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ARTICLE INFO ABSTRACT

Article history: Immunotherapy, along with chemotherapy, targeted delivery, radiation and surgery has become one of
Received 28 November 2022 the most common cancer treatments. The aim of cancer immunology is to use the bodys immune system
Accepted 17 December 2022 to combat tumors and develop a robust antitumor immune response. In the last few years, immune

Available online 24 December 2022 checkpoint inhibitors and chimeric antigen receptor-modified T cells have made substantial advance-

ments in cancer immunotherapy. By boosting cell type-specific delivery and immunological responses,
Keywords: nanocarriers like liposomes have the ability to enhance greater immune responses. The efficacy of

]I:Ilgx?;sg;ie;es anti-tumor therapeutics is being significantly improved as liposomes can assist in resolving a number
immunotherapy of issues that can arise from a variety of cancer immunotherapies. Since, liposomes can be loaded with
Cancer both hydrophilic and hydrophobic drugs and protect the immunotherapeutic agents loaded inside the

Combinational therapy core, they offer significant advantages over other nano delivery systems. The use of liposomes for accu-
rate and timely delivery of immunotherapies to particular targeted neoplasms, with little or no injury to
healthy cells, maximizes immunotherapy efficacy. Liposomes are also suitable vehicles for delivering
medications simultaneously with other therapies such as chemotherapy, radiation, and phototherapy.
Liposomal nanoparticles will be introduced and used as an objective immunotherapy delivery system
for great precision, making them a viable cancer treatment approach.With an emphasis on dendritic cells,
T cells, tumor and natural killer cells, and macrophages; outline of many forms of immune-therapies in
oncology and cutting-edge advances in liposomal nanovesicles for cancer immunotherapy are covered in
this review.
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1. Introduction

Cancer is defined as the uncontrolled growth of cells in a speci-
fic area of the body. The prevalence of newly diagnosed cancers is
steadily increasing year after year, and there are over 100 different
types of cancer that affect the human body (Rahamathulla et al.,
2021a, 2021b, Banchereau and Steinman. 1998). Often,
immunotherapy is considered a fairly recent medical break-
through, having only been developed a few decades ago. In truth,
immunotherapy can be traced back to China’s Qin dynasty, which
reigned from 3rd century BCE (Yu, 2020, Farkona et al., 2016, Yin,
2020). The hypothesis of cancer immune the idea that the body’s
immune system has the potential to eradicate cancerous cells dur-
ing the early phases of transformation (Farkona et al., 2016,
Sharma et al., 2011). The therapeutic effectiveness of traditional
treatments for cancer can be aided by the adaptive and innate
immune systems. Evidence from pre-clinical trials suggests that
immunotherapies are critical to cancer therapy’s long-term suc-
cess, establishing immunotherapy as the fourth pillar of treatment
for cancer (Yu, H.J and De Geest, 2020, Javed et al., 2021). Gener-
ally, clinically effective antitumor responses require the efficient
execution of numerous immunological mechanisms (Khan et al,,
2022). An illustration An illustration of a typical immune response
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against cancerous cells in tumors is shown in Fig. 1. (1) Antigens of
cancer, either tumor-associated (TAA) or tumor-specific antigens,
are produced during tumor growth (2) Dendritic cells are
antigen-presenting cells that phagocytose, process, and present
cancer antigens (3) The major histocompatibility complex class I
and class Il (MHC I/I)receptor, which includes the epitope peptide
from tumor-associated antigens, interacts with the corresponding
T cell receptor. The majority of the time, T cells are primed in lym-
phoid tissue. (4) Immunological positive/negative factors that pre-
vent/promote complete activation of T cells via cytokines e.g.,
transforming growth factor (TGF) and costimulatory receptors.
Costimulatory receptors are vulnerable to T cells during priming
(5) After being successfully stimulated, effector T cells expand,
release inflammatory cytokines, gain cytolytic capabilities, and
migrate to tumor sites. (6) Cytotoxic T cells recognize tumor cells
and attach to the corresponding antigens of cancer on the major
histocompatibility complex I surface of cancer cells, causing death
mediated by T-cells. (7) T cell function can potentially be increased
or suppressed in the tumor. Negative costimulatory signals e.g.,
programmed cell death ligand 1 (PD-L1) suppress T cells, resulting
in anergy and fatigue (Dobosz and Dzieciatkowski, 2019).

The cancer-immunity cycle, which is the cyclical evolution of a
succession of incremental processes, is required for cancer

Fig. 1. An illustration of a typical immune response against cancerous cells in tumors (Graphpad prism software).
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Fig. 2. Cancer immunity cycle - the goal of cancer immunotherapy is to either start or restart the self-sustaining cancer immunity (Graphpad prism software).

Table 1
The major immunotherapy spectrum.

Approach Action Mechanism Reference

1. To stimulate effector immune values

Vaccines Stimulates the immune system of  (Farkona et al., 2016)
the host
Cytokines Either directly exerting (Disis, 2014)
an antitumor effect or indirect
improving the antitumor immune
response
Adoptive By inducing a set of high avidity (Farkona et al., 2016,
cellular effector T cells and overcoming Mellman, 2011,
therapy tumor antigen tolerance Disis, 2014)
Oncolytic virus  To treat cancer, existing biological ((Dobosz and
therapy agents are being used. Despite the Dzieciatkowski,

lack of initial virulence, genetically

2019, Disis, 2014).

engineered viruses can infiltrate
and lyse cancer cells.
2. To inhibit the immunosuppression mechanism
Immune checkpoint blockade

Monoclonal Reactivates pre-existing antitumor (Farkona et al., 2016)
antibodies T cell responses, which might be
against useful in cancer therapy and
CTLA-4 might initiate new

Antibodies New Sufficient clinical reactions (Farkona et al., 2016)
against PD1 are triggered, which are frequently
and PD-L1 long-lasting

CTLA-4 = Cytotoxic T-lymphocyte-associated antigen 4.
PD-L1 = Programmed cell death ligand 1.

immunity. Tumor-derived antigens produced by necrotic or apop-
totic tumor cells are released. Dendritic cells (DCs) collect these
antigens and deliver them extracellularly on molecules of the
MHCI and MHCII. Activated dendritic cells stimulate and activate
immature T cells to effector T cells in lymph nodes. TCR and
MHC interactions allow effector T cells to travel to tumor sites
and detect tumor cells selectively. When effector T cells recognize
their target cancer cells, they initiate apoptosis. The cancer-
immunity cycle is frequently disrupted, resulting in a reduced
anti-tumor immune response and, in some cases, immunological
escape. Cancer immunity cycle - the goal of cancer immunotherapy
is to either start or restart the self-sustaining cancer immunity as
shown in Fig. 2. (Chen and Mellman, 2013, Song et al., 2017,
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Motz et al., 2013). The various strategies incorporated in cancer
immunotherapy are shown in Table.1. As a result of the growing
number of therapeutic delivery mechanisms, the number of
immunotherapy strategies being explored has increased.
Immunomodulatory medications such as recombinant cytokines
(Interleukin-2 (IL-2), TGF-, Interferons), monoclonal antibodies,
and small molecule adjuvants (e.g., CpG, Pam3CSK4, monophos-
phoryl lipid A). have progressed in terms of molecular understand-
ing and availability. Antibodies against programmed cell death
protein 1 (PD1), IL-10, and cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4) have contributed to the development of
immunotherapy techniques (Smyth et al., 2015, Stewart and
Keselowsky, 2017). In recent years, chimeric antigen receptor T
cells (CAR-T) and immune checkpoint inhibitors have made sub-
stantial advances in cancer immunotherapy (since checkpoint inhi-
bitors can activate immune cells back to life) (Xia et al., 2019,
Wang et al., 2018, Yaddanapudi et al., 2013).

