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Cancer is gradually becoming the leading disease-related cause 
of death of the human population. Thus, there is an ultimate need for 
innovation in drug discovery and development, especially in the area 
of oncology. Unfortunately, clinical attrition rates are a critical issue in 
drug development, particularly in oncology where over fourfold higher 
rates of attrition were determined in respect to other indications [1]. 

Although, this trend presumably relates to the substantial 
heterogeneity and the inherent biological complexity of cancer [2], in 
order to track the source of this failure it should be interesting to chart 
the drug targets that researchers have traditionally focused on. It could 
be then realized that one of the fundamental issues that drove to this 
decline in pharmaceutical research and development is the philosophy 
that shaped the drug discovery process [3]. The “one-gene-one-disease” 
theory sculpted the drug design concept to treat diseases by targeting 
individual chemoreceptors with a “magic-bullet” therapy [4]. Drugs 
were thus traditionally rationally designed and tailored to target rigid 
protein binding pockets on the basis of complementarity, the so-called 
“lock-and-key” mechanism. This unidimensional approach on proteins 
presenting compact and well-ordered 3D architectures lead presently 
to the majority of ‘druggable’ targets: G-protein-coupled receptors 
(GPCRs) and enzymes [5, 6]. 

However, more than a third of the eukaryotic proteins contain 
intrinsically disordered regions [7]. Intrinsically disordered proteins 
(IDPs) although they lack a well defined 3D structure [8] their 
functional repertoire complements the functions of ordered proteins [9] 
and their abundance is tightly regulated in the cell [10]. The structural 
adaptability as also the lack of architectural ordering in these proteins 
provide functional unique capabilities to interact with multiple protein 
partners (network hubs) without sacrificing specificity, in contrast to 
ordered proteins with well defined architecture that interact mainly 
with a single protein partner (network ends) [11]. Due to their inherent 
disorder and plasticity, intrinsically unstructured proteins elucidate 
important roles in cell-signalling and regulation. Interestingly, proteins 
associated with various human diseases are enriched in intrinsic 
disorder, and the disease-related unfoldome has been mapped to cover 
a significant part of the human proteome [12]. For instance, it was 
indicated that more than 79% of human cancer-associated proteins 
contained intrinsically disordered regions [13]. 

The frequent occurrence of intrinsic disorder in cancer-associated 
proteins strongly suggests that disorder information should be employed 
in the drug discovery process towards the development of novel anti-
cancer drugs. Unfortunately, this area remained largely unexplored on 
the basis of the aforementioned philosophy of rational drug design, 
as also due to the lack of effective screening tools. Although it is very 
challenging to design small molecules for drug targets that their overall 
architecture is constantly altered, success could emerge. This was also 
the case for protein-protein interactions (PPIs), that are abundant in 
cancer [14] and were originally thought as “undruggable” targets due 
to the inherent difficulty for a small molecule to compete for binding 
on such flat and extensive protein interfaces. However, the realization 

that a centralized region of residues (hot-spots” [15]) encompassed 
the key interactions to the binding affinity and presents comparable 
dimensions to the size of a small organic molecule paved the way for 
the discovery of PPI antagonists [16,17]. 

Although it is evident that the development of new approaches to 
discover drug molecules that target intrinsically disordered protein 
regions should be a high priority, a key question that arises is how drugs 
can be sculpted for protein targets that undergo “metamorphosis” from 
one form to the other as IDPs. Since IDPs are tightly regulated and 
disease conditions emerge due to their altered availability, one could 
indirectly target them by fine-tuning regulatory mechanisms or enzymes 
maintaining their homeostasis [18]. Data have now emerged showing 
that selective blocking of specific interactions of intrinsically disordered 
TFs with their protein binding partners is possible [19]. Similarly to the 
disruption of structured PPIs it is of importance to decode hot spots 
in IDPs. Such hot-spots could be localized hydrophobic clusters in 
helix-forming molecular recognition elements (a-MoREs). Mimicking 
these hydrophobic clusters by small molecules could block interaction 
of the IDP with its structured protein partner [20]. Computational 
tools have been developed to locate such druggable short disordered 
binding regions which folds upon binding into a specific structural 
element [20]. In addition, novel techniques should be developed that 
will be able to decipher the conformational landscapes sampled by 
IDPs. NMR spectroscopic approaches based on the recording of pseudo 
contact shifts and residual dipolar couplings could be very useful in 
this direction as also to identify hot-spots [21,22]. Large scale screening 
platforms should be also directed in these targets. Natural products 
that evolved after nature’s combinational chemistry to have chemical 
diversity and interact with multiple biological target molecules might 
be a good starting point for these screening platforms [23,24]. Taxol, a 
mitotic inhibitor used in cancer chemotherapy, is a successful paradigm 
of a natural product that interacts with an intrinsically disordered 
region in Bcl-2, altering the apoptotic signalling pathway. 

