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Berberine (BBR) is an alkaloid that is widely distributed in different plant
species. Several studies have been carried out on the anti-cancer effects
of BBR but direct targets of BBR are unknown. In the development of
approximately 20-25% of all cancers, altered hedgehog (Hh) signalling is
involved where the smoothened (Smo) transmembrane receptor triggers
Hh signalling pathway towards Glil gene expression. Besides Smo
receptor, BRAF mutations have been also detected in 7% of all cancers
and 66% of melanomas; as such, the FDA has approved a few BRAF
inhibitor drugs to date. However, BRAF can activate CRAF leading to
resistance to BRAF inhibitors. The aim of this study is to model and
compare the effects of BBR against key proteins involved in Hedgehog,
MAP kinase, and PI3K pathways using in silico and in vitro approaches.
BBR is found to interact with Lys395 of Smo receptor via hydrogen
bonding and cation-mt interactions [Score= -8.72 kcal/mol (Smo)]. In
addition, -t interactions between BBR aromatic rings and two aromatic
residues in the Smo transmembrane domain, Tyr394 and Phe484, are
noted. Target specific binding efficiency indices using an in-silico
approach are calculated to plot the Smo-specific binding potency of each
ligand. In addition, interactions of BBR derivatives (total number= 485
derivatives) against BRAF and CRAF kinases are modelled and predicted
using an in silico-based approach. The Adenosine Triphosphate (ATP) is
modelled in order to analyse and identify the residues important in BRAF
docking. Results show Lys483 and Asp594 are the most important
residues involved in both ATP and BBR binding [Scores=-11.50 kcal/mol
(ATP); -8.50 kcal/mol (BBR)]. In addition to these polar residues, Trp530
and Phe583 are also applicable to the molecular docking of BRAF. The
Asp593 is excluded from the enzyme cavity, while Phe594 is included
inside the cavity, making the enzyme inactive. Finally, three alternatives



