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Chairman : Latifah Binti Saiful Yazan, PhD
Faculty : Medicine and Health Sciences

Cervical cancer is one of the most common cancer in women. Cisplatin is used to
treat cervical cancer but it has adverse effects. Therefore, prediction of
chemosensitivity or response towards any drug based on certain biomarkers is vital.
Glucose regulated protein (GRP58) is predicted to become the potential biomarker or
prognostic marker. This study investigated the response of human cervical cancer
cells to cisplatin, thymoquinone (TQ), ethyl acetate and dichloromethane extracts of
Dillenia suffruticosa root (EADS and DCMDS) based on the expression of GRP58
at gene and protein level which was measured by RT-qPCR and Western blot,
respectively. The effects of EADS and DCMDS on the growth of HeLa and SiHa
cervical cancer cell lines and expression of apoptotic-related genes and proteins were
also investigated. Cytotoxicity was determined by MTT assay. The effects on cell
cycle progression and mode of cell death of EADS were analyzed by flow cytometry
technique. The effects on expression on apoptotic-related genes and proteins were
evaluated by RT-qPCR, Western blot and ELISA, respectively. Cisplatin was more
cytotoxic towards the cells than TQ in a dose-and time-dependent manner (P<0.05).
However, cisplatin was more toxic to the normal cell lines 3T3 and Vero than TQ.
Significant correlation was only found between cytotoxicity of cisplatin towards the
cervical cancer cells and the expression of GRP58 (P<0.05). Therefore, the response
of cervical cancer cells to cisplatin can be predicted on the basis of GRPS5S.
Meanwhile, EADS and DCMDS were found to significantly (P<0.05) inhibit cell
growth and proliferation of HeLa and SiHa. DCMDS was more cytotoxic towards
the cells than EADS in a dose-and time-dependent manner. DCMDS caused
downregulation of the expression of cyclin B, that led to G,/M arrest in the cells.
DCMDS induced apoptosis as evidenced by Annexin-V/FITC assay. DCMDS
induced apoptosis in the cervical cancer cells via dysregulation of mitochondrial-
mediated and ER stress-induced apoptotic pathways. DCMDS triggered the extrinsic
apoptotic pathway via activation of caspase-8. Meanwhile, the intrinsic apoptotic



pathway was triggered upon activation of PARP-1, NF-kB, p53 and JNK. Increased
expression of Bax, but decreased expression of Bcl-2 further enhanced the release of
cytochrome C and increased in caspase-3 and -9 activities which ultimately led to
apoptosis. DCMDS also upregulated ER stress genes chaperones GRP78 and CRT,
and ER transcription factors CHOP/GADDI153, XBP-1 and ATF4. Nevertheless, the
level of GRP58 reduced in a dose-dependent manner. The number of apoptotic cells
increased as the concentration of DCMDS increases. Thus, GRP58 might play a role
in DCMDS-induced ER stress-induced apoptosis since other ER stress proteins were
upregulated but only GRP58 level was downregulated. The data suggest the potential
application of DCMDS in the treatment of cervical cancer.

i



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Master Sains

PENGLIBATAN LALUAN APOPTOSIS TERARUH OLEH TEKANAN
ENDOPLASMIK RETIKULUM DALAM SEL KANSER SERVIKS
DIRAWAT DENGAN AGEN SITOTOKSIK

Oleh
WAN NOR HAFIZA BINTI WAN ABD GHANI

Disember 2014

Pengerusi  : Latifah Binti Saiful Yazan, PhD
Fakulti : Perubatan dan Sains Kesihatan

