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ABSTRACT

The anticancer potential of fused pyrimidine scaffolds has been evidenced number of research articles, patent
literature and different enzymes/receptors/targets involved targeting as anticancer agents. A new series of
pyrimidine and fused pyrimidines derivatives reported as major focused area at present for researchers all over the
globe. Cellular kinases are important role in cell proliferation & differentiation of cell and human genome encodes
huge number of protein kinases that transfer a y-phosphate group from ATP to serine, threonine, or tyrosine
residues and many of these kinases are associated with human cancer initiation and progression which is second
most targeted groups for ligands, after the G-protein-coupled receptors. The review, provide an in depth analysis
of activation mechanisms for kinases in cancer, highlight recent successes in drug discovery, and demonstrate the
clinical impact of selective kinase inhibitors the information provider in development of novel agents in relation to
oncology and to meet the challenges for kinase-targeted cancer therapies.
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INTRODUCTION

Cancer is a disease characterized by uncontrolled
multiplication and spread of abnormal forms of the
body's own cells. Cancer can divide into types based on
where it begins which are Carcinomas, sarcoma
Leukemia’s and Lymphomas.! As a cancerous tumor
grows, the bloodstream or lymphatic system may carry
cancer cells to other parts of the body. During this
process, the cancer cells grow and may develop into new
tumors. This is known as metastasis. The use of
chemotherapy to treat cancer began at the start of the
20th century with attempts to narrow the universe of
chemicals that might affect the disease by developing
methods to screen chemicals using transplantable tumors
in rodents. It was, however, four World War Il-related
programs, and the effects of drugs that evolved from
them, that provided the impetus to establish in 1955 the
national drug development effort known as the Cancer
Chemotherapy National Service Center. The ability of
combination chemotherapy to cure acute childhood
leukemia and advanced Hodgkin's disease in the 1960s
and early 1970s overcame the prevailing pessimism
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about the ability of drugs to cure advanced cancers and
facilitated the study of adjuvant chemotherapy.!?!

Synthetic drugs are like fused pyrimidine derivatives
play important role for the treatment of cancer.
Pyrimidine derivatives are an important class of nitrogen
heterocycles that have attracted more attention in the last
decades. Due to their utilities as a precursor for the
construction of condensed heterocyclic systems, they
represent an  interesting  pharmacophore  for
pharmaceutical products.l*®

PYRIMIDINES AS ANTICANCER AGENTS
Pyrimidine derivatives have diversified activities such as
antiviral,® antitumorm™ antifolate,™ antibacterial,*?
antifungal,™® CNS active,* diuretic,” uricosuric,*®
diabetogenic, analgesict*” anti-inflammatory!*®
antioxidant,™ New strains of microbes have been
reported to threaten millions of people around the world
every year,® Several pyrimidine derivatives have long
ago been identified as antifolates™ (Fig: 1) and
targeting nucleic acids as effective anticancer agents.!”
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Cellular Kinase Targets As Anticancer Activity

Moreover, pyrimidine derivatives display usefulness in
the fields of chemotherapy. Pyrimidine-based
antimetabolites structurally related to the endogenous

pteridine systems. Due to their severe toxicity and
limited selectivity, the search for more potent and
selective anticancer agents is highly interested (Fig: 3).

substrates as 5-Fluorouracil (5-FU) and 5-thiouracil (Fig: o
2) were early recognized as effective therapies for E HS
cancer. It was reported that the chemotherapeutic NH NH
efficacy of pyrimidine derivatives is related to their | /g /g
ability to inhibit vital enzymes responsible for DNA N o) N o)
biosynthesis as dihydrofolate reductase (DHFR)?! H H
thymidylate synthetase (TSase), thymidine
phosphorylase  (TPase) and reverse transcriptase 5-Flurouracil 5-Thiouracil
(RTase).™ Further, pyrimidine and fused pyrimidine Fig: 2
derivatives show biologically important activities g: 2
because of their structural resemblance to purine-
Marketed Drugs Containing Pyrimidine Nucleus:-
— HO
"N/ I
N/\ CHy
7 N HC\(\N K/ o]
— OO
N N
HN N /N NH
NH \( HaC"
H3C E CH3 al CH3
(@]
=
F
Nilotinib Dasatinib
(o]
NH, HN/U\O/\/\/CH3 NH2
~x
N/ | \N | /L
HO N C
(@]
5- ﬂuorouraml HO ., _\QF
Q ant
cytarablne

capecitabine

Gemcitabine

Figure: 3.

