The Role of Some Biomarkers in Early Detection
of Bone Metastasis in Egyptian Breast Cancer
Patients

Thesis Submitted by

May Malak M. Tadros
(B.Sc. in Biochemistry, 2008)

In Partial Fulfillment of the Degree of Master of
Science in Biochemistry

Supervised by

Prof. Dr. Nadia Y. S. Morcos Prof. Dr. Nadia I. Zakhary
Prof. of Biochemistry Minister of Scientific Research
Biochemistry Department Professor of Medical Biochemistry
Faculty of Science Cancer Biology Department
Ain Shams University National Cancer Institute

Cairo University

Dr. Mahmoud M. Said Abd El-Hamid

Lecturer of Biochemistry
Biochemistry Department
Faculty of Science
Ain Shams University

Ain Shams University
Faculty of Science
Biochemistry Department

2012



Declaration

This thesis has not been submitted for
a degree at this o1 any otfier

university

May Malale M. T adraos



Dedication

Je my father, my mather, my brother, my
fiancé
L
T heir love, encourage, felp and prayens
made studies possible and to them J cwe
evenything.



Acknowledgement

| would like to thank from all of my heart and from my
deep soul Dr. Nadia Y. S. Morcos, Professor of Biochemistry,
Faculty of Science, Ain Shams University, to whom | am so
grateful for her endless help, motherly attitude, creative
thinking, valuable suggestions and constant advice during this
work. Without her support, the performance of this work
would be difficult.

It is really difficult for me to find words that can express
my deep feelings and sincere appreciation towards Dr. Nadia
I. Zakhary, Minster of Scientific Research, Professor of
Medical Biochemistry, Cancer Biology Department, National
Cancer Institute, Cairo University, for suggesting the point,
instructive guidance, tremendous concern and care, and
invaluable assistance. It is a great honor to me to work under
her supervision.

| am so grateful to Dr. Mahmoud M. Said Abd El-Hamid,
Lecturer of Biochemistry, Biochemistry Department, Faculty
of Science, Ain Shams University for his spiritual and
practical guidance, his enthusiastic encouragement and
revising every detail, as well as profound reading of the
manuscript.



Thanks are also due to Dr. Ola Mohamed Reda Khorshid,
Assistant Professor of Medical Oncology, National Cancer
Institute, Cairo University, for her cooperation and kind help
in samples collection.

My deep thanks and regards are also due to the staff
members of the Biochemistry Department, Faculty of Science,
Ain Shams University and Cancer Biology Department,
National Cancer Institute, Cairo University for their support
and help.

May Malak



Biography

Name: May Malak Matter Tadros

Date and place of birth: 14/5/1987, Cairo, Egypt
Date of Graduation: 2008
Degree Awarded: B.Sc. in Biochemistry, 2008

Grade: Excellent with Honor Degree



Contents

AN 0 15] 1 =1 SRR

List of Tables
List of Figures

LISt Of ADDIrEVIATIONS. ..euieeiiieeeeeiereieeeeneeneesnseeensnsnsnnms
Introduction and Aim of the WOrK.......eeeeeieeeeieiiiieneenennnes

Ja1UgoTo [UTo1 o] ¢ RN TR
ATM OF WOTK.ceeeieeieceeectie ettt ceae e e s s
Chapter I: Review of Literature........c..ccccceevviviiniiniinnnennnne
1.1 INrOdUCHION.....iitieieiie et eeree e e e e e e ee e
1.2. The Hallmarks of Cancer.......ccccccuueiiiiieiiiiiiiineneenennnen
1.3. The Breast: Normal ArchiteCture.......ccccceeeevueeeenreennnnnnnn.
1.4. Benign Breast TUMOIS.....cuueiiriieeieiieeieeeneeeneeeneeneenenns
1.5, Breast CanCer....cccceeeereueererenreenerrnenereneseenserncsenesnenenes
1.5.1. Types of breast CanCer.......cceevveeeveeeeneeenereeeeennnnnn.
1.5.2. Molecular classification of breast cancers............
1.5.3. Staging of breast CanCer.......cccevvvveeeeveeenereenennnns
1.5.4. Breast cancCer grade......ccceeeeeveeernreeiieeneneenneesnennns
1.6. Etiology of Breast CancCer.......ccceuueeveeeeneeeieeeenneeenneeeens
1.7. Connection between Estrogen and Obesity,
Inflammation and Postmenopausal Breast Cancer...........
1.8. Breast Cancer at the Molecular Level..........c.ccceunenn.....
1.8.1.Breast cancer type 1 susceptibility protein
(BRACAL). ..ttt eetee et eeae e e e e e aena,
1.8.2. Human epidermal growth factor receptor 2..........
1.8.3. EStrOgen reCePtOr. .. iuuriueeneeeneeeeenceieeeneeenneeenens
1.9. Breast Cancer Progression and Metastasis......c..cccueennnnes
1.9.1. The steps of the metastatic cascade........c.....c.......
1.9.2. Models Of MetastasiS......uueererrrevereereerenneeeeennmmmnenns
1.10. Breast Cancer Bone MetastasiS........ccuuiiieeererennenrnmmnnneennns
1.10.1. BONE StUCIUIE....iveieneenieniieeneeneeeeeneeeneeeeeneennne
1.10.2. Bone resorption and formation......ccc.cccceevvennnne..
1.10.3. Breast cancer bone metastasiS........cceeevuerernnenennns
1.10.4. Angiogenesis and osteoclastogenesis...................

