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Study on the regulation of gastric
cancer cell apoptosis by LACTB
through mitochondrial autophagy
pathway
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FangYangl“™

This study aimed to determine whether B-lactamase-like protein (Lactamase-B, LACTB) influences
apoptosis in gastric cancer cells by modulating mitochondrial autophagy through the PTEN-induced
putative kinase 1 (PINK1) or Parkin pathway. Firstly, the expression level of LACTB in gastric cancer
tissues was detected by immunohistochemistry, and the survival data of patients were used to
explore the relationship between LACTB expression level and patient prognosis. Secondly, LACTB
overexpression (+ LACTB) and knockdown (sh-LACTB) AGS gastric cancer cell lines were constructed;
flow cytometry and other experiments were used to detect the effect of LACTB on AGS cell apoptosis;
Western Blot was used to detect the expression of PINK1/Parkin mitochondrial autophagy pathway-
related proteins and lysosome-related proteins in + LACTB and sh-LACTB gastric cancer cells; kits and
electron microscopy were used to detect changes in the number of reactive oxygen species (ROS) and
autophagosomes. Finally, Western blot was used to detect the expression of apoptotic proteins Bcl-2
associated x protein (Bax) and B-cell lymphoma-2 (Bcl-2) in + LACTB and sh-LACTB gastric cancer cells
treated with mitochondrial autophagy inhibitor 3-methyladenine (3-MA). Immunohistochemistry
analysis revealed that LACTB expression in gastric cancer tissues was higher than in adjacent non-
cancerous tissues, for patients with tumor diameters exceeding 4.5 cm, high LACTB expression was
associated with a poor prognosis (P <0.05). LACTB overexpression reduced apoptosis in gastric cancer
cells. It downregulated the pro-apoptotic protein Bax, while LACTB knockdown promoted apoptosis,
upregulated Bax, the expression of pro-apoptotic protein Bax, and downregulated the expression of
anti-apoptotic protein Bcl-2. In LACTB overexpressing cell lines, protein sequestosome 1 (P62) protein
levels were elevated, lysosomal-associated membrane protein 2 (LAMP2) expression was decreased,
Reactive oxygen species (ROS) levels remained significantly stable, and autophagosome counts

were reduced. Conversely, LACTB knockdown cells, PINK1, Parkin, protein light chain 31/l (LC3II/I),
LAMP2, cathepsin B (CTSB), continuous traumatic stress disorder (CTSD), and other related proteins,
downregulated P62 expression, increased ROS accumulation, and higher number of autophagosomes.
In LV-LACTB and sh-LACTB gastric cancer cells treated with the mitochondrial autophagy inhibitor
3-methyladenine (3-MA), apoptotic protein Bax is downregulated, and anti-apoptotic protein Bcl-2

is upregulated. In summary, the LACTB protein may regulate the apoptosis in gastric cancer cells by
modulating mitochondrial autophagy through the PINK1/Parkin pathway.
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Gastric cancer is a common malignancy of the digestive tract and a significant health threat to human health.
Recent global statistics found that gastric cancer ranks fifth in incidence and fourth in mortality among human
malignancies". In China, gastric cancer incidence is particularly high. Due to its often asymptomatic onset
and lack of specific early symptoms, most cases are diagnosed at intermediate or advanced stages®>. Lousy
living habits and Helicobacter pylori infection are all high-risk factors for gastric cancer, and its incidence is
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becoming younger®’. For early-stage gastric cancer, surgery is the primary treatment option®; for intermediate
and advanced stages, treatment typically combines surgery with radiotherapy and chemotherapy, though overall
outcomes remain suboptimal®!?. Therefore, an in-depth exploration of the molecular mechanisms underlying
gastric cancer development and progression is significant for improving diagnosis and treatment.
B-lactamase-like protein (LACTB) is a mammalian mitochondrial membrane-associated protein derived
from bacterial penicillin-binding protein and (-lactamases. It regulates mitochondrial lipid metabolism by
synthesizing peptidoglycan, subsequently influencing cell differentiation!'2. Early studies found downregulated

of LACTB in tumor tissues such as hepatocellular carcinoma!?, breast cancer', colorectal cancer'®, glioma's,

lung cancer'’, and melanoma!® while it is overexpressed in nasopharyngeal carcinoma'® and pancreatic cancer®,
where it is linked to a patient with poor prognosis. Our previous research found that LACTB is highly expressed
in gastric cancer cells, and overexpression of LACTB can promote cell invasion and migration®!. However, the
detailed mechanism by which LACTB influences gastric cancer progression remains unclear.

