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ABSTRACT: y8T cells have emerged as a promising target in tumor
therapy, prompting the development of novel strategies to activate these
cells directly within the tumor microenvironment. In this study, we
engineered uniformly sized spherical garlic-derived nanoparticles (GNPs) to
stimulate tumor-infiltrating y&T cells. Through intratumoral injection of
GNPs, we demonstrated their ability to directly activate ydT cells, leading to
potent antitumor effects. This approach resulted in significant inhibition of
various subcutaneous tumors in mice. Additionally, under computed
tomography (CT) guidance, intratumoral injection of GNPs effectively
suppressed the growth of orthotopic liver cancer in New Zealand white
rabbits. Mechanistic studies revealed that GNPs robustly activated yoT
cells, promoting an inflammatory microenvironment within tumors. Our
approach of using garlic-derived nanoparticles offers the advantages of simplicity in preparation and high yield, presenting

GNPs voT cells 1 Tumor

a promising avenue for tumor therapy with potential for clinical translation.

KEYWORDS: garlic-derived nanoparticles, yoT cells, tumor microenvironment, antitumor effects

1 Introduction

T cells are pivotal in the treatment of tumors. T cells can be
categorized into two types based on their receptors: offT cells and
yOT cells [1]. aBT cells are the prevalent T cells that recognize and
respond to tumor antigens, but the activation of apT cells requires
the help of antigen-presenting cells. Defects within DCs in the
tumor microenvironment (TME) restrict the ability of DC-CD8" T
cell cross-talk, leading to impaired CD8" T cells differentiation and
function. In contrast, the activation of y8T cells does not require
antigen-presenting cells and is not restricted by the major
histocompatibility complex (MHC) [2—4]. Upon activation, y§T
cells release a substantial amount of cytokines, increasing their
cytotoxicity against tumor cells, and thereby facilitating tumor cell
eradication [5-7]. At the same time, y8T cells are part of the innate
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immune system, possess antitumor activity, and are capable of
directly recognizing and killing tumor cells. In recent years, y8T-
based tumor treatment has become a prominent research focus
[8-11]. Despite advancements leading to clinical use, numerous
challenges persist in y8T cell-based tumor treatment, including the
survival and persistence of y8T cells in vivo [12]. Activating tumor-
infiltrating y8T cells directly is crucial for effective immunotherapy.

Plant-derived nanovesicles have emerged as a prominent
research focus in the biological field due to their abundant sources
and excellent biocompatibility [13-15]. The main components of
plant-derived nanoparticles include lipids, proteins, DNA, and
RNA [16]. Notably, nanoparticles have been successfully obtained
from a variety of plants, including ginger, lemon, blueberry, and
others [17-19]. They play a crucial role in the prevention and
treatment of various diseases [20-22]. Currently, the approaches
utilized to obtain plant-derived nanovesicles mainly include
ultracentrifugation and density gradient centrifugation, and each
extraction method has the limitations [23]. Therefore, new
technologies need to be developed for the preparation, storage, and
application of plant-derived nanoparticles.

Garlic has been widely utilized by humans as a seasoning since
ancient times. Garlic contains a variety of active compounds,
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including allicin, polyphenols, and organic sulfides. These
components confer various beneficial functions such as enhancing
immunity, regulating immune cell activity, and exhibiting
antioxidant and antitumor properties [24, 25]. In our previous
study, we discovered that oral administration of garlic-derived
nanoparticles (GNPs) effectively activated intestinal IFNy-
producing y8T cells [26]. GNPs stimulated endogenous y8T cells to
inhibit tumor growth without no obvious toxicity, which could
overcome the challenges faced in y8T cell-based tumor therapy.
Here, we employed a simple method by crushing and high-pressure
homogenization to obtain a large number of uniform nanovesicles
from garlic, which were freeze-dried into powder and stored at
room temperature with good stability. By intratumoral injection of
GNPs, we revealed that GNPs can directly stimulate tumor-
infiltrating yOT cells to elicit antitumor effects. A significant
inhibitory effect on various subcutaneous tumors in mice was
observed. At the same time, under the guidance of computed
tomography (CT), intratumoral injection of GNPs also well
suppressed the growth of orthotopic liver cancer in New Zealand
white rabbits. The garlic-derived nanovesicles we prepared through
a simple and easy-to-operate approach showed good antitumor
effects, and have certain clinical translation potential.

