Evaluation of Matrix
Metalloproteinase-2 in Lung
Cancer patients at Ain Shams
University Hospitals

Thesis
Submitted for Partial Fulfillment of Master Degree
In
Medical Biochemistry and Molecular Biology

By
Marwa Tarek Ibrahim Maged
M.B.,B.Ch., Ain Shams University

Under Supervision of
Professor/ Randa Ali-Labib

Professor of Medical Biochemistry and Molecular Biology
Faculty of Medicine — Ain Shams University

Doctor/ Manal Louis Louka
Lecturer of Medical Biochemistry and Molecular Biology
Faculty of Medicine — Ain Shams University

Doctor/ Iman Hassan El-Sayed Galal
Lecturer of Pulmonary Medicine
Faculty of Medicine — Ain Shams University

Faculty of Medicine
Ain Shams University
2013






ACKNOWLEDGEMENT

First of all, my utmost gratitude is to Allah, the most gracious

and the most merciful for all the blessings He has given me, and for
helping me to complete this worR,

Then, I would like to express my great appreciation and profound
respect to my honored Prof. Dr. Randa Ali-Labib, Professor of
Medical Biochemistry and Molecular Biology, Faculty of medicine,
Ain Shams University, for her masterly teaching, consistent
supervision, valuable advice, generous help and great support. I was
honored to be her candidate and to be guided throughout this work,
by her great thoughts.

My deepest gratitude to Dr. Manal Louis LouRka, Lecturer of
Medical Biochemistry and Molecular Biology, Faculty of Medicine,
Ain Shams University, for her dynamic effort, precious guidance,
endless patience and continuous encouragement.

I would also like to thank Dr. Iman Hassan E[-deef ga&z[,
Lecturer of Pulmonary Medicine, Faculty of Medicine, Ain Shams
University, for her great support, cooperation and Rind supervision.

Finally, all my sincerest thanks to my parents and my sisters for
their endless help, patience, care, support, understanding and
encouragement, and my friends and colleagues for their valuable
help and advice.

This work, was supported by Ain Shams University Faculty of
Medicine Grant's Office, Grant No. 5/2011.







Page

List of Tables....cocuviiiiiiiiiiiiieieiieeeeeea, I
List of F1gures......ccoooevviiiiiiiiiiiciiieieeenenne, 1Y
List of Abbreviations.......ccceveiveeiiieiiiiennennennn... VI
Introduction............coooiiiiiiii 1
Aim of the Work............cooooiiiiiin, 3
Review of Literature.....................cocoiieiinil 4
+ Lung Cancer

- Epidemiology.....cccoviiiiiiiiiiiiiiiiiiiiiienn, 4
- Etiology and Epidemiological Risk Factors 6
- Classification and Staging............cc.vee..... 17
- DI1agnosiS....cceiiiiiiiiiiiiii e, 20
+ Anglogenesis, Tissue Invasion and

Metastasis

- The Hallmarks of Cancer..............ccevn.e. 36
- ANZIOZENESIS. it ittt iiiiie et eiiei e, 38
- The Metastatic Process........cccoevvvvenenne... 41
+ Matrix Metalloproteinases

- Historical Background.............ccccevvnnnn, 47
- Nomenclature.........ccoevviviiiiiiiiiininnnnn.. 48
- General Structural Features of MMPs...... 49

- C(Classification and Substrate Specificity.... 57

- MMP Gene Structure and Chromosomal
| 70 Ye2= 17 o) o VO

- Regulation of MMPs......c..ccccoviiiiniinnn.n.. 67

65



COWMS (Cont.)

Page
- Biological Activities Generated By MMP- 79
Mediated Cleavage........coeevvvviininninninnnnn.
- MMPs in Physiological Processes and 31

DiSease...iviiiiiiiiiiii e,
- MMPs in Tumorigenesis and Metastasis... 84

- MMP-2 in Lung Cancer, Invasion and

MetastasiS....ieeneenerenneniiniererneeeiiieneenens 86
Subjects and Methods..............c.ccceiiiiinnil. 89
Results.....coovvniiiniiiiiiireee, 108
Discussion........cccceveviiiiiiiiiiiiieiee e 128
Summary and Conclusion............................ 139
Recommendations...........ccoceieiininininnnnenn.. 144
References.........ccooviiiviiiiiiiiiiiiiiiiiiiiiieens 145

