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Derleme Makalesi / Review Article

Abstract

Breast cancer continues to be a major contributor to cancer-related mortality globally,
highlighting the critical importance of developing more efficient and safer therapy
strategies. Nanoparticle-based drug delivery systems offer a promising approach by
enhancing drug accumulation in tumor tissues while minimizing systemic toxicity.
This article explores the unique properties and advantages of various nanoparticles,
including liposomal, polymer-, metal-, carbon- and mesoporous silica nanoparticles,
in breast cancer therapy. Additionally, it delves into three key targeting mechanisms:
passive targeting via the enhanced permeability and retention (EPR) effect, active
targeting using ligands and antibodies, and stimuli-responsive drug delivery systems.
Integrating nanotechnology into breast cancer therapy paves the way for more
precise, efficient, and personalized therapy options, offering new hope for improved
patient outcomes.
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Meme Kanseri Tedavisinde Nanopartikiil Tabanh ilac
Tasima Sistemleri ve Hedefleme Stratejileri

Ozet

Meme kanseri, diinya genelinde kansere bagl 6liimlerde 6nemli bir rol oynamaya
devam etmekte olup, daha etkili ve daha giivenli tedavi stratejileri gelistirmenin kri-
tik 6nemini vurgulamaktadir. Nanopartikiil bazli ila¢ dagitim sistemleri, sistemik
toksisiteyi en aza indirirken tiimor dokularinda ilag birikimini artirarak umut ve-
rici bir yaklagim sunmaktadir. Bu makale, meme kanseri tedavisinde lipozomal, po-
limer, metal, karbon ve mezogdzenekli silika nanopartikiiller de dahil olmak tizere
¢esitli nanopartikiillerin benzersiz 6zelliklerini ve avantajlarini arastirmaktadir. Ay-
rica, li¢c temel hedefleme mekanizmasi {izerinde durulmaktadir: gelismis gegirgen-
lik ve tutma (EPR) etkisi yoluyla pasif hedefleme, ligandlar ve antikorlar kullani-
larak aktif hedefleme ve uyariciya duyarl ilag dagitim sistemleri. Nanoteknolojinin
meme kanseri tedavisine entegre edilmesi, daha hassas, verimli ve kisisellestirilmis
tedavi segeneklerinin Oniinii acarak hasta sonuglarinin iyilestirilmesi i¢in yeni umut-
lar sunmaktadir.

Anahtar Sozciikler: Meme Kanseri, [lag Dagitim Sistemleri, Nanopartikiil
1. Introduction

Cancer, a complicated and severe group of diseases defined by un-
controlled cell proliferation and tissue invasion, presents a serious th-
reat to global healthcare systems [1]. Breast cancer is one of the most
common and investigated cancers, with numerous subtypes depending
on molecular features [2]. The mortality rate for women diagnosed
with breast cancer was around 30% in 2022. Breast cancer continues
to pose a significant challenge to worldwide health, even with advan-
cements in early diagnosis and therapeutic approaches [3]. Genetic
predisposition, late-stage diagnosis, and inadequate access to health-
care remain significant challenges [4].

Breast cancer is complex, and knowing its heterogeneity is cri-
tical to develop targeted therapy methods [5]. Recent research has
shed light on the molecular complexities and identifying multiple su-
btypes with varied clinical features and treatment outcomes [6]. The
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identification of molecular markers such as human epidermal growth
factor receptor 2 (HER2) and hormone receptor statuses has trans-
formed treatment methods, allowing for targeted therapy approaches
such as Herceptin in HER2-positive breast cancer [7]. Despite advan-
cements, late-stage diagnosis still poses a significant problem. Early
detection has been improved through screening programs and the de-
velopment of enhanced imaging techniques. Genetic propensity, as in-
dicated by the BRCA1 and BRCA2 mutations, is very important in as-
sessing and preventing breast cancer [8].

Depending on the type and stage of the tumor, current treatment
techniques include surgery, radiation therapy, hormone therapy and
chemotherapy [9]. While these treatments have made significant prog-
ress in improving the lives of patients, they have some negative aspe-
cts. Chemotherapy and radiation therapy typically cause serious ad-
verse effects such as exhaustion and nausea, whilst surgical therapies
can include complications following surgery and organ damage [10].
Furthermore, traditional treatments may have limited effect, especi-
ally in metastatic cancer types, and may unintentionally promote resis-
tance to drugs. In addition, high financial costs can have a significant
influence on patients’ financial stability and well-being [11].

