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TYROSINE KINASES: NOVEL TARGETS FOR CANCER THERAPY 

ABSTRACT 

Tyrosine kinases are the enzymes those play a major role in 

tumor invasion and metastasis. Preclinical and clinical data 

strongly support the involvement of specific tyrosine kinases in 

the formation and progression of solid and liquid tumors. 

Various inhibitors were designed and synthesized for the 

regulation of tyrosine kinase activity. The present review 

focuses on to explore distinct characteristics of tyrosine kinases 

and their involvement in the progression of cancer. 
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INTRODUCTION 

Tumor invasion and metastasis are the major causes of treatment failure and death in cancer patients. About 30% 

of patients with newly diagnosed tumors already have detectable metastases. Of the remaining 70% who are 

clinically free of metastasis, about half of them develop metastatic spread during follow-up after a potentially 

radical treatment of primary tumor
1
. Cancer drug therapy is undergoing a major transition from the previous 

pregenomic cytotoxic era to the new post genomic era. New cancer drug targets are identified and validated in 

various ways. The determination of the normal human genome sequence, followed by that of multiple cancer 

genomes, is accelerating target discovery
2
. 

Many of the defining characteristics of cancer, including uncontrolled growth, survival, neovascularization, 

metastasis and invasion, result from perturbation of regulatory signaling pathways, which are normally under 

tight control. As advances are made in understanding the mechanisms underlying the development of cancer, it 

has become clear that particular pathways are more frequently deregulated. Deregulation whether as a result of 

deletion, mutation or amplification of component gene products, is manifested as aberrant activation of key 

regulators of these pathways, prime examples of which are kinases
3
.  

The kinase family is one of the largest target families in the human genome. Together, it is estimated that there 

are more than 500 members of the major classes of protein serine/threonine, tyrosine and dual specificity kinases 

within the human genome
3-4

. Protein phosphorylation is one of the most significant signal transduction 

mechanisms of kinases by which intercellular signals regulate crucial intracellular processes such as ion 

transport, cellular proliferation, and hormone responses. 

The family’s key function in signal transduction for all organisms make it a very striking target class for 

therapeutic interventions in many disease states such as cancer, diabetes, inflammation, and arthritis. Recent 

successful launches of drugs with kinase inhibition as the mode of action demonstrate the ability to deliver 

kinase inhibitors as drugs with the appropriate selectivity, potency, and pharmacokinetic properties
5-6

. The 

 

Journal of Advanced Scientific Research 
 

J.Adv.Sci.Res, 2011, 2(1); 01-07 

Published on 10 Feb 2011 

Review Article 

 

Copyright ©2011 by ScienSage Publications 

ISSN: 0976-9595 

Neeraj K. Sharma* 

K. K. Jha 

Priyanka 

College of Pharmacy,  

Teerthanker Mahaveer University, 

Moradabad, U.P., India 
*Corresponding Author: 

sharma25neeraj@rediffmail.com 
 

 

mailto:sharma25neeraj@rediffmail.com


                                                  
Available online through www.sciensage.info 

2                                                                                                                                        Neeraj K. Sharma et al./ J.Adv.Sci.Res.,2011, 2(1);01-07              

 

largest group of kinases is Protein kinases, which act on and modify the activity of specific proteins. These are 

used extensively to transmit signals and control complex processes in cells. 

A protein kinase is an enzyme that modifies other proteins by chemically adding phosphate groups to them 

(phosphorylation). This usually results in a functional change of the target protein (substrate) by changing 

enzyme activity, cellular location, or association with other proteins. Deregulated kinase activity is a frequent 

cause of disease, particularly cancer, where kinases regulate many aspects that control cell growth, movement 

and death. Drugs which inhibit specific kinases are being developed to treat several diseases. 

Protein kinases involve various types of kinases
7
, as: 

1. Serine/ threonine specific protein kinases 

2. Tyrosine specific protein kinases 

3. Histidine specific protein kinases 

4. Aspartic acid/ glutamic acid specific protein kinases 

5. Mixed kinases 

6. MAP kinases  

7. Cyclin dependent kinases. 

 

TYROSINE KINASES 

The protein tyrosine kinases (PTKs) are a large and diverse multigene family found only in Metazoans. Their 

principal functions involve the regulation of multicellular aspects of the organism. Cell to cell signals concerning 

growth, differentiation, adhesion, motility, and death, are frequently transmitted through tyrosine kinases. In 

humans, tyrosine kinases have been demonstrated to play significant roles in the development of many diseased 

states, including diabetes and cancer. Historically, tyrosine kinases define the prototypical class of oncogenes, 

involved in most forms of human malignancies. Tyrosine kinase genes have also been linked to a wide variety of 

congenital syndromes
8
. 

