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Abstract 
Liposomes have been particularly effective among the several nanoparticle-based delivery 

systems, with various formulations making it into clinical applications. They are widely 

recognized and efficient gene and/or medication delivery systems that are often utilized in the 

treatment of cancer, especially breast cancer. We talk about liposome design in this review along 

with the targeting and triggering features. We also provide an overview of current developments 

in liposome-based breast cancer therapies, such as chemotherapy and gene therapy, since 2014. 

Finally, we have identified certain issues with developing liposomal technology for future clinical 

translation. 

Keywords 
Liposome, cancer, breast cancer, nanomedicine, drug delivery, recent advancement, 

pharmacokinetics, biodistribution. 
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Chapter 1  

Introduction 
An uncontrolled growth of cells following either the deactivation of oncogenes or the activation 

of tumor suppression genes or the both leads to carcinogenesis which is the initiation of cancer 

formation(Sarkar et al., 2013). Cancer is the uncontrollable division of abnormal cells and their 

invasion to nearby tissues occurs. Also, these cells have the ability of metastasis which is to spread 

over the various different parts of the body by lymph and blood systems (National Cancer Institute, 

n.d.). Cancers originating from breast tissue, mostly from the lobules supplying milk to the ducts 

or inner lining of milk ducts are breast cancers. In women it is by far mostly frequent reason of 

cancer and second most frequent reason of death for cancer (Sharma et al., n.d.).  

 

1.1 Rationale 

Despite of some major advances in the cancer therapy still it is one of the leading reasons of 

mortality. Additionally, traditional therapy sometimes may cause toxicity which is a major 

challenge to tolerability and adherence. So, researchers are in search for anticancer therapies with 

better efficacy and tolerance (Mun et al., 2018). The efficacy and tolerance of conventional cancer 

therapy can be improved and combating cancer can be easier by nanocarriers.7 Liposomes are 

potentially useful to bring nanocarriers in the improvement of cancer therapy by two major 

methods, active and passive targeting. The rationale of the study is to provide information about 

recent advancement to injectable liposomes-based drug delivery system with both active and 

passive targeting therapy in breast cancer patients (Alavi & Hamidi, 2019). 
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1.2 Objective 

Liposomal drug delivery system has been proven successful among many nanoparticle-based drug 

delivery systems by clinical applications. As they are more efficacious and well stablished, they 

are used vastly in cancer therapy, especially in breast cancer. So, the point of the investigation is 

overviewing the liposome-based drug delivery systems’ current position in the treatment of breast 

cancer including both gene therapy and chemotherapy as well as to identify some of the challenges 

in the development of this platform (Yang et al., 2021). 

Chapter 2  

Methodology 
Databases with bibliography such as PubMed, Springer link, Google Scholar, Scopus and Science 

Direct were strenuously investigated and information like cancer, breast cancer, liposomal delivery 

system, pharmacokinetics of liposomal drugs, biodistribution of liposomal drugs and 

nanomedicines etc. were assembled. To cite and reference the information sources Mendeley 

desktop version 1.19.8 was used. 

Chapter 3  

An Overview of Breast Cancer 
Breast cancer occurs if the cells of the breast begin to grow uncontrollably which can start in one 

breast or both. Most occurrence of breast cancer happens in women although occurrence in men 

also happens. 

3.1 Breast cancer epidemiology: 

Breast cancer is one among three most frequently occurring cancer of the world. It is the most 

common malignancy in women. According to a statistic, worldwide 1.7 billion cases of breast 

cancer were diagnosed and death from this cancer was almost half million in the year 2012. Breast 



14 
 

cancer in women is so common that among eight to ten women one will get affected by this. In 

developed countries like North America and European Union (EU) mortality rate from breast 

cancer has been decreased (decrease rate in EU was 8% in 2016) because of their advanced 

treatment facilities as well early detection. On the contrary, in less developed countries of South 

America, Africa, and Asia breast cancer is the most prominent reason of mortality for cancer due 

to lack of advancement of treatment and state of diagnosis (Harbeck & Gnant, 2017). 

3.2 Types of Breast Cancer 

3.2.1 Common types of breast cancers 
Non-Invasive Breast Cancer: Cancerous cells are enclosed into the ducts, invading into 

surrounding fatty and connective tissue does not occur. The most occurring form (90%) of non- 

invasive breast cancer is ductal carcinoma in situ (DCIS). Lobular carcinoma in situ (LCIS) is less 

occurring which gives an indication of the risk for increased breast cancer. 

Invasive Breast Cancer: Cancerous cells are not enclosed into the ducts rather they break through 

the duct and lobular wall to invade breast’s fatty and connective tissue.  It may not be metastatic 

to lymph nodes or other organs. This type of breast cancer’s occurrence is very frequent. 

Lobular carcinoma in situ (LCIS, lobular neoplasia): Here by “in situ’ it means the type of cancer 

which do not spread on other area except its initial development. A notable increase in the cell 

number of milk glands (lobules) of breast occurs. 

Ductal carcinoma in situ (DCIS): among non-invasive breast cancers DCIS is the most common 

which is limited to the ducts area of the breast. Ductal comedocarcinoma is an example. 

Infiltrating lobular carcinoma (ILC): also called invasive lobular carcinoma which begins from 

the milk glands (lobules) of the breasts and metastasizes to other organs or lymph nodes of the 

body. 10-15% of breast cancer is this type. 
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Infiltrating ductal carcinoma (IDC): Also called invasive ductal carcinoma. Begin from milk 

ducts of the breasts, later invades the ducts wall and fatty tissue of the breast. Also, metastasizes 

to other organs. Its occurrence is 80% of all breast cancers which makes it as the most common 

type of breast cancer. 

3.2.2 Breast cancer of a less prevalent kind 

Medullary carcinoma: Invasive breast cancer which make a noticeable boundary among normal 

tissue and tumor tissue. Causes almost 5% of total breast cancer occurrence.  

Mutinous carcinoma: Other name is colloid carcinoma. This rare type of breast cancer is formed 

by the mucus-producing cancer cells. Women have better prognosis who have mutinous carcinoma 

in compared to women who have more common form of invasive carcinoma.  

Tubular carcinoma:  A form of invasive breast cancer. Women have better prognosis who have 

mutinous carcinoma in compared to women who have more common form of invasive carcinoma 

Causes 2% of all breast cancers occurrence. 

Inflammatory breast cancer: In inflammatory breast cancers inflammation (red and warm) on 

breasts in addition with dimples and thick ridges is seen as a result of cancer cell blocking lymph 

vessels on breast skin surface area. It is very first growing although its occurrence is very rare 

(only 1%). 

Paget's disease of the nipple: Starts from the milk ducts, then spreads to the nipple skin and 

areola. Only causes 15 of total breast cancer occurrence. 

Phylloides tumor: Can be non-cancerous or cancerous which forms in the connective tissues of 

the breasts. Surgical removal can treat this type of breast cancer. 
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3.3 Breast cancer's root causes 

Prior breast cancer history: If a woman had cancer in one breast previously she has the risk of 

having the cancer on another breast. 

Significant family history: History of cancer of several members in the family causes increased 

risk of of affecting with breast cancer. 

Genetic causes: As mentioned family history is one of the risk factor for breast cancer. It can be 

either maternal or paternal relatives. If the affected relative had breast cancer in a young age, 

affected in both breasts in that case the risk is highest. Mother, sister or daughter are considered to 

be the first degree relatives who play the vital role in estimation of the risk. Some second degree 

relatives like grandmother or aunt having breast cancers also enhance the risk. Male breast cancer 

enhances the risk of all of his close female relatives. Two abnormal genes that are BRCA1 and 

BRCA2, if inherited it significantly enhances the lifetime risk of affecting by breast cancers to 40-

80%. Women carrying these two genes have a tendency of affecting by breast cancer at a younger 

age. 

