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Introduction

 Discovery in the 1960s 

 Valued for their biological and technological advantages

 The most successful drug-carrier system known to date

 The most advanced classes of drug delivery systems, with several 
currently on the market and many more in clinical trials.
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introduction 

 The capability of entrapping both lipophilic and hydrophilic agents

 Size range of a few nanometers to several micrometers.

 However, liposomes applied to medical use range between 50 and 
450 nm
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Representation of the steric organization of a micelle (left), a liposome (center), and a lipid bilayer (right). 



Liposome as a carrier

 Conventional drugs 

 The new genetic drugs (plasmid DNA–containing therapeutic 

genes, antisense oligonucleotides, and small, interfering RNA 

[siRNA])

 Antigens 
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Why carrier?

 Greater solubility of the cargo

 Increased half-life

 Selective delivery to the site of action

 Improved therapeutic index

 The ability to overcome resistance against chemotherapeutics

 Modification of both the tissue distribution and the rate of clearance 

of the loaded drug
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Very specific properties

 Diameter centered on100 nm 

 High drug-to-lipid ratio

 Excellent retention of the encapsulated drug

 Long (>6 hours) circulation lifetime
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LNs protect the drug during circulation, prevent it from reaching 
healthy tissues, and permit its accumulation at sites of disease 



Very specific properties

 Biocompatibility

 Biodegradability 

 Greater solubility of the cargo

 Increased half-life

 Selective delivery to the site of action

 The ability to overcome resistance against chemotherapeutics

 The consequential pharmacokinetic changes could result in a 

reduction of adverse effects and an improvement in the 

therapeutic index of the encapsulated drugs. 
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Liposomes an almost ideal drug-
carrier system
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Development of liposomes

 Conventional liposomes

 PEGylated liposomes in order to solve pharmacological challenges, 

 Destabilization by blood lipoproteins

 Uptake by RES

 Rapid clearance from blood circulation

 Clinical success of PEGylated liposomes is hampered by some 

limitations,

 Lack of specificity

 Stimuli-sensitive liposomes 

 Multifunctional carriers for theranostics
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Development of liposomes
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Classification of liposomes based on the lamellarity



Types of Liposomes

 Liposomes represent a highly flexible platform 

 Multilamellar vesicles (MLVs) with diameters of several microns

 Small, unilamellar vesicles (USLV) with diameters on the order of 20 
nm

 Larg, unilamellar vesicles (ULLV) with diameters on the order of 100 
nm

 For biomedical delivery applications, ULV with diameters centered 
around 100 nm (large enough to carry significant payload, small 
enough to slip between leaky endothelial junctions)
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Preparation of Lposomes-
Hydration Method

Lipids were dissolved
in butanolanol

Lipid mixture was dried
by rotary evaporation

Lipid film was hydrated 
By appropriate amount of 
PBS buffer pH 5 to achieve
final lipid concentration of 

10 mg/ml

Heterogenous large 
MLV liposomes were

formed Extrusion through a 
polycarbonate

Membrane under high
pressure

SUV
liposomes



Liposomes as Nanocarriers for 
Drug Delivery

 Low sensitivity or specificity

 Drug toxicity

 Severe side effects

 Many therapeutic agents have a very narrow window

 They are very appropriate for this aim, due to their biocompatibility and 
biodegradability

 The encapsulation of the active form of a drug into the lipid bilayer protects it 
against naturally occurring phenomena, such as enzymatic degradation and 
immunologic and chemical inactivation. 

 Therefore, liposomes prevent a drug from being metabolized prior to reaching 
target tissues, and simultaneously they minimize exposure of healthy tissue to the 
encapsulated drug during its circulation in the blood. 

 Both of these effects contribute to increase the therapeutic index. 
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Effect of Size on Liposome Fate

 The enhanced permeation and retention (EPR) effect 

 Solid tumors with large fenestrations allowing molecules of up to 

approximately 4,000 kDa, or 500 nm

 “Passive targeting”
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Targeting of nanomedicines by the enhanced permeability and retention (EPR) effect.
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Differences between normal and tumor tissues that explain the passive targeting of nanocarriers by 

the Enhanced Permeability and Retention effect
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A schematic depicting the accumulation of LNs in breast cancer tissue through the EPR effect. 



