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Abstract

Biomimetic nanoparticles (BioM NPs) feature functionalization that imitates the biological surroundings, endowing them
with biological structure and functioning. BioM NPs could be covered with biologically sourced materials and could contain
synthetic antigen-presenting cells and structures. Whenever used in cancer diagnostics, BioM NPs outperform standard
medications and comparable non-BioM NPs, particularly regarding circulation time, tissue penetration, delivery, and toxicity.
The particles achieved extraordinary results by using cell material for BioM NPs, which avoids difficult bottom-up synthetic
approaches that aim to emulate such intricate and diverse biological components. One area of this rapidly developing research
that has gotten a lot of interest is the use of BioM NPs in the treatment of different cancers. However, to the best of our
knowledge, no published study has primarily analysed current improvements in BioM NPs for cancer therapy, taking into
account the most common tumours and processes. As a result, the purpose of our present review study is to address this
gap first. The discussion will next go to the numerous recent advances in BioM NPs for cancer therapy. This will cover the
mechanics and procedures of BioM NPs, as well as their utilization in therapeutics. This paper then summarizes existing
knowledge and investigates the numerous limitations and promise of synthetic BioM NPs for cancer therapy. This review
aims to provide researchers with an overview of the current research and technological development of BioM NPs for cancer
therapy. It serves as a guide for integrating BioM NPs into cancer research and future nanomedicine applications.
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Introduction

Cancers are currently considered among the more costly
diseases, with severe and long-lasting health, standard of life,
and financial effects due to disease diversity and intricacy
[1]. The various drawbacks and serious adverse reactions
of conventional chemotherapeutic medications, in addition
to different and variable therapeutic results, contribute to
this [2]. The difficulty of medications to penetrate deep
into tumour tissues and kill malignant cells selectively is
a key barrier to pharmacotherapy [3]. Furthermore, many
anticancer medications have a lack of solubility, making
them unsuitable for intravenous administration, resulting in
inefficient biodistribution and pharmacokinetic profiles [2],
low drug concentrations at the tumour site, and larger drug
concentrations in normal tissues resulting in serious adverse
consequences [4, 5].

Nanoparticles (NPs), which range in size from 1 to
100 nm [6], have several benefits and uses in a variety
of sectors [7]. NPs are used in a variety of biological
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applications, including drug delivery [8], imaging,
diagnostics [4], regenerative medicine, and therapy
[9]. Smart NPs have emerged as a possible alternative
to traditional NPs in cancer treatment [10]. Besides,
because of their large surface area and distinct catalytic
characteristics [11], NPs perform as effective catalysts
for chemical processes [12]. They are utilized in
catalytic converters, fuel cells, and hydrogen generation
[11]. Furthermore, NPs are employed in a variety
of environmental applications [13], including water
purification, gas sensing [14], pollution detection and
removal, and site rehabilitation [15]. Because of the many
applications of NPs, Cimen et al. [16] created metal-
chelated magnetic NPs for protein C purification. Besides,
BioM NPs have demonstrated potential in wastewater
treatment technologies such as anaerobic ammonium
oxidation (anammox); BioM NPs can function as
catalysts, accelerating the anammox reaction kinetics [17].
BioM NPs accelerate the anammox process by providing
active sites for the conversion of ammonium and nitrite to
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nitrogen gas, resulting in quicker nitrogen removal rates
and increased treatment efficiency [18].

There is an increase in the number of manufactured NPs
being explored for various uses in cancer [4]. NPs have been
designed with an appropriate nano-ranged size for tumour-
targeting characteristics and the decrease of unwanted oft-
target effects of medicines and immunological treatments
[9]. They involve medication protection from biological
circumstances in addition to the crossing of biological
barriers. This provides medications with stability until they
are released in a regulated way [4, 9]. Some of the most
prevalent types include solid lipid NPs and metal-based
NPs [19]. The size, charge, shape, and surface changes of
NP drug delivery systems allow for intratumoral trafficking.
To address the issue of tumour heterogeneity, NPs with
optimised physicochemical characteristics and biological
components are employed to increase blood circulation time,
tumour penetration, and tumour accumulation, consequently
enhancing the therapeutic index of these formulations [20].
The improved porosity and retaining impact have been seen
as critical to the therapeutic effectiveness of nanomedicines,
in which particles may enter and be kept inside tumour
tissue because of fenestrations in quickly developed
vasculature and inadequate lymph drainage, both of which
are common in solid tumours [21]. However, reliance on this
phenomenon has begun to decrease as a result of recurrent
inconsistencies, tumour heterogeneity, and poor translation
from in vivo research to the clinical scenario [22]. As a
result, active NP targeting is predicted to play a key role
in medication delivery and controlled release in future
treatments [23]. This can be accomplished with externally
conjugated peptides for active targeting, better binding, and
increased drug accumulation at the tumour location [22, 24].

Given the peculiarities of the tumour environment in
malignancies [25], which restrict the delivery and efficiency
of both chemo- and immunotherapies, new research has
embraced the distinct benefits of nanotechnology-based
methods to address these obstacles [26]. Several nano-
biomaterials are exploited as drug delivery methods
targeting malignancies due to their enhanced permeability
and retention (EPR) impact [27]. Additionally, there
nevertheless exists an absence of targeting. Furthermore,
surface decorating of NPs with targeted ligands is an
efficient strategy for improving delivery efficiency [28],
but the difficult procedure and potential for immune
system activation may limit their applicability [1]. To
compensate for the drawbacks of the previous two delivery
technologies, the biomimetic (BioM) delivery system
based on multifunctional cell membranes has been devised
to incorporate the properties of a highly targeted nano
platform and biocompatibility. The circulation period of
medications can be extended, their biocompatibility and
targeting increased, and their harmful and side effects

decreased by encapsulating them with biofilms to produce
BioM nanocarriers. The BioM NPs-based therapy of various
malignancies is one area of this fast-emerging research
that has received a lot of attention. However, to the best
of our knowledge, no published study has reviewed solely
the recent advancements of BioM NPs for cancer therapy;
taking into account the most prominent cancers and their
mechanisms. Hence, our current review paper seeks to first
fill this gap. Then continue by discussing the various current
breakthroughs in BioM NPs for effective cancer treatment.
This will include mechanisms of BioM NPs and methods,
as well as the use of BioM NPs in their therapies. This
study then summarises existing knowledge and examines
the multiple challenges and potential of synthesised BioM
NPs for cancer treatment.

