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Gliomas, the most prevalent primary malignant brain tumors, are characterized by highly invasive
growth patterns. Emerging evidence indicates that long non-coding RNAs are essential for
regulating key oncogenic pathways. This study focuses on IncRNA LAMTORS antisense RNA AS1
(LAMTORS-ASI, also known as SLC16A4-AS1), seeking to elucidate its regulatory functions in
gliomas and assess its potential as a prognostic biomarker.

LAMTORS-AS1 expression in normal brain tissues and glioma samples was assessed using
quantitative real-time polymerase chain reaction (QRT-PCR). The Cancer Genome Atlas (TCGA)
glioma dataset was mined for COX regression and Kaplan-Meier survival analyses to check
LAMTORS-ASI correlation with clinical outcomes. The competing endogenous RNA (ceRNA)
function of LAMTORS-AS1 targeting miR-4653-5p was determined using anti- AGO2
immunoprecipitation assays and dual-luciferase reporter assays. The oncogenic properties of
LAMTORS-ASI in glioma were systematically detected through in vivo and in vitro phenotype
experiments.

The results revealed that glioma tissues had higher levels of LAMTORS-AST1 expression, which had
a positive correlation with glioma grade and indicated a poor outcome. LAMTORS5-AS1 knocking
down inhibits the malignant progression of glioma cells. Mechanistically, it was demonstrated that
the LAMTORS-AS1 regulates TCF7 level via sponging miR-4653-5p, which was correlated with
the malignant progression of glioma cells.

To conclude, through the miR-4653-5p/TCF7 axis, LAMTORS-AS1 serves as ceRNA and
modulates the progression of glioma.

Key words: LAMTORS-AST1; ceRNA; glioma; prognostic biomarker
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Glioma represents the most prevalent and aggressive primary brain tumor in adults, accounting for
approximately 80% of malignant central nervous system tumors [1]. Although therapeutic strategies
including radiotherapy, temozolomide-based chemotherapy, and maximally safe resection have
advanced significantly, the clinical outcome for glioblastoma (GBM, WHO grade 4) patients
remains dismal, with a median overall survival of merely 14-16 months [2]. Nearly universal
recurrence is a result of glioma cells' highly infiltrative nature and resistance to conventional
therapies [3]. Molecular classification based on 1p/19q codeletion status and IDH mutation has
improved prognostic stratification, but targeted therapies have shown limited clinical success [4-6].
The discovery of novel molecular regulators like IncRNAs offers opportunities for developing both
diagnostic modalities and therapeutic strategies to address these unmet clinical needs in glioma
management.

LncRNAs, or long non-coding RNAs, have become pivotal modulators of carcinogenesis [7], acting
through diverse molecular mechanisms to influence cancer initiation [8], progression [9], and
metastasis [10]. Functioning as epigenetic modulators, IncRNAs can recruit chromatin-remodeling
complexes to silence tumor suppressors or activate oncogene [11-13]. They serve as ceRNAs by
sponging miRNAs to derepress oncogenic mRNAs [14]. LncRNAs also modulate signaling
pathways by scaffolding protein complexes [15]. The functional versatility of IncRNAs underscores
their significance in cancer biology and positions them as key players in precision oncology
approaches, including glioma [16]. The tissue-specific expression patterns make IncRNAs
promising biomarkers for early detection and therapeutic targets in glioma [17-19].

LAMTORS antisense RNA AS1 (LAMTORS-ASI, also known as SLC16A4-AS1) is genomically
positioned at chromosome 1p13.3, its transcript is a new identified IncRNA. LAMTORS-ASI is
firstly identified in prostate cancer [20]. Additional data revealed that LAMTORS-AS1 could
involve in the chemotherapy and oxidative stress process in osteosarcoma cells [21, 22]. Recent
studies have showed LAMTORS-AS1 would regulate E2F6 in non-small cell lung cancer (NSCLC)
[23]. Furthermore, LAMTORS-ASI1 could also sponge miR-210-3p to regulate cervical cancer
development [24].

However, the exact biological functions of LAMTORS-AS1 in glioma pathogenesis remain
inadequately characterized and warrant systematic investigation. To address this gap, our study

sought to quantitatively evaluate LAMTORS-AS1 expression patterns in glioma and determine their
2
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clinical relevance. Moreover, we systematically elucidated the functional roles and underlying

molecular mechanisms mediated by LAMTORS-AS1 m glioma malignancy.

Materials and methods

The characteristics of clinical tissue samples. We gathered 90 glioma tissue from TMUGH
(Tianjin Medical University General Hospital) (see details in Supplementary Table S1). The
pathological diagnoses of all samples were conducted in strict accordance with the World Health
Organization (WHO) classification system for gliomas, with dual-pathologist verification to ensure
diagnostic accuracy. Ten additional non-neoplastic brain tissue samples were obtained from the
brain tissue of patients from TMUGH with traumatic brain injury and used as controls. The
TMUGH Ethics Committee examined and approved the experiment protocol, including all
procedures containing patient data.

