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1. Introduction

Liposomes are lipid mono- and bilayered structures made up of cholesterol and
phospholipid and entrap lipophilic or hydrophilic agents. The lipophilic agents have
higher affinity towards phospholipid bilayer allowing their encapsulation within
the lipid bilayer whereas the hydrophilic compounds are entrapped in the liposome
central cavity [1]. Although size of liposomes ranges from nm to pm, widely used
liposomes for various biomedical applications are in the range of 50 to 450 nm.
Further, numerous experimental evidences confirm the role of liposomes as an
emerging carrier for an effective drug delivery due to their resemblance with the cell
that in turn allowed incorporation of range of drugs [2, 3].

These nanoscale drug carriers are demonstrated to be advantageous for promot-
ing the biodistribution of drugs to target site-specific sites in the experimental
animals, stabilizing therapeutic drugs, and overcome the physiological barriers. This
ultimately allows these carriers to distribute the encapsulated substances to target
areas efficiently and limit the systemic toxicity. The clinical translation of liposome-
assisted drug delivery systems has advanced gradually over the past 5 decades, and
generated wealth of information useful for the preclinical research [4]. Empirical
evidences suggest that when these phospholipids are rigorously stirred in the aqueous
phase, they form closed configurations and since these structures are hollow, they
could easily transport drugs regardless of their nature [5]. Liposomes can restrict
cargos from deteriorating in the surrounding biological environment, enhance their
bio-distribution and facilitate their administration to the target cells when compared
with the conventional naked administration of drugs.

Various types of liposomes exist includes conventional, fusogenic, cationic, long
circulatory, pH sensitive and immuno-liposomes that are categorized as per their
formulation and composition [6]. The major role of liposomes has been explored in
the area of drug delivery for developing interventional approaches against the infec-
tious diseases. Of late, different drug delivery systems comprising of liposomes are
approved by WHO and many others are in the process of being approved for transla-
tional research. Here, we have summarized a fewer of them that are currently under
investigation.

Park et al., has developed anti-HER2 (ErbB2) immuno-liposome loaded with
the anticancer drugs for the targeted delivery for the over-expressing HER cancer
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cells [7]. Similarly, a liposomal formulation of cytarabine (DepoCyte®) is devel-
oped to treat neoplastic meningitis. The protraction period for neurological devel-
opment, improved the quality of life and efficacies response rate was observed

[8]. Doxil® was the first drug approved by the FDA against cancer [9]. Further,
the role of liposomes has also been explored for the parasitic infection of visceral
Leishmaniasis by using the formulation of liposome entrapped amphotericin B
[10]. Currently, research is ongoing to explore the role of liposomes as biolubricant
on artificial joints and promising results were observed which can be enhanced by
increasing the length of liposomal carbon chain [11]. Additionally, it has been used
for the combinational therapy. Paclitaxal and doxorubicin loaded liposomal for-
mulation provides better therapeutic results compare to that seen with the physical
mixture of the drugs with reduced toxic effects of individual drugs [12]. Later on,
arginine-glycine-aspartate (R-G-D) based liposomes formulations rendered lesser
toxicity and greater tumor inhibition [13]. Furthermore, liposomal amphotericin
B along with flucytosine and fluconazole have been used for the treatment of HIV
mediated cryptococcal meningitis and found promising as compared to the treat-
ment approved by WHO with fewer adverse events [14]. The detailed information
about the role of liposomes in malaria infection and its role for the determining
the immunogenicity of candidate antigens aiming at developing vaccines has been
reviewed recently [15]. It has been also explored for the current pandemic condi-
tion of COVID-19 and its contribution in different vaccine formulations [16].

2. Engineered liposomes: better nanocarriers

Liposomes have been used as a vehicle to deliver the drugs sustainably. However,
with time, the advancement in the formulation of liposomes and their engineer-
ing helped overcome the associated issues. The composition and characteristics of
liposomes differ, based on the technique of formulation, and charge present on their
surface. Moreover, selection of bilayer components ultimately influences the sturdi-
ness or fluidity of the formulated vesicles [5]. The bilayer is coupled with hydrophobic
compounds and lipid vesicles potentially carry hydrophobic, hydrophilic chemicals
or both. The fusion of this bilayer with cell membrane allows the site-specific and
targeted administration of drugs or vaccine candidates. Nevertheless, encapsulated
content delivery via liposomal formulation is a complex process. The first genera-
tion of the liposomes could overcome the problems of stability. Moreover, their
composition involves the neutral or negatively charged phospholipid and cholesterol.
Hence, the issues associated with the conventional liposomes were addressed by the
engineered liposomes using distearoyl-phosphatidylcholine cholesterol and saturated
phospholipid [17].

