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cells by enhancing the level of autophagy
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Abstract

Background Acute myeloid leukemia (AML) is a common hematological tumor, but it is difficult to treat. DNMTT is a
DNA methyltransferase whose main function is to maintain stable DNA methylation during the DNA replication process.
DNMT]1 also plays an important role in AML, but its function in cytokine-induced memory-like natural killer (CIML NK)
cell activity remains unclear.

Methods and results In this study, we isolated primary NK cells from the peripheral blood of healthy volunteers and AML
patients and treated them with 10 ng/mL IL-12, 50 ng/mL IL-15 and 50 ng/mL IL-18 to promote their differentiation into
CIML NK cells. The activity of CIML NK cells was evaluated by RT—qPCR, western blotting, ELISAs, and flow cytometry.
DNMT1 was highly expressed in NK cells from AML patients. Knocking down DNMT]1 significantly increased the expres-
sion of CD25, CD137, CD107a, IFN-y, and TNF-a and increased the activity of CIML NK cells. Mechanistically, knocking
down DNMT]1 promoted autophagy by activating the AMPK/mTOR signaling pathway, thereby enhancing the activity of
CIML NK cells and alleviating the progression of AML.

Conclusions Our study revealed that the downregulation of DNMT expression may be a new target for the treatment of
AML.

Keywords Acute myeloid leukemia - Memory-like NK cells - DNMT1 - Autophagy - AMPK/mTOR signaling
pathway - DNA methylation

Introduction

Acute myeloid leukemia (AML) is a type of hematological
malignancy with substantial heterogeneity and poses a sig-
nificant challenge in clinical practice [1]. The current stan-
dard treatment for AML achieves remission in less than 30%
of patients. Those with refractory or relapsed AML who can-
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not undergo hematopoietic stem cell transplantation (HCT)
have limited treatment options and a poor prognosis [2].
On the other hand, allogeneic HCT offers a potential cure
through immune-based therapy utilizing allogeneic T cells
and NK cells. However, the high rates of treatment-related
complications and mortality make this approach unsuitable
for most AML patients [3, 4]. Therefore, an urgent need is to
develop less toxic and more effective targeted cell therapies.

The main immune mechanism of allogeneic HCT, known
as graft-versus-leukemia (GVL), is conventionally attrib-
uted to T cells. Nevertheless, a recent study indicated that
natural killer (NK) cells also play a vital role in the GVL
process [5, 6]. NK cells, a type of innate lymphocyte, are
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capable of eliminating virus-infected and malignant cells.
These cells possess several critical features essential for
successful cancer therapy, such as their innate ability to kill
target cells while carrying minimal risks of graft-versus-
host disease, cytokine release syndrome, or neurotoxicity
[7]. Moreover, their inherent tendency to induce myeloid
cell death makes them particularly attractive for AML treat-
ment [8]. Studies have shown that NK cells can be induced
to exhibit memory-like properties [9, 10]. By subjecting NK
cells to brief in vitro preactivation utilizing IL-12, IL-15,
and IL-18 (lasting 12 to 16 h), memory-like NK cells with
potent antileukemic properties can be generated [11, 12].
Furthermore, these memory-like NK cells have produced
favorable responses in more than 50% of individuals with
relapsed/refractory AML, with no significant adverse
effects [2]. Therefore, exploring the molecular mechanism
by which cytokine-induced memory-like (CIML) NK cell
activity is enhanced is highly important for the clinical treat-
ment of AML.

Abnormal methylation of DNA is commonly observed in
tumors and contributes to genome instability and control-
ling the expression of important genes, thus facilitating the
malignant progression of tumors [13]. DNA methylation is
primarily managed by DNA methyltransferases (DNMTs).
DNMT]I, a crucial member of the DNMT family, aids in
retaining methylation during DNA replication [14]. DNMT1
has been shown to impact tumor progression. For example,
in pancreatic ductal adenocarcinoma, DNMT1 can promote
cell cycle progression and growth while hindering the dif-
ferentiation of pancreatic ductal adenocarcinoma cells [15].
Furthermore, DNMT 1 also plays a vital role in the tolerance
and effectiveness of AML treatment [16]. Nonetheless, the
influence of DNMT1 on the function of CIML NK cells in
AML remains unexplored.

