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Targeting cancer with peptide aptamers
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Abstract:

A major endeavour in cancer chemotherapy is to develop agents that specifically
target a biomolecule of interest. There are two main classes of targeting
agents: small molecules and biologics. Among biologics (e.g.: antibodies),
DNA, RNA but also peptide aptamers are relatively recent agents. Peptide
aptamers are seldom described but represent attractive agents that can inhibit
a growing panel of oncotargets including Heat Shock Proteins. Potential pitfalls
and coming challenges towards successful clinical trials are presented such
as optimizing the delivery of peptide aptamers thanks to Nanotechnology.

response they inherently trigger, efforts were devoted
to design new generations of antibodies switching
from murine antibodies to: chimeric (~60% human,
example: Cetuximab[7]), humanized (~90% human,
e.g.: Trastuzumab) or human antibodies (100%, e.g.:
Panitumumab). Up to now, biologics have in fact a higher
rate of approval success rate (18% for chimeric and 24%
humanized monoclonal antibodies) than new chemical
entities including small molecules (5%)[3, 8] especially
in oncology[3].

Rational drug design is the quest, launched by
Paul Ehrlich about a century ago, for designing a ‘magic
bullet’: a targeting agent that specifically interacts with,
and mostly inhibits, a biomolecule of interest. Essentially,
this biomolecule is an intracellular or membrane-bound
protein identified as contributing to a disease state. The
choice of the protein to be targeted is constrained by our
ability obtain highly specific, bioactive ligands. Usually,
for small molecules, a requirement is the presence of a
pocket (e.g.: the ATP-binding cavity of protein kinases)
where the targeting agent can fit snugly and establish the
multiple low-energy interactions in 3 dimensions that
confers its (high) affinity and specificity.
Within the last 10 years[1], a number of such
targeting agents have been discovered by screening or
rational design. They fall in 2 classes: small molecules and
biologics. The former are developed by (pharmaceutical)
chemists, with imatinib as an archetype. The latter
originate from molecular biologists and are typically
represented by monoclonal antibodies (mAbs) such as
trastuzumab or cetuximab. Due to their size (molecular
weight <500Da[2]), small molecules are relatively easy
to synthesize, can diffuse well (including through the
membrane bilayer) and are generally orally available[3].
On the other hand, mAbs are large (~150kDa[4, 5])
and complex molecules[6] that are delivered intratumorally or intravenously[3]. To reduce the immune
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A new tool: peptide aptamers
Among biologics, aptamers (a word combining the
Latin aptus ‘fitting’ with the Greek meros ‘part’[9]) are
emerging as a new class of targeting agents. Aptamers
(i.e.: DNA, RNA aptamers) but also peptide aptamers are
indeed apt to specifically inhibit biomolecules of interest
with high affinity[9-11].
Peptide aptamers consist of a short (~10-20 amino
acids), conformationally constrained[12] variable random
peptide sequence inserted into a scaffold protein (most
often the bacterial protein thioredoxin A[12, 13]) as shown
in figure 1. They can thus be considered as miniaturized,
simplified antibodies[12, 13]. A unique feature of peptide
aptamers relies in their doubly constrained target-binding
loop[13], compared to other man-made biomolecules that
consist of peptidic sequences fused terminally to a carrier
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protein. Constrained conformations[13-15] require less
energy to bind the target of interest, resulting in peptide
aptamers with high affinities and KD values in the 10 – 100
nM range[10, 12]. Compared to monoclonal antibodies,
DNA, RNA and peptide aptamers are relatively small,
weighting ~10-20kDa[16] with reduced immunogenicity
compared to antibodies[9].

phase II clinical trials including solid tumours[18].
More recently developed, peptide aptamers are
to date tested in preclinical models only. In the context
of oncology, in vitro and/or in vivo data indicate that
peptide aptamers are able to inhibit a growing panel of
oncotargets including: the human papillomavirus HPV16
E6 oncoprotein[19] in 2000, ErbB2 receptor[20], mutant
p53[21], but also HSP70[22] and HSP27[23] within these
last months. So what are the foreseen barriers towards
successful clinical trials?