Mitochondrial autophagy is essential for removing damaged or surplus mitochondria, helping to maintain
cellular homeostasis??. Classical mitochondrial autophagy pathways include the PTEN-induced putative
kinase 1 (PINK1)/Parkin ubiquitination pathway and the mitochondrial receptors BINP3/NIX and FUNDC1
pathways, activated by mitochondrial depolarization, hypoxia, or metabolic stress?*. Among these, the PINK1/
Parkin pathway is the most extensively studied mitochondrial autophagy pathway. Autophagy and apoptosis
are critical, interconnected processes regulating cell survival, with their interplay varying across biological
contexts. The binding of autophagy-related molecules to apoptotic molecules has been indicated to promote
apoptosis*’. Previous studies have demonstrated that LACTB induces apoptosis in breast cancer cells by
activating endogenous caspase-independent pathways®. Consequently, we hypothesized that LACTB might
regulate apoptosis in gastric cancer cells by activating the PINK1/Parkin mitochondrial autophagy pathway,
thereby impacting tumor progression.

Materials and methods

Specimen collection

We collected 183 gastric cancer tissue specimens from the gastrointestinal surgery department at the affiliated
hospital of Guizhou Medical University from January 2014 to December 2018. All patients underwent radical
gastric cancer surgery, and diagnoses were confirmed through pathological examination. Patient’s relevant
clinical information and follow-up information were collected simultaneously, and the follow-up time interval
ranged from 0 to 95 months. All tissue specimens collected for this study complied with the ethical standards
established by the ethics committee(Approval Letter No.: 2021 Ethics No. 030, Human Trials Ethics Committee
of Guizhou Medical University).

Bioinformatics analysis

Using the oncomine database( http://www.oncomine.org )to analyze the expression of LACTB messenger
ribonucleic acid (mRNA) in gastric cancer. Log in to the oncomine database, enter “LACTB” in the search bar,
then enter gastric and select the statistical chart of the ChoGastric Statistics study.

Design of specific primers for LACTB gene

Through the NCBI database, it was determined that LACTB (GenelD: 114294) consists of 7 exons and 3
standard mRNAs annotated as NM sequences: transcript 1 (V1, NM_032857.5), transcript 2 (V2, NM_171846
0.4), and transcript 3 (V3, NM_001288585.2), as well as 2 non-coding mRNAs annotated as XR sequences: XR1
(XR_931745.2) and XR2 (XR_429442.2). Specific primers were designed based on gene characteristics to detect
the expression level of LACTB mRNA, as shown in Table 1.

Cell culture

Human gastric cancer cell lines AGS, human gastric carcinoma cell line (HGC-27), human gastric cancer cell
line-28 (MKN-28), and MKN-45 were all purchased from the Chinese Academy of Sciences cell bank. All cells
were cultured in a complete medium containing 10% fetal bovine serum (Gibco, USA) at 5% CO, and 37 C.
Subculture is performed every 2-3 days. Cells in the logarithmic growth phase were collected for experiments.

Immunohistochemistry

Paraffin-embedded sections were dewaxed and dehydrated for antigen retrieval. Endogenous peroxidase
was blocked with 3% hydrogen peroxide, followed by blocking with 3% bovine serum albumin (BSA). After
removing the excess blocking solution, the primary antibody (LACTB, Abcam) was used, and sections were
slowly incubated at 4 ‘C in a humidified chamber. The sections were washed thrice with phosphate-buffered
saline (PBS; pH 7.4) for 5 min each time. After brief drying, the slices were slightly shaken to dry, and the
secondary antibody (horseradish peroxidase-labeled) of the species corresponding to the primary antibody was
added to the circle to cover the tissue and incubated at room temperature for 50 min each. Wash again with
PBS (pH 7.4) 3 times for 5 min each time. Finally, the slices are slightly shaken and dried, freshly prepared
Diaminobenzidine (DAB) color-developing solution is dripped into the circle, and the color-developing time is
controlled under the microscope. Positive staining appeared brownish yellow, and sections were washed with tap
water to halt development. Hematoxylin was used for nuclear staining for 3 min, followed by bluing in running
water. Sections were then dehydrated, sealed, and observed under a light microscope for result interpretation.

