
ONCOLOGY LETTERS  21:  470,  2021

Abstract. The present study investigated and evaluated the 
correlation between the expression of LACTB and LC3 and 
the clinical outcomes of patients with advanced gastric cancer 
treated with oxaliplatin plus S‑1 neoadjuvant chemotherapy 
(NACT). A total of 51 patients with advanced gastric cancer 
underwent NACT treatment between June 2015 and June 2017. 
Pathomorphological changes in gastric cancer were analyzed 
by H&E staining. The expression level and subcellular local‑
ization of LACTB and LC3 in paraffin‑embedded biopsies 
were detected by immunohistochemistry and immunofluo‑
rescence. The mRNA and protein expression of LACTB were 
investigated by reverse transcription quantitative polymerase 
chain reaction and Western blotting, respectively. Statistical 
analysis was performed to determine the association between 
the expression of LACTB and LC3 and clinical chemotherapy 
efficacy of NACT for gastric cancer. Among the 51 patients, 
3 (5.88%), 27 (52.94%), 13 (25.49%) and 8 (15.69%) displayed 
complete remission, partial remission, stable disease and 
progressive disease, respectively. The rate of decreased LACTB 
expression was 68.6%, while the rate of increased LC3 expres‑
sion was 60.8%. Furthermore, there was a significant negative 
correlation between the expression of LACTB and that of LC3 
following NACT (P<0.001). High expression of LC3 (P<0.01) 
and low expression of LACTB (P<0.01) were associated with 
a poor response of patients with advanced gastric cancer to 
NACT. In conclusion, the expression of LACTB and LC3 may 
serve as a promising novel biomarker for determining the 
prognosis of patients with advanced gastric cancer receiving 

NACT, while its potential clinical significance requires further 
elucidation.

Introduction

Gastric cancer is one of the most common malignant tumor 
types in the digestive system, with a steadily increasing 
incidence in numerous countries. There are ~1 million new 
cases with gastric cancer reported each year (1). Early clinical 
manifestations of gastric cancer are mild and difficult to be 
diagnosed. Once the patients are diagnosed with relevant 
clinical manifestations, the majority have reached a stage 
with metastasis, thereby losing the best time for treatment (2). 
At present, neoadjuvant chemotherapy (NACT) has been 
found to have significant clinical efficacy in the treatment 
of solid tumors, including liver cancer, gastric cancer and 
breast cancer. In this case, NACT may decrease the risk of 
postoperative recurrence and metastasis, while improving the 
survival rate and quality of life of patients (3‑5). However, not 
all patients respond to NACT due to the presence of a tumor 
resistance mechanism affecting the change in drug efficacy 
during treatment. Therefore, it is vital to select a reasonable 
treatment regimen and optimize the prognosis of patients to 
identify a reliable predictive index of chemotherapy sensitivity 
and early diagnosis of gastric cancer.

Autophagy is a process of cellular self‑digestion under 
stress. In recent years, an increasing number of studies 
have demonstrated that autophagy serves an important role 
in the growth and differentiation of tumor cells  (6,7). The 
formation of autophagosomes requires the participation of 
various protein complexes and small molecules, including 
the hallmark protein LC3. LC3‑mediated autophagy has been 
revealed to be critical in a variety of gastric diseases (8,9). 
Mitochondrial gene beta‑lactamases (LACTB) encoding 
a mitochondrial membrane protein may either inhibit cell 
proliferation by regulating the mitochondrial lipid metabolism 
and tumor cell state, or suppress tumor growth by directly 
binding to the tumor suppressor gene, P53 (10). It has been 
demonstrated that abnormal expression of LACTB was asso‑
ciated with obesity and atherosclerosis (11). Furthermore, the 
occurrence of gastric cancer has been proven to be associated 
with intracellular mechanisms underlying lipid accumulation 
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in gastric epithelial neoplasms (12). These findings suggested 
that the association between LACTB and diseases associated 
with abnormal lipid metabolism has potential research value. 
We hypothesized that the expression of LACTB and LC3 may 
be associated with the occurrence and development of gastric 
cancer.

