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Background: Allicin has demonstrated promoting effects on the sensitivity of non-small cell lung cancer (NSCLC) cells to radio-
therapy. Herein, we further explore the mechanism by which allicin improves NSCLC immunotherapy.

Methods: NSCLC cells were subjected to different concentrations of allicin, where protein levels of lysine demethylase 5B
(KDMS5B) and SET domain bifurcated histone lysine methyltransferase 1 (SETDB1) were measured. To unveil the mechanism of
allicin, KDMS5B overexpression plasmid and short hairpin RNA for SETDB1 (shSETDB1) were first constructed, and transfected
into cells. The basic function and molecular expressions of NSCLC cells were examined. In vivo studies were performed through
constructing hormonal tumour mice model. After administration of allicin and/or anti-programmed death receptor 1 (PD-1),
changes in tumour growth, KDM5B and SETDBI1 expressions, and immune cell infiltration were analyzed by tumour volume
measurement, differentiation assays, immunohistochemical staining, and flow cytometry.

Results: Allicin down-regulated KDMSB and SETDBI1 protein expressions in NSCLC cells (p < 0.05). Allicin inhibited NSCLC
cell viability, migration and invasion, while promoting apoptosis (p < 0.05). Overexpression of KDM5B counteracted the thera-
peutic effect of allicin, while SaSSETDBI1 reversed the effect of KDMSB (p < 0.05). In vivo, allicin significantly inhibited the growth
of transplanted tumours, repressed the expressions of KDMS5B and SETDB1, promoted CD8+ T-cell infiltration and reduced the
proportion of tumour-associated macrophages (TAM) in the tumour (p < 0.05). With the addition of anti-PD-1 therapy, allicin
showed synergistic adjuvant effects (p < 0.05).

Conclusion: Allicin inhibits the malignant function of NSCLC cells by regulating KDMSB/SETDBI1 and potentiates the suppress-

ing effect of anti-PD-1 therapy on tumour growth.
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Introduction

Lung cancer is a leading cause of cancer-related deaths
worldwide, with a significant age-dependent increase in in-
cidence [1]. According to the data from the Institute of Can-
cer Research of the Chinese Academy of Medical Sciences,
an estimated 1,060,600 new cases of lung cancer in China in
2022 are projected, with mortality reaching up to 733,300
[2]. Notably, non-small cell lung cancer (NSCLC) repre-
sents the main pathological type of lung cancer, accounting
for about 85% of the cases [3]. Currently, the treatment of
NSCLC is still based on different pathological stages and
molecular types. For example, patients in early stages I to
III typically undergo surgery, while patients in advanced
stages unsuitable for surgical resection receive individual-
ized radiotherapy after evaluation and staging [4]. Since
2015, immunotherapy represented by immune checkpoint
inhibitors (ICIs) has transformed the treatment paradigm of

NSCLC in different settings and has undergone rapid devel-
opment [5,6]. ICIs have evolved into a promising therapeu-
tic approach from backline to first-line, from monotherapy
to combination, and from late-stage to early-stage.

The immune system functions in three main phases,
elimination, homeostasis and evasion [7]: immune effec-
tor cells kill tumour cells through cytotoxic mechanisms,
while tumour cells with less immunogenic phenotypes are
able to evade this elimination and, over time, produce
tumour cells that allow their hosts to develop immune-
evasion capabilities. During the development of malignant
tumours, anti-tumour immunity remains suppressed. The
main mechanism of ICIs involves deregulating T-cell sup-
pression to activate the anti-tumour immune response [8,9],
and activating other cells of the innate and adaptive im-
mune system, which synergistically promote effective anti-
tumour immune responses. Besides, ICIs are widely used in
clinical practice, including antibodies against cytotoxic T-
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lymphocyte associated antigen 4 (CTLA-4), programmed
death receptor 1 (PD-1) and the ligand PD-L1 [9]. The
PD-1/PD-L1 immune checkpoint is one of the main eva-
sion mechanisms for tumour cells. PD-1 is expressed on T
cells as a co-inhibitory signal, and its interaction with PD-
L1 expressed by tumour cells or antigen-presenting cells
effectively inhibits T cell activation, reduces cytokine pro-
duction, and even induces apoptosis of T cells, allowing
tumours to evade immune surveillance [10,11]. However,
due to the natural immunosuppressive characteristics of ma-
lignant tumours, only a small number of patients can benefit
from ICIs in the long term, and most patients may develop
drug resistance within a certain period of time. Concur-
rently, the enhanced immune system may also lead to an
imbalance in the body’s immunity, with activated effector
T cells attacking normal tissues, producing autoantibodies,
generating substantial cytokines, and inducing autoimmune
inflammation, which in turn generates immune-related ad-
verse events (iRAEs) [8,12]. Therefore, developing a safer,
more effective adjuvant therapy to improve the efficacy of
IClIs is urgently needed.

