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Summary

Cancer remains a leading cause of death globally, with conventional treatments such as surgery, chemotherapy, and radiotherapy
offering limited success, especially in advanced stages or cases with metastatic or resistant tumors. As a result, there is a pressing
need for novel therapeutic approaches. Immunotherapy has emerged as a promising alternative, with natural killer (NK) cells
playing a central role due to their ability to selectively target and kill cancer cells while sparing healthy tissues. This review
explores the therapeutic potential of NK cell-derived extracellular vesicles (NK-EVs), a promising innovation in cancer treatment.
NK-EVs, including exosomes, carry bioactive molecules such as proteins, lipids, and RNA that can influence tumor cells and the
surrounding immune microenvironment. The review examines the various sources of NK-EVs, their biological functions, and the
mechanisms through which they exert their therapeutic effects, focusing on both their membrane and content proteins. These
vesicles play a crucial role in immune modulation, including enhancing immune responses and promoting apoptosis in cancer
cells. Additionally, NK-EVs have gained attention as potential carriers for delivering therapeutic agents, such as chemotherapeutic
drugs, small interfering RNAs (siRNAs), and microRNAs (miRNAs), providing a novel approach for overcoming the limitations
of traditional cancer therapies, such as poor drug delivery and resistance. The review also highlights recent advances in NK-EV
production, including bioreactor-based systems and stress-induced EV generation, which are essential for scaling up their use in
clinical applications. Furthermore, we discuss the immunotherapeutic effects of NK-EVs and NK exosomes (Exos), the methods for
assessing their cytotoxicity, and their potential to serve as effective carriers for targeted therapy. By reviewing current advancements
and future strategies, this article provides a comprehensive outlook on NK-EVs as a promising tool in the fight against cancer,

offering novel pathways for more effective and targeted cancer therapies.
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Introduction

Cancer and the treatment approaches

Cancer is one of the deadliest diseases affecting the whole
world and occurs in a process that includes multi-step
malignant transformation stages from neoplasia. The
complex biological mechanism of cancer and the variety
of its types and subtypes make it difficult to develop an
effective treatment method. Radiation, chemotherapy,
surgical resection, and combinations of these methods
have been used for cancer treatment for many years.
However, these treatments are often inadequate. For this
reason, developing new treatment methods against cancer
is essential. In the relevant section, standard treatment
methods and new potential treatments developed against
cancer to date are included.

Standard cancer therapies and their limitations

Traditional methods used in cancer treatment are surgical
resection, chemotherapy, and/or radiotherapy. Surgical
resection is a very effective method in early-stage cancer

diagnosis, but unfortunately, it may be insufficient
in metastatic stages. In addition, chemotherapy and
radiotherapy can damage healthy cells as well as eliminate
cancer cells. (Figure 1) Additionally, over time, drug
resistance mechanisms are seen to develop against
chemotherapy agents may be insufficient when applied
alone.’” In addition, patient body resistance is also
considered when applying chemotherapeutic agents in
patients diagnosed at an advanced age, and treatment
tolerance is an important factor.?

Additional treatments are needed to increase the
effectiveness of chemotherapy. Some studies have shown
that restrictive factors such as mutations have a negative
effect on the application of relevant drug treatments. For
example, after enzalutamide treatment, point mutations in
the androgen receptor (AR) can occur as AR-dependent,
such as gene amplification and overexpression, or as AR-
independent, such as epithelial-mesenchymal transition
and up-regulation of the glucocorticoid receptor. These
changes cause drug resistance on prostate cancer.*
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Figure 1. Standard cancer therapies

Based on the relevant results, mutation types are
important markers that determine the course and
effectiveness of treatment.

In summary, in cancer treatment, there are various
parameters, such as the patient’s age and general
condition, the stage of the disease, and the tumor subtype,
which determine the treatment method and its effect. As
mentioned above, each treatment method is preferred
depending on the relevant conditions and shows different
side effects. It is crucial to develop targeted treatments to
minimize treatment failure and increase effectiveness as
much as possible.

Since its inception, immunotherapy has garnered
much interest as it becomes the cornerstone of the new
wave of cancer treatments. It is a treatment approach
that sparingly causes adverse effects when compared
with chemotherapy. It boosts the patient’s survival rate
in several forms of cancer, justifying the need to explore
more immunotherapy.’

Natural killer (NK) cell and immunotherapy

NK cells are lymphocyte groups that exhibit cytotoxic
effects against abnormal cell groups and pathogen
infections, including tumor cells, in the early stages of
immune responses without the need for prior sensitization
of target cells.®

While NK cells originate from the same early progenitor
as T cells, they do not mature in the thymus gland as T cells
do. Unlike T cells, NK cells lack antigen-specific receptors
and CD3. The markers commonly used in clinical settings
are CD16 (FcRy) and CD56 (CAM).”

NK cells possess activating (KAR) and inhibitory (KIR)
receptors that detect unusual changes in the extracellular
environment.® In the absence of pathogens and tumor
cells, the inhibitory receptors on NK cell membranes

engage with human leukocyte antigen (HLA), preventing
the activation of specific molecules by the activating
receptors.® This mechanism helps maintain control over
NK cell activity. Receptors on NK cells, such as NKp30,
NKp44, NKp46, and DNAM-1, interact with target cells,
exerting cytotoxic effects against abnormal cells during
the initial phase of immune response.’

NK cells contain a cytoplasm that is abundant in
granules. When an abnormal target cell interacts with an
NK cell, a synapse triggers the release of lytic granules.”
These granules are related to lysosomes, and perforins
create osmotic lysis in the target cell's membrane by
forming pores. Secreted granzymes from NK cells enter
these pores and activate caspases.'® The direct killing effect
can result from granules released by NK cells, Fas ligand,
and TNF-related apoptosis-inducing ligand (TRAIL)"
(Figure 2).

Various studies have shown that the notable features of
NK cells have led researchers to explore their potential in
immunotherapy." In investigations focused on NK-based
cellular therapies, allogeneic NK cells or modified NKs with
chimeric antigen receptors (CARs) have been employed
against different cancer types, with evaluations of their
antitumor effects.”® These studies have yielded promising
results, including tumor elimination that does not rely
on receptors." Nonetheless, there are drawbacks, such
as the limited ability to infiltrate solid tumors, challenges
in producing enough ex vivo, a short in vivo half-life,
and the necessity for regular supplementation. Thus, the
direct application of these cells in immunotherapy is quite
complex.”

