lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

o
i
a

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
NN NN NN AN NS NN TAE

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%Ié
?




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

o
i
a

FREPTES JEIPPILIN ooy
“ '

” s
it
L
C,
"“"M‘

af

i i}

L 4

L

il
d 19

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
NN NN NN AN NS NN TAE

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%Ié
?




SNV

i il it el At
@ ASUNET
FREPTES JEIPPILIN ooy

Sl (el lin) b
ok 551y (oo ST Gusigad
i

Wlaeetig bl gul i gl DALY ol ot il ot
i Gl 599 i) i Gl @ il O3 (o

-----

llllllllll
llllllllllll

ettty | i ) G| A
@ ASUNET

Ol e
shiid] ol daoad) g@l 58 0ad Basi

/——m. 4 n

=X

dDW‘DW‘DW—-‘DW—-‘Dﬂ-m—-‘ﬂW—-‘DW—-‘DW—-‘DW—-‘DW—-‘DW—-‘DW‘DW‘DW‘DW‘DW‘DW‘DW‘OH

AN AN AN N N AN NNt




g
§
{
§
§
§
{
§
;}
§
{
{
§
§
{
§
§
§

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)@o,.-)@(..m—
OIS IEHEATATOSHOH

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%é
?




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X WDH
]

i ol b |
@ ASUNET

FREPTES JEIPPILIN ooy

op)égc-op)&m.—)@(qo-—)@(qcp)@&-c.—)@qo-—)@(qnp)@(—.w—)@(qop)@(qop)@l(o,..-)@(qo.-

A

NN NN NN AN NS NN TAE

DélDé‘Dé‘lDéloélnﬂé‘lDé‘lDé‘Déloéloé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘D'




BT S A -
B e A=

AIN SHAMS UNIVERSITY

Role of Long Non Coding RNA in Prognosis of Acute
Myeloid Leukemia

A Thesis

“Submitted for the degree of Science as a partial fulfillment for requirements of
Master of Science”

Odett Mady Zaky

Under the supervision of
Prof. Dr. Magdy Mahmoud Mohamed

Professor of Biochemistry
Faculty of Science
Ain Shams University
Dr. Nashwa Nagy EL-Khazragy
Consultant of Clinical Pathology
Faculty of Medicine

Ain Shams University

Ain Shams University
Faculty of Science
Biochemistry Department

2020




..........
AP 1 ) R

UNIVERSITY

AIN SHAMS

Approval sheet
Name of candidate/ Odett Mady Zaky Khalil

Title of the thesis / Role of Long Non Coding RNA in Prognosis of Acute Myeloid
Leukemia.

This thesis has been approved for submission by:

Supervisors:
Prof. Dr. Magdy Mahmoud Mohamed
Professor of Biochemistry, Faculty of Science, Ain Shams University

Dr. Nashwa Nagy EL-Khazargy
Consultant of Clinical Pathology, Faculty of Medicine, Ain Shams University

Examiners committee:
Prof. Mona Ahmed Saddek
Prof. of Biochemistry and Nutrition, Women’s Faculty, Ain Shams University

Prof. Fawzia Khalil Khalil
Prof. of Biochemistry, Faculty of Medicine, Ain Shams University

Prof. Magdy Mahmoud Mohamed
Prof. of Biochemistry, Faculty of Science, Ain Shams University



AKNOWLEDGMENT

First and formost thanks to GOD who gives me the power to go

forward in a way illuminated with his merciful guidance

No words can express my profound thanks for deep gratitude to
Prof. Dr. Magdy Mohamed for constructive guidance and his continuous
efforts and facilities he offered throughout his supervision. | am also
thankful to him for his continuous support faithful advice and continuous
encouragement during the execution of the work. It is an honour to me that

he is my supervisor and | will never forget his valuable supervision

| would like to express my thanks and gratitude to Dr. Nashwa EL-
Khazragy for her sincere constructive help and valuable contribution
throughout the experimental work and for suggesting several important
improvements in the manuscript of the thesis and for sustained

encouragement continuous support grate assistance and kind supervision.

My thanks are due to my sincere colleagues for their respectable

dealing and sincere cooperation.