Hormonal reasons: Changes in the level of hormone plays role in breast cancer. It can cause due 

to changes in menstrual cycle (starting or stopping), early pregnancy, , any oral pills usages, 

hormone replacement therapy etc. 

Dietary and life style cause: Unhealthy life style, obesity specially during post menopause causes 

breast cancer. Alcohol intake in an increased amount like two to five alcoholic beverages in a daily 

basis have almost double chance of affecting by breast cancer in compared to nonalcoholic women.  

Environmental cause: Women working for a long time in an area having radiation enhances of 

their risk of being affected in breast cancer. 
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3.4 Sign and symptoms of breast cancer 

Typical symptom of breast cancer is breast area or armpit lump. Doing breast self-exam (BSE) in 

a monthly basis is an excellent method to know the breasts’ texture, size, skin and cyclical changes. 

The alerting conditions of breasts that are known to be the primary symptoms of cancer are: 

mammary nodule, any kind of fluid coming from the nipple, lymph node swelling under the armpit, 

nipple discomfort or pain; inverted or pitted nipples; dented skin of the nipple; persistent breast 

tenderness, pain or discomfort in the breasts. The following symptoms indicate a metastatic or 

advanced stage of breast cancer: in cases of bone metastasis, underarm lymph nodes are present 

along with symptoms like headaches, bone discomfort, neurological discomfort or weakness; 

shortness of breath in the case of lung metastasis; loss of appetite or rapid weight loss in the case 

of liver metastasis (G. N. Sharma et al., 2010). 

Chapter 4  

Liposomal Drug  
Lipid bilayer structures which can incorporate drug substances for modifying the drug’s 

pharmacokinetic profile for improving drug delivery are called liposomes. Intravenous route is the 

most common route for administering liposomal products (84%) and cancer is the most common 

indication (63%) (Kapoor et al., 2017). 

For treating a range of diseases liposomal drug delivery is a very adaptive therapeutic approach. 

Surfactants and natural/synthetic lipids are usually applied in the manufacturing of liposomal drug 

delivery vehicles. The varied molecular structure of liposomes allows for unique physiological 

processes like prolonged blood circulation, pH responsiveness and reduced systemic toxicity. 
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4.1 Liposomal drug delivery system molecular building blocks: 

Polysaccharides, sterols, surfactants, and natural or synthetic lipids can all be used to make 

liposomes. These formulations have several distinctive qualities, including improved drug 

encapsulation, tissue-targeting, stimulus responsiveness, reduced toxicity in non-target tissues, 

longer blood circulation and diagnostic potential. When compared to free medication delivery, all 

of these factors increase therapeutic effectiveness. 

4.1.1 Natural lipids: With a hydrophobic head group and a hydrocarbon tail group, lipids have 

a diverse structural makeup. The head group may be zwitterionic, which has both a negative and 

a positive charge, creating a neutral state, or it may be positively or negatively charged. To 

conjugate with different molecules, the head group has also undergone chemical change. Because 

charged liposomes electrostatically resist one another, the head group charge contributes to 

stability. The length of the acyl chain, which might be symmetric, asymmetric, saturated, or 

unsaturated, vary for hydrophobic tails. Glycerol, phosphate, or sphingosine groups are frequently 

used as the building blocks of lipids. These distinguishable chemical characteristics support 

liposome activities such as lipid packing, pH responsiveness, stability, drug encapsulation and 

release, and bilayer construction. 

Phospholipids Natural lipids: Phospholipids Natural lipids: The two most prevalent forms of 

phospholipids found in mammalian cell membranes are phosphatidylcholine (PC) and 

phosphatidylethanolamine (PE). The majority of phospholipids in eukaryotic cells are 

glycerophospholipids, which are lipids with a glycerol backbone. Egg phosphatidylglycerol (EPG) 

and egg phosphatidylcholine (EPC) are derived from lipid component combinations found in live 

tissues. Therefore, the quantity of the components may vary across batches. For instance, L-

aphosphatidylcholine found in EPC obtained from chicken eggs has the length of acyl chain 
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ranging 14 - 22 and 0 - 4 degrees of saturation. Other naturally occurring lipids that are obtained 

from living things, processed, and combined with other lipids to create a nearly pure lipid 

composition. Additionally, acyl chain’s degree of saturation/unsaturation might affect the 

composition of a lipid. Short, unsaturated acyl chains are less stable in vivo than saturated, longer 

acyl chains (high Tm). Endogenous lipid-based vesicles mimic the original cell membranes, 

making them naturally biocompatible and ideal for medicinal uses. 

Sphingolipids: Mostly found in the membranes of mammals. These molecules, having 18-carbon 

amino-alcohol sphingosine backbone, are crucial for the formation of cell membranes and serve 

as regulatory signaling molecules. Sphingolipids, such as sphingomyelin (SM), are added to 

liposomal formulations to extend blood circulation, boost in vivo stability, and improve therapeutic 

efficacy. 

Sterols: The majority of living things possess them. There are three different kinds of sterols: 

zoosterols (found in animals), phytosterols (found in plants), and mycosterols (in microorganisms). 

An essential part of mammalian cell membranes is the example of an endogenous amphiphilic 

zoosterol that is cholesterol. Cholesterol is largely compacted with lipid rafts in the cell membrane 

and is essential for maintaining membrane integrity and lipid raft activity. Liposomal formulations 

containing cholesterol have higher in vivo stability and reduced lipid bilayer leakiness, which 

allows for a more gradual and controlled release of cargo. Liposomes containing cholesterol are 

stable in the blood stream for a long time—more than 6 hours—while those containing no 

cholesterol are only stable for a few minutes. 

Polysaccharides: Monosaccharides that are long-chain polymeric carbohydrates which are 

connected together by glyosidic linkages.  Since they are found in cell membranes, they are crucial 

for cellular activities, tissue identification, and several transport systems. Liposomes may be 
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directed to cell receptors or circulated longer if the lipid membrane is coated with oligo- or 

polysaccharides. With their biocompatibility and antiviral, antibacterial, and anti-tumor 

capabilities, polysaccharides support drug delivery methods. The body’s mucosal surfaces are 

comparatively better targets for the detection of polysaccharide. Therefore, polysaccharide-coated 

liposomes are chosen to target the gastrointestinal, respiratory, peroral, and nasal epithelial 

pathways. 

4.1.2 Synthetic lipids: They are commercially produced, not naturally occurring or derived 

from the biological sources, and are commonly employed as parts of medicinal liposomes. 

Although they are not the endogenous type, yet they share many of the same biological and 

structural characteristics as natural lipids, including excellent biocompatibility and purity. 

Phosphatidylcholines, phosphatidylethanolamines, and phosphatidylglycerols are a few examples. 

They are a better choice than natural ones because of their commercial availability, purity, cost 

efficiency and chemical functioning.  

4.1.3 Surfactants: These molecules decrease the liquid’s surface tension where they are 

incorporated. As edge activators they are important additives in liposomal formulations. Generally, 

they are single acyl-chain surfactants which destabilizes the lipid bilayer of liposomal 

nanoparticles, as a result enhanced vessel deformability acquired. They also enhance the skin 

penetrative capacity of liposomes in anti-fungal, anti-cancer, and transdermal medications. 