Tyrosine kinases are enzymes that transfer γ- phosphate groups from ATP to the hydroxyl group of tyrosine 

residues on signal transduction molecules. Phosphorylation of signal transduction molecules is a major activating 

event that leads to dramatic changes in tumor growth.  

Targeting receptor protein tyrosine kinases (RPTKs) as cancer chemotherapy has continued to become a 

compelling approach with time. Preclinical and clinical data strongly support the involvement of specific RPTKs 

in the formation and progression of a subset of solid and liquid tumors. The advances in our understanding of the 

oncogenic activation of these receptors have been matched by the identification of new structural classes of 

kinase inhibitors with improved potency, specificity and efficacy
9
.  

CLASSIFICATION 

Tyrosine kinases are primarily classified as receptor tyrosine kinase (RTK) e.g. EGFR, PDGFR, FGFR and the 

IR and non-receptor tyrosine kinase (NRTK) e.g. SRC, ABL, FAK and Janus kinase. The human genome, as 

currently sequenced, contains 90 tyrosine kinase genes and five presumed tyrosine kinase pseudo genes. Of the 

90 tyrosine kinase genes, 58 are of the receptor type as defined by encoding a protein with a predicted 

transmembrane domain. These 58 receptor tyrosine kinases can be grouped into 20 subfamilies based on kinase 

domain sequence. The 32 non-receptor tyrosine kinases fall into 10 subfamilies based on kinase domain 

sequence. The remaining five sequences are classified as pseudo genes by the lack of introns in the sequence, the 

truncation of the coding regions compared to other members of the family, the presence of in-frame termination 

codons, and the absence of evidence for expression
8
.  
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STRUCTURE OF TYROSINE KINASES 

The receptor tyrosine kinases are not only cell surface transmembrane receptors, but are also enzymes having 

kinase activity. The structural organization of the receptor tyrosine kinase exhibits a multidomain extracellular 

ligand for conveying ligand specificity, a single pass transmembrane hydrophobic helix and a cytoplasmic 

portion containing a tyrosine kinase domain. The kinase domain has regulatory sequence both on the N and C 

terminal end
10-11

.  

 

Fig. 1: Diagram of the inferred interactions between the human VEGF receptor 2 Protein– tyrosine kinase 

catalytic core residues, ATP, and a protein substrate. 

 

NRTK are cytoplasmic proteins, exhibiting considerable structural variability. The NRTK have a kinase domain 

and often possess several additional signaling or protein-protein interacting domains such as SH2, SH3 and the 

PH domain
12

. The tyrosine kinase domain spans approximately 300 residues and consists of an N terminal lobe 

comprising of a 5 stranded β sheet and one α helix, while the C terminal domain is a large cytoplasmic domain 

that is mainly α helical. ATP binds in the cleft in between the two lobes and the tyrosine containing sequence of 

the protein substrate interacts with the residues of the C terminal lobe. RTK are activated by ligand binding to 

the extracellular domain followed by dimerization of receptors, facilitating trans-phosphorylation in the 

cytoplasmic domain whereas the activation mechanism of NRTK is more complex, involving heterologous 

protein-protein interaction to enable transphosphorylation
13

.  

SIGNAL TRANSDUCTION PATHWAY 

Protein tyrosine kinases (PTKs) modulate a wide variety of cellular events, including differentiation, growth, 

metabolism and apoptosis
14-16

. Phosphorylation of tyrosine residues in target proteins is essential for maintaining 

cellular homeostasis, yet this post-translational modification also provides the means by which a number of 

cellular oncogenes deregulate various signaling pathways and induce transformation. PTKs are therefore 

important targets for both basic research and drug development efforts
17

.  
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Fig. 2: Signal Transduction Pathway 

PTKs represent a diverse and rapidly expanding super family of proteins, including both transmembrane receptor 

tyrosine kinases (RTK) and soluble cytoplasmic enzymes also known as nonreceptor tyrosine kinases (NRTK). 

Activation of the PTK domain of either class of PTK enzymes results in interaction of the protein with other 

signal transducing molecules and propagation of the signal along a specific signal transduction pathway.  