Analysis of immunohistochemical results
Following a previous method?’, more than five high-power fields of view were randomly selected for each
section, with 200 cells counted per field, totaling 1000 cells per section, and the average was three times. Two
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experienced pathologists independently determined the sections. The criterion for determining staining results
was the staining intensity score multiplied by the positive cell rate score. (1) Dyeing intensity: tan (3 points),
brown yellow (2 points), light yellow (1 point), negative (0 point). (2) Positive cell rate: < 10% (score 0), 11-25%
(score 1), 26-50% (score 2), 51-75% (score 3), > 75% (score 4). (3) Final classification criterion: the product of
staining intensity and the positive rate of stained areas. LACTB takes the median value of five in all cases as the
cut-off value, and scores>5 are considered high expression, and <5 are considered low expression.

Real-time fluorescent quantitative PCR reaction

RNA was extracted from gastric cancer cell lines using the UNIQ-10 column Trizol total RNA extraction kit
(Sangon Biotech, B511321-0100) by the manufacturer’s instructions. The extracted RNA was then reverse
transcribed into cDNA using the PrimeScript™ RT reagent Kit with gDNA Eraser (Takara, RR047A). TB Green’
Premix Ex Taq™ II (Tli RNaseH Plus) (Takara, RR820A) was employed for RT-qPCR analysis, with HPRT serving
as an internal reference gene for determining the relative expression level of LACTB. The data were analyzed via
the 2-AACt method to evaluate the relative expression of the target gene.

Western blotting

Typically, 80 pL of phenylmethanesulfonyl fluoride (PMSF)-containing lysis buffer was added to each well of
the 6-well plate, then place the 6-well plate on ice for 30 min, and finally extract the total protein. Protein
concentrations were then measured using the bicinchoninic acid kit (Solarbio). The total protein mass loaded
in each well was 30 pg and subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Specific
primary antibodies were used to detect target proteins. Images were acquired using a Borough blot exposure
instrument, and the integrated optical density of the protein bands was detected by Image J analysis software.
Samples were simultaneously detected for glyceraldehyde-3-phosphate dehydrogenase protein bands as internal
control. Related primary antibodies included Bax, Bcl-2, PINK1,Parkin, LC3A/B, LAMP1, LAMP2, CTSB,
CTSD (CST), SQSTM1/p62, LACTB (Abcam).

Construction of LACTB over-expressed stable strain by over-expressing lentivirus vector

The LACTB gene transcript variant 1 (NM_032857.5) was ligated to the vector Ubi-MCS-SV40-EGFP-IRES-
puromycin (numbered GV367, Gene Kai). AGS cells were infected with lentivirus and overexpressed LACTB
to generate the AGS empty cell line (Vectorl) and the AGS overexpressing stable line (+ LACTB). Finally,
puromycin at a concentration of 2 ug/mL was used to remove uninfected cells and to acquire 100% infection
efficiency cells.

Construction of LACTB knockdown stable strain by RNA interference (RNAI) lentiviral vector
The small interfering RNA sequence (LACTB - RNAi - 67213-1: GAGCAGGAGAATGAAGCC AAA) of
LACTB transcript variant 1 (NM_032857.5) was inserted into the vector of hU6 - MCS - CBh - gcGFP - IRES
- puromycin (No. gv493, Gene Kai), and the AGS cell line was infected to generate the LACTB knockdown AGS
cell strain (sh-LACTB). The AGS empty vector stable strain (Vector 2) was simultaneously constructed. Finally,
puromycin at a concentration of 2 ug/mL was used to remove uninfected cells and to acquire 100% infection
efficiency cells.

