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Abstract

INTRODUCTION

Aspects to be considered in the development of
antineoplastic chemotherapy

There is a very difficult task to accurately date the onset of
cancer treatment, which was initially based on preparations using
herbs and other natural sources [1]. The clinical chemotherapy
treatment, however, began in 1940 with the discovery of the
nitrogen mustard antitumor properties. Its therapeutic effect
was evaluated in the animal model using mice transplanted with
lymphoid tumors [2].

The revolution in cancer treatment, post nitrogen mustard
era, has begun since the development of antimetabolites
(methotrexate), though, reaching the present moment with
the use of multi-kinases inhibitors, such as sunitinib, and
antiproliferative agents, such as those derived from taxol

New small drug like compounds are developed based on the selection of more specific targets considering the interrelationship of three knowledge fields:
rational drug design/computer-aided drug design (CADD), chemical synthesis and biological evaluation. It is well-known that the use of CADD strategies in
the early stage of drug development can avoid the synthesis of thousands of compounds, driving the efforts to more promising compounds (having suitable
pharmacodynamics and pharmacokinetic features as well as low toxicity), reducing the number of biological assays to be performed and, consequently,
decreasing the use of animal experimentation. Also, the time and costs involved in the entire radical innovation process can also be reduced, and the chances of
success may significantly increase to reach the final product. Herein, we have pointed out some aspects related to the early development phase of anticancer
drug candidates concerning the integration of those three main knowledge fields.

[3]. Despite the compounds arsenal currently available, the
chemotherapeutic treatments have been still considered as highly
inadequate and not selective, causing serious side effects [4,5]. In
this regard, novel approaches have been adopted in the search
for new antitumor drug candidates, emphasizing the selectivity
on tumor cells [6]. Novel agents capable of inducing apoptosis cell
death, for instance, have shown promising antitumor activity in
preclinical models and lung cancer [7]. In fact, such agents, acting
on modulation of the anti-apoptotic protein Bcl-2 combined
with agents acting on the death receptor (TRAIL, TNF-related
apoptosis-inducing ligand, TNF, tumor necrosis factor), currently
represent the main interest regarding the therapeutic innovation
process in lung cancer [8,9].

The identification and definition of potential new targets
for rational designing new drug candidates, more specific
and selective, require knowledge on molecular, cellular, and

Cite this article: Ferreira AK, Kawamura B, Jorge SD, de Azevedo RA, Zaim MH, et al. (2017) Developing Novel Anticancer Drug Candidates Regarding the
Integration of Three Main Knowledge Fields: Computer-Aided Drug Design, Chemical Synthesis, and Pharmacological Evaluation. J Drug Des Res 4(2): 1035.



@SCil\/ledCentrai

Ferreira et al. (2017)
Email: ferreira-kleber@usp.br

structural biology fields [10,11]. It is noteworthy to mention that
rational strategies for drug development have also considered
the complementary findings provided by molecular imaging
probes, reinforcing the need for developing novel diagnostic
techniques for imaging to innovate in the drug discovery field. In
general, molecules such as growth factors or cytokine receptors
are expressed during carcinogenesis and may contribute to
the cancer cell growth. Therefore, these molecules tend to be
reasonable targets for molecular imaging of cancer, for instance
[12]. Furthermore, other issues need to be addressed regarding
the designing and development of novel chemotherapeutic
compounds, such as the antitumor activity intensity, the toxicity
level, and the ability to manage drug resistance which is caused
by the inherent genomic instability of tumors [13,14].

Unfortunately, concerning the therapeutic approaches
available for cancer, the not much promising trajectory has
been observed regarding “innovation” over the last decades
[15]. Regarding pharmaceutical formulations, targeted delivery
systems of therapeutic drugs and diagnostic agents to cancer
sites have been reported as potentially significant to improve
the therapeutic outcome of treatment while minimizing severe
side effects. Since cancer cells exhibit a variety of overexpressed
cell surface receptors, target candidates have been provided for
selective drug delivery systems. Therefore, the addition to drug
delivery systems of targeting ligands, which bind specifically
to the receptors on the cancer cells, has been considered as a
promising strategy for enhancing substantially the anticancer
agents’ accumulation in the tumors, for instance [16].

