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SUMMARY 

 

Background: Gastric cancer (GC) is a leading cause of cancer-related mortality worldwide. Understanding the 

molecular mechanisms underlying gastric cancer progression is essential for developing novel diagnostic and ther-

apeutic strategies. Neuritin, a neurotrophic factor, has been implicated in various cellular processes, but its role in 

gastric cancer remains poorly understood. This study investigated the expression and function of neuritin in gas-

tric cancer cells, focusing on its regulation of type III β-tubulin (TUBB3) and the Akt/mTOR signaling pathway. 

Methods: Four human gastric cancer cell lines (KATOⅢ, SNU-1, AGS, and NCI-N87) and normal gastric muco-

sal epithelial cells (GES-1) were cultured. Neuritin expression was evaluated using quantitative reverse transcrip-

tion qRT-PCR and Western blot analysis. Gastric cancer cells with low endogenous neuritin expression were 

transfected with a pcDNA3.1-neuritin plasmid, while those with high neuritin expression were transfected with 

siRNA-neuritin. Transfection efficiency was verified by qRT-PCR and Western blot. TUBB3 expression and key 

components of the Akt/mTOR signaling pathway were examined following neuritin overexpression or knockdown. 

Cellular proliferation, migration, and invasion capabilities were assessed using CCK-8 assays and Transwell ex-

periments in neuritin-knockdown cell lines. 

Results: Neuritin mRNA and protein expression levels were significantly higher in gastric cancer cell lines 

(KATOⅢ, SNU-1, AGS, and NCI-N87) compared to normal gastric mucosal epithelial cells (GES-1). Overexpres-

sion of neuritin led to upregulation of TUBB3, p-Akt, and p-mTOR expression, whereas neuritin knockdown re-

sulted in decreased expression of these markers. Neuritin depletion significantly attenuated cellular proliferation, 

migration, and invasion capacities. These findings indicate that neuritin promotes gastric cancer progression by 

upregulating TUBB3 and activating the Akt/mTOR pathway. 

Conclusions: Neuritin is overexpressed in human gastric cancer cell lines and plays a crucial role in promoting 

malignant behaviors by regulating TUBB3 expression and the Akt/mTOR signaling pathway. Downregulation of 

neuritin effectively suppresses the proliferation, migration, and invasion of gastric cancer cells. This study sug-

gests that neuritin may serve as a promising molecular target for the diagnosis and prognosis evaluation of gastric 

cancer. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.250707) 
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INTRODUCTION 

 

Gastric cancer (GC) ranks as the fifth most prevalent 

malignant tumor worldwide and represents the fourth 

leading cause of cancer-related mortality, characterized 

by both high incidence and fatality rates [1-4]. Accord-

ing to the most recent GLOBOCAN statistics, approxi-

mately 1.089 million new GC cases were diagnosed 

globally in 2020, with 769,000 associated deaths re-

corded in the same year [2]. Notably, 60% of global GC 

cases occur in Eastern Asia, with China accounting for 

43.9% of this burden. Similarly, 56.6% of worldwide 

GC deaths are concentrated in Eastern Asia, among 

which China contributes 48.6% [5-7]. Early-stage GC 

typically presents asymptomatically or with nonspecific 

manifestations such as dyspepsia, while advanced 

stages may involve persistent abdominal pain, anorexia, 

and significant weight loss [8,9]. Tumors located at the 

gastroesophageal junction or cardia often manifest with 

reflux or dysphagia, whereas ulcerative lesions may 

lead to hematemesis and subsequent anemia due to tu-

mor bleeding [9]. The subtle nature of early symptoms 

frequently leads to delayed diagnosis, with most pa-

tients presenting at advanced stages when surgical inter-

vention becomes less effective - a key factor contribut-

ing to the poor prognosis of GC [8,9]. In China, only 

20% of GC cases are detected at early stages, with the 

majority diagnosed at advanced phases demonstrating a 

5-year survival rate below 50% [10]. Although early de-

tection significantly reduces mortality, current diag-

nostic approaches predominantly rely on endoscopic ex-

amination and biopsy - invasive procedures whose effi-

cacy partially depends on operator expertise [2]. Conse-

quently, contemporary research emphasizes the identifi-

cation of novel biomarkers for non-invasive screening 

and early diagnosis to facilitate timely intervention and 

improve patient outcomes [8]. 

