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ABSTRACT

Theranosticsaredeffiend as the administration of treatment and diagnosis strategies
simultaneously. During last decades emerging versatile nanoplatforms offers this opportunity to
combine treatment and diagnosis payload on just one nanoparticle. This combination helps us to
reach to the mora personalized medicine by thereal timemonitoring of treatment efficacy, particle
circulation and biodistribution in the body which are highly critical for lowering the potential of
under- or over-dosing. Herein, we review current advancements ofnanotheranostics using
polymer - and - protein based nanotheranostics and their applications in cancer diagnosis and
treatments.
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INTRODUCTION

Cancer is a general term for malignant
diseases which uncontrolled growth and
spread of abnormal cells are basic
characteristics of cancerous cells. Patient’s
mortality is major result of uncontrolled
spreading of cancer cells. Several external
and internal factors such as tobacco,
infectious organisms, an unhealthy diet,
inherited genetic mutations, hormones, and
immune conditions are involved in cancer
generation and progression. Conventional

treatments  include surgery, radiation,
chemotherapy, hormone therapy, immune
therapy, and targeted therapy (drugs that spe-
cifically interfere  with  cancer  cell
growth).Nanotechnology is associated with
controlling, monitoring and manipulation of
atoms, molecules and macromolecules which
are in the range of several to tens
nanometers. Atoms and molecules show
novel and different physicochemical, optical
and mechanical properties from their bulk
states which are related to their size
reduction. Importance of nanomaterials and
nanotechnology in the biomedicine filed is
related to the size of nanomaterials that is
matches with biological molecules and
machinery. Nanotechnology and
nanomaterials have improved and invented

several conventional and novel prevention,

detection and diagnosis of  cancer,

loaded

nanovehicles for treatment of cancer and

respectively.  Injectable  drug
biocompatible and targeted MRI contrast
agents for cancer are the most important
application of nanotechnology in cancer
detection and treatments. In this direction,
theranostic nanoparticles combined these tow
area (detection and treatment)
simultaneously. ‘Theranostics’ is a word
derived from conflation of ‘therapy’ and
‘diagnostics’.  This novel and promising
approach has the ability of delivery of
therapeutic and

diagnosis agents

simultaneously with just one particle.
Diagnosis agents enable real-time monitoring
of drug biodistribution and pharmacokinetics.
Variety of imaging modalities including
fluorescence imaging, ultrasound imaging,
magnetic resonance imaging (MRI), positron
emission tomography (PET), single photon
emission computed tomography (SPECT)
and photoacoustic imaging (PAI) can be used
in this respect[1]. Generally, a theranostic
nanoparticle comprise of three major

components, core constituent material,

therapeutic and  imaging payloads, and
biological surface modifiers, which improve
the biodistribution and tumor targeting of the

nanoparticle (fig 1).
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Many of diagnosis and therapeutic
approaches exploit tumor specific markers
and antigens which are produced by the body
in response to cancer growth or by the cancer

Therapeutic or
imaging payload

Biological surface
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tissue itself. Several tumor markers (table 1)
are used for targeted tumor detection and
therapy [2-8].
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Figure 1: Schematicreperezentation of a nanotheranostic particle

Table 1: Cancer specific tumor marker for diagnosis and treatment of cancers via theranostic nanoparticles [4].

Biomarker

Tumor

Prostate specific antigen (PSA)

Prostate cancer

Alpha-fetoprotein (AFP)

Hepatocellular carcinomas (HCC)

Cancer antigen 125 (CA125)

Ovarian cancers Fallopian tube cancer

Cancer antigen 15-3 (CA15-3)

Breast cancer

Cancer antigen 19-9 (CA 19-9)

Pancreatic cancer
Bladder cancer

BRCA-1, BRCA-2

Breast cancer

Carcinoembryonic antigen (CEA)

Colorectal cancer

Human chorionic gonadotrophin (hCG)

Germ cell tumours (ovarian and testicular)