NK cell-derived extracellular vesicles (EVs) and
Immunotherapy

A. Extracellular Vesicles

Intercellular communication is crucial whether the
microorganism is simple or complex. Research to
understand this mechanism has shown that many
eukaryotic organisms release membrane-derived soluble
factors into their surrounding environment.'® Two studies
from the 1980s observed the release of multivesicular
bodies from reticulocyte cells into the extracellular
space.'”!®

Subsequent studies revealed that nearly all mammalian
cells and various cancer cell lines release these relevant
vesicles.””?! Over the years, it became clear that these
vesicles were not merely dysfunctional; they played a
crucial role in intercellular communication by carrying
factors like proteins and lipids and even helping stimulate
immune responses.’>*

EVs are divided into three classes, according to their
biogenesis: exosomes (30-150 nm), microvesicles (150-
1000 nm), and apoptotic vesicles (50-2000 nm). Each
subclass of EVs has specific phenotype, protein, and
molecule ingredients.* Exosomes are released to the
microenvironment from the endolysosomal pathway.
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Figure 2. Mechanisms of recognition and killing of defective cells by
natural killer cells

However, microvesicles and apoptotic vesicles are derived
from the plasma membrane. Due to microvesicles derived
from the plasma membrane directly, microvesicles
are more like the membrane composition of the main
cell compared to endosomal-derived exosomes. While
exosomes and microvesicles can contain cytoplasmic and
membrane proteins, including miRNAs and receptors,
apoptotic bodies can consist of nuclear fraction and cell
organelles.”

Different isolation methods are used to obtain EVs.
Ultracentrifugation is the most used EV isolation method.
In addition to this relevant method, various techniques
such as density gradient centrifugation, differential
centrifugation, size exclusion chromatography (SEC),
and polyethylene glycol 8000 precipitation can increase
purity.”® Ultracentrifugation isolation is an easy-to-use,
high-efficiency, and noncomplex method. However, it
is also time-consuming, and product recovery is variable
and correlates with low purity. Although isolation
techniques are various, achieving efficient recovery and
high specificity is quite challenging.  So, there is a need
to develop different techniques.

B. Natural killer cell-derived extracellular vesicles
EVs are significant in various physiological and
pathological processes.”® Research indicates that NK-
EVs, like NK cells, can directly eliminate tumor cells
due to their cytotoxic proteins and cytokines content.
Additionally, they can interact with immune cells within
the tumor microenvironment, influencing the behavior of
these cells.”

NK-EVs have cytotoxic proteins and cell surface
receptors that function similarly to NK cells from which

they originated, and they exhibit apoptotic effects against
cancer cells.® EVs derived from NK cells carry cytotoxic
proteinsin their structures, including granzymes, perforin,
granulysin, TNF-related apoptosis-inducing ligands
(TRAIL/CD253), FasL/CD178, and small antimicrobial
peptides.’*® NK-EVs may also indirectly induce abnormal
cell death using immunomodulation by containing
molecules with adhesion and homing properties.’® Given
these characteristics, a comprehensive understanding and
analysis of NK-EVs could be crucial for their potential as
future treatment options.

C. Sources of NK-EVs

The sources from which NK-EVs are obtained may vary.
NKs can be obtained from peripheral blood mononuclear
cells (PBMCs) or cell lines.”> PBMCs can be collected
from healthy or diseased living donors. Although NK
cells obtained from PBMC collected from cancer patients
have a safe profile based on their low adverse effects, the
cytotoxic effect of EVs derived from these cells has been
found to be low compared to other NK cell sources.’**
In contrast, allogeneic NK cells from healthy donors were
more cytotoxic and had a higher side effect profile.?® In
addition, it is challenging to collect NK-derived EVs
and apply them as a treatment because large amounts of
product are difficult to obtain, and there are limited blood
groups and donors.*

As an alternative to PBMCs, using cell lines to obtain
NK-EVs is advantageous on many sides. NK-92 and NK-
92MI cell lines are commonly used as sources. The NK-92
cellline is the only human NK cell line with FDA approval
for clinical use. NK-92 cell line is easier to use and apply
and less costly. Relevant cell lines can be maintained in
culture by stimulating it with cytokines.*® In a study, EVs
derived from primary NK cells and EVs derived from NK-
92 cell lines showed similar profiles in terms of cytotoxic
protein content.”

Recently, different alternatives have been offered as
sources of NK-EVs. Relevant sources are umbilical cord
blood, CAR NK, induced pluripotent stem cells and
hematopoietic stem and progenitor cells, and these cell
sources are open to development and manipulation®**
(Figure 3). In the future, it is predicted that the sources of
EVs will become more accessible to obtain.

In addition to the advantage of NK cells in
cancer targeting, EVs can easily infiltrate the tumor
microenvironment.” In addition, features such as being
biocompatible, acting on target, being safe regarding side
effect profile, and having intense penetration characterize
the strengths of these cells.® Besides directly targeting and
eliminating cancer cells with the surface receptors they
carry, NK-EVs can also act as carrier cargo. NK-EV's can
deliver various chemotherapeutic agents and miRNAs to
cancer cells."»** Various studies are being carried out to
increase NK-EVs’ functionality on the relevant properties,
which are promising.*
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Figure 3. The Sources of NK-EVs

D. Biological functions of natural killer cell extracellular
vesicles

NK-EVs have cytotoxic and immunomodulatory effects
like the NK cells from which they originate. While NK-
EVs show their cytotoxic effects through the proteins
they contain, they also show their immunomodulatory
effects by affecting immune cells in the tumor
microenvironment.* In this section, we will discuss the
biological functions of NK-EVs.

D.1. Functional mechanisms of membrane and content
proteins of NK-EV

NK-EVs carry bioactive molecules such as cytotoxic
proteins and miRNAs.**¢ Cytotoxic proteins can kill the
target cell via caspase-dependent or caspase-independent
pathways.* the caspase-independent apoptosis pathway,
granzyme A triggers the disassembly of the SET protein
complex and causes single-stranded DNA damage in
the target cell. Granzyme B activates procaspase in the
caspase-dependent pathway, releasing cytochrome c from
the mitochondria. Cytochrome c activates caspase-3, then
caspases 7 and 9 are activated, and apoptosis is induced.
Granulysin damages cell membrane integrity and induces
ER stress apoptosis. Caspase signaling and mitochondrial
and ER stress play essential roles in NK-EV-induced
cytotoxicity. Perforin, a cytotoxic protein in NK-EVs,
embeds into the target cell membrane, forming a pore.
Thus, this pore provides an environment for granzymes
to enter.*

FasL is a type II transmembrane protein part of the
tumor necrosis factor superfamily comprising death
factors. It can trigger the exogenous apoptotic pathway
by activating poly(ADP-ribose) polymerase (PARP) with
caspase-3 and caspase-8. They can be found in soluble
and membrane-bound forms. The inhibitory effect of
FasL in NK-EVs on cancer cells is still controversial. One
study suggested that the impact of FasL in NK exosomes
on cytotoxicity was relatively low, while another study
demonstrated efficacy using an anti-Fas antibody.*®"
More studies are needed on this subject.