The conventional liposomal formulation methods involve the thin film hydration,
reverse phase evaporation, solvent injection and elimination of detergent. One of the
most common liposomes preparation procedures is the thin-film method; it operates
by forming a thin lipid coating on the inner wall of the rotary evaporator flask. The
key benefit of this process is its remarkable reproducibility even when operating with
small amounts of compounds. However, lower encapsulation efficiency has been a
major drawback of the thin-film method [18]. Another liposomal preparation method
(injection method) has many variations and liposome formulation involves the injec-
tion of organic solvent (ethanol or ether) dissolved lipids in the aqueous solution [19].
The emulsification or reverse-phase evaporation method is similar to the injection
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method involving the lipids, dissolved in the organic solvent and combined with both
organic and water phase. The main advantage of the emulsification approach is that
it offers the higher encapsulation efficiency than that with the injection methods

[17]. The use of liposome is for the drug delivery which needs encapsulation of drug.
Active and passive methods have been used for the drug encapsulation [20].

3. Liposomes mediated drug delivery

People are heavily dependent upon the use of antibiotics but the antibiotic resis-
tance forced us finding other alternatives. Therefore, liposomes that closely mirror
the cell membrane of the host, target bacterial toxins are explored. Moreover, these
delivery vehicles have been used in the clinical settings to transport drugs and can-
didate antigens for their targeted and sustained release [21]. Recently, the ability of
liposomes laden with immune stimulatory molecules to enhance the efficacy of cancer
immunotherapy has been investigated [22, 23]. Using an antibody-based strategy,
immunoliposomes have formulated which are specific to the cancer cells or endo-
thelial cells of the tumor vasculature [24]. The research carried out by Zhang et al.
showed that usage of PEGylated-immunoliposomes in murine melanoma model has
shown the comparable immune-stimulatory activity to the free and with no systemic
toxicity [25].

Since, one of the crucial components of the effective cancer immunotherapy is the
efficient and selective transport of these stimulating chemicals to the cells of interest.
Therefore, utilizing liposomes in immunostimulatory therapy can produce significant
anti-tumor effects without causing systemic side effects and hence suggestive of the
therapeutic application of liposome loaded drugs.

Enzyme-responsive liposomes are another method for the administration of
anticancer drugs for several extracellular enzymes such as secreted phospholipase A2
(sPLA2), matrix metalloproteinases (MMPs), and intracellular enzymes (cathepsin)
[26]. According to recent studies, polymeric and PEGylated liposomal nanoparticles
(PLNs) can suppress antitumor immunity and promote tumor growth in murine mod-
els by preventing PLN-induced tumor growth and improved progression-free survival
[27]. Recently, delivery of Bortezomib, a protease inhibitor was used for the treatment
of multiple myeloma (MM) when delivered through liposomes in the humanized
mouse model for MM has shown the complete tumor regression [28]. It suggests
the therapeutic role of drugs mediated by the liposomes in cancer therapy. Besides,
humanized mouse developed for the chronic myelomonocytic leukemia (CMML)
using the patient-derived induced pluripotent stem cells (iPSCs) has confirmed the
role of clodronate drug when used the liposome formulation in CMML therapy [29].

4. Limitations of liposomes as a delivery vehicle

The major hurdle of the liposome is to deal with stability, uptake by liver, spleen
and lungs and the short half-life in blood. Liposomes, like any exogenous particle
that enters our body, are challenged with several defensive systems, for instance- the
reticuloendothelial system (RES), opsonization, and immunogenicity, which are
designed to recognize, neutralize and eliminate the invading substances.

Following systemic delivery, RES is the primary location for liposome accu-
mulation followed by liver, spleen, kidney, lungs, bone marrow, and lymph nodes
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associated with RES. Plasma proteins and liposomal drug delivery systems tend to
interact and their degree of interaction is crucial for defining the toxicity, efficacy and
bio-distribution. Hence, plasma proteins are significant for RES-mediated opsoniza-
tion and vesicular instability. Highly charged liposomes are more prone to get elimi-
nated by the liver in minutes and the spleen within an hour.

Our intricate immune system can get triggered by the liposomal systems causing
activation of the complement system that leads to the acute hypersensitivity syn-
drome known as complement activation-related pseudoallergy (CARPA) originating
as a multitude of immunological and inflammatory processes. The complement sys-
tem can be triggered by the varieties of liposomes; however, some specific liposomal
characteristics elevate the tendency for complement activation, which include surface
charge, absence of liposomal homogeneity, expanding size, endotoxin contamina-
tion, presence of >70% cholesterol in the bilayer membrane. Thus, neutral compact
unimellar vesicles are found to be the poorest reactogenic species of these liposomal
systems [4].

Individual variances in the EPR effect, the accelerated blood clearance (ABC)
phenomena of PEGylated liposomes, scale-up, reproducibility/consistency among
different batches and manufacturing sites, and excipients management is the key
challenges throughout the development and commercialization of liposomes [30].
Assessing the pharmacokinetics, pharmacodynamics, and toxicity of a formulation
after injection becomes increasingly challenging as the number of physicochemical
variables in a nano-formulation preparation rises.

Across several biomedical fields, the application of liposomes to facilitate drug
delivery has already had a massive effect. Prospective research will improve the exist-
ing liposomal platforms and help understand the current regulatory constraints by
gaining a better understanding of the breakthroughs in liposomal technology as well
as overcome the impediments.