Translation to the clinics: of
mice and men:

Reaching the tumor

Of the ~108,400 recorded clinical trials (http://
clinicaltrials.gov/, last access: the 8th of June 2011), ~5,500
are involving targeted therapies, with ~1,700 in the field
of oncology. Among these, there are ~500 trials assessing
peptides but only 3 studies concerning aptamers (none
with peptide aptamers). There are at least 2 interesting
approaches to be enlightened. One is the success of
Pegaptanib sodium (Macugen, Eyetech Pharmaceuticals/
Pfizer), the first FDA-approved aptamer (December 2004)
for use in humans. As with other types of agents, it took
about a decade of preclinical development to improve
and characterize its biological effects[17]. Nevertheless,
this anti-VEGF pegylated RNA aptamer developed
for the treatment of neovascular age-related macular
degeneration is now involved in ~50 trials. Another
interesting example includes AS1411 (4 clinical trials) for
the study of Acute Myeloid Leukemia (2 clinical trials),
Renal Cell Carcinoma (1 clinical trial) and advanced
tumors (1 clinical trial). This DNA aptamer targeting
nucleolin induces apoptosis and may be combined with
cytarabine to obtain a synergistic effect. It is the first-inclass DNA aptamer anticancer agent, and is currently in

To date, peptide aptamers target the cancer cells via
different means. The two most frequent delivery options
are liposome-like chariots and protein transduction
domains (PTDs). Potential issues of the former approach
might be related to toxicity and stability. Concerning the
later, the most widely used PTD, derived from HIV-TAT
protein, is a positively charged sequence that represents
an interesting approach. However, it might affect protein
structure. Far from trivial, delivering the targeting agent
specifically to the desired site of action will more than
probably benefit from nanotechnology. Several ongoing
clinical options exist. They include drug delivery systems
composed of: lipid nanoparticles, albumin-based,
micelles, polymer-based or gold nanoparticles[9] that
should be investigated for peptide aptamers.

Dose calculations
Different from organic small molecules by nature,
dose calculations for biologics nevertheless remain almost
exclusively traditional[24] even though they exhibit
non-linear dose-response curves[6]. As targeting agents
are often combined with cytotoxics (e.g.: doxorubicin,
cisplatin or taxol), drug combinations need careful
evaluation. Also, the design of clinical trials for targeting
agents should be revisited accordingly[25].
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Early detection
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Obviously, the earlier the disease is detected, the
greater the chances of curing it. Efforts should be devoted
to improve current detection limits. Also, it is necessary
to develop and validate appropriate biomarkers for cancer
diagnosis as well as treatment follow-up[26]. Interestingly,
aptamers can be functionalized onto sensing schemes for
biodetection[9] with the emerging ‘aptasensors’[27].

Patient selection: when one treatment does not fit
all

Figure 1: Oncotargets of peptide aptamers. The typical

structure of a peptide aptamer is composed of a constant
scaffold (in blue, e. g. : the bacterial protein thioredoxin A) with
an inserted short variable random region (in red). A panel of
oncotargets inhibited by peptide aptamers is provided.
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Related to early detection is the identification of the
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especially in cancer[8]. One major reason probably
relies in the intrinsic heterogeneity of tumors that
harbour several mutations[37, 38]. Therefore, instead of
heading for the design of the magic bullet, one may in
fact want to broaden the spectrum of targets, and move
towards polypharmacology as interaction networks play
an increasing role in our current understanding of drug
efficacy and side effects[39-41]. It was indeed found for
instance that one of the archetypes of targeted therapy,
imatinib, inhibits other proteins as well and is thus in
fact not perfectly specific[39]. Alternatives to ‘dirty’ or
promiscuous drugs intended to target and inhibit a set of
pathways disrupted in cancer include targeting a molecular
chaperone, ideally an inducible heat shock protein[22,
23, 42]. The rational is that cancer cells, because they
must extensively rewire their metabolic and signalling
networks, need for their survival an abundant content of
chaperones like the inducible HSP70 or HSP27 that are no
or hardly expressed in normal cells. This general cancer
cells’ addiction to heat shock proteins make the recently
described HSP70 and HSP27 peptide aptamers all the
more interesting as sensitizing agents in cancer therapy.
However, the use of peptide aptamers as targeting agents
in cancer therapy need to be carefully validated since the
existing data is only preclinical.

