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Gestational Diabetes Mellitus (GDM) is defined as glucose intolerance that is detected during
pregnancy. It is caused by the decreased sensitivity of insulin with increasing gestation week.
Identifying this group of women is important in not only preventing perinatal morbidity but
also improving long term outcomes for the mothers and their children. The usual approach in
diagnosing GDM is to screen GDM patients during the second trimester of gestation through
an oral glucose tolerance test (OGTT). There is potential harm and high costs may be
involved in screening, especially given the high false-positive rate. However, there is a need
to diagnose GDM as early as possible to minimize the undesirable effects in the development

of the fetus.

In this exploratory study, two dimensional gel electrophoresis (2DGE) and Liquid
Chromatography Mass Spectrometry (LC/MS/MS) were used in the quest for new potential
biomarkers for the disease. The purpose of this study was to identify a set of potential protein
markers which are differentially expressed during the first, second or third trimester of

pregnancy. Once identified and validated, the candidate biomarkers for GDM could provide
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opportunities for rapid and low-cost screening. For this study, five millilitres of fresh blood
was drawn for each trimester of pregnancy from five normal pregnant women and five GDM
patients at Hospital Kuala Lumpur and Klinik Kesihatan Seri Kembangan. The plasma
samples were used for 2DGE, where proteins are separated first by characteristic isoelectric
point using isoelectrofocusing, and then by protein molecular weight, using sodium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The 2D gels were stained
using Colloidal Coomassie Blue stain and scanned by using a high resolution imager. The
images were quantitatively analyzed using Nonlinear Progenesis SameSpots Software to
identify protein spots that demonstrate significant differences in expression between the
GDM samples and with normal pregnant samples. Spots demonstrating significant
differences were manually picked using sterile procedure and identified by LC/MS/MS
analysis through a service from the Proteomics Centre at Medical University of South

Carolina.

In this study, 11 distinct proteins were identified which were expressed differentially in the
plasma of normal pregnant women and plasma from GDM patients. The proteins were
Alpha-1-Antitrypsin, Albumin, Antithrombin III, Fibrinogen, Apolipoprotein Al,
Apolipoprotein E, Alpha 1B-Glycoprotein, Complement Factors, Angiotensinogen,
Transferrin, and Vitamin D binding protein. Among these proteins, Antithrombin III,
Apolipoprotein E and Vitamin D binding protein could be candidates to screen the GDM
patients. Further studies are recommended to validate these candidate biomarkers by using

ELISA and western blotting.
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Diabetes mellitus semasa kehamilan (GDM) ialah ketaktoleranan glukosa yang dikesan
semasa kehamilan. Ini disebabkan oleh kemerosotan kesensitifan insulin yang berlaku
sepanjang tempoh kehamilan. Kepentingan mengenal pasti kumpulan wanita yang terbabit
dengan keadaan ini adalah penting bukan sahaja bagi menghindari mereka daripada kematian
semasa kelahiran malahan juga bagi memperbaik kesan jangka panjang terhadap para ibu dan
anak mereka. Pendekatan bagi mendiagnosis GDM biasanya ialah dengan menyaring
penghidap GDM semasa trimester kedua kehamilan melalui ujian ketoleranan glukosa secara
oral (OGTT). Penyaringan mungkin menyebabkan kesan yang buruk dan kos yang tinggi,
terutamanya kerana kaedah ini melibatkan kadar positif palsu yang tinggi. Walau
bagaimanapun, GDM perlu didiagnosis seawal yang mungkin bagi meminimumkan kesan

kurang baik dalam perkembangan fetus.

Dalam kajian tinjauan ini, elektroforesis gel dua dimensi (2DGE) dan spektometri massa