Membrane-spanning receptor tyrosine kinases control
cell growth and differentiation. Tyrosine kinase is a
subclass of protein kinase, that transfer a phosphate
group to a tyrosine residue in a protein this have
important faction in signal transduction. The binding of
growth factors such as insulin, epidermal growth factor,
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and platelet-derived growth factor to the extracellular
domain of this transmembrane receptor switches the
kinase activity of catalytic domain. This signaling
cascade is altered in cancer cell, which cause over
expression of TK receptors. There are tyrosine receptor
kinases and non receptor tyrosine kinases were mafor
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targets for ligands. The list of FDA-approved kinase
inhibitors and their drug targets were given below.?

Table 1: Targets of Ligands towards cellular kinases.
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[Table: 1]

Drug target | Protein substrate Drug
ALK Tyrosine Crizotinib, Ceritinib, Alectinib, Brigatinib
BCR-ADbI Tyrosine Bosutinib, Dasatinib, Imatinib, Nilotinib, Ponatinib
B-Raf Serine/threonine Vemurafenib, Dabrafenib
BTK Tyrosine Ibrutinib
CDK family | Serine/threonine Palbociclib, Sorafenib, Ribociclib
c-Met Tyrosine Crizotinib, Cabozantinib
EGFR family | Tyrosine Gefitinib, Erlotinib, Lapatinib, Vandetanib, Afatinib, Osimertinib
JAK family Tyrosine Ruxolitinib, Tofacitinib
MEK1/2 Dual specificity Trametinib
PDGFR o/p Tyrosine Axitinib_, Gefit_injb_, Imatinib, Lenvatinib, Nintedanib, Pazopanib, Regorafenib,
Sorafenib, Sunitinib
RET Tyrosine Vandetanib
Src family Tyrosine Bosutinib, Dasatinib, Ponatinib, Vandetanib
éIrEn?I;:/R Tyrosine Axitinib, Lenvatinib, Nintedanib, Regorafenib, Pazopanib, Sorafenib, Sunitinib
JAK family Thymidylate Raltitrexed, Fluorouracil
synthase

The tyrosine

kinase receptors have multi

domain

extracellular Ligands for specific Ligand, a signal pass
transmembrane hydrophobic helix and tyrosine kinase
domain. The receptor tyrosine kinases are not only cell
surfaces transmembrane receptors, but are also enzymes
having kinase activity. Cytoplasm portion contains a
tyrosine kinase domain. The Kkinase domain has
regulatory sequence both on the N and C terminal end.
The first non-receptor tyrosine kinases identified was the
SRC. Non-receptor tyrosine Kinase receptor has
additional signaling or protein-protein interacting
domains such as SH,, SHs, and the Ph domain.’?® Each
tyrosine kinase receptor attached with an adenosine
triphosphate (ATP) and the energy reach phosphate
group is transferred to the amino acid tyrosine by this

.
)

Inhibitors

. .

activation of tyrosine kinase and phosphorylation of
tyrosine residue lead to activation. Schematic
representation of mode of action of tyrosine kinase of
intracellular signaling pathway is given below.?"!

ROLE OF PROTEIN KINASES

Targeting  the kinases  harboring oncogenic
transformational capacity and metastasis has led to a
notable change in the clinical management of cancer
(Fig: 4) and mechanism actions of some kinase inhibitors
[Table 2]. Hundreds of kinases play overlapping and
intricate roles in cell transformation, tumor initiation,
survival and proliferation. Diving kinases while
justifying their coinciding functionalities is difficult.*®!
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Table 2: Classification of small molecule kinase inhibitors.