In order to improve the innovation scenario in drug
development field, the use of integrative approaches should be
considered not only to identify lead compounds more specific to
potential molecular targets but also to define and validate novel
promising molecular targets in neoplastic cells. Moreover, natural
products, such as animal toxins, and small synthetic molecules
should be employed side by side as part of the investigation
process [17,18].

Interactive research cycles in the anticancer drug
candidates’ development

In the last 20 years, there has been a substantial change in
the investigation of novel molecular targets for treating cancer,
combining new and traditional methods or strategies. The main
issue, however, relies on seeking the integration of experts
in different scientific fields aiming at studying particularly
potential targets and related signaling pathways in tumor cells,
concerning several aspects, such as molecular and cellular
biology, structural information, clinical features, and so on [19].
This interdisciplinary raises optimism about the likelihood of
finding new selective antitumor drug candidates having minor
cytotoxic side effects, which are commonly associated with
the conventional chemotherapy. As in other therapeutic areas,
the success of discovering innovative compounds depends on
a creative interaction, primarily, among medicinal chemistry,
organic chemistry, and biology/pharmacology fields. Also,
the advances in genomics and proteomics have increased the
chances of identifying novel and significant molecular targets
related to signaling pathways of interest, allowing the designing

of more specific compounds based on the structural information
available.

Thus, novel antitumor compounds can be discovered
throughout the integration of interactive research cycles,
starting mainly with the definition of a potential molecular target
or related signaling pathway. Then, considering the structural
information available, prototypes or ligands can be rationally
designed by applying computer-aided drug design (CADD)
strategies to drive the chemical synthesis of those compounds
which would be more promising. Those compounds, after
being synthesized, will be experimentally assayed, allowing the
validation of the biological/antitumor effects using in vitro and in
vivo models (proofs of concept, POC).

CADD strategies driving chemical synthesis in the
development of new antitumor drug candidates

Since the period when empirical screening was used to
discover new drugs, medicinal chemistry, and organic chemistry
fields have contributed to the development of many synthetic
cytotoxic compounds, as the class of nitrogen mustards. The
application of medicinal chemistry to sulfur mustard gas also
led to the development of mechlorethamine and its analogues,
chlorambucil, and cyclophosphamide, which are still clinically
useful in the treatment of malignant solid tumors and leukemia
[10,20,21].

Furthermore, the screening of natural products had an
importantrole in the introduction of novel antitumor compounds,
such as anthracyclines, Vinca alkaloids, epipodophyllotoxins, and
taxanes, as well. Nowadays, however, the research in this area
is more focused on the discovery of new evidence regarding the
compounds’ mechanisms of action, instead of just identifying
novel bioactive agents [22]. One reason for that, at least partially,
relies on the need to better understand the antineoplastics’
physicochemical properties which are directly responsible
for the compounds’ pharmacokinetic and pharmacodynamics
profiles. Another reason relies on the fact that natural products
are not the result of an evolutionary selection process to exert
a desired specific function, in this case, the antitumor activity
[23]. Of note, natural products presenting biological activities
of interest would certainly suit well as an inspiration source for
the designing and chemical synthesis of new antitumor drug
candidates, though. The goal would be finding hit compounds
to progress them to the lead and development candidate stage
concerning the modification of disease states.

The rational drug design approach, however, is based on
the knowledge of the molecular target (enzyme, receptor, ion
channel, signaling protein, transport protein, DNA) mostly
implicated in the biochemical/signaling pathways involved in the
disease process which one intends to fight against, supporting
the discovery and development of more specific and efficient
compounds [10,24].

The progress in molecular and structural biology have
allowed the identification and characterization of several
hundreds of novel molecular targets making possible to envisage
the design of novel drug candidates at a more scientific level. In
addition, different CADD strategies can be considered depending
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on the structural information available. For instance, when the
three-dimensional (3D) structure (X-ray diffraction or NMR)
of the complex ligand-target is available the structure-based
drug design (SBDD) strategy can be applied, and that would be
considered the ideal situation for designing new drug candidates.
Otherwise, when only the ligands’ 3D structural features are
available, the ligand-based drug design (LBDD) strategy can
be performed. The de novo strategy, however, considers the
construction of novel ligands based only upon the molecular
target 3D structural information [10,25,26].

