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Abstract

Lung cancer is the leading cause of cancer-related mortality worldwide. Approximately 85% of
diagnosed cases are classified as non-small cell lung cancer (NSCLC). Cisplatin (CDDP) has been used as the
first-line treatment for NSCLC patients carrying wild-type (wt) epidermal growth factor receptor (EGFR).
However, the efficacy of cisplatin-based chemotherapy is limited by numerous severe side effects as well as
the occurrence of acquired drug resistance. Tyrosine kinase inhibitors (TKIs, ie., erlotinib and gefitinib) are
approved for patients harboring exon 19 deletion and exon 21 L858R substitution in EGFR. Besides, the
double point mutation V617F/L983F of janus kinase (JAK) protein leads to ruxolitinib and tofacitinib
resistances. Thus, there is an urgent need to search for novel compounds that can potentially target target the
proteins involved in the alternative survival signaling pathways in NSCLC and/or by specific recognition at
the receptor of cancer cells. In this research, we aim to search for potent anticancer drug candidates with high
antiproliferative effects on NSCLC cell lines and low toxicity against normal cells by targeting EGFR tyrosine
kinase, JAKs, mitogen-activated protein kinase kinase (MEK), and p38 Ol mitogen-activated protein kinase.
Mechanisms underlying cell death are investigated in order to understand the mode of action. Increasing
Emodin’s solubility and anti-proliferative effect on human lung cancer and cholangiocarcinoma cells by
inclusion with cyclodextrin nanocarrier was also investigated. Based on fundamental mathematics and physics
applied on three-dimensional (3D) protein structure, molecular modeling offers the potential of uniquely
detailed atomic-level insight into biological processes of molecular recognition between candidate compounds

and cancer target protein.

Keyword: Lung cancer, quinone-containing compounds, EGFR, JAK/STAT, P38 MAPK, MEK, Cyclodextrin
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1. To design and screen the potent cancer drug candidates against NSCLC cell lines expressing wild-type and

mutated EGFRs/JAKs/MEK/P38 MAPK

2 To theoretically and experimentally elucidate the anticancer activity and its underlying mechanism(s) of such

potent compounds
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Mansonone G (MG), a plant-derived compound isolated from the heartwood of Mansonia gagei, possesses a potent
antitumor effect on several kinds of malignancy. However, its poor solubility limits the use for practical applications. Beta-
cyclodextrin (BCD), a cyclic oligosaccharide composed of seven (1!4)-linked (X-D-glucopyranose units, is capable of
encapsulating a variety of poorly soluble compounds into its hydrophobic interior. In this work, we aimed to enhance the
water solubility and the anticancer activity of MG by complexation with BCD and its derivatives (2,6-di-0-methyl-BCD
(DM BCD) and hydroxypropyl-BCD). The 90-ns molecular dynamics simulations and MM/GBSA-based binding free energy
results suggested that DMBCD was the most preferential host molecule for MG inclusion complexation. The inclusion
complex formation between MG and BCD(S) was confirmed by DSC and SEM techniques. Notably, the MG/ BCDS inclusion

complexes exerted significantly higher cytotoxic effect (~2—7 fold) on A549 lung cancer cells than the uncomplexed MG.

Janus kinases (JAKs) are enzymes involved in signaling pathways that affect hematopoiesis and immune cell
functions. JAKI1, JAK2, and JAK3 play different roles in numerous diseases of the immune system and have also been
considered potential targets for cancer therapy. In the present study, the susceptibility of the oral JAK inhibitor tofacitinib
against these three JAKs was elucidated using the 500-ns molecular dynamics (MD) simulations and free energy calculations
based on MM-PB(GB)SA, QM/MM-GBSA (PM3 and SCC-DFTB), and SIE methods. The obtained results revealed that
tofacitinib could interact with all JAKs at the ATP-binding site via electrostatic attraction, hydrogen bond formation, and in
particular van der Waals interaction. The conserved glutamate and leucine residues (E957 and 1959 of JAK1, E930 and L932
of JAK2, and E903 and L905 of JAK3) located in the hinge region stabilized tofacitinib binding through strongly formed
hydrogen bonds. Complexation with the incoming tofacitinib led to a closed conformation of the ATP-binding site and a
decreased protein fluctuation at the glycine loop of the JAK protein. The binding affinities of tofacitinib/JAKs were ranked in

the order of JAK3 > JAK2 ~ JAKI, which are in line with the reported experimental data.

