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Importance of nano medicine and new drug therapies for cancer
Abstract
Cancer is one of the deadly diseases leading to approximately 7.6 million deaths worldwide,
with the mortality rate of 13%, and the number of deaths is expected to increase to 13.1 million
within the next 10 years. In controlled drug delivery systems (DDS), the drug is transported to
the desired location. Thus, the influence of drugs on vital tissues and undesirable side effects
can be minimised. Additionally, DDS protects the drug from rapid degradation or clearance
and enhances drug concentration in target tissues, and therefore, minimise the required dose of
drug. This modern form of therapy is particularly important when there is a discrepancy
between the dose and concentration of a drug. Cell-specific targeting can be achieved by
attaching drugs to individually designed carriers. Recent developments in nanotechnology have
shown that nanoparticles (particles with diameter < 100 nm in at least one dimension) have
great potential as drug carriers. Because of their small size, these nanostructures exhibit unique
physicochemical and biological properties that make them a favourable material for biomedical
applications. Therefore, in this review, we aimed to describe the importance and types of
nanomedicines and efficient ways in which new drug delivery systems for the treatment of
cancer can be developed.
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Introduction
Early detection
For cancer therapy, there is a constant requirement for novel technologies. Studies have
reported that the number of incidences, prevalence, and mortality rate of cancer are still
extremely high.1,2 As per the World Health Organization (WHO), cancer is one of the deadly
diseases leading to approximately 7.6 million deaths worldwide, that is, the mortality rate being
13%. The deaths are expected to increase to 13.1 million within the next 10 years. Cancer is
considered as a combination of several diseases with a distinct set of diseases produced in
individual organs or through distinct mechanism. Many factors potentially leading to cancer
can be prevented because several reports suggest that detrimental behavioural patterns such as
smoking and unhealthy dietary habits lead to 30% of the deaths by cancer.3,4 However, through
simple behavioural changes, most cancers cannot be prevented and need technological
innovation to improve results. Surgery, radiation, and chemotherapy are essential lines of
treatment for cancer. However, these modern treatment lines have severe side effects. Despite
advances in the treatment strategies for cancer, most practical methods aimed at ensuring safety
and improving the life quality of patients with cancer still require improvement in terms of
early detection and identification of curable precursors of cancers. The lack of such treatment
has led to increased interest in using early detection as a potential approach to manage cancer
progression. Early detection of abnormal tissue or cancer is important because of the ease of
treatment at early stages, that is, early detection is important because if an abnormal tissue or
cancer is detected at an early stage, the treatment is easier. Early detection of cancer can
profoundly enhance recovery rates; it can be achieved by promotion of early diagnosis through
education and screening methods. Identification of potential warning signs of cancer and
further investigations help in early diagnosis. Boosting awareness amongst doctors, other
healthcare staff, and general public over possible cancer warning signs can help significantly.
Cancer diagnosis at the early phase of carcinogenesis is a critical step in cancer treatment. A
significant success has been achieved in reducing cancer caused by viruses, such as human
papillomavirus (HPV).5,6 This aspect can be progressed through comprehensive adoption of
vaccination, in addition to the use of nanotechnology and other technologies to improve
vaccine efficiency.5,7 The tumour should be identified at its initial steps; otherwise the
treatment involves strategies that uproot the cells of fully developed cancers keeping the
healthy cells intact. Targeted cancer therapy uses target-specific drugs that invade cancer cells
and block the growth and metastasis of cancer cells by interfering with specific molecules
involved in carcinogenesis and tumour growth. To overcome the disadvantages of current
cancer treatment techniques, scientific community has turned to nanotechnology to develop
newer and more effective drug carrier systems to safely deliver anticancer drugs to cancer cells.
Research in nanomedicine and nanotechnology has encouraged the development of innovative
treatment methods on nano scale because of their low toxic side effects, small size, and
controlled drug release. Nanomedicine involves research and development of nano-scale
technology, tools, and drug delivery system for preventing, identifying, and treating diseases.
