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A B S T R A C T

Cancer stem cells (CSCs), i.e. cancer cells that can self-renew, constitute only a minority of

the cells of a tumour, but, because of their ability to initiate and repopulate tumours, failure

to control CSCs can potentially lead to tumour re-growth, even though the bulk tumour

may have been treated successfully. Nanomedicines improve spatio-temporal control over

drug kinetics and distribution, thus opening the prospect of safer and more specific thera-

pies to address the challenges posed by CSCs. In particular, these systems have the poten-

tial to facilitate CSC-aware therapy by overcoming resistance to conventional cytotoxic

drugs and by targeting novel therapies to the tumour and CSC-marker positive cells. This

review examines the implications of the CSC paradigm specifically for the development

of nanomedicines, i.e. therapies based on macromolecules or supramolecular aggregates.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The ideas behind the cancer stem cell (CSC) hypothesis are

not new and have evolved over last 150 years.1 Nonetheless,

the recent reports of side-populations of cells with stem-

cell-like properties in solid tumours of the breast and brain2,3

have led to these concepts being re-examined more widely.

Importantly, the CSC paradigm potentially explains and links

together a number of clinical observations with relevance to

therapeutic outcome. While we have only just started to

appreciate the potential implications, it is probably not too

early to examine what bearing these ideas might have on

therapeutic strategies for cancer therapy. This review will,

however, not examine the implications for therapeutic small
er Ltd. All rights reserved

27.
.ac.uk.
molecules4 but will consider the implications of the cancer

stem cell paradigm for development of nanomedicines, i.e.

therapies based on macromolecules or supramolecular

aggregates.

The modern paradigm of a anti-cancer drug lead is a small

molecule that interacts strongly with well-defined, unique

molecular targets with a defined role in the pathogenesis of

cancer, with the therapeutic index largely depending on the

specificity of the interaction between drug candidate and tar-

get. This approach has delivered interesting new therapies,

but it may have limitations, as specificity of molecular inter-

actions in the cell is not based on structure alone but is also

defined by molecular and cellular context. Some molecules

will have different, sometimes opposing, functions/effects
.
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depending on the molecular context. Furthermore, the struc-

tural variety of biological molecules is frequently based on the

use of a theme and variations, i.e. large structurally related

super-families of molecules that share many features. How-

ever, current strategies for therapies using small molecule

drugs offer only very limited control over the cellular and

molecular context of drug action other than the effects of

physical chemistry on drug distribution and

pharmacokinetics.

Nanomedicines are being developed with a view to offer-

ing improved spatio-temporal control over drug kinetics and

distribution; thus opening the prospect of safer and more spe-

cific therapies.

2. Nanomedicines

Nanomedicines are a recent off-shoot of the application of

nanotechnology to medical and pharmaceutical challenges,

but have in fact been around for much longer in the guise

of drug delivery systems.

Nanomedicines are based on technologies and materials

engineered and developed to operate on the nanometre scale

and have novel properties that are of direct medical benefit or,

more typically, which enhance and enable other therapeutic

strategies. Nanomedicines that facilitate uptake and trans-

port of therapeutically active molecules (‘delivery systems’)

tend to be based on supramolecular assemblies of drug and

functional carrier materials.

The use of nanomedicines facilitates the creation of dose

differentials between the site of disease and the rest of the

body, thus maximising therapeutic effect while minimising

non-specific side-effects. Their development is based on a

number of key concepts that govern the interaction of these

systems with the body, as explained here.

Pharmacokinetics and biodistribution of a drug are pre-

dominantly governed by its physical chemistry, e.g. the size

of a molecule, its polarity, number and nature of hydrophobic
Fig. 1 – Nanomedicines deliver drugs either by ‘packing’, i.e. no

multiple drug molecules in carriers, or by ‘tagging’ using covale
and hydrophilic residues, etc. These proprieties can some-

times be adjusted without loss of activity using medicinal

chemistry. Alternatively, nanoscaled biomaterials can be used

to encapsulate the drug molecule and thus ‘hide’ unfavour-

able interactions between drug and the body, effectively

replacing them with the properties of the nanomedicine

(drug M body replaced by [drug]-nanomedicine M body). This

is particularly important during the absorption/distribution

process, whereas the subsequent release of the drug at the

target site reverses this process (Fig. 1).

