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LncRNA-NONHSAT192404.1 Regulates miR-518a-3p to Inhibit
Triple-Negative Breast Cancer Progression via the PI3K/AKT
Pathway

Huachao Yang1, Lin Gan1, Yu Zheng2, Jie Min1, Zhifeng Xiong1, Ting Wang1, Shisi Hu1, Gang Lv1,*

ABSTRACT
Introduction: Triple-negative breast cancer (TNBC) is an aggressive subtype of breast cancer lack-
ing targeted therapies. This study aimed to elucidate the role of the long non-coding RNA (lncRNA)
NONHSAT192404.1 in TNBC progression and its regulatory relationship with miR-518a-3p and the
PI3K/AKT signaling pathway. Methods: Quantitative real-time PCR (qPCR) was used to analyze
NONHSAT192404.1 expression in TNBC cell lines. Functional assays, including CCK-8 proliferation,
wound-healing, Transwell invasion, flow cytometry, and apoptosis analyses, were performed fol-
lowing NONHSAT192404.1 overexpression. The direct interaction between NONHSAT192404.1 and
miR-518a-3p was confirmed using dual-luciferase and RNA pull-down assays. Western blot and
qPCR analyses were employed to investigate the regulation of the PI3K/AKT pathway. Results:
NONHSAT192404.1 was significantly down-regulated in TNBC cell lines. Its overexpression inhib-
ited cell proliferation, migration, and invasion, and induced cell-cycle arrest and apoptosis. A direct
molecular interactionbetweenNONHSAT192404.1 andmiR-518a-3pwas established. Furthermore,
NONHSAT192404.1 was shown to negatively regulate the PI3K/AKT pathway in a miR-518a-3p-
dependent manner. Conclusion: These findings highlight NONHSAT192404.1 as a potential tu-
mor suppressor in TNBC and suggest that the NONHSAT192404.1/miR-518a-3p/PI3K/AKT axis may
serve as a promising therapeutic target.
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INTRODUCTION
Breast cancer is the most prevalent malignancy
amongwomenworldwide, representing a significant
public health challenge due to its heterogeneity and
variable clinical outcomes1,2. Among the various
subtypes of breast cancer, Triple-Negative Breast
Cancer (TNBC) is particularly notorious for its ag-
gressive behavior and poor prognosis3,4. TNBC
is defined by the absence of estrogen receptor
(ER), progesterone receptor (PR), and HER2 pro-
tein expression, which renders conventional en-
docrine therapies and HER2-targeted treatments in-
effective5. This leaves TNBC patients with limited
therapeutic options, typically relying on surgery, ra-
diation, and chemotherapy, which often result in
high recurrence rates and poor overall survival6,7.
Given the urgent need for effective targeted ther-
apies in TNBC, there has been increasing interest
in the molecular mechanisms that drive TNBC tu-
morigenesis8. Studies indicate that long non-coding
RNAs (lncRNAs) and circular RNAs are not only in-
volved in TNBC tumorigenesis but also show po-
tential as targets for personalized treatment, offer-