Traditional medications play an important role in the treatment
of cancer, collaborating with new targeted therapies and immunot-
herapies to achieve better results. Adjuvant radiation treatment, for
example, has significantly boosted survival rates while lowering the
risk of recurrence [12]. Immunotherapy has become known as an effi-
cient strategy for breast cancer in recent years. Clinical trials are being
conducted for examining immune checkpoint inhibitors, which uti-
lize the immune system to fight cancer cells. Some examples of these
inhibitors are programmed cell death protein 1 (PD-1) and program-
med cell death ligand 1 (PD-L1) [13]. With the help of genetics and
biomarker studies, personalized medicine optimizes therapeutic out-
comes by creating treatment plans that are tailored to each patient’s
particular cancer tendency [14].
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Targeted drug delivery systems are critical in cancer therapy
since they improve the effectiveness of drugs by accurately delive-
ring drugs to tumor areas, raising drug concentration in the intended
area while decreasing off-target effects [15]. Additionally, these met-
hods make it easier to get across biological barriers like the blood—
brain barrier, which makes it possible to transport drugs to areas that
would otherwise be inaccessible. Furthermore, targeted drug delivery
systems provide personalized treatment approaches, improving thera-
peutic outcomes and minimizing side effects [16]. Moreover, targeted
drug delivery systems have attracted lots of interest in the treatment
of breast cancer.

2. Nanoparticles as Targeted Drug Delivery Systems

Nanoparticles are particles which are 1-100 nm in size with an
exterior layer of diverse organic or inorganic coatings. Many stu-
dies have been carried out to take advantage of nanoparticles in drug
delivery systems for breast cancer therapy. However, they have not
yet been commonly employed in clinical treatments. Nanoparticles
have gained popularity as nanocarriers because of their properties
such as water dispersibility, biodegradability and biocompatibility.
The bioavailability of many chemotherapeutic treatments is incre-
ased when nanoparticles are used to treat cancer because they inc-
rease the solubility and half-life of the drugs [17]. Additionally, na-
noparticles may promote accumulation of drugs in cancer tissues by
EPR effect [18].

Finally, using target ligands to target particular cancer locations,
nanoparticle-based drug delivery systems can decrease adverse effects
and increase therapy efficacy [19]. Several types of nanoparticles have
been used in targeted drug delivery systems for breast cancer. Figure 1
presents a schematic overview of five widely utilized nanoparticle ty-
pes in drug delivery. Several features of liposomal, polymer-, metal-,
carbon-, and mesoporous silica nanoparticles will be explained below.
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Figure 1. Schematic Illustration of Common Nanoparticle Types in Drug
Delivery Systems

This figure presents a schematic overview of widely utilized nano-
particle types in drug delivery: (A) Liposomal Nanoparticles (LNPs),
(B) Polymer-based Nanoparticles (PNPs), (C) Metal-based Nanopar-
ticles (MNPs), (D) Carbon-based Nanoparticles (CBNs), (E) Mesopo-
rous Silica Nanoparticles (MSNs).

2.1. Liposomal Nanoparticles (LNPs)

LNPs are spherical vesicles formed by integrating one or more
phospholipid bilayers and their size may exceed hundreds of nanome-
ters. These nanoparticles have a hydrophilic inner core that is covered
by a hydrophobic lipid bilayer. Due to its distinct form, the phospho-
lipid bilayer is typically used to encapsulate hydrophobic drugs for
delivery. LNPs are additionally used for hydrophilic drugs through
encapsulation in the inner core. Because of non-target dispersion,
encapsulation of drugs significantly lowers the toxicity of drugs. In
addition, it is possible to encapsulate amphiphilic drugs, including
doxorubicin (Dox), inside of the inner core of LNP. This has been de-
monstrated to specifically lower Dox’s cardiocytotoxicity when com-
pared to its unencapsulated form [20].