2 Experimental

2.1 Materials

The antibodies and other materials utilized in this study were listed
in Table S1 in the Electronic Supplementary Material (ESM).

2.2 Cell lines

DC24 (fh1026), RAW264.7 (TCM13), Jurkat (E6-1), B16-F10
(TCM36), CT26 (TCM37), and 4T1 (TCM32) cell lines were
obtained from the Cell Bank at the Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences. DC2.4, CT26,
Jurkat, and 4T1 cells were cultured in RPMI 1640 medium
supplemented with 10% fetal bovine serum (FBS), 100 U/mL
penicillin, and 100 U/mL streptomycin. RAW264.7 and B16-F10
cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% FBS, 100 U/mL penicillin, and
100 U/mL streptomycin.

2.3 Mice

C57BL/6 and BALB/C female mice (6-8 weeks) were acquired
from Changzhou Cavins Laboratory Animal Company. New
Zealand white rabbits were procured from Zhen Hu Company. All
animal experiments involving mice and New Zealand white rabbits
were conducted in compliance with the approved protocols of our
university laboratory animal center (Approval number:
SUDA20210201A02; SUDA20230718A03) and adhered to the
guidelines established by animal welfare regulatory authorities. The
maximum allowable tumor burden for mice was set at 1500 mm’,
while for New Zealand white rabbits, it was 10,000 mm’.

24 Preparation and characterization of garlic-derived
nanoparticles

A certain amount of garlic purchased from the market was
processed through a juicer at room temperature, followed by
further crushing at 4 °C via a high-pressure homogenizer (1500 bar)
to obtain GNPs. The prepared GNPs were freeze-dried into
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powders and stored at room temperature. The morphology of
GNPs was studied using transmission electron microscopy (TEM),
and the particle size distribution was characterized by a Zetasizer
nano ZS particle size analyzer. The protein distribution of GNPs
was analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). The allicin content of GNPs was
measured via high-performance liquid chromatography (HPLC).
To ensure the reproducibility of the preparation of GNPs, we
monitored the particle size distribution, morphology, and allicin
content of each prepared GNPs.

25 Cytotoxicity assay in vitro

The cytotoxicity of GNPs at different concentrations on dendritic
cells (DC24), macrophages (RAW264.7), T cells (Jurkat),
melanoma cells (B16-F10), colon cancer cells (CT26), and breast
cancer cells (4T1) was evaluated by the standard MTT assay.
Specifically, 10,000 cells were seeded into a 96-well plates. After
12 h, the supernatant was removed, and different concentrations of
GNPs were added to the wells. The plate was then placed in an
incubator for 24 h. Afterward, 20 uL of 5 mg/mL MTT solution was
added to each well and incubated for 4 h. The medium containing
the MTT solution was then removed, and 100 pL of
dimethylsulfoxide (DMSO) solution was added to each well. The
plate was placed on a shaker in the dark for 10 min. Finally, the
absorbance at 570 nm was measured using a microplate reader. The
concentrations of GNPs tested were 0, 25, 50, 75, 100, 125, 250, and
500 pg/mL.

2.6 T cell activation in vitro

Cy5.5-NHS and GNPs were incubated for 2 h at room temperature,
and free Cy5.5-NHS was removed by ultracentrifugation. Cy5.5 and
Cy5.5 labeled GNPs were incubated with afT cells and y8T cells for
24 h, and then analyzed relative fluorescence intensity of Cy5.5 in
afT cells (PE-CD4, PE-CD8) and yOT cells (PE-TCR y/d) by flow
cytometry. At the same time, the uptake of GNPs by afT cells and
yOT cells was observed through confocal microscopy. Briefly, Cy5.5
and Cy5.5 labeled GNPs were incubated with offT cells and y8T
cells for 24 h, followed by fixation with 4% paraformaldehyde for
15 min in phosphate buffer saline (PBS). After washing twice and
finally staining with 4',6-diamidino-2-phenylindole (DAPI) for 15
min and washing three times with PBS, the uptake of GNPs by each
cell was observed by a Zeiss confocal microscopy. After GNPs were
incubated with intestinal-derived T cells for 24 h, T cells were
collected by centrifugation at 1200 rpm for 3 min. Then ofT cells
(FITC-CD3, APC-CD4, PE-CD8), and y8T cells (FITC-CD3, PE-
TCR y/8) were analyzed by flow cytometry.