2. Nanovesicles in cancer immunotherapy

According to Maeda and Matsumura’s pivotal research, they
found out that nanoparticles accumulate passively in solid tumors
and this paved the way for a new approach to treating these can-
cers a few decades ago (Kantoff et al., 2010, Chambers, et al,
2014, Allegra et al., 2021). The tumor’s immunosuppressive envi-
ronment, poor T-cell response, and low immunogenicity, pose sig-
nificant challenges to current cancer immunotherapy (Velcheti and
schalper 2016). Advanced nano biomaterials, such as liposomes,
polymer micelles, inorganic nanovesicles, drug conjugates,
nanoparticles like virus and silica, are critical in promoting antitu-
mor immune responses while minimizing toxic side effects
(Alanazi et al., 2014, Alanazi et al., 2020a, 2020b). Nanoparticular
delivery of immunotherapeutic agents can also beat biologicals in
terms of complexity, manufacturing cost, shelf life, tissue penetra-
tion, and stability. However, on the other hand, nanoparticular
delivery has a high risk of systemic distribution, which can lead
to serious off-target consequences and unwanted side effects. Nan-
otechnology aids in the formulation of these therapeutic mole-
cules, making them more successful in their delivery to certain
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Fig. 3. This figure depicts structural considerations for liposomes (Graphpad prism software).
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Fig. 4. Different drug delivery systems based on liposomes.

immune cell subsets. (Yu, H.] and De Geest, 2020, Yu, 2020, Gu
et al., 2020). Certain limitations are inevitably present as both
hydrophilic and hydrophobic drugs/immunotherapeutic agents
can be delivered. Only particular hydrophobic drugs/immunother-
apeutic agents can be encapsulated in micelle monolayer struc-
tures. As a result of this, additional drugs/immunotherapeutic
agents must be enclosed by a covalent link, limiting drug release
significantly. Inorganic compounds that are used to induce cova-
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lent bonds can cause substantial tissue damage since they cannot
be metabolized. Liposomes are utilized in this situation as a substi-
tute in both circumstances. Since, they have a hydrophilic inner
structure, they can deliver both hydrophilic and hydrophobic
drugs/immunotherapeutic agents at the same time, considerably
boosting drug loading efficiency. Liposomes are composed of lipids

that act within the cell membrane’s framework, making them less
harmful to organs and more biocompatible than inorganic
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Fig. 5. An immunotherapy treatment based on liposomes (Graphpad prism software).
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Fig. 6. Liposomal nanoparticles are utilized in cancer immunotherapy to target immune-related cells.

nanoparticles (Gao et al., 2019, Rahamathulla et al., 2020). In this
review, we emphasize on recent breakthroughs in liposome-
based delivery systems in immune-oncology. The structural con-
siderations for liposomes as shown in Fig. 3. (Begum et al., 2022).

3. Liposomes and their emergence as drug delivery vehicles in
cancer immunotherapy

Because of their capacity to shield antibodies from degradation,
high biocompatibility, and effective distribution, liposomes
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became the first therapeutic nanoparticle class to earn clinical
approval for the treatment of cancer and have attracted research-
ers’ interest. Liposomes have been found to be efficient drug carri-
ers when it comes to delivering drugs to target cells (Shoaib et al.,
2022). Liposomes are lipid-based nanovesicles that can include a
wide range of cancer drugs, making cancer immunotherapies more
effective. Polypeptide, nucleic acid, and antibody drugs are the
most common types of immune agents. As a result, liposomes
are anticipated to be effective carriers for cancer immunotherapy
that activate either humoral or cellular immune responses in an
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immunotherapy treatment based on liposomes, as shown in Fig. 5.
(Blume et al., 1993, Gao et al., 2019). Liposomes are particularly
versatile, as they may be employed for a wide range of
immunotherapeutic cancer treatments, such as checkpoint block-
ade and vaccination (Allen and Cullies 2013, Alanazi et al., 2022).
Different delivery systems of drugs based on liposomes are illus-
trated in Fig. 4.

The liposomal formulation of vemurafenib was developed to
deliver across the skin for treating subcutaneous melanoma by
Weiping Ding et al. Vemurafenib was encapsulated in modified
liposomes containing the peptide TD. In-vitro experiments con-
cluded that vemurafenib has selective inhibition to A375 mela-
noma cells. Vemurafenib-TD liposomal administration through
the skin was more effective than oral or intravenous administra-
tion because there was no damage to the liver, kidney, or lung.
Additionally, the peptide TD alteration on the liposomes increased
vemurafenib transdermal delivery considerably (Zou et al., 2018).
The various immune related cells that liposomes target in
immune-oncology to activate cellular or humoral immune
response are represented in Fig. 6.

4. Different delivery systems based on liposomes used in cancer
immune-oncology

4.1. Various stimulatory molecules delivered through liposomes to
induce immune responses

In cancer immunotherapy, attempts to activate or boost
immune responses by altering regulatory pathways have been
researched extensively for decades. These are some of the most
effective cancer immunotherapy techniques available. Researchers
recently investigated whether liposomes containing immune stim-
ulatory compounds could boost the efficacy of cancer treatment
(Guetal., 2020, Allegra et al., 2021, Zou et al., 2018). Stealth (PEGy-
lated) immunoliposomes with anti- CD137 and IL-12 attached sur-
faces demonstrated equivalent immunostimulatory effects to
“free” medicines in a mouse melanoma model, with almost mini-
mal systemic harm (Gu et al., 2020, Zhang et al., 2018a, 2018b).
Vaccination is a sort of immunotherapy in which an antigen is cou-
pled with an adjuvant and administered to the body to activate
therapeutic T cells. Dendritic cells (DCs) are sometimes referred
to as “nature’s adjuvants” because of their capacities, and they
have evolved into natural antigen delivery agents. DCs are clearly
at the heart of the immune system, as they control both immuno-
logical tolerance and immunity, according to four decades of stud-
ies (Palucka and Banchereau 2012). APCs such as DCs function as a
connection between cellular and humoral immune responses.
Antigens are collected by DCs, which digest them before exposing
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them to T cells (Palucka and Banchereau 2012). For adequate anti-
tumour immune responses, effective dendritic cell activation and
maturation are necessary, as shown in Fig. 7. Imnmunopotentiators
(which stimulate immunological responses) and delivery systems
are the most important components for achieving optimal efficacy.
Liposomes can shield drugs from degradation while simultane-
ously delivering antigens and immunological adjuvants to trigger
powerful immune responses (Sahdev et al., 2014, Riley et al,
2019). Guan and colleagues generated immunostimulatory spher-
ical nucleic acids that specifically target TLRs 7/8. The antigen-
loaded centre of the liposomes ensured more antigen-specific T-
cell priming. TLR7/8 and TLR3 are effective in promoting DC matu-
ration (Guan et al., 2018). Liposomes can trigger a strong immune
response apart from acting as carriers. The use of archaeal lipids, or
archaeosomes, as an example, has been proposed as a method for
stimulating DCs and activating the immune system adjuvantly
(Gao et al., 2019, Krishnan et al., 2001).

