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LncRNA MALAT1 promoted PA-induced damage and reduced
insulin secretion in MIN6 cells through Phospho-p38 pathway
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ABSTRACT: This study aimed to investigate the role of LncRNA MALAT1 in pancreatic β-cell dysfunction in type 2
diabetes mellitus (T2DM) and its mechanisms, particularly focusing on the Phospho-p38 signaling pathway. MIN6 cells
were treated with palmitic acid (PA) to induce β-cell dysfunction. Transcriptome analysis revealed upregulation of
LncRNA MALAT1, which was further investigated for its effects on cell proliferation, apoptosis, ROS production, and
insulin secretion. The involvement of the Phospho-p38 signaling pathway was explored through rescue experiments
using DHC, an activator of Phospho-p38. In vivo validation was conducted using a T2DM rat model. PA treatment
reduced cell proliferation, increased apoptosis, elevated ROS, and decreased insulin secretion. Knockdown of
MALAT1 improved these dysfunctions and downregulated the Phospho-p38 pathway. In vivo studies confirmed the
upregulation of MALAT1 and Phospho-p38 alongside significant β-cell dysfunction. This study demonstrated that
LncRNA MALAT1 played a crucial role in pancreatic β-cell dysfunction in T2DM by activating the Phospho-p38 signaling
pathway. Knockdown of MALAT1 mitigated PA-induced β-cell damage by downregulating Phospho-p38, highlighting
the MALAT1/Phospho-p38 axis as a potential therapeutic target for preserving pancreatic β-cell function in T2DM.
These findings provide new insights into the molecular mechanisms underlying T2DM and suggest novel avenues for
intervention.
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INTRODUCTION

T2DM is a metabolic disease characterized by insulin
secretion deficiency and impaired insulin action in
peripheral tissues. The primary defect in T2DM is
the dysfunction of pancreatic β-cells, which fail to
respond to glucose stimulation by adequately secreting
insulin. To investigate the pathological mechanisms
underlying T2DM, researchers often utilize pancreatic
β-cell lines such as MIN6 cells, exposing them to high
glucose or high fatty acid (e.g., PA) environments
to simulate β-cell dysfunction [1]. In recent years,
research has found that T2DM is closely related to
changes in lncRNA [2] and protein phosphorylation
[3]. For instance, in normal glucose metabolism,
LINC317.5 has been identified as a novel biomarker for
hypertriglyceridemia [4]. LncRNA NEAT1 plays a reg-
ulatory role in the progression of T2DM accompanied
by obstructive sleep apnea [5]. Additionally, the phos-
phorylation levels of proteins such as TGR5, PKA, and
CREB are associated with the microbiota in T2DM [6],
and the phosphorylation level of Tau protein is related
to metabolic disorders and neuropsychiatric damage in
type 2 diabetic mice [7]. However, the mechanism by
which lncRNAs regulate protein phosphorylation levels
in T2DM remains unclear.

LncRNA MALAT1 is a widely studied long non-
coding RNA that plays a regulatory role in various
diseases such as colitis, cardiovascular diseases, and
cancers [8]. It has been identified as a new marker
for the diagnosis of diabetic nephropathy [9]. Ad-
ditionally, blocking the LncRNA MALAT1/miR-224-
5p/NLRP3 axis inhibits the hippocampal inflammatory
response in type 2 diabetes mellitus (T2DM) with
obstructive sleep apnea (OSA) [10]. Phospho-p38 is
a phosphorylated protein kinase that plays a key role
in cellular stress responses. Studies have shown that
Phospho-p38 is upregulated in the placental tissue of
gestational diabetes mellitus [11], and high-fat diets
promote the activation of MAPK pathways, including
p-JNK and Phospho-p38 [12]. The interactions be-
tween lncRNAs and phosphorylated proteins in cellular
function regulation are complex. LncRNAs can influ-
ence protein phosphorylation states through various
mechanisms. For example, silencing lncRNA GAS5 en-
hances the activation of the phosphoinositide 3-kinase
(PI3K)/protein kinase B pathway (AKT), thereby re-
ducing myocardial injury [13]. Overexpression of
lncRNA uc.134 upregulates the phosphorylation level
of YAP at Ser127, thus activating Hippo signaling
and promoting HCC progression [14]. However, the
specific mechanisms of MALAT1 and Phospho-p38 in
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T2DM are still unclear.
Animal models of T2DM are important tools for