This can be achieved using two distinct approaches, i.e.

packing (the use of nanoscaled containers that carry multiple

drug molecules typically within) and tagging (covalent conju-

gation of the drug molecules with carrier and targeting moie-

ties that override drug physicochemistry and thus determine

pharmacokinetics (PK) and biodistribution).5

The packing of drug molecules normally involves non-

covalent association with, or encapsulation within, a carrier.

These carriers function as nanometre-scaled containers for

the drug and are generally created from smaller monomers

that self-aggregate to form particles with sizes of several 10–

100 s of nm. Examples include liposomes and similar vesicles,

micelles, or solid nanoparticles. These types of colloidal, or

particulate, carriers typically have a relatively high drug load-

ing, i.e. they normally carry a large number of drug molecules

per particle.5

Alternatively, drug molecules can be ‘tagged’ to alter their

properties in order to target them to tumours. This normally

involves the covalent conjugation of a targeting moiety to

each individual drug molecule or the coupling of the drug

molecules to a multivalent carrier molecule that can then

be targeted. An example of the former strategy is the target-

ing of potent toxins coupled to an antibody, while the latter

approach is exemplified by the use of polymer–drug conju-

gates, where the polymer serves as the carrier molecule.5

These types of nanomedicines, also referred to as ‘macromo-

lecular’ (molecular weights (MWs) in the order of 103–104 Da),
n-covalent aggregates of carrier molecules encapsulate

nt coupling to a targeting ligand or a carrier polymer.
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are larger than typical ‘small molecule’ type of drugs

(MW � 102 Da), but significantly smaller than the particulate

nanomedicines (see Fig. 1).

Drug molecules associated with a delivery system need to

be released in an active form at the target site in order to be

able to induce the desired therapeutic effects. Packing, i.e.

the non-covalent encapsulation of drugs in the particulate

carrier, does not chemically modify the drug molecule. The

drug is, in general, released gradually through a slow ex-

change/leakage from the carrier or more rapidly once the

nanomedicine is broken up, e.g. inside the cell.

Covalent linking of drug and targeting/carrier molecule

(‘tagging’) creates a new chemical entity with potentially

modified activity. The use of cleavable linkers for drug conju-

gation not only facilitates drug release at the target site, thus

restoring the original drug molecule, but can also contribute

to the overall specificity of the nanomedicine if release is trig-

gered selectively at the target site. Examples of the use of this

strategy are the use of peptide linkers that are cleaved by en-

zymes enriched in the tumour, e.g. matrix metalloproteinases

(MMPs) or endosomal peptidases. In the antibody-directed en-

zyme-prodrug therapy (ADEPT) approach an exogenous en-

zyme is targeted to the tumour to then specifically release

the active drug in a two-step procedure.

In order to harness the potential of nanomedicines, the

biology of CSCs and their role in tumour development needs

to be understood in detail to allow tailoring of nanomedicines

for the development of CSC-aware therapeutic strategies.

3. Nanomedicine strategies for cancer stem
cell therapy

The expression ‘cancer stem cell’, rather than describing a

well-defined cell type or origin currently primarily conveys

the concept that, among the heterogeneous cell populations

that makes up the tumour, there exist cells that share with

stem cells a number of key properties. Specifically, such cells

have the ability for self-renewal, while at the same time pro-

ducing daughter cells that have significant proliferation poten-

tial and that form part of a differentiation dependent hierarchy.

The ability for self-renewal implies the ability of cells to

maintain a pool of relatively less differentiated stem cells.

These can divide repeatedly in a cycle that creates a daughter

cell with high proliferation potential and a second daughter

that retains the properties and potential of the original stem

cell. Cancer stem cells are transformed cells with the capabil-

ity for self-renewal, also known as tumour-initiating cells

(TIC) as it is this minority of cells that upon transplantation

give rise to a larger population of proliferating but non-tumo-

urigenic cells that form the bulk of the tumour as well as

more TICs.2 This process includes proliferation and differentia-

tion and resembles organ formation during embryonic devel-

opment as well as the maintenance of high turnover tissues

through adult stem cells. The capacity for self-renewal and

the ability to proliferate are thus not necessarily linked; in

fact, the low proportion of TIC in tumours suggests that pro-

liferation is predominantly restricted to the non-tumouri-

genic population.

Many important questions, such as to what extent cancer

stem cells are involved in the pathology of all human solid tu-
mours, or, whether cancer stem cells originate from mutated

physiological stem cells or from more differentiated cells that

reactivate stem cell functionality, currently remain unan-

swered. Nevertheless, based on our understanding of the

physiology of normal somatic stem cells and the more ad-

vanced understanding of the role of stem cells in haematolog-

ical cancers6 a picture emerges that permits consideration of

the implications of CSC biology for therapeutic strategies.