Cancers and Mechanisms of Cancer Tumours

Cancers are a diverse collection of illnesses distinguished
by uncontrolled cell development and the capacity of these
cells to infect surrounding tissues [29]. The prevalence of
various forms of cancer varies by geography, population,
and period. Numerous cancer types cause havoc the world
over. However, as of February 2022, the WHO identifies
breast, lung, colon, rectum, and prostate cancers are the most
prevalent [30]. Breast cancer is the most frequent cancer
in women, with a high global incidence. Many individuals’
outcomes have improved as a result of early discovery
through screening and breakthroughs in therapy [31]; lung
cancer develops in the lungs and is frequently connected
with tobacco smoke [32]; however, nonsmokers can also
acquire lung cancer; colorectal cancer affects the colon or
rectum and typically begins as polyps that can progress to
cancer over time [33]; furthermore, one of the most frequent
malignancies in males is prostate cancer [34]; it usually
begins in the prostate gland and progresses slowly [30].

It is crucial to remember that cancer statistics are subject
to change, and the prevalence of individual malignancies
can be altered by variables including way of life, exposure
to pollutants, genetics, and advances in cancer detection and
therapy. The latest data on cancer incidence and prevalence
are provided via regular updates from health organisations
and cancer registries.

Cancer tumours form as a result of a set of events that
include genetic abnormalities [35], aberrant cell signalling
[36], and evasion of the body’s normal regulatory processes
[35, 36]. They are frequently caused by genetic mutations
that accumulate in a cell’s DNA [37]. These mutations
may be induced by a variety of circumstances [38], such
as cancer-causing chemicals [39], genetic predisposition,
or faults in DNA replication [38]. Unregulated division
of cells can result from mutations in genes that govern
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cell-cycle regulation. Cancer cells can circumvent the
usual regulatory checkpoints, resulting in rapid and
uncontrolled multiplication [40]. Apoptosis, also known
as programmed cell death, is a natural process that rids
the body of damaged or superfluous cells. Cancer cells
can have mutations that allow them to resist apoptosis,
allowing them to live and multiply over time [41]. Tumours
require blood to survive and develop. Cancer cells can
induce the development of new blood vessels to deliver
nutrients and oxygen to the developing tumour. Cancer
cells can infect tissues that surround them and travel to
distant organs via the bloodstream or lymphatic system.
This process, known as metastasis [42], is a characteristic
of cancer and contributes greatly to its lethality [29]. Cancer
cells may acquire mechanisms that allow them to avoid
identification and elimination by the immune system. This
may entail suppressing immune responses or establishing
an immunosuppressive milieu within the tumour. Cancer
cells frequently demonstrate genomic instability [43], in
which the DNA repair systems are compromised, resulting
in additional mutation accumulation. This adds to cancer cell
heterogeneity inside a tumour. The tumour’s surrounding
environment, which includes immune cells, fibroblasts [44],
and blood arteries [35, 36], is critical to tumour growth [45].
Cancer cells can modify their surroundings to encourage
their proliferation and avoid detection by the immune system
[46, 47].

Identifying these pathways is critical for creating
successful cancer therapies that target particular
vulnerabilities in cancer cells while causing the least amount
of harm to healthy organs. It is vital to remember that cancer
is a diverse illness with distinct processes for different forms
of cancer.

Biomimetic Nanoparticles (BioM NPs)
Mechanisms in Cancer Treatment

Before determining possibilities for improvement
feasibility of BioM NPs through nanomedicine, it is vital
to understand present treatment approaches and their
inadequacies. According to a variety of information,
methods of therapy for cancers could profit from
the incorporation of nanomaterials [48, 49]. NPs can be
used in surgery to improve imaging and for nanotechnology-
based identification of residual or metastasized malignant
material within draining lymph nodes [50]. The storage
and targeting capacity of nanomedicine has also increased
the effectiveness of chemotherapy. NPs have dramatically
higher targeting, circulation time [4], and volume of
distribution while exhibiting lower toxicity to normal
tissues [1]. Radiotherapy and hyperthermia, in addition to
conventional mAb- and non-mAb-based immunotherapies,
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have improved when aided by NPs [51]. Aside from these
treatments, cervical and breast cancers stand to profit from
improvements in NP-enabled gene editing and immune
therapy, which are continually being developed and
enhanced [5].

Biomimetic Nanoparticles (BioM NPs)
for Passive Targeting of Cancer Cells

Biomimetic NPs (BioM NPs) for cancer cell passive
targeting are a potential strategy in cancer treatment. Passive
targeting makes use of tumour tissues’ inherent properties,
including leaky vasculature [52] and limited lymphatic
drainage, which enable NPs to aggregate preferentially in
the tumour without actively targeting particular molecules
on cancer cells [53]. BioM NPs imitate biological
structures or properties to increase medication delivery
effectiveness and interaction with cancer cells [52, 54].
The Enhanced Permeability and Retention (EPR) effect
[53], particularly based on the leaky nature of tumour blood
vessels, is used in passive targeting. NPs could extravasate
from the circulation into the tumour interstitium with greater
ease than normal tissues, resulting in tumour accumulation
[55]. Figure 1 depicts a crucial process of EPR effect for the
tumour buildup of potential nanocarriers.

Passive targeting’s efficacy is determined by tumour
biology, which includes characteristics like degree
of vascular and lymphatic vessel development [56],
perivascular tumour invasion, and intra-tumour pressure
[57]. These features, in addition to the physicochemical
properties of BioM NPs, impact the success of passive
nanomedicine targeting [54, 58]. Furthermore, blood
circulation time has a substantial influence on targeting
effectiveness; owing to the vascular barriers, systemically
injected designed BioM NPs as medication carriers require
a significantly longer circulation time to increase the
likelihood of passing through the vascular wall [59, 60]. The
quick clearance of nanomedicine by the reticuloendothelial
system is one of the major impediments to extended blood
circulation. Shi et al. addressed the use of steric stabilisation
strategies such as PEGylation to address this problem. PEG
is utilised to create covert drug carriers that have a longer
circulation lifespan and are less detectable and cleared by
the mononuclear phagocyte system (MPS). PEG is found
in the majority of clinically authorised nanomedicines and
investigational nanotherapeutics. The widespread use of
PEG in over-the-counter (OTC) drugs, as well as medical
products and vaccinations, sparked research that revealed
PEG is not as immunologically inactive as previously
thought [61].

