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Abstract

Natural killer (NK) cells are important effector cells of the innate immune system
and play a key role in anti-tumour immunity. In recent years, extracellular vesicles
(EVs), especially exosomes, have gradually become a hotspot in tumour immunity
research due to their unique function in intercellular information transfer. In this
study, | focused on the function of NK cell exosomes, and systematically evaluated
their interaction with tumour cells and their ability to induce apoptosis through in
vitro isolation and identification, combined with fluorescent labelling, particle size
detection, protein expression analysis and tumour cell co-incubation experiments.
The results showed that NK cell exosomes could be effectively taken up by tumour
cells and significantly inhibit their proliferative activity at a certain concentration.

This study provides theoretical support and an experimental basis for the applica-
tion of NK cell exosomes in tumour immunotherapy, and expands its development
potential in precision medicine.
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1. Introduction

Natural killer (NK) cells are effector cells of the innate immune system and belong to the family of innate lympho-
cytes. NK cells exercise their cytotoxicity through various mechanisms, including the release of cytotoxic molecules
such as perforin [1], granzymes [2] and the expression of death receptor ligands [3]to induce apoptosis in target cells.
NK cells have become an important area of research in tumour immunotherapy due to their potent anti-tumour po-
tential. Extracellular Vesicles (EVs), especially the exosomes in them, are being considered as important mediators
of intercellular information exchange [4]. These nanoscale vesicles secreted by cells are enriched with a variety of
biologically active molecules, such as proteins, lipids, DNA and RNA, and are capable of precisely transmitting
information to target cells at long distances [5].

In recent years, with the in-depth study of exosomes, scientists have found that exosomes show great potential in
the field of tumour immunotherapy, and have gradually become a new research hotspot in the fields of tumour ecology
and tumour immunology. A number of studies have shown that NK cell-derived exosomes, as carriers of intercellular
communication, are not only able to achieve the exchange of information between immune cells. The application of
exosomes to tumour clinical treatment through engineering editing shows good application prospects, including pho-
toactivated synergistic therapy [6], lysosomal virus synergistic therapy [7], targeted drug delivery [8], etc., which
provides a new idea and a new pathway for tumour treatment. However, exosomes still face many challenges in
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practical applications, and their isolation and purification methods still need to be optimized to improve the yield and
purity; their targeting and biological half-life in vivo still need to be studied in depth; and their specific mechanism
of action and key regulatory molecules in the tumour microenvironment still need to be further elucidated.

This paper focuses on the function of NK cell exosomes and their potential application in tumour immunity.
Through the isolation and identification of NK cell exosomes and their in vitro functional studies on their interaction
with tumour cells, I aim to deeply resolve their anti-tumour mechanisms and explore their feasibility as a novel
immunotherapeutic strategy. This study is expected to provide a theoretical foundation and experimental basis for the
development of new tumour immunotherapy based on NK cell exosomes, and open up a new direction for cancer
treatment.

2. Materials and Methods

2.1 Experimental materials

Table 1. Comprehensive list of reagents

Reagent Manufacturer Item No.
RPMI 1640 medium GIBCO C11875500BT
DMEM medium GIBCO C11995500BT
Fetal Bovine Serum (FBS) GIBCO 10270106
Penicillin/Streptomycin Antibiotics GIBCO 15140163
Recombinant mousze)IL-Z protein (mIL- Soluble P00198
Actin-Tracker Green-488 Beyotime
1xPBS buffer biosharp BL302A
Table 2. Comprehensive list of consumables
Consumable Manufacturer Item No.
Pipette gun Thermo Scientific FINNPIPETTE F3
Pipette tips in 10uL cartridges KIRGEN KG1031
Pipette tips in 200uL cartridge KIRGEN KG1232
Extended cartridge cartridge pipette tip KIRGEN KG5333
1000uL
1.5pm aluminium foil tin foil Jellyfish
Ultracentrifuge tubes BECKMAN 355618
SmL single use sterile syringe with needle Hongda
1.5mL microcentrifuge tube biosharp BS-15-M
SmL microcentrifuge tube biosharp BS-50-M
15mL Centrifuge Tube KIRGEN KG2614
50 mL centrifuge tube KIRGEN
90mm x 15mm round petri dish NEST 704001
Table 3. Comprehensive list of instruments
Instrument Manufacturer Item No.
Carbon Dioxide Incubator Thermo Scientific FORMA STERI-CYCLE 1160
Bio-safety Cabinet - Ultra-clean bench Airstream AC2-581
Thermostatic baths and water baths bluepard BWS-10
Inverted phase contrast system microscope OLYMPUS CKX53
Centrifuge cence TDZ5-WS
Waste liquid suction pump Kylin-Bell GL-80
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Table 3 Continued

