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Introduction

Gastric cancer (GC) is a prevalent malignancy that remains 
the fifth most common and third deadliest cancer in the 
world (1). GC is often difficult to detect in its early stages 
owing to an absence of reliable symptoms, and it is also 

associated with high rates of metastasis and unfavorable 
patient prognosis. GC is often only diagnosed at a relatively 
advanced stage (2). Treatment approaches including 
radiotherapeutic, immunotherapeutic, targeted, surgical 
treatment and chemotherapeutic interventions can all 
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achieve some degree of efficacy in GC management (3), 
but patients with advanced GC continue to face a poor 
prognosis (4). Thus, it is vital to establish new biomarkers 
than can accurately diagnose GC and detect metastasis at 
an early stage, thereby enabling more effective and tailored 
management strategies to improve patient prognosis.

The neutral serine protease, proteinase 3 (PRTN3), 
is produced primarily by neutrophils and has a role in 
removing pathogenic microbes both intracellularly and 
extracellularly (5). In hematological diseases, PRTN3 levels 
have been linked to an increased risk of antineutrophil 
cytoplasmic antibodies (6). A report has also noted 
that PRTN3 is associated with oncogenic progression, 
where murine myeloid leukemia was suppressed through 
reductions in PRTN3 activity (7). PRTN3 is also capable of 
promoting hepatocellular carcinoma development through 
a range of oncogenic mechanisms (8), and high expression 
of PRTN3 may attenuate the efficacy of bevacizumab in 
colorectal cancer (9). High PRTN3 levels have also been 
reported to be of value for the early diagnosis of GC (10). 
The mechanisms by which PRTN3 functions in GC, 
however, have yet to be studied at length.

This study investigated the regulatory significance of 
PRTN3 in GC progression. Elevated PRTN3 levels were 
observed in GC cells and tissues using quantitative real-
time reverse transcription polymerase chain reaction (qRT-
PCR) and Western blotting. The relationship between 
clinicopathological correlation and PRTN3 expression 
was assessed in selected patients with complete clinical 

information. AGS cells and BGC-823 cells with high 
PRTN3 expression were effectively transfected with 
lentiviral interference fragments, and the effect of PRTN3 
knockdown on GC cell function was analyzed. It was 
found that PRTN3 downregulation blocked the cell cycle 
while promoting apoptosis in GC cells. Notably, it was 
demonstrated, both in vivo and in vitro, that low PRTN3 
levels were associated with reduced GC cell growth. These 
findings support the biological and clinical relevance of 
PRTN3 in GC, suggesting its potential in diagnosing and 
treating GC. We present this article in accordance with the 
ARRIVE and MDAR reporting checklists (available at https://
tcr.amegroups.com/article/view/10.21037/tcr-2025-153/rc).

Methods

Patients and samples

Tumor pathology specimens from 47 patients with 
GC who had undergone treatment at Nantong First 
People Hospital between March 1, 2023 and February 
29, 2024 were analyzed. All of these tumor specimens 
were obtained surgically. None of these patients had 
undergone radiotherapy, immunotherapy, or neoadjuvant 
chemotherapy before sample collection. A tissue microarray 
(TMA) was used to analyze GC tumors and paracancerous 
tissues from these 47 patients. Clinical information was 
retrieved from the official medical records of the hospital. 
In addition, 20 tumor tissue samples were collected 
from cases who had been diagnosed at the same hospital 
between January 2023 and December 2023. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the 
Ethics Committee of Nantong First People Hospital (No. 
2024KT182) and informed consent was taken from all the 
patients. 

Cell culture and transduction

The HGC-27, MGC-803, BGC-823, MKN-45, AGS, and 
SGC-7901 GC cell lines, in addition to the GES-1 normal 
gastric mucosal cell line, were purchased from GeneChem 
(Shanghai, China). All cells were grown with 5% CO2 in 
RPMI-1640 (cat. no. PM150110; Pricella, Shanghai, China) 
with 10% fetal bovine serum (FBS) (cat. no. C04001; 
HyClone, Logan, UT, USA) at 37 ℃ (11).