kromatografi cecair (LC/MS/MS) telah digunakan bagi menentukan beberapa penanda bio
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berpotensi penyakit ini. Tujuan kajian ini adalah bagi mengenal pasti satu set penanda
protein berpotensi yang diekspresi secara berbeza-beza semasa trimester pertama, kedua dan
ketiga kehamilan. Calon penanda bio GDM yang telah dikenal pasti dan disahkan boleh
digunakan dalam penyaringan yang pantas dan berkos rendah. Bagi kajian ini, lima milliliter
darah diambil daripada lima wanita hamil yang normal dan lima penghidap GDM bagi setiap
trimester kehamilan di Kuala Lumpur dan Klinik Kesihatan Seri Kembangan. Sampel
plasma digunakan bagi 2DGE, di mana protein diasingkan melalui ciri-ciri titik isoelektrik
menggunakan pemfokusan isoelektrik, dan kemudian secara berat molekular protein
menggunakan elektroforesis gel dodesilsulfat poliakrilamida (SDS-PAGE). Gel 2D tersebut
telah diwarnakan dengan pewarna biru Coomassie berkoloid dan diimbas dengan
menggunakan pengimbas beresolusi tinggi. Imej dianalisis secara kuantitatif menggunakan
perisian Nonlinear Progenesis SameSpots bagi mengenal pasti bintik protein yang
menunjukkan perbezaan signifikan ekspresi antara sampel GDM dengan sampel kehamilan
normal. Bintik yang menunjukkan perbezaan signifikan dipilih dengan tangan secara steril
dan dikenal pasti melalui analisis LC/MS/MS oleh perkhidmatan Proteomics Centre di

Medical University of South Carolina.

Sebelas protein berlainan telah dikenal pasti di mana semuanya terekspresi secara berbeza-
beza di dalam plasma wanita hamil yang normal dan plasma wanita dengan GDM. Protein-
protein itu ialah Alpha-1-Antitrypsin, Albumin, Antithrombin 111, Fibrinogen, Apolipoprotein
Al, Apolipoprotein E, Alpha 1B-Glycoprotein, Faktor Pelengkap, Angiotensinogen,
Transferrin, dan protein penambat Vitamin D. Antara protein itu, Antithrombin III,
Apolipoprotein E dan protein penambat Vitamin D berpotensi menjadi calon bagi menyaring
penghidap GDM. Kajian lanjutan disyorkan bagi mengesahkan calon penanda bio dengan

menggunakan ELISA dan mendapan Western.
vi



ACKNOWLEDGMENTS

My greatest and ultimate debt and gratitude is due to Lord Shiva, the Most Beneficent and
Most Merciful. May He pardon and forgive my weakness and endow me with knowledge

and guidance.

First and foremost, I am heartily thankful to my supervisor, Prof. Dr. Rozita Rosli, who gave
me the opportunity to pursue my Master studies under her supervision. She was most helpful
and supportive throughout entire time, from the first day I arrived to UPM. Thank you for
believing in me, always encouraging and challenging me to constantly develop and improve
my work. She also allowed me to pursue all those things I tried to pursue and her never

ending enthusiasm is appreciated.

Many thanks are also extended to my second supervisor, Prof. Dr. John. E. Baatz at the
Medical University of South Carolina, USA for his invaluable advice supervision, knowledge
and teachings on Proteomics even from afar. Moreover, most of the results described in this
thesis, would not have been obtained without his close supervision. There are no words to

describe his help, such a generous person and I really appreciate it.

I would like to express my deepest gratitude to Dr. Renu Gopinath for her input during most
of the informal discussions. Thanks for the hospitality and care that she provided during my
visit to Hospital Kuala Lumpur. Without her great concern, I would not have been able to
have a fruitful experience with the staff nurses and GDM patients at the Department of

Obstetrics and Gynecology unit, HKL. Thanks to all the staff at HKL and patients who

vil



participated in this study. Without you all, I could not have even move forward, thanks a

lot!!!

Recognition also goes to Associate Prof. Dr. Chong Pei Pei and Prof. Mariana Nor
Shamsudin who gave permission to allow me to use the IEF system and the image analyzer in
their labs. Without them, I would not have been be able to advance my research work.

Thank you so much.

Thanks to the organizers and members of the MGL research group for the wonderful
workshops, seminars and meetings, which was very useful and of course for giving me the

opportunity to attend many great conferences.

I would like to thank all my friends in the Molecular Genetics Laboratory: Nadine, Marlini,
Zahra, Razieh, Behnam, Dr. Reza, Mansour, Chan, Chin, Radha, Eunice, Wendy, Low, Aimi,
Keai Sinn, Suleiman, Maryam, Fatim, Chitra, Panda and Aidin who made my journey
enjoyable. There are not enough words to express how much I appreciate our friendship.
Your support, your wise words and much more! All those dinners and all the fun we had —

Thank you!

Finally, I would like to thank my family and family-in-law, who encouraged me so much in
life and helped me to become the person I am today. Even though they do not really
understand my research but their endless support are really appreciated. Dad, I am finally
done with my Master’s degree which you really wanted me to pursue! Without their support,

love and belief in me, none of this would be possible.

viil



On a personal note, I would like to express my gratitude to Gajendran Krishnamoorthy for his
motivation and considerate heart that makes me feel no pressure throughout the study.