Fully Automated Cellular Fluorescence Mi-
Croscopy
Benchtop High-Speed Large-Capacity Refrig-

Keyence Corporation

KEYEN CEBZ-X800LE

erated Centrifuge cence HI80R
Ultra-microbalance METTLER TOLEDO ME204
Pocket Centrifuge SCILOGEX D1008
Floor standing ultra-high speed centrifuge BECKMAN COULTER Optima XE-100
Nanoparticle size and zeta analyser Malvern Zetasiz2er Nano Zen
Transfer Plates DFRL 1703931
Glass plate with lmm spacers BIO-RAD 1653311
PVDF transfer film Millipore ISEQ00010
Research Grade Inverted Microscope Nikon Eclipse Ti2-E
Biological Safety Cabinet Thermo Scientific 1374
Multi-function Microplate Reader Molecular Devices SpectraMaxiD5

2.2 Methods

2.2.1 Experiment name: NK cell recovery and culture

(1) Preparation of culture medium: Add fetal bovine serum to the basal medium according to 1:10, and then add
1% sodium pyruvate and double antibody according to 1:100.

(2) Cell resuscitation: Take out the cryopreservation tube containing target cells from liquid nitrogen at -196°C,
put it into a 37°C water bath, gently shake the cryopreservation tube to accelerate its melting, and take it out after the
liquid in the cryopreservation tube is completely melted.

(3) Cell washing and centrifugation: Add 10 ml of the corresponding medium into the 15 ml centrifuge tube, then
blow and mix well, and put the centrifuge tube into the centrifuge. The centrifuge parameters are set to 1000xg and
Smin.

(4) Preparation of Petri dishes: Prepare the corresponding number of petri dishes and mark on their lids, then take
the corresponding medium into the corresponding petri dishes.

(5) Cell resuspension and addition of cytokines: After centrifugation, remove the centrifuge tube and carefully
aspirate the supernatant using a suction pump. Add 1ml of culture medium to the cell precipitate obtained after cen-
trifugation, blow and resuspend to make the cells get mixed evenly, and then add the cytokine IL-2 at 1:10,000 and
mix again.

(6) Cell inoculation: Transfer the mixed cell culture medium to the cell culture dish, cross-mixing, so that the cells
in the dish are mixed evenly.

(7) Observation of cells: Observe the observation cells under 4x low magnification first, adjust the light intensity,
coarse collimation helix and coarse collimation helix, then switch the objective lens to adjust to 10x higher magnifi-
cation for observation.

(8) Cell culture: Put the mixed petri dish into a constant temperature incubator at 37 degrees Celsius with 5%
carbon dioxide for culture.

2.2.2 Experiment name: fluorescence staining of NK cells

(1) Cell preparation: Prepare a confocal glass dish and add 1ml of PBS buffer to the dish. Use a pipette gun to
pipette ml of NK92 cell stock into the dish to dilute the NK cells. Then, the dish was shaken slowly in the cross
direction by the cross-shaking method, so that the NK cells in the dish were evenly distributed, and air bubbles were
avoided to affect experimental results.

(2) Dropwise addition of staining reagent: Pipette SpL of DAPI stain (addition ratio: NK92 cells: DAPI nuclear
stain = 200:1) was added dropwise to the NK92 cell culture dish. Aspirate 1 pl of FITC/488 membrane stain and add
it to the T-cell culture dish (addition ratio: NK92 cells: DAPI nuclear stain = 1000:1).