The incidences of early diagnosis of cancer can be increased using nanotechnology through
enhanced images; this can lead to better results associated with the more efficient deployment
of new screening technologies.8 When drugs are loaded onto nanoparticles (NPs) through
physical encapsulation, adsorption, or chemical conjugation, the pharmacokinetics and
therapeutic index of the drugs can be significantly improved as compared with the free drug
counterparts. Nanostructured biomaterials and NPs have unique physicochemical properties
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such as ultra-small and controllable size, large surface area to mass ratio, high reactivity, and
functionalisable structure. Particle size and size distribution are some of the most widely
accepted defining characteristics of nanoparticle-based medicines because size can
significantly impact the pharmacokinetics, biodistribution, and safety. The size of NPs used in
a drug delivery system should be large enough to prevent their rapid leakage into blood
capillaries but small enough to escape capture by macrophages that are lodged in the
reticuloendothelial system, such as the liver and spleen. Nanostructures, as described, are
geometric configurations with sizes ranging from 1 to 100 nm. Nevertheless, with the
development of nanostructures, their range of applications increased.9
Technical evaluation
Significance of nanomedicine against cancer
Different sized NPs have different biomedical uses. Biomedical application of nanosystems
has been highly investigated and has shown widespread potential in various fields, particularly
in cancer detection, imaging, and therapy.10,11 Nanotechnology is the science and technology
that deals with precisely manipulating the structure of a material at the molecular level. It is a
small scale of material manipulation and application. Molecules and atoms function differently
when they have small sizes, leading to various interesting applications. The term Cancer
nanotechnology was acknowledged by the National Cancer Institute, which considers that
nanotechnology offers an extraordinary, paradigm-shifting opportunity to make significant
advances in cancer diagnosis and treatment.12 NPs, as individual solid particles or dispersions,
have size between 10 and 100 nm. Polymeric magnetic and micelles NPs, NPs of colloidal
gold, and NPs of ceramic are under investigation to be adopted in drug delivery systems.13 For
localisation in tumour cells, these nanoparticle-based drug delivery systems can be coated with
tumour-specific antibodies, peptides, sugars, hormones and anti-carcinogenic drugs. These
NPs have been effectively coupled with the aforementioned anti-carcinogenic
chemotherapeutic or chemopreventive agents and have been tested for their target specificity.12
Such NPs are far better than traditional methods of drug delivery because they have nano-scale
receptors on their surface. Chemotherapeutic agents can be characterised for certain organs in
body.12
Advantages of NPs
Drugs can be protected from getting degraded using capsules coat made up of NPs. Because
NPs are very tiny, they can easily break into smaller capillaries and absorb by cancer cells.
This allows the target site to absorb drugs effectively. Another advantage of the nano-scale
system is that they can efficiently overcome the clearance by the kidney, and therefore, provide
good blood circulation time to the drugs they carry. Apart from these advantages, the most
effective property of this system is the capability to provide high therapeutic potential of NPs.
To provide NPs with a formulation similar to carriers of anti-carcinogenic agents, numerous
approaches based on nanobiotechnology are still under development. The advantages of
applying NPs as a drug delivery system include controlled and sustainable delivery of drugs
that, altered distribution of drugs in organs and eventual clearance to achieve increased
therapeutic effectiveness, and decreased side effects (Fig. 1).13
Importance of NPs in drug delivery
Drugs should be added to drug delivery systems without any chemical reaction; this is a crucial
factor essential for conserving the function of drugs. In case of NPs as a drug delivery system,
controlled release and degradation properties of a drug can be easily modified. For a long time,
there is no wastage of drugs; therefore, bioavailability of drugs at specific sites can be increased
in the right proportion. It increases the solubility of the drugs that are poorly water-soluble and
extends the half-life of systemic circulation of the drug through decreasing immunogenicity.
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Additionally, it leads to drug release at a stable rate and reduces the duration of
administration.14 15
Polymer NPs
In recent years, polymeric nano-sized carriers have shown a significant potential as a drug
delivery system for tumours, and nano-sized drug carriers have been minimally detected at
typical tissue places, resulting in high anti-tumour therapeutic efficiency. Desirable
accumulation of nano-sized polymer carrier and drug at tumour sites is described by the effect
of enhanced permeability and retention (EPR) resulted from the disorganization of tumour and
faulty vascular architecture.16,17
Routes of administration
Drug is administered through two routes: (i) oral and (ii) intravenous (IV). IV administration
allows concentrating NPs at the target areas, rerouting drugs away from the sites where they
cause toxicity, and increasing the circulation time of drugs having short circulation times. IV
administration of chemotherapeutics is the main source of pain, stress, and high costs because
of several hospitalization events required to complete multiple sessions of IV chemotherapeutic
regimens. In recent years, research on NPs as oral drug delivery vehicles has been extensively
undertaken. Oral delivery of drugs using NPs has shown to be far superior to the delivery of
free drugs in terms of bioavailability, retention time, and biodistribution. Oral administration
of drugs is the most efficient way, but this causes many obstructions to the usage of colloidal
transporters because of the extreme conditions in gastrointestinal tract that releases the drug.