In the present study, the clinical data of 51 patients with 
advanced gastric cancer treated with NACT were analyzed, 
and the effect of NACT on the expression of LACTB and LC3 
in gastric cancer tissues was investigated. The present study 
investigated the relevant efficacy and prognosis, thereby laying 
an evidence‑based basis for the screening of chemotherapy 
regimens for gastric cancer.

Materials and methods

Patients and samples. A total of 51 patients with histologi‑
cally‑confirmed advanced gastric cancer were enrolled between 
June 2015 and June 2017 in the Department of Gastrointestinal 
Surgery of Guizhou Medical University (Guizhou, China). All 
patients underwent pretreatment clinical evaluation, including 
a complete medical history review, physical examination, 
gastroscopy, whole abdomen enhanced CT and tumor marker 
examination. These patients were aged between 34 and 
80 years with a mean age of 61.67±12.18 years and consisted 
of 35 males and 16 females. The following clinicopathological 
factors were recorded: Age, sex, tumor location, Borrmman 
classification  (13), Tumor‑Node‑Metastasis (TNM), histo‑
logical differentiation, response to NACT and LC3, and the 
expression level of LACTB. The TNM staging was defined 
according to the rules of the American Joint Commission on 
Cancer system manual, 7th edition (14). The Human Ethics 
Review Committee of the Affiliated Hospital of Guizhou 
Medical University approved the present study, and written 
informed consent was obtained from the patients for the use of 
their biopsy materials.

Eligibility criteria. Patients with histologically‑confirmed 
locally advanced or metastatic gastric cancer were considered 
eligible for the present study. Furthermore, the patients met the 
following criteria: i) No other uncontrolled or severe primary 
malignant tumors or underlying disease; ii) aged between 20 
and 80 years; and iii) fulfilling the selection criteria for preop‑
erative NACT, as well as agreeing to undergo NACT.

Neoadjuvant chemotherapy. All patients in the present study 
underwent NACT treatment with the oxaliplatin plus S‑1 
(SOX) (cat. no. H20040817; Jiangsu Hengrui Pharmaceutical 
Co., Ltd.); oxaliplatin (130 mg/m2) was intravenously injected 
on day 1, while S‑1 (50 mg bid) was administered orally from 
day 1 to day 14. The aforementioned procedure was repeated 
every 3 weeks for 2‑4 cycles.

Evaluation of efficacy. To determine whether patients could 
continue chemotherapy, they underwent routine blood and 
biochemical tests prior to the start of each chemotherapy cycle, 
including granulocyte, hemoglobin, platelet, liver function and 
kidney function tests. Following 2 cycles of chemotherapy, 
the patients were assessed by ultrasonic gastroscopy, whole 
abdomen enhanced CT examination and tumor marker, such 

as carcinoembryonic antigen, carbohydrate antigen 125, 
carbohydrate antigen 199 monitoring. The following treatment 
options were applied based on the evaluation: Patients directly 
underwent surgery if the lesions had progressed; those with 
smaller lesions continued one cycle of NACT; those without 
significant improvement in the lesions communicated with 
their family members and voluntarily selected direct surgery 
or continued 1‑2 cycles of chemotherapy.

NACT was conducted as mentioned earlier, and the tumor 
response to neoadjuvant treatment was reviewed using the 
Response Evaluation Criteria in Solid Tumors (15). A complete 
response (CR) and a partial response (PR) were defined as 
complete disappearance of the lesion and >30% decrease in the 
maximum transverse diameter of the primary lesion, respec‑
tively. Additionally, cases with new lesions or >20% increase 
in the maximum transverse diameter of primary lesions were 
evaluated as progressive disease (PD), while those who failed 
to meet these criteria were classified as having stable disease 
(SD).

