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ABSTRACT

Chromosomal rearrangement, such as additions, deletions, translocations and inversions are
phenomena commonly observed in various types of cancers including leukaemia and
nasopharyngeal carcinoma (NPC). In leukaemia, structural rearrangements of the Mixed
Lineage Leukaemia (MLL) gene at 1123 have been reported extensively. In NPC,
chromosomal deletions and additions are observed where one of the common deletion sites is
at 11gq23. However, the precise site of deletion has not been mapped to the gene level.
Furthermore, mechanism leading to chromosome rearrangements in NPC is unknown. In the
case of leukaemia, there are various mechanisms being proposed where apoptotic nuclease is
one of them. Harmful or mutated cells undergo autonomous elimination through programmed
cell death or apoptosis. However, dysregulation of apoptosis can result in many diseases such
as cancer. Morphologically, apoptotic cells are characterised by cells dislodgement,
membrane blebbing, condensation of cytoplasm and nucleus, as well as cellular fragmentation
into membrane apoptotic bodies. In addition, apoptotic cells DNA integrity is changed where
chromatin loop domains are released and may be followed by internucleosomal cleavage.
This leads to DNA ladder formation typically seen on agarose gel. During apoptosis, there
are a few DNases responsible for DNA fragmentation, in which one of them is the Caspase-
activated DNase (CAD). In normal growing cells, CAD co-exists with its inhibitor, ICAD,
and remains inactive. ICAD also functions as a chaperone for CAD and is essential for the
correct folding of CAD protein. When triggered by apoptotic stimuli, ICAD is cleaved by
caspase-3, releasing the active CAD. Activated CAD will then cleave the genomic DNA.
Mutation of CAD and ICAD may result in reduction of internucleosomal cleavage. This is

because mutated CAD does not form stable complex with the DNA. Moreover, mutated
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ICAD, which is resistant to caspase-3 cleavage, is bound to CAD permanently, thus, in spite
of the presence of apoptotic stimuli, CAD does not become activated. In vitro studies showed
that a variety of cells, including tumour cell lines and normal cell types undergo apoptosis
when they are exposed to oxidative stress. Oxidative stress occurs when cells are injured due
to elevated production of reactive oxygen species (ROS), such as hydrogen peroxide, H,O».
Excessive ROS production leads to direct DNA damage, which can result in induction of
apoptosis in severely damaged cells. We hypothesized that, during stress-induced apoptosis,
CAD may cause the initial chromosome break which eventually leads to result in
chromosomal rearrangement of the MLL breakpoint cluster region (bcr). Our dose response
experiments showed that, NPC (SUNE1) and cervical cancer (HeLa) cell line treated with 50
uM and 100 uM H,O, respectively for 20 hours showed apoptotic features. Cleavage within
the MLL bcr was further confirmed via Inverse Polymerase Chain Reaction (IPCR). In order
to study the role of CAD and ICAD, these genes were expressed transiently and stably in
mammalian cell lines. Human and murine CAD genes as well as murine ICAD genes were
subcloned into 2 expression vectors, namely pcDNA and pTracer. The role of CAD was
studied by using four approaches. Firstly, CAD was overexpressed in mammalian cell line
but the result was inconclusive. This may be due to the CAD expressed was not functional.
Secondly, mutant ICAD was overexpressed to inhibit CAD directly. Mutant ICAD which
was resistant to caspase-3 cleavage bound to endogenous CAD and hence CAD could not
execute its DNase activity. However, the IPCR result showed that mutant ICAD did not
reduce cleavage within the MLL bcr. Therefore, third approach was designed where CAD
was inhibited indirectly by using caspase inhibitor. Caspase inhibitor should block the
activation of caspase-3 and thus block CAD activation. However, our result showed no

significant difference between cells with and without caspase inhibition. This could be due to
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inefficient uptake of caspase inhibitor into the cells. There might be other DNase responsible
to DNA cleavage within the MLL bcr, such as Endonuclease G (Endo G), Apoptosis-induced
Factor (AIF) and so on. Chromosomal breakage within the MLL bcr might not solely
dependent on the caspase pathway upon oxidative stress-induced apoptosis. In the last
approach, CAD and/or ICAD was overexpressed. As confirmed by Western blotting, co-
expression of CAD and ICAD resulted in CAD expression. Overexpression of ICAD alone
was sufficient to induce high levels of endogenous CAD expression. From the IPCR result, it
showed that CAD expression enhances cleavage within the MLL bcr upon oxidative stress.
In conclusion, oxidative stress can induce apoptosis in mammalian cell lines. CAD may be
involved directly in the cleavage of the MLL bcr. Chromosome rearrangements via the
apoptotic process may be dependent on the chromatin structure. In order to further strengthen

the hypothesis, involvement of CAD in the cleavage of other genes should also be studied.