Kanser serviks merupakan salah satu jenis kanser yang paling biasa berlaku di
kalangan wanita. Cisplatin digunakan untuk merawat kanser serviks tetapi
mempunyai kesan sampingan yang buruk. Oleh itu, ramalan tindakbalas ubat-ubatan
berdasarkan penanda bio tertentu adalah amat penting. Glucose regulated protein
(GRP58) dijangka boleh menjadi potensi penanda bio atas penanda prognostik.
Kajian ini menyiasat tindak balas jujukan sel kanser serviks manusia terhadap
cisplatin dan timokuinon (TQ) daripada Nigella sativa dan ekstrak ethyl acetate dan
dichloromethane daripada akar Dillenia suffruticosa (EADS dan DCMDS)
berdasarkan ekspresi GRP58 pada peringkat gen dan protein yang diukur
menggunakan RT-qPCR dan Western blot. Kesan rawatan EADS dan DCMDS ke
atas pertumbuhan jujukan sel kanser serviks HeLa dan SiHa dan ekspresi gen dan
protein yang berkaitan apoptosis turut disiasat. Sitotoksisiti telah ditentukan oleh asai
MTT. Kesan ke atas kitaran sel dan kematian sel dianalisis dengan menggunakan
teknik aliran sitometri manakala kesan rawatan ekstrak DCMDS terhadap gen dan
protein yang berkaitan dengan apoptotis masing-masing telah diukur dengan
menggunakan teknik RT-qPCR, Western blot dan ELISA. Cisplatin adalah lebih
sitotoksik terhadap sel berbanding TQ dan ianya bergantung kepada dos dan masa
(P<0.05). Cisplatin lebih toksik terhadap sel-sel normal 3T3 dan Vero berbanding
TQ. Korelasi yang signifikan hanya didapati antara sitotoksisiti cisplatin terhadap
jujukan sel kanser serviks dan aras GRP58 (P<0.05). Oleh itu, tindakbalas jujukan
sel kanser serviks terhadap cisplatin boleh diramal berdasarkan GRP58. Sementara
itu, EADS dan DCMDS menghalang pertumbuhan dan proliferasi HeLa dan Siha
(P<0.05). DCMDS adalah lebih sitotoksik terhadap sel daripada EADS dan ianya
bergantung kepada dos dan masa. DCMDS mengurangkan ekspresi cyclin B; yang
membawa kepada penahanan G»/M dalam sel. DCMDS mengaruh apoptosis seperti
yang dibuktikan oleh asai Annexin-V/FITC. DCMDS mengaruh apoptosis dalam sel
kanser serviks adalah melalui ketidakaturan mitokondria dan laluan apoptosis aruhan
tekanan ER. DCMDS mengaktifkan laluan apoptosis ekstrinsik melalui caspase-8.
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Sementara itu, laluan apoptosis intrinsik diaktifkan oleh molekul PARP-1, NF-«kB,
p53 and JNK. Peningkatan ekspresi Bax dan penurunan ekspresi Bcl-2 seterusnya
meningkatkan pembebasan sitokrom C dan aktiviti caspase-3 dan caspase-9 yang
membawa kepada apoptosis. DCMDS juga meningkatkan gen tekanan ER iaitu
chaperonesGRP78 dan CRT, dan faktor transkripsi ER CHOP/GADDI153, XBP-1
and ATF4. Walau bagaimanapun, aras GRP58 menurun apabila dos meningkat.
Jumlah sel apoptotik meningkat dengan peningkatan kepekatan DCMDS. Oleh
itu, GRP58 berkemungkinan memainkan peranan dalam laluan apoptosis teraruh
tekanan ER oleh DCMDS memandangkan aras protein tekanan ER yang lain
meningkat tetapi hanya aras GRP58 sahaja yang menurun. Data mencadangkan
potensi aplikasi DCMDS dalam rawatan kanser serviks.
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CHAPTER 1
INTRODUCTION

Carcinoma of the cervix is the second most common gynecological cancer after
breast cancer (Ferlay ef al., 2013). In Malaysia, cervical cancer was the third most
common cancer among women after breast and colorectal cancer. Current clinical
scenario in the management of cervical cancer would significantly improve by
discovering appropriate biomarkers that can predict the cancer formation and
progression. It is also vital for the evaluation of prognosis in cervical cancer patients
especially on the choice of treatment or drugs. At present, cis-
diamminedichloroplatinum II (cisplatin) is the single active chemotherapeutic agent
used to treat patients that have been diagnosed with cervical cancer (Rose et al.,
2012). Despite the effectiveness, there are serious side effects associated with
cisplatin, notably nausea and vomiting, emesis, renal toxicity, bone marrow
suppression, neurotoxicity and hearing loss (Kong et al., 2012; Rose et al., 2012;
Long et al., 2005). Prediction of chemosensitivity before decision on the treatment
should be given to certain individual, who is most likely to benefit from this drug is
particularly challenging and vital to avoid or minimize any harmful effects.