Arabic Summary............cooiiiiiiiiiie,



LISTOF TABLES

No. Title Page
1 TNM Staging of Lung Cancer............. 19
2 Stage Grouping: TNM Subsets............ 20

Symptoms due to Local Growth of

3 21
Lung Cancer.......ocevevieiiiiiniiinennennnnnn.
Summary of Local and Intrathoracic

4 Manifestations of Lung Cancer and 95
their  Frequency at Time  of
Presentation..........ccccoviiiiiiiiiininn...

5 Signs and Symptoms of Lung Cancer: 93
Pathologic Correlation.......................
Features on Chest Radiography which

6 may be Considered Suspicious of an 29
Underlying Neoplasm............ccccvvenennn

7 MMPs Chromosomal Locations........... 66

3 Biological Activities Generated by 30
MMP-Mediated Cleavage...................

Age 1n Years in Different Study

9 115
GrOUPS. tetiiitiiiei et e e e,

Sex and Smoking Status in Different

10 115
Study Groups....cccevevireiieiiiiiiieienennnn..
Mean Serum MMP-2 Level in Relation

11 to Sex and Smoking Status in all 115
Study Subjects....ccceeviiiiiiiiiiiiiiiiiin..

12 Mean Serum MMP-2 Level among the 116

Different Study Groups.........cccevuveneen.




LIST OF Tﬂgﬁﬂg (Cont.)

No.

Title

Page

13

14

15

16

17

18

19

20

Mean Serum MMP-2 Level in Relation
to Different Clinicopathological
Variables in Lung Cancer Group.........

Sensitivity,  Specificity, Predictive
Values and Accuracy of Serum MMP-2
for Detection of Lung Cancer...............

The Positivity Rate of Serum MMP-2
Among Different Groups of the Study
Using the Cutoff Value.......................

The Positivity Rate of Serum MMP-2
in Relation to Different
Clinicopathological Variables in Lung
Cancer Group.....coveeeviiiiiiiineeiinennnen.

Mean Serum MMP-2 Level in Relation
to Metastasis in Lung Cancer Group....

Sensitivity,  Specificity, Predictive
Values and Accuracy of Serum MMP-2
for Detection of Metastatic Lung
Cancer.....c.cceeiiiiiiii e,

Mean Sputum MMP-2 Level among
the Different Study Groups.................

Mean Sputum MMP-2 Level 1in
Relation to Different
Clinicopathological Variables in Lung
Cancer Group.....cceveeeeieveieieneenneennnnn.

117

118

119

119

120

120

121

122




LIST OF Tﬂgﬁﬂg (Cont.)

No.

Title

Page

21

22

23

24

25

26

Sensitivity,  Specificity,  Predictive
Values and Accuracy of Sputum MMP-
2 for Detection of Lung Cancer............

The Positivity Rate of Sputum MMP-2
among Different Groups of the Study
Using the Cutoff Value.......................

The Positivity Rate of Sputum MMP-2
in Relation to Different
Clinicopathological Variables in Lung
Cancer Group.....ooveeevieiiiniiinieiinennnnn.

Mean Sputum MMP-2 Level 1in
Relation to Metastasis in Lung Cancer

Sensitivity,  Specificity,  Predictive
Values and Accuracy of Sputum MMP-
2 for Detection of Metastatic Lung
Cancer.....cceviiiiiiiii

Correlation Analysis between Serum
MMP-2 and Sputum MMP-2 in Lung
Cancer Group......ccoevveeineinennennennennn.

123

124

124

125

125

126




LISTOF FIGURES

No. Title Page
1  Hallmarks of cancer.........cccevvvvneenennnn. 37
2  Stages of metastasiS......cceeeiiiiiiiiinnn.n. 43
3  MetastasiS..ccuiiiiiiiiiiiiiiiiiiiiii e, 45
4  Domain structure of MMPs.................. 55
Domain structure of MMPs and their

5 o 56
classification........c.ceevevieiiiiiiinieeneennnnn..
Schematic representation of the MMP

6 . 58
family....ccoviiiiiiiii e,

7 Schematic structure of MMP-2 and 59
MMP-9...nniiiiiiire e,

8 Stepwise activation of proMMPs............ 71

9 Model of proMMP-2 activation by MT1- 74
MMP and TIMP-2......ccceviiiiiininninnnnn..

10 Activation and regulation of MMP-2 by 75
MTI-MMP...ooreiiiiieieeeee,

11 Schematic  representation of the 78
regulation of the MMP system..............

12 MMP-2 standard curve..........cccevenvennn... 96
Stem-and-leaf plot showing mean serum

13 MMP-2 level in the malignant group as 116
compared to benign and control groups...
ROC curve analysis for serum MMP-2 to

14 calculate the best cutoff value 118

discriminating the malignant group
from benign and control groups.............

vV




LISTOF FIGURES (con,

No.