Furthermore, DNMT1 can regulate the expression of the
Beclin 1 and LC3 proteins, which performs dual functions in
the regulation of autophagy [17]. Autophagy is a conserved
eukaryotic process that upholds intracellular protein quality
control and cellular equilibrium in response to environmen-
tal stressors [18]. Importantly, autophagy also governs the
enrichment and localization of NK cells [19]. Moreover, a
growing body of research indicates that the AMP-activated
protein kinase (AMPK) and mammalian target of rapamy-
cin (mTOR) signaling pathway is crucial for regulating
autophagy [20]. AMPK acts as an energy sensor and an
autophagy inducer. Once activated, AMPK reduces mTOR
phosphorylation levels, thereby increasing autophagy in
cells [21]. Therefore, this study explored the regulatory role
of the AMPK/mTOR pathway in NK cell autophagy.

In summary, this study aimed to explore the effect of
DNMT1 on CIML NK cell activity in AML through the
modulation of the AMPK/mTOR signaling pathway. This
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study sought to elucidate its mechanism of action and pro-
vide a theoretical foundation for developing new treatments
for AML.

Materials and methods
Clinical sample collection

Blood samples were obtained from 16 healthy volunteers
and 16 AML patients, with an equal distribution of males
and females between the ages of 30 and 60 years at the First
Affiliated Hospital of Kunming Medical University. All par-
ticipants provided informed consent before any study proce-
dures were performed.

Isolation, culture and treatment of NK cells

NK cells were initially isolated from the peripheral blood of
healthy volunteers and patients with AML via CD56-posi-
tive selection (Miltenyi Biotec, Germany). For CIML and
control NK cells, primary NK cells were preactivated using
a previously documented protocol [22]. The NK cells from
AML patients were cultured at a density of 4x10° cells/
mL and exposed to a mixture of 10 ng/mL IL-12, 50 ng/mL
IL-15, and 50 ng/mL IL-18, or control conditions involving
3 ng/mL IL-15, and were preactivated for 16 h on Day 1.
After this preliminary 16-hour activation, the NK cell prepa-
rations were washed three times with PBS from HyClone to
remove cytokines before being placed into complete AIM-V
medium supplemented with 10% fetal bovine serum and 3
ng/mL IL-15 to increase survival. The medium was changed
every 2 or 3 days, and the medium was supplemented with
IL-15. On Day 7, the cells were collected for subsequent
experiments. Azacitidine (AZA, Sigma—Aldrich), chloro-
quine (CQ, Sigma—Aldrich), and the AMPK/mTOR sig-
naling pathway inhibitor dorsomorphin (Comp C; Selleck
Chemicals) were added to the CIML NK cells at concentra-
tions of 40 uM, 10 uM, and 10 pM, respectively, and incu-
bated for a period of 48 h.

Cell transfection

NK cells and CIML NK cells were seeded into 24-well
plates at a density of 1x10° cells per well one day before
the infection. Following an overnight culture, a lentivirus
supernatant (Genepharma, Shanghai, China) containing
either sh-NC or sh-DNMT1 was utilized to infect the cells
at a multiplicity of infection (MOI) of 20. The transfection
efficiency was evaluated at 48 h postinfection, and the cells
were subsequently used in further experiments.
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Table 1 Primer sequences

Target Sequence (F: forward primer; R: reverse primer) (5'-3")
DNMT!  F: TACCAGGGAGAAGGACGGG

R: ACCACCAGACGCCACAT
GAPDH  F: GGGAAACTGTGGCGTGAT

R: AAUGGTGGAGGAGTGGGT

DNA methylation analysis

Genome-wide DNA methylation (5-mC) levels in NK cells
were measured using a MethylFlash DNA quantification
(coloration) kit (Epigentek). Genomic DNA (100 mg) was
isolated from NK cells using a Genomic DNA Isolation
Kit (Qiagen). For the quantification of the 5-mC content,
specific monoclonal antibodies were applied in combina-
tion with both detection and secondary antibodies. Stan-
dard curves were generated to quantify the 5-mC content,
utilizing the negative and positive DNA controls provided
in the kit. The colorimetric estimation of the 5-mC content
was conducted using a microplate reader according to the
manufacturer’s protocols. First, the genomic DNA from
each sample was added to the wells of the assay plate. Upon
color development, the absorbance was measured at 450 nm
with a microplate reader according to the manufacturer’s
guidelines.

RT-qPCR

Total RNA was extracted from NK cells with TRIzol reagent
(Invitrogen, 15596026). The RNA was then reverse-tran-
scribed to generate cDNA using a first-strand cDNA syn-
thesis kit (Genenode, China). The synthesized cDNA was
subsequently subjected to real-time fluorescence quantita-
tive PCR with a SYBR Green kit (Solarbio, China). The
PCR analysis utilized GAPDH as an internal reference, and
the data were analyzed using the 2 22" method. The spe-
cific sequences of the primers used can be found in Table 1.