In all CADD strategies, different molecular modeling and
computational chemistry methods as well as chemometrics and
quantitative structure-activity relationship (QSAR)/quantitative
structure-property relationship (QSPR) approaches can be
applied to drive the chemical synthesis for more promising
designed compounds. However, in silico methods and approaches
have limitations, which should be taken into account by the users
to avoid false conclusions. Despite to have a great potential,
one should not rely on computational techniques in a black box
manner and beware of the “garbage in-garbage out” phenomenon.
The cerebral element is still an essential and critical part of the
process.

Molecular modeling and computational chemistry methods,
which also include classical mechanics and quantum chemistry
[27], have provided a better understanding of molecular systems
allowing, for instance, the calculation of molecular properties
of distinct natures, such as electronic, hydrophobic, structural/
conformational, topologic, geometric, steric, and so on [27-
29]. Of note, molecular properties are directly dependent on
the compound’s chemical structure, and are also responsible
for the ligand-target recognition process, at the molecular
level, generating the biological response. Then, be aware of the
molecular properties related to a molecular system will provide
the establishment of qualitative structure-activity or structure-
property relationships (SAR or SPR), allowing the definition of
the essential structural requirements (chemical framework)
for generating the desired biological activity, contributing
significantly to drive the designing and synthesis of more
promising compounds.

Quantitative approaches (QSAR or QSPR), however, which
use various statistical and mathematical tools, are even more
powerful to guide the novel compounds designing process. Those
formalisms involve the construction and statistical validation
of robust predictive QSAR models, which allow the biological
activity calculation for novel designed compounds even not
yet synthesized [30-33] driving, then, the selection of those
more promising to follow the chemical synthesis step to be
experimentally tested.

Furthermore, when the 3D molecular structure of the
target is available, another approach to reinforce the selection
of potentially bioactive compounds would be the molecular
docking. This approach can be used in combination with the
QSAR formalism, for instance, to have also the calculated binding
affinity data regarding those compounds considered more
promising to be synthesized [31,33].

Thus, the in silico methods/approaches have played an

important role in the modern era for discovering new drug
candidates, including antitumor agents. They have contributed
to establish hypothesis regarding the compounds’ mechanisms
of action as well as to predict the compounds’ pharmacokinetic
and pharmacodynamics profiles, through mathematical models
[34,35].

FINAL REMARKS

The advances in the development of antitumor drug
candidates by integrating the rational CADD strategies, chemical
synthesis, and experimental biology, represent a great hope to
innovate especially regarding the cancer therapeutic alternatives,
providing novel chemical entities, more target-specific and less
toxic, improving the patients’ prognosis still suffering from the
disease.

REFERENCES

1. Hirsch J. An anniversary for cancer chemotherapy. JAMA. 2006; 296:
1518-1520.

2. Goodman LS, Wintrobe MM, Dameshek W, Goodman M], Gilman A,
McLennan MT. Nitrogen mustard therapy: Use of methyl-bis (beta-
chloroethyl) amine hydrochloride and tris (beta-chloroethyl) amine
hydrochloride for Hodgkin’s disease, lymphosarcoma, leukemia and
certain allied and miscellaneous disorders. JAMA. 1946; 132: 126-132.

3. Stein WD, Wilkerson ], Kim ST, Huang X, Motzer R], Fojo AT, et al.
Analyzing the pivotal trial that compared sunitinib and IFN-a in renal
cell carcinoma, using a method that assesses tumor regression and
growth. Clin Cancer Res. 2012; 18: 2374-2381.

4. Billingsley ML. Druggable targets and targeted drugs: enhancing the
development of new therapeutics. Pharmacology. 2008; 82: 239-244.

5. Ferreira AK, Meneguelo R, Pereira A, R FILHO OM, Chierice GO, Maria
DA. Anticancer effects of synthetic phosphoethanolamine on Ehrlich
ascites tumor: an experimental study. Anticancer Res. 2012; 32: 95-
104.