2.7 Therapeutic experiment of garlic-derived

nanoparticles

On day 0, B16 melanoma tumor cells (10°) were inoculated on one
side of the back of C57BL/6 mice, while 4T1 breast tumor cells (2 x
10°) were inoculated on one side of the back of BALB/c mice. When
the tumor volume reached approximately 100 mm®, intratumoral
injection of GNPs was administered once every two days at a
dosage of 25 mg/kg for a total of 5 times. Throughout the treatment
course, tumor volume and body weight of the mice were monitored
every two days until either the mice died or the tumor volume
reached 1500 mm’.

On the day following the final intratumoral injection, the mice
were euthanized, and the tumors of mice in each group were
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collected for immune evaluation and analysis. The specific
procedure was as follows: The collected tumor tissues were
prepared into single-cell suspensions, followed by flow cytometry
antibody staining of corresponding immune cells, including yoT
cells (APC-CD45, FITC-CD3, and PE-TCRY/§). After incubation at
room temperature for 1 h, flow cytometry was applied to analyze
immune cells in each group.

On day 0, VX2 tumors were inoculated into the livers of New
Zealand white rabbits under CT guidance to establish an orthotopic
liver cancer model. On the 10" day, CT was utilized to observe the
growth of liver tumors. And at the same time, under the guidance
of CT, GNPs were injected into the tumor at a dose of 25 mg/kg,
once every two days for a total of 5 times. During the treatment, CT
was used to observe and measure liver tumor volume to evaluate
the efficacy of intratumoral injection of GNPs. At the same time, we
also applied magnetic resonance imaging (MRI) to evaluate the
efficacy of GNPs treatment.

2.8 Single-cell RNA sequencing of tumor

To analyze the changes of major cells in the tumor
microenvironment, single-cell RNA-sequencing was performed
from the tumor of UNTX and GNPs group. Single-cell suspensions
were created by enzymatic digestion of the tumor tissues. Using the
droplet segmentation feature of the Chromium Single Cell
Controller (10x Genomics) system in the NCI-CCR single cell
analysis tool, the oligo-dT-based complementary DNA database
was barcoded. After removing dead cells and adjusting the cell
concentration to the desired level, the machine detected about
10,000 cells. Sequencing was conducted using an Illumina NovaSeq
system at the NCI-CCR sequencing facility. The OmicStudio tool,
which can be found at https://www.omicstudio.cn/tool, was used to
conduct bioinformatics analysis.

2.9 Biosafety of garlic-derived nanoparticles

To assess potential adverse effects of intratumoral injection of
GNPs, we euthanized the treated mice and New Zealand white
rabbits. We harvested major organs, including the heart, liver,
spleen, lung, and kidney, and performed H&E staining.
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Additionally, blood samples were collected from New Zealand
white rabbits on days 10, 17, and 24. After centrifugation to obtain
serum, levels of alanine aminotransferase, aspartate
aminotransferase, urea, and creatinine were analyzed to evaluate the
function of liver and kidney in New Zealand white rabbits after
intratumoral injection of GNPs.

2.10 Statistical analysis

All results were expressed as means + SD. Unless otherwise stated,
biological replicates were applied for all experiments. Two groups
were compared using Student’s t-test (two-tailed). All statistical
analyses were performed using GraphPad Prism (8.0). In animal
survival analyses, log-rank tests were used to determine statistical
differences (**** P < 0.0001; ** P < 0.001; ** P < 0.01;* P < 0.05).