On the other hand, NPs could be adopted to generate a labile drug in the gastrointestinal tract
by degradation or to cover the drug to protect other healthy tissues from toxicity of the drug.
Because of their bioadhesive features, polymeric NPs could be fixed in mucous, and they
exhibit a slower gastrointestinal clearance.16 The development of appropriate and efficient oral
therapeutic agents could substantially contribute to patients’ life quality and greatly decrease
costs, and such agents could be more effective than conventional treatment methods. There are
numerous nano-based drug delivery systems: lipid-based (liposomes and lipid NPs with a solid
matrix), cyclodextrin-based, and polymer-based (polymeric NPs) nanocarriers. These are
considered to be among the most suitable systems for oral delivery. Various techniques, such
as complexation with cyclodextrin and liposomes, have been used to increase the solubility of
drug. However, cyclodextrin use is associated with a risk of nephrotoxicity, and liposomes are
not stable during long-term storage. NPs have been adopted as the carriers of oral drugs for
several purposes, such as increasing the bioavailability of drugs and extending the retention
time of drugs having poor absorption in the intestine and increasing absorption to facilitate
enhanced dispersion at molecular level.18-20
One of the most important potential advantages of nanotechnology for cancer treatment is
tumour targeting. During cancer treatment, a precise concentration of a therapeutic agent must
reach specifically to the tumour tissue after passing through diverse biological barriers present
in the body. Once at the target tissue, the anti-cancer drug should have the capacity to
selectively destroy cancer cells, sparing the healthy ones. Therefore, the intracellular
concentration of the drug will be increased and adverse side effects and toxicity will be
decreased, leading to improvement in patient compliance, quality of life, and survival. To
achieve these goals efficiently, three mechanisms of tumour targeting by drugs have been
described. The ability to differentiate non-malignant cells from malignant cells and selectively
eliminate malignant cells is one of the main tasks of nanotechnology because of its association
with cancer treatment.21,22
Passive targeting through EPR
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EPR is well known to have leakage of tumour vessels compared with the hierarchical structure
of natural vessels, partly because malignant cells have no response to the signal from the cell
needed for vasculogenesis in order.23 The tumour can be reached by macromolecules through
leaky vasculature and survive in part due to decreased clearance of lymph24 in tumours through
a process called EPR.25,26 In tumour tissues through EPR, several NPs are found, comprising
of multi-walled and single-walled carbon nanotube,27 and liposomes, and viral NPs28 that are
substantially different with respect to density and 100s of nm with a single dimension of other
globular proteins and NPs features were documented to locate the tissue of tumour through the
EPR. To the best of our knowledge, there was no systematic investigation into the related
efficiency of the position of the tumour through the EPR for specific NPs in tumour models.
Recently, an interesting form of passive targeting through EPR has been explained, in which
gold nanorods were delivered through EPR to tumour tissues and were adopted to heat and
melt the tumour after laser irradiation.29-31
pH-activated NPs for cancer treatment
Because healthy and cancerous cells have different pH, pH-based NPs were developed for
cancer treatments which release the drugs depending on the pH of the cells. At specific places
in the body, the drug release could be activated as the response to physiological pH changes.32
However, because of varied pH values, oral administration is particularly tricky, and most oral
therapeutics need controlled protection or release; retention time of orally administered drugs
is expected to decrease because of their denaturation in the stomach due to the highly acidic
environment.33 It can result in less drug concentration at the target spot, leading to multi-drug
resistance.34 However, the mechanism of intestinal release directly triggered by pH can be
advantageous. On the other hand, in the presence of various enzymes such as pepsin and
pancreatic enzymes, solid lipid NPs are formed which release drugs only at the gut pH.
Additionally, various polymeric materials such as poly(lactic-co-glycolic-acid) (PLGA)35 and
polyacrylic acid36 were described to produce adequate levels of anti-tumour agents through
oral administration.36 Furthermore, oral systems were developed to deliver natural products,
such as curcumin, which for many years, was assumed to have anti-cancer properties.
Insolubility of curcumin in water (at ng level) greatly limits its oral administration.37 Cui et al.
showed that a new microemulsifying drug delivery system can greatly increase solubility of
curcumin in water and the adsorption rate by pH-responsive release in the gastrointestinal tract.