One of the protein molecules that may be used as a potential marker in predicting the
response of cervical cancer cells towards cisplatin is thiol-disulfide oxidoreductase,
glucose-regulated protein 58 kDa (GRP58/ Erp57/ ER60/ PDIA3/ ERp60/ ERp61/
P58/ Q2/ HIP-70). Studies reported that GRP58 modulated invasiveness of cervical
cancer (Liao et al., 2011). Downregulation of GRP58 was associated with poor
prognosis in early stage of cervical cancer (Chung et al., 2013). Knock-down of
GRP58 in Hela cells led to decreased tumour invasiveness and inhibition of lung
metastasis in a xenograft mouse model (Liao ef al., 2011). In addition, knock-down
of GRP58 was also associated with inhibition of proliferation of breast cancer cells
(Lwin et al., 2012) and melanoma cells (Corazzari ef al., 2007). There was evidence
showing that cisplatin exerted antitumor activity in cancer cells via nucleus-
independent activation of caspase-12 and upregulation of the hallmark of ER stress
molecule, GRP78 (Mandic et al., 2003). Therefore, it is speculated that cytotoxicity
of cisplatin is influenced by the level of GRP58 expression.

Although there is a potential for further reducing the occurrence of cervical cancer
with approved vaccination programs by Gardasil and Cervarix against the human
papillomavirus (HPV), the vaccines do not confer full protection against all HPV
infections and HPV-related cancers; specifically that cause cervical cancer (Nayereh
and Khadem, 2012; Tovar et al., 2008). Even though cervical cancer screening by
Pap smear tests either conventional or liquid-based cytology (LBC) method have
been shown to successfully reduce the incidence in Western countries (Denny et al.,
2006; Gustafsson et al., 1997), the incidence and mortality rate of cervical cancer in
the second and third world countries are still high due to inefficient screening
program (Ferlay et al., 2013). This warrants the need to search for a better anticancer
agent to treat cervical cancer.

Currently, the use of natural products to treat cervical cancer has been in demand.
Many research focusing on herbal extracts that are believed to have less side effects.
In fact, approximately 60% of anticancer drugs originated either from natural

1



products or natural products derived (Cragg and Newman, 2005). A few drugs that
have been approved as the anticancer agents are doxorubicin from bacteria
Streptomyces peucetius var. Caesius (Lomovskaya et al., 1999), paclitaxel from plant
Taxus brevifolia (Witherup et al., 1990) and topotecan from plant Camptotheca
acuminata (Newman and Cragg, 2012; Kusariet al., 2009).

Previous reports have shown that the active constituent of Nigella sativa i.e
thymoquinone (TQ), has anticancer properties. TQ inhibited the proliferation of lung
cancer, breast cancer, colon cancer, melanoma (Attoub et al., 2013; Woo et al.,
2011), liver cancer (Raghunandhakumar ef al., 2013), neuroblastoma (Paramasivam
et al., 2012), oral cancer (Abdelfadil et al., 2013) and cervical cancer cells with
minimal toxicity towards the normal cells (Latifah et al., 2009; Ng et al., 2011).
Based on that, TQ was selected in this study.

Dillenia suffruticosa (Griffith ex Hook. F. & Thomson) Martelli (Wormia
suffruticosal Borneensis ridl/ Wormia burbidgei/ Wormia subsessilis) was another
potential candidate used in this study. This plant has been traditionally used totreat
the growth of cancer (Armania et al., 2013a; Armania ef al., 2013b; Ahmad and
Holdsworth, 1995). Dichloromethane (DCMDS) and ethyl acetate (EADS) extract of
the root of D. suffruticosa were found to be cytotoxic towards HeLa, MCF-7, MDA-
MB- 231, A549 and HT29 human cancer cell lines. The toxicity may be due to the
presence of saponins, triterpenes, sterols and polyphenolic compounds in the extract.
DCMDS induced cell cycle arrest and apoptosis in cervical cancer and breast cancer
cells (Tor et al., 2014; Armania ef al., 2013a; Armania et al., 2013b).