Activation of transmembrane PTKs is typically initiated by binding of a ligand (e.g., hormone or growth factor) 

to a specific site within the extracellular domain of the receptor. Upon ligand binding, these receptors commonly 

undergo dimerization, resulting in autophosphorylation of tyrosine residues within the cytoplasmic domain
18-19

. 

This autophosphorylation event can occur in trans (between receptor molecules within the dimer) or in cis 

(within a single receptor molecule in the dimer). These phosphorylation events activate the kinase, thereby 

increasing its intrinsic PTK activity, and produce new binding sites for intracellular adapter molecules that bring 

signal transduction molecules into close proximity
14, 16-17

.  

ONCOGENIC ACTIVATION OF TYROSINE KINASES 

Normally the level of cellular tyrosine kinase phosphorylation is tightly controlled by the antagonizing effect of 

tyrosine kinase and tyrosine phosphatases. There are several mechanisms by which tyrosine kinase might acquire 
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transforming functions, but the ultimate result is the constitutive activation of normally controlled pathways 

leading to the activation of other signaling proteins and secondary messengers which serves to hamper the 

regulatory functions in cellular responses like cell division, growth and cell death
20

.  Constitutive activation of 

tyrosine kinase may occur by several mechanisms. 

Activation by mutation 

An important mechanism leading to tyrosine kinase deregulation is mutation. Mutations within the extracellular 

domain e.g. EGFRv III mutant lacks amino acid 6-273 which gives rise to receptor tyrosine kinase constitutive 

activity, that leads to cell proliferation in the absence of ligand in glioblastomas, ovarian tumors and non small 

cell lung carcinoma
21

. 

Autocrine-Paracrine loops 

Autocrine-paracrine stimulation serves as an important mechanism for the constitutive activation of tyrosine 

kinase specially receptor tyrosine kinases. This activation loop is stimulated when a receptor tyrosine kinase is 

abnormally expressed or over expressed in presence of its associated ligand or when there is an over expression 

of the ligand in presence of its cognate receptor. A role of autocrine paracrine stimulation has been immanent in 

a variety of human cancers
22

. 

TYROSINE KINASES AS TARGETS FOR ANTICANCER AGENTS 

The role of tyrosine kinases in cancer molecular pathogenesis is immense and recently kinases have come in 

vogue as potential anticancer drug targets, as a result a couple of anticancer drugs are in the market. The 

complexity and the number of tyrosine kinases have greatly increased with the sequencing effort of the Human 

Genome Project, thus providing more opportunities for drug discovery. Recent understanding of the molecular 

pathophysiology of cancer have highlighted that many tyrosine kinases are found upstream or downstream of 

epidemiologically relevant oncogenes or tumor suppressor, in particular the receptor tyrosine kinases
23

. 

         The ATP binding site 

ATP binds within a deep cleft formed between the two lobes of the tyrosine kinase domain. Though the ATP 

binding site is highly conserved the architecture in the regions proximal to the ATP binding site does afford 

some key diversity for designing new drug and has potential application in drug discovery 
24

. 

Small molecule inhibitor 

Tyrosine kinase forms a significant share of all oncoproteins thus they take centre stage as possible targets for 

cancer therapy. Hence low molecular weight tyrosine phosphorylation inhibitors (tyrphostins) have been 

proposed to be prospective anti-proliferating agents. By late 1980s it was proved that low molecular weight 

EGFR inhibitors could block EGF dependent cell proliferation
25

. 

Monoclonal antibody 

The extracellular domain of the receptor tyrosine kinase provides an excellent target for monoclonal antibodies. 

With the advancement of genomics, design, selection and production of therapeutic monoclonal antibodies have 

become much easier. The revolution in antibody technology now allows us to produce humanized, human 

chimeric or bispecific antibody for targeted cancer therapy
26

. 
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Hsp 90 and other novel strategies 

Heat shock proteins (Hsp-s) are ubiquitous proteins known for the maintenance of cellular homeostasis and are 

inducible under variety of stresses. Hsp-s are mainly involved in the proper folding of other proteins and hence 

referred to as molecular chaperons
27-28

. The accumulation of Hsp-s is seen in pathological conditions and tumors. 

Most kinases require molecular chaperons to maintain their activation competent conformation. Hsp-s interacts 

with and stabilizes various kinases
29

. Chaperon based inhibitors other than interacting with protein kinases, 

prevent the associated chaperon(s) from maintaining the activation competent conformation of the kinase. The 

result being the proteosomal degradation of the misfolded kinases, thus diminishing the level of many kinases. 