DEDICATION

‘@

TO MY FAMILY

SPECIAL DEDICATION FOR ALL MY
FAMILY ESPECIALLY MY FATHER AND

MY MOTHER

ALSO MY HUSBAND AND MY SONS

WORK JOURNEY




Abbreviations

ALL
AML
APL
ATRA
ASOs
CEBPa
CLL
CML
CD

CR

CBF
EGFRP
FLT3
FAB
GIST

Hh

HCC
HER?2
HIV
HLA-DR
ITD
ICCs
HOTAIR
HULC
MALAT1

TERC
LIPCAR
Gasb
IncRNA
PINCR
NTT
IncRNA Xist
INcRNASs
LSD1
MIRNAS
MRD
miRISC
NGS

List of abbreviations and symbols

Titles

Acute Lymphocytic Leukemia

Acute Myeloid Leukemia

Acute Promyelocytic Leukemia

All-Trans Retinoic Acid

Antisense Oligo Nucleotides
CCAAT/Enhancer-Binding Protein o

Chronic Lymphocytic Leukemia

Chronic Myelogenous Leukemia

Common Differentiation Markers

Complete Remission

Core-Binding Factor (CBF)-AML

Epidermal Growth Factor Receptor

Fms-Like Tyrosine Kinase 3
French-American-British

Gastrointestinal Stromal Tumor

Hedgehog

Hepatocellular Carcinoma

Human Epidermal Growth Factor Receptor 2
Human Immunodeficiency Virus

Human Leukocyte Antigen D Related

Internal Tandem Duplication

Interstitial Cells Of Cajal

InNcRNA Homeobox Transcript Antisense RNA
IncRNA Highly Upregulated in Liver Cancer
INcRNA Metastasis-Associated Lung Adenocarcinoma Transcript
1

InNcRNA Telomerase RNA Component
INcRNA uc022bgs.1

IncRNAs Growth Arrest-Specific Transcript 5
IncRNASs p53-Induced Noncoding RNA
P53-Induced Noncoding RNA

IncRNAs Transcript In CD4 1 T Cells LncRNAs
IncRNAs X-Inactivation-Specific Transcript
Long Non-Coding RNAs

Lysine-Specific Demethylase 1

Mature Microrna Molecules

Minimal Residual Disease

Mirna-Induced Silencing Complex
Next-Generation Sequencing



NPM1
PTEN
PIRNAs
PRC2
gPCR
gPCR
gRT-PCR
RTK
RFS
SIRNAs
TdT
WHO
UCB

Nucleoplasmin 1

Phosphatase and Tensin Homolog Deleted on Chromosome Ten
Piwi-Interacting RNA

Polycomb Repressive Complex 2

Quantitative Polymerase Chain Reaction
Quantitative Real-Time Polymerase Chain Reaction
Quantitative Reverse Transcription PCR

Receptor Tyrosine Kinase

Relapse-Free Survival

Small Interfering RNA

Terminal Deoxynucleotidyl Transferase

The World Health Organization

Urothelial Carcinoma of The Bladder



TABLE OF CONTENTS

List of Abbreviations and Symbols
Table of Content

List of Tables VvV
List of Figures Vi
Abstract 1
Introduction 3
Aim of work 8
I- REVIEW OF LITERATURE 9
1- Acute Myeloid Leukemia 9
1-1  Origin of Leukemia 10
1-2  Morphology of AML Blast Cells 11
1-3  Classification 12
1-4  Symptoms and Clinical Pictures of AML 14
1-5 Diagnosis of AML 14
1-6  The Cytogenetic and Molecular Genetic Pathogenesis 16
of AML
1-7  Prognostic Factors of AML 19
1-8 Treatment 20
2- MicroRNA 23
2-1 mi RNA Nomencluture 24
2-2 miRNAs Biogenesis 25
2-3 Role of miRNA in pathogenesis of diseases 27
2-3-1 Role of miRNA in cancer 28
2-3-1-1 miRNA as a diagnostic and prognostic markers 29
2-3-1-2 miRNA as therapeutic targets 31
2-3-2 Role of miRNA in Leukemia 31
2.3.2.1 Role of miRNA in Acute Myeloid Leukemia 32
2-4 Different assays for measuring mi RNA 36
2-5 Micro RNA-193a 37
3- LNC RNA 41
3-1 General Characters of IncCRNA 41
3-2 Classification of IncRNA 42
3-3 Structure of IncRNA 43
3-4 Function of IncRNA 44
3-5 Biological application of InCRNA 47
3-6 Medical Application of INcRNA As diagnostic markers 49

