RESULTING IN CELL
SURVIVAL AND PROLIFERATION

Homodimers Heterodimers

HERI:HERI HER2:HER2 HER3:HER3 HER4:HER4 HERI:HER2 HERI:HER3 HERI:HER4 HER2:HER3 HER2:HER4 HER3:HER4
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Signalling activity

Most common and most potent
oncogenic dimer in
HER2-positive breast cancer

Tzahar E, et al. Mol Cell Biol 1996; 16:5276-5287; Citri A, et al. Exp Cell Res 2003; 284:54-65.



HER2:HER3 DIMERIZATION: INITIATES MULTIPLE
SIGNALING PATHWAYS, INCLUDING INCREASED TUMOR
CELL PROLIFERATION

Receptor dimerisation
leads to the activation of HER3
the PI3K/Akt and

Ras/MEK/MAPK pathways,

resulting in the expression Y Q

of genes that support - . . o
proliferation, survival and . Ligaﬁa\k&?ed

migration, and that N HER?2 he dimer

antagonise apoptosis
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I. Yarden Y & Sliwkowski MX. Nat Rev Mol Cell Biol 2001; 2:127-137;
2. Baselga ] & Swain SM. Nat Rev Cancer 2009; 9:463—475.




HER2 OVEREXPRESSION IS A NEGATIVE
PROGNOSTIC FACTOR IN BREAST CANCER

HER2-positive tumours and high serum HER2 levels correlate with
aggressive breast tumour behaviour!

Disease recurrence
Metastasis

Shortened survival

Rapid tumour development
High nuclear grade

Ductal versus lobular status

HER2 overexpression/HERZ2 gene amplification occurs in around
18-20% of breast cancers?

1. Ross JS, et al. Oncologist 2003; 8:307-325;
2. Wolff AC, et al. Arch Pathol Lab Med 2007; 131:18-43.



PERTUZUMAB: THE FIRST IN A NEW CLASS OF
HER2 DIMERIZATION INHIBITORS

Key HER signalling pathways that mediate cancer cell proliferation & survival are inhibited by
pertuzumab blockade of HER2 dimerisation'—

In addition, Pertuzumab can activate antibody-dependent cellular cytotoxicity?

Pertuzumab
HERI, 3, 4 HER2
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|. Agus DB, et al. Cancer Cell 2002; 2:127—137; 2. Hughes B, et al. Mol Cancer Ther 2009; 8:1885—1892;
3. Baselga J. Cancer Cell 2002; 2:93-95; 4. Franklin MC, et al. Cancer Cell 2004; 5:317-328;
5. Scheuer W, et al. Cancer Res 2009; 69:9330-9336.
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PERTUZUMAB & TRASTUZUMARB: BIND TO DIFFERENT
DOMAINS ON HER2 AND HAVE COMPLEMENTARY
MECHANISMS OF ACTION

Pertuzumab
HERI, 3, 4 HER2 Trastuzumab

I
. A >
.

-‘%

o Aty --va.qd}f" e ”b\?ﬁ‘ "‘;rr ‘A‘"“fk " ""'*»f" Gn?t*" 6‘3} M»-

e T 1. ‘;‘;’r_ :. ft é‘)*‘?i 6 ; Qﬂ:‘— 3 ‘5&5‘&' s ¥ &4"\ # ‘ ‘g2 '&x‘y‘%’é‘g éﬁi’ *I,D 4‘.‘\"&_
p ' ‘\,
# L

Pertuzumab binds to subdomain II and inhibits ligand-dependent signalling?
Trastuzumab binds to subdomain IV and inhibits ligand-independent intracellular signalling?

The pertuzumab-trastuzumab combination offers a more comprehensive HER2
blockade34 (The same MOA principles apply to pertuzumab-T-DM1 combination?®)

;2. Junttila TT, et al. Cancer Cell 2009; 15:429-440;
3. Nahta R, et al. Cancer Res 2004; 64:2343-2346; 4. Scheuer W, et al. Cancer Res 2009; 69:9330-9336;
5. Fields C, et al. AACR 2010. Abstract 5607.



