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Abstract

Despite the significant progress in cancer diagnosis and therapy, still invasion and metastasis of
cancer cells, development of drug resistance and cancer recurrence are the main causes of
mortality in cancer patients. Recent researches on cancer stem cells (CSCs) along with the role
of CD44 marker in drug resistance and as the main marker of breast CSCs, highlight the im-
portance of CD44 in cancer targeted therapy. Additionally, co-localization of MDR1 and CD44 in
cancer cell population showed that one protein directly influences the expression of the other
and disruption of interaction has significant effects on drug resistance, cell migration and in
vitro invasion. Based on the above information, using nanotechnology-derived CD44 targeted
drug delivery systems will be able to address recurrence of the disease and other major obsta-
cles in cancer chemotherapy. Therefore, we hypotheses that using combination of cytotoxic
agents and CSC specific agents anchored in hyaluronic acid (as the endogenous substrate of
CD44), have the potential to develop novel drug delivery systems to eradicate breast cancer.
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Introduction

Despite the significant progress in cancer diagno-
sis and therapy, the prognosis of some types of the
cancers remains poor (1-3). Invasion and metastases
of cancer cells and the development of resistance to
cytotoxic agents are the main causes of failure in
therapy and mortality in cancer patients. Even after

a successful sophisticated treatment, cancer recur-
rence has been observed in many cases (4-8).

Over the past decades, different researches have
focused on drug resistance, metastasis and recur-
rence. Development of MDR1-mediated drug
resistance results in failure of treatment in breast
cancer and it is known as the main cause of drug
resistance in breast cancer and many other types of
cancers (9, 10). Indeed, resistance to chemotherapy
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is believed to cause treatment failure in over 90% of
patients with metastatic breast cancer (5). On the
other hand, several hypotheses have been proposed
to explain the recurrence mechanisms (11-13). The
progression of cancer stem cells represents the most
recent hypothesis (13). With the recent identification
of sub-populations of tumor cells, have higher in
vivo tumorigenicity than the total mass of cancer
cells and the major role in the initiation, mainte-
nance, and clinical outcome of different types of
cancers, researchers interested in specifically target-
ing these “tumor-initiating cells” (14, 15). In breast
cancer, these cells are characterized by the expres-
sion of CD44 marker and lack of expression of
CD24 marker (CD44°/CD24) (16).

The importance of CD44

Before its identification as the main marker of
cancer stem cells (CSCs) in breast cancer, CD44
was proposed as receptor for tumor targeting (17).
Miletti-Gonzalez et al found a novel interaction and
coexpression between CD44 and MDRL1 in breast
cancer cell lines, which showed that the two proteins
co-localize within the cell membrane (18). Recently,
it was demonstrated that MDR1 and ABCG2 were
up-regulated in CD44%/CD24 side population in
breast cancer (19).

Co-localization of MDR1 and CD44 in cancer
cell population showed that one protein directly
influences the expression of the other and that a
disruption of this interaction has significant effects
on drug resistance, cell migration and in vitro
invasion (18).

The expression of CD44 in drug resistant cells
and cancer stem cells and the functional interactions
between CD44 and P-glycoproteins, show the
importance of CD44 targeting in cancer chemother-

apy.

Targeting cancer stem cells by novel drug deliv-
ery systems

Recent studies have suggested that eradication of
CSCs is an important goal towards the cure of
cancer by overcoming drug resistance (20-22).
These data suggest that the side population related to
CSCs is associated with chemotherapeutic resistance
of breast cancer. It highlights the importance of
targeting CSCs, rather than eliminating the bulk of
rapidly dividing and terminally differentiated cells,
in novel anti-cancer strategies (19). Targeted thera-
py using stem cell-specific targets, may offer the
best chance of eliminating cancer stem cells, leading
to cancer cure.

Therefore, new drug development should focus
not only on the drugs and their specific targets, as
most efforts was on finding the old/new drug mole-
cules (20), but also on novel drug delivery systems
to target the cancer stem cells.

Although there are many drug delivery systems
to target cancer cell population and some of them as
nanoparticles and drug-conjugates have reached the
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market, to the best of our knowledge, there are few
reports about targeting CSCs based on novel drug
delivery systems.