studying the pathogenesis and treatment strategies of
T2DM [15]. Commonly used T2DM animal models
include those induced by a high-fat, high-sugar diet
combined with low-dose STZ. These models effectively
simulate the metabolic characteristics of T2DM, such
as insulin resistance and β-cell dysfunction, thereby
aiding in the understanding of the complex patholog-
ical processes of T2DM [16]. By integrating cell and
animal models, the regulatory mechanisms of MALAT1
and Phospho-p38 in T2DM could be more comprehen-
sively analyzed and, hence, provide a theoretical basis
for developing new therapeutic strategies.

MATERIALS AND METHODS

Construction of a rat model of diabetes mellitus

This study involved 8-week-old male Sprague-Dawley
rats (200±20 g) obtained from HFK Biotechnology
(Beijing, China). After a one-week acclimatization
period, the rats were randomly assigned to either a
normal control (NC) group or a T2DM group. There
were five male rats in each group. The NC group
received a standard diet, while the T2DM group was
fed a high-fat diet (HFD, XieTong, China) consisting
of 60% kcal from fat, 20% kcal from carbohydrates,
and 20% kcal from protein. After 4 weeks on their
respective diets, all animals were fasted overnight.
STZ (MCE, USA) was dissolved in freshly prepared
cold 0.1 M citrate buffer (pH 4.5) (MCE) to a final
concentration of 40 mg/ml. The solution was kept on
ice and protected from light due to STZ’s photosen-
sitivity. The T2DM group was injected with a single
tail vein injection of STZ at a dose of 30 mg/kg, while
the NC group was injected with the same dose of the
buffer carrier. After injecting streptozotocin, fasting
plasma glucose (FPG) levels were measured on days 3,
9, and 14. Fasting blood glucose (FBG) levels exceed-
ing 16.8 mmol/l were considered successfully induced
diabetic. All animal experiments were approved by
the Animal Ethics Committee of Kunming University
of Science and Technology (Kmust-MEC-2023-014).
All animal experiments were performed following the
institutional guidelines for the humane treatment of
animals, the Principles of Laboratory Animal Care
(National Institutes of Health, Bethesda, MD, USA)
(https://www.ncbi.nlm.nih.gov/books/NBK54050).

Oral glucose tolerance test

The test started by fasting the rats for 12 h overnight,
ensuring they had access to water but no food. After
the fasting period, a baseline blood sample from the
tail vein of each rat was collected, and the FBG level
was measured using a glucometer (Roche, USA). A
glucose solution (Beyotime, China) was prepared at a
concentration allowing an administration of a 2 g/kg
body weight dose to be delivered orally using a gavage

needle (Yuyan, China). Following the glucose admin-
istration, BGLs were measured at multiple time points:
30 min, 60 min, 90 min, and 120 min post-gavage. At
each time point, blood samples were collected from the
tail vein for glucose concentration measurement using
a glucometer, and the area under the curve (AUC)
for the glucose levels over the 120-min period were
calculated to assess glucose tolerance in each rat.

Cell culture and treatment

To culture MIN6 cells, please refer to our previous
articles [14]. The MIN6 cell line, obtained from the
BeNa Culture Collection (China), was subjected to 18
rounds of cell passage. The Cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco,
USA), supplemented with 15% fetal bovine serum
(FBS, Gibco) and 1% penicillin-streptomycin solution
(Penicillin-Streptomycin, Gibco) at 37 °C in a 5% CO2
incubator (Thermo Fisher Scientific, USA). The cells
were regularly monitored for changes of morphology
and growth, and the medium was changed every 2 to
3 days. When the cell density reached 80%–90%, they
were passaged or split. Based on the experimental de-
sign, the cells were seeded in 6-well or 96-well plates,
continued culturing until they reach 60% confluence,
then proceeded with the drug treatment. Cells in
the PA group were exposed to 400 µM PA for 24 h,
while those in the PA+DHC group were pretreated
with 10 µg/ml DHC for 2 h before PA addition. After
removing the old medium, the cells were washed twice
with PBS and glucose-free KRBH buffer containing
0.1% BSA and, then, incubated for 60 min at 37 °C and
5% CO2 in an incubator. After the incubation, the cells
were cultured in DMEM containing 25 mM glucose for
60 min. Subsequent cell experiments were biologically
repeated three times.

