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Cancer Genetik

Monogen sygdom Kompleks sygdom Somatisk mutation

BRCA1

CHK2

FGFR2
TNRC9
LSP1
MAP3K1



Transformation via enkelt mutation
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MRNA der koder for konstitutivt aktivt protein

Transformation via konsekutive mutationer
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Normalt Tidligt Carcinom Metastaser
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Model for Colorectal Carcinogenese (Fearon & Vogelstein)



Cancer diagnostik

Human Renal Epithelial Neoplasms

Histopatological examination
of tissue by conventional
staining or immuno-
histochemistry

only provides limited
information about the

causal defectin the cancer

Chromophobe Oncocytoma
5% 5%

Type Clear Cell

Cancer diagnostics should idealy -
seek to unravel the causal
defectsinthe cells



Cytogenetiske og molekylsere genetiske anomalier ved maligne solide tumorer hos bam.

Tumor Genetiske anomalier Detektion af minimal residual sygdom
Meuroblastom N-myc-amplifikation RT-PCR for tyrosine-hydroxylase
1p deletion (1p36.3, 1p 35-36,1) 2
17q +
Wilms" tumor Mutation af WT1, 11p13, 11p15, 16q "
Rhabdomyosarkom (alveolaer)  t(2:13) (q35.q14) " RT-PCR for PX3-FKHR fusionsprotein ved t (2;13)

t(1;,13) p3;q14) ¥
mutation af p5b3 (17p13.1)

Ewing’s sarkom t(11:22) (g24:.q12) " RT-PCR for EWS-FLI fusionsprotein ved t (11;22)
t(21;22) 1 RT-PCR for EWS-ERG fusionsprotein ved t (21;22)
Osteosarkom Mutation af p53 (17p13.1)
Mutation af RB-genet {13q14)
Retinoblastom Mutation af RB-genet (13q14)

1) Diagnostisk betydning
2) Diagnostisk og prognostisk betydning
3) RT-PCR:revers transkriptase polymerasekzsadereaktion

Rechnitzer & Nielsen
Ugeskr Laeger. 1999 Apr 12;161(15):2196-201.
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Classification Claudin

Sorting nexin 10




Prediction confusion matrix of primary cancers

Cholang Primary
e-160, cv error = Adrenal Bladder Cervix_ ie_carci Esopha Fallopia Melano Pancrea _Periton Small_| Stomac
0.0906 _Gland UT Breast Uteri  noma Colon gus n Tube Kidney Liver Lung ma  Normal Ovary S eal Prostate ntestine h Testis Thyroid Uterus
Adrenal_Gland 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Bladder_UT 0 36 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0
Breast 0 0 255, 2 0 4 0 1 5 2 2 0 0 3 1 0 0 0 0 0 2 4
Cervix_Uteri 0 2 0 15 0 2 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Cholangie_carcinoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Colon 0 2 4 1 0 270 2 0 0 0 1 0 0 1 2 0 2 2 4 1 3 0
Esophagus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fallopian_Tube 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Kidney 1 0 4 1 0 0 0 0 193 0 1 0 0 1 0 0 0 0 0 0 0 0
Liver 0 0 0 0 2 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0
Lung 0 1 1 0 0 1 0 0 0 0 93 0 0 1 0 0 0 0 0 0 1 0
Melanoma 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0
Normal 0 0 0 0 0 0 0 0 0 0 0 0 38 0 0 0 0 0 0 0 0 0
Ovary 0 0 2 0 0 1 0 2 1 1 2 0 0 94 0 6 0 0 0 0 1 8
Pancreas 0 0 0 0 0 0 0 0 0 0 1 0 0 0 16 0 0 1 2 0 0 0
Primary_Peritoneal_C
ancer 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 5 0 0 0 0 0 1
Prostate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0
Small_Intestine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Stomach 0 0 0 0 2 1 8 0 0 0 0 0 0 0 1 0 0 0 12 0 0 0
Testis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0
Thyroid 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 86 0
Uterus 0 1 1 1 0 0 0 0 0 0 2 1 0 4 0 0 0 0 0 0 0 110
Metast. Predict 0.88 =

Error: 46/211



Defining Breast Cancers With Treatment Options or Poor Survival

Gene Survival

Cyclin E1 4 Poor
Foxc1 4 Poor
FOXAT ¥ Poor

Lobular ngrc. : IMP3 4 Poor

Cyclin E1




Global expression profiling distinguish
thyroid adenoma from carcinoma

A 2 (8%)

1 (80%)
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RE-CP, 56
RB-CP, 74

e

205356_at, ubiqutin specic protease 13 (soneplidase T-3) /il ubiquitin specific protaase 13 (isopsatidase
21442_at, melanocortin 3 receptor i melanocortin 3 rece;

20«493 o, BH3 interacting domein deskn agoniat 17 BH3 nm:«ucﬁnn domain deeth egorist

208413 _at, UDP- beta 1 IDP- e

208912 s_at, 2" F-cyclic nucisotds > phnaphudr!m‘arll!

