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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 
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By
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September 2017 
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Faculty :  Medicine and Health Sciences 

Acute lymphoblastic leukaemia (ALL) is characterized by an over-proliferation of 

immature lymphoblasts in the bone marrow. It is the most common cancer in 

children but affects adults as well. The majority of ALL are B cell lineage however 

approximately 15% are of T-cell origin. ALL predominates among males, from 1.2 

times in B-cell lineage to 2.2 in T-cell ALL. Natural killer (NK) cells are significant 

players of the innate immune response characterised by cytolytic activity against 

virus-infected and tumour cells. The role of NK cells in immune surveillance and the 

tumour microenvironment are supported by earlier studies. Furthermore, like ALL it 

appears to be increased in the male gender. The activity of NK cells is regulated by 

groups of inhibitory and activating receptors. The role of NK cells in the 

leukaemogenesis is still unclear.This study hypothesise that variation in NK cell

associated genes may affect functional killing activities of NK cells and influence 

leukeamogenesis. The objective of this study is to investigate genetic polymorphisms 

and variations in NK cell associated genes in of ALL patients and contrast between 

sexes.

The percentage of NK cells (CD56+) in peripheral blood mononuclear cells were 

compared between gender in B-cell and T-cell ALL and compared with healthy 

controls. The average percentage of NK cells in mononuclear cells was higher in 

male subjects including normal, B-ALL and T-ALL male compared to female 

subjects.  Gene expression frequencies of activating and inhibitory killer cell 

immunoglobulin-like receptors (KIR), commonly studied were also compared 

between these samples. Significant absence in expression of KIR2DL1-L4, 3DL3, 
2DS2 and S4 (p<0.04) were observed in ALL patients. The expression of KIR2DL1, 
2DL3, 2DL4, 3DL3 and 2DS4 were significantly absent in T-ALL male patients 
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when compared with normal male controls. Genetic mutation and polymorphism, 

particularly single nucleotide polymorphism (SNPs) and small variants were then 

examined for NK-related genes in ALL samples via next-generation sequencing 

(NGS). Significant small variants present in specific gender and groups were 

identified. The consequences of these small variants to amino acid coding were 

predicted. These small variants have potential effects to the NK cells of individuals. 

The effects of selected small variants identified by NGS on gene expression levels 

were also investigated using qPCR. Small variants present in KIR3DL2, KLRC1, 
KLRC2 and LILRB1 were found to be significantly associated with the 

downregulation of gene expressions. Gene copy number variations (CNVs) defined 

by deletion or amplification in NK cells associated genes were also identified 

following next-generation sequencing and further validated using real-time 

quantitative polymerase chain reaction (qPCR). In ALL patients, amplification was 

detected in LAIR2, KLRC1, NCR1, NCR3, KLRC2, KLRC3 and KLRC4 while 

deletion was detected in CD69 and KLRD1. Gene copy numbers of KLRC2 and 

KLRD1 were positively and significantly correlated with gene expression level. 

Lastly, the most common mechanism in epigenetic modification that is DNA 

methylation was investigated in the promoter regions of KIR. Hypermethylation or 

higher methylation index of KIR genes were observed in most ALL patients. Of 

these genes, KIR2DL4 showed significant negative correlation between methylation 

index and gene expression (rs= -0.610, p< 0.001). This study showed significant 

differences in genetics of NK cell related genes between ALL patients and healthy 

controls. There were also significant differences when genders were compared. 

These implied differences in function and activity of NK cells in the various groups 

and influence of gender from the variation in NK cell related genes may potentially 

affect leukaemogenesis on ALL. All the data from this fundamental study will lead 

to a better understanding on the innate immunity particularly the NK cell’s arm in 
ALL patients and normal individuals on gender basis. The new insight on the genetic 

polymorphism, gene copy number variation and DNA methylation in ALL may be 

used to associate ALL with leukaemogenesis for better diagnosis and therapy in 

future. This study showed influence of gender in terms of genetic polymorphism,

DNA methylation and gene copy number variations on ALL.  



© C
OP

UPM

iii

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

PENGARUHAN JANTINA DAN POLIMORFISME GENETIK BAGI GEN-
GEN SEL PEMUSNAH SEMULAJADI TERHADAP LEUKEMIA 

LIMFOSITIK AKUT 

Oleh 

LEE LE JIE 

September 2017 

Pengerusi : Maha Abdullah, PhD 
Fakulti : Perubatan dan Sains Kesihatan  

Leukemia limfositik akut (ALL) dicirikan oleh proliferasi sel progenitor lymphoid 

secara melampau dalam sumsum tulang. Ia adalah kanser yang paling biasa ditemui 

dikalangan kanak-kanak. Kebanyakkan ALL adalah keturunan dari jenis sel-B (B-

ALL) walaubagaimanapun kira-kira 15% adalah berasal dari sel-T (T-ALL). ALL 

lebih kerap terjadi di kalangan lelaki, 1.2 kali dalam ALL jenis sel-B dan 2.2 kali 