The role of nanomedicine

Because of the similarity in surface markers and
cellular properties between cancer stem cells and
normal stem cells, targeting the CSCs can also
eliminate the normal stem cells.

As stated by Andreas G. Schétzlein (23), in this
situation, nanomedicine improve control on pharma-
cokinetics and distribution of CSCs-specific agents,
thus lead to safe, efficient and selective therapies to
address the challenges posed by CSCs.

Taking advantages of combinational therapy

Because of difference between CSCs and non-
stem cancer cells, many of the cytotoxic agents,
which affect rapid dividing cells such as paclitaxel,
does not affect CSCs efficiently. Although taking
advantages of novel drug delivery systems may
improve their efficacy, it seems necessary to use
CSCs specific agents (such as salinomycin, rapamy-
cin etc.) along with typical cytotoxic medicines.

Combined eradication of both CSCs and non-
stem cell cancer cell populations may be the main
strategy to eradicate cancer cells (13). In fact,
combination chemotherapy by cytotoxic agents
proved to be more effective than single or adjuvant
chemotherapies in the clinic (13) and it will be
reasonable to combine CSC specific therapies and
routine anti-cancer therapies. However there are
some concerns about the concept of eradication of
the disease via CSCs targeting (24).

The hypothesis

Hyaluronic acid (also called Hyaluronan) is an
anionic, nonsulfated glycosaminoglycan distributed
widely throughout connective, epithelial, and neural
tissues. One of the chief components of the extracel-
lular matrix contributes significantly to cell
proliferation and migration by interacting with
receptors such as CD44 and RHAMM (17, 25).

Breast cancer cells are known to have greater
uptake of HA than normal tissues (26), requiring
HA for high P-glycoprotein expression, primary
contributor to drug resistance (27). The classical
stem cell marker CD44 itself is a receptor for
hyaluronic acid. CD44 targeting of routine cytotoxic
agents in cancer cells will reverse drug resistance. In
addition targeting CD44 in CSCs will reduce the
chance of recurrence of the disease (28, 29).

Based on above information, we hypothesize that
developing HA-drug conjugates using combination
of cytotoxic agents (such as docetaxel, doxorubicin,
etc.) and CSC specific agents, in a manner that
targeting properties of HA is maintained, have the
potential to develop novel drug delivery systems to
eradicate breast cancer cells (Figure 1). In this case,
preparing drug conjugate, which carry just one type
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of drug molecule, give the chance to use HA-drug
conjugates in more effective dosing schedules.

Evaluation of the hypothesis

In order to confirm or dispute our hypotheses, we
suggest preparing HA-drug conjugates using combi-
nation of cytotoxic agents and CSC specific agents
(such as salinomycin and rapamycin), and evalua-
tion of the drug delivery system on the isolated
cancer stem cell side population. In this way, we
recommend evaluation of the efficacy and mecha-
nism of action to check the CDA44 targeting
properties, CSCs cytotoxicity, and ability to reverse
drug-resistance. Apparently, it will be possible to
use intact cytotoxic drugs (e.g. docetaxel) and drug
conjugates (e.g. HA-docetaxel and HA-salinomycin)
in different dosing schedule to find the best perfor-
mance.

In this case, HA-drug conjugate will be prepared
by using carbodiimide chemistry to conjugate
carboxylic groups on hyaluronic acid backbone to a
suitable functional group (e.g. amine, hydroxyl) in
small drug molecules. In parallel with preparation of
macromolecular-drug conjugate as drug delivery
system (DDS), cancer stem cell will be sorted and
isolated via presence or absence of their surface
markers (CD44'/CD24") from MCF-7 and MDA-
MB-231 CD44-overexpressing cancer cell lines.
This sub-population can be subjected to in vitro cell
culture studies to evaluate cell proliferation and
apoptosis in different experimental groups including
free drug solution, DDS dispersion and nega-
tive/positive controls (HA, DMSO, etc.). In
comparison to free drug solution, selective toxicity
in CSC sub-population could be an index to assess
the efficacy of DDS. If the efficacy measures are
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being met, developed drug delivery system could
then go further to animal experiments in xenograft
models via isolated cancer stem cells.