For comparative genomic analysis, we utilized the GBM and low-grade glioma (LGG) datasets
from TCGA (https://cancergenome.nih.gov/). These were also used to evaluate LAMTORS-ASI1
expression levels and their association with clinical characteristics.

Cell culture and stable cell construction. The HEB, A172 and U251 cell lines were procured from
the National Biomedical Cell-Line Resource (BMCR, Beijjing, China), while the US7MG and
HEK293T cell lines were obtained from the American Type Culture Collection (ATCC, Manassas,
VA, USA). All cells were cultured at 37 °C in a humidified atmosphere containing 5% CO- .

The wild-type U251 and US87MG cells were transduced with lentiviral vectors and subjected to
selection using 1.4 ug/ml puromycin (Solabio, Beijing, China) till stable
LAMTORS-AS1-knockdown cell lines were established. The two shRNA sequences targeting
LAMTORS-AS1 were as follows: LAMTORS-AS1-shl (5’-ACGGATTATTCCCCTCTCGG-3)
and LAMTORS-AS1-sh2 (5’-CCTCTGATGCCTTGAT-3’).

Transwell assay. U251 and US7MG cells (1 x 10° /well) were seeded into Matrigel-coated
transwell inserts (8-pum pore size; Corning, NY, USA). Following a 12-16 h incubation period to
allow cellular invasion, we carefully removed the inserts and fixed them with 4% paraformaldehyde.
Invading cells were then stained with 0.2% crystal violet (Solabio, Beijing, China) and air-dried.
Quantitative analysis was performed by counting invaded cells in five randomly selected fields per

nsert under light microscopy, with results expressed as mean number of invaded cells per field.
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CCK-8 cell proliferation assay. U251 and US87MG cells were plated and incubated for 8§ h in
96-well plates (1 x 10° cells/well; designated as Day 0). Cell proliferation was subsequently
monitored daily from Day 1 to Day 5 with the Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto,
Japan). Utilizing a microplate spectrophotometer (Agilent Technologies, Santa Clara, CA, USA) to
measure the absorbance at 490 nm after incubating 1.5 h with CCK-8 reagent at 37 °C.

RNA purification and qPCR. All primers were commercially obtained from GENEWIZ (Suzhou,
China; sequences provided in Supplementary Table S2). TRIzol reagent (Vazyme, Nanjing, China)
was used to extract total RNA, followed by ¢cDNA synthesis for both total RNA and microRNA
using StarScript Il All-in-One RT Mix (Genstar, Beijing, China) and the miRNA 1st Strand cDNA
Synthesis Kit (Vazyme), respectively. Subsequently, the quantitative PCR was carried out with the
following cycling parameters: initial denaturation (95 °C/30 s), followed by 40 cycles were run
(95 °C/5 s, 60 °C/30 s). U6 and GAPDH were selected as endogenous controls to normalize miRN A

284C hethod.

and mRNA expression levels, respectively. QPCR data were analyzed using the
GAPDH was used as the internal control for LAMTORS5-AS1 and TCF7, and U6 was used for
miR-4653-5p. The control group was set to 1.0, and data are presented as meantSD from three
independent experiments.

Western blot. Total protein was extracted by RIPA lysis buffer (Solarbio, Beijing, China) and
quantified using the BCA Protein Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA).
Subsequently, SDS-PAGE analysis was performed with 20 pg of protein loaded. Immunoblotting
was performed with these antibodies: anti-GAPDH (Abcam; 1:10,000) and rabbit anti-TCF7
(Abcam; 1:1,000). Complete antibody information is provided in Supplementary Table S3.

Nuclear and cytoplasmic RNA purification assay. Extracted RNA separately using the Nuclear
and Cytoplasmic RN A Purification Kit (Norgen Biotek, Thorold, ON, Canada) from 5 x 10> GBM
cells and synthesized the first-strand c¢DNA. Target transcripts were amplified using
LAMTORS-AS1-specific primers under the following PCR parameters: After initial denaturation
(94 °C/2 min), 40 amplification cycles were run (94 °C/30 s, 60 °C/30 s, 72 °C/5 min). Internal
controls were the U6 snRNA and 18S rRNA.

Fluorescence in situ hybridization (FISH). RNA fluorescence in situ hybridization (RNA-FISH)
was performed using the Beyotime Fluorescence In Situ Hybridization Kit for RNA (#R0307)

according to the manufacturer’s instructions. US7MG and U251 cells were seeded onto coverslips
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and cultured to approximately 70% confluence. Cells were fixed with 4% paraformaldehyde and
permeabilized with Proteinase K. Then slides were hybridized overnight in the dark with a
biotin- labeled probe (LAMTORS-AS1, 5-GTGCAGAACTCTAAGCAGGTCAT-3') or Cy5-labeled
probe (miR-4653-5p, 5-GGTGTTAAGCCTTGCTCAGAGA-3"). Following gradient washes,
samples were blocked with BSA and incubated with streptavidin-488 conjugate. Nuclei were
counterstained with DAPI, mounted in antifade mounting medium, the images were captured with a
fluorescence microscope. The efficiency of LAMTORS-AS1 knockdown was determined by
RT-gPCR, which is the standard quantitative method for measuring IncRNA abundance. RNA-FISH,
when used, was applied only for subcellular localization/co-localization analysis and not for
quantitative assessment of knockdown efficiency.