dalam ALL jenis sel-T. Sel pemusnah semulajadi (sel NK) adalah sejenis sel 

immune yang dapat dicirikan oleh aktiviti pembunuhan sel-sel yang dijangkiti oleh 

virus dan juga tumor. Peranan sel-sel NK dalam pengawasan imun dan persekitaran 

mikro tumor disokong oleh kajian terdahulu. Tambahan pula, seperti dalam ALL ia

ternyata meningkat di golongan jantina lelaki. Aktiviti sel-sel NK dikawal oleh 

kumpulan-kumpulan reseptor penghalang dan pengaktif. Peranan sel NK dalam 

pembentukkan ALL masih kurang dikaji. Hipotesis kajian ini adalah variasi dalam 

gen-gen sel NK yang berkaitan berkeupayaan mempengaruhi fungsi kemusnahan sel 

NK dan berperanan dalam proses pembentukkan ALL. Objektif kajian ini adalah 

menyelidik poliformisme dan variasi genetic dalam gen-gen sel NK yang berkaitan 

dan membeza akan jantina. 

Peratus sel NK (CD56+) dalam sel-sel mononuklear darah periferi dibandingkan 

antara jantina dalam sel-B dan sel-T ALL dan juga kumpulan kawalan yang sihat. 

Purata peratus sel-sel NK dalam sel-sel mononuklear adalah lebih tinggi dalam 

subjek lelaki termasuk dalam kumpulan kawalan, B-ALL dan T-ALL berbanding 

dengan subjek wanita. Frekuensi ekspresi gen-gen penghalang dan pengaktif 

reseptor killer cell immunoglobulin-like receptor (KIR) juga dibandingkan antara 

sampel-sampel. KEtakhadiran yang signifikan dalam ekspresi KIR2DL1-L4, 3DL3, 
2DS2 dan S4 (p<0.04) diperhatikan dalam pesakit ALL. Ekspresi KIR2DL1, 2DL3, 
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2DL4, 3DL3 dan 2DS4 juga lebih rendah secara signifikan di pesakit lelaki T-ALL 

berbanding dengan kawalan normal. Mutasi genetik dan polimorfisme, terutamanya 

polimorfisme nukleotida tunggal (SNP) dan varian kecil dalam gen-gen sel NK telah 

diperiksa melalui penjujukan generasi baru (NGS). Varian kecil yang signifikan 

dalam jantina dan kumpulan tertentu telah dikenal pasti. Akibat daripada varian kecil 

dalam pengkodan asid amino telah diperiksa. Varian kecil mempunyai potensi 

berkesan kepada sel-sel NK dalam individu. Kesan varian kecil yang dikenal pasti 

daripada NGS di peringkat ekspresi gen telah disiasat menggunakan qPCR. Varian 

kecil di dalam KIR3DL2, KLRC1, KLRC2 dan LILRB1 didapati berkait secara 

signifikan dengan pegawalaturan menurun ekspresi gen. Variasi salinan gen (CNVs) 

yang ditakrifkan sebagai penghapusan atau amplifikasi dalam gen-gen sel NK juga 

disiasat dengan cara NGS dan seterusnya disahkan menggunakan qPCR. Dalam 

pesakit ALL, amplifikasi dikesan di LAIR2, KLRC1, NCR1, NCR3, KLRC2, KLRC3
dan KLRC4 manakala penghapusan dikesan di CD69 dan KLRD1. CNV dalam gen 

KLRC2 dan KLRD1 berhubung secara positif dan signifikan dengan ekspresi gen. 

Akhir sekali, mekanisma yang paling biasa dalam pengubahsuaian epigenetik iaitu 

metilasi DNA telah disiasat di kawasan promoter gen-gen KIR. Hypermetilasi atau 

metilasi indeks gen KIR yang tinggi diperhatikan dalam kebanyakan pesakit ALL. 

Gen KIR2DL4 menunjukkan hubugan negative yang signifikan antara indeks 

metilasi dan ekspresi gen (rs= -0.610, p< 0.001). Kajian ini menunjukkan perbezaan 

yang signifikan dalam genetic gen yang berkaitan dengan sel NK antara pesakit ALL 

dan kawalan yang sihat. Terdapat juga perbezaan yang signifikan apabila jantina 

dibandingkan. Perbezaan tersirat dalam fungsi dan aktiviti sel-sel NK dalam pelbagai 

kumpulan dan juga jantina akibat variasi dalam gen-gen sel NK, maka berpotensi 

mempengaruhi pembentukkan ALL. Semua data dari kajian asas ini akan membawa 

kepada pemahaman yang lebih mendalam mengenai imuniti semula jadi terutamanya 

dari lengan sel NK dalam pesakit ALL dan individu normal mengikut jantina. 