Allicin is a general term for a variety of sulphur-
containing compounds in garlic, which is generated from
broken garlic tissues by enzymatic reaction in the natural
state. Compared with many chemically synthesised sub-
stances, allicin shows advantages including non-toxicity in
humans and animals, non-resistance to drugs, environmen-
tal compatibility, and low cost [13]. The alliinase enzyme
hydrolyzes and cleaves alliin, yielding dehydroalanine and
the highly labile allyl sulfenic acid, which rapidly dimer-
izes to form allicin at ambient temperature [14]. By dint
of structural properties, allicin can quickly pass through
cell membranes to reach the cells and increase bioavail-
ability. Studies have shown that allicin has a wide range
of anti-tumour functions [14,15]. Allicin can act on can-
cer cells through the mitochondrial apoptosis pathway, and
can also inhibit the invasion and metastasis of cancer cells
directly, limiting their proliferation. With further research,
the suppressing effect of allicin on cancer cell proliferation
resorts to autophagic death, important protein signalling,
death receptor apoptosis signalling and some key onco-
genes [14,15]. Allicin also has an antipathogenic effect
against bacteria, viruses, fungi, and parasites, which can in-
crease the gut’s normal flora (beneficial bacteria), reducing
immune system burden [14]. Beyond its direct antibacterial
effects, allicin restores immune homeostasis during UTIs
via targeting MALT1/NF-xB signaling [16]. Our prior re-
search revealed [17] that allicin enhances the sensitivity of
A549 cells to X-rays by targeting lysine demethylase 5B
(KDMS5B) through upregulation of miR-486-5p.

A recent study pointed out [18] that KDMS5B inhibits
reverse transcription factors by recruiting SET domain
bifurcated histone lysine methyltransferase 1 (SETDBI),
thereby promoting immune evasion. KDMS5B is an epige-
netic enzyme of the Jumonji C domain-containing (JMJD)

family with histone demethylation function. The expres-
sion of KDMS5B is restricted in normal adult tissues. How-
ever, elevated levels of KDM5B have been found in a vari-
ety of human cancers. It is considered a transcriptional re-
pressor and is associated with tumour growth, angiogenesis,
invasion, metastasis, DNA damage repair and chemother-
apy resistance in cancer [19]. SETDBI acts as a histone
methyltransferase capable of catalysing methylation modi-
fications on the Histone H3 Lysine 9 (H3K9) [20], and mod-
ulating chromatin openness and the binding of transcription
factors to chromatin, thereby impacting gene expression.
Therefore, this study aims to explore whether allicin may
improve the immunotherapeutic efficacy of NSCLC by reg-
ulating the KDM5B/SETDBI axis.

Materials and Methods

Cell-Related Basic Treatments
Culture

The human NSCLC cell lines A549 (AW-CELLS-
CHO0021) and H1299 cells (No. AW-CELLS-CH0241)
were supplied by Shanghai AnWei-sci Biotechnology
Co., Ltd. (Shanghai, China). The basal medium of
A549 cells was prepared using Ham’s F-12K medium
(PM150910A, Wuhan Pricella Biotechnology Co., Ltd.,
Wuhan, China), and that of H1299 cells was 1640 basal
medium (PM150113A, Wuhan Pricella Biotechnology Co.,
Ltd., Wuhan, China). In order to provide growth condi-
tions, the complete media were all configured with 10% fe-
tal bovine serum (F8687, Sigma-Aldrich, St. Louis, MO,
USA). The incubation was performed in 37 °C cell incu-
bator with 5% CO,. All cell lines were validated by STR
profiling and tested negative for mycoplasma.

Overexpression/Knockdown Plasmid Construction and
Transfection

The group commissioned Yunzhou Biosciences
(Guangzhou) Co., Ltd. (China) to construct KDMS5B
overexpression plasmid (vector name:  pRP[Exp]-
CMV>hKDMSB  [NM 001314042.1]) and  short
hairpin RNA of SETDBI1 (shSETDB; vector name:
pRP[shRNA]-U6>hSETDB1[shRNA#1]; target  se-
quence: CCCGAGGCTTTGCTCTTAAAT), as well
as their negative controls (NC corresponds to over-
expressed KDMS5B, shNC corresponds to shSETDB,
5’CCTAAGGTTAAGTCGCCCTCG3'). CDS region
of KDM5B can be found in Supplementary Material.
According to the grouping (Control (Con), NC, KDM5B,
shNC, and shSETDBI1 groups), liquid A (5 pg NC/KDM5B
overexpression plasmid/shNC/shSETDB+125 pL reduced
serum medium) and liquid B (10 pL Lipofectamine 3000
reagent+125 uL reduced serum medium) were prepared 5
min in advance, and then fully mixed (15 min). The plas-
mids were transfected into cells, followed by quantitative
real-time polymerase chain reaction (QRT-PCR) to detect
the transfection efficiency after 48 h.
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Intervention of Allicin

