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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Doctor of Philosophy

APOPTOSIS AND CELL CYCLE ARREST OF MCF-7R BREAST
CARCINOMA CELLS BY BIS(PHOSPHANE)COPPER(I) THHOCARBAMIDES
DERIVATIVE COMPOUNDS

By
OOI KAH KOOI

July 2017

Chair: Abdah Md. Akim, PhD
Faculty: Medicine and Health Sciences

Previous studies on coordinated gold compounds namely phosphanegold(l)
thiocarbamides exhibited promising anti-cancer activities through induction of
apoptosis. To a greater extent, current research was advanced to study copper(l)
derivatives, namely bis(phosphane)copper(l) thiocarbamides,
(PhsP)2Cu[S=C(OR)N(H)Ph]CI, with R referring as three different substituent
group: methyl (Compound 1), ethyl (Compound 2), and isopropyl (Compound
3); on breast cancer. Among the aggressive cancers reported, breast cancer
exhibited poor response to chemotherapy owing to its high cellular glutathione
(GSH) levels, high mitochondrial thioredoxin reductase (TrxR) activities and
over-activation of NF-kB; hence, contributed for reduced drug’s efficacy and
resistance to death-signals. Thus, regulation on GSH, TrxR and NF-kB are
suitable targets in current study. The tested copper(l) compounds demonstrated
in-vitro cytotoxicity against MCF-7R breast carcinoma cells with micromolar
potency. Meanwhile, cytotoxicity testing on normal cells (kidney, breast and
heart) suggest Compound 1-3 are less potent towards normal cells and
selective towards breast cancer cells. Inhibition of TrxR yield increase of cellular
level of reactive oxygen species and further mitochondria membrane
polarization, indicating Compound 1-3 inhibit mitochondrial function via
oxidative stress. The detailed mechanistic studies demonstrated Compound 1-
3 induced both intrinsic and extrinsic pathway of apoptosis through upregulation
of p53/p73 genes and interaction with cell-death receptor. Also, Compound 1—
3 arrest the cell cycle of MCF-7R cells through activation of S-phase cell cycle
checkpoint via modulation of cyclins and cyclin-dependent kinases. The NF-kB
pathway is also down-regulated by Compound 1-3 through the regulation of
Lys48- and Lys63-linked polyubiquitination. From the summary of apoptosis and
cell cycle pathway, it can be concluded different mechanisms are mediated by
differing the nature of substituent groups in compounds hence they possess
potential as anti-cancer agents.
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Kajian terdahulu mengenai sebatian terkoordinasi terbitan emas ke-atas
phosphanegold(l) thiocarbamides mempamerkan aktiviti anti-kanser yang
berkesan melalui induksi isyarat kematian. Untuk ke tahap yang lebih lanjut,
penyelidikan ini diteruskan bagi mengkaji sebatian terkoordinasi terbitan
kumprum(l), (PhsP)2Cu[S=C(OR)N(H)Ph]CI, dengan R sebagai pengganti
kepada tiga kumpulan subsituen yang berlainan: metil (Sebatian 1), etil
(Sebatian 2), dan isopropil (Sebatian 3) terhadap kanser payudara. Antara
kanser agresif yang dilaporkan, kanser payudara mempamerkan gerakbalas
lemah terhadap kemoterapi kerana ia mempunyai tahap glutation (GSH) dan
tahap enzim reduktesa thioredoxin mitokondria (TrxR) yang tinggi, disertai
dengan pengaktifan lebihan daripada NF-kB; justeru menyumbang kepada
kekurangan kesan ubat dan rintangan terhadap laluan isyarat kematian. Oleh
itu, pengawalan ke-atas GSH, TrxR dan NF-kB merupakan sasaran yang sesuai
dalam pengajian ini. Sebatian kuprum(l) yang dikaji menunjukkan sitotosisiti in-
vitro ke-atas sel karsinoma payudara MCF-7R dengan nilai potensi secara
mikromolar. Selain itu, kajian sitotosisiti ke-atas sel biasa (buah pinggang,
payudara dan jantung) mencadangkan bahawa Sebatian 1—3 adalah kurang
berkesan terhadap sel biasa dan lebih berkesan terhadap sel kanser.
Perencatan ke-atas reduktesa thioredoxin mitokondria menyebabkan
pengingkatan tahap spesis oksigen reaktif (ROS) dan memberi kesan bahawa
polarisasi membran mitokondria, justeru ia membuktikan bahawa Sebatian 1—
3 menginduksi tekan oksidatif untuk merencat fungsi mitokondria. Berdasarkan
analisa aliran ke-atas RT? PCR isyarat p53/kematian, Sebatian 1—3
mempamerkan isyarat kematian secara intrinsik dan ekstrinsik melalui
peningkatan kawal atur gen p53/p73, dan interaksi dengan reseptor kematian
sel. Selain itu, Sebatian 1—3 menahan kitaran sel MCF-7R di fasa S melalui
pengawalan siklin dan aktiviti kinase siklin berdasarkan analisa aliran ke-atas
RT2 PCR isyarat siklin dan kitaran sel. Lintasan NF-kB juga diturun-atur oleh
Sebatian 1—3 melalui modulasi Lys48- and Lys63-pautan polyubiquinasi.
Sebagai kesimpulan, hasil kajian daripada laluan isyarat kematian dan laluan
kitaran sel memberikan bukti bahawa perubahan kumpulan subsituen dalam



struktur sebatian akan mengubah mekanisme tindakan secara ketara oleh itu ia
dicadangkan mempunyai potensi sebagai ubat anti-kanser.
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CHAPTER 1

