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Abstract
Aberrantly activated inflammatory microenvironment and tumor metastasis are core drivers of gastric
cancer progression. Whether lncRNA NEAT2 exhibits distinct expression profiles and holds prognostic
value in gastric cancer constituted the central question of the current work, explore its regulatory effects
on invasion, migration and inflammatory response of gastric cancer cells was the aim, to offer novel
molecular targets applicable to the diagnosis and targeted treatment of gastric cancer, the mechanistic
basis through which the NEAT2/miR-155-5p/SOCS1 axis drives gastric cancer malignant progression
was clarified. TCGA database analysis revealed that the homologous gene NEAT2 was significantly
upregulated in gastric cancer tissues, and patients with high NEAT2 expression exhibited better overall
survival. The serum NEAT2 level in gastric cancer patients was substantially upregulated compared with
the normal control group, and NEAT2 expression gradually decreased with advancing tumor stage from I-
II to III-IV. Consistently, NEAT2 expression remained markedly elevated in gastric cancer cell lines. It
verified that NEAT2 silencing remarkably suppressed the migratory and invasive capacities of gastric
cancer cells. Mechanistically, NEAT2 acted as an endogenous molecular sponge to targetedly repress
miR-155-5p, suppress SOCS1 and subsequently activate the TLR4/NF-κB inflammatory signaling
cascade to exacerbate local inflammation. NEAT2 is abnormally overexpressed in gastric cancer and
participates in remodeling the tumor inflammatory microenvironment and facilitating malignant
progression. The NEAT2/miR-155-5p/SOCS1 ceRNA axis holds great potential for non‑invasive diagnosis
and targeted therapy of gastric cancer.

Introduction
In digestive system tumors, the incidence and death burden of gastric cancer ranked first; Gastric cancer
ranks fifth in incidence and third in mortality among all malignancies, with both rates being among the
highest of digestive tract neoplasms, thereby posing a serious hazard to human health.[1]. As a result of
its insidious onset and atypical early clinical manifestations, most patients were in the middle and late
stage when they were diagnosed when optimal therapeutic opportunities are missed. Moreover,
postoperative metastasis and recurrence frequently occur, result the 5-year survival prognosis for
patients was at a low level [2]. At present, surgical resection serves as the primary treatment for gastric
cancer [3], combined with comprehensive therapies including radiotherapy, chemotherapy and targeted
therapy. Nevertheless, chemotherapeutic agents are accompanied by severe toxicities and poor
specificity, while targeted therapy is limited by scarce actionable targets. Therefore, in-depth exploration
of the molecular mechanisms underlying gastric cancer and the discovery of novel early diagnostic
biomarkers and effective therapeutic targets have important clinical value for improving gastric cancer
patients are associated with unfavorable outcomes.

Long non coding RNA (lncRNA) transcripts exceeding 200 nucleotides in length and not encoding
proteins. Via multiple regulatory patterns including endogenous sponging of microRNAs (miRNAs),
transcriptional modulation and chromatin modification, lncRNAs are related with the occurrence, local
progression, invasion, and metastasis of tumors [4]. As a vital member of the lncRNA family, NEAT2
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(also named MALAT1-2) was initially identified in lung cancer, and its aberrant expression is tightly
associated with the malignant progression of various tumors [5]. Previous studies have verified that
NEAT2 expression level is upregulated in cervical cancer and other malignant tumors, and its expression
level is positively correlated with the degree of tumor malignancy [6]. MicroRNAs (miRNAs) belong to the
family of small non coding RNAs, typically ranging in length from 18 to 25 nucleotides. By targeting the 3'
untranslated region (3'UTR) of target mRNAs, miRNAs repress protein translation or facilitate mRNA
degradation, thereby modulating cellular biological behaviors such as proliferation, apoptosis and
invasion [7]. miR-155-5p is a multifunctional miRNA with dysregulated expression across diverse tumors,
exerting dual biological effects. It generally acts as an oncogenic miRNA to facilitate tumor progression
[8], whereas several studies support its tumor-suppressive role in gastric cancer, whose detailed
mechanisms remain incompletely clarified. Accumulating evidence has confirmed that miR-155-5p
targets downstream genes including FBXO11 and MAP3K10 to regulating the process of cell
proliferation and apoptosis. Moreover, miR-155 modulates the invasive and metastatic capacities of
gastric cancer cells via the STAT3 signaling pathway, indicating its critical regulatory function in gastric
cancer development[9].