Moreover, the edge activators are too used for increasing therapeutic efficacy.  
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4.2 Significance of composition on the characteristics and operation of 

liposomes 

4.2.1 Encapsulation of drug: Conventional therapeutic compositions gives effectiveness 

when applied in vitro but their in vivo pharmacokinetic properties are low, also they show rapid 

clearance, deficient biodistribution or little plasma solubility. By encapsulating the medication of 

interest inside a vehicle that assures the appropriate in vivo pharmacokinetics, stability and 

biodistribution, the liposomal drug delivery system gets beyond these restrictions. High rates of 

encapsulation efficiency are thought to be a crucial factor in the effectiveness of liposomal 

medication delivery. There are so many methods used to enhance the efficiency of encapsulation 

but it is tough to efficiently load any drug inside tiny liposomes which are 50–150 nm in size 

because of their little entrapment volumes. This is a challenge which is mentioned while using 

reverse phase evaporation as well as freeze-thaw cycling (Ohsawa et al., 1985; Xu et al., 2012).  

Compounds that are hydrophobic and hydrophilic are effortlessly loaded inside liposomes with 

high encapsulation efficiency by the help of lipid bilayer or aqueous core. Active loading is one 

kind of encapsulation technique that changes the drug permeability (membrane). For this trans-

membrane gradient can be incorporated for driving the drug substance’s molecules inside empty 

vesicles by a pH gradient. pH gradients can be made by ammonium sulfate (Haran et al., 1993) or 

citrate buffer (Mayer et al., 1986) for improving the efficiency of encapsulation of the drug which 

are amphiphilic by an easy, cost effective and safe technique (Tazina et al., 2011). The mentioned 

techniques are used industrially for drug loading of various FDA approved liposomal systems like 

Doxil, MyocetTM, DuanoXome etc. Liposome’s physicochemical properties can have effect on 

the efficiency of encapsulation at the time of preparation, which includes: size, surface charge, 

composition, and surface modifications (He et al., 2019).  
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Inclusion of substances can positively or negatively effects efficiency of encapsulation like adding 

long acyl chain lipids have positive effect on encapsulation efficiency of the drugs which are 

hydrophobic inside the bilayer and improves the retention of drug (Ali et al., 2013). On the other 

hand, adding cholesterol have negative effect on the efficiency of encapsulation if the drugs are 

incorporated inside the lipid membrane. So, the liposomal system can be used for controlling the 

rate of release of the drug, which improves the effectiveness of the drug therapeutically. 

Optimization in liposomal formulation may be done in zeta potential, adding cholesterol and the 

distinctive features of the lipid molecules (head groups, length of acyl chain, degree of saturation 

and temperature of phase transition) (Maritim et al., 2021). Features of the lipids in the liposome 

preparation have effect on the packing of the bilayer of lipid. Also, it can be optimized for 

achieving prolonged drug release. Again, enhancing acyl chain’s unsaturation degree has positive 

effect on drug release rate because bilayer of lipid’s leakiness (Charrois & Allen, 2004). 

4.2.2 Stability:  It can be chemical, physical, or biological. Chemical and physical stability 

maintain its properties steadily. For example, phospholipids have a tendency of various reactions 

of chemical degradation like ester bonds hydrolysis and unsaturated acyl chains peroxidation; 

these things have effect on the durable stability of a liposomal preparation. Stability has effect on 

liposome preparation to be regenerated from lyophilization. Liposomal features like osmolality 

can be modified by several excipients. The integrity of liposome in serum proteins presence is 

known as biological stability.  

When liposome enters into the bloodstream the bind to serum proteins which is called 

opsonization. This enhance the clearance rate (Yadav A. et al., 2011). Avoiding this liposomal 

opsonization and incrassation of blood circulation time is achieved by adding PEG. Moreover, 

cholesterol addition in liposomal preparations (alone or conjugated with PEG) enhances the 
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circulation time of blood (Gabizon et al., 1989; Semple et al., 1996). All in all, stability means the 

maintenance of the liposomal properties primarily during various type of stresses. 

4.2.3 Surface charge: Phospholipids has a net charge because of the headgroup they have and 

pH of the solution. The compositions of the final formulation have effect on the liposome’s gross 

zeta potential, the therapeutic function and efficacy of the vesicles’ delivery system is also affected 

by this. Anionic liposomes (negative surface charge containing liposomes) are made of lipids 

which has headgroups of negative charge. In DNA transfection anionic liposomes are used (Patil 

et al., 2004). The addition of negative charged lipids in liposomal preparations also amplify the 

cardiotoxic drugs delivery, for example doxorubicin, lessen the systemic toxicity in comparison 

with free drug administration (Forssen & Tokes, 1981). Furthermore, anionic liposomes help to 

enhance the vascular extravasation and decrease the accumulation inside the vascular endothelium, 

relative to liposomes which are cationic (Krasnici et al., 2003). Because of the anionic liposomes 

electrostatic repulsion with cell membranes negative charge surface, nonspecific uptake of cells is 

decreased in contrast to the cationic liposomes. This decreased nonspecific uptake permits anionic 

liposomes for prolonged circulation in the bloodstream compared to that of cationic ones (Kuang 

et al., 2012). Cationic liposomes can be synthesized by adding positively charged lipids, playing 

important role in transfection of nonviral gene and delivery of siRNA. Usage of cationic liposome 

is seen in liposomal vaccine adjuvants formulation (Christensen et al., 2007) because they have 

inherent immunostimulatory function(Inoh et al., 2020; Vangasseri et al., 2006). Also they are 

used in immunogenic response and enhancing the efficiency of vaccines (Zhuang et al., 2012). 

Incrassation of peritoneal retention more than that of neutral or anionic liposomes demonstrate 

them as the ideal drug carriers for gynecological malignancies and gastrointestinal treatment 

(Dadashzadeh et al., 2010) 
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4.2.4 Pharmacokinetics of liposomal formulations: Liposomal drug delivery system 

has effect on pharmacokinetic parameters (e.g. half-life and clearance rate, liposomal 

biodistribution) in vivo. 

Half-life and clearance rate: Rate of liposomal half-life and blood clearance are very much 

influenced by the composition of liposome. The mononuclear phagocyte system (MPS) is 

consisted of tissue resident macrophages as well as blood monocytes (van Furth, 1980) which is 

the primary reason for the liposomal clearance from the bloodstream.  

Neutrophil circulation also has a vital impact on drug delivery (Betker et al., 2018). Various 

research has been done to modulate composition of liposome to for decreasing MPS uptake. 

Opsonization of liposome after systemic administration causes liposomal interaction with 

receptors on the liver and spleen surface macrophages of MPS, gradually it induces internalization 

and degradation. It may also have impact on directing particle toward the liver by a process called 

hepatocytes. By PEG inclusion half-life and blood circulation time can be increased and this 

process is called stealth. Again, liposomes having phospholipids of neutral nature with a little 

charged (negative charge) glycolipid called monosialoganglioside (GM1) half-life and blood 

circulation time can also be increased in vivo. Here, GM1 decreases opsonization by steric 

hindrances by sialic acid which has negative charge and physical hindrance causes by chains of 

carbohydrate (Allen, 1994). 