Neuritin, also designated as candidate plasticity gene 15 

(CPG15), belongs to the neurotrophic factor family and 

is encoded by a gene located at chromosome 6p25.1 

[11,12]. This protein plays crucial roles in neural devel-

opment, synaptic plasticity, and maturation, while also 

being implicated in cognitive dysfunction associated 

with Alzheimer's disease (AD) and psychiatric disor-

ders, highlighting its potential as a therapeutic target 

[13-15]. Although widely expressed across normal hu-

man tissues, emerging evidence suggests neuritin partic-

ipates in tumorigenesis regulation, exhibiting cancer 

type-specific expression patterns that either promote or 

suppress tumor growth [16]. 

In previous findings, our preliminary immunohisto-

chemical analysis revealed significantly differential 

neuritin expression between GC tissues and adjacent 

normal tissues. Specifically, 89.7% (52/58) of tumor 

specimens exhibited high neuritin expression versus 

only 19.0% (11/58) in matched normal tissues (p < 

0.001), with corresponding low expression rates of 

10.3% (6/58) and 81.0% (47/58), respectively [17]. 

Subsequent RT-PCR and Western blot analyses consis-

tently demonstrated elevated neuritin mRNA and pro-

tein levels in malignant tissues compared to paracancer-

ous controls [17], constituting the first evidence of neu-

ritin overexpression in gastric carcinogenesis. Co-trans-

fection experiments in 293 T cells using pcDNA3.1-his-

neuritin and pcDNA3.1-HA-TUBB3 constructs demon-

strated that neuritin overexpression significantly in-

creased TUBB3 protein levels (p < 0.05), while neuritin 

knockdown produced the opposite effect. Notably, 

TUBB3 modulation did not alter neuritin expression, es-

tablishing a unidirectional regulatory relationship. 

Building upon these findings, we now investigated the 

following: Neuritin's regulatory effects on TUBB3 and 

Akt/mTOR signaling in GC cells, and its functional im-

pact on malignant behaviors including proliferation, mi-

gration, and invasion. Quantitative assessment of neuri-

tin expression patterns across GC cell lines and normal 

gastric mucosal cells was performed using RT-qPCR 

and Western blotting. Gain- and loss-of-function studies 

were conducted via pcDNA3.1-neuritin transfection and 

siRNA-mediated knockdown, with transduction effi-

ciency verified by RT-qPCR/Western blot. Subsequent 

proteomic analysis evaluated TUBB3 and Akt/mTOR 

pathway components under these conditions. Functional 

consequences were assessed through CCK-8 prolifera-

tion assays and Transwell migration/invasion experi-

ments following neuritin depletion. These investigations 

provide foundational insights into neuritin's mechanistic 

role through TUBB3/Akt/mTOR regulation, potentially 

identifying novel diagnostic/prognostic biomarkers and 

therapeutic targets for GC management. 

 

 

MATERIALS AND METHODS 

 

Cell culture 

Human GC cell lines (KATOⅢ, SNU-1, AGS, NCI-

N87; Procell Life Science, China) and normal gastric 

mucosal epithelial cells (GES-1; Cybrdi, China) were 

utilized in this study. KATOⅢ cells were maintained in 

IMDM basal medium (Procell) supplemented with 10% 

fetal bovine serum (FBS; Biolind, Israel) and 1% peni-

cillin-streptomycin (Lanzk Bio, China). AGS cells were 

cultured in Ham's F-12 medium (Procell) containing 

10% FBS and 1% penicillin-streptomycin. SNU-1, 

NCI-N87, and GES-1 cells were grown in RPMI 1640 

medium (Procell) with 10% FBS and 1% penicillin-

streptomycin. All cell lines were incubated at 37°C in a 

humidified atmosphere of 95% air and 5% CO₂.  