Western blot analysis

Proteins were obtained from NK cells and CIML NK cells
using RIPA buffer (Sigma—Aldrich, USA) containing 1%
protease inhibitors and phosphatase inhibitors. The protein
concentration was determined with a bicinchoninic acid
(BCA) assay kit (Thermo Scientific, USA) according to the
manufacturer’s protocol. The total proteins were separated
on SDS-PAGE gels and then transferred onto polyvinyli-
dene fluoride (PVDF) membranes (Millipore, USA). The
membranes were subsequently blocked with 5% skim milk
for 1.5 h at room temperature. Primary antibodies against
DNMTT1 (1:1000, ab188453, Abcam, UK), LC3B (1:1000,
ab192890, Abcam, UK), Beclinl (1:1000, ab302669,

Abcam, UK), p62 (1:1000, ab109012, Abcam, UK), AMPK
(1:1000, #2532, CST, USA), p-AMPK (1:1000, #2535,
CST, USA), mTOR (1:1000, ab32028, Abcam, UK),
p-mTOR (1:2000, ab109268, Abcam, UK), and GAPDH
(1:2000, ab8245, Abcam, UK) were applied. The mem-
branes and antibodies were then incubated overnight at
4 °C. A secondary antibody (1:4000, ab97051, Abcam, UK)
was subsequently added and incubated with the membrane
at room temperature for 1 h before being developed using an
enhanced chemiluminescence (ECL) kit (Millipore, USA).
Finally, a semiquantitative analysis of the bands was per-
formed using ImagelJ software.

ELISA

In accordance with the instructions of the TNF-a (SEKH-
0047, Solarbio) and IFN-y (SEKH-0046, Solarbio) Kkits,
NK cell or CIML NK cell culture media were transferred to
sterile centrifuge tubes. After centrifugation at 1,000xg for
10 min, the supernatant was evenly distributed into small EP
tubes for analysis. After each working solution was added
according to the manufacturer’s instructions, the levels of
cytokines (TNF-a and IFN-y) were measured by detecting
the optical density at 450 nm using a microplate reader.

Flow cytometry

NK cells and CIML NK cells were resuspended in FACS
buffer composed of 0.5% (w/v) BSA and 2 mM EDTA in
a Ca*" and Mg**-free PBS solution. Next, the cells were
transferred to 1.5 mL EP tubes, ensuring that the samples
from each group contained at least 1 x 10° cells. The super-
natant was removed via centrifugation. The antibodies were
then diluted at a 1:50 ratio in PBS with 1% BSA and incu-
bated in the dark for 45 min. After washes with FACS buf-
fer, the samples were analyzed using a BD FACSVerse flow
cytometer. Antibodies, including PE-conjugated CD56,
CD25, and CD137 antibodies (Abcam, UK), were used for
the flow cytometry analysis. Isotype-matched antibodies
were used as controls to ensure proper gating. The detailed
steps of the gating strategy are provided in Supplementary
Figure S1.

CD107a degranulation assay

NK cells and CIML NK cells were suspended in 200 pL
of cell culture medium, and 5 pL of the PE-conjugated
CD107a antibody (Abcam, UK) or isotype control antibody
was added to the cells. After an incubation for 1 h, Golgi-
Stop (monensin), a protein transport inhibitor (BD Biosci-
ences), was added. Cells were incubated for an additional
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Fig. 1 The methylation level was increased in NK cells from leuke-
mia patients, and the expression of DNMT1 was upregulated. A: The
expression of the NK cell marker CD56 in healthy volunteers and
AML patients was detected by flow cytometry. B: The DNA meth-

3 h. The cells were washed with PBS and analyzed by flow
cytometry.

Statistical analysis

All the experimental data in this study are presented as
the means + standard deviations (means + SDs). GraphPad
Prism 8.2 was used for data analysis and visualization. A
t test was conducted to compare two groups, whereas one-
way ANOVA was used for comparisons of multiple groups.
Pairwise comparisons between groups were performed with
two-way ANOVA. Statistical significance was considered at
P<0.05.

