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Cells have emerged as highly promising vehicles for delivering drugs due to their unique

advantages. They have the ability to bypass immune recognition, navigate biological barriers, and
reach difficult-to-access tissues through sensing and active movement. Over the past couple of
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decades, extensive research has been conducted to understand how cell carriers can overcome

biological barriers and influence drug effectiveness. This has resulted in the development of
engineered cells for targeted drug delivery to specific tissues. Despite the presence of exciting
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developments, a comprehensive understanding of the challenges and potential strategies is

necessary for the effective clinical application of cell-based drug carriers. This review provides an
overview of recent progress and novel concepts in cell-based drug carriers, as well as their potential
for translation into clinical practice. Additionally, we delve into important factors and emerging
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strategies for designing the next generation of cell-based delivery technologies, with a particular

emphasis on achieving greater accuracy and targeted drug administration.

Introduction

Drug delivery systems (DDSs) play a vital role in
optimizing drug efficacy and safety by efficiently transporting
medications within the body. These systems are designed
to overcome challenges such as drug degradation, poor
solubility, limited bioavailability, and off-target effects while
maximizing drug release, distribution, and targeting [1].
Utilizing carriers like nanoparticles, liposomes, or cell-based
carriers enables precise drug delivery, reducing side effects
and improving therapeutic outcomes. The development of
DDS is crucial for advancing drug delivery and realizing the
full potential of various medications in treating diseases
[2]. Nanoparticles (NPs) have emerged as a promising
approach to overcome biological barriers in drug delivery.
Understanding the impact of NP properties on targeting
capabilities allows for the customization of NPs for precise
and targeted therapeutic delivery. Manipulating NP properties
enhances their ability to reach specific cells or tissues, thus
enhancing the effectiveness of drug delivery systems. While
significant progress has been made, intravascular therapies
still face challenges in precise targeting due to the complex
nature of the body and rapid immune system elimination
[3-5]. Cells have also been explored as drug carriers, with
various techniques developed to utilize different cell types
for targeting specific tissues. Overcoming obstacles such as
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complement-mediated attacks on modified cell carriers and
immune rejection of allogeneic cell-based carriers are critical
steps. Strategies involving cells with inherent transmigration
capabilities, genetic modification to enhance the crossing of
the blood-brain barrier, and engineered cell carriers with
ECM-degrading enzymes are explored [6].

Recently, there have been significant advancements in the
understanding of colon cancer treatment and prevention. The
new classification system considers factors such as tumor
size, histopathology, gene expression, DNA methylation, and
oncogenic pathways [7-10]. The Cancer Genome Atlas (TCGA)
and the Asian Cancer Research Group (ACRG) have proposed
personalized approaches to treating colon cancer based on
these classifications. Various studies have highlighted how
different molecular groups can impact demographic and
disease characteristics like age, tumor location, invasiveness,
and stage [12-16]. Projects like the High-Tech Omics-Based
Patient Evaluation Project (HOPE) have developed molecular
markers to predict survival outcomes for patients undergoing
radical gastrectomy [17]. Despite improvements in surgical
techniques, research participation, and perioperative care,
outcomes for colon cancer patients still vary among physicians
and countries. To address these disparities and ensure quality
care, volume-based referrals have been recommended as a
reliable indicator of effective cancer treatment. The concept
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of "operational volume" introduced in 1979 by Luft HS, et al.
emphasizes that high-volume hospitals tend to have better
outcomes for complex surgical procedures [18-25].

Therecentdevelopment of non-thermal physical plasma for
medical objectives, along with its potential combination with
Nanocarriers, is generating a lot of interest and excitement
in the scientific community [24]. Researchers are optimistic
about the possibilities this technology holds for innovative
medical treatments and targeted drug delivery. The synergy
between non-thermal physical plasma and Nanocarriers could
open up new avenues for more effective and precise therapies
in the future [25].