ing opportunities for improved monitoring of recur-
rence and resistance9. Recent advances in genomics
and transcriptomics have revealed that lncRNAs
play critical roles in cancer biology10. LncRNAs,
which are transcripts longer than 200 nucleotides
that do not encode proteins, have been shown to
regulate gene expression at various levels, includ-
ing chromatin remodeling, transcriptional control,
and posttranscriptional processing11. The speci-
ficity of lncRNA expression profiles makes them
promising for early diagnosis and targeted treatment
in TNBC12. Their dysregulation is associated with
various oncogenic processes, including cell prolifer-
ation, invasion, and metastasis1,13,14. Studies indi-
cate that lncRNAs like LINC01087 and NRAD1 show
promise as diagnostic biomarkers and therapeutic
targets in TNBC due to their differential expression
and potential roles in cancer progression5,15,16. Ad-
ditionally, research highlights that lncRNAs inter-
act with miRNAs in TNBC, regulating gene expres-
sion and progression, thus presenting potential tar-
gets for neoadjuvant chemotherapy17,18. Among
these, miR-518a-3p is a microRNA recognized for its
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tumor-suppressive properties19, but its interaction
with lncRNAs and specific impact on TNBC cell be-
havior remain poorly understood.
The PI3K/AKT pathway is a critical regulator of cell
survival, growth, and metabolism and is frequently
activated in various cancers, including TNBC20,21.
Dysregulation of this pathway is common in TNBC
and plays a central role in promoting cancer cell sur-
vival and chemoresistance, making it a key molec-
ular target for developing effective therapies22,23.
Research has shown that approximately 25–30 %
of TNBC cases feature genetic alterations in the
PI3K/AKT/mTOR pathway, suggesting that targeted
therapies may be particularly beneficial for these pa-
tients24. Specific mutations in PIK3CA and other
pathway components have been associated with
TNBC progression, indicating the importance of the
pathway in this cancer subtype25. Recent findings
suggest that certain long non-coding RNAs (lncR-
NAs) may activate the PI3K/AKT pathway in TNBC,
providing potential new targets for therapeutic in-
tervention26. Recent studies have shown that lncR-
NAs can regulate the PI3K/AKT signaling pathway
by acting as molecular sponges for specific miR-
NAs27. LncRNA H19 promotes PI3K/AKT activa-
tion by binding to miR-140-5p in ovarian cancer,
while PTENP1 enhances PTEN expression by spong-
ing miR-17 and miR-19b, leading to pathway sup-
pression27–29. These findings support the idea that
lncRNA–miRNA interactions play a key role in mod-
ulating PI3K/AKT activity in cancer.
LncRNA-NONHSAT192404.1 is a newly identified
lncRNA whose role in TNBC has yet to be
fully elucidated30. Here, we identified lncRNA-
NONHSAT192404.1 as significantly upregulated in
TNBC tissues and cell lines, suggesting its poten-
tial role in the pathogenesis of this aggressive cancer
subtype. Mechanistically, we found that lncRNA-
NONHSAT192404.1 interacts with miR-518a-3p to
modulate gene expression post-transcriptionally,
with subsequent effects on the PI3K/AKT signal-
ing pathway. This study aims to investigate the
function and molecular mechanism of lncRNA-
NONHSAT192404.1 in TNBC, focusing on its inter-
action with miR-518a-3p and its downstream reg-
ulation of the PI3K/AKT signaling pathway. Our
findings are expected to contribute to identifying
novel biomarkers and potential therapeutic targets
in TNBC.

METHODS

Cell Culture

Triple-negative breast cancer (TNBC) cell lines
MDA-MB-231 (ATCC, HTB-26) and the non-
tumorigenic mammary epithelial cell line Hs578Bst
(ATCC, HTB-126) were obtained from the American
Type Culture Collection (ATCC, USA). TNBC cells
and MDA-MB-231 cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM; Gibco, Thermo
Fisher Scientific, Catalog No. 11965092) supple-
mented with 10 % fetal bovine serum (FBS; Gibco,
Catalog No. 10082147), 1 % penicillin-streptomycin
(Gibco, Catalog No. 15140122), and 2 mM L-
glutamine (Gibco, Catalog No. 25030081). All cell
lines were maintained at 37 ◦C in a humidified at-
mosphere containing 5 % CO2. Cells were passaged
at 70–80 % confluence using 0.25 % trypsin-EDTA
(Gibco, Catalog No. 25200072).

