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Background: Insulinoma, the most common type of pancreatic endocrine tumor, frequently induces hypoglycemia due to persistent 
hyperinsulinemia. Although Mi-Lnc70 expression progressively increases during pancreatic maturation in mice, the biological role of 
Mi-Lnc70 in pancreatic β cells remains elusive.
Aim: This study was designed to investigate the role of LncRNA-Mi-Lnc70 in the mouse pancreatic β-cell line MIN6.
Methods: We performed quantitative real-time PCR, cell counting kit-8 (CCK-8) assay, flow cytometry, transwell assay, wound 
healing assay, immunofluorescence staining, and Western blotting.
Results: The expression of Mi-Lnc70 was markedly elevated in mouse pancreatic β-cells (MIN6) compared to normal cells. 
Knockdown of Mi-Lnc70 markedly suppressed the proliferation, migration, and invasion capabilities of MIN6 cells but induced 
cell apoptosis and triggered G2/M phase cell cycle arrest. Moreover, Mi-Lnc70 knockdown influenced the expression profiles of 
pancreas-related lncRNAs and miRNAs and decreased the expression of islet-related genes and reduced the protein synthesis of 
INSULIN, GLUCAGON, and PDX1.
Conclusion: Mi-Lnc70 plays an important role in the proliferation, migration, and endocrine-related gene expression in pancreatic 
MIN6 cells, particularly in the synthesis of PDX1, INSULIN, and GLUCAGON.
Keywords: MIN6 cells, Mi-Lnc70, apoptosis, G2/M arrest, insulin, glucagon

Introduction
Insulinoma is a type of pancreatic endocrine tumor that often causes hypoglycemia due to persistent hyperinsulinemia.1 

Accumulating evidence has shown that the expression of certain long non-coding RNAs (lncRNAs) in β-cells is 
regulated by extracellular glucose concentration-, indicating that lncRNAs may be involved in the regulation of insulin 
secretion.2–6 The mapping of some pancreatic lncRNA genes has uncovered their association with human diabetes. 
Moreover, specific lncRNAs have been found to be dysregulated in pancreatic islets with type 2 diabetes (T2D), 
suggesting that lncRNAs may serve as potential regulatory factors in diabetes research.2,7 These findings imply that 
lncRNAs may play a role in the synthesis or secretion of insulin in insulinoma.

Mutations or aberrant expression of protein-coding genes, as well as mutations and dysregulation of lncRNAs, play 
a significant role in the pathogenesis of cancer. Genome-wide association studies (GWAS) of tumor samples have 
identified a considerable number of lncRNAs associated with various types of cancer. LncRNAs may exhibit tumor 
suppressive or promoting functions, and their abnormal expression and mutations are closely related to tumorigenesis, 
metastasis, and tumor staging. They also have diagnostic and prognostic value.8–11 For instance, a study revealed that 
lncRNA NUTF2P3-001 elevated K-Ras expression after hypoxia induction and facilitated the proliferation of Panc-1 and 
Bxpc-3 cell lines.12 The long non-coding RNA (lncRNA) HOTTIP has been shown to enhance the expression of HOXA 
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genes by binding to the WDR5/MLL1 complex. This interaction plays a crucial role in promoting the proliferation, 
survival, and migration of pancreatic cancer cells.13

Mi-Lnc70 is an islet-specific lncRNA located between the hepatic nuclear factor 1A (Hnf1a) and signal peptide 
peptidase-like 3 (Sppl3) genes on mouse chromosome 5, and it is a partial antisense transcript of Hnf1a. During 
pancreatic maturation in mice, the expression of Mi-Lnc70 gradually increases, although its expression level is not 
regulated by glucose.9 HNF1A has been identified as a tumor suppressor in pancreatic cancer,14–16 capable of 
inhibiting the proliferation and migration of pancreatic cancer cells.16–18 Moreover, HNF1A is crucial for maintaining 
the function of human pancreatic α and β cells.19,20 Mutations or deletions in HNF1A lead to pancreatic β cell 
dysfunction and are closely associated with the development of diabetes.21–23 Given the significant role of HNF1A in 
pancreatic cell function and its proximity to Mi-Lnc70, this study aims to explore the biological function of Mi-Lnc70 
in the mouse pancreatic β-cell line (MIN6), providing a foundation for elucidating the molecular mechanisms related 
to pancreatic tumors.