The review emphasizes the potential of cell-based drug
delivery technologies to overcome biological barriers,
highlighting the importance of genetic modification and
engineering approaches. Innovative strategies to overcome
barriers like the blood-brain barrier and extracellular matrix
are essential for advancing cell-based drug delivery and
improving treatment outcomes. The Figure 1 provides an
overview of the intravascular administration

Inthe pastfewyears, therehavebeennotableadvancements
in the field of engineering cells for precise drug delivery. This
field focuses on improving the effectiveness and specificity
of drug delivery while minimizing unwanted side effects.
Researchers have developed innovative cell-based carriers,
such as genetically modified T cells or stem cells, which can
be engineered to express specific receptors or enzymes for
targeted drug delivery [7]. Additionally, nanotechnology has
enabled the development of engineered nanoparticles that
can be loaded with drugs for precise delivery to specific cells
or tissues. Nevertheless, there are still several challenges that
need to be addressed in order to successfully translate these
advancements into clinical settings. It is important to carefully
address and resolve concerns related to the source of cells,
manufacturing costs, and the fate of the cell carriers within
the body [8]. These factors must be thoroughly considered to
ensure the successful application of cell-based drug delivery
techniques. Combining cell therapy with cell-mediated drug

1. Intravascular barrier

2. Endothelial barrier

4. Cellular barrier

4

Figure 1: Presents an overview of the administered intravascularly.
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delivery is an encouraging strategy that aims to enhance
therapeutic effects. The field of engineering cells for precision
drug delivery shows great potential in revolutionizing
drug delivery methods through ongoing research and
interdisciplinary collaboration. This review explores recent
advancements, clinical applications, and the potential of
cell-based drug delivery technologies to improve treatment
outcomes [9-11].

Recent advancements in the cell-based drug carriers

This review offers a comprehensive overview of recent
advancements in cell-mediated drug delivery technologies.
It categorizes these advancements based on specific cell
types and their respective applications, as presented in
Table 1. The discussion highlights the innovative concepts
and breakthroughs in this field, demonstrating the wide
range of possibilities and potential of cell-mediated delivery
systems [12-16]. By harnessing the unique characteristics of
different cell types, researchers have developed sophisticated
drug delivery approaches that offer precise and targeted
therapeutic delivery. This review serves as a valuable resource
for understanding the current status and future directions of
cell-mediated drug delivery, offering insights into the progress
achieved and the potential impact of these technologies in
enhancing therapeutic outcomes [17].

Red blood cells

Red blood cells (RBCs) have gained significant attention
as potential carriers for drug delivery due to their unique
characteristics. Recent advancements in RBC-based drug
delivery have focused on loading drugs inside RBCs or
attaching them to the RBC surface while preserving the
RBCs' normal functions. One exciting development is the
concept of stimuli-responsive RBCs, which can release drugs
in response to specific triggers, either from within the RBCs
or from external stimuli [18]. Another promising approach
is RBC hitchhiking with nanoparticles, where RBCs are used
to transport nanoparticles loaded with drugs to specific
target organs or tissues. These innovative strategies have
shown promise in enhancing drug delivery for various
conditions, such as lung metastasis and autoimmune diseases.

Table 1: Categorization of Advancements in Cell-Based Drug Delivery Technologies.

Cell carrier Loading( method)
Hitchhiking
RBC Antibody coupling [12]
Genetic engineering
Biomimetic
T cell materials [14]
Antibody coupling
Ligand affinit;
Platelet Ligand affinitz (15]
Stem cell Conjugation [16]
l;/lrl(;r;:;};;eaag“el: Cellular uptake [17]
Neutrophil Antibody coupling [11]
Genetic
Other cells Loading [10]
Click chemistry
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Additionally, RBCs possess the ability to induce antigen-
specific tolerance, which opens up potential applications in
reducing the production of antibodies against therapeutic
drugs. These recent advancements demonstrate the potential
of RBCs in overcoming challenges and improving the efficacy
of cell-mediated drug delivery [19-21].

