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ABSTRACT

Breast cancer, the most common malignancy among women, is also the second-leading cause of cancer deaths all over the world. As commonly used
chemotherapy drugs, which are given systematically, causes toxicity not only to cancerous cells but also to proliferating normal cells. Similarly, drug
resistance leads to drastic side effects and treatment failure. Thus arises the need for improving the therapeutic index of anticancer drugs. Owing to
these failures, nanotechnology holds significant promises.

Using keywords like multi-drug resistance, effective targeting, therapeutics, intracellular pathways, efficacy, and breast cancer, references were looked
up from specialised databases including Elsevier, Pubmed, and Cambridge from the year 1994 to 2023. This review was supplemented by a few
references from Springer Nature and pertinent data from an online source. Along with online articles from Medscape, StatPearls, and The Lancet
Respiratory Medicine, it was excellent.

Supported literature was used to overcome these challenges; therapeutic drugs are encapsulated in nanoparticles. Concurrently, solid lipid
nanoparticles (SLN), with their few merits, like enhancing the therapeutic profile, overcoming multidrug resistance, providing a targeted approach,
and serving as a controlled release, have gained the attention of researchers. SLNs confine significant promises, overcome these challenges, and help
to possibly deliver the drug to a specific part of the body, particular organ, or tissue by an actively or passively targeted delivery system, which will
be beneficial in the diagnosis and treatment of breast cancer. The objective of this article is to highlight the factors that influence the targeted drug
delivery system and resultant bioavailability and also provide updates on recent research and various approaches used for breast drug delivery

systems.
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INTRODUCTION

Drug delivery systems have started a new parade to enhance the
therapeutic benefits of active compounds. Solid lipid nanoparticles
(SLNs), in particular, have emerged as an advantageous nanocarrier
system in the treatment of cancer [1]. With a few significant
advantages such as increased bioavailability, low toxicity, the ability
to incorporate both lipophilic and hydrophilic drugs, and the
feasibility of large-scale production. Moreover, it has the ability to
sidestep the problems that are faced during conventional cancer
therapy [2]. Non-specificity and burst release, in general, cause
toxicity, side effects, and the destruction of normal cells [3]. The
composition and preparation process of SLN will determine its
performance. The ability of SLN to go past several physiological
obstacles that prevent drug delivery to tumour sites and also get
beyond the primary drug resistance mechanism of cancer cells [4].
In 1999, Yang S. C. et al. prepared SLNs of camptothecin (CA), a
specific drug targeting the brain. Among the investigated organs, the
brain had the greatest CA-SLN to CA-Sol AUC ratio. These findings
suggest that SLNs are a viable sustained release and drug targeting
strategy for lipophilic antitumor medications that are possible, with a
potential for dosage reduction and less systemic toxicity [5].

Drug delivery to the target site can be achieved by different
mechanisms, like passive targeting while considering the tumour
microenvironment and similarly active targeting by performing
surface modification of solid lipid nanoparticles as well as co-delivery
mechanisms [6]. Different drugs can be easily incorporated
irrespective of their solubility criteria and are effective in different
types of tumours like breast, colon, lung, brain, and liver, validating
their potential [7]. Still, many challenges need consideration while
formulating SLN’s for cancer therapy, but their possibilities appear to
be quite high [8]. Many therapeutic nanoparticles are used to treat
cancer, which results in toxicity due to high drug accumulation or
enhanced permeation and retention (EPR) effects. These significant
drawbacks are due to leaky vasculature and inefficient drainage at
tumour sites [9]. As we found, the response rate of these drugs is very

poor, and drug resistance developed by the patient is very high [10].
Early menarche, late menopause, null parity, advanced age at first
birth, reduced nursing, and postmenopausal hormone therapy are risk
factors for breast cancer, according to GLOBOCAN 2020, as well as oral
contraceptives. Alcohol consumption, obesity, and a lack of exercise
are additional breast cancer risk factors [11]. Anticancer medications
are used to treat cancer, extend life, or lessen cancer-related symptoms
[12]. The majority of anticancer medications work by interfering with
cell division [13]. Breast abscesses are one of the main causes of
morbidity for women in developing nations, but they are less frequent in
affluent nations due to improvements in maternal hygiene, nutrition, the
standard of living, and early antibiotic administration. It has been
demonstrated that ultrasound is effective for diagnosing breast
abscesses, directing needle placement during aspiration, and enabling
visibility of multiple abscess locations, all of which are necessary for
needle aspiration and re-aspiration of breast abscesses [14].

Proteins belonging to the family ATP-binding cassette (ABC) have a
vital role in drug resistance in multiple malignancies and high
resistance to chemotherapy [15]. The major obstacle in breast
cancer treatment and the prognosis is multidrug resistance (MDR)
[16], which is usually due to high expression of certain proteins,
namely P-glycoprotein (P-gp/ABCB1), ABCG2, and BCRP [17]. The
most common malignancy and the second leading cause of cancer
death among women is breast cancer [18]. The reason behind this is
the potential for metastasis to obscure organs. The modulation of
breast cancer and its progression to metastasis are mainly mediated
by several pathways [19]. The various biological receptors
responsible for breast cancer are oestrogen receptors (ERs),
progesterone receptors (PRs), and human epidermal growth factor
receptor 2 (HER-2) for multiple subtypes of breast cancer [20].