D.2.Immunomodulatory effect mechanism of NK-EVs
As mentioned above, EVs are secreted by almost
all mammalian and immune cells** Studies have

determined that EVs derived from immune cells
play an immunomodulatory role in the tumor
microenvironment.>* If we examine the relevant
functions in terms of NK-EVs, it has been determined
that exosomes reduce the number of tumor precursor
M2 macrophages or increase tumor suppressor MI
macrophage polarization” and induce indirect T cell
proliferation by T cell activation or increased co-
stimulatory expression in monocytes.?® In another study,
miRNA analysis in NK-EVs revealed that they promote
T cell activation and induce dendritic cell expression of
MHC-II and CD86.* NK-EVs have also been shown to
stimulate NK cells, especially the CD56bright phenotype,
which is the most effective type in terms of cytokine
production.®”* In addition, NK-EVs contain many
molecules related to the immune response, including
cytokines such as TNF-a, IFN-y, and IL-6, but their
effects must be investigated.”

The potential immunomodulatory effect of NK-EVs
on cancer cells and their ability to eliminate tumor
immunosuppression make them a unique candidate for
cancer immunotherapy. Future studies will effectively use
these properties.

Utilizing NK cell or activated NK cells to cancer
treatment

Immunotherapy is an innovative treatment method that
activates the body’s defense mechanism by triggering
the immune system.* In recent years, successful results
have been obtained with immunotherapy in many types
of cancer, while studies are still ongoing.*>** Dastouri
et al illustrated the potential of CD226-stimulated NK-
92 (sNK-92) cells in breast cancer immunotherapy in
2023. In this study, MDA-MB-231 triple-negative breast
cancer cells were selectively targeted by sNK-92 cells,
demonstrating a stronger cytotoxic effect than regular
NK-92 cells without affecting normal breast cells (MCEF-
12A). Increased granzyme B secretion and higher levels
of apoptosis-related proteins (BAX, CASP3, and CASP9)
were observed in cancer cells co-cultured with sNK-92
cells, indicating specific targeting.””

Current treatment methods focus on immune
checkpoint inhibitors, CAR T «cells, and bispecific
T cell-engaging antibodies.’®*® Studies on immune
checkpoint inhibitors are predominantly conducted on
inhibiting cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) and programmed cell death protein 1 (PD-1)
receptors.®>®* Antibodies targeting immune checkpoints,
such as ipilimumab (anti-CTLA-4) and nivolumab (anti-
PD-1), have been investigated in treating prostate cancer
as monotherapy or combined therapy.®>** As a result of
clinical studies, it has been observed that low immune
infiltration in some cancer types, which is a “cold
tumor,” reduces the effectiveness of immunotherapy.®®
To overcome this obstacle, various trials have been
carried out in which chemotherapy-targeted therapy and
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receptor inhibitory agents were combined.***” Checkpoint
inhibitors’ limited effectiveness is due to prostate cancer’s
low tumor mutation load, low T cell infiltration, and cold
tumor environment.”® In addition, factors such as TGF-
Beta, VEGF, and IL10 secreted by cancer cells into the
microenvironment increase resistance to the relevant
treatment method.®”°

Bispecific antibodies targeting T cell costimulatory
receptors show their effect by targeting a selected tumor
antigen and a T cell costimulatory receptor. With this
antibody-dependent targeting, cytotoxic activation of the
T cell is activated by providing an immunological synapse
between tumor cells and T cells.”! Bispecific antibody
therapies have limitations such as short half-life, the need
for frequent dosing, and the risk of excessive cytokine
release in treated patients, necessitating close monitoring
of patients.”” Therefore, we need to develop the relevant
treatment method.

CAR-T therapyisaform ofadoptive cellimmunotherapy
in which patient-derived T lymphocytes are genetically
modified to express synthetic receptors directed against
tumor-associated antigens.”” This treatment method
recognizes and destroys cancer cells independently of
MHC.” However, CAR T therapies have potential serious
side effects, such as susceptibility to infections, cytokine
release syndrome, and immune effector cell-associated
neurotoxicity ~syndrome.”*”  Consequently, further
studies are needed to improve the therapeutic efficacy of
cancer treatment.

Strategies for utilizing NK cell-derived EVs/Exos in
cancer therapy

NK cells are among the first immune elements involved in
the fight against cancer cells and respond very quickly.”
There are various studies in which NK cells are used
directly modified with CARs for treatment purposes.”””
According to the obtained data, the effect of these cells
on solid tumors is low due to their inability to penetrate
the tumor microenvironment.”” However, EVs derived
from NK cells contain cytolytic proteins and are smaller
in size, thus easier to access tumor cells, making EVs
advantageous in showing an apoptotic effect against
cancer cells.* In addition, EVs have the advantage of
showing the characteristics of the cell from which they
originate and therefore EVs obtained from NKs have
the potential to carry NK properties. Studies prove these
structures have anti-proliferative effects on melanoma,
colon, prostate, glioma, breast and ovarian cancer cells.*

Immunotherapeutic effect of NK-EV's

Considering the recent studies conducted to investigate
the effect of NK-EVs on cancer cells, most of them are
based on the stimulation of NK cell lines such as NK-92 by
treating them with interleukin derivatives and analyzing
the apoptotic effect. In a study, NK-EVs were isolated from
a culture medium with or without adding IL-15, purified

by density gradient ultracentrifugation (DG-UC), and
then characterized. Their anti-tumor effect on various
cancer cells was evaluated. As a result, IL-15-treated
NK-EVs showed significantly higher cytolytic activity
against human glioblastoma, breast cancer, and thyroid
cancer cell lines. The expression of molecules associated
with NK cell cytotoxicity was increased. IL-15-treated
NK-EVs significantly inhibited the growth of xenograft
glioblastoma cells in mice. Thus, it has been suggested
that IL-15 may improve the immunotherapeutic effect of
NK-EVs.#

In a recent study by Aarsund et al, NK-EVs obtained
from primary NK cells, NK-92, and KHYG-1 NK cell
lines were cultured with IL-15 alone or in combination
with IL-12 and IL-18 to investigate their tumor-targeting
potential. Tumor cell apoptosis was measured on human
breast, colon, ovary, glioblastoma, and prostate cell lines.
The efficiency of EVs obtained from stimulated cells was
observed to be higher than that of EVs obtained from
resting cells.* Proteomic analysis showed that cytolytic
proteins were similarly distributed in EVs obtained
from primary NK cells and NK-92 cells. However, EVs
obtained from KHYG-1 cells tended to exhibit lower
capacity to target tumor cells. As a result, EVs derived
from stimulated primary NK cells or NK-92 cells have
been found to have the best potential to target solid
tumors and infiltrate the microenvironment.®