Apoptosis detected by flow cytometry

Cells in the logarithmic growth phase had their medium removed, washed twice with cold PBS, and resuspended
in 1 binding buffer ata cell density of 1 x 10° cells/mL. A 100 pL cell suspension (1 x 10° cells) was transferred to
a 5-mL culture tube. Subsequently, 5 pL of fluorescein Isothiocyanate (FITC) Annexin V and 5 pL of Propidium
TIodide (PI) were added, and the cells were gently vortexed and incubated in the dark at room temperature (25
‘C) for 15 min. Finally, 400 pL of 1 binding buffer was added to each tube, and flow cytometry was performed
within 1 h.

Reactive oxygen species detection

Cells were harvested when the cell density reached 50%~60% in a 6-well plate culture. After removing the
medium, the cells were washed twice with a serum-free medium. Subsequently, 500 pL of dihydroethidium
(DHE) probe diluted in serum-free culture medium to a working concentration of 10 uM was added. The
concentration and volume of the DHE probe were adjusted according to the actual experimental situation. Cells
were incubated at 37 “C for 10-90 min, with gentle mixing every 5 min to ensure complete contact with the
probe and the sample. After removing the supernatant, cells were washed twice with a serum-free medium, and
fluorescence was detected using a fluorescence microscope.

Transmission electron microscopy

Cells in the logarithmic growth phase were collected, and the medium was removed. Electron microscope
fixative solution was added, and cells were fixed at 4 'C for 2-4 h, wrapped with 1% agarose, and rinsed with
0.1 mol/L PBS buffer (pH 7.4) three times for 15 min each time. The samples were then fixed in 1% osmium acid
of 0.1 mol/L PBS buffer (pH 7.4) for 2 h at room temperature (20 "C). Acetone: 812 embedding agents=1:1 and
soaked for 2-4 h, followed by acetone: 812 embedding agents =2:1 permeated overnight. Pure 812 embedding
agents were used for 5-8 h; the pure 812 embedding agent was placed into the embedding plate, the sample was
placed into the embedding plate, and then kept in the oven at 37 'C overnight and polymerized at 60 C for
48 h. The ultra-thin section (60-80 nm) was prepared, and sections were double stained with uranium and lead
(2% uranium acetate saturated alcohol solution, lead citrate, each staining for 15 min). Sections were air-dried

Scientific Reports |

(2025) 15:23273 | https://doi.org/10.1038/s41598-025-06047-0 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Representative o
immunohistochemical staining

Expreession of LACTB
in Cho Gastric

overnight at room temperature and examined under a transmission electron microscope and images were taken
to observe the number of autophagosomes in the cells.

Statistical methods

Data analysis was conducted using a Statistical Package for the Social Sciences software (version 25.0) and
GraphPad Prism software (version 8.0.1). For data conforming to a normal distribution, an independent samples
t-test was used; otherwise, results are presented as the median (interquartile range) [M (P25-P75)]. The Mann—
Whitney U test was used for inter-group comparisons, and the Kruskal-Wallis H test was used for multi-group
comparisons. Data are expressed as mean + standard deviation. P<0.05 was considered statistically significant.

Results

Expression of LACTB in gastric carcinoma tissue and its effect on patient survival
Bioinformatics analysis indicated that the mRNA expression level of LACTB in gastric carcinoma tissue was
significantly higher than that in normal controls (P<0.05, Fig. 1A). Immunohistochemical analysis showed
that LACTB protein was mainly localized in the cytoplasm. Using paracancerous tissues as the control group,
the expression level of LACTB in gastric cancer tissues was higher than that in paracancerous tissues (P<0.001,
Figs. 1B-C). By analyzing the relationship between LACTB expression level and basic clinical data of patients, it
was found that age, gender, TNM stage, and other factors did not affect the expression of LACTB protein(Table 2).
However, the survival analysis of 61 patients with tumor diameters greater than 4.5 cm revealed that the survival
time of patients in the high-LACTB expression group was lower than that in the low-LACTB expression group
(P<0.05, Fig. 1D).