Thyroglobulin (Tg)

Papillary and follicular thyroid cancer

Heat shock proteins (HSPs)
Hsp27; Hsp70

Gastric, prostate carcinoma, osteosarcomas, uterine,
cervical, and bladder carcinoma

TGFB

Malignant tumours

Glucose metabolism

All cancers, general

Genetic translocations viz. Philadelphia chromosome,
Bcl2 and other gene translocation fusion products

AML, ALL, CML, MDS and Burkitt’s lymphoma

APC gene

Adenocarcinoma,
squamous cell carcinoma of the stomach, pancreas,
thyroid and ovary

Polymer Based nanoparticles
Several types of FDA (Food and Drug
Administration, U.S.) approved polymeric
based nanoparticles have reached to the
market [9, 10].

monomers and variety of functional groups

medical Number of

make  polymers  highly flexible in

manipulating their structural and chemical

properties. A few numbers of biocompatible
field of

biomedical sciences such as poly(ethylene

polymers has existedin the
glycol) (PEG), poly(lactic-co-glycolic acid)
(PLGA), poly(lactic acid) (PLA), chitosan
and polycaprolactone (PCL). A polymeric
main

nanotheranostics, = comprise 4

components including contrast agent for
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detection and imaging, therapeutic agent, a
main body component bearing both of theme,
and surface functional groups important for
stability,
biodistribution[11].

Dendrimers

targeting ability and

Dendrimersas the defect-free and

monodisperse structures are

repetitivelyhighly  branched, star-shaped
macromolecules with very well-defined
architecturein nanometer-scale dimensions.
Generally, Dendrimers structure comprises 3
main components: a central core, an interior
structure (the branches), and the surface
bearing functional groups. Properties of these
kinds of

macromolecules are strongly different from

highly  branched  structure
their counterpart polymersand are highly
dependent on the combination of their 3
parts. Dendrimers with different shape and
size can be produced with alteration in these
three components. Most important part of a
Dendrimers which determines functionality,

solubility and chelation ability is surface

functional groups. Sequential chemical

reactions are used for synthesis of

dendrimers, in this process after each
reaction a new layer forms around the
particle and generation increases on the order
of 1 number and the number of terminal
groups and molecular weight of dendreimr
(Table 2).

promising  properties

get twice Dendrimersshow

such as narrow
polydispersity, nanometer size range, tunable
properties and ability to carrying multiple
functionalities just by one particle in the
comparison with the other types of polymers
inbiomedical applications[12].

Dendrimers have two distinct structural
places for loading and conjugating of
therapeutic and/or diagnosis payloads, the
interior  (cavities which entrap guest
molecules and the chemical groups in this
region are called endoreceptors)and the
surface of the dendrimer (there are plenty of
chemical groups, exoreceptors, which can be
exploited for binding to different interested

molecules) [13].

Table 2: effect of dendrimersgenersions of Number of surface groups, Molecular weight and diameter of these structures.

Generation Number of surface Molecular Diameter (nm)
groups weight
0 4 517 1.5
1 8 1,430 2.2
2 16 3,256 29
3 32 6,909 3.6
4 64 14,215 4.5
5 128 28,826 5.4
6 256 58,048 6.7
7 512 116,493 8.1
8 1024 233,383 9.7
9 2048 467,162 114
10 4096 934,720 13.5
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Based onsuperstructures , densities of surface
functional groups, symmety, and dispersity, 8
types of dendrimershave been synthesis
including Liquid crystalline dendrimers,
Tectodendrimers, Chiral
PAMAMOS dendrimers, Hybrid dendrimers,
Peptide
PAMAM dendrimer. Dendrimers have been
attracted many attention in drug deliver
their