SOCS1 belongs to the SOCS family of proteins, negatively regulates cytokine-mediated signaling
transduction by inhibiting the activation of JAK/STAT signaling pathway, and participate in cell
proliferation, differentiation, apoptosis, and inflammatory response[10]. As a canonical tumor-suppressor
gene, downregulated expression of SOCS1 has been identified in various malignancies. In gastric cancer,
hypermethylation of the SOCS1 promoter silences its transcription, abolishes the inhibitory effect on the
JAK/STAT cascade, it promotes malignant processes such as proliferation, invasion, and metastasis of
tumor cells[11]. On the side, SOCS1 can block the activation of the p38 MAPK pathway, thereby inhibiting
the proliferation of gastric cancer cells, the prognostic indicators of patients are closely related to their
expression levels, which renders SOCS1 a promising biomarker for prognostic evaluation of gastric
cancer[12]. Bioinformatics analysis predicted that miR-155-5p could bind to the 3' untranslated region (3'
UTR) of SOCS1 mRNA. Additionally, a putative binding site was identified between miR-155-5p and
NEAT2[13]. implying that these three molecules may form a regulatory axis to jointly drive gastric cancer
progression. Nevertheless, the regulatory relationship and biological function of the NEAT2/miR-155-
5p/SOCS1 axis in gastric cancer have not been reported so far, and whether this axis modulates the
malignant biological behaviors of gastric cancer cells requires further experimental verification. Given
the above research background, this study takes lncRNA NEAT2 as the core research object, detects its
expression level in serum of gastric cancer patients, explores its biological function during gastric
cancer progression, and further analyzes the regulatory relationship between NEAT2 and the miR-155-
5p/SOCS1 axis in gastric cancer cells.

Materials and Methods

2.1 Research subjects and clinical sample collection
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This study collected clinical data of gastric cancer patients diagnosed and treated at Tongliao People’s
Hospital from January 2023 to June 2026. In all 70 gastric cancer patients treated in our hospital were
enrolled as the gastric cancer group, among them, the study cohort comprised 55 males and 15 females,
with ages ranging from 42 to 84 years and a mean age of 66.8 ± 9.8 years. The Ethics Committee of
Tongliao People's Hospital has approved this research plan (Approval No. : Tongyan Shen [2023] 022),
and all participants provided written informed consent after fully comprehending the study protocol.
Inclusion Criteria:(1) Gastric cancer was definitively diagnosed via gastroscopy or pathological
examination after admission; (2) No anti-tumor treatments including surgery, chemotherapy or
radiotherapy were administered before blood sampling; (3) Complete clinical data available to support
the analyses of this study. Exclusion Criteria: (1) Patients who received adjuvant radiotherapy,
chemotherapy or other anti-tumor therapies prior to enrollment; (2) Patients pathologically diagnosed
with gastrointestinal stromal tumors; (3) Patients with severe cardiac or pulmonary diseases; (4)
Patients with immune dysfunction or coagulation disorders; (5) Patients with concurrent other malignant
tumors; (6) Patients with incomplete clinical data insufficient for study analyses. Inclusion Criteria for
Normal Control Group: The normal control sample is derived from 60 healthy subjects who visited our
hospital's physical examination center, with no malignant tumors confirmed through hospital medical
record screening. The control group consisted of 60 cases, including 16 males and 44 females; Patients
ranged in age from 18 to 63 years, with a mean of 32.6 ± 7.4 years. On the day of fasting before any
treatment, 4 mL peripheral venous blood samples were taken from the subjects in both control group
and gastric cancer group using additive-free disposable vacuum blood collection tubes. After blood
collection, the blood sample was left to rest at ambient temperature for 30 min, followed by
centrifugation at 3500r/min for 10 minutes. The supernatant was aspirated and transferred to a − 80°C
refrigerator for subsequent storage.

