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Cancer immunotherapy has shown remarkable progress in recent years. Nanocarriers, such as liposomes, have favorable
advantages with the potential to further improve cancer immunotherapy and even stronger immune responses by
improving cell type-specific delivery and enhancing drug efficacy. Liposomes can offer solutions to common problems
faced by several cancer immunotherapies, including the following: (1) Vaccination: Liposomes can improve the delivery of
antigens and other stimulatory molecules to antigen-presenting cells or T cells; (2) Tumor normalization: Liposomes can
deliver drugs selectively to the tumor microenvironment to overcome the immune-suppressive state; (3) Rewiring of tumor
signaling: Liposomes can be used for the delivery of specific drugs to specific cell types to correct or modulate pathways
to facilitate better anti-tumor immune responses; (4) Combinational therapy: Liposomes are ideal vehicles for the
simultaneous delivery of drugs to be combined with other therapies, including chemotherapy, radiotherapy, and
phototherapy.
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| 1. The Potential of Inmunotherapy for the Treatment of Cancer

Cancer immunotherapy has been widely explored because of its durable and robust effects &l. Tumors are more than just
insular masses consisting of proliferating cancer cells; they have a complex composition built by multiple cell types, which
participate in heterotypic interactions with each other [&. Sustained antitumor responses triggered by immunotherapeutic
treatments have been demonstrated via the active stimulation of specific targets such as immune cells, normalization of
the tumor microenvironment (TME), and other mechanisms.

1.1. The Generation and Regulation of Tumor Immunity

The generation of clinically effective antitumor responses normally requires the successful execution of several immune
processes (Figure 1). Firstly, numerous cancer antigens, either tumor-specific or tumor-associated antigens (TAAs), are
released during the process of tumor growth. These cancer antigens are phagocytosed, processed, and presented by
antigen-presenting cells (APCs) such as dendritic cells (DCs). Then, the cancer antigens can be presented into the major
histocompatibility complex (MHC) class Il molecules or cross-presented into the MHC class | molecules on DCs that
migrate to draining lymph nodes to initiate T cell activation . During this process, DCs mature and costimulatory
molecules (such as CD40, CD80, and CD86) are upregulated when specific cues are present, such as damage-
associated molecular pattern molecules or pathogen-associated molecular pattern molecules present in the TME or
provided by means of treatment. Upon maturation, DCs remodel their membranes to form dendrites to increase the
membrane surface area and enhance T cell interactions 2!, Accordingly, higher numbers of DCs present in the TME are
beneficial and can improve T cell activation =,
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Figure 1. Overview of a typical build-up of an immune response against cancer cells in solid tumors. (1) Cancer cells can
release tumor-associated antigens (TAAs) in the tumor microenvironment (TME). (2) Anti-tumor response is initiated with
the recognition of TAAs presented by antigen-presenting cells (APCs) such as dendritic cells (DCs). (3) The cognate T cell
receptor (TCR) binds to major histocompatibility complex (MHC) I/ll receptor containing the epitope peptide from TAAs.
The priming of T cells generally occurs in lymphoid tissue. (4) During priming, T cells are susceptible to immune
negative/positive factors that prevent/promote their full activation mediated by cytokines (e.g., transforming growth factor-
B (TGF-B) and interleukin 10 (IL-10)) and costimulatory receptors, such as cytotoxic T-lymphocyte-associated protein 4
(CTLA-4). (5) Once activated successfully, effector T cells proliferate, secrete inflammatory cytokines, acquire cytolytic
properties, and migrate to tumor sites. (6) Cytotoxic T cells can identify cancer cells and bind to cognate cancer antigens
presented on MHC | on cancer cells and initiate T cell-mediated killing (e.g., release granzymes). (7) T cell function can
also be stimulated or inhibited in the tumor. Negative costimulatory signals (e.g., programmed cell death protein 1 ligand
1, PD-L1) inhibit the function of T cells and induce anergy and the exhaustion of T cells.

Next, productive T cell responses are generated in lymphoid organs . During this process, tolerance can still be
promoted by regulatory T cells (Treg), and inhibitory receptors would oppose anti-tumor efficacy. As the potential site for
therapeutic intervention, stimulatory adjuvants can be used to skew the magnitude and type of T cell response. Agonistic
antibodies to secondary immune checkpoint molecules such as 4-1BB, OX40, and glucocorticoid-induced TNFR-related
protein could amplify anti-tumor immune responses.