Thanks a lot man!!!

X



I certify that an Examination Committee has met on------------ to conduct the
examination of Pushpa Gandi Sangaran on her Master of Science thesis entitled
‘Identification of potential protein markers for Gestational Diabetes Mellitus’ in accordance
with the Universities and University Colleges Act 1971 and the Constitution of the Universiti
Pertanian Malaysia [P.U.(A) 106] 15 March 1998. The Committee recommends that the

student be awarded the degree of Master of Science.

Member of the Examination Committee were as follows:

Rajesh Ramasamy, PhD

Associate Professor

Department of Pathology

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Chairman)

Maha bt Abdullah, PhD

Associate Professor

Department of Pathology

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Internal Examiner)

Sharida bt Fakurazi, PhD

Associate Professor

Department of Human Anatomy

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Internal Examiner)

Onn Hashim, PhD

Professor

Department of Molecular Medicine
Faculty of Medicine and Health Sciences
Universiti Malaya

(External Examiner)

SEOW HENG FONG, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been accepted as
fulfillment of the requirements of the degree of Master of Science. The members of the
Supervisory Committee were as follows:

Rozita Rosli, PhD
Professor
Faculty of Medicine and Health Sciences

Universiti Putra Malaysia
(Chairman)

John. E. Baatz, PhD

Professor

Department of Biochemistry and Molecular Biology
Children’s Research Institute

Medical University of South Carolina

(Member)

Renu Gopinath, MBBS

Lecturer

Department of Obstetrics and Gynecology
Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date: 7 November 2012

xi



DECLARATION

I declare that the thesis is my original work except for quotations and citations which have
been duly acknowledged. I also declare that it has not been previously and is not concurrently
submitted for any other degree at Universiti Putra Malaysia or at any other institutions.

PUSHPA GANDI SANGARAN

Date : 27 September 2012

Xil



TABLE OF CONTENTS

DEDICATION

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENT
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER
1 INTRODUCTION

1.1 Gestational Diabetes Mellitus
1.2 Problem Statement
1.3 Significance of the study
1.4 Rationale of this study
1.5 Objectives
1.5.1 General objective
1.5.2 Specific objectives

2 LITERATURE REVIEW

2.0 Gestational Diabetes Mellitus
2.1 Pathophysiology of GDM
2.2 Risk Factors of GDM
2.3 Complications of GDM
2.3.1 Prenatal Mortality and Morbidity
2.3.1.1 Foetal Death
2.3.1.2 Foetal Macrosomia
2.3.1.3 Congenital Malformations
2.3.1.4 Hypoglycaemia
2.3.1.5 Respiratory Distress Syndrome
2.3.1.6 Calcium and Magnesium Metabolism
2.3.1.7 Hyperbilirubinemia and Polycythemia
2.4 Diagnostic tool for foetal risk assessment
2.5 Maternal complications
2.5.1 Type 2 Diabetes Mellitus
2.5.2 Coronary Artery Disease
2.6 Detection of GDM
2.6.1 Screening of GDM patients
xiii

Page

AN B W

~N

10
10
10
11
14
18
18
19
20
20
21
21
22
22
22

i

11

v

viii
X1

xiii

Xvii

Xviii

XIX



2.7 Treatment and Management of GDM 25

2.7.1 Insulin therapy 25
2.7.2 Diet 26
2.7.3 Exercise 26
2.7.4 Glucose monitoring 27
2.8 Proteomics 28
2.8.1 Two-Dimensional Gel Electrophoresis (2D-PAGE) 29
2.8.1.1 Sample Preparation 30
2.8.1.2 Isoelectric focusing using Immobilised pH 31
gradient gel strips
2.8.1.3 Separation of proteins on 2D-PAGE 32
2.8.1.4 Staining 2DE gels 33
2.8.1.5 2D pattern computer analysis 34
2.8.1.6 Mass Spectrometry 34
2.8.1.7 Advantages of 2DGE 35
2.8.1.8 Limitations of 2DGE 35
2.9 Protein studies in GDM research 36
2.10 Proteomics in GDM research 37
MATERIALS AND METHODS 39
3.1 Ethics Approval 41
3.2 Study Design and Sample Size Determination 41
3.3 Study Location 42
3.4 Subjects 42
3.5 Baseline Evaluation 42
3.6 Biochemical Measurement 43
3.7 Classification Criteria 43
3.8 Blood Collection 44
3.9 Depletion of High Abundance Protein 45
3.10 Protein Quantification 46
3.11 Protein Curve 47
3.12 First Dimension Gel Electrophoresis 47
3.13 Second Dimension Gel Electrophoresis 48
3.14 Gel Fixation 49
3.15 ProtoBlue Safe Staining 50
3.16 Image Acquisition 50
3.17 Spot Excision 51
3.18 In-Gel Digestion for LC/MS/MS 51
3.19 Mass Spectrometry 52