BioM NPs can be used for imaging as well as medication
administration, assisting in the diagnosis and monitoring
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Fig. 1 A crucial process of the EPR effect for the tumour buildup of potential BioM NP nanocarriers for passive targeting of cancerous cells
[62]. Reproduced with permission under the terms and conditions of the Creative Commons Attribution (CC BY) licence

of cancer development. Integrating medicinal and imaging
functions in a single NP is a current research topic. However,
issues include guaranteeing BioM NP stability, scalability,
and repeatability. More study is needed to improve their
in vivo performance and address any immunogenicity
problems. BioM NPs for passive targeting represent a novel
method with the potential to improve cancer therapy efficacy
while minimising off-target consequences. The current study
is aimed at refining and translating these advances from the
lab to clinical applications. Bigaj-J6zefowska et al. created
multipurpose iron-modified mesoporous polydopamine
NPs (MPDAFe NPs). Findings show significant promise
for integrating effective medication administration
with magnetic resonance imaging (MRI) and highlight
the benefits of BioM coating with tumour cell-derived
membranes. The resulting coating increased the targeting
abilities of the NPs and extended their circulation. Also,
rigorous biosafety assessments show that the combination
chemo- and phototherapy displayed substantial cytotoxicity
against cancer cells. The photothermal impact evaluation
revealed increased cytotoxicity from laser irradiation,
demonstrating the synergistic impacts of nanomaterials
and photothermal treatment. A chemotherapeutic impact
study revealed that cancer cell membrane-coated MPDAFe
NPs outperformed free doxorubicin in suppressing cancer
cell survival and proliferation [63]. Besides, Yin et al.
described a BioM camouflage system for targeted drug
administration and MRI, as well as macrophage membrane-
coated iron-poly(tannic acid) NPs (Fe-PTA NPs). The
surface protein profiles of macrophage cells were inherited
by the macrophage membrane, allowing them to bypass
the reticuloendothelial system and target homotypic cells.
Doxorubicin (DOX), an anticancer medication, was loaded

into macrophage membrane-Fe-PTA NPs and displayed
pH-responsive release capabilities. Furthermore, the
macrophage membrane-Fe-PTA NPs have the potential
to be employed as T1-weighted MRI contrast agents for
targeted MRI. This cell membrane camouflage approach
holds enormous promise and presents a significant obstacle
for clinic-based targeted treatment [64].

Tong et al. created a nedaplatin-encapsulated PEGylated
liposomal cocktail. Employing high-performance liquid
chromatography (HPLC), they discovered the incompatible
nature of NDP with natural phospholipids. The orthogonal
approach was used to optimise the parameters for making
nedaplatin-encapsulated PEGylated liposomal, with the
effectiveness of encapsulation serving as the criterion.
The physicochemical features of optimised nedaplatin-
encapsulated PEGylated liposomal, such as particle size,
zeta potential, encapsulation efficacy, delivery patterns,
and others, are extensively characterised. The findings
indicated that nedaplatin-encapsulated PEGylated
liposomal had a considerably sustained release profile,
and the releasing time of nedaplatin might be as long as
8 days. Nedaplatin incorporated in PEGylated liposomes
increased cellular absorption and demonstrated significant
cytotoxic action. Nedaplatin-encapsulated PEGylated
liposomal may accumulate at tumour locations after
intravenous administration and successfully prevent tumour
development in mice without noticeable side effects. The
findings suggested that PEGylated liposomes might be a
potential carrier for enhancing the therapeutic benefits of
nedaplatin [65].

As illustrated by Fig. 2, Waghule et al. created and
tested PEGylated liposomes and lyotropic liquid crystals
to extend the plasma circulation duration of temozolomide.
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Fig.2 PEGylated liposomes and PEGylated lyotropic liquid crystals for glioblastoma therapy [66]. Reproduced with permission; Licence

Number 5706910124252

Throughout the manufacturing process, economically
practicable membrane extrusion and improved hot melt
emulsification procedures were used. Liposomes and
lyotropic liquid crystals in the nanoscale were created.
The BioM NP nanocarriers were discovered to have a
longer release time. The cytotoxicity of temozolomide
in glioblastoma cell lines was found to be tenfold higher
than that of free temozolomide. PEGylated liposomes and
PEGylated lyotropic liquid crystals have been shown to
have a multiple-fold lower cell uptake in macrophage cell
lines than uncoated liposomes and lyotropic liquid crystals,
as well as a twofold increase in plasma when contrasted
with Temozolomide when injected via the vein. Enhancing
temozolomide plasma circulation duration resulted in
a considerable improvement in brain bioavailability.
The enhanced pharmacokinetics and biodistribution of
temozolomide demonstrated the promise of these PEGylated
BioM NP nanocarriers in the therapy of glioblastoma [66].

This method has the potential to maintain the therapeutic
effectiveness of PEGylated liposomes, particularly when
administered repeatedly. As a result, academics are actively
investigating creative approaches to addressing these
increasing difficulties. Such approaches represent a possible
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avenue for reducing the immunogenicity of NP-enhanced
cancer medication release, hence increasing its treatment
perspective.

Biomimetic Nanoparticles (BioM NPs)
for Active Targeting of Cancer Cells

BioM NPs developed for active cancer cell targeting have
unique targeting ligands on their surfaces to increase
their attraction for cancer cells [67]. This active targeting
technique attempts to increase medication delivery precision
and effectiveness to malignant cells, possibly minimising
adverse impacts and enhancing the effectiveness of
treatment. This method entails designing BioM NPs with
specialised ligands that can recognise and bind to receptors
specific to target cells (Fig. 3). Antibodies, amino acids [68],
and aptamers [69] having a high selectivity for cancer cell
receptors are frequently employed [70]. These ligands may
be selected based on the unique molecular features of the
malignancy being treated [70, 71]. The surface of NPs can
be coated with monoclonal antibodies, enabling them to
recognise and attach to particular antigens on cancer cells.
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This method is especially effective when targeting cell
surface receptors that are overexpressed in specific cancers
[71]. Active targeting improves NP absorption by promoting
receptor-mediated endocytosis [72]. This can boost
therapeutic chemical distribution into cancer cells while
reducing absorption by healthy cells. Multifunctional BioM
NPs for active targeting are frequently created [73]. They
can transport therapeutic molecules like chemotherapeutic
medicines [74], RNA [73], or imaging [64, 75] agents as
well as targeting ligands and other capabilities [76].

Chen et al. used ZIF-8 as the carrier to design and
produce a trastuzumab-coupled drug delivery framework
(Fig. 4) with pH response properties. The drug loading and
biocompatibility of the targeted drug delivery device were
both high. At neutral pH circumstances, the cumulative
curve of drug delivery showed minimal early leakage levels.
There was an efficient augmentation in drug delivery at
acidic pH conditions, confirming the existence of a specific
pH-triggered drug delivery strategy. Because they can
deliver the loaded medication in a regulated way, the created
BioM NPs can function as drug delivery systems. Cellular
uptake studies revealed that the internalisation induced by
the HER?2 antibody significantly increased NP uptake. This
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Fig.4 Antibody-targeted ZIF-8 framework drug delivery mechanism in Her2 receptor-positive cells as an effective in vivo tumour inhibition
drug delivery method [77]. Reproduced with permission; Licence Number 5706910546921
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discovery suggests that the BioM NPs can specifically target
cancer cells that overexpress HER2. The platform was tested
for therapeutic effectiveness in BALB/c nude mice to verify
its promise as an efficient drug delivery method for tumour
inhibition in vivo. The results illustrate the smart drug
delivery system’s specificity-targeted and pH-responsive
characteristics, showing its great potential for effective and
controlled cancer therapy usage [77].