for BBR are identified with dual RAF inhibition effects. Direct effects of
BBR derivatives against BRAF and CRAF kinases have not yet been
reported previously, and thus, for the first time, three protoberberines
are reported as lead compounds against RAF kinases [BBR-7 (Score= -
9.75 kcal/mol), BBR-9 (Score= -9.76 kcal/mol), and BBR-10 (Score= -
9.27 kcal/mol)]. In the current study, molecular docking and molecular
dynamics simulations are also used for EGFR, p38 MAPK, ERK1/2 and
AKT. The effects of BBR on MAP kinase and PI3K pathways are evaluated
using Immuno-florescence assays and the amounts of phosphorylated
kinases are compared with total kinases after they are treated with
different concentrations of BBR [ICsos= 7uM (EGFR), 45uM (ERK1/2),
60uM (AKT), 75uM (p38)]. BBR interacts accurately with EGFR, AKT,
P38, and ERK1/2 active sites in silico, and decreases the level of active
forms of corresponding enzymes in studied cell lines [Scores= -7.22
kcal/mol (EGFR), -7.51 kcal/mol (ERK), -7.78kcal/mol (AKT), -7.42
kcal/mol (p38)]. In addition, it is observed that BBR has toxicity effects
which leads to cyto-necrotic effect at longer treatment time. This study
predicts the role of BBR as an inhibitor of Smo receptor, suggesting its
effectiveness in hedgehog signalling during cancer treatment. It
concludes that BBR through its multi-kinase inhibitory effects may be a
useful replacement for lapatinib, an EGFR inhibitor which may
sometimes cause drug resistance in patients.
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Berberin (BBR), merupakan alkaloid yang didapati dalam spesies
tumbuhan yang berlainan. Banyak kajian telah dilakukan untuk
mengetahui secara mendalam kesan anti-kanser BBR namun sasaran
langsung BBR tidak berjaya diketahui. Dalam 20-25% kes kanser, signal
Hh adalah terlibat di mana reseptor transmembrane Smo mengaktifkan
laluan isyarat Hh ke arah ekspresi gen Glil. Selain reseptor Smo, mutasi
BRAF juga dikesan dalam 7% daripada semua kanser dan 66% kes
melanoma. Oleh yang demikian, FDA telah meluluskan beberapa ubat
perencat BRAF. Walau bagaimanapun, BRAF boleh mengaktifkan CRAF
yang memberi rintangan terhadap perencat BRAF. Kajian ini
menggunakan pendekatan silico dan in vitro untuk memodel dan
membandingkan kesan BBR terhadap protein utama yang terlibat
dalam Hh, MAP kinase, dan laluan PI3K BBR didapati berinteraksi
dengan Lys395 dari reseptor Smo melalui ikatan hidrogen dan interaksi
kation-rt [Skor= -8.72 kcal/mol (Smo)]. Di samping itu, interaksi -t
antara BBR aromatic ring dan dua residu aromatik dalam domain
transmembran Smo, Tyr394 dan Phe484, telah diperhatikan. Indeks
yang berdasarkan pengikat sasaran tertentu efisen menggunakan
pendekatan dalam silico untuk memplot potensi pengikat khusus Smo
bagi setiap ligan. Di samping itu, interaksi derivatif BBR (jumlah = 485
derivatif) terhadap kinas BRAF dan CRAF dimodelkan dan diramalkan
menggunakan pendekatan berasaskan siliko. Untuk menganalisis dan
mengenal pasti residu penting dalam dok BRAF, ATP dimodelkan dan
didapati bahawa Lys483 dan Asp594 adalah residu terpenting yang
terlibat dalam ATP dan pengikat BBR [Skor= -11.50 kcal/mol (ATP); -
8.50 kcal/mol (BBR)]. Sebagai tambahan kepada residu polar ini,
Trp530 dan Phe583 juga boleh digunakan untuk mengikat molekul
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BRAF. Asp593 dikecualikan daripada rongga enzim, manakala Phe594
digunakan di dalam rongga, dan kesannya adalah enzim ini menjadi
tidak aktif. Tiga alternatif untuk BBR dikenal pasti yang mempuyai
kesan penghambatan RAF [BBR-7 (Skor= -9.75 kcal/mol), BBR-9 (Skor=
-9.76 kcal/mol), and BBR-10 (Skor= -9.27 kcal/mol)]. Kesan langsung
derivatif BBR terhadap kinase BRAF dan CRAF belum dilaporkan
sebelum ini, dan oleh itu, untuk pertama kalinya, tiga protoberberin
dilaporkan sebagai sebatian utama terhadap kinas RAF. Dalam kajian
ini, simulasi dok molekul dan molekul dinamik juga digunakan untuk
EGFR, p38 MAPK, ERK1 / 2 dan AKT. Kesan BBR pada laluan kinas
MAP dan PI3K dinilai menggunakan ujian Immuno-florescence dan
jumlah fosforilasi kinas dibandingkan dengan jumlah kinas selepas
rawatan menggunakan kepekatan BBR yang berlainan [[Cso= 7uM
(EGFR), 45uM (ERK1/2), 60uM (AKT), 75uM (p38)]. Interaksi BBR
memberi keputusan adalah tepat dalam eksperimen siliko di EGFR,
AKT, P38, dan ERK1 / 2, dan berjaya mengurangkan keaktifan enzim
yang di lihat dalam garisan sel yang yang dikaji [Skor= -7.22 kcal/mol
(EGFR), -7.51 kcal/mol (ERK), -7.78kcal/mol (AKT), -7.42 kcal/mol
(p38)]. Di samping itu, kita perhatikan bahawa BBR mempunyai kesan
toksik yang menyebabkan kesan sito-nekrotik jika jangka masa rawatan
adalah lebih lama. Kajian ini meramalkan peranan BBR sebagai
perencat reseptor Smo yang menunjukkan keberkesanannya dalam
isyarat Hh dalam rawatan kanser. Kita boleh menyimpulkan bahawa
BBR melalui kesan perencatan pelbagai-kinas adalah pengganti yang
efisen untuk lapatinib, perencat EGFR yang kadang-kadang boleh
menyebabkan rintangan ubat kepada pesakit.
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CHAPTER 1

INTRODUCTION

1.1 Brief background

Breast cancer is the most frequently diagnosed cancer in women, and is
the second most common cancer worldwide. In 2012, 25% (1.67 million)
of all new cancer cases and 15% (522,000) of all cancer deaths in women
were due to breast cancer (Tao et al., 2015). Based on the data provided
between 2000 and 2014, an estimated 252,710 new cases of invasive
breast cancer will be diagnosed among women and 2,470 cases will be
diagnosed in men in 2017. In addition, 63,410 cases of in situ breast
carcinoma will be diagnosed among women. Approximately 40,610
women and 460 men are expected to die from breast cancer in 2017
(American Cancer Society, 2017) (Figure 1.1). Breast cancer is also the
most common cancer in South-East Asian females. A woman in Malaysia
had a 1 in 20 chance of developing breast cancer in her lifetime. In
Malaysia, 37 individuals per 100000 of population for breast cancer
cases, and 14.7 individuals per 100000 of population for death related
to breast cancer have been reported (Miao et al., 2014).