Biodistribution (Liposomal biodistribution): Distribution of liposomes all over the can be 

changed by the addition of various molecular components. Liposomes plays a crucial role in the 

area of drug delivery for its the ability of delivering toxic drugs to cancer cells for the treatment of 

cancer. Inside a tumor liposome can be accumulated as the process facilitates by the enhanced 

permeability and retention (EPR) effect which results in prolonged blood circulation. Added with 
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that, another factors which facilitates tumor accumulation are: liposome size , elasticity and charge 

of surface(Campbell et al., 2002; Krasnici et al., 2003). Change in Liposomal elasticity can be 

done by inclusion of cholesterol, surfactants and lipids as they change the length of acyl chain and 

the degree of saturation. Liposomes having low to moderate Young’s Moduli (~0.045–28 MPa) 

can accumulate more inside the tumors in compared to high Young’s modulus liposomes 

(Campbell et al., 2002; Wu et al., 2019).Another technique for increasing tumor accumulation of 

liposome is the surface modifying system of liposomes. Liposomes accumulation mainly occurs 

in lymphatic and renal organs. Minimal accumulation also occurs on some other organs, like the 

respiratory, nervous, cardiovascular system etc. By the help of this fact anti-fungal drug can be 

directly sent to kidney (amphoteric B).  

.4.3 Liposomal compositions responsible for unique functionalities  

By using stimuli responsive liposomal advantages usage of nanoparticles for site-specific delivery 

in therapy has become evolved and speed up. Some environmental stimuli, like pH, causes 

liposomal membrane to lose stability which enables local deposition of drug loading inside target 

tissue. Moreover, some external stimuli like heat and light can have impact on the site of release 

and the rate of release. Stimuli responsive liposomes increase the efficacy of anti-tumor and gene 

delivery because of their tumor microenvironment features, such as pH and enzymatic activity. By 

utilizing this feature drug delivery to specific tumor site become easier as well as efficient (Lee & 

Thompson, 2017). 

4.3.1 pH responsive liposomes: They have special ability of targeting tumors and also the 

site if inflammation. In acidic environment these liposomes protonate the lipid bilayer components 

which then discompose the lipid bilayer causing them to rupture. As a result of this behavior drug 

payload is released if this type of liposomes has an interaction with acidic environment (Heidarli 
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et al., 2017; Simões et al., 2001). These pH responsive nature of liposomes can be optimized for 

maintaining essential features of liposomes like prolonged circulation duration by the optimization 

of destabilize nature of them and accumulation their payload efficaciously at desired pH. For 

circulation time maintenance adding lipid at a high phase temperature like DSPC, HSPC and soy 

PC as well as the additives like cholesterol and/or PEG can be successful method. Previously, PE 

was used to synthesize pH sensitive liposomes for stabilizing carriers at physiological pH. 

Recently, some other methods like fusion of pH sensitive and fusogenic components are being 

used (Simões et al., 2004).  

4.3.2 Temperature responsive liposomes: They accumulate the payload if external heat 

is given, but here the membrane is destabilization mood is different. Traditionally they are 

comprised of lipids containing a transition temperature of gel-to-liquid phase or a transition 

temperature which is higher in compared to normal body temperature, that is ~42 C. In recent 

times, polymers that are temperature sensitive or lysolipids had been used for initialization of 

membrane destabilization, gradually after applying heat payload deposition occurred (Kono et al., 

2010). If the temperature is higher than Tm fluidity and permeability of the lipid membrane are 

increased for allowing maximum drug release. Traditionally, thermo-sensitive liposomes are 

achieved by mixing the lipids with various phase transition temperatures which aids in disorder of 

lipid packing and enhancing cargo permeability. But applying a high thermal threshold for this 

process may result in damaging healthy tissue when heat is applied. For overcoming this issue, 

temperature sensitive polymers are used with lysolipids which decreases the phase transition 

temperature but also ensures rapid drug release (Porter & Ta, 2013). 

4.3.3 Theranostic liposomes: These multipurpose nanomedicines combine a therapeutic 

substance with a diagnostic (such an imaging modality). Theranostic liposomes are multipurpose 
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nanomedicines for disease treatment and monitoring because they combine a therapeutic 

ingredient with a diagnostic (i.e. imaging) component (Seleci et al., 2017). A variety of imaging 

modalities, including magnetic resonance imaging (MRI), nuclear imaging, near-infrared 

fluorescence (NIR), etc., can be acquired using theranostic liposomes. (Large et al., 2021) 

4.4 Liposome Technologies for Delivery of Therapeutics 

Purpose of using different technologies is to protect distinctive properties of therapeutic substances 

as well as minimizing all possible drawbacks so that optimized drug delivery is achieved. These 

technologies have been evolved for the liposomal products that are used clinically.  

4.4.1 Stealth Liposome Technology: For protecting active drug ingredients from the 

immune system of the recipient this technology has been evolved. This technique is aimed to 

stablish a drug delivery system where their detection is tough by the mononuclear phagocyte 

system. For this, polymer strands have been attached with active drug substances for improving 

safety and efficacy of the drug. In general, as polymer polyethylene glycol (PEG) is used 

(PEGylation). This PEGylation can be achieved if a reactive derivative of PEG along with the 

target moiety incubate together. Formation of covalent linkage between them protects the active 

drug substances from the immune system of the recipient, thus decreased immunogenicity and 

antigenicity are achieved. It also alters the physiochemical features of the active moiety, for 

example an alteration in hydrodynamic size, which results in decreased renal clearance and 

prolonged circulation time. Additionally, it imparts hydrophilicity to the drugs which are 

hydrophobic and reduces frequency of the dose. Changing these properties reduces toxicity despite 

of diminishing efficacy (Oh et al., 1995). Moreover, for their leaky nature of the tumor vasculature, 

nano particles having prolonged circulation imparts enhanced permeation and retention (EPR) and 

gradually accumulates inside the tumor bed. Doxil® is a successful liposomal product achieved by 
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this technique which is administered as an intravenous injection in the treatment of advanced 

ovarian cancer, multiple myeloma and HIV-related Kaposi’s sarcoma. This technique also helps 

to acquire a customized dosage profile 

4.4.2 Non-PEGylated Liposome Technology (NPL): This unique system is considered 

as a breakthrough in the therapy of cancer which offers the beneficial effect of PEGylated-

liposome while elimination of PEG related side effects also achieved, hand-foot syndrome (HFS) 

is an example of this. NPL Doxorubicin (NPLD) injection offers a greater safety profile than the 

conventional DOX and Doxil®. NPLD decreases DOX associated cardiac toxicity, dose-limiting 

toxicity, like HFS. This feature is acquired by a mixture of specific composition and a unique 

formation process of the NPLD liposome that provides desirable physicochemical properties.  

4.4.3 DepoFoam™ Liposome Technology: This is a proprietary, extended-release drug 

delivery technology, that is introduced by Pacira Pharmaceuticals, Inc., Parsippany, NJ, USA. 

DepoFoam™ is the core technology of many of the marketed products like, Depocyt®, 

DepoDur™, Exparel®. DepoFoam™ technology does the drug encapsulation in multivesicular 

liposomal platform despite doing modification any of their molecular structure. By this technique 

releasing of drug(s) requires 1 to 30 days (extended release). In DepoFoam™ formulation 

microscopic spheroids (3–30 µm) having granular structure and lipid particles of single-layer made 

of a honeycomb of several nonconcentric internal aqueous chambers contains the drug inside it. 

The particles carry various non-concentric aqueous chambers surrounded by a lipid membrane of 

single bilayer. Synthetic lipid bilayer membranes partitions each chamber from its adjacent 

chamber (Has & Sunthar, 2020). After DepoFoam™ administration release of drugs occurs over 

hours to weeks, consequently deterioration and/or reorganization of the lipid membranes occurs. 

By this unique technology particle release the drug over a period of hours to weeks following 
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erosion and/or reorganization of the lipid membranes. DepoFoam™ technology aids in the 

enhancement of the properties of both small and large molecules. All in all, this advantageous 

technology helps to improve patient care as it can provide expected solution for medications if 

frequent multiple injections are required and/or active ingredients with a short period of action or 

side effects. 

