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[ABSTRACT] Diffuse large B-cell lymphoma (DLBCL) is characterized by significant treatment resistance. Palmitic acid (PA) has
shown promising antitumor properties. This study aims to elucidate the molecular mechanisms by which PA influences DLBCL progression.
We quantified the expression levels of microRNAs (miRNAs), Forkhead box protein O1 (FOXO1), and DNA methyltransferase 3A
(DNMT3A) in both untreated and PA-treated DLBCL tumors and cell lines. Assessments were made of cell viability, apoptosis, and
autophagy-related protein expression following PA administration. Interaction analyses among miR-429, DNMT3A, and FOXO1 were
conducted using luciferase reporter assays and methylation-specific (MSP) Polymerase chain reaction (PCR). After transfecting the
miR-429 inhibitor, negative control (NC) inhibitor, shARNA against DNMT3A (sh-DNMT3A), shRNA negative control (sh-NC), over-
expression vector for DNMT3A (oe-DNMT3A), or overexpression negative control (oe-NC), we evaluated the effects of miR-429 and
DNMT3A on cell viability, mortality, and autophagy-related protein expression in PA-treated DLBCL cell lines. The efficacy of PA
was also tested in vivo using DLBCL tumor-bearing mouse models. MiR-429 and FOXOI1 expression levels were downregulated,
whereas DNMT3A was upregulated in DLBCL compared to the control group. PA treatment was associated with enhanced autophagy,
mediated by the upregulation of miR-429 and downregulation of DNMT3A. The luciferase reporter assay and MSP confirmed that
miR-429 directly inhibits DNMT3A, thereby reducing FOXO1 methylation. Subsequent experiments demonstrated that PA promotes
autophagy and inhibits DLBCL progression by upregulating miR-429 and modulating the DNMT3A/FOXO1 axis. In vivo PA signific-
antly reduced the growth of xenografted tumors through its regulatory impact on the miR-429/DNMT3A/FOXO1 axis. Palmitic acid
may modulate autophagy and inhibit DLBCL progression by targeting the miR-429/DNMT3A/FOXO1 signaling pathway, suggesting
a novel therapeutic target for DLBCL management.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most
prevalent form of non-Hodgkin’s lymphoma (NHL), com-
prising approximately 30% of all NHL cases . Diagnosis of
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DLBCL necessitates specialized testing methods such as im-
munohistochemistry, flow cytometry, and molecular assays,
which are typically conducted by an expert hematopatholo-
gist . Recent therapeutic advancements have introduced
several agents, including Polatuzumab vedotin combined
with bendamustine and rituximab, selinexor, and tafasitamab
plus lenalidomide ™ *. DLBCL is notably phenotypically and
genetically diverse. Research has identified crucial genetic
mutations in genes such as MCD, BN2, N1, and EZB that
significantly contribute to the pathogenesis of DLBCL .
Owing to its diverse etiologies, approximately 40% of pa-
tients suffer from disease refractoriness or relapse !, under-
scoring the urgency to decipher the underlying mechanisms
of DLBCL pathogenesis and drug resistance to enhance clin-
ical outcomes. Palmitic Acid (PA), a primary free fatty acid
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(FFA) in human plasma and the predominant saturated fatty
acid (SFA) in membrane phospholipids ', has been increas-
ingly reported to inhibit cancer cell proliferation, metasta-
sis [, and invasive motility "> *). Recent studies have demon-
strated that PA can elevate LC3 expression by activating the c-
Jun N-terminal kinase (JNK) signaling pathway ©’. Moreover,
another study reported that PA significantly increased the re-
lease of intracellular reactive oxygen species (ROS) and in-
duced damage to mitochondrial membranes in human lymph-
oma cells '), suggesting that PA may play a role in modulat-
ing lymphoma development. Despite these insights, there is a
scarcity of comprehensive reports on the mechanisms and po-
tential roles of PA in DLBCL pathogenesis, highlighting a
significant gap in the current understanding and treatment of
this disease.

MicroRNAs (miRNAs) are short noncoding RNAs that
bind specifically to the 3'-untranslated region (UTR) of their
target mRNAs, leading to gene silencing or inhibition of
translation "". Recent studies have identified several
miRNAs, such as exosomal miR-99a-5p and miR-125b-5p, as
potential biomarkers for DLBCL "%, MiR-429, in particular,
has demonstrated antitumor effects in various cancers, includ-
ing breast cancer ", pancreatic cancer "'¥, and lymphoma "> ',
One study highlighted that miR-429 was upregulated in mar-
ginal zone lymphoma (MALT) " and another revealed that
miR-429 targets chromobox 8 (CBX8), leading to decreased
CBXS8 expression and enhanced apoptosis in DLBCL.
However, a comprehensive understanding of how miR-429
regulates DLBCL progression remains limited. Consequently,
targeting miR-429 presents a novel approach to exploring the
mechanisms underlying DLBCL development, potentially of-
fering new avenues for therapeutic intervention.

DNA methylation is a well-characterized epigenetic
modification that plays a crucial role in various biological
processes, including cellular development, differentiation,
gene expression, genomic imprinting, and X-chromosome in-
1 Previous studies have highlighted aberrant
methylation at specific gene loci, such as the INK4b-ARF-
INK4a locus, as a significant epigenetic anomaly in DLBCLs,
closely linked to clinical outcomes "' Genomic analyses of
DLBCL have shown that DNA methyltransferase 3A (DN-
MT3A) is actively involved in the epigenetic alterations ob-
served in this disease "”. DNMT3A catalyzes the methyla-
tion of cytosine residues within CpG islands (CGIs) in gene
promoters, effectively silencing gene transcription. This aber-
ration in DNMT3A function is considered an early event in
the development of DLBCL %, Observations from a study on
primary gastrointestinal diffuse large B-cell lymphoma (PGI-
DLBCL) indicate that lower levels of DNMT3A correlate
with improved survival outcomes ", underscoring its critic-
al role in DLBCL pathophysiology. Utilizing the StarBase
online bioinformatics tool (https://starbase.sysu.edu.cn/), we
identified a potential binding sequence for miR-429 within
DNMT3A. Furthermore, existing research has demonstrated
that miR-429 can target the 3'-UTR of DNMT3A in prostate
cancer 2. However, the interaction between miR-429 and
DNMT3A in DLBCL remains unexplored. DNMT3A is part

activation

®

of a family that includes DNMT1, DNMT2, and DNMT3 %!,
Additional bioinformatics analysis revealed that the pro-
moter region of Forkhead box protein O1 (FOXOT1) contains
a CGI, suggesting a potential regulatory mechanism involv-
ing DNMT3A; however, the specific interactions between
DNMT3A and FOXOL1 in this context have not yet been re-
ported.

In this study, we hypothesized that PA could elevate miR-
429 levels, subsequently suppressing DNMT3A expression in
DLBCL. This suppression is posited to enhance FOXOI1-
modulated autophagy, thereby inhibiting DLBCL progres-
sion. The aim of our research is to elucidate the novel mo-
lecular mechanisms through which PA exerts its therapeutic
effects in DLBCL, potentially providing a basis for improved
treatment strategies.