In another study conducted in 2022, EVs obtained
from NK92 cells were stimulated with various IL groups
to investigate their cytotoxic capacity against cancer cells.
The relevant study showed that the cytotoxic capacity of
NK-EVs stimulated with the combination of IL-15+IL-
21 increased against cancer cells. It was shown that the
significant cytolytic granules, granzyme B and granzyme
H, were enriched in EVs with IL stimulation.®* In knockout
experiments of cytolytic granules, it was determined that
the relevant structures were independent of the increased
cytotoxic capacity. Mass spectrometry experiments were
performed to determine the key molecules playing a role
in this mechanism. It has been found that the activating
receptor CD226 (DNAM-1) on NK-EVs is enriched by
IL stimulation, and cytotoxic activity decreases after
blocking CD226 with antibodies.®

In an in vitro study conducted by Jong et al in 2017,
the cytotoxic effect of EVs obtained from PB-NK of
healthy donors was tested on human acute lymphoblastic
leukemia (NALM-6; SUPB15), neuroblastoma (CHLA-
136; CHLA-255), and breast cancer (MCF-7) cell lines.
The relevant NK-EVs increased apoptosis in all tumor cell
lines in a time- and dose-dependent manner.*

In another in vitro study, the potential of NK-EVs
obtained from PB-NK of healthy donors and human
NK cell line (NK92-MI) on human acute lymphoblastic
leukemia (SUPBI15) and neuroblastoma (CHLA255)
cancer cell lines was investigated. It was determined that
PEN, GzmA, GzmB, and GNLY work together to produce
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a potent cytotoxicity effect, offering hope for the future of
cancer treatment. The anti-tumor effect is provided with
different alternatives by caspase-dependent and caspase-
independent pathways.*

Another study investigating the cytotoxic effect of
EVs derived from NK3.3 cells on cancer cells aimed to
obtain an environment close to in vivo using a three-
dimensional MCF7 breast cancer mammosphere model.
NK3.3-EVs penetrated MCF7 mammospheres and
caused death through apoptosis. In addition, in another
set of experiments targeting first-line chemotherapy-
resistant K562 chronic myeloid leukemia tumor cells,
NK-EVs were found to have an effect against the cancer
stem cell (CSC) population by reducing the expression of
CSC-related tumor-promoting genes.*

In a study to increase the efficacy of adoptive T cell
therapy on solid tumors, EVs derived from NK92 cells
were used for a synergistic result. The experiments
supported the effect of CTL through multiplex pathways
such as induction of tumor apoptosis, increased MHC-I
expression in tumor cells, and reprogramming of
tumor-associated macrophages from pro-tumoral M2
phenotypes to tumoricidal M1 phenotypes. The overall
coordination of NK-EV with CTL resulted in strong
tumor suppression.’!

Although studies conducted to investigate NK-EVs’
potential as cancer therapeutic agents are predominantly
in vitro, there are also some in vivo studies. One study
investigated the antitumor effects of NK-92MI exosomes
in hepatocellular carcinoma (HCC) using an orthotopic
and subcutaneous tumor model. It was observed that
NK exosomes expressed both typical exosomal markers
(e.g., CD63, CD81, and Alix) and cytotoxic proteins (e.g.,
perforin, granzyme B, FasL, and TRAIL). While the NK
exosome was selectively taken up by HCC cells (e.g.,
Hep3B, HepG2, and Huh 7), the highest cytotoxic effect
appeared to be induced on Hep3B cells. NK-Exo has been
shown to inhibit phosphorylation of serine/threonine
protein kinases (e.g., AKT and ERK1/2) and increase
activation of specific apoptosis markers (e.g., caspase-3,
-7, -8, -9, and PARP) in Hep3B cells. NK exosomes have
also exhibited potent therapeutic effects in orthotopic and
subcutaneous HCC mouse models.®

In a recent study, NK EV was applied in vitro and in
vivo on the Osimertinib-resistant H1975 lung cancer
cell line containing the L858R EGFR mutation, alone
or in combination with carboplatin. The results showed
that NK-EVs targeted the PD-L1/PD-1 immunological
checkpoint to induce apoptosis and anti-inflammatory
response by downregulating SOD2, PARP, BCL2, SET,
NF-xB, and TGF-8. In addition, the study provided a
feasible immunochemotherapeutic strategy for resistant
cancers.*

In a study conducted by Cochran and Kornbluth,
EVs were isolated from the NK cell line NK3.3 and their

contents have been defined. It was determined that the
relevant EVs contained cytolytic proteins such as perforin,
granzymes A and B, granulysin, and miRNAs with anti-
tumor activity. The cytotoxic functions of the relevant
molecules were demonstrated in vivo on K562, Jurkat,
MDA-MB-231, and MCEF7 cancer cell lines and in mice
injected with MDA-MB-231 cells.¥” In a similar study,
EVsderived from the NK3.3 cell line were administered to
multiple myeloma cancer lines, and a cytotoxic effect was
obtained.® In vitro studies demonstrating the cytotoxic
effect of NK-derived EVs/Exos are shown in Table 1.

Proteome analysis of NK EVs

With the increasing interest in EVs derived from NK
cells, the underlying mechanisms of antitumor effects
have become a matter of curiosity. In a study in which
proteome analysis was performed, NK-EVs were isolated
from human PBMC and their cytotoxic effects on
human hepatocarcinoma (HEPG2), colon cancer (SW-
620), stomach cancer (MKN-74), breast cancer (MCF-
7) and brain cancer (T98G) were investigated. The
obtained EVs were characterized by two-dimensional
electrophoresis and pathway analyses, and a functional
study was performed. The proteome analysis of several
molecules such as Fas ligand, TRAIL, NKG2D, B-actin,
and fibrinogen and functional studies identified NK-EV's
as effector candidates.” In vivo experiments showed that
tumor size and mass decreased significantly compared
to the control group. As seen in many sample studies
above, EVs obtained from NK cells inhibit tumor cells.
One study aimed to obtain an NK EV subpopulation
that was thought to be more successful in targeting solid
tumors. Within the scope of the relevant study, EVs
obtained from NK92 cells were first fractionated by DG-
UC or SEC. Subsequent proteomic analyses yielded an
EV subpopulation carrying the cytolytic granule marker
natural killer granule protein 7 (NKG7) enriched with
cytolytic proteins.'®