Lentiviral particles encoding short hairpin RNA 
(shRNA), including negative control shRNA (shNC) 
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and  PRTN3-spec i f i c  shRNA ( shPRTN3) ,  were 
prepared us ing GV 493 lent iv irus  part ic les  (cat . 
n o .  G I E L 0 3 9 2 7 1 6  G e n e C h e m )  ( s h P RT N 3 - # 1 : 
C C T G A C T T C T T C A C G C G G G TA ;  s h P RT N 3 : 
CCTGATCTGTGATGGCATCAT; shPRTN3-#2: 
GCCACATAACATTTGCACTTT). AGS cells and BGC-
823 cells were then transduced with the lentiviruses in 
six-well plates when 70–80% confluent. After 72 hours, 
stable cell lines selected with puromycin (2 µg/mL; cat. no. 
ST551; Beyotime Biotechnology, Shanghai, China) were 
used for analysis, with the PRTN3 knockdown efficiency 
verified by qRT-PCR and Western blotting.

qRT-PCR analysis

Total RNA from 20 pairs of tumor samples and GC 
cells were isolated using TRIzol (cat. no. 15596018CN; 
Thermo Fisher Scientific, Waltham, MA, USA), and 
complement DNA (cDNA) was prepared using the Prime 
script RT kit (cat. no. RR055A; Takara Bio, Kusatsu, 
Japan). All qRT-PCR analyses were conducted with 
the 7500/7500 Fast Real-Time PCR System (cat. no. 
100048201; Thermo Fisher Scientific) under conditions 
identical to those reported previously (12). Primers, 
which were produced by Shanghai Bioengineering 
Genetics (cat. nos. 25030191 and 250261068; Shanghai, 
China), had the following sequences: forward PRTN3, 
5'-ACAGCAGGACCAGCCAGTG-3'; reverse PRTN3, 
5'-GAAGGTGACCACGGTGACATTG-3'; forward 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
5'-AGAAGGCTGGGGCTCATTTG-3'; and reverse 
GAPDH, 5'-AGGGGCCATCCACAGTCTTC-3'. 
Analyses were completed in triplicate. Finally, the 
experimentally obtained cycle threshold (Ct) values of 
PRTN3 and GAPDH were analyzed via SPSS 19.0 (IBM. 
Corp., Armonk, NY, USA) for data analysis via the 2−ΔΔCt 
normalization method.

Western blotting

For Wester blotting, RIPA buffer (cat. no. P0013B; 
Beyotime Biotechnology) was used to lyse cells and tumor 
tissues, and separating gels (concentration =10%; cat. no. 
PG112; Yarase Bio, Shanghai, China) made on glass plates 
were used to separate proteins via sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). At a 
voltage of 90 V, we separated the proteins from the upper 

layer of gel to the lower layer of gel within 30 min; then 
at 120 V, we split the proteins from the lower layer of gel 
to the bottom of the gel within 60 min. Subsequently, in 
a 1-hour ice bath (300 mA), the separated proteins were 
transferred to polyvinylidene fluoride (PVDF) membranes 
(0.45 µm; cat. no. IPVH00010; Millipore, Billerica, MA, 
USA). After being blocked at room temperature with 
skimmed milk for 2 hours, the blots were treated (overnight 
at 4 ℃) with antibodies against PRTN3 (1:3,000; cat. no. 
ab133613; Abcam, Cambridge, UK), CDK6 (1:2,000; cat. 
no. 14052-1-AP; Proteintech), CDK4 (1:2,000; cat. no. 
11026-1-AP, Proteintech), cyclin D1 (1:5,000; cat. no. 
60186-1-Ig; Proteintech), BCl-2 (1:4,000; cat. no. 16026-
1-AP; Proteintech), Bax (1:5,000; cat. no. 50352-1-AP; 
Proteintech), and GAPDH (1:10,000; cat. no. 60004-1-Ig; 
Proteintech). These antibodies were selected according to 
previous reports (13,14). The blots were then probed with 
anti-rabbit (1:10,000; cat. no. 66467-1-Ig; Proteintech) or 
anti-mouse immunoglobulin G (IgG) (1:10,000; cat. no. 
SA00001-1; Proteintech) for 1.5 hours. Finally, a Touch 
Imager (e-Blot, Shanghai, China) was used to visualize 
and analyze the PVDF membranes, and the images were 
quantified using ImageJ v. 1.45 (National Institutes of 
Health, Bethesda, MD, USA).