4.2. Liposomes in immune gene therapy

Nucleic acids are spontaneously immunogenic and they do not
require the addition of an adjuvant. Liposome’s ability to concen-
trate in reticuloendothelial organs like the spleen and liver, which
are rich in antigen-presenting cells, can be used to efficiently dis-
tribute antigen-coding RNA. When foreign RNA enters cells, patho-
gen recognition receptors recognise it, triggering the production of
type I interferon and resulting in powerful immune responses (Gu
et al., 2020, Barral et al., 2009). In Si RNA-based cancer therapy,
cancer immunotherapy, gene therapy and other techniques, bioac-
tive chemicals such as nucleic acids and proteins are used. The vast
majority of these compounds are not able to cross biological mem-
branes. As a result, proper carriers are needed to transport them
into intracellular regions and to achieve their bioactivity efficiently
once they are there. Liposomal membrane structure is useful for
generating bio-related functions such as membrane destabilising
and/or membrane fusing abilities, which are essential for moving
membrane-impermeable substances across biological membranes,
among other things. pH-sensitive polymer-lipid-incorporated lipo-
somes produced by Kenji Kono et al. successfully conveyed their
contents into the cytoplasm of DCs, most likely via destabilising
and merging with endosomal and lysosomal membranes. These
liposomes can also be utilised to transport antigens and promote
antigen-specific = immunity. Indeed, these polymer-lipid-
incorporated liposomes’ remarkable performance suggests that
they could be employed to carry bioactive chemicals such as siRNA
into the cytoplasm of target cells (Yuba et al., 2013, Cheng et al.,
2003, Itaka et al., 2011). Colorectal cancer is being treated with
immunogene therapy, which is a unique method. Because of its

> ’ Tw1 Effector Cell
‘ Tw2 Effector Cell
E— Treg Cells
Naive T-cells
> ‘ Treg Cells ’

Fig. 7. Maturation of the DC: Dendritic cell (DC) maturation is a straightforward notion that is complicated by the fact that not all mature or active. DCs are immunogenic in

the same way (Graphpad prism software).
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Table.2
Examples of approved immune checkpoint inhibitors in cancer immune oncology.
Target Ligand/ Inducer Mechanism of invasion Therapeutics-year of Cancer Ref
receptor approval
CTLA-4 CD80/ T-cells PKC-M recruits SHP-2 by interacting with the  Ipilimumab [Yervoy].- Melanoma Cheng et al., 2019,
CD86 activation cytoplasmic tail; ectodomain competition with March 2011 Velcheti et al.,
signal the counter receptor 2019, Sanaei
et al., 2021.
Vaddepally et al.,
2020)
PD-1 PD-L1, T-cell The recruitment of SH2-domain protein Pembrolizumab Bladder cancer Cheng et al., 2019,
PD-L2 receptor/ [B-  tyrosine phosphatases to the ITSM cytoplasmic [keytruda].-September Velcheti et al.,
cell receptor  region of PD-1 suppresses the T-cell receptor’s 2014 2019, Sanaei
signalling downstream signalling. Nivolumab [Opdivo].- kidney cancer et al., 2021.
March 2015 Vaddepally et al.,
Cemiplimab [Libtayo].- Head and neck 2020)
September 2018 cancer
Classical Hodgkin
lymphoma
PD-L1, PD-L2 PD-1 FN-vy, The recruitment of SH2-domain-containing Atezolizumab Bladder cancer Cheng et al., 2019,
cytokines, protein tyrosine phosphatases to the ITSM [Tecentriq].-May 2016 Velcheti et al.,
chemokine, cytoplasmic region of PD-1 inhibits Avelumab [Bavencio].- Merkel cell 2019, Sanaei
STAT3 downstream signalling. November 2015 carcinoma et al,, 2021.
signaling Durvalumab [Imfinzi].- Vaddepally et al.,
February 2016 2020)

immune-stimulatory properties, the cytokine IL-15 has shown
therapeutic anti-tumour promise. On the other hand, traditional
cancer gene therapy research based on IL-15 has relied on plasmid
DNA, which has drawbacks like poor transport efficiency and a
backbone effect. In vitro transcript mRNA was employed by Sibei
Lei, Xueyan Zhang, Ke Men, and colleagues to demonstrate an IL-
15 immunogene therapy research for cancer in the colon. For
in vivo mRNA transportation, a protamine/liposome system (CLPP)
is being developed to enable effective delivery and condensation
capacity (Lei et al., 2020). Liposomes improve immunological
response to vaccination antigens by acting as an adjuvant and car-
rier of co-adjuvants viral glycolipids and glycoprotein (Daraee
et al., 2014). Interleukin-12 (IL-12) gene therapy is predicted to
be helpful against cancer because it primes the immune system
to recognise cancer cells. In this therapy, inducing IL-12 gene
expression in tumour tissue is crucial. Although sonoporation is a
promising technology for producing non-invasive and non-viral
gene delivery systems, the low efficacy of gene transport makes
it ineffective for cancer gene therapy. Ultrasound and innovative
ultrasound-sensitive liposomes were used to solve this problem
(Suzuki et al, 2010). When siRNA-containing liposomes were
administered to the skin alongside a vaccination, they were dry-
coated onto microprojection arrays and maintained their particle
integrity after dissolving. When employed in conjunction with
the microprojection array, these liposomes diffused quickly after
distribution and provided an optimal method for in vivo siRNA
delivery to skin. The effectiveness of this method to influence
immune responses when exposed to an antigen requires further
investigation. The results of this work have wide significance for
the delivery of siRNA to cause gene silencing in skin to treat ill-
nesses or during exposure to immunogens, as well as specific ram-
ifications for the siRNA-mediated gene silencing of CXCL1 in skin
(Haigh et al., 2014). The approved immune checkpoint inhibitors
in the cancer immune oncology example were tabulated in Table 2.