Immunohistochemistry (IHC). The cancer tissue specimens 
were fixed in 10% formaldehyde at 4˚C for 3‑24 h, embedded 
in paraffin, and continuously sectioned at a thickness of 
4 µm. The specimens were attached to the slides treated with 
poly‑L‑lysine and baked at 80˚C for 50 min. Sections were 
incubated with 3% hydrogen peroxide for 10 min at room 
temperature to block the endogenous peroxidase activity. The 
tissue sections were then incubated with rabbit polyclonal 
antibodies against LACTB (dilution, 1:200; cat. no. ab244454; 
Abcam) and LC3 (dilution, 1:500; cat. no. ab63817; Abcam) 
overnight at 4˚C, washed 3  times with phosphate buffered 
saline (PBS) containing 0.1% Tween‑20, and exposed to the 
horseradish peroxidase‑labeled goat anti‑rabbit secondary 
antibody IgG (1:2,000; cat. no. ab6112; Abcam) for 30 min at 
20˚C. Immunoreactions were detected by the DAKO REAL 
EnVision Detection System‑HRP (Dako; Agilent Technologies, 
Inc.). The color reaction was performed using 3,3'‑diamino‑
benzidine after incubation for 5 min at room temperature, 
and the sections were stained with hematoxylin and eosin 
(H&E) for 5 and 3 min at room temperature, respectively. 
The images of IHC and H&E staining were obtained using 
the OLYMPUS BX53 light microscope (magnification, x400) 
(Olympus Corporation), and the digital slides were analyzed 
by the software Image J v.1.8.0 (National Institutes of Health). 
The expression and subcellular distribution of LACTB and 
LC3 in the slices were observed under a light microscope, and 
five high‑power fields (magnification, x400) were selected for 
each slice. Staining intensity was categorized as follows: No 
staining, 0 points; light yellow, 1 point; dark yellow, 2 points; 
and brown or tan, 3 points. Additionally, the rate of positive 
staining cells was scored as: 0 points for l<10%, 1 point for 
10‑25%, 2 points for 26‑50%, 3 points for 51‑75%, and 4 points 
for >76% (16,17). The final score was then calculated by multi‑
plying the staining intensity by the percentage of positive cells 
in staining areas. With the cut‑off value of LACTB and LC3 
as 5 and 3, respectively, a final score of greater than the value 
was defined as high expression, whereas that of less than the 
value was determined as low expression (18,19). The staining 
was scored independently by two senior pathologists in a 
double‑blinded manner.
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Immunofluorescence. The tissues were rinsed with PBS 
3 times for 5 min each, blocked with 5% normal goat serum 
in a wet box for 30 min at room temperature, and then incu‑
bated with mouse monoclonal primary antibodies against 
LC3 (dilution, 1:100; cat. no. ab243506; Abcam) or LACTB 
(dilution, 1:100; cat. no. ab244455; Abcam) at 4˚C for 24 h. 
Following being rinsed 3 times with PBS, the tissues were 
incubated with FITC‑labeled goat anti‑mouse secondary 
antibody IgG (1:200; cat. no.  ab150113; Abcam) at room 
temperature for 1 h in the dark, and then rinsed 3 times with 
PBS. No primary antibody was added to the negative control. 
The tissues were counterstained with DAPI for 5 min at 
room temperature, and images were captured under a fluo‑
rescence microscope (magnification, x400) (Leica AF6000 
cell station). Images of the nucleus (DAPI staining, blue 
fluorescence) and cell body (LC3 or LACTB staining, red 
fluorescence) were captured separately, and the two images 

were merged for an overlapping image for counting of cells 
positively stained for LC3 or LACTB.

Western blotting. Tissues were lysed in RIPA protein lysis 
solution (Biouniquer Technology Co., Ltd.), and extracted 
protein was quantified using the BCA protein quantification 
method. A total of 45 g of protein mixed with SDS protein 
sampling buffer was separated by 8‑15% SDS‑PAGE and 
electro‑transferred onto a PVDF membrane. Following 
being blocked with TBST blocking solution containing 5% 
skimmed milk powder for 100 min at room temperature, 
the membrane was incubated with diluted anti‑LACTB 
antibody (dilution, 1:1,000; Abcam) or anti‑LC3 antibody 
(dilution, 1:1,000; MBL International Co.) overnight at 4˚C. 
On the following day, the membrane was washed with TBST 
and subjected to an incubation with HRP‑labeled secondary 
antibody (dilution, 1:2,000; Beijing Kangwei Biological 

Table I. Clinicopathological factors and their association with the expression of LACTB and LC3 proteins in gastric cancer prior 
to neoadjuvant chemotherapy.