Breast receptors: targeted drug delivery system

Over few decades, while comparing free drugs, nanocarriers have
played a vital role in various cancer therapies [21]. As nanocarrier-
encapsulated drugs are target oriented and accumulate at tumor
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site, across EPR effects by such means, it improves the therapeutics
outcomes and selectivity, thereby decreasing the side effects and
toxicity [22]. A significant amount of effort has gone into developing
a novel target-oriented nanocarrier and analogous therapeutic
approach. The targeted nanocarrier was prepared by conjugating
various ligands like proteins, aptamers, peptides, and copolymers
against various receptors so as to reach the clinical site [22, 23].

The use of a selective targeting drug delivery system can improve
drug release governance and therapeutic potency [24]. This system
employs ligands that precisely interact with cancer cell receptors to
improve the binding and internalization of encapsulated
nanoparticles [25]. Nanoparticles with targeting components like
antibodies, proteins, and peptides on the external surface of the
nanoparticle reveal a substantially greater affinity for tumour cells
[26, 27]. The need for targeted drug delivery arises with the rise in
complications, such as the physiological and molecular mechanisms
induced by stress in the tumour microenvironment that lead to the
establishment of treatment resistance. A cancer therapy-targeted
nanocarrier having a particular receptor, Signalling pathways and
intrinsic subtypes in the molecular biology of breast cancer
nanoparticle delivery for metastatic breast cancer, the connection
between breast cancer cell line classification and breast tumour
subtyping. Multidrug resistance is caused by the increased
production of proteins like P-glycoprotein (P-gp/ABCB1), ABCGZ2,
and BCRP (MDR). Using various nanocarrier-based drug delivery
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techniques Gene expression profiling and histopathological
evaluation of triple-negative or basal-like breast carcinomas.

Factors to be considered in the design of breast-specific drug
delivery system

Before designing a breast-specific drug delivery system, it is
important to analyse the many different influencing elements that
will affect how well the medicine works therapeutically [28, 29].
Below are a few of the factors.

Anatomy of breast

Breast cancer is a complicated illness with well-defined clinical,
morphological, and molecular characteristics [30]. Different kinds of
fatty, fibrous, and glandular tissues make up the female breasts. The
fatty tissue that occupies the spaces between glandular and fibrous
tissue mostly determines the size of our breasts. The fibrous, so-called
supporting or connective tissue, determines ligaments and scars. Parts
of the glandular tissue include the breast ducts and lobes.

Fibro-glandular tissue refers to all non-fatty tissue. From the skin to the
body's chest wall, there are bands of strong, flexible connective tissue
known as ligaments that maintain the breast tissue in the proper
position. The breast muscle is also very important. Both breasts are
supported by the pectoral muscle, which is normally found against the
chest wall beneath both. Additionally, blood arteries are there to carry
away waste and also offer oxygen to the breast tissue [31].

Chest Wall o

Fig. 1: Anatomy of breast [31, 32]

Hormonal receptors

Only clinical factors, such as tumour size, lymph node involvement,
histological grade, and age, as well as biomarkers like the oestrogen
receptor (ER), progesterone receptor (PGR), and human epidermal
growth factor receptor 2 (HER2), which are primarily used in the
diagnosis and treatment of cancer patients, can explain the
heterogeneity of breast receptors. But we must pay close attention
to the molecular biology of cancer [33]. One in five women is
affected by the most prevalent type of breast cancer among them,
known as HER-2-positive breast cancer, which is brought on by the
overexpression of HER-2 [35].

Molecular biology in breast cancer: intrinsic subtypes and
signalling pathways

Over the last ten years, extensive research on cancer molecular
biology has revealed links between various signalling pathways [36].
Among the most well-known platforms are the wound-response
model, the rate of two genes model, the genomic grade index, and
the intrinsic subtype model, as well as Mamma-Print and onco-type
DX [39]. However, the useful data on tumour biology resulted in a
better understanding of the signalling networks that control tumour
growth and maintenance [41]. IGF1R, HER2, oestrogen receptor,
IGF1R, PI3K/AKT, mTOR, AMPK, and angiogenesis pathways lead to
the development of new targeted therapeutics [42].

Tumor micro-environmental stress

The specific messenger and communicator between tumour cells
and other cells containing genetic material and proteins linked to

cancer is called a tumor-derived exosome (TDE). And TDEs, which
are also one of the crucial elements that make up the tumour
microenvironment (TME), can alter the TME and interact with it to
encourage the growth and metastasis of tumours [43].

According to a wealth of research, the tumour micro-environment is
a well-established regulator of cancer growth, distant metastasis,
and the acquired resistance of cancer cells to various therapies [44].
Despite  significant improvements in radiotherapy and
chemotherapy, less effective medications are produced as a result of
the development of treatment resistance [45]. Surgery, radiation
therapy, hormone therapy, chemotherapy, biological therapy
(targeted medication therapy), and evidence-based guidelines are
some of the main breast cancer treatment options [46].

Methods used for drug targeting to the breast

In this review, we talk about the many nano-drug delivery
technologies for treating breast cancer, including localised and
receptor-based approaches. The most desirable but exclusive goal of a
medicine delivery system has become drug targeting [47]. The ability
to alter pharmacokinetics and biodistribution, as well as confine drug
action to treated tissue, in order to improve efficacy and reduce the
toxicity of both new and existing medications [48]. Different strategies
have been developed to get over these obstacles by leveraging possible
drug carriers to enable site-specific targeting [49].