dendrimers,

dendrimers, Glycodendrimers,

because of monodispersity,

multivalency and  unique  structural

properties. Internal nano-cavities of these

cavities from exterior as the steric shell. In
another approach, drug and/or diagnosis
agent can be attached to the terminal
functional group by covalent bindings. Using
sensitive bonds and linkers for conjugating
therapeutic payloads offersan advantage to
control drug release by physico-chemical
stimuli (raised temperature or ph) or by
enzymatic destruction of the sensitive linker.
This is an opportunity which cannot be
by
electrostatic interactions of drug molecules

reached simple encapsulation or

structures can be used for encapsulating with dendrimers[14-16].Studies used
guest molecules moreover large numbers of dendrimers for cancer management are
terminal groups at the surface isolate these summarized in table 3.
Table 3: Studies used dendrimers for cancer detectin and treatment
Dendrimer Formulation Cell lines References
PAMAM Anti-PSMA antibody as the targeting agent LNCaP cells [17]
Loaded with ibuprofen A549 cells [18]
PegylatedDendrimer loaded with methotraxate/doxorubicin MA148 [19]
Folic acid and methotrexate as the targeting and therapeutic payload KB cells [20]
respectively
palmitoyl chloride functionalized PAMAM loaded with 5-fluorouracil F98 [21]
Boronated PEG and folic acid as the therapeutic and targeting agents 24 JK-FBP [22]
respectively
Propranolol loaded in lauroyl G3 PAMAM CACo-2 cells [23]
Pegylated PAMAM loaded with 5-fluorouracil Fo8 [24]
PAMAM dendrimer functionalized with DNA [25]
Glycodendrimer Dendrimer functionalized with T antigen disaccharide 3-gal-(1-3)-a-GalNAc [26]
Decorating PAMAM with glucosamine/glucosamine-6-sulphate Lewis Lung [27]
Carcinoma
(LLC)
PAMAM functionalized with GIcNAc8 B16F10 [28]
Polyglycerol Pegylateddendrimer loading with paclitaxel [29]
Polyester Hydrazine linker was used for conjugation of PEO-dendrimer with B16F10 [30]
doxorubicin
Porphyrins and photodynamic therapy[31-34], optical

Interactions of electromagnetic wave with

nanoparticles have been subjected of

abundant studies and several therapeutic and

diagnosing techniques such as photothermal

frequency domain imaging[35], fluorescent
detection[36,  37],
39], and
multimodal techniques[40], are based on

and colorimetric

photoacoustic tomography[38,
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these interactions.As the fluorescent probes,
carbon dots show unique properties over
conventional dyes including wide excitation
spectrum, sharp and narrow emission peak,
size dependent optical properties, etc[41-43].
Gold nanoparticles have attracted many
attentions last decades because of their low
toxicity, chemical inertness, easy to synthesis
and good optical properties [44-46]. Despite
of these promising properties, some issues
such as unclear fate of these particles in the
body and low efficacy in drug loading which
is restricted to the surface of nanoparticles
limited extensivemedical applications. In the
contrary,

lipid and polymer based

nanoparticles have higher drug delivery

efficacy and acceptable biocompatibility. On
the other hand, application of these particles
in biophotonic is limited due to lack of light
absorption. Porphyrin is a light absorbing
organic molecule and several constructions
have been formed based on this structure
which show promising potential application
in photonic[47]. The porphyrin is an organic
compound which four modified pyrrole
subunits are interconnected via methine
bridges at their carbon atoms and formed a
2).  These

assemblies are not suitable for biomedical

heterocyclic  structure(fig

application because of low stability and

solubility.

Figure 2: Schematicreperesentation of a porphyrin

In this aspect, porphysomes are alternative
over conventional Porphyrin which self-
assembly of phospholipid-porphyrin
constructs these structures[48]. Porphysomes

have several attracting properties such as

spherical double layer structure and high
loading capacity, unique biocompatibility,
tunablefluorescenceproperties, and intensive
absorption in near-infrared (NIR) region of

electromagnetic spectrum which make them
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ideal candidate for biomedical
applications.Conjugations of porphyrin with
lipids and self-assembly of them to liposome-
like nanostructures make them ideal for
cancer  managements.Porphysomes  can
absorb light and release heat because of
highly packed structure which is ideal
forcancer photo thermal therapy (PTT)[49,
50].Porphysomes can generate reactive
oxygen species (ROS) under interaction with
NIR laser which is main mechanism of photo
dynamic therapy (PDT)[51]. On the other
way, metals chelating ability of these
structures can be very beneficial for
radioimaging applications[52].