(3) Fluorescence microimaging: Observe the staining of cell membrane and nucleus using a fully automatic cell
fluorescence microimager.
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2.2.3 Experiment name: isolation, potential and particle size detection of exosomes

(1) Separation of cells: Add DMEM medium containing NK cells into a 50ml centrifuge tube, flatten it and put it
into a centrifuge. Set the parameters of centrifuge as temperature 4°C, rotational speed 2000xg, duration 15min.

(2) Removal of cellular debris: Remove the 50ml centrifuge tube from the centrifuge, transfer the supernatant
liquid to a new centrifuge tube, and put the new centrifuge tube into the centrifuge again with the centrifuge param-
eters set at 4°C, 3000xg, and the duration of 30 min. If it is found that the apoptotic vesicles have not been removed,
the centrifuge can be started again at the centrifuge speed of 3000xg for 30 min.

(3) Removal of large vesicles: take out the centrifuge tube, transfer the supernatant liquid to a new centrifuge tube,
and put the new centrifuge tube into the centrifuge again, with the centrifuge parameters set to 4°C, 13000xg speed,
and the duration of 30 min.

(4) Sedimentation of exosomes: Remove the centrifuge tube, transfer the supernatant liquid to the ultra-high speed
centrifuge tube, ensure that the mass error of the liquid in the high speed centrifuge tube is within 0.0001g, put the
high speed centrifuge tube into the rotor again, and then put it into the ultra-high speed centrifuge, the parameters of
the centrifuge are set to temperature 4°C, speed of 100,000xg, and the length of time is 90min, wait for the centrifuge
to extract the vacuum to less than 200 pl, and then start to run. After centrifugation, slowly aspirate and discard the
supernatant, add PBS to resuspend it and transfer it to an EP tube.

(5) Isolation of exosomes: Prepare and label three batches of 15ml ep tubes in corresponding quantities, add 4ml
of pure water to the first batch of 15ml ep tubes and add 3uL of sample to it. Filter the sample from the first batch of
ep tubes into the second batch of EP tubes using the syringe and filter membrane prepared in advance, and then
alternate the second batch of EP tubes with the third batch of EP tubes to repeat the filtration for 10 times, avoiding
the contact of the syringe with the contaminants in the middle of the process.

(6) Potential and particle size detection of exosomes: At the end of 10 repeated filtrations, the samples were ana-
lysed for particle size and surface charge using a dynamic light scattering instrument (e.g. Malvern Zetasizer Nano
ZS).

2.2.4 Experiment name: Western Blotting

(1) Prepare the plate: Prepare a 1.0 mm clean glass plate, make sure the corners of the plate are intact and free of
water stains, and snap it into a glue-making clip to ensure a tight seal. In addition, prepare undamaged aliquots of
tooth combs.

(2) Gel preparation: Add 240 uL. ammonium persulfate to 30 mL of separator gel and 60 uL. ammonium persulfate
to 8 mL of separator gel and mix gently up and down. Under the fume hood, add 6uL of TEMED to each of the
separating gel and separating gel, and immediately mix gently up and down to avoid air bubbles produced by violent
shaking. Add the mixed separation gel to 75% of the height of the gel plate, and then to the side of the parallel zigzag
movement side to add the concentrated gel, and then vertically inserted into the tooth comb, to avoid the formation
of air bubbles, and static for 50 min. to be separated from the gel solidification, vertically pull out the tooth comb.

(3) Run the gel: Add 30 pg of protein sample to each well of the gel, first use a voltage of 60 V, run for 30 min and
then increase to 120 V for 60 min.

(4) Transferring the membrane: Activate the PVDF membrane by soaking it in methanol solution for 1 min. After
electrophoresis, the gel was peeled off, and the activated PVDF membrane was covered with SDS-PAGE gel to
assemble the spinning "sandwich" structure. The proteins were transferred to the PVDF membrane using the wet
transfer method at a constant flow rate of 250 mA for 2.5 h. The whole process was carried out in an ice bath to keep
the temperature low.

(5) Closure: Take out the transferred PVDF membrane and put it into the 5% skimmed milk powder closure solu-
tion, and then put the PVDF membrane into the closure solution for 1 h.

