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Introduction

Overwhelming results of CAR-T cells cancer immunotherapy
for the treatment of lymphoma have offered an excellent op-
portunity to explore the efficacy of CAR-T cell therapy in other
malignancies. However, less exciting results derived from CAR-T
cells treated solid tumors demand an urgent need to investi-
gate the possible hurdles in the path of this therapy. CAR-T cell
infiltration barriers and immunosuppressive tumor microenvi-
ronment efficiently influence the therapeutic outcomes. Nano-
technology-based approaches can be exploited to improve the
efficacy of CAR-T cells as nanotechnology has proved highly effi-
cient tools for cancer drug delivery. In this article, we have high-
lighted the specific areas of CAR-T cell therapy that needs atten-
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tion and discussed the importance and benefits of CAR-T and
nanotechnology combination approach. A better understanding
of nano-immunotherapy would further help in the successful
execution of CAR-T cell immunotherapy.

Cancer immunotherapy is one of the most exciting break-
throughs and promising advancement in the area of cancer re-
search in recent years. In simple words, immunotherapy uses
the body's own immune system or components of the immune
system to fight cancer [1,2]. The immunotherapeutic strategy
includes the use of vaccines, cytokines, T cell infusions and an-
tibodies that bind to and inhibit the function of receptors ex-
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pressed by tumor cells. Chimeric Antigen Receptors (CARs) T
cells are engineered immune cells that recognize an antigen on
targeted tumor cells with the help of CARs expressed on these
cells [3,4]. CAR-T cells are generated by manipulating T cells
from a patient to cancer targeting cells, growing them in bulk
in the laboratory and then administrating them back into the
patients. CAR-T cell immunotherapy has shown tremendous ac-
complishments in the treatment of liquid malignancy such as
lymphoma, however, in the case of solid tumors, the expected
success is still out of reach. Presence of tumor-infiltrating lym-
phocytes (TILs) indicates and predicts the antitumor immune
response to immunotherapy. The tumors lacking TILs generally
correlate with poor prognosis [5]. The efficacy of cancer im-
munotherapy largely depends on the activation and infiltration
of immune cells including T cells into the Tumor Microenviron-
ment (TME). However, transport barriers such as desmoplasia
and immunosuppressive TME limits the therapeutic potential of
T cells. Nanotechnology-based approaches which use nanoma-
terials, that accumulate at the tumor site due to the Enhanced
Permeability and Retention (EPR) effect attributed to the leaky
tumor vasculature. These approaches offer the opportunity to
manage the transport barriers and immunosuppressive TME ef-
fectively. The efficacy and effectiveness of a combination strat-
egy that involves immunotherapy and nanotechnology is being
extensively explored and tested in the recent time.

The DNA-carrying polymeric nanoparticles demonstrated
excellent efficacy in introducing CAR genes in T-cells and offer
additional transfection strategy parallel to the lentiviral system
[6]. In addition, DNA-carrying nanoparticles shown to favorably
programmed T cell in circulation by incorporating leukemia-tar-
geting CAR genes [6]. Cell surface-conjugated protein nanogels
(NGs) were developed recently which were designed and tuned
to release after T cell encounter and recognize the antigen.
Comparing to systemic administration of free cytokine, NGs
demonstrated a considerably higher expansion of T cells in the
tumor. These NGs has been expected to improve the efficacy of
CAR-T cell therapy [7]. Trafficking from blood and infiltration of
CAR-T cells in TME is crucial for the effective immunotherapy
that influences the therapeutic outcome of cancer. However,
TME which nurture the immunosuppressive environment poses
an additional challenge for the CAR-T cells to remain active. Ad-
enosine, a recognized immunosuppressive molecule binds to
CD4* and CD8* T cells A2a adenosine receptor (A2aR) and re-
duces their activities in TME. A2aR-specific small molecule an-
tagonist SCH-58261 (SCH) holds the capacity to block the sup-
pressive pathway in TME. CAR-T cells developed and tested in in
vitro and in vivo studies to deliver the SCH-loaded cross-linked,
multi lamellar liposomal vesicles within the TME to break the
immune suppression [8]. This strategy has been suggested to
improve the activity of CAR-T cells in the immunosuppressive
TME.

Nanoparticles are in use for the cancer diagnosis, imaging,
drug delivery and for the treatment of cancer. However, it has
been realized recently that the nanoparticles based approaches
can be utilized to improve the immunotherapeutic strategies.
The nanoparticles based transfection approaches seems lu-
crative to generate or modify the CAR-T cells with enhanced
activity for tumor clearance. Further, NPs can be handy tools
to break the T cells transportation barriers and enhance their
tumor clearing capacity in TME. Moreover, selective targeting
of immunosuppressive cells by NPs can provide the additional
boost to cancer-killing CAR-T cells which get exhausted in TME
even if they cross the transportation barriers. Advancement in
nanotechnology intervention, improved efficacy of CAR-T cell
immunotherapeutic approaches and their merger hopefully will
facilitate the translation of novel immunotherapies to manage
the deadly disease efficiently and improve the clinical outcome
for cancer patients.
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