COPYRIGHTINTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

GROUP-BASED QUANTITATIVE STRUCTURE-
ACTIVITY RELATIONSHIP (G-QSAR) AND
MOLECULAR DOCKING STUDIES OF BCL-XL, BCL-2
AND PI3K-I" INHIBITORS FOR LUNG CANCER
TREATMENT

BY

NADIA HANIS BINTI ABDUL SAMAT

A thesis submitted in fulfillment of the requirement for the
degree of Master of Science
(Pharmaceutical Technology)

Kulliyyah of Pharmacy
International Islamic University Malaysia

JULY 2014



ABSTRACT

Lung cancer is one of the common cancers in Malaysia and there are many different
types of drugs used in the treatment of lung cancer. Bcl-xL, Bcl-2 and PI3K-y were
found to play important role in lung cancer cell proliferation and development. Bcl-xL
and Bcl-2 allow uncontrolled cell proliferation by inhibiting apoptosis while
derangement of PI3K-y pathway has been associated with uncontrolled cellular
proliferation and survival. Thus these proteins become good targets for the
development of targeted therapy in lung cancer. Various classes of compounds have
been used successfully to targets Bcl-xL, Bcl-2 and PI3K-y and in order to improve
the biological activity of these compounds various QSAR methods have been
employed. In this study, an advanced method in computational drug design, Group-
based Quantity Structural Activity Relationship (G-QSAR) was performed using V-
LIFE® on dataset of non-congeneric compounds with binding activity available in
Binding Database website from various literatures and generated potential protein
inhibitors. Combination of variable selection methods (simulated annealing, stepwise
forward or stepwise forward backward) with model building method (multiple linear
regression, K-nearest neighbour method or partial least square) has come out with
three statistical significant models for each protein target which were used to generate
new inhibitor candidates by computational method. G-QSAR analysis of Bcl-xL
inhibitors has resulted in model SA-MLR (r2=0.78, q%=0.68), STP-MLR (r2=0.80,
g?=0.70) and SA-kNN (g?=0.75) which have been used to generate total number of
2520, 3600 and 5850 compounds respectively. Three best models obtained from Bcl-2
inhibitors G-QSAR analysis are STP-MLR (r>=0.82, g?=0.71), SA-MLR (r?>=0.83,
g2=0.75) and SA-KNN (g2=0.65), which generated 4964, 1536 and 7576 compounds
respectively. While G-QSAR analysis of PI3K-y inhibitors come out with STP-MLR
(r>=0.72, ¢?=0.67), SA-MLR (r>=0.70, ¢?=0.65) and STP-PLS (r?=0.68, 0?=0.62),
which generated 2040, 2244 and 2560 compounds respectively. Newly generated
compounds were then analysed and validated by molecular docking into the available
Bcl-xL, Bcl-2 and PI3K-y crystal structures from Protein Databank using Glide®
software. Six series of docking (docking of three datasets of G-QSAR models-based
generated compounds and three docking of known target protein inhibitors) were
performed for each protein target. High throughput virtual screening (HTVS) docking
was conducted to filter large compound dataset, and this was followed by extra
precision (XP) docking which is more detail and flexible than HTVS. Overall, XP
docking results of Bcl-xL inhibitors showed common interaction with ASN136,
ARG139, GLY138 and TYR101. Most of the Bcl-2 inhibitors interacted with Bcl-2
crystal structure at amino acid residues LEU96, ALA108, PHE112, PHE71 and
TYRG67. Lastly, majority of the PI3K-y docked inhibitors were shown to interact with
four common amino acids including TYR867, LYS833, VAL882 and TRP812. Non-
covalent interactions such as hydrophobic, n-r interaction and hydrogen bond are the
common types of interaction found in docking results of Bcl-xL, Bcl-2 and PI3K-y
inhibitors. Based on the docking results, the newly generated compounds interacted
very well with target proteins as good as the known inhibitors in clinical trials.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Lung cancer has been recorded as the most common cancer in the world for many
years. It is the most common cancer in males worldwide with a very high rate
especially in Eastern Asia, Southern Europe, Northern America and Central Eastern
while it is the fourth most common cancer in females, worldwide (Jemal et al., 2011).
Lung cancer was reported as the second common disease among males in Malaysia.
According to National Cancer Registry Malaysia (NCR) there were 2,048 cases of
lung cancer cases registered with NCR in 2006, comprising 1,445 males and 603
females (Zainal, Zainudin, & Nor Saleha, 2006). In fact, lung cancer is responsible for
19.8% of all death due to cancers (Liam et al., 2006).

The increase in lung cancer in Malaysia is attributed to increase in smoking
habit among the citizens and it was found that majority of male lung cancer patients
were smokers. A study has proved that in 1991-1999 period, 92% of male lung cancer
patients were smokers (Chong-kin, 2002). It seems that smoking habit among
Malaysians today is becoming worsened even though a lot of smoking prevention
campaigns has been promoted throughout the years. Because of this close relationship
between smoking habit and lung cancer, as number of smokers increase, the number
of lung cancer cases also increases. Therefore, high provisions are required to
overcome this problem including treating the cancer patients.

Nowadays, various treatments are available for lung cancer around the world.

The treatment will be given depending on the types and also the severity of the cancer.