Leukocytes: Leukocytes, which encompass neutrophils,
monocytes, macrophages, and T cells, play vital roles in
immune defense, blood clotting, and tissue healing. Scientists
have acknowledged the potential of harnessing these cells'
inherent homing capabilities for drug delivery purposes [22].
By engineering these cells, researchers have devised strategies
to utilize them as carriers for transporting therapeutic
agents to specific locations within the body. When there is
inflammation, infection, or cancer, leukocytes are naturally
drawn to the affected sites. By modifying these cells, they can
be guided to deliver drugs precisely to the desired locations.
This innovative approach capitalizes on the natural migration
and targeting abilities of leukocytes, presenting a promising
avenue for targeted drug delivery and improved therapeutic
outcomes [23].

Neutrophils: Neutrophils, the most abundant leukocyte
population, possess a pivotal role in combating infections as
the initial line of defense [24]. Their impressive capacity to
be attracted to sites of inflammation such as the blood-brain
barrier has fascinated researchers in the field of drug delivery.
Capitalizing on these unique attributes, scientists have
successfully employed neutrophils as carriers for targeted drug
delivery. This innovative approach holds immense promise
in the treatment of inflammatory brain and lung diseases, as
well as cancer [25]. Strategies such as loading drugs directly
into neutrophils or utilizing nanoparticles that interact with
specificreceptors on these cellshave been explored to augment
drug delivery to inflamed tissues. Furthermore, investigations
into manipulating the tumor microenvironment to enhance
neutrophil recruitment have been undertaken to improve
drug delivery in cancer therapy [26]. Another effective tactic
involves encapsulating drugs within liposomes that are then
loaded into neutrophils, facilitating the precise delivery of
therapeutics to inflammatory tissues. Overall, harnessing the
inherent abilities of neutrophils as drug carriers presents
exciting opportunities for targeted and efficient drug delivery
across diverse disease contexts.

Monocytes and macrophages: Monocytes, which are a
specific type of white blood cells, are generated in the bone
marrow and circulate throughout the bloodstream [27].
Upon migrating to nearby tissues, they have the ability to
differentiate into either macrophages or dendritic cells.
Monocytes, a subset of leukocytes, possess chemokine
receptors that guide them towards areas of inflammation.
This natural behavior has been harnessed by researchers to
use monocytes/macrophages as carriers for targeted drug
delivery. By loading nanoparticles, such as nanoenzymes or
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indinavir NPs, into these cells, effective drug delivery to the
brain has been achieved [28]. This approach shows promise
for treating conditions like Parkinson's disease and inhibiting
HIV replication. To simplify targeted drug delivery, an
innovative strategy called in situ monocyte hitchhiking has
been developed. This method takes advantage of the inherent
migration of monocytes to inflamed tissues. By leveraging this
migration, the need for complex cell isolation or manipulation
is eliminated, streamlining the process and potentially
improving efficiency [29-31].

T Cells: Differentiated subsets of T-cells, including helper
T cells, cytotoxic T cells, and regulatory T cells, can be derived
from bone marrow hematopoietic cells [32]. Recent research
by Irvine, et al. has demonstrated the potential of utilizing
T-cells as carriers for drug-loaded nanoparticles. By covalently
attaching these nanoparticles to the surface of T-cells, targeted
delivery of chemotherapeutics, particularly lymphoma, can be
achieved. This innovative approach holds significant promise
in improving cancer treatment outcomes by utilizing T-cells
as vehicles for delivering therapeutic agents [33].

The study found that loading nanoparticles with
immunomodulators and linking them to T-cells enhances
the activity of these cells [34]. Furthermore, the researchers
demonstrated that the release of drugs from the nanoparticles
can be controlled to specifically target sites where T-cells
encounter antigens, such as the tumor microenvironment.
This targeted drug release strategy has the potential to
enhance treatment effectiveness while minimizing adverse
effects. In summary, the use of T-cell-targeting nanoparticles
presents an exciting opportunity for in vivo T-cell engineering.
This advancement allows for the full utilization of engineered
T-cells. By directly delivering nanoparticles to specific
locations within the body, this approach offers a more
efficient and effective means of harnessing engineered T-cells
for therapeutic purposes [35].