(a) Growth factors, hormones

{b) Receptors (oncoganas)
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APC CHR5

Chapler 8 NEOPLASIA

Growth factors (PDGF, FGF) Receptor for growth Adhesion molecules
inhibitor factors (TGF-8) (cadherins)

Growth factor receptor
(EGF receptor)

w R
RERABINT
JEREARINT

Inhibitor of signal
transducer

Signal transducer (ras)

Cell cycle inhibitor

Cell cycle regulators {Rb)
(cyclin D, CDK4) Cell cycle regulators

(CDK inhibitor p16)

Apoptosis inhibitor
{bek2)

Cell cycle and apoptosis

regulator (p53
Transcription egulnip (po0)

factor
(myc)

DNA repair
(BRCA-1, BRCA-2)



APC CHRS5

AeylS Aye0

sue ae U5 laty S eedbgrnadl § APC I cnig s as g :danall D) 3
(B-catenin) Jis 29l S5l el

Negative regulator of B- catenin signaling

SIS Gy Bleall J) U5 o B-catenindl jy s Ll die L



Educational book 2009, P145

Wnt/B-Catenin Signaling
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Saifo et al. Molecular Cancer 2010, 9310
http://www.molecular-cancer.com/content/9/1/310

N
|RESEARCH Open Access

Targeting the oncogenic protein beta-catenin to
enhance chemotherapy outcome against solid
;human cancers

"'Maher S Saifo'”. Donald R Rempinski Jr', Youcef M Rustum’, Rami G Azrak'



RB(P105)
CHRI3Ql4

pRDb ,the product of the Rb gene, is a nuclear phosphoprotein that
plays a key role in cell cycle
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Enzymes for DNA
synthesis
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CDK inhibi'tprs
p21 P27 p57

B 1 !




Cell-cycle dependent phosphorylation of Rb

Phosphorylation of Rb Hyperphosphorylated Rb

allows cells to transit D D
the restriction point
and enter S phase p

P
Restriction point
&)
P

»
GO\, —
Quiescent cells

P
Hypophosphorylated Rb ‘
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The role of p53in the cell cycle

apoptosis (cell death

DNA synthesis

UV irradiation leads
—  m—

to cell cycle arrest

G0 =—

Quiescent cells

Growth and
preparation for
cell division

o
Mitosis



Enzymes for DNA
synthesis




P53 activates p21. p21 inhibits cyclin/cdk2 activity

Gyoim Enzymes for DNA
Cdk2 synthesis
G1 phase ‘

— S phase

p53 mutant in > 50% of cancers.
Blocks cell cycle progression and initiates cell death!
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lonizing radiation
Carcinogens

/ Mutagens \

Normal cell Cell with
(P53 normal) mutations or
loss of p53

Hypoxia DNA damage DNA damage
p53 activated and p53-dependent genes

binds to DNA not activated
e ) gk No DNA

Transcriptional up-regulation cycie repair
of target genes arrest
Mutant cells
pet SenpDAn Expansion and
(CDK inhibitor) (DNA repair) tlditional

G1 arrest

‘L | b mutations
|

{(apoptosis gene)

Successful repair Repair fails

T R

Normal cells Apoptosis Malignant tumor



AGING AND SENESCENCE

Cells dividing in cell culture divided about 50 times before
dying. As cells approach this limit, they show more signs

of old age.
Senescence: the limited capacity of cells to divide.

Cells no longer divide because of DNA damage or

shortened telomeres.



. Telomeres are protective

Telomeres and aging “caps” on chromosome
ends consisting of short
5-8 bp tandemly repeated

Metaphase chromosome GC-rich DNA sequences,
that prevent chromosomes

O i © from fusing and causing

karyotypic rearrangements.
t t t

telomere centromer telomere
e
telomere structure
(TTAC :‘GG)mamy

young
(TTAGGG),,,,

senescent

« telomerase (an enzyme) is required to maintain telomere lenqgth in
germline cells

e most differentiated somatic cells have decreased levels of telomerase
and therefore their chromosomes shorten with each cell division



IMMORTALIZATION

Cancer cells avoid (abnormal escape) senescence or apoptosis .

A cell or organism that does not experience, or at some future point

will cease aging, is biologically immortal.

The ability to grow through an indefinite number of divisions and

proliferation (or unlimited lifetime).

Biological immortality can be defined as the absence of a sustained

Increase in rate of mortality as a function of chronological age.
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VEGF-A thrombospondin-1,-2
VEGF-B, -C interferon a/B
FGF1 (aFGF) angiostatin ANGIOGENIC
FGF2 (bFGF) endostatin SWITCH
other FGFs collagen IV fragments

etc. etc.
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ANGIOGENESIS AND CANCER

Angiogenesis - formation of new blood vessels from existing ones

Vascular system critical to tissue maintenance - delivery of oxygen,
nutrients, and removal of toxic metabolic products

**Vascular supply thought to be a limiting feature in a tumor’s ability to
grow, and is also necessary for delivery of anti-tumor therapeutics**

Tumors can remain dormant for years, exhibiting balance of proliferation
and apoptosis. As additional genetic changes accumulate, they can tip
the balance of locally acting angiogenic signals to promote new vessel
formation - called the “angiogenic switch”.