6. DeVita VT Jr, Chu E. A history of cancer chemotherapy. Cancer Res.
2008; 68: 8643-8653.

7. Reckamp KL. Antiangiogenic agents as second-line therapy for
advanced non-small cell lung cancer. Cancer Lett. 2012; 321: 101-109.

8. Pore MM, Hiltermann TJ, Kruyt FA. Targeting apoptosis pathways in
lung cancer. Cancer Lett. 2013; 332: 359-368.

9. Aggarwal C, Somaiah N, Simon G. Antiangiogenic agents in the
management of non-small cell lung cancer: where do we stand now
and where are we headed? Cancer Biol Ther. 2012; 13: 247-263.

10.Wermuth CG. The practice of medicinal chemistry: Academic Press;
2011.

11.Gibbs JB. Mechanism-based target identification and drug discovery in
cancer research. Science. 2000; 287: 1969-1973.

12.Kobayashi H, Longmire MR, Ogawa M, Choyke PL. Rational chemical
design of the next generation of molecular imaging probes based on
physics and biology: mixing modalities, colors and signals. Chem Soc
Rev. 2011; 40: 4626-4648.

13.Cho Y, Vermeire JJ, Merkel JS, Leng L, Du X, Bucala R, et al. Drug
repositioning and pharmacophore identification in the discovery of
hookworm MIF inhibitors. Chem Biol. 2011; 18: 1089-1101.

14.Fox B. Biosynthetic Products for Cancer Chemotherapy, Vol. 3. BJC.
1979; 40: 669.

15.Suggitt M, Bibby MC. 50 years of preclinical anticancer drug screening:

J Drug Des Res 4(2): 1035 (2017)

3/4


http://www.ncbi.nlm.nih.gov/pubmed/17003400
http://www.ncbi.nlm.nih.gov/pubmed/17003400
https://www.ncbi.nlm.nih.gov/pubmed/20997191
https://www.ncbi.nlm.nih.gov/pubmed/20997191
https://www.ncbi.nlm.nih.gov/pubmed/20997191
https://www.ncbi.nlm.nih.gov/pubmed/20997191
https://www.ncbi.nlm.nih.gov/pubmed/20997191
https://www.ncbi.nlm.nih.gov/pubmed/22344231
https://www.ncbi.nlm.nih.gov/pubmed/22344231
https://www.ncbi.nlm.nih.gov/pubmed/22344231
https://www.ncbi.nlm.nih.gov/pubmed/22344231
https://www.ncbi.nlm.nih.gov/pubmed/18802381
https://www.ncbi.nlm.nih.gov/pubmed/18802381
https://www.ncbi.nlm.nih.gov/pubmed/22213293
https://www.ncbi.nlm.nih.gov/pubmed/22213293
https://www.ncbi.nlm.nih.gov/pubmed/22213293
https://www.ncbi.nlm.nih.gov/pubmed/22213293
http://www.ncbi.nlm.nih.gov/pubmed/18974103
http://www.ncbi.nlm.nih.gov/pubmed/18974103
http://www.ncbi.nlm.nih.gov/pubmed/22306704
http://www.ncbi.nlm.nih.gov/pubmed/22306704
http://www.ncbi.nlm.nih.gov/pubmed/20974517
http://www.ncbi.nlm.nih.gov/pubmed/20974517
http://www.ncbi.nlm.nih.gov/pubmed/22481432
http://www.ncbi.nlm.nih.gov/pubmed/22481432
http://www.ncbi.nlm.nih.gov/pubmed/22481432
https://www.ncbi.nlm.nih.gov/pubmed/10720316
https://www.ncbi.nlm.nih.gov/pubmed/10720316
https://www.ncbi.nlm.nih.gov/pubmed/21607237
https://www.ncbi.nlm.nih.gov/pubmed/21607237
https://www.ncbi.nlm.nih.gov/pubmed/21607237
https://www.ncbi.nlm.nih.gov/pubmed/21607237
https://www.ncbi.nlm.nih.gov/pubmed/21944748
https://www.ncbi.nlm.nih.gov/pubmed/21944748
https://www.ncbi.nlm.nih.gov/pubmed/21944748
http://www.nature.com/bjc/journal/v40/n4/abs/bjc1979243a.html
http://www.nature.com/bjc/journal/v40/n4/abs/bjc1979243a.html
https://www.ncbi.nlm.nih.gov/pubmed/15709162

@SCiMCdCentrai

Ferreira et al. (2017)
Email: ferreira-kleber@usp.br

empirical to target-driven approaches. Clin Cancer Res. 2005; 11: 971-
981.