3 Results

3.1 Preparation and characterization of garlic-derived
nanoparticles

To obtain GNPs, we first crushed the garlic with a juicer, and then
utilized a low-temperature and high-pressure homogenizer to
further extract the GNPs (Fig. 1(a)). We characterized the prepared
GNPs by TEM and dynamic light scattering (DLS). The TEM
image (Fig. 1(b)) revealed that the GNPs had a uniform distribution
and a regular spherical appearance, with a particle size of
approximately 120 nm. The DLS results (Fig. 1(c)) also showed the
same phenomenon as the TEM image. After obtaining the GNPs,
we freeze-dried them to produce powdered GNPs. We discovered
that the yield of GNPs was roughly 10% (wt./wt.) (Fig. 1(d)). To
explore the stability of the GNPs, we redissolved the GNPs powders
in PBS and found that the GNPs powders had good solubility (Fig.
1(e)). The TEM image demonstrated that the redissolved GNPs
maintained uniformly distributed spherical form (Fig. 1(f)).
Additionally, DLS revealed that the size of the redissolved GNPs
was also around 120 nm (Fig. 1(g)). The SDS-PAGE results showed
that the protein content of the GNPs did not change significantly
after freeze-drying (Fig. 1(h)). HPLC analysis determined the allicin
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Figure1 Preparation and characterization of garlic-derived nanoparticles. (a) Schematic diagram of the preparation process of GNPs. (b) TEM image of GNPs, scale bar
=100 nm. (c) DLS of GNPs. (d) Picture of powders of GNPs. (e) Picture of powders reconstituted in PBS. (f) TEM image of powders reconstituted in PBS, scale bar = 100
nm. (g) DLS of powders reconstituted in PBS. (h) Proteins of powders and GNPs. (i) Allicin content of GNPs. Data are means + SD.
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content of the GNPs was approximately 17.68 mg/kg (Fig. 1(i)).
The above results indicated that the physical and chemical
properties of the GNPs remained largely unchanged when they
were stored in powder form.

Next, we verified the safety of GNPs in a variety of cells through
an MTT assay. The results demonstrated that GNPs at different
concentrations had no obvious cytotoxicity to immune cells and
tumor cells, including dendritic cells, macrophages, T cells, B16
cells, CT26 cells, and 4T1 cells. It was evident that the GNPs we
extracted were safe for a range of cells (Fig. S1 in the ESM).

We then investigated the impact of GNPs on T cells in vitro.
Initially, we evaluated the uptake of GNPs by T cells by flow
cytometry and confocal microscopy. According to the results of
flow cytometry and confocal imaging, GNPs could be successfully
taken up by yOT cells (Figs. 2(g) and 2(h)), but not by apT cells
(including CD4 T cells or CD8 T cells) (Figs. 2(a), 2(b), 2(d), and
2(e)). Moreover, following co-incubation with GNPs, there was a
considerable increase in the proportion of y8T cells (Fig. 2(i)), while
there was no significant change in the proportion of apT cells (Figs.
2(c) and 2(f)). These results were in line with those of our previous
study, indicating that GNPs can directly and effectively activate y0T
cells.

3.2 Regulation of the tumor microenvironment by
intratumoral injection of GNPs

The results of in vitro experiments indicated that y8T cells were
directly activated by GNPs. Subsequently, we performed single-cell
sequencing analysis of tumors after intratumoral injection of GNPs
(25 mg/kg). The percentage of CD45 cells in the tumor dramatically
increased following intratumoral injection, increasing to almost
1.8 times that of the untreated group (Figs. S2(a)-S2(c) in the
ESM). After performing a thorough examination of the immune
cells within the tumor, we conducted a detailed analysis of T cells in
tumors, including CD4 T cells, CD8 T cells, NKT cells, and yoT

@ Control GNPs ()
{ 159
w i 0.49 0.71 [
& \ S 1oq
(€] 2
| =2
=
& 05
2
1 o
R N e S 0.0-

Contral GNPs

PE-CD4

—_

d)  Control GNPs (e)

5 104
.
2 054

T T
Control GNPs

1.39 1.68

)

PE-CD8

’— Cyb.5
Cy5.5 (fold increase;
5

(@) Control GNPs

o079 3.40 %‘

e T B e R R 0-

PE-y&T Contral GNPs

4
P=0.0014

Cy5.5
Cy5.5 (fold increase)
nd

cells (Figs. 3(a) and 3(b)). Based on the results of the tumor single
cell sequencing, after intratumoral injection of GNPs, the number
of y8T cells increased to a certain extent (Fig. 3(c)). Flow cytometry
of tumors also showed the same results (Fig. 3(d) and Fig. S4 in the
ESM). Meanwhile, activation markers of yOT cells were also
upregulated, including Cd69, Kirkl, II2ra, Mapkl, Gzmb, Gzma,
Prfl, and Mki67 (Fig. 3(e)). According to the cytokines secreted,
yOT cells can be divided into two categories: IFN-y-y8T cells and IL-
17A-y8T cells. IEN-y-y8T cells possess antitumor properties, while
IL-17A-y8T cells promote tumor growth [2, 5, 7, 8]. By classifying
yOT cells in tumors, we found that after intratumoral injection of
GNPs, the proportion of IFN-y-ydT cells increased significantly,
while the proportion of IL-17A-y8T cells decreased (Figs. 3(f) and
3(g)). This demonstrated that GNPs contributed to the production
of IFN-y-y8T cells in tumors. Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis also demonstrated that after
intratumoral injection of GNPs, yOT cells in tumors displayed
antitumor activity, and genes related to these pathways were also
upregulated (Figs. 3(h) and 3(i)). Moreover, we discovered that
intratumoral injection of GNPs leads to the activation of other
immune cells such as af T cells (Fig. S5 in the ESM).