(6) Apply primary antibody and wash the membrane: Pour off the closure solution, add the primary antibody pre-
pared using 5% BSA and incubate overnight on a shaker. After that, the primary antibody was recovered and the
membrane was washed three times using TBST, adding 10 mL of washing solution each time, shaking the bed for 5
min at 80 rpm.

(7) Apply the secondary antibody and wash the membrane: Incubate the secondary antibody at room temperature
for 1 h at 80 rpm, and wash the membrane three times with TBST, adding 10 mL of washing solution each time,
shaking the bed for 5 min at 120 rpm.

(8) Developing: Configure the luminescent solution, drop it on the location of the primary antibody, and develop
the image by exposure on the machine.
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2.2.5 Experiment name: Co-incubation of tumour cells with exosomes

(1) Cell spreading: The B16F10 tumour cell line was counted and inoculated in 3 ¢cm dishes to complete cell
spreading.

(2) Cy5.5 labelling of NK cell exosomes: Add 300uL NK cell-derived exosome samples and 1uL cy5.5 stain into
EP tubes, blow and mix well to ensure that the dye is in full contact with the exosome membranes, and wait for 30
minutes to complete the staining. The stained EP tubes were flattened and put into a centrifuge, set the speed of
20,000xg, 10min. Discard the supernatant, add 300uL PBS to resuspend.

(3) Co-incubation and binding reaction: Add exosomes into cell culture dish, incubate for 15 min away from light,
discard supernatant and wash with PBS.

(4) Cell fixation and staining treatment: A 4% concentration of fixative PFA was added to fix cell morphology and
surface antigen, and incubated for 10 min away from light. Discard PFA and wash it with PBS twice. Add 50-100 pL
of anti-fluorescence quenching blocking solution.

(5) Microimaging observation: Observation and photographing with Nikon's inverted microscope.

2.2.6 Experiment name: Exosomes promote apoptosis in tumour cells

B16F10 cells were inoculated into 96-well plates at 50% density in advance, when the cell density reached 70-80%,
NK cell-derived exosomes were added, and incubated for 24 h. The exosome concentration gradient was set at 10,
50, 100 pg/mL, 4 replicate wells were set, and gently shaken and mixed. Put into the cell culture box for a total of 6
h incubation, discard the supernatant, the experimental group re-filled each well with new 100puL of DMEM medium
and 10pL of cck8 detector, and use the APC Annexin V/PI Apoptosis Detection Kit to detect the apoptosis of BI6F10
cells.

2.2.7 Experiment name: Mouse experiment

(1) Mouse subcutaneous injection: Correctly catch the mice, identify the mice, dehair the abdomen of the mice,
insert the needle flatly for about 1 cm, and judge whether the drug is injected or not by whether there is a small mound
on the chest and abdomen.

(2) Mouse tail vein injection: Correctly grasp the mouse and put it into the fixator, put the fixator into the mouse
vein injection visualiser, wipe the tail with alcohol cotton, insert the needle into the vein of the tail of the mouse in
parallel.

(3) Steps of intraperitoneal injection in mice: Grasp the mouse correctly, inject the needle at 45 degrees into the
root of the thigh, slowly push the liquid and then rotate the needle out.

3. Experimental Results and Analysis

3.1 Experiment name: NK cell recovery and culture

3.1.1 Results
As shown in Figure 1a,b, NK cells were grown as suspension cells, round, alone or in clusters. The state of cell edge
luminescence was better, and the concentration of NK cells was lower. As shown in Figure lc,d, 293T cells like
adherent cells, showing island-like clusters, tightly connected between cells, spread evenly without overlapping, with
clear edges, growing in patches against the wall. The cell edges were neat, the cell spacing was uniform, and the
density of 293T cells was large.

Figure 1a shows NK92 cells under 4x objective, Figure 1b shows NK92 cells under 20x objective, Figure 1¢ shows
293T cells under 4x objective and Figure 1d shows 293T cells under 20x objective.