LNPs accumulate in cancer tissue via integrating the bilayer ac-
ross the membrane of cells. Studies have shown that surface modifica-
tion of liposomal nanoparticles with PEG results in longer half-lives
and increased targeting success [21]. PEGylated LNPs demonstrated
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successful passive targeting in studies. Also, LNPs have been emp-
loyed to encapsulate multiple drugs in order to deliver drug combi-
nations that have synergistic effects. Vincristine and quercetin were
encapsulated together in a PEGylated liposome by Wong and Chiu
to treat breast cancer that is unresponsive to trastuzumab and hormo-
nes. According to this study, co-encapsulation promoted more syner-
gism, extended circulation of drugs in plasma with regulated release
for JIMT-1 cells in vivo. Furthermore, compared to the two separate
drugs, liposomal encapsulation is the most successful method for inhi-
biting the proliferation of JIMT-1 cells [22].

Doxil®/Caelyx®, Myocet®, Lipodox®, and Lipusu® are the four
liposomal drugs that have been licensed for use as breast cancer the-
rapy and have undergone clinical testing. The first chemotherapeutic
nanosystem to be used in clinical settings, Doxil® is a PEGylated na-
no-liposomal drug delivery system loaded with DOX for metastatic
breast cancer. The liposomal formulation and its PEGylation are re-
garded as innovative since they increase the chemotherapeutic agent’s
circulation time while lowering the blood’s level of free DOX without
compromising its anticancer action [23].

2.2. Polymer-based Nanoparticles (PNPs)

PNPs are colloidal particles with a size around 100-400 nm. They
are typically created via attaching a copolymer onto a different poly-
mer matrix. Natural polymers such as cellulose and chitosan can be
employed in this application [60]. However, synthetic polymers can
also be utilized to create PNP that fulfill particular chemical and bio-
logical purposes, which makes them extremely desirable for use in bi-
omedical fields [24]. PNPs are chemically synthesized using standard
techniques such as nanoprecipitation, salting-out, and emulsification
[25]. Chemically synthesized PNPs may be engineered to have the ne-
cessary charge, lipophilicity, and biocompatibility for transporting the
given drug into its target [26].
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Delivering the anti-cancer drug to the target region, it can be en-
capsulated in a PNPs, loaded onto the surface of the PNPs through sur-
face adsorption, as well as chemically conjugated [27]. Most PNPs are
efficient carriers for drugs that are less hydrophilic due to their perme-
ability and high solubility, which enables them to maintain stability
with a prolonged, gradual release of the drug. Furthermore, PNPs have
shown low toxicity and great drug loadability, particularly when cap-
ped with a PEG-phospholipid copolymer [28]. Several chemothera-
peutic drugs, including Doxorubicin, trastuzumab, and cisplatin, have
been explored for PNP and drug conjugation. Several PNPs, such as
polyhydroxyalkanoates, PLGA, and cyclodextrin-derived PNPs, were
investigated as nanocarriers in cancer therapy [26].

2.3. Metal-based Nanoparticles (MNPs)

MNPs, commonly referred to as inorganic nanoparticles, have
been intensively investigated for medicinal and imaging features.
Their typical composition consists of an organic-coated shell and a
core that determines electrical, magnetic, and optical properties. Gold
nanoparticles (AuNPs), superparamagnetic iron oxide nanoparticles
(SPIONs), and quantum dots (QDs) are three common varieties utili-
zed in breast cancer treatment [29].

AuNPs have been produced by modifying their size, shape, and
surface functionalities for a range of uses [30]. Most popular method
for synthesizing AuNPs is to reduce Au3+ in aqueous medium with
citrate. These nanoparticles were frequently employed as drug deli-
very systems due to its special properties and notably low toxicity
[31]. For the nanoparticles to target particular receptors or biomar-
kers, organic surface coating is essential. Because of these surface co-
atings, thiolates and disulfides are frequently utilized primarily be-
cause of their propensity to adhere to the surface of Au. Covalent or
non-covalent bonds can then be used to attach drugs or other thera-
peutic substances to the surface of AuNPs [32]. By targeting EGFR/
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VEGFR-2, enhances angiogenesis and cell proliferation, plays an es-
sential role in metastasis of breast cancer, a study demonstrated a sig-
nificant suppression of breast cancer. Based on this research, AuNPs
containing quercetin may suppress the epithelial-mesenchymal tran-
sition, and that is a factor of MCF-7 and MDA-MB-231 breast can-
cer cell lines [33]. Because of their distinctive properties, particularly
their controlled functionalization and ease of imaging using micros-
copic methods like transmission electron microscopy (TEM), AuNPs
were commonly used in drug delivery. Despite the low cytotoxicity,
AuNPs may have a significant disadvantage in terms of biodegradabi-
lity in a biological system [29].