Materials and Methods

DLBCL tumor tissues and normal tissues from patients

Specimens of DLBCL tumor lymph nodes were ob-
tained from 30 patients diagnosed with DLBCL (n = 30).
Correspondingly, normal lymph node samples were collected
from 30 non-cancer patients undergoing lymph node biopsies.
All sample collections were performed at the Affiliated Hos-
pital of Zhengzhou Medical University. The study protocol
received approval from the ethics committee of the Affiliated
Hospital of Zhengzhou Medical University, and informed
consent was obtained from all participants. The median age
of the patients with DLBCL was 51 years (range: 42-76
years), while the median age of the control group was 49
years (range: 45-81 years). Detailed clinical characteristics,
including clinical stage, histological type, and pathological
grading of the patients, were systematically recorded in a
dedicated database.
Bioinformatics analysis

The online software StarBase 2.0 (http://starbase.sysu.
edu.cn/) was used to predict the potential binding site
between miR-429 and DNMT3A.
Cell culture

The female lymphoblastoid cell line GM12878 was ob-
tained from the Coriell Institute for Medical Research, Cam-
den, New Jersey, USA (Coriell Institute). (https://www.cori-
ell.org/0/Sections/Search/Sample Detail.aspx?Ref=GM 1287
8&Product=CC). DLBCL cell lines OCI-Lyl0 (CVCL_
8795), SU-DHL-4 (CVCL_0539), OCI-Ly7 (CVCL_1881),
and Farage (CVCL_3302) were acquired from Cellosaurus
(Lausanne, Switzerland).These cells were cultured in RPMI
1640 medium (11875119, Thermo Fisher Scientific, CA,
USA) supplemented with 2 mmol-L™" L-glutamine (A29168-
01, Thermo Fisher Scientific, CA, USA), 15% fetal bovine
serum, and 100 U-mL™" penicillin-streptomycin (15140148,
Thermo Fisher Scientific, CA, USA). Cultures were main-
tained at 37 °C in a humidified atmosphere containing 5%
CO, condition. The medium was refreshed every 2-3 days,
and cells were passaged upon reaching 80%—90% conflu-
ency.
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Cell transfection

MiR-429 mimics and inhibitors, along with their respect-
ive control NC mimics and NC inhibitors, were procured
from GenaPharma, Shanghai, China. The overexpression
plasmid for pPCMV6-DNMT3A (RC208192) and its corres-
ponding empty control vector, pCMV6, were sourced from
OriGene Technologies, Inc., Rockville, MD, USA. For trans-
fection, Lipofectamine 3000 reagent (L3000015, Thermo
Fisher Scientific, CA, USA) was employed. Scientific, CA,
USA). Cells were collected 48 h post-transfection, and the
transfection efficiency was assessed using RT-qPCR.
Xenografi tumor model

OCI-Ly7 cells were dissociated and counted following
harvesting. A total of 1 x 10" OCI-Ly7 cells were resuspen-
ded in 300 pL of sterile Phosphate Buffered Saline (PBS) and
injected subcutaneously into the right flank region of 4-week-
old male BALB/c nude mice (obtained from Guangdong
Medical Laboratory Animal Center, Guangdong, China). Post-
injection, mice were treated with 200 mg-kg™ of PA three
times per week for two weeks. Tumor volumes were meas-
ured five days post-injection and subsequently at specified in-
tervals. At the end of four weeks, the mice were euthanized
using carbon dioxide, and the tumors were excised and
weighed. The excised tumors were then fixed in formalin,
embedded in paraffin wax, and sectioned. Immunohistochem-
ical (IHC) analyses were performed on the tumor sections to
determine the expression levels of DNMT3A and FOXOI.
The animal study protocols were approved by the Ethics
Committee of the Affiliated Hospital of Zhengzhou Medical
University.
Luciferase reporter assay

The potential binding site of miR-429 in DNMT3A was

predicted using StarBase online software (http:/starbase.
sysu.edu.cn/). Wild-type (WT) and mutated (MUT) versions
of DNMT3A were cloned into the pGL-CMV luciferase re-
porter plasmid, which contains both wild-type and mutant po-
tential binding sequences for miR-429. The luciferase report-
er plasmids were transfected into cells using Lipofectamine
3000 (L3000015, Thermo Fisher Scientific, CA, USA) ac-
cording to the manufacturer’s instructions. Luciferase activ-
ity was measured 48 h post-transfection using a commercial
reporter assay kit (E1910, Promega, WI, USA).
Methylation-specific PCR

A 50 mmol-L™ stock solution of 5-Azacytidine (5-Aza,
A2385, Sigma-Aldrich, MO, USA) was prepared in DMSO
and stored at -80°C until use. Cells were treated with 1 uM 5-
Aza or an equivalent volume of DMSO, or they were trans-
fected with either sh-NC or shRNA against DNMT3A (sh-
DNMT3A) using Lipofectamine 3000 (L3000015, Thermo
Fisher Scientific, CA, USA). After 72 h, cells were harvested,
and total RNA was extracted using Trizol reagent (T9424,
Sigma-Aldrich, MO, USA). Methylation levels were as-
sessed using the Bisulfite Conversion Kit (K1461) and DNA
Methylation Analysis Kit (K1441) from Thermo Fisher Sci-
entific, CA, USA, following the manufacturer’s detailed in-
structions. Primers for the unmethylated reaction were for-
ward 5'-TCGTCATAATCTGTCCCTACACA-3' and reverse
5'-CGGCTTCGGCTCTTAGCAAA-3'. For the methylation
reaction, the primers were forward 5-GTTTAATTTA-
GAGGGTGGTAAGAGC-3' and reverse 5'-CTTTCTTCT-
TAACAACTCGACTTCG-3". The Polymerase chain reac-
tion (PCR) products were visualized on a 1.5% agarose gel.
Expected sequences for unmethylated and methylated
FOXOL1 are detailed in Table 1.

Table 1 The expected PCR product and the nucleotide sequence within the FoxO1 promoter.

Name

Specific sequences

5'-GAAAACATTAAACCAAAACAAAACCCACCGATTCCCCACGTCGTTCAGCAAAGACATCGTGGGT
GGAGCCAGGAGGGAGCGATTGAGTAGAATTCCTCGCGGCCGCCTCCGCCCGCCCACCCCGLGeeee
CGGCCCTCGGCCCCCTGCCCTGCCAGCCCGCCGGGCTCGGCCCGCAGCGGAGGTCAGGGAGCAGCG

The expected PCR sequence
(-572/-273)

AGCGCCTCCTCCCACCCGGGCTTCCCGAGTACTCGGCTCTGCTGCTCCGTAGTAAACAAAGTGTCGC

CGGCGCCTCCACGCTGGTTTGCTTCCTAGCAATCAAA-3'
5'-GAAAATATTAAATTAAAATAAAATTTATCGATTTTTTACGTCGTTTAGTAAAGATATCGTGGGTG

GAGTTAGGAGGGAGCGATTGAGTAGAATTTTTCGCGGTCGTTTTCGTTCGTTTATTTCGCGTTTTCGG

The sequences of methylated
FoxOl1

TTTTCGGTTTTTTGTTTTGTTAGTTCGTCGGGTTCGGTTCGTAGCGGAGGTTAGGGAGTAGCGAGCGT

TTTTTTTTATTCGGGTTTTTCGAGTATTCGGTTTTGTTGTTTCGTAGTAAATAAAGTGTCGTCGGCGTT
TTTACGTTGGTTTGTTTTTTAGTAATTAAA-3’