Platelets:Platelets,whichareproducedbymegakaryocytes,
have essential functions in blood clotting, inflammation,
and the dissemination of cancer [36]. They possess inherent
targeting capabilities that enable them to specifically home
in on injured tissues, tumor sites, and areas of vascular
inflammation. The unique attribute of platelets makes them
highly valuable for targeted drug delivery to specific locations
within the body [37]. The interaction between platelets and
circulating tumor cells (CTCs) has emerged as a promising
focus for preventing the spread and recurrence of cancer.
Activated platelets can form aggregates with CTCs, providing
a shield against immune system detection. Disrupting this
interaction holds significant therapeutic potential for slowing
down cancer growth and improving patient outcomes [38].
Moreover, platelets naturally possess the ability to target
tumors and surgical wounds, making them ideal carriers for
agents that block the PD-1/PD-L1 pathway. This pathway
is responsible for inhibiting the immune response against
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tumors. However, the limited presence of immune cells
surrounding the tumor presents obstacles to the effectiveness
of immune checkpoint inhibitors. By utilizing platelets as
delivery vehicles, it is possible to efficiently transport PD-1/
PD-L1 blockade agents to tumor sites, potentially improving
the effectiveness of these inhibitors [39].

Stem cells: Stem cells consist of a diverse group of
cells capable of differentiating into specific cell types. One
particular type is called mesenchymal stem cells (MSCs).
MSCs are guided to inflammatory tissues, including tumors,
by chemokine receptors like CXCR4, CXCR12, and CCR2 [40].
Enhancing drug delivery to tumors by loading MSCs with
drugs or nanoparticles has shown promise in improving the
effectiveness of cancer treatments for various types, such as
lung, breast, glioma, and lymphoma. However, using MSCs
as carriers presents challenges, including limited targeting
capabilities and uncontrolled differentiation. Addressing
these limitations, a novel technology called cardiocytes has
been developed to enhance MSC targeting and provide better
control over their differentiation, offering improved safety
and efficacy for MSC-based therapies. The emergence of
cargocyte technology holds potential for broader applications
and advancements in cell-based therapies across diverse
fields [41].

Other cells: Various cell types, including NK cells, DCs,
adipocytes, and bacteria, have been modified for drug delivery
purposes in addition to MSCs [42]. The selection of a specific
cell type as a carrier depends on the desired objectives of drug
delivery and the unique characteristics of the cells involved.
For example, certain strains of bacteria have a natural
tendency to accumulate in tumors, making them an appealing
choice for targeted drug delivery using synthetic biology or
biomaterials. Adipocytes, on the other hand, possess the ability
to store hydrophobic drugs within lipid droplets, making them
advantageous carriers for such drugs [43]. Numerous studies
have investigated the use of adipocytes as biocompatible
vehicles for delivering anticancer drugs. In summary, the field
of cell-based drug delivery is highly diverse, with different
cell types being engineered to meet specific therapeutic
requirements and leverage their distinct biological properties.
This research is important in the development of advanced
drug delivery systems, with the potential to revolutionize
healthcare and improve patient outcomes [44].

Clinical landscape of cell-based drug carriers

The rapid progress in the clinical field of cell-based drug
carriers holds immense potential for the future of healthcare.
A notable example of this is CAR-T cell therapy, which
involves genetically modifying a patient's T cells to produce
chimeric antigen receptors (CARs) that specifically target
cancer cells [45]. This revolutionary method has the ability
to revolutionize cancer treatment by enhancing the immune
system's capacity to recognize and eliminate cancerous cells.
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CAR-T cell therapies like Kymriah and Yescarta have been
approved for specific types of leukemia and lymphoma,
demonstrating the success of this treatment approach.
Another area that demonstrates significant potential is the
utilization of mesenchymal stem cells (MSCs) in diverse
clinical applications [46]. Prochymal, a therapy based on MSCs,
has received approval in certain countries for the treatment
of graft-versus-host disease (GVHD). Additionally, MSCs are
being extensively studied for their regenerative properties in
various conditions, including osteoarthritis, cardiovascular
diseases, and inflammatory bowel disease [47]. These
therapeutic applications highlight the potential of MSCs in
promoting tissue repair and modulating the immune system.
Clinical trials currently underway are actively investigating
the utilization of other cell types for targeted drug delivery.
This involves the exploration of various cell types, including
dendritic cells, natural killer cells, and engineered immune
cells, with the aim of developing innovative strategies to
deliver drugs directly to specific cells or tissues [48]. These
trials seek to enhance the precision and efficacy of DDSs,
ultimately leading to improved outcomes for patients across
a wide range of medical conditions. Natural killer (NK) cells,
dendritic cells (DCs), and adipocytes are being studied for their
unique characteristics that can enhance drug delivery efficacy
and specificity in cancer treatment. The field of cell-based drug
carriers is continuously evolving and expanding (Table 2).
Some therapies have already made notable progress, while
others are still in the initial phases of development. Further
research and clinical trials will continue to advance the field,
bringing us closer to the widespread use of cell-based drug
carriers in various therapeutic areas, revolutionizing the
approach to disease treatment [43].