CIa_ss_ of Kinase Mechanism of Action Examples
Inhibitor
. . Bosutinib, Cabozantinib,  Ceritinib,
Ruxolitinib, Vandetanib
Type 1l inhibitors bind to the DFG-Asp out protein
Type Il kinase conformation, which corresponds to an | Imatinib, Sorafenib, Axitinib, Nilotinib

inactive enzyme

Occupy a site next to the ATP-binding pocket so that

Type 111 (Allosteric both ATP and the allosteric inhibitor can bind

Trametinib, GnF2

Inhibitor) simultaneously to the protein.

Type IV (Substrate
Directed Inhibitors)

Undergo a reversible interaction outside the ATP
pocket and offer selectivity against targeted kinases

ONO12380

Type V (Covalent

Bind covalently (irreversible)to their protein kinase

Afatinib, Ibrutinib, HK1-272

Inhibitor)

CONCLUSION: The human genome encodes 538 9. E. Pery, A. Sheehy, N.M. Nebane, V. Misra, M.K.

protein kinases that transfer a y-phosphate group from Mankowski, L. Rasmussen, E.L. White, R.G. Ptak,

ATP to serine, threonine, or tyrosine residues. Many of D. Gabuzd, Virology., 2015; 484: 276.

these kinases are associated with human cancer initiation 10. patent: R.D. Appari, X. Chen, R. Chilukuri, A.P.

and progression. The recent developments of cellular Crew Amino, US 8399433 B2, 2013.

kinase inhibitors targeting various types of cancer has 11. C. Cherian, L. Wang, A. Wallace, S. Orr, Z. Hou, A.

proven successful in chemotherapy and based on the Gangjee, L.H. Matherly, cancer res., 2014; 74: 19.

review protein-targeted drug discovery significantly 12. K.M. Abu-Zied, T.K. Mohamed, O.K. Al-Duiaj,

useful in order to meet the challenges for cancer M.E.A. Zaki, Heterocyclic Commun., 2014; 20: 93.

therapies. 13. J. Zhang, J.F. Peng, Y.B. Bai, P. Wang, T. Wang,

J.M. Gao, Z.T. Zhang, Molec. Divers., 2016; 20:

ACKNOWLEDGEMENTS 887.

The authors are thankful to Deccan School of Pharmacy, 14. D.I. Park, C. Dournes, I. Sillaber, M. Uhr, J.M.

Nampally, Hyderabad for encouragement. Asara, N.C. Gassen, T. Rein, M. Ising, C. Webhofer,

M.D. Filiou, M.B. Miiller, C.W. Turck, Sci. Rep.,

REFERENCES 2016; 6: 35317.

1. Imran Ali, Waseem A. Wani and Kishwar Saleem, 15. S. Jain, K. Arya, N.N. Inamdar, N.B. Auti, P.A.
“Cancer Scenario in India with Future Perspectives” Unawane, S.H. Puranik, H.S. Sanap, M.D. Inamke,
Cancer Therapy, 2011; 8: 56-70. A.J. Mahale, V.S. Prajapati, C. Curr. Top. Med.

2. Devita VT, Chu E. A history of cancer Chem., 2016; 16: 3133.
chemotherapy. Cancer research, 2008 Nov 1; 16. M.A. Becker, Nucleosides, Nucleotides and Nucleic
68(21): 8643-53. Acids., 2016; 35: 502.

3. H. Cho, M. Ueda, K. Shima, A. Mizuno, M. 17. N.M. Khalifa, M.A. Al-Omar, A.EI-G.E. Amr, AR.
Hayashimatsu, Y. Ohnaka, Y. Takeuchi, M. Baiuomy, R.F. Abdel-Rahman, Russ. J. Bioorg.
Hamaguchi, K. Aisaka. J. Med. Chem., 1989; 32: Chem., 2015; 41: 192.