2.2 Clinical Database Analysis
Using the UALCAN platform (http://ualcan.path.uab.edu), which is based on The Cancer Genome Atlas
(TCGA) database, we analyzed the relative expression changes of MALAT1 between normal specimens
adjacent to cancer and gastric cancer specimens. Meanwhile, the GEPIA2 platform
(http://gepia2.cancer-pku.cn) was utilized to profile MALAT1 expression across all gastric cancer tissues
and paired normal tissues adjacent to the cancer.

2.3 Cell Lines and Culture
Human gastric cancer cell lines HGC-27 and AGS, as well as the normal gastric epithelial cell line GES-1,
were purchased from Procell Life Science & Technology Co., Ltd. (Wuhan, China). All cell lines were
maintained at 37°C in a 5% CO₂ humidified incubator and subcultured at regular intervals. Cells in the
exponential growth phase were collected for downstream assays.

2.4 Cell Transfection
To manipulate NEAT2 and miR-155-5p expression, we employed specific oligonucleotides synthesized
by GenePharma Co., Ltd. (Shanghai, China). These included si-NEAT2 and si-NC for gene knockdown,
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along with miR-155-5p mimic, mimic NC, miR-155-5p inhibitor, and inhibitor NC for microRNA
modulation. AGS and HGC-27 cells were seeded into 6-well plates and transfected separately or co-
transfected using Lipofectamine 3000 transfection reagent. Five replicate wells were set for each group,
and all experiments were repeated three times independently.

2.5 Quantitative Real-Time PCR (RT-qPCR)
Total RNA from serum samples was isolated using the miRNeasy Mini Kit from QIAGEN (Germany), and
total RNA was isolated from the harvested cells using TRIzol reagent. Reverse transcription of long non-
coding RNA (lncRNA) and microRNA (miRNA) was performed using the QuantiTect Reverse
Transcription Kit and miScript II RT Kit, respectively. qPCR analysis was performed using different
reagent systems: Power SYBR Green PCR Master Mix (Life Technologies, Thermo Fisher) for lncRNA
detection, and miScript SYBR Green PCR Kit (QIAGEN) for miRNA quantification. β-actin served as the
endogenous control for lncRNA normalization, whereas U6 small nuclear RNA (snRNA) was used as the
reference for miRNA.

2.6 Dual-Luciferase Reporter Assay
Wild-type NEAT2 plasmid carrying the intact binding site (NEAT2-WT) and mutant NEAT2 plasmid with
mutated binding site (NEAT2-MUT) were constructed. AGS and HGC-27 gastric cancer cells were seeded
into 24-well plates. When cell confluence reached 70%–80%, reporter plasmids were co-transfected with
either miR-155-5p mimic or negative control mimic (mimic NC) into the cells. Following a 48-hour
transfection period, firefly and Renilla luciferase signals were measured with the dual-luciferase reporter
assay system according to the protocol provided by the manufacturer. Renilla luminescence was
employed for normalization purposes, enabling the calculation of corrected relative luciferase activity.