Cell-based drug carriers are showing great promise in
the clinical landscape, with several therapies advancing to
clinical trials or receiving regulatory approval. One prominent
illustration is CAR-T cell therapy, which entails the alteration
of a patient's T cells to incorporate chimeric antigen receptors
(CARs) capable of targeting cancer cells [49].

Besides MSCs, scientists are also focusing on engineering
other cell types like NK cells, DCs, and adipocytes for the
purpose of targeted drug delivery in cancer treatment,
in addition to CAR-T cells. These cell-based carriers offer
unique properties that can enhance drug delivery efficacy

Table 2: Cell-based drug delivery technologies.

Cell carrier Loading Ref

Microfluidic-based cell squeeze
Red Cell Loader
RBC Genetic engineering [10]
Ex vivo loading
Hypotonic dialysis

NK cell Genetic engineering [10]
Genetic engineering -Stem Cells Expressing TRAIL
MSCs MSCs infected with an oncolytic [10]
measles virus encoding NIS
T cell T cells with IL-15Fc- Genetic engineering [10]
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and specificity [50,51]. Some therapies in the field of cell-
based drug carriers have achieved significant progress in the
clinical landscape, while others are still in the initial stages
of development, indicating a dynamic and expanding field.
Continued research and clinical trials will further advance the
field and bring us closer to the widespread use of cell-based
drug carriers in various therapeutic areas. Overall, cell-based
drug carriers hold immense potential for revolutionizing
medicine by providing more precise and effective treatments
for various diseases. The ongoing progress in this field brings
hope for improved patient outcomes and a brighter future in
healthcare [52].

Controllable payload-carrier cell association

Efficiently loading therapeutic payloads onto carrier
cells is a crucial step in developing effective cell-based drug
delivery systems. There are various techniques available for
loading drugs or drug nanoparticles (NPs) onto cells [53].
There are several methods available for loading drugs into
cells, including phagocytosis-mediated uptake, and cationic
polymers. These techniques enable drugs or NPs to be taken
up inside the cell for subsequent release and delivery. Surface
loading involves attaching drugs to the cell membrane,
protecting them from intracellular conditions, and allowing
controlled release [49]. To load drugs into cells, different
methods can be employed, including lipid insertion, or specific
biological interactions (non-covalent nanoparticle hitchhiking,
chemical conjugation). These techniques enable efficient
delivery of drugs into cells, allowing for targeted and effective
treatment. Polymer coatings, electrostatic interactions, and
metal-assisted self-assembly can also be used to modify the
cell surface for drug loading. Genetic engineering is a process
that involves modifying cells to produce targeted proteins or
ligands. This can be achieved by introducing or altering genes
in the cells. The modified cells are then capable of producing
the desired molecules, which can be located on the cell surface
(secreted outside or inside the cells). This allows precise
control over protein localization and has been successfully
applied to various cell types for treating diseases like cancer
and inflammation [47].

In summary, loading therapeutic payloads onto carrier
cells is a critical aspect of developing effective cell-based drug
delivery systems. Different methods, such as intracellular
loading, surface loading, and genetic engineering, offer various
approaches for achieving efficient drug delivery [54].