Drugs must get past a variety of obstacles, including
pharmacological, biochemical, and physiological ones, in order to
reach their intended audience [50]. These challenges can be
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overcome by addressing the target organs directly or via
catheterization, using the EPR effect in tumours or RES organs
(unmodified surface nanosystems), bringing surface-bound active
ligands together, useful for intracellular targeting, a specific release
pattern, imaging, and treatment [51]. Targeted drug delivery
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methods not only improve the therapeutic effectiveness of
medications but also reduce drug toxicity, enabling the use of lower
doses of the drug during therapy [52]. Both active and passive
targeting techniques were investigated as cutting-edge nanosystems
for medication delivery [53].

Table 1: Drug targeting approaches

Passive targeting References Active targeting References
1. Pathophysiological factors 54-56 1. Biochemical targets 115-118
¢ Inflammation/infection 57,58,60,61,62 e Organ 122

e EPReffect 9,63,64,123 e Cellular 125

2. Physicochemical factors 59,74 e Organelles 126

e Size 53,65 o Intracellular 119

e Molecular weight 65 2. Physical/External stimuli 92,121
3. Anatomical opportunities 66 e Ultrasound 13

e Directinjection 67,68 e Magnetic field 120

e 4. Chemical approaches 63-73 3. Pre-targeting/Sandwich targeting 127
Prodrugs 124 4. Promoter/Transcriptional targeting 128

o Chemical delivery systems 74-78

Different types of targeting approaches are
Passive targeting approaches

Because passive targeting compromises the vasculature, it results in
the sustained release of pharmaceutical actives and drug
accumulation in the drug-carrier system at a specific spot [54]. The
passive targeting of a medication or nanocarrier system is aided by
pathophysiological and anatomical research [55].

Amir Tajbakhsh, Malihe Hasanzadeh, Mehdi Rezaee, et al. conducted
a study on the passive targeting of curcumin SLNs to breast cancer
tumour tissues, exhibiting remarkably greater tissue availability. By
focusing on important signalling pathways to either increase the
effectiveness of the existing medication or decrease toxicity. Despite
having anticancer properties, curcumin has been found in multiple
clinical trials to lessen the severity of radiation dermatitis in breast
cancer patients receiving irradiation. Even though it has limited
bioavailability. Various methods have been used to increase its
absorption rate. To increase curcumin's bioavailability, numerous
adjuvants and conjugates were tested during curcumin delivery.
Another strategy to improve curcumin absorption in the digestive
tract is lipid-based nano-micelles, whereas polymer-based nano-
formulations (such as poly D, L-lactic, co-glycolic [PLGA]) enable the
release of curcumin at a sustained level. It was concluded that,
however, different formulations of curcumin have now enhanced its
bioavailability compared to unmodified curcumin, despite the fact
that the low oral absorption of curcumin is one of the main limits of
its application. Clinical investigations have looked into the medicinal
application of curcumin, either as an adjuvant or alone using
different formulations, with encouraging outcomes [56].

According to Guorgui J. et al, passive targeting of curcumin-SLN in
TPGS resulted in a 50.5% growth reduction of the Hodgkin's
lymphoma (HL) xenograft in the group that received it. The SLN-
curcumin (SLN-curc) resulted in a reduction of expressions that are
responsible for cell proliferation and apoptosis (XIAP and Mcl-1) in
the HL tumour extracts. HL cells in culture have the ability to reduce
the expression of relevant anti-inflammatory cytokines (IL-6 and
TNF-) in a concentration-dependent manner. In conclusion, SLNs
seem to be a suitable and efficient method for delivering curcumin. It
was hypothesized that curcumin, when properly prepared, is a
promising adjuvant for the treatment of HL and merits further
investigation, given the effectiveness of SLN-curc and the improved
growth-inhibitory impact when paired with chemotherapeutic
medicines [57].

Nausicaa Clemente ID, Benedetta Ferrara, Casimiro Luca Gigliotti,
and colleagues created temozolomide (TMZ) solid lipid nanoparticles
(SLN), which proved to be effective in inhibiting the growth and
vascularization of B16-F10 melanoma in C57BL6 mice without
causing any toxicity. They concluded that temozolomide SLN could
be a promising strategy for allowing increased stability of the drug

and, thereby its employment in the treatment of aggressive
malignancies [58].

Mansi K. Shah, Parshotam Madan, et al. developed and evaluated
Carvedilol SLNs to boost total bioavailability by encouraging
lymphatic uptake of carvedilol-loaded SLNs; the drug release should
be regulated, and first-pass metabolism might be avoided. The
enteric-coated, carvedilol-loaded SLNs tablet will provide prolonged
release profiles to protect carvedilol from acidic environments. In
the Caco-2 cell line, carvedilol absorption was higher from SLNs than
from drug solutions, suggesting a potential delayed drug release.
Findings indicate that SLNs may enter the lymphatic system after
cellular absorption, avoiding first-pass metabolism and increasing
oral bioavailability [59].

Pathophysiological opportunities

The physiological state of sick tissue may change under different
clinical circumstances, which can be used to a drug's advantage
when used passively [60]. Leukocyte extravasation is made possible
by the release of numerous chemotactic factors from diseased or
inflamed tissues, which also improves the permeability for
particulate drug carriers [61]. These pathophysiological potentials
include an increase in vascular permeability caused by various
inflammatory situations, which primarily permits the extravasation
of nanocarrier systems and their site-specificity in inflamed tissue
[62]. It is possible for the nanosystems inside the tumour to have an
enhanced permeability and retention (EPR) effect due to the
increased vascular permeability and the tumour’s impaired
lymphatic drainage [63]. In order to achieve passive tumour
accumulation using the EPR effect, the targeted system must have
lengthy blood circulation times, maintain drug activity while in
circulation, and maintain drug carrier interaction [64].