Once activated, effector T cells must migrate to the tumor site and infiltrate the TME to perform their killing job. Here,
negative regulatory signals that dampen T cell activation or induce anergy and exhaustion must be avoided as much as
possible . Typically, cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and programmed cell death protein 1 (PD-1)
expressed on activated T cells are major suppressive costimulatory molecules, and therapeutic disruption with
antagonistic antibodies has shown strong therapeutic potential [Il19. |nside the abnormal TME, tumor populations, stromal
cells, and multitudes of innate and adaptive immune cells together build up a complicated network to help tumor escape
immune attacks through a variety of mechanisms U234 Hence, an interesting strategy is to augment the anti-tumor
immune response to overcome diverse immunosuppressive signals, which may be driven by both suppressive mediators
and regulatory cell populations 1318l |n this review, we have summarized the therapeutic strategies of
immunomodulation in recent years and discuss the different mechanisms used to intervene with tumor immunity through
the application of liposome technology.



1.2. Recent Development of Cancer Inmunotherapy

Immunotherapy refers to the approach to treat cancer through generating or regulating an immune response against it .
Recently, harnessing immunotherapy has been a fundamental strategy in cancer therapy. In last two decades, various
types of immunotherapies were developed to improve anti-tumor response through the modulation of stimulatory,
suppressive, or regulatory mechanisms. These strategies include vaccines, monoclonal antibodies, immunomodulatory
small molecules, as well as the exploration of the immunomodulatory functions of chemotherapy and radiation therapy 12!
(8] |n order to generate a successful and powerful immune response, cancer vaccine is normally given to enhance the
immune system. In accordance with the immune response steps against cancer, this approach focuses on (1) enhancing
antigen uptake, processing and presentation to T cells, and hence enhancing the activation and expansion of naive T
cells, e.g., antigen/adjuvant vaccines or cytokines that promote APC functions; and (2) intensifying the effector phase of
immune responses, such as infusing back ex vivo stimulated and expanded tumor infiltrate T cells to patients. It is noted
that this strategy shows great supply to the immune activation process in patients, but it might also push the immune
system to a supraphysiological level with an increased risk of immune-related adverse events 9. For antibody-targeted
therapy, various strategies including using antibodies to target cancer directly, altering the host response to cancer, and
delivering cytotoxic substances to cancer have been investigated. Oncologists now see monoclonal antibody (mAb)-
based cancer therapies as a vital component of state-of-the-art cancer care; one typical example is using mAbs to block
B7-H1 and PD-1 interactions 2%, There are arrays of molecular pathways that cause immune defects in the TME that can
be targeted to reset or reprogram anti-tumor immunity. Molecular entities and the mechanisms of these pathways could be
potential targets for cancer immunotherapy and provide an alternative for patients that cannot benefit from current
immunotherapy 24,

2. The Emergence of Liposomes as Drug Delivery Vehicles in Cancer
Immunotherapy

The increasing research on the applicability of nanotechnology in cancer therapy is based on its unique hallmarks from
the fields of drug delivery, diagnosis, and imaging 2. Nanocarriers that incorporate these features are very promising for
clinical applications, and a variety of them have been explored in (pre) clinical research stages. There are several different
types of nanocarriers including liposomes, polymer micelles, inorganic nanoparticles, drug conjugates, and virus-like
nanoparticles, which have been used for enhancing the drug delivery of chemotherapeutics, radiation therapy, gene
therapy, and immunotherapy. Along with the enormous progress achieved in the field of immun otherapy, nanotechnology-
based immunotherapy has gradually displayed potential to improve the limitation associated with therapeutic monoclonal
antibodies, tyrosine kinase inhibitors, and cancer vaccines 23241251 |t has distinctive features such as improving drug
efficacy, reducing toxicity, better physicochemical properties, the capacity to deliver macromolecular drugs, and the ability
to bypass tumor-driven resistance mechanisms [28Z7128] Ope such nanotechnology-based system for cancer
immunotherapy is liposomes. Liposomal formulations have been used in many clinical trials 22 for different purposes
(e.g., for cancer targeting and vaccination). One of these formulations is being used in the clinic for cancer treatment (i.e.,
Doxil®).