Antibody drug conjugate 

The efficacy of the antibodies that targets specific molecules expressed by tumor cells can be increased by 

attaching toxins to them
30

. Existing immunotoxins are based on bacterial toxins like pseudomonas exotoxin, 

plant exotoxin like ricin or radio-nucleotides. The toxins are chemically conjugated to a specific ligand such as 

the variable domain of the heavy or light chain of the monoclonal antibody. Normal cells lacking the cancer 

specific antigens are not targeted by the targeted antibody
31

. 

Antisense strategies and peptide drugs 

Antisense are small pieces of synthetic oligonucleotides that are designed to interact with the mRNA by Watson-

Crick base pairing to block the transcription and thus translation of target proteins. Antisense 

oligodeoxynucleotides (ODN) targeting IGF-1R induces apoptosis in malignant melanoma and is also effective 

in breast cancer
32

. Protein–protein interaction is very important in cellular processes. Hence peptide and peptido 

mimetics that interfere with this interaction are important. 

CONCLUSION 

Tyrosine kinase plays an important role in angiogenesis and neovascularization. This process though occurs 

normally during embryonic development, female reproductive cycle or wound healing is found as a crucial step 

in tumor transition from benign to malignant form, capable of spreading throughout the body. Targeting receptor 

protein tyrosine kinases (RPTKs) as cancer chemotherapy has continued to become a compelling approach with 

time. The advances in our understanding of the oncogenic activation of these receptors have been matched by the 

identification of new structural classes of kinase inhibitors with improved potency, specificity and efficacy. 

REFERENCES 

1. Sugarbaker EV. Cancer Biol Rev, 1981; 2:235.                                          

2. Workman P. Current Cancer Drug Targets, 2001; 1 suppl 1:33–47. 

3. Blume JP, Hunter T. Nature, 2001; 411:355–365 

4. Manning G. Science, 2002; 298:1912–1934 

5. Cahen P. Nat Rev Drug Discov. 2002;1(4):309–315 

6. Vieth M. Biochim Biophys Acta. 2004; 1697(1-2):243–257 

7. Hunter T, Cooper JA. Annu Rev Biochem. 1985; 54: 897–930. 

8. Robertson SC.  Trends Genet. 2000; 16:368. 

9. Gareis EC, Fabbro D. Mini Rev Med Chem. 2004; 4(3): 273–283. 

10. Schlessinger J. Cell. 2000; 103: 211-215. 

11. Hunter T. Cell. 1995;80: 225-236 

12. Schenk PW, Snarr-Jagalska BE. Biochem Biophys Acta. 1999; 1449: 1-24 

13. Heldin GH. Cell. 1995; 80: 213–223. 

14. Vandergeer P. Annu Rev Cell Biol. 1994; 10: 251 



                                                  
Available online through www.sciensage.info 

7                                                                                                                                        Neeraj K. Sharma et al./ J.Adv.Sci.Res.,2011, 2(1);01-07              

 

15. Liu X, Pawson I. Recent Prog. IIorm. Res. 1994; 49: 149. 

16. Marshall CS. Cell. 1995; 80: 179.  

17. Levitzki A, Gazit A. Science. 1995; 267: 1782. 

18. Weiss A, Schlessinger J. Cell. 1998; 94: 277. 

19. Lemmon MA, Schlessinger J Meth. Mol. Biol. 1998; 84: 19 

20. Bertarm JS. Mol Aspects Med. 2001; 21: 167–223 

21. Nishikawa REA. Proc Natl Acad sci. 1994; 91:7727–7731. 

22. Tateishi M. Cancer Res, 1990; 50:7077–708. 

23. Koppal T. Drug Develop. 2003; Aug: 75-80 

24. Fabbro D. Pharmacol Ther. 2002; 93: 79-98. 

25. Yaish P. Science. 1988; 242: 933-935. 

26. Bennasroune A. Crit Rev Oncol Hematol. 2004; 50(1): 23-28 

27. Bakau B, Horwich AL. Cell. 1998; 92: 351-356 

28. Haret FU. Nature. 1996; 381(6583): 571-579 

29. Yarden Y, Sliwkowsky MX. Nature Rev Mol cell Biol. 2001; 2: 127-137. 

30. Colaco CALS. Trends Mol. Med. 2003; 12: 575-578 

31. Kreitman RJ. Curr opin Immun. 1999; 11: 570-578. 

32. Andrews DW. J Clin oncol. 2001; 19: 2189-2200. 

 