Mi-Kyung Lee, Soo-Jeong Limc, Chong-Kook Kim, and colleagues
created and tested paclitaxel solid lipid nanoparticles (SLNs) made
from trimyristin (TM) as a solid lipid core and egg
phosphatidylcholine and pegylated phospholipid as stabilizers. It
was found that the in vitro drug release study shows a slow drug
release in a time-dependent manner. Furthermore, paclitaxel-loaded
SLNs produced cytotoxicity that was equivalent to those of a
commercially available Cremophor EL-based paclitaxel formulation
when used to treat the OVCAR-3 human ovarian cancer cell line and
the MCF-7 breast cancer cell line. These findings collectively imply
that paclitaxel parenteral administration with our modified SLN
formulation may be an alternate delivery method [65].

Anatomical opportunities

Drugs may be injected directly or through catheters into "discrete
anatomical compartments,” such as the breast, lungs, knee joints,
respiratory tract, and eye, using minimally invasive techniques.
These techniques for site-specific localized drug administration limit
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unintended systemic exposure of the drug, avoiding negative
pharmacological effects in tissues that are not specifically targeted
[66]. This reduces both the dose and the price of the medication. A
cutting-edge method for targeting the cytotoxic activity of anticancer
medicines to cancer cells and medication delivery to inaccessible
organs like the heart or brain is provided by the successful strategy
to overcome biological barriers [67].

Yuan Zhaol, Meng-lei Huan, and colleagues looked into how
combination therapy could be used to overcome medication
resistance. Resistance to drugs like doxorubicin (DOX) has emerged
as one of the major obstacles to treating breast cancer. To
circumvent DOX resistance, resveratrol (RES) and DOX were co-
encapsulated in PLGA to create nanoparticles (NPS). The Confocal
Laser Scanning Microscopy (CLSM) outcomes demonstrate that
DOX/RES-loaded NPS simultaneously transported DOX and RES into
the nuclei of DOX-resistant human breast cancer cells. As a result,
MDA-MB-231/ADR and MCF-7/ADR cells showed considerable
cytotoxicity when exposed to DOX/RES-loaded NPS. Additionally, by
preventing the expression of drug resistance-related proteins such
as P-gp, MRP-1, and BCRP, as well as by inducing apoptosis by
suppressing the expression of NF-B and BCL-2, DOX/RES-loaded
NPS may overcome DOX resistance. They demonstrate that
DOX/RES-loaded NPS primarily transport DOX and RES to tumour
tissue in tumor-bearing mice. In contrast to free DOX, DOX/RES-
loaded NPS greatly reduced the growth of DOX-resistant tumours in
tumor-bearing mice without significantly increasing systemic
toxicity. As a result, DOX/RES-loaded NPS is effective in treating
DOX-resistant breast cancer and can overcome DOX resistance. It
was concluded that, in comparison to traditional medications, NP-
based DDS is associated with improved pharmacokinetics,
biocompatibility, tumour targeting, and stability. Additionally, NPs
offer a fantastic framework for combination therapy, which aids in
overcoming MDR. Numerous NP forms, including metallic,
polymeric, and hybrid NPs, have demonstrated increased drug
delivery efficacy as a result of growing research [68].

Physicochemical factors

The size, surface hydrophobicity, and surface charge of nanosystems,
which can be controlled for passive targeting, are physicochemical
parameters that influence their in vivo biodistribution and clearance
kinetics [63]. After being opsonized by blood-stream proteins, the
reticuloendothelial system (RES), primarily fixed macrophages in
the spleen and liver, typically absorbs a significant portion (about
90%) of the nanosystems administered intravenously [69]. The best
opportunity for passive drug targeting to the macrophages present
in the liver and spleen is promoted by the fact that particles smaller
than 100 nm easily pass through the liver endothelium and
sinusoidal sieve plates localise in the spleen and bone marrow [70].
This is a natural tendency for any nanosystems to localise in the RES.
Antibiotics and antiviral medicines are typically targeted for
intracellular infections [71].

Stolnik, B. Daudali, and colleagues investigated the impact of
Poloxamer 407 adsorbed on colloidal drug carrier polystyrene
nanoparticles, as well as the effect of different degrees of surface
coverage and polyethylene oxide (PEO) chain confirmation on
biological fate. The adsorbed layer of Poloxamer 407 was
characterized in terms of percentage surface coverage, the thickness
of the adsorbed layer, and average surface area per PEO chain by
computer modelling of the adsorbed layer. The in vitro interactions
of the nanoparticles with different degrees of Poloxamer 407 surface
coverage with serum components and the in vivo biodistribution in
the rat model were assessed. The results state that an increase in the
surface coverage by Poloxamer 407 shows an increase in the volume
fraction of the PEO in the adsorbed layer. Further increases in the
PEO chains from the surface result in closer packing of the chains at
the surface. Increased surface coverage results in a reduction in the
amount of serum proteins adsorbed and, more importantly, affects
the type of proteins adsorbed. Because surface coverage was greater
than 25%, high molecular weight proteins resist absorption. They
found that nanoparticles with 5% surface coverage resulted in
improved circulation times as compared to the uncoated
nanoparticles. Despite the fact that it was concluded that a relatively
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low degree of surface coverage with PEO chains could result in a
long in vivo blood circulation time, Even the nanoparticles with the
smallest amount of surface coverage (around 5%) had superior
circulatory patterns after intravenous delivery to rats compared to
the uncoated nanoparticles. For the 40 nm nanoparticles, the effect
was more noticeable. In comparison to uncoated and 5% coated
systems, a further increase in the surface coverage to around 25%
led to a noticeably longer period of circulation time for all sizes of
nanoparticles. Importantly, it was shown that PEO chains allowed
nanoparticles with a relatively modest degree of surface coverage to
attain a lengthy in vivo blood circulation period [72].