4.3. Liposome- delivery of immunostimulatory molecules to T cells

In cell-mediated adaptive immunity, T cells play an important
role. Since the 1980 s, when researcher’s uncovered molecular evi-
dence of T cell receptors (TCRs). TCR antigen recognition has been
studied extensively, and the molecular mechanisms and regula-
tions that govern this process have been established, setting the
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groundwork for cancer immunotherapy (Li et al., 2019). Helper T
cells, are T cells that express the glycoprotein CD4 on their external
surface. Helper T cells play an important role in immunologic pro-
cesses such as cytotoxic T cell activation (Gao et al,, 2019). T cell
adoptive transfer was first studied in therapies of localized and dis-
seminated lymphoma, and tumors in a syngeneic mouse model
regressed after T cell infusion (Yuba et al., 2013); ever since, there
has been research that has looked into therapeutic interventions of
T cells and other immune cells to battle cancer and other diseases
(Vaddepally et al., 2020). Tisa-genlecleucel and axicabtagene cilo-
leucel were recently approved by the FDA for the therapy of B-
cell leukaemia and lymphomas, respectively (Franquiz and short
2020, Pasternak, 2020). Both medications are CAR-T cell therapies
as a basic need for therapeutic success, CAR-T cells must be deliv-
ered to tumour lesion. Once they’'ve assembled in the location, they
must quickly enter the tumour. One rationale for CAR-T cells’ mod-
est clinical success is that they must overcome hostile immuno-
suppressive components after migrating into the solid tumour
lesion in order to induce targeted cytotoxicity. T-cell treatments
are also being developed in significant quantities. Despite these
significant advancements, many obstacles remain in the way of
wider adoption of adoptively transferred T cells for cancer, which
include insufficient T-cell expansion, inefficient T-cell trafficking
into solid tumours, reduced activity of T cell due to an aggressive
tumour immune microenvironment (TME), and failure of target
antigen expression are all possible outcomes. since nanomaterials
could be thoughtfully developed to boost T-cell proliferation, pen-
etrate difficult physical barriers, and alter TMEs, they have the
potential to revolutionise cancer treatment, they are uniquely sui-
ted to solve these issues. Although ACT has the potential to be an
efficient cancer treatment, T cells produced by ex vivo may strug-
gle to survive after infusion

In order to overcome these constraints, nanovesicles are being
developed to boost T-cell development in vivo through T-cell speci-
fic delivery, nanomaterial-based vaccines, and backpacking nano-
materials, as shown in Fig. 8 (Li et al.,, 2019, Gong et al., 2021,
Zhang et al., 2016). When anti-CD 90 antibodies were added to a
liposome to target T cells and distribute the TGF inhibitor chemical
SB525334, tumor growth was drastically decreased in a melanoma
of mouse model when compared to untargeted liposomes (Zheng
et al., 2017). Researchers discovered that liposomes given IV suc-
cessfully delivered to the outer layer of adoptively transferred T
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Fig. 8. In vivo Nanomaterials for growth of T-cell (i) T-cell activation and growth can be induced in vivo using nanomaterials that are designed for T cells targeted delivery (ii)
Backpacking nanoparticles adhere to the surface of T cells and release their load of stimulatory signals in response to external or administered stimuli, allowing for precise
regulation of T cell growth in vivo (iii) in vivo, vaccine nanoparticles that target antigen-presenting cells can activate these cells and cause growth of T-cell (Graphpad prism

software).

cells in a melanoma mouse model, provoking augmented T-cell
proliferation in tumor-bearing mice using an IL-2-Fc fusion-
protein-modified lipid nanovesicles (Zhang et al., 2013).

5. Improved cancer immunotherapy with liposome delivery-
immune checkpoint blockade molecules

In cancer prevention and treatment, the immune system is crit-
ical. T-cell function has recently improved owing to the develop-
ment of techniques that target negative regulatory components
on T cells. T cells, also known as checkpoints, have helped patients
with a variety of malignancies achieve extraordinary success rates.
CTLA-4 was the first T-cell checkpoint to be clinically targeted.
Based on the fact that patients with metastatic melanoma have a
better overall survival rate, the FDA authorized ipilimumab, an
anti-CTLA-4 antibody. A second immunologic checkpoint known
as PD-1, as well as its major ligand, PD-L1, are exhibiting symp-
toms of activation. (Postow 2015).

It has a lot of potential as a therapeutic target. The FDA has
approved nivolumab and pembrolizumab (anti-PD-1 blocking
antibodies) for patients with metastatic melanoma. Other tumors
that benefit from nivolumab and pembrolizumab, as well as other
antibodies that target the PD-1 axis, include non-small cell lung
cancer and other cancers, as well as Hodgkin lymphoma
(Jacobson et al., 2022, Naidoo et al., 2015). Despite the fact that
immune checkpoint blockade therapy (ICB) has had a lot of success
in tumor immunotherapy, it has only helped a tiny fraction of
patients. Patients who received ICB had a variety of side effects
due to non-immune system up-regulation, according to a previous
study, Immune-related adverse events (irAEs) can impact every
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organ system in variable patterns and intensity depending on
which immune checkpoint is blocked. Nano-science has been
viewed as an innovative technique for overcoming the issues of
ICB systemic toxicity, and it has been intensively researched in
cancer immunotherapy clinical trials. The ability to transport var-
ious payloads, deliver treatments sustainably, and adjust their
pharmacodynamic effects are all advantages of nanoscience-
based techniques (Postow 2015, Hodi et al., 2010, Gammon et al.,
2016).

CTLA-4 and CD28 are members of the Immunoglobulin-related
receptor family, which regulates various aspects of T cell immunity
(Rowshanravan et al., 2018). CTLA-4 is produced following T cell
activation and competes with CD28 for the ability to bind to
CD86 and CD80 on dendritic cells, reducing T cell survival and pro-
liferation (Blume et al., 1993). The use of CD28/CTLA-4 pathway-
targeting antibodies and fusion proteins in the therapy of cancer
and autoimmune illnesses is of great interest. Because CTLA-4
restricts immune responses to self-tissues, increasing it may be a
therapy option for autoimmunity, whereas decreasing it may result
in anti-tumor responses. anti-CTLA-4 antibodies were the first to
recognize the possibility of immunological rejection of cancer by
harnessing immune responses, resulting in a surge of activity in
this field (Gammon et al., 2016). Monoclonal antibody-based can-
cer immunotherapies CTLA-4 blocking monoclonal antibodies, for
example, have a number of drawbacks, including low tumor pene-
tration and organ damage. To overcome these obstacles, non-
PEGylated and PEGylated liposomes containing CTLA-4 were cre-
ated, characterized, and the anti-tumor treatment responses on
mice with C26 colon cancer tumors were investigated PEGylated
liposomes had longer blood half-lives and managed to accumulate
much more in the tumor area than free CTLA-4 antibody and
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non-PEGylated liposomes, according to a biodistribution study
(Nikpoor et al., 2017). Other inhibitory and costimulatory receptors,
such as PD-1,inducible costimulatory (ICOS] on exterior of T cells,
have joined the B7/CD28 superfamily, providing unique secondary
signals that modify the immune response. PD-1 appears to play a
role in peripheral tolerance, according to mounting evidence. When
peripheral T and B cells, as well as monocytes, are activated, PD-1
expression is activated (Keir et al, 2006). Several successful
liposome-based techniques have been developed to improve anti-
PD-1 therapy. When compared to free DOX and IgG-Liposome-
DOX, PD-1-Liposome-DOX demonstrated higher anticancer activity
as measured by BLI imaging and tumor volume measurement, as
well as a longer life, according to one study (Du et al., 2017). Several
monoclonal antibodies (mAbs) targeting different immunological
checkpoints (IC), or molecules involved in the immune system’s
negative modulation, have been developed and approved in cancer
therapy in recent years. Some of the axes that can be expressed on
activated cytotoxic T cells in this manner down regulate the
immune response to tumors. In this way, PD-L1, which is com-
monly overexpressed on the surface of cells, inhibited tumor cells
as well as its receptor, PD-1 (Merino et al., 2019). Despite significant
progress, the efficacy of ICBs in the treatment of melanoma remains
limited due to inflammatory side effects and auto immune disor-
ders from PD-L1. Non-specific T cell-mediated reactions, in which
reactivity is directed against normal cells, are thought to cause side
effects. The low selectivity of anti-PD-L1 is linked to these reactions.
As a result, anti-PD-L1 delivery must be enhanced in order to allow
for targeted dispersion at the tumor site, boosting immunotherapy
efficacy while lowering patient adverse effects. Overcoming
hypoxia and reshaping the tumor microenvironment may boost
PD-L1 inhibitor sensitivity, improve intra-tumor T cell activity,
and aid tumor regression. Catalase (CAT) (Sigma Aldrich, St. Louis,
USA) is an antioxidant enzyme that can degrade hydrogen peroxide
(H202) in tumor cells into H20 and 02, lowering hypoxia-inducible
factor (HIF)-117 and increasing immunotherapy efficacy. Combin-
ing antiPD-L1 and CAT in a liposome delivery method, pertaining
to one study, may be an efficient method for enhancing antiPD-L1
effects and decreasing tumor growth (Hei et al., 2020, Noman
et al., 2015, Naidoo et al., 2015, Postow 2015). A study discovered
that a pH-sensitive platform for co-loading docetaxel and PD-L1
antibody has showed increased clinical response and provided a
good design for the conjunction of chemotherapeutics with differ-
ent immunotherapies for further investigation (Gu et al., 2018, Al-
Joufi et al., 2022).