Results

The methylation level is increased in NK cells from
AML patients, and the expression of DNMT1 is
upregulated

Initially, NK cells were isolated from the peripheral blood of
both healthy volunteers and patients diagnosed with AML.
The expression of the marker CD56 was examined to con-
firm the isolation of NK cells, and the results confirmed
successful isolation (Fig. 1A). Next, the DNA methylation
levels in the NK cells were measured. The methylation level
in NK cells from AML patients was significantly higher than
that in cells from healthy volunteers (Fig. 1B). Furthermore,
DNMT1 mRNA levels in NK cells from AML patients were
significantly elevated compared with those in NK cells from
healthy volunteers (Fig. 1C). These findings suggest that
both DNA methylation levels and DNMT1 gene expression
are increased in NK cells from patients with AML.

@ Springer

ylation level in NK cells from healthy volunteers and AML patients
was detected using a kit. C: RT-qPCR was used to detect DNMT1
mRNA levels in NK cells from healthy volunteers and AML patients.
P <0.001 compared with Health-NK cells

Knocking down DNMT1 increases the activity of
memory-like NK cells

We investigated the effect of DNMT1 on the activity of
CIML NK cells in AML patients, and the expression of
DNMT1 was noticeably reduced following DNMT 1 knock-
down in both NK cells and CIML NK cells (Fig. 2A). A
subsequent analysis focused on detecting the expression of
NK cell activation markers. The levels of CD25 and CD137
in NK cells remained unchanged after DNMT1 knockdown,
whereas a marked increase in CD25 and CD137 expression
was observed in CIML NK cells (Fig. 2B-C). The ELISA
results revealed that DNMT1 knockdown did not signifi-
cantly alter the secretion of IFN-y and TNF-a by NK cells,
but a significant increase in the levels of these cytokines was
noted in CIML NK cells (Fig. 2D). Degranulation assays
are commonly utilized to determine NK cell cytotoxicity
levels, with CD107a serving as a marker of the extent of
degranulation. While DNMT1 knockdown did not impact
CD107a expression in NK cells, CIML NK cells presented
a significant increase in CD107a levels (Fig. 2E), indicating
a significant increase in CIML NK cell cytotoxicity upon
DNMT1 knockdown. These findings suggest that DNMT1
suppression can effectively increase the activity of CIML
NK cells without significantly affecting NK cell activity.

The effect of the hypomethylation-inducing drug
azacitidine on the activity of memory-like NK cells is
consistent with that of DNMT1 knockdown

The impact of DNA methylation on AML-CIML NK cell
activity was subsequently investigated through the introduc-
tion of AZA to CIML NK cells. The flow cytometry data
indicated that the expression of the activation markers CD25
and CD137 in CIML NK cells was significantly increased
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4 Fig. 2 Knockdown of DNMT1 increased the activity of memory-like
NK cells. A: DNMT1 knockdown efficiency in NK cells and CIML
NK cells was detected by western blotting. B: The expression of the
activation marker CD25 in NK cells and CIML NK cells was detected
by flow cytometry. C: The levels of the activation marker CD137 in
NK cells and CIML NK cells were detected by flow cytometry. D:
ELISA was used to detect the levels of the cytokines IFN-y and TNF-a
secreted by NK cells and CIML NK cells. E: CD107a expression in NK
cells and CIML NK cells was detected by flow cytometry. “P<0.01

ko

and  P<0.001 compared with the NC or sh-NC group

after DNMT 1 knockdown or AZA treatment compared with
that in the NC group (Fig. 3A-B). ELISAs revealed signifi-
cant increases in [IFN-y and TNF-a levels in CIML NK cells
following DNMT1 knockdown or AZA treatment compared
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Fig. 3 Effect of a hypomethylation-inducing drug (azacitidine) on the
activity of memory-like NK cells, which was consistent with the effect
of DNMT]1 knockdown. A: The expression of the activation marker
CD25 in CIML NK cells was detected by flow cytometry. B: The
expression of the activation marker CD137 in CIML NK cells was
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with those in the NC group (Fig. 3C). Moreover, the level of
CD107a was noticeably increased in CIML NK cells upon
DNMT1 knockdown or AZA treatment (Fig. 3D). These
findings suggest that the suppression of DNA methylation
can increase the activity of CIML NK cells, with results
similar to those of the knockdown of DNMTT1.