LncRNA and miR-518a-3p Overexpression
and Knockdown

For overexpression of LncRNA-NONHSAT192404.1
and miR-518a-3p, full-length sequences of LncRNA-
NONHSAT192404.1 and precursor miR-518a-3p
were cloned into the pcDNA3.1(+) vector (In-
vitrogen, Thermo Fisher Scientific, Catalog No.
V79020). For knockdown experiments, small
interfering RNAs (siRNAs) targeting LncRNA-
NONHSAT192404.1 and antisense oligonucleotides
(ASOs) targeting miR-518a-3p were synthesized
by GenePharma (Shanghai, China). Cells were
transfected with overexpression constructs, siRNAs,
or ASOs using Lipofectamine 3000 (Invitrogen,
Thermo Fisher Scientific, Catalog No. L3000015)
according to the manufacturer’s protocol. The
sequences of the siRNAs used for knockdown are
listed in Supplementary Table 1.
Transfection efficiency was confirmed by quantita-
tive real-time PCR (qRT-PCR) 48 h post-transfection.
Scrambled siRNA or ASO was used as a negative
control.

Quantitative Real-Time PCR (qRT-PCR)

Expression levels of LncRNA-NONHSAT192404.1,
NONHSAT148701.1, and miR-518a-3p were mea-
sured in TNBC cell lines (MDA-MB-231) and com-
pared with the normal mammary epithelial cell line
(Hs578Bst). Total RNA was extracted using TRIzol
reagent (Invitrogen, Thermo Fisher Scientific, Cat-
alog No. 15596026). miRNA was extracted with
the mirVana miRNA Isolation Kit without phenol

7634



Biomedical Research and Therapy 2025, 12(8):7633-7643

(Thermo Fisher Scientific, AM1561). RNA concen-
tration and purity were determined using a Nan-
oDrop 2000 spectrophotometer (Thermo Fisher Sci-
entific, Catalog No. ND-2000). cDNA was synthe-
sized from 1 µg total RNA using the PrimeScript
RT Reagent Kit (Takara Bio, Japan, Catalog No.
RR037A). qRT-PCRwas performed with SYBR Green
Master Mix (Applied Biosystems, Thermo Fisher Sci-
entific, Catalog No. 4309155) on a QuantStudio 6
Flex Real-Time PCR System (Applied Biosystems,
Catalog No. 4485690). Expression levels of LncRNA-
NONHSAT192404.1, miR-518a-3p, and other genes
of interest were normalized to GAPDHor U6 snRNA,
respectively, and calculated by the 2−∆∆Ct method.
Primer sequences are provided in Supplementary
Table 2.

Cell Proliferation Assay
Cell proliferation was assessed with the Cell Count-
ing Kit-8 (CCK-8) assay (Dojindo Laboratories,
Japan, Catalog No. CK04-11). Cells were seeded in
96-well plates at 2,000 cells/well in 100 µL complete
medium. After overnight adhesion they were trans-
fected as described. At 24, 48, 72, and 96 h post-
transfection, 10 µL CCK-8 solution was added per
well and incubated for 2 h at 37 ◦C. Absorbance was
read at 450 nm on amicroplate reader (Bio-Rad, USA,
Catalog No. 168-1000EDU). Experiments were done
in triplicate.

Cell Cycle Analysis
Cell-cycle distribution was analyzed by flow cytom-
etry after propidium iodide (PI) staining. Briefly,
MDA-MB-231 cells (transfected as indicated) were
harvested 48 h post-transfection, washed twice with
ice-cold PBS, and fixed in 70 % ethanol at 4 ◦C
overnight. After washing, cells were incubated with
PI (50 µg/mL) and RNase A (100 µg/mL) in PBS for
30 min at room temperature in the dark, and DNA
content was measured on a flow cytometer. Percent-
ages of cells in G0/G1, S, and G2/M phases were de-
termined with appropriate software.

Apoptosis Detection
Apoptotic cells were quantified by Annexin V-
FITC/PI dual staining followed by flow cytometry.
Forty-eight hours after transfection, MDA-MB-231
cells were harvested by trypsinization, washed twice
with PBS, and resuspended in 100 µL 1× binding
buffer. Annexin V-FITC (5 µL) and PI (5 µL) from the
Annexin V-FITC/PI Apoptosis Detection Kit (Key-
GEN BioTECH, China; Cat. No. KGA107) were

added and incubated for 10 min at room tempera-
ture in the dark. Samples were analyzed within 1
h. Cells were classified as viable (Annexin V-/PI−),
early apoptotic (Annexin V+/PI−), and late apop-
totic/necrotic (Annexin V+/PI+).