Construction of LACTB overexpressing and LACTB knockdown stable transformants

Using the gastric mucosa cell line GES-1 as a control, LACTB mRNA was found to be highly expressed in gastric
cancer cell lines AGS (1.30+0.08), MKN-28 (1.46+0.10), and MKN-45 (1.39+0.12) with varying degrees of
differentiation (P<0.05, Fig. 2A). It was poorly expressed in undifferentiated gastric cancer cell line HGC-27
(0.49£0.06) (P<0.05, Fig. 2A). AGS were infected with an LACTB-overexpressing lentivirus to create a stable
AGS overexpressing strain (+ LACTB) alongside a control AGS empty cell strain (Vectorl). Compared with
Vectorl, LACTB mRNA and protein expression in + LACTB was 2.2 times that of Vector1 (P <0.05, Figs. 2B-D).
RNAi lentiviral vectors were used to reduce LACTB expression level in AGS cells, with the LACTB-RNAI (67213-
1) knockdown effect being the most significant. Consequently, an AGS empty vector stable strain (Vector 2) and
an AGS knockdown stable strain (sh-LACTB) were established. In sh-LACTB cells, LACTB mRNA expression
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Fig. 1. Expression of LACTB in gastric cancer. (A) ChoGastric Statistics study to detect the expression level
of LACTB in gastric cancer; (B) Immunohistochemistry to detect the expression of LACTB in para-cancer
and cancer tissues(x400); (C) Quantitative analysis of immunohistochemical results; (D) Effect of LACTB
expression on survival of patients with tumor diameters greater than 4.5 cm; *P <0.05, ***P <0.001.
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LACTB
Expression

Characteristics | Low | High |X> | p
Gender
Male 41 86

0.048 | 0.827
Female 19 37
Age
Age<64.5 39 74

0.400 | 0.527
Age>64.5 21 49
Smoking
No Smoking 25 59

0.645 | 0.422
Smoking 35 64
T stage
T1-T2 25 40

1.085 | 0.298
T3-T4 45 83
N stage
NO-N1 23 63

2.688 | 0.101
N2-N3 37 60
M stage
MO 51 115

3.454 | 0.063
M1 9 8
TNM stage
I-1I 19 43

0.195 | 0.659
II-1v 41 80
Tumor diameter
<4.5cm 21 42

0.003 | 0.954
>4.5cm 24 47

Table 2. Correlation between LACTB expression and clinical data.

Name Primer sequence(5’> 3’)
F351 | CTGCTGCACAGGATCAAGGA
LACTB mRNA
R563 | ATCCAGTTTCCCTGCTTCCC
RT-gPCR
F148 | ATGGCGACCCGCAGCCCT
HPRT

R266 | CCATGAGGAATAAACACCCT

Table 1. Sequence of the primers.

was 28% of Vector 2, while protein expression was 52% (P <0.05, Figs. 2B-D). These results confirm that the
stable AGS cell lines with LACTB overexpression and knockdown were successfully constructed.

Knockdown of LACTB promotes apoptosis of gastric cancer cells

Stable transfected cell lines and control cells were collected. Annexin V-APC and 7-AAD staining were analyzed
by flow cytometry to investigate the effect of LACTB on gastric cancer cell apoptosis. Based on quadrant gating,
Q2-4 represented early apoptotic cells, Q2-2 represented late apoptotic cells, and the sum of Q2-4 and Q2-2 is
total apoptotic cells. Statistical analysis indicated that in comparison to Vectorl LACTB, overexpression led
to a decrease in the proportion of apoptotic cells (P<0.05, Figs. 3A-B). However, the apoptosis rate increased
after knocking down LACTB (P <0.05, Figs. 3A-B). Western-Blot results further revealed that compared with
Vectorl, LACTB was overexpressed. The expression of pro-apoptotic protein Bax was downregulated (P <0.05,
Figs. 3C-D), and there was a non-significant difference in the expression of Bcl-2. However, after knocking down
LACTB expression, the pro-apoptotic protein Bax was upregulated, and the anti-apoptotic protein Bcl-2 was
downregulated (P <0.05, Figs. 3C-D). These results suggest that knocking down the expression level of LACTB
can promote apoptosis of gastric cancer cells.