3.1.2 Reflection and Discussion
Question 1: Why slow freezing and quick dissolution?

Slow freezing: In the process of cell freezing, if the temperature is cooled down too quickly, even if a cryoprotectant
such as DMSO is added, it may still lead to the rapid freezing of water in the cell and the formation of ice crystals to
piercing the cell membrane, resulting in structural damage. Slow cooling helps the cells to drain gradually so that ice
crystals form mainly outside the cells, reducing the risk of intracellular icing. Instant dissolution: Instant dissolution
avoids the secondary damage caused by the fusion and expansion of ice crystals and osmotic pressure fluctuations
during the rewarming process, which is an important step to safeguard cellular activity.

Question 2: What is a Dual Antibody? Why is it necessary to add a double antibiotic to the culture medium?
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"Dual Antibody" is the abbreviation of a mixture of penicillin and streptomycin, which is widely used in cell culture
to prevent bacterial contamination. Its broad-spectrum antimicrobial action inhibits the growth of both Gram-positive
and Gram-negative bacteria, significantly reducing the risk of contamination from handling or the environment. In
addition, they can maintain the stability of the cell culture environment, providing the sterile, nutritionally balanced
environment that cells require. Despite the fact that Dual Antibody can reduce the risk of contamination, I still need
to strictly execute an aseptic operation to ensure the reliability of the experiment.

a b

Figure 1. Micrographs of NK92 cells and 293T cells.
3.2 Experiment name: fluorescence staining of NK cells

3.2.1 Results
a Overlay b 488 c DAPI

Figure 2. Fluorescence microscopy images of NK92 cells.

In the fluorescence staining experiments of NK cells, I chose 488 stain to label the cell membrane (green), as in
Figure 2b, and used DAPI stain to label the cell nucleus (blue), as in Figure 2¢. Figure 2a demonstrates the staining
results of the membrane and nucleus superimposed on one cell, with green fluorescence clearly wrapping around blue
fluorescence. This staining result provides the basis for cell-level visualisation for subsequent studies of the structure
of NK cells as well as exosome-related studies, etc.

3.2.2 Reflection and Discussion
In the NK cell staining experiment, what operation details need special attention?
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The dye should be kept refrigerated and protected from light to prevent photodegradation. When transferring the
dye solution, make sure that the tip of the gun goes deep below the liquid surface to avoid the error of taking the
amount.The dye should be observed in time after staining to avoid the decomposition of the dye affecting the signal
intensity. The magnification and focal length should be adjusted step by step during microscope imaging, and the laser
parameters should be optimised to obtain a clear image.

3.3 Experiment name: isolation, potential and particle size detection of exosomes

3.3.1 Results

b Zeta potential[mV]

Size Distribution by Intensil

Intensity (Percent)
E

01 1 10 100 1000 10000
Size (d.nm)

1.8

Zeta potential 4.73 434 4.41

Figure 3. Grain size distribution map and zeta potential of NK92 cell-derived exosomes.

In order to further understand the physicochemical properties of NK cell-derived exosomes, I used dynamic light
scattering (DLS) and a potentiometric analyser to examine their particle size distribution and surface potential. Figure
3a shows that the exosomes were mainly distributed in the range of 150-700 nm with a single peak distribution, which
is in line with the particle size characteristics of typical exosomes, but the particle size was too large, and I analysed
that the reason might be due to the insufficient number of filtration membranes or the presence of cellular debris that
had not been centrifuged cleanly. The results of potential detection in Figure 3b showed that the zeta potentials of the
three groups of samples were -4.73 mV, -4.34 mV and -4.41 mV, respectively, with an average value of about -4.849
mV, a negative value indicating that the surface of the exosome has a slight negative charge, which may contribute
to its physiological environment. May contribute to its stability and dispersion in the physiological environment.

3.3.2 Reflection and Discussion
Question 1: Please explain how zeta potential and particle size assays can help you initially assess the purity and
quality of NK cell-derived exosomes.

After extracting NK cell-derived exosomes, their purity and stability can be initially assessed by particle size dis-
tribution and zeta potential assay. If the particle size distribution shows a single peak, it means that the exosomes are
of uniform size and the extraction process is relatively pure; if there are multiple peaks or abnormal particles, there
may be cellular debris or other impurities. Zeta potential reflects the strength of the exosome surface charge, and the
larger the absolute value indicates that the colloid is more stable, and less likely to be aggregated; if the potential
value is close to zero, the exosome is prone to aggregation and sedimentation, which affects the subsequent experi-
mental results. The combination of the two indicators helps to judge the extraction quality of exosomes and experi-
mental feasibility.