Cell Counting Kit-8 (CCK-8) and colony formation assays

AGS cells and BGC-823 cells (500/well) were grown in 96-
well plates, and CCK-8 assays (cat. no. PF00004; Beyotime) 
were performed as directed, with cells being collected after 0, 
24, 48, 72, and 96 hours and absorbance measured at 450 nm  
with a microplate reader (cat. no. E0227; Beyotime). In 
colony formation assays, AGS cells and BGC-823 cells 
(200/well) were grown in six-well plates in a 5% CO2 
incubator (Heracell 150i GP, Thermo Fisher Scientific) at 
37 ℃ for 2 weeks until distinct colonies were visible under 
a microscope (E200 POL, Nikon, Japan) and then fixed 
with methanol (concentration ≥99.5%; cat. no. 10014118; 
Sinopharm Chemical Reagent Co., Shanghai, China) and 
stained using 1% crystal violet (cat. no. V5265; Merck, 
Germany). Numbers of colonies in each well were counted, 
and analyses were performed in triplicate.

Mouse model experiments

Twelve 4-week-old male nude BALB/c mice, obtained from 
the Animal Experiment Center of Nantong University, 

https://baike.baidu.com/item/glyceraldehyde/24434816?fromModule=lemma_inlink
https://baike.baidu.com/item/polyvinylidene/53069568?fromModule=lemma_inlink
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were placed in specific pathogen-free (SPF) conditions and 
randomized into two groups (n=3/group). These mice were 
subcutaneously injected in the lateral abdomen with tumor 
cells stably transduced with shNC or shPRTN3 (200 µL; 
1×106 cells/mL), and tumor growth was then monitored. 
Tumor width and length were measured once per week, 
with the tumor volume being calculated as follows: 1/2 
(length × width2). Four weeks later, after a comatose 
state was induced through inhalation of ethyl ether, mice 
were sacrificed via dislocation of their cervical vertebrae. 
Tumors were harvested for qRT-PCR and Western blotting 
analyses, weighing and photographing were completed. 
Animal experiments were performed under a project license 
(No. 2024KT158) granted by Animal Ethics Committee of 
Nantong University, in compliance with national guidelines 
for the care and use of animals. A protocol was prepared 
before the study without registration.

Flow cytometry analyses

Cell cycle distributions and apoptotic death were analyzed 
for AGS cells and BGC-823 cells with flow cytometry-based 
approach. After AGS cells and BGC-823 cells (2×105–1×106 
cells) were collected using 0.25% trypsin (cat. no. 25200114; 
Gibco, Thermo Fisher Scientific, Waltham, MA, USA) 
and washed once with phosphate-buffered saline (PBS) 
(1×), they were placed in 1 mL of DNA staining solution 
(cat. no. CCS012A; MultiSciences, Hangzhou, China) 
with 10 µL of permeabilization reagent (cat. no. CCS012B; 
MultiSciences), mixed for 5–10 s, incubated (room 
temperature, 30 min), and analyzed via flow cytometry (cat. 
no. 661759; BD Biosciences, Gaithersburg, MD, USA) to 
determine cell cycle progression. The resulting data were 
then processed using ModFit LT 5.0 (Verity Software 
House, Topsham, ME, USA).

For analyses of apoptosis, AGS cells and BGC-
823 cells were harvested and rinsed with cold PBS, and 
(1–10)×105 cells were added to diluted binding buffer 
(cat. no. AP-100-B; MultiSciences), after which 5 µL of 
Annexin V-allophycocyanin (APC) (cat. no. AP107-100-
AVA; MultiSciences) and 10 µL of propidium iodide (cat. 
no. AP107-100-PI; MultiSciences) were added to each 
tube. Cells were then shaken gently, which was followed 
by a room temperature incubation for 5 min, with flow 
cytometry then being used to analyze apoptosis. Finally, the 
resulting data were processed using FlowJo Software v.10.8.1 
(Herzenberg Laboratory at Stanford University).