Cell Invasion Assay
The invasive capacity of TNBC cells was evaluated
in Transwell chambers (Corning, USA, Catalog No.
3422) with 8-µm-pore polycarbonate membranes
coated with Matrigel (BD Biosciences, USA, Cata-
log No. 354234) diluted 1:8 in serum-free DMEM.
Hs578Bst was included as a negative control. Cells
(5 × 10) in serum-free medium were seeded in the
upper chamber; DMEM with 10 % FBS was placed in
the lower chamber as chemoattractant. After 24 h,
non-invading cells were removed, and invading cells
were fixed with 4 % paraformaldehyde, stained with
0.1 % crystal violet, and counted under a microscope
(Olympus, Japan, Catalog No. CX23) in five random
fields. Experiments were done in triplicate.

Wound-Healing Assay
Transfected TNBC cells were seeded at 5 × 105
cells/well in 6-well plates and grown to 90 % con-
fluence. A linear scratch was made with a 200 µL
pipette tip, debris was removed with PBS (Gibco,
Thermo Fisher Scientific, Catalog No. 10010049),
and cells were cultured in serum-freeDMEM. Images
were captured at 0, 24, and 48 h with an inverted mi-
croscope. Woundwidthwasmeasured in ImageJ and
quantified as previously described31.

Luciferase Reporter Assay
To validate the interaction between LncRNA-
NONHSAT192404.1 and miR-518a-3p, the pmirGLO
dual-luciferase vector (Promega, USA; Cat. No.
E1330) was used. A fragment of the TLR4 3′-
UTR containing the predicted miR-518a-3p site was
cloned downstream of firefly luciferase; a mutant
site was generated with the QuikChange II kit (Ag-
ilent Technologies, USA; Cat. No. 200523). MDA-
MB-231 cells were co-transfected with wild-type,
mutant, or empty pmirGLO plus miR-518a-3p mim-
ics (GenePharma, China) using Lipofectamine 3000.
After 48 h, luciferase activity was measured with the
Dual-Luciferase Reporter Assay System (Promega,
USA; Cat. No. E1910). Experiments were done in
triplicate.

RNA Pull-Down Assay
Direct interaction between LncRNA-
NONHSAT192404.1 and miR-518a-3p was
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tested by a biotin-labeled RNA pull-down assay.
Wild-type and mutant transcripts of LncRNA-
NONHSAT192404.1 were in vitro transcribed with
3′-biotin and incubated with streptavidin-magnetic
beads using the Pierce Magnetic RNA-Protein
Pull-Down Kit (Thermo Fisher Scientific, USA; Cat.
No. PI20164). After incubation with MDA-MB-231
lysates, bound RNA was eluted and miR-518a-3p
enrichment quantified by qRT-PCR. Scrambled
biotin-RNA served as negative control.

Western Blot
MDA-MB-231 cells were transfected as indicated.
Total protein was extracted with RIPA buffer (Cell
Signaling Technology, USA, Catalog No. 9806S)
plus protease/phosphatase inhibitors (Thermo Fisher
Scientific, Catalog No. 78440). Protein concen-
tration was determined with the BCA kit (Thermo
Fisher Scientific, Catalog No. 23225). Equal pro-
tein amounts (30 µg) were resolved by SDS-PAGE
on 4–20 % gradient gels (Bio-Rad, USA, Catalog
No. 4561094) and transferred by wet transfer
to PVDF membranes (Millipore, USA, Catalog No.
IPVH00010). Membranes were blocked with 5 %
non-fat milk in TBST (Cell Signaling Technology,
Catalog No. 9997S) for 1 h and incubated overnight
at 4 ◦C with primary antibodies (1:1000): TLR4 (Pro-
teintech, 19811-1-AP), AKT (Proteintech, 10176-2-
AP), PI3K (Proteintech, 27921-1-AP), PPP2R1A (Pro-
teintech, 15882-1-AP), and GAPDH (Proteintech,
10494-1-AP). After washing, membranes were in-
cubated with HRP-conjugated secondary antibod-
ies (Cell Signaling Technology, Catalog No. 7074S;
1:2000) for 1 h at room temperature. Bands were vi-
sualized with ECL substrate (Bio-Rad, Catalog No.
1705061) and imaged on a ChemiDoc XRS+ system
(Bio-Rad, USA, Catalog No. 1708265). Densitometry
was performed with Image Lab.

