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Malignant transformation

Normal cell Transformed (tumor)cell Metastatic tumor cell
Proliferation control »~Invasion control”

Death control

Oncosuppressor genes Metastasis-
Supressor genes

Oncogenic drivers
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Accumulation of mutations
during lifetime

: on burden in normal skin is similar w
- mutation burden in advanced cancer
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HERZ2 genetics in cancer

HER2 mutation amplification
= preast..DIC EC-delp95 +
= Gastric cancer +
= Qvarian cancer +
= Endometrian cancer +



EGFR2/HER2 signaling




HER2 In breast cancer

3+ CB11...immunhistochemistry




EGFR genetics in cancer

EGFR mutation amplification
= GBM vill/EC-del +
= AC-lung TKex19-21 +
= Head,neck EC-de +
= Colonic EC-de +
= melanoma EC-de +(NM)
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STAT1&3

Survival
adaptation




RAS and B-RAF mutations in
human cancer




« K-RAS mutation controls

75% of EGFR-pathway

STAT1&3
4

*B-RAF mutation
«1/4 EGFR-pathway 1

RAS-ihdependent

PTEN mutation
1/4 EGFR pathway PIK3R1

PIK3CA | ¢ ‘
*PI3K mutation (BFEN} v ¥ |
\A4 A PKC
mTOR MEK

\ A4
Erk




EGFR-RAS paradoxon

= wiEGFR--------==---- wtRAS (EGFR ampl)
CRC, NSCLC, HNSC

= wtEGFR--------- mutansRAS (EGFR amp)
CRC, NSCLC, pancreatic cancer

" mutanseGFR--------- wiRAS (EGFR ampl)
NSCLC

=" Mutant EGFR----mutant RAS...extreme rare
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B-RAF acivating mutations

(V600E)
= Cutan melanoma 70%
= Thyroid cancer (pap) 50%
= Qvariancc (low grade, serosus) 30%
= Colorectal cancer 5-10%

NO activating mutation

= Hepatocellular carcinoma
= (Gastric cancer

= Endometrial cancer



RAS- BRAF paradoxon

= K-RAS- B-RAF mutations exclude each
other

(NSCLC, CRC)

= N-RAS- B-RAF mutations exclude each
others (melanoma)



Other tyrosine kinases

KIT mutation amplification
= GIST jm, TK -
= honUV melanoma TK -
PDGFR
= GIST EC-del, TK -
= DFSP fusion gene (coll) -
ABL

= CML fusion gene (BCR) -



C-KIT mutations in GIST

= Exon 11 (juxtamembran): EC domain

deletion
EC

TK-domain Citoplasmic KIT-IHC

*Exon 9, 13,17 mutations are rare (9-EC, 13,17 TK)
‘Ex 17-mut: GLEEVEC RES

Classic morphology::ms
NO GENE-AMPLIFICATION (FISH nem szukseges)
Tabone et al BBA 1741:165,2005
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A PDGF receptor mutations in
GIST

Exon 12 (deeletion or missense) EC domain del
Exon 18 (del or missense) GLEEVEC-RES
Exon 14 point mutation EC domain

No parallel c-kit mutation
Morfphology: pleiomorphic, giant cell

Localisation: stomach (ex14/cod2125) epitheloid
PDGFR: citoplasmic (dot)

Lasota et al. Lab Invest 86:94,2006 Martin et al. JCO 23:6190,2005



Breakpoint Cluster Region (BCR)

Chr22-BCR (S/TK)
Chr9-ABL oncogene (TK)
t22-9: BCR-ABL (p210)

&\°C
mﬁ*

1- -

Chronic Myeloid Leukemia




Anaplastic Lymphoma Kinase
structure and role

Medscapee www.medscape.com

apoptosis |

g —I.%.
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165

TK domain

432
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Insulin-receptor family — tirosine kinase member
Ligand: Midkine/pleiotropin

Brain development, regulating nejuronal development
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ALK TK mutécié/ampl NBL
ALK ALK-NPH 2/5 ALCL
ALK ALK-ALO17 ALCL
ALK ALK-TFG ALCL St o
ALK ALK-SQSTM1 ALCL r:‘ﬁ’“ﬁrgﬁ : 9?5.?.“*{‘-
ALK ALK-MSN moesin ALCL ig%‘ﬁ’*&'?? 5‘?&?9\1‘0‘ ~5,' .
ALK ALK-MYH9 myosin ~ ALCL S 4 Reipt
ALK ALK-HMGIC IMFT
ALK ALK-RANBP2 IMFT
ALK ALK-CARC IMFT
ALK ALK-ATIC 2/2 inv ALCL, IMFT
ALK ALK-CLTC 2/17 ALCL, IMFT
clathrin
ALK ALK-SEC31A ALCL, IMFT
ALK ALK-TPM3 2/1 ALCL, IMFT, histioc
troponin
ALK ALK-TPM4 2/19 ALCL, MFT, 0eCC




ALK-translocations and lung

ALK
ALK

ALK
ALK
ALK

- ALK gene defect:

cancer

Mutacio/amp/LOH Y1604+ALK

EML4-ALK ALK+IHC
inv(2)(p21p23) Konst akt

EML4-ALK CRC,BRC
TGF-ALK  2/3tr ALK+, konst akt
KIF5B-ALK 2/10tr ALK+, konst akt

EGFRwt, KRASwt

ALK gene defect: adenocarcinoma (signet ring)