Table 3
Other approved cancer immunotherapies.
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6. Small molecule delivery using liposomes to modulate the
tumor microenvironment selectively

Aside from cell contact, which contributes to a suppressive envi-
ronment, soluble mediators like indoleamine 2,3-ioxygenase (IDO),
adenosine, transforming growth factor, and interleukin-10 (IL-10)
can also suppress anti-tumor. immunity (Gu et al, 2020). IDO is an
intracellular enzyme that suppresses the immune system by lower-
ing tryptophan levels, allowing tumors to go undetected (Moon et al,
2015).IDOinhibitors show promise for checkpoint blockage because
they can reactivate the immune suppressive tumor microenviron-
ment and also stimulate the host immune system, combining photo
dynamic therapy (PDT) and IDO blockage to boost the therapeutic
effect on both local and distant tumor inhibition, may be a better
therapy method. A study showed a liposomal dual functional combi-
nation of NLG919 and PpIX for synthetic PDT and IDO inhibition in
primary and metastatic tumors. PpIX-NLG@Lipo with synergistic
IDO and PDT blockage showed promise for improved cancer therapy.
Moreover, by suppressing both distant metastatic and primary
tumors at the same time, a therapeutic approach that combines
PDT with IDO inhibition has the ability to improve cancer therapy
(Huang et al, 2019). Adenosine is an immunosuppressive chemical
that hinders the surface activity of CD4 + and CD8 + T lymphocytes
by binding to and initiating the A2a adenosine receptor (A2aR).
The A2aR-specific small molecule antagonist SCH-58261 (SCH) can
disrupt this suppression mechanism, but its applications are limited
due to difficulties in delivering this medication to immune cells
within the TME. To get around this limitation, we used CAR-
engineered T cells as active chaperones (Shull et al, 1992, Tinoco-
Veras et al, 2017, Zheng et al, 2017). TGF-1 (TGF-beta 1) is a multi-
functional growth factor that regulates a variety of developmental
and physiological processes, whose liposomes can increase anti-
tumor activity by interfering with the TGF- pathway (Shull et al,
1992). TGF-inhibitors have a fairly low response rate and a higher
rate of risk of autoimmune disorders caused by systemic inhibition,
which greatly restricts their use. One method to strengthen their
efficacy while lessening NEGATIVE effects is to target these therapies
toimmune effector cells or the TME. PEGylated liposomes effectively
contained both TGF inhibitor and IL-2., according to Park et al. Tumor
growth was inhibited as a result of enhanced NK cell activity and
activation of CD8 cells infiltrating the tumor. T cells following intra-
tumorally or systemic injection in a B16/B6 melanoma mouse model
(Gu et al., 2020; Tinoco-Veras et al., 2017; Zheng et al., 2017). The
recognized cancer immunotherapies were tabulated in Table 3.

Therapy& Drug Approved Cancer Type Year of Approval
CAR -T cell therapy
Tisagenlecleucel Large B cell CD19-specific CAR T cells Pasternak, 2020
lymphoma
Axicabtagene ciloleucel Non-Hodgkin CD19-specific CAR T cells Jacobson et al., 2022
lymphoma
Antibodies
Blinatumomab lymphocytic CD19 and CD3 bispecific antibody Franquiz and Short,
leukaemiaa 2020
Oncolytic viruses
Talimogene Melanoma HSV type 1 which has been genetically modified to replicate within tumours and produce Lu et al., 2016
laherparepvec GM -CSF
Vaccines
Bacillus Calmette— Bladder cancer Mycobacterium tuberculosis variant bovis strain Yaddanapudi et al.,
Guérin 2013

Sipuleucel-T Prostate cancer

Activation of autologous PBMCs with recombinant human PAP-GM-CSF

Kantoff et al., 2010
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7. Combinational therapy delivery using liposomes for
improving cancer immunotherapy