Berberine can be isolated from the stems and roots of several plants,
such as Berberis vulgaris and Coptis chinensis (Tomosaka et al., 2008;
Zovko Konci¢ et al., 2010; Abd El-Wahab et al., 2013). Berberine is a
nitrogenous cyclic compound (Figure 1.2) with a structure that is highly
similar to that of intercalating agents (e.g., ethidium). Intercalating
agents are often used as nucleic acid dyes to study cell functions, and
berberine is a well-known alkaloid drug that is commonly used as a
fluorescent dye (Wang et al., 2012).

Berberine (Figure 1.2) induces apoptosis and inhibits cell proliferation in
various cell lines derived from breast, lung, colon, and liver cancer.
However, berberine has been shown to have synergistic effects on cells
treated in combination with more toxic drugs, including vincristine and
irinotecan (Kars et al., 2008). Previous studies showed that drug
resistance was decreased by combination treatments with berberine
(Sun et al., 2009; Zhou et al., 2012; Kukula-Koch et al., 2013).

Despite these findings, berberine efficacy and the molecular regulators
that are targeted by berberine remain unclear. This thesis aims to
provide an extensive analysis of berberine effects on various molecular
mechanisms. In addition, this thesis also covers the metabolism, toxicity
and adverse effects of berberine by using of molecular simulation of
pharmacodynamics and pharmacokinetics for different berberine
derivatives to provide more effective drug candidates than berberine.
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Figure 1.1: Prevalence of breast cancer and other kinds of cancer in the United States
(A) Estimated new cancer cases in US in 2017; (B) Estimated number of deaths by age for
female breast cancer.

Source: (American Cancer Society, 2017)
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Figure 1.2: Berberine structure
Berberine is an alkaloid containing three aromatic rings and five polar atoms. Topological
Polar Surface Area (TPSA) is 40.8 A2.

1.2 Problem statement

There are many research gaps associated with anticancer effects of
berberine. By damaging and mutating the DNA, oxidative stress,
radiation, and mutagens turn normal cells to cancerous forms. As a
result, while these mutations change certain genes that control critical
biological processes, one or several kinds of cancer occur. The use of
anti-oxidant compounds, which is broadly paid attention as an anti-
cancer treatment, is a long-term treatment method. Whilst a cancer case
observed, however, a significant and short-term treatment way must be
found. Drugs which control genes and proteins that are not working
properly must be discovered. Consequently, effects of drugs on genes
that can cause cancer must be studied.

While drug candidates are studied by different experimental methods to
evaluate its specific target, it is generally hard to spend millions of dollars
to pass different levels of approval steps: preclinical, and phase 1-3
clinical phases. The challenge of in silico studies is the time, often several
months, required for molecular modelling and molecular dynamics
simulations. Accordingly, the mentioned mixed strategy of in silico and
in vitro investigations not only save the budget and increase the number
of drug candidates before starting the laboratorial works, but it can also
lead to the more effective drug candidates; meanwhile, the toxicity and
distributions of candidates can be also modeled.

There is a lack of such software, at least as a well-known and universal
tool, to compute the ligand binding efficiency index and several other
parameters from the thousands of input compounds. At the moment, the
current tools of drug discovery analyze separate steps of drug discovery
and many parameters should be manually calculated. This makes them



difficult to use for thousands of molecules, and the researchers must be
involved during throughout of the procedures.

1.3

Objectives

1.3.1 General objective

To determine the effects of berberine and its derivatives on different
signalling pathways inovolved in breast cancer.

1.3.2 Specific objectives

1.4

To identify more effective berberine derivatives against
smoothened receptor.

To identify more effective berberine derivatives as multi-kinase
inhibitors for cancer treatment.

To determine anti-tumour activity of berberine in breast cancer
cell lines.

Hypothesis
Berberine inhibits smoothened receptor.

Berberine derivatives are multi-kinase inhibitors in cancer
treatment.

Berberine is anti-tumour in breast cancer cell lines.
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