SPIONS are ranging in size from 1-100 nm. They contain a magne-
tic inner core made from magnetite (Fe304) or maghemite (y-Fe203).
One of the best inner core materials for SPIONSs is thought to be ma-
ghemite. since it has the lowest risk of toxicity of Fe(Ill) in the body,
as opposed to Fe(Il) released by magnetite [34]. One major drawback
of using them directly in therapeutic and biological applications is that
they may produce biofouling and aggregation in blood plasma [35].
Thus, a hydrophilic coating, like polymers, is applied to the magnetic
core to stabilize it and allow for targeted delivery of molecules to par-
ticular areas. Polysaccharides, PEG, dextran, and alginate are among
the most extensively utilized biopolymers for stabilization [36]. Du
et al. utilized ultrasmall iron oxide nanoparticles (IONPs) modified
with a breast cancer brain metastasis-targeting peptide (BRBP1), en-
hancing imaging contrast and tumor specificity [37]. Similarly, Zheng
et al. developed self-illuminating nanoprobes targeting neutrophil in-
filtration, achieving 98% sensitivity and 96% specificity in detecting
lung metastases. These approaches highlight the potential of nanopar-
ticle-based imaging for early metastasis detection, supporting more
precise, personalized breast cancer treatment [38].

QDs are semiconductor nanocrystals with diameters ranging from
2-10 nm. They are generally made up of a metal inner core that emits a
narrow range of visible to infrared (IR) light based on size. Depending
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on its intended use, the shell could be made of semiconductor layers
or doped metals. When QDs are conjugated with surface modifying li-
gands and peptides, they can be utilized for cancer investigations with
targets [39]. QDs made it possible to image cells in vivo much more
than most other NPs because of their good adjustable optical charac-
teristics, high brightness, resistance to photobleaching and large sur-
face-to-volume ratio. Nonetheless, one disadvantage of QDs is their
extreme hydrophobicity. They need to have polymers or multilayer li-
gand shells applied to their surface in order to reach an ideal level of
water solubility [40]. The main disadvantage of these nanoparticles is
that their inner core is often composed of heavy metals, which may be
hazardous to the body in the long term due to accumulation in organs
like the liver. Furthermore, QDs’ exceptional stability reduces their bi-
odegradability and, consequently, their biocompatibility. As a result,
recent research has concentrated on non-metal nanoparticles as an al-
ternative to traditional metal-based QDs [29].

Nanoparticle-based platforms also show promise in detecting cir-
culating tumor cells (CTCs), offering insights into metastasis and can-
cer progression [41]. Since CTCs are key indicators of metastatic dise-
ase, their early detection is crucial for timely, personalized treatments.
Wang M et al. developed a fluorescent technique using peptide-fun-
ctionalized magnetic nanoparticles to quantify HER2 on CTCs, pro-
viding both prognostic data and potential guidance for therapy decisi-
ons [42].

2.4. Carbon-based Nanoparticles (CBNs)

CBN:ss, such as fullerene, graphene, carbon nanotubes (CNTs), and
carbon dots (CDs), are attractive tools for treating breast cancer be-
cause of their distinct biological, physicochemical, optical features
[43]. CBNs were designed to replace hazardous, heavy-metal-conta-
ining QDs and other metal nanoparticles with a nonmetallic system.
CBNs have various advantages, including high specific surface area,
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biocompatibility, small size, variable surface functional groups, low
toxicity, and distinct optical and thermal properties. Thus, CBNs mi-
ght be considered a better and prospective drug delivery system to be
used in cancer therapy than metal-based nanoparticles [44].