4. Developing CSC-directed nanomedicines

The CSC paradigm forces us to re-examine the way potential

drug leads are being identified and developed. One of the key

challenges for the development of CSC-directed therapies lies

in the limitation of current model systems.

Efficacy in pre-clinical models is normally assessed as a

function of the degree of remission or growth delay induced

by a treatment. This approach only takes into account reduc-

tion of tumour bulk and does not differentiate between the

tumourigenic cells that can repopulate the tumour and the

population of non-tumourigenic but proliferating cells which

represent the bulk of the tumour. Therefore, we have to ques-

tion the utility of current models that largely measure thera-

peutic impact as a function of reduction in bulk tumour

volume. What will be needed are animal models with well-

defined cell compartment and highly sensitive assays capable

of monitoring even small subpopulations.

It is unclear at this point to what extent the microenviron-

ment may play a role in maintaining the self-renewal capacity

of cancer stem cells. In the case of somatic stem cells the

existence of stem cell niches and the importance of even sub-

tle changes in the microenvironment have been established.7

There is evidence demonstrating the importance of microen-

vironment for tumour growth and development8 and if CSCs

are sensitive to the histological context this could pose a sig-

nificant challenge for the development of tumour models.

Cancer stem cells, independent of whether they may have

re-acquired stem cell properties or are in fact derived from

normal stem cells, are likely to share some of these character-

istics with normal stem cells.

In order to allow long-term self-renewal and provide a pool

of pluripotent cells that can replenish an organ, normal adult

stem cells have an increased resistance to toxins/drugs

through the expression of a number of ABC-type transporters,

the ability for extensive DNA repair and an increased resis-

tance to apoptosis. As the main proliferation occurs largely

in the derived progenitors the stem cell pool is also largely

quiescent. Furthermore, the balance of pro-apoptotic and

anti-apoptotic activities tends to be biased towards long-term

survival.

The idea that CSCs may share some of these protective

molecular mechanisms with normal stem cells would help

to explain the clinical observation of apparent initial thera-

peutic success as judged by reduction in tumour bulk, which

is eventually followed by re-growth of the tumour.

In fact, a mathematical model based on the presence of

resistant CSCs accurately describes the kinetics of this pro-

cess in Chronic myelogenons leukaemia (CML).6

Principally, there are therefore two strategies to be consid-

ered for CSC-aware cancer therapies: exposure of CSCs to



Fig. 2 – Small molecule drugs enter cells by diffusion across the cell membrane. (a) In cells with low activity of ABC type drug

transporters this leads to similar extracellular and intracellular drug concentrations, with the drug acting via the default

mechanism, e.g. in nucleus. (b) In cells with high levels of ABC transporter activity the intracellular concentration of drugs

that are substrate for the transporter is lowered efficiently and is insufficient to be efficacious. (c) The use of nanomedicines

for the delivery of transporter substrate drugs can overcome some of the resistance by changing the site of activity/

mechanism (e.g. cell surface versus intracellular) and by a change in route of uptake (typically via endocytosis). In addition

some systems have also been shown to reduce overall transporter activity.
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sufficiently high levels of conventional cytotoxic agents and

the development of novel therapeutic agents that are targeted

to CSCs.

The key limitation for increasing the exposure of CSCs to

higher levels of cytotoxic drugs lies in their non-specific nat-

ure and the fact that they are already used at concentrations

just below the levels at which dose-limiting toxicity is ex-

pected. Therefore, only approaches that achieve higher expo-

sure as well as improved specificity, e.g. by targeting, can

potentially realise this strategy. Alternatively, increased expo-

sure can also be achieved at the cellular level if transport-re-

lated resistance mechanisms can be overcome.