The work [78] looked at the preparation, physiochemical
characterization, and in vitro and in vivo impacts of
sialic acid and cetuximab decorated chitosan NPs loaded
with gemcitabine and targeted to glycan and epidermal
growth factor receptor overexpressing non-small-cell
lung cancer cells. Chitosan was coupled with sialic acid
using EDC/NHS chemistry and then gemcitabine-loaded
sialic acid-conjugated chitosan NPs were produced
using an ionic gelation technique and electrostatically
adorned with cetuximab. In vitro, cytotoxicity of NPs
determined with cell-based apoptosis tests revealed that
targeted nanoformulations outperformed non-targeted
nanoformulations in antiproliferative activity versus non-
small-cell lung cancer cells. In vivo pharmacokinetic studies
revealed that glycan and epidermal growth factor receptor-
targeted NPs had higher absorption, and in vivo clinical
effectiveness studies revealed that they have the strongest
anticancer potential. By focussing on glycan and epidermal
growth factor receptors on non-small-cell lung cancer cells
and an induced lung cancer mouse model, the platform
showed improved cellular internalisation and therapeutic
perspective, suggesting that it could be an effective
replacement for non-targeted, traditional chemotherapy [78].

Rajana et al. used a quality-by-design method to create
Folic acid-adorned Palbociclib-loaded lipid-polymer hybrid
NPs and tested their anticancer effectiveness in folate
receptor-positive breast cancer cell lines. The synthesis of
the as-prepared ligand was confirmed using spectroscopic
methods. The optimised recipe had a satisfactory particle
size distribution and effective entrapment. The framework
has an 11-fold lower IC50 value than free Palbociclib. A
receptor-blocking experiment was used to investigate the
effect of folic acid in targeting breast cancer, and it was
shown that the framework was internalised into cancer cells
via folate receptor-mediated endocytosis. The framework
was more effective against cancer, causing increased reactive
oxygen species creation, apoptosis, decreased cell motility,
and colony formation. As a result, the Palbociclib-loaded
folic acid-conjugated lipid-polymer hybrid NPs created
might serve as a viable BioM NP nanocarrier in the therapy
of breast cancer [79]. Also, as indicated by Fig. 5, for cancer-
specific medication delivery and treatment, a folate-targeted
pH-sensitive bortezomib conjugate can be created. In folate
receptor overexpressing cancer cells and 3D spheroids, the
compound prepared by Liu et al. demonstrated better cellular
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uptake, penetration, and anticancer activity compared to
free bortezomib, a bortezomib-mannitol derivative, and a
PEGylated bortezomib conjugation [80].

Under the particular molecular characteristics of
every tumour, the targeted ligands may be customised for
particular kinds of cancer. This personalisation improves
the NPs’ selectivity for a certain malignancy. Off-target
effects, diversity in receptor expression across individuals,
and the necessity for efficient ligand conjugation techniques
are all challenges. Furthermore, questions of NP stability,
circulation time, and immune response must be tackled.
Active targeting employing BioM NPs is an emerging
subject that has an opportunity to transform cancer therapy.
The current studies seek to enhance cancer therapy results
by optimising the design, production, and clinical translation
of these NPs.

Biomimetic Nanoparticles (BioM NPs)
for Stimuli-Responsive Cancer Drug Release

BioM NPs created for stimulus-responsive cancer medication
deliver therapeutic drugs in response to specific stimuli
observed in the tumour microenvironment (TME) [81].
These stimuli can include changes in pH [80], temperature,
enzyme activity [82], or other cancer-specific variables [83].
The objective is to improve medication delivery accuracy
and control while minimising off-target effects and boosting
therapeutic effectiveness [84]. By adding stimuli-responsive
features into the nanocarrier system, functional BioM
medication delivery may be realised by bypassing biological
barriers and arriving at the targeted location [85]. BioM NPs
may be programmed to react to particular stimuli in the
TME. Amid these stimuli, responsive materials experience
structural modifications, resulting in drug release. Tumour
tissues frequently have lower pH values than normal tissues
[86]. pH-responsive NPs can be programmed to release
medications in reaction to the tumour’s acidic environment,
enhancing drug delivery and lowering systemic toxicity
[84]. Temperature fluctuations within the body, especially
in the tumour site, can be used to facilitate medication
release. When exposed to the increased temperatures seen
in tumours, thermoresponsive NPs can deliver their payload
[87]. In the TME, some enzymes are overexpressed [88].
Enzyme-responsive NPs can be programmed to release
medications in response to enzyme activity [88], allowing
for tailored drug delivery.

Packing bupivacaine nanocrystals (BNCs) into
thermoresponsive oligo(ethylene glycol) methyl ether
methacrylate (OEGMA) nanogels and coupling them to
NIR-absorbing biodegradable copper sulphide NPs (CuS
NPs) resulted in the formation of a hybrid nanomaterial
(Fig. 6) [87]. These materials were surface-enhanced with
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Fig.5 A diagram depicting folate-targeted pH-sensitive bortezomib conjugates for cancer therapy [80]. Reproduced with permission under the
terms and conditions of the Creative Commons Attribution (CC BY) licence

polyelectrolytes using layer-by-layer processes, allowing
them to easily cling to the surface of nanogels via
supramolecular interactions. Because bupivacaine was
encapsulated in nanocrystals, CuS @ BNC-nanogels with
drug loading efficiency were created. The nanocrystals acted
as long-lasting drug reservoirs, leading to higher localised
drug content, which proved advantageous for the application

in long-term pain control. When exposed to NIR light, the
platform demonstrated favourable photothermal transducing
capabilities. The photothermal action of the CuS NPs caused
the nano-crystallized drug delivery to be accelerated by
the breakdown of the thermoresponsive nanogels upon
heating. Remote control of on-demand delivery at a given
time and location was accomplished, showing their possible

@ Springer



Biomedical Materials & Devices

Hybrid thermoresponsive nanoparticles for NIR-triggered remote release
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Fig.6 Packed bupivacaine nanocrystals (BNCs) into
thermoresponsive oligo(ethylene glycol) methyl ether methacrylate
(OEGMA) nanogels and coupling them to NIR-absorbing

application as an externally operated triggerable drug
delivery device. Also, in the dose-ranging investigation, cell
viability assessments and flow cytometry analysis revealed
acceptable cytocompatibility. This remotely actuated nano
platform is a viable technique for long-term regulated
analgesia and a viable therapeutic pain treatment option
[87].