Given the importance of intrinsically disordered proteins in various 
human diseases and especially in cancer, an interscience collaboration 
and integration of data from different omics platforms targeting IDPs 
can be of unprecedented value towards the development of novel 
anticancer agents.

*Corresponding author: Andreas G. Tzakos, Department of Chemistry, 
Section of Organic Chemistry and Biochemistry, University of Ioannina, GR 
45110, Ioannina, Greece, E-mail: atzakos@cc.uoi.gr

Received February 19, 2012; Accepted February 20, 2012; Published February 
22, 2012

Citation: Tzakos AG (2012) Intrinsic Protein Disorder as a Drug Target in Oncology: 
Designing Drugs Targeting Plasticity. Biochem & Pharmacol 1:e107. doi:10.4172/
bcpc.1000e107

Copyright: © 2012 Tzakos AG. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Intrinsic Protein Disorder as a Drug Target in Oncology: Designing Drugs 
Targeting Plasticity
Andreas G. Tzakos1,2*
1Department of Chemistry, Section of Organic Chemistry and Biochemistry, University of Ioannina, GR 45110, Ioannina, Greece
2Human Cancer Biobank Center, University of Ioannina, GR 45110, Ioannina, Greece

http://dx.doi.org/10.4172/bcpc.1000e107
http://dx.doi.org/10.4172/bcpc.1000e107


Citation: Tzakos AG (2012) Intrinsic Protein Disorder as a Drug Target in Oncology: Designing Drugs Targeting Plasticity. Biochem & Pharmacol 
1:e107. doi:10.4172/bcpc.1000e107

Page 2 of 2

Volume 1 • Issue 1 • 1000e107
Biochem & Pharmacol
ISSN: BCPC, an open access journal 

References

1. Kola I, Landis J (2004) Can the pharmaceutical industry reduce attrition rates? 
Nat Rev Drug Discov 3: 711-715.

2. Roukos DH, Tzakos A, Zografos G (2009) Current concerns and challenges 
regarding tailored anti-angiogenic therapy in cancer. Expert Rev Anticancer 
Ther 9: 1413-1416.

3. Hopkins AL (2008) Network pharmacology: the next paradigm in drug discovery. 
Nat Chem Biol 4: 682-690.

4. Strebhardt K, Ullrich A (2008) Paul Ehrlich’s magic bullet concept: 100 years of 
progress. Nat Rev Cancer 8: 473-480.

5. Hopkins AL, Groom CR (2002) The druggable genome. Nat Rev Drug Discov 
1: 727-730.

6. Skobridis K, Kinigopoulou M, Theodorou V, Giannousi E, Russell A, et al. 
(2010) Novel imatinib derivatives with altered specificity between Bcr-Abl and 
FMS, KIT, and PDGF receptors. ChemMedChem 5: 130-139.

7. Ward JJ, Sodhi JS, McGuffin LJ, Buxton BF, Jones DT (2004) Prediction and 
functional analysis of native disorder in proteins from the three kingdoms of life. 
J Mol Biol 337: 635-645.

8. Uversky VN, Dunker AK (2010) Understanding protein non-folding. Biochim 
Biophys Acta 1804: 1231-1264. 

9. Uversky VN, Oldfield CJ, Dunker AK (2008) Intrinsically disordered proteins in 
human diseases: introducing the D2 concept. Annu Rev Biophys 37: 215-246.

10. Gsponer J, Futschik ME, Teichmann SA, Babu MM (2008) Tight regulation of 
unstructured proteins: from transcript synthesis to protein degradation. Science 
322: 1365-1368.

11. Haynes C, Oldfield CJ, Ji F, Klitgord N, Cusick ME, et al. (2006) Intrinsic disorder 
is a common feature of hub proteins from four eukaryotic interactomes. PLoS 
Comput Biol 2: e100.

12. Uversky VN, Oldfield CJ, Midic U, Xie H, Xue B et al. (2009) Unfoldomics 
of human diseases: linking protein intrinsic disorder with diseases. BMC 
Genomics 10: S7. 

Submit your next manuscript and get advantages of OMICS 
Group submissions
Unique features:

•	 User	friendly/feasible	website-translation	of	your	paper	to	50	world’s	leading	languages
•	 Audio	Version	of	published	paper
•	 Digital	articles	to	share	and	explore

Special features:

•	 200	Open	Access	Journals
•	 15,000	editorial	team
•	 21	days	rapid	review	process
•	 Quality	and	quick	editorial,	review	and	publication	processing
•	 Indexing	at	PubMed	(partial),	Scopus,	DOAJ,	EBSCO,	Index	Copernicus	and	Google	Scholar	etc
•	 Sharing	Option:	Social	Networking	Enabled
•	 Authors,	Reviewers	and	Editors	rewarded	with	online	Scientific	Credits
•	 Better	discount	for	your	subsequent	articles

Submit	your	manuscript	at:	http://www.omicsonline.org/submission

13. Iakoucheva LM, Brown CJ, Lawson JD, Obradović Z, Dunker AK (2002) 
Intrinsic disorder in cell-signaling and cancer-associated proteins. J Mol Biol 
323: 573-584.