Vector construction and luciferase reporter assay. LAMTORS-AS1 wildtype and mutant
luciferase reporter vector were constructed basing on pMIR-GLO lentivirus reporter vector
(wild-type [WT], mutant 1 [MUTI1] and mutant2 [MUT2], Promega, Madison, WI, USA). TCF7
wildtype 3'UTR and mutant 3'UTR sequence were also constructed in pMIR-GLO vetors
(WT/MUT). Two individual LAMTORS-AS1 sh-RNA sequences were constructed in pLKO.1
lentivirus RNA1i vector (Sigma-Aldrich, St. Louis, MO, USA) to prepare stable LAMTORS-ASI1
knockdown. All the vectors were constructed and sequencing verified by GENEWIZ (Suzhou,
China)

US7MG and U251 cells were transfected using Lipofectamine 3000 (Thermo Fisher Scientific,
Waltham, MA, USA). Cells were co-transfected with either: 1) miRNA mimics and pmirGLO-
LAMTORS-AS1 constructs (wild-type [WT], mutant 1 [MUTI] and mutant2 [MUT2]) or 2)
miRNA mimics and pmirGLO-TCF7-3'UTR constructs (WT/MUT). Parallel transfections were
performed with pRL-TK and pGL3-basic plasmids in LAMTORS-AS1 knockdown groups
(LAMTORS5-AS1-shl/sh2) and control. Luciferase activity was quantified 24 h post-transfection
using the Luc-Pair Duo-Luciferase Assay Kit (GeneCopoeia, Rockville, MD, USA) on a GloMax
Navigator Microplate Luminometer (Promega, Madison, WI, USA) following manufacturers'
protocols.

RNA immunoprecipitation (RIP) assay. RNA-protein interactions in U251 and U87MG
glioblastoma cells were characterized by RIP analysis, which was carried out using the Imprint®

RNA Immunoprecipitation Kit (Sigma-Aldrich, St. Louis, MO, USA), following the manufacturer's
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protocol with modifications. Briefly, cell lysates were incubated overnight at 4 °C with 5 pg of
either anti-AGO2 antibody (#ab32381, Abcam, Cambridge, UK) or normal anti-IgG antibody
(#ab172730, Abcam), with constant rotation. The immunoprecipitated RNA was then purified for
use in synthesizing first-strand cDNA. Finally, quantitative and normalized analysis was performed
by qPCR. The data were present as relative enrichment, which refers to the fold ratio of the
precipitated RNA to mput RNA.

GBM cell line orthotopic xenograft. For in vitro transduction, U87MG cells were cultured in
6-well plates until reaching 60-70% confluence, they were transduced with 10 pl of CON101
lentiviral vector (3.5 x 108 TU/ml, Ubi-MCS-firefly-Luciferase- IRES-Puromycin; GeneChem,
Shanghai, China) and 40 plof 25% HiTransG Polution Enhancement Reagent (GeneChem) for 8 h
at 37 °C with 5% CO, . Transduction efficiency was verified 72 h post-infection by quantifying
bioluminescence signals using the IVIS Spectrum imaging system (PerkinElmer, Waltham, MA,
USA).

For in vivo imaging, 6-week-old male BALB/c nude mice (Vital River Laboratories) were
stereotactically implanted with 5 x 10° luciferase-expressing US7MG cells. After 7 days, mice
were performed in vivo bioluminescence imaging using the IVIS Spectrum system (auto-exposure,
8x binning, 20 cm field of view). All animal ethical procedures were approved by the Tianjin
Medical University Institutional Animal Care Committee.

Ethics approval and consent to participate. The research adhered to the Helsinki Declaration's
ethical guidelines and secured approval from the TMU Ethics Committee (Clinical sample analysis
Approval No.: ZYY-IRB-SOP-016(F)-00204; Animal experiments Approval No.:
IRB2025-DWFL-206).