Immunohistochemistry

For immunohistochemistry, rabbit anti-DNMT3A (1 :
1000, ab188470) and rabbit anti-FOXO1 (1 : 250, ab52857)
antibodies were purchased from Abcam, Inc., MA, USA. Im-
munostaining was performed using a DAB substrate kit
(ab64238, Abcam, Inc., MA, USA) and counterstained with
hematoxylin solution (ab220365, Abcam, Inc., MA, USA).
Images of the stained samples were captured using an inver-
ted Nikon Eclipse TE2000-U Inverted Fluorescence Micro-
scope (TE2000-U, New York, USA).
MTS and Flow cytometry assays

SU-DHL-4 and OCI-Ly7 cells were treated for 24 h with

®

either vehicle, PA, or a combination of PA with NC inhibitor,
miR-429 inhibitor, overexpression control (oe-NC), overex-
pression vector for DNMT3A (0e-DNMT3A), shRNA negat-
ive control (sh-NC), sh-DNMT3A, or miR-429 inhibitor + sh-
DNMT3A. Post-treatment, cells were harvested to assess cell
viability and mortality. Cell viability was determined using a
commercial Cell Proliferation Assay kit (G3582, Promega
Corporation, WI, USA). Cell mortality was analyzed using a
FITC Annexin V Apoptosis Detection Kit with PI (640914,
Biolegend, CA, USA), and the analysis was conducted on a
BD FACSAria™ III flow cytometer (BD FACSAria III, BD
Bioscience, USA) following the manufacturer’s detailed in-

—556—


http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/

LI Weiming, et al. / Chin J Nat Med, 2024, 22(6): 554-567

structions.
TUNEL assay

Tumor sections were dewaxed, rehydrated, and rinsed in
distilled water. The sections were then treated with 5% hy-
drogen peroxide for 10 min to inactivate endogenous peroxi-
dases, followed by three washes with 1 x DPBS. Apoptotic
cells were detected using commercial TUNEL Assay Kits
(C10617, Thermo Fisher Scientific, CA, USA). Nuclei were
stained with DAPI (1 : 2000, 62248, Thermo Fisher Scientif-
ic, CA, USA). Images of the sections were captured using an
EVOS™ M5000 Imaging System (AMF5000, Thermo Fish-
er Scientific, CA, USA).
RT-qPCR

Total RNA was extracted using RNeasy Kits (74004,
Qiagen, MD, USA). One microgram of total RNA was used
for cDNA synthesis using the High-Capacity cDNA Reverse
Transcription Kit (4368813, Thermo Fisher Scientific, CA,
USA). Subsequently, RT-qPCR was conducted using an RT-
qPCR SYBR Green ROX Kit on QuantStudio™ 3 Real-Time
PCR System (A28136, Thermo Fisher Scientific, CA, USA).
The PCR primers used were as follows: miR-429 forward 5'-
TACTGTCTGGTAAAACCG-3" and reverse 5-GAACAT-
GTCTGCGTATCTC-3"; U6  forward  5-CTCGCT-
TCGGCAGCACAT-3" and reverse S5-TTTGCGTGT-
CATCCTTGCG-3"; DNMT3A forward 5'-CCTCTTCGTTG-
GAGGAATGTGC-3' and reverse 5-GTTTCCGCACAT-
GAGCACCTCA-3'; FOXOl forward 5'-CTACGAGTG-
GATGGTCAAGAGC-3' and reverse 5-CCAGTTCCTTCA-
TTCTGCACACG-3'; GAPDH forward 5-GTCTCCTCT-
GACTTCAACAGCG-3' and reverse 5-ACCACCCTGT-
TGCTGTAGCCAA-3'. Relative gene expression levels were
determined using the 2™**“" method.
Western blotting assay

Total proteins were extracted from DLBCL cell lines or
xenografted tumor tissues using Radio-Immunoprecipitation
Assay (RIPA) buffer (ab156034, Abcam, Inc., MA, USA)
supplemented with the protease inhibitor PMSF (ab141032,
Abcam, Inc., MA, USA). Protein concentrations were meas-
ured using a BCA protein assay kit (ab102536, Abcam, Inc.,
MA, USA). 10 pg of total proteins were separated by 10% so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to the nitrocellulose membrane.
The membranes were washed briefly with 1 x PBST (PBS
with 0.05% Tween® 20), blocked with 5% non-fat milk in
1 x PBST for 1 h at room temperature, and incubated
overnight at 4 °C with primary antibodies. Primary antibod-
ies used were rabbit anti-mTOR (1 : 2000, ab32028, Abcam,
Inc., MA, USA), rabbit anti-mTOR (phospho S2448) anti-
body (1 : 2000, ab131538, Abcam, Inc., MA, USA), rabbit
anti-LC3I/IT (1 : 2000, ABC929, Sigma-Aldrich, MO, USA),
rabbit anti-p62 (1 : 2000, ab91526, Abcam, Inc., MA, USA),
and mouse anti-B-actin (1 : 2000, ab6276, Abcam, Inc., MA,
USA) as the loading control. Following incubation, mem-
branes were washed three times with 1 x PBST and incub-
ated with corresponding secondary antibodies: goat anti-rab-
bit IgG H&L (HRP) (1 : 2000, ab205718, Abcam, Inc., MA,

USA) and goat anti-mouse IgG H&L (HRP) (1 : 2000,
ab6789, Abcam, Inc., MA, USA) for 2 h at room temperature.
After three further washes, the proteins were visualized using
an ECL kit (ab133406, Abcam, Inc., MA, USA) and imaged
with Image Lab 3.0 (17006130, Bio-Rad Laboratories, Inc,
CA, USA).
Statistical analysis

All data were expressed as means =+ standard deviation
(Mean + SD). Experiments were independently repeated at
least three times. The statistical analyses were conducted us-
ing Prism GraphPad 9. The differences were analyzed by Stu-
dent’s t-test or way ANOVA of variance with the post hoc
Tukey test. The differences among groups were considered
significant at P < 0.05.

Results

MiR-429 and FOXOI were downregulated, and DNMT3A
was upregulated in DLBCL.

To investigate the potential roles of miR-429, FOXOI,
and DNMT3A in the development of DLBCL, we assessed
their expression in DLBCL tumor tissues and cell lines using
RT-qPCR and Western blotting assays. The results indicated
that miR-429 and FOXO1 were consistently downregulated,
whereas DNMT3A was upregulated in DLBCL tissues com-
pared to normal control tissues (Figs. 1A—1C). Similar trends
were observed in DLBCL cell lines (SU-DHL-4, OCI-Ly7,
OCI-Lyl10, and Farage), where miR-429 and FOXO1 levels
were significantly lower, and DNMT3A levels were
markedly higher than in the normal lymphoblastoid cell line
GM12878 (Figs. 1D-1F), particularly in SU-DHL-4 and OCI-
Ly7 cells. Additionally, protein analyses confirmed that DN-
MT3A levels were elevated, and FOXO1 levels were re-
duced in these cell lines, especially in SU-DHL-4 and OCI-
Ly7 (Fig. 1G). These findings suggest a pattern of reduced
miR-429 and FOXOI1 expression, coupled with increased
DNMT3A expression, in DLBCL.