Chemical approaches

Anand Kumar Kushwaha et al used raloxifene hydrochloride, a
selective oestrogen receptor modulator (SERM), to create and test
solid lipid nanoparticles via solvent emulsification/evaporation.
There were only 2% estrogenic effects on bone and anti-estrogenic
effects on endometrium and breast. Following the oral treatment of
Wistar rats, RL-HCL-loaded SLN had a bioavailability that was nearly
five times higher than pure RL-HCL. One of the interesting drug
delivery candidates is lipid-based drug carriers, which have
numerous applications for improving bioavailability. The attempt to
create RL-HCL SLN using a straightforward conventional technique
was interesting in that it showed that employing SLN as a carrier
boosted the RL-bioavailability of HCL and was shown to be five
times better than its suspension. Current research shows that SLN
carriers may aid in improving raloxifene’s bioavailability. However,
more research is required to fully understand the mechanisms
underlying SLN lymphatic absorption [73].

Active targeting approaches

Active targeting approaches enable the precise tailoring of
medication or drug carrier nanosystems with "active" molecules
that have a specific affinity to recognise and interact with a
particular cell, tissue, or organ in the body [75]. One receptor-
targeted ligand approach allows thousands of active drug
molecules to be imported through the formation of a couple with
the active agent while limiting the coupling capacity to a small
number of drug molecules [76].

Yukiko Nishioka, Hiroyuki Yoshino, et al. worked on lymphatic drug
targeting by using a colloidal drug carrier for efficient anticancer
chemotherapy using lymphatic targeting in order to prevent
metastasis of tumour cells by accumulating the amount of drug in
the lymphatic region like a lymph node by subcutaneous
administration. Before surgery, the primary goal of lymphatic
targeting is to make sure that the medicine is targeted to lymphatic
regions such as nodes and arteries. As a result, it increases the pre-
oral bioavailability of macromolecule drugs like proteins and
polypeptides. Unlike previous formulations, the in vivo study shows
that poly-iso-butyl-cyanoacrylate (PIBCA) nanoparticles increased
drug accumulation in lymph nodes. According to our preliminary
research, nanocapsules is one of the most promising methods for
lymphatic targeting due to its ability to be produced using a simple
manufacturing procedure. The surface modification of nanocapsules
appears to benefit from the interfacial deposition approach. The in
vivo investigation demonstrated that following intramuscular
delivery, PIBCA nanocapsules had the potential to retain medication
in the local lymph node [77].

Geeta S. Bhagwat, Rajani B. Athawale, and colleagues investigated
the efficacy of Tamoxifen citrate, a selective oestrogen receptor
modification activity, in the treatment of cancer. Tamoxifen citrate
has uterine toxicity and an anti-estrogenic impact on breast and
uterine cells. This work effectively created transferrin-conjugated
solid lipid nanoparticles (SLNs) to improve the active targeting of
tamoxifen citrate in breast cancer. The proposed formulation was
more cytotoxic than pure Tamoxifen citrate in a concentration-
dependent manner on human breast cancer MCF-7 cells. MCF-7
human breast cancer cells' qualitative uptake of produced D-SLN
and SMD-SLN was verified by cell uptake and flow cytometry
experiments. It was concluded that transferrin-engineered nano-
carriers have increased therapeutic response for the treatment of
breast cancer [78].
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Targets
Receptors

The presence of receptors on cell membranes enhances active
targeting by enabling receptor-induced endocytosis, which
facilitates the uptake of the drug carrier system by allowing selective
interactions with cells [79].

Bin Luab Su-Bin Xiong et al. conducted an experiment to improve
the therapeutic effect of mitoxantrone (MTO) for the treatment of
breast cancer as well as to treat metastases of breast cancer lymph
nodes. They performed the characterization and manufactured solid
lipid nanoparticles for testing on animals by employing the film
dispersion-ultra sonication technology. An in vitro investigation of
the MTO-SLN revealed sustained MTO release with no burst release
impact. The Q24 h = 25.86 0.82%, t50 = 5.25 1.10, and t90 = 28.38
4.50 d values are displayed in the release profile. It was determined
that the concentration of MTO-SLN in lymph nodes was significantly
higher than that in other tissues and that the concentration of MTO
solution was likewise lower. The P388 lymph node and human MCF-
7 breast cancer mouse models were chosen to study the therapeutic
impact. MTO-SLN was administered locally, and the primary tissues
showed no toxicity. According to MTO-solution, the liver and lungs
suffer the majority of the medium-to-severe toxicity. This
investigation of active anti-tumor drug delivery with better
therapeutic benefit and minimal side effects against breast cancer
and its lymph node metastases provided fresh insight [80].

Folic acid receptor

Folic acid is a vitamin that is taken up by cells by receptor-mediated
endocytosis using membrane-associated folate receptors because it
is necessary for the in vivo nucleotide synthesis [81]. Folate
receptors, which are selectively overexpressed in cells of
malignancies with epithelial origin, but are only expressed on
specific epithelial cells in individuals [82]. It has mostly been utilised
for tumor-specific drug delivery in a variety of tumours, including
those of the breast, ovary, brain, and lung [83].