2.7 Western Blot Analysis
Cells were harvested 48 h post-transfection and lysed in ice-cold RIPA lysis buffer supplemented with a
cocktail of protease and phosphatase inhibitors. After a 30-min incubation on ice, the lysates were
clarified by centrifugation, and the protein content of each supernatant was determined using the BCA
protein assay. Subsequently, equivalent quantities of protein were electrophoretically separated on SDS-
PAGE gels and then transferred onto PVDF membranes. Following a 1-h blocking step in 5% skimmed
milk at 25°C, the membranes were probed overnight at 4°C with a panel of primary antibodies, including
SOCS1 (1:1000), TLR4 (1:1000),p-IKKα/β (1:1000), IKKα/β (1:2000), p-IκBα (1:1000), IκBα (1:1000), and
GAPDH (1:20000). Immunoblots were developed by enhanced chemiluminescence and imaged on a
chemiluminescence analyzer.

2.8 Detection of Cell Migration
Serum-free gastric cancer cell suspension was added to the upper chambers of Transwell inserts
(LABSELECT, Beijing, China) without Matrigel coating for migration assays. The lower chambers were
filled with complete medium supplemented with 10% FBS to serve as the chemoattractant. Place in an
incubator for culture for 2–3 days. After cultivation, remove the chamber, residual cells on the upper
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membrane surface were wiped off, and the invaded/migrated cells on the lower side were fixed and
stained. Five random visual fields under an optical microscope were selected, and the migrated cells
were counted.

2.9 Statistical Analysis
SPSS version 26.0 served as the analytical tool for all dataset processing in the present investigation.
Continuous variables were summarized as mean values with standard deviations. Two-group intergroup
differences were examined by independent sample t-test, and one-way analysis of variance was utilized
when comparing more than two experimental groups. Count data were displayed as percentages, and
the χ² test was utilized to detect disparities among groups. Statistical significance was set at P < 0.05.

Results

1. Expression and clinical significance of NEAT2 in gastric cancer
tissues
To explore the biological role of NEAT2 in gastric cancer, the UALCAN platform was utilized to analyze
TCGA_STAD dataset. The results revealed that NEAT2 expression was markedly upregulated in gastric
cancer tissues relative to normal gastric tissues (Fig. 1A). The expression level of NEAT2 was negatively
correlated with tumor stage and histological grade (Fig. 1B). Kaplan Meier survival curves show that
patients with higher levels of NEAT2 expression have longer survival times than those with lower levels
of expression. (Fig. 1C), which was consistent with its expression trend across different tumor stages.
The above observations were further validated by GEPIA2 database analysis. By comparing gene
expression profiles between TCGA tumor tissues and their matched normal counterparts, differential
expression of NEAT2 was observed across multiple cancer types. Specifically, NEAT2 was significantly
overexpressed in digestive malignancies including stomach adenocarcinoma (STAD) and colon
adenocarcinoma (COAD) (Fig. 1D). In addition, we analyzed the correlation between serum NEAT2
expression levels and various clinicopathological parameters in patients with gastric cancer (Table 1).
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Table 1
Comparison of the correlation between NEAT2 expression levels and various clinicopathological

characteristics in patients with gastric cancer
features   n NEAT2 expression Z P

Sex male 55 1.6600(1.3600, 3.5400) -0.193 0.847

  female 15 1.8600(1.4200, 3.5600)    

Age (years) ≤ 55 7 2.8400(1.4200, 3.1200) 0.020 0.984

  >55 63 1.6600(1.3600, 3.6100)    

Tumor size (cm) ≤ 5 39 3.0500(1.4200, 3.6300) -2.247 0.025

  >5 31 1.5200(1.3400, 3.1100)    

depth of invasion T1�T2 17 3.6200(3.3700, 4.1800) -4.871 < 0.001

  T3�T4 53 1.4600(1.3500, 2.9000)    

lymph node metastasis NO 24 3.5500(3.1575, 4.1875) -5.242 < 0.001

  yes 46 1.4300(1.3400, 1.7050)    

distant metastasis M0 68 1.6650(1.3625, 3.5550) 0.832 0.848

  M1 2 2.3850(1.5600, 0.0000)    

pathological stage Ⅰ/Ⅱ 26 3.6250(3.4400, 4.2150) -6.870 < 0.001

  Ⅲ 44 1.4200(1.3400, 1.6575)    

differentiation degree Low/medium 70 1.6625(1.3675, 3.5450)    