Firstly, allicin (purity: 98%, HY-N0315, MedChem-
Express, Monmouth Junction, NJ, USA) was prepared into
a concentration of 10 mg/mL with DMSO. During drug
treatment, the allicin at concentrations of 0, 10, 20, and
40 pg/mL was added to the cell culture medium. A549
or H1299 cells in the Con group were normally cultured,
while those in the Allicin-10/20/40 groups were incubated
with 10, 20 or 40 pg/mL allicin for 72 h, respectively.
Based on the results of the previous experiments, allicin
at the concentration of 40 pg/mL was selected for our in
vitro experiments. Specifically, after normal cell culture,
the culture medium was changed, and cell culture medium
containing 40 pg/mL allicin was used to culture trans-
fected/untransfected A549 or H1299 cells for 72 h.

Grouping

A549 or HI299 cells were assigned into
shNC+NC (transfection of shNC and NC plasmids),
AllicintshNC+NC, AllicintshNC+KDM5B, and Al-
licintshSETDB1+KDMS5B groups.  In the last three
groups, before 72-h treatment with cell culture medium
containing 40 ug/mL allicin, A549 or H1299 cells were
transfected with shNC+NC plasmids, shNC+KDMS5B
overexpression plasmids, and shSETDBI+KDMS5B
overexpression plasmids, respectively.

Cell Counting Kit-8 (CCK-8) Assay

A549 or H1299 cells were inoculated in 96-well plates
(5 x 10* cells/well). After transfection or allicin treatment,
10 pL/well of CCK-8 solution (K1018, APEXBIO Tech-
nology LLC, Houston, TX, USA) was added to the cell
culture medium. After 4-h culture, optical density at 450
nm was detected using SpectraMax iD5 Microplate Read-
ers (Molecular Devices, San Jose, CA, USA). Cell viability
was determined as follows:

Cell viability (%) = (ODgxperimental —
(ODCOntrol - ODblank) x 100.

ODblank) /

Detection of Apoptosis

Allicin-treated A549 or H1299 cells were resuspended
by PBS. Apoptosis was detected using the Annexin V-
FITC/PI Apoptosis Kit (E-CK-A211, Elabscience Biotech-
nology Co., Ltd., Wuhan, China). Specifically, cells (5 x
10° cells/well) collected after centrifugation were diluted
by 500 uL 1x Annexin V Binding Buffer. Subsequently,
5 uL of Annexin V-FITC Reagent and 5 pL of PI Reagent
were added to the A549 or H1299 cell suspensions, which
were gently mixed and incubated for 15 min away from
light. Later, the samples were transferred to a BECKMAN
COULTER flow cytometer (CytoFLEX, Beckman Coulter,
Inc., Brea, CA, USA) for apoptosis detection.
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Transwell Assay

A 24-well transwell chamber (8.0 um; 3422, Corning
Incorporated, Corning, NY, USA) was used to assay the
migration and invasion of NSCLC cells. Matrigel gel (only
for invasion assay; 356231, Corning Incorporated, Corning,
NY, USA) and serum-free medium at a ratio of 1:8 were
spread flat on the transwell upper chamber and waited for
solidification. Base medium was added to the upper cham-
ber of the transwell, and complete medium containing 10%
FBS was added to the lower chamber. Pre-treated A549 or
H1299 cells were inoculated in the upper chamber. After 24
h of incubation, cells in the lower chamber were collected
and fixed. Cells undergoing crystal violet staining were ob-
served under a microscope (magnification: 200x; BX-51,
OLYMPUS, Hachioji, Tokyo, Japan) for counting.

Basic Animal-Related Handling

Fifty-four C57BL/6 mice (male; 6-8 weeks, 19-22 g)
were purchased from Hangzhou Medical College for animal
studies, and were reared in a habitable environment with
free access to food. The animal experiments were approved
by the Ethics Committee of Zhejiang Baiyue Biotech Co.,
Ltd. for Experimental Animals Welfare (No. ZJBYLA-
TACUC-20230915), and the pain of the mice was min-
imised.