Bioinformatics Analysis
Potential miR-518a-3p target genes were predicted
with TargetScanHuman 7.2. Functional enrichment
(GO terms, KEGGpathways) was analyzed inDAVID
v6.8. Protein-protein interaction networks were
generated with STRING v11.0 and visualized in Cy-
toscape v3.

Statistics
Data are presented as mean ± SD. Two-group com-
parisons used Student’s t-test; multiple groups used
one-way ANOVA with Tukey’s post-hoc test. p <
0.05 was considered significant. Analyses were per-
formed in GraphPad Prism.

RESULTS
Downregulation of LncRNA-
NONHSAT192404.1 and
NONHSAT148701.1 in TNBC Cells
To evaluate the expression levels of LncRNA-
NONHSAT192404.1 and NONHSAT148701.1 in
triple-negative breast cancer (TNBC), we conducted
quantitative real-time PCR (qRT-PCR) analyses
in the TNBC cell line MDA-MB-231 and com-
pared them with normal mammary epithelial cells
(Hs578Bst). The results revealed a significant
downregulation of LncRNA-NONHSAT192404.1 in
TNBC cells relative to Hs578Bst cells (Figure 1A).
Similarly, LncRNA-NONHSAT148701.1 was found
to be significantly downregulated in TNBC
cells (Supplementary Fig. 1A). These findings
imply a potential involvement of LncRNA-
NONHSAT192404.1 and NONHSAT148701.1 in
the oncogenic processes driving TNBC. We then
analyzed survival data from TNBC patients.
Kaplan–Meier survival curves were generated to
assess the relationship between LncRNA expression
levels and patient prognosis. The analysis revealed
a significant positive correlation between the
expression levels of LncRNA-NONHSAT192404.1
and patient survival, indicating that higher levels of
this LncRNA are associated with better outcomes
in TNBC patients (Figure 1B). Similarly, increased
expression of LncRNA-NONHSAT148701.1 was
also found to be positively correlated with patient
survival, further supporting its potential role as a
prognostic biomarker in TNBC (Supplementary
Fig. 1B).

LncRNA-NONHSAT192404.1 Inhibits
TNBC Cell Proliferation and Induces
Apoptosis
The influence of LncRNA-NONHSAT192404.1 on
TNBC cell proliferation was evaluated using the
Cell Counting Kit-8 (CCK-8) assay. Overexpres-
sion of LncRNA-NONHSAT192404.1 in MDA-MB-
231 cells led to a significant decrease in prolifer-
ation (Figure 2A-C). In contrast, knock-down of
LncRNA-NONHSAT192404.1 resulted in a marked
increase in cell proliferation (Figure 2A-C), in-
dicating that LncRNA-NONHSAT192404.1 plays a
crucial role in inhibiting TNBC-cell proliferation.
To understand the mechanistic basis of LncRNA-
NONHSAT192404.1’s effects, we examined its im-
pact on cell-cycle progression. Flow-cytometry
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Figure 1: Expression levels of LncRNA-NONHSAT192404.1, NONHSAT148701.1, and miR-518a-3p
in TNBC cells and their association with patient prognosis. (A) qRT-PCR analysis of lncRNA-
NONHSAT192404.1, NONHSAT148701.1, and miR-518a-3p expression in TNBC cell line (MDA-MB-231) compared
to normal mammary epithelial cells (Hs578Bst). NONHSAT192404.1 and NONHSAT148701.1 were significantly
downregulated, whereas miR-518a-3p was upregulated in TNBC cells. (n = 3). Error bars represent mean ±
SEM. ***p < 0.001. (B) Kaplan-Meier survival analysis showing better overall survival in TNBC patients with high
NONHSAT192404.1 expression. (C) Kaplan-Meier survival analysis showing better overall survival in TNBC pa-
tients with high NONHSAT148701.1 expression.