Wawasan baru dari polimorfisme genetik, variasi salinan gen dan metilasi DNA 

dalam ALL boleh digunakan untuk mengaitkan ALL dengan leukaemogenesis untuk 

menambahbaik diagnosis yang lebih baik dan terapi pada masa depan. Kajian ini 

menunjukkan pengaruh jantina dari segi polimorfisme genetik dan variasi salinan 

gene pada ALL.  
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CHAPTER 1 

1 INTRODUCTION 

According to National Cancer Registry year 2011, leukaemia is the 7th most common 

cancer in Malaysia. Leukaemia is the haematological malignancy of blood or bone 

marrow, characterised by the production of large number of abnormal and immature 

white blood cells. Acute leukaemia is the aggressive type of leukaemia where the 

primary diagnosis and classification of acute leukaemia relied on cytomorphological, 

cytochemical and immunophenotype of leukaemic cells. Acute lymphoblastic 

leukaemia (ALL) is characterised by the over proliferation of immature and 

cancerous lymphocytes known as lymphoblast. ALL is a common pediatric 

leukaemia with peak incidence around two to five years old while another peak 

incidence appears in old age. There are generally few types of ALL which include B-

cell lineage and T-cell lineage. The higher incidence of acute lymphoblastic 

leukaemia in male has been reported in Malaysia and other studies across the world. 

The etiology of acute leukaemia is still unclear. Immune surveillance protects the 

body from cancer formation. Mechanisms in which tumour cells evade immune 

eradication include hijacking immune suppressive pathways as well as maintaining 

immune ignorance via both innate and adaptive immune systems (Gaiewski et al., 

2013). 

Natural killer (NK) cells are significant players of the innate immune response 

characterized by cytolytic activity against virus-infected and tumour cells (Lorenzo,

2007). The major function of NK cells in fighting cancer is to be in surveillance and 

elimination of cells that become malignant. NK cell function and detection systems 

are regulated by a group of inhibitory and activating receptors and also their ligand. 

Major NK cell receptors include killer cell immunoglobulin-like receptors (KIRs), 

natural cytotoxic receptors (NCRs) and C-type lectin-like receptors (KLRs). The 

ligands for NK cell receptors were reported be HLA class I, however, majority of the 

specific ligands for NK cells receptors are yet to be identified. Apart from specific 

NK cells receptors, other system such as Fas and Fas ligand and sex hormones are 

also important factors in cytotoxicity mediated by NK cells (Chua et al., 2004). NK 

cells were reported to be predominant in male (Oshimi et al., 1980; Santoli et al., 

1976; Kennichi et al., 2003; Reichert et al., 1991). For instance, in a study of gender 

effect on in vitro lymphocyte subset levels, Abdullah et al. (2012) reported a higher 

percentage and absolute count of NK cells in blood of healthy male. 

As the incidence of ALL was reported to be higher in male and NK cells were also 

found to in be higher percentage and activity in male. However, the association 

between the higher incidence of ALL and NK cells activity in male remains 

unknown. it is hypothesised NK cell variations at genetic level are present in ALL 

cases and is gender biased.
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There are several potential factors causing the dysfunction of NK cells related genes 

in ALL including genetic factors such as mutations, genetic polymorphisms, and 

gene copy number variations (CNV). The sources of genetic polymorphism include 

single nucleotide polymorphism (SNPs), sequence repeats, insertions, deletions and 

recombination. SNP is the most common sequence variation in human genome 

(Risch, 2001). Associations of small variants with leukaemia prognosis, survival, 

therapy and replapse have been described in some studies. However, the association 

between small variants in genes coded for NK cell receptors and with its function 

has yet to be identified. Other than small variant, CNV has emerged as another 

crucial research area in leukaemia and other diseases as CNVs are present in human 

population with high frequency and potentially explain more variation than SNPs 

(Pang et al., 2010). This is because large scale variations with possible deletions of 

tumour suppressor genes or amplifications of oncongenes are often found in cancer 

genome. Lastly, epigenetic modification such as DNA methylation may be one of 

the factors causing irregular gene expression of NK cell receptors. DNA methylation 

in the promoter region of a gene can suppress transcription events and thus reduce 

gene expression (Stirzaker et al., 2004). Cancer-associated hypomethylation and 

hypermethylation in different extent, frequency and types of cancers had been 

described; however, more studies on the role of DNA methylation in tumourgenesis 

and tumour progression need to be carried out (Ehrlich, 2009). Study involved all 

four aspects (genetic polymorphism, gene expression, gene copy number and DNA 

methylation) in NK cells and ALL has not been substantiated by others. 

The general objective of this study is to investigate the association between genetic 

variations in NK cell related genes in ALL patients and gender bias.

The specific objectives of this study are: 

1. To compare gene expression of NK cell receptors and percentage of NK cells in 

ALL patients and healthy controls of different genders. 

2. To investigate genetic polymorphisms and gene copy number variation in NK 

cell related genes in ALL patients and healthy controls of different genders. 

3. To study the effects of genetic polymorphism on NK cell genes expressions in 

ALL patients and healthy controls of different genders. 

4. To identify DNA methylation and its correlation with gene expression levels of 

NK cell related genes in ALL patients and healthy controls of different genders.  
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