Construction of the Tumour Xenograft Model and Drug
Treatment

To construct a humanized xenograft model for
NSCLC, transfected/untransfected H1299 cells (5 x 10°
cells/mouse, suspended in 200 uL phosphate buffered
saline (PBS) (C0221A, Beyotime, Shanghai, China)) were
injected subcutaneously into the right axilla of NOD-scid
IL2ry™" (NSG) mice reconstituted with human immune
system (NSG HIS) [21]. The volume of the tumour was
measured every 7 days (volume = (length x width?) / 2).
Referring to previous literature [22], 3.5 mg/kg (Allicin-
L) and 7 mg/kg (Allicin-H) of allicin were selected, and
were administered to model mice by gavage (2 days/dose).
Programmed cell death protein 1 (PD-1) treatment is a
recognised method [21]. When the tumour volume reached
50 mm3, InVivoMab anti-human PD-1 (200 pg/mouse;
BEO0188, BioXcell, Lebanon, NH, USA) was injected into
mice via intraperitoneal injection (every 3 days starting 1
day before tumour cell inoculation) [23].

Grouping

In the first part of the animal experiments, the groups
are as follows:

(1) Con group: Six mice were injected with untrans-
fected H1299 cells;

(2) Allicin-L group: Six mice were injected with un-
transfected H1299 cells and then received 3.5 mg/kg of al-
licin treatment by gavage;


https://www.discovmed.com/

2272

(3) Allicin-H group: Six mice were injected with un-
transfected H1299 cells and then received 7 mg/kg of allicin
treatment by gavage.

In the second part of the experiment, the groups are as
follows:

(1) Vector group: Six mice were injected with H1299
cells transfected with NC plasmid;

(2) Vector+PD-1 group: Six mice were injected with
H1299 cells transfected with NC plasmid and then treated
with anti-PD-1;

(3) Vector+PD-1+Allicin group: Six mice were in-
jected with H1299 cells transfected with NC plasmid and
then treated with anti-PD-1 and 7 mg/kg allicin;

(4) KDM5B+PD-1 group: Six mice were injected
with H1299 cells transfected with the KDMS5B overexpres-
sion plasmid and then treated with anti-PD-1;

(5) KDM5B+Allicin group: Six mice were injected
with H1299 cells transfected with the KDMS5B overexpres-
sion plasmid and then treated with 7 mg/kg allicin;

(6) KDM5B+PD-1+Allicin group: Six mice were in-
jected with H1299 cells transfected with the KDMS5B over-
expression plasmid and then treated with anti-PD-1 and 7
mg/kg allicin.

Immunohistochemical Staining

To reduce the pain of mice, mice were anaesthetised
using 3% isoflurane (R510-22-10, RWD, Shenzhen, China)
on day 21 and euthanized by dislocating his cervical spine.
Subsequently, the intact tumours in mice were surgically
excised and weighed. Some tumour tissues were made
into paraffin-embedded sections. After dewaxing and hy-
dration, the sections were immersed in Citrate Antigen
Retrieval Solution (P0081, Beyotime, Shanghai, China),
and incubated with Bovine Serum Albumin (BSA) Block-
ing Buffer (SW3015, Solarbio, Beijing, China) for 30 min
to seal the non-specific binding sites. Then, the sections
were incubated with diluted anti-CDS§ antibody (1:2000,
ab217344, Abcam, Cambridge, UK) overnight, and with
Goat Anti-Rabbit Immunoglobulin G (IgG) Heavy & Light
chains (H&L) (1:500, ab150077, Abcam, Cambridge, UK)
for 30 min. Colour development was accomplished us-
ing the Diaminobenzidine (DAB) Horseradish Peroxidase
Colour Development Kit (P0202, Beyotime, Shanghai,
China). Sections were placed under a microscope (magni-
fication: 100x, Carl Zeiss AG, Zeiss LSM 900, Jena, Ger-
many) to observe the positive expression of CD8 (brown
colour). CD8-positive rate was determined as follows:

CDS8-positive rate (%) = (Number of positive cells /
Number of total cells) x 100.

Detection of the Proportion of Immune Cells in the
Tumour

Flow cytometry was used in the study to analyze
the proportion of CD8+ T cells and tumour-associated
macrophages (TAM) in the tumour. Stripped transplanted

Table 1. Primers for qRT-PCR.