Even though these immunotherapies led to total regression in
some patient populations, immunotherapy alone was only effec-
tive in 20-30 % of those who were treated (Gu et al., 2020, Le
et al., 2018). A single immunotherapy has a moderate therapeutic
impact given the low response rate. Chemoimmunotherapy has
emerged as a new trend in cancer treatment due to its double role
in cancer cell killing and immune activation, opening a new avenue
for the reuse of conventional chemotherapeutic drugs (Salvati
et al., 2013). Due to its low clinical efficacy, cancer immunotherapy
poses a big obstacle. When cancer vaccines are coupled with
chemotherapy in individuals with various forms of cancer, a num-
ber of clinical studies have lately revealed the coincidental discov-
ery of high rates of objective clinical response (Ramakrishna et al.,
2010). Targeted cancer medicines that can attack tumors early in
their development are predicted to emerge as a result of a clever
mix of nanomedicine, cancer immunotherapy, and chemothera-
peutic engineering. Nanotechnology and combination therapy
offers a novel cancer treatment strategy. The nanoparticle system
increases drug therapy pharmacokinetics, enhancing therapeutic
benefits while lessening the negative consequences associated
with high dosage. Liposomes are regularly used as drug delivery
vehicles, as well as several liposomal nanomedicines have received
FDA approval (Rahamathulla et al., 2021a, 2021b Mir et al., 2022).
Since different medicines have different mechanisms and target
areas, the selection of treatment drugs and the timing of these
combinations are critical. Combination therapy has the potential
to deliver powerful anti-tumor effects while simultaneously
increasing the risk of systemic damage. A suitable liposome-
based delivery system must: (1) Co-load several compounds in
adequate amounts, (2) Employ cost-effective, safe and efficient,
preparation processes, (3) Have synergistic or cumulative effects;
deliver the drug at the desired place and time, (4) Target a specific
tumor or cell type, (5) Release the drug at the desired site and time;
and (6) Overcome biologic obstacles without compromising bioac-
tivity (Gu et al., 2020). IDO1 expression within the solid tumor can
increase the activation of immunosuppressive regulatory T cells
while simultaneously inhibiting the proliferation of invading T
cells in the G1 phase by catalyzing the necessary tryptophan to
kynurenine. As a result, IDO1 has been identified as a potential
new target for immunotherapeutic development. Due to the poor
water solubility and bioavailability of currently available IDO inhi-
bitors, it is vital to design appropriate delivery vehicles to enable
efficient tumor-targeted delivery of such inhibitors Since oxali-
platin can trigger immunogenic cell death (ICD) in a variety of can-
cer cells, coupling it with IDO1 inhibitors like NLG919 prodrugs has
been demonstrated to considerably boost treatment effectiveness
(Shen et al., 2020, Mehmood et al., 2014, Dragovich et al., 2006).
TLRs are important in innate immunity. While TLR7/8 agonists like
Resiquimod (R848) can be given intradermally, direct delivery of
TLR agonists to tumors results in situ vaccination, which enhances
effectiveness by revealing activated immune cells to a cancer anti-
gen. Thermosensitive liposomes (TSLs) were used as a delivery
method in a recent study to create an intravenously injectable ver-
sion of R848. In more than 100 days, an intravenously injectable
formulation of R848 using thermosensitive liposomes (TSLs) as a
delivery device demonstrated greater efficacy (Zhang et al., 2021,
Barton et al., 2002, Frank et al., 2018). Myeloid-derived suppressor
cells (MDSCs), play a key role in tumor growth by inducing angio-
genesis, metastasis, and treatment resistance. As a result, using
techniques to diminish MDSCs in the tumor microenvironment
could be a unique cancer immunotherapy strategy. According to
various research, doxorubicin exhibits a tumoricidal effect as well
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as enhances the anti-tumor immune response. PEGylated
liposome-encapsulated doxorubicin (Doxil®) has reduced car-
diotoxicity than free doxorubicin. Mahmoud Reza Jaafari et al.
did a study in which they used a liposomal formulation of P5 pep-
tide and PEGylated liposomal doxorubicin (Doxil®) to treat mice
with HER2 + tumor models (combination of immunotherapy and
chemotherapy) (Muheem et al., 2017). The result indicated that
using Doxil® in conjunction with liposomal P5 immunotherapy
could enhance immunotherapeutic efficacy, allowing it to be used
in treating HER2 positive breast cancer (Navashenaq et al., 2020,
Alizadeh et al., 2014, Barenholz et al., 2012, Zamani et al., 2020).
Reactive oxygen species (ROS) are oxidants that play an important
role in cancer therapy by bringing about apoptosis of cells or acting
as substrates in a variety of catalytic events. The elevated redox
level in the tumor microenvironment limits oxidative therapy
and the immune response. Minjie Sun and colleagues created
two liposomal delivery systems for MA (maleimide) and
ABTS&HRP (2, 2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) in vivo applications. Maleimide liposomes (ML) and
ABTS&HRP liposomes were inserted separately into the hydrophilic
cavities of liposomes (AHL).

The ML, as a glutathione (GSH) depletion adjuvant, promotes
immunogenic cell death activation and maturation of DCs for pho-
tothermal enhancement due to glutathione deficiency. As a result,
ML’s dual role in the treatment of primary tumors, breast cancer,
metastatic cancer, and distant cancer worked well. Despite the fact
that MLs have been found to have an excellent immune-enhancing
impact, there are several limitations in this research that need to
be investigated more in the future (Zhou et al., 2020, Yang et al.,
2018, Fu et al., 2018). By binding to Signal regulatory protein
(SIRP), CD47 (integrin-associated protein), which is overexpressed
on tumor cells, activates a “don’t eat me” signal, allowing immuno-
logical escape from the mononuclear phagocyte system (MPS). It is
also difficult to deliver therapeutic medications to tumor areas due
to its short blood residence time, poor targeting of tumor cells, and
rapid clearance by MPS. Amidst this, the inability to reduce MPS
absorption, poor tumor targeting, and short blood retention dura-
tion continue to be significant barriers to effective drug adminis-
tration in nanovesicle. Exosomes containing the transmembrane
protein CD47 on their exterior were shown to circumvent immune
clearance by MPS and to prolong blood circulation time (Salvati
et al., 2013, Cheng et al., 2021, Kooijmans et al., 2017). Immuno-
genic cell death (ICD) is a type of chemo-immunotherapy that
seeks to promote antigen synthesis, recognition, procession, and
initiation of immune cells in order to damage tumor cells while
also stimulating the immune response. An efficient ICD, on the
other hand, necessitates a high dose of ICD stimuli, which may
be connected with dose-dependent toxicity. Yongjun Wang et al.
designed a liposome remote-loaded with shikonin (SHK)., a potent
ICD stimulus, a Chinese traditional medicine had shown antitumor
activity through multi-mechanisms, via a copper ion gradient,
which augmented the pharmacokinetics, stability, and tumor accu-
mulation of SHK, with the ability to effectively enhance ICD at a
large dose in vivo, but it showed hepatotoxicity (Li et al., 2021,
Casares et al., 2005, Anddjar et al., 2013). Immune checkpoint
blockade therapy has a number of drawbacks, including toxicity,
inefficiency, and tumor relapse. A cationic polymer-lipid
nanocomposite vesicle-based delivery system (P/LNV) was pro-
posed for peptide vaccine, to deliver tumor vaccines composed of
anionic antigen epitopes, TLR9 agonist, CpG (AE/CpG) inhibitor,
and indoleamine-2, 3-dioxygenase (IDO). inhibitor 1-methyl P/
LNV to enhance immunogenicity of peptide antigens while block-
ing the immunological Liposomes effectively improved vaccination
absorption by DCs (Su et al., 2021, Tornesello et al., 2020,
Banchereau and Steinman, 1998). Because of their immunogenicity
without central tolerance, tumor-specific neoantigens have
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emerged as promising targets for personalized cancer treatment.
MHC binding prediction-based computational methods are heavily
used in the development and selection of neoantigen vaccines.
Shuqing Chen et al. created a DNA-based neoantigen vaccine plat-
form that included whole-exome sequencing (WES) and RNA-seq-
based identification of individual somatic mutations, bioinformatic
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prediction of neoepitopes, DC.-based effectiveness prevalidation of
vaccine candidates, and optimization of DNA vaccine candidates, as
well as their nanocarrier and adjuvant, but also the development of
a liposome. The vaccination was well-absorbed by DCs and elicited
a strong immune response against mouse melanoma cells,
resulting in significant tumor shrinkage and reductions in lung