4.4.4 Lysolipid Thermally Sensitive Liposome (LTSL) Technology: For releasing 

drugs at sites where temperature is higher thermosensitive liposomes is used. Lipids (DPPC, 

MSPC etc.) with a transition temperature range from 40 to 45 °C are used in these liposomes 

composition. By this temperature-dependent release of encapsulated drug(s) is done. 

Radiofrequency ablation, a method based on the application of radiofrequency, often raises local 

tissue temperature to 42 °C. At high temperatures, the liposome's lipid components change from a 

gel to a liquid, increasing its permeability and enabling the release of the medicine. Additionally, 

the administration of local hyperthermia results in blood vessel leaking inside of tumors, which 

boosts the formation of liposomes inside the tumor. In a phase III clinical trial, Celsion 

Corporation's ThermoDox® encapsulates DOX using LTSL (lysolipid thermally sensitive 

liposome) technology to treat a variety of solid tumors. This method enables for a 25 times higher 

drug concentration in the treatment region for ThermoDox® than with intravenous (i.v.) DOX. In 

addition, DOX content in the blood considerably rises if compared to other liposomal encapsulated 

form of DOX. 
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Chapter 5 
Breast Cancer Treatment Using Liposomal Drug Delivery 

The principal cancer hallmarks of breast cancer are similar with many other cancers (Gutschner & 

Diederichs, 2012). But it has some unique features which make it different from other malignant 

neoplasms. Firstly, it starts to initiate from the cells of mammary gland, those are epithelial cells 

of embryonic origin and ducts and lobules forming morphology. Breast cancer tumors arising from 

mammary gland ducts develop ductal carcinoma, while transformed lobular cells form lobular 

carcinomas.  

Breast cancer grows inside mammary gland inside its border of the main site and then it starts to 

spread. By this we come to know very early and small stage of breast cancer in situ and later, 

invasive carcinomas. Secondary colony forms after spreading of cancer to different organs or 

lymph nodes (metastasis). For breast cancer, metastasis most commonly occurs on lungs, liver and 

brain. The stage of breast cancer is detected by investigating the size of the tumor(original one), 

invasion extent and metastasis occurrence which includes all organs and lymph nodes, thus tumor 

(T), metastasis(M), node(N) is defining the stage of this cancer. At the same time, for checking the 

degree of malignant transformation of the tissue of mammary glands (for rate of mitosis, 

differentiation loss and nuclear polymorphism). Lastly this cancer’s classification is done by 

degree of expression of some nuclear markers, namely, HER2-receptor, progesterone receptor(PR) 

and estrogen receptor(ER). Also, by this it is understood that for breast cancer there are two luminal 

subtype(ER+, PR+, HER2−), triple negative(basal-like) breast cancer(ER−, PR−, HER2−), HER2-

enriched type(ER−, PR−, HER2+) and normal-like breast cancer(ER+, PR+, HER2−, with 

decreased mitotic rates). For breast cancer, this classification plays crucial role to select the 
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treatment strategy. For example, some of the types are hormone sensitive for which hormone-

targeting treatment option is chosen (Higgins & Baselga, 2011). Again, classification links up 

between the phenotype od cancer cell with origin. For HER2-enriched breast cancer targeted 

therapy is chosen where ligands are targeted to HER2-receptor (Jamdade et al., 2015). For triple 

negative breast cancer treatment options are limited as there is no established molecular target yet 

which tells about the biological behavior. As a result, invasiveness of triple negative breast cancer 

is highest and occurrence of hepatic metastasis is higher than other subtypes. So prognosis and 

survival of various breast cancer are depending on the availability of treatment options and 

biological features. 

 

Nanoparticle based drug delivery system depends on certain characteristics of the tumors. With 

age mammary glands (place where breast cancer initially develops) are replaced with adipose and 

fibrous connective tissues. Even though this results in an added vulnerability of the cells of 

mammary gland but, by this tumor microenvironment effect on its growth and treatment becomes 

understandable. For instance, two signaling pathways- pro-fibrotic and pro-angiogenic, like TGF 

B1 are overexpressed in advanced breast cancer (de Kruijf et al., 2013). Which is turn resulted in 

over accumulation og collagen connective tissue and formation of scar on that spot. Increased 

angiogenesis causes blood vessels overgrowth and unusual structure which results in interstitial 

pressure and enhanced permeability and retention effect (EPR) at the tumor become higher (Maeda 

et al., 2000). For nanoparticle based drug delivery system these factors cause changes in 

biodistribution. Moreover, nanoparticle and cancer cells interaction is dependent on particle’s 

design and modification. Furthermore, liposome’s morphology plays a crucial role in cell-
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mediated endocytosis (Abumanhal-Masarweh et al., 2019). So, in order to optimize therapeutic 

outcomes, while designing liposomal nanoparticles all these factors should be considered.  

5.1 Treatment by liposome-formulated drugs  

There are many side effects and other drawbacks of conventional cancer treatment which can be 

overcome by liposomal drug delivery system. As liposome is versatile drug delivery system for 

many drug encapsulation, so by this system these problems can be solved (e.g. toxicity causes by 

chemotherapy). 

5.1.1 Breast cancer active targeting by liposomes: Active targeting liposomes means 

liposomes that functions with targeting reagents who have elevated affinity towards overexpressed 

molecules by cells of interest so that selective delivery of therapeutic agents toward the primary 

metastatic tumors can be done. By this delivery system possibility and severity of toxic side effects 

can be reduced (Olusanya et al., 2018). Moreover, this system also able to overcome the resistance 

occurs by conventional system of drug delivery. Receptor mediated endocytosis occurs in the 

functionalized liposomes by targeting ligands so that rapid cellular internalization is achieved 

(Muley et al., 2020).  A large variety of targeted ligands, such as antibodies, peptides, small 

compounds, aptamers, etc., have now been developed and evaluated in breast cancer treatment (in 

vitro and in vivo). Despite the fact that their production costs are significant and their process of 

conjugation is complicated (Chapman, 2002). Similar to this, aptamers (nucleic acid strands) have 

a very strong affinity and specificity towards the target while being prone to nucleic degradation 

with time and having the ability to produce immunogenicity (Mendes et al., 2015; Vandghanooni 

et al., 2018). Small molecules can be produced at lower costs and with less immunogenicity and 

cytotoxicity via simple conjugation with nanocarriers (Yoo et al., 2019). Certain receptors are 

overexpressed in cancer cells, such as the folate receptor, which uses small molecules as a targeted 
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ligand (Sneider et al., 2017). Again, peptides provide excellent binding specificity and affinity 

affordable manufacturing costs, and less immunogenicity since of their smaller molecular size and 

lighter weight (Mendes et al., 2015). 

5.1.2 Drug delivery utilizing triggerable liposomes for the treatment of breast 
cancer: 
Recently, advancement has been done in the release of encapsulated drugs from liposomes. Many 

type of triggering method have been explored in order to stimulate liposomes for immediate release 

of drugs. Internal triggers include pH variation, enzyme effects etc. and external triggers include 

light, magnetic field, heat, ultra sound etc. They are applied in preclinical treatment of breast 

cancer. 

pH-sensitive liposomes: extracellular pH of tumor cells is comparatively higher than the normal 

ones as a result of their production of lactate and enhanced hydrolysis of ATP. For this factor, pH 

sensitive liposomes maintaining stability at normal physiological state and disassemble drugs in 

low pH(acidic) microenvironment have been engineered (Karanth & Murthy, 2010). Releasing 

therapeutic payload, they are able to respond to pH variation among normal and cancer tissues. 