Transcriptome sequencing analysis

This study conducted transcriptome sequencing on
cells of the NC and the PA groups (400 µM PA +
25 mM glucose) performed by LC-Bio. Cells were
collected, quickly frozen in liquid nitrogen, and stored
at −80 °C. RNA was extracted using TRIzol reagent,
with concentration and purity measured by NanoDrop
(A260/A280 ratio between 1.8–2.0); and RNA in-
tegrity was assessed using the Agilent 2100 Bioana-
lyzer (RIN > 7.0). The rRNA was depleted to focus on
mRNA and lncRNA, followed by cDNA synthesis and
library construction using the Illumina TruSeq RNA
Sample Preparation Kit. Sequencing was performed on
the Illumina HiSeq 2500 platform with 150 bp paired-
end reads, targeting at least 30–50 million reads per
sample. FastQC performed quality control on the
raw data, filtered low-quality reads, and trimmed the
adapter sequence. Cleaned reads were aligned to the
reference genome using HISAT2, and transcripts were
assembled with StringTie. Gene expression was quan-
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tified using FeatureCounts, yielding raw count data for
each lncRNA. Normalization of raw counts was done
using TPM methods, and differential expression anal-
ysis was performed with DESeq2, applying a criterion
of p < 0.05 and | log2(fc)| > 2. A generalized linear
model (GLM) was fitted to the normalized counts,
with hypothesis testing identifying lncRNAs with sig-
nificant expression changes. The Benjamini-Hochberg
procedure was used for multiple testing corrections.
Differential genes were visualized with heatmaps.

Cell transfection

The lentiviral vectors carrying sh-LncRNA MALAT1
(HanHeng, China) were named sh-LncRNA MALAT1-
1, sh-LncRNA MALAT1-2, and sh-LncRNA MALAT1-
3. The viral titer was 108 TU/ml. The lentivirus
expressing LncRNA MALAT1 was diluted in complete
DMEM without antibiotics. To enhance transduc-
tion efficiency, 8 µg/ml polybrene was added to the
medium. Transfection was performed when the cells
reached 80% confluence. The original medium was
removed from the cells, and the medium containing
the virus was added. The cells were incubated for
4–6 h in an incubator at 37 °C and 5% CO2. After
incubation, the virus-containing medium was replaced
with the puromycin-containing medium. In order
to confirm the transfection efficiency of the LncRNA
MALAT1 lentivirus, qPCR was used to detect LncRNA
MALAT1 expression.

Western blotting

Cells were washed with cold PBS (Beyotime) and
incubated in cold RIPA lysis buffer (Thermo Fisher
Scientific) with a cocktail of protease and phosphatase
inhibitors, followed by sonication for 10 s. Cell
lysates were centrifuged at 12,000×g for 10 min at
4 °C; and protein concentration was quantified using
the PierceTM BCA Protein Assay Kit (Thermo Fisher
Scientific) according to the manufacturer’s protocol.
An equal amount of protein lysates was separated
by sodium dodecyl sulfate–polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred onto nitro-
cellulose membranes. The membranes were blocked
with 5% BSA prepared in TBST for 1 h at room
temperature and then probed overnight at 4 °C with
the respective primary antibodies. After washing, the
membranes were incubated with horseradish peroxi-
dase (HRP)-conjugated secondary antibodies in TBST
containing 5% BSA for 1 h at room temperature. HRP-
conjugated secondary antibodies were used to detect
protein expression using chemiluminescence. ImageJ
software was used to perform densitometry on scanned
immunoblot images.

CCK-8

MIN6 cells (1 × 105 cells/well) were inoculated into
96-well plates. MIN6 cells were stimulated with

0.4 mmol/L PA and 25 mM glucose for 24 h. Ten µl
CCK-8 reagent (Dojindo, Japan) was added to each
well, and the plates were incubated at 37 °C for 3 h.
Absorbance was then measured at 450 nm using an
enzyme marker. The experiment was performed in
triplicate.