Question 2: In the exosome separation experiment, how is to ensure the accuracy and reproducibility of the exper-
imental results?

(1) Centrifugation operation needs to be levelled and kept constant temperature (4°C) to prevent bacterial contam-
ination.

(2) The supernatant should be transferred immediately after centrifugation to avoid remixing of cell debris.

(3) Exosomes should be mixed well after transfer to purified water and filtered in multiple rounds to remove re-
sidual impurities.

3.4 Experiment name: Western Blotting

3.4.1 Results
To identify whether the exosomes were successfully isolated from NK cells, I performed Western Blot analysis to
detect the expression of the exosome membrane protein CD63. The results in Figure 4 showed that there was obvious
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expression of CD63, suggesting that this NK cell-derived sample had typical exosome characteristics, which verified
the existence of exosomes.CD63 plays a key role in the biogenesis of extracellular vesicles, and its expression not
only proves that I have successfully isolated NK cell exosomes, but also lays the foundation for the subsequent
investigation of the function of NK cell exosomes in the immunoregulation of tumours.

CD63

Figure 4. Protein expression validation of NK cell line CD63.

3.4.2 Reflection and Discussion
Question 1: Why can Western Blot separate and detect proteins of different molecular weights? Please briefly explain
the relationship between protein migration and molecular size with the principle of electrophoresis and gel structure.

In SDS-PAGE, protein samples are denatured by SDS to form negatively charged protein-SDS complexes, which
migrate towards the positive pole under the action of an electric field, and the migration rate mainly depends on the
molecular weight of the protein. The net structure of the gel produces a molecular sieve effect on the proteins, and
small molecular proteins are more likely to pass through the pores and migrate faster, while large molecular proteins
are more hindered and migrate slower. Therefore, the migration distance of proteins in the gel is inversely propor-
tional to their molecular weights, which enables the separation of proteins according to their molecular sizes.

Question 2: Why is it necessary to use different concentrations of separating gels in Western Blot experiments?
Please analyse the effect of changes in the concentration of the separator gel on the resolution of the protein and the
sensitivity of the assay, taking into account your experience in today's experiment.

In Western blot experiments, the selection of the concentration of the separator gel needs to be adjusted according
to the molecular weight of the target protein. Low concentration separator gel (e.g., 5%) has a large pore size and is
suitable for separating high molecular weight proteins (e.g., greater than 200 kDa); medium concentration separator
gel (e.g., 10-12%) is more suitable for separating proteins in the medium molecular weight range (e.g., 25-200 kDa);
and high concentration separator gel (e.g., 15% or higher) has a smaller pore size and is suitable for separating low
molecular weight proteins (e.g., greater than 200 kDa). If the concentration is not chosen correctly, protein migration
may be blocked or poorly separated, affecting resolution and detection sensitivity. For example, large molecular
proteins are difficult to migrate in high concentration gel, and may not be effectively separated; small molecular
proteins migrate too fast in a low concentration gel, and the difference between molecules is not obvious, and the
image is blurred, which is not conducive to the relevant analysis in the later stage.

3.5 Experiment name: Co-incubation of tumour cells with exosomes

3.5.1 Results

I used laser confocal microscopy to image and analyse Cy5.5-stained exosomes to observe the binding of NK cell-
derived exosomes to B16F10 cells. Figure 5a shows the superimposed effect of bright field and fluorescence micros-
copy, and the results show the cell morphology, the spatial distribution of nuclei and exosomes; Figure 5b shows the
results of staining the nuclei with DAPI reagent, and the results show blue fluorescence, which marks the location of
the nuclei of B16F10 cells; Figure 5¢ shows the results of the distribution of CyS5.5 labelled exosomes, and the results
show magenta fluorescence, which marks the location of the exosomes in the specific distribution of exosomes in or
around B16F10 cells. The image results indicate that NK cell-derived exosomes can be taken up or bound by B16F10

cells, suggesting the use of exosomes in tumour immunotherapy.

a.Overlay b.DAPI c.Cy5.5-Exosome

Figure 5. Co-incubation of B16F10 tumour cells with NK cell exosomes.
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3.5.2 Reflection and Discussion

Question 1: The role of NK cell-derived exosomes in immunomodulation and tumour killing, including the cytotoxic
molecules they carry (e.g., IFN-y, Perforin, Granzyme) and their ability to penetrate and diffuse in the tumour micro-
environment.