Lung cancer can be treated by chemotherapy, surgery and radiation or any
combinations of these three types of treatments (Dillman et al., 1990). Chemotherapy
is usually used as the first line treatment on lung cancer or as an additional treatment
after surgery. In chemotherapy, cytotoxic drugs have been used to kill the cancer cells
by intravenous or oral administration and combinations of drugs usually given in
series of treatments within a period with breaks. Thus, the body can recover before
receiving the next dosage. Examples of drugs which are commonly used to treat lung
cancer are carboplatin, cisplatin, docetaxel, erlotinib and irinotecan (Rosti et al.,
2006). These drugs can be used individually or by combining them to produce
synergistic effect. However, there are still some disadvantages of these drugs such as
toxic effect to human body and killing of normal cell apart from the cancerous cells.
In some cases, cancer can reappear even after surgery and chemotherapy treatment
and this is one of the weaknesses of current cancer treatment.

Developments in scientific research introduce various advanced methods of
cancer treatment such as targeted cancer therapy, which has become a popular
approach nowadays because of its high potential of effectiveness if compared to
conventional therapy. Targeted cancer therapy can be explained by the use of drugs to
target certain protein, which involves in cancer cell growth and proliferation in order
to inhibit or activate them. Targeted therapy works in many ways including targeting
proteins in cellular signal transduction pathways which govern basic cellular function
and activity, and cancer cell death or apoptosis. Targeted cancer therapy might
become more effective than chemotherapy because this type of treatment focuses on
molecular and cellular changes that specific to the cancer and less harmful to the
normal cells. There are several pathways where protein can be targeted to inhibit the

cancer growth and Kkill the cancer such as alterations in proliferative signaling


http://www.webmd.com/cancer/carboplatin-for-cancer#tw9439
http://www.webmd.com/cancer/cisplatin#tv6627
http://www.webmd.com/lung-cancer/erlotinib#tw10428
http://www.webmd.com/cancer/irinotecan#tw9453

(Hennessy et al., 2005), tumour-associated angiogenesis (Carmeliet, 2005) and cell-
survival pathways (Kang & Reynolds, 2009). Inhibitors, such as small molecule have
been shown to inhibit regulatory proteins involved in cancer cell growth (Hennessy et
al., 2005) and the previous studies have indicated the high potential of small
molecules for cancer treatment. Therefore, designing new potent inhibitors has
become very important to tackle current situation in order to decrease number of death
caused by lung cancer.

Development of cancer cells in the human body is associated with several
molecular abnormalities such as evasion of apoptosis and disturbance of signaling
pathways. Evasion of apoptosis can be caused by many factors such as mutation in the
gene that control the anti-apoptotic proteins thus leading to over expression of the
proteins and finally prevent apoptosis from occurring. Disturbance of signaling
pathways can happen due to mutations, amplification of tyrosine kinases or mutation
of the regulatory protein itself (Hennessy et al., 2005). Therefore, targeting the protein
responsible for the abnormalities in both apoptosis and growth signaling pathway with
certain drugs will be a good alternative lung cancer treatment.

This study attempts to design new potential small molecules inhibitors in order
to target Bcl-2, Bel-xL and PI3K-y, which have been reported to be over expressed in
lung cancer patients. These proteins were studied and analyzed by using group based-
quantitative structural activity relationship (G-QSAR) and molecular docking

approach.



1.2 RESEARCH OBJECTIVE

1.

To identify the specific known cancer proteins important in cancer cell
proliferation and development (from literature).

To generate new candidates small inhibitory molecules against Bcl-2, Bcl-
xL and PI3Ky.

To validate the G-QSAR models by molecular docking of newly generated

compounds with available crystal structure of Bcl-2, Bcl-xL and PI3KYy.

1.3 RESEARCH HYPOTHESIS

1.

B-cell lymphoma-2 (Bcl-2), B-cell lymphoma extra large (Bcl-xL) and
Phospoinositide-3-kinase gamma (PI3Ky) are important proteins involved
in cancer survival and proliferation, which can be targeted for lung cancer
therapies.

New potential inhibitors for Bcl-2, Bcl-xL and PI3Ky can be generated
based on G-QSAR models obtained from G-QSAR analysis of available
Bcl-2, Bel-xL and PI3Ky inhibitor dataset.

Molecular docking of newly generated compounds into available crystal
structures in PDB (Protein Databank) (http://www.rcsb.org/) website may

validate the G-QSAR models of Bcl-2, Bcl-xL and PI3Ky inhibitors.



CHAPTER TWO

LITERATURE REVIEW

2.1 LUNG CANCER

Lung cancer is uncontrolled cell growth in the tissues of the lungs or the cells lining
the airways. It occurs when normal lung cells become cancer cells, usually after series

of mutations, and begin to divide out of control.

2.1.1 Small Cell Lung Cancer and Non-Small Cell Lung Cancer

Lung cancer can be categorized into two groups, which are small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC). SCLC accounts for 15 to 20 percent
of all lung cancer cases. It is characterized as an aggressive cancer with rapid doubling
time and early metastatic behavior. Majority of SCLC patients do not manifest the
symptoms until shortly before diagnosis. SCLC can be classified as limited or
extensive stage SCLC. In limited stage SCLC, the tumour is found on ipsilateral side
of the chest but up to 60 to 70 percent of SCLC are extensive stage and usually spread
to other regions of the body at the time of diagnosis (Rosti et al., 2006).

NSCLC comprises 80-85 percent of all lung cancer cases and can be further
divided into adenocarcinoma, squamous cell carcinoma and large cell carcinoma.
Adenocarcinoma accounts for 40 percent of all lung cancer cases and it is the
commonest cancer among non-smokers. It develops at the outer region of the lungs in
the cells that produce mucus and other substances (Sato, Shames, & Gazdar, 2007).
Squamous cell carcinoma comprises 25-30 percent of lung cancer cases and is highly

associated with smoking. Squamous cell carcinoma usually develops at the lining of