2. Upregulated expression of circulating NEAT2 in serum samples
and cell lines of gastric cancer
To further clarify the expression profile of NEAT2 in clinical serum samples and gastric cancer cells,
relative quantitative analysis of NEAT2 expression levels using RT qPCR technology. Violin plot results
demonstrated that serum NEAT2 level was significantly increased between the healthy control and
gastric cancer groups (Fig. 2A). Stratified analysis based on TNM staging revealed that serum NEAT2
expression was remarkably lower in stage Ⅲ-Ⅳ patients than in stage Ⅰ-Ⅱ patients (Fig. 2B). indicating that
circulating NEAT2 level was closely correlated with gastric cancer progression. In vitro cellular
experiments verified that both AGS and HGC-27 gastric cancer cell lines exhibited significantly higher
NEAT2 mRNA expression than normal gastric epithelial cells GES-1 (Fig. 2C). Collectively, NEAT2 was
abnormally overexpressed in both serum specimens and gastric cancer cells, whereas its serum levels
dropped as tumors advanced.
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3. Knockdown of NEAT2 inhibits migration and invasion of gastric
cancer cells
To explore the regulatory effect of NEAT2 on the metastatic phenotypes of gastric cancer cells, The RT
qPCR validation results showed that NEAT2 expression was significantly knocked down in AGS and
HGC-27 cells transfected with siRNA.

(Fig. 3A). Transwell assay without Matrigel was conducted to evaluate cell migration ability. The results
showed that the number of transmembrane migratory cells was obviously decreased in the si-NEAT2
group compared with control and si-NC groups in both two gastric cancer cell lines (Fig. 3B, 3C). At 0, 12,
and 24 hours after scratching, wound healing assay was applied to further assess cell migratory
capacity(Fig. 3D, 3E). Comparable wound closure rates were observed between the Control and si-NC
groups. However, the si-NEAT2 group presented a markedly reduced wound healing rate at all detected
time points. Above functional experiments confirmed that knockdown of NEAT2 could effectively
suppress the ability of gastric cancer cells to migrate and invade in vitro.

4. lncRNA NEAT2 directly targets and negatively regulates miR-155-
5p expression
To elucidate the mechanistic basis of NEAT2 regulating gastric cancer progression, bioinformatics
prediction was firstly performed to screen downstream target genes. The research results identified a
potential miR-155-5p binding site within the NEAT2 transcript (Fig. 4A). Clinical specimen detection
revealed that miR-155-5p expression was significantly lower in gastric cancer tissue than in its
corresponding normal tissue adjacent to the cancer (Fig. 4B). A significant negative correlation between
serum NEAT2 and miR-155-5p levels was demonstrated by Pearson correlation analysis in gastric cancer
patients (R = -0.3899, P = 0.0006, Fig. 4C). indicating a potential regulatory interaction between the two
molecules. In vitro cell experiments further verified that knockdown of NEAT2 markedly upregulated miR-
155-5p expression in both AGS and HGC-27 cells ( Fig. 4D), confirming that NEAT2 exerted a negative
regulatory effect on miR-155-5p. We performed dual-luciferase reporter assay to verify their direct
targeting. Relative luciferase activity was significantly suppressed by co-transfection of NEAT2 WT
plasmid and miR-155-5p mimic in AGS and HGC-27 cells (Fig. 4E, 4F). Nevertheless, no obvious change
in luciferase activity was observed in cells transfected with NEAT2 mutant-type (MUT) plasmid after miR-
155-5p mimic intervention. Collectively, these findings proved that NEAT2 could directly bind to miR-155-
5p and negatively modulate its expression.