Immunotherapeutic effect of NK-Exos

In a study conducted in 2012, exosomes containing
typical protein markers and killer proteins (i.e., Fas ligand
and perforin molecules) were derived from non-activated
and activated NK cells isolated from healthy donor blood
(PBMC) and the cytotoxic effect of these exosomes on
Jurkat (T-cell leukemia), K562 (erythroleukemia), DAUDI
(Burkitt lymphoma) (all obtained from American Type
Cell Culture), SKBR3 (metastatic breast adenocarcinoma)
and 501mel (metastatic melanoma cell line) was observed.
It was found that the isolated exosomes were taken up
by tumor cells but not by healthy cells.* The results
demonstrate that the exosomes used selectively target
cancer cells without affecting normal cells. This method
could soon lead to developing specialized therapies in
this field. In another study using PBMC as a source of
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Table 1. In vitro studies demonstrating cytotoxic effect of NK-derived EVs/Exos

Type of NK-EVs  Isolation Method Cancer Cell Lines  Effects and Results Study Team
Donor (PBMC) ) . Jurkat, K562, NKEXO exert cytotoxic activity against tumors of different histologies and Rep'or.ted by
derived NK-EVs Ultracentrifugation DAUD, being ineffective against resting cells Lugini and
SKBR3, 501 mel 8 8 8 colleagues.®
ExoQuick, NALM-6; SUPB15, Cancer cytotoxicity was observed by applying aNK EVs with efficient Reported
Donor (PBMC) } ] ) . ) . .
) Ultracentrifugation, CHLA-136; CHLA-  cytotoxic activity to various cancer cell lines after various scale-up by Jong and
derived NK-EVs L ) .
Precipitation 255 and MCF-7 isolation procedures. colleagues.®
NK_92M.I Ultracentrifugation and ~ B16F10 /effluc Exosomes derived from NK cells exert cytotoxic effects on melanoma Reported
cells derived by Zhu and
DG-UC cells cells.
exosomes colleagues.*”
Filtered with 0.8-um . . . ) .
Donor (PBMC) pore size membranes, CHLA255, SupB15 Multlple killing mechanisms are mediated by NK-derived EVs (caspase- Reported
. ) . . independent and -dependent cell death pathways). PFN, GzmA, GzmB by Wu and
derived NK-EVs filtrated with 50% sterile  or NAML-6 R . .
. ) and GNLY protein levels are related to NK-EVs to induce cytotoxicity. colleagues.*
PEG8000, centrifugation.

Dof’or (PEMO) Differential NALM-18 and DNAMT collaborate with other factors in NK exosome cytotoxicity Rl?ported by
derived NK- . . . . . Di Pace and
centrifugations K562 possible use of NK exosomes as a therapeutic tool in cancer treatment.
exosome colleagues. *°

PBMC derived -
NKLs-EVs

Differential
centrifugations,
ultracentrifugation

HepG2, SW-620,
MKN-74, MCF-7,
T98G,

Fas ligand, TRAIL, NKG2D, B-actin, and fibrinogen, as effector candidates
based on the proteomic analysis and functional study.

Reported by
Choi and
colleagues.”

NK92 derived-

The PTX-NK-Exos drug loading system at the same dose had a higher

Exos-entrapped  Ultra-high speed MCE-7 inhibition rate on human breast cancer MCF-7 cells compared with free Eepkci);find
PTX (PTX-NK- differential centrifugation PTX. NK-exosomes can significantly inhibit the tumor growth. When Taxol Y
. : colleagues.”
Exos) was carried by NK-exosomes, low-dose taxol has a better antitumor effect.
It has been determined that EVs contain cytolytic proteins such as perforin,
NK3.3 and NK92 Differential K562, Jurkat, granzymes A and B, and granulysin, and miRNAs with anti-tumor activity. Reported by
. . . MCF7 and MDA- . : Cochran and
derived EVs ultracentrifugation MB-231 cells The cytotoxic functions of the relevant molecules have been demonstrated Kombluth &

on K562, Jurkat, MDA-MB-231, MCF7 cancer cell lines.

Patient-derived
NK cell isolation

Magnetic beads
(ExoBead) and
ultracentrifugation

In-house patient-
derived expanded
CTC line

Patients with non-small cell lung cancer presented with high numbers
of NK and NK cell-derived exosomes compared with healthy donors.
Versatile microfluidic platform can provide a foundation to be used for
hitherto undiscovered roles of exosomes in cancer and other disease
states.

Reported by
Kang and
colleagues.”

Normoxic or
hypoxic (hypoxic
NK92-Exo and
hypoxic NK92-

Ultracentrifugation

MCF-7 and A2780

After hypoxic treatment, NK92-Exo exhibited significantly increased
cytotoxicity, enhanced inhibition of cell proliferation. Hypoxia-treated
NK92-Exo and NK92-hlL-15-Exo showed increased expression of three
functional proteins of NK cells.

Reported by
Jiang and
colleagues.”

hIL-15-Exo)
The NK and HEK293T, K562,
NK92MI was Exosome Purification kit ~ MCF-7, MEC-1, Specific siRNAs can be lentivirally introduced in NK cells. Then naturally ~ Reported by

transduced to
express BCL-2

(Cell Guidance Systems,
Cambridge, UK)

SKBR3, MCF-10A,
T-47D, and MDA-

loaded into exosomes, it can induce apoptosis in breast cancer cells.
siBCL-2 NK Exos might serve as a new tool for cancer therapy.

Kaban and
colleagues.*

siRNAs. MB-231
Directly induces tumor apoptosis and promotes the action of CTL via Reported
NK-EV HEK293 and MSC  multiplex pathways, such as up-regulating the MHC-I expression on tumor b ’Lie and
cells cells, reprogramming tumor-associated macrophages from pro-tumoral M2 cz/)]leagues "

phenotypes to tumoricidal M1 phenotypes. Tumor repression.

Primary NK cells
or the NK cell
lines NK-92

Total Exosome Isolation
Reagent and SEC

HCT116, HCT-
15, DU145, PC3,
SK-BR-3, T-4D7,
OVCAR-3, WM,
and U87

EV output is similar under resting or cytokine-activating conditions. EVs
derived from either primary NK cells, or the NK-92 cell lines have similar
abilities to induce tumor apoptosis. IL-12/15/18 cytokines-stimulated NK-
EVs could be used as cancer therapy.

Reported by
Aarsund and
colleagues.’”

PBMC derived
NK-exosome

Ultracentrifugation

HEK-293, human
epithelial kidney
cells and the Raji B
lymphoblast cells

NK-EVs affect monocyte and moDCs function.
Nanoparticle-delivered NK-EV microRNAs partially recapitulate NK-EV
effects in mice.