14. Tzakos AG, Fokas D, Johannes C, Moussis V, Hatzimichael E, et al. (2011) 
Targeting oncogenic protein-protein interactions by diversity oriented synthesis 
and combinatorial chemistry approaches. Molecules 16: 4408-4427.

15. Arkin MR, Randal M, DeLano WL, Hyde J, Luong TN, et al. (2003) Binding of 
small molecules to an adaptive protein-protein interface. Proc Natl Acad Sci U 
S A 100: 1603-1608.

16. Dömling A (2008) Small molecular weight protein-protein interaction 
antagonists: an insurmountable challenge? Curr Opin Chem Biol 12: 281-291.

17. Verdine GL, Walensky LD (2007) The challenge of drugging undruggable 
targets in cancer: lessons learned from targeting BCL-2 family members. Clin 
Cancer Res 13: 7264-7270.

18. Babu MM, van der Lee R, de Groot NS, Gsponer J (2011) Intrinsically 
disordered proteins: regulation and disease. Curr Opin Struct Biol 21: 432-440.

19. Dunker AK, Uversky VN (2010) Drugs for ‘protein clouds’: targeting intrinsically 
disordered transcription factors. Curr Opin Pharmacol 10: 782-788.

20. Cheng Y, LeGall T, Oldfield CJ, Mueller JP, Van YY, et al. (2006) Rational drug 
design via intrinsically disordered protein. Trends Biotechnol 24: 435-442.

21. Tzakos AG, Grace CR, Lukavsky PJ, Riek R (2006) NMR techniques for very 
large proteins and rnas in solution. Annu Rev Biophys Biomol Struct 35: 319-
342.

22. Luchinat C, Nagulapalli M, Parigi G, Sgheri L (2012) Maximum occurrence 
analysis of protein conformations for different distributions of paramagnetic 
metal ions within flexible two-domain proteins. J Magn Reson 215: 85-93.

23. Kyriakou E, Primikyri A, Charisiadis P, Katsoura M, Gerothanassis IP, et al. 
(2012) Unexpected enzyme-catalyzed regioselective acylation of flavonoid 
aglycones and rapid product screening. Org Biomol Chem 10: 1739-1742.

24. Sainis I, Fokas D, Vareli K, Tzakos AG, Kounnis V, et al. (2010) Cyanobacterial 
cyclopeptides as lead compounds to novel targeted cancer drugs. Mar Drugs 
8: 629-657.

http://dx.doi.org/10.4172/bcpc.1000e107
http://www.ncbi.nlm.nih.gov/pubmed/15286737
http://www.ncbi.nlm.nih.gov/pubmed/19828000
http://www.ncbi.nlm.nih.gov/pubmed/18936753
http://www.ncbi.nlm.nih.gov/pubmed/18469827
http://www.ncbi.nlm.nih.gov/pubmed/12209152
http://www.ncbi.nlm.nih.gov/pubmed/19950162
http://www.ncbi.nlm.nih.gov/pubmed/15019783
http://www.ncbi.nlm.nih.gov/pubmed/20117254
http://www.ncbi.nlm.nih.gov/pubmed/18573080
http://www.ncbi.nlm.nih.gov/pubmed/19039133
http://www.ncbi.nlm.nih.gov/pubmed/16884331
http://www.ncbi.nlm.nih.gov/pubmed/19594884
http://www.ncbi.nlm.nih.gov/pubmed/12381310
http://www.ncbi.nlm.nih.gov/pubmed/21623312
http://www.ncbi.nlm.nih.gov/pubmed/12582206
http://www.ncbi.nlm.nih.gov/pubmed/18501203
http://www.ncbi.nlm.nih.gov/pubmed/18094406
http://www.ncbi.nlm.nih.gov/pubmed/21514144
http://www.ncbi.nlm.nih.gov/pubmed/20889377
http://www.ncbi.nlm.nih.gov/pubmed/16876893
http://www.ncbi.nlm.nih.gov/pubmed/16689639
http://www.ncbi.nlm.nih.gov/pubmed/22264683
http://www.ncbi.nlm.nih.gov/pubmed/22261720
http://www.ncbi.nlm.nih.gov/pubmed/20411119

	Title
	*Corresponding author
	References