Ligand-Mediated Targeting

 The goal is to develop platforms with improved biodistribution, 

pharmacokinetic properties, and active targeting

 Peptides, carbohydrates, glycoproteins, receptor ligands, 

monoclonal antibodies, and growth factors have been applied as 

ligands

 Ligand-targeted liposomes can selectively recognize the antigens or 
the receptors located on the surface of target cells
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Ligand-Mediated Targeting

 The required dose will be significantly smaller when compared to 

nontargeted therapies

• Better therapeutic index

• Higher drug efficacy 

• Fewer side effects
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Improved drug delivery and therapeutic efficacy of PEgylated liposomal doxorubicin by targeting anti-HER2 peptide in murine breast tumor 
model, Masoumeh Zahmatkeshan, 2016
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Illustration of passive in vivo targeting and active in vivo targeting of liposomes in tumor tissue.
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Liposome–cell interaction



Cationic lLposomes (CLPs)

 First described in 1987 by Felgner et al are typically used for gene 
delivery

 Based on the electrostatics between positively charged lipids and 
negatively charged nucleic acids 

 The endocytic pathway seems to be the preferential route of 
internalization

 PEG-modified CLPs improve oligonucleotide loading and delivery 
and the solubility of various therapeutic agents
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Cationic Liposomes (CLPs)

 An important goal of CLPs is to cross the blood–brain barrier (BBB) 

and achieve brain drug concentration

 The mechanism to cross the BBB is either absorptive-mediated 

transcytosis or receptor-mediated transcytosis

 Both mechanisms are triggered by the electrostatic interaction 
between liposome cationic components and membrane anionic 
microdomains of the brain’s capillary endothelial cells.
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Schematic illustration of PEG–HA modified liposomal siRNA delivery system 



Stimuli-Responsive Liposomes

 Conventional and long-circulating liposomes may present a slow 

release of the loaded drug or may be unable to fuse with the 

endosome after internalization

 Lipids in these liposomes generally include a triggerable component

 Stimuli from target tissues (pH, redox potential) or applied from outside 

the organism (hyperthermia, ultrasound, and [electro]magnetic field)

 pH-sensitive, redox potential-sensitive, temperature-sensitive, magnetic 

field-sensitive, and ultrasound-sensitive liposomes have been produced
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Stimuli-responsive liposomes
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Liposomes in Theranostics

 The main goal is to diagnose and treat the diseases at their earliest stage

 Liposomes are a valid platform for theranostic nanomedicine

o Size

o Hydrophobic and hydrophilic character

o Biocompatibility, biodegradability

o Low toxicity, and immunogenicity

 Dox-loaded, lipid bilayer-embedded quantum-dot vesicle hybrids capable of 
chemotherapy (cytotoxic activity of Dox) and optical imaging (embedded 
quantum dots)

 For imaging purposes, nanosize diagnostic agents can be entrapped within the 
theranostic liposomes, and the therapeutic agent can be either encapsulated 
in the core or embedded in the lipophilic bilayer shell.
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Liposomes in Theranostics

 For magnetic resonance imaging superparamagnetic iron oxides 

can either 

 Be coated with a lipid layer (small magnetoliposomes [MLs]) 

Or

 Several superparamagnetic iron oxides or gadolinium(III) chelates 

can be entrapped into the aqueous core of liposomes (large MLs). 
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Liposomes in Theranostics

 Li et al constructed a multifunctional liposome containing 

 Gadolinium-DOTA lipids for magnetic resonance imaging

 A lipidized near-infrared dye for near-infrared fluorescence imaging

 Dox loading for therapeutic activity

 Radiolabeling with 99mTc and 64Cu for single-photon emission 
computed tomography and positron-emission tomography imaging
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Liposome Imaging Agents
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Full-body maximum intensity projections (MIPs) for [18F]FDP and [18F]FDP liposomes in a rat model. A MIP of 

free [18F]FDP is shown in the left image with uptake in the liver, spleen and lungs. The right image shows a MIP of 

liposomal [18F]FDP, which remains circulating in the blood for the duration of the 90-min scan
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Positron emission tomography (PET)/computed tomography (CT)-images of 64Cu-liposomes distribution in tumor-bearing 

mice. Left: Coronal PET image 24 h post-injection of 64Cu-liposomes into a mouse bearing colon adenocarcinoma (HT29; 

marked with arrows) on right and left flank. Right: Axial PET image (top) and axial PET/CT-fusion (bottom) images 24 h post-

injection of 64Cu-liposomes into a mouse bearing colon adenocarcinoma (HT29; marked with arrows) on right and left flank
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Whole body imaging of Lewis lung carcinoma tumor-bearing mice at different time points after injection of 111In-labeled PEGylated targeted 

liposomes. Upper row: 2C5-modified liposomes; bottom row: control unmodified liposomes. Arrows indicate tumor locations
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Positron emission tomography (PET)/computed tomography (CT)-images of 64Cu-TATE-liposome distribution in a mouse xenograft model. 