	 LACTB	 LC3
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical parameter	 Number of cases, n	 Low	 High	 Low	 High

Sex					   
  Male	 35	 20	 15	 25	 8
  Female	 16	 8	 8	 14	 2
χ2	 		  2.519		
P‑value			   0.112		  0.464
Age					   
  <65 years	 24	 14	 10	 20	 4
  ≥65 years	 27	 14	 13	 21	 6
χ2	 		  0.216		
P‑value			   0.642		  0.731
Histological differentiation					   
  Moderately‑differentiated gastric adenocarcinoma	 16	 13	 3	 12	 4
  Poorly‑differentiated gastric adenocarcinoma	 35	 28	 7	 29	 6
P‑value			   1.000		  0.705
Tumor location					   
  Fundus	 6	 3	 2	 5	 1
  Body	 9	 5	 4	 7	 2
  Antral	 36	 25	 11	 28	 7
P‑value			   0.316		  0.578
Borrmman type					   
  I‑II	 16	 10	 6	 12	 4
  III‑IV	 35	 20	 15	 29	 6
χ2	 		  0.165		
P‑value			   0.685		  0.705
TNM stage					   
  I‑II	 7	 2	 5	 5	 2
  III‑IV	 44	 26	 18	 36	 8
P‑value			   0.221		  0.612

P>0.05, no statistically significant difference. TNM, Tumor‑Node‑Metastasis.
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Technology Co., Ltd.) at room temperature for 1.5 h. GAPDH 
was used as an internal control. Finally, target proteins in 
the membrane were exposed using enhanced chemilumines‑
cence working fluid (Merck Millipore). The shaded value 
was calculated using Image Lab software v.4.0 (Bio‑Rad 
Laboratories Inc.), and the ratio of the shaded value of 
LACTB and LC3 expression to that of GADPH expression 
was determined as the relative expression amount of the 
protein.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from tissue using the TRIzol® reagent 
(Thermo Fisher Scientific, Inc.). Following identification of 
quality and purity, 2 µg RNA was reverse transcribed into 
cDNA using SuperScript® III Reverse Transcriptase (Thermo 
Fisher Scientific, Inc.) at 42˚C for 15 min. Next, RT‑qPCR was 
performed using SYBR Green I (Roche Diagnostics GmbH). 
GAPDH was used as the internal control. The primer sequences 
were as follows: GAPDH forward, 5'‑CCT​CGT​CTC​ATA​GAC​

Figure 2. Immunofluorescence shows the distribution of (A) LACTB and (B) LC3 in gastric cancer tissues prior to and following NACT (magnification, x400). 
***P<0.001 vs. before NACT. NACT, neoadjuvant chemotherapy.

Figure 1. Histopathological changes in gastric cancer tissues following NACT with oxaliplatin plus S‑1 (magnification, x400). NACT, neoadjuvant 
chemotherapy.



ONCOLOGY LETTERS  21:  470,  2021 5

AAG​ATG​GT‑3' and reverse, 5'‑GGG​TAG​AGT​CAT​ACT​
GGA​ACA​TG‑3'; LACTB forward, 5'‑CTG​CTG​CAC​AGG​
ATC​AAG​GA‑3' and reverse, 5'‑ATC​CAG​TTT​CCC​TGC​TTC​
CC‑3'. The following thermocycling conditions were applied: 
95˚C for 30 sec, followed by 50 cycles of denaturation at 95˚C 
for 5 sec, and 60˚C for 30 sec. At the end of the experiment, the 
cycle threshold (Ct) value of each sample was obtained. Data 
were analyzed by using the comparative 2‑ΔΔCq method (20).

Statistical analysis. Statistical analysis was performed using 
SPSS 21.0 (IBM Corp.). The significant associations between 
the expression of LACTB or LC3 and various clinicopatholog‑
ical parameters were determined by the Pearson's chi‑square 
test or Fisher's exact test. Based on the normality of the distri‑
bution, the results are expressed as either the mean ± standard 
deviation or the median and interquartile range. Differences 

between two groups were compared by the Student's t‑test. 
The Mann‑Whitney U test was used to investigate the differ‑
ence between the mRNA expression of LACTB prior to and 
following NACT. The correlation between the expression of 
LACTB and LC3 prior to and following NACT was analyzed 
using the Spearman correlation coefficient. P<0.05 was used 
to indicate a statistically significant difference.