Xiv



RESULTS

4.1 Sample Preparation
4.2 Optimization of 2DGE conditions

DISCUSSION

5.1 Establishing effective protein biomarkers

5.2 Alpha-1-Antitrypsin

5.3 Albumin

5.4 Antithrombin I1I

5.5 Fibrinogen

5.6 Apolipoproteins

5.7 Alpha 1B-Glycoprotein

5.8 Complement System

5.9 Angiotensinogen

5.10 Transferrin

5.11 Vitamin D binding protein

5.12 Summary of Diagnostic / Prognostic Biomarker Panel
Discovery

5.13 Clinical Impact

CONCLUSION

6.1 Scientific recapitulation

6.2 Achievement of the projected objectives
6.3 Limitations of the study

6.4 Future Directions

REFERENCES

APPENDICES

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix |

BIODATA OF STUDENT
XV

54

54
59

69

69
72
74
75
76
78
81
82
84
85
86
&9

91

92

92
92
93
94

95

108
109
110
111
112
113
114
115
118

136



Table

LIST OF TABLES

The diabetogenic potency of hormones in pregnancy

The identification of protein and comparison protein
expression between normal pregnant women with GDM
patients in 2" trimester.

The identification of protein and comparison protein
expression between normal pregnant women with GDM
patients in 3" trimester.

The summary on the identification of proteins and

comparison protein expression between normal pregnant
women with GDM patients in 2™ and 3™ trimester

Xvi

Page

66

67

68



LIST OF ABBREVIATIONS

1,25(OH)-D Calcitriol

2D-DIGE 2-Dimensional-Fluorescence Difference Gel
Electrophoresis

2D-PAGE 2-Dimensional-Polyacrlamide Gel
Electrophoresis

32p Phosphorus

3T3-L1 Mouse embryonic fibroblast-adipose like
cell line) Nuclear Lysate

AlBG Alpha 1B-Glycoprotein

AAT Alpha-1-Antitrypsin

ALB Albumin

ACOG American College of Obstetricians and
Gynaecologists

ADA American Diabetes Association

Apo Al Apolipoprotein Al

Apo E Apolipoprotein E

AT3 Antithrombin 11

BLAST Basic Local Alignment Search Tool

BMI Body Mass Index

BSA Bovine Serum Albumin

CCB Coomassie Brilliant Blue

xvii



CHAPS

Cm

DTT

ELISA

ESI-MS

GCK

GDM

HCI

hCS

HDL

HNF4a

hPL

IDL

IEF

IGF2

INSR

INS-VNTR

IPG

3-[(3cholamidopropyl) dimethylammonio]-
1-propanesulfonate

centimetre

Dithiothreitol

Enzyme Linked Immunosorbent Assay
Electrospray lonization Mass Spectrometry
gravity