Apoptosis assay

Following the grouping information, the cells were
processed and analyzed for MIN6 apoptosis using the
Membrane Linked Protein V-FITC Apoptosis Detection
Kit (BD Biosciences, USA). The cell suspension was
added with 5 µl Annexin V-APC and 5 µl PI dye after
digestion of the cells with trypsin and incubated for 1 h
at room temperature; then, cell apoptosis was detected
using a CytoFLEX S flow cytometer (Beckman Coulter,
USA).

ELISA

ELISA kit (MlBIO, China) and mouse serum insulin
detection kit (Tongwei, China) were used to detect
insulin levels in cell supernatants and rat serum, re-
spectively.

Quantitative PCR

Total RNA was isolated from MIN6 cells with Eastep®
Super Total RNA reagent (Promega, USA) accord-
ing to the supplier’s instructions. The operation
method was detailed in our previous article [14].
The PCR primers were synthesized by Takara Bio,
and the sequences were as follows: LncRNA Pvt1
forward: 5′-ACCTCCTCCCTTCTTTCTCATCAG-3′, re-
verse: 5′-TCACACTCGCTCCTTCACACTC-3′; LncRNA
MALAT1 forward: 5′-CATACGGATGTGGTGGTGAAGC-
3′, reverse: 5′-AATGCCTGCTCGCCTCCTC-3′; LncRNA
Dleu2 forward: CGCTACACCGACTGACATTTACC, re-
verse: 5′-TGCTCTGGAAGAACACTGATTGG-3′; and
GAPDH forward: 5′-GGTTGTCTCCTGCGACTTCA-3′,
reverse: 5′-TGGTCCAGGGTTTCTTACTCC-3′. Three
technical replicates were performed and 2∆∆CT method
was adopted for data analysis.

Measurement of reactive oxygen species (ROS)

Intracellular ROS was measured by measuring the flu-
orescence intensity of 2′,7′-dichlorofluorescein (DCF).
Cells were stained with 15 µM dichlorodihydroflu-
orescein diacetate (DCFH-DA, Applygen, China) for
37 min. Then, the cells were washed twice with
PBS. Fluorescence was measured, using a fluorescence
microscope (Olympus IX81, Japan) at the excitation
wavelength of 488 nm and the emission wavelength
of 525 nm, and photographed.

Hematoxylin and eosin (HE) staining

After the T2DM model was successfully established,
the pancreatic tissue was fixed with 4% paraformalde-
hyde at room temperature, and 5 µm thick paraffin
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sections were made. The sections were deparaffinized
to water, and then stained with hematoxylin and eosin
(H&E) (Solarbio, China). For H&E staining, the sec-
tions were stained by hematoxylin lasting 5 min, and
differentiated by hydrochloric acid ethanol at room
temperature for 3 s. After returning to blue by rinsing
with tap water for 30 min, the sections were counter-
stained with eosin staining solution for 2 min. Finally,
the morphological changes of pancreatic tissue were
observed by microscope (Nikon, Japan).

Statistical analysis

Each experiment was conducted with repetitions, in-
cluding three replicates for cell experiments and five
replicates for animal experiments. Data were ex-
pressed as mean± standard deviation (SD). Compar-
isons between the two groups were performed using
the Student’s t-test, chosen for its ability to assess
statistically significant differences between the means
of two independent groups. For comparisons among
three or more groups, one-way ANOVA followed by
Tukey’s post hoc test was utilized. This approach al-
lowed for the detection of differences among multiple
groups while controlling for type I errors, ensuring
that research questions were appropriately addressed
by the analysis. Statistical significance was set at p <
0.05. All analyses were conducted using GraphPad
Prism Version 6 (GraphPad).

RESULTS

Modeling β-cell dysfunction in T2DM: PA-induced
damage in MIN6 cells

The pathogenesis of T2DM is closely associated with
pancreatic β-cell dysfunction [1]. To model this dys-
function in T2DM, we selected MIN6 cells as our re-
search model. Dysfunction in MIN6 cells was induced
using PA. Following the PA induction, MIN6 cells exhib-
ited reduced proliferation (Fig. 1B), increased apopto-
sis (Fig. 1C), and elevated ROS production (Fig. 1D),
indicating significant cellular damage. Additionally,
the reduction in insulin secretion (Fig. 1A) further
confirmed the impairment of insulin function. These
results successfully mimicked the pathological process
of β-cell dysfunction observed in T2DM.