INTRODUCTION

Modernization and industrialization of world during 20" century brought
significant improvement in lifestyles yet it is resulting several general health
problems such as cancer. Based on the information provided by Cancer Facts
and Figures published by American Cancer Society in 2017, the group of authors
estimated there are 14.1 million of new cancer cases reported yet caused 8.2
million of death in 2016. The high occurrence and high mortality rate of cancer
make it ranked the third leading cause of death worldwide, beyond the
cardiovascular diseases (e. g. myocardial infraction, stroke and hypertension)
and infectious disease (e. g. HIV/AIDS, tuberculosis and malaria) (Siegel et al.,
2017 in the Cancer Facts and Figures 2017; together with Torre et al., 2015 in
the Global Cancer Facts and Figures 2015). Referring to the statistic in Figure
1.1, the top leading cancers of male are lung, prostate and colorectal cancer in
comparison with top leading cancers of female are breast, colorectal and lung
cancer.

Estimated New Cases Estimated Deaths
Male Female Male Female
Lung, bronchus, & trachea Breast Lung, bronchus, & trachea Breast
1,241,600 1,676,600 1,098,700 521,900
Prostate Colon & rectum Liver Lung, branchus, & trachea
1,111,700 614,300 521,000 491,200
Colon & rectum Lung, bronchus, & trachea Stomach Colon & rectum
746,300 583,100 469,000 320,300
Stomach Cervix uteri Colon & rectum Cervix uteri
631,300 527,600 373,600 265,700
Liver Stomach Prostate Stomach
554,400 320,300 307,500 254,100
Urinary bladder Corpus uteri Esaphagus Liver
330,400 319,600 281,200 224,500
Esophagus QOvary Pancreas Pancreas
323,000 238,700 173,800 156,600
Non-Hodgkin lymphoma Thyroid Leukemia Ovary
217,600 229,900 151,300 151,900
Kidney Liver Urinary bladder Esophagus
213,900 228,100 123,100 119,000
Leukemia Non-Hodgkin lymphoma Non-Hodgkin lymphoma Leukemia
200,700 168,100 115,400 114,200
Al sites* All sites* All sites* All sites*
7,427,100 6,663,000 4,653,400 3,548,200

Figure 1.1: The estimated number of new cases and estimated deaths for
top-leading cancers worldwide in 2016. (Source: Cancer Facts and Figures
2017)

Note: The estimated number of new cases and deaths are sum across high-income, middle-income
and low-income nations.



In contrast with colorectal and lung cancers, breast cancer is the most commonly
diagnosed cancer among female population (Figure 1.1). In the case of female
who born with familial inherited mutation of tumor suppressor genes BRCA1 and
BRCAZ2, the lifetime risk to develop breast cancer and the associated illness are
up to 65% (Karin et al., 2005; Woolston, 2015). The most common type of breast
cancer is the epithelial carcinoma which derived from epithelial cells of mammary
glands’ duct (Castaneda et al., 2017). Carcinogenesis on epithelial cells of breast
resulting it gained oncogenic features such as high rate of proliferation, resistant
to death signals, silenced from immunosurveiliance and vascular invade into
distant location (Yang et al., 2017). Despite advancement of technology greatly
improved survival rate of breast cancers’ patient through surgery, chemotherapy,
radiotherapy, hormonal therapy and recently the targeted immunotherapy (Yang
et al.,, 2017; 2017). Nevertheless, chemotherapy remained as first choice and
widest approach applied due to the effectiveness in inhibiting proliferation of
cancer cells (Tozawa et al., 2003), however it is often militated by several factors
including drug resistance, non-selectivity actions from chemotherapeutic drugs
and high proliferation rates in breast cancer cells (Chen et al., 2001).