TMA establishment and immunohistochemical staining

The 47 GC patient tumor samples were used to construct a 
TMA, with immunohistochemical staining being performed 
as described elsewhere (12). Sections of tissue were stained 
with anti-PRTN3 (1:3,000; cat. no. AB133613; Abcam) at 
4 ℃ for 16 hours and then probed with enzyme-conjugated 
anti-rabbit IgG (1:10,000; cat. no. 66467-1-Ig; Proteintech), 
which was followed by imaging with a fluorescence 
microscope (E200 POL; Nikon). Two pathologists 
examined random fields of view in all tumor sections.

To calculate PRTN3 positivity, the proportion of cells 
stained positive for PRTN3 and the intensity of staining 
were quantified. Positive cells were scored according to the 
following scheme: 0, 0–10%; 1, 11–50%; 2, 51–80%; and 3, 
81–100%. Meanwhile, intensity scoring was performed as 
follows: 0, negative; 1, weak; 2, medium; and 3, strong. Final 
PRTN3 expression levels were determined by multiplying 
the two scores together, with 0–3 points being classified as 
low and 4–8 points as high.

Statistical analysis

SPSS 19.0 (IBM Corp., Armonk, NY, USA) was used for 
data analyses, with results shown as the mean ± standard 
deviation (SD). Differences between two groups were 
assessed with t-tests, and analysis of variance (ANOVA) 
was used to analyze differences between multiple groups. 
Logistic regression models were used to determine the 
correlations between PRTN3 levels and clinicopathologic 
factors. A P value <0.05 indicated a statistically significant 
difference.

Results

Characterization of PRTN3 expression and the 
clinicopathological correlates in GC

When 20 paired GC and paracancerous tissue samples 
were examined via qRT-PCR and Western blotting, both 
messenger RNA (mRNA) and protein levels of PRTN3 
were found to be upregulated in GC tumors (Figure 1A,1B). 
Consistent with this, immunohistochemical staining 
of the 47 paired GC and paracancerous tissues in the 
TMA demonstrated a significantly elevated expression 
of PRTN3 levels in 25 out of the 47 tissue samples. 
However, only 15 out of the 47 adjacent tissue samples 
have shown a significantly elevated expression of PRTN3. 
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Figure 1 PRTN3 mRNA and protein levels in GC tissue samples. (A,B) PRTN3 mRNA and protein levels in 20 paired GC and 
paracancerous tissues was detected via qRT-PCR and Western blotting. C and N respectively denote cancerous and noncancerous 
tissues. (C) Immunohistochemical analysis of PRTN3 levels in 47 paired GC and paracancerous tissues in the tissue microarray. (D) 
Representative images of the levels of PRTN3 in two paired samples of GC and paracancerous tissue (left scale bar: 500 µm; right scale 
bar: 100 µm). Staining was done using hematoxylin reagent and observation was done with fluorescence microscope. Data are the mean ± 
standard deviation. *, P<0.05; **, P<0.01; ***, P<0.001. GC, gastric cancer; PRTN3, proteinase 3; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase; mRNA, messenger RNA; qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction. 
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This demonstrates a significantly higher overall degree 
of PRTN3 expression in GC tissues (Figure 1C). When 
histopathological GC tissue sections were analyzed, PRTN3 
expression was primarily restricted to the cytosol (Figure 1D).

When clinical parameters from these same 47 patients 
were analyzed to determine their relationships with the 
protein levels of PRTN3 using the chi-square method, 
PRTN3 levels were observed to be significantly correlated 
only with N stage (P=0.04), but not with age, sex, tumor 
site, T staging, tumor-node-metastasis (TNM) staging, 
tumor differentiation, or tumor diameter (Table 1).