Effect of LACTB on PINK1/Parkin autophagy pathway in gastric cancer cells

Western blotting analysis indicates that compared with Vectorl, the expression level of P62 protein in + LACTB
cell lines increased, and the difference was statistically significant (P <0.05, Fig. 4A and E). However, there were
statistically non-significant differences in PINKI, Parkin protein expression, and LC3II/LC3I ratio (Fig. 4).
However, after knocking down LACTB, the expression levels of PINKI1 and Parkin, the characteristic proteins
of the autophagy pathway, and the ratio of LC3II/LC3I increased (P <0.05, Fig. 4), and the expression level of

Scientific Reports |

(2025) 15:23273 | https://doi.org/10.1038/s41598-025-06047-0 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A

B
2.09 | — | 49 -
| | - vector 1
) e =
sl —— g « 3 = HLACTB
3 % % Bl vector2
- 2 E h-LACTB
g 1.04 g E |
£ v 3
$ -: E
£ 0.5- =
» [¥]
=] 24
0.0 T T
& & & &4 +LACTB sh-LACTB
1.5+ Ml vector 1
D = . .. mm LACTB
g = — ' mm vector2
vectorl  +LACTE  vector2 sh-LACTB % ‘g 1.0 E sh-LACTR
LACTB [ i | G1KDa £ 2
Y
2 % 0.5
GaroH |— M 36KDa £~
=
0.0-

+ILACTB sh-LACTB

Fig. 2. mRNA and protein expression levels of LACTB stably transformed strains. (A) Expression level of
LACTB mRNA in gastric cancer cell lines; (B) mRNA expression level of LACTB stably transfected lines; (C-
D) Protein expression level of LACTB stably transfected lines; *P<0.05, **P<0.01, ***P<0.001.

P62 decreased (P<0.05, Fig. 4E). Additionally, there was a statistically non-significant change in reactive oxygen
species (ROS) in the + LACTB cell line, while many ROS were produced in the knockdown LACTB cell line
(Fig. 5). The above results suggest that knocking down LACTB can upregulate mitochondrial autophagy levels.

The impact of LACTB on the number of autophagosomes in AGS cells was detected by transmission
electron microscopy. Autophagosomes are vacuolar bilayer membrane-like structures containing cytoplasmic
components. The results indicated that overexpressing LACTB reduced the number of autophagosomes in AGS
cells compared to Vectorl (Fig. 6A-D); knocking down LACTB increased the number of autophagosomes in
AGS cells (Fig. 6E-H). Moreover, it is suggested that knocking down LACTB activates autophagy. The above
results indicate that the knockdown of LACTB activates mitochondrial autophagy through the PINK1/Parkin
pathway.

Effect of LACTB on lysosomal-related proteins in gastric cancer cells AGS

Western blotting results indicated that compared to Vector1, lysosomal-associated membrane protein 2 (LAMP2)
expression was significantly reduced in AGS cells that overexpressed LACTB (P <0.05, Fig. 7), but there was no
statistical difference in the expression levels of LAMP1, cathepsin B (CTSB), and continuous traumatic stress
disorder (CTSD; Fig. 7). After knocking down LACTB, the expression levels of LAMP2, CTSB, and CTSD
increased significantly, and the difference was statistically significant (P <0.05, Fig. 7).

Effect of autophagy inhibitor 3MA on apoptosis of AGS cells

The autophagy level of gastric cancer cells was inhibited by a 5 Mm concentration of 3-MA for 24 h. Western
blotting analysis indicated that after adding the autophagy inhibitor 3MA, there was no statistical difference
in the expression of apoptotic proteins Bax and Bcl-2 in + LACTB cells (Fig. 8). In contrast, the expression of
apoptotic protein Bax was inhibited, and the expression of anti-apoptotic protein Bcl-2 increased in sh-LACTB
cells (Fig. 8). Previous experiments suggested that inhibition of LACTB can upregulate the level of mitochondrial
autophagy in gastric cancer cells, thereby promoting apoptosis in gastric cancer cells, while the addition of 3-MA
restores the effect of LACTB on apoptosis. The results suggest that LACTB regulates apoptosis in gastric cancer
cells through autophagy.
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Fig. 3. Effect of LACTB on proliferation and apoptosis of gastric cancer cells. (A-B). Effect of LACTB on
the apoptosis ability of gastric cancer cells AGS. (C-D). Effect of LACTB on the expression level of apoptotic
proteins, mean+ SD, n=3; *P<0.05, **P<0.01.