Title

Page

15

16

17

18

19

20

21

ROC curve analysis for serum MMP-2
according to 2 to calculate the best
cutoff value discriminating metastatic
from non-metastatic lung cancer............

Stem-and-leaf plot showing mean
sputum MMP-2 level in the malignant
group as compared to benign and control
DT OUPS et enteneanenteneenreneeneanensenseneenennenens

ROC curve analysis for sputum MMP-2
to calculate the best cutoff wvalue
discriminating the malignant group
from benign and control groups.............

ROC curve analysis for sputum MMP-2
according to 2 to calculate the best
cutoff value discriminating metastatic
from non-metastatic lung cancer............

Linear regression curve showing highly
significant positive correlation between
serum and sputum MMP-2 levels in
lung cancer group.......ccoceeeveeveeenneennnennn.

Gelatin zymography for detection of the
enzymatic activity of serum MMP-2......

Gelatin zymography for detection of the
enzymatic activity of sputum MMP-2.....

120

121

123

125

126

127

127




LIST OF ABBREVIATIONS

ADAMs A disintegrin and metalloproteinase domain

ANOVA Analysis of variance

bFGF Basic fibroblast growth factor

BM Basement membrane

AUC Area under the curve

CD Cluster of differentiation

CEA Carcinoembryonic antigen

CNS Central nervous system

COPD Chronic obstructive pulmonary disease

CT Computed tomography

CTPCPE C—ter_minal frqgment of the procollagen C-
terminal proteinase enhancer

CXRs Conventional chest radiographs

CYFRA 21-1 Cytokeratin 19 fragment

DNA Deoxyribonucleic acid

E/M Epithelial/mesenchymal

ECM Extracellular matrix

ECs Endothelial cells

EGF Epidermal growth factor

ELISA Enzyme-linked immunosorbent assay

ETS Environmental tobacco smoke

FN False negative

FP False positive

GPI Glycosyl-phosphatidyl inositol

HIV Human immunodeficiency virus

HME Human macrophage metalloelastase

IARC International Agency for Research on Cancer

IASLC International Association for the Study of

Lung Cancer

Vi



ICAM Intercellular adhesion molecule

ID Insertion domain

Ig Immunoglobulin

IGFBP Insulin-like growth factor binding protein
IL Interleukin

kDa Kilo dalton

MCs Mural cells

Met Methionine

MMPs Matrix metalloproteinases

MRI Magnetic resonance imaging

MRNA Messenger ribonucleic acid

MT-MMP Membrane-type matrix metalloproteinase
n Number

NPV Negative predictive value

NSCLC Non small cell lung carcinoma

NSE Neuron-specific enolase

p Probability of being by chance value

PAR-1 Protease-activated receptor-1

PET Positron emission tomography

PEX Hemopexin

PPV Positive predictive value

proGRP Progastrin-releasing peptide

qGZ Quantitative gelatin zymography

r Correlation coefficient

RECK Reversion_—inducing cysteine-rich protein with
kazal motifs

ROC Receiver operating characteristic

rpm Revolutions per minute

RTH Radiation therapy

SCLC Small cell lung carcinoma

SD Standard deviation

Vil




SDS
SDS-PAGE

SIADH

SNPs
SPARC
SPSS
SvC
TEMED
TFPI-2
TGF
TIMPs
TN
TNF-a
TNM
TP
uPA
VEGF
Zn

Sodium dodecyl sulfate

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis
Syndrome of
hormone
Single-nucleotide polymorphisms

Secreted Protein Acidic and Rich in Cysteine
Statistical Package for Social Sciences
Superior vena cava
N,N,N',N'-tetramethylethylenediamine
Tissue factor pathway inhibitor-2
Transforming growth factor

Tissue Inhibitors of Metalloproteinases

True negative

Tumor Necrosis Factor o

Tumor, node, metastasis

True positive

Urokinase plasminogen activator

Vascular endothelial growth factor

Zinc

inappropriate  anti-diuretic

Vil




Introduction