ABSTRAK

Penyusunan semula kromosom, seperti penambahan, delesi, translokasi dan songsangan
adalah phenomena yang biasanya dijumpai dalam pelbagai jenis kanser, seperti leukemia
dan kanser nasofaringeal (NPC). Dalam leukaemia, penyusunan semula struktur bagi gen
Mixed Lineage Leukaemia (MLL) pada lokasi kromosom 11q23 telah dilaporkan secara
ekstensif. Dalam NPC, delesi dan penambahan kromosom diperhatikan di mana salah satu
tapak delesi biasanya berlaku pada kromosom 11g23. Walau bagaimanapun, tapak delesi
yvang tepat belum dipetakan pada tahap gen. Lagipun, mekanisma yang mengakibatkan
penyusunan semula kromosom dalam NPC belum diketahui. Dalam kes leukemia, terdapat
pelbagai jenis mekanisma yang dicadangkan di mana nuklease apoptotik adalah salah satu
daripadanya.  Sel-sel yang bahaya atau mengalami mutasi akan disingkirkan secara
automatic melalui proses apoptosis atau kematian sel diprogramkan. Walau bagaimanapun,
disregulasi dalam apoptosis akan mengakibatkan pelbagai penyakit seperti kanser. Secara
morfologi, sel-sel yang apoptotik boleh dicirikan oleh penanggalan sel, “blebbing” membran,
kondensasi bagi nukleus dan sitoplasma dan fragmentasi selular kepada badan apoptotik
membrane. Tambahan pula, DNA integrasi bagi sel yang apoptotik ditukarkan di mana
domain loop kromatin dilonggarkan dan boleh diikuti oleh belahan internukleosom. Ini akan
mengakibatkan pembentukan tangga DNA yang dijumpai pada gel agaros. Semasa apoptosis,
terdapat beberapa DNase yang bertanggungjawab kepada fragmentasi DNA, di mana salah
satu daripadanya adalah Caspase-activated DNase (CAD). Dalam sel-sel bertumbuh yang
normal, CAD wujud bersama dengan perencatnya, ICAD, dan kekal inaktif. ICAD juga
berfungsi sebagai pengiring bagi CAD dan adalah amat penting bagi pembentukan protein
CAD yang betul. Apabila dirangsang oleh stimuli apoptotik, ICAD dibelah oleh caspase-3,

membebaskan CAD yang aktif. CAD yang diaktifkan seterusnya akan membelah DNA
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genomik. CAD dan ICAD yang mengalami mutasi akan mengakibatkan pengurangan dalam
belahan internukleosom. Ini adalah disebabkan oleh CAD yang mengalami mutasi tidak
membentuk compleks tetap dengan DNA. Tambahan pula, ICAD yang mengalami mutasi di
mana ia adalah tahan terhadap belahan caspase-3, terikat kepada CAD secara kekal.
Dengan demikian, walaupun dengan kewujudan rangsangan apoptosis, CAD tidak diaktifkan.
Kajian in vitro menunjukkan bahawa pelbagai sel, termasuk sel-sel tumor dan sel yang
normal mengalami apoptosis apabila terdedah kepada tekanan pengoksidaan. Tekanan
pengoksidaan berlaku apabila sel-sel tercedera disebabkan oleh penghasilan spesis reaktif
oksigen (ROS) yang meningkat, seperti hidrogen peroksida (H;O;). Penghasilan ROS yang
berlebihan akan mengakibatkan DNA dihancur secara langsung, yang mana akan
menyebabkan rangsangan apoptosis dalam sel-sel yang mengalami penghancuran yang teruk.
Kami mengandaikan bahawa, semasa apopsis dirangsangkan oleh tekanan, CAD boleh
mengakibatkan permulaan bagi pemutusan kromosom yang mana akhirnya akan
menyebabkan penyusunan semula kromosom bagi MLL breakpoint cluster region (bcr).
Menurut uji kaji tindakbalas sukatan kami, NPC (SUNEI) dan kanser serviks (Hela) sel
dirawat dengan 50 uM dan 100 uM H>O; masing-masing selama 20 jam menunjukkan ciri-
ciri apoptosis. Pembelahan dalam MLL bcr seterusnya disahkan melalui Reaksi Rantaian
Polimerasi Tersongsang (IPCR). Demi mengaji peranan CAD dan ICAD, gen-gen ini
diekpres secara sementara atau tetap dalam sel-sel mamalia. Gen-gen CAD bagi manusia
dan tikus dan juga gen ICAD bagi tikus disubklonkan ke dalam 2 vektor ekspressi, iaitu
pcDNA dan pTracer. Peranan CAD dikaji dengan menggunakan 4 cara. Pertama, CAD
diekspress secara berlebihan dalam sel mamalia tetapi keputusan tidak dapat disimpulkan.
Ini mungkin disebabkan oleh CAD yang diekspress tidak berfungsi. Kedua, ICAD yang