Modulation of the target tissue environment

To effectively target disease tissues, cell carriers rely on
chemokine secretion and chemokine-chemokine receptor
interactionstoguidetheirmigration.Modifyingthesurrounding
tissue environment to optimize the attraction of cell carriers
has emerged as a promising approach. Implementing the
infusion of chemotactic agents into the desired tissues creates
a chemokine gradient, thereby amplifying the recruitment of
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cell carriers equipped with chemokine receptors [55]. This
helps direct the cell carriers towards the desired location.
Furthermore, the utilization of cell-recruiting agents, such as
ligands or small molecules, can enhance the recruitment and
engraftment of cell-based carriers within the specific tissue of
interest. These cell-engagers facilitate the interaction between
the carriers and the tissue, enhancing their ability to deliver
therapeutic payloads. Additionally, various physiological or
pharmacological stimuli, such as sensitizing agents, ionizing
radiation, or oxygen deficiency, can be harnessed to elicit an
inflammatory response in the targeted tissue [56]. This leads
to an augmented release of chemokines, thereby promoting
the infiltration of cell carriers into the tissue. Modifying the
milieu of the intended tissue provides fresh avenues for
bolstering the capabilities of cell-based conveyors. It is a more
viable strategy when contrasted with altering the conveyors
themselves. By optimizing the environment of the target tissue,
researchers can enhance the attraction and persistence of cell
conveyors, ultimately amplifying the efficiency of cell-based
pharmaceutical delivery systems. In a nutshell, successful
precision targeting of afflicted tissues necessitates utilizing
chemokine signaling and interactions, alongside manipulating
the surroundings of the desired tissue to amplify the potential
of cell-based transporters. Ongoing research in this field will
continue to advance the development of effective cell-based
drug delivery strategies [57].

Trafficking capability of carrier cells

The efficacy of cell-based medication delivery relies on
the capacity of carrier cells to navigate through the body and
selectively target specific tissues. However, the trafficking
ability of cell-based carriers often falls short, resulting in
limited targeting and unintended accumulation. To address
this challenge, it is essential to consider cellular dynamics
and choose the most suitable cell carrier for a given ailment.
For instance, macrophages exhibit phagocytic properties,
while dendritic cells are known for their antigen-presenting
capabilities [58]. Evenwithinasingle celltype, differentsubsets
may display distinct tissue navigation abilities. To enhance
the trafficking capability of cell carriers, various strategies
have been employed. One approach entails modulating the
expression of chemokine receptors and adhesion molecules,
which has demonstrated success in improving the targeting
of cell carriers such as mesenchymal stem cells, natural
killer cells, macrophages, and T cells [59]. Additionally, the
administration route of cell-based carriers plays a critical
role in achieving optimal targeting. For example, intravenous
administration of cell carriers often necessitates overcoming
the lung entrapment phenomenon before reaching the
intended target tissues. By comprehending and optimizing
these factors, both native and engineered cell carriers can be
effectively utilized to enhance the precision and efficiency of
drug delivery. Ongoing research in this field aims to further
unlock the potential of cell-based carriers for targeted drug
delivery in various disease conditions [55].
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Biological behavior and activity of cell carriers

The biophysical characteristics of cellular carriers, such
as their phenotype, migratory capacity, and activation state,
play a pivotal role in determining the success of drug delivery.
While previous investigations have primarily focused on
minimizing the impact of drug loading on cellular trafficking,
there is an increasing demand to explore strategies for
modulating the biophysical behavior of cellular carriers to
enhance drug delivery outcomes [17-23]. For instance, by
priming macrophages with polarizing agents, it is possible
to optimize their behavior and improve delivery efficiency.
Similarly, manipulating the activation state of neutrophils and
platelets can augment their delivery capabilities. Tailoring
the biophysical behavior of cellular carriers is crucial in the
advancement of more effective cell-based drug delivery
technologies [24].