5. Knockdown of NEAT2 promotes inflammatory response of gastric cancer cells via activating the
SOCS1/NF-κB signaling pathway

SOCS1 has been validated as a direct downstream target of miR-155-5p. To further elucidate the
molecular mechanism by which NEAT2 modulates the inflammatory microenvironment in gastric cancer,
we assessed the expression alterations of SOCS1 and key downstream components of the TLR4/NF-κB
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cascade following NEAT2 knockdown. ELISA assay results revealed that the release of pro-inflammatory
cytokine IL-6 from cells was significantly increased upon NEAT2 knockdown. Western blot and
immunofluorescence assays demonstrated that SOCS1 protein expression was markedly downregulated
in NEAT2-knockdown AGS and HGC-27 cells (Fig. 5). Moreover, Western blot results verified that NEAT2
knockdown significantly upregulated TLR4 protein expression, and enhanced the phosphorylation levels
of IKKα/β and IκBα. Immunofluorescence staining further confirmed that silencing NEAT2 remarkably
facilitated nuclear translocation of NF-κB p65 (Fig. 6, Fig. 7). Collectively, these data indicated that
knockdown of NEAT2 could inhibit SOCS1 expression, trigger the activation of TLR4/NF-κB inflammatory
signaling cascade, and ultimately aggravate inflammatory response in gastric cancer cells.

Discussion
The initiation and progression of gastric cancer represent a complex pathological process co-regulated
by multiple genes and signaling cascades, in which the lncRNA-miRNA-mRNA regulatory network plays
an indispensable role. Focusing on the NEAT2/miR-155-5p/SOCS1 signaling axis, this study
systematically investigated its expression profiles, regulatory interactions and biological functions in
gastric cancer, providing novel insights for mechanistic research and targeted therapy of gastric cancer.

As an important member of the lncRNA family, NEAT2 has attracted growing research interest in
oncology. NEAT2 (nuclear paraspeckle assembly transcript 1) is a nucleus-enriched lncRNA that is
markedly upregulated in gastric cancer tissues, with its aberrant expression closely linked to tumor
stage, lymph node metastasis, and poor prognosis[14]. Mechanistically, NEAT2 modulates downstream
target genes via the competitive endogenous RNA (ceRNA) network, thereby remodeling the tumor
inflammatory microenvironment. In addition, NEAT2 can activate the PI3K/Akt signaling pathway and
strengthen the invasive ability of gastric cancer cells[15]. Within the inflammatory tumor
microenvironment, the expression of NEAT2 is regulated by IL-6 secreted from tumor-associated
macrophages (TAMs). In turn, elevated NEAT2 further drives TAMs polarization toward the M2 subtype,
thereby forming a positive feedback loop[16–17]. Beyond the ceRNA regulatory mechanism, NEAT2
modulates gene transcription by directly interacting with chromatin modifiers. Previous research has
illustrated that NEAT2 binds to histone acetyltransferase p300, facilitates the recruitment of p300 to the
EGFL7 promoter, elevates histone H3 acetylation, and ultimately upregulates EGFL7 expression[18]. As a
potent pro-angiogenic factor, EGFL7 accelerates tumor microvessel formation to supply nutrients for
gastric cancer cells. Taken together, these studies suggest that NEAT2 functions as a vital driver of
gastric cancer progression through multi-dimensional remodeling of the tumor inflammatory
microenvironment.

Our clinical data revealed significantly higher serum NEAT2 levels in gastric cancer patients relative to
healthy controls, and serum NEAT2 expression was negatively correlated with TNM stage, indicating that
circulating NEAT2 has promising potential as a non-invasive auxiliary biomarker for gastric cancer
diagnosis and progression assessment. In vitro functional assays showed that NEAT2 knockdown
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markedly suppressed migration and invasion of AGS and HGC-27 cells, confirming the pro-metastatic
function of NEAT2 in gastric cancer.