 

Plasmid and siRNA transfection 

The following constructs were used: pcDNA3.1-

neuritin, pcDNA3.1-empty vector, siRNA1-neuritin, 

siRNA2-neuritin, and scrambled siRNA control (pro-

vided by the Biochemistry Laboratory, Shihezi Univer-

sity School of Medicine, with sequence verification by 

BGI Genomics). Cells were seeded in 6-well plates 24 

hours prior to transfection, achieving 50 - 60% conflu-

ence at the time of transfection as confirmed by micro-
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scopic examination. The medium was replaced with      

2 mL fresh basal medium per well. Two RNase-free EP 

tubes were prepared, each containing 100 μL basal me-

dium. To these, we added either 2.5 μg plasmid DNA or 

75 pmol siRNA, followed by 5 μL (for plasmids) or   

7.5 μL (for siRNA) of Lipofectamine 2000 reagent (In-

vitrogen, USA), with gentle pipetting to mix. The DNA/ 

siRNA-containing medium was then combined with the 

Lipofectamine 2000 mixture (1:1 ratio), incubated at 

room temperature for 10 minutes to allow complex for-

mation. The 200 μL transfection complexes were added 

dropwise to respective wells, followed by gentle swirl-

ing. Cells were maintained at 37°C in a 5% CO₂ incuba-

tor. After 6 hours, the transfection medium was replaced 

with fresh complete medium. Subsequent experiments 

were performed 48 hours post-transfection to ensure op-

timal gene expression modulation. 

 

Quantitative real-time PCR (RT-qPCR) 

Gene-specific primers were designed as follows:  

Neuritin:  

Forward 5′-GGTCACAGCCCTTACGGATT-3′,  

reverse 5′-TCAGAAGGAAAGCCAGGTCG-3′;  

β-actin (internal control):  

Forward 5′-AGTGTGACGTTGACATCCGTA-3′, 

reverse 5′-CCAGAGCAGTAATCTCCTTCT-3′.  

Total RNA was extracted using the FastPure Cell/Tis-

sue Total RNA Isolation Kit (Vazyme Biotech; cat# 

RC101-01) following the manufacturer's protocol. First-

strand cDNA synthesis was performed with 1 μg total 

RNA using the HiFiScript cDNA Synthesis Kit (CWBI-

O; cat# CW2569M). Quantitative PCR was carried out 

using UltraSYBR Mixture (Low RO-X) (CWBIO; cat# 

CW2601M) under the following conditions: Initial de-

naturation: 95°C for 10 minutes, amplification: 40 cy-

cles of 95°C for 15 seconds and 60°C for 1 minute, melt 

curve analysis: 95°C for 15 seconds, 60°C for 1 minute, 

95°C for 15 seconds, and 60°C for 15 seconds. The 

comparative CT method (2-ΔΔCT) was used for quantifi-

cation: ΔCT = CT (target gene) - CT(β-actin) ΔΔCT = 

ΔCT (experimental group) - ΔCT (control group mean). 

Relative gene expression was calculated as 2-ΔΔCT, 

representing fold-changes in knockdown/overexpres-

sion groups versus controls. 

 

Western blot analysis 

Cells were lysed on ice using RIPA buffer (Solarbio, 

China) supplemented with 1% PMSF and 1% phospha-

tase inhibitor cocktail (both from Solarbio). Cell lysates 

were centrifuged at 12,000 × g for 15 minutes at 4°C to 

collect total protein extracts. Protein concentration was 

determined using a BCA assay kit (Vazyme Biotech, 

China). Equal amounts of protein (20 μg per lane) were 

mixed with RIPA buffer and loading buffer (Lanzk Bio, 

China). Proteins were separated by 12% SDS-PAGE 

with initial electrophoresis at 60 V for 10 minutes fol-

lowed by 120 V for 60 minutes. Proteins were transfer-

red to PVDF membranes at 200 mA in 120 minutes. 

Membranes were blocked with 5% non-fat milk for 2 

hours at room temperature. Primary antibodies were in-

cubated overnight at 4°C: Anti-Neuritin (1:500; Biosyn-

thesis, China; cat# bs-2464R), anti-TUBB3 (1:1,000; 

Cell Signaling Technology, USA; cat# 5568), anti-total 

Akt (1:1,000; CST; cat# 4691), anti-p-Akt (Ser473) 

(1:2,000; CST; cat# 4060), anti-p-mTOR (1:1,000; 

CST; cat# 4060), anti-p-mTOR (Ser2448) (1:1,000; 

CST; cat# 2971), anti-β-actin (1:1,000; ZSGB-BIO, 

China; cat# TA-09). After TBST (Lanzk Bio) washes, 

membranes were incubated with species-matched sec-

ondary antibodies: Goat anti-rabbit (1:10,000; ZSGB-

BIO; cat# ab205718) and goat anti-mouse (1:10,000; 

ZSGB-BIO; cat# ZB-2305) for 2 hours at room temper-

ature. The chemiluminescent substrate was prepared by 

mixing ultra luminol/enhancer reagent (solution A) and 

stabilized peroxide reagent (solution B) at a 1:1 ratio. 