PRTN3 silencing inhibited in vitro GC cell growth

The significance of PRTN3 in GC was assessed by initially 
evaluating its levels in different GC cell lines and in 
normal GES-1 cells. Significantly higher PRTN3 mRNA 
and protein expression was noted in AGS cells and BGC-
823 cells relative to GES-1 cells as determined via qRT-
PCR and Western blotting (Figure 2A). Therefore, 
we selected AGS cells and BGC-823 cells with high 
expression of PRTN3 as cell lines for subsequent cell 
biology experiments. Three lentiviruses encoding shRNAs 

Table 1 Associations between PRTN3 levels and clinicopathological features in GC cases 

Clinicopathological characteristics N Low expression, n (%) High expression, n (%) χ2 P value

Gender 0.171 0.75

Male 35 17 (48.6) 18 (51.4)

Female 12 5 (41.7) 7 (58.3)

Age (years) 0.521 0.56

≤67 24 10 (41.7) 14 (58.3)

>67 23 12 (52.2) 11 (47.8)

Tumor differentiation 0.994 0.39

Low 22 12 (54.5) 10 (45.5)

Moderate + high 25 10 (40.0) 15 (60.0)

Tumor diameter (cm) 1.707 0.25

≤4 23 13 (56.5) 10 (43.5)

>4 24 9 (37.5) 15 (62.5)

T stage 0.091 >0.99

T1 + T2 16 7 (43.8) 9 (56.3)

T3 + T4 31 15 (48.4) 16 (51.6)

N stage 5.379 0.04*

N0 + N1 28 17 (60.7) 11 (39.3)

N2 + N3 19 5 (26.3) 14 (73.7)

Tumor localization 1.544 0.24

Upper + middle 17 10 (58.8) 7 (41.2)

Lower 30 12 (40.0) 18 (60.0)

TNM stage 0.578 0.56

I + II 25 13 (52.0) 12 (48.0)

III 22 9 (40.9) 13 (59.1)

*, P<0.05. PRTN3, proteinase 3; GC, gastric cancer; N, number; TNM, tumor-node-metastasis. 
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Figure 2 PRTN3 silencing suppressed GC cell proliferation. (A) PRTN3 levels in GC cells were evaluated via qRT-PCR and Western 
blotting. (B,C) Efficiency of PRTN3 knockdown in lentivirus-transduced AGS cells and BGC-823 cells as assessed by qRT-PCR and 
Western blotting. (C) CCK-8 and (D) colony formation (were used to assess cell proliferation after transduction with the indicated 
constructs). Staining was done using crystal violet stain and observation was done using a microscope. Data are the mean ± standard 
deviation. *, P<0.05; **, P<0.01. PRTN3, proteinase 3; mRNA, messenger RNA; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; 
shNC, negative control short hairpin RNA; OD, optical density; GC, gastric cancer; qRT-PCR, quantitative real-time reverse transcription 
polymerase chain reaction; CCK-8, Cell Counting Kit-8. 
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targeting PRTN3 were then established (shPRTN3-#1, 
shPRTN3, and shPRTN3-#2), as well as a negative control 
vector (shNC), and these constructs were transduced into 
both AGS cells and BGC-823 cells. Successful PRTN3 
downregulation was confirmed in these cells via qRT-
PCR and Western blotting relative to control cells, with 
shPRTN3 shRNA being selected for subsequent use, as it 
possessed the lowest expression of this target (Figure 2B).

The effect of PRTN3 on GC cell growth was assessed via 
CCK-8 assays. Following PRTN3 silencing, AGS cells and 
BGC-823 cells exhibited markedly lower proliferation rates 
as compared to control cells (Figure 2C). In line with this 
finding, PRTN3 silencing was associated with a reduction 
in colony-forming activity (Figure 2D).

Silencing PRTN3 suppressed cell cycle progression and 
promoted GC cell apoptosis

The biological functions of PRTN3 and their effects on 
cell cycle progression and apoptosis were further examined 
through a flow cytometry-based approach. When the 
expression of PRTN3 was downregulated in AGS cells 
and BGC-823 cells, the proportion of cells in S phase was 
significantly reduced. Concurrently, the proportions of cells 
in G0/G1 and G2/M phase were significantly increased 
(Figure 3A). PRTN3 thus appeared to contribute to cell 
cycle regulation. Consistently, PRTN3 knockdown led to 
a reduction in CDK4, CDK6, and cyclin D1 levels in both 
cell lines (Figure 3B).

The effect of PRTN3 silencing as a pro-apoptotic factor 
was assessed via flow cytometry, and an enhanced level of 
apoptosis was observed following the knockdown of PRTN3 
relative to that in control cells (Figure 3C). Western blotting 
was also used to assess apoptosis-related proteins, revealing 
significantly lower Bcl-2 levels and Bax upregulation at 
the protein level in both the AGS and BGC-823 cell lines 
relative to control cells following PRTN3 knockdown 
(Figure 3D).