Material and Methods
Cell Line and Cell Culture
The murine pancreatic β-cell line MIN6 (RRID: CVCL_0431) was obtained from Xiubin Liang’s laboratory in the 
Department of Pathophysiology at Nanjing Medical University and used for experimental studies. MIN6 cells were 
maintained in DMEM (Gibco) supplemented with 15% fetal bovine serum (FBS, Hyclone) and 50 μmol/L β- 
mercaptoethanol (Sigma) at 37°C in a humidified incubator with 5% CO₂. Prior to cell seeding, culture dishes were 
coated with gelatin (Sigma). Mouse embryonic fibroblast (MEF) cells were cultured in DMEM supplemented with 10% 
FBS. Cells were passaged at a 1:3 ratio using 0.05% trypsin (Gibco) and the medium was changed daily. All cell line 
usage and animal procedures were conducted in strict accordance with the guidelines established by the Inner Mongolia 
University Animal Care and Use Committee and were approved under license number IMU-MOUSE-2018-012.

Cell Transfection
Cells were transfected with Mi-Lnc70-specific antisense locked nucleic acid (LNA) GapmeR using HiPerFect 
Transfection Reagent (QIAGEN), with nontargeting siRNA serving as a negative control. Twenty-four hours post- 
transfection, the culture medium was replaced with an appropriate volume of complete culture medium, and the cells 
were incubated for an additional 72 hours. Cell status was subsequently examined under a microscope. The sequences of 
the siRNAs targeting Mi-Lnc70 are detailed in Table S1.

RNA Extraction and Real-Time PCR
Total RNA was extracted from cells using Trizol reagent (TransGene Biotech) according to the manufacturer’s instruc
tions. The extracted RNA was reverse transcribed into cDNA using the PrimeScript RT Reagent Kit with gDNA Eraser 
(RR047A, Takara). For miRNA reverse transcription, the TransScript® miRNA First-Strand cDNA Synthesis SuperMix 
(TransGene Biotech) was used. Quantitative real-time PCR was performed using TB GREEN™ Premix Ex Taq™ II 
(Takara) on a 7500 Real-Time PCR System (ABI Biosystems). The mouse U6 gene was used as the housekeeping gene 
for normalization. The relative expression levels of target genes were determined using the comparative CT method 
(ΔΔCT). Primer sequences used in the study are listed in Table S2.

Cell Counting Kit (CCK)-8 Assay
For the cell proliferation assay, 1×10⁴ cells suspended in 100 μL of culture medium were seeded into each well of a 96- 
well plate. After cell attachment, 100 μL of CCK-8 reagent mixture (prepared by mixing 10 μL of CCK-8 reagent with 
90 μL of DMEM) was added to each well. The plates were then incubated at 37°C in the dark for 2 hours. The 
absorbance at 450 nm was measured using a microplate reader (Molecular Devices). Data were analyzed using GraphPad 
Prism version 8.0.
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Cell Cycle Assay
Cells in the logarithmic growth phase were seeded into a 24-well plate at a density of 9×10⁵ cells/mL. After 24 hours of 
culture, cells were transfected as described previously. At 72 hours post-transfection, MIN6 cells were collected, washed 
twice with cold DPBS, and immediately fixed in cold 75% ethanol at 4°C for a minimum of 4 hours. Following fixation, 
cells were washed once with DPBS and stained with a propidium iodide (PI) solution containing 50 μg/mL PI and 
100 μg/mL RNase A. Cells were then incubated at 4°C for 30 minutes in the dark. Flow cytometric analysis was 
performed within 1 hour to determine the cell cycle distribution.

Apoptosis Assay
Cells in the logarithmic growth phase were seeded into 24-well plates at a density of 9×10⁵ cells/mL. After 24 hours of 
culture, cells were transfected with Mi-Lnc70-specific siRNA. At 72 hours post-transfection, cell pellets were collected. 
Apoptosis was assessed using the Annexin V-FITC Apoptosis Detection Kit (Solarbio) according to the manufacturer’s 
instructions. Briefly, cells were resuspended in binding buffer, stained with Annexin V-FITC and propidium iodide (PI), 
and analyzed by flow cytometry within 1 hour to determine the apoptosis rate.

