
Accepted Manuscript

Title: Multifunctional and multitargeted nanoparticles for drug
delivery to overcome barriers of drug resistance in human
cancers

Author: Swati Dawar Neha Singh Rupinder K Kanwar
Richard Lee Kennedy Rakesh N. Veedu Shu-Feng Zhou
Subramanian Krishnakumar Sarbani Hazra Sreenivasan
Sasidharan Wei Duan Jagat R. Kanwar<ce:footnote
id="fn1"><ce:note-para id="npar0005">These authors
contributed equally to this
article.</ce:note-para></ce:footnote>

PII: S1359-6446(13)00313-9
DOI: http://dx.doi.org/doi:10.1016/j.drudis.2013.09.009
Reference: DRUDIS 1261

To appear in:

Please cite this article as: Dawar, S., Singh, N., Kanwar, R.K., Kennedy, R.L.,
Veedu, R.N., Zhou, S.-F., Krishnakumar, S., Hazra, S., Sasidharan, S., Duan, W.,
Kanwar, J.R., Multifunctional and multitargeted nanoparticles for drug delivery to
overcome barriers of drug resistance in human cancers, Drug Discovery Today (2013),
http://dx.doi.org/10.1016/j.drudis.2013.09.009

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.drudis.2013.09.009
http://dx.doi.org/10.1016/j.drudis.2013.09.009


Page 1 of 13

Acc
ep

te
d 

M
an

us
cr

ip
t

Multifunctional and 
multitargeted nanoparticles for 
drug delivery to overcome 
barriers of drug resistance in 
human cancers
Swati Dawar1*, Neha Singh1*, Rupinder K Kanwar1, Richard Lee Kennedy1,
Rakesh N. Veedu 2, Shu-Feng Zhou3, Subramanian Krishnakumar4, Sarbani 
Hazra5, Sreenivasan Sasidharan6, Wei Duan1 and Jagat R. Kanwar1

1Nanomedicine Laboratory of Immunology and Molecular Biomedical Research (LIMBR), School of Medicine 
(SoM), Faculty of Health, Deakin University, Waurn Ponds, VIC 3217, Australia
2Nucleic Acids Chemical Biology Group, School of Chemistry & Molecular Biosciences, The University of 
Queensland, St Lucia, Brisbane, QLD 4072, Australia
3Department of Pharmaceutical Sciences, College of Pharmacy, University of South Florida, Tampa, FL, 
USA[LM1]
4Department of Ocular Pathology, Vision Research Foundation, Sankara Nethralaya, 18 College Road, Chennai 
600006, Tamil Nadu, India
5Department of Veterinary Surgery & Radiology, West Bengal University of Animal and Fishery Sciences, 37& 68 
Kshudiram Bose Sarani, Kolkata-700037, West Bengal, India
6Institute for Research in Molecular Medicine (INFORMM), Universiti Sains Malaysia (USM), 11800 Penang, 
Malaysia
Corresponding author: Kanwar, J.R. (jagat.kanwar@deakin.edu.au)
*These authors contributed equally to this article.
Key words: multifunctional nanoparticles, drug resistance, drug delivery.
Teaser: Multifunctional nanoparticles are now one of the most promising diagnostic and therapeutic strategies to 
combat drug resistant cancers. This enables overcoming the phenomenon of drug resistance that reduces the 
efficacy of current chemotherapeutic options thus helping reverse drug resistance to drug sensitivity in tumor 
microenvironment.

The recurrence and metastatic spread of cancer are major drawbacks in cancer treatment. Although 
chemotherapy is one of the most effective methods for the treatment of metastatic cancers, it is nonspecific and 
causes significant toxic damage. The development of drug resistance to chemotherapeutic agents through 
various mechanisms also limits their therapeutic potential. However, as we discuss here, the use of nanodelivery 
systems that are a combination of diagnostics and therapeutics (theranostics) is as relatively novel concept in the 
treatment of cancer. Such systems are likely to improve the therapeutic benefits of encapsulated drugs and can 
transit to the desired site, maintaining their pharmaceutical properties. The specific targeting of malignant cells 
using multifunctional nanoparticles exploits theranostics as an improved agent for delivering anticancer drugs 
and as a new solution for overriding drug resistance.

Cancer remains a major cause of mortality in humans and, over the past decade, immense effort has been invested 
in the development of new diagnostic tools and therapeutic strategies [1]. The success of cancer therapy depends on 
the ability of a therapeutic agent to destroy the tumor cells while minimally affecting normal nonmalignant cells.
Intensive research is now focused on delivery systems to target therapeutic drugs specifically to the tumor site [2].
However, resistance to chemotherapeutic drugs is a major barrier to effective cancer treatment [3]. Chemotherapy
fails because: (i) the tumor cells might be inherently resistant owing to genetic deformities; and/or (ii) they might
acquire resistance following drug exposure [4].

Drug resistance is a cellular phenomenon that reflects an inability to demonstrate cytotoxicity at physiologically 
achievable drug concentrations in cancer cells. Multidrug resistance (MDR) occurs in over 50% of patients during
cancer relapses, accounting in large part for the high mortality associated with cancer. Tumor resistance to 
chemotherapy results from the inefficient distribution of drugs and its failure to reduce tumor size after treatment
[5]. The first incidence of MDR was observed in microorganisms, such as bacteria and viruses [6]. The phenomenon 
of MDR is complex and mainly involves the activation of energy-dependent drug efflux pumps [such as P-
glycoprotein (P-gp)], altered expression of apoptotic proteins, such as B-cell lymphoma 2 (Bcl-2), survivin and
caspase 3, and enhanced DNA repair, aiding in MDR. Regulation of P-gp and apoptotic proteins has become an 
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