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MOLECULAR CHANGES OF POTENTIAL USE IN TUMOR DIAGNOSIS

Molecular Marker Examples

Microsatellite analysis

LOH and MSI Bladder cancer cytology
Oncogenes or TSGs mutations
Ha-ras mutation Bladder cancer cytology
Ki-ras mutation Bronchopulmonary cytology
Oncogene translocations
EWS-FLI-1 [t(11;22)] Ewings sarcoma
EWS-ERG [t(21;22)] Ewings sarcoma, pPNETS
PAX3-FKHR [t(2;13)] Alveolar rhabdomyosarcoma
EWS-WT1 [t(11;22)] Desmoplastic small round cell tumor
SYT-SSX [t(X;18)] Synovial sarcoma
Oncogene expression
Telomerase Bladder cancer cytology

Detection of viral targets
HPV Endocervical neoplasia cytology

LOH, loss of heterozygosity

MSI, microsatellite instability

TSG, tumor suppressor gene

pPNETS, peripheral primitive neuroectodermal tumors of childhood
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GENES ASSOCIATED WITH INHERITED CANCER SYNDROMES

Condition

Gene(s)

Gene Classification

Location/Type of Tumors

Breast and/or
ovarian cancer
Familial adenomatous
polyposis (FAP)

Hereditary nonpolyposis

colorectal cancer
(HNPCQ)

Renal cancer
Neurofibromatosis types I/l
Nevoid basal cell carcinoma
Inherited prostate cancer
Familial melanoma
Multiple endocrine neoplasia
(MEN2A/B)
Li-Fraumeni
syndrome
Tuberous sclerosis
Retinoblastoma
Rhabdoid predisposition
Xeroderma pigmentosum

Bloom's syndrome
Ataxia telangiectasia

BRCA1 and BRCA2

APC

hMSH2, hMLH1,
PMS1, PMS2,
hMSH3, hMSH6

VHL

NF1, NF2
PTC

BRCA1, HPC1,
others

MLM1, CDKN2A,
CDK4

RET

P53

TSC1, TSC2
RB1

HSNF5/INI1
XP

BLM

ATM

Tumor suppressor

Tumor suppressor

Mismatch repair

Tumor suppressor

Tumor suppressor

Development and
cellular proliferation

Tumor suppressor

Cell cycle regulator,
oncogene (CDK4)
Oncogene

Tumor suppressor

Tumor suppressor
Tumor suppressor

Tumor suppressor
DNA repair

- Helicase (DNA ligation)

Cell cycle regulator

Breast*, ovary*, colon, prostate,

Colon*, small bowel,
stomach, bone, CNS, soft
tissue

Right side of colon*,
endometrium*, stomach,
ovary, small bowel,
transitional cell,
sebaceous, CNS

Kidney*,
hemangioblastoma,
phaeochromocytoma

CNS*, myeloid leukemia

Skin*, CNS

Prostate*
Skin*, pancreas
Thyroid* and adrenal glands

Bone, soft tissue, breast,
brain, adrenal gland,
leukemia

Hamartomas of skin,
CNS, heart, kidney

Eye*, bone, soft tissue,
brain, skin

CNS, kidney

Skin

Leukemia, Gl carcinoma

Leukemia, lymphoma, GI
carcinoma

* Most common location of tumors
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Clastogene (Carcinogene ) + Normal Cells / Tissues

Chromosomal Aberrations
(Numerical or Structural )

Alteration in Gene Structure and Function

l

Alteration in Gene Expression
(Activation of Oncogene)

1 Tumorogenesis

Tumor

Metastasis

Cancer
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ASSOCIATIONS BETWEEN MOLECULAR CHANGES AND PROGNOSIS

Tumor Alteration Association
Bladder cancer LOH RB High grade/muscle invasion
Genomic alterations 29—, 5p+, 59—, 69—, 8p—, 109, Higher grade
18-, 200+

Breast cancer

Cervical

Colorectal cancer

Plasma DNA similar to tumor DNA

Allelic loss at 1p22-p31

LOH on chromosome 1

LOH at 18921

p53 expression

MI and K-ras mutations in normal-appearing colonic
mucosa micrometastases

Poor prognosis

Lymph node metastasis, tumor size >2 cm
Advanced stage

Recurrence/poor survival (Dukes B & C)
Recurrence/poor survival (Dukes A)
Predictive of colorectal cancer

Decreased survival (50 vs. 91%)

carcinoma

Gastric cancer
Gliomas

HNSCC
Melanoma
Neuroblastoma

Neuroblastomas, 4s

NSCLC

PNET

Prostate cancer
Retinoblastoma

P16-hypermethylation

LOH p53

LOH of 7q (D7595)

Chromosome 22q loss

LOH of 14q

LOH on 2q

LOH at 17p

LOH in plasma

N-myc amplification

TRK-A expression

N-myc amplification, 1p deletion,17q gains, elevated
telomerase activity

Allelic imbalances on 9p

Reduced Fhit protein expression

LOH 11p13

LOH of 17p

c-myc amplification

LOH on 13q

LOH at RB1 locus

Shorter survival in T3NOMO tumors
Invasive potential

Poor prognosis

Astrocytoma progression

Poor outcome

Poor prognosis

Chemoresistance

Advanced stage/tumor progression
Poor prognosis

Good prognosis

Poor outcome (not independent)

Poor prognosis

Poor prognosis (stage I)

Poor prognosis

Metastatic disease

Poor prognosis

Advanced stage

Tumoral differentiation, absence of
choroidal invasion

(a) Modified from Table 1 in reference 85
Abbreviations: HNSCC, head and neck squamous cell carcinoma

LOH, loss of heterozygosity

NSCLC, non-small cell lung cancer
PNET, primitive neuroectodermal tumor

RB, retinoblastoma gene
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FISH : A definition

"... is a technique that enables the morphological

demonstration of specific DNA or RNA sequences in
individual cells in tissue sections, single cells or
chromosome preparations . "

Heinz Hofler
from " Principles of in situ Hybridization " (1990)
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metaphase/interphase cells DNA probe

hybridization

post hybridization washes

visualization

analysis

Clinical Applications of FISH

characterization of structural
abnormalities

aneuploidy & polyploidy analysis

cancer specific chromosome
aberrations

analysis of archived, fixed tissues
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