To further dissect the molecular mechanism underlying NEAT2-mediated metastasis, bioinformatic
prediction, dual-luciferase reporter assay and correlation analysis were performed in this study. The
results verified that NEAT2 functions as a ceRNA to directly bind and negatively regulate miR-155-5p.
miR-155-5p is a well-established oncogenic miRNA whose expression levels are closely linked to tumor
size, depth of invasion, and lymph node metastasis.[19]. miR-155-5p exerts dual biological functions
across various malignancies, whereas it principally functions as a tumor suppressor in gastric cancer by
targeting SOCS1 to inhibit NF-κB activation and decrease the production of inflammatory cytokines.[20].
Suppressor of Cytokine Signaling 1 (SOCS1) is a negative regulator of the JAK/STAT pathway that
inhibits JAK kinase activity to suppress inflammatory signaling, thereby restraining gastric cancer cell
proliferation and invasion.SOCS1 expression is modulated by multiple upstream factors, among which
miR-155-5p acts as a major repressor[21]. Existing literature has validated that miR-155-5p directly
targets the 3'UTR of SOCS1 mRNA to suppress its expression[20]. Transfection of miR-155-5p mimic in
gastric cancer cells reduced SOCS1 expression by 60% and increased p-STAT3 level by 2.3-fold[22]. In
line with these observations, our data demonstrated that NEAT2 knockdown remarkably upregulated
miR-155-5p, downregulated SOCS1 protein, triggered TLR4/NF-κB activation and boosted IL-6 secretion,
indicating that the NEAT2/miR-155-5p/SOCS1 axis plays a critical role in regulating the gastric cancer
inflammatory microenvironment.

SOCS1 blocks NF-κB signaling by inhibiting phosphorylation of the IKK complex. As a core downstream
pro-inflammatory cytokine of NF-κB, IL-6 promotes tumor cell proliferation, invasion and the formation of
an immunosuppressive microenvironment via autocrine and paracrine pathways[23–24]. Our data
indicated that NEAT2 sponges miR-155-5p to relieve the inhibitory effect of miR-155-5p on SOCS1, which
restrains excessive NF-κB activation and alleviates inflammatory response. Nevertheless, NEAT2
silencing disrupts this negative regulatory loop, resulting in persistent NF-κB activation, aggravated
inflammation and accelerated gastric cancer progression.

We acknowledge several limitations in the present study. First, only serum NEAT2 was detected in
clinical specimens, without paired detection of NEAT2 in gastric cancer tissues and adjacent normal
tissues, so the tissue-specific expression pattern of NEAT2 cannot be clarified. Second, functional and
mechanistic experiments were merely carried out in two gastric cancer cell lines without in vivo animal
validation. Subsequent studies will establish subcutaneous xenograft and metastasis models to explore
the in vivo effects of NEAT2 on gastric cancer growth and metastasis. Third, this study only focused on
the ceRNA axis of NEAT2; other potential regulatory patterns, such as epigenetic modulation of SOCS1
and interactions between NEAT2 and other miRNAs, remain unexplored and will be the focus of our
follow-up research.

In conclusion, this study is the first to confirm elevated circulating NEAT2 in serum of gastric cancer
patients. NEAT2 modulates NF-κB signaling activation, inflammatory cytokine release and malignant
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behaviors of gastric cancer cells through the miR-155-5p/SOCS1 ceRNA axis. Our findings uncover the
essential role of NEAT2 in gastric cancer progression and provide a novel target for gastric cancer
targeted therapy. Further investigations will concentrate on in vivo functional validation and clinical
transformation, so as to provide sufficient experimental evidence for developing NEAT2-based
diagnostic biomarkers and targeted therapeutic strategies for gastric cancer.
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Figure 1

Expression and clinical significance of NEAT2 in gastric cancer tissues

(A) Gene expression of NEAT2 in stomach adenocarcinoma stratified by sample types.

(B) Gene expression of NEAT2 in stomach adenocarcinoma stratified by tumor grade.

(C) Effects of NEAT2 expression level on the survival rate of STAD patients.