PA (25-100 umol-L™") enhanced miR-429 expression to influ-
ence the phenotype of DLBCL.

We further investigated whether PA at varying concen-
trations (25-100 pumol-L™") affected the expression of miR-
429 and its role in the progression of DLBCL. Our findings
demonstrated that PA increased miR-429 expression in DLB-
CL cell lines SU-DHL-4 and OCI-Ly7 in a dose-dependent
manner (Fig. 2A). However, they dramatically decreased cell
viability in a dose-dependent manner (Fig. 2B). Concurrently,
PA significantly reduced cell viability in these cell lines, also
in a dose-dependent fashion (Fig. 2B), and elevated levels of
cell mortality (Fig. 2C). Notably, at a concentration of 50
pmol-L™", PA notably augmented miR-429 expression and
cell mortality, while reducing cell viability compared to the
control group (Figs. 2A—2C). Further analysis using immun-
ofluorescent staining revealed that PA, compared to the con-
trol, significantly increased autophagic flux in both SU-DHL-
4 and OCI-Ly7 cells. The application of Bafilomycin Al
(BafAl), a known autophagy inhibitor, substantially reduced
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Fig. 1

miR-429 and FOXOI1 were downregulated, and DNMT3A was upregulated in DLBCL. (A—C) The expressions of miR-

429, DNMT3A, and FOXOI were detected by RT-qPCR in tumor tissues from patients with DLBCL and normal lymph node tis-
sues. (D-F) The expressions of miR-429, DNMT3A, and FOXOI1 were detected by RT-qPCR in normal lymphoblastoid cell
GM12878 and four DLBCL cell lines (SU-DHL-4, OCI-Ly7, OCI-Ly10, and Farage). (G) The protein levels of DNMT3A and
FOXO1 were determined by Western blotting assay in normal lymphoblastoid cell GM12878 and four DLBCL cell lines. Data

are representative of three independent experiments (n = 30). "P<0.05, “"P<0.01,

the formation of autophagosomes and attenuated the PA-in-
duced autophagic activity (Fig. 2D). Based on these results,
PA at 50 pmol-L™" was selected for subsequent experiments.
Additional Western blotting analysis showed that PA
markedly downregulated mTOR (ser2448) and p62 expres-
sions and facilitated the conversion of LC3I to LC3II, indicat-
ing an enhancement in autophagy in DLBCL cells. The auto-
phagy inhibitor BafAl mitigated the PA-induced autophagy
effects (Fig. 2E). These findings suggest that PA enhances
the expression of miR-429, which in turn regulates auto-
phagy in DLBCL cells, underscoring the therapeutic poten-
tial of targeting autophagy in DLBCL treatment.

PA enhanced autophagy by upregulating miR-429.

To explore the effects of PA-upregulated miR-429 up-
regulation on cell autophagy, we first evaluated the transfec-
tion efficiency of NC inhibitor and miR-429 inhibitor. The
results confirmed that the transfection of miR-429 inhibitor
for 24 h significantly reduced miR-429 levels in both SU-
DHL-4 and OCI-Ly7 cells (Fig. 3A). Furthermore, the miR-
429 inhibitor notably reduced the elevated miR-429 levels in-
duced by PA exposure (Fig. 3B). Subsequent assays
volving MTS and flow cytometry revealed that PA exposure
significantly decreased cell viability and increased cell mor-
tality. Intriguingly, the miR-429 inhibitor mitigated the PA-
induced decrease in cell viability and elevation in cell mortal-
ity (Figs. 3C-3D). Additional immunofluorescent staining in-
dicated that the NC inhibitor did not reverse the high auto-

in-

®

i

P <0.001 vs the corresponding control.

phagic flux induced by PA. However, the miR-429 inhibitor
substantially reduced the autophagic flux in both SU-DHL-4
and OCI-Ly7 cells (Fig. 3E). As shown in Fig. 3F, PA treat-
ment significantly decreased the phosphorylation levels of
mTOR at the Ser2448 site and p62 protein levels, while in-
creasing the LC3II/LC3I ratio, which indicates enhanced
autophagy. Conversely, the miR-429 inhibitor increased the
phosphorylation of mTOR and p62 levels and decreased the
LC3II/LC3I ratio, indicating a suppression of autophagy. In
summary, our findings suggest that PA promotes autophagy
and apoptosis in SU-DHL-4 and OCI-Ly7 cells by upregulat-
ing miR-429. This mechanistic insight reveals a pivotal role
of miR-429 in modulating the autophagic pathways influ-
enced by PA, providing a potential therapeutic target for
DLBCL treatment.
PA enhanced autophagy by inhibiting DNMT3A expression.
To elucidate the mechanism by which PA enhances cell
autophagy, we assessed the expression of DNMT3A in cells
treated with and without PA. Following the transfection with
either an 0oe-NC or an oe-DNMT3A, we observed a signific-
ant increase in DNMT3A mRNA levels with oe-DNMT3A
compared to oe-NC (Fig. 4A). PA treatment led to a reduc-
tion in DNMT3A expression relative to the vehicle control.
However, DNMT3A overexpression via oe-DNMT3A trans-
fection substantially counteracted the PA-induced reduction
in DNMT3A levels (Fig. 4B). Moreover, DNMT3A overex-
pression significantly mitigated the cytotoxic effects induced
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Fig. 2 PA (25-100 pmol'Lfl) enhanced miR-429 expression to influence the phenotype of diffuse large B-cell lymphoma. A. The
miR-429 levels were assayed by RT-qPCR in DLBCL cell lines SU-DHL-4 and OCI-Ly7 after treatment by vehicle or PA (25-100
pmol-L™") for 24 h. B. Cell viabilities were assessed by MTS assay in DLBCL cell lines. C. Dead cells were measured by flow cyto-
metry assay in DLBCL cell lines. D. The autophagic flux was detected by immunofluorescent staining using the autophagy-specif-
ic antibody LC3 in both SU-DHL-4 and OCI-Ly7 cells after the treatment with control, PA, bafAl, or PA + bafAl. Scale bar = 10
pm. E. The protein levels of mTOR, mTOR(ser2448), p62, and LC3II/I were detected by Western blotting assay in DLBCL cell
lines SU-DHL-4 and OCI-Ly7 after treatment by vehicle, PA (50 pmol-L"), or PA + bafA1l (50 pmol-L") for 24 h. Data are rep-
resentative of three independent experiments. P < 0.05, “P<0.01, " P<0.001 vs the corresponding control.

by PA compared with oe-NC transfection (Figs. 4C—4D). An
autophagic flux assay revealed that while oe-NC did not in-
hibit autophagic flux relative to PA treatment, oe-DNMT3A
markedly suppressed the increased autophagic flux induced