 Understanding Apoptosis

Apoptosis, or programmed cell death, is a mechanism by which the cell
deliberately self-destructs. In order to understand the nature of this

mechanism, it is imperative to recognize the difference between
apoptosis and necrosis.

Apoptosis Necrosis

Morphological Features

*Membrane blebbing

*Cell shrinkage

*Formation of apoptotic bodies
*No disintigration of organelles

‘Loss of Membrane Integrity
*Swelling and lysis of cell
‘No vesicle formation
*Disintigration of organelles

Biochemical Features
*Non-random digestion of DNA *Random Digestion of DNA
Physiological Significance

‘Individual cell death *‘Death of cell groups
‘Evoked by non-physiological

disturbances



What is Apoptosis?

Chromotin and nuclear condensation

Cell shrinkage and plasma membrane change but without loss of its integrity -

causing no inflammatory responses

Caspase activation and DNA fragmentation



' | mitochondrial changes membyane breakdown ]
‘ &7 ci/"j
'-()§v ‘//\9 c\ ‘
T4 3
] \
“ \\ ¢ \

WOl

chromatin pattern conserved i 3
normal reversible swelling : irreversible swelling disintegration
Apoptosis
mitochondrial structure preserved Intact membranes

ORY

’6\

\
\ A
Y ‘
¢
v/

4 J/t"@
0 & | ’/\;‘!;J
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normal condensation (cell blebbing) fragmentation secondary necrosis




Death condition

Mode

Cell Volume

Cell density

Ca++ cytoplasmic concentration
Plasmic membrane lysis

DNA Hydrolysis

rapidity

Cell organisms

Inflammatory reaction

cicatrisation

accidental
Passive
increased
decreased
decreased
First step
Last step
rapid
lysis
yes

yes

programmed
Active
decreased
increased
increased
Last step
First step
Slow (3 h)
compact
No
No
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P53 Chrl7

RB Chrl3
BRCAIChrl7
BRCA2 Chrl3
APC Chr5

BAX Apoptosis gene
DCC Chrl8

NFI Chrl7

MSH2 Chr2

WTI Chrl |
PTEN . (E-CADHERIN) CDHI - (P16 ) CDKN2



Tumor suppressor genes

Disorders in which gene is affected

Gene (locus) Function Familial Sporadic
DCC (180) cell surface unknown colorectal
interactions cancer
WT1 (11p) transcription Wilm’s tumor lung cancer
Rb1 (13q) transcription retinoblastoma small-cell lung
carcinoma
P53 (17p) transcription Li-Fraumeni breast, colon,

syndrome & lung cancer



TUMOR SUPPRESSION
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If the gene defect occurs on the TS gene itself, it is
"turned off and the negative regulatory mechanismtails
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lonizing radiation
Carcinogens

/ Mutagens \

Normal cell Cell with
(P53 normal) mutations or
loss of p53

Hypoxia DNA damage DNA damage
p53 activated and p53-dependent genes

binds to DNA not activated
e ) gk No DNA

Transcriptional up-regulation cycie repair
of target genes arrest
Mutant cells
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‘L | b mutations
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Successful repair Repair fails
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BRCAI
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BRCA2
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ONCOGENES
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SIGNAL TRANSDUCTION

=PROTEIN TYROSINE KINASES
=GTP BINDING PROTEINS




HOW DO RECEPTOR TYROSINE KINASES (RTKS)
TRANSDUCE SIGNALS FROM THE EXTRACELLULAR
SPACE INTO THE CYTOPLASM OF CELLS?

growth factor
molecules
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Growth factor
Farnesyl

arowth factor receptor membrane anchor

Bridging  Activates

protein Inactivation by

hydrolysis of GTP

Phosphate )

BLOCKED IN

MUTANT RAS Activation of

MAP kinase pathway

Activation of transcription

Cell cycle progression «——— myc protein

1]

n of ras genes. When a normal cell 1s stimulated through a growth factor recepior, nactive (GDP-bound) ras 1s activaied 1© a GTP-bound
L o7as o raf-l and stmulates the MAP-Kinase paiivay 10 Iransmit growin-promoting signals 1o the muciens. The mutant ras protein s
2 becanse of mabilyy 1o hydrolyze GTP, leading 1o continuons shmulation of cells without any external rigeer. The anchoring of ras
o7 the farnesyl moiety is essential for its action.



