


GARDEN OF EDEN or
GATE TO HELL
FOR THE SURGICAL
PATHOLOGIST ?



Breast cancer
Thyroid tumours
Lung cancer
Renal cell tumours
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* Hereditary
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e Sporadic




BRCA-1 5%
BRCA-2 2
P53 0.1%
PTEN/MMAC mutation 0.1 %



BRCA1 Condensed Mutation Database
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PCR amplification of 40 fragments

Check PCR on agarose

Mix PCR products to form
heteroduplexes

Analysis with DHPLC

Sequencing of abnormal fragments
f mutations




* Screening of 40 PCR fragments
* denaturing HPLC
* Deletion analysis

* Sequence analysis




* Expensive, time consuming

— INo mass screening for BRCA1-2 mutations

* Few percent positive

— Selection of families



Familial 7 hereditary

— cum risk 80y: 8-9% voor vrouw

In 5% genetic factor

— monogenetic problem: BRCA1-2, ...

10-15 % familial clustering
multifactorial problem
Remaining: sporadic



* Good selection of families
— >= 3 patients
— families with breast en ovary cancer
— families with male breast cancer (BRCA2)
— Breast cancer < 30j (single patient)

— minimallyl patient alive

* Preferentially two as frequent incidence of
sporadic cases






* 1X year preventive investigation for
prostate carcinoma: start 50 years.

— PSA dosage



Erb-b2 amplification
Myc-amplification
CCND 1 amplification
AlIB 1 amplification
P53 mutation

Rb-1 mutation

P16 methylation



* Hormone receptors

* Growth factor receptors (EGF-R)

e Erb-B2
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out of the adenoma.

scar formation




e Follicular adenoma

e Carcinoma




by Brian Zaikowski

www.bztoons.com |

Complete idiot

Incomplete idiot
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Thyroid

epithelial

cell

Twyrosine kKkinase gene
rearrangements:

(i) ret/DI10OSI1 70O (A0Oq)

Cii) NTIRKI,”TP,PMNZ ()

Activations
ot ras
eEenes,

TSH-R, Gaoe

Follicular

adenorma

INnactivation
OF tumor

SuUppressor
gene on
SBp or 1L1qg

Papillary
Ccarcinormaa

Additional
mmutations.,
e.g. erbB>2,

PG FRF~A,
5=

Follicular
CcCarcinorm S

Anaplastic
CcCarcinorma




Papillary carcinoma
Follicular carcinoma
Anaplastic carcinoma
Medullary carcinoma

70%
15%
10%
50/0



Thyroid neoplasm

Papillary

Follicular (adenoma/carcinoma)

Anaplastic

Medullary

Oncogene (chromosomal location)

Dominant

ret/PTC (10q11-q12)

NTRK1 (1g32-q41)

TSH-R (22q11—q13)
G.a (20q)

Ha-ras (11p15.5)
N-ras (1p13)

Ki-ras (12p12.1)

Ki-ras (12p12.1)
PDGFRA (4912)
erbB2 (17921-q22)
EGFR (7p13.22)

ret/MEN2A, MEN2B
MTC (10g11.2)
Ha-ras (11p15.5)
c-myc (8q24.12)
N-myc (2p24.1)

Recessive

FTC (3p)
11q

1p




Thyroid

epithelial

cell

Twyrosine kKkinase gene
rearrangements:
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 TSH-receptor
activating mutations 25-65%

* G-coupled receptor 30%
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% fActivating mutations in TSH receptor

L Ser 281 Thrfasnie lle 630 Leuw
" ke P S LR TR £ R S B R ket 453 Thr Phe 831 LeufiCys
i Be 46885 Pheimet Thr w3z le/fAls
:.i_.-J T T e e L T T S O s T e T T o= EE‘I" EU'E' J:u.grﬂa_rl ﬂgp Eaa G‘IWHEM‘E
3 Val 50% Ala et 37 Arg
e S68 Thr Pro B39 Ser
Val 587 Leu Asn B30 Ty
Ty B01 AR Wal 656 Phe
Oed 61 3-h21 Dl B38-651
WMPGOKDTE) (MSHI)
Asp 619 Gly Asn 670 Ser