Gram

Glucokinase

Gestational Diabetes Mellitus
Hydrochloric acid

human Chorionic Sommatomammotropin
High Density Lipoprotein

Hepatocyte Nuclear Factor-4a

human Placental Lactogen

Intermediate Density Lipoprotein
Isoelectric Focusing

Insulin-Like Growth Factor-2

Insulin Receptor

Insulin gene

Immobilised pH Gradient

xviii



IRS Insulin Receptor Substrate

kDa kiloDalton

Kg kilogram

L Litre

LC Liquid Chromatography

LC/MS/MS Liquid Chromatography Mass Spectrometry

LDL Low Density Lipoproteins

LPL Lipoprotein Lipase

M Molar

MAC Membrane Attacks Complex

MALDI-TOF Matrix Assisted Laser Desorption Time Of
Flight

MAP mean arterial pressure

MS Mass Spectrometry

mg/dl milligram per decilitre

Ml millilitre

mM miliMolar

MODY Maturity Onset Diabetes of the Young

MSAFP Maternal Serum Alpha Fetoprotein

mW molecular Weight

NCBI National Centre for Biotechnology
Information

X1X



Ng

NGT

OGTT
p value

PAI-1

PPARy

PTM
RAAS
Rpm
SDS

SDS-PAGE

T1DM
TCA

2-DGE
T2DM

USPSTF

ul

nanogram

Normal Glucose Tolerance
nanometer

Oral Glucose Tolerance Test
probability

Plasminogen Activator Inhibitor-1
Hydrogen Ion concentration
Isoelectric point

Peroxisome Proliferator—Activated Receptor
gamma

Post-Translational Modifications
Renin-Angiotensin Aldosterone System
revolutions per minute

Sodium Dodecyl Sulphate

Sodium Dodecyl Sulphate Polyacrylamide
Gel Electrophoresis

Type 1 Diabetes Mellitus
Trichloroacetic acid
Two-Dimensional Gel Electrophoresis
Type 2 Diabetes Mellitus

U.S. Preventive Service Task Force

Microlitre

XX



UPM

V/hr

v/v

VDBP

VDR

VDRE

VLDL

w/V

WHO

University Putra Malaysia
Voltage

Voltage per hour

volume concentration
Vitamin D Binding Protein
Vitamin D Receptor

Vitamin D Response Element
Very Low Density Lipoprotein
weight per volume

World Health Organisation
Alpha

Beta

Gamma

xx1



CHAPTER 1

INTRODUCTION

1.1 Gestational Diabetes Mellitus

Gestational Diabetes Mellitus (GDM) is defined as any glucose intolerance with
onset or first recognition during pregnancy (Buchanan & Xiang, 2005). GDM
affects 3 to 14% of pregnancies depending on the population studied. For instance,
GDM affects about 14% of the pregnant population in the United States (Jovanovic
& Pettitt, 2001). In Malaysia, according to the statistics provided by Hospital Kuala
Lumpur in the year 2008, GDM was the most common medical complication and
metabolic disorder during pregnancy. There were 3325 new cases of GDM in 2007
while in 2008, 3898 cases were diagnosed (Che Minah, Staff Nurse of Hospital

Kuala Lumpur, pers. comm. 20 December 2009).

Generally, the pathophysiology of GDM is still unclear but it is understood that
GDM results when the insulin levels are insufficient to meet insulin demands during
pregnancy. Placental secretion of hormones such as human Placental Lactogen
(hPL), estrogen, progesterone and cortisol is a major contributor to the insulin
resistant state seen in pregnancy (Butte, 2000). As pregnancy progresses, the
increased placental hormones lead to insulin resistance which prevents glucose from
entering the cells and remains in the bloodstream and elevates blood glucose levels to
cause GDM. The peak of these hormones is seen from the 26™ to 33™ week of

gestation (Barros et al., 2000).



The presence of GDM has implications for both the mother and her baby. Prenatal
morbidity includes macrosomia, shoulder dystocia, neonatal metabolic abnormalities,
congenital malformations and neonatal death which in turn may generate subsequent
complications. Long term outcomes for the offspring may include obesity and
diabetes independent of genetic factors. For the mother, uncontrolled blood sugar
level in expectant mother can lead to preeclampsia, hypertension and cardiovascular
diseases during pregnancy. Complications by GDM could lead to caesarean delivery
which could add to the length of hospitalisation and there is an increased risk of

obvious type 2 diabetes mellitus (T2DM) after pregnancy (Metzenger ef al., 2007).

The risk factors that contribute to GDM are advancing age, where the age of the
expectant mother is more than 35 years old, being overweight or obese, diabetes in
their first degree relatives, previous history of GDM and prior delivery to a

macrosomic infant (Cho ez al., 2007).

Screening for glucose intolerance during pregnancy provides an opportunity to offer
management to those women diagnosed with GDM and thus reducing maternal
morbidity and prenatal morbidity and mortality. The usual approach to detecting
GDM is to screen all pregnant women by measuring their plasma glucose by oral
glucose tolerance test at 24 to 28 weeks gestation according to World Health

Organisation (WHO) guidelines (Maresh, 2005).

Insulin therapy is the most common treatment used to control the blood sugar level
among GDM patients. The dose of insulin depends and is tailored to meet each

patient’s requirement. Self monitoring of blood glucose, diet and exercise are also
2



recommended to GDM patients in order to keep their blood glucose range at their

optimum level (Crowther ef al., 2005).