Liposomes are lipid-based nanoparticles with high potential to improve cancer immunotherapies, since they can
incorporate and/or associate a high variety of cancer drug molecules (e.g., peptides, proteins, antibodies, low-molecular
weight chemotherapeutics) B3l | jposomes are very versatile because they can be used for different kinds of
immunotherapeutic cancer treatments (e.g., vaccination and checkpoint blockade), as Figure 2 showed 2. They are
popular platforms for the controlled release of antigens, immunomodulators, and low-molecular-weight anti-cancer drugs
B3] The usage of liposomal-based drug delivery systems based in immunotherapy can be grouped into five different
categories (Figure 3): (1) Vaccination: harnessing liposomes for the coordinated delivery of antigens and other stimulatory
molecules to APCs or T cells, which employs the power of modern nanotechnology and yields improved outcomes as
compared to conventional tumor antigen vaccination; (2) Tumor normalization: overcoming tumor-driven
immunosuppressive signals (e.g., checkpoint blockade) in the TME by liposomes to improve selectivity and decrease
systemic toxicity, which provides preliminary evidence of efficacy; (3) Tumor modulation: correcting or modulating an
existing or known pathway during the development of the anti-tumor response; (4) Tumor targeting: targeting
overexpressed surface molecules on cancer cells (may also be self-antigens) via B cell/antibody route or cancer-specific
peptides presented on MHC-I on the cancer cells via Ag-specific T-cells, especially cytotoxic T-cells; and (5)
Combinational therapy: exploring the combinational strategies between immunotherapy and others (e.g., chemotherapy,
radiotherapy and phototherapy et al.), which provides opportunities for liposomes to co-load molecules with different
properties.



Liposomes, in particular polyethylene glycol (PEG)ylated liposomes, tend to passively accumulate in tumor tissue via the
enhanced permeability and retention (EPR) effect 2433381 conjugating a hydrophilic polymer to the surface of liposome
reduces opsonization and clearance by the reticuloendothelial system B2, The surfaces of liposomes are often modified
with antibodies or specific receptor ligands to increase the binding of the liposomes to the target cells, which is regarded
as a promising strategy for cancer treatment B8I334041] | jnosome-mediated immunotherapy can be potentially used to
mediate efficient delivery to target sites and provoke robust immune responses 4243144 Since the tumor immunity plays
such an important role in tumor development, progression, and metastasis, it offers opportunities for liposomes to improve
the efficiency of cancer treatment. The continued development of liposomes is one of the essential aspects of the pursuit
of safe and effective cancer immunotherapy.

In spite of improved biodistribution and tumor accumulation, there are also certain issues that need to be addressed to get
the maximum benefit from current liposomal platforms. As the complexity of liposomes increases, so do the expenses and
difficulties associated with their preparation and quality control. The physicochemical properties of liposomes, including
their size, charge, polarity, and any modifications, may also have a negative impact on the ability of the liposomes to
reach the tumor via the EPR effect (421481 For example, PEGylated liposomes bigger than 500 nm in diameter are rapidly
removed from the blood by optimization. Although liposomes have emerged as a promising approach to overcome the
limitations in current cancer treatment and have shown high efficiency in multiple animal models, they might not be
sufficient when employed in cancer patients. Unlike in many murine cancer models, a considerable barrier resulting from
imperfect or inefficient EPR effect contributes to limit the concentration, penetration, and distribution of liposomes in
human tumors ¥Z. Liposomes should be designed and characterized on the basis of their interactions with complex
transport barriers located in the TME 8], In addition, it is also crucial to improve strategies to achieve strong antitumor
effects while minimizing toxicity to normal cells. Herein, we assess the current status based on the current studies in the
literature that have focused on liposome-mediated immunotherapy and immunomodulation, and we summarize the
recently proposed strategies to overcome the limited immune responses and low efficacy-related issues in this field.
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Figure 2. General scheme of liposomes. Liposomes are spherical vesicles with a hydrophilic core formed by a
phospholipid and cholesterol bilayer. They can also be modified with polyethylene glycol (PEG) coating for long circulation
and various molecules (peptides, antibodies, et al.) for targeting.
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Figure 3. Liposome-based treatment used in immunotherapy.
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