right panel of patients. Cancer is known to be a highly
heterogeneous disease. For instance, the EGFR pathway
is disrupted in fewer than 15% of patients with lung
cancer[28]. One of the 4 EGFR family member, HER2,
is overexpressed in ~30% of breast cancers[6, 29]. Thus,
averaging the response of a few responders in an overall
non-responding group would be cancelled out and the
development of companion diagnostics to eventually
identify suitable patients is mandatory.

Side effects: evolution for every one
Since “Nothing makes sense in medicine except in
the light of biology”[30] and also that “Nothing in biology
makes sense except in the light of evolution”[30], it may
prove useful to get insights from an evolutionary process
that shaped us over a couple of billions of years. The quest
for new agents have led to some disastrous clinical trials
like CAST and SWORD in cardiology[31]. Some of the
lessons learned are that searching for druggable portions
of different types of ion channels (e.g.: sodium, potassium)
may lead to a common –well conserved- protein domain
(e.g.: the pore-forming modules[32]) that is shared by
those different types of channels[33], potentially leading
to undesired effects and complex cardiac patterns[31],
sometimes lethal. In cancer, a similar pitfall was recently
noticed when assessing the selectivity of erlotinib
hydrochloride, gefitinib and imatinib for instance[29].
Targeting ATP-pockets is actually a very common trend
in rational drug design since these pockets exhibit high
druggability indexes and may be seen as a bias from the
concept of druggability. Therefore, when intending to
design a specific inhibitor, one should also evaluate sets of
related targets which contain similar pockets. For protein
kinases for instance, the human kinome space was found
to consist of 518 kinases[34]. As a general guideline, a
threshold of 60% sequence identity was determined for
the ATP-pocket that differentiated between binding sites
of related kinases versus variations in the binding sites
of the same kinase[35]. This indicates that kinases with a
sequence identity >60% have a high probability of being
inhibited by the same compounds[35]. Peptide aptamers
were in fact developed to circumvent the requirement
of targeting pockets and to address other types of target
sites, non-druggable by small molecules. They can inhibit
protein function via the disruption of protein-protein
interactions or a number of other mechanisms[36]. In the
context of protein kinases, inhibitory peptide aptamers
would be expected to be more specific than their small
molecules inhibitors, thereby reducing side-effects related
to off-targets inhibition.

Acknowledgments
This work is supported thanks to: Label d’excellence
de la Ligue Nationale contre le Cancer, Conseil Régional
de Bourgogne and the European Commission’s Seventh
Framework Programme (SPEDOC 248835).

References

Concluding remarks
The attrition rate in clinical trials remains high,
www.impactjournals.com/oncotarget

559

1.

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

2.

Lipinski CA, Lombardo F, Dominy BW, Feeney PJ.
Experimental and computational approaches to estimate
solubility and permeability in drug discovery and
development settings. Adv Drug Deliv Rev. 2001; 46:3-26.

3.

Imai K, Takaoka A. Comparing antibody and smallmolecule therapies for cancer. Nat Rev Cancer. 2006;
6:714-727.

4.

Papin JA, Hunter T, Palsson BO, Subramaniam S.
Reconstruction of cellular signalling networks and analysis
of their properties. Nat Rev Mol Cell Biol. 2005; 6:99-111.

5.

Ladner RC. Antibodies cut down to size. Nat Biotechnol.
2007; 25:875-877.

6.