Folic acid receptors constitute tumor-specific targeted drug delivery
was studied by Yingjuan Lu, Philip S. Low, et al. In many types of
human malignancies, it is typically unregulated. Myeloid cells,
breast, lungs, renal, brain, ovary, and other cancers. Only a small
portion of a specific region on the epical membrane of polarised
epithelia has folate receptors that are accessible to normal tissues.
As the cancer progresses or worsens, the density of foliate receptors
increases. They used folate-linked medicines to work on the therapy
of cancer; as a result, folic acid is linked to both macromolecular
complexes and low molecular weight medications. Folic acid is
readily delivered to cancer cells that express the folate receptor and
its conjugation to macromolecules. Due of macromolecule's ability to
penetrate solid tumours, in vivo targeting of folate-mediated
macromolecules has, however, only yielded inconsistent outcomes.
However, it was concluded that the idea of folate targeting has
considerably increased the likelihood that a macromolecule-based
therapy will be effective in treating advanced cancer [84].

LDL receptors

A family of nine endocytic receptors called low-density lipoprotein
(LDL) receptors carries cholesterol-rich lipoproteins (LDL) into cells
by receptor-mediated endocytosis [85]. It has been suggested that
several medications and some lipid-based substances, including
SLNs, liposomes, and cholesterol-rich emulsions, can interact with
these receptors [86].

The 14 single-transmembrane receptors of the low-density
lipoprotein receptor (LDLR) family were studied by Oceane
Campion, Tesnim Al Khalifa, et al They contain structural
similarities and shared repeats. These receptors can function
independently or in complexes with membrane-spanning co-
receptors that are in charge of lysosomal degradation or cell-surface
recovery. They recognise and internalise a variety of external
ligands. As multifunctional endocytic receptors, LDLRs are active in
pleiotropic processes that influence both tumour cells and the
microenvironment around them, including growth factor signalling,
chemo-attraction, multicellular proteins, and cell-matrix adhesion
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turnover. These receptors play a contentious role and are affected by
the presence of cancer. So it came to the conclusion if we better
understand the activity of this receptor, it will be important to
develop more sophisticated in vitro multicellular and 3D tumor-
based systems (tumorous) utilising patient-derived cells. The
strategy should be focused on the endocytic features of
overexpressed LRP1 rather than on the modulation (e. g, inhibition
or reduction) of LRP1 expression in the next years and in order to
consider LRP1 as an innovative vectorization tool [87].

The LDLR members' specific contributions to the development of
breast cancer are as follows: Due to particular expression patterns,
these receptors are beneficial in primary tumours or distant
metastases. New mechanisms and signalling pathways make
potential diagnoses and treatment approaches possible.

Peptide receptors

Many peptide receptors that are often expressed in certain tumour cells.
In tumour cells, there are receptors for peptides like somatostatin
analogues, vasoactive intestinal peptide, gastrin-related peptides,
cholecystokinin, and luteinizing hormone-releasing hormone [88].

To get the required therapeutic response, Nina Svensen, Jeffrey G. A.,
et al. worked on targeting particular cell types. Focusing on homing
peptides (HPs) and cell penetrating homing peptides (CPHPs), they
examined peptidic tissue-specific indicators that allow peptides to
operate as homing devices for certain tissues and organs (CPHPs).
HPs are in charge of cellular uptake and are capable of delivering a
wide range of cargos into tissues and cells, including medicines,
oligonucleotides, and nanoparticles. It was concluded that targeted
administration using CPHP improves the therapeutic compounds’
efficacy and reduces their side effects while providing molecules that
are commercially feasible and often immune-suppressive.
Additionally, the combination of CPHPs and active pharmacophores
can effectively increase tissue penetration and cell permeability
because their size decreases clearance rates, lengthening the half-
lives of unmodified peptides that would otherwise be brief [89].

Lipid components of cell membranes

New targets for anti-cancer medications are developed in the form
of the lipid components of cellular membranes [90]. Synthetic lipid
analogues interact with biological membranes to alter their lipid
content, permeability, and fluidity, which affects signal transduction
pathways and causes apoptotic cell death [91].

Giulio Preta created an efficient therapeutic approach against the
worst cancer with only a few adjustments to the structure and
composition of lipid membranes. All eukaryotic cells' membrane
micro-domains, also known as lipid rafts, are recognised as the
primary platform for protein receptors that control intracellular
signalling, apoptosis, redox balance, and immune responses. The lipid
content of malignant cells' and healthy cells' cellular membranes aids
in the development of innovative medicines. By focusing on the
membrane lipids of cancer cells, chemotherapeutic drugs can be more
effective at increasing sensitivity and overcoming multidrug
resistance. A future area of research in MLT may be the examination of
how variations in the structural makeup of raft proteins affect the
organisation of lipid microdomains. Rafts proteins also play a crucial
role in controlling lipid characteristics. It is surprising that targeting
these proteins as an MLT strategy has received so little attention. This
is because these membrane proteins are viewed as mere visitors
rather than active members of lipid rafts. Additional research on these
protein-lipid interactions may help us comprehend the molecular
basis of the architecture of the raft domains and reveal novel
approaches for controlling them. The ultimate goal of this modulation
in cancer therapy is to boost chemotherapeutic drug efficacy overall,
overcoming MDR and producing a synergistic effect. A promising and
creative method for creating novel therapeutic techniques is to
research and test membrane-lipid-targeting medicines in combination
with chemotherapeutic drugs [92].