®

by PA in both SU-DHL-4 and OCI-Ly7 cells (Fig. 4E). West-
ern blotting analysis further demonstrated that DNMT3A
overexpression enhanced the phosphorylation of mTOR at
ser2448 and increased p62 expression, while reducing the ra-
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pmol-L™' PA. D. Cell mortality was detected by flow cytometry assay in DLBCL cell lines SU-DHL-4 and OCI-Ly7. E. The auto-
phagic flux was detected by immunofluorescent staining using the autophagy-specific antibody LC3 in both SU-DHL-4 and OCI-
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resentative of three independent experiments. P < 0.01, ""P < 0.001 vs the corresponding control.
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tio of LC31I to LC3I under PA treatment (Fig. 4F). These res- sion of LC3-I to LC3-II —an indicator of autophagosome
ults suggest that PA promotes cell autophagy by downregu- formation (Fig. 4F). Conversely, DNMT3A overexpression
lating DNMT3A, which in turn decreases the phosphoryla- can significantly counteract the autophagy-enhancing effects
tion of mTOR and p62 expression but increases the conver- of PA, highlighting DNMT3A’s critical role in regulating
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Fig. 4 PA enhanced cell autophagy by inhibiting DNMT3A expression. A. The transfection efficiencies were determined by RT-
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autophagy in DLBCL cells.
MiR-429 regulated FOXOI expression by directly binding to
DNMT3A.

To explore the hypothesis that miR-429 modulates DN-
MT3A expression and thereby influences PA-induced auto-
phagy in DLBCL, we transfected SU-DHL-4 and OCI-Ly7
cells with NC mimics and miR-429 mimics and then meas-
ured DNMT3A expression. RT-qPCR results confirmed that
miR-429 mimics significantly decreased DNMT3A levels
(Fig. 5A). Using the online tool StarBase (http://starbase.
sysu.edu.cn/), we predicted a potential miR-429 binding site
on the DNMT3A sequence, with the alignment illustrated in
(Fig. 5B). Luciferase reporter assays further validated this in-
teraction, showing that miR-429 mimics inhibited luciferase
activity in cells transfected with the WT DNMT3A construct
but not with the MUT DNMT3A construct (Fig. 5C). West-
ern blotting analysis revealed that DNMT3A knockdown sig-
nificantly increased FOXO1 expression (Fig. 5D). Thus, we
investigated whether miR-429-altered DNMT3A expression

A B

m Control
1.5 B mimics NC

was associated with the methylation status of the FOXO1
promoter in DLBCL. Then we conducted the biochemical
analysis to examine the methylation level of the FOXO1 pro-
moter. The FOXO1 promoter region contained CpG islands
(CGls) in the FOXO1 promoter region, as shown in Fig. 5E.
Methylation-specific PCR was conducted on samples treated
with DMSO or 5-Azacytidine (5Aza), a DNA methylation in-
hibitor, and transfected with either sh-NC or sh-DNMT3A.
As expected, 5Aza treatment markedly reduced the methyla-
tion status of the FOXO1 promoter compared to DMSO (Fig.
5F), and DNMT3A knockdown also led to a significant de-
crease in FOXO1 methylation(Fig. 5F). These results con-
firm that miR-429 promotes autophagy by directly silencing
DNMT3A, thus upregulating FOXO1 expression. Additional
investigations into whether DNMT3A regulates miR-429
showed that DNMT3A knockdown significantly increased
miR-429 expression, our results in Fig. S1A. In Fig. S1B, we
predicted the status of miR-429 promoter (—2000/+100 bp).
Predictive analysis of the miR-429 promoter region identi-
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fied CGIs at positions 122-261 and 878-1133. Methylation-
specific PCR (MSP) demonstrated that both 5Aza treatment
and DNMT3A knockdown via sh-DNMT3A transfection sig-
nificantly reduced miR-429 methylation. These findings sug-
gest a regulatory feedback loop where DNMT3A influences
the expression of miR-429, which in turn modulates
DNMT3A expression, impacting the autophagic and epigen-
etic regulation in DLBCL.

PA influenced the progression of DLBCL via miR-429, dir-
ectly targeting DNMT3A to regulate autophagy.

In our study, we investigated the effects of palmitic acid
(PA) treatment on the expression of miR-429, DNMT3A, and
FOXO1 in SU-DHL-4 and OCI-Ly7 cells following transfec-
tions with various inhibitors and shRNAs. We used NC inhib-
itor, miR-429 inhibitor, sh-NC, sh-DNMT3A, and a combina-
tion of miR-429 inhibitor + sh-DNMT3A. Results indicated
that PA treatment significantly upregulated miR-429 and
FOXO1 while downregulating DNMT3A expression, as
shown in Figs. 6A—6C. The miR-429 inhibitor decreased the
levels of miR-429 and FOXOI1 but increased DNMT3A

levels. DNMT3A knockdown specifically reduced DNMT3A
expression and increased FOXOI1 levels but did not affect
miR-429 levels. Notably, inhibition of miR-429 mitigated the
PA-induced increase in miR-429 levels and restored the DN-
MT3A levels reduced by sh-DNMT3A transfection. MTS as-
say showed that inhibiting miR-429 could reverse the PA-in-
duced increase in cell death. Conversely, suppression of DN-
MT3A expression significantly reduced cell viability and en-
hanced cell mortality, as confirmed by flow cytometry
(Figs. 6D-6E). Transfections with inhibitor NC, miR-429 in-
hibitor, sh-NC, sh-DNMT3A, and the combination of miR-
429 inhibitor + sh-DNMT3A demonstrated that PA-induced
autophagic flux was significantly reversed by the miR-429 in-
hibitor, which effectively counteracted the PA-induced in-
crease in autophagic activity. Knockdown of DNMT3A by sh-
DNMT3A further enhanced the PA-induced autophagic flux,
an effect that was reversed by the miR-429 inhibitor in both
SU-DHL-4 and OCI-Ly7 cells (Fig. 6F). Furthermore, PA
treatment markedly increased LC3 conversion (LC3-I to LC3-
II), while decreasing phosphorylation of mTOR at ser2448
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Fig. 6 PA influenced the progression of DLBCL via miR-429, directly targeting DNMT3A to regulate autophagy. DLBCL cell
lines SU-DHL-4 and OCI-Ly7 were transfected with NC-inhibitor, miR-429 inhibitor, sh-NC, sh-DNMT3A, or miR-429 inhibi-
tor + sh-DNMT3A, followed by the treatment of PA or vehicle for further 24 h. A-B. The expressions of miR-429 and DNMT3A
were measured by RT-qPCR. C. Western blotting assay detected the protein levels of DNMT3A and FOXOI1. D. The cell viabil-
ity was assessed by MTS assay. E. The cell mortality was analyzed by flow cytometry assay. F. The autophagic flux was detected
by immunofluorescent staining using the autophagy-specific antibody LC3 in both SU-DHL-4 and OCI-Ly7 cells after the treat-
ment with control, PA, inhibitor-NC + PA, miR-429 inhibitor + PA, sh-NC + PA, sh-DNMT3A + PA or miR-429 inhibitor + sh-
DNMT3A + PA. Scale bar = 10 pm. G. The protein levels of mTOR, mTOR(ser2448), p62, and LC3II/I were detected by West-
ern blotting assay. Data are representative of three independent experiments. P < 0.05, P < 0.01, P < 0.001 vs the correspond-
ing control.

and reducing p62 levels (Fig. 6G). However, the miR-429 in- fected with the miR-429 inhibitor and sh-DNMT3A, auto-

hibitor upregulated mTOR ser2448 phosphorylation, in- phagy was considerably enhanced compared to cells with

creased p62 levels, and decreased LC3 conversion, inhibiting only miR-429 inhibition (Fig. 6G), suggesting that PA activ-

autophagosome formation (Fig. 6G). Interestingly, DNMT3A ates the miR-429/DNMT3A/FOXO1 axis to promote auto-

knockdown attenuated autophagy. When cells were co-trans- phagy. These findings elucidate the dynamic regulatory roles
®
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of miR-429, DNMT3A, and FOXO1 in modulating auto-
phagy in response to PA treatment, highlighting potential
therapeutic targets for modulating autophagy in DLBCL.
PA suppressed the development of DLBCL i vivo by regulat-
ing the miR-429/DNMT3A4/FOXO] axis.