RAS CHRI2
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Nuclear transcription factors
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Cell proliferation




CRC: ADENOMA-CARCINOMA
SEQUENCE

Normal Hyperproliferative
colon epithelium ot SO -

f f f f f f :

APC Methylation APC KRAS 18q p53 Further
hMSH?2 abnormalities hMSH2 mutation | deletion deletion accumulation
hMLH1 hMLH1 of genetic

abnormalities Inactivation abnormalities
(hereditary)

32% to 57%

KRAS mutant




K-RAS STATUS AND RESPONSE TO FIRST-LINE FOLFOX CHEMOTHERAPY IN PATIENTS
WITH METASTATIC COLORECTAL CANCER

ROSWELL

JOURNAL OF GASTROINTESTINAL ON 91 COLOGY, VOL 1, NO 2, DECEMBER 2010
SHARMA N., SAIFO M., TAMASKAR I., BHUVANESWARI R., MASHTARE T., MARWAN F.
ROSWELL PARK CANCER INSTITUTE, BUFFALO, NY

@J Conclusions

In this single institute study, we do
Plasma Membrane not confirm any advantages to KRAS
90000000 g
MT in terms of responses to
FOLFOX-based chemotherapy.
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>
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Our findings do not support any
predictive role for KRAS-MT in terms
of response to FOLFOX first-line
chemotherapy, or in terms of sites of
metastatic  disease at mCRC
presentation.

Nuclear Membrane

FIGURE Epidermal
growth factor
receptor signal Gene transcription

transduction pathway
Cell proliferation and differentiation



HER-2(C-ERBB2 EGFR)
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Figure 1. Epide-
rmg:I growt]iip fac-
tor receptor and
ERBB proteins
and their down-

- stream pathways.




1980's

Discovery of
erbB2as an
oncogenic
driver of
breastcancer

Timeline of HER2 Therapy for HER2+ MBC
4 e e

1998 2006 2007 2008 2012 2013

T Pertuzumab '
5 Lapatinib approval for 1 Pertuzumab
5 approved for 2% 1| ineR%of MBC Approval for
. line Rx .of MBC with paclitaxel neoadjuvant
Trastuzumab with and BC
15t line Rx of capecitabine frastuzumab
HER2+MBC |
with paclitaxel | Ado
monotherapy Trastuzumab g{:tzt#;‘;‘]':??
approved for i
Trastuzumab ad‘j?Evant Rxof ) apRiova
it~ for 27 line Rx
approved for high risk node- MBC
adjuvantRx BC :
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woron ASCE) M3

Presented By Shanu Modi at 2015 ASCO Annual Meeting




C-MYC
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C-MYC
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c-myc IgG enhancer IgG

c-myc is activated by
the IgG enhancer Iin
lymphocytes

c-myc Is translocated to the IgG locus, which

results in its activated expression



Fig. 23-19: Chromosomal translocation in Burkitt’s lymphoma.

e P

-
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/ “H / ~H
C-myc ANV vy ¥ We-myc
8 14 8 q 14 q*

Burkitt's lymphoma

Translocation of the c-myc gene to a locus controlling transcription of an
immunoglobulin gene leads to the overproduction of the Myc
transcription factor in lymphocytes and the development of a lymphoma.



CDKS
CYCLIN AND CYCLIN DEPENDING KINASE

Schematic of cyclin/CDK phosphorylation

Q

Cyclin- Target
CDK protein
bmdmg blndlng

Phosphorylation
e e of target protein

How does this control the cell cycle?




CDKS
CYCLIN AND CYCLIN DEPENDING KINASE
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Cdc2—-cyclin B

Cdﬁz_g&!ﬁ;\ Cell (_:vcl.e o
M- Mitosis, cell division

process

" | G1l-period between end of
Cike—oeinp | mitosis and start of DNA
replication
/ S-period of DNA synthesis

Cdk2—cyclin A

\\‘ | G2-period after DNA synthesis
_\ e, Bl that proceeds M.

Cyclins and cyclin-dependent protein kinases (CDK) drive the
cell cycle.

There are specific cyclins for each stage of the cell cycle.
Kinases are proteins that add phosphate groups to target
substrates.



 Why do only certain patients with a type of cancer respond

to chemotherapy or other treatments?

« Certain cancers that look similar according to pathologists

may be very different at a molecular-genetic level.

 This makes sense in light of our understanding that no

single gene causes cancer.



PERSONALIZED TREATMENT, TARGETED
THERAPY AND PHARMACOGENETICS

The era of personalized medicine is here

Personalized medicine is the application of the right
treatment for the right patient, at the right dose, and at
the right time and is therefore a model of the way
medicine will evolve through the use of specific
treatments and therapies best suited to an individual

genotype.




PHARMACOGENETICS

Discipline in which DNA analysis is used to predict or
explain the pharmacokinetic behavior of drugs. Used to
indicate the analysis of a limited number of selected

genes, known to be involved in drug metabolism.
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GENOTYPE VS. PHENOTYPE




Our vision is clear

and simple: to be the best...
until cancer is conquered.
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