Effects of PA induction on LncRNA expression in
MIN6 cells

T2DM, a prevalent chronic metabolic disease, is in-
fluenced by multiple factors [1]. Researches indicate
that LncRNAs are involved in regulating pancreatic
β-cell function, but the specific LncRNAs responsible
for this regulation remain unclear. To investigate
this, we performed transcriptome analysis on normal
MIN6 pancreatic β-cells and PA-induced dysfunctional
MIN6 cells to identify changes in LncRNA expression
within the β-cells. The results showed that, compared
with the NC group, 17 lncRNAs were downregulated,

and 25 lncRNAs were upregulated in the PA group
(Fig. 2A). Based on a literature review, we selected
three diabetes-related genes for validation: LncRNA
Dleu2, LncRNA MALAT1, and LncRNA PVT1. The
results indicated that LncRNA Dleu2 was downregu-
lated in the PA group, while LncRNA MALAT1 and
LncRNA PVT1 were significantly upregulated, with
the upregulation of LncRNA MALAT1 being more pro-
nounced than that of the LncRNA PVT1 (Fig. 2B). In
subsequent experiments, we selected LncRNA MALAT1
as the target for studying β-cell dysfunction in T2DM.

Knockdown of LncRNA MALAT1 improved
PA-induced islet cell damage and restored cell
function

To investigate the impact of LncRNA MALAT1 on β-cell
dysfunction in T2DM, we knocked down MALAT1 and
assessed the knockdown efficiency using RT-qPCR. We
designed three short hairpin RNA (shRNA) sequences
targeting MALAT1 — sh-MALAT1 1, sh-MALAT1 2, and
sh-MALAT1 3 — as experimental groups. The control
group consisted of cells transfected with sh-control
viral particles. The results showed that sh-MALAT1
2 significantly reduced MALAT1 expression in MIN6
cells (Fig. 3A), leading us to select sh-MALAT1 2 for
further study. Knockdown of MALAT1 enhanced cell
proliferation (Fig. 3C), reduced apoptosis (Fig. 3D),
and decreased ROS production (Fig. 3E). These find-
ings suggested that inhibiting MALAT1 expression in
T2DM could mitigate PA-induced damage in MIN6
cells. Additionally, suppressing MALAT1 expression in
T2DM promoted insulin secretion (Fig. 3B) in MIN6
cells, indicating that MALAT1 played a role in regulat-
ing islet function, and its inhibition might rescue β-cell
dysfunction.

MALAT1 knockdown mitigated PA-induced β-cell
dysfunction in T2DM by downregulating
Phospho-p38 pathway

To investigate how LncRNA MALAT1 affecting β-cell
dysfunction in T2DM through Phospho-p38, we first
assessed the protein expression levels of Phospho-p38
and p38 following PA induction. The results showed
that PA significantly increased Phospho-p38 expression
(Fig. 4A). Next, we examined the impact of MALAT1
knockdown on the expression of Phospho-p38 and
p38 proteins, using DHC to activate Phospho-p38 as a
rescue experiment. The findings revealed that DHC up-
regulated Phospho-p38 protein levels, while MALAT1
knockdown reduced Phospho-p38 expression in both
the presence and the absence of DHC (Fig. 4B). QPCR
analysis of LncRNA MALAT1 expression indicated that
MALAT1 knockdown led to a decrease in its expression
regardless of DHC treatment, whereas DHC treatment
alone did not significantly alter LncRNA MALAT1 ex-
pression levels (Fig. 4C). These results suggested that
while MALAT1 knockdown downregulates Phospho-
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Fig. 1 Modeling β-cell dysfunction in T2DM: PA-induced damage in MIN6 cells. MIN6 cells were incubated with 400 µM PA for 24 h to
construct a T2DM cell model: A, ELISA was performed to determine the insulin level to evaluate whether the modeling was successful;
B, cell viability assessed by CCK-8 assay; C, cell apoptosis detected by flow cytometry; D, ROS levels detected by immunofluorescence.
All values are mean±SD (n= 3 biological replicates). ** p < 0.01 vs. NC group.

p38, the activation of Phospho-p38 does not affect
MALAT1 expression. Furthermore, we found that DHC
treatment inhibited insulin secretion (Fig. 4D), re-
duced cell proliferation (Fig. 4E), increased apoptosis
(Fig. 4F), and elevated ROS production (Fig. 4G). No-
tably, MALAT1 knockdown reversed the DHC-induced
reduction in insulin secretion, decreased cell prolifer-
ation, increased apoptosis, and elevated ROS levels
(Fig. 4D–G). These findings suggested that MALAT1
knockdown mitigates PA-induced β-cell dysfunction in
T2DM by downregulating Phospho-p38.