analysis revealed that overexpression of LncRNA-
NONHSAT192404.1 led to an increase in the propor-
tion of cells in the S phase, with a concomitant de-
crease in the M phase, suggesting cell-cycle arrest at
S (Figure 2D, E). In addition, overexpression signifi-
cantly increased apoptosis, as evidenced by a higher
percentage of Annexin-V-positive cells, whereas
knock-down reduced apoptosis rates (Figure 2F, G).

LncRNA-NONHSAT192404.1 Suppresses
TNBC Cell Migration and Invasion

The wound-healing assay further supported these
findings, demonstrating that cells overexpress-
ing LncRNA-NONHSAT192404.1 exhibited slower
wound closure, while knock-down significantly in-
creased wound-closure ability, suggesting a role in
cell migration (Figure 3A, B). To further inves-
tigate invasion, Transwell assays were performed.
Overexpression of LncRNA-NONHSAT192404.1 sig-
nificantly inhibited invasion of MDA-MB-231 cells.
Conversely, knock-down resulted in a significant el-
evation in cell invasion (Figure 3C, D).

LncRNA-NONHSAT192404.1 Directly In-
teracts with miR-518a-3p

Based on bioinformatics predictions using Tar-
getScan, which identified a putative binding site for
miR-518a-3p within LncRNA-NONHSAT192404.1,
we hypothesized a direct interaction (Figure 4A).
miR-518a-3p was significantly up-regulated in
MDA-MB-231 relative to normal mammary ep-
ithelial cells (Figure 4B). Dual-luciferase assays
showed a significant reduction in luciferase activity.
Importantly, mutating the miR-518a-3p binding
site abolished this reduction, confirming direct
binding (Figure 4C). An RNA pull-down assay
corroborated these findings: miR-518a-3p was
specifically enriched in complexes with LncRNA-
NONHSAT192404.1 but not with control RNA
(Figure 4D, E). These results demonstrate that
LncRNA-NONHSAT192404.1 directly interacts
with, and likely sponges, miR-518a-3p in TNBC
cells.
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Figure 2: LncRNA-NONHSAT192404.1 Inhibits TNBC Cell Proliferation and Induces Apoptosis. (A-C)
Overexpression of lncRNA-NONHSAT192404.1 significantly decreases TNBC cell proliferation, while its knock-
down enhances proliferation as shown by the CCK-8 assay. (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001. (D, E)
Flow cytometry analysis shows that lncRNA-NONHSAT192404.1 overexpression leads to cell cycle arrest at the S
phase, while knockdown decreases S phase cells. (n = 3). p < 0.05. (F, G) Apoptosis analysis shows that lncRNA-
NONHSAT192404.1 overexpression increases apoptotic cell death, while its knockdown reduces apoptosis. (n = 3).
Error bars represent mean ± SEM. **p < 0.01, ***p < 0.001.

Regulation of PI3K/AKT Signaling by
LncRNA-NONHSAT192404.1 Is Reversible
by miR-518a-3p

To explore how LncRNA-NONHSAT192404.1 reg-
ulates PI3K/AKT signaling, we quantified TLR4,
AKT, PI3K and PPP2R1A expression. PI3K,
AKT and PPP2R1A were significantly up-regulated
in MDA-MB-231 versus Hs578Bst cells, whereas
TLR4 was down-regulated (Figure 5A). Western-
blotting showed that overexpression of LncRNA-
NONHSAT192404.1 increased TLR4 and decreased
AKT, PI3K and PPP2R1A (Fig. 5B). Notably,
miR-518a-3p expression reversed the PI3K/AKT ac-
tivation induced by LncRNA-NONHSAT192404.1
(Figure 5B).