Lacana E, Amur S, Mummanneni P, Zhao H, Frueh FW.
The emerging role of pharmacogenomics in biologics. Clin
Pharmacol Ther. 2007; 82:466-471.

7.

Nelson AL, Dhimolea E, Reichert JM. Development trends
for human monoclonal antibody therapeutics. Nat Rev
Drug Discov. 9:767-774.
Oncotarget 2011; 2: 557 - 561

8.

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

9.

Seigneuric R, L. Markey, D.S.A. Nuyten, C. Dubernet,
C.T.A. Evelo, E. Finot, Garrido C. From Nanotechnology
to Nanomedicine: applications to cancer research. Curr
Molecular Medicine 10(7):640-52. 2010.

de Barros JP, Hammann A, Lanneau D, Fourmaux E,
Deminov O, Micheau O, Lagrost L, Colas P, Kroemer G,
Garrido C. Peptides and Aptamers Targeting HSP70: A
Novel Approach for Anticancer Chemotherapy. Cancer
Res. 2011.
23. Gibert B, Hadchity E, Czekalla A, Aloy MT, Colas
P, Rodriguez-Lafrasse C, Arrigo AP, Diaz-Latoud C.
Inhibition of heat shock protein 27 (HspB1) tumorigenic
functions by peptide aptamers. Oncogene. 2011.

10. Colas P, Cohen B, Jessen T, Grishina I, McCoy J, Brent R.
Genetic selection of peptide aptamers that recognize and
inhibit cyclin-dependent kinase 2. Nature. 1996; 380:548-550.

24. Le Tourneau C, Lee JJ, Siu LL. Dose escalation methods
in phase I cancer clinical trials. J Natl Cancer Inst. 2009;
101:708-720.

11. Mann AP, Bhavane RC, Somasunderam A, Liz MontalvoOrtiz B, Ghaghada KB, Volk D, Nieves-Alicea R, Suh KS,
Ferrari M, Annapragada A, Gorenstein DG, Tanaka T.
Thioaptamer conjugated liposomes for tumor vasculature
targeting. Oncotarget. 2:298-304.

25. Le Tourneau C, Dieras V, Tresca P, Cacheux W, Paoletti
X. Current challenges for the early clinical development of
anticancer drugs in the era of molecularly targeted agents.
Target Oncol. 5:65-72.

12. Borghouts C, Kunz C, Groner B. Peptide aptamers: recent
developments for cancer therapy. Expert Opin Biol Ther.
2005; 5:783-797.

26. Fleming TR, DeMets DL. Surrogate End Points in Clinical
Trials: Are We Being Misled? Ann Intern Med. 1996:605613.

13. Baines IC, Colas P. Peptide aptamers as guides for smallmolecule drug discovery. Drug Discov Today. 2006;
11:334-341.

27. Johnson S, Evans D, Laurenson S, Paul D, Davies AG, Ko
Ferrigno P, Walti C. Surface-immobilized peptide aptamers
as probe molecules for protein detection. Anal Chem. 2008;
80:978-983.

14. Ladner RC. Constrained peptides as binding entities.
Trends Biotechnol. 1995; 13:426-430.

28. Getting personal. Nature. 2011; 473:253.

15. Farokhzad OC, Cheng J, Teply BA, Sherifi I, Jon S, Kantoff
PW, Richie JP, Langer R. Targeted nanoparticle-aptamer
bioconjugates for cancer chemotherapy in vivo. Proc Natl
Acad Sci U S A. 2006; 103:6315-6320.

29. Weinberg RA: The Biology of Cancer. New York: Garland
Scientific; 2006.
30. Weissmann G. Claude Bernard and Judah Folkman:
nothing makes sense in medicine except in the light of
biology. Faseb J. 2008; 22:943-946.

16. Alexis F, Rhee JW, Richie JP, Radovic-Moreno AF,
Langer R, Farokhzad OC. New frontiers in nanotechnology
for cancer treatment. Urol Oncol. 2008; 26:74-85.