208389 s_st, glutaryl f alutaryl-Ce

203313_s_at, TGFB-Induced foctr (TALE family hnmaﬂbm) T F B et factor (TALE tamily homeobax)

218738_s_at, ring finger protein 138

203753_at, transcription factor 4 4f transcription factor &

222145_s_at, transcription factar 4

208838_at, ATPase, Na+/K+ transporting, beta 3 polypeptide /#/ ATPase, Na+Ks transporting, beta 3 paive.

201338 x_at, general transcription factor 1114

202675_s_st, pre-B-cell leukemia transcription factor 2

218051_s_at, nypothetical protein FLJ 12442

209825_s_at, uridine m Kinase 11 uridine

212058_at, U2-assaciated SR 140 protein

204958_at, polo-like kinase 3 (Drosophila) 1/ pol-like kinase 3 (Drosophila)

212180_s_at, peroxisoms biogenssis factor 26

203321_s_at, i

204912741, ritarieukin 10 receptor, aisha /i Interieukin 10 receptar, aigha

208D16_s_at, hemopoietic cell kinase [if hamopoletic cell kinase

212424_at, programmed cell death 11

204562 at, interferon regulatory factor 4

202716_at, protein tyrosine phosphatase, non-receptor type 141/ protein tyrosine phosphatase, non-recepto

202962_at, kinesin fam|ly member 130 7 kinesin family member

Kinase

203201_at, 2
200599 6_st, tumer rejection -mlggn (gpas) 1 41 tumor rejection antigen (gpgB) 1
208473_at, 1

207691 %_at, 1

208474_s_at,

2018735_s_at, ATP-binding cassette, sub-family E (OABP), vt

202115_s_at, DKFZPSB4C 186 protein

215366_at, apoptasis, caspase activation inhibitor #i/ apoptosis, caspase activation inhibitar

207641 _at, tumor necrosis factar raceptor supertamily, member 138 4f bumor RBCrosIs factar FeSERor SUPES ..
209681 at, solute carrier family 19 (thiamine transporter), member 2

204265_at, pim-2 oncogene /4 pim-2 oncogene.

205865_at, basic leucing Zipper transcrition factor, ATF-like /i hasic leucing Zioper transcription factor, ATF.
218512_at, WD repeat domain 12

210564 x_at, CASPE and FADD-

210563 _at, CASPE and FADD-like apoptosis regu
208535 _st, CASPE and FADD-like apoptosis regulator

212808 _at, nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 2 Interacting protein
201811 _x_at, SH3-gomain binding protein § (BT-associated)
201810_s_at, SH3-domain binding protein 5 (BTK-associated)
203988 _s_at, & (alpha (1,8) m
203760_s_at, Src-like-adaptor

2027835816 Mo dptar 1) UG NG Sl

212422 _at, programmed cell dea

201695 s_at, n
209374_s_at, immunogiosulin heavy constant mu
220937 _s_at, 7D ((: 1
218852 _x_st, immunogiobulin lambda joining 3

44790_5_at, chromosome 13 open reading frame 18

212345 _5_at, cAMP responsive slement binding protsin 3-like 2

213256_at, nypathetical protein MGCA8332

215113_6_at, SUMO1/sentrin/SM T3 epecific protease 3

53912_at, sarting nexin 11

214856_at, spectrin, beta, non-endhrocytic 1

201580_at, enloride intraceliular cannel 4 # chioride intraceliular channsl 4
202769_at, cyclin G2

203520_s_at, zinc finger protein 318

205486_at, tastis-specific kKinase 2 /7 tastis-speciic kinase 2

212846 _at, raft-linking pratein

212533 _at, WEE1 homolog (5. pombe)

222145 at, COMA FLJ23572 fis, clone LNG 12403

202880_s_at, pleckstrin homology, Sec? and colled-coll domains 1(cytonesin 1) # plackstrin nomology, Sec
210829_s_at, single-strancied DNA binding protein 2

213806_at, v-myb myeloblastasis viral oncogene hamalog (avian)-like 1

212456 _at, , EVH 1 domain

208853 s_at, MRNA; cDNA DKFZp686013119 (from clone DKFZeBS5013119)

203285_at, KIAAD355

2131747t tetratricopeptive repeat domain 9

204581_at, CD22 antigen

38521_at, CD22 antigen

201208_at, histone deacetylase 1 #/ histane deacetylase 1

203521_s_at, zinc finger protein 318 /4 zine finger protein 318

203072_at, myosin IE // myosin 1E

200944_5_at, nigh-mobility group nucleosame binding Gomain 1 /17 high-mobliity group nucleosome binding
200943_at, high-mability group nucleasame binding dom ain 1

218280_at, chromosome 21 open reading frame 107 4/ chromosame 21 open reading frame 107

201712 s_at, RAN binding protein 2

209307 _at, SWAP-70 protein

210365_at, SWAP-70 protein

220186_s_at, protocadherin LKC

208365_s_at, phosphoinositide-3-kinase, catalytic, gamma polypeptide

212590 at, related RAS viral (r-ras) oncogene homolog 2

at, related RAS viral (r-ras) oncogene homolag 2

221038 5 _at, and tactor 1

212314_al, KIAADT45 protein

212311 at, KIAAD746 protein

202693 c_at, ine kinase 17a is-in

21 2509.0f, tolotnid HAS s (ede) snosaiin rerion 2

200644 at, MARCKS-like protein 1/ MARCKS-like p

218840_s_at, pleckstrin homology domain :-unlamlnu‘ Tamily ¥ (witn FYvE domein) memosr 2
201260 s_st, synaptophysir-like protein 1 synaptophysin-ike protein

208370_at, phosphoinositide-3-kinase, catalylic, gamma it 3K
20B035_s_at, v-rel reticuloendotneliosis viral oncogene homalog (avian)

like apoptosis regulator

8 (alpha (1 6) fuco...