16.Li X, Taratula O, Taratula O, Schumann C, Minko T. LHRH-Targeted
Drug Delivery Systems for Cancer Therapy. Mini Rev Med Chem. 2017;
17:258-267.

17.Sawa M, Masai H. Drug design with Cdc7 kinase: a potential novel
cancer therapy target. Drug Des Devel Ther. 2009; 2: 255-264.

18.Bernardo PH, Tong]JC. In silico design of small molecules. Methods Mol
Biol. 2012; 800: 25-31.

19.Burgess DJ. Anticancer drugs: Keeping one step ahead. Nat Rev Drug
Discov. 2012; 11: 108.

20.Denny WA. The contribution of synthetic organic chemistry to
anticancer drug development. Anticancer drug development, Baguley,
BC, Kerr, DJ. Academic Press. 2002; 1: 187-99.

21.MacCoss M, Baillie TA. Organic chemistry in drug discovery. Science.
2004; 303:1810-1813.

22.Lombardino ]G, Lowe JA 3rd. The role of the medicinal chemist in drug
discovery--then and now. Nat Rev Drug Discov. 2004; 3: 853-862.

23.Sturla S, Irwin J], Loeppky RN, Mulvihill MJ, Searcey M. Chemistry in
cancer research: a vital partnership. ACS Chem Biol. 2007; 2: 286-292.

24.Wolber G, Seidel T, Bendix F, Langer T. Molecule-pharmacophore
superpositioning and pattern matching in computational drug design.
Drug Discov Today. 2008; 13: 23-29.

25.Cohen NC. Guidebook on molecular modeling in drug design: Academic
Press. 1996.

26.0oms F. Molecular modeling and computer aided drug design.

Cite this article

Examples of their applications in medicinal chemistry. Curr Med
Chem. 2000; 7: 141-158.

27.Leach AR. Molecular modeling: principles and applications. Prentice
Hall, Englewood Cliffs, NJ. 2001.

28.Kroemer RT. Structure-based drug design: docking and scoring. Curr
Protein Pept Sci. 2007; 8: 312-328.

29.Nielsen TE, Schreiber SL. Towards the optimal screening collection: a
synthesis strategy. Angew Chem Int Ed Engl. 2008; 47: 48-56.

30.Hopfinger A, Wang S, Tokarski JS, Jin B, Albuquerque M, Madhav PJ,
et al. Construction of 3D-QSAR models using the 4D-QSAR analysis
formalism. JACS. 1997; 119: 10509-10524.

31.Medeiros Turra K, Pineda Rivelli D, Berlanga de Moraes
Barros S, Mesquita Pasqualoto KF. Constructing and Validating
3D-pharmacophore Models to a Set of MMP-9 Inhibitors for Designing
Novel anti-melanoma Agents. Molecular Informatics. 2016.

32.Medeiros Turra K, Pineda Rivelli D, Berlanga de Moraes Barros S,
Fernanda Mesquita Pasqualoto K. Predicting Novel Antitumor Agents:
3D-Pharmacophore Mapping of [-N-biaryl Ether Sulfonamide-
Based Hydroxamates as Potentially MMP-2 Inhibitors. Molecular
Informatics. 2014; 33: 573-87.

33.Turra KM, Pineda Rivelli DP, Barros SBM, Pasqualoto KFM.
Constructing and validating 3D-pharmacophore models to a set of
MMP-9 inhibitors for designing novel anti-melanoma agents. World
Biomedical Frontiers. 2016; 35: 238-252.

34.Mullard A. 2011 FDA drug approvals. Nat Rev Drug Discov. 2012; 11:
91-94.

35.Balakin KV, Kozintsev AV, Kiselyov AS, Savchuk NP. Rational design
approaches to chemical libraries for hit identification. Curr Drug
Discov Technol. 2006; 3: 49-65.