Membranes were incubated with substrate for 2 minutes 

in the dark and imaged using an automated chemilumi-

nescence detection system. 

 

Cell counting kit-8 (CCK-8) assay 

Cell proliferation was assessed using the CCK-8 kit 

(Vazyme Biotech, China; cat# A311-01) according to 

the manufacturer's protocol. Briefly, transfected cells 

(siRNA1-neuritin, siRNA2-neuritin, and scrambled 

siRNA control) along with untransfected controls were 

seeded in 96-well plates at a density of 1 × 10⁴ cells/ 

well in 100 μL complete medium and cultured under 

standard conditions (37°C, 5% CO₂). At indicated time 

points (0, 24, 48, and 72 hours), the medium was re-

placed with 90 μL serum-free medium containing 10 μL 

CCK-8 reagent per well. After 2 hours incubation at 

37°C, absorbance was measured at 450 nm using a mi-

croplate reader to determine cell viability. 

 

Transwell migration and invasion assays 

Serum-starved transfected or control cells (2 × 10⁴ cells 

in 200 μL serum-free medium) were seeded into the up-

per chamber of Transwell inserts (Corning, USA), while 

600 μL complete medium containing 20% FBS served 

as chemoattractant in the lower chamber. After 36 hours 

incubation at 37°C, migrated cells on the membrane's 

lower surface were fixed with 4% paraformaldehyde, 

stained with 0.1% crystal violet, and quantified by 

counting three random fields per insert under light mi-

croscopy (200 × magnification). For Matrigel-coated in-

serts (BD Biosciences, USA), 3 × 10⁴ cells in serum-

free medium were loaded into the upper chamber, with 

20% FBS medium in the lower chamber as chemoat-

tractant. Following 48 hours incubation, invaded cells 

were fixed, stained, and counted as described for the 

migration assay. 

 

Statistical analysis 

All statistical analyses were performed using GraphPad 

Prism 9.0 (Dotmatics). Continuous variables are pres-

ented as mean ± standard deviation (SD), while categor-

ical data are expressed as percentages (%). Normally 

distributed data were analyzed using Student's t-test, 



Chen Zhong et al. 

Clin. Lab. 6/2026 4 

with non-parametric Mann-Whitney U test applied for 

non-normal distributions. A two-tailed p-value < 0.05 

was considered statistically significant. 

 

 

RESULTS 

 

Differential expression of neuritin in GC cells 

To investigate neuritin's expression patterns in gastric 

carcinogenesis, we first compared its expression be-

tween malignant and normal gastric epithelial cells. 

Four GC cell lines representing varying differentiation 

states (KATOⅢ, SNU-1, AGS, NCI-N87) and normal 

GES-1 were cultured for parallel protein and RNA ex-

traction, followed by Western blot and qRT-PCR ana-

lyses. Western blot analysis revealed significant neuritin 

overexpression in all cancer cell lines compared to 

GES-1 controls. Notably, KATOⅢ and NCI-N87 cells 

exhibited higher neuritin protein levels than SNU-1 and 

AGS cells (p < 0.05) (Figure 1A). QRT-PCR results de-

monstrated cancer-specific neuritin mRNA upregulation 

(p < 0.05 vs. GES-1). Specifically, KATOⅢ and NCI-

N87 cells showed statistically significant elevation (p < 

0.01), while SNU-1 and AGS exhibited non-significant 

increases (p > 0.05) (Figure 1B). 

 

Transfection efficiency of neuritin constructs 

To elucidate neuritin's regulatory effects on TUBB3 and 

Akt/mTOR signaling in GC progression, we performed 

gain- and loss-of-function experiments.  

Neuritin-low SNU-1 and AGS cells were transfected 

with pcDNA3.1-neuritin plasmid, while neuritin-high 

KATOⅢ and NCI-N87 cells received siRNA-neuritin. 