Reported by
Dosil and
colleagues.*®

IL-15+1L-21
stimulated NK92
derived NK-EVs

Ultracentrifugation

K562, Jurkat,
A549, Hela cell
lines

The cytotoxic capacity of NK-EVs stimulated with the combination of IL-
15+IL-21 increased against cancer cells.

The activating receptor CD226 (DNAM-1) on NK-EVs was enhanced by IL
stimulation and cytotoxic activity was reduced after blocking CD226 with
antibodies.

Reported by
Enomoto and
colleagues.®

Light-activatable
silencing
NK-derived
exosomes

Ultracentrifugation

HepG2-Luc cells

ROS generation upon laser irradiation triggers substantial photodynamic
therapy effect and boosts M1 tumor-associated macrophages polarization
and DC maturation in the tumor microenvironment. siRNAs targeting
PLKT or PD-L1 induce robust gene silencing in cancer cells, and
downregulation of PD-L1 restores the immunological surveillance of T
cells in tumor microenvironment

Reported by
Zhang and
colleagues.”

NK generation
from whole
blood and NK-EV
isolation

PEG precipitation and
Differential centrifugation

MCF7

NK cells and NK-derived EVs are promising candidates that require further
experimentation to enhance their cytotoxicity.

Reported by
Parsonidis
and
colleagues.®®
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Table 1. Continued.

Type of NK-EVs  Isolation Method Cancer Cell Lines

Effects and Results

Study Team

Reported by

A novel biomanufacturing workflow with improved viability and St-Denis-
NK92-MI cells - ) . . .
derived EVs SEC K562 cells cytotoxicity was established to produce clinical-grade NK cells using a Bissonnette
closed-loop HFB system under SF/XF and feeder-free conditions. and
colleagues.””
ARD, ARP, MER,
NK3 3-1TV A modified PEG-acetate RPMI-8226, 8226/ NK343—LTY EVs target both sensitive a}nd drug»re5|§tant MM ceI'[ lines as Reported by
- S Luc, 8226/LR5, well as primary patient MM cells in vitro, decreasing proliferation and Matchett and
derived EVs precipitation protocol

8226/B25, U266,
and K562

inducing apoptotic cell death.

Kornbluth.8?

Expanded natural
killer cells (eNK-

SKOV3, COC1/

Differential DDP and ISOE80

ultracentrifugation

Deliver and enhance the killing effect of cisplatin on OC cells, reverse the
immunosuppression of NK cells and gain anti-tumor activity.

Reported
by Luo and

EXO) cells colleagues.”
PBMCs derived Induction of cell death and the downregula't[on of cell 'cycle genes by let- Reported by
. . . PANC-1 and 7b-5p transfer could represent two mechanisms by which NK exosomes .
NK-exo include  Ultracentrifugation L . Di Pace and
Let-7b-5p NALM-18 B- counteract tumor growth. Alterations in the miRNA cargo of NK-exo may colleagues.*
represent a novel strategy exerted by cancer to evade immune response. )
The first study to support the utility of a reliable, highly sensitive resazurin ~ Reported by
NKO2-MI cells - K562, MDA- phenoxazine-based cell viability assay compared to 9ther commonly SF—Den|s—
. SEC and ultrafiltration used potency assays (e.g., flow cytometry, cell counting, LDH release Bissonnette
derived NK-EVs MB-231 -
assay, DNA-binding reporter assay, and confluence assay) to measure the ~ and
cytotoxicity of NK-EVs against cancer cell models. colleagues.”
15 simulated e wpoptons nd aninmmatory rsponse by downreglation ofSopz,  KePoredby
NK92 derived H1975-R hop Y reponse by 6 ' Nathani and

NK-EVs ultracentrifugation

PARP, BCL2, SET, NF-kB, and TGF-R. A feasible immunochemotherapeutic
strategy for refractory cancers is presented.

colleagues.®

NK, natural killer; aNK, activated NK; EVs, extracellular vesicles; DG-UC, density gradient ultracentrifugation; PBMC, peripheral blood mononuclear cell; SEC,
size-exclusion chromatography; PEG, Polyethylene glycol; LDH, lactate dehydrogenase; moDCs, monocyte-derived dendritic cells; effluc, enhanced firefly

luciferase.

NK cells, the effects of exosomes on neuroblastoma (NB)
tumor cells obtained from NK cells previously exposed
to NB tumor cells, exosomes obtained from naive NK
cells, and exosomes derived from NB were observed. It
has been determined that exosomes obtained from tumor
cells act in a way that supports the tumor niche. Exosomes
derived from NKs previously exposed to NB have been
shown to activate resting NKs and train NKs to increase
the NK-mediated anti-NB tumor reaction.*

A different approach was taken in a study by Zhu L
et al. A B16F10/efflux cell xenograft model was used to
determine the immunotherapeutic effect of exosomes
obtained from the NK92MI cell line. After the injection of
exosomes into the tumor, tumor growth was monitored
with the IVIS Lumina imaging system and ultrasound.
Western blot analyses confirmed that exosomes contained
two functional proteins, FasL and perforin, and FasL
membrane expression was determined. As a result, no
side effects were observed from exosomes administered
to control groups, while in vitro antitumor effect of NK-
92 Exo against B16F10/efflux cells was detected.”

In another study by Zhu et al in 2018, “exosome mimics”
were obtained due to the difficulty of purifying exosomes.
Using the extrusion method, nanovesicles were developed
by passing NK92-MI cells through filters with gradually
decreasing pore sizes. The obtained exosome mimics were
applied to cancer cells (glioblastoma, breast carcinoma,
anaplastic thyroid cancer and hepatic carcinoma) and
their cytotoxicity was evaluated using bioluminescence
imaging and CCK-8 assay. As a result, a decrease in cell
survival markers and increased apoptosis markers were

detected.'