Statistical analysis. To ensure methodological rigor, two independent software platforms were used
for all statistical analyses: 1) SPSS Statistics (version 20.0; IBM, Chicago, IL, USA) for the initial
analysis of clinical data, and 2) GraphPad Prism (version 9.0.0; GraphPad Software, La Jolla, CA,
USA) for data visualization. After Shapiro-Wilk tests confirmed normality, continuous variables
were expressed as meantstandard deviation (SD). Student's t-tests were employed for parametric
data in order to compare two groups. Multiple group comparisons were conducted taking
Kruskal-Wallis tests or one-way analysis of variance (ANOVA). Survival outcomes were evaluated

through Kaplan-Meier analysis. To ensure reproducibility, all cell-based experiments took out in



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

triplicate biological replicates, each of which had three technical replicates. Statistical significance
thresholds were established as indicated below: *p < 0.05, **p < 0.01, ***p < 0.001, and ****p <

0.0001.

Results

LAMTORS-AS1 demonstrates grade-dependent overexpression in glioma and independently
predicts poor clinical outcomes. Analysis of TCGA pan-cancer data revealed distinct expression
patterns of LAMTORS-AS1 across tumor types. Compared to matched normal controls,
significantly elevated RNA levels of LAMTORS-AS1 were observed in GBM, diffuse large B-cell
lymphoma (DLBCL), thymoma (THYM), and LGG specimens. Conversely, testicular germ cell
tumors (TGCT) and kidney chromophobe (KICH) exhibited marked downregulation of
LAMTORS-AS1 expression. These findings, particularly the consistent overexpression in glioma
subtypes (GBM and LGG), suggest that dysregulated LAMTORS-AS1 expression may acts as a
molecular diagnostic marker for gliomas (Figure 1A). To further explore the relationship between
LAMTORS-AS1 expression and glioma WHO grading, we integrated TCGA LGG and GBM
datasets and performed correlation analysis. The results founded LAMTORS-AS1 expression was
positively correlated with an increasing WHO grade (Figure 1B, p < 0.001). To confirm these
results, we performed qPCR analysis on an independent cohort o 90 glioma samples with varying
WHO grades from TMUGH, 10 non-neoplastic brain tissue samples obtained from TMUGH were
used as controls. Consistent with the TCGA data, LAMTORS-AS1 expression exhibited a similar
grade-dependent upregulation pattern (Figure 1C, p < 0.01). We next examined LAMTORS-AS1
expression patterns across different glioma cell lines. Compared to normal human glial cells (HEB),
quantitative analysis revealed significantly elevated LAMTORS-AS1 expression levels in grade I1I
astrocytoma cell line A172 (p < 0.05), with the grade IV glioblastoma cell lines U§7MG and U251
exhibiting the highest expression (p < 0.01). Notably, U§7MG and U251 cells demonstrated
approximately 4-fold higher LAMTORS-AS1 expression compared to HEB controls (Figure 1D).
To uncover the potential molecular mechanism ofaction of LAMTORS-AS1, we initially performed
a fluorescence in situ hybridization (FISH) assay in U§7MG and U251 cells, which revealed that
LAMTORS-AS1 exhibits cytoplasmic predominance (Figure 1E). These findings, consistent with

our clinical sample data, strongly suggest that LAMTORS-AS1 overexpression is a characteristic
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feature of high-grade gliomas across both patient specimens and experimental models.

Elevated LAMTORS-AS1 expression independently predicts poor prognosis in glioma
patients. To evaluate the prognostic value of LAMTORS5-AS1 in glioma, we conducted a
comprehensive survival analysis using integrated TCGA datasets encompassing both lower-grade
glioma (LGG) and glioblastoma (GBM) patients. KM survival curves with log-rank testing
demonstrated patients with high LAMTORS5-AS1 levels had a notably shorter survival time
compared to counterparts with low-expression (Figure 2A, p=0.002). Subgroup analyses revealed
consistent prognostic value across histological subtypes, with high LAMTORS-AS1 expression
predicting poorer OS in both LGG (Figure 2B, p < 0.001) and GBM (Figure 2C, p=0.035) cohorts.
Importantly, we observed consistent inverse correlations between LAMTORS-AS1 expression
levels and disease-free survival (DFS) across all analytical cohorts: combined LGG+GBM (Figure
2D, p=0.004), LGG alone (Figure 2E, p < 0.001), and GBM alone (Figure 2F, p=0.042). The KM
survival results were summarized in Supplementary Table S4. These findings indicate that
LAMTORS-AS1 may contribute to tumor progression.

Multivariate Cox regression analysis of the combined TCGA GBM+LGG cohort identified
LAMTORS-AS1 expression as an independent prognostic risk factor for overall survival (Figure 2G,
OS, HR=1.520, 95% CI 1.058-2.183), along with WHO grade (HR=1.783, 95% CI 1.486-2.138)
and MKI67 expression level (95% CI 1.193-1.625, HR=1.393), while IDH mutation status served
as a protective factor (95% CI 0.345-0.692, HR=0.489). Notably, elevated LAMTORS-ASI1
expression also independently predicted shorter disease- free survival (DFS) (Figure 2H, HR=1.403,
95% CI 1.202-1.637), further supporting its clinical significance as a robust prognostic biomarker
across multiple survival endpoints.

