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Abstract. Beclin‑1 and Bcl‑2 expression abnormalities have been 
confirmed in different types of cancer. As important regulators 
of autophagy and apoptosis, respectively, these molecules serve 
a complex role in tumorigenesis. However, limited information 
is currently available regarding the association between Beclin‑1 
and Bcl‑2 in (NSCLC). In the present study, the expression levels 
of Beclin‑1 and Bcl‑2 were detected in lung cancer tissues, and 
their prognostic significance was analyzed for NSCLC. A total of 
120 patients with lung cancer who underwent surgical resection 
were included in the present study. Beclin‑1 and Bcl‑2 expression 
was assessed using immunohistochemistry and their associa‑
tions with the overall survival (OS) in patients with NSCLC was 
examined. The expression rate of Beclin‑1 was significantly 
lower in NSCLC tissues compared with that in adjacent tissues, 
whereas the expression rate of Bcl‑2 was significantly higher 
in lung cancer tissues compared with that in adjacent tissues. 
Additionally, Beclin‑1 and Bcl‑2 protein expression was strongly 
associated (P<0.05) in NSCLC. Patients with NSCLC with low 
Beclin‑1 expression were in more advanced stages, with more 
lymph node metastasis and more poorly differentiated tumors. 
Similarly, patients with NSCLC with high Bcl‑2 expression 
were also in a more advanced stage and had more lymph node 
metastasis. Cox regression analysis revealed that the association 
between Bcl‑2 expression and survival was not significant, while 
a multivariate analysis revealed that Beclin‑1 expression was 
significantly associated with OS. Notably, Beclin‑1 expression 
was significantly associated with OS only in patients with high 
Bcl‑2 expression. In conclusion, the present data indicated that 

the autophagy activity is decreased in NSCLC. Beclin‑1 expres‑
sion was downregulated, while Bcl‑2 expression was upregulated 
in NSCLC tissues compared with that in adjacent tissues. 
Additionally, these two proteins were associated with the occur‑
rence and progression of NSCLC. Beclin‑1 may be a promising 
prognostic marker for patients with NSCLC with high Bcl‑2 
expression. The present findings provided a more accurate prog‑
nostic assessment for patients with NSCLC. Furthermore, they 
may be used to actively follow‑up and promptly treat patients 
with a poor prognosis, which may benefit a greater number of 
patients with NSCLC.

Introduction

Lung cancer is the most common malignancy worldwide and 
has the highest mortality rate (1). Numerous patients present 
with advanced stages at diagnosis due to concealed symptoms. 
Additionally, it is the most common type of cancer in China (2). 
In the United States, there was estimated to be >230,000 new 
cases of lung cancer in 2018 and lung cancer was suggested 
to lead to more deaths than breast, prostate and colon cancer 
combined (3). Non‑small cell lung cancer (NSCLC) is the 
most typical form of lung cancer, accounting for ~85% of all 
cases (4). The improvement of diagnostic technologies and 
the emergence of effective new treatment methods, such as 
targeted therapies and immunotherapy, have improved the 
therapeutic management of lung cancer; however, the overall 
5‑year survival rate of this type of cancer remains low at 
17.4% (5). Therefore, the early diagnosis and the identification 
of effective biomarkers are important to improve the prognosis 
of patients with lung cancer.