Discussion

The pathogenesis of gastric cancer is a complex process involving numerous factors*”%, Despite advancements
in medical technology leading to progress in surgical treatment, radiotherapy, chemotherapy, and targeted
therapy for gastric cancer, overall mortality rates have not significantly declined. Consequently, exploring the
pathogenesis of gastric cancer is particularly essential for improving treatment options.

Recent studies have found that LACTB is closely linked to the onset and progression of various tumors!'>-2°.
This study confirmed that LACTB is highly expressed in gastric cancer tissue, and in patients with tumors greater
than 4.5 cm in diameter, high levels of LACTB were associated with poorer prognosis. This may suggest that
when tumors are large enough, high levels of LACTB may have an impact on survival. Knocking down LACTB
promoted apoptosis in gastric cancer cells, while overexpression of LACTB inhibited it. Interestingly, LACTB
induces apoptosis in breast cancer cells by activating endogenous caspase-independent pathways®®, while in
colon cancer cells, miR-1276 suppresses autophagy by downregulating LACTB, thereby inhibiting apoptosis®.
Upregulating LACTB expression can also synergize with docetaxel to enhance apoptosis in lung cancer cells'”.
Accordingly, LACTB appears to have varied effects on apoptosis across different tumors.

This study found that knocking down LACTB increased the expression of PINK1 and Parkin, decreased P62
expression, enhanced the conversion of LC3I to LC3II, and increased ROS levels and autophagosome formation
in gastric cancer cells. Therefore, decreasing the expression level of LACTB may up-regulate mitochondrial
autophagy in gastric cancer cells. Conversely, overexpressing of LACTB produced the opposite results, indicating
non-significant changes, possibly because LACTB expression in the gastric cancer cell line has reached a specific
saturation point. Overexpression of LACTB has little effect on the biological function of gastric cancer cells.
Further analysis confirmed that upon LACTB knocking down, expression levels of lysosomal-associated
proteins such as LAMP2, CTSB, and CTSD were upregulated; upon LACTB overexpression, these changes
were reversed or non-significant. These results suggest that LACTB may influence mitochondrial autophagy
in gastric cancer cells through the PINK1/Parkin pathway. Autophagy plays a dual role in tumors; in early
tumorigenesis, it inhibits tumor growth, while in advanced stages, it can supply nutrients to tumor cells, aiding
their development®®>!. However, in the advanced stages of tumor development, autophagy provides nutrients to
tumor cells and promotes their growth®>*. Like non-selective autophagy, mitochondrial autophagy is complex
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Fig. 4. Effect of LACTB on autophagy of gastric cancer cells.(A) Expression of proteins related to autophagy in
AGS cells. (B-E). Quantitative analysis of autophagy-related proteins; *P < 0.05, **P<0.01.
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and exhibits a “two-faced” nature??. The PINK1/Parkin pathway is a classic regulatory pathway for mitochondrial
autophagy. In normal mitochondria, PINKI1 enters the mitochondria through mitochondrial targeting sequences
and is subsequently degraded. When mitochondria are damaged, PINK1 accumulates in the outer membrane
of the mitochondria, recruiting Parkin protein, which triggers a series of cascade reactions that prompt
autophagosomes to wrap the damaged mitochondria and complete degradation®. When the mitochondrial
membrane potential is disrupted, PINK1 activation alters Parkin’s conformation, promoting its accumulation
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Fig. 8. Effect of autophagy inhibitor 3MA on apoptosis of gastric cancer cells. (A). Expression of apoptosis-
related proteins in gastric cancer cells after treatment with autophagy inhibitor 3SMA. (B-C). Quantitative
analysis of apoptosis-related proteins; *P<0.05, **P<0.01.