Primers Primer sequence (5’ to 3%)

F ATCGCTTGCTGCACCGTTAT
KDM5B (mouse)

R CGCTCATCATCTGGCAACAG

F CAACTCGGACTTGCTGTTGC
KDM5B (human)

R TTCTGGCTTCCGTTGTCTCC

F CATTTGCCGGCCACTGAAAA
SETDBI (mouse)

R GCAAGCTGGCTTTCCAAGTC

F  CTATATGACTTCCGGCGGATGA
SETDBI (human)

R GCATTGTCCGAAGGCAGAGA

F GAGAAACCTGCCAAGTATGATGAC
GAPDH (mouse)

R AGAGTGGGAGTTGCTGTTGAAG

F  GGAGCGAGATCCCTCCAAAAT
GAPDH (human)

R GGCTGTTGTCATACTTCTCATGG

qRT-PCR, quantitative real-time polymerase chain reaction;
KDMS5B, lysine demethylase 5B; SETDBI, SET domain
GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; F, forward; R,

bifurcated histone lysine methyltransferase 1;

reverse.

tumours were clipped and digested into single cell sus-
pensions [24]. After centrifugation, the cells were re-
suspended in PBS (1 x 105 cells/mL), and subsequently
incubated with the following fluorescently labelled an-
tibodies (Abcam, Cambridge, UK): Fluorescein Isoth-
iocyanate (FITC) Anti-CD8 alpha antibody [EPR21769]
(1:500, ab237367), Alexa Fluor® 647 Anti-CD4 anti-
body [EPR20122] (1:500, ab252150), PE Anti-F4/80 an-
tibody [EPR20548] (1:100, ab237335), and APC Anti-
CDl11b antibody [M1/70] (1:500, ab25482). Next, the ra-
tio of CD8+ T cells (screening criteria: CD4-CD8+) and
tumour-associated macrophages (TAM; screening criteria:
CD11b+F4/80+) was determined using CytoFLEX flow cy-
tometer (Beckman Coulter, Inc., Brea, CA, USA). The gat-
ing strategy was established using negative control tubes
(unstained cells or isotype-matched controls). Positive pop-
ulations were defined as events exceeding the 99th per-
centile of fluorescence intensity in the negative control.
Fluorescence minus one (FMO) controls were employed to
compensate for spectral overlap in multicolor panels.

Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR)

Total RNA from cells (A549, H1299) or tissues
(mouse tumours) was isolated by TRIzol RNA Extraction
Reagent (R0016, Beyotime, Shanghai, China). Total RNA
was reversely transcribed to cDNA following the instruc-
tions of the Golden 1st cDNA Synthesis Kit (with dsNase;
DO0401, HaiGene, Harbin, China). The qRT-PCR assay sys-
tem was composed of pre-synthesised primers (relevant in-
formation is listed in Table 1), cDNA, RAPA3G SYBR
Green qPCR Mix (A2250-00, HaiGene, Harbin, China) and
diethyl pyrocarbonate (DEPC) water. The reagents to be
detected were added to the ABI 7500fast Real-Time PCR
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Table 2. Antibodies used in western blot.

Antibodies Dilution rate  Molecular weight Production No.

KDM5B 1/2000 165 kDa ab181089, Abcam, Cambridge, UK
SETDB1 1/2000 158 kDa ab12317, Abcam, Cambridge, UK
SETDB1 1/1000 158 kDa ab313862, Abcam, Cambridge, UK
GAPDH 1/5000 34 kDa ab8245, Abcam, Cambridge, UK
Goat anti-rabbit [gG H&L 1/5000 — ab6721, Abcam, Cambridge, UK
Goat anti-mouse 1gG H&L 1/5000 — ab150113, Abcam, Cambridge, UK

IgG, Immunoglobulin G; H&L, Heavy & Light chains.

System and the CT value of each gene was obtained. Rel-
ative mRNA levels were calculated based on the 2~2ACT
formula. Conventional glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) genes were selected for the internal
reference.

Western Blot

Lysates (R0010, Solarbio, Beijing, China) were added
to cells (A549, H1299) or tissues (mouse tumours) to iso-
late the total proteins. Protein concentration was then
detected using a bicinchoninic acid (BCA) kit (PC0020,
Solarbio, Beijing, China). The denatured proteins were
added to a pre-configured sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), followed by
an electrophoresis-electrotransfer treatment to complete the
separation and transfer of proteins. Following polyvinyli-
dene fluoride (PVDF) membrane sealing, the membrane
was sequentially immersed in diluted primary and sec-
ondary antibodies (relevant information is listed in Table 2).
The antigen-antibody complexes were presented as bands in
the gel imager (Tanon 3500, Tanon Science & Technology
Co., Ltd., Shanghai, China) after the enhanced chemilumi-
nescence (ECL) luminescent solution was added dropwise.
Relative protein level = grey value of target protein / grey
value of internal reference protein (GAPDH).