Previously, thermoresponsive drug delivery devices
were employed to administer chemotherapeutic drugs to
tumours in a hyperthermic milieu [89, 90]. As illustrated
by Fig. 7, Shah et al. created and characterised cisplatin-
packed thermoresponsive liposomes (CDDP@TSLs) for
improved anticancer effectiveness. A thin-film hydration
process was used to create CDDP@TSLs with variable
ratios of dipalmitoyl phosphatidylcholine and hydrogenated
soy phosphatidylcholine and fixed quantities of distearyl
phosphoethanolamine polyethene glycol and cisplatin. The
produced platform had small particle sizes, a reasonable
surface charge, good cisplatin encapsulation efficacy,
and ideal thermoresponsive characteristics. The CDDP@
TSLs were examined for cytotoxicity against lung cancer
cells, ovarian cancer cells, and breast cancer cells in vitro
at room temperature ranges because tumorous sites might
have greater temperatures than normal locations. At 39 °C,
the cytotoxicity of CDDP@TSLs was higher. Cellular
uptake tests revealed a multiplication of particle absorption
by numerous cell types, as well as greater internalisation
at tumour locations. The prepare framework’s therapy
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biodegradable copper sulphide NPs (CuS NPs) resulted in the
formation of a hybrid nanomaterial [87]. Reproduced with
permission; Licence Number 5706911048512

demonstrated the effectiveness of the thermoresponsive
liposomal formulation in lung cancer cells produced in mice
by diethylnitrosamine. Furthermore, the platform may have
increased anticancer activity, and maximised therapeutic
benefit while minimising systemic off-site toxicity [91].
The high concentration of reactive oxygen species (ROS)
in tumour tissues is one of the distinguishing hallmarks
of tumour longevity, proliferation, and metastasis [92].
Nevertheless, ROS-responsive NPs are seldom used in
cancer cell ROS-responsive functions because inherent
ROS concentrations in cancer cells cannot be elevated to a
level at which the created BioM NP framework can respond.
Besides, to remedy this obstacle, palmitoyl ascorbate was
strategically incorporated by Li et al. as a prooxidant for
H,0,. The H,0, generation in cancer cells investigated
H,0,-responsive camptothecin polymer, endowing the
nanocarriers with the self-sufficiency of H,0, stimuli in
cancerous cells. Molecular oncology exhibits tumoral
physiology’s markers, including a declining proclivity to
eliminate harmful ROS. The generation of H,0, selectively
triggered cancer cell demise by increased oxidative stress. It
also acted as an autochthonous H,O, resource to stimulate
camptothecin delivery for chemotherapy. Excess H,0, and
camptothecin were released and easily infiltrated cancer
cells resulting in their cooperative cytotoxicity. A complete
treatment study indicated that the suggested combination
suppressed tumours effectively by cooperative oxidation-
chemotherapy; describing a unique BioM NPs-based
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Fig. 7 Cisplatin-loaded thermoresponsive liposomes demonstrate improved antitumour effectiveness [89]. Reproduced with permission; Licence

Number 5706911325407

platform that combines tumoral H,0O, for H,O,-responsive
drug delivery [93].

Enzyme-responsive BioM NPs are intended to take
advantage of the overexpression of particular enzymes in
the TME [88], allowing for tailored medication delivery
[83]. These enzymes may encompass those that are
uniquely connected with cancer cells as well as those that
are engaged in pathological processes related to tumour
development and progression [84]. The idea behind
employing enzyme responsiveness is to take advantage of
the distinct biochemical properties of cancer cells and their
environment. As illustrated by Fig. 8, Liu et al. described a
tiny molecular amphiphile prodrug that may self-assemble
to create a multipurpose nano-prodrug for increased
anticancer efficacy via chemotherapy and phototherapy. The
easy incorporation of quinone propionate into Irinotecan
provides adequate amphiphiles that equip the prodrug with
good self-assembly behaviour and turn the compound into
a firm and homogeneous NP. Surprisingly, this outstanding
self-assembly behaviour may pack phototherapy agents
to construct a multipurpose nano-prodrug, improving

the chemotherapeutic impact of both chemotherapy and
phototherapy. Notably, the prodrug’s quinone propionic
acid moiety was highly sensitive to overexpressed quinone
oxidoreductase-1 in non-small cell lung cancer cells,
allowing for nano-prodrug deconstruction and effective
quinone oxidoreductase-1-responsive drug delivery. A BioM
nano-prodrug was effectively investigated to improve drug
accumulation on tumour tissue and relocate blood clearance
by covering the hybrid membrane on the above nano-
prodrug, which shows higher particular inhibition of tumour
growth and metastasis in non-small cell lung cancer mice
model. The results add to the logical structure of tumour-
overexpressed enzyme-responsive nano-prodrugs for cancer
combination treatment [88].

Imaging agents can be incorporated into some stimuli-
responsive BioM NPs. This allows for real-time tracking of
medication release and distribution inside the tumour, which
aids in therapy evaluation and optimisation. The challenges
of stimuli-responsive BioM NPs include gaining precise
control over the stimuli-responsive mechanisms, optimising
release kinetics, and maintaining nanoparticle stability in
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Fig.8 Schematic illustration of tumour-overexpressed enzyme sensitive amphiphiles tiny molecular self-assembly nano-prodrug for non-small-
cell lung cancer chemo-phototherapy [88]. Reproduced with permission; Licence Number 5706920023812

physiological circumstances. Clinical translation also takes
into account biocompatibility, possible immunogenicity, and
scalability. Stimuli-responsive BioM NPs are a promising
new approach in cancer therapy, with the promise of
enhanced therapeutic results and decreased side effects
via targeted and regulated drug release. Current studies
are aimed at improving these NP designs and moving them
closer to therapeutic applications.

Applications of Biomimetic Nanoparticles
(BioM NPs) for Cancer Therapy

BioM NPs have shown tremendous promise in a variety of
cancer therapeutic applications [94], owing to their unique
features and designs inspired by natural biological systems.
Several technologies seek to enhance medication delivery
[71], imaging [95], and diagnostics [27] while reducing
adverse effects and increasing the ultimate effectiveness
of cancer therapies. Utilising improved permeability and
retention (EPR) impacts, BioM NPss, like NPs coated with
cell membranes, can passively target tumours. This permits
therapeutic medicines to accumulate selectively in the TME,
decreasing exposure to healthy tissues. Adding specific
ligands on the surface of biomimetic NPs allows for active
targeting of particular cancer cells, boosting drug delivery
accuracy. Concentrating medications at the desired site of
action can improve the therapeutic index.