3-7 IncRNA as biomarker in human cancer 51



3-8 IncRNA as therabeutic target in human cancer
3-9 Homeobox antisense intergenic RNA ( HOTAIR)
3-9-1 Genatic Feature of HOTAIR

3-9-2 Function of HOTAIR

3-10 c-kit Protein

I1- Subjects and Methods

1 Subjects
1-1 Inclusion Criteria
1-2 Exclusion Criteria
2 Chemicals and materials for hematological studies
3 Chemicals and materials for molecular studies
3-1 Biologicals materials
3-2 Chemicals and equipment
4 Methods
4-1 Sample collection & Polymorphic nucleocytes separation
4-2 Purification of total RNA and miRNA from Polymorphic nucleocytes
4-3 Determine the RNA concentration by UV- Spectrophotometer-206
4-4 Reverse transcription
4-5 Gene expression analysis by Real time PCR

5-1 MiRNA-193a gene expression analysis by
5-2 LncRNA (HOTAIR) gene expression analysis by real time PCR:
5-3 C-kit gene expression analysis by real time PCR

5 Statistical Data Management and Analysis:

a. Descriptive statistics:

b. Analytical statistics:
I1- Results
Prognostic Feature

Expression levels of Lnc-HOTAIR, miR_193a and c-Kit in the studied
subjects compared to healthy control
Expression levels of Lnc-HOTAIR in studied subjects
Expression levels of miR 193a in studied subjects
Expression levels of ¢ kit gene in studied subjects
Correlation between Inc-HOTAIR and miR193a
Correlation between Inc-HOTAIR, miR193a and c-kit

V- Discussion

V-Conclusion

VI-Recommendation

VII-Summary

VI11- Reference

I X-Arabic summary

52
53
53
55
56

59

59
59
59
60
60
60
60
61
61
62
65
66
68

69
69
69
72

72
72
74
75

82

84
89
91
93
93
95
104
105
106
109



Table

(o)) a b owpNPRE

= © 00 ~

LIST OF TABLES

FAB classification of AML

WHO classification of AML

Summary of the known prognostic factors in AML
Chemicals and Equipment

Demographic and clinical characteristics of the studied
subjects

Expression levels of Lnc HOTAIR, miR 193a and c-kit in
the studied subjects

Expression levels of Lnc HOTAIR in studied subjects
Expression levels of miR193a in studied subjects
Expression levels of c kit in studied subjects
Correlation between different studied biomarkers in AML

page

13
19
62
77

83

87
91
93
95



LIST OF FIGURES

Figure Title Page
1 Myeloid cells 9
2 AML blast cells 11
3 Biogenisis of miRNA 26
4 Transcriptin factors 30
5 Schematic diagram of microRNAs role in AML 34
6 Five brief categories of long noncoding RNAs based on the 43
genome position
7 Schematic diagram of the four archetypes of INcCRNA 45
mechanisms.
8 Mode of action of INCRNA 46
9 minHOTAIR and D4 regions of HOTAIR recruit PRC2 and 54
LSD1, respectively, in order to regulate HOXD expression
10 Purification of total RNA, including miRNA from serum 63
11 Selective conversion of mature miRNAs into cDNA. 67
12 StepOne (Applied BioSystems) PCR detection system. 70
13 Amplification plots of the threshold of expression of target genes 71
by Real time-gPCR.
14 Boxplot graph illustrating the frequencies of age (years) among 74
the studied subjects
15 Boxplot graph illustrating the gender distribution among the 77
studied subjects
16 Boxplot graph illustrating the distribution of favorable and 77
unfavorable age groups among AML patients.
17 Boxplot graph illustrating the distribution of different AML 78
phenotypes among AML patients.
18 Boxplot graph illustrating the distribution of different AML 78
phenotypes among AML patients.
19 Boxplot graph illustrating the distribution of different TLC 79
subgroups among AML patients
20 Boxplot graph illustrating the distribution of different Hb 79
subgroups among AML patients
21 Boxplot graph illustrating the distribution of different Platelet 80
subgroups among AML patients
22 Boxplot graph illustrating the distribution of high and moderate 80
blasts counts among AML patients
23 Boxplot graph illustrating the distribution of patients with MRD 81

<0.01 and >0.01 among AML patients
VI