Statistical Analysis

The study was statistically analyzed using GraphPad
Prism 8.0 software. Data were expressed as mean =+ stan-
dard deviation. One-way analysis of variance (ANOVA)
analysis was used for comparison between multiple groups
(Dunnett post hoc test was used for comparisons between
Fig. 1B,C,EF, Fig. SA-C,E,F and Fig. 6; Tukey post
hoc test was used for comparisons between the rest fig-
ures). Two-way ANOVA was employed for the analyses in
Fig. 5A and Fig. 7A. Results were considered statistically
significant at p < 0.05.

Results

Allicin Inhibited the Expressions of KDM5B and
SETDBI in NSCLC Cells

After A549 and H1299 cells were treated with dif-
ferent concentrations of allicin, we detected the levels

of KDM5B and SETDBI proteins. The results showed
that medium (20 pg/mL) and high (40 pg/mL) concentra-
tions of allicin could effectively inhibit the protein expres-
sions of KDM5B and SETDBI1 (p < 0.05, Fig. |A-F), of
which 40 pg/mL allicin had the most remarkable effect
(Fig. 1A—F). Therefore, the subsequent cell treatment se-
lected 40 pg/mL allicin. After construction of the over-
expression/knockdown plasmids, we first tested the trans-
fection efficiency. As shown in Fig. 1G-J, KDMS5B over-
expression plasmids substantially up-regulated the mRNA
level of KDM5B (p < 0.05, Fig. 1G,H), while shSETDB1
significantly suppressed the expression of SETDBI (p <
0.05, Fig. 1LJ)).

Allicin Regulated the Malignant Function of NSCLC
Cells by Decreasing the KDM5B/SETDB1
Expression

In cell function experiments, we first demonstrated
that allicin inhibited the viability of A549 and H1299
cells (p < 0.05, Fig. 2A,B), promoted apoptosis (p <
0.05, Fig. 2C-F), and reduced migration (p < 0.05,
Fig. 3A,B,D,F) and invasion (p < 0.05, Fig. 3A,C,EF).
However, after KDMS5B overexpression, the effects of al-
licin were counteracted, as evidenced by enhanced cell
viability (p < 0.05, Fig. 2A,B), reduced apoptosis (p <
0.05, Fig. 2C-F), and apparently increased migration and
invasion (p < 0.05, Fig. 3). Moreover, shSETDBI re-
versed the effect of KDM5B overexpression. We found
that the viability of A549 and H1299 cells was reduced
(p < 0.05, Fig. 2A,B), migration and invasion were inhib-
ited (p < 0.05, Fig. 3), and the proportion of apoptosis
was significantly increased in the presence of shASETDBI1
(p < 0.05, Fig. 2C—F). We subsequently detected changes
in KDM5B and SETDB1 protein expressions using west-
ern blot. Similarly, allicin decreased the protein levels
of KDM5B and SETDBI1 (p < 0.05, Fig. 4A-F). When
KDMS5B was overexpressed, the downregulated levels of
KDMS5B and SETDB1 were reversed (p < 0.05, Fig. 4A—
F). When SETDB1 was knocked down, the expression level
of KDM5B was unchanged, yet SETDBI1 protein expres-
sion was suppressed (p < 0.05, Fig. 4A-F).
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Fig. 1. Allicin inhibited the expressions of KDM5B and SETDB1 in NSCLC cells. (A-F) The effects of different concentrations
of allicin on KDM5B and SETDB1 protein expressions in NSCLC cells were detected by western blot. (G,H) Transfection efficiency
of KDMS5B overexpression plasmid was determined by qRT-PCR. (I,J) Transfection efficiency of sShASETDB1 was tested by qRT-PCR.
GAPDH was the internal reference gene. All experiments were repeated three times to average. *p < 0.05, **p < 0.01, ***p < 0.001 vs.
Con; T1p < 0.001 vs. NC; ™ p < 0.001 vs. shNC. Abbreviations: NSCLC, non-small cell lung cancer; KDM5B, lysine demethylase
5B; SETDBI, SET domain bifurcated histone lysine methyltransferase 1; NC, KDM5B overexpression negative control for plasmid;
shSETDBI, short hairpin RNA for SETDB1; shNC, negative control for ssSETDBI.

Allicin Inhibited the Growth of Transplanted
Tumours and Reduced CD8+ T-Cell Damage

of transplanted tumours (p < 0.05, Fig. 5A). Furthermore,
allicin markedly waned the expressions of KDM5B and
SETDBI in the transplanted tumour (p < 0.05, Fig. 5SB—
F). In line with the immunohistochemical results, the area
of brown positive expression was increased in the allicin-H

In animal experiments, transplanted tumour mice were
constructed and received allicin treatment. On day 14, we
found that allicin treatment evidently inhibited the growth
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group compared with the Con group (p < 0.05, Fig. 6A,B),
hinting that allicin might positively impact CD8 T cell.
We further detected the infiltration of CD8+ T cells and
TAM within the tumour using flow cytometry. The results
showed that allicin effectively increased CD8+ T cell in-
filtration and decreased the proportion of TAM (p < 0.05,
Fig. 6C—F).