To further investigate whether palmitic acid (PA) regu-
lates the miR-429/DNMT3A/FOXO1 axis to promote auto-

BALB/c mice were subcutaneously injected with 1 x 10" OCI-
Ly7 cells suspended in 100 pL sterile 1 x PBS. The mice
were then treated with either 200 mg-kg™" of PA or vehicle
control via intraperitoneal injection three times per week for
two consecutive weeks. As illustrated in Figs. 7A-7B, al-
though tumor weights increased within 25 days post-cell in-
jection in both groups, PA treatment significantly reduced tu-

phagy and suppress diffuse large B-cell lymphoma (DLBCL)
progression, we developed mouse tumor-bearing models.

mor growth from day 10 compared to the control group.
Upon euthanasia, tumor weights were measured, revealing a
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Fig. 7 PA suppressed the development of DLBCL in vivo by regulating the miR-429/DNMT3A/FOXO1 axis. BALB/c mice (4
weeks old) were subcutaneously injected with 100 pL. OCI-Ly7 cells (1 x 10) into the right rear flank of each mouse. For the con-
trol group, an equal amount of saline solution (100 pL) was injected into the right rear flank of each mouse. After cell injections,
the mice were intraperitoneally injected with sterile saline or PA (200 mg'kg_l), three times per week for two weeks. After saline
or PA administration, mice were observed for tumor volumes until day 25. After sacrifice, tumors were weighed and collected for
further analysis. (A—C) The tumor size, volume, and weight were measured. (D-F) The expressions of miR-429, DNMT3A,
and FOXOI were measured by RT-qPCR. (G-H) The expressions of DNMT3A and FOXO1 were analyzed by immunohisto-
chemistry. Scale bar = 50 pm. I. The dead cells were analyzed by TUNEL staining. Scale bar = 50 pm. J. The protein levels of
mTOR, mTOR(ser2448), p62, and LC3II/I were detected by Western blotting assay. Data are representative of three independ-
ent experiments. "P<0.001 vs the corresponding control.
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significant decrease in tumor mass in the PA-treated group
(Fig. 7C). Further analyses were conducted on the excised tu-
mor tissues. RT-qPCR results indicated that PA treatment
markedly upregulated miR-429 and FOXO1 levels while
downregulating DNMT3A expression (Figs. 7D-7F). Im-
munohistochemical analysis further supported these findings,
showing decreased DNMT3A and increased FOXO1 expres-
sion in the PA-treated tumors (Figs. 7G—7H), which under-
scores the involvement of the PA-regulated DNMT3A/
FOXO1 pathway in DLBCL development. Cell mortality
within the tumors was assessed using a TUNEL assay, which
demonstrated a significant increase in cell death in the PA-
treated group compared to controls (Fig. 7I). Additionally,
Western blotting analysis revealed that PA treatment signific-
antly reduced the levels of phosphorylated mTOR (ser2448)
and p62, while increasing the ratio of LC3II to LC3I (Fig.7J).
These findings suggest that PA enhances autophagy, evid-
enced by changes in autophagy-related protein expression.
Taken together, these results confirm that PA promotes cell
autophagy and suppresses tumor growth by modulating the
miR-429/DNMT3A/FOXOL1 axis in DLBCL. This indicates a
promising therapeutic potential for PA in the treatment of
DLBCL, leveraging the autophagic pathway.

Discussion

DLBCL is the most common type of non-Hodgkin
lymphoma (NHL), accounting for approximately one-third of
all NHL cases globally "', While around 60% of DLBCL pa-
tients respond positively to R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisone) immuno-
chemotherapy, overall survival rates remain suboptimal ®***,
The heterogeneity and complex pathogenesis of DLBCL of-
ten result in treatment resistance, leading to poor clinical out-
comes %), Thus, there is a critical need for novel therapeut-
ic agents to improve treatment options for DLBCL patients.
In this study, we investigated the effects of PA, a prominent
type of free fatty acids (FFAs), on the progression of DLB-
CL. Our results showed that in DLBCL tissues, the levels of
miR-429 and FOXO1 were downregulated, while DNMT3A
was upregulated compared to normal control tissues. Treat-
ment with PA upregulated miR-429 and FOXO1, downregu-
lated DNMT3A in DLBCL cell lines, and stimulated auto-
phagic activity by increasing the expression of autophagy-re-
lated proteins. Further in vitro and in vivo experiments
demonstrated that PA-induced autophagy was mediated
through direct regulation of the miR-429/DNMT3A/FOXO1
axis. Our findings initially indicate that targeting the miR-
429/DNMT3A/FOXOL1 axis may represent a viable thera-
peutic strategy to treat DLBCL, offering the potential for en-
hanced patient outcomes.

PA is a prevalent fatty acid in the human diet, known to
participate in various biological pathways relevant to cancer
progression. It has been implicated in histone methylation,
1 in regulating p-
oxidation processes that influence tumor growth ®Y, and in

which can potentiate metastasis initiation

®

stabilizing oncogenic proteins to promote tumor progress-
jon P MiR-429, a member of the miR-200 family, is in-
volved in numerous biological processes, including cell apop-
tosis, proliferation, invasion, metastasis, and drug resistance
in several cancers, including DLBCL
have shown that PA could induce the expression of miR-
429 ™1 1n this study, our findings indicated that miR-429 was
significantly downregulated in DLBCL tissues. Treatment

1. Previous studies

with PA led to increased levels of miR-429 and enhanced cell
death, suggesting that miR-429 may play a critical role in PA-
induced cell mortality.