In addition to studies where exosomes are applied
without modification, there are different approaches
where their liposome integration is performed. In a
study conducted on the relevant subject, a biomimetic
nanostructure was designed from NK cell membrane-
infused fusogenic liposome (NKsome) for tumor-
targeted drug delivery. In this method, activated NK cell
membrane containing receptor proteins was isolated from
NK-92 cells and co-extruded with fusogenic liposomes
to form NKsomes. The in vitro tumor-targeting ability
of the fusogenic NKsome has been investigated against
normal human osteoblast (NHost) and human breast
cancer cells (MCF-7). In addition, the anti-tumor activity
against MCF-7-induced solid tumor model in NU/NU
mice was investigated by packaging the chemotherapeutic
drug doxorubicin in the NKsome. Promising anti-tumor
effects to have been observed in in vivo studies. '

In a study conducted by Wang et al in 2019, NK-EXO
and NN/NK-EXO (biomimetic core-shell nanoparticles
- NNs) samples from PB-NK of healthy donors were
applied to human breast cancer (MDA-MB-231) and
NB (CHLA-255) cells at 10, 20 or 40 ug amounts. It was
found that NK-EXOs reduced the viability of both tumor
cell lines in a dose-dependent manner. NN/NK-EXOs
exhibited higher levels of tumor cytotoxicity compared
to NK-EXOs. In the in vivo study, NN/NK-EXOs
provided better targeting efficiency and more significant
suppression of tumor growth compared to NK-EXOs.'®
(Table 2)

In a 2020 study, human NK cells isolated from PBMC
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Table 2. In vivo studies demonstrating cytotoxic effect of NK-derived EVs/Exos

Type of NK-EVs and dosage Cancer cell lines and type of animals Effects and results Study team
. - . Reported
20 1g/100 pL of human NK-EXO B16F10/effluc cells injected to 6-week-old Tumor mass was efficiently reduced in the by Zhu and

female C57BL/6 mice (n: 6)

treatment group.

colleagues.”

100 pg/150 pL (IV) and 30 pg/50 pL (IT) NK- D54 cells (5 x 10° cells/100 pL) injected to It was shown to better reduce tumor mass EeF)ZO;;e:nd
EM (3 times at intervals of 3 days) 6-week-old female BALB/c mice (n: 5) than IV in the treatment group. Y
colleagues.'
CHLA-136-Fluc cells (1 x 10° cells) injected to Tumor cells were decreased in the animals Reported by

1 mg/kg/d of miR-186 enriched human NK-
EVs (3 times per week)

4- to 8-week-old female and male NSG mice
(n: 5-10)

that received miR-186-enriched NK-EV's
compared to the control group. Survival rate
was improved.

Neviani and
colleagues.”

100 pg of human NK-EXO (with or without
NN let-7a loaded polyamidoamine
dendrimer)

CHLA-255-luc cells (1 x 107 cells/500 pL)
injected to 6-week-old female NOD/SCID
mice (n: 3)

Suppression of tumor growth was better on
the NN/NK-EXOs compared to the NK-EXOs.

Reported by
Wangand
colleagues.'”

50 pg of human NK-EVs / 50 pg of human
NK-EVsIL-15 (5 times at intervals of 2 days)

U87/MG/F cells injected to 6-week-old
female BALB/c nude mice (n: 15)

Tumor weight was significantly reduced
on both groups. Also, NK-EVsIL-15 were
significantly more effective than NK-EVs.

Reported
by Zhu and
colleagues.”'

50 pg/100 pL of human NK-EVs (3 times
weekly)

MCEF-7 cells (3 x 10° cells) injected to 5-week-
old, female athymic nude mice (n: 5)

Tumor weight reduced significantly compared
to the control group.

Reported by
Choi and
colleagues.>

50 pg of human NK3.3-EVs (7 times at
intervals of 3 to 4 days)

MDA-MB-231 cells (2 x 10° cells) injected to
female athymic nude mice (n: 4-5)

NK3.3 EVs inhibited proliferation and
induced caspase-mediated apoptosis and cell
death.

Reported by
Cochran and
Kornbluth.®”

50, 100, 200 or 500 pg of human NK-EXO (6

Hep3B cells (1x 107 cells/100 pL) injected
to the right back and (2 x 10° cells/50 pL)
liver of 6-week-old male BALB/c nude mice

times at intervals of 2 days)
respectively (n: 5).

NK-exo exhibited the active targeting ability ~ Reported
and potent therapeutic effects in orthotopic by Kim and
and subcutaneous HCC in vivo models. Min.8

NK-EVs 200 pg, CBP 25 mg/kg, NK-EVs 200
pg+CBP 25 mg/kg (10 days)

H1975R tumor cells xenografts

Reported by
Nathani and
colleagues.®®

Tumor regression has been observed in in
vivo models.

effluc, enhanced firefly luciferase

were cultured with IL-2 and IL-15, and then exosomes
obtained from the culture were characterized. Analysis
of molecules present or released on the exosome surface
identified molecules that play important roles in NK
cell function, including IFN-y, lymphocyte function
associated antigen (LFA-1), DNAX accessory molecule-1
(DNAM1), and programmed cell death protein (PD-1).
The relevant exosomes showed dose-dependent cytotoxic
effects on human childhood B acute lymphoblastic
leukemia (NALM-18) and erythroleukemia (K562) cancer
cell lines. Moreover, in experiments where DNAM1 and
its ligand were inactivated with antibodies, the relevant
molecule was found to play a role in exosome-mediated
cytotoxicity. Possible future therapeutic roles of exosomes
have been highlighted.”

NK EVs and NK Exos as a carrier

The method of delivering various chemotherapeutic
agents and miRNAs to the tumor microenvironment with
liposomes or nanoparticles can be put into practice today
and has been mentioned in many studies.'**!®> EVs, just
like liposomes and nanoparticles, have the potential to be
used as carriers, and studies on the subject are increasing
day by day.'® The success of EVs in infiltrating the tumor
microenvironment has led to the idea of applying them as
carriers in the treatment of solid tumors. In addition, the
biocompatibility of EVs supports this idea, and successes
have been achieved in previous in vitro and in vivo studies
on the subject. !

In a study conducted with NK cell-derived exosomes,
exosomes loaded with the chemotherapeutic agent
cisplatin showed cytotoxic effects on ovarian cancer
cells and increased the antitumor effect of NK cells.** In
another study, sorafenib was applied to triple-negative
breast cancer cells via EV-derived exosomes, and death
was triggered by apoptosis in the cancer cells.'”

In another study using NK-derived exosomes as
chemotherapeutic agent carriers, NK exosomes were
modified to contain the agent paclitaxel. The created
structure was found to inhibit the proliferation of MCF-7
cells and cause apoptosis of tumor cells.”!

In addition to chemotherapeutic agents, miRNAs
are used in cancer treatment applications.”® A study
has shown that miRNA let-7b-5p, enriched in NK
exosomes, has been found to have an antitumor effect
on pancreatic cancer.”® In another study, NK-derived
exosomes were enriched with miR-186 and applied to
tumor cells. Researchers have shown that the generated
constructs down-regulate the expression of aurora A
kinase (AURKA) and v-myc avian myelocytomatosis
viral oncogene NB-derived homolog (MYCN) in in
vivo models, thereby suppressing cell proliferation and
inducing apoptosis in NB cells* (Table 2).