NK cell-derived exosomes play an important role in tumour immunomodulation and killing, and the cytotoxic
molecules they carry, such as IFN-y, Perforin and Granzyme, can directly induce apoptosis in tumour cells. In addition,
exosomes possess good tissue penetration ability, which can diffuse in the tumour microenvironment and regulate
the local immune status. According to the observation in this experiment, the fluorescent signals of Cy5.5-stained
exosomes aggregated in the cells after co-incubation with tumour cells, suggesting that the exosomes were effectively
taken up. This phenomenon suggests that exosomes may have the potential for targeted delivery and treatment of
tumours if they carry drugs or functional molecules. Cytokines in the tumour microenvironment may also affect the
distribution of exosomes and the response of immune cells, providing a theoretical basis for their application in
tumour immunotherapy.

Question 2: What are the key steps that require special attention during experimental manipulation? How might
they affect the results?

(1) For Cy5.5 staining, the exosomes and dye should be gently mixed under light-avoidance conditions, followed
by incubation at room temperature for 30 minutes, and sufficient washing with PBS to remove unbound dye and
avoid non-specific fluorescence interference.

(2) When aspirating the culture medium or PBS, operate slowly along the wall of the petri dish and avoid touching
the bottom cell area to prevent cell detachment or damage.

(3) After adding the anti-fluorescence quenching sealing solution, the petri dish should be sealed with a sealing
film to prevent evaporation or leakage of the liquid from affecting the imaging quality.

(4) Microscope observation should be gradually switched from low magnification to high magnification, and laser
intensity, offset parameters, etc. should be optimised according to the image signals to obtain clear and stable images.

If the operation is not done properly, it may lead to uneven staining, too weak signals or damage to cell structure,
affecting the reliability of the experimental results.

3.6 Experiment name: Exosomes promote apoptosis in tumour cells

3.6.1 Results

In order to study the inhibitory effect of NK cell-derived exosomes on the proliferation of tumour cells, as shown in
Figure 6, I used the CCK-8 method to detect changes in the activity of tumour cells after adding different concentra-
tions of exosomes. The results showed that compared with the blank control group, the activity of tumour cells de-
creased significantly after adding 50 ug/mL and 100 pg/mL of exosomes, indicating that NK cell-derived exosomes
could inhibit the proliferation and survival of tumour cells. Whereas, no significant difference was shown after the
addition of 10 ug/mL of exosomes, indicating that NK cell-derived exosomes are only effective in inducing tumour
cell death at medium to high doses.
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Figure 6. CCK8 experiment results.
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3.6.2 Reflection and Discussion

In this experiment, did the cell morphology of the NK cell exosome-treated group show obvious apoptotic features
(e.g., cytosolic shrinkage, nuclear fragmentation)? Is it consistent with the decreasing trend of absorbance, suggesting
its ability to rapidly induce cell death?

In the NK cell exosome-treated group, I observed obvious apoptotic morphological features by microscopy, in-
cluding cytosolic shrinkage and cell membrane blistering (blebbing). This phenomenon was particularly prominent
in the higher concentration treatment group. This observation coincided with the cell viability data detected by the
CCK-8 method. The absorbance values of the CCK-8 assay decreased in a dose-dependent manner with increasing
concentrations of NK cell exosomes compared to the control group, indicating a significant decrease in the viability
of tumour cells. This result, together with morphological observations, confirms that NK cell exosomes have the
ability to rapidly induce tumour cell death.

3.7 Experiment name: Mouse experiment

3.7.1 Reflection and Discussion
Question 1: How to choose the right mouse strain (e.g. NOD/SCID, BALB/c, C57BL/6) to match the purpose of the
experiment?

The selection of mouse strains should be based on the purpose of the experiment, the immune background and the
characteristics of the disease model.

