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Abstract: Theranostics is a recently emerging area in nanomedicine. Nanoparticles which can com-
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bine both diagnostic and therapy in one single platform serve as theranostic agents. Some of the cur-
rently explored nanoparticles are metallic nanoparticles, mesoporous silica nanoparticles, carbon-
based nanoparticles, and polymer nanogels. Polymeric nanogels are receiving considerable attention
due to their high biocompatibility and functional performance. The present review article briefly
summarizes the scopes and challenges of the state of art of using polymeric nanogels for theranostic
applications. Among the different polymer nanogels, a special emphasis is given to polymeric nano-
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1. INTRODUCTION

Polymeric biomaterials have been used for several years
in various emerging technologies like tissue engineering,
nanotechnology and drug delivery applications to repair,
renew and support body tissues [1]. Polymers have a major
representation in biomaterials due to their biocompatible,
stimuli-responsive and mechanical properties [2]. These
characteristics make them a favourable material for
applications at different sites in the body. Some of the
attractive properties of polymers such as the tunable
degradation profiles, availability of versatile functional
groups and loading capacity of biologically active molecules
make them interesting for different applications in the field
of medicine [3]. Nanotechnology is a constant contributor in
the field of biomedical technology in terms of diagnostics
and therapeutic applications. Nanoparticles can be
conveniently prepared from polymers using different
techniques such as single emulsion, double emulsion and
organic precipitation.

Their physicochemical properties such as size, shape and
surface functional groups can be tailored to augment stimuli-
responsiveness which aids in focused and cumulative drug
release [4, 5]. Further, apart from natural polymers, synthetic
polymers like poly(ethylene glycol) (PEG), poly(lactic acid)
(PLA) etc. have also been made use of tremendously in drug
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and gene delivery [5]. Recently, ‘theranostics’ as a research
field has emerged from the fusion of molecular imaging and
therapy for medical applications [6]. Merging diagnosis and
therapy has been immensely useful especially in the case of
cancer therapy [7]. Chemotherapy has several disadvantages;
including non-specificity and toxicity to normal cells [8].
Polymer nanoparticles can be functionalized with targeting
ligands and hence exhibit higher specificity. They may be
loaded with wvarious fluorophores or chromophores for
imaging. Thus, polymer nanoparticles have applications in
monitoring drug release and imaging; examples include
targeted cancer therapies in various phases of development
[6]. Polymer nanomaterials with responses toward
exogenous and endogenous stimuli have been fabricated for
use as drug delivery systems. Glucose-responsive polymeric
nanomaterials have been studied for their applications in
diabetic patients [9]. They also offer several advantages
including extended half-life, increased efficacy, and imaging
with magnetic resonance imaging (MRI). Polymeric
nanomaterials have shown promising results and are
expected to see sustained interest for theranostic utilization
[10].

Nanogels are formed by cross-linked polymer networks
with high water retention capacity contained within a
nanoscale particle and have been employed for controlled
release [11]. Nanogels are a subset of “smart materials” for
stimuli-responsive drug delivery platforms [12]. Nanogels
have been demonstrated for a variety of imaging purposes
including MRI contrast agents, PET imaging, optical and
multimodal imaging [13]. Nanogels can be synthesized via
direct polymerization of monomers by heterogeneous free
radical polymerization, or by hydrophilic copolymers which
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carry reactive functional groups with suitable cross-linkers
[14, 15]. The degree of cross-linking was controlled using
surfactants, however, these must be completely removed
from the final product due to cytotoxicity concerns. As an
alternative to surfactants, the development of “click
chemistry” has proven successful through routes such as
azide-alkyne reactions, nucleophilic and radical thiol-ene
reactions for producing cross-linked nanogels [16].

Nanogels, thus, are extensively being explored for
biomedical applications including drug delivery, tissue
engineering, bioimaging, regenerative medicine, biosensors,
orthopaedics and wound healing which are formed on the
basis of the general characteristics of hydrogels [17, 18]. In
one study, Au/PAm hybrid nanogels were manufactured by
functionalization using methotrexate (MTX) which is an
active targeting ligand and medicinal drug. This system was
demonstrated to target cancer cells while minimizing
macrophage cytotoxicity [19].

Polymer nanogels have been recently reviewed for
theranostic applications [20]. One recent example is the use
of NIR-fluorescent nanogels [21]. Further developments of
fabricating polymeric nanogels using advanced methods
such as radiation-induced cross-linking have also been
reported [22]. Interpenetrating polymeric networks (IPNs)
are sensitive to a number of parameters such as pH and salt
and thus, have a similar structure with nanogels [23].
Researchers have, therefore, investigated the properties of
IPNs to form nanogels. Polymers used in these studies are
poly(vinyl pyrrolidone), poly (methacrylicacid), poly(acrylic
acid) and poly(ethylene oxide) [24-26]. The scope of this
review was to highlight some of the recent advancements in
using polymer nanogels for theranostic applications. Special
emphasis is given to the aspects of fluorescent nanogels
which have been relatively unexplored.