Wound Healing Assay
MIN6 cells were seeded in 24-well plates at a density of 9×10⁵ cells per well and cultured for 24 hours. A linear scratch 
was created in the cell monolayer using a 100 μL micropipette tip. Non-adherent cells were removed by washing with 
DPBS. Subsequently, cells were transfected with Mi-Lnc70-specific siRNA as described previously. Images of the 
scratch wounds were captured at 0 hours and 72 hours using a microscope. The wound-healing rate was calculated using 
the following formula: 100% × [(wound width at 0 h − wound width at 72 h) / wound width at 0 h].

Transwell Migration and Invasion Assay
Transwell assays were conducted using a transwell chamber with a pore diameter of 8 μm (Corning). MIN6 cells, 
transfected with Mi-Lnc70-specific siRNA, were resuspended in serum-free medium and seeded into the upper chamber 
at a density of 5×10⁴ cells in 100 μL. The lower chamber was filled with complete medium containing 10% fetal bovine 
serum as a chemoattractant. After 20–24 hours of incubation at 37°C in a 5% CO₂ incubator, cells that had migrated to 
the lower surface of the membrane were fixed with absolute ethanol and stained with DAPI (Beyotime) for 2–3 minutes 
at room temperature. Cells remaining on the upper surface were gently removed with a cotton swab. Images were 
captured using an inverted light microscope (Nikon). For the invasion assay, the procedure was identical to the migration 
assay, except that the upper chamber was coated with Matrigel to mimic the extracellular matrix.

Cell Total Protein Extraction and Western-Blot
Cells were collected and lysed in lysis buffer (Thermo Fisher Scientific) supplemented with phenylmethylsulfonyl 
fluoride (Beyotime) on ice for 30 minutes. The lysates were then heated at 100 °C for 10 minutes, followed by 
centrifugation at 4°C for 10 minutes at 12000×g. The supernatant was collected, and protein concentration was 
determined using the BCA assay (Thermo Fisher Scientific). Total protein was separated by 10% SDS-PAGE and 
transferred to PVDF membranes (Millipore). Membranes were blocked with 5% skim milk powder in TBST for 1 hour at 
room temperature, and then incubated with primary antibodies overnight at 4°C. After washing with TBST, membranes 
were incubated with secondary antibodies for 1 hour at room temperature. Target protein bands were visualized using an 
enhanced chemiluminescence (ECL) detection system (Thermo Fisher Scientific) and captured using an imaging analysis 
system (Bio-Rad). The primary and secondary antibodies used in this study are listed in Tables S3 and S4.

Immunofluorescence
MIN6 cells were washed once with DPBS and fixed in 4% paraformaldehyde (PFA; Solarbio) for 30 minutes at room 
temperature. After fixation, cells were permeabilized with 0.5% Triton X-100 (Solarbio) for 30 minutes. Subsequently, 
cells were blocked for 2 hours at room temperature using a blocking solution containing 2% BSA, 2% goat serum, 2% 
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skim milk powder, and 0.15 M glycine in DPBS. The samples were then incubated with primary antibodies overnight at 
4°C. Following three washes with DPBS, the samples were incubated with secondary antibodies for 1 hour at room 
temperature. After two additional washes with DPBS, the samples were stained with DAPI (0.5 mg/mL; Beyotime) for 
3 minutes at room temperature. The samples were then washed twice with DPBS and mounted onto slides using 
antifading Mounting Medium (Solarbio). Fluorescent signals were visualized using a Nikon confocal laser-scanning 
microscope (Nikon, A1). The primary and secondary antibodies used in this study are listed in Tables S5 and S6.

Statistical Analyses
Data are presented as the mean ± standard deviation (SD) from at least three independent experiments. Statistical 
significance between two groups was determined using Student’s t-test, whereas one-way analysis of variance (ANOVA) 
was employed to analyze data from more than three groups. Significance levels were defined as follows: *p < 0.05, **p < 
0.01, ***p < 0.001, and ****p < 0.0001.