Surface antigens/proteins

Monoclonal antibodies against these proteins can be used to read
the biochemical writing on the cells, which is composed of several
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proteins expressed on the surface of the majority of cells [93]. The
sick cells may express variable amounts (under/over) of the
proteins seen on normal cells or they may express novel proteins
[94]. With the development of proteomics technology, tumor-
specific antigens are now much easier to identify and validate. An
ideal tumor-specific antigen that may be used to target drugs is one
that is solely expressed by tumour cells and similarly by all tumor-
associated cells [95].

According to a study by Myriam Santos et al, the surface of simian
virus 40-transformed mouse cells contains a molecular complex
comprising the major tumour antigen (T-Ag) and the cellular protein
p53. The stability of the two proteins' connection with the cell
surface was identified. Cells were either metabolically labelled with
35S methionine or had their surfaces iodinated using the
lactoperoxidase method. Surface antigens were then identified by
differential immune precipitation using certain antibodies either
right away after labelling or after incubation at 37 °C. T-Ag and p53
were seen to rapidly and concurrently disappear from the cell
surface. Researchers have failed to detect any association between
T-Ag and the H-2 antigens on the surface of SV40-transformed
mouse cells, although the effect of NP40 on the stability of such a
putative molecular interaction is unknown. Studies are in progress
to further analyse this point [96].

Targeting ligands

The use of active agents or ligands, which typically interact to some
extent with the specific targets/receptors found in specific cell types,
can be used to actively target medications [97]. For actively targeted
medication delivery, simple compounds, including sugars, proteins,
folic acid, peptides, and specially tailored antibodies, are used as
targeting ligands [98].

Fig. 2: Representation of a smart multifunctional drug-loaded
nanoparticle decorated with various moieties for targeting,
imaging and stealth properties [99]

Manasi Das et al., stated in her review that the limited access of the
drug to tumor cite, non-adequate availability of the drug to the site
of action, cytotoxicity, high drug resistance and non-specific
targeting. With the development of drug-loaded nanocarrier
conjugates with various targeting moieties for the delivery and
targeting of anticancer drugs serves the purpose. Hopefully, the
discovery of cancer cell-targeting ligands and the creation of ligand-
targeted therapy will help us increase therapeutic efficacy and
lessen adverse effects. While successfully combating the cancer cells.
It suggests that ligands are crucial for targeting cancer cells. It was
concluded that researchers will be able to increase therapeutic efficacy
and lessen adverse effects with the development of ligand-targeted
therapy and the discovery of how to target ligand to cancer cells.
Unlike previous types of therapy, it will enable us to effectively combat
the cancer tissue while preserving the patient's quality of life. It
suggests that ligands are essential for targeting cancer cells [100].

Folic acid

Folic acid can be targeted by employing it as a targeting moiety since
different folate receptors are significantly overexpressed in a variety of
malignant cells [101]. Folate has been coupled to radiolabelled
dendrimers and liposomes to promote the accumulation of therapeutic
drugs in tumour cells and their preferential absorption [102].
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In two randomized controlled studies, Marta Ebbing et al. evaluated
the effects of treatment with folic acid and vitamins B on cancer
outcomes and all-cause death. Patients with ischemic heart disease
who received treatment with folic acid and vitamin B12 had higher
cancer survival rates and all-cause death. So it concluded that in
Norway, where there is no folic acid food fortification, treatment
with folic acid and vitamin B12 was linked to higher cancer
outcomes and all-cause mortality in patients with ischemic heart
disease [103].

Sugars

Endogenous lectins are present in the epithelial cells of several
gastrointestinal areas, and they can be exploited to target drugs by
attaching sugars to them [104]. While fructose binds to the distal
sites, galactose interacts more with the proximal parts of the
stomach. Another example of an endogenous lectin is the
asialoglycoprotein receptor, which is often expressed on the surface
of hepatocytes and is beneficial for drug targeting by galactose-
containing drug carrier systems [105].

The prospective pharmacological interactions between medications
currently used in anticancer therapy and its expression or function
of facilitating sugar transporters were revealed by Moises Blanco
Calvo et al. Finally, researchers discuss new information regarding
how treatments will be developed in the future to combat the use of
sugar by cancer cells. The most important information on the
biochemical and biological characteristics of sugar transporters in
healthy tissues is compiled in this work, and they also evaluate the
data about sugar carrier expression in various cancer types. They
also discuss potential relationships between the expressions or
operation of facilitative sugar transporters and medications
currently utilised in anticancer therapy. They also discuss future
therapeutic designs that will be aimed at preventing cancer cells
from utilising sugar [106].

Lectins

Different cell types, and sick cells, in particular, different express
glycan’s on their surfaces compared to healthy cells. Therefore,
choosing the right locations enables medications to enter particular
cells [107].

Tammy Yau and others, the locations of animal and plant origin
discussed in this article have the potential to be turned into
anticancer medicines because they cause cancer cells to undergo
apoptosis and autophagy. Galectins, C-type lectins, annexins, Haliotis
discus discus lectin, and Polygonatum odoratum lectin are examples
of lectins that cause apoptosis. Although preliminary results from in
vitro laboratory and in vivo animal studies are encouraging, it is
evident that clinical trials are required to progress the field of cancer
research and the use of lectins as chemotherapeutic agents. Low
dosages of lectin-containing mistletoe extract have been used
therapeutically to treat a variety of malignancies without causing
major side effects, and the activity sometimes appears to be
advantageous [108].