Knockdown of DNMT1 increases the level of
autophagy in memory-like NK cells

Studies have shown that autophagy is involved in the devel-
opment and functional regulation of NK cells [23]. There-
fore, we further investigated whether DNMT1 affects the
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detected by flow cytometry. C: The levels of IFN-y and TNF-a secreted
from CIML NK cells were detected via ELISAs. D: CD107a expres-
sion in CIML NK cells was detected by flow cytometry. ~*P<0.001
compared with the NC group
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Fig. 4 Knockdown of DNMT]! increased the level of autophagy in
memory-like NK cells. A: The levels of the autophagy-related proteins
LC3 1I/1, Beclinl and p62 were detected via western blotting. B: West-

activity of AML-CIML NK cells through the regulation
of autophagy. Western blot analysis revealed that DNMT1
inhibition noticeably increased Beclinl and LC3 II/I expres-
sion levels while decreasing p62 expression (Fig. 4A). The
AMPK/mTOR pathway is a crucial regulator of autophagy
[21]; therefore, we also examined the levels of proteins
related to this pathway. Knockdown of DNMTI1 signifi-
cantly increased AMPK phosphorylation and decreased
mTOR phosphorylation (Fig. 4B). These results suggest that
DNMT]1 suppression may induce autophagy in CIML NK
cells by activating the AMPK/mTOR pathway.

ern blot analysis of the expression of proteins related to the AMPK/
mTOR signaling pathway. ~~"P < 0.001 compared with the NC group

Autophagy inhibitors and AMPK inhibitors weaken
the effect of DNMT1 knockdown on memory-like NK
cells

AML-CIML NK cells were exposed to the autophagy inhib-
itor CQ or the AMPK pathway inhibitor Comp C to confirm
the role of DNMT1 knockdown in regulating autophagy
in CIML NK cells and its impact on CIML NK cell activ-
ity via the activation of the AMPK/mTOR signaling path-
way. The results from the flow cytometry analysis revealed
a significant decrease in the expression of the activation
markers CD25 and CD137 in CIML NK cells when treated
with either CQ or Comp C compared with the sh-DNMT1
group (Fig. SA-B). Additionally, the ELISA results revealed
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notable reductions in the levels of IFN-y and TNF-a in the
CQ and Comp C groups compared with those in the sh-
DNMTT1 group (Fig. 5C). Moreover, the addition of CQ or
Comp C led to a substantial decrease in CD107a expres-
sion in CIML NK cells (Fig. 5D). These findings suggest
that autophagy inhibitors or AMPK pathway inhibitors can
weaken the effect of DNMT1 knockdown on increasing
CIML NK cell activity.

Discussion

AML is a form of leukemia characterized by the abnormal
proliferation of immature myeloid cells within the bone
marrow, posing substantial treatment challenges. Our study
focused on evaluating the potential antileukemic effects of
CIML NK cells to investigate novel therapeutic strategies
for AML [24]. First, we isolated NK cells from healthy vol-
unteers and AML patients for our experiments. Importantly,
abnormal DNA methylation is a key factor contributing to
the progression of various tumors, including AML [25]. This
epigenetic alteration is known to drive disease progression
and resistance to therapies. DNMT1, a DNA methyltrans-
ferase, is responsible for maintaining DNA methylation
patterns and neonatal methylation [17]. DNMTI is often
upregulated in many cancer types, leading to poor outcomes,
and AML is no different [26, 27]. Mizuno et al. [28] inves-
tigated DNMT levels in 33 AML patients using a competi-
tive PCR analysis, revealing significantly elevated DNMT]1
levels in most patients. The overexpression of DNMT]1 is
believed to contribute to AML development and recurrence
by causing the hypermethylation of tumor suppressor genes
[28]. In this study, we found that the DNA methylation level
in the NK cells of AML patients was significantly increased,
and the expression of DNMT1 in the NK cells of AML
patients was also significantly higher than that in the NK
cells of healthy volunteers. Compared with previous stud-
ies, which only reported that DNMT 1 was highly expressed
in AML, our study further revealed that DNMT1 was highly
expressed in the NK cells of AML patients. These findings
suggest that high expression of DNMT1 may be an impor-
tant factor affecting the activity of CIML NK cells.