Human topoisomerase II alpha (TopolI(X) is a crucial enzyme involved in maintaining genomic integrity during the
process of DNA replication and mitotic division. It is a vital therapeutic target for designing novel anticancer agents in

targeted cancer therapy. Sulfones, members of organosulfur compounds, have been reported to possess various biological



activities such as antimicrobial, anti-inflammatory, anti-HIV, anticancer, and antimalarial properties. In the present study, a
series of sulfones was selected to evaluate their inhibitory activity against TopolIXX using computational approaches.
Molecular docking results revealed that several sulfone analogs bind efficiently to the ATPase domain of Topoll({. Among
them, sulfones 18a, 60a, *4b, *8b, *3c, and 8c exhibit higher binding affinity than the known Topoll inhibitor, salvicine.
Molecular dynamics simulations and free energy calculations based on MM/PB(GB)SA method demonstrated that sulfone
*8b strongly interacts with amino acid residues in the ATP-binding pocket (E87, N91, D94, 1125, 1141, F142, S149, G161,
and A167), driven mainly by an electrostatic attraction and a strong H-bond formation at G161 residue. Altogether, the

obtained results predicted that sulfones could have a high potential to be a lead molecule for targeting TopoIlI(X.

The RAS-RAF-MEK-ERK pathway plays a key role in malevolent cell progression in many tumors. The high structural
complexity in the upstream kinases limits the treatment progress. Thus, MEK inhibition is a promising strategy since it is easy
to inhibit and is a gatekeeper for the many malignant effects of its downstream effector. Hence, we accomplished a high-
throughput virtual screening to overcome this bottleneck by the discovery of dual-targeting therapy in cancer treatment. Here,
a total of 11,808 DrugBank molecules were assessed through high-throughput virtual screening for their activity against MEK.
Further, the Glide docking, MLSF and prime-MM/GBSA methods were implemented to extract the potential lead compounds
from the database. Two compounds, DB012661 and DB07642, were outperformed in all the screening analyses. Further, the
study results reveal that the lead compounds also have a significant binding capability with the co-target PIM1. Finally, the
SIE-based free energy calculation reveals that the binding of compounds was majorly affected by the van der Waals
interactions with MEK receptor. Overall, the in silico binding efficacy of these lead compounds against both MEK and PIM1

could be of significant therapeutic interest to overcome drug resistance in the near future.

P38QL mitogen-activated protein kinase (p380 MAPK), one of the p38 MAPK isoforms participating in a signaling
cascade, has been identified for its pivotal role in the regulation of physiological processes such as cell proliferation,
differentiation, survival, and death. Inhibition of the p38 pathway has attracted much attention for the reason that it could be a
promising strategy in the management of cancer, neurodegeneration, inflammation, and even the newly emerged pandemic,
COVID-19. Herein, by shedding light on the docking- and 100-ns dynamic-based screening from 3210 FDA-approved drugs,
we found that lomitapide (a lipid-lowering agent) and nilotinib (a Ber-Abl fusion protein inhibitor) could alternatively inhibit
phosphorylation of p380 MAPK at the allosteric site. All-atom molecular dynamics simulations and free energy calculations
including end-point and QM-based ONIOM methods revealed that the binding affinity of the two screened drugs exhibited a

comparable level as the known p380{ MAPK inhibitor (BIRB796), suggesting the high potential of being a novel p38QX



MAPK inhibitor. In addition, noncovalent contacts and the number of hydrogen bonds were found to be corresponding with
the great binding recognition. Key influential amino acids were mostly hydrophobic residues, while the two charged residues
including E71 and D168 were considered crucial ones due to their ability to form very strong H-bonds with the focused drugs.
Interestingly, in silico structural modification of a lomitapide’s structure by permitting it to interact with E71 revealed the
improvement of its binding affinity. Altogether, our contributions obtained here could be theoretical guidance for further

conducting experimental-based preclinical studies necessary for developing therapeutic agents targeting p380{ MAPK.

Emodin (ED), one prominent variant of naturally occurring anthraquinones, has been traditionally used in Chinese
medicine, exhibiting a wide spectrum of pharmacological properties. However, the poor aqueous solubility of ED limits its
significant usage in practical applications. In this study, we complexed ED with B—cyclodextrin (BCD) and its derivatives:
hydroxypropyl—B—cyclodextrin (HPBCD), sulfobutylether—B—cyclodextrin (SBEBCD) with degree of substitution (DS) of 2
(SBEZBCD) and DS of 7 (SBE7BCD), and 2,6—di—O-methyl—B—cyclodextrin (DMBCD) in order to enhance the water
solubility and anti-cancer activity of ED. The molecular docking and 500-ns molecular dynamics simulations suggested that
ED could form inclusion complex with BCDS in two possible orientations by resorcinol-ring insertion (R-form) and mrcresol-
ring insertion (C-form) and the complexation process was mainly driven by van der Waals interaction. The experimental
phase solubility study indicated 1:1 stoichiometry between ED and BCDS. ED/DMBCD complex shows the highest
equilibrium constant (K¢ value of 3800 M) and the highest water solubility (113.86 pg/mL) at 30°C, followed by
ED/SBE7BCD, ED/HPBCD, ED/SBEZBCD, and ED/ BCD complexes.Interestingly, the anti-proliferative effect on
cholangiocarcinoma cells (KKU-213A, and KKU-213B), and human lung cancer cells (A549, and H1975) of investigated
inclusion complexes, especially ED/DMBCD, ED/SBE7BCD, and ED/HPBCD, was significantly higher than that of ED

alone.
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