2. ROLE OF POLYMER NANOGELS IN THER-
ANOSTIC NANOMEDICINE

Polymer nanogels are extensively explored for theranos-
tic applications. This is due to some of their attractive prop-
erties such as higher biocompatibility, higher drug loading
potential and efficient incorporation of both diagnostics and
therapeutic agents in a single domain [27, 28]. More impor-
tantly, owing to their excellent water retention capabilities,
they can act as safe carriers for therapeutic applications. A
theranostic nanogel system is comprised of an imaging com-
ponent, a therapeutic agent and targeting ligand. The thera-
peutic agents are incorporated within the core of the nanogel
by physical entrapment or chemical conjugation methods
[29]. Usually, the diagnostic agents and targeting ligands
will be conjugated in the outer corona of a theranostic nano-
gel [30]. The therapeutic components which are loaded in-
side the nanogels are mainly drugs, genes, or photo-
sensitizers which, when judicially delivered with the help of
nanogels, exert their therapeutic response on cancer cells
without affecting the normal cells [31, 32]. In order to ac-
complish the imaging function, nanogels are loaded or con-
jugated with imaging agents such as quantum dots, organic
dyes, radiolabels and magnetic nanoparticles. Theranostic
nanogels mainly utilize imaging modalities such as fluores-
cence, radio, ultrasound and magnetic resonance imaging
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[33, 34]. The imaging agents are loaded along with the
therapeutic agents in the nanogel for simultaneous diagnosis
and treatment of diseases. One of the major challenges faced
by the theranostic nanogels is the premature leakage of the
imaging agent before reaching the target destination. This
leads towards nonspecific tissue distribution and thereby
generates potential toxicity [35]. Thus, theranostic nanogels
with innate imaging potential do not require external imag-
ing agents. In the present review, we categorize theranostic
nanogels into two broad classes. Nanogels with external im-
aging agents and nanogels with innate imaging potential.

2.1. Theranostic Nanogels with External Imaging Agents

Nanogels can be easily tethered with external imaging
agents such as quantum dots, organic dyes, radiolabels and
MRI contrast agents. This is mainly achieved through physi-
cal entrapment or chemical conjugation methods. Chemical
conjugation methods are highly preferred over physical en-
trapment for the imaging agents since they offer a more ro-
bust loading of the imaging agents with the nanogels. The
presence of functional groups such as amino groups and car-
boxylic acid groups on the surface of the nanogel facilitates
easy conjugation with external imaging agents.

Zhou et al. reported a polyglutamic acid-based theranos-
tic nanogel which combines photothermal therapy (PTT)
with photoacoustic imaging (PA) [36]. The nanogels were
crosslinked with cystamine dichloride and subsequently
loaded with polypyrrole. The developed nanogel, owing to
its excellent near IR absorption capability, demonstrated
both PTT and PA imaging capability. The theranostic poten-
tial of this construct tested in the mice model was found to
be of great significance . Park et al. reported a sunflower
type nanogel with good theranostic potential [37]. The de-
signed nanogel was composed of a triblock polymer Pluronic
F127 conjugated with a quantum dot (QD 655). The pre-
pared nanogel was utilized for gene transfection and imaging
of mesenchymal stem cells. The study has shown that the
prepared nanogel has the potential to image the mesenchy-
mal stem cells without causing any toxicity concerns. Na-
gahama et al. reported a theranostic nanogel based on cur-
cumin-dextran conjugate [38]. The lack of sufficient water
solubility is one of the major challenges associated with cur-
cumin, thus, compromising the therapeutic efficacy of cur-
cumin. The curcumin-dextran theranostic nanogel has suc-
cessfully addressed this issue by improving the water solu-
bility of curcumin; furthermore, this theranostic nanogel
demonstrated selective uptake in cancer cells in comparison
with the normal cells. In another work, Chiang et al. reported
superparamagnetic hollow hybrid nanogels with theranostic
potential [39]. Superparamagnetic iron oxide nanoparticles
were loaded inside a poly-(ethylene glycol) and poly(N-
isopropylacrylamide) backbones to prepare the theranostic
constructs. The prepared nanogel demonstrated magnetic
field controllable drug delivery with magnetic resonance
imaging capabilities. By using an external magnetic field, the
path of this nanogel can be controlled externally to ensure
the site-specific release of the therapeutic components loaded
inside the nanogels. Su et al. reported a system with iRGD
coupled fluorescent theranostic nanogel [40]. The designed
nanogel was composed of poly (N-isopropyl acrylamide-co-
acrylic acid) conjugated with gold nanoclusters. The iRGD