The rate of adsorption was increased to >90% within 12 h as compared with only one-fifth of
the free curcumin.38 As mentioned earlier, tumour tissues may have a much lower
microenvironmental pH than the healthy tissues.39-41 In cancer cells, pH of the cytoplasm is
more than that in healthy cells. Lysosomal compartments act differently in the cell. In healthy
cells, an acidic environment is maintained in the lysosomes, with pH ranging between 4.5 and
6.5, whereas in malignant cells, the pH of lysosomes is lower than 4.5. The pH of lysosomes
may be in the range of 3.8–4.7 in highly metabolic cells.42 The difference between pH of
lysosomes in healthy and malignant cells makes them a desirable target for receptive drug
release.43,44 Additionally, Muniswamy et al. reported a drug delivery system with a centre of
doxorubicin (DOX)-loaded PLGA NPs and an outer layer of dendrimer-cationised albumin.
PLGA is degraded in malignant cells at pH from 4.5 to 5.5, and release the DOX (Fig. 2).
Furthermore, these drug delivery systems can pass through the blood–brain barrier and blood–
tumour barrier. A study on glioblastoma cells (U-87 MG) revealed that tumour cell death
increased by 5.5 times due to an increase in the expression of caspase-3 gene mediating cell
apoptosis.45 NPs enzyme activation in the body, more than 5000 biochemical processes are
catalysed, which is substantially greater than those in normal tissues.46 This makes it possible
for enzymes to directly activate the NP system at the tumour spot.46,47 For enzymatic activation
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systems, a variety of cellular enzymes have been used, including cathepsins, matrix
metalloproteinases (MMPs),48,49 protein tyrosine kinase-7 (PTK-7), and telomerase.46,50
Cathepsins
The rate of expression of cathepsins was suggested to be associated with metastasis and
invasiveness in case of different types of cancer including ovarian, breast, and pancreatic
cancers.51 Lysosomal cathepsin B can directly degrade polymers, including poly-L-lysine
hydrobromide (PLL). Villar-Alvarez et al. showed PLL particle coating and incorporated gold
nano-rods and DOX (a chemotherapeutic agent). The assembled system could reduce the cell
number of MDA-MB-231 and HeLa cells to approximately one-fifth of the original when
incubated with 2, 5, and 10 NPs / mL; less than 50% of cancer cells were killed by the same
concentration of only DOX.52,53
MMPs
MMPs have an important role in development and progression of cancer, including metastasis
and invasion. There are 23 types of MMPs in humans, numbered and characterised by collagen,
gelatin, and extracellular proteins to certain substrates and cell locations based on their
specificity.46,48,54 Both MMP-2 and MMP-14 were demonstrated as potential active biomarkers
in nanosystems in the treatment of cancer.55 MMP-9 dissolves coating layer of
polyvinylpyrrolidone (PVP) or gelatin, which can lead to release of tumour-sensitive drug. It
was integrated into a proof-of-concept device that the NPs of mesoporous silica were filled by
dying molecules and surface was coated with PVP. The coloured molecules were released after
the PVP coating was enzymatically degraded. The signal was analysed using multispectral
optoacoustic tomography, and it was discovered that it was 10 times greater in the control group
treated with MMP-9.48
Glycosyl hydrolases
Glycosyl hydrolase is a group of intracellular enzymes that catalyse the hydrolysis of glycosidic
bonds in complex sugars and is a controlled release activator. Dzamukova et al. proposed an
elegant system in which a dextrin cap can be broken by glycosyl hydrolases for encapsulation
of a cytotoxic drug by dextrin as a nano-terminus of nano-structure of the tubular clay has been
used. As a result, drug in the existence of a great amount of glycosyl hydrolases in the tissue
of cancer.56
Protein tyrosine kinases
PTK-7 is one of the subgroups of kinase lacking catalysing activity but retaining roles in signal
transduction. Some specific types of cancer, such as human oesophageal squamous cell
carcinoma and T-cell acute lymphocytic leukaemia, were shown to have much higher
expression levels of PTK-7. Although the role of PTK-7 has not been comprehensively
explored, it is identified as being associated with the progression of cancer.57 In 2014, Huang
et al. reported the hybrid of a nanoparticulated aptamer-lipid-PLGA that can co-deliver
paclitaxel and DOX. The selected aptamers in this system interact with PTK-7 expressed on
the cell membrane of tumour cells. When the aptamer interacts with PTK-7, the structure of
aptamer changes and DOX is released which is bound to the hairpin structure of the aptamer.58
Nicotinamide adenine dinucleotide phosphate dehydrogenases
Though the family of nicotinamide adenine dinucleotide phosphatide hydrogenases (NADPH)
consists of several members while there are many members of the family of NADPH
dehydrogenase, expression levels of NADPH are approximately 12–50 times higher in
malignant cells.59 On this basis, a new theranostic nanoprobe called ‘Prodrug 1’ has been
reported by Shin et al. The effect of NQO1 on the toxic combination 7-ethyl-10hydroxycamptothecin (SN-38), a famous chemotherapy medication, decomposes Prodrug 1.59
Telomerases
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Shi et al. proposed a single release of DOX theranostic nanoprobe activated through
telomerase.50 The production of telomerase in malignant cells is much higher than that in
healthy cells. Therefore, a new conformation of DNA shell, a hairpin, has been designed that
includes 3' telomerase primers that could be elongated by the current telomerase (Fig. 3).