Discussion and Conclusion

The hypothesis integrates advantages of the nano-
medicine, CSCs targeting at present researches and
combinational chemotherapy in the clinic. There-
fore, it presents many merits for targeted drug
delivery for cancer treatment, such as selectivity,
reversing drug resistance and eradication.

Apparently, it has its limitations while the normal
stem cells such as mesenchymal cells express CD44
marker. This will be the major concern about CSC
targeting by hyaluronic acid-based drug delivery
system. Although the use of nanotechnology en-
hances permeation and retention of nanomedicine
(EPR effect), even the affected parts of normal
counterparts will be recovered considering the large
population and the self-renewal properties of normal
stem cells.

As stated above, the eradication of breast cancer
upon treatment with hyaluronic acid-based drug
delivery systems supports the concept that agents
targeting CD44 will lead to better therapeutic
approach and may completely eradicate cancer cells.
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Overview Box

What do we already know about the subject?

Eradication of cancer stem cells (CSCs) has been suggested to be an important goal towards the cure of
cancer. It highlights the importance of targeting CSCs, rather than eliminating the bulk of rapidly dividing
and terminally differentiated cells, in novel anti-cancer strategies. Targeted therapy using stem cell-
specific targets, may offer the best chance of eliminating CSCs, leading to cancer cure.

What does your proposed theory add to the current knowledge available, and what benefits does it
have?

The classical stem cell marker CD44 itself is a receptor for hyaluronic acid (HA). In addition targeting
CD44 in CSCs will reduce the chance of recurrence of the disease, and will reverse drug resistance.
Therefore, we hypothesize that developing HA-drug conjugates using combination of cytotoxic agents and
CSC specific agents (e.g. salinomycin) have the potential to eradicate breast cancer cells.

Among numerous available studies, what special further study is proposed for testing the idea?

This is a novel idea, and it will bring great benefits to develop CSCs-targeted drug delivery system if it is
proved. Systematic cell culture studies would be suggested to evaluate the efficacy and the mechanism. If
the safety and efficacy measures are being met, the developed drug delivery system could then go further
to animal experiments.
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Figure 1. Application of hyaluronic acid-based targeted drug delivery systems in cancer chemotherapy. CSCs:
cancer stem cells

References:

10.

11.

12

Simmonds P, Primrose J, Colquitt J, Garden O, Poston G, Rees M. Surgical resection of hepatic metastases from colorectal
cancer: a systematic review of published studies. Br J Cancer 2006; 94: 982-999.

Liu MT, Huang WT, Wang AY, Huang CC, Huang CY, Chang TH, et al. Prediction of outcome of patients with metastatic
breast cancer: evaluation with prognostic factors and Nottingham prognostic index. Support Care Cancer. 2010; 18: 1553-
1564.

Houterman S, Janssen-Heijnen MLG, Hendrikx AJM, Berg HAvd, Coebergh JWW. Impact of comorbidity on treatment and
prognosis of prostate cancer patients: A population-based study. Crit Rev Oncol Hematol 2006; 58: 60-67.

dAmato TA, Landreneau RJ, Ricketts W, Huang W, Parker R, Mechetner E, et al. Chemotherapy resistance and oncogene
expression in non-small cell lung cancer. J Thorac Cardiovasc Surg 2007; 133: 352-363.

Coley HM. Mechanisms and strategies to overcome chemotherapy resistance in metastatic breast cancer. Cancer Treat Rev
2008; 34: 378-390.

Elit L, Fyles AW, Devries MC, Oliver TK, Fung-Kee-Fung M. Follow-up for women after treatment for cervical cancer: A
systematic review. Gynecol Oncol 2009; 114(3): 528-35.

Boukaram C, Hannoun-Levi J-M. Management of prostate cancer recurrence after definitive radiation therapy. Cancer Treat
Rev 2010; 36: 91-100.

Imkampe A, Bendall S, Bates T. The significance of the site of recurrence to subsequent breast cancer survival. Eur J Surg
Oncol 2007; 33: 420-423.

Szakéacs G, Paterson JK, Ludwig JA, Booth-Genthe C, Gottesman MM. Targeting multidrug resistance in cancer. Nat Rev
Drug Discov 2006; 5: 219-234.