4.1. Overcoming drug resistance

One of the key mechanisms for drug resistance has been

linked to the activity of transporters that pump substrate

drugs out of the cell thus reducing the effective drug concen-

tration within the cell. The ABC-type transporters, specifically

pgp/MDR1, have been the focus of much research, and nano-

medicine systems have been shown to be able to overcome

this type of resistance in laboratory models. The clinical rele-

vance of transporters for intrinsic or acquired resistance of
Table 1 – The ABC transporters9

Gene Protein/alias Chemotherapeutic drugs e

ABCA2 ABCA2 Estramustine

ABCB1 PGP/MDR1 Colchicine, doxorubicin, etoposide

ABCC1 MRP1 Doxorubicin, daunorubicin, vincris

camptothecins, methotrexate

ABCC2 MRP2 Vinblastine, cisplatin, doxorubicin

ABCC3 MRP3 Methotrexate, etoposide

ABCC4 MRP4 6-Mercaptopurine, 6-thioguanine a

ABCC5 MRP5 6-Mercaptopurine, 6-thioguanine a

ABCC6 MRP6 Etoposide

ABCC11 MRP8 5-Fluorouracil

ABCG2 MXR/BCRP Mitoxantrone, topotecan, doxorub

imatinib, melhotrexate
tumours is less clear and clinical study designs may have to

be reconsidered in the light of the existence of CSCs in order

to be able to answer this question.

The ABC transporters are a super-family of ATP-cassette

drug/toxin transporters that interact with a wide range of

hydrophobic and hydrophilic substrates (Table 1). Members

of this transporter family are expressed at high levels in stem

cells, but have also been linked to the resistance of tumours

to chemotherapy.

The ability of transporters such as p-gp or MRP1 to reduce

the intracellular concentration of substrate compounds has

in fact been used to identify subpopulation of cells. These

so-called side-populations overlap to some degree with the

stem cell population and are characterised by a reduced con-

centration of intracellular fluorescent dyes that are substrate

for the transporters. Consequently, these cells appear ‘dull’,

i.e. they can be enriched for by flow cytometry based on the

reduced fluorescence compared with the main population.

The ABC transporters constantly remove the substrate

drugs from the cytosol, thus effectively reducing the intracel-

lular drug concentration, but other transporter-related

effects, such as altered intracellular distribution, have also

been implicated in resistance.10
ffluxed by transporter Other drugs and substrates

–

, vinblastine, paditarel Digoxin, saquinivir

tine, etoposide, colchicine, Rhodamine

, methotrexate Sulfinpyrazone

–

nd metabolites, methotrexate PMEA, cAMP, cGMP

nd metabolites PMEA, cAMP, cGMP

–

PMEA, cAMP, cGMP

icin, daunorubicin, irinotecan, Pheophorbide A,

Hoechst 33342, rhodamine
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Based on the link between drug transporter activity and

resistance demonstrated in the laboratory, small molecule

inhibitors of drug transporters, mainly of p-gp, have been

developed. The second and third generation of these com-

pounds have shown some promise in pre-clinical evaluation,

but, despite a demonstrated effect on the target ABCB1 in tu-

mours, were only of limited clinical impact.9

Nanomedicines and drug delivery systems have previously

been utilised to address the problem of drug resistance and

may offer some inherent advantage over small-molecule-

based ABC transport inhibitors as they can interfere with

resistance mechanisms at different levels (see Fig. 2).

While small molecule drugs will normally enter the cell

through diffusion, this is not generally the case for nanomed-

icines. Whether the drugs are packed, i.e. encapsulated in

some form of particulate carrier, or tagged, that is covalently

linked to a carrier or targeting moiety, they are taken up by

endocytotic processes rather than by diffusion. As a conse-

quence, they initially interact with the cell membrane and

are then taken up in endocytotic vesicles and are thus not

immediately accessible to the drug transporters in the cellu-

lar membrane.

Doxorubicin linked to a hydroxypropylmethacrylamide

(HPMA) polymer backbone with peptide linkers that release

the drug in the endosome were shown to circumvent at least

some of the efflux-pump-related resistance,11 thus demon-

strating the potential of polymer drug conjugates.12 Particu-

late carrier systems in which the drug is packed have also

been reported to have increased activity in drug-resistant

cells compared with the free drug. For example, Kabanov

and colleagues have used micellar aggregates of the block-

co-polymer Pluronic as carrier for anti-cancer drugs.13 Inter-

estingly, the polymer not only has advantages in formulating

doxorubicin, but also sensitise resistant cells, particularly

against anthracyclins. The polymer was active against various

resistance mechanisms at different levels, such as inhibition

of ABC-type transporters, abolishing drug sequestration in

acidic vesicles, and inhibition of the glutathione S-transferase

detoxification system. These activities have been proposed to

be linked to a polymer-dependent ATP depletion.14,15

Cytotoxic drugs such as the anthracyclins do not have a

single molecular target, but affect the cell at different levels.