3.3 Therapeutic efficacy of intratumoral injection of
GNPs

To evaluate the effect of intratumoral injection of GNPs on tumors,
we conducted studies on mice melanoma model. When the tumor
size reached approximately 100 mm’, the GNPs were injected
intratumorally, and the therapeutic efficacy was evaluated by
measuring the tumor size (Fig. 4(a)). According to the tumor
growth curve, intratumoral injection of GNPs had a superior
inhibitory effect on melanoma in mice compared with the control
mice (Figs. 4(b) and 4(c)), and extended their survival (Fig. 4(d)).
Throughout the treatment, the body weight of the mice and H&E
staining of major organs did not change significantly, suggesting
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Figure2 T cell activation in vitro. (a) Flow cytometry plots and fold increase of Cy5.5 signal in CD4 T cells in control and GNPs groups. (b) Confocal imaging of Cy5.5
signal on CD4 T cells after incubation Cy5.5-labelled GNPs (blue: DAPI; green: CD4 T cells; red: GNPs, scale bar = 20 pm). (c) Flow cytometry plots and quantitative
analysis of CD4 T cells in CD3 cells in control and GNPs groups. (d) Flow cytometry plots and fold increase of Cy5.5 signal in CD8 T cells in control and GNPs groups.
() Confocal imaging of Cy5.5 signal on CD8 T cells after incubation Cy5.5-labelled GNPs (blue: DAPL; green: CD8 T cells; red: GNPs, scale bar = 20 um). (f) Flow
cytometry plots and quantitative analysis of CD8 T cells in CD3 cells in control and GNPs groups. (g) Flow cytometry plots and fold increase of Cy5.5 signal in yST cells
in control and GNPs groups. (h) Confocal imaging of Cy5.5 signal on y8T cells after incubation Cy5.5-labelled GNPs (blue: DAPI; green: y8T cells; red: GNPs, scale bar =
20 um). (i) Flow cytometry plots and quantitative analysis of y8T cells in CD3 cells in control and GNPs groups. *** P < 0.001; ** P < 0.01. Data are means + SD.
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Figure3 Single-cell sequencing analysis of T cells in tumor after GNPs intratumoral injection. (a) tSNE plot of different T cells in the UNTX group and GNPs group. (b)
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cells and IL-17a-yST cells. (h) KEGG enrichment scatter plot of yST cells in tumors. (i) Volcano plot of corresponding gene expression on y8T cells in tumors. ** P < 0.01.

Data are means + SD.

that GNPs therapy did not induce noticeable adverse effects (Fig.
4(e) and Fig. S6 in the ESM). Next, we implanted 4T1 breast tumor
cells into BALB/c mice and treated them in accordance with the
protocol established (Fig. 4(a)). Intratumoral injection of GNPs also
effectively inhibited the growth of breast cancer (Figs. 4(f) and 4(g))
and substantially prolonged the survival of mice (Fig. 4(h)).
Meanwhile, the body weight of BALB/c mice did not decrease
during treatment (Fig. 4(i)). The above results of various tumor
models indicated that intratumoral injection of GNPs was widely
applicable for the treatment of tumors.

Considering the favorable therapeutic outcomes observed with
intratumoral injection of GNPs in subcutaneous tumors in mice,
we next inoculated VX2 tumors into the livers of New Zealand
white rabbits to establish an orthotopic liver cancer model. Under
the guidance of computed tomography (CT), we commenced
intratumoral injection of GNPs into liver tumors every two days
beginning on the 10" day post-implantation (Fig. 5(a)). To visually
monitor the development of in situ liver cancer in New Zealand
white rabbits, we performed CT imaging of liver tumors on days
10, 17, and 24. As shown in the CT images, the growth of
orthotopic liver cancer was delayed after intratumoral injection of
GNPs (Fig. 5(b)). The tumor growth curves also reflected tumor
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suppression after treatment (Figs. 5(c) and 5(d)). To better discern
the alterations in liver tumors of New Zealand white rabbits after
GNPs treatment, we employed diffusion-weighted imaging (DWI)
and apparent diffusion coefficient (ADC) images of MRI to
monitor hepatic conditions on day 24 (Fig. 5(e)). MRI
demonstrated a notable increase in the ADC signal after GNPs
treatment, indicating heightened tumor tissue liquefaction and
necrosis (Fig. 5(f)). These findings revealed that liver tumors were
effectively inhibited after intratumoral GNPs injection.