Ferreira AK, Kawamura B, Jorge SD, de Azevedo RA, Zaim MH, et al. (2017) Developing Novel Anticancer Drug Candidates Regarding the Integration of Three
Main Knowledge Fields: Computer-Aided Drug Design, Chemical Synthesis, and Pharmacological Evaluation. J Drug Des Res 4(2): 1035.

J Drug Des Res 4(2): 1035 (2017)

4/4


https://www.ncbi.nlm.nih.gov/pubmed/15709162
https://www.ncbi.nlm.nih.gov/pubmed/15709162
http://www.ncbi.nlm.nih.gov/pubmed/27739358
http://www.ncbi.nlm.nih.gov/pubmed/27739358
http://www.ncbi.nlm.nih.gov/pubmed/27739358
http://www.ncbi.nlm.nih.gov/pubmed/19920912
http://www.ncbi.nlm.nih.gov/pubmed/19920912
http://www.ncbi.nlm.nih.gov/pubmed/21964780
http://www.ncbi.nlm.nih.gov/pubmed/21964780
http://www.ncbi.nlm.nih.gov/pubmed/22293566
http://www.ncbi.nlm.nih.gov/pubmed/22293566
https://www.ncbi.nlm.nih.gov/pubmed/15031494
https://www.ncbi.nlm.nih.gov/pubmed/15031494
http://www.ncbi.nlm.nih.gov/pubmed/15459676
http://www.ncbi.nlm.nih.gov/pubmed/15459676
https://www.ncbi.nlm.nih.gov/pubmed/17518428
https://www.ncbi.nlm.nih.gov/pubmed/17518428
https://www.ncbi.nlm.nih.gov/pubmed/18190860
https://www.ncbi.nlm.nih.gov/pubmed/18190860
https://www.ncbi.nlm.nih.gov/pubmed/18190860
https://www.elsevier.com/books/guidebook-on-molecular-modeling-in-drug-design/cohen/978-0-12-178245-0
https://www.elsevier.com/books/guidebook-on-molecular-modeling-in-drug-design/cohen/978-0-12-178245-0
https://www.ncbi.nlm.nih.gov/pubmed/10637360
https://www.ncbi.nlm.nih.gov/pubmed/10637360
https://www.ncbi.nlm.nih.gov/pubmed/10637360
http://www.serc.iisc.ernet.in/~dpal/molmod_leach.pdf
http://www.serc.iisc.ernet.in/~dpal/molmod_leach.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17696866
https://www.ncbi.nlm.nih.gov/pubmed/17696866
https://www.ncbi.nlm.nih.gov/pubmed/18080276
https://www.ncbi.nlm.nih.gov/pubmed/18080276
http://pubs.acs.org/doi/abs/10.1021/ja9718937
http://pubs.acs.org/doi/abs/10.1021/ja9718937
http://pubs.acs.org/doi/abs/10.1021/ja9718937
http://onlinelibrary.wiley.com/doi/10.1002/minf.201600004/abstract
http://onlinelibrary.wiley.com/doi/10.1002/minf.201600004/abstract
http://onlinelibrary.wiley.com/doi/10.1002/minf.201600004/abstract
http://onlinelibrary.wiley.com/doi/10.1002/minf.201600004/abstract
http://biomedfrontiers.org/cancer-2016-6-22/
http://biomedfrontiers.org/cancer-2016-6-22/
http://biomedfrontiers.org/cancer-2016-6-22/
http://biomedfrontiers.org/cancer-2016-6-22/
http://www.ncbi.nlm.nih.gov/pubmed/22293555
http://www.ncbi.nlm.nih.gov/pubmed/22293555
https://www.ncbi.nlm.nih.gov/pubmed/16712463
https://www.ncbi.nlm.nih.gov/pubmed/16712463
https://www.ncbi.nlm.nih.gov/pubmed/16712463

	Developing Novel Anticancer Drug Candidates Regarding the Integration of Three Main Knowledge Fields
	Abstract
	Introduction
	Aspects to be considered in the development of antineoplastic chemotherapy
	CADD strategies driving chemical synthesis in the development of new antitumor drug candidates

	Final Remarks 
	References