Lu et al. produced BioM NPs that provided medicines
for lactate metabolism-based synergistic treatment using
the discovery of increased lactate in resected Glioblastoma
multiforme (GBM) (Fig. 9). Owing to the self-assembling
NPs being enclosed in glioma cell membranes, they easily
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crossed the blood-brain barrier and targeted GBM via
homotypic identification. Lactate oxidase in the NPs turns
LA into pyruvic acid and H,0, once it reaches the tumours.
By inhibiting histone expression and producing cell-cycle
arrest, PA suppressed cancer cell proliferation. A synergistic
impact like this provides potent therapeutic efficacy against
both glioma cell-line-derived and patient-derived xenograft
models [96]. Further, a pro-nano drug combination with
GSH and NIR-sensitive mode has been shown to improve
gamabufotalin-induced chemo-photothermal treatment
with the help of indomethacin-reprogrammed [97] TME.
Furthermore, a hybrid cell membrane was employed to
give nano complexes with the ability to prolong circulation
duration and increase drug buildup in tumour tissue.
Indomethacin triggered by elevated levels of GSH can
reduce tumour inflammation in the TME and sensitise
tumour cells to gamabufotalin by decreasing PGE2 release.
The newly introduced low-dose gamabufotalin, which has
few adverse reactions, may successfully destroy tumour cells
through ROS generation and low COX-2 expression. In vitro
and in vivo studies indicated that nanocomplexes had high
antitumour efficacy in tumour-bearing mice via chemo-
photothermal treatment, as evidenced by the eradication of
cervical tumours and significant extension of mouse survival
time [97].

Through a mechanism known as cell membrane cloaking,
BioM NPs may be capable of self-recognition and source-
targeting [98]. The method increases their circulation
time and assists them in avoiding immunological capture.
As a consequence, BioM NPs coated with natural cell
membranes derived from various sources [99], such as
leukocytes, platelets, cancer cells [100], and red blood cells
(RBCs), have gained popularity [101]. NPs coated in RBC
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Fig.9 Clinical and mouse glioma studies, as well as M@HLPC building for tumour inhibition, are depicted schematically [96]. Reproduced
with permission under the terms and conditions of the Creative Commons Attribution (CC BY) licence

membranes have a remarkably long circulation duration
[102]; NPs coated with bacterial membranes, on the other
hand, can readily access neutrophil locations and travel to
inflamed tumour areas [103]. The tumour cell membrane
is particularly attractive among these sources owing to its
various surface molecular features [101], which give several
potentials for BioM functionalization of NPs. Furthermore,
the tumour cell membrane allows for membrane antigen-
mediated homologous binding, which increases the
uniqueness and efficiency of the NPs [98]. BioM NPs have
considerable potential for targeted drug administration and
better cancer therapy, owing to the characteristic properties
such as cell membrane cloaking and leveraging the benefits

conferred by their varied cell sources [100]. The purpose
of tumour cell membrane-camouflaged NPs, especially
the versatile BioM core—shell nanosystem, is to improve
standard chemotherapy’s targeting capability and immune
system evasion capability, resulting in improved drug
administration and enhanced therapeutic results. Li et al.
built MPCONPs to verify the idea (Fig. 10). To build a shell
for the NPs, autologous tumour cell membrane fragments
were collected and employed. A trypsin-sensitive cationic
polylysine framework is created and integrated with 1-OHP
and Ce6-AuNDs. These components are assembled to make
the MPCONPs. MPCONPs, which are NPs disguised as
tumour cell membranes, have increased cellular absorption
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in cancer cells and the efficiency of photodynamic treatment
and chemotherapy. This opens up a lot of possibilities for
them to be used as individualised therapeutic agents in
clinical cancer treatment [100].

Peng et al. presented the artesunate-chloroquine
conjunction and created a BioM NP based on poly (d,l-
lactide-co-glycolide) (PLGA) for dual-targeting drug
delivery. To produce a ROS-sensitive core of BioM
NPs, hydroxymethyl phenylboronic acid linked poly
(d,l-lactide-co-glycolide) was synthesised. To receive a
BioM NP-Hydroxymethyl phenylboronic acid/artesunate/
chloroquine @mannose-modified erythrocyte membrane,
a mannose-modified erythrocyte membrane is cloaked
on the artesunate and chloroquine-loaded poly (d,l-
lactide-co-glycolide) (PLGA)-based BioM NP core.
It shows great potential in reducing colorectal cancer
cell growth and correcting the phenotypes of tumour-
associated macrophages by targeting both tumour cells and
M2-like tumour-associated macrophages. The BioM NPs
demonstrated enhanced aggregation at tumour tissues and
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efficiently inhibited tumour development via both reductions
of tumour cell proliferation and repolarization of tumour-
associated macrophages in an orthotopic colorectal cancer
animal model. Notably, the key to achieving outstanding
antitumour effects is uneven distribution to cancer cells
and tumour-associated macrophages. This study presented
a biomimetic nanocarrier that is beneficial in the treatment
of colorectal cancer [104]. Furthermore, Miao et al.
announced the development of RBC membrane-camouflaged
nanocarriers that could imitate RBCs at various stages
of life and researched how the deformability of RBC-
derived nanocarriers impacted their biological behaviours,
influenced by the significant impact of the stiffness and
deformability of natural RBCs on their life span and
flowing through narrow vessels (Fig. 11). RBC membrane-
coated elastic poly(ethylene glycol) diacrylate hydrogel
NPs (RBC-ENPs) imitating dynamic RBCs demonstrated
great immunocompatibility with little immunoglobulin
binding on the surface protein corona, leading to decreased
opsonization in macrophages and ultralong circulation.
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Fig. 11 Cell membrane-
camouflaged nanocarriers with
erythrocyte BioM deformability
for ultralong circulation and
enhanced cancer therapy [105].
Reproduced with permission
under the terms and conditions
of the Creative Commons
Attribution (CC BY) licence

RBC-ENPs may also deform like RBCs and achieve great
diffusion in the tumour extracellular matrix, resulting in
increased multicellular spheroid penetration and tumour
tissue accumulation. In animal cancer models, doxorubicin-
loaded RBC-ENPs outperformed the first-line chemotherapy
medication PEGylated doxorubicin liposomes. Tuning
the physical characteristics of cell membrane-derived
nanocarriers may give an alternate strategy for the bionic
design of nanomedicines in the future, according to this
study [105]. Cao et al. used naive neutrophil membrane-
coated poly(ethylene glycol) methyl ether-block-poly(lactic-
co-glycolic acid) (PEG-PLGA) NPs to demonstrate the
therapeutic effectiveness of celastrol as a potential candidate
chemical for the treatment of pancreatic cancer. Neutrophil
membrane-coated NPs (NNPs) have been shown to cross
the blood-pancreas barrier and deliver pancreas-specific
drugs in vivo. NNPs accumulated selectively at the tumour
site after systemic treatment in a tumour-bearing mouse
xenograft model, in contrast to NPs lacking neutrophil
membrane coating. Celastrol-loaded NNPs dramatically
improved tumour inhibition in both orthotopic and ectopic
tumour models, extending the longevity of tumour-bearing
mice and reducing liver metastases. The findings indicate
that celastrol-loaded NNPs are a realistic and successful
therapy choice for pancreatic cancer [106].