Results
Expression Analysis of Pancreatic Islet-Specific lncRNAs in MIN6 Cells
To elucidate the role of lncRNAs in insulinoma, we initially utilized real-time fluorescence quantitative PCR to measure 
the expression levels of several pancreatic islet-specific lncRNAs in the mouse pancreatic β-cell line MIN6. Our results 
revealed that Mi-Lnc70 exhibited a significantly higher expression level compared to other lncRNAs such as Mi-Lnc72, 
Mi-Lnc75, Mi-Lnc76, and Mi-Lnc80 (Figure 1A and B). This finding indicates that Mi-Lnc70 may exert a crucial 
regulatory function in mouse pancreatic β-cells. Therefore, we selected Mi-Lnc70 for further investigation.

Figure 1 The expression of pancreatic islet-specific lncRNAs was analyzed in MIN6 cells. (A) Morphological in MEF and MIN6 cells during culture. Scale bars: 100 μm. (B) 
The relative expression of pancreatic islet-specific Mi-LncRNAs in the MIN6 cells. ****p < 0.0001. (C) The relative expression of Mi-Lnc70 in the MIN6 cells under different 
transfection conditions is presented below. GapmeR-1#/2#/3# are different siRNAs designed for Mi-Lnc70, and GapmeRs mix is a mixture of GapmeR-1#, GapmeR-2# and 
Gapme-R3#. *p < 0.05, ****p < 0.0001.
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To explore the role of Mi-Lnc70 in pancreatic β-cells, we employed GapmeR antisense oligonucleotides to specifi
cally knockdown Mi-Lnc70 (si-Lnc70) and used a nonsense oligonucleotide as a negative control (NC). Post- 
transfection, the expression level of Mi-Lnc70 in the si-Lnc70 group was significantly reduced compared to both the 
NC group and the blank control group (Figure 1C).

Inhibition of MIN6 Cell Proliferation by Knocking Down Mi-Lnc70
To elucidate the role of Mi-Lnc70 in mouse pancreatic β cells, we first investigated the effect of Mi-Lnc70 knockdown on 
the proliferation of MIN6 cells in vitro. The CCK-8 assay was used to assess the impact of Mi-Lnc70 on cell 
proliferation. We constructed a Mi-Lnc70 knockdown group in the MIN6 cell line and found that the proliferation 
ability of the si-Mi-Lnc70 group was significantly lower than that of the negative control (NC) group and the blank 
control group (Figure 2A).

Apoptosis detection in the MIN6 cell line after transfection revealed that the proportion of late apoptotic cells (Q2: 
31.9%) increased, while the proportion of live cells decreased following Mi-Lnc70 knockdown (Figure 2B and C). 
Furthermore, flow cytometry analysis of the cell cycle demonstrated an increased proportion of cells in the G2/M phase 
after Mi-Lnc70 knockdown, indicating G2/M phase arrest (Figure 2D). Collectively, these results indicate that down- 
regulation of Mi-Lnc70 induces G2/M phase arrest in MIN6 cells, thereby reducing their proliferation ability and 
promoting apoptosis.

Knockdown of Mi-Lnc70 Reduces the Migration and Invasion Abilities of MIN6 Cells
To further investigate the function of Mi-Lnc70 in mouse pancreatic β cells, we examined the effects of Mi-Lnc70 
knockdown on the migration, invasion, and wound-healing abilities of MIN6 cells in vitro. The Transwell assay was 
employed to assess the migration and invasion capabilities of MIN6 cells. As depicted in Figure 3A and B, the migration 
capacity of the si-Mi-Lnc70 group exhibited a substantial decline. Specifically, it was diminished by approximately 
39.7% relative to the blank control group and by approximately 42.3% in comparison with the negative control (NC) 
group. Consistent with the migration results, the invasive capacity of the MIN6 cell line within the si-Mi-Lnc70 group 