Consequently, the modification of cellular uptake and intra-

cellular distribution of drug can also result in modulation of

the pharmacology. Zokes and colleagues demonstrated in

1982 that doxorubicin coupled covalently to microspheres

was active despite the lack of intracellular free drug.16 Clearly,

this shift from intracellular/nuclear target to membrane

interaction would bypass many of resistance mechanisms10

but also has the potential to modulate pharmacology: doxoru-

bicin treatment of cancer cells induces both, a pro-apoptotic

and a counter-acting anti-apoptotic signal. In contrast, doxo-

rubicin given in the Pluronic micellar system does not induce

an anti-apoptotic response and is therefore comparatively

more efficient at inducing cell death.17 This type of approach

may therefore be ideally suited to the therapy of CSCs, where,

similar to normal stem cells, this balance may be biased to-

wards anti-apoptotic signals to ensure long-term cell survival.

Clearly, not all tumour cells that express the ABC trans-

porters are stem cells and not all transporters are necessarily
expressed in cancer stem cells. The observation that many of

the stem cells found in the side-population express ABCG2

rather than the ABCB1 p-gp/MDR1 transporter, that have been

the focus of much of the inhibitor development, may contrib-

ute to the lack of clinical impact:9 an inhibitor that efficiently

inhibits p-gp in the majority of tumour cells but is ineffective

against a stem cell population is likely to have no long-term

clinical benefit. At present the role of the various mechanisms

and transporters in CSCs are still emerging.18 Nevertheless,

looking at this challenge with the paradigm of cancer stem

cells in mind may allow a new understanding/re-evaluation

of the underlying biology.

Novel therapies can be targeted to CSCs either at the

molecular level or at the cellular level. Targeting at the molec-

ular level will require discovery and validation of CSC-specific

therapeutic targets followed by identification and develop-

ment of the corresponding leads. As an alternative strategy

targeting of CSCs at the cellular level can exploit active target-

ing of nanomedicines to increase the therapeutic index of

current therapies or facilitate targeted delivery of novel ther-

apies such as gene-based approaches.

4.2. Targeting nanomedicines

Nanomedicines engineered to target tumours or cancer cells

effectively create a dose differential, i.e. they maximise drug

exposure at the diseased site and minimise drug levels in

healthy tissues. Such targeted nanomedicines thus increase

the specificity of a therapeutic strategy over and above that

achievable with the drug alone.5,19

Targeting strategies fall into two groups, ‘active’ or ‘pas-

sive’. Active targeting exploits the molecular interaction/

binding of a specific targeting ligand to a defined molecule

that, in the broadest sense, acts as ‘receptor’. By contrast, pas-

sive targeting does not rely on the presence of a specific

‘receptor’, but exploits haemodynamic changes linked to the

development of the blood supply in many solid tumours:

the leaky tumour neovasculature can act as a sieve that al-

lows extravasation and subsequent accumulation of particu-

late and macromolecular nanomedicines based on the

so-called enhanced permeability and retention (EPR) effect.20

Passive targeting strategies thus are potentially more broadly

applicable, i.e. in various tumour types, but also relatively less

specific and reliant on a tumour sufficiently large to induce

angiogenesis.

Conversely, active targeting strategies have the potential to

be more specific and actually target individual cells based on

the presence of a suitable receptor. Ligands for active target-

ing can be derived from endogenous, physiological receptor–

ligand combinations, such as transferrin–transferring recep-

tor or folate–folate receptor, but can also extend to include

other structures on the tumour cells or in the microenviron-

ment where a ligand needs to be discovered de novo, e.g. by

induction of antibodies or based on screening of recombinant

or synthetic libraries. However, so far no universal ‘cancer-

specific’ receptor has been identified and is in fact unlikely

to exist, thus making it necessary to match targeting strategy

to tumour/cell phenotype.

The concept of targeting always exploits phenotypical dif-

ferentials, e.g. specific receptors, between the tumour/target
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cell and the rest of the body that is then translated into a dose

differential between target and off-target sites. It is now

important to identify differentials that could be exploited to

target the CSCs or to distinguish between CSCs and normal

somatic stem cells. One of the most obvious starting points

for this is based on the way CSCs are generally identified.

The identification and selection of stem cells and CSCs re-

lies heavily on flow cytometry and fluorescently labelled anti-

bodies, i.e. the combination of presence of markers of ‘stem’-

ness and absence of differentiation markers. An overview of

markers used for the identification of various normal stem

cell populations can be found at: http://stemcells.nih.gov/

info/scireport/appendixe.asp#eii.