(D) Gene expression profiles of NEAT2 across all tumor samples and matched normal tissues.
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Figure 2

Expression of lncRNA NEAT2 in serum and cell lines

(A) Serum NEAT2 expression was markedly higher in gastric cancer patients than healthy controls
(Normal vs. Tumor, P < 0.001).

(B) Differential serum NEAT2 expression among gastric cancer patients with different TNM stages:
serum NEAT2 level was significantly higher in stage Ⅰ–Ⅱ early-stage patients than stage Ⅲ–Ⅳ advanced
patients (P < 0.001).

(C) RT-qPCR detection of NEAT2 mRNA expression in normal gastric epithelial cell line GES-1 and gastric
cancer cell lines AGS, HGC-27. NEAT2 was significantly upregulated in both gastric cancer cell lines
compared with GES-1 (##P < 0.01 vs. GES-1).
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Figure 3

Effects of NEAT2 knockdown on migration and invasion of gastric cancer cells

(C) RT-qPCR verified the knockdown efficiency of NEAT2 siRNA (P < 0.01 vs. si-NC).

(A/B) Transwell migration assay showed that NEAT2 knockdown significantly suppressed the migratory
capacity of AGS and HGC-27 cells (crystal violet staining, magnification ×200).

(D) Wound healing assay demonstrated that NEAT2 knockdown markedly reduced the wound closure
rate of AGS and HGC-27 cells at 0, 12 and 24 h.
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Figure 4

lncRNA NEAT2 directly targets and negatively regulates miR-155 expression

(A) Bioinformatic prediction of potential binding sites between NEAT2 and miR-155.

(B) miR-155 expression was significantly lower in gastric cancer tumor tissues than paired adjacent
normal tissues (P < 0.001).

(C) Serum NEAT2 level was significantly negatively correlated with miR-155 level in gastric cancer
patients (R=-0.3899, P=0.0006).

(D) RT-qPCR revealed that NEAT2 knockdown significantly upregulated miR-155 expression in AGS and
HGC-27 cells (P < 0.01 vs. si-NC).

(E/F) Dual-luciferase reporter assay validated the direct targeting interaction between NEAT2 and miR-
155. Co-transfection of NEAT2-WT and miR-155 mimic dramatically reduced luciferase activity in AGS (E)
and HGC-27 (F) cells compared with miR-NC co-transfection (P < 0.01 vs. miR-NC); no obvious change
was observed in cells co-transfected with NEAT2-MUT and miR-155 mimic.
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Figure 5
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Figure 6

Effects of NEAT2 knockdown on NF-κB signaling pathway in AGS cells

(A-D) Western blot results showed that NEAT2 knockdown significantly upregulated TLR4 protein
expression and enhanced phosphorylation of IKKα/β and IκBα (P < 0.01 vs. si-NC); GAPDH served as
internal control.
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(E) Immunofluorescence staining demonstrated that NEAT2 knockdown reduced SOCS1 fluorescence
intensity and facilitated nuclear translocation of NF-κB p65 in AGS cells (SOCS1/p65: red; DAPI: blue;
scale bar = 50 μm).

Figure 7

NEAT2 knockdown facilitates inflammatory response via modulating the SOCS1/NF-κB pathway in HGC-
27 cells

(A) ELISA assay showed that NEAT2 knockdown markedly elevated IL-6 secretion (P < 0.01 vs. si-NC).

(B–D) Western blot detection revealed that NEAT2 knockdown significantly decreased SOCS1 protein
expression (P < 0.05 vs. si-NC), upregulated TLR4 expression, and increased phosphorylation levels of
IKKα/β and IκBα (P < 0.01 vs. si-NC); GAPDH was used as internal reference.

(E) Immunofluorescence staining exhibited decreased SOCS1 fluorescence intensity upon NEAT2
knockdown (SOCS1/p65: red; DAPI: blue; scale bar = 50 μm).
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