Figure 2 The Mi-Lnc70 construct was found to promote the proliferation of MIN6 cells. (A) The activity of MIN6 cells transfected with NC and si-Lnc70. (B) The detection 
of apoptosis in MIN6 cells transfected with NC and si-Lnc70. (C) The ratio of early apoptotic cells to late apoptotic cells in (B). (D) The cell cycle of MIN6 cells transfected 
with NC and si-Lnc70 was also analyzed.
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was likewise markedly attenuated. Quantitatively, it was decreased by approximately 66.8% when juxtaposed with the 
blank control group and by approximately 66.7% relative to the negative control (NC) group, as illustrated in Figure 3C 
and D. Additionally, wound-healing assays revealed that Mi-Lnc70 knockdown led to a decreased wound-healing 
capacity in MIN6 cells (Figure 3E and F). Collectively, these findings suggest that downregulation of Mi-Lnc70 results 
in reduced migration, invasion, and wound-healing abilities in MIN6 cells.

Knockdown of Mi-Lnc70 Reduces the Expression of Pancreas-Related LncRNAs and 
MiRNAs in MIN6 Cells
To elucidate the underlying mechanisms, we examined the impact of Mi-Lnc70 knockdown on the expression of 
pancreas-related lncRNAs and miRNAs in MIN6 cells. Comparative analysis of the relative expression levels of these 
lncRNAs and miRNAs before and after transfection revealed significant changes in the expression profiles of multiple 
lncRNAs and miRNAs in MIN6 cells following Mi-Lnc70 knockdown. Among the lncRNAs, the expression levels of 
Mi-Lnc77, Mi-Lnc87, Mi-Lnc78, and Mi-Lnc85 were upregulated, while Mi-Lnc12 and Mi-Lnc67 showed no significant 
changes. In contrast, the expression levels of Mi-Lnc71, Mi-Lnc72, Mi-Lnc75, Mi-Lnc76, and Mi-Lnc80 were sig
nificantly downregulated (Figure 4A–C).

Furthermore, the knockdown of Mi-Lnc70 in MIN6 cells also affected the expression of pancreas-related miRNAs. 
While the expression levels of miR-195-3p, miR-15a-5p, and miR-30d-3p remained comparable to those in untransfected 
cells, the expression levels of miR-23b-3p, miR-124-1-3p, miR-124-1-5p, miR-16-1-5p, miR-7, miR-195-5p, miR-15b- 
5p, and miR-15b-3p were significantly decreased, with the most pronounced reductions observed for miR-7, miR-195-5p, 
and miR-15b-3p (Figure 4D and E). These findings suggest that Mi-Lnc70 may regulate the expression of genes involved 

Figure 3 Mi-Lnc70 enhanced the migration and invasion ability of MIN6 cells. (A and B) Transwell assays were employed to assess the migratory capacity of MIN6 cells 
transfected with NC and si-Lnc70. (C and D) Transwell invasion assays demonstrated the invasion capacity of MIN6 cells transfected with NC and si-Lnc70. ***p < 0.001. 
(E and F) Wound healing assay of MIN6 cells transfected with NC and si-Lnc70. ****p < 0.0001.
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in the proliferation, apoptosis, migration, and invasion abilities of MIN6 cells by modulating the expression of specific 
miRNAs, particularly miR-7, miR-195-5p, and miR-15b-3p.

Knockdown of Mi-Lnc70 Reduces the Synthesis of Secretion-Related Proteins in MIN6 
Cells
To investigate the effect of Mi-Lnc70 knockdown on insulin synthesis in MIN6 cells, we quantified the relative 
expression levels of insulin and related factors post-transfection. Figure 5A showed that the knockdown of Mi-Lnc70 
resulted in a significant downregulation of the expression levels of insulin and its associated factors, which encompass 
Insulin1, Insulin2, Somatostatin, Pax4, MafA, Isl-1, NeuroD1, Pax6, Pdx1, Nkx6.1, and Glucagon. Immunofluorescence 
staining revealed diminished expression of PDX1, C-peptide, insulin, glucagon, and somatostatin in MIN6 cells 
following Mi-Lnc70 knockdown. Notably, a significant reduction in somatostatin expression was observed in MIN6 