CNTs are fullerene allotropes with a cylindrical shape and long,
hollow structures having a wall made of graphene sheet coiled at an
angle. CNTs are divided into single-walled and multi-walled types ac-
cording to whether they have one or more graphene sheets. CNTs are
still being developed, and they show many remarkable qualities, inclu-
ding electrical, optical, and thermal conductivity. Furthermore, CNTs
have emerged as a multipurpose tool for the use of nanomedicine, es-
pecially in cancer targeting [45]. Since biological systems are extre-
mely transparent in near-infrared (NIR) light, CNTs can be used as an
efficient optical absorber because of their tunable surface and special
thermal properties [46]. Drug loading into CNTs may be difficult be-
cause they are pre-formed supramolecular nanotubes. Direct loading
to the surface and filament loading are the two drug loading patterns
of CNTs. They can be filled with drugs using a simple capillarity-in-
duced filling method. However, the loadable amount of drugs might
be 5% (w/w) [47].

CDs a novel family member of carbon-based nanoparticles. When
they first discovered, the majority of the research focused on photolu-
minescence (PL) employing different synthetic methods, starting ma-
terials, and surface changes [48]. Surface doping boosted fluorescence
quantum yield (QY) as a PL measurement by up to 93.3% [49]. Hsu
et al. demonstrated that green tea-derived CDs inhibited cancer cell
growth. Three cancer cell lines were used: MCF-7, MDA-MB-231,
and HeLa. While the concentration of CDs increased, the viability of
cells decreased. According to their respective cell viability percen-
tages of 20, 18, and 68%, MCF-7, MDA-MB-231, and HeLa cells
showed a significant inhibitory effect on breast cancer cell lines when
using CDs [50].
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2.5. Mesoporous Silica Nanoparticles (MSNs)

MSNs received a lot of interest as a different inorganic nanopar-
ticle in targeted drug delivery and imaging because of their distinctive
characteristics, such as pore volume, large surface area, and the abi-
lity to vary pore size beside providing a surface that can be easily mo-
difiable [51]. The unique porous surface of MSNs allows for a high
and controlled drug loading capacity. They can also carry medications
without releasing them prematurely before they reach their target site,
making them an excellent carrier for molecules that degrade easily,
such as proteins and DNA. In order to selectively target breast cancer
cells, a study reported an anti-HER2/neu monoclonal antibody based
on nanoparticles and employing green fluorescent MSNs as drug car-
riers [52]. In another study, researchers created an MSNs drug delivery
system to deliver siRNA for reducing Dox resistance in multi drug re-
sistance breast cancer cells in mice [53].

3. Targeting Strategies For Breast Cancer Therapy

The treatment of breast cancer has been mostly transformed by
targeted drug delivery systems, which have the potential to improve
therapeutic effect while lowering systemic toxicity. This may be de-
veloped to circumvent drug resistance processes, which commonly
hinder therapeutic outcomes [54]. Targeted drug delivery has a high
promise for overcoming resistance to drugs by improving delivery of
drugs to cancer cells that are resistant or using combination treatments
that focusing several pathways [55]. Figure 2. shows an illustration of
drug delivery strategies. This part goes into several targeting strategies
for improving the delivery of drugs, particularly for breast cancer, fo-
cusing on developments and their clinical consequences.
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Figure 2. Schematic Illustration of Drug Delivery Strategies

This figure illustrates three major strategies employed in targeted
drug delivery systems: (A) Passive Targeting, (B) Active Targeting,
(C) Stimuli-Responsive Drug Release.

3.1. Passive Targeting

In breast cancer treatment, passive targeting is based on a basic
phenomenon called the increased permeability and retention (EPR)
effect. This impact is achieved using unique properties of the tumor
microenvironment [56]. Some solid tumors have abnormal blood ves-
sels which provide nutrition to the tumor. Due to their irregular form
and leakiness, nanoparticles can passively infiltrate the tumor tissue
[57]. These nanoparticles tend to gather within the tumor because of
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poor lymphatic drainage. In cancer, the lymphatic system, which is in
charge of removing waste and fluid from tissues, is frequently wea-
kened, which makes nanoparticles more likely to remain in the tumor
microenvironment [58].

Optimizing the design of drug carriers and nanoparticles to maxi-
mize the EPR effect has been the focus of recent studies. Particle size,
drug release profiles, and surface charge are precisely set for optimi-
zing drug delivery while minimizing off-target effects. Researchers in-
tend to enhance breast cancer therapy selectivity and efficacy by leve-
raging the EPR effect [59].