After intratumoral injection of GNPs, we euthanized New
Zealand white rabbits and harvested major organs including the
heart, liver, spleen, lung, and kidney for H&E staining. As depicted
in the images, intratumoral GNPs injection exhibited no
detrimental effects on major organs (Fig. 5(g)). Meanwhile, we
collected the blood of New Zealand white rabbits from the UNTX
and GNPs groups during the treatment. After serum was collected
via centrifugation on various days (10, 17, and 24 days), the levels of
alanine aminotransferase (ALT), aspartate aminotransferase (AST),
urea (UREA), and creatinine (CREA) were monitored. The results
showed that the indicators related to liver and kidney function did
not change obviously during the treatment, suggesting the
preservation of liver and kidney functions in New Zealand white
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Figure4 Intratumoral injection of GNPs for the treatment of mice. (a) Schematic diagram of the treatment process. (b) Tumor growth curve of each C57BL/6 mouse in
the UNTX and GNPs group. (c) Average tumor growth curves of C57BL/6 mice in the UNTX and GNPs group. (d) Survival curves of C57BL/6 mice in the UNTX and
GNPs group. (e) Weight growth curves of C57BL/6 mice in the UNTX and GNPs group. (f) Tumor growth curve of each BALB/C mouse in the UNTX and GNPs group.
(g) Average tumor growth curves of BALB/C mice in the UNTX and GNPs group. (h) Survival curves of BALB/C mice in the UNTX and GNPs group. (i) Weight growth
curves of BALB/C mice in the UNTX and GNPs group. **** P < 0.0001; *** P < 0.001; ** P < 0.01. Data are means + SD.
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Figure5 Intratumoral injection of GNPs for the treatment of orthotopic liver tumor in New Zealand white rabbits. (a) Schematic diagram of the treatment process. (b)
CT images of the liver tumor in the UNTX and GNPs group on days 10, 17, and 24. Scale bar = 10 mm. (c) Tumor growth curve of each rabbit in the UNTX and GNPs
group. (d) Average tumor growth curves of rabbits in the UNTX and GNPs group. (e) MRI of the liver in the UNTX and GNPs group on day 24. (f) Quantitative analysis
of ADC values from MRI. (g) H&E staining of major organs in the UNTX and GNPs group, including heart, liver, spleen, lung, and kidney. Scale bar = 100 pm. (h) Time-
varying curve of alanine aminotransferase, aspartate aminotransferase, urea, and creatinine in serum. *** P < 0.0001; ** P < 0.01. Data are means + SD.

rabbits (Fig. 5(h)). These findings confirmed the relative safety of extract nanoparticles from garlic for directly activating tumor-

intratumoral GNPs injection under the guidance of CT. infiltrating y8T cells. We utilized a low-temperature and high-
pressure homogenizer preparation technology to large-scale prepare
4 Condusions the. GNPs. Through intratumoral injection of GNPs, superior
antitumor efficacy has been demonstrated in various subcutaneous
In this study, we applied a simple and easy-to-operate method to tumor models in mice and orthotopic liver cancer models in New
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Zealand white rabbits. The GNPs we prepared can directly activate
endogenous yOT cells, which to a certain extent overcomes the
challenges of y8T cell-based tumor therapy and has certain clinical
translation capabilities. Future clinical applications of GNPs can
involve combining them with existing tumor treatment strategies,
such as immune checkpoint inhibitors, chemotherapy or
radiotherapy. Such combination therapies may enhance overall
treatment efficacy by leveraging the ability of GNPs to boost y§T
cell activity while minimizing adverse effects. Moreover, the broader
implications for immunotherapy are significant, as GNPs provide a
novel approach to enhancing endogenous immune responses,
potentially improving outcomes in patients who are unresponsive
to current therapies.

Electronic Supplementary Material: Supplementary material (the
antibodies and other materials utilized in this study and
supplementary figures in this text) is available in the online version
of this article at https://doi.org/10.26599/NR.2025.94907145.
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