Results

Clinical factors and their association with the expression 
of LACTB and LC3 proteins in gastric cancer prior to SOX 
regimen NACT. The clinicopathological data of 51 patients 
with gastric cancer were obtained, and their associations with 
the expression levels of LACTB and LC3 were analyzed. As 
summarized in Table I, there were no statistically significant 

Figure 3. Effect of neoadjuvant therapy on the expression of LACTB and LC3 in gastric cancer tissues. Representative immunohistochemical staining images 
of (A) LACTB and (B) LC3 in gastric cancer tissues prior to and following neoadjuvant chemotherapy. (Ca) The protein expression of LACTB and LC3 
was detected by western blotting. (Cb) Quantification of data presented in the panel. **P<0.01 vs. before NACT. (D) The mRNA expression of LACTB was 
determined by reverse transcription‑quantitative polymerase chain reaction. Bars represent the median with the interquartile range. **P<0.01 as determined by 
Mann‑Whitney U‑test. NACT, neoadjuvant chemotherapy.
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differences in the expression levels of LACTB and LC3 among 
different clinicopathological subgroups in terms of sex, age, 
histological differentiation, tumor location, Borrmman type 
and TNM stage (P>0.05).

Effect of SOX regimen NACT on the pathomorphology of 
gastric cancer. Prior to NACT, moderately‑differentiated 
adenocarcinoma with glandular duct structure in the stomach 
can be observed, and the cancer cells were columnar or 
cubic in shape and arrangement. Poorly‑differentiated gastric 
adenocarcinomas only displayed a tendency to form glandular 
duct structures. Cancer cells were short columnar, cubic or 
amorphous, forming strange nuclear cells, tumor giant cells or 
cancer cells with strip or scattered distribution, unclear nuclear 
structure and irregular shape, while pathological mitotic 
phases may be easily identified. By contrast, few cancer cells 
were identified in the interstitium in a strip‑like or nest‑like 
arrangement following NACT with SOX. As shown in Fig. 1, 
only a single cancer cell remained in well‑differentiated 
gastric adenocarcinoma.

Effect of SOX regimen NACT on the expression distribution of 
LACTB and LC3 in gastric cancer tissues. The present study 
further analyzed the subcellular distribution of LACTB and LC3 
protein in the gastric cancer cells by using immunofluorescence. 
As depicted in Fig. 2, LACTB and LC3 were mostly localized 
to the cytoplasm or cell membrane, exhibiting needle‑tip‑like 
signals. Following NACT, a significant decrease in LACTB 
expression was detected in the gastric cancer tissues; negative 

staining for LACTB was present in the majority of the gastric 
cancer tissues, while very little cytoplasmic LACTB expression 
was observed. By contrast, LC3 was highly expressed in the 
cytoplasm of gastric cancer cells following NACT.

Effect of SOX regimen NACT on the expression levels of 
LACTB and LC3 in gastric cancer. IHC revealed that while 
LACTB staining was visualized as brown‑yellow granules 
localized to the cell membrane and cytoplasm (Fig. 3A), LC3 
was stained positively as brown granules in the cytoplasm and 
occasionally in the nuclei of the cancer cells (Fig. 3B). Among 
51 gastroscopic biopsy specimens of gastric cancer prior to 
SOX NACT, 29 (56.9%) and 11 (21.6%) were positive for 
LACTB and LC3 expression, respectively. Notably, following 
NACT, LACTB and LC3 were expressed in 14 (27.5%) and 31 
(60.78%) gastric cancer specimens, respectively. Furthermore, 
Western blotting demonstrated that the expression of LACTB 
in gastric cancer tissues prior to NACT was significantly 
higher than that following the treatment. By contrast, LC3 
protein expression was significantly increased during this 
period (P<0.01; Fig. 3C). To verify this observation, the mRNA 
expression level of LACTB was analyzed using RT‑qPCR and 
it was revealed that LACTB expression levels in gastric cancer 
tissues following NACT were significantly lower than that 
prior to the treatment (P<0.01; Fig. 3D).