3.2. Active Targeting

Active targeting techniques employ a more accurate method by
actively guiding drug delivery systems to their target cancer cells
using particular molecules, like ligands, antibodies or peptides. Targe-
ting moieties are chosen for their high affinity in binding to overexp-
ressed receptors on cancer cell surfaces [60]. When these targeting li-
gands are coupled with drug carriers like nanoparticles, liposomes, or
exosomes, It is possible to precisely target drug delivery to the tumor
area. By using this technique, the negative effects of therapeutic drugs
are greatly reduced in off-target effects and healthy tissues can be pro-
tected [61].

Creating antibody-drug conjugates (ADCs) to specifically treat
breast cancer represents a significant advancement in this field. ADCs
are monoclonal antibodies that target receptors on the surface of can-
cer cells and deliver powerful cytotoxic cargoes. This enables a very
specific and powerful treatment strategy. The drug is directly delive-
red to the cancer cell by the antibody, thus promoting apoptosis in can-
cer cell while preserving healthy cells [62].
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3.3. Stimuli-Responsive Drug Delivery Systems

One of the most innovative approaches to breast cancer therapy
is the use of stimuli-responsive drug delivery systems. These systems
release therapeutic drugs based on certain parameters in the tumor
microenvironment. These variables may include pH, temperature or
enzyme activity variations that are particular to cancer cells. Drug de-
livery systems that are stimulus-responsive are designed to react to
these signals, guaranteeing release of the drugs inside the tumor while
preserving healthy tissue. As an example, the acidic environment of
breast cancer may be used as an initiator for the release of drugs [63].
The acidic environment in the tumor tissue causes nanoparticles or
carriers to release the therapeutic payload as they enter, lowering ne-
gative effects in surrounding tissues and enhancing drug exposure to
cancer cells [64].

This strategy has various benefits, such as decreased systemic
toxicity and enhanced drug absorption at the target location. It has
enormous potential to improve the therapeutic effect in breast cancer
treatment.

4. Conclusions

Nanoparticle-based drug delivery systems have become a game-c-
hanger in the treatment of breast cancer since they provide better drug
solubility, more precise tumor targeting, and less systemic toxicity. By
utilizing their distinct physicochemical characteristics, these nanocar-
riers which include liposomal, polymer-based, carbon-based, meso-
porous silica nanoparticles offer flexible platforms for effective drug
delivery. When compared to traditional medicines, they have the po-
tential to greatly improve treatment outcomes by improving drug ac-
cumulation at tumor locations and overcoming biological obstacles.

In order to maximize the therapeutic effects of nanoparticles, tar-
geting strategies are essential. Because of abnormal vasculature and
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impaired lymphatic drainage, passive targeting, which is primarily
enabled by the increased EPR effect, enables nanoparticles to accumu-
late in tumor tissues. Active targeting improves selectivity and reduces
off-target effects by enabling precise binding to overexpressed recep-
tors on cancer cells using ligands, antibodies, and peptides. Additio-
nally, stimuli-responsive systems, triggered by tumor-specific micro-
environmental factors such as pH, temperature, or enzyme activity,
provide controlled and localized drug release, further minimizing ad-
verse effects on healthy tissues. Despite these encouraging develop-
ments, a number of obstacles need to be overcome in order to facilitate
the clinical translation of nanoparticle-based treatments. Long-term
toxicity, immunogenicity, large-scale manufacturing, stability, and re-
gulatory approval are still major obstacles. Furthermore, because bre-
ast cancer subtypes are diverse, personalized nanomedicine strategies
that are suited to each patient’s unique profile must be developed. The
combination of therapeutic and diagnostic properties in multifunctio-
nal nanoparticles offers enormous promise for real-time tracking of di-
sease development and treatment efficacy.

Future studies should concentrate on enhancing targeted delivery
efficiency, optimizing nanoparticle formulations for improved bio-
compatibility, and ensuring safety through thorough preclinical and
clinical testing. The development of next-generation nanocarriers will
be further accelerated by the convergence of nanotechnology with
areas including biomarker-driven precision medicine and genomics.
With continued advancements and interdisciplinary collaboration, na-
noparticle-based targeted drug delivery systems possess the power to
change the treatment of breast cancer, paving the way for more effec-
tive and personalized therapeutic approaches.
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