Though the activity of telomerase in malignant cells is much higher than that in healthy cells,
the elongation of 3' regions could led to deconstruction of aptamer structure and could result
in the release of the anti-cancer drug DOX and fluorescent carboxyfluorescein label within the
aptamer. Using MTT assay, the nanoprobe is reported to reduce HeLa cells growth by 50%
compared with almost no decline in viability of L-02 cells (control).50
Enzyme-loaded NPs
Additionally, it is liable to design systems carrying enzymes to the body in addition to the use
of those enzymes that already exist in cells. For example, Yang et al. used a nanosystem based
on the organic silica carrying glucose oxidase (GOx) and hypoxia-activated prodrug (AQ4N).
The high levels of glutathione in malignant tissues lead to the degradation of organic silica and
AQ4N and GOx were released. The catalysis of glucose oxidation by GOx results in an
environment of hypoxic tissue allowing the non-toxic AQ4N to be turned into the cytotoxic
AQ4.60
Membrane proteins
Porphyrin is a component in the biosynthesis pathway of proto-haeme of haeme derived from
intermediate porphyrinogens, and it naturally occurs in very low amount in living cells. During
normal conditions, the protoporphyrin synthesis is regulated by feedback mechanism; in other
words, cells generate protoporphyrin at a rate matching with the rate of haeme generation.
However, the feedback mechanism loses control with excessive cell proliferation, and the
excessive amount of porphyrin therefore produced appears in the blood and tissues. Because
of the high proliferation rate, there is an intense need for iron in malignant cells, for example,
in melanoma,61 carcinoma, and glioblastomas.62 Transferrins are glycoproteins that control the
free iron level and help in iron binding in biological fluids. Through binding of transferrin to
transferrin receptors on cell surface, iron ions could be carried into cells.63 Because of
requirement of high iron levels in malignant cells, transferrin receptors could be adopted for
tumour targeting.64,65
Conclusion
In this review, we aimed to describe the importance and types of nanomedicines and efficient
ways in which new drug delivery systems for the treatment of cancer can be developed.
Nanoparticles drug delivery systems are specifically proposed as an option to preserve the
efficacy of newly produced, effective and complex drugs. New controlled drug delivery
systems can be effective for the treatment of cancer by protecting the drugs from degradation,
minimise the required dose of drug and increasing the concentration of drug in target tissues.
Although cancer is a more complicated disease than heart disease, changes in lifestyle
(cessation of smoking) and availability of new drugs with advances in nanotechnology and
other fields of medicine can decrease the mortality rate of cancer in the following 10 years.
Thus, further studies are essential to evaluate the nanoparticles drug delivery systems for the
treatment of cancer.
References
1. Ferlay J, Shin H-R, Bray F, Forman D, Mathers C, Parkin DM. Cancer incidence and mortality worldwide. Lyon:
International Agency for Research on Cancer 2010. doi: 10.1002/ijc.29210
2. Mahmoudi T, Karimi K, Arkani M, Farahani H, Nobakht H, Dabiri R, et al. Parathyroid hormone gene rs6256 and
calcium sensing receptor gene rs1801725 variants are not associated with susceptibility to colorectal cancer in iran. Asian
Pacific Journal of Cancer Prevention 2014;15(15):6035-9. doi:10.7314/APJCP.2014.15.15.6035
3. Barnard RJ. Prevention of cancer through lifestyle changes. Evidence-based Complementary and Alternative Medicine
2004;1(3):233-9. doi: 10.1093/ecam/neh036

7|Page

Accepted Manuscript (unedited)
The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

4. Holmes RS, Vaughan TL, editors. Epidemiology and pathogenesis of esophageal cancer. Seminars in radiation oncology;
2007: Elsevier. doi: 10.1016
5. Parkin DM, Bray F. The burden of hpv-related cancers. Vaccine 2006;24:S11-S25. doi: 10.1016/j.vaccine.2006.05.111
6. Fekri R, Salehi M, Asadi A, Kubicki M. Synthesis, characterization, anticancer and antibacterial evaluation of schiff base
ligands derived from hydrazone and their transition metal complexes. Inorganica Chimica Acta 2019;484:245-54.
