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Introduction

Recent advancements in technology has enhanced the
targeting ability of drug and molecular delivery systems,
opening new doors to improve the current treatments for
cancer. Cancer is one of the most deadly and complex dis-
eases with over 18 million new cases reported worldwide
in 2018 [2]. In response to pathogens or cancerous cells,
the body activates its immunological defense mechanisms
to prevent tumour development. However, tumours can es-
cape this immunosurveillance and establish an immunosup-
pressive environment that downregulates the body’s natu-
ral defensive response while promoting uncontrolled cancer
cell proliferation and tumour growth [3]. Immunotherapy

focuses on restoring and enhancing the protective func-
tions of the immune system by stimulating specific im-
mune cells or inhibiting suppressive signals from the tumour
cells. This increasingly popular form of therapy include
traditional approaches such as tumour vaccines and adop-
tive transfer, and in the last decade, growing focus have
been on antigen presentation through antigen-presenting
cells [4]. More recently, some of the safety and efficacy
concerns of immunotherapy have been addressed with the
application of nanotechnology, which involves the use of
small, nano-sized (1-100nm) engineered molecules, termed
nanoparticles (NPs), to deliver new or existing therapeutics
in a non-toxic and targeted manner [5]. Common forms of
nanoparticles include liposomes, polymers, polymeric mi-

Figure 1: Comparison between DC-mediated immunotherapeutic strategy of ex vivo vaccination in contrast to initial
loading of antigen to nanoparticles, such as liposomes, which is subsequently administered in vivo. While both methods
lead to enhanced antigen presentation and stimulation of the T-cell immune response in the body, the use of NPs pose
pharmacokinetic advantages and greater DC-targeting efficiency, resulting in increased T-cell proliferation [1].
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celles, and inorganic NPs, each with their own set of unique
physical and chemical characteristics [5]. Due to the mod-
ifiable properties, improved solubility, and bioavailability
of nanoparticles (NPs), nanomedicine can significantly im-
prove the success of immunotherapy by intervening in crit-
ical points of the anti-tumour response, such as the antigen
recognition and presentation process, as well as checkpoint
pathways [5].

The Role of Nanoparticles in DC-
mediated Immunotherapy

For initial recognition of the pathogen or cancerous cells
in the body, antigen-presenting cells (APCs) such as den-
dritic cells (DCs) are responsible for phagocytosing the
tumour-associated antigen (TAA) and subsequently pre-
senting it to the T-cells to induce the adaptive immune
response [6]. One current immunotherapeutic strategy in-
volves vaccinating the patient through stimulating the mat-
uration of the DCs ex vivo with TAA antigens, then trans-
ferring the DCs back into the body to increase antigen-
specific responses (Figure 1) [1]. However, this method has
little evidence of clinical therapeutic effectiveness, unknown
longitudinal effects, as well as several cost-associated and
technical barriers [1].

NPs provide several advantages as a DC-targeting tool
in vivo. NPs can act as carriers that protect the antigens
from degradation and prolong the delivery to the DCs. The
surfaces can also bind to ligands or have modified physic-
ochemical structures to target receptors found on the DCs
[1]. For example, a study published in 2017 found that in-
travenously administered liposomes carrying TAA-coding
RNA was able to efficiently target DCs by adjusting the
net charge of the liposome (Figure 1) [1]. Similarly, sur-
face modification can also dictate the antigen uptake, with
studies indicating that smaller, hydrophobic, and cationic
NPs are correlated with greater internalization and inter-
action with the DCs [6]. Despite these enhancing functions

of the NPs, studies have found impaired antigen-processing
ability with NPs like graphene oxide. Other studies have
shown varying results of suppression or activation of T-cell
differentiation into Th17 cells with different NPs [6]. These
findings suggest that the NP’s role in DC-mediated immune
responses depend on various factors, and require further
investigation to understand the full therapeutic potential.
Nevertheless, the ability for NPs to improve the detection
of pathogens is a promising area of research as it is a critical
component to activating the anti-tumour immune response.