Figure 4 Knockdown of Mi-Lnc70 had effects on the expression of pancreas-related lncRNAs and miRNAs in MIN6 cells. (A) The lncRNAs with reduced expression level 
are presented. *p < 0.05, **p < 0.01, ***p < 0.001. (B) The lncRNAs with unchanged expression level are presented. (C) The lncRNAs with increased expression level are 
presented. *p < 0.05. (D) The miRNAs with unchanged expression level are presented. (E) The miRNAs with reduced expression level are presented. *p < 0.05, **p < 0.01, 
***p < 0.001.
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cells transfected with si-Lnc70 (Figure 5B). Western blot analysis further revealed that the protein expression levels of 
insulin, glucagon, and PDX1 in Mi-Lnc70 knockdown cell lines were significantly downregulated compared with those 
in negative control cells and non-transfected cells, as shown in Figure 5C and D. Collectively, these findings indicate that 
the knockdown of Mi-Lnc70 inhibits the synthesis of PDX1, INSULIN, and GLUCAGON in MIN6 cells (Figure 6).

Discussion
The most significant biological characteristics of tumor cells are their capacities for migration and invasion, which are 
closely related to the degree of differentiation of the tumor cells. Poorly differentiated tumor cells typically exhibit 
enhanced proliferative capacity. Previous studies have demonstrated that Malat1 can regulate the proliferation, migration, 
and invasion of cancer cells by modulating the expression of multiple downstream genes, including cell cycle regulatory 
genes such as p21, p27, and B-Myb. A reduction in Malat1 expression can result in the arrest of cancer cells in the G2/M 
phase of the cell cycle.24 In this study, we observed that the downregulation of Mi-Lnc70 in MIN6 cells led to significant 

Figure 5 Mi-Lnc70 affects the synthesis of islet-related secreted proteins in MIN6 cells. (A) Relative expression levels of insulin and related genes in MIN6 cells transfected 
with NC and si-Lnc70. *p < 0.05, **p < 0.01, ***p < 0.001. (B) Immunofluorescence staining of insulin and related genes in MIN6 cells transfected with NC and si-Lnc70 
(n=3). Nuclei were stained with DAPI. Scale bars, 100 μm. (C and D) Expression of INSULIN, GLUCAGON and PDX1 proteins in MIN6 cells transfected with NC and si- 
Lnc70. **p < 0.01, ***p < 0.001.
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inhibition of migration and invasion abilities, decreased wound-healing capacity, increased cell apoptosis, and cell cycle 
arrest in the G2/M phase. These findings suggest that Mi-Lnc70 plays a crucial role in regulating the biological behavior 
of MIN6 cells, potentially through mechanisms similar to those involving Malat1.

The miRNAs are pivotal regulators of gene expression, influencing multiple cellular pathways and the development 
and progression of cancer.25 Long non-coding RNAs (lncRNAs) can act as competing endogenous RNAs (ceRNAs) or 
natural miRNA sponges, significantly impacting gene expression through post-transcriptional regulation. This regulatory 
mechanism involves competition for binding to shared miRNAs, leading to mutual regulation. Data from human 
pancreatic ductal adenocarcinoma (PDAC) tissues and adjacent normal tissues have shown a significant inverse correla
tion between miR-216a and Malat1. Overexpression of miR-216a or knockout of Malat1 has been found to affect the cell 
cycle of pancreatic cancer cells, with miR-216a overexpression inducing effects similar to those of si-Malat1, including 
G2/M phase arrest.26 Additionally, lncRNA HNF1A-AS1 can interact with miRNAs and play a role in various cancers. 
HNF1A-AS1 can competitively bind to miRNAs (such as miR-149-5p, miR-30b-3p, miR-124) to relieve the inhibitory 
effects of these miRNAs on target genes, thereby promoting the expression of the target genes.27–29 Conversely, HNF1A- 
AS1 can also synergize with miRNAs (such as miR-32-5p, miR-30b-5p, miR-363) to relieve the inhibition of down
stream target genes, promoting the expression of common downstream target genes.30–32 In this study, we observed 
a significant positive correlation between certain pancreatic development-related miRNAs and Mi-Lnc70, including miR- 
23b-3p, miR-124-1-5p, miR-7, miR-195-5p, miR-15b-5p, and miR-15b-3p. We hypothesize that miR-23b-3p, miR-124- 
1-5p, miR-7, miR-195-5p, miR-15b-5p, and miR-15b-3p may bind to Mi-Lnc70 and regulate each other. However, Mi- 
Lnc70 may function as a ceRNA or may cooperate with miRNAs to regulate downstream genes. Therefore, the specific 
mechanisms by which Mi-Lnc70 interacts with miR-23b-3p, miR-124-1-5p, miR-7, miR-195-5p, miR-15b-5p, and miR- 
15b-3p in MIN6 cells remain to be elucidated. Future studies should focus on deciphering these interactions to better 
understand the regulatory roles of Mi-Lnc70 in pancreatic β-cell function and tumorigenesis.