mengalami mutasi secara berlebihan bagi merencat CAD secara langsung. ICAD mutan,
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yang mana tahan terhadap belahan caspase-3 terikat kepada CAD endogenius, maka CAD
tidak dapat menjalani fungsi aktiviti DNasenya. Walau bagaimanapun, keputusan IPCR
menunjukkan bahawa ICAD mutan tidak mengurangkan pembelahan dalam MLL bcr.
Dengan demikian, cara ketiga dilakarkan di mana CAD direncatkan secara tidak langsung
dengan menggunakan perencat caspase.  Perencat caspase sepatutnya menghalang
pengaktifan caspase-3 dan seterusnya menghalang pengaktifan CAD. Walau bagaimanapun,
keputusan kami menunjukkan bahawa, tiada perbezaan yang jelas di antara sel-sel dirawat
dengan atau tanpa perencat caspase. Ini mungkin disebabkan oleh ketidakefisien. Terdapat
kemungkinan juga terdapat DNase lain bertanggungjawab kepada pembelahan DNA dalam
MLL bcr, seperti Endonuclease G (Endo G), Apoptosis-induced Factor (AIF) dan sebagainya.
Pemutusan kromosom dalam MLL bcr mungkin tidak bergantung sepenuhnya kepada caspase
pathway di atas apoptosis yang dirangsangkan oleh tekanan oksidatif. Dalam cara yang
terakhir, CAD dan/atau ICAD diekspress secara berlebihan. Seperti yang disahkan oleh
Western blotting, keputusan ekspressi CAD bersama dengan ICAD mengakibatkan ekspressi
CAD. Pengekspressan ICAD secara berlebihan sahaja adalah memadai untuk mendorong
ekspressi CAD endogenius pada tahap yang tinggi. Daripada keputusan IPCR, ditunjukkan
bahawa ekspressi CAD menambahkan pembelahan dalam MLL bcr semasa mengalami
tekanan oksidasi. Kesimpulannya, tekanan oksidatif boleh mendorong apoptosis dalam sel-
sel mamalia. CAD mungkin terlibat dalam pembelahan MLL bcr secara langsung.
Penyusunan semula kromosom melalui proses apoptosis mungkin bergantung kepada struktur
kromatin. Selanjutnya, bagi mengukuhkan hipotesis, penglibatan CAD dalam pembelahan

gen-gen yang lain harus dikaji.
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Western blot of CAD from transiently transfected SUNE1
cells non-treated with 50 uM of H,0,.

Western blot of ICAD from transiently transfected SUNE1
cells non-treated with 50 uM of H,0,.

Western blot of GAPDH from transiently transfected
SUNEI cells non-treated with 50 uM of H,O5.

Western blot of CAD from transiently transfected SUNE1
cells treated with 50 uM of H,0,.

Western blot of ICAD from transiently transfected SUNE1
cells treated with 50 uM of H,0..

Western blot of GAPDH from transiently transfected
SUNEI cells treated with 50 uM of H,0,.

Western blot of CAD from transiently transfected SUNE1
cells non-treated and treated with 50 uM of H,0,.

Western blot of ICAD from transiently transfected SUNE1
cells non-treated and treated with 50 uM of H,0,.