1.10.5. The Tumor microenvironmental........c.cceeeeenvnenn.



1.1, BlOmMArKEIS. e eniniieeeeiiieeeeeiereneeeenssnsaceeensasnsesseenenn. 58
1.11.1. Tumor markers in breast CanCer.....ccceeeeenvurnnen.

1.11.2. Inflammation: monocytes, macrophages 61
and white blood cells.......cceeeiveeriiniiiiniininnnnnens 64
1.11.3. Angiogenesis markers: vascular 67
endothelial growth factor (VEGF)..................... 20
10004, ZINCuuevrneeiineeiineeeeenieeeeeeneeemieneeeennssesnsssennsnennns 74
1.11.5. Biochemical bone markers.......ccceeeeeeeeeeennnennnnn. 74
1.12. Breast Cancer DIagnosSiS......ceeeureunrernieneeenneeiienneeennnns
1.13. Treatment Modalities of breast Cancer........c...coeveeeereenne
Chapter II: Subjects and Methods..........c..ceveeveureuervenrennnnn. 80
2.1 SUDJECES..eeeeeieeeeeeeeeeeeeeeeseeeeneeaesas e sammmssssssssssnnsee 80
2.1.1. DIagNOSIS..eeveereererereereereerireeeseeeensensamme 82
2.1.2. Pl1an of the WOIK.....veveveereeeeeeiiieeeeeeeeveeeeeesvennns 83
2.2, MENOUS.cc. e eeeveereeeeeeereeeeeeeereeeeeeeeereseessessesessssseeeennene 83
2.2.1. Blood collection & sampling.........c.ceeeevevennene, 84
2.2.2. Biochemical analySiS..........eeveereereeerereeseesnens 102
2.3.  Statistical Analysis & Equation Used............cceeverunene, 104
Chapter IIL: Results........cccoovviiniiniiiiiiiiiiiiiiiiiiiiirenieieenes 139
Chapter IV: DiSCUSSION.......ccceuieiiiiniiiiiiiiiiiriiieiererennne, 151
Conclusion & RecommENdation..........cc.eeveeiveeveneeenvesnerenenn. 152
SUMMATY et eee e eeeeeeeeeeeeseesseeeeeeeeeeseeeeeeeesemsenen 156
RETEIEINCES. .. ittt ettt ere e este e e e e e e e aaaer e
Arabic ADSTFaCT......couuiiiiiceeeee et

ArabiC SUMMAIY...cc.u i eeees



The Role of Some Biomarkers in Early Detection
of Bone Metastasis in Egyptian Breast Cancer
Patients

May Malak M. Tadros

Faculty of Science, Ain Shams University

Abstract

The present study was undertaken to identify post-
operative simple biochemical markers for prediction of bone
metastases in Egyptian breast cancer patients. Seventy eight
cases with breast cancer (BC) after mastectomy were
included. From these patients, 46 had no bone metastasis
(NBM) and 32 with radiologically confirmed bone metastasis
(BM). Patients with NBM were further observed for al year
by bone scan in order to monitor development of bone
metastasis (New BM). Nine healthy women with no history
of breast disease or metabolic bone disease were included for
reference ranges. Parameters included full blood picture,
blood tumor markers (carcinoembryonic antigen [CEA] and
cancer antigen [CA 15.3]), breast tissue receptor markers
(estrogen receptor [ER], progesterone receptor [PR] and
human epidermal growth factor receptor 2 [HER-2]), together
with blood biochemical markers (tartrate-resistant acid



phosphatase [TRAP5b], vascular endothelial growth factor
[VEGF], alkaline phosphatase [ALP] and zinc). Analyses
showed significantly elevated CEA, ALP, and the
inflammation markers; ALP/monocytes% and

platelet’(monocytes%+segmented neutrophils%) (P2ms) at
the time of primary diagnosis in patients with BM, compared
to those without BM. Elevated CA 15.3, P2ms, VEGF and
lower monocytes% were independently associated with the
development of New BM (4 patients). The increase in TRAP
activity was related to progesterone receptor expression in
breast cancer tissues. In conclusion, this study provides
evidence that circulating markers of cancer; CA 15.3,
vascularization (VEFG/monocytes %) and inflammation
(P2ms) markers have the highest prognostic value for
predicting development of BM within one year in breast

carcinoma patients.
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