PRTN3 silencing inhibited in vivo GC tumor growth

To gain insight into how PRTN3 expression affects the 
in vivo growth of GC tumors, a murine xenograft model 
was established, and the effects on tumor formation were 
assessed. Markedly reduced tumor weights and volumes 
were noted in the shPRTN3 group relative to those in 
controls (Figure 4A,4B), consistent with the in vitro results. 
Moreover, qRT-PCR and Western blotting confirmed that 

PRTN3 mRNA and protein levels were reduced in these 
shPRTN3 tumors relative to those in controls (Figure 4C,4D).

Discussion

GC is a common malignancy and has been linked with a 
variety of risk factors, including Helicobacter pylori, genetic 
factors, metabolic disorder, and habits such as alcohol 
consumption and smoking (15-19). Furthermore, in the 
field of molecular biology, several serine proteinases have 
been associated with GC progression (20,21). In this study, 
the function of PRTN3 in GC was investigated and the 
potential regulatory mechanisms examined. This can offer a 
theoretical basis for further exploration of novel diagnostic 
and therapeutic applications for GC.

The serine protease PRTN3 has functional associations 
with solid and hematological cancers. For instance, PRTN3 
is active specifically within myeloid cells in pediatric acute 
leukemia and data suggest its role in the pathogenesis of 
the disease, as well as target for its treatment (22). PRTN3 
overexpression in t (8; 21) (q22; q21) acute myeloid leukemia 
has been linked to chemosensitivity and may hold value as 
a disease stratification biomarker (23). PRTN3 may be a 
prognostic signature associated with methylation in clear-
cell renal cell carcinoma (RCC), regulating tumorigenic 
behavior in RCC cells, and thus serve as a possible target 
and biomarker for this cancer (24). In addition to that, 
PRTN3 has been proven to be an inflammatory neutrophil-
derived factor that can maintain tumor-promoting bacterial 
growth in squamous extracellular genital cancer and thus 
has been advanced as a therapeutic target (25). Clostridium 
nucleatum can enhance esophageal cancer growth rates 
through increases in PRTN3 expression and the activation 
of PI3K/AKT signaling (26). This factor may thus offer 
value as a biomarker for early screening aimed at diagnosing 
and treating esophageal cancer. One study indicated that 
PRTN3 was highly expressed in pancreatic cancer, where it 
was associated with lower survival (27). 

Although PRTN3 levels have been reported to be 
elevated in early GC (10), its regulatory mechanism has not 
been extensively investigated. We hypothesize that PRNT3 
is involved in GC progression. Similarly, we discovered in 
our study that PRTN3 expression was substantially elevated 
in GC tissues and GC cells, with PRTN3 being mostly 
present in the cytoplasm of GC cells. It was also found 
that there was a correlation between PRTN3 and tumor 
N stage in GC cases. Reduced levels of PRTN3 blocked 
GC cell growth, as confirmed in both cell experiments and 
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Figure 3 The effect of low PRTN3 levels on the cell cycle and apoptotic death in GC, AGS cells, and BGC-823 cells. (A) FCM analyses 
of cell cycle distributions with and without PRTN3 silencing. (B) Cell cycle-related protein levels were detected with or without PRTN3 
knockdown via Western blotting. (C) FCM analyses of apoptosis with and without PRTN3 silencing. (D) Apoptosis-related protein 
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Figure 4 PRTN3 silencing inhibited in vivo GC tumor growth. (A,B) Tumor size, weight, and volume were quantified for AGS cells and 
BGC-823 cells derived from control cells or cells in which PRTN3 was knocked down when transplanted in nude mice. (C,D) PRTN3 
mRNA and protein levels in tumors from the indicated mice. Data are the mean ± standard deviation. *, P<0.05; **, P<0.01; ***, P<0.001. 
shNC, negative control short hairpin RNA; PRTN3, proteinase 3; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; mRNA, 
messenger RNA; GC, gastric cancer. 

mouse models. However, the relationship between PRTN3 
and GC prognosis requires further investigation, as does the 
mechanism underlying PRTN3 regulation of GC progression.