2399. 18. H.M. Ashoura, O.G. Shaabana, O.H. Rizkalbrahim,

4. K.S. Atwal, G.C. Rovnyak, S.D.Kimball, D.M. M. El Ashmawy, Eur. J. Med. Chem., 2013; 62: 341.
Floyd, S. Moreland, B.N. Swanson, J.Z. Gougoutas, Kostova, P.Y. Atanasov, Curr. Org. Chem., 2017
J. Schwartz, K.M. Smillie, M.F. Malley, J. Med. 21: 2096.

Chem., 1990; 33: 2629. 19. A.D. Lopez, C.D. Mathers, M. Ezzati, D.T. Jamison,

5. R. Kaur, B. Kaur, J. Applic. Chem., 2013; 2: 1102. C.J. Murray, Lancet., 2006; 367: 1690-1747.

6. J.S. Sandhu, ARKIVOC: Online J. Org. Chem., 20. R. Laxminarayan, A. Duse, C. Wattal, A.K. Mzaidi,
2012; 66: 133. H.F.L. wertheim, N. Sumpradit, E. Vlieghe, G.L.

7. G.C. Rovnyak, K.S. Atwal, A. Hedberg, S.D. Hara, .M. Gould, H. Goossens, C. Greko, D.
Kimball, S. Moreland, J.Z. Gougoutas, B.C. Anthony, M. Bigdeli, G. Tomson, W.W. Housen, E.
O'Reilly, J. Schwartz, M.F. Malle, J. Med. Chem., Ombaka, A.Q. Peralta, F.N. Qamar, O.Cars, Lancet
1992; 35: 3254, Infect. Dis., 2013; 13: 1057.

8. JG. Gary, S. Dzwonczyk, D.M. McMullen, 21. Hokmabady L, Raissi H, Khanmohammadi A.

Normandin, Diane E.; Parham, Charles S.; Sleph,
Paul G.; Moreland, Suzanne. J Cardiovasc
Pharmacol, 1995; 26: 289.

www.ejbps.com

Interactions of the 5-fluorouracil anticancer drug
with  DNA  pyrimidine bases: a detailed
computational approach. Structural Chemistry, 2016
Apr 1; 27(2): 487-504.

158



https://www.ncbi.nlm.nih.gov/protein/ONO12380
http://www.ingentaconnect.com/search;jsessionid=6nn0q37odwau.x-ic-live-01?option2=author&value2=Arya,%20N.

Mittapalli et al.

22.

23.

24.

25.

26.

217.

28.

M. Wang, J. Yang, M. Yuan, L. Xue, H. Li, C. Tian,
X. Wang, J. Liu, Z. Zhang, Eur. J. Med. Chem.
2017, 128, 88.

K. Pomeisl, I. Votruba, R. Pohl, Collect. Czech.
Chem. Commun., 2017; 7: 291.

T.L.V. Ulbricht, In: Robert, R. (Edi.), Purines,
pyrimidines and nucleotides and the chemistry of
nucleic acids : Elsevier, Pergamon, 1964; 8854.
Sanphanya K, Wattanapitayakul SK, Phowichit S,
Fokin VV, Vajragupta O. Novel VEGFR-2 kinase
inhibitors identified by the back-to-front approach.
Bioorganic & medicinal chemistry letters, 2013 May
15; 23(10): 2962-7.

Barton WA, Dalton AC, Seegar TC, Himanen JP,
Nikolov DB. Tie2 and Eph receptor tyrosine kinase
activation and signaling. Cold Spring Harbor
perspectives in biology, 2014 Mar 1; 6(3): a009142.
Endicott JA, Noble ME, Johnson LN. The structural
basis for control of eukaryotic protein Kkinases.
Annual review of biochemistry, 2012 Jul 7; 81: 587-
613.

Bhullar KS, Lagaron NO, McGowan EM, Parmar I,
Jha A, Hubbard BP, Rupasinghe HV. Kinase-
targeted cancer therapies: progress, challenges and
future directions. Molecular cancer, 2018 Dec;
17(1): 48.

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

159