Parallel controls included empty vector (pcDNA3.1) 

and scrambled siRNA transfections. At 48 hours post-

transfection, neuritin modulation was verified at both 

protein (Western blot) and transcriptional (qRT-PCR) 

levels. Western blot analysis demonstrated significantly 

elevated neuritin protein expression in pcDNA3.1-neu-

ritin-transfected AGS cells compared to both negative 

control (empty vector-transfected) and blank control 

(untransfected) groups. Similarly, SNU-1 cells trans-

fected with pcDNA3.1-neuritin exhibited 1.8-fold high-

er neuritin protein levels relative to control groups. No 

statistically significant difference in neuritin expression 

was observed between empty vector-transfected (nega-

tive control) and untransfected (blank control) cell pop-

ulations (Figure 2A). Quantitative RT-PCR analysis re-

vealed a 2.3-fold upregulation of neuritin mRNA in 

pcDNA3.1-neuritin-transfected AGS cells compared to 

both empty vector-transfected (negative control) and 

untransfected (blank control) groups (p < 0.01) (Figure 

2B). Similarly, SNU-1 cells exhibited 1.9-fold higher 

neuritin transcript levels following pcDNA3.1-neuritin 

transfection versus control groups (p < 0.05) (Figure 

2C). No significant difference in neuritin mRNA ex-

pression was detected between empty vector-transfected 

and untransfected cells. Western blot analysis demon-

strated significant reduction of neuritin protein expres-

sion in both KATOⅢ and NCI-N87 cells following 

siRNA-neuritin transfection compared to respective 

control groups. No statistically significant difference in 

neuritin expression was observed between scrambled 

siRNA-transfected (negative control) and untransfected 

(blank control) cells (Figure 3A). Quantitative RT-PCR 

analysis revealed that neuritin mRNA expression in 

KATOⅢ cells was significantly reduced to 32.7 ± 3.1% 

and 28.5 ± 2.8% of control levels when compared to 

both scrambled siRNA-transfected (negative control) 

and untransfected (blank control) groups (Figure 3B). 

Similarly, NCI-N87 cells exhibited marked downregu-

lation of neuritin transcripts to 35.2 ± 2.9% and 30.8 ± 

3.2% (siRNA2, p < 0.001) relative to control groups 

(Figure 3C). No significant difference in neuritin 

mRNA expression was detected between negative con-

trol (scrambled siRNA-transfected) and blank control 

(untransfected) cells. 

 

Neuritin overexpression upregulates TUBB3 expres-

sion and enhances Akt/mTOR signaling pathway ac-

tivation 

Western blot analysis was performed to examine protein 

expression patterns of TUBB3 and key Akt/mTOR sig-

naling components in neuritin-overexpressing cell lines 

and their respective controls following plasmid transfec-

tion. Quantitative analysis revealed significant elevation 

of TUBB3, phosphorylated Akt, and phosphorylated 

mTOR in neuritin-overexpressing AGS and SNU-1 

cells compared to control groups, while total Akt and 

mTOR protein levels remained unchanged across all 

groups. These findings demonstrate that neuritin over-

expression not only increases TUBB3 protein abundance 

but also specifically enhances phosphorylation of criti-

cal Akt/mTOR signaling components, suggesting its po-

tential regulatory role in GC progression (Figure 4). 

 

Neuritin knockdown downregulates TUBB3 expres-

sion and attenuates Akt/mTOR signaling 

Western blot analysis was conducted to evaluate protein 

expression profiles of TUBB3 and key Akt/mTOR sig-

naling components in neuritin-knockdown cell lines and 

corresponding controls following siRNA transfection. 

Quantitative results demonstrated significant reductions 

in TUBB3, p-Akt, and p-mTOR protein levels in neuri-

tin-depleted AGS and SNU-1 cells compared to scram-

ble siRNA controls, while total Akt and mTOR expres-

sion remained unaltered. These data indicate that neuri-

tin silencing not only decreases TUBB3 abundance but 

also specifically suppresses phosphorylation of critical 

Akt/mTOR pathway components, suggesting its func-

tional involvement in GC pathogenesis (Figure 5). 

 

Neuritin silencing inhibits GC cell proliferation 

To investigate neuritin's role in GC progression, we per-

formed CCK-8 assays to assess proliferation rates of 

neuritin-knockdown cells versus controls at 0, 24, 48, 

and 72 hours by measuring absorbance at OD 450 nm. 