Most tumor types progress in a manner that coincides 
with the impairment of normal cell cycle and apoptosis-

related activity (28). Given the potential links between 
the turnover of tumor cells and these activities, there 
are promising opportunities to prevent or treat tumor 
development by further characterizing their interrelated 
nature (29). It has been reported that some genes can 
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regulate tumor progression by affecting the cell cycle 
and apoptosis. Pectolinarigenin is a compound derived 
from citrus fruits that can reportedly arrest the cell cycle 
and induce autophagy and apoptosis in GC cells via 
the PI3K-AKT-mTOR axis (30). Particular graphene 
quantum dots can reportedly induce apoptosis and block 
the cell cycle in estrogen receptor-positive breast cancer 
cell lines (31). Similarly, INX-315 has been reported to 
affect tumor progression by inducing cell cycle arrest and 
senescence in solid tumors (32), and METTL1 may limit 
breast tumorigenesis by inhibiting cell cycle progression (33).  
In our study, it was observed that reduced PRTN3 levels 
blocked the cell cycle and promoted apoptosis in GC 
cells; furthermore, PRTN3 downregulation was linked to 
a decrease in the levels of cell cycle-associated proteins 
including CDK4, CDK6, and cyclin D1, as well as 
respective reductions and increases in the levels of 
apoptosis-related Bcl-2 and Bax. The association between 
PRTN3 and both the cell cycle and apoptosis in GC should 
be examined to clarify its relevance in the prevention and 
treatment of this type of cancer.

Tumor invasion and metastatic growth is closely linked to 
interactions between tumor cells and the extracellular matrix 
(ECM), angiogenesis, and the epithelial-mesenchymal 
transition (34). Neutrophils are linked to tumor metastasis 
and progression (35), and they are also associated with 
tumor microenvironmental composition, exerting 
effects in both ECM remodeling and angiogenesis (36).  
Serine proteases are capable of breaking down the ECM 
and activating additional proteases related to cancer 
invasion and are thus involved in GC progression. PRSS2, 
for instance, is a serine protease that facilitates GC cell 
spreading, movement, and infiltration (37). PRSS2 is 
capable of regulating GC cell epithelial-mesenchymal 
induction and metastatic progression via MMP-9 (38). As 
a neutral serine protease, PRTN3 is closely associated with 
neutrophil cluster formation. However, further studies are 
needed to clarify the role that PRTN3 plays in GC cell 
migration and invasion in order to elucidate the underlying 
signaling pathways.

This study demonstrated the regulatory effects of 
PRTN3 on the growth of GC cells in both cell experiments 
and mouse models, with flow cytometry indicating that 
it regulates cell cycle and apoptosis. However, other 
biological functions of PRTN3 in GC have not been fully 
elucidated. Clinical data from patients showed that PRTN3 
was significantly associated with the N stage of the tumor, 
although the relationship with other clinical factors needs 

further verification.
The study involved several limitations which should be 

mentioned. First, after confirming that the low expression 
of PRTN3 blocked GC cell proliferation, we did not 
further verify the effects on migration and invasion of GC 
cells by inhibiting the expression of PRTN3. Second, the 
small number of clinical cases did not allow for further 
investigation of the association between PRTN3 and GC 
prognosis. We did not collect data on disease-free survival, 
progression-free survival, or overall survival for the patients 
included in this study. Finally, the regulatory influence 
of PRTN3 on pathways associated with GC progression 
requires further validation. We aim to conduct more basic 
experiments and further expand the clinical sample size in 
subsequent studies to achieve a more in-depth exploration 
of the mechanisms associated with the effects of PRTN3 
in GC. Nonetheless, we highlight the need for further 
pathway analysis and the validation of findings in larger, 
independent cohorts.

Conclusions

The upregulation of PRTN3 in GC was associated with 
more advanced tumor N staging. The silencing of PRTN3 
was also able to suppress cell cycle progression and growth 
in GC cells, ultimately stimulating the induction of 
apoptosis. Efforts to target PRTN3 may thus be of value for 
the diagnosis and management of this harmful disease.
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