Glioma cells’ malignant phenotype is facilitated by LAMTORS-AS1. Given the significantly
elevated LAMTORS-AS1 expression levels observed in the glioblastoma cell lines U§7MG and
U251 (Figure 1D, 4-fold higher than normal glial HEB cells, p < 0.01), we selected these two
well-characterized models for subsequent functional investigations of LAMTORS-ASI in glioma
pathogenesis. We successfully established stable LAMTORS-AS1-knockdown U87MG and U251
cell lines through lentiviral shRN A transduction (shl and sh2). LAMTORS-AS1 knockdown in U87
and U251 cells was therefore validated by RT-qPCR using GAPDH as the internal control and the
284t method. Compared with the scramble control, sh-LAMTOR5-ASI-1  and
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sh-LAMTORS-AS1-2 reduced LAMTORS-AS1 expression by 88% and 85% in U87 cells, and by
81% and 90% in U251 cells, respectively (Figure 3A, n=3 independent experiments, p < 0.001).
RNA-FISH targeting LAMTORS-AS1 also show similar results (Supplementary Figure S1). In both
cell lines, CCK-8 proliferation assays demonstrated that LAMTORS-AS1 depletion significantly
impaired cellular growth (Figure 3B, p < 0.01), while Transwell invasion assays revealed 3.2-fold
(U87MG) and 2.6-fold (U251) decrease in invasive capacity (Figures 3C, 3D; p <0.01). For in vivo
validation, we intracranially injected luciferase-expressing U887MG scramble control or
LAMTOR5-AS1-sh1/2 cells (5 x 10° cells in 5 pul PBS) into six-week-old BALB/c naked mice
(n=5/group), with bioluminescent results showing dramatically attenuated tumor growth in
knockdown groups (Figures 3E, 3F, peak photon flux: 2.1 x 107 in scramble controls versus 8.7 x
10° and 9.4 x 10° photons/sec/cn®/steradian in LAMTORS-AS1-sh1/2, p < 0.001) and KM survival
analysis demonstrating prolonged median survival (Figure 3G, p < 0.01), collectively establishing
LAMTORS-AS1 as a critical regulator promoting glioma malignancy through enhancing both
proliferative and invasive capacities.

LAMTORS-AS1 acts as a miR-4653-5p molecular sponge. To elucidate the molecular
mechanisms underlying LAMTORS-AS1's oncogenic function, we first performed subcellular
fractionation experiments which confirmed its predominant cytoplasmic localization, with only
minimal nuclear distribution (Figure 4A). Bioinformatics analysis using two independent miRN A
prediction algorithms (miRanda and miRDB) identified four high-confidence candidate miRN As
potentially interacting with LAMTORS-AS1 (Figure 4B). Subsequent qRT-PCR validation in
LAMTORS-AS1-knockdown U87MG and U251 cells (shl/sh2) demonstrated significant
upregulation of miR-4653-5p and miR-7162-3p compared to scramble controls (Figure 4C).
RNA-FISH assay showed that LAMTORS-AS1 and miR-4653-5p were co-localized mainly in the
cytoplasm in both US7MG and U251 cells (Supplementary Figure S2). Dual-luciferase reporter
assays functionally validated that miR-4653-5p mimics specifically inhibited luciferase activity in
wild-type LAMTORS-AS1 constructs (25+6% reduction for US7MG and 28+2% reduction for
U251 vs miR-control, p < 0.01), while mutations in the predicted binding sites
(LAMTORS5-AS1-MUT1 for miR-4653-5p) abolished this suppression (Figure 4D, left panel).
Notably, miR-7162-3p showed no significant interaction with LAMTORS-AS1 (Figure 4D, right

panel). RNA immunoprecipitation (RIP) assays, performed using anti-AGO2 antibodies,
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demonstrated that LAMTORS-AS1 and miR-4653-5p were significantly co-precipitated compared
to the 1gG controls, the relative enrichment fold ratios of the precipitated RNA (LAMTORS-ASI,
miR-4653-5p or miR-7162-3p) relative to input were presented in Figure 4E (p < 0.01), providing
direct evidence for their physical interaction within the RISC complex. These thorough findings
demonstrate that LAMTORS-AS1 sequesters miR-4653-5p in glioblastoma cells by acting as a
molecular sponge.