Autophagy, also known as type II programmed cell death, 
is a genetically regulated process that degrades cellular 
proteins and organelles through lysosomes  (6). There is a 
close and complex association between autophagy and tumors. 
Furthermore, the role of autophagy in different tumor types 
depends on the different stages of tumorigenesis. As the first 
identified mammalian autophagy protein, Beclin‑1 has been 
used to investigate autophagy in cancer (7). However, to the 
best of our knowledge, there is no research into the associa‑
tion between Beclin‑1 and cancer pathogenesis, and the nature 
of this association and its underlying mechanism remain 
controversial.
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Bcl‑2 is a member of the Bcl‑2 anti‑apoptotic protein 
family. In addition to being a key regulator of apoptosis, Bcl‑2 
modulates other important cell functions, such as cell cycle and 
mitochondrial signaling pathway (8). Additionally, Bcl‑2 can 
bind to Beclin‑1 to form the Beclin‑1/Bcl‑2 complex and then 
inhibit autophagy. However, the binding of Bcl‑2 to Beclin‑1 is 
regulated by a variety of proteins, which enhance or inhibit the 
Beclin‑1/Bcl‑2 interaction and further inhibiting or activating 
autophagy and apoptosis, thus the Beclin‑1/Bcl‑2 complex act 
as a crosstalk between autophagy and apoptosis (9). Previous 
studies have demonstrated that the expression levels of Beclin1 
and Bcl‑2 in tumor cells depend on the tumor and tissue 
type (10‑12); however, this requires further investigation.

To the best of our knowledge, the association between 
Beclin‑1 and Bcl‑2 in lung cancer has not been yet elucidated. 
Therefore, the present study aimed to evaluate the roles of 
Beclin‑1 and Bcl‑2 on the clinicopathological features and 
survival of patients with NSCLC, and to estimate their value as 
markers of the development and prognosis of this type of cancer.

Materials and methods

Patients and tissue samples. A total of 120 patients with NSCLC 
who underwent surgical resection between January 2014 and 
December 2014 were selected from the archived materials of the 
Department of Pathology of Ruijin Hospital, Shanghai Jiaotong 
University School of Medicine (Shanghai, China). All patients 
were diagnosed by postoperative paraffin pathology, and no 
neoadjuvant treatment was performed. Patients younger than 
18 or older than 75 years old, or patients with distant metas‑
tases were excluded from the present study. Of the 120 patients 
(median age, 61.5 years; age range, 45‑75 years), 56 were male 
and 64 were female. The 2017 Union for International Cancer 
Control 8th Edition TNM staging  (13) as used to classify 
tumors into stages I, II and III. All patients were followed‑up 
until November 2019 (mean follow‑up time, 60.1 months; range, 
12‑70 months). The present study was approved by the Clinical 
Ethics Committee of Ruijin Hospital, Shanghai Jiaotong 
University School of Medicine (approval no. 2017138).

Immunohistochemistry (IHC). IHC staining was performed on 
10% formalin‑fixed and paraffin‑embedded tumor and adja‑
cent non‑tumor tissues (≥3 cm from the margins of tumors). 
Slides of 4‑µm sections were deparaffinized with xylene and 
antigen retrieval was accomplished by using microwave oven. 
The sections were then incubated in 3% hydrogen peroxide 

at room temperature for 15 min to block endogenous peroxi‑
dase activity. Slides were then incubated with anti‑Beclin‑1 
(1:200; cat. no. SC‑11427; Santa Cruz Biotechnology, Inc.) 
and anti‑Bcl‑2 (1:100; cat. no. ab32124; Abcam) primary anti‑
bodies at 4˚C overnight. The slides were then washed three 
times in phosphate buffer solution (PBS) for 5 min each and 
incubated in biotin‑labeled secondary antibodies (1:2,000; 
cat. no. ab205718; Abcam) for 30 min at 37˚C. Images were 
captured with a light microscope. Immunohistochemical 
readings were performed by two different pathologists. Using 
a double‑blind reading scoring system, five fields (magnifica‑
tion, x400) were randomly selected and 100 cells were counted 
in each field. Discordant results were discussed and scored as 
follows. Score A: 1, ≤10% positive cells; 2, 11‑50% positive 
cells; 3, 51‑75% positive cells; and 4, >75% positive cells. 
The staining intensity was observed under low magnification 
(x100) and scored according to the staining intensity score 
B: 0, not stained; 1, light yellow; 2, brownish yellow; and 3, 
brownish. The final score was calculated as score A x score B. 
A final score ≤3 was considered low expression, while a score 
>3 was considered as high expression.