, catalytic..

DLBCL

Bjgrn et al.

EJH



& 2005 Nature Publishing Group

Oncogenic pathway signatures in human cancers as
a guide to targeted therapies
Andrea H. Bild"*, Guang Yao"®, Jeffrey T. Chang™”, Quanli Wang', Anil Potti™*, Dawn Chasse™”,

Mary-Beth Joshi®, David Harpole®, Johnathan M. Lancaster’, Andrew Berchuck®, John A. Olsen ™,
Jeffrey R. Marks®, Holly K. Dressman™”, Mike West® & Joseph R. Mevins™
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Phase 1 - Pilot study

Phase 2 - Retrospective analysis

O

R HBAS R

L = — Phase 3 - Prospective study

Phase 4 - Multiinstitutional study

Standard of care




Chronic myeloid leukemia is caused by expression BCR-ABL fusion protein

ABL-kinase

The activated ABL-kinase prevents cells from going into apoptosis.
The fusionsprotein is inhibited by Imanitib.



Tabel 1. Oversigt over nye sma farmaka og deres kliniske status. Tabellen er adapteret fra [9].

Stofnavn Handelsnavn Malmolekyle Klinisk status
FDA godkendt

PRASHDZOIO v s s s e salie svalis Sliale S Arimidex ER Godkendt til E
BEVACTIHMIAD o oty s »ws s G siem Avastin VEGF Godkendt til n
Cetuximab .. ... ... . . . . .. Erbitux EGFR Godkendt til h
Erlotinib . . ... ... . ... Tarceva EGFR Godkendt til fi
EXemestane . ... ... .. ... e Aromasin ER Godkendt til E
GENEID: S e e et S S e e Iressa EGFR Godkendt til fi
imatnily mesylate oo avaiaei aen con el Bl e Gleevec BCR-ABL Godkendt til k
SRR &octon b e s el St i St s Nexavar Raf, VEGF, KIT, FLT3 Godkendt til r
TATREREE oo m s s . S SR S Nolvadex ER Godkendt til E
IPASHFHIMAY o cnmams coimraimuie i —mn SR G FE Herceptin ERBBZ2 Godkendt til F
Klinsik afprovning

BINOT oo manm s R S ST J S Nilotinib BCR-ABL, KIT, PDGFR  Fase Il
Roscovitine . . ... i CDK (E2F) Fase |l
ABX-EGF . ... . Panitumumab EGFR Fase Il
GW-572016 . .. . . e Lapatinib EGFR, ERBB? Fase IlI
BMS-214662 (FTI) ...... ..., Ras Fase I/11
Tipifarnib (FTI) .. ... ... . ... ... ... Zarnastra Ras Fase I/l
EYEIONIINIEIS s e e o 5 vl o Rad001 mTOR Fase Il
TOMSIONIMES s s el e s et s shin Ma94 oo CCI-779 mTOR Fase Il
EVZORO02. o iis s s A s e e s PI3K Fase I/l

F S o s ma s st s i e s s ialie sl SR Ras Fase I/
BMIS-3BAB2E .. commemem swe s s G e Dasatinib Src, BCR-ABL, KIT Fase IlI
ID-64T4 e RET, VEGF Fase [I/111
SUTT248 . . e e e Sunitinib maleate VEGF, RET, FLT3 Fase IlI
PTK78BT7/zk . . . . . Vatalanib VEGFR1, VEGFR2 Fase IlI




DNA testing for Gefitinib sensitivity in
non small cell lung cancer

Kinase inhibitor Kinase inhibitor
insenstitive senstitive




Next generation - Deep - Sequencing

Next-generation sequencing transforms today's
biology

Stephan C Schuster

Technology, that allows parallel sequencing of
massive amounts of DNA.

Deep sequencing is used to sequence whole
genomes, transcriptome analysis and for
identification of rare mutants.

Offer high troughput - 90 Gb per run
Can sequence complex mixtures of DNA



Next Generation Sekventering for Cancerdiagnostics

Exome sekventering
kontroller

Tumor exome * Identifikation af Frasortering af Cancer
kodende varianter alm. varianter mutationer

sekventering

Genetisk variation

Database

TARGETED TREATMENT



Clinical Genomics

Clinical Phenotype

. Personal genomic inf. o o
Patient [ > Clinical decission
; Gene expression .

Biochemistry

[ Genomics  Structure Biological Function ]
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