Ala 623 llefvValSer Cys 672 Tyr
L2y G628 Phe Pro

630
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G Protein-linked
Receptor

larn Channels
FIZK
Phospholipases
Adenylylayclases
ﬂttll‘.'p-'!l:lr Kirases

GTP GTP GTP GTP
lan Channels Increass CAMP Increase DAG Activates
inhibition cAMP Py Rho

Phowpholipates



PTC gene
Fusion gene ret proto-oncogene/ D10S170

NTRK gene

Increased expression c-erb-B2, c-fos, c-
myc, ras
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b Thyroid C-cell carcinogenesis

X

X Germ-iine mutation ® Mutation in TK

near TM (e.g. 634)  (e.g. 918); germ-ine
in MEN lla mutafion in MEN lib,
somalic In
sporadic cancers

Tyrosine
phosphorylation

'

Dysregulated growth and
survival signals

l

C-cell hyperplasia (germ-line mutation);
miedullary carcinoma of the thyroid
{in both germ-line and somatic mutations)

€ Thyroid follicular-cell carcinogenesis

Irversion H4

- R

IFwversion | ELE] | I I RET-PTC3

-

ﬁmmm
absenca of igand

U
Tyrosine phosphorytation

i

Dysregulated growth and
sunvival signals

Papillary carcinoma
of the thyroid

Nature Reviews | Cancer



* Ras oncogenes activated

e Deletions chromosome 3p



No ret activation

Increased expression of ras, erb-b2, EGF-r

PDGF-r with autocrine loop PDGF

Growth factors: TGF-alpha, FGF



FisF-H

MUCIeus



—==
Ras-GTP
4
Raf — Raf.
o
«* PIP -Kinase4 «4— MEK , ¢— MEK,

Z -
& /_‘\ Phﬂﬂphﬂllpase E’r_.- MAF'H'“HEE;‘\_ MHLF-KI"ESE,

Akt-Kinase (Protein Kinase B)

/

IKK (I«B kinase complex )

®

o,

Anti-Apoptosis Proliferation

Transcription :




Nature Reviews | Molecular Cell Biology



; assoclated genetm abnormalities“ .

.Iahle 11&.3 The rnultipie endocrme neoplas:a (MEN) syndromes, thelr characteﬂStic“tumors and:_- e

e

Type Tumors

(chromosomal

location)

MEN1 (11913) Parathyroids

Pancreatic islets:

Gastrinoma
Insulinoma
Glucagonoma
VIPoma
PPoma

Pituitary (anterior):
Prolactinoma
Somatotrophinoma
Corticotrophinoma
Non-functioning

Associated tumors:
Adrenal cortical
Carcinoid
Lipoma
Angiofibromas
Collagenomas

MENZ2 (10 cen-10qg.11.2)
MENZ2a Medullary thyroid
carcinoma (MTC)
Pheochromocytoma

MTC-only Medullary thyroid
carcinoma (MTC)

MEN2b Medullary thyroid

carcinoma (MTC)

Pheochromocytoma

Parathyroid

Associated abnormalities:
Mucosal neuromas
Marfanoid habitus
Medullated corneal nerve

fibers

Megacolon

Gene: most frequently
(%) mutated codons®

MEN1:

83/84, 4 bp del (=10%)
209-211, 4 bp del (=10%)
514-5186, del or ins (=5%)

ret:
634, missense, e.g. Cys — Arg
(=85%)

ret:
618, missense (>50%)

ret:
918, Met — Thr (>95%)

Autosomal dominant inheritance of the MEN syndromes has been established.

@ Reproduced with permission from Thakker.?
b del, deletion; ins, insertion.
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Nature Reviews | Cancer



Thyroid

epithelial

cell

Twyrosine kKkinase gene
rearrangements:

(i) ret/DI10OSI1 70O (A0Oq)

Cii) NTIRKI,”TP,PMNZ ()

Activations
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 Non-small cell types

* Small cell types




Table 19.1 Frequency of ceil types of lung
cancer‘

Non-small cell carcinomas:
Adenocarcinoma

Squamous cell carcinoma
Large cell carcinoma

Small cell carcinoma




 Myc oncogene amplification

* X4 after chemotherapy



P53: diagnosis, prognosis and gene therapy
K-ras mutations
Bcl-2 : good prognosis — poor prognosis ?