doi:10.1016/J.ICA.2018.09.022
7. Paavonen J, Naud P, Salmerón J, Wheeler CM, Chow S-N, Apter D, et al. Efficacy of human papillomavirus (hpv)-16/18
as04-adjuvanted vaccine against cervical infection and precancer caused by oncogenic hpv types (patricia): Final analysis of
a double-blind, randomised study in young women. The Lancet 2009;374(9686):301-14. doi: 10.1016
8. Winawer S, Fletcher R, Rex D, Bond J, Burt R, Ferrucci J, et al. Colorectal cancer screening and surveillance: Clinical
guidelines and rationale—update based on new evidence. Gastroenterology 2003;124(2):544-60. doi:
10.1053/gast.2003.50044
9. Gmeiner WH, Ghosh S. Nanotechnology for cancer treatment. Nanotechnology reviews 2014;3(2):111-22. doi:
10.1515/ntrev-2013-0013
10. Love JC, Estroff LA, Kriebel JK, Nuzzo RG, Whitesides GM. Self-assembled monolayers of thiolates on metals as a
form of nanotechnology. Chemical reviews 2005;105(4):1103-70. doi: 10.1021/cr0300789
11. Zohri M, Gazori T, Mirdamadi S, Asadi A, Haririan I. Polymeric nanoparticles: Production, applications and advantage.
Internet J Nanotechnol 2009;3(1). doi: 10.1002/jbm.a.31322
12. Yih T, Al‐Fandi M. Engineered nanoparticles as precise drug delivery systems. Journal of cellular biochemistry
2006;97(6):1184-90. doi: 10.1002/jcb.20796
13. Pathak Y, Thassu D. Drug delivery nanoparticles formulation and characterization, drugs and the pharmaceutical
sciences. 2009.
14. Manzano M, Vallet‐Regí M. Mesoporous silica nanoparticles for drug delivery. Advanced Functional Materials
2020;30(2):1902634. doi: 10.1002/adfm.201902634
15. Kohane DS. Microparticles and nanoparticles for drug delivery. Biotechnology and bioengineering 2007;96(2):203-9.
doi: 10.1002/bit.21301
16. Ponchel G, Irache J-M. Specific and non-specific bioadhesive particulate systems for oral delivery to the gastrointestinal
tract. Advanced drug delivery reviews 1998;34(2-3):191-219. doi: 10.1016/S0169-409X(98)00040-4
17. Jamadi RH, Asadi A, Yaghoubi H, Goudarzi F. Investigation into the anticancer activity and apoptosis induction of
brevinin-2r and brevinin-2r-conjugated pla–peg–pla nanoparticles and strong cell cycle arrest in ags, hepg2 and kyse-30 cell
lines. International Journal of Peptide Research and Therapeutics 2019;25(3):1225-39. doi: 10.1016/j.critrevonc.2017.12.019
18. Maeda H. The enhanced permeability and retention (epr) effect in tumor vasculature: The key role of tumor-selective
macromolecular drug targeting. Advances in enzyme regulation 2001. doi: 10.1016/s0065-2571(00)00013-3
19. Maeda H. Macromolecular therapeutics in cancer treatment: The epr effect and beyond. Journal of Controlled Release
2012;164(2):138-44. doi:10.1016/j.jconrel.2012.04.038
20. Byrne JD, Betancourt T, Brannon-Peppas L. Active targeting schemes for nanoparticle systems in cancer therapeutics.
Advanced drug delivery reviews 2008;60(15):1615-26. doi: 10.1016/j.addr
21. Li H, Yu SS, Miteva M, Nelson CE, Werfel T, Giorgio TD, et al. Matrix metalloproteinase responsive, proximity‐
activated polymeric nanoparticles for sirna delivery. Advanced functional materials 2013;23(24):3040-52. doi:
10.1002/adfm.201202215
22. Nie S. Understanding and overcoming major barriers in cancer nanomedicine. Nanomedicine 2010;5(4):523-8. doi:
10.2217/nnm.10.23
23. Weis SM, Cheresh DA. Tumor angiogenesis: Molecular pathways and therapeutic targets. Nature medicine
2011;17(11):1359. doi: 10.1038/nm.2537.
24. Yu MK, Park J, Jon S. Targeting strategies for multifunctional nanoparticles in cancer imaging and therapy. Theranostics
2012;2(1):3. doi: 10.7150/thno.3463
25. Schmidt MM, Wittrup KD. A modeling analysis of the effects of molecular size and binding affinity on tumor targeting.