Upregulation of LncRNA MALAT1 and
Phospho-p38 in a T2DM rat model

To verify the in vivo expression of LncRNA MALAT1 and
Phospho-p38, we successfully established a T2DM rat
model and conducted relevant analyses. In the control
group, the pancreatic islet cells were neatly arranged,

and the boundaries between the islets and surrounding
tissues were visible. In contrast, the T2DM group
showed significant pancreatic tissue damage, charac-
terized by islet atrophy, inflammatory cell infiltration,
and disordered islet cell arrangement (Fig. 5A). ELISA
analysis revealed that serum insulin levels in the T2DM
group were significantly lower than those in the control
group (Fig. 5B), indicating impaired β-cell function.
The T2DM rats also exhibited significantly higher levels
of triglycerides (TG), total cholesterol (TC), and low-
density lipoprotein cholesterol (LDL-C); while high-
density lipoprotein cholesterol (HDL-C) levels were
significantly reduced (Table S1), reflecting the adverse
impact of diabetes on lipid metabolism. Blood glucose
levels in the T2DM group were markedly elevated
(Fig. 5C), further confirming the successful establish-
ment of the T2DM model. These results indicate
that we successfully simulated T2DM-induced β-cell
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Fig. 2 Effects of PA induction on LncRNA expression in MIN6 cells. MIN6 cells were incubated with 400 µM PA for 24 h to construct
a T2DM cell model. A, The heatmap displaying gene expression levels in cells of the NC and PA groups. Gene expression was shown
using log10(FPKM+1), with the x-axis representing samples and the y-axis representing genes. Different colors indicate different levels
of gene expression, with the color gradient ranging from blue through white to red, representing expression levels (log10(FPKM+1))
from low to high. Red indicates high-expression genes, while dark blue indicates low-expression genes. B, RT-qPCR detection of
LncRNA Dleu2, LncRNA MALAT1, and LncRNA PVT1 expressions. All values are mean±SD (n= 3 biological replicates). ** p < 0.01
vs. NC group.

dysfunction in rats. Subsequently, we analyzed the
expression levels of LncRNA MALAT1 and Phospho-
p38 in the context of β-cell dysfunction, and the results
showed that both were significantly upregulated in the
T2DM group (Fig. 5D), suggesting that they might play
critical roles in T2DM-related islet dysfunction.

DISCUSSION

T2DM is a metabolic disorder influenced by both ge-
netic factors and various external risk factors. These
factors often lead to the impairment or death of pan-
creatic β-cells, especially under conditions of hyper-
glycemia, elevated free fatty acids, inflammatory fac-
tors, H2O2, and PA [17]. PA, a type of free fatty
acid, is widely studied as a model for inducing β-
cell damage, such as in MIN6 cells [18]. PA induces
damage to MIN6 cells primarily through oxidative
stress. It increases the generation of reactive oxygen
species (ROS) within these cells, leading to oxidative
stress. Excess ROS can cause damage to proteins,
lipids, and DNA, ultimately resulting in cell dysfunc-
tion and apoptosis. Additionally, high concentrations
of PA can damage the MIN6 cell membrane, causing
lipotoxicity. Lipotoxicity promotes the accumulation of
lipids within MIN6 cells, leading to structural damage

and impaired insulin secretion [19]. Studies have
shown that PA treatment reduces insulin secretion in
INS-1 cells compared with controls. In C57BL/6J
mice, PA administered for two weeks reduces glucose-
stimulated insulin secretion (GSIS) [20]. Furthermore,
PA treatment for 24 h impairs both cell viability and
insulin secretion in INS-1E rat insulinoma cells and
primary pancreatic islet cells [21]. PA also severely
impairs GSIS in INS-1 cells in a time-dependent man-
ner [22], with PA-induced lipotoxicity further reduc-
ing insulin secretion [23]. Additionally, PA-induced
T2DM cell models exhibit increased ROS levels [24].
These findings indicate that PA not only inhibits insulin
secretion but also increases cell apoptosis and ROS
levels, aligning with our results. STZ is commonly
used to induce diabetes in rats and mice. It induces
β-cell dysfunction by reducing glucose oxidation and
decreasing insulin biosynthesis and secretion. After
STZ treatment, plasma insulin levels in these animal
models decrease, signaling the onset of diabetes [25].
Our study similarly showed reduced serum insulin
secretion and elevated blood glucose levels in T2DM
rats.