DISCUSSION
In this study, we provide compelling evi-
dence that lncRNA-NONHSAT192404.1 and
NONHSAT148701.1 are significantly down-
regulated in TNBC cells compared with normal
mammary epithelial cells. Our data reveal that
lncRNA-NONHSAT192404.1 inhibits TNBC cell pro-
liferation, migration, and invasion. Over-expression
of this lncRNA suppresses these oncogenic be-
haviors, whereas its knock-down enhances them,
indicating its critical role in TNBC progression.
Furthermore, our mechanistic studies suggest that
lncRNA-NONHSAT192404.1 exerts its effects, at
least in part, by modulating the PI3K/AKT signaling
pathway, a well-known pathway implicated in
cancer progression.
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Figure 3: LncRNA-NONHSAT192404.1 Suppresses TNBC Cell Migration and Invasion. (A, B) Wound heal-
ing assay demonstrates that overexpression of lncRNA-NONHSAT192404.1 inhibits cell migration, whereas knock-
down promotes faster wound closure. Scale bar = 100 µm. (n = 3). *p < 0.05. (C, D) Transwell invasion assay
reveals that lncRNA-NONHSAT192404.1 overexpression reduces the invasive capacity of TNBC cells, while knock-
down increases invasion. Scale bar = 50 µm. (n = 3). ***p < 0.001.

We identified a direct interaction between lncRNA-
NONHSAT192404.1 and miR-518a-3p. Our lu-
ciferase reporter and RNA pull-down assays demon-
strate that lncRNA-NONHSAT192404.1 can act as a
molecular sponge for miR-518a-3p, thereby regulat-
ing its availability and activity. This interaction may
represent a novel regulatory mechanism by which
lncRNA-NONHSAT192404.1 influences TNBC cell
behavior.
LncRNA-NONHSAT192404.1 and
NONHSAT148701.1 emerge as potential thera-
peutic targets in TNBC. Targeting these lncRNAs
could offer a new strategy to inhibit TNBC cell
proliferation and invasion, thereby improving pa-
tient outcomes. Future studies should focus on the
in-vivo validation of these lncRNAs as therapeutic
targets and further exploration of their roles in
TNBC pathogenesis.
Our findings align with the growing body of litera-
ture describing lncRNA–miRNA crosstalk in regula-
tion of the PI3K/AKT pathway across cancers. For
example, several studies have reported that lncR-
NAs acting as competitive endogenous RNAs (ceR-
NAs) regulate PI3K/AKT by sequestering oncogenic

miRNAs32. The identification of miR-518a-3p as
a functional target of NONHSAT192404.1 adds a
novel node to this regulatory network specifically in
TNBC. While many ceRNAmodels involve lncRNAs
sequestering miRNAs that target PI3K/AKT path-
way members27, our data extend this paradigm by
showing that NONHSAT192404.1 itself is regulated
by PI3K/AKT-related mechanisms via TLR4. In-
terestingly, some other TNBC-associated lncRNAs
modulate different miRNAs or act through alternate
pathways, which may reflect context-dependent ex-
pression profiles and binding-site availability, high-
lighting the importance of cell-specific investiga-
tions.
In our study, over-expression of NONHSAT192404.1
led to increased TLR4 expression but reduced
PI3K/AKT pathway activity, which seems incon-
sistent with the classical view that TLR4 activates
PI3K/AKT via the MyD88 adaptor to promote cell
growth and survival. However, recent studies
suggest that PI3K/AKT may also negatively regu-
late TLR4 signaling. For example, activated AKT
can inhibit FOXO1, a transcription factor that pro-
motes TLR4 expression, forming a feedback loop.
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Figure 4: Direct interaction between LncRNA-NONHSAT192404.1 and miR-518a-3p. (A) Schematic repre-
sentation of the predicted miR-518a-3p binding site within the sequence of NONHSAT192404.1. The wild-type and
mutant binding site sequences used for luciferase reporter construction are shown. (B) Luciferase reporter assay
confirms direct binding between NONHSAT192404.1 and miR-518a-3p. Mutations in the miR-518a-3p binding site
of lncRNA-NONHSAT192404.1 abolish this interaction. (n = 3). Error bars represent mean ± SEM. ***p < 0.001.
(C,D) RNA pulldown assay further validates the direct interaction between lncRNA-NONHSAT192404.1 and miR-
518a-3p in TNBC cells. (n = 3). Error bars represent mean ± SEM. * **p < 0.001.