Traditionally, cell-mediated drug delivery has centered on
utilizing cells solely as carriers to improve delivery efficiency.
However, it is now evident that many cell types possess
distinct intrinsic biological functions beyond their role as
carriers [28]. For example, antigen-specific CD8 T cells exhibit
cytotoxic activity, while Tregs have the ability to regulate
T cell responses. To harness these functions, researchers
have developed a technique known as "cellular backpacks."
These backpacks are pliable, disc-shaped microparticles
that can be attached to the surface of macrophages and T
cells, enabling control over their phenotype and enhancing
therapeutic efficacy. By attaching backpacks to macrophages,
drug delivery to inflamed lungs and tumors can be optimized.
Similarly, attaching backpacks to T cells enables efficient
drug delivery to target tissues and enhances their activity
for improved therapeutic outcomes [55]. For instance,
TCR-signaling-responsive cytokine nanogels attached to
the surface of antigen-specific T cells can release cytokines
like IL-15 in response to encounters with antigens, thereby
boosting their cytotoxic activity. Additionally, attaching TCR-
signaling-responsive IL-2 nanogels to the surface of Tregs
can enhance their activity and suppress alloimmunity. These
backpack technologies present a promising approach for
targeted therapeutic delivery and enhancing the effectiveness
of T cell-based therapies by leveraging the unique biophysical
functions of specific cell types [56].

Cellular hitchhiking

The ex-situ approach to cell-based drug delivery involves
isolating carrier cells, loading them with drugs outside the
body, and subsequently reintroducing them into patients.
The selection of carrier cell source has a significant impact on
the manufacturing process in this approach [57]. Allogeneic
cells can be utilized as a readily available resource, but
concerns regarding immune rejection may arise. Conversely,
autologous cells necessitate fresh isolation and manufacturing
just before administration, which may not be suitable for
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acute diseases with time constraints. In contrast, the in situ
cellular hitchhiking approach is a more recent strategy
that eliminates the need for isolating carrier cells [58]. It
entails the development of nanoparticles (NPs) with surface
modifications that can bind to specific carrier cells within the
body upon intravenous administration. This approach has the
potential to reduce manufacturing time and costs compared to
the ex-situ approach. Recent advancements in NP barcoding
and other technologies can facilitate the screening of NPs for
in situ hitchhiking [59].

One approach to developing in situ cellular hitchhiking
NPs involves the conjugation of targeting ligands onto their
surface to recognize specific blood cell types. Non-targeted
NPs with suitable physicochemical properties can also bind
to specific cell types in vivo [55]. However, challenges exist
in designing NPs that efficiently hitchhike on specific cells
and understanding the underlying engineering principles.
Further research is needed to identify surface markers that
are exclusively expressed on target cells and to comprehend
the potential uptake of NPs by off-target cells. Additionally,
controlling the localization of NPs within target cells and
achieving controlled release of drugs/NPs from carrier cells
remain ongoing challenges in the in situ cellular hitchhiking
approach [59-61].

Conclusion

The field of cell-based drug delivery has experienced
significant advances, offering promising solutions to
overcome the limitations of synthetic material-based carriers.
Living carriers, with their unique biological capabilities, have
proven to be well-suited for addressing challenges faced by
conventional delivery systems. Recent studies have revealed
the superior efficiency of certain cell-based carriers, such
as neutrophils and monocytes, in drug delivery, particularly
in crossing the challenging blood-brain barrier. However,
there are still several areas that require further exploration.
Research efforts should focus on understanding the migration
patterns of specific cells in different diseases, their impact on
disease progression, and their ability to target specific tissues.
From an engineering perspective, optimizing cell types,
achieving precise drug loading within carrier cells, controlling
drug release, and enhancing tissue targeting pose significant
challenges. Additionally, factors like cell source, availability,
manufacturing costs, and the fate of cell carriers within the
body need to be carefully considered for successful translation
to clinical applications. The synergy of multidisciplinary
collaboration will be crucial in filling these knowledge gaps
and propelling the advancement of more efficient cell-based
drug delivery technologies. The convergence of cell therapy
and cell-mediated drug delivery holds immense potential
for achieving enhanced therapeutic outcomes in the future.
By combining the expertise of professionals from diverse
fields, such as biotechnology, pharmacology, immunology,
and biomaterials, we can harness their collective knowledge
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to address the challenges and drive the development of novel
and effective cell-based drug delivery strategies.
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