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“Molecular Genetic” in
Tumor Pathology

Diagnosis and prognosis

Molecular classification of tumors

- Breast carcinoma
- Lymphoma
- Sarcomas

Targeted therapy



Protein phosphorylation
is a fundamental cellular activity

There are 518 protein kinase genes, of
which about 450 have kinase activity and
90 are tyrosine kinases. This represents
about 2% of all human genes

There are more than 140 protein
phosphatases, and a large number of
additional types of protein that recognize
proteins once they are phosphorylated



Ligand-binding

domain

Extracellular

Cytoplasm

/

Dormant
tyrosine
kinase
domain

_—Ligand (Paracrine
factor)

Inactive +
responding Active
protein tyrosine

\ AT k‘l nase

ACHVE =5
responding
protein




Protein phosphorylation/dephosphorylation
provides a major mechanism for signal
transduction
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Receptor tyrosine kinases are grouped based on specific
extracellular structural motifs as well as related kinase

sequences
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What is tyrosine phosphorylation used for?

Growth factor signaling (and oncogenesis)
Cell adhesion, spreading, migration and shape
Cell differentiation in development

Cell cycle control

Gene regulation and transcription
Endocytosis and exocytosis

Insulin stimulation of glucose uptake

Angiogenesis (formation of new blood vessels)
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Regulation of ion channels in nerve transmission



Protein Kinases/Phosphatases and Cancer

Over half of the 90 tyrosine kinases are implicated in human cancer
either through gain of function mutations (e.g. Bcr-Abl), gene
amplification (e.g. EGF receptor) or overexpression (e.g. ¢-Src)

Serine kinases are also implicated in cancer through activating
mutations (e.g. B-Raf), overexpression (e.g. AuroraA), or loss of
function mutations (e.g. Lkb1)

164 protein kinase genes map to amplicons found in tumors

80 protein kinase genes map to chromosomal disease loci and these
are candidate genes for the causative mutation in hereditary disease
(e.g. activating mutations in the Ret and Met RTKs in predisposition
to cancer)

Inactivating and activating mutations in protein/lipid phosphatases
have also been implicated in cancer (e.g. PTEN, SHP-2, PRL-3, and
Pr65/PP2A, PRL-3)(RPTPb, PTP-BAS, PEZ, RPTPg, LAR, PTPH1)



Therapeutic intervention for receptor tyrosine kinases
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Tyrosine Kinases
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The Tissue Microarray Technology

Kononen et al., Nature Med. 4 (7), 844-847, 1998




Manufacturing TMAs
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Epidermal Growth Factor Receptor
(EGFR)

EGFR (ErbB1, ErbB, HER1)
3 known homulogues (forms heterodimers)
ErbB2 (Neu, HER2)

ErbB3 (HER3)
ErbB4 (HER4)



Epidermal Growth Factor Receptor
(EGFR)

EGFR (after binding to specific ligand)
Activate tyrosine kinase

Cell growth and multiplication
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/
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Breast Cancer TMAs
2 Sets of TMA

2197 cases
from Inst. of Clin. Pathology
(Switzerland)

(Median age 62 years)

FISH Testing for:

HER2, CCNDI, MYC,
EGFR Amplification

204 cases from
Aramco Hospital
(Saudi Arabia)

(Median age 47 years)

Modern Pathology, 2005



Breast Cancer TMAs

FISH Studies

Probe combinations
1. HERZ2/centromere 17 (Path Vysion;Vysis)

2. EGFRIcentromere 7 (Vysis)
3. CCND1/centromere 11 (Vysis)

4. MYC/centromere 8 (Vysis)

Modern Pathology, 2005



Tumor stage Tumor grade

pT3 G1

.| Western Europe
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Gene amplification frequencies in breast cancer:
Western Europe versus Saudi Arabia
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HER2 gene amplification MYC gene amplification
and tumor phenotype and tumor phenotype

a0% 5%,

45% 0%
25%
20%
15%
10°%
5%
pT3 pT2

DD
pT3G3

- I ‘ I

.| Western Europe
B Saudi Arabia




Gene co-amplification frequencies in breast cancer:
Western Europe versus Saudi Arabia
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Breast Cancer in Saudi Arabia

Conclusions

1) Saudi breast cancer cases show higher frequency of HER2

in comparison with Western cases (31% vs 17%) and
MYC (16% vs 5%)

2) Higher percentage of Grade 3 carcinoma in Saudi women
(65% vs 32%) with higher amplification of HER2 in Grade 3
(40% vs 30%)

3) Incidence of low grade breast cancer is 14 times lower in
Saudi than Swiss women. The incidence of high grade
breast cancer is comparable.

Modern Pathology, 2005



Molecular Classification
of Breast Cancer

Basal cell-like (expression of
EGFR)

HER2 over expression

Luminal A, B, C subtypes



EGFR

Over expression associated with
poor prognosis

lung cancer

colon cancer

high grade gliomas

head and neck cancer



EGFR in Lung Cancer

Clinical trials revealed significant
variablility in response to target
therapy (gefitinib) with higher
response seen In Japanese
patients than in European derived
population (27.5% vs. 10.4%) in
multi institutional Phase Il trials.