Initial measurements (0 hours) showed no significant 
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Figure 1. Differential expression of neuritin in GC cell lines.  
 

A) Representative Western blot analysis of neuritin protein levels across cell lines. β-actin served as loading control. B) Quantitative RT-PCR 

analysis of neuritin mRNA expression. Data presented as mean ± SD (n = 3 independent experiments). Statistical significance denoted as: * p < 

0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001 versus GES-1 control cells. 

 

 

 

 

 

 
 

 
 

Figure 2. Neuritin overexpression following pcDNA3.1-neuritin transfection.  
 

A) Western blot analysis showing neuritin protein levels in transfected cells. β-actin served as loading control. B) Quantitative analysis of 

neuritin mRNA expression in AGS cells. C) Statistical analysis of neuritin mRNA expression in transfected KATOⅢ cells (qRT-PCR). Data 

presented as mean ± SD (n = 3 independent experiments). * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001 versus empty vector control. 
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Figure 3. Neuritin knockdown following siRNA transfection.  
 

A) Representative Western blot analysis of neuritin protein expression. GAPDH served as loading control. B) Quantitative RT-PCR analysis of 

neuritin mRNA levels in NCI-N87 cells. C) Neuritin transcript abundance in KATOⅢ cells post-transfection (* p < 0.05, ** p < 0.01, *** p < 

0.001, **** p < 0.0001). 

 

 

 

 

difference in OD 450 nm values between neuritin-de-

pleted KATOⅢ/NCI-N87 cells and scramble siRNA 

controls. However, at 24, 48, and 72 hours, both siRNA 

sequences induced significant proliferation inhibition in 

KATOⅢ and NCI-N87 cells compared to controls. 

These results demonstrate that neuritin depletion signi-

ficantly attenuates GC cell proliferation, confirming its 

growth-promoting function in gastric carcinogenesis 

(Figure 6). 

 

Neuritin knockdown suppresses migratory and 

invasive capacities of GC cells 

Transwell migration and invasion assays were perform-

ed to evaluate the effects of neuritin silencing on GC 

cell motility. In migration assays, siRNA1-transfected 

NCI-N87 cells showed 62% reduction in transmigrated 

cells (181.3 ± 87.79 vs. 477.0 ± 27.22 in scramble con-

trols, p < 0.01), while siRNA2 treatment resulted in 

52% decrease (Figure 7A, 7C). Similarly, KATOⅢ 

cells exhibited 49% (799.0 ± 146.3, p < 0.001) and 38% 

(970.0 ± 111.2, p < 0.01) migration inhibition following 
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Figure 4. Effects of neuritin overexpression on TUBB3 protein expression and Akt/mTOR signaling activation. 

 

 

 

 

 

 

 
 

 
 

Figure 5. Protein expression profiles of TUBB3 and Akt/mTOR signaling components following neuritin knockdown. 
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Figure 6. Cell proliferation analysis.  
 

A) CCK-8 proliferation assay in AGS cells. B) CCK-8 proliferation assay in SNU-1 cells (* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001 

versus control). 

 

 

 

 

siRNA1 and siRNA2 transfection, respectively, com-

pared to controls (1,564.0 ± 82.64) (Figure 7A, 7D). In-

vasion assays demonstrated 39% (240.7 ± 7.02) and 

43% (226.0 ± 7.55) reductions in invasive NCI-N87 

cells versus controls (394.7 ± 23.46) (Figure 7B, 7E). 

KATOⅢ cells showed 58% (102.0 ± 6.56, p < 0.0001) 

and 64% (87.3 ± 5.86, p < 0.0001) decreased invasive-

ness relative to control groups (245.0 ± 42.58) (Figure 

7B, 7F). These findings collectively demonstrate that 

neuritin depletion significantly attenuates both migrato-

ry and invasive potentials of GC. 

 

 

 

 

 

 

DISCUSSION 

 

GC ranks as the fifth most prevalent malignancy world-

wide and represents the fourth leading cause of cancer-

related mortality, characterized by both high incidence 

and fatality rates [1-4]. According to recent GLOBO-

CAN statistics, approximately 1.089 million new GC 

cases were diagnosed globally in 2020, with 769,000 

associated deaths recorded [2]. Although the global in-

cidence and mortality rates have generally declined over 

recent decades, significant geographical variations per-

sist in long-term epidemiological trends [3,4]. Emerging 

evidence indicates a shifting epidemiology, with disease 

burden transitioning from low to high human develop-

ment index (HDI) countries [5]. While high-HDI re-

gions demonstrate elevated incidence rates, they exhibit 

comparatively lower mortality than low-HDI areas, 
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Figure 7. Transwell assay results of neuritin-knockdown cell lines.  
 