MicroRNAs are crucial post-transcriptional regulators
implicated in various stages of cancer development ¥, influ-
encing gene translation efficiency and mRNA stability B %,
In this study, bioinformatics analysis using StarBase 2.0 (ht-
tps://starbase.sysu.edu.cn/) predicted a potential binding site
for miR-429 within the DNMT3A gene sequence. We con-
ducted luciferase reporter assays and methylation-specific
PCR in DLBCL cell lines transfected with either WT-DN-
MT3A or MUT-DNMT3A, alongside miR-429 mimics or
mimic-NC. These experiments validated that miR-429 dir-
ectly targets DNMT3A, leading to its downregulation in
DLBCL. Previous chromatin immunoprecipitation assays
have shown that DNMT3A directly binds within the FOXO1
region, indicating a regulatory interaction *”. Further experi-
ments confirmed that silencing DNMT3A upregulates
FOXO1, a key regulator of autophagy °*!. To explore wheth-
er PA promotes cell death or autophagy via the miR-429/DN-
MT3A/FOXO1 axis, we co-transfected cells with miR-429
inhibitor and sh-DNMT3A, followed by PA treatment. Res-
ults demonstrated that inhibiting miR-429 increased
DNMT3A and decreased FOXO1 levels compared to the con-
trol. However, the knockdown of DNMT3A reversed the ef-
fects of the miR-429 inhibitor, underscoring that elevated
levels of miR-429 induced by PA contribute to cell auto-
phagy by downregulating DNMT3A and upregulating
FOXO1. Our findings suggest that the PA-activated miR-
429/DNMT3A/FOXOL1 axis offers a novel therapeutic target
for DLBCL. To further validate PA's regulatory effects on tu-
morigenesis in vivo, we established tumor-bearing mouse
models and administered PA significantly suppressed tumor
growth by enhancing autophagy, mediated through the activa-
tion of the miR-429/DNMT3A/FOXO1 pathway. This evid-
ence points to a promising approach for DLBCL treatment,
leveraging dietary components to influence molecular path-
ways critical for tumor suppression.

In conclusion, our research demonstrated that DLBCL is
characterized by low levels of miR-429 and FOXO1 and el-
evated levels of DNMT3A. Treatment with PA increases miR-
429 and FOXO1 while decreasing DNMT3A in DLBCL cell
lines. Mechanistically, PA facilitates cell autophagy by dir-
ectly upregulating miR-429, which inactivates the
DNMT3A/FOXOL1 axis both in vitro and in vivo, leading to
the suppression of DLBCL progression. Our findings provide
initial evidence that PA mitigates DLBCL progression by
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modulating the miR-429/DNMT3A/FOXO]1 axis, presenting
anovel avenue for therapeutic intervention in DLBCL. Fu-

ture investigations should focus on validating the role of the
PA-induced activation of the miR-429/DNMT3A/FOXO1 ax-
is in additional clinical specimens to further substantiate this
potential treatment strategy.

References

[10]

(1]

[12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]

Sehn LH, Salles G. Diffuse large B-Cell lymphoma [J]. N Engl
J Med, 2021, 384(9): 842-858.

Cheson BD, Nowakowski G, Salles G. Diffuse large B-cell
lymphoma: new targets and novel therapies [J]. Blood Cancer
J,2021, 11(4): 68.

Schmitz R, Wright GW, Huang DW, et al. Genetics and patho-
genesis of diffuse Large B-Cell Lymphoma [J]. N Engl J Med,
2018, 378(15): 1396-1407.

He MY, Kridel R. Treatment resistance in diffuse large B-cell
lymphoma [J]. Leukemia, 2021, 35(8): 2151-2165.

Urso CJ, Zhou H. Palmitic acid lipotoxicity in microglia cells is
ameliorated by unsaturated fatty acids [J]. Int J Mol Sci, 2021,
22(16): 9093.

Zhu S, Jiao W, Xu Y, et al. Palmitic acid inhibits prostate can-
cer cell proliferation and metastasis by suppressing the
PI3K/Akt pathway [J]. Life Sci, 2021, 286: 120046.
Binker-Cosen MJ, Richards D, Oliver B, et al. Palmitic acid in-
creases invasiveness of pancreatic cancer cells AsPC-1 through
TLR4/ROS/NF-kB/MMP-9 signaling pathway [J]. Biochem
Biophys Res Commun, 2017, 484(1): 152-158.

Maly IV, Hofmann WA. Effect of palmitic acid on exosome-
mediated secretion and invasive motility in prostate cancer
cells [J]. Molecules, 2020, 25(12): 2722.

Tu QQ, Zheng RY, Li J, et al. Palmitic acid induces autophagy
in hepatocytes via JNK2 activation [J]. Acta Pharmacol Sin,
2014, 35(4): 504-512.

Yu DY, Zhao QL, Furuta M, et al. Molecular mechanisms of
apoptosis induction by 2-dodecylcyclobutanone, a radiolytic
product of palmitic acid, in human lymphoma U937 cells [J].
Apoptosis, 2012, 17(6): 636-645.

Roy SG. Regulation of autophagy by miRNAs in human dis-
eases [J]. Nucleus (Calcutta), 2021, 64(3): 317-329.

Feng Y, Zhong M, Zeng S, et al. Exosome-derived miRNAs as
predictive biomarkers for diffuse large B-cell lymphoma
chemotherapy resistance [J]. Epigenomics, 2019, 11(1): 35-51.
Zhang L, Liu Q, Mu Q, et al. MiR-429 suppresses proliferation
and invasion of breast cancer via inhibiting the Wnt/B-catenin
signaling pathway [J]. Thorac Cancer, 2020, 11(11): 3126-
3138.

Liu D, Song L, Dai Z, et al. MiR-429 suppresses neurotrophin-
3 to alleviate perineural invasion of pancreatic cancer [J]. Bio-
chem Biophys Res Commun, 2018, 505(4): 1077-1083.

Liang Y, Yu ZJ, Liu M, et al. hsa-miR-429 targets CBX8 to
promote cell apoptosis in diffuse large B-cell lymphoma [J].
Mol Med Rep, 2021, 24(6).

Getaneh Z, Asrie F, Melku M. MicroRNA profiles in B-cell
non-Hodgkin lymphoma [J]. Ejifcc, 2019, 30(2): 195-214.

Li E, Zhang Y. DNA methylation in mammals [J]. Cold Spring
Harb Perspect Biol, 2014, 6(5): a019133.

Chambwe N, Kormaksson M, Geng H, et al. Variability in
DNA methylation defines novel epigenetic subgroups of DLB-
CL associated with different clinical outcomes [J]. Blood, 2014,
123(11): 1699-1708.

Bakhshi TJ, Georgel PT. Genetic and epigenetic determinants
of diffuse large B-cell lymphoma [J]. Blood Cancer J, 2020,
10(12): 123.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Dhanak D, Jackson P. Development and classes of epigenetic
drugs for cancer [J]. Biochem Biophys Res Commun, 2014,
455(1-2): 58-69.

Zhao H, Zhang LE, Guo S, et al. Overexpression of DNA
methyltransferase 1 as a negative independent prognostic factor
in primary gastrointestinal diffuse large B-cell lymphoma
treated with CHOP-like regimen and rituximab [J]. Oncol Lett,
2015, 9(5): 2307-2312.

Mancini M, Grasso M, Muccillo L, et al. DNMT3A epigenetic-
ally regulates key microRNAs involved in epithelial-to-mesen-
chymal transition in prostate cancer [J]. Carcinogenesis, 2021,
42(12): 1449-1460.

Hegde M, Joshi MB. Comprehensive analysis of regulation of
DNA methyltransferase isoforms in human breast tumors [J]. J
Cancer Res Clin Oncol, 2021, 147(4): 937-971.
Li S, Young KH, Medeiros LJ. Diffuse
lymphoma [J]. Pathology, 2018, 50(1): 74-87.
Duan Q, Li Y, Ou L, et al. Global research trends on the treat-
ment of diffuse large B-Cell lymphoma: a bibliometric and
visualized study [J]. J Cancer, 2022, 13(6): 1785-1795.