Carbon Dots

Carbon Dots are a new class for carbon
nanomaterials which have quasispherical
shape, nanometricdimention (below 10 nm)
and in the contrary with conventional carbon,
have strong fluorescence property. Several
unique properties such as size and excitation
dependent emission, multicolour emission,
intensive  fluorescence, broad excitation
spectra, high quantum vyield and longer
fluorescence lifetimes have been made
Carbon Dots ideal platform in sensing,
photocatalysis, optoelectronics and energy
storage systems [53, 54]. Moreover, in
contrastto the conventional semiconductor,

quantum dots and organic days Carbon Dots

offer  improved  properties including
biocompatibility high aqueous solubility,
colloidal stability, high photostability, ease of
surface functionalization and chemical
inertness. Fluorescent properties of carbon
Dots strongly depend on their size and
areinversely proportional to the size. So that,
smaller particles have higher PL quantum
yields which is because of large surface-to-
volume ratio that smaller particles have[55].
In addition to the size, molecular weights of
these particles affect fluorescent properties
and a red shift can be observed in higher
molecular weight.

Carbon Dotscan pass through the biological
membranes and release their payload.
Coating of Carbon Dots with cationic
polymersuch as PEI leads to endosomal
escape which is ideal for therapeutic
approaches.  For  genetic  engineering
proposes, conjugation of DNA with Carbon
Dots is an interesting approach. Results of
one study show PEI coated carbon Dotscan
deliver DNA to the nucleus of HeLa cell
[56].Fluorescence property of carbon Dots
can be used to monitoring of efficacy and
steps of the gene delivery. In this regard,
gold nanoparticles are used for quenching the
fluorescence of carbon Dots and surface of
this complex conjugates with PEI. Carbon

Dot/gold/PEI/DNA  don’t show any
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fluorescence but releasing DNA results to
recovery of fluorescence emission which is
very helpful during in gen delivery process
[57].

Carbon Dots can be used for anticancer drug
delivery. Recently doxorubicin (DOX) is
loaded into hollow C-dots. This structure has
pH-dependent drug release profile and was
studied on A549 cancer cells[58]. In another
study folic acid conjugated carbon Dot
modified with bovine serum albumin was
used for DOX delivery to HelLa cells[59].
Their results showed that HelLa cells can
uptake this complex specifically but bare
carbon Dots didn’taccumulate inside the cell
and cannot be detect with florescent
microscopy.

Carbon Dot has this ability to use in
Photodynamic therapy (PDT)in conjugation
with a photosensitizer. An investigation on
Carbon Dot- chlorin e6, the photosensitizer,
revealed that carbon dot can excite the
photosensitizer based on fluorescence
resonance energy transfer (FRET) phenome.
This phenome occurs when the emission of a
particle, donor, has overlap with the
excitation of the other particle, acceptor, and
distance between these tow particles must be
less than 100

microscopy and laser irradiation was used to

nm. The fluorescence

evaluate efficacy of fluorescence detection

and PDT. Their results showed fluorescence
signal can be detect 2 hours after incubation
of MGC803 cells with nanocomplexand laser
exposure showed concentration dependent
lethality[60].

Protein Based Nanoparticles

Protein based nanoparticles offer unique
properties including improved
biocompatibility, longer blood circulation
time, greater therapeutic index, genetically
tunable structural and chemical properties
and more effective uptake by cells via EPR
effects and mediated
endocytosis[61].