Trozan horse liposome, a pH sensitive liposome which encapsulates PTX for treatment of breast 

cancer (Jiang et al., 2016) to form DLD/PTX Lips, a pH-responsive dimethylmaleic amide (DMA) 

bond into 1,2-distearoyl-sn-glycero-3-phosphorylethanolamine (DSPE) was introduced by the 

liposome via a lysine linker. Cleavage of DMA amide in a weak acidic pH microenvironment 

causes the change in liposome’s zeta-potential to a positive state from the negative state, 

facilitating intercellular uptake as well as endosomal escape. Resulting in higher PTX release by 

the liposome and accumulation of drug occurs in tumor cells was increased. In vitro, DLD/PTX-

Lips showed a very high cytotoxic effect to 4T1 murine cells of breast cancer than independent 

PTX at concentrations of 0.01-5 g/mL range. In vivo tumor inhibition efficiency was evaluated by 
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a rodent model with 4T1 cells. The rate of inhibition of the cancer by DLD/PTX-Lips was 57.4%, 

which was substantially more than that of independent PTX that is 25.1% and conventional 

liposome that is 30.4%. Furthermore, when bound with pH-sensitive liposomes for targeted 

delivery, certain ligands may promote receptor-mediated endocytosis (de Oliveira Silva et al., 

2019). Silva et al. created folate-coated, DOX-loaded pH-sensitive liposomes (SpHL DOX-Fol), 

in which the liposome surface conjugation occured with folate ligand (de Oliveira Silva et al., 

2019). Releasing of DOX was enhanced from 21.5% ±3.9% to 53.6% ±5.7% while lowering the 

pH to 5.0 from 7.4. In 4T1 cell viability this demonstrated that low concentration (0.15 μM) can 

have greater cytotoxicity than free drug, with no satisfactory difference. Independent DOX 

contrary to liposome-formulated DOX, the temperature sensitive liposomes’ in vivo antitumor 

activities were found to be more effective (68% tumour growth decreased) in BALB/c mice 

harboring 4T1 cells. 

Thermo-sensitive liposomes (TSL): In the gelatinous state, the lipid membrane structure of TSL 

is firmly packed at normal physiological temperature, preventing the encapsulated medication 

from diffusing by the membrane. However, when these liposomes are heated to transition 

temperature (Tm), the lipids experience a gel-to-liquid phase change. For instance, the Tm of 

dipalmitoylphosphatidylcholine (DPPC) is 41.5 °C. This caused structural destabilization and drug 

release. For the treatment of breast cancer, many TSL-encapsulating anticancer medicines have 

been created. To enhance the drug's antitumor effects, a new thermo-sensitive liposome 

encapsulating DTX (DTX-TL). The release of drug at 37 °C is much lower than that at 42 °C, 

according to in vitro tests, demonstrating the influence of temperature on drug release. For in vivo 

drug release, a handmade hyperthermia device coupled to a thermostatic circulator was used to 

heat the tumor of a rodent model carrying MCF-7 cells at the temperature of 42 °C for half an 
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hour. The research showed that, when compared to mouse groups treated with various conditions, 

mice treated with TSL had the greatest tumor size decrease. TSL may be designed to administer 

two medications through a single platform, increasing therapeutic effectiveness. Jose et al. 

developed TSL to administer tamoxifen and imatinib synergistically for the treatment of breast 

cancer (Jose et al., 2019). After the temperature is raised over the transition point of 39.4 °C, more 

than 80% of the medicines were released from the TSL in half an hour. At a similar concentration, 

liposomes containing the singlet drug (for tamoxifen and 43.0±3.3% for imatinib) in comparison 

with the growth inhibition of MCF-7 cells treated with this liposome formulation co-encapsulating 

5 μM tamoxifen and 3.75 M imatinib increased to 86.31.5% at 40 °C. It was also noted that the 

identical liposomes had improved in vitro therapeutic effectiveness in MDA-MB-231 cells, with a 

growth inhibition of 66.5±3.9%. TSL demonstrated the advantages of temperature-triggered 

medication release and the hyperthermia effect when combined with chemotherapy and 

thermotherapy. In addition to releasing chemotherapy drugs when heated, hyperthermia directly 

kills cancer cells in the exposed region, increasing therapeutic effectiveness (Porter & Ta, 2013). 

In order to create moderate hyperthermia and release DOX from TSL upon irradiation by a near-

infrared laser with a wavelength of 808 nm, Ou et al. used gold nanoantennas. In order to activate 

hyperthermia and drug release from TLS concurrently, the energy transfer from light to heat was 

made possible by the special geometry of multibranched gold plated on the liposomes’ surface (Ou 

et al., 2016). Even at a low drug concentration of 0.5 g/mL, in vitro tests revealed that such TSL 

was more hazardous to MDA-MB-231 cells than free DOX (33% vs. 17%). The in vivo therapeutic 

efficacy of the combination therapy via the TSL was not, however, confirmed in this investigation. 

In Phase I/II clinical studies for cancer treatment, ThermoDOX® was the only thermosensitive 

liposome formulation researchers are aware of (Celsion, 2009). Lysolipids were added to the 
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formulation of ThermoDOX® to slow the liposome phase transition at room temperature, 

significantly accelerated drug release when heated. Needham et al. developed this lysolipid-based 

liposome formulation using DOX, and Celsion Corp. has invested in it (Needham et al., 2000). It 

was used to treat patients with breast cancer with chest wall recurrence by combining heat and 

chemotherapy. 

Light-sensitive liposomes: Due to its adjustable spectrum features, illumination intensities, and 

timing, external light source is a useful stimulation used to activate the liposomes' on-demand 

release. Furthermore, the ability to precisely regulate the release of cargo is made possible by the 

spatial and temporal control of light sources. The mechanism of light-sensitive liposomes can be 

divided into two categories: photochemical activation effect, which includes photosensitization-

induced oxidation, photocleavage, photoisomerization; and photophysical effect, which includes  

inorganic nanomaterials, plasmonic nanoparticles and molecular absorbers (Chen et al., 2020). 

Reactive oxygen species (ROS) are produced by photosensitizers (PSs) when light exposure 

activation occurs at certain wavelengths in photosensitization-induced oxidation techniques 

(Albert W. Girotti, 1990; Karanth & Murthy, 2010; Pooler, 1989; Robertson et al., 2009). One 

kind of ROS produced by photosensitizers is singlet oxygen, which possesses unpaired electrons 

and unstable bonds. Singlet oxygen may oxidize the unsaturated carbon-carbon link in lipid chains 

to create hydroperoxides, which then cause the lipid bilayers to break down (Tejero et al., 2004). 

By include PS in the formulation of the liposomes, it is possible to create light-sensitive liposomes 

based on the triggering mechanism stated above. The lipid components of the liposome were 

oxidized, leading to the destabilization of the liposome structure, when PS was activated under 

light irradiation to produce singlet oxygen or other ROS. Verteporfn is a well-known PS used to 

treat tumors such as dermatological, small cell lung, head and neck, gastroenterological, brain, 
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ophthalmic and gynecological cancers. It is also clinically licensed for the photodynamic therapy 

(PDT) of macular degeneration (Z., 2005). To treat triple negative breast cancer (TNBC), Sneider 

et al. created liposomes containing verteporfn (Sneider et al., 2016). To provide liposomes the 

ability to absorb more nutrients from cells and capture cancer-related tar, DSPE PEG2000-folic 

acid was added to the liposomes. A 33% cell viability was seen in MDA-MB-231 cells treated 

with the light-sensitive liposomes at 690 nm light, according to in vitro tests. Although this work 

used light-sensitive liposomes to apply PDT effect to cancer cells, medication release might 

potentially be accomplished with the use of this triggering mechanism. The limitations of the light 

source utilized in this study prevent visible light (380–740 nm) from being used for in vivo 

treatments. First, the visible light's limited tissue penetration depth prevents it from properly 

treating deep tissues. Secondly, several endogenous fuorophores, such as the pigments in the 

epidermis, hemoglobin, and chlorophyll, can absorb light energy in the 200-650 nm range (Son et 

al., 2019).  