The CSCs, whether they are derived from stem cell typed

populations or from more differentiated cells that acquire

stem cell like properties, may share some of these markers

with normal cells. Markers found on CSC in the clinic to date

suggest that this may indeed be the case.

For solid tumours of the breast, the combination of CD44/

CD24low/� has been shown to be a marker combination found

on the majority of CSCs (eight out of nine),2 but additional

markers may emerge.21

CSCs were also successfully isolated from a number of dif-

ferent brain tumours based on their expression of the marker

CD133,22 a membrane-spanning glycoprotein expressed on

the surface of many somatic stem cells, e.g. haematopoietic,23

muscle24 or prostate epithelium,25 in melanoma CD20 has re-

cently identified as marker of tumourigenic subpopulations.26

Interestingly, CD44 has been considered as a potential

‘receptor’ for tumour targeting even before its identification

as an important marker of CSC in breast cancer was known.

The CD44 receptor has been implied in the pathogenesis of

cancers in various roles.27 The natural ligand for CD44, the

polysaccharide hyaluronan, has properties that make it par-

ticularly interesting as the basis for biomaterials and drug

delivery systems.28,29 More recently, it was shown that hyalu-

ronan-based oligomers can also be used to advantage for the

targeting of nanomedicines to cancer cell lines that express

the CD44 receptor.30,31

One of the key challenges is the transfer of such systems

into the much more complex in vivo situation, where the pres-

ence of CD44 and other hyaluronan-binding proteins, such as

Receptor for hyaluronan-mediated motility (RHAMM), and the

competition with soluble CD44 receptor or hyaluronan will

potentially interfere with targeting. Encouragingly, targeting

of doxorubicin- and mitomycin C-liposomes with hyaluronan

has also been shown to be feasible in subcutaneous xenografts

and experimental metastases.32,33 In our own laboratory, we

have are developing synthetic gene medicines34 and are cur-

rently developing CD44-targeted systems.35

The combination of CD44 and hyaluronan is an example of

the use of an endogenous ligand for targeting. Alternatively,

the technology for the targeting of nanomedicines with anti-

bodies is well developed and would potentially allow a rela-

tively rapid translation from other diagnostic antibodies

(flow cytometric identification) to targeting of therapeutics.

However, while systems targeted to a potential CSC mar-

ker show promise, the lack of model systems means that it

is currently very difficult to test with rigor whether this ap-

proach would also target CSCs within a tumour. The CSC
may not necessarily express the putative ‘receptor’ at a high

level and in a state that allows efficient internalisation. Fur-

thermore, the histological organisation of CSC in a tumour

is unknown and may well affect the ease of access: the atyp-

ical morphology of neovasculature leads to haemodynamic

irregularities that mean that not all regions in the tumour

are well perfused and transport in the interstitium is often

very limited.5

Targeting of CSC within the context of a tumour poten-

tially allows the use of both passive and active targeting strat-

egies, but also brings the challenge of barriers to distribution

within the tumour. An alternative therapeutic scenario is one

that would take advantage of the clinical observation that tu-

mours frequently respond well to the initially conventional

therapy: Initial debulking of the tumour would be followed

by a second phase of treatment that would set out to seek

and destroy residual CSCs that could potentially re-populate

the tumour. In this case the challenge lies less in access to

the target cells, but more in the fact that in the absence of a

well-developed tumour vasculature active targeting alone

needs to be sufficiently specific and efficient to deliver the

nanomedicines to the target cells.

5. Conclusion

Nanomedicines offer improved spatio-temporal control over

drug kinetics and distribution, thus opening the prospect of

safer and more specific therapies. Despite the significant

technical challenges in the development of CSC-aware nan-

omedicines, not least related to the lack of appropriate mod-

el systems, these systems may be able to make some

important contributions. In particular, these systems have

the potential to facilitate therapy by overcoming resistance

to conventional cytotoxic drugs and by targeting novel ther-

apies to the tumour and CSC-marker positive cells. It is

likely that therapies that have the required level of specific-

ity will be based on the ability to exploit differentials at var-

ious levels, e.g. the combination of molecular specificity of

drug–target interaction or transcriptional targeting together

with the additional specificity derived from delivery in

nanomedicines.

Clearly the development of CSC-aware therapeutic strate-

gies represents an enormous challenge. The role of CSCs in

the development and progression of tumours as well as a po-

tential reason for therapy failure remains uncertain. None-

theless, the potential of this paradigm shift to have an

impact on the way cancer therapies are being developed is

far-reaching and thus warrants further exploration.
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