Camouflaging synthetic NPs with hybrid cell membranes
has received a lot of attention lately. The resulting BioM
NPs retain the physicochemical features of the artificial NPs
while acquiring the biological functionalities of the parent
cells [107]. In comparison to single-cell membranes, hybrid
cell membranes can equip synthetic NPs with a variety of
bio functions obtained from the original parent cells. By
covering cancer cell-mitochondria hybrid membrane
(HM) on the surface of Gboxin-loaded NPs, Zou et al.
demonstrated a BioM nanomedicine (HM-NPs@G). A
reactive oxygen species-sensitive polymer is used in another

Immune escape
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design aspect to promote at-site Gboxin release. The HM
camouflaging gives HM-NPs@G unique properties such as
high biocompatibility, an enhanced pharmacokinetic profile,
efficient blood—brain barrier penetration, and homotypic dual
cancer cell and mitochondria targeting. The findings indicate
that HM-NPs@G enhance blood circulation and tumour
accumulation. Female mice with orthotopic U87MG GBM
and patient-derived X01 glioblastoma stem cell xenografts
show effective tumour suppression with a longer lifetime and
minor adverse effects. We think that the biomimetic Gboxin
nanomedicine has promise as a therapy for brain tumours
[108].

The nano-delivery system’s hybrid cell membrane
camouflage boosted solubility and targeting capabilities
to tumour locations with higher immune evasion. This
Prussian blue NP-based BioM formulation was verified
as an effective PA delivery vehicle for suppressing the
development of breast cancer xenografts in nude mice by
tail vein injection. Molecular tests demonstrated that the
anticancer efficacy was achieved by inhibiting cell growth
and inducing apoptosis. Results showed that combining
PA with nanomaterials can be a successful technique for
treating breast cancer in vivo [109]. Also, Evers et al.
produced and analysed EV-liposome hybrid NPs (hybrids)
as an alternate delivery strategy incorporating the features
of both liposomes and EVs. It has been demonstrated that
hybrids are spherical particles that encapsulate siRNA,
include EV-surface producers, and functionally transport
siRNA to many cell types. The functional behaviour of
hybrids in terms of cellular absorption, toxicity, and gene-
silencing efficiency differs from liposomes and varies
depending on the recipient cell type. Furthermore, hybrids
created with cardiac progenitor cell (CPC) derived EVs
preserve functional features associated with CPC-EVs,
such as endothelial signalling activation and motility. To
summarise, hybrids combine the advantages of synthetic
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and biological drug delivery methods and might be used as
future therapeutic carriers of siRNA [110]. Besides, Wang
et al. effectively coated hollow polydopamine (HPDA)
NPs with an outer membrane vesicle (OMV)-cancer cell
cancer cells hybrid membrane composed of OMV and B16-
F10 cancer cells membrane (Fig. 12). They used OMV
immunotherapy in conjunction with HPDA-mediated PTT to
increase antitumour effectiveness against melanoma. When
administered intravenously through the tail vein, HPDA @
[OM V-cancer cells] NPs homogeneously targeted melanoma
and activated the immune response in vaccinated mice by
quickly promoting dendritic cell (DC) maturation in lymph
nodes. The findings revealed that the antitumour immune
response and PTT mutually enhance the potential for therapy
and eliminate melanoma with no adverse reactions. Through
combining payload with application-specific capabilities, the
homogeneous-target and immune activation hybrid BioM
membrane adapts to numerous synergistic medicinal and
imaging uses [111].

Macrophages have a large impact on tissue development
[112], homeostasis, and remodelling [113]. The TME is
defined by several physiological mechanisms, which
ultimately impact cancer growth and spread. When
inflammatory chemokines attract macrophages to the
site of inflammation, they engage with particular ligands
and become “resident” in the endothelium or pannus of

¥¥ . Photothermal
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inflammatory arteries [112]. NPs are coated with diverse
membrane coatings in a top-down method, including
membranes from hybrid membranes that combine the
capabilities of several types of macrophages. By merging
membrane components generated from RAW264.7 and
4T1 cells, hybrid membrane-coated doxorubicin (PLGA)
NPs (DPLGA @ NPs) were created [114]. These NPs
were utilised to treat lung metastases caused by breast
cancer. The coupling of NPs with a hybrid membrane
derived from macrophage and cancer cells has several
advantages, including the ability to target specific
metastasis, homogenous tumour-targeting abilities in vitro,
and significantly enhanced multi-target capability in a lung
metastasis model in vivo. After treatment of breast cancer-
derived lung metastases, the DPLGA @NPs demonstrated
remarkable chemotherapeutic capability, with around
88.9% anti-metastasis effectiveness. These NPs were
strong and demonstrated the multi-targeting properties of
hybrid membranes. This research suggests a viable BioM
nano platform for treating breast cancer metastasis [114].

Through communicating with the environment
via translocated surface membrane components, the
cell membrane “disguise” permits the particles to be
regarded as the source cell by the body. The membrane-
coated NP’s newly conferred properties can be used for
biological interfacing in the body, giving natural answers
to numerous biomedical challenges.

Homotypic targeting

\'l;rigger

Lymph node

Fig. 12 Membrane-coated bacterial vesicle-cancer cell Hybrid NPs for tumour specific Immune activation and photothermal therapy [111].
Reproduced with permission under the terms and conditions of the Creative Commons Attribution (CC BY) licence
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Challenges Associated with Biomimetic
Nanoparticles (BioM NPs) for Cancer Therapy