EGF-receptor:
chemotherapy respons: resistance to
doxorubicin



 Table 19.4 Prnpnsed mnlecular markers of
e punr prognosrs in !ung cancer .

p53

Rb

K-Ras/p21
Myc

c-ErbB-2

ple

Cyclin D

Cyclin E
Bcl-2/Bax
FUC-T IV and VII




Study

Cagle et al™
Kafiri et al”®
Mayall et al™
Ramael et al”

Metastatic
adenocarcinoma

11/20

Number positive /total

Mesothelioma

19/40
14/20
21/47

9/36

Reactive
atypia

0/13
0/20
0/20
0/20
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7/ 100. 000 inhabitants

Peak incidence decade 6

40% metastasized at diagnosis

Genetic dd system described



Non-papillary type

Papillary type

Chromophobe type

Renal oncocytoma

30%

10%



Senescence

Apoptosis

Nature Reviews | Cancer


















Wilms’

Papillary
adenoma

+3q, +8p, +12q,h

+16q, +20q

Papillary
carcinoma

tumor
~44p, <160
Nephrogenic Persistence
rests =Y, +7, +17
A
Blastemal Genetic - .
cells noise BaRsian
“3p
y Mutation of the
Normal VHL/RCC gene
nephron Turnover, regeneration

Nonpapillary | —6q, —8p,
carcinoma

~9p, —14q

Progression




3 p deletion : suppressor gene 97%

VHL gene at 3p25(tumour suppressor gene)

Development renal cysts, non-papillary RCC,
hemangioblastoma and pheochromocytoma

Other suppressor genes at 3p !!



a VHL gene

MNucleotide
number: 1 676 BT 4400
P
—f—rﬁ_— —- —_ Ay e
5'UTR / : " 3UTR
h 1||||'HL pm‘all‘l ;r.l 1.L 'I: E ‘rl" ‘l.l.'.
Met Met u
Codon number: 1 14 54 63 114 155 193 204 213
(GXEEX)q 2 0 I

I

€ Functional regions of VHL protein

Elongin C binding

Muclear export

Tumour suppression

von Hippel-Lindau ( VHL) gene and protein structure and function
Expert Reviews in Molecular Medicine ©2001 Cambridge University Press



VHL Gene e%

Mutation e Cennc ) | VHL Complex
Disrupted

VHL Protein B-dormein 4[ Mutart ]

c-domain

HIF1-oo HIFZ2-ox [ [T 1
Accumulation

- Autocrine
Growth
Stimulation

Angiogenesis Glucose
Transport






* Trisomies 7,17, 3q, 8p, 12q, 16q, 20 q

 Missense mutation in MET gene
(cytoplasmic domain tyrosine Kinase)
leading to overexpression of protein



?

14 Y -

15Y -

© jpherveg
R-chain




* Monosomy at random

. LOH of 1p, 2, 6, 10, 13, 17, 21

 Rearrangement of mitochondrial DNA



Heterogenous genetics

Largest group: normal

Subgroup: LOH 1 and 14, tr 11q13

Genes for mitochondrial enzymes: oxidative
phosphorylation






Type of
tumor’

DRCA

DRCC
NpRCC
ChROC
RO
C0C

Genetic alterations (%)

TATHT 13148 +12 +16 420 -3 +5q -6 -8 -9 -14

17100 100

B8 8§

% 1

)

B =5 ow

- B 8 %
i e e

33
25

33
18

===

— 100 % 88

t140137) / =Y, -1, ~14 / nomnal karyotype

A

?

i

88

%

16

88

*DRCA, papillary renal oell adenoma: pRCC, papillary renal cell carc
RO, enal oncocytoma; COC, colleting duct carcinom,

Inoma; npRCC, nonpaplary renal cel carcinoma; chRCC, chromophobe renal cel carcinoma;




* Papillary RCC: trisomy 7 and 17

* Non-papillary RCC: LOH 3, 6,8,9,14

* Renal oncocytoma: absence or LOH 1
and 14
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