miR-4653-5p suppresses TCF7 expression through direct 3'UTR targeting. While previous
studies have not investigated the downstream targets of miR-4653-5p, we systematically identified
its regulatory targets through an integrated bioinformatics and experimental approach. Using
TargetScan algorithm, we predicted 3,090 potential mRNA targets of miR-4653-5p, which were
then cross-referenced with 2,096 differentially expressed genes showing significant correlation with
upstream IncRNA LAMTORS-AS1 in TCGA LGG/GBM datasets (p < 0.01, Pearson's r > 0.2),
yielding 210 high-confidence candidate targets (Figure 5A). KEGG pathway analysis revealed
Wnt/B-catenin signaling as the most significantly enriched pathway (FDR < 0.001, Figure 5B).
Subsequent qPCR validation in miR-4653-5p-overexpressing US7MG and U251 cells demonstrated
TCF7 as the most downregulated among the three tested genes (Figure 5C, 3.3+0.3-fold decrease in
U87MG and 3.7+0.4-fold decrease in U251, p < 0.01), confirmed at protein level by western
blotting (Figure 5D, p<0.01). Dual-luciferase reporter assays with wild-type (WT) and mutant
(MUT) TCF7 3'UTR constructs showed miR-4653-5p specifically suppressed WT reporter activity
by 62+1% in U87MG and 78+3% in U251 (Figure 5E, p < 0.01) without affecting MUT controls.
RNA immunoprecipitation (RIP) using anti-AGO2 antibodies verified physical association between
miR-4653-5p and TCE7 mRNA (Figure 5F, p <0.01). Comprehensive analysis of integrated TCGA
LGG and GBM datasets showed a notable positive correlation between LAMTORS-ASI1, the
upstream regulatory IncRNA of miR-4653-5p, and TCF7 transcripts (Figure 5G, p < 0.001). The
results established a previously unrecognized mechanistic demonstration that TCF7 serves as a
direct functional target of miR-4653-5p through both 3'UTR-mediated repression and RISC
complex incorporation, and LAMTORS-AS1 might regulate TCF7 level by sponging miR-4653-5p.
LAMTORS-AS1 facilitates the malignancy phenotype of glioma cells through the
LAMTORS5-AS1/miR-4653-5p/TCF7 axis. To functionally validate the oncogenic role of the
LAMTORS-AS1/miR-4653-5p/TCF7 axis in glioblastoma pathogenesis, we performed rescue

10



317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

experiments  using  miR-4653-5p-specific  antisense  oligonucleotides (ASOs) in
LAMTORS-AS1-knockdowned US7MG and U251 cells. Quantitative RT-PCR and immunoblotting
analysis demonstrated that miR-4653-5p inhibition effectively restored TCF7 expression not only at
mRNA but also at protein levels compared to control ASO-treated cells (Figures 6A, 6B).
Phenotypic characterization revealed that miR-4653-5p ASO treatment significantly rescued the
impaired proliferative capacity (in CCK-8 assay, p < 0.01) and invasive potential (in Transwell
assay, p < 0.01) induced by LAMTORS-AS1 knockdown (Figures 6C, 6D). These comprehensive
findings establish that LAMTORS-AS1 promotes glioblastoma cell malignancy through a ceRNA
mechanism involving miR-4653-5p sequestration and subsequent TCF7 derepression, ultimately

driving tumor cell proliferation and invasion (Figures 6E).

Discussion

LAMTORS-AS1 serves as a multifaceted regulatory IncRNA with context-dependent roles in
various cancers [25], primarily functioning through miRNA sponging mechanisms to modulate
critical cellular processes [24, 26]. In osteosarcoma cells, LAMTORS5-AS1 contributes to drug
resistance by acting as a ceRNA that protects HNF4A mRN A from miR-34a-3p-mediated repression
and facilitates the SIRTI/HNF4A interaction, while also regulating chemotherapy sensitivity
through modulation of the NRF2/KEAP1 oxidative stress pathway [22]. The IncRNA exhibits
tumor-promoting activities in NSCLC cells by forming a ceRNA network with miR-506-3p to
regulate E2F6 expression, thereby enhancing proliferation and metastasis [23], whereas in cervical
cancer it appears to function as a tumor suppressor through its interaction with miR-210-3p [24].
LAMTORS-AST1's clinical relevance is further supported by its identification as a diagnostic
biomarker in prostate cancer and its potential connection with HBXIP (LAMTORS) in colorectal
cancer, where it may regulate miR-let-7b-3p and miR-20a-5p [20, 27]. Additionally, in
osteosarcoma, LAMTORS-AS1 participates in  pyroptosis regulation through the
hsa-miR-23a-3p/TP63 axis, and its differential expression patterns between chemosensitive and
chemoresistant cell lines suggest a role in treatment response [28].

To date, the expression patterns, downstream effects, and molecular mechanisms of
LAMTORS-AS1 in gliomas remain unexplored. Our comprehensive analysis of both TMUGH
clinical specimens and TCGA datasets displayed significant overexpression of LAMTORS-AS]1 in
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glioma tissues, with a striking positive correlation between its expression levels and tumor grade (p
< 0.001, ANOVA), demonstrating peak expression in glioblastoma (GBM) samples. Most
importantly, univariate Cox proportional hazards regression analysis identified LAMTORS-ASI1
expression as a powerful independent predictor of poor clinical outcomes (HR=1.520, 95% CI
1.058-2.183, p=0.023 for OS, HR=1.403, 95% CI 1.202-1.637, p < 0.01 for DFS), establishing its
potential as a novel molecular prognostic marker for glioma patient stratification.