Table 4
Few lipid-based formulations, which are approved, in pre-clinical and clinical trials for cancer immune oncology.
Nano Material Pay Load Strategy Tumour Stage Reference
Liposomal nanohybrid ~ PD-L1, Tubulin Antibody and chemotherapy Breast and colon Pre- Sanaei et al., 2021,
cerasomes [Paclitaxel]. clinical
Liposome IL-2-Fc fusion protein T-cell expansion in vivo Melanoma in mouse Pre- Gong et al., 2021Goldstein et al.,
clinical 2014, Chen et al., 2013Flyod
et al.,, 2013, Zheng et al., 2013
Liposomal-polymer TGF-B and IL-2 inhibitors ~ Enhance NK population Melanoma
core-shell
Liposome TGF-B inhibitor T-cell expansion in vivo Mouse melanoma Pre- Sayour et al., 2018, Zheng et al.,
[SB525334]. clinical 2013,
PEGylated -liposomes anti-CD40 and CpG DC activation Melanoma Approved Kwong et al., 2011
Liposome-coated TGF inhibitor and mouse  T-cell expansion in vivo Mouse melanoma Pre- Park et al., 2012
polymeric gel IL-2 [SB505124]. clinical
pDNA-loaded IL-2 and IL-12 SCC VIl Squamous cell cancer  Pre- Gao et al., 2019, Xian et al., 2005
liposomal NPs of the head and neck clinical
in a mouse model
Liposomes gemcitabine MSDC depletion Melanoma Sasso et al., 2016
Multilamellar Inhibitor of the adenosine  T-cell expansion in vivo Mouse model of Pre- Gong et al., 2021Siriwon et al.,
liposomal vesicles receptor A2a [SCH- human ovarian clinical 2018
58261]. cancer
liposome-protamine- TGF- and tumour Higher infiltration CD8 + T cells after =~ Melanoma Clinical Lorenzer et al., 2015
hyaluronic acid and  antigens/CpG are silenced removal of immunosuppressive
lipid-calcium- by siRNA. environment
phosphate
Liposome-protamine- TGF-B B16-F10 Mouse model of Pre- Gao et al.,, 2019Xu et al., 2014
hyaluronic acid melanoma clinical
Nano particles
Liposomes Hidrazinocurcumin M2-M1 repolarization of TAM caused  Breast cancer Clinical Zhang et al., 2013
by SAT3 inhibition
Hyaluronic acid- Anti-PD-1, CpG, and CT26 and B16-F10-OVA Melanoma in mouse Pre- Fan et al., 2017
modified cationic mitoxantrone- treated model and colon clinical
lipid nano particles  tumour cells carcinoma
Lipid nanomaterials A T-cell stimulator To overcome physical obstacles and Mouse breast cancer  Pre- Zhang et al., 2018a, 2018b
[7DW8-5]. and a PI3K tumour microenvironments that are clinical
inhibitor [PI-3065]. unfriendly
Liposomal NPs CpG and cisplatin B16-F10 Mouse model of Pre- Lu et al., 2016
melanoma clinical
Liposome CD20 antibodies and NBITEs Mouse breast cancer  Pre- Gong et al., 2021
Human epidermal growth clinical
factor receptor 2 [HER2].
Lipid-dendrimer- PD-L1 and an IL-2- Improve CD8 + T cell infiltration Lung metastasis Approved Chiu et al., 2007
calcium-phosphate  encoding plasmid
Hyaluronic coated CpG ODN, IR-7 dye Agonist for PTT + TLR9 CT-26 Pre- Le et al., 2018
cationic liposome clinical
Lipid-coated hollow All-trans retinoic acid, DC B16F10 Pre- Kong et al., 2017; Le et al.,
mesoporous silica interleukin-2, doxo promotion + cytokine + chemotherapy clinical
Nano particles
Lipid-based nanodisc CpG ODN, neoantigen Vaccine + TLR9 agonist + CTLA-4/PD-1  B16F10 MC-38 Pre- Kuai et al., 2016; Le et al., 2018
peptide antibody clinical
Lipid vesicle coated Indoximod, oxaliplatin IDO inhibitor + Chemotherapy KPC Clinical Lu et al 2017Chiang et al., 2011
mesoporous silica
Nano particles
CpG and -CD40 are CD40 and CpG conjugated Dendritic cells melanoma tumour Pre- Kwong et al., 2011
covalently linked to the surface mice clinical
with PEGylated
liposomes.
Lipoprotein Nano disks  CpG, anti-CTLA4 antigen, DCs melanoma mouse Pre- Kuai et al., 2016
and soluble anti-PD-1 models and colon clinical
carcinoma
Hybrid lipid polymeric  SB505124, interleukin-12  TGF- inhibitor + cytokine B16F10 Pre- Le et al., 2018; Park et al., 2012
nano clinical
Liposomes PI103, Selumetinib PI3K inhibitor combined with anti-PD- B16F10 4 T1 Pre- Kulkarni et al., 2016
L1 antibody clinical
ipid/calcium/ MUC-1 mRNA Vaccine plus anti-CTLA-4 antibody 4T1 Approved Li et al, 2018
phosphate
Lipid-coated calcium CXCL-12, PD-L1 Trapping protein-encoding plasmids Colorectal liver Clinical Sansei et al., 2021
phosphate metastasis
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metastasis (Yang et al., 2021, Sahin et al., 2018, Garcia-Garijo et al.,
2019). Inhibitors of the immune checkpoint PD-1/PD-L1 have
demonstrated promising results in a variety of human cancers.
Nonetheless, the low response rate remains the most significant
impediment. dAMMR or MSI-H, for example, are found in only 5 %
of colorectal cancer patients. Immune checkpoint therapy, by alter-
ing the tumor immunological microenvironment, may improve
response rates when used in conjunction with conventional ther-
apy (e.g., chemotherapeutics and radiotherapeutics) (TIME). In
one study, researchers developed a PD-L1-targeting immune lipo-
some for co-delivery. Irinotecan (IRI), a first-line chemotherapy
drug for colorectal cancer, and JQ1, which regulates the expression
of critical oncogenes in a variety of cancers, can successfully elicit
antitumor immunity in colorectal cancer by inducing immuno-
genic cell death. IRI facilitates adaptive immune responses against
tumor growth by promoting intratumorally drug accumulation and
DC maturation. JQ1 suppresses the immunosuppressive PD-1/PD-
L1 pathway, whereas IRl promotes DC maturation and intratu-
morally drug accumulation (He et al.,, 2021, Goldstein et al.,
2014, Floyd et al., 2013). Cancer vaccines can be used to elicit com-
pletely novel immune responses to antigens unique to tumors.
Before being delivered locally, archetypal vaccines are normally
constructed comprised of an antigen mixed with an adjuvant. Poor
antigenicity has been a substantial drawback, especially when used
in conjunction with intratumorally immune suppression tumor
RNA encoding-related epitopes can be used as a potent immuno-
genic and rapid anti-tumor trigger. RNA activates innate immunity
by activating toll-like receptors, resulting in the production of type
I interferon. Interferon is a protein that helps to transmit powerful
adaptive responses. Because RNA is inherently unstable, it is diffi-
cult to administer. In vivo delivery methods have been developed
to protect it and deliver it to its intended targets (Sayour et al.,
2018, Lorenzer et al., 2015, Chiang et al., 2011) MDSCs are immune
suppressor cells that promote tumor progression. They can be dis-
tinguished from other immune cells by the expression of myeloid
cell markers on their cell surface, such as Gr-1 (Ly6G and/or
Ly6C) and CD11b in mice and CD33 and CD11b in men. Doxoru-
bicin for example, which is commonly used in conventional
chemotherapy (Dox) has been shown to reduce the number of
MDSCs in tumor tissues, and it has been shown to reduce the num-
ber even more when used in conjunction with immunotherapy.
However, Dox anticancer treatment is limited due to poor Dox
dose distribution to tumor tissues following intravenous (IV) injec-
tion. According to Mahmoud Reza Jaafari et al., combining chemo-
and immunotherapy with liposomal formulations of Dox and
immunogenic peptide E75, provided a high tumor-related
immunosuppressive effect against tumor cells. (Zamani et al,
2020, Wesolowski et al., 2013).