The expression of LACTB and LC3 predicts response of gastric 
cancer to NACT with SOX. Among 51 patients undergoing 
NACT, 3 (5.88%), 27 (52.94%), 13 (25.49%) and 8 (15.69%) 

Table II. Correlation between the expression of LACTB and LC3 prior to and following neoadjuvant chemotherapy.

	 LC3
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
LACTB	 n	 Decreased	 Invariant	 Increased	 rs	 P‑value

Decreased	 32	 6	 1	 25		
Invariant	 5	 1	 0	 4	 ‑0.785	 0.000
Increased	 14	 10	 2	 2		

Table III. Difference between the expression of LACTB or LC3 in gastric cancer prior to and following neoadjuvant chemotherapy.

	 Clinical efficacy of chemotherapy
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Protein	 Number of cases (n)	 CR	 PR	 SD	 PD	 χ2	 P‑value

LACTB							     
  Decreased	 32	 0	 13	 12	 7	 17.648	 0.007
  Invariant	 5	 1	 2	 1	 1		
  Increased	 14	 2	 12	 0	 0		
LC3							     
  Decreased	 17	 3	 13	 1	 0		  0.000
  Invariant	 3	 0	 2	 1	 0		
  Increased	 31	 0	 12	 11	 8		

CR, complete remission; PR, partial remission; SD, stable disease; PD, disease progression.
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displayed CR, PR, SD and PD, respectively. While the rate of 
decreased LACTB expression was 68.6%, the rate of increased 
LC3 expression was 60.8%. As shown in Table II, there was 
a significant negative correlation between the expression of 
LACTB and LC3 prior to and following NACT (P<0.001). 
Furthermore, it was observed that the levels of LACTB and 
LC3 following NACT were significantly correlated with the 
curative effect of NACT (P<0.01; P<0.01; Table III).

Discussion

Gastric cancer is the second leading cause of cancer‑related 
mortality worldwide, and is the third leading cause of 
cancer‑related mortality in males and the second leading cause 
of cancer‑related mortality in females in China (21). With the 
development of chemotherapy technology for gastric cancer, 
particularly the discovery of a series of novel therapeutic 
targets, a growing number of NACT regimens have been 
applied in the clinical treatment of gastric cancer. NACT with 
SOX is currently one of the commonly used chemotherapy 
regimens for the treatment of advanced gastric cancer (22). The 
present retrospective study demonstrated that, as a neoadju‑
vant regimen for advanced gastric cancer, SOX chemotherapy 
had a total effective rate (CR+PR) of 58.8%, which was similar 
to that reported previously (23). However, in clinical practice, 
a considerable proportion of patients have tumor progres‑
sion during chemotherapy and a delay in treatment, thereby 
affecting the overall efficacy. Therefore, molecular biomarkers 
are required for guiding neoadjuvant treatment. The present 
study reported that the expression of LACTB and LC3 in 
gastric cancer was significantly associated with the curative 
effect of NACT. To the best of our knowledge, the present 
study was the first to identify the role of LACTB and LC3 in 
gastric cancer with neoadjuvant chemotherapy.

The present study demonstrated that there was no 
correlation between the expression level of LACTB or LC3 
proteins and clinicopathological indices of gastric cancer, 
including sex, age, histological differentiation, tumor 
location, Borrmman type and TNM stage. Based on the 
aforementioned findings, the expression of LC3 and LACTB 
was further investigated in the biopsies of 51 patients with 
advanced gastric cancer undergoing preoperative chemo‑
therapy by immunohistochemistry and Western blotting. 
The staining revealed that LC3 and LACTB are mainly 
localized in the cytoplasm. The aforementioned observa‑
tions are consistent with the subcellular localization of 
LC3 in resected gastrointestinal cancer tissues reported in 
a previous study (24). Following NACT, LC3 was signifi‑
cantly expressed in 31 cases (60.78%), while LACTB was 
only significantly expressed in 14 cases of gastric cancer 
(27.5%). Previous studies have reported that the autophagy 
activity of numerous malignant tumor types is lower than 
that of normal tissues, while radiation or antitumor drugs 
may increase autophagy activity and induce autophagic 
death of tumor cells (25,26). Tumor resistance to anticancer 
therapies, including chemotherapy and radiation therapy, 
may be enhanced through upregulation of transcription of 
autophagy‑inducible factors (27). LC3 is divided into two 
subtypes, type I LC3 (LC3‑I) and type II LC3 (LC3‑II). In 
the physiological state, LC3 synthesized in cells is routinely 