Polymeric Nanogels for Theranostic Applications

Current Nanoscience, 2020, Vol. 16, No. 00 3

Table 1. A summary of currently used theranostic nanogels with external imaging agents

Composition Imaging Agent Therapeutic Agent Application Ref No

Galactose FITC Iodoazomycinarabinofuranos Treatment of Hypoxic Hepato carcinoma [43]

Alginate Gadolinium Rhodamine Cancer Cell Imaging and therapy [44]

Chitosan CdSe Temozolomi Cancer Cell Imaging and therapy [45]

Dendritic Polyglycerol Indocyanine (ICG) Photodynamic therapy Cancer Cell Imaging and therapy [46]

Chitin CdTe QD Bovine serum Albumin Cancer Cell Imaging and therapy [47]

Polyethylene glycol Curcumin Curcumin Cancer Cell Imaging and therapy [48]

Polyvinyl Alcohol Bi,0; QD Temozolomi Cancer Cell Imaging and therapy [49]

sequence was further conjugated to the surface of the nano-
gel for endowing targeting capability. The prepared nanogel
demonstrated thermo and pH-responsive drug release charac-
teristics. The stable red fluorescence of the gold nanoclusters
present on the nanogel was used to track the particle loca-
tion. Xing et al. reported a theranostic redox-sensitive poly-
peptide nanogel [41]. Disulfide linkages present over the
surface of the nanogel confer it with redox-sensitive drug
release behavior. A near infrared dye was conjugated over
the surface of the nanogel to track the nanogel’s location
inside the cells in reducing environments. The in vitro cell
experiments showed that the drug molecules loaded inside
the nanogels migrated to the nucleus of the cancer cells,
whereas, the nanogel remained in the cytoplasm. Wu et al.
reported a core-shell hybrid theranostic nanogel [42]. The
prepared nanogel was composed of poly(ethylene glycol-co-
methacrylic acid) and Ni-Ag bimetallic nanoparticles as shell
and core, respectively. The nanogel was responsive to both
pH and magnetic field. It was found that the nanogel can
overcome the cellular barriers and get internalized inside the
mouse melanoma cells. Additional recently reported systems
are summarized in Table 1.

2.2. Theranostic Nanogels with Innate Imaging Potential

Recent interest in the area of theranostic nanogels is the
development of nanogels which do not require any external
imaging agents. There are no reviews of current progress in
this area. Even though the chemical conjugation of imaging
agents with the nanogel surface ensures safe loading of these
imaging labels on the nanogel, there are still many concerns
about the stability of these bonds in physiological conditions
(enzyme and varying pH). Usually, the imaging agents
chemically conjugated to the external functional groups pre-
sent on the nanogel corona get the maximum exposure to the
various enzymes and varying pH environments of the body.
This can cause the premature leakage of the imaging agents
before reaching the target destination and thereby affecting
the functional performance of the nanogel. This leads to the
quest for the development of polymeric nanogels with innate
imaging potential.

Yang et al. for the first time developed a biodegradable
fluorescent polymer (BPLP) based on diol, citric acid and
amino acids [50]. This BPLP polymer has shown excitation
wavelength-dependent  fluorescence characteristics. The

chemical reaction between citric acid and amino acid was
found to be responsible for imparting fluorescence. On a sub-
sequent study, they synthesized fluorescent nanogels and
showed their imaging potential [51]. Even though this BPLP
nanogel displayed innate imaging potential; it also displayed
blue fluorescence characteristics which can significantly inter-
fere with the autofluorescence of the body. It is well known
that fluorescence at the near IR region (700-1000 nm) has the
highest tissue penetration without any autofluorescence issues.
Hence, it is imperative to develop fluorescent nanogels with
innate near IR emissions, as they can be efficiently utilized
for theranostic applications. In this regard, Vijayan ef al. re-
ported a photoluminescent comacromer with excitation
wavelength-dependent fluorescence characteristics. This work
for the first time explored the excitation wavelength-
dependent fluorescence characteristics of PEG-based con-
densed polyesters [52]. It was found that the n-[T* interactions
between the carbonyl groups and oxygen atoms of PEG were
found to impart these interesting excitation dependent fluores-
cence characteristics. Nanogels were prepared to form the
comacromer after crosslinking it with vinyl monomers such as
acrylic acid and methacrylic acid. Monodisperse and stable
nanogels were prepared from the comacomer (Fig. 1). It was
found that the nanogel exhibited good fluorescence imaging
potential at the near IR region. The translational potential of
biomaterials depends on their functional performance and bio-
compatibility. In this regard, the observed phenomenon of
near IR fluorescence in FDA approved polymer like PEG can
open up new possibilities of synthesizing biocompatible fluo-
rescent biomaterials with versatile applications.