The Role of Nanoparticles in Immuno-
logical Checkpoint Inhibition

Another approach to immunotherapy involves the use of
monoclonal antibodies (mAbs) to target immune check-
points, such as receptors found on immune cells. Such
mechanism could block immunosuppression from Treg, im-
prove the anti-tumour immune response, and prevent can-
cer progression [7]. Examples of widely used mAbs include
anti-CTLA-4 and anti-PD-1, also known as Ipilimumab and
Nivolumab, respectively [7]. However, there have been sev-
eral limitations recognized with the use of mAbs alone, such
as inadequate pharmacokinetics, limited access to cancer-
ous cells due to the tumour microenvironment, and the need
for frequent dosages [6, 7]. The application of nanotechnol-
ogy can overcome these limitations by improving the sta-
bility of the antibody in vivo, protection from degradation,
localising the delivery to the tumour site and reducing the
toxic side effects [8, 9]. A study published in 2011 showed
that administering a PD-1 mAb encapsulated in polymer
NPs to mice with melanoma resulted in a sustained release
of the mAb and a prolonged anti-tumour response, in com-
parison to PD-1 mAb alone [10]. Other NPs, such as li-
posomes, micelles, and metal and non-metal nanomaterials
conjugated to different mAbs were also found to overcome
several physiological responses, such as avoiding degrada-
tion, crossing the blood-brain barrier, and increasing solu-

Table 1: Comparison of immunotherapeutic interventions delivered by nanoparticles

Immunotherapeutic
Intervention

Description
Limitations overcome

by NPs
Example

Subunit vaccination,
(Kapadia et al., 2015.
Journal of Controlled Release)

Stimulating the immune
system by presenting
antigens to the APCs

NPs can target and deliver
cell-membrane-impermeable
antigens or multiple antigens
to the APCs

Lipid-calcium-phosphate NPs

Targeting immunosuppressive
cells inthe tumour
microenvironment,
(Kapadia et al., 2015.
Journal of Controlled Release;
Torres and Alonso, 2015.
Journal Drug Target)

NPs can target receptors
on immunosuppressive
cells

Target immunosuppressive cells
that hinder anti-tumor immunity
through inhibiting
immunosuppressive signalling,
re-education, impaired generation
and/or death

Lipid-encapsulated clodronate
delivered to tumour-associated
macrophages to induce apoptosis

Gene delivery,
(Qui et al., 2017. WIREs:
Nanomedicine and
Nanobiotechnology)

Entering T-cells via
NP delivery system
to modify transcription

Increased uptake into T-cells to
cause enhanced cell proliferation

Lipid-assisted PEG-PLGA-based
NPs delivering CTLA-4

Cytokine delivery,
(Kapadia et al., 2015.
Journal of Controlled
Release; Qiu et al., 2017.
WIREs: Nanomedicine and
Nanobiotechnology)

Delivery of cytokines
(IL-2,TNF-α, IFN-γ)
assisted by lipid and
polymer-based NPs to
specific cell types
and tissues

Prevent rapid excretion & enzymatic
degradation of cytokines

Liposomal delivery of TNF-α
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bility in the blood [10]. These advantages of NPs can allow
for a more effective immune checkpoint function and thus
an improved immunotherapeutic response.

Limitations
Despite the significant advantages of nanomedicine in

cancer immunotherapy, specifically in DC-mediated ther-
apy and checkpoint inhibitors, there are several limitations
and challenges to address. Since this is a newly emerg-
ing field, a lot of the research is still undergoing clini-
cal trials and many studies are done on simplified ani-
mal tumour models. Thus, the research cannot be clini-
cally translated in the human body, which has a far more
complex pathological environment [7]. Additionally, DC-
mediated immunotherapies are limited due to costly and
time-consuming procedures involved with harvesting DCs
for vaccination [1]. Although the use of mAbs as check-
point inhibitors is advantageous because of their targeting
abilities, each combination must be thoroughly and indi-
vidually characterized for its unique physical and chemical
properties to assess potential toxic effects [10]. Regard-
less of these challenges, the incorporation of nanomedicine
into immunotherapy provides a wide range of possibilities
for treatment through other mechanisms as well, such as
targeting the cells found in the tumour microenvironment,
NP-assisted gene delivery, and NP-assisted cytokine deliv-
ery (Table 1) [1].

Conclusion
Nanotechnology has the potential to shift the stan-

dards of cancer treatment through the application of
nanomedicine in immunotherapy. Whether through the
recognition of the antigen or inhibition of checkpoint path-
ways, NPs can specifically target different stages of the im-
mune response to provide a more effective and personalized
treatment. With further research into the pharmacokinetic
profiles of NPs, safety and toxicity assessment, and more
human in vivo studies, these small molecules will be able
to unlock its full potential in different types of treatment to
make a significant impact on the future of cancer therapy.
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