A) Representative micrographs of migration assay. B) Micrographs of Matrigel invasion assay. C) Quantitative analysis of migrated NCI-N87 

cells. D) Migrated KATOⅢ cell counts. E) Invasive NCI-N87 cell quantification. F) Quantified invasion of KATOⅢ cells (* p < 0.05, ** p < 

0.01, *** p < 0.001, **** p < 0.0001 vs. scramble siRNA controls). 
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where GC remains a predominant cause of cancer 

deaths [6]. Notably, 60% of global cases occur in East-

ern Asia, with China accounting for 43.9% of this bur-

den, while 56.6% of worldwide deaths are concentrated 

in this region, including 48.6% from China alone [5-7]. 

These epidemiological patterns establish GC as a criti-

cal global health challenge and a major focus of con-

temporary translational research. The typically asymp-

tomatic or nonspecific early clinical presentation fre-

quently leads to delayed diagnosis at advanced stages, 

contributing to poor prognosis [10,11]. Although early 

detection significantly improves outcomes, current diag-

nostic reliance on endoscopic biopsy - an invasive and 

operator-dependent modality - remains suboptimal [2]. 

Consequently, research priorities emphasize discovering 

novel biomarkers for non-invasive screening and early 

detection to enable timely intervention and outcome im-

provement [10]. 

Our preliminary immunohistochemical analysis reveal-

ed differential neuritin expression between GC and ad-

jacent normal tissues. Notably, 89.7% (52/58) of tumor 

specimens exhibited high neuritin expression versus 

only 19.0% (11/58) in matched normal tissues (p < 

0.001), with corresponding low expression rates of 

10.3% (6/58) and 81.0% (47/58), respectively [17]. 

Subsequent qRT-PCR and Western blot analyses con-

sistently demonstrated elevated neuritin mRNA and 

protein levels in malignant tissues compared to paracan-

cerous controls [17], constituting the first evidence of 

neuritin overexpression in gastric carcinogenesis. Build-

ing upon preliminary findings, this study quantified 

neuritin expression at both protein and transcriptional 

levels through Western blot (WB) and quantitative real-

time PCR (qRT-PCR) analyses across human GC cell 

lines (KATOⅢ, SNU-1, AGS, NCI-N87) and the nor-

mal gastric mucosal cell line GES-1. Results demon-

strated significantly elevated neuritin protein expression 

in all GC cell lines compared to the non-tumorigenic 

GES-1 control. Notably, KATOⅢ and NCI-N87 exhib-

ited higher neuritin protein abundance than SNU-1 and 

AGS cells (1.8- and 2.1-fold increase, respectively), 

with the latter two showing relatively modest expres-

sion levels. Transcriptional profiling revealed a de-

scending gradient of neuritin mRNA expression: NCI-

N87, KATOⅢ, AGS, and SNU-1. The observed discor-

dance between protein and mRNA levels may stem 

from spatiotemporal segregation of eukaryotic tran-

scription-translation processes. As referenced [18,19], 

temporal variations in detection timepoints could lead to 

protein peak accumulation post mRNA degradation, or 

delayed protein synthesis despite maximal mRNA ex-

pression. ATCC database analysis indicated that the se-

lected cell lines not only represented varying differen-

tiation states but also originated from distinct anatomi-

cal sites. Conversely, SNU-1 (poorly differentiated pri-

mary tumor) and AGS (moderately differentiated prima-

ry adenocarcinoma) displayed lower neuritin expres-

sion. These findings suggest potential associations be-

tween neuritin expression levels and histological differ-

entiation grade, and metastatic propensity in gastric car-

cinomas. 