In a subsequent work, the authors designed a pH-
responsive fluorescent nanogel from the comacromer [53].

Doxorubicin was loaded inside the nanogels and it has dis-
played good near IR imaging at both in vitro and in vivo stud-
ies (Fig. 2). These theranostic nanogels also have shown the
potential to migrate towards the lymph nodes which has sug-
gested their promising future potential for applications in
sentimental lymph node mapping in cancer biopsy. The speci-
ficity of a nanocarrier can greatly reduce the side effects asso-
ciated with most of the anti-cancer drug formulations. In this
regard, the stimuli-responsive characteristics observed for this
type of fluorescent nanogels can be effectively utilized for
imaging the drug release profile in cancer cells which will
ensure the site-specific delivery of the cargo specifically to
cancer cells.
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Fig (1). TEM images of the photoluminescent nanogels (a), Near IR fluorescence of the photoluminescent nanogels (b), The fluorescent cel-
lular uptake images of the photoluminescent nanogels in cells (c) (Adapted from Vijayan et al. [Ref. 52] and reprinted with permission from

Elsevier Copyright 2015.
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Fig. (2). In vivo Fluorescent bioimaging capability of the nanogel injected in mice (a), Histopathological analysis of the different organs of
the nanogel injected mice (b) (Adapted from Vijayan et al. [ Ref 53] and reprinted with permission from Elsevier Copyright (2016).
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Fig (3). Live/dead assay of nanogel in Hela cells showing the therapeutical potential of the nanogel (a), Targeted imaging capability of the
sandostatin conjugated nanogels in Hela cells (b) (Adapted from Vijayan et al. [Ref 21] and reprinted with permission from Elsevier Copy-

right (2017).

In another work, the same group developed a targeted
near IR emitting nanogel for theranostic applications [21].
Sandostatin an octapeptide was conjugated over the surface
of this self-fluorescent nanogel to ensure site-specific deliv-
ery of the anticancer drug doxorubicin. Usually, radiolabel-
ing is the main strategy to label Sandostatin used for cancer
therapy; this work explored a near IR fluorescence labeling
strategy for Sandostatin. The nanogel has shown a sustain-
able release profile of the anticancer drug doxorubicin, sug-
gesting its good therapeutic potential. The targeting capabil-
ity of the nanogel was clearly visualized with Hela cells (Fig.
3). This reported fluorescence labeling of the Sandostatin
could potentially track the delivery of this formulation inside
the body which gives a noninvasive method of determining
the site-specific delivery of this widely used formulation.

CONCLUSION AND FUTURE DIRECTIONS

Nanogels have immensely contributed in the area of ther-
anostic nanomedicine by improving the therapeutic outcome
of the formulations used in diseases like cancer. They can
simultaneously detect and treat diseased areas without affect-
ing the normal healthy surrounding tissues. A number of
imaging agents employing different imaging modalities can
be conjugated over the surface of the nanogels for endowing
them with the desired theranostic function. Even though they
have good functional performance when used in combination
with therapeutic agents, still there are concerns regarding the
premature leakage of these imaging agents. Nanogels with
innate imaging potential have greatly addressed this issue by
avoiding external imaging agents. More specifically, fluo-
rescent nanogels have contributed to this area; they exhibited
good functional performance. They are endowed with innate
near IR fluorescence emission which does not allow inter-

ference from the auto-fluorescence from the body, thus, they
can efficiently image the diseased area.

There are many new developments taking place in this
area. One prominent example is the utilization of techniques
such as plasma treatment in the controlled deposition of
smart therapeutic nanogels onto the surfaces of polymers
[54]. The usage of plasma treatment can generate smart
nanogel embedded polymer surfaces with a number of bio-
medical applications. Even though there are many important
developments taking place, there is still a long way to go
from the lab to clinical transition of these theranostic nano-
gels.

LIST OF ABBREVIATIONS

PEG = Poly(ethylene glycol)

PLA = Poly(lactic acid)

MRI = Magnetic Resonance Imaging

PET = Positron emission tomography

NIR = Near Infrared

IPNs = Interpenetrating polymeric networks

Au/Pam = Gold/Polyacrylamide

PTT = Photo thermal Therapy
PA = Photoacoustic imaging
QD = Quantum Dot

FITC = Fluorescein Isothiocyanate
CdSe = Cadmium Selenide

FDA = Food and Drug Administration
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