5. Controlling residual innate immune responses for the sizeable grafting
of human cells/tissues

The early development of knock-in/out mice to understand the host-pathogen
interaction has paved the way forward. This in turn results into the higher efficacy
of vaccine development. However, usage of surrogate models often resulting in the
failure of clinical trials for numerous vaccine candidates. To address this issue, the
concept of transplanting human cells into immunodeficient mouse which mim-
ics the human-system has emerged and known as ‘humanized mouse”. Later on,
advancement in the technology aided in the generation of mouse-human chimera
for various biomedical applications. These mouse human chimeras have responded
pretty well to understand the pathogens and their interaction with the host.

Normal or malignant human hematopoietic stem cells (huHSC) were transplanted
into immunodeficient mice to develop the humanized mouse model. The success of
mouse humanization depends upon the susceptibility of the host immune system
towards acceptance of the graft. Therefore, different approaches have been adopted.
The use of the liposome loaded with clodronate (clo-lip) drug showed the depletion
of the cells of monocyte/macrophages lineage (Figure 1). This showed the successful
engraftment of huHSC in SCID mice [31]. Further, Huet al., developed the humanized
mouse model (in NOD/SCID or NOD/SCID/yc—/—) having the matured CD71"CD235a*
human red blood cells (huRBCs) however their poor efficiency as well as meager
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number of RBCs makes it difficult to use these mice to study various hematological
disorders. Moreover, cobra venom factor (CVF) when combined with clo-lip has shown
the extended survival of huRBCs in immunodeficient mice. It could help studying the
function of RBCs and human erythropoiesis [32]. Since macrophages have been the
major stumbling block resulting in the poor reconstitution of human platelets in human
CD34" cells-grafted mice, clo-lip treatment showed the higher level of human platelet in
the periphery of chimeric mice [33]. This chimeric mouse has opened a door to study the
step-wise development of human thrombopoiesis and function of platelets (Figure1).
Poor understanding of the host-pathogen interaction is the major issue for the
successful development of an asexual blood stage vaccine for malaria as well as for
developing an understanding of the liver-stage (LS) infection of human malaria. It has
been evident that treatment with clo-lip to transgenic/immunodeficient mice (TK/
NOG) helped the successful transplantation of human hepatocytes (huHep) that allows
the development of exoerythrocytic stages of malaria in murine models [34, 35]. The
clo-lip formulation induces the apoptosis and depletes the monocytes-macrophages
lineage allowing the sizeable engraftment of huHep in mice liver to develop human
live chimeric mouse inevitably required to study LS infection of P, falciparum. Further
advancements have allowed studying the asexual blood stage and transition from LS
to asexual blood stage infection of P, falciparum in one host [36]. Similarly, another
humanized mouse has developed (HIS-HEry mice) using clo-lip formulation to study of
asexual blood stage infection of Plasmodium vivax that exhibits erythropoiesis following
hematopoietic stem and progenitor cells (HSPCs) transplantation [37] (Figure1).
Having confirmed the role of clo-lip in developing the humanized mouse models,
Youssef and colleagues have explored the role of clo-lip in to reduce the skin allograft
rejection. Data has shown that intraperitoneal injection of clo-lip markedly reduced
the macrophage-lineage and hence conferred the extended survival of skin allograft
in CD8 knockout mice as compared to that seen with control [38]. Similarly, clo-lip
was seen to treat macrophages activation syndrome (MAS) or haemophagocytic
lymphoistiocytosis, a life-threatening condition that leads to the multiple-organ
failure (Figure 1) [39]. Very recently, role of clo-lip has also been explored in the
insect system to study the innate immune response wherein depletion of phagocytic
immune cells takes place in Drosophila melanogaster and Aedes aegypti mosquito [40].
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Figure 1.

Controlling vesidual innate immune vesponse by the clodronate-loaded (clo-lip) liposome for the development
of humanized mice. Clo-lip depletes the cells of monocyte-macrophage lineage in the immunodeficient mice
(left panel). The human hematopoietic stem cells, hepatocytes or red blood cells were transplanted in these mice
and generate the human-immune system mice (HIS-NSG) (middle panel). These HIS-NSG mice are used in the
translational biomedical research and vaccine development (vight panel).
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6. Conclusions

The conventional delivery systems have earned popularity due to their economic,
simple and user-friendly approach. However, recently developed specific drug deliv-
ery systems such as liposomes attracted the researchers for their target specificity,
effectiveness and minimum adverse effects. The effectiveness of treatment is associ-
ated with the ability of drug to target and affect the biological functions of ailing cells
and rendering minimum damage to the healthy tissues. Liposomes may be composed
of one or more lipid bilayer. With the length of phospholipid and the liposome
component ratio decide the liposome stability, efficiency and stability which further
aid in designing the drug-delivery system for site and target-specific delivery. Further,
work on usage of liposomes in the development of humanized mouse model(s) and
determination of immunogenic potential of candidate antigens [41-43] has opened
vistas to explore their role in translational biomedical research.
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