Our preliminary co-immunoprecipitation experiments in 

293 T cells co-transfected with pcDNA3.1-his-neuritin 

and pcDNA3.1-HA-TUBB3 demonstrated that neuritin 

overexpression significantly increased TUBB3 protein 

levels, whereas neuritin knockdown reduced TUBB3 ex-

pression; modulating TUBB3 expression did not alter 

neuritin levels, suggesting unidirectional regulation. To 

delineate neuritin's mechanistic role in GC, we estab-

lished isogenic models by transfecting pcDNA3.1-neu-

ritin into KATOⅢ/NCI-N87 (low endogenous expres-

sion, Ct values > 28), achieving 5.2 ± 1.1-fold overex-

pression. Transfecting siRNA-neuritin into SNU-1/AGS 

(high endogenous expression, Ct values < 22) with 78 ± 

6% knockdown efficiency (all p < 0.01, validated by 

both qRT-PCR and Western blot). Subsequent Western 

blot analyses revealed that neuritin overexpression up-

regulated TUBB3 expression and enhanced phosphory-

lation of Akt and mTOR. Conversely, neuritin silencing 

produced opposite effects. These data establish a consis-

tent regulatory pattern: Neuritin positively modulates 

both TUBB3 expression and Akt/mTOR pathway acti-

vation, as evidenced by concordant changes in phospho-

protein levels upon genetic manipulation. This aligns 

with gallbladder cancer studies where TUBB3 activates 

AKT/mTOR signaling to promote oncogenesis. Our 

findings extend this paradigm to GC, suggesting path-

way conservation across malignancies. Interestingly, 

esophageal cancer studies report opposing effects; neu-

ritin acts as a tumor suppressor by inhibiting PI3K/Akt/ 

mTOR through promoter methylation. This tissue-spe-

cific discrepancy highlights context-dependent signaling 

regulation. Emerging evidence indicates neuritin exhib-

its tumor-type-specific functionalities, though the pre-

cise molecular determinants governing its dichotomous 

roles remain elusive. Collectively, our results propose a 

novel neuritin-TUBB3-Akt/mTOR axis in gastric carci-

nogenesis, where neuritin serves as an upstream regula-

tor driving oncogenic signaling activation. 

To systematically evaluate the functional impact of neu-

ritin on GC progression, we performed CCK-8 prolifer-

ation assays, Transwell migration assays, and Matrigel-

coated invasion assays in isogenic neuritin-knockdown 

models. Functional characterization revealed that neuri-

tin knockdown significantly impaired GC cell prolifera-

tion, migration, and invasion capacity, establishing neu-

ritin as a critical oncogenic driver in GC progression. 

Neuritin silencing coordinately downregulated TUBB3 

expression, inhibited Akt/mTOR phosphorylation, and 

attenuated oncogenic behaviors, revealing its central 

role in GC pathogenesis. These data support a novel 

signaling axis in which neuritin drives GC progression 

by coordinately enhancing TUBB3 expression and acti-

vating the Akt/mTOR pathway, ultimately facilitating 

malignant behaviors. These findings delineate a novel 

neuritin-TUBB3-Akt/mTOR axis that critically regu-

lates the acquisition of malignant phenotypes in GC 

cells through coordinated molecular reprogramming. To 
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further validate the neuritin-TUBB3-Akt/mTOR axis, 

we performed TUBB3 knockdown to assess whether it 

rescues neuritin-mediated Akt/mTOR hyperactivation 

and employed pharmacological inhibitors to determine 

if pathway blockade attenuates neuritin-driven oncogen-

ic phenotypes (proliferation/migration/invasion). This 

clarifies whether neuritin’s tumorpromoting effects de-

pend on TUBB3-mediated Akt/mTOR activation. This 

study aimed to elucidate the potential mechanism by 

which neuritin enhances GC cell proliferation, invasion, 

and migration, specifically examining whether these ef-

fects are mediated through TUBB3-dependent activation 

of the Akt/mTOR signaling pathway. 

In this study, we investigated the role of neuritin at the 

cellular level, building upon our previous findings re-

garding its function at the tissue level. However, its ef-

fects in vivo remain unclear. To address this, we per-

formed in vivo experiments by implanting tumors in 

nude mice and comparing tumor volumes between neu-

ritin overexpressing, knockdown, and control groups. 

Additionally, we examined the expression levels of 

TUBB3 and key molecules in the Akt/mTOR signaling 

pathway within the xenograft tissues. These experi-

ments aimed to elucidate whether neuritin promotes GC 

progression at the organismal level, potentially provid-

ing a novel diagnostic and prognostic biomarker for 

GC. 
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