NOD/SCID mice are severely immunodeficient, lacking T cells, B cells and NK cells, and are suitable for estab-
lishing humanised tumour models, studying immunodeficiency-related diseases and drug screening. Their weak re-
jection of xenogeneic cells facilitates the growth of human-derived cells in vivo.

The immune system of BALB/c mice is biased towards Th2 type response, which is suitable for the study of
humoral immunity, antibody production and bacterial infection models. BALB/c mice are highly susceptible to cer-
tain tumours and are often used in tumour development, metastasis and anti-tumour drug screening.

C57BL/6 mice have strong cellular immunity and are suitable for T cell and NK cell function studies, viral infection
models and metabolic disease models. Its acceptance of transplanted tumours of homologous origin (e.g. B16 mela-
noma) is good, and it is widely used in tumour immunity, neurobehavioural and genetic engineering studies.

Question 2: When conducting mouse experiments, how to determine whether the tumour model is successfully
established? What are the common observation or detection methods?

(1) Palpation method: by touching the injection site with fingers, if a hard mass appears, it suggests tumour for-
mation. The tumour is usually hard and has a clear boundary, which can be initially distinguished from cysts or
inflammatory nodules.

(2) Dimensional measurement: use vernier calipers to record the length, width and height of the tumour and cal-
culate the volume to monitor its growth trend.

(3) Fluorescence or bioluminescence imaging: If the tumour cells carry fluorescent markers, the distribution and
growth of the tumour can be observed in real time by an in vivo imaging system.

(4) Histological testing: Tumour tissue is taken for HE staining, immunohistochemistry or pathological analysis to
confirm the cell type and tumour nature. The combination of multiple methods can improve the accuracy and relia-
bility of model judgement.

4. Summary and Outlook

In this study, I explored the application of NK cells and their exosomes in tumour immunity, covering cell recovery,
staining, exosome isolation and labelling, functional validation and animal injection techniques. In the cell recovery
stage, I successfully restored the activity of NK cells by using the slow-freezing speed lysis method, and observed
their typical suspension state under the microscope, with rounded cell morphology and clear boundaries, which pro-
vided a stable foundation for the subsequent secretion of exosomes. In the fluorescence staining experiment, DAPI
was used to label the cell nucleus and AF488 to label the cell membrane, and dual-channel imaging showed a clear
distribution of blue-green fluorescence without cross-contamination, which verified the reliability of the chromosome
line. In the exosome isolation session, I used differential centrifugation combined with ultracentrifugation to obtain
exosomes from NK cell culture supernatants. The particle size assay showed a major distribution between 150-700
nm. In the co-incubation experiments between tumour cells and exosomes, exosomes were membrane-labelled using
Cy5.5 fluorescent dye and co-incubated with tumour cells. Under the microscope, red fluorescent signals were
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observed to aggregate around the tumour cells, and some of them had entered the cytoplasm, suggesting that NK cell-
derived exosomes could be uptaken or bound by B16F10 cells, suggesting that exosomes were in use in tumour
immunotherapy.

For functional validation, I set up different concentrations of exosome treatment groups (10, 50, 100 pg/mL) and
detected tumour cell activity using the CCKS assay. The results showed that the higher the exosome concentration,
the lower the tumour cell activity, and the highest concentration group had about 40% decrease in cell survival. This
result initially proved that NK cell exosomes have the ability to induce tumour apoptosis. In the animal experiment
study, I mastered the basic operation procedures of subcutaneous injection, intraperitoneal injection and tail vein
injection. There were some shortcomings in our experimental process: some samples with large particle size may be
mixed with microbubbles, in order to enhance the purity, the subsequent consideration of the introduction of density
gradient or SEC separation technology.

Although the NK cell exosomes in this study demonstrated some anti-tumour activity in in vitro experiments, their
clinical application still faces multiple challenges. Future studies can further explore the role of key effector mole-
cules in NK exosomes in inducing tumour cell death; enhance the targeting and stability of exosomes by exploring
surface modification strategies; also try to combine NK exosomes with other immunomodulatory factors or drugs to
enhance the therapeutic response; and make T-cell exosomes become an important part of precision medicine, bring-
ing new hope for tumour treatment.
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