Song Y, Zhou H, Zhang H, et al. Efficacy and safety of the bi-
osimilar IBI301 plus standard CHOP (I-CHOP) in comparison
with Rituximab plus CHOP (R-CHOP) in patients with previ-
ously untreated diffuse large B-Cell lymphoma (DLBCL): a
randomized, double-blind, parallel-group, phase 3 trial [J]. Adv
Ther, 2021, 38(4): 1889-1903.

Hu J, Xu J, Yu M, et al. An integrated prognosis model of
pharmacogenomic gene signature and clinical information for
diffuse large B-cell lymphoma patients following CHOP-like
chemotherapy [J]. J Transl Med, 2020, 18(1): 144.

Li X, Huang H, Xu B, et al. Dose-dense Rituximab-CHOP
versus Standard Rituximab-CHOP in newly diagnosed Chinese
patients with diffuse large B-Cell lymphoma: a randomized,
multicenter, open-label phase 3 trial [J]. Cancer Res Treat,
2019, 51(3): 919-932.

Liu Y, Zeng L, Zhang S, et al. 1dentification of differentially
expressed proteins in chemotherapy-sensitive and chemother-
apy-resistant diffuse large B cell lymphoma by proteomic
methods [J]. Med Oncol, 2013, 30(2): 528.

Alkan HF, Altea-Manzano P, Fendt SM. Palmitic acid: en-
abling the tumor’s nerves [J]. Cell Metab, 2022, 34(1): 7-9.
Beloribi-Djefaflia S, Vasseur S, Guillaumond F. Lipid metabol-
ic reprogramming in cancer cells [J]. Oncogenesis, 2016, 5(1):
el89.

Fiorentino M, Zadra G, Palescandolo E, et al. Overexpression
of fatty acid synthase is associated with palmitoylation of Wntl
and cytoplasmic stabilization of beta-catenin in prostate
cancer [J]. Lab Invest, 2008, 88(12): 1340-1348.

Nguyen MT, Min KH, Lee W. Palmitic acid-induced miR-429-
3p impairs myoblast differentiation by downregulating
CFL2 [J]. Int J Mol Sci, 2021, 22(20): 10972.

Thorsen SB, Obad S, Jensen NF, et al. The therapeutic poten-
tial of microRNAs in cancer [J]. Cancer J, 2012, 18(3): 275-
284.

Afonso-Grunz F, Miiller S. Principles of miRNA-mRNA inter-
actions: beyond sequence complementarity [J]. Cell Mol Life
Sci, 2015, 72(16): 3127-3141.

Cottrell KA, Szczesny P, Djuranovic S. Translation efficiency
is a determinant of the magnitude of miRNA-mediated repres-
sion [J]. Sci Rep, 2017, 7(1): 14884.

Jiang Y, Zhu H, Chen Z, et al. Hepatic IGF2/H19 epigenetic al-
teration induced glucose intolerance in gestational diabetes
mellitus offspring via FoxO1 mediation [J]. Front Endocrinol
(Lausanne), 2022, 13: 844707.

Zhao Y, Yang J, Liao W, et al. Cytosolic FoxOl is essential for
the induction of autophagy and tumour suppressor activity [J].
Nat Cell Biol, 2010, 12(7): 665-675.

large B-cell

Cite this article as: LI Weiming, GAO Ming, XUE Weili, et al. Palmitic acid reduces the methylation of the FOXO1 promoter
to suppress the development of diffuse large B-cell lymphoma via modulating the miR-429/DNMT3A axis [J]. Chin J Nat Med,
2024, 22(6): 554-567.

-567—


https://doi.org/10.1056/NEJMra2027612
https://doi.org/10.1056/NEJMra2027612
https://doi.org/10.1038/s41408-021-00456-w
https://doi.org/10.1038/s41408-021-00456-w
https://doi.org/10.1056/NEJMoa1801445
https://doi.org/10.1038/s41375-021-01285-3
https://doi.org/10.1016/j.lfs.2021.120046
https://doi.org/10.1016/j.bbrc.2017.01.051
https://doi.org/10.1016/j.bbrc.2017.01.051
https://doi.org/10.1038/aps.2013.170
https://doi.org/10.1007/s10495-012-0698-1
https://doi.org/10.1007/s13237-021-00378-9
https://doi.org/10.2217/epi-2018-0123
https://doi.org/10.1111/1759-7714.13620
https://doi.org/10.1016/j.bbrc.2018.09.147
https://doi.org/10.1016/j.bbrc.2018.09.147
https://doi.org/10.1101/cshperspect.a019133
https://doi.org/10.1101/cshperspect.a019133
https://doi.org/10.1182/blood-2013-07-509885
https://doi.org/10.1038/s41408-020-00389-w
https://doi.org/10.1016/j.bbrc.2014.07.006
https://doi.org/10.3892/ol.2015.3038
https://doi.org/10.1093/carcin/bgab101
https://doi.org/10.1007/s00432-021-03519-4
https://doi.org/10.1007/s00432-021-03519-4
https://doi.org/10.1016/j.pathol.2017.09.006
https://doi.org/10.7150/jca.68453
https://doi.org/10.1007/s12325-020-01603-8
https://doi.org/10.1007/s12325-020-01603-8
https://doi.org/10.1186/s12967-020-02311-1
https://doi.org/10.4143/crt.2018.230
https://doi.org/10.1007/s12032-013-0528-5
https://doi.org/10.1016/j.cmet.2021.12.015
https://doi.org/10.1038/oncsis.2015.49
https://doi.org/10.1038/labinvest.2008.97
https://doi.org/10.1097/PPO.0b013e318258b5d6
https://doi.org/10.1007/s00018-015-1922-2
https://doi.org/10.1007/s00018-015-1922-2
https://doi.org/10.1038/s41598-017-13851-w
https://doi.org/10.3389/fendo.2022.844707
https://doi.org/10.3389/fendo.2022.844707
https://doi.org/10.1038/ncb2069

	Introduction
	Materials and Methods
	DLBCL tumor tissues and normal tissues from patients
	Bioinformatics analysis
	Cell culture
	Cell transfection
	Xenograft tumor model
	Luciferase reporter assay
	Methylation-specific PCR
	Immunohistochemistry
	MTS and Flow cytometry assays
	TUNEL assay
	RT-qPCR
	Western blotting assay
	Statistical analysis

	Results
	MiR-429 and FOXO1 were downregulated, and DNMT3A was upregulated in DLBCL.
	PA (25–100 μmol·L−1) enhanced miR-429 expression to influence the phenotype of DLBCL.
	PA enhanced autophagy by upregulating miR-429.
	PA enhanced autophagy by inhibiting DNMT3A expression.
	MiR-429 regulated FOXO1 expression by directly binding to DNMT3A.
	PA influenced the progression of DLBCL via miR-429, directly targeting DNMT3A to regulate autophagy.
	PA suppressed the development of DLBCL in vivo by regulating the miR-429/DNMT3A/FOXO1 axis.

	Discussion
	References