Molecular cancer therapeutics 2009;8(10):2861-71. doi: 10.1158/1535-7163.MCT-09-0195
26. Wittrup KD, Thurber GM, Schmidt MM, Rhoden JJ. Practical theoretic guidance for the design of tumor-targeting
agents. Methods in enzymology: Elsevier; 2012. p. 255-68. doi: 10.1016/B978-0-12-396962-0.00010-0
27. Robinson JT, Hong G, Liang Y, Zhang B, Yaghi OK, Dai H. In vivo fluorescence imaging in the second near-infrared
window with long circulating carbon nanotubes capable of ultrahigh tumor uptake. Journal of the American Chemical
Society 2012;134(25):10664-9. doi: 10.1021/ja303737a
28. Wen AM, Shukla S, Saxena P, Aljabali AA, Yildiz I, Dey S, et al. Interior engineering of a viral nanoparticle and its
tumor homing properties. Biomacromolecules 2012;13(12):3990-4001. doi: 10.1021/bm301278f.
29. Gormley AJ, Larson N, Sadekar S, Robinson R, Ray A, Ghandehari H. Guided delivery of polymer therapeutics using
plasmonic photothermal therapy. Nano today 2012;7(3):158-67. doi: 10.1016/j.nantod
30. Boron WF. Regulation of intracellular ph. Advances in physiology education 2004;28(4):160-79. doi:
10.1152/advan.00045.
31. Kato Y, Ozawa S, Miyamoto C, Maehata Y, Suzuki A, Maeda T, et al. Acidic extracellular microenvironment and
cancer. Cancer cell international 2013;13(1):89. doi: 10.1186/1475-2867-13-89
32. Lin W-C, Yu D-G, Yang M-C. Ph-sensitive polyelectrolyte complex gel microspheres composed of chitosan/sodium
tripolyphosphate/dextran sulfate: Swelling kinetics and drug delivery properties. Colloids and surfaces B: Biointerfaces

8|Page

Accepted Manuscript (unedited)
The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

2005;44(2-3):143-51.
doi: 10.1016/j.colsurfb.2005.06.010
33. Gao W, Chan JM, Farokhzad OC. Ph-responsive nanoparticles for drug delivery. Molecular pharmaceutics
2010;7(6):1913-20. doi: 10.1021/mp100253e
34. Wang Z, Deng X, Ding J, Zhou W, Zheng X, Tang G. Mechanisms of drug release in ph-sensitive micelles for tumour
targeted drug delivery system: A review. International journal of pharmaceutics 2018;535(1-2):253-60. doi:
10.1016/j.ijpharm.2017.11.003
35. El-Sherbiny IM, Abdel-Mogib M, Dawidar A-AM, Elsayed A, Smyth HD. Biodegradable ph-responsive alginate-poly
(lactic-co-glycolic acid) nano/micro hydrogel matrices for oral delivery of silymarin. Carbohydrate polymers
2011;83(3):1345-54. doi: 10.1016/j.carbpol.2010.09.055
36. Tian B, Liu S, Wu S, Lu W, Wang D, Jin L, et al. Ph-responsive poly (acrylic acid)-gated mesoporous silica and its
application in oral colon targeted drug delivery for doxorubicin. Colloids and Surfaces B: Biointerfaces 2017;154:287-96.