Breast cancer is associated with activation of several signaling pathways to
enhance their proliferation, survival, invasion and metastasis capability, such as
Nuclear Factor-kappaB (NF-kB) pathway, Wingless and T-cell factor-B-Catenin
(WnT-B-Catenin) pathway, estrogen receptor kinases/mitogen-activation protein
kinases (ERK/MAPK) pathway and mTOR pathway (Shafiee et al., 2016).
Among of these, NF-kB was targeted in present study owing to its significant
roles in regulating cell cycle, cell survival and cell death (Liang et al., 2013).
Activation of oncogenes upon mutations or increased activity of mitochondria
eventually activate NF-kB and promote its translocation into nucleus and
subsequent binding to DNA leads to expression of cytokines, such as interleukin-
6 (IL-6) and interleukin-8 (IL-8). The two interleukins in return enhanced NF-«kB
activity to express cancer cell survival and metastasis factors, e. g. BIRC5
(survivin), BIRCG6, XIAP etc. (Schmitz et al., 2016). Therefore, the discovery of
potent drugs that targeting programmed cell death and inhibitory effect towards
NF-kB pathway are both highly importance (Shao et al., 2015). Here in, these
factors contributed for the problem statements of current study.

Continued from statement above, chemoresistance of breast cancer are
complex results from increased mitochondrial thioredoxin reductase (TrxR)
enzymatic activities and increased cellular glutathione (GSH) levels (Tanaka et
al., 2016). Thioredoxin reductase, an enzyme located in mitochondria was over-
activated in cancer cells thus contribute for cancer cells proliferation and
metastasis capability (Carlson et al., 2012). Despite GSH was reported with their
antioxidant functions, high levels of GSH in breast cancer cells reduced efficacy
of chemotherapeutic compounds, particularly the metal compounds, e. g. gold
and copper due to their high affinity towards sulfhydryl-domain of GSH which
eventually increase efflux of compounds from the host cells hence reducing
overall treatment outcome (You et al., 2015).



Recent studies on sister compounds of this project, phosphanegold(l)
thiocarbamides exhibited promising anti-cancer activities in terms of induction of
apoptosis, cell cycle arrest, inhibition of cell invasion and inhibition of NF-kB in
colorectal cancer cells (Yeo et al., 2013; Ooi et al., 2015; 2017). Given the
increased interests in developing copper complexes as anti-cancer agents, a full
range of copper complexes were synthesized and studied regarding their anti-
cancer potential, through coordination with phosphine ligands (Santini et al.,
2014), thiosemicarbazone ligands (Palanimuthu et al., 2013), and thiocarbamate
ligands (Biersack et al., 2012). Hence it seemed a logical extent to develop this
chemistry to include copper, which lead to the synthesis of
(Ph3P)2Cu[S=C(OR)N(H)Ph]CI, with R referring as different substituent
substitution, namely methyl substitution (Compound 1), ethyl substitution
(Compound 2), and isopropyl substitution (Compound 3).

As mentioned, these series of trial copper compounds are phosphanecopper(l)
derivatives which carrying the binary (Gandin et al., 2015) and mixed ligand
systems (Porchia et al.,, 2013). They were synthesized after auranofin
[tetraacetyl-B-D-thiogluchosegold(l) triethylphosphine], one of the most
successful anti-cancer compound. In accord, the respective chemical properties
of candidate copper(l) compounds had been reported previously (Yeo et al.,
2014; Zukerman-Schpector et al., 2016), hence the current study focuses upon
the investigation of the response of human breast carcinoma MCF-7R cells to
Compound 1-3, in terms of cell death and the cell cycle arrest mechanism
pathways through RT? PCR microarray analysis. In addition, the inhibitory
activities of Compound 1-3 towards the NF-kB signalling pathway were
determined through the study of Lys48/Lys63-linked polyubiquitination, cell
invasion assay and the expression of relevant genes.

1.1 Hypothesis

It is expected the bis(phosphane)copper(l) thiocarbamides series,
(Ph3P)2Cu[S=C(OR)N(H)Ph]CI, with R = Methyl, Ethyl, and Isopropyl [named as
Compound 1, Compound 2 and Compound 3 respectively throughout the
thesis] are able to exhibit anti-cancer effects on breast carcinoma cells by
inducing both intrinsic and extrinsic apoptosis.



1.2 Objectives

1.2.1 General objective

To investigate anticancer activities of bis(phosphane)copper(l) thiocarbamides
compounds against MCF-7R breast carcinoma cells.

1.2.2 Specific objectives

1. To determine ICso dosage of bis(phosphane)copper(l) thiocarbamides
derivatives against MCF-7R cancer cells.

2. To investigate possible toxicity profile of bis(phosphane)copper(l)
thiocarbamides by using in-vitro normal cells models.

3. To investigate the morphology and mechanism of apoptosis carried by
bis(phosphane)copper(l) thiocarbamides towards MCF-7R cells.

4. To identify mechanism of «cell cycle arrest induced by
bis(phosphane)copper(l) thiocarbamides towards MCF-7R cells.

5. To investigate ability of bis(phosphane)copper(l) thiocarbamides in inhibition
of mitochondrial thioredoxin reductase enzyme and cellular glutathione
levels, thus overcome the chemoresistance of breast cancer.

6. To determine inhibitory activity of bis(phosphane)copper(l) thiocarbamides
towards NF-kB via detection of Lys48- and Lys63-polyubiquitination.
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