Albumins

receptor

Albumins are one of the most important
types of blood proteins which have important
roles in maintaining the osmotic pressure of
blood, transport of fatty acids, hormones and
enzymes.

On the other hand biodegradability,
biocompatibility, nanimmunogenicity and
nontoxicity of albumin make it interesting
substance for biomedical applications during
the last decades. There several types of these
proteins are in the market but bovine serum
aloumin (BSA) and human serum albumin
(HSA) are more investigated[62, 63].

Bovine Serum Albumin

Several studies have been used BSA as a

carrier of therapeutic and/or detecting agents.
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Nanocomplex of CoFe204 nanoparticles
with BSA was investigated for MRI imaging
and hyperthermia on Hela cells. This study
showed that the complex can make contrast
in MRI images and under influence of
alternative high frequency magnetic field can
dissipate heat[64].

Moreover properties of BSA can be modified
by using different types of polymeric
structures in order carrying variety of
functionality. For example pegylationof BSA
can make it more water soluble which can be
used for carrying insoluble components[65].

Human Serum Albumin

Jeong was used PS-chlorin e6 (Ce6)-HAS
nanoparticle complex as the
theranosticnanocomplex in PDT on tumor-
bearing HT-29 mice. Their result showed this
complex produced singlet oxygen under
interaction with laser light which is very
toxic for tumoral cells. Moreover,
accumulation of PS into the tumor tissue can
be wvery useful in photodynamic imaging
(PDI)[66].

In another study a different nanocomplex
containing  hematoporphyrin-HAS-gamma-
emitting nuclides (99mTc) was synthesis and
used for targeted lung cancer PDT and
imaging.  Their results showed higher
accumulation of nanocomplex into the

murine lung tumors than control groups. In

addition, Pharmacokinetical studies revealed
that 99mTc-HP-ANP nanoomplex has longer
half-life incomparison with bare 99mTc[67].
In recent years, several imaging modalities
have been improved based on albumin
nanoparticles including optical imaging,
PET/SPECT and MRI for cancer molecular
imaging[68]. In one study HSA was used for
coating of MnO nanoparticles in MRI
imaging of U87MG glioblastoma xenograft
model. Along with this study *Cu
radioisotope was conjugated with HAS for
PET/MRI dual imaging of the same cancer
model. Good tumor accumulation, more
effective tumor targeting were main finding
of the study[49].

Gelatin

Gelatin is one of the most important
derivations of collagen which can be
obtained from animal-by products. In the
food, pharmaceuticals, photography, and
cosmetic industries gelatin is used for
gelation of wvarious substance. In the
nanotechnology  area  gelatin  offers

interesting properties including

biocompatibility, biodegradability, easily
modifiable structure and low cost. In
addition, its polyampholytic nature can be
used for conjugation of variety of therapeutic

and detecting agents[69, 70].
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In one study FITC labeled platinum (IV)
prodrug and IONPs were conjugated to
different sites of gelatin, the carboxylic
groups and the active amine groups,
respectively[71]. In another study IONPs
were coated with gelatin A and B and
doxorubicin conjugated to this complex with
electrostatic interactions. This nanocomplex
offer two different and effective targeting
opportunities which are magnetic field
targeting and pH sensitive drug release [72].
CONCLUSION

In spite of all significant efforts and
developments in the filed of medicine and
bioengereering, cancer is one the most
important issues threating human health.
Nanotechnology is an enabling technology
which has revulotionary effects on every
fields of medicine specially on cancer
diagnosis and detection.Novel and improved
physic-chemical properties, high surface to
vulome ratio and nanometric size comparablr
with  biological entieties make these

structures ideal platform for cancer
theranostic approaches. Cancer theranostic is
the combination of therapeutic and

diagnosing agents on one platform
simultaneously. Nanoparticles with high
surface are have this ability to be conjugated
with various molecules. As mentioned above

polymeric and peptide based nanoparticles

are ideal candidate in this respect due to their

unique properties.
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