Axial PET/CT fusion images 1 h, 8 h, 24 h and 48 h post-injection of 64Cu-TATE-liposomes into a mouse with tumors (neuroendocrine 

carcinoma NCI-H727; marked with arrows) on right and left flank



Liposomes in Immunotherapy

 Liposomes not only offer the ability to enhance drug delivery, but 

can effectively act as vaccine delivery systems and adjuvants 

 Their flexibility in size, charge, bilayer rigidity and composition allow 

for targeted antigen delivery via a range of administration routes

 Vaccine adjuvants can function through a range of mechanisms 

including formation of a depot, enhancing antigen delivery, uptake 
and presentation to appropriate antigen presenting cells, and 
induction of stimulatory cytokines and chemokines.
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Liposomes as Vaccine Adjuvants

 Liposomes were the first system described to offer adjuvant action 

with their immunological role and adjuvant properties being 
identified by Allison and Gregoriadis

 In these studies, it was noted that negatively charged liposomes 

incorporating dicetyl phosphate were able to potentiate immune 
responses against diphtheria toxoid
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Cancer Immunotherapy

 A treatment to activate the patient’s own immunity against tumors 

or remove immunosuppression in tumor microenvironments

 The induction of cancer-specific cytotoxic T lymphocytes (CTLs) is 

crucially important to achieve efficient therapeutic effects because 

CTLs can kill tumor cells directly

 Liposomes are promising systems for short peptide delivery from the 

perspectives of biocompatibility, high peptide-loading capability, 

and functionalization, which enhance the accuracy of peptide 
delivery to DCs after administration
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Liposomal adjuvants may function through the formation of an antigen (Ag)-adjuvant depot that promotes antigen delivery, uptake by immature antigen presenting cells (APC) 

and cellular stimulation through pattern recognition receptors (PRRs). This results in maturation of APC (up-regulation of MHC II and co-stimulatory molecules) and antigen 

processing and presentation. Designing liposomal adjuvants for the next generation of vaccines, 2016
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Schematic illustration of antigen delivery routes for free peptide and peptide-loaded pH-sensitive polymer-

modified liposomes. Improvement of Peptide-Based Tumor Immunotherapy Using pH-Sensitive Fusogenic Polymer-Modified 

Liposomes, 2016
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Schematic of liposomal cGAMP structure and therapeutic strategy, stimulator of interferon genes (STING) 

Liposomal Delivery Enhances Immune Activation by STING Agonists for Cancer Immunotherapy, 2017



Liposomes on the market or in 
clinical trials

 Doxil (100 nm) was the first pharmaceutical product in a PEGylated

liposomal formulation that received FDA approval (1995) for the 
treatment of chemotherapy-refractory Kaposi’s sarcoma in AIDS 

patients, and more recently for recurrent epithelial ovarian cancer.

 For the delivery of surface antigens derived from the influenza virus 

(Inflexal® V) or hepatitis A (Epaxal®), intramuscular delivery has 

been approved. 

 Until now, virosomes (Epaxal and Inflexal V), CLPs (EndoTAG1-1®), 

PEGylated liposomes (Doxil and Lipodox), and temperature-sensitive 
liposomes (ThermoDox) have been considered for clinical use. 
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Liposomes on market or in clinical trials
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CONCLUSION 

 Liposomes were the first nanotechnology-based drug delivery 
systems approved for the clinical applications because of their 
biocompatibility and biodegradability like features

 They are valued for their biological and technological advantages 
as optimal delivery systems for biologically active substances, both 
in vitro and in vivo, and are considered to be the most successful 
drug-carrier system known to date 

 Liposomal nanomedicines (LNMs) have the potential to offer new 
treatments in such areas as cancer therapy, vaccine development, 
and cholesterol management
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Anticipating that LNMs will soon begin to reach their full potential as an 

important class of therapeutic agents and will contribute to significant 

advances in the treatment of many classes of disease.
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Thanks for Your Attention