In recent years, the focus on distinct NK cell subsets
exhibiting CIML characteristics has grown. Due to their
enhanced effector functions and extended half-lives, CIML
NK cells have emerged as valuable tools in immunotherapy
for a variety of tumors [29]. CIML NK cells were initially
identified in mice that were costimulated with IL-12, IL-15,
and IL-18 [30], a finding that was subsequently validated in
human NK cells [31]. Both preclinical and clinical investi-
gations indicate that CIML NK cells offer benefits within the
tumor microenvironment and may play a role in preventing
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the relapse of hematopoietic malignancies [2, 32]. Con-
sequently, understanding the molecular mechanisms that
enhance the activity of CIML NK cells is essential for AML
treatment. In our study, upon NK cell differentiation, CIML
NK cells exhibited increased activity and toxicity. Further-
more, silencing DNMT1 was found to augment CIML NK
cell activity. Other reports also indicate that other signals
can contribute to the induction of CIML NK cell activ-
ity, including the activation of the receptor CD16, which
binds to cytokines to enhance the function of CIML NK
cells [33]. Upon activation by the high-affinity anti-CD16a/
CD30 bispecific protein AFM13, CD16 functionality and
subsequent ITAM signaling were shown to increase CIML
NK cell reactions [34]. Moreover, our findings revealed that
AZA had similar effects to the knockdown of DNMT 1, both
of which increased the activity of CIML NK cells. Based
on previous studies, we showed for the first time that the
knockdown of DNMT1 could increase the activity of CIML
NK cells, suggesting that it may be an important target for
the treatment of AML.

Furthermore, abnormal demethylation and methylation of
DNA can lead to irregular autophagy in states of prolonged
inactivity or excessive activation [35]. Autophagy plays a
crucial role in diverse physiological processes, including
the immune response, pathological aging, cell reprogram-
ming, tumor prevention, and elimination of foreign micro-
organisms [36, 37]. Recent studies suggest that autophagy is
highly important for the differentiation and function of NK
cells. Wang et al. [38] have shown that autophagy is vital
for the formation of NK cells and promotes their survival
by removing damaged mitochondria and intracellular ROS.
O’Sullivan [39] also underscored the importance of autoph-
agy in the creation and survival of CIML NK cells. Our study
demonstrated that decreasing the levels of DNMTI can
increase autophagy in CIML NK cells, leading to increased
NK cell activity. These results are consistent with those of
prior studies suggesting that autophagy regulation impacts
CIML NK cell activity. By investigating the relationships
among DNMT, autophagy, and CIML NK cell activity, we
improved our comprehension of this connection. Notably,
within the autophagy regulatory pathways, activated mTOR
signaling inhibits autophagy, whereas AMPK activation can
promote autophagy by suppressing mTOR signaling [40].
For instance, Shen et al. [41] documented that activating
the AMPK/mTOR pathway can reduce kidney damage by
inducing autophagy. Our findings indicate that inhibiting
DNMT]1 can induce autophagy by activating the AMPK/
mTOR pathway, thereby enhancing CIML NK cell activ-
ity. Based on previous studies, we elucidated a new mecha-
nism by which the DNMTI1/AMPK/mTOR signaling axis
regulates CIML NK cell activity through autophagy, and our
study also identified a new target for the treatment of AML.
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Fig. 5 Autophagy inhibitors and signaling pathway inhibitors weak-
ened the effect of DNMT1 knockdown on memory-like NK cells. A:
The expression of the activation marker CD25 in CIML NK cells was
detected by flow cytometry. B: The expression of the activation marker
CD137 in CIML NK cells was detected by flow cytometry. C: The lev-

Nonetheless, this research has several limitations. First,
intracellular signaling pathways are extremely complex and
often cross-regulated. The involvement of DNMT1 may
not be limited to AMPK/mTOR regulation. In the future,
our research group will explore whether DNMT1 regulates
other pathways and affects the activity of memory-like NK
cells. Second, this study only examined the basal levels of
IFN-y, TNF-a and CD107a of NK cells, which is insuffi-
cient to fully understand their function in a dynamic envi-
ronment. Further functional analysis with specific target
cells is needed in the future to evaluate the cytolytic capac-
ity of CIML NK cells. Furthermore, our study explored this
mechanism only at the cellular level, and lacks animal and
clinical studies. The utilization of DNMT1 in AML therapy
requires extensive exploration in future research.

els of IFN-y and TNF-a secreted from CIML NK cells were detected
via ELISAs. D: CD107a expression in CIML NK cells was detected by
flow cytometry. P <0.001 compared with the NC group; P <0.05,
#P<0.01, and P <0.001 compared with the sh-DNMT]1 group

Conclusions

In conclusion, our findings suggest that downregulating
DNMT1 promotes autophagy through activation of the
AMPK/mTOR pathway, thereby enhancing CIML NK cell
activity and alleviating AML progression. These findings
suggest that inhibiting DNMT1 may be a potentially effec-
tive strategy for the treatment of AML.
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