LncRNA MALAT1 is a highly conserved long non-
coding RNA that is closely associated with various
pathological processes related to diabetes complica-
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Fig. 3 Knockdown of LncRNA MALAT1 improved PA-induced islet cell damage and restored cell function. PA+sh-MALAT1 group:
After PA induction to establish a T2DM model in MIN6 cells, we transfected them with lentiviral vectors carrying sh-LncRNA MALAT1:
A, RT-qPCR detection of LncRNA MALAT1 expression; B, insulin secretion detected by ELISA; C; cell viability assessed by CCK-8 assay;
D, cell apoptosis detected by flow cytometry; and E, ROS levels detected by immunofluorescence. All values are mean±SD (n = 3
biological replicates). ** p < 0.01 vs. PA group.

tions and malignant tumors [26]. Studies have shown
that inhibiting LncRNA MALAT1 can protect the retina
from oxidative damage, preventing or slowing down
diabetic retinopathy [27]. Additionally, the elevation
of LncRNA MALAT1 can cause endothelial cell dys-
function and promote angiogenesis [28]. However,
the impact of LncRNA MALAT1 on PA-induced MIN6
cells remains unclear. In this study, we screened
the differential expression of LncRNA MALAT1 in PA-
induced MIN6 cells through transcriptome sequencing.
RT-qPCR validation of differentially expressed genes
showed that LncRNA MALAT1 was significantly ele-
vated in MIN6 cells, which was similar to the results

in the T2DM rat group. Inhibiting LncRNA MALAT1
could increase cell viability and inhibit cell apoptosis.
Furthermore, inhibiting LncRNA MALAT1 reduced the
production of ROS and promoted insulin secretion in
MIN6 cells.

In this study, we identified several lncRNAs,
through transcriptome analysis, that have not been
extensively studied in the context of diabetes. While
these lncRNAs are known to play significant roles
in the development and progression of various dis-
eases, including cancer, cardiovascular diseases, and
metabolic disorders [29–31], their specific functions
in diabetes remain unclear. lncRNAs can influence
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Fig. 4 MALAT1 knockdown mitigates PA-induced β-cell dysfunction in T2DM by downregulating Phospho-p38 pathway. PA+DHC
group: MIN6 cells pretreated with 10 µg/ml DHC for 2 h before PA addition; PA+DHC+sh-MALAT1 group: MIN6 cells were pretreated
with 10 µg/ml DHC for 2 h, then treated with PA for 24 h, and transfected with lentiviral vectors carrying sh-LncRNA MALAT1.
(A,B), Western blotting detection of Phospho-p38 protein expression levels; C, RT-qPCR detection of LncRNA MALAT1 expression;
D, insulin secretion detected by ELISA; E, cell viability assessed by CCK-8 assay; F, cell apoptosis detected by flow cytometry; G, ROS
levels detected by immunofluorescence. All values are mean±SD (n= 3 biological replicates). ** p < 0.01 vs. PA group; ** p < 0.01
vs. PA+sh-MALAT1 group.

cellular functions through multiple mechanisms, such
as regulating gene expression, modulating the cell cy-
cle, promoting or inhibiting apoptosis, and controlling
cellular metabolism [32]. Our findings suggested that

the upregulated lncRNAs might be linked to cellular
stress responses, potentially contributing to antioxida-
tive processes, anti-apoptotic effects, and enhanced
metabolic activity [29, 30, 33]. On the other hand, the
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Fig. 5 Upregulation of LncRNA MALAT1 and Phospho-p38 expression in a T2DM rat model. A, HE staining; B, ELISA assay for
insulin secretion; C, glucose tolerance evaluated by examining levels of blood glucose at 0, 30, 60, 90, and 120 min and AUC after
oral glucose administration; D, RT-qPCR detection of LncRNA MALAT1 expression; and E, Western blotting detection of Phospho-p38
protein expression levels. All values are expressed as mean±SD (n= 5 biological replicates). ** p < 0.01 vs. Control.

downregulated lncRNAs might lead to the suppression
of protective cellular mechanisms, such as reduced
cell proliferation, decreased metabolic efficiency, and
diminished capacity to handle stress [34, 35]. These
changes likely reflect the complex response mecha-
nisms of MIN6 cells to PA-induced damage and high-
light new potential targets for diabetes research.