Figure 6 Mi-Lnc70 Promotes Pancreatic β-Cell Progression and Affects the Synthesis of PDX1, Insulin, and Glucagon. Mi-Lnc70 was found to be significantly increased in 
MIN6 cells. Knockdown of Mi-Lnc70 significantly inhibited the proliferation, migration, and invasion of MIN6 cells while promoting cell apoptosis and G2/M phase arrest of 
the cell cycle. Additionally, Mi-Lnc70 knockdown reduced the expression of pancreas-related lncRNAs and miRNAs in MIN6 cells, as well as the synthesis of secretion- 
related proteins, including PDX1, INSULIN, and GLUCAGON.
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Previous studies have demonstrated that a fraction of lncRNAs are primary functional targets of islet-specific 
transcription factors and key cis-regulatory determinants of transcriptional programs in islet cells. Additionally, 
a considerable proportion of lncRNAs exhibit lineage-specific expression patterns. MafA and Pdx1 play pivotal 
roles in maintaining the development and maturation of pancreatic β cells. By binding to the insulin promoter region, 
they regulate related transcription factors, thereby influencing the synthesis and secretion of insulin.33,34 For instance, 
lncRNA MALAT1 can inhibit the expression of PDX1 and insulin secretion by reducing H3 histone acetylation of the 
PDX1 promoter, thereby inducing β-cell dysfunction.35 Downregulation of lncRNA HOTTIP regulates insulin secre
tion and the cell cycle in islet β cells via the inhibition of the MEK/ERK pathway.36 Moreover, lncRNA PLUTO can 
regulate the transcription of PDX1 in mature pancreatic β cells.37,38 Our results showed that downregulation of Mi- 
Lnc70 led to decreased expression of miRNAs such as miR-7, miR-195-5p, miR-15b-5p, and miR-15b-3p, as well as 
decreased expression of downstream factors such as PDX1, MafA, and Nkx6.1, ultimately resulting in reduced insulin 
synthesis. Therefore, we speculate that Mi-Lnc70 may bind to miRNAs such as miR-7, miR-195-5p, miR-15b-5p, and 
miR-15b-3p, acting as a ceRNA or coordinately regulating the expression of downstream factors such as PDX1 and 
MafA in MIN6 cells. This regulatory mechanism may ultimately lead to a reduction in insulin synthesis. Future studies 
should focus on elucidating the specific interactions between Mi-Lnc70 and these miRNAs, as well as their down
stream targets, to better understand the regulatory roles of Mi-Lnc70 in pancreatic β-cell function and insulinoma 
pathogenesis.

In summary, our study demonstrates that the downregulation of Mi-Lnc70 significantly inhibits the migration, 
invasion, and wound-healing capacities of MIN6 cells while simultaneously promoting cell apoptosis. Additionally, 
the expression of pancreas-related genes, as well as multiple lncRNAs and miRNAs, is concomitantly reduced. These 
findings highlight the crucial regulatory role of Mi-Lnc70 in MIN6 cells. However, it is important to acknowledge that 
in vitro models have inherent limitations. Therefore, the precise mechanisms by which Mi-Lnc70 regulates the mouse 
pancreatic β-cell lineage require further validation through in vivo studies. Future research should focus on elucidating 
the detailed molecular pathways and interactions involving Mi-Lnc70 in pancreatic β-cell function and tumorigenesis, 
ultimately providing a more comprehensive understanding of its role in insulinoma.

Conclusion
Mi-Lnc70 plays an important role in the proliferation, migration, and endocrine-related gene expression in pancreatic 
MIN6 cells, particularly in the synthesis of PDX1, INSULIN, and GLUCAGON.
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