Modified albumins

A promising targeting ligand-based injury-targeting and metastasis-
targeting properties of platelets, a photo-thermal therapy strategy
with activated platelet-targeting albumin-based nanoparticles
specifically for site-specific cancer treatment [109].

According to Leen Van De Sande, albumin has great potential for
intraperitoneal administration of chemotherapy in patients with
peritoneal metastases (PM). According to data from recent (pre)
clinical trials, IP albumin-bound chemotherapy may be more
effective than conventional chemotherapy formulations for treating
PM. The field of intraperitoneal treatment for PM is expanding
quickly. Results from recent preclinical and clinical trials have
demonstrated that IP distribution of albumin-bound chemotherapy
is more effective than conventional chemotherapy formulations in
the treatment of PM. The natural transport abilities of albumins
make it possible to deliver chemotherapy to specific areas. Similar to
transendothelial transport, transcytosis is used to move albumin-
bound complexes through the mesothelium. It is still unclear exactly

57



S. A. Gajbhiye et al.

how albumin transcytosis occurs in mesothelial cells. The existence
of albumin-binding receptors, the mechanisms of albumin
transcytosis, and the creation of transcytosis vesicles in mesothelial
cells should therefore be the main areas of future study. The
processes and kinetics of IP albumin-drug dissociation should be
identified, and they should be correlated with pharmacokinetic and
pharmacodynamics models, in vivo toxicity, and anti-cancer efficacy.
Knowing these pathways may help researchers design well-
informed early-phase clinical trials that use IP albumin-based
medication delivery in PM patients [110].

Peptides

Drugs are targeted to specific receptors that are abundantly expressed
in various disease states using peptides like vascular endothelial
growth factor (VEGF) [111], vasoactive intestinal peptide (VIP),
luteinizing hormone-releasing hormone (LHRH), somatization, etc.
[112]. Successful protein transport to the brain has been accomplished
after protein-to-TAT peptide conjugation [113].

According to Susan Marquis, therapeutic peptides are a novel and
potentially effective way to treat a variety of disorders, including
cancer. They are superior to proteins and antibodies in a number of
ways, including (a) ease of synthesis, (b) high target specificity and
selectivity, and (c) minimal toxicity. The stability and short half-life
of therapeutic peptides do have some notable disadvantages. It was
found that the possibility of curing cancer with therapeutic peptides.
Due to their ease of synthesis and excellent target specificity and
selectivity, therapeutic peptides can be created to target virtually
any protein of interest. Different therapeutic peptides have been
specifically created to target transcription factors, tumour
suppressor proteins, cell cycle, and signal transduction pathways.
These medicinal peptides bind precisely to the target proteins that
they are intended to attach to. Both in vitro and in vivo, they cause
cell death in different cancer cells. They target cancer cells with
precision, sparing healthy cells from damage. Using peptide-based
cancer therapy has advantages, but it also has drawbacks. The
limitations of peptides have been solved in a number of ways,
including by utilising CPP to effectively deliver these anti-cancer
peptides to their targets in tumour cells. The use of therapeutic
peptides in cancer treatment is a novel and intriguing strategy [114].

Antibodies

When utilising antibodies as targeting moieties in hybridoma
technology, antibodies against particular antigens or proteins are
typically produced on the cell surface [115]. As highly specialised
targeting agents with a high affinity for their targets, whole
antibodies have been used [116]. To achieve drug targeting, they can
be coupled either directly to the pharmaceuticals
(immunotherapeutic) or to nano-sized delivery systems [117].

According to Ruei-Min Lu et al, the humanization of monoclonal
antibodies, phage display, the human antibody mouse, single B cell
antibody technology, and affinity maturation are some of the most
important antibody engineering techniques employed in the
creation of therapeutic antibody therapeutics. Lastly, potential
applications and outlooks are also examined. Researchers conclude
ultimately; we discovered a number of new peptides, such as SP90,
that can attach precisely to the cell surface of breast cancer cells
both in vitro and in vivo. Through improved tumour apoptosis and
reduced tumour angiogenesis, linking SP90 to liposomes containing
doxorubicin improved the therapeutic efficacy in mice bearing
human breast cancer xenograft. Doxorubicin levels were quantified
and visualised, and the results showed higher drug concentrations in
the liposome-targeted tumour tissues, demonstrating improved
drug delivery and tumour penetration. Our findings suggest that the
SP90 peptide may be employed to facilitate the diagnosis of breast
cancer as well as enable targeted treatment of malignant cells. [118].

CONCLUSION

Different strategies for improving the therapeutic effects or efficacy
of compounds that are already effective have been created via
advanced drug delivery systems. Particularly, the growing trend of
Solid Lipid Nanoparticles (SLNs) has shown promise as a
nanocarrier in the treatment of cancer. Because it demonstrates
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minimal toxicity, good efficacy, simplicity in incorporating
hydrophilic and lipophilic medications, and viability of large-scale
manufacture.

Moreover, cost-effective methods overcoming many physiological
obstacles preventing the medication from reaching the targeted
spot. SLNs make it simple to get through the cancer cells' inherent
multidrug resistance mechanisms. By actively and passively
targeting the molecules, SLNs can enhance drug delivery to the
target region. While active processes involve surface alteration of
SLNs and co-delivery mechanisms, passive techniques exploit the
tumour microenvironment. The ability to combine multiple
medications at once with SLNs, which have been shown to be most
successful in a variety of malignancies (including breast, brain, lung,
liver, and colon), confirms their promise. The implementation of
SLNs in anticancer treatments still faces significant hurdles,
although the likelihood of success is still relatively high.
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