To encapsulate doxorubicin (DXR) (Liu et al., 2017) have devel-
oped liposomes comprised of malate dehydrogenase (MDH),1,2-
distearoyl-sn-glycero-3-phosphoethanolamine-N- (amino (PEG)-
2000) (DSPE-PEG2000), and cholesterol (CHOL) (MLP-DXR). Hex-
adecanedioic acid (HA) was coupled to the hypoxic radiosensitizer
2-methyl-5-nitroimidazole-1-ethanol (metronidazole) to create
(16-(2-(2-(2-methyl-5-nitro-1H-imidazol-1-yl) ethoxy)-16- oxo-
hexadecanoic acid (MHA). To create ester-linked MDH, the MHA
was next combined with 3-dimethylaminopropane-1, 2-diol
(DA). To make liposomes containing a radiosensitizer for hypoxia,
MDH lipid was employed. As a control, liposomes without MDH
were created (DLP-DXR). The highest reduction of glioma growth
was clearly seen with MLP-DXR with radiation therapy (RT) when
it was tested in a xenograft glioma model created by intracranial
injection of human glioblastoma U87 cells. Animals treated with
MLP-DXR plus RT displayed tumor with 580 mm?> 14 days after
treatment, while those treated with RT alone and DLP-DXR plus
RT showed tumor with 4000 and 1000 mm?, respectively (Liu
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etal.,2017). In a mouse model with an LL2 (murine Lewis lung car-
cinoma) tumour, Shi et al. 2012, have synthesized liposomes
encapsulating CUR (.-CUR) and assessed its sensitization effects.
Compared to mice treated with either .-CUR or RT alone, mice trea-
ted with .-CUR + RT (5 Gy) significantly inhibited tumour growth
(5 Gy). Animals treated with .-CUR with RT displayed a tumour
volume of less than 300 mm? 22 days after treatment, while those
treated with radiation alone (6 Gy) presented a tumour volume of
more than 600 mm? (Gao et al., 2019). X-ray-triggered liposomes
were created by Deng et al. In this study, gold nanoparticles and
a photosensitizer (verteporfin) were inserted in a liposomal formu-
lation. The photosensitizer induces 102 production in response to
radiation. Singlet oxygen works by oxidising unsaturated lipids,
which causes cargo release and liposomal membrane instability.
The gold nanoparticles serve as a radiosensitizer when they inter-
act with X-rays. These liposomes were used to encapsulate DXR,
and the activity of DXR was assessed in a mouse xenograft model
carrying the colorectal malignancy HCT 116. It was determined
whether PBS, liposome alone, irradiation alone (4 Gy), liposome
plus irradiation (4 Gy), or liposome plus irradiation (4 Gy) could
inhibit tumour growth in the animals. The growth in tumour vol-
ume was confirmed in rats receiving PBS (threefold), liposomes
alone (2.9fold), and irradiation alone two weeks after therapy
(3.4-fold). However, compared to the PBS control group, treatment
with liposome with irradiation resulted in a reduction (74 %) in
tumour size (Deng et al., 2018). Few lipid-based formulations that
have been approved in pre-clinical and clinical trials for cancer
immune oncology were tabulated in Table 4.

High manufacturing costs and low yield values are the primary
drawbacks of liposomal nanovesicles, which discourages the
growth of their industrial use in cancer immunology. Additionaly,
on-shelf stability, the strict control over quality, purity, and steril-
ity is required by pharmaceutical regulations, which can be a bar-
rier to efficient technology transfer.

8. Conclusions

In summary, along with the existing anticancer immunothera-
pies and incorporation of nanotechnology heralds the start of a
new era in cancer treatment. With the amount of research that is
available and ongoing on these therapeutics, some of which are
discussed above, these therapeutic agents will bring more
advanced and safer antitumor treatments. Tumor immunotherapy
is classified into two types: humoral immunity and cellular immu-
nity. However, immunotherapy response rates are still low, and
additional research is certainly needed to improve these treat-
ments’ outcomes. A plethora of distinct nanocarriers endowed with
extraordinary features have been described throughout the previ-
ous few decades. As a result, these nanocarriers can be designed
to discharge medications at a targeted site by releasing drugs at
right time, right place and right concentration. Cost and quality
control are the major limitations in the development of liposomes.
Quality assurance concerns both the manufacturing process and
the stability of the formulation. Nano-delivery systems are influ-
enced by scalability, consistency, and repeatability of the finished
product, lack of equipment and/or in-house expertise, chemical
instability or denaturation of the encapsulated compound in the
manufacturing process, and challenges with long-term stability.
When the liposomal delivery system'’s functionality is more com-
plex/complicated, such as surface modification with coatings and/
or ligands. Multiple chemical synthesis steps and formulation pro-
cesses are required for the integration of multiple components into
a single nanosized carrier, which inevitably causes issues for large-
scale good manufacturing (cGMP) production, which ultimately el-



Y. Alhamhoom, G. Kakinani, M. Rahamathulla et al.

evating the cost of production, and making it more challenging to
evaluate such products.

Liposomal nanovesicle’s targeting efficacy is still lower than
ideal because of the presence of similar ligands on different cells.
Improvement needed in some areas Liposomal nanovesicles are
(1) modifying the liposomes in accordance with the function of
the specific immunomodulator and its target and (2) enhancing
the pharmacokinetics of liposomes to minimize biodistribution to
obtain the least toxic effect. Future studies should concentrate on
the specific ligands (neoantigens). of tumour cells in enhancing
clinical outcomes. Liposomes have a number of advantages in can-
cer immunotherapy, including excellent safety, effective drug
delivery, the ability to induce cell death, and self-activation of
the immune system. Liposomal NPs, we believe, will be used in
cancer immunotherapy for safe and high-performance clinical
applications.
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