Ultrasound- and magnetic-sensitive liposomes: In addition to the TSL outlined above, magnetic 

fields and ultrasound waves were extensively investigated as an external triggering mechanism 

(Alawak et al., 2021; Amrahli et al., 2021). Due to the physical characteristics of magnetic fields 

and acoustic waves, local heat may be produced from these two external sources with high 

intensities, making it more effective and non-invasive for treating specific tumor sites. They both 

demonstrated remarkable tissue penetration abilities as well (Van Ballegooie et al., 2019). High-

intensity focused ultrasound (HIFU) or magnetic fields can destroy cancer cells through the 

process of hyperthermia in addition to causing medication release from TSL. On stage IV HER2-

negative breast cancer patients, magnetic resonance guided HIFU in combination with 

ThermoDox® was being studied in a phase I clinical trial (Maar et al., n.d.). Another method of 
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activating liposomes that are sensitive to ultrasound relies on mechanical cavitation by 

incorporation of the liposomes with the microbubbles. Stable cavitation or internal cavitation will 

happen as a result of the ultrasonic triggering, depending on the strength and frequency of the 

ultrasound waves as well as the size and characteristics of the microbubbles. Lower intensities 

cause the microbubbles to oscillate (stable cavitation), which causes fluid convection and localized 

spinning. The drug release can be caused by liposomes rupturing and deforming as a result of the 

associated shear forces in the surrounding fluid (Marmottant & Hilgenfeldt, 2003). Low-intensity 

ultrasound has a negligible impact on the chemical composition and anti-tumor effects of 

medicines that are encapsulated (Schroeder et al., 2007). Internal cavitation, in contrast to stable 

cavitation, occurs when high intensity ultrasound causes microbubble collapses and shockwave 

generation, both of which can enhance membrane permeability (Pecha & Gompf, 2000). This 

impact not only triggers the release of the medication from liposomes but also makes it easier for 

cells to absorb liposomes. Additionally, the utilization of magnetic-sensitive liposomes for MRI-

guided cancer treatment is possible (Song et al., 2019). In order to accomplish MRI and medication 

release concurrently, magnetic nanoparticles (MNPs), such as iron oxides, are often enclosed in 

liposomes. The liposomes may be ruptured mechanically by the motions of MNPs that are aligned 

with external magnetic fields. Furthermore, external magnetic field direction can also promote 

liposome accumulation at the location of the tumor (Y. Wang & Kohane, 2017).  

5.1.4 Breast cancer gene therapy using liposomes: Each breast cancer subtype was 

linked to gene mutations that led to the malignant transformation of certain breast cells. In 

particular, for triple negative breast cancers, which cannot be effectively treated by effective 

targeted treatments due to the absence of receptors, gene therapy is a potential technique for 

treating breast cancer subtypes harboring different genetic abnormalities (Bottai et al., 2017). 
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Potential gene delivery devices, cationic liposomes naturally interact with negatively charged 

DNA (Simões et al., 2005). Complex nucleic acids can be shielded by liposome bilayers against 

cellular lysis and antibody neutralization (Judge et al., 2006). Additionally, the positive charge of 

cationic liposomes may make it easier for them to engage with the negatively charged cell 

membrane through endocytosis, leading to more effective cellular absorption and content release 

into the cytoplasm. Plasmids and oligonucleotides are encapsulated in cationic liposomes in the 

method for cancer gene therapy. We'll talk separately about the CRISPR/Cas9 system, which is 

the most promising gene-editing tool for cancer gene therapy. 

5.1.5 Liposome-formulated oligonucleotide therapeutic:  Short synthesized nucleic 

acids known as oligonucleotides have the potential to cure or manage a variety of ailments (Roberts 

et al., 2020) . By attaching to certain regions in a genome or RNA, these gene agents can modify 

the levels of expression of protein-coding genes (Wan et al., 2013). Small interfering ribonucleic 

acids (siRNAs) and antisense oligonucleotides (ASOs) were the oligonucleotide-based treatments 

that were most thoroughly investigated and applied in both laboratory and clinical settings for 

breast cancer treatment. ASOs are distinct from messenger RNAs (mRNA), which are accountable 

for protein coding and are made up of a single strand of RNA. Through hybridisation to a particular 

mRNA region, which prevents the creation of the corresponding proteins. A non-coding RNA 

(ncRNA) segment is carried by ASOs as well. SiRNA are double-stranded RNA molecules that 

have been created synthetically. They are frequently employed for temporary gene silencing, 

which entails the creation of a sequence unique to the target mRNA (J. Wang et al., 2010). Through 

a mechanism involving the RNA-induced silencing protein-complex (RISC), siRNA cuts the 

mRNA. More clinical studies on cancer therapy will be made possible by the effectiveness of ASO 

and siRNA-based medicines. These drugs' limited cellular uptake, quick disintegration and quick 



40 
 

renal clearance after systemic injection presented some difficulties for their use, albeit 

(Ahmadzada et al., 2018; Eloy et al., 2018). Many attempts have been undertaken to produce 

nanocarriers carrying siRNA and ASO, such as liposomes, which are capable of being an effective 

vehicle having safety profiles and enhanced effectiveness, in order to get around these restrictions 

and improve therapeutic results. An oncogenic miRNA overexpressed on breast tumors and 

associated with the course of malignant transformation for suppressing miRNA-191. A cationic 

liposomal delivery system loaded with ASO was designed as well (S. Sharma et al., 2017). 

liposomal delivery platform’s in vitro inhibitory effectiveness was examined in ZR-75-1 and  

MCF-7 cell lines of breast cancer after encapsulating the appropriate antisense oligonucleotide 

against miRNA-191. The scientists discovered that anti-miR-191 transfection efficiency in breast 

cancer cells was improved by liposome-mediated anti-miR-191 delivery. Another intriguing 

finding from this research suggested that breast cancer cell proliferation might be inhibited by the 

modified liposomes alone. Therefore, the synergistic impact of stearylamine-liposome combined 

with anti-miR-191 revealed increased levels of cell apoptosis and migratory suppression, as well 

as increased chemosensitivity of breast cancer cells to anti-cancer medications (S. Sharma et al., 

2017). Through the use of cationic liposome delivery methods, another recent study revealed 

synergistic anti-tumor effect of PTX and siRNA that targets Polo-like kinase 1 (PLK-1) in breast 

cancer (Yu et al., 2019). These liposomes were designed to co-load PTX and siPLK-1, and their 

surface was modified with a targeting aptamer (AS1411) to improve their ability to target tumors. 