Figure 5: Regulation of the PI3K/AKT signaling pathway by LncRNA-NONHSAT192404.1 is reversible by
miR-518a-3p. (A) qPCR analysis of PI3K, TLR4, AKT, and PPP2R1A expression in MDA-MB-231 cells relative to
normal mammary epithelial cells (Hs578Bst, used as control). (n = 3). *p < 0.05, ***p < 0.001. (B) Western blot
analysis showing the protein levels of PI3K, AKT, TLR4, and PPP2R1A in MDA-MB-231 cells following overexpres-
sion or knockdown of lncRNA-NONHSAT192404.1. Co-transfection with miR-518a-3p mimics reversed the effects
of lncRNA overexpression, while miR-518a-3p inhibitors reversed the effects of lncRNA knockdown. GAPDH was
used as a loading control.
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In macrophages, PI3K/AKT also limits TLR4/NF-
κB–mediated inflammation, indicating a complex
interaction33,34. In cancer, although TLR4 over-
expression often enhances NF-κB activity and tu-
mor progression, PI3K/AKT signaling can still be
suppressed by other mechanisms, such as miRNA
targeting or PTEN activation. This suggests that
high TLR4 expression does not always lead to in-
creased AKT activity35–38. Our results support
this complexity: the relationship between TLR4 and
PI3K/AKT is not strictly linear but is influenced by
multiple layers of regulation.
Although the downstream targets of miR-518a-3p
within the PI3K/AKT pathway have not yet been
definitively characterized, recent evidence suggests
that miR-518a-3p may regulate the PI3K/AKT path-
way by targeting key components such as PI3K sub-
units, AKT isoforms, or upstream modulators like
PIK3IP1. While the exact targets of miR-518a-3p re-
main to be fully identified, studies on similar miR-
NAs (e.g., miR-19a-3p and miR-520a-3p) have shown
direct inhibition of PI3K/AKT signaling27. In our
system, it is likely that miR-518a-3p also suppresses
PI3K/AKT activity by binding to relevant pathway
molecules. In future studies, we will further inves-
tigate the downstream targets of miR-518a-3p in the
PI3K/AKT pathway.
Our findings indicate that restoring
NONHSAT192404.1 or inhibiting miR-518a-3p
may suppress PI3K/AKT-mediated tumor progres-
sion in TNBC, highlighting NONHSAT192404.1 as a
potential biomarker or therapeutic target. However,
this study was limited to the MDA-MB-231 cell
line, and further validation in additional TNBC
models and patient samples is necessary. Future
research should also assess its in-vivo relevance,
examine downstream signaling events such as
phosphorylation, and explore upstream regulatory
mechanisms to better understand its role in TNBC
pathogenesis.

CONCLUSIONS
Our study characterizes a novel regulatory mecha-
nism by which lncRNA-NONHSAT192404.1 attenu-
ates TNBC aggressiveness through interaction with
miR-518a-3p andmodulation of PI3K/AKT signaling.
These findings contribute to a deeper understanding
of noncoding RNA regulation in TNBC and provide
a foundation for translational research targeting this
axis.
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