doi: 10.1016/j.colsurfb.2017.03.024
37. Hsu C-H, Cheng A-L. Clinical studies with curcumin. The molecular targets and therapeutic uses of curcumin in health
and disease: Springer; 2007. p. 471-80. doi: 10.1007/978-0-387-46401-5_21
38. Cui J, Yu B, Zhao Y, Zhu W, Li H, Lou H, et al. Enhancement of oral absorption of curcumin by self-microemulsifying
drug delivery systems. International journal of pharmaceutics 2009;371(1-2):148-55. doi: 10.1016/j.ijpharm.2008.12.009
39. Peppicelli S, Andreucci E, Ruzzolini J, Laurenzana A, Margheri F, Fibbi G, et al. The acidic microenvironment as a
possible niche of dormant tumor cells. Cellular and molecular life sciences 2017;74(15):2761-71. doi
: 10.3389/fonc.2019.00159
40. Jo J, Lee CH, Kopelman R, Wang X. In vivo quantitative imaging of tumor ph by nanosonophore assisted multispectral
photoacoustic imaging. Nature communications 2017;8(1):1-10. doi: 10.1038
41. Qian Y, Wang Y, Jia F, Wang Z, Yue C, Zhang W, et al. Tumor-microenvironment controlled nanomicelles with aie
property for boosting cancer therapy and apoptosis monitoring. Biomaterials 2019;188:96-106. doi:
10.1016/j.biomaterials.2018.10.003
42. Glunde K, Guggino SE, Solaiyappan M, Pathak AP, Ichikawa Y, Bhujwalla ZM. Extracellular acidification alters
lysosomal trafficking in human breast cancer cells. Neoplasia (New York, NY) 2003;5(6):533. doi: 10.1016/s14765586(03)80037-4
43. Griset AP, Walpole J, Liu R, Gaffey A, Colson YL, Grinstaff MW. Expansile nanoparticles: Synthesis, characterization,
and in vivo efficacy of an acid-responsive polymeric drug delivery system. Journal of the American Chemical Society
2009;131(7):2469-71. doi: 10.1021/ja807416t
44. Xu X, Wu J, Liu Y, Yu M, Zhao L, Zhu X, et al. Ultra‐ph‐responsive and tumor‐penetrating nanoplatform for targeted
sirna delivery with robust anti‐cancer efficacy. Angewandte Chemie International Edition 2016;55(25):7091-4. doi:
10.1002/anie.201601273
45. Muniswamy VJ, Raval N, Gondaliya P, Tambe V, Kalia K, Tekade RK. ‘Dendrimer-cationized-albumin’encrusted
polymeric nanoparticle improves bbb penetration and anticancer activity of doxorubicin. International journal of
pharmaceutics 2019;555:77-99. doi: 10.1016/j.ijpharm.2018.11.035
46. Li X, Kim J, Yoon J, Chen X. Cancer‐associated, stimuli‐driven, turn on theranostics for multimodality imaging and
therapy. Advanced Materials 2017;29(23):1606857. doi: 10.1002/adma.201606857
47. Tarro G, Perna A, Esposito C. Early diagnosis of lung cancer by detection of tumor liberated protein. Journal of cellular
physiology 2005;203(1):1-5. doi: 10.1002/jcp.20195
48. Nairon K, Samykutty A, McNally MW, Mishra G, Grizzle WE, McNally LR. Enzymatically-responsive tumor-targeted
mesoporous silica nanoparticle for identification of pancreatic cancer. AACR; 2018. doi: 10.1158/1538-7445
49. Dzamukova MR, Naumenko EA, Lvov YM, Fakhrullin RF. Enzyme-activated intracellular drug delivery with tubule
clay nanoformulation. Scientific reports 2015;5:10560. doi: 10.1038/srep10560
50. Shi H, Gao T, Shi L, Chen T, Xiang Y, Li Y, et al. Molecular imaging of telomerase and the enzyme activity-triggered
drug release by using a conformation-switchable nanoprobe in cancerous cells. Scientific reports 2018;8(1):1-11. doi:
10.1038/s41598-018-34670-7
51. Mannaris C, Teo BM, Seth A, Bau L, Coussios C, Stride E. Gas‐stabilizing gold nanocones for acoustically mediated
drug delivery. Advanced healthcare materials 2018;7(12):1800184. doi: 10.1002/adhm.201800184
52. Villar-Alvarez E, Cambón A, Pardo A, Mosquera VX, Bouzas-Mosquera A, Topete A, et al. Gold nanorod-based
nanohybrids for combinatorial therapeutics. ACS omega 2018;3(10):12633-47. doi: 10.1021/acsomega.8b01591
53. Yildiz T, Gu R, Zauscher S, Betancourt T. Doxorubicin-loaded protease-activated near-infrared fluorescent polymeric
nanoparticles for imaging and therapy of cancer. International journal of nanomedicine 2018;13:6961.
doi: 10.2147/IJN.S174068
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Figure Legends

Figure 1. Advantage of nanomaterials. Nanomaterials as nano-carriers can improve solubility,
stabilization, specificity, multimodality and efficiency, whereas decreasing toxic side effects
also enhancing the non-specificity of traditional cancer therapies.

Figure 2. Figure showes the graphic description of the dissolution of poly(lactic-co-glycolicacid) (PLGA) covered dendrimer-cationised-albumin nanoparticles. According to the acidic
late endosomal compartment pH, doxorubicin (DOX) is released into U-87 MG glioblastoma
cells.
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Figure 3. Figure showes the graphical representation of telomerase stretching the 3'end
aptamer that results in the morphology of the aptamer and the release of the DOX within tumor
cells.
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