The precursor gene of miR-4653-5p, MIR4653, is located in an intergenic region of chromosome
7q22.1, with miR-4653-5p being processed from the 5' arm of this precursor (PubChem Substance
ID: 251851779; https//pubchem.ncbi.nlm.nih. gov/substance/251851779), first identified in 2015.
To date, the expression profile of miR-4653-5p only documented in Type 1 diabetes mellitus cells
[29]. While the downstream targets and molecular mechanisms of miR-4653-5p remain completely
uncharacterized. In this study, we present the first experimental evidence demonstrating that: 1)
miR-4653-5p directly targets TCF7 through 3'UTR binding, as validated by dual- luciferase reporter
assays and AGO2-RIP experiments; and 2) LAMTORS-ASI as a ceRNA, targets and modulates
TCF7 expression by sequestering miR-4653-5p.

When abnormally activated, the canonical Wnt/B-catenin signaling pathway has been demonstrated
to foster multiple kinds of cancer’s development [30-32]. As a crucial transcriptional effector of
Wnt signaling, TCF7 mediates the nuclear transduction of B-catenin-dependent transcriptional
programs [33-35]. Our experimental data demonstrate that genetic ablation of LAMTORS-ASI
substantially reduces TCF7 expression in glioma cell lines at mRNA and protein levels. Subsequent
functional research showed that TCF7 degradation dramatically attenuates glioma cell proliferation
and invasion. Most notably, our findings provide the first experimental evidence establishing a
mechanistic link between LAMTORS-ASI1 expression and Wnt/B-catenin pathway activation in
glioma pathogenesis.

In conclusion, our findings demonstrate that LAMTORS-AS1 expression exhibits a significant
positive correlation with both WHO glioma grade and unfavorable patient outcomes, establishing
its potential as both molecular classifier for gliomas stratification and a novel prognostic biomarker.
Mechanistically, we have identified a previously unrecognized cytoplasmic function of
LAMTORS-ASI in driving glioma malignancy through its role to serve as ceRNA that sequesters
miR-4653-5p, reducing the suppression of TCF7 expression caused by miR-4653-5p and
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subsequently activating oncogenic signaling pathways that promote glioma progression.
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Figure Legends

Figure 1. LAMTORS-ASI levels are correlated with glioma WHO grades A) The pan-cancer atlas

depicting LAMTORS-AS1 transcripts per million (TPM) in multiple tissues. B) Differential
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expression of LAMTORS-ASI across glioma grades based on TCGA datasets (control=105). C)
The expression level of LAMTORS-AS1 in TMUGH samples with different glioma grades
(control=20). (D) The LAMTORS-AS1’s relative mRN A levels in human astrocyte (HEB) cells and
glioma cells (US7MG, U251, A172). (E)RNA- FISH was performed to visualize the intracellular
localization of LAMTORS- AS1 (green), DAPI was used to stain cell nuclei (blue). *p < 0.05; **p
<0.01; ***p <0.001

Figure 2. LAMTORS5-AS1 expression as a clinical prognostic biomarker in glioma. A)
Kaplan-Meier (KM) analysis was performed on the overall survival (OS) time of TCGA-LGG and
TCGA-GBM samples (n=603) with samples stratified by LAMTORS-AS1 expression levels. B) OS
was assessed by KM analysis in TCGA-LGG samples (n=473) categorized according to
LAMTORS-AS1 expression. C) KM analysis of OS in TCGA-GBM samples (n=130) stratified by
LAMTORS-AS1 expression D-F) Using a stratification approach based on LAMTORS-ASI1
expression levels, we performed KM analysis to evaluate disease-free survival (DFS) in
LGG+GBM (D) or LGG (E) or GBM (F) samples from the TCGA dataset. G) A forest plot was
utilized to show how the OS was affected by the LAMTORS-AS1 RNA expression level in the
LGG+GBM datasets from TCGA. H) A forest plot was utilized to show how the DFS in the TCGA
GBM datasets was affected by the levels of LAMTORS-AS1 RNA expression.

Figure 3. LAMTORS5-AS1 knockdown suppresses GBM malignancy in vitro and in vivo. A)
LAMTORS-AS1 knockdown in U251 and U887MG cells was confirmed by qRT-PCR results (n=3).
B) Following LAMTORS-AS1 knockdown (n=3), GBM cells proliferation was measured by
performing CCK-8. C-D) The invasive capacity of LAMTORS-AS1-knockdown GBM cells was
evaluated using Transwell assays (n=3). E) Representative bioluminescent pictures of xenograft
tumors in BALB/c naked mice in the shLAMTORS5-AS1 groups (LAMTORS-ASI-shl and
LAMTORS-AS1-sh2) and U87MG control group (Scramble). F) Corresponding photon flux
quantification in BALB/c naked mice. (n=5). G) Kaplan-Meier survival analysis of the control
group and LAMTORS-ASI shl/sh2 group in glioblastoma mouse models. (n=5/group). *p < 0.05;