Western blot of GAPDH from transiently transfected
SUNEI cells non-treated and treated with 50 uM of H,O,.

Nested IPCR result of transiently transfected SUNE]1 cells
treated and non-treated with 50 uM of H,O,, digested with
Msc 1.

Nested IPCR result of transiently transfected SUNE]1 cells

treated and non-treated with 50 uM of H,O,, digested with
Bgl 11.
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Abbreviation
%

Y
u

B
AIF

ALL
AML
APS
Asp
Bam
ber

Bgl

bp
BSA

C a2+
CAD
cm
CO,
dATP
DFF
DFF35
DFF40
DFF45
DMEM
DMSO
DNA
dNTPs
DSB

E. coli
EBV
EDTA
Endo G
FBS
GAPDH

GFP
Gln
GSH
H,0,
hCAD
HCl1
Hind
HMW

HRP
ICAD

LIST OF ABBREVIATIONS

Description

percentage

gamma

micro

beta

Apoptotic-inducing factor
acute lymphoblastic leukaemia
acute myeloid leukaemia
ammonium persulfate
Aspartate

Bacillus amyloliquefaciens
breakpoint cluster region
Bacillus globigii

base pairs

bovine serum albumin

calcium ion

caspase-activated DNase
centimetre

carbon dioxide

deoxyadenosine triphosphate
DNA Fragmentation Factor
DNA Fragmentation Factor 35
DNA Fragmentation Factor 40
DNA Fragmentation Factor 45
Dulbecco’s Modified Eagle Medium
dimethyl sulfoxide
deoxyribonucleic acid
deoxyribonucleoside triphosphates
Double-stranded break
Eschericia coli

Epstein-Barr virus

ethylene diamine tetracetic acid
Endonuclease G

fetal bovine serum
glyceraldehyde 3-phosphate dehydrogenase

Green fluorescence protein
Glutamine

reduced form of glutathione
hydrogen peroxide

human strain CAD
hydrochloric acid
Haemophilus influenza Rd
high molecular weight
hour

Horseradish peroxidase
inhibitor of CAD
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ICE
IPCR

K

kb

kDa
Kpn

kV

LB

M
MARs
mCAD
MDR
MDS
ME
Mg2+
MgSO4
mICAD
mICAD-L
mICAD-Ldm
min

ml
MLL
mM
Msc
mtDNA
Na3C6H507
NaCl
NaOH
NCBI
NEB

ng
NHE]J
nm

OH-
PBS
PBST
PCR
pg
pmol
PMSF

Q

RCmICAD-Ldm

RNA
ROS

interleukin (IL-1b)-converting enzyme
Inverse Polymerase Chain Reaction
amino acid Lysine

kilobases

kilodalton

Klebsiella pneumonia

kilovolt

Luria-Bertani

molar

Matrix attachment regions

mouse strain of CAD

minimal deletion region
myelodysplastic syndrome
mercaptoethanol

magnesium ion

magnesium sulphate

mouse strain of [CAD

long form of mICAD

double mutated long form of mICAD
minute

millilitre

Mixed Lineage Leukaemia
milimolar

Micrococcus

mitochondrial DNA

sodium citrate

sodium chloride

sodium hydroxide

National Center for Biotechnology Information
New England Biolabs

nanogram

Non-homologous End Joining
nanometre

Nasopharyngeal carcinoma

optical density

superoxide anion

degree Celcius

hydroxyl radical

phosphate buffer saline

phosphate buffer saline —Tween 20
Polymerase Chain Reaction
picogram

picomole

phenylmethylsulfonyl fluoride
amino acid Glutamine

reverse compliment of mICAD-Ldm
ribonucleic acid

reactive oxygen species
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rpm
SARs
SDS
Sma
SOD
sUPW
t-AML
TBE
TBE
TE

WHO

Xg
Xba

Hg

uM

revolution per minute

scaffold attachment regions

Sodium dodecyl sulphate

Serratia marcescens

superoxide dismutase

sterilised ultra pure water
therapy-related acute myeloid leukaemia
tracheobronchial epithelial

Tris Boric Acid-EDTA

Tris-EDTA

volumes

World Health Organisation

times

multiples of earth’s gravitational force
Xanthomonas badrii

microgram

microlitre

micromolar
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