Allicin Enhanced the Anti-Tumour Effect of
Anti-PD-1 by Modulating KDM5B

In the next animal experiment, we supplemented anti-
PD-1 immunotherapy. From day 14, anti-PD-1 treat-
ment exhibited stable tumour growth-inhibiting effects
(Vector+PD-1 vs. Vector; p < 0.05, Fig. 7A), while al-
licin played an adjuvant therapeutic role and further damp-

ened the growth of tumour volume (Vector+PD-1+Allicin
vs. Vector+PD-1; p < 0.05, Fig. 7A). However, the ad-
juvant effect of allicin was reversed due to overexpres-
sion of KDM5B (KDMS5B+PD-1+Allicin vs. Vector+PD-
1+Allicin; p < 0.05, Fig. 7A). Immunohistochemical stain-
ing results revealed (Fig. 7B,C) that there was a trend of
increased positive expression of CD8 in the Vector+PD-
1+Allicin group compared with the Vector+PD-1 group (p
< 0.05); however, the expression of CD8 was signally re-
duced in the tumours of the KDM5B+PD-1+Allicin group
compared with the Vector+PD-1+Allicin group (p < 0.05).
Immunocyte infiltration assay data unveiled that anti-PD-1
treatment increased CD8+ T cell infiltration and decreased
the proportion of TAM (Vector+PD-1 vs. Vector; p <
0.05, Fig. 7D-G), which was strengthened by additional


https://www.discovmed.com/

2278

—~ 1500
©
£
E
2 1000- 3
2 ]
]
z 500 s !
o 1
£ s
2 .
0 1 1 1 1
od 7d 14d 21d
. Con
* % % %k
L] Allicin-L ]]* % %k ]1 % %k
s~ Allicin-H
D oo\/ Qib
O ‘\ R '\
& W W
GAPDH | 4NN TS S | 32 kDa

E

g 1.5 < 1.5
X3 3
E3 o
m2404d T S2104 T
Q= 1.0 @ 10
= o [}
on il i e
<8 2
o= 0.5 o = 0.5+ ok
= ‘,% a E g' T
S o © O
= °
0.0—1T—T7T— ¥ 0.0-—7T—T—
S > R S v R
S e
W i} W
2 g
o
g 157 F3 15
] =0
2
2109 — °2 104 —
o c o c
S sk —l e
o 9 ek oo .
= 9 0.5 P © 0.5 o
v 2 w o
© o 9 5
Qo
2 >
% 00—7T—7T—"T— ] 0.0——
© & v R © & v R
« SECHES Be SECHES
N N\
W W

Fig. 5. Allicin inhibited transplanted tumour growth. (A) The effect of allicin on transplanted tumour growth was examined by
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by qRT-PCR (B,C) and western blot (D—F). GAPDH was the internal reference. All experiments were repeated three times to average.
**p < 0.01, ***p < 0.001 vs. Con. Abbreviations: Allicin-L, mice treated with 3.5 mg/kg of allicin; Allicin-H, mice treated with 7

mg/kg of allicin; TAM, tumour-associated macrophage.

allicin treatment (Vector+PD-1+Allicin vs. Vector+PD-1;
p < 0.05, Fig. 7D-G). Similarly, after overexpression of
KDMS5B, such effect of allicin treatment was offset, as
demonstrated by decreased number of CD8+ T cells and
increased proportion of TAM infiltration (KDM5B+PD-
1+Allicin vs. Vector+PD-1+Allicin; p < 0.05, Fig. 7D-G).

Discussion

In the past decade, PD-1/PD-L1 inhibitors have
evolved rapidly, reshaping the landscape of NSCLC treat-
ment and becoming the first-line standard of care for ad-
vanced NSCLC [25,26]. Despite its improving effects on
prognosis, only a minority of NSCLC patients derive ben-
efit from PD-1/PD-L1 inhibitors [27,28], with drug resis-
tance and adverse effects remaining key impediments to ef-
ficacy. Therefore, numerous immunotherapy adjuvants are
being actively developed. Building upon our prior finding
that allicin enhances NSCLC radiosensitivity [17], through
the follow-up experiments, we confirmed that allicin could
potentiate the effect of anti-PD-1 immunotherapy.