*¥p <0.01; ***p <0.001. Data are expressed as the mean+=SD.
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Figure 4. LAMTORS-ASI1 plays a sponge role for miR-4653-5p. A) Subcellular distribution of
LAMTORS-AS1T in GBM cells (U87MG and U251) were analyzed by qPCR. B) The miRN As
which were identified as possibly binding to LAMTORS-AS1 were those predicted by both
miRanda (n=45) and miRDB (n=19). C) qRT-PCR analysis demonstrated altered miRNA
expression levels in GBM cells following LAMTORS-AS1 knockdown (US7MG and U251 cells).
D) The luciferase reporter plasmids are shown schematically, with one containing the miRNA
sequence for the LAMTORS-ASI interaction and the other without (upper panel). The targeting
relationship between LAMTORS-AS1 and either miR-4653-5p or miR-7162-5p was demonstrated
by the dual-luciferase reporter assay (lower panel). E) US7MG and U251 cells were subjected to an
Anti-AGO?2 RIP test, followed by a qRT-PCR assay to determine AGO?2's enrichment capacity on
LAMTORS-AS1, miR-4653-5p, or miR-7162-5p n comparison to IgG. **p < 0.01; ***p < 0.001

Figure 5. LAMTORS-AS1 modulates the Wnt signaling pathway via sponging miR-4653-5p. A)
The overlap analysis between genes significantly correlated with upstream LAMTORS-ASI in
TCGA LGG+GBM datasets (n=2096) and miR-4653-5p-targeting genes predicted by TargetScan
(n=3090). B) Gene Ontology enrichment analysis results for overlapping genes, presented as a
bubble plot (n=210). C, D) Relative expression of TCF7, WNT9A and WNT9B was detected by
gPCR (C), while western blot was performed to quantify TCF7 protein levels following transfection
with the mimics of miR-4653-5p (D). E) Luciferase activities were determined in US7MG and
U251 cell lines following co-transfection with either WIT/MUT-TCF7 3'UTR constructs, and
mimic-control or miR-4653-5p mimics. F) AGO2-RIP assays confirmed that miR-4653-5p and
TCF7 interact. G) Correlation analysis of LAMTORS-AS1 and TCF7 expression in TCGA LGG
and GBM datasets. **p < 0.01

Figure 6. Malignant GBM cell phenotype is promoted by LAMTORS-AS1 via
LAMTORS-AS1/miR-4653-5p/TCF7 axis. A, B) qPCR and western blot showing altered TCF7
expression levels in U251 and U87MG cells post-treatment with miR-4653-5p-specific ASOs. The
relative expression of TCF7 was calculated using the 2AACt method. The scramble+control ASO
group was used as the calibrator and set to 1.0 (leftmost red bar). C) Results of cell proliferation

assays using miR-4653-5p-specific ASO (n=3). D) Transwell assays illustrating the invasion
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566  capability among the GBM cells (n=3). E) The schematic diagram illustrates the potential
567 mechanism by which LAMTORS-AS1 promotes the malignancy of glioblastoma. *p < 0.05; **p <

568  0.01. Data are presented as meant=SD.

18



Fig. 1 Download full resolution image


https://mmplus.sav.sk/MMPlus2/api/download/articleFile/307717/ZCDeIo0ficQvJxziFziOnot5rcQeRYzxqiqEVHTOkhKm5PM74peH7plumhQTkAKe

Fig. 2 Download full resolution image


https://mmplus.sav.sk/MMPlus2/api/download/articleFile/307718/pClYbB57TzuvpiNsjEpYbvojY6hu6Tn7nnhvL8DKNz2k6wJCNHSgn8paraHkdOwb

Fig. 3 Download full resolution image


https://mmplus.sav.sk/MMPlus2/api/download/articleFile/307719/2FYUuUx1nJY59XGRAgwoYdLk4iiyfjpCTAB8Z0648pNgQhWGQqBZbJKsYXqgUwnJ

Fig. 4 Download full resolution image


https://mmplus.sav.sk/MMPlus2/api/download/articleFile/307720/z2GNWzEtcuSb0oeCCUnShkFrL2B6FnwV4nGx8Ftf5B2GfsRnHWhDb6V1vVEAgoIw

Fig. 5 Download full resolution image


https://mmplus.sav.sk/MMPlus2/api/download/articleFile/307721/5Jt20jmeOvXgfQCGMWRWmdm3aTJ2MMIRgdCsBGIDa9gtIPPpTQrFDzvHgMF2FsDD

Fig. 6 Download full resolution image


https://mmplus.sav.sk/MMPlus2/api/download/articleFile/307722/VUUv9O2rDom7xrNcrud7xUoK6FYxS08iDvAi2D3bc1NcEvQ8o08mY9k6apPVhvv1