EGFR in Lung Cancer

In USA, partial response observed
mostly in:

Women

Non smokers

Adenocarcinoma patients

Lung Cancer 44; 221, 2004



EGFR in Lung Cancer

Mutations in EGFR (in NSCLC)
Present in 8 out of 9 gefitinib-responsive

Absent in 7 gefitinib-non responsive

Mutation is present in 2 out of 25 NSCLC
did not receive gefitinib (8%)

NEJM Vol. 350, No. 21, 2004



Wild type
EGF

Receptor
L domain

Wild type

Exvracellular damain

Trams mambranse region

Intracellular damain

delL74F_T?51ins5 (antisense]
= L




EGFR in Lung Cancer

10% of NSCLC have rapid response to
tyrosine kinase inhibitor

Specific mutations in EGFR leading to
increase signaling

Screening for mutation is important to
identify responders to therapy

NEJM Vol. 350, No. 21, 2004



EGFR in Lung Cancer

90 consecutive NSCLC patient received
gefitinib therapy

17 patients had EGFR mutation

Response rate: 64.7% (with mutation)
13.7% (without mutation)

Overall survival 30.5 months (with mutation)
6.6 monhhs (without mutation)

Cancer Research Institute, Seoul
J Clin Oncol 23, 2493-2501, 2005



EGFR in Lung Cancer
EGFR mutation in NSCLC

850 consecutive NSCLC examined
454 squamous cell carcinoma — no mutation
31 large cell carcinoma — no mutation

375 adenocarcinoma — 39 mutations (10%)
More in bronchioalveol (20%) then
conventional adenocarcinoma (6%)

University of Chieti, Italy
J Clin Oncol 23; 857-865, 2005



EGFR in Lung Cancer

Saudi Population

47 consecutive cases of NSCLC
(from pathology files, KFSH&RC)

27 adenocarcinoma

17 squamous cell carcinoma
3 large cell carcinoma

1 giant cell carcinoma

Human Pathology 37; 453-457, 2006






EGFR in Lung Cancer

Saudi Population

47 consecutive cases of NSCLC
(from pathology files, KFSH&RC)

Protein overexpression 69.8% of 43 cases

Gene amplification 16% of 39 cases

Gene mutation in one of 34 cases

Human Pathology 37; 453-457, 2006



EGFR in Lung Cancer

Conclusion from Saudi NSCLC Study

EGFR mutation is similar to Western countries

EGFR amplification (16%) slightly higher than
Western countries (6 — 9%)
(EGFR amplification is linked to poor prognosis)

Human Pathology 37; 453-458, 2006



EGFR in Lung Cancer

Conclusions:
No association between EGFR over
expression and tumor histology,
grade, stage or patient survival
EGFR amplification is strongly
linked to over expression.



GIST

Incidence

10-15 cases/million per year (European countries)
6-8 cases/million per year (USA)

At least 100 cases/year in Saudi Arabia



STOMACH
Adenocarcinoma, NOS
Signet Ring Cell Carcinoma
Non-Hodgkin's Lymphoma
Intestinal Adenocarcinoma
Gatrointestinal Stromal Tumor, Malig

Mucinous Adenocarcinoma
Carcinoma, NOS

Tubular Adenocarcinoma
Carcinoid Tumor
Carcinoma, Diffuse Type
Squamous Cell Carcinoma




Soft Tissue Sarcomas

Soft tissue sarcoma incidence
is 30 per million per year

At least 400 cases should be
reported per year in Saudi Arabia

88 Cases Reported at KFSH&RC
Tumor Registry, 2004



Type lll Receptor Tyrosine Kinase

KIT
PDGFRA/B
c-FMS
BCR-ABL
ABG

ARG
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GIST

KIT positive tumors by IHC

KIT mutations PDGFR o mutations Wild type genes
encoding KIT
and PDGFR a



KIT — Negative GIST

About 5% of GIST are KIT negative by IHC

25 tumors PDGFRA mutations in
CD117 —ve by 18 cases

IHC mutational KIT mutations in 4 cases
analysis revealed 3 — no mutation

More likely to have epitheliod morphology

Mostly in stomach

Am J Surg Path, Vol. 28, No. 7, July 2004



Results

Sequence analysis revealed:

c-KIT mutations in 23 out of 44 available tumor samples.

8 were previously reported mutations in exon 11, Valine to
Aspasrtic Acid at codon 559 and 560.

4 samples exhibited novel mutations, in 2 cases Valine changes
into Alanine while in other 2 cases it changes into Glycine on
the same codon 559.

11 tumor samples had novel inframe deletions in the exon 11.

No mutation was identified in 12 tumor samples in the exon 11,
9, 13 and 17 of the c-KIT gene and 12 & 18 of the PDGFR gene.

DNA quality was not optimal for analysis in the remaining 9
samples.



Amino Acid Sequence Alterations Encoded by cKIT Exon-11 in 23GISTs patients
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(A) Wild type (B) V559D Mutation

83

—~ o~ —~

(C) V559A Mutation (D) V559G Mutation

GGCTGTTG A AGGGTGTTG A
81 81

Tto G

|

(E) 26 bp deletion

A TG TaA TC TAGT CT C GT CGACA G GTTG TT g
102 97 92 87 82 77

deletion




Changing Role for the Pathologist

Patients management plan

= Immunohistochemistry
- Flow cytometry

- FISH

- Mutation analysis

- Microarry analysis

Response to treatment

- Quantitative measurement —
methods as above

Monitoring for resistance to treatment
- Mutation analysis