Richardson A, Kaye SB. Drug resistance in ovarian cancer: The emerging importance of gene transcription and spatio-
temporal regulation of resistance. Drug Resist Updat 2005; 8: 311-321.

Nowell PC. The clonal evolution of tumor cell populations. Science 1976; 194: 23.

. Uhr JW, Scheuermann RH, Street NE, Vitetta ES. Cancer dormancy: opportunities for new therapeutic approaches. Nat Med

1997; 3: 505-5009.

Page 4 of 5
(page number not for citation purposes)



13.

14.

15.

16.
17.

18

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

J Med Hypotheses ldeas 2011, 5:26 Navid Goodarzi, Mohammad Hossein Ghahremani and
Rassoul Dinarvand

Lacerda L, Pusztai L, Woodward WA. The role of tumor initiating cells in drug resistance of breast cancer: Implications for
future therapeutic approaches. Drug Resist Updat 2010; 13: 99-108.

Park CY, Tseng D, Weissman IL. Cancer stem cell-directed therapies: recent data from the laboratory and clinic. Mol Ther
2008; 17: 219-230.

Velasco-Velazquez MA, Popov VM, Lisanti MP, Pestell RG. The role of breast cancer stem cells in metastasis and thera-
peutic implications. Am J Pathol 2011; 179: 2-11.

Ponti D, Zaffaroni N, Capelli C, Daidone MG. Breast cancer stem cells: an overview. Eur J Cancer 2006; 42: 1219-1224.
Toole BP. Hyaluronan: from extracellular glue to pericellular cue. Nat Rev Cancer 2004; 4: 528-539.

. Miletti-Gonzalez KE, Chen S, Muthukumaran N, Saglimbeni GN, Wu X, Yang J, et al. The CD44 receptor interacts with P-

glycoprotein to promote cell migration and invasion in cancer. Cancer Res 2005; 65: 6660.

Gong C, Yao H, Liu Q, Chen J, Shi J, Su F, et al. Markers of tumor-initiating cells predict chemoresistance in breast cancer.
PloS One 2010; 5: 15630.

Gupta PB, Onder TT, Jiang G, Tao K, Kuperwasser C, Weinberg RA, et al. Identification of selective inhibitors of cancer
stem cells by high-throughput screening. Cell 2009; 138: 645-659.

Fuchs D, Daniel V, Sadeghi M, Opelz G, Naujokat C. Salinomycin overcomes ABC transporter-mediated multidrug and
apoptosis resistance in human leukemia stem cell-like KG-1a cells. Biochem Biophys Res Commun 2010; 394: 1098-1104.
Fuchs D, Heinold A, Opelz G, Daniel V, Naujokat C. Salinomycin induces apoptosis and overcomes apoptosis resistance in
human cancer cells. Biochem Biophys Res Commun 2009; 390: 743-749.

Schétzlein AG. Delivering cancer stem cell therapies - A role for nanomedicines? Eur J Cancer 2006; 42: 1309-1315.

.Yang G, Lu X, Fu H, Jin L, Yao L, Lu Z. Concerns about targeting cancer stem cell for cancer therapy. Med Hypotheses

2011; 76: 457.

Turley EA, Noble PW, Bourguignon LYW. Signaling properties of hyaluronan receptors. J Biol Chem 2002; 277: 4589-
4592.

Gotte M, Yip GW. Heparanase, hyaluronan, and CD44 in cancers: a breast carcinoma perspective. Cancer Res 2006; 66:
10233-10237.

Misra S, Ghatak S, Toole BP. Regulation of MDR1 expression and drug resistance by a positive feedback loop involving
hyaluronan, phosphoinositide 3-kinase, and ErbB2. J Biol Chem 2005; 280: 20310-20315.

Mimeault M, Batra S. New advances on critical implications of tumor-and metastasis-initiating cells in cancer progression,
treatment resistance and disease recurrence. Histol Histopathol 2010; 25: 1057-1073.

Mimeault M, Hauke R, Batra S. Recent advances on the molecular mechanisms involved in the drug resistance of cancer
cells and novel targeting therapies. Clin Pharmacol Ther 2007; 83: 673-691.

Page 5 of 5
(page number not for citation purposes)