The biological systems’ complexity presents substantial
challenges for cancer cell targeting and therapy. When
nanocarriers are added to biological fluids, they attract
proteins to their surfaces, generating an adsorption layer
known as the protein corona [115]. This protein layer
has a substantial impact on the biological behaviour
of nanocarriers by affecting their physicochemical
characteristics and can ultimately regulate their fate
in vivo. This procedure has a substantial influence on
the stability, targeting capability, pharmacokinetics, and
toxicity of nanocarriers. As a result, the physiological
activity of NPs is strongly reliant on the characterisation
of the proteins that make up the corona. Furthermore,
protein corona is a Janus-like phenomenon that can have
both good and negative effects on NP-based treatments
[116]. On the one hand, protein corona can affect blood
circulation, protein accumulation and penetration at
target areas, cellular absorption in tumour-targeting
delivery, and interactions between NPs and immune
cells for immunotherapy. Protein corona, on the other
hand, might generate unanticipated in vivo behaviours
owing to biomolecule absorption on BioM NPs [1,
116]. Protein corona, for example, might impair NP-cell
membrane contacts by covering the first changed ligands
or presenting an unfavourable steric impact, which reduces
cellular absorption. To summarise, creating successful
nanocarrier systems for therapeutic delivery requires
a thorough understanding of the protein corona and its
intricate interactions with NPs. Furthermore, biological
barriers that prevent nanomedicine from accumulating
and penetrating tumours, from blood and tissue to the
cellular level [117], are a substantial impediment. The
principal barriers to medication delivery at the blood
level are strongly related to the endothelial cells that line
the blood arteries [118]. Inflammation and cancer are
common causes of decreased blood flow, which might
impede medicine delivery. Furthermore, the permeability
of tumour vasculature and its dependency on vascular
endothelial growth factor (VEGF) might make medication
administration difficult [20]. Obstacles may include poor
vascularization at the tissue level [60], which may lead
to hypoxic zones that can impair medication efficacy
and delivery. Raised interstitial fluid pressures inside
the TME may prevent medicines from reaching tissues
efficiently. Furthermore, the variability of tissue features
between and within tumours complicates medication
administration even more [119]. This heterogeneity
can take the form of differences in cell types, genetic
mutations, or vasculature, all of which might affect

medication delivery and efficiency. The fundamental issue
at the cellular level derives from the passive nature of the
majority of drug delivery techniques, which depend on
transfer and concentration gradients to transfer medication
from high-concentration parts to low-concentration areas,
limiting the quantity of medicine reaching tumour cells.
Besides, concerns concerning nanomedicine’s toxicity and
safety, particularly its effects on organs and reproductive
systems, are critical for long-term therapeutic usage
[120]. For maximum therapeutic efficiency, nanocarrier
drug loading and release control must be refined [121].
Adoption barriers such as difficult production, high prices,
low biocompatibility, and the limited stability of BioM
NPs prevent their widespread use in clinical settings.

Summary of Challenges

It is a difficult undertaking to create and synthesise BioM
NPs that successfully combine biological elements while
retaining stability and repeatability. To guarantee the safety
of NPs for clinical application, the possible immunogenic
response to NPs, particularly those generated from
biological sources, must be carefully considered. The
transition from laboratory-scale to large-scale manufacturing
raises issues in preserving BioM NP uniformity and quality.
BioM NPs may have low storage stability, necessitating the
use of specific settings to prevent deterioration or loss of
effectiveness over time. The variety of cancer types and
tumour heterogeneity make it difficult to discover universal
biomarkers for effective and precise targeting. Getting
BioM NPs to the target location might be difficult due to
physiological obstacles such as the reticuloendothelial
system and the blood-brain barrier. Achieving regulatory
requirements for clinical translation necessitates extensive
testing and validation, and BioM NPs have to satisfy safety
and effectiveness criteria.

To address the issues connected with BioM NPs for
cancer treatment, scientists, engineers, and doctors must
work together across disciplines. Continuous R&D efforts
are required to realise the full potential of these novel
nanocarriers in enhancing cancer treatment results.

Prospects Associated with Biomimetic
Nanoparticles (BioM NPs) for Cancer Therapy

Transcytosis nanomedicine goes beyond the traditional
active targeting technique, which primarily includes the
binding of nanomedicine to cell surface receptors. It is
intended to be moved across cells by utilising cellular
machinery to move nanomedicine from one side of the
cell to the other. This mechanism is useful for bypassing
biological barriers that are ordinarily difficult to permeate,
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such as the blood—brain barrier or thick tumoral tissues.
Transcytosis nanomedicine is notably useful in cancer
therapy since the TME frequently provides a strong hurdle
to traditional drug delivery strategies. We can improve
treatment efficacy while minimising systemic toxicity by
using transcytosis nanomedicine to increase the buildup
of therapeutic molecules in tumour tissues [122]. For
the creation of transcytosable nanomedicines, multiple
approaches can be used, such as the employing of targeting
ligands that bind to specific cell surface receptors,
triggering endocytosis [81], and the development of
nanocarriers that can avoid endosomal entrapment to reach
the cytosol [123], encouraging exocytosis on the other side
of the cell [1].

Summary of Prospects

BioM NPs have the promise of personalised cancer
therapy since they can be tailored to particular patient
profiles, allowing for more focussed and successful
therapies. The adaptability of BioM NPs enables the
inclusion of numerous therapeutic drugs, enabling
combination treatments to attack diverse elements of
cancer development at the same time. They can increase
medication stability, lengthen circulation time, and
improve drug penetration into tumour tissues, resulting
in more efficient drug administration. BioM NPs may
lessen the risk of adverse effects associated with standard
cancer therapy by using biocompatible materials and
replicating natural biological processes. Imaging agents
can be included with BloM NPs for real-time monitoring
of therapy response, giving useful data for altering
therapeutic tactics. Creating BioM NPs that react to
particular environmental signals inside the TME can
allow for regulated and targeted medication release.
They can be designed to modify the immune response,
thereby increasing the efficacy of cancer immunotherapies.
Investigating environmentally friendly ways for the
manufacture of BioM NPs might help to ensure the long-
term viability of nanomedicine.

By appropriately evoking the immune system
or controlling the TME in the immune system, the
inclusion of BioM NPs into cancer vaccines represents
a possible advance in cancer immunotherapy. Despite
being intensively investigated in preclinical and clinical
studies, the intricacy of biomaterials could present
various hurdles for clinical translation. Significant
research is needed to gain a thorough knowledge of
their utilisation in cancer therapies, with an emphasis on
immunology, biodistribution, and therapeutic processes.
Additional research ought to delve further into these issues
to accomplish clinical translation.

@ Springer

Concluding Remarks

Nanomedicine has the potential to revolutionise cancer
therapy by addressing the limitations of existing medicines.
It uses NP-mediated drug delivery to improve tumour-
targeting and medication effectiveness, and it has potential
in a variety of treatments. While there are hurdles, such
as improving biocompatibility, regulating drug delivery,
streamlining nano-design, and developing appropriate
assessment models, the future of nanomedicine in cancer
therapies looks prospective. Persistent innovation will assist
it in reaching its maximum potential, opening the way for
personalised and efficient therapies that will enhance patient
outcomes and have a substantial influence on the cancer
battle. This study thus focuses on recently prominent cancer
types, their mechanisms and breakthroughs in BioM NPs
for successful cancer therapy. Our study includes BioM NP
mechanisms and techniques, and also the application of
BioM NPs in cancer therapies. The remainder of this work
gathers available data and explores the multiple challenges
and promise of BioM NPs for cancer treatment.
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