Apoptosis or programmed cell death is distinguished from necrosis by definite
morphological and biochemical features (Kuznetsov et al., 2004; Hickman, 1992).
There are two main apoptotic pathways: the extrinsic or death receptor pathway and
the intrinsic pathway as well as an additional pathway that involves T-cell mediated
cytotoxicity and perforin-granzyme-dependent killing of the cell (Elmore, 2007). The
intrinsic signaling pathway is a mitochondrial or/and endoplasmic reticulum (ER)-
triggered event. These three pathways converge on an execution pathway. This
pathway affects biochemical changes including cleavage of protein and DNA
degradation that result in cytomorphological changes such as cell shrinkage,
karyopiknosis, cytoplasmic blebbing and formation of apoptotic bodies. Finally, the
apoptotic bodies are phagocytosed by phagocytic cells (Savill and Fadok, 2000).
Targeting apoptosis is important because cancer is a disease where too little
apoptosis occurs, resulting in malignant cells keeping on growing and proliferating
(Wong, 2011). Thus, anticancer agents with the ability to induce apoptosis are of
preference as they can stop the continual growth of cancerous cells.

1.1 Problem Statement

Besides various adverse and side effects, treatment of cervical cancer with cisplatin
also leads to a response that is highly heterogeneous (Xiong et al., 2011). Some
patients may respond well whereas others with histologically identical disease are
resistant to the same treatment. The treatment was often unsuccessful due to
development of chemoresistance.Therefore, the analysis of expression of a potential
tumour marker (GRP58 in this study) in response to the treatment with any
anticancer agents needs to be established. It is hoped that the response towards
cisplatin in patients of different stages of cervical cancer can be predicted. On that



note, for those patients who are resistant towards cisplatin, other drugs can be
considered to help to minimise the adverse effects of cisplatin.

Thymoquinone and extracts of D. suffruticosa could be the potential candidates for
management of cervical cancer. In this study, the mechanisms underlying their
cytotoxicity towards cervical cancer cells was the major focus.

1.2 Objectives
In general, this study was divided into Part I and Part II.

a) Partl
General objective:
To determine the response of human cervical cancer cells to cisplatin and
thymoquinone based on the expression level of GRP58

Specific objective:
1. To determine the expression level of GRP58 in HeLa and SiHa cells upon
cisplatin and thymoquinone treatment
2. To analyse the association between the expression level of GRP58 in HelLa
and SiHa cells and their respective IC50

b) Part Il
General objective:
To determine the cytotoxic effects of ethyl acetate (EADS) and dichloromethane
(DCMDS) extract of root of D. suffruticosa towards human cervical cancer cell lines,
HeLa and SiHa

Specific objectives:

1. To determine and compare the cytotoxicity of EADS and DCMDS towards
the human cervical cancer cell lines

2. To determine the mode of cell death induced by EADS and DCMDS in the
human cervical cancer cell lines

3. To determine the effects of DCMDS on cell cycle progression in the human
cervical cancer cell lines

4. To evaluate the expression of apoptotic-related proteins (GRP58 and other
endoplasmic reticulum stress proteins) in the human cervical cancer cell lines
following treatment with DCMDS

1.3 Hypotheses
a) Part |
1. The expression level of GRP58 in HeLa and SiHa cells will decrease upon
cisplatin and thymoquinone treatment
2. There will be an association between the expression level of GRP58 in HeLa
and SiHa cells and their respective ICs, following cisplatin and thymoquinone
treatment

b) Part II
1. There will be differences between the cytotoxicity of EADS and DCMDS
towards the human cervical cancer cell lines



. EADS/DCMDS will induce apoptosis in the human cervical cancer cell lines

. EADS/DCMDS will cause cell cycle arrest in the human cervical cancer cell
lines

. EADS/DCMDS will downregulate/upregulate the expression of apoptotic-
related proteins (GRP58 and other endoplasmic reticulum stress proteins) in
the human cervical cancer cell lines after the treatment
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