In addition, we explored the adjuvant mechanism of
allicin and unraveled that the KDM5B/SETDBI1 axis is in-
volved in adjuvant therapeutic effects of allicin. In NSCLC,
KDMS5B has been shown to promote tumour invasiveness

by activating multiple related biological processes through
c-Met signalling, thereby contributive to the poor progno-
sis [29]. There is a paucity of studies regarding KDM5B
and immune regulation, most of which focus on the body’s
immune-inflammatory response [30,31]. However, recent
research firstly linked KDMS5B with tumour immune es-
cape, demonstrating that KDMS5B inhibits endogenous re-
verse transcription factors in melanoma cells by recruiting
SETDBI [18]. KDMS5B is a key epigenetic regulator in
NSCLC, with its high expression associated with tumour
aggressiveness and poor prognosis [29], based on which we
demonstrated for the first time that by inhibiting KDM5B
signalling, allicin improves the efficacy of anti-PD-1 ther-
apy against NSCLC transplanted tumours. KDMS5B inhi-
bition might theoretically trigger compensatory upregula-
tion of other histone-modifying enzymes (e.g., KDMS5A,
HDACs) to maintain tumour survival. Concretely, KDM5B
inhibition may upregulate KDMS5A or related members to
preserve H3K4 methylation homeostasis, while loss of its
demethylase activity can trigger compensatory upregula-
tion of co-repressor components (e.g., HDACs) to maintain
transcriptional repression [32]. Future studies should em-
ploy epigenetic inhibitor screening or proteomic analyses
to comprehensively evaluate potential escape mechanisms.
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Abbreviations: Allicin-L, mice treated with 3.5 mg/kg of allicin; Allicin-H, mice treated with 7 mg/kg of allicin; TAM, tumour-associated

macrophage.

Studies have shown that SETDBI1 amplification is
strongly associated with tumour immune rejection and anti-
immune checkpoint blockade [33,34], and has therefore
been identified as an epigenetic checkpoint that suppresses
intrinsic tumour immunogenicity [34]. Our study further re-
vealed that KDMS5B promotes immune evasion in NSCLC
through recruiting H3K9 methyltransferase SETDB1, sug-
gesting its dual role in both tumour progression and im-
munosuppression. Regrettably, our study only demon-
strated an inhibitory effect of allicin on SETDBI1 expres-
sion without analyzing downstream immune escape mech-
anisms. Moreover, a previous study demonstrated that in

biological systems, allicin can traverse cellular compart-
ments, where it reacts rapidly with free thiol groups to
exert biological and pharmacological effects [14]; how-
ever, whether or how this reaction also occurs in the
medium needs further study. Notably, our study is the first
to link Allicin-mediated KDMS5B inhibition to SETDBI-
dependent immune activation in NSCLC, a mechanism dis-
tinct from prior melanoma studies.

Nonetheless, there are some limitations in this study.
Firstly, the blood concentration and bioavailability of al-
licin have not been measured in the animals, and its low tis-
sue accumulation may limit therapeutic efficacy in patients,
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Fig. 7. Allicin enhanced the anti-tumour effect of anti-PD-1 by modulating KDMSB. (A) The effects of anti-PD-1 and allicin on the
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necessitating future pharmacokinetic studies to bridge the
bench-to-bedside gap. Besides, all current data are derived
from cell and mouse models. Clinical relevance needs to be
confirmed through patient samples or clinical trials. Sec-

ondly, although KDMSB/SETDBI inhibition is associated
with increased CD8+ T cell infiltration, the key chemo-
tactic factor pathway mediating this process requires func-
tional validation. Our experiment did not evaluate the con-
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tribution of other immune cells within the tumour (such as
TAMs and CAFs) to T cell recruitment, warranting future
investigation. Thirdly, this study did not directly assess the
functional status of CD8+ T cells (such as IFN-v secretion
and cytotoxic activity). Although increased infiltration is
associated with therapeutic effect, functional experiments
are needed to confirm its causality. Finally, while A549
and H1299 represented common NSCLC subtypes, other
genotypes were not systematically analyzed in this study.
Future work should validate our findings in patient-derived
organoids or additional cell lines reflecting NSCLC diver-
sity.

Conclusion

In summary, this study demonstrates that allicin may
regulate the proliferation of NSCLC cells and tumour
growth through inhibition of the KDM5B/SETDBI1 signal-
ing axis. In vivo experiments reveal synergistic anti-tumour
effects when allicin combines with PD-1 antibodies; how-
ever, its specific mechanisms, including whether it modu-
lates tumour microenvironment or immune cell functions,
require further validation. These findings provide prelim-
inary experimental evidence for exploring allicin’s poten-
tial applications in tumour immunotherapy, though clinical
translation still requires substantial research.
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