on the mitochondrial surface and initiating its E3 ubiquitin ligases, especially Parkin. PINK1-dependent
acidification changes the Parkin conformation, promoting its accumulation on the mitochondrial surface, and
triggers its E3 ligase activity through ubiquitination and phosphorylation of PINK1 and Parkin proteins on the
outer mitochondrial membrane, which mediates the occurrence of mitochondrial autophagy>-°. First, as a
mitochondrial protein, LACTB may bind to PINKI1 or Parkin, changing their conformation or stability, thereby
affecting the occurrence of mitochondrial autophagy; second, LACTB may indirectly affect the PINK1/Parkin
pathway by regulating mitochondrial metabolic states. At the same time, LACTB may also affect the oxidative
phosphorylation function of mitochondria and produce excessive reactive oxygen species (ROS). Excessive
ROS will damage mitochondrial DNA, proteins, and lipids, prompting cells to initiate mitochondrial autophagy
to clear damaged mitochondria. To maintain the stability of the intracellular environment. Lysosomes, critical
endpoints in autophagy, play a significant role in forming autophagy lysosomes. LAMP1 and LAMP2 are
essential for autophagy maturation; loss of these proteins impairs autophagosome maturation, thereby inhibiting
autophagy?®. Therefore, the results suggest that LACTB may regulate the level of mitochondrial autophagy in
gastric cancer cells through the PINK1/Parkin pathway and affect the apoptosis of gastric cancer cells, which
may promote the occurrence and development of gastric cancer through this pathway in conjunction with other
mechanisms.

In this study, gastric cancer cell lines were treated with the autophagy inhibitor 3-MA. The results indicated a
non-significant change in Bax and Bcl-2 expression proteins in gastric cancer cells that overexpressed LACTB. In
contrast, the expression of Bax was suppressed and the expression of Bcl-2 increased in gastric cancer cells that
knocked down LACTB. The results indicate that 3-MA can reduce LACTB-induced apoptosis in gastric cancer
cells. Autophagy and apoptosis can be mutually antagonistic or reinforcing; moderate autophagy supports cell
survival by providing energy and inhibiting apoptosis, whereas excessive autophagy is present, and autophagy
promotes the transformation of cells toward apoptosis®®**0. Apoptosis can be achieved through endogenous
and exogenous pathways*!, with the endogenous pathway involving mitochondria proteins with pro-apoptosis
functions®?. For instance, silybin induces apoptosis in MCF7 breast cancer cells by regulating autophagy,
reducing mitochondrial membrane potential, and increasing ROS levels*’. Ketoconazole induces apoptosis in
liver cancer cells by downregulating COX-2 and activating PINK1/Parkin-mediated mitochondrial autophagy,
thus inhibiting liver cancer cell growth*!. Likewise, 8-paradol activates PINK1/Parkin-mediated mitochondrial
autophagy and induces apoptosis in gastric cancer cells*®. Additionally, LACTB promotes radioresistance in
nasopharyngeal carcinoma cells by activating PINK1/Parkin-mediated mitochondrial autophagy in these cells*.
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Consequently, we concluded that the LACTB knockdown in gastric cancer cells may promote apoptosis by
activating the PINK1/Parkin mitochondrial autophagy pathway.

In summary, LACTB may modulate the tumor cell apoptosis by regulating the PINK1/Parkin mitochondrial
autophagy pathway in gastric cancer, a finding with significant clinical implications. For patients with single
gastric cancer, further experiments can be carried out to explore drugs that inhibit LACTB expression and verify
whether it is possible to combine them with autophagy activators for preoperative adjuvant treatment of patients
with gastric cancer. Provide a better opportunity for surgery for patients with gastric cancer, or create surgical
conditions for patients who cannot undergo surgical treatment. This pathway could serve as a potential entry
point for targeted treatment of patients with gastric cancer, warranting further in-depth investigation in future
research.

Data availability
All data supporting the findings in this study are available within the manuscript. Any further details will be
available upon request. Please contact Dr. Yang Fang, 18798082303@163.com.
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