ALK gene defect:

non smokiing, young male



GDNF NRTN

GFRal GFRa2

RET kinase inhibitors
- Vandetanib

- Sunitinib

- Sorafenib

- XL184

P-catenin

Angiogenesis

Nucleus ‘ ~
Pax8/tf ‘




Molecular classification of thyroid

cancer

pathway Gene defect | histology

Membrane
receptor

MAPK
signaling

RET-TK medullary 100
mutation

RET-TK- papillary 15
fusion gene

RAS papillary 15
mutation-c61

B-RAF papillary 45

mutation



Next Generation Sequencing.
Precision medicine
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Myseq: 1000-USD genome



Carcinogenesis of colon cancer (Weinberg)

classic

mutator

MSH
- APC/ K- D 5
MDM?2 C/ K-ras/ DCC/ p53

—

Mutation GFR + classic rout
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Accumulation of cancer tissue

= [ abeling index (LI):
Ts/Tc (S-phase,cell cycle
time)
Ki67 (cycle marker), mitotic index (M phase)
= Growth fraction: proliferating/ P+steady)




Cell kinatic characteristics of
various cancers

Breast
cancer

Colon
cancer

Lung
cancer

NHL

AML

DT
(weeks)

14

90

11-21

S-phase
(hr)

21

17

20

12

18

Cycle LI (%)
(hr)

60 2

72 3

108 8

48 30

60 8

Mitotic rate
Ml/apoptosis rate



Growth dynamics of cancer

t death: 1 kg




Compressive growth Invasive growth




Tumor stroma (non-transformed, abnormal)

Connective tissue (fibroblasts)- Mallory trikrom festés
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Antigen-presenting
cell

Antitumor immune response

{ CD8+ killer T lymphocytes I I

Recognition of tumor antigen-MHC-I Tumor cell death
s T helper complexes on tumor cells
1(Tyl)
ubpopulation
T helper )
type 2 (TH2) 0\’
w“\é} CD4+ helper T lymphocytes

&

Humoral response

b

o, —>

—_—
ADCC (NK)

—_—
Opsonization (MQ)

' = Tumor antigen
1r = T-cell receptor
Y = Immunoglobulin

¥ - Tumoer antigen
. bound to MHC-I

—_—
/}9 Complement activation
B lymphocyte Plasma cell production

. ) Tumor cell death
Antibody recognition of antigens

on tumor cells




Antigen-
presenting cell




Tumor infiltrating (lymphoid)cells: TIL

T cells
B cells
macrophages

Dendritic cells PMN




Immunosuppression in cancer

: cxouz ‘
L — PDC

t VLA4/VLAS '

! GXCL12 gradient APC l

: gradien . Q

: e ° IL-10*CCRT7* Tpeg cells
' . o

: i o ®eo

: Tumour cells

' 00 . 0.. % CD4+ T cells

. %ede @

; : ———»00

» CCL22 gradient (_’ 1

E coze” |

CD4+* T cells
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Pediatric kidney cancer (hephroblastoma)




Cancer tissue

Nutrient diffusion

(max. 250 um)

" 02 diffusion

7
v
7
v
’




Hypoxic signhaling (cancer)

(- glucose

7

OH

HIF-1a = Prolyl
Hydroxylase

e

hsp90

Hypoxia
less 5% 02
— (DH-A

EP0 — Il ET-1

VEGF =— Asparagine
Hydroxylase

‘ ‘
NOS Il m” " p300

11 R HIF-1cx
o

ARNT
c~JUN




Oncogenic signaling and HIF activation

FGF
EGF
PDGF

protein

TyRAS-RAF-ERK Subiliy

nuclear
import
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__»ANGIOGENESIS . _

/ 4 L] S~

\
\

/ Cytoskeletal
Cell proliferation Cell Survival rearrangement
vasopremeability NOS Il Cell migration
A A
A

e -

7
7

A

Cca™ Paxillin

=

Gene expression
Cell proliferation
]

A




VEGFR2 receptor signaling in endothelial cells

VEGF-B VEGF-E VEGF-C
PIGF-1,2 VEGF VEGF-D
VEGFR1 VEGFR2 VEGFR3
(FIt-1) (FIk-1/KDR) (Flt-4)
Angiogenesis 951 951
Monocyte Migration = .- G
l Lymphangiogenesis

@5 -
™
Cell Migration l So—
Caspase9
IS

Cell Survival

Vascular Permeability Cell Proliferation




Breast cancer
(DIC)



Cancer vessels

Endothel----pericyta



Vascularization of cancer

= Neoangiogenesis

= Postnatal vasculogenesis

= Vessel incorporation (cooption)
= Glomeruloid ,angiogenesis”

= Vasculogenic mimicry



Vessel incorporation




Glomeruloid vessels in brain
micrometastases

Dome et al Neuropath Exp Neurol,2003



in Melanoma and

11

INUSES

Tumoral S

Breast Cancer

t al.POR,2000
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