After being treated with liposomes, PLK1 mRNA expression in breast cancer cells (MCF-7) was 

noticeably downregulated, with a 79% knockdown. Additionally, after being treated with such 

liposomes, tumor-bearing mice's survival rates increased and tumor development was markedly 

suppressed. Chemotherapeutic medicines and siRNA delivered simultaneously via this liposome 
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technology may have a synergistic anti-breast cancer impact. Although cationic liposomes were 

the most popular and extensively researched nanocarriers for the transport of siRNA and ASO, 

they may alter the behavior of cells by causing cell shrinkage, fewer mitoses, and cytoplasmic 

vacuolization (Kedmi et al., 2010). As a result, non-cationic liposomes' potential as gene delivery 

devices was looked at. An siRNA-protamine (siRNA/prot) complex-loaded non-cationic 

liposomal delivery method was created by Alshaer et al. In order to aggressively target TNBC cells 

that express CD44, its surface was further modified with the anti-CD44 aptamer (Apt1) (Alshaer 

et al., 2018). The cell surface glycoprotein CD44, which is superficially overexpressed on tumors, 

is a suitable targeting receptor for targeted therapies. Both in vitro (MDA-MB-231-Luc2- eGFP 

cells) and in vivo environments were used to investigate the targeted liposomal system's ability to 

silence the luciferase (luc2) gene (TNBC mouse model). Compared to non-targeted liposomes 

(47.2±10.6%), Apt1 functionalized liposomes showed the greatest in vitro gene silencing activity 

in the cells they were applied to (25.7±15.1% gene expression level). When compared to the PBS 

control group, the in vivo research further showed that Apt1 functionalized liposomes significantly 

reduced the level of Luc2 mRNA expression. Additionally, the detected bioluminescence signal 

from the tumors illustrates how the siRNA-loaded liposome systems might prevent the growth of 

tumors. MicroRNA is a substitute gene treatment for breast cancer (miRNA). A miRNA is a small 

non-coding RNA molecule of 20 nucleotides or less. It was discovered in plants, animals, and 

certain viral cells, and it has the ability to control post-transcriptional gene expression (Cannell et 

al., 2008). By base-pairing with complementary sequences found in mRNA molecules, miRNA 

serve as a guide to inhibit the production of mRNA. Through the use of designed extrinsic miRNA, 

this characteristic is utilized to silence a particular oncogene. For cancer gene therapy, a variety of 

miRNA formulations have been investigated (Mathiyalagan & Sahoo, 2017; Rupaimoole & Slack, 
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2017). Yan et al. created a useful miRNA liposome to treat TNBC by shutting down the Sluggene. 

Functional liposomes modified with the DSPE-PEG2000-tLyp-1 peptide were used to encapsulate 

the miRNA's 25-nucleotide sense strand. According to in vitro findings, TNBC cells' ability to 

invade and develop was decreased by silencing the Slug gene and inhibiting the TGF-1/Smad 

pathway. Functional miRNA liposomes and functional vinorelbine liposomes were combined to 

provide virtually total tumor growth suppression and a higher anticancer effect than functional 

vinorelbine liposomes in TNBC cancer-bearing mice (Yan et al., 2019). 

5.1.6 CRISPR therapies using liposome formulation: In the past years, new genetic 

editing techniques like transcription activator-like effector nucleases (TALENs), clustered 

regularly inter spaced short palindromic repeats (CRISPR) and zinc-finger nucleases (ZFNs) have 

emerged as a prominent therapeutic option for many cancers, including breast cancer. Due to the 

ease of preparation, high gene editing effectiveness, and simultaneous editing of numerous loci, 

CRISPR has emerged as a viable substitute for TALENs and ZFNs among these genome editing 

methods. Comparatively speaking, it became highly appropriate for clinical or preclinical 

applications. In this method, the guide RNA (gRNA) repair template directs the introduction of a 

double-stranded break (DSB) DNA molecule’s target region by a nuclease protein called Cas9. 

This allows for the inclusion of a new sequence into the genome. CRISPR has so far proven 

successful in treating primary immune system abnormalities, hemophilia, hemoglobinopathies, 

muscular dystrophy and metabolic diseases using CAR-T immunotherapy for cancer (Xia et al., 

2019). Through the creation of therapies that may selectively alter the expression of disease-

relevant genes, significant progress has recently been achieved in the clinical uses of CRISPR. 

However, this technology is still in its infancy and has not yet undergone a clinical trial for the 

treatment of breast cancer. This is a result of ineffective delivery mechanisms, poor transfection 
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effectiveness, rapid biodegradability, and possible off-target effects (Tao et al., 2019). The 

majority of CRISPR transfections have been carried out using viral-based delivery vehicles. The 

primary obstacle, however, was brought on by viral vectors' induction of CRISPR/Cas9-specific 

immunogenicity (Mintz et al., 2018). Different non-viral delivery tactics, such as liposome 

delivery systems, have been investigated and developed as a possible delivery alternative (Jain et 

al., 2020). Although there aren't many studies about liposome-based CRISPR treatments for breast 

cancer right now, they seem to hold promise for the future of cancer gene therapy (Eoh & Gu, 

2019). The insufficient transfection efficiency of CRISPR was solved by Zhang et al. using a 

cationic liposomal method. A Cas9/single-guide RNA (sgRNA) plasmid was enclosed in a 

polyethylene-glycol-phospholipid-modified (PLNP) liposome system that was created by the 

scientists (DNA). The scientists chose to use these nanocarriers to knock down the polo-like kinase 

1 (PLK-1) gene, a key regulator of cancer cell proliferation, in order to show the effectiveness of 

such modified liposomes for transfection. Breast cancer cells (MCF-7) treated with PLNP 

including CRISPR/sgRNA plasmid showed a better transfection efficiency of 37.8% in in vitro 

transfection experiments, as compared to Lipofectamine2000 (a commercial liposome transfection 

agent), which showed just 3.15%. The in vivo therapeutic effects of this liposome-formulated 

CRISPR technology on breast cancer were not demonstrated in this study. However, the in vivo 

efficacy of these liposomes in a mouse model carrying melanoma cells was asserted by the 

scientists (A375). Guo et al. used a noncationic, tumor-targeting liposome-hydrogel hybrid 

technology to eliminate the breast cancer-promoting gene Lipocalin 2 (Lcn2) through CRISPR 

technique. This method contained three CRISPR plasmids that encoded the Cas9 nuclease and a 

guide RNA sequence to recognize and disrupt the Lcn2 gene in the targeted human TNBC cells' 

genomes. Lcn2 mRNA expression levels in TNBC cells were significantly decreased, as evidenced 
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by the in vitro genome editing effectiveness, with 80% of Lcn2 deletion found in both MDA MB-

231 and MDA-MB-436 cell lines. This liposome system's therapeutic efficacy was evaluated in 

vivo using a mouse model carrying MDA-MB-231 cells. When compared to other treatment 

scenarios, the mouse group treated with nanocarriers showed a considerable suppression of tumor 

development by 77% in volume. According to the findings of these two research, liposomes are a 

potential delivery formulation for improving CRISPR transfection, which will thereafter have a 

therapeutic effect on breast cancer. It is noteworthy that the authors of these two research employed 

CRISPR plasmid DNA to accomplish the desired gene knockdown result. Due to the relatively 

long time that plasmids remain within cells, the main problem with plasmid DNA was high rates 

of unintentional gene editing, which would hinder the clinical application of CRISPR technology 

(Peng et al., 2016). 

Chapter 6: Conclusions 
Rapid advancements in the experimental advancement of liposomal delivery systems are being 

made in response to the desire for fresh approaches to the treatment of breast cancer. On the 

creation of the novel liposome formulation for breast cancer, there is, however, no comprehensive 

knowledge or road plan. Most publications base their choice of the targeting and triggering 

modalities in significant part on the molecular subtypes of the tumor and the currently being used 

conventional therapies. There are several obstacles to the clinical implementation of these novel 

liposome formulations, despite the fact that standard development of chemotherapeutic liposomal 

medicines has been utilized extensively the clinical setting of treating breast cancer. When creating 

these liposome formulations, more research into the triggering mechanisms for the triggerable 

liposomes is required. 
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