In a study investigating the immunomodulatory aspect
of NK-EVs, miRNAs associated with EVs derived from
NK cells obtained from PBMC were identified and
characterized by next-generation sequencing. As a result,
it was determined that NK-EVs support Th1 polarization
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and activation of monocytes and DCs. NK cell function
was attempted to be resolved.”® Researchers also found
that miR-92a and miR-155 increase IFN-y production.”
In a study to enhance the immunomodulatory activity
of NK cell-derived exosomes, Light-activatable silencing
NK-derived exosomes (LASNEO) were engineered
with hydrophilic small interfering RNA (siRNA) and
hydrophobic photosensitizer Ce6. Profiles of genes
involved in the apoptosis pathway of exosome-treated
cells were performed using Western blot and RNA-
seq, revealing that NEO elicits effective NK cell-like
cytotoxicity against tumor cells. In this method, the
production of reactive oxygen species (ROS) upon laser
irradiation not only triggered a significant photodynamic
therapy effect but also provided an immunomodulatory
effect in the tumor microenvironment. *°

In a study, a different approach was followed, and
NK92MI, a well-known NK cell line, was genetically
modified to target BCL-2. NK92MI was transformed by
lentiviral to express BCL-2 siRNAs (siBCL-2) in exosomes
(NKExos) and then evaluated for its potential to treat
ER + breast cancer.”*

Production methods of NK EVs and NK Exos

In addition to the pure isolation of EVs intended for
use in immunotherapy, obtaining enough product for
treatment is one of the important factors affecting the
success of the treatment. In a study evaluating the effect
of NK EVs on breast cancer cells, the relevant situation
was emphasized as an important point for treatment
success.” In a recent study, a new biomanufacturing
workflow using a closed-circuit hollow fiber bioreactor
was invented to continuously produce NK-EVs from
the NK92-MI cell line under serum-free, Xeno-free, and
feeder-free conditions.”

Suppose the large-scale production methods of NK
EVs are to be classified generally. In that case, they can be
classified as follows:

1. Establishment of high-capacity “cell factories” based
on the natural production of EVs,

2. Induction of EV production under cell stressors,

3. Formation of biomimetic vesicles based on cell
fragmentation.'"!

Bioreactors are widely used to establish high-
capacity cell factories. Although the relevant systems
are advantageous regarding “efficient use of space”
and “conservation of media,” restrictive effects such
as cell aging and spontaneous cell differentiation may
occur.’? Chemical agents such as “Sulfhydryl-blocking
agents” or physical stimulation applications such as
“Acoustic treatment” or “thermal stress” can stimulate
EV production with cell stressors.!'*!** Methods such
as ultrasound homogenization, nitrogen cavitation,
extrusion, and cell membrane cutting can be used to
obtain biomimetic vesicles.”®!¢-18

In a study published in 2021, a microfluidic system
was invented to collect patient-specific NK cells and
the biogenesis of NK exosomes on a chip. The relevant
study was based on a patient- specific NK-based
immunotherapeutic approach.”

A study was conducted to evaluate the number of
exosomes released by a subset of NK cells under hypoxic
conditions and their immunotherapeutic effect on cancer
cells. NK92 exosomes were characterized under normoxic
and hypoxic conditions. Then, various experiments were
performed to determine cell proliferation, cytotoxicity,
and apoptosis. After 48 hours of hypoxic exposure,
increased cytotoxicity and decreased cell proliferation
were detected. Increased expression of FasL, perforin,
and granzyme B was detected in exosomes under hypoxic
conditions. Thus, it has been suggested that this method,
which also supports the increase of NK exosomes, is
promising for cancer immunotherapy.”

Determination of NK EVs cytotoxicity

Standardized potency tests are needed for reliable
assessment of NK-EV cytotoxicity. In a study conducted
for this purpose, the resazurin phenoxazine-based cell
viability potency test (measurement of cellular redox
metabolism) was comprehensively evaluated to measure
the cytotoxicity of NK-EVs on K562 leukemia cells and
MDA-MB-231 breast cancer cells in vitro. Analytical
parameters such as specificity, selectivity, accuracy,
precision, linearity, range, and stability were considered
during the evaluation. The results showed that the
relevant resazurin-based cell viability potency assay
reproducibly and reliably measured the dose-response
ratio of the cytotoxic activity of NK-EVs in both cancer
models. The dose-response of NK-EVs for cytotoxicity
showed a strong correlation (| p | ~ 0.8) with the levels of
cytotoxic factors (FasL, GNLY, GzmB, PFN and IFN-y) of
NK-EVs. Thus, the accuracy of the test was demonstrated.
In addition, the cytotoxicity changes of degraded NK-EV's
were also detected with this assay, and the potential loss of
sample integrity could be determined. The relevant assay
was emphasized as “a high-throughput and quantitative
method”.”

Conclusion

The therapeutic potential of NK-EVs represents a novel
and innovative development in cancer immunotherapy.
While traditional treatment strategies such as
chemotherapy, radiation therapy, and surgery are still
used, their limitations in addressing drug resistance,
metastasis, and tumor recurrence reveal the need for
pioneering and innovative approaches. NK cells, with
their ability to target and selectively destroy cancer
cells and not damage healthy cells, can be a promising
alternative. In recent years, NK-EVs, as natural carriers
of bioactive molecules, have played a prominent role as
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versatile tools for cancer treatment. These vesicles can
deliver therapeutic agents more effectively to tumor sites
and overcome many challenges associated with treatments
that are used daily.

The cytotoxic capabilities that they show and the
immunomodulatory effects that they have make NK-EV's
have the potential to be used in the treatment of various
cancers, including solid tumors and hematological
malignancies, which can create new opportunities to
increase the results of cancer treatment. By delivering
chemotherapeutic agents, miRNAs and siRNAs, NK-
EVs can easily enable precise and targeted therapies,
reduce unwanted and off-target side effects, and improve
treatment efficacy. Despite recent encouraging results,
challenges such as large-scale production, sustainability,
and targeted delivery of NK-EVs remain. Advances in
bioreactor systems, isolation techniques, and genetic
engineering provide solutions to these challenges and
pave the way for clinical application.

Future research should focus more on optimizing the
production of these NK-EVs, increasing our knowledge of
their mechanism of action at the molecular level. Future
research should focus on combining them with other
immunological methods, such as checkpoint inhibitors
or CAR-T cells. The clinical translation of NK-EVs to
routine cancer treatment will depend on the continuous
improvement of their production processes, the
evaluation of the safety of this therapeutic method, and
the therapeutic efficacy. By overcoming these obstacles,
NK-EVs have the potential to revolutionize cancer
treatment and provide patients with more effective,
personalized, and less toxic treatment options in the fight
against cancer.
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