processed into cytoplasmic soluble LC3‑I. Upon autophagy 
induction, LC3‑I undergoes a ubiquitin‑like modification to 
bind with phosphatidylethanolamine on the surface of the 
autophagy membrane to form LC3‑II. Therefore, the ratio of 
LC3‑II/LC3‑I is an important index to evaluate the occur‑
rence and level of autophagy. Clinicopathological studies 
of liver tumors have demonstrated that LC3 expression 
may serve as an important prognostic factor for hepatocel‑
lular carcinoma, particularly for those patients undergoing 
surgical resection (28). The association between increased 
LC3 expression and a poor prognosis in gastric cancer has 
been extensively studied  (29‑31). All these studies have 
indicated that LC3 may be used as an independent prog‑
nostic indicator for patients with gastric cancer. As a tumor 
suppressor, LACTB is highly expressed in numerous solid 
tumor types. Zhang et al (32) reported that downregulation 
of LACTB was significantly associated with a poor clinical 
prognosis in breast cancer. Furthermore, Li  et  al  (33) 
demonstrated that LACTB‑overexpression in glioma cells 
may inhibit cell proliferation, invasion and angiogenesis, 
while low expression of LACTB was associated with a poor 
prognosis in patients with glioma. Furthermore, it has been 
demonstrated that patients with colorectal cancer with a low 
expression of LACTB have a poor overall prognosis (34).

Previous studies have demonstrated that the main obstacle 
to the development of PD during chemotherapy is multidrug 
resistance (35,36). The development of multidrug resistance 
will lead to an increase in cancer‑associated mortality. The 
resistance to NACT in triple‑negative breast cancer, ovarian 
cancer and bladder cancer has been reported in previous 
studies (37‑39). In the present study, among 51 patients with 
advanced gastric cancer undergoing NACT, 36 displayed an 
increase in the expression level of LC3; of the 36 patients, 8 
developed PD. Meanwhile, 29 out of 51 patients receiving the 
treatment had a decrease in the expression level of LACTB; 
6 of the 29 patients had PD. Notably, 2 of the 6 patients with 
unchanged expression level of LACTB following NACT 
developed PD. Numerous factors are associated with chemo‑
resistance. However, the expression of resistance genes is 
obtained by reprogramming following chemotherapy. In addi‑
tion, the development of drug resistance may be associated 
with the dose of chemotherapeutic drugs, course of treatment 
and treatment regimen.

Taken together, these data suggested that certain patients 
with gastric cancer undergoing NACT may develop multi‑
drug resistance, and abnormal expression of LACTB and 
LC3 may indicate a poor prognosis, leading to resistance to 
NACT. Further studies are required to investigate the associa‑
tion between the expression of LACTB or LC3 and the drug 
resistance of gastric cancer cells, as well as the molecular 
mechanism underlying the involvement of LACTB in the 
occurrence and development of gastric cancer. Furthermore, 
given the small number of patients, the absence of a retro‑
spective design and survival analysis and the presence of 
confounding factors, including environmental factors, in the 
present study, further validation of the findings is required.

In conclusion, the present study revealed a correlation 
between the expression level of LACTB and LC3 following 
NACT in gastric cancer and the efficacy of clinical chemo‑
therapy, suggesting that the expression of LACTB and LC3 



YANG et al:  NEW BIOMARKERS FOR GASTRIC CANCER: LACTB AND LC38

may potentially serve as a prognostic factor for patients with 
gastric cancer.
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