The p38 MAPK signaling pathway is widely acti-
vated under various environmental and cellular stress
conditions, characterized by elevated levels of phos-
phorylated p38 [36]. Studies have shown that palmitic
acid (PA) can induce the upregulation of phosphory-
lated p38 protein in stem cells [37]. Furthermore,
dexmedetomidine inhibits phosphorylated p38, pro-
motes hyperglucose-induced trophoblast proliferation,
and attenuates insulin resistance [38]. Our study fur-
ther confirmed that PA can upregulate the expression

levels of phosphorylated p38, and we also discovered
that LncRNA MALAT1 regulates the expression of phos-
phorylated p38.

Previous research demonstrated that in high-
glucose-induced human lens epithelial cells, elevated
glucose levels increased oxidative stress, thereby ac-
tivating various transcription factors, including SP1,
which subsequently bound to the promoter region of
MALAT1, enhancing its transcription. The upregu-
lation of MALAT1 leads to increased apoptosis and
oxidative stress in lens epithelial cells by activating the
p38 MAPK signaling pathway [39].

Additionally, a study by J-Y Liu et al [40] found
that pre-treating RF/6A cells with SB203580, a p38 ac-
tivity inhibitor, significantly blocked MALAT1-induced
cell proliferation. In contrast, ERK inhibitor U0126 and
JNK inhibitor SP600125 did not affect the cell viability
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Fig. 6 LncRNA MALAT1 can activate the Phospho-p38 signaling
pathway, promote PA-induced ROS and apoptosis in MIN6 cells,
and inhibit insulin secretion.

changes mediated by MALAT1. This suggested poten-
tial crosstalk between MALAT1 and the MAPK signaling
pathway. Based on these findings, we speculated that
PA might enhance oxidative stress in cells and activate
SP1 to promote the transcription of MALAT1 which, in
turn. might further activate the p38 MAPK signaling
pathway and increase the generation of ROS. The rise
in ROS might lead to oxidative damage to cellular
structures, including lipid peroxidation, protein de-
naturation, and DNA damage, ultimately resulting in
cellular dysfunction and apoptosis.

This study also highlighted the potential of
MALAT1/Phospho-p38 as therapeutic targets. The re-
sults suggested that targeting the MALAT1 or Phospho-
p38 signaling pathway could lead to the development
of new therapeutic strategies aimed at improving pan-
creatic β-cell function in patients with T2DM, offering
a new direction for T2DM treatment research.

CONCLUSION

This study marked a novel contribution by identify-
ing LncRNA MALAT1 as a critical regulator of the
Phospho-p38 signaling pathway, which plays a sig-
nificant role in promoting ROS production, apopto-
sis, and inhibition of insulin secretion in PA-induced
MIN6 cells. The findings offered new insights into the
molecular mechanisms underlying PA-induced pancre-
atic β-cell dysfunction and suggested that targeting the
MALAT1/Phospho-p38 axis could represent a promis-
ing therapeutic approach for preserving β-cell function
in T2DM patients. This research opens up new avenues
for developing interventions aimed at mitigating β-cell
destruction in T2DM (Fig. 6).

Appendix A. Supplementary data

Supplementary data associated with this article can be found
at https://dx.doi.org/10.2306/scienceasia1513-1874.2025.
029.
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Appendix A. Supplementary data

Table S1 Level of low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides
(TG), and total cholesterol (TC) in T2DM.

Group NC T2DM

LDL-C 0.25±0.06 0.56±0.04**

HDL-C 2.41±0.48 1.23±0.06**

TC 3.32±0.17 6.37±0.06**

TG 1.45±0.13 2.44±0.07**

**p < 0.01 vs. NC group.
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