
MOLECULAR PATHOLOGY 
OF SOLID TUMOURS

An introduction



GARDEN OF EDEN  or
GATE TO HELL 

FOR THE SURGICAL 
PATHOLOGIST ?



• Breast cancer
• Thyroid tumours
• Lung cancer
• Renal cell tumours





Breast Cancer

• Hereditary

• Sporadic



Hereditary

• BRCA-1 5%
• BRCA-2 3%
• P53 0.1%
• PTEN/MMAC mutation 0.1 %





PCR amplification of 40 fragments
Check PCR on agarose

Mix PCR products to form
heteroduplexes

Analysis with DHPLC

Sequencing of abnormal fragments
for identification of mutations

Strategy for « large genes »



BRCA1-2 mutation analysis
• Screening of 40 PCR fragments
• denaturing HPLC
• Deletion analysis
• Sequence analysis



BRCA1-2 mutation analysis

• Expensive, time consuming

– No mass screening for BRCA1-2 mutations
• Few percent positive

– Selection of families



Familial breast carcinoma

• Familial =  hereditary
– cum risk  80y: 8-9% voor vrouw

• In 5%  genetic factor
– monogenetic problem: BRCA1-2, ...

• 10-15 % familial clustering 
• multifactorial problem
• Remaining: sporadic



Indications for mutation
analysis

• Good selection of families
– >= 3 patients
– families with breast en ovary cancer
– families with male breast cancer (BRCA2)
– Breast cancer < 30j (single patient)
– minimally1 patient alive
• Preferentially two as frequent incidence of 

sporadic cases



Cumulative 
Incidence

BRCA1 BRCA2 Population Risk

Breastcarc 50y                            
70y 

0.49
0.71

0.28
0.84

0.012
0.052

Bilateraal BC      70y 0.64 0.52 -

Ovariumcarc.      50y
70y

0.11
0.29

0.03
0.27

0.002
0.009

Man BC               70y - 0.06 -

Risk breast and ovary cancer



Preventive strategy for males 
with BRCA1-2 mutation

• 1X year preventive investigation for 
prostate carcinoma: start 50 years.
– PSA dosage



Acquired

• Erb-b2 amplification
• Myc-amplification
• CCND 1 amplification
• AIB 1 amplification
• P53 mutation
• Rb-1 mutation
• P16 methylation



Prognosis-Therapy

• Hormone receptors

• Growth factor receptors (EGF-R)

• Erb-B2





THYROID TUMOURS

• Follicular adenoma

• Carcinoma











Thyroid cancer

• Papillary carcinoma 70%
• Follicular carcinoma 15%
• Anaplastic carcinoma 10%
• Medullary carcinoma 5%







“HOT NODULE”

• TSH-receptor
activating mutations 25-65%

• G-coupled receptor 30%







Papillary carcinoma

• PTC gene
• Fusion gene ret proto-oncogene/ D10S170

• NTRK gene

• Increased expression c-erb-B2, c-fos, c-
myc, ras 





Follicular carcinoma

• Ras oncogenes activated

• Deletions chromosome 3p



Anaplastic carcinoma

• No ret activation

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

• PDGF-r with autocrine loop PDGF

• Growth factors: TGF-alpha, FGF











Medullary carcinoma

• Ret proto-oncogene

• MEN type 2 syndrome







LUNG CANCER



• Non-small cell types

• Small cell types





SCLC

• Myc oncogene amplification

• X4 after chemotherapy



NSCLC 

• P53: diagnosis, prognosis and gene therapy

• K-ras mutations

• Bcl-2 : good prognosis – poor prognosis ?

• EGF-receptor:                                     
chemotherapy respons: resistance to
doxorubicin







RENAL CELL TUMOURS



• 7/ 100. 000 inhabitants

• Peak incidence decade 6

• 40% metastasized at diagnosis

• Genetic dd system described



Pathology

• Non-papillary type 80%

• Papillary type 10%

• Chromophobe type

• Renal oncocytoma

















Non papillary RCC

• 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 !!









Papillary RCC

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

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





Chromofobe RCC

• Monosomy at random

• LOH of 1p, 2, 6, 10, 13, 17, 21

• Rearrangement of mitochondrial DNA



Renal Oncocytoma

• Heterogenous genetics

• Largest group: normal

• Subgroup: LOH 1 and 14, tr 11q13

• Genes for mitochondrial enzymes: oxidative
phosphorylation







Diagnostic applications

• Papillary RCC: trisomy 7 and 17

• Non-papillary RCC: LOH 3, 6,8,9,14

• Renal oncocytoma: absence or LOH 1 
and 14







MOLECULAR PATHOLOGY: 
GARDEN OF EDEN  or GATE TO 

HELL FOR THE SURGICAL 
PATHOLOGIST ?



IT IS UP TO US TO DECIDE 
!!