31. Seigneuric RG, Chasse JL, Auger P, Bardou A. Simulated
interactions between a Class III antiarrhythmic drug and a
figure 8 reentry. Acta Biotheor. 2005; 53:265-275.

17. Ng EW, Shima DT, Calias P, Cunningham ET, Jr., Guyer
DR, Adamis AP. Pegaptanib, a targeted anti-VEGF aptamer
for ocular vascular disease. Nat Rev Drug Discov. 2006;
5:123-132.

32. Catterall WA. Ion channel voltage sensors: structure,
function, and pathophysiology. Neuron. 2010; 67:915-928.

18. Soundararajan S, Wang L, Sridharan V, Chen W,
Courtenay-Luck N, Jones D, Spicer EK, Fernandes DJ.
Plasma membrane nucleolin is a receptor for the anticancer
aptamer AS1411 in MV4-11 leukemia cells. Mol
Pharmacol. 2009; 76:984-991.

33. Wulff H, Castle NA, Pardo LA. Voltage-gated potassium
channels as therapeutic targets. Nat Rev Drug Discov.
2009; 8:982-1001.
34. Manning G, Whyte DB, Martinez R, Hunter T, Sudarsanam
S. The protein kinase complement of the human genome.
Science. 2002; 298:1912-1934.

19. Butz K, Denk C, Ullmann A, Scheffner M, Hoppe-Seyler
F. Induction of apoptosis in human papillomaviruspositive
cancer cells by peptide aptamers targeting the viral E6
oncoprotein. Proc Natl Acad Sci U S A. 2000; 97:66936697.

35. Vieth M, Sutherland JJ, Robertson DH, Campbell RM.
Kinomics: characterizing the therapeutically validated
kinase space. Drug Discov Today. 2005; 10:839-846.
36. Colas P. The eleven-year switch of peptide aptamers. J
Biol. 2008; 7:2.

20. Kunz C, Borghouts C, Buerger C, Groner B. Peptide
aptamers with binding specificity for the intracellular
domain of the ErbB2 receptor interfere with AKT signaling
and sensitize breast cancer cells to Taxol. Mol Cancer Res.
2006; 4:983-998.

37. Sporn MB. Perspective: The big C - for Chemoprevention.
Nature. 2011; 471:S10-11.
38. Pleasance ED, Stephens PJ, O’Meara S, McBride DJ,
Meynert A, Jones D, Lin ML, Beare D, Lau KW, Greenman
C, Varela I, Nik-Zainal S, Davies HR, Ordonez GR, Mudie
LJ, Latimer C et al. A small-cell lung cancer genome with
complex signatures of tobacco exposure. Nature. 463:184190.

21. Guida E, Bisso A, Fenollar-Ferrer C, Napoli M, Anselmi
C, Girardini JE, Carloni P, Del Sal G. Peptide aptamers
targeting mutant p53 induce apoptosis in tumor cells.
Cancer Res. 2008; 68:6550-6558.
22. Rerole AL, Gobbo J, De Thonel A, Schmitt E, Pais
www.impactjournals.com/oncotarget

560

Oncotarget 2011; 2: 557 - 561

39. Frantz S. Drug discovery: playing dirty. Nature. 2005;
437:942-943.
40. Paolini GV, Shapland RH, van Hoorn WP, Mason JS,
Hopkins AL. Global mapping of pharmacological space.
Nat Biotechnol. 2006; 24:805-815.
41. Yildirim MA, Goh KI, Cusick ME, Barabasi AL, Vidal M.
Drug-target network. Nat Biotechnol. 2007; 25:1119-1126.
42. Neznanov N, Komarov AP, Neznanova L, Stanhope-Baker
P, Gudkov AV. Proteotoxic stress targeted therapy (PSTT):
induction of protein misfolding enhances the antitumor
effect of the proteasome inhibitor bortezomib. Oncotarget.
2011; 2:209-221.

www.impactjournals.com/oncotarget

561

Oncotarget 2011; 2: 557 - 561