1.2 Problem Statement

The main purpose of identifying GDM is to detect women at risk of adverse prenatal
outcomes and reduce the serious neonatal complications. It is well recognised that
women with previous history of GDM have an increased risk to develop T2DM,
which is a major cause of morbidity and mortality and has economic implications as
well.  The American Diabetes Association (ADA), the American College of
Obstetricians and Gynaecologists (ACOG) and the World Health Organisation
recommend screening most pregnant women for GDM between 24 and 28 weeks of
gestation and screening high risk pregnant women at the first antenatal visit.
However, in the year of 2003, the U.S. Preventive Service Task Force (USPSTF)
concluded that there was insufficient evidence to advise for or against routinely
screening all pregnant women since using clinical risk factors failed to diagnose one

third to one half of patients with GDM (Hillier ez al., 2008).

Even in light of these guidelines, the current diagnostic criteria for GDM remain
controversial since the screening approach, prevalence, clinical management and
impact on maternal and infant outcomes lack sufficient facts and evidence
(Jovanovic & Pettitt, 2001). Many investigators stress the importance of establishing
a new criteria for screening that are specific to pregnancy and validated by pregnancy

outcomes.



Aside from the lack of international agreement on the diagnosis of GDM,
controversy abounds as to the relevance and timing of screening, which would

influence management of GDM and affect prenatal outcomes.

1.3 Significance of the study

A major focus of human genetics research is the identification of the molecular basis
of diseases as to improve diagnostic capabilities and therapeutic options. Screening
for a disease is recommended if the disease is common and clinically important. In
addition, also of are about the potential harm and cost of screening especially given
the high rates of false-positive or false negative results. In the case of GDM, the
purpose of screening is not to diagnose the disease but to identify those at risk as
early as reasonably possible for whom a diagnostic test may be offered. Thus, this
would provide an opportunity for better health management of those women

diagnosed with GDM in the early trimesters.

In order to achieve this goal, the usefulness of a biomarker in screening for
complications in pregnancies relies on its detection in maternal blood during the
early stages of pregnancy (Shankar ef al., 2004). These biomarkers could potentially
be used as indicators of the effects or progression of GDM. Therefore, a better
understanding of the changes that occur at the molecular level in GDM will facilitate
early detection of disease. Thus far, no studies have assessed the utility of multiple

biomarker screening for GDM in Malaysia.



Proteomic analysis based on mass spectrometry is a powerful tool for the
identification of disease-related biomarkers (Shankar ez al., 2004). With proteomics,
profiling of human plasma proteome becomes more feasible in searching for disease
related biomarkers in the field of reproduction. The attention of several researchers
has focused on the examination of the global protein expression in body fluids in

order to provide better diagnosis for GDM and pregnancy related complications.

In the present study, a combined approach based on two-dimensional gel
electrophoresis (2-DGE) and tandem mass spectrometry (MS), was used in order to
determine differentially expressed proteins for GDM by comparing the protein
expression patterns of maternal plasma from normal pregnant women and GDM
patients during the different weeks of gestation and to identify a set of GDM specific

biomarkers.

Comparative proteome profiling of normal and GDM patients’ plasma will
contribute significantly to our understanding of the physiology and pathophysiology
of GDM. This could translate into identification of disease markers as well as for

monitoring of disease progression.

Possibly the most important outcome from this differential proteomic approach is
that identified markers could be used to screen patients in the early trimester to
reduce the consequences of GDM. In addition, this approach could be the basis in
providing a better understanding of GDM especially with regard to underlying
molecular pathways involved in GDM progression and potentially lead to novel

therapeutic approaches for GDM (Sparre et al., 2005).
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1.4 Rationale of this study

Identification of differentially expressed proteins in plasma from pregnant woman
obtained in early trimester periods as candidate biomarkers for GDM and may
potentially provide opportunities for the early detection and treatment of GDM which
in turn would help reduce foetal and maternal morbidity and reduce unfavourable

outcomes.

1.5 Objectives
1.5.1 General objective:

To identify potential protein markers for GDM.

1.5.2 Specific objectives:

1. To compare the plasma protein profiles for the first, second and third

trimesters between GDM patients and normal pregnant women.

2. To compare differentially expressed proteins in plasma between GDM

patients and normal pregnant women.

3. To identify potential protein markers in plasma for GDM.
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