Assessment of clinical outcome. Overall survival (OS) was 
defined as the survival from the date of surgery to the date of 
death from any cause.

Statistical analysis. SPSS software (v18.0, SPSS, Inc.) was 
used to analyze the data. Pearson's χ2 test was used to evaluate 
the association between Beclin‑1 and Bcl‑2 expression with 
several clinicopathological variables. The Kaplan‑Meier 
method was used to determine the probability of survival, 

Table I. Beclin‑1 and Bcl‑2 expression in non‑small cell lung cancer tissues and adjacent tissues (n=120).

	 Beclin‑1 	 Bcl‑2
	 expression	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Tissue type	 +	 ‑	 χ2	 P‑value	 +	 ‑	 χ2	 P‑value

Lung cancer tissues	 38	 82	 7.63	 <0.01a	 55	 65	 15.67	 <0.01a

Adjacent tissues	 59	 61		  	 26	 94

aStatistical significance (P<0.05).

Table II. Association between Beclin‑1 and Bcl‑2 expression 
in non‑small cell lung cancer tissues (n=120).

	 Bcl‑2 
	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Beclin‑1 expression	 +	 ‑	 χ2	 P‑value

+	 23	 15	 4.84	 0.05a

_	 32	 50

aStatistical significance (P<0.05).
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and the data were analyzed using the log‑rank test. The Cox 
proportional hazards model was used for univariate and multi‑
variate analyses of prognostic factors. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Beclin‑1 and Bcl‑2 expression in NSCLC lesions and adjacent 
tissues. High Beclin‑1 expression was observed in 38 (31.67%) 
NSCLC samples, while 82 (68.33%) NSCLC samples exhib‑
ited low Beclin‑1 expression. The adjacent tissues presented 
with significantly higher Beclin‑1 expression compared with 
the NSCLC tissues (P<0.01). By contrast, high Bcl‑2 expres‑
sion was identified in 55 (45.83%) NSCLC samples, while 
only 26 (21.67%) samples exhibited high Bcl‑2 expression 
in adjacent tissues. NSCLC samples exhibited significantly 
higher Bcl‑2 expression compared with their adjacent tissues 
(P<0.01; Table I). The expression levels of Beclin‑1 and Bcl‑2 

in NSCLC tissues, as assessed via IHC, are shown in Fig. 1. 
High or low Beclin‑1 and Bcl‑2 expression was detected in 
NSCLC tissues.

Association between Beclin‑1 and Bcl‑2 expression. The 
association between Beclin‑1 and Bcl‑2 expression in NSCLC 
tissues was examined using χ2 tests, which revealed a strong 
association between the two proteins in NSCLC tissues 
(χ2=4.84; P<0.05; Table II).

Association between Beclin‑1 and Bcl‑2 expression with the 
clinicopathological characteristics of patients with NSCLC. In 
the present study, the characteristics of the patients, such as age, 
sex, smoking history, pathological staging, lymph node metas‑
tasis, pathological type, degree of tumor differentiation and 
preoperative serum carcinoembryonic antigen (CEA) levels, 
obtained from the patients' medical records, were analyzed. 
All patients were divided into high and low expression groups 

Table III. Association between Beclin‑1 expression and clinicopathological characteristics in patients with non‑small cell lung 
cancer (n=120).

	 Beclin‑1 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Pathologic parameter	 Cases, n	 High	 Low	 χ2	 P‑value

Sex				    0.46	 >0.05
  Male	 56	 16	 40
  Female	 64	 22	 42
Smoking history				    2.62	 >0.05
  Yes	 54	 13	 41
  No	 66	 25	 41
Age, years				    1.56	 >0.05
  ≤60	 41	 16	 25
  >60	 79	 22	 57
Pathological stage				    6.54	 <0.05a

  I	 59	 25	 34
  II	 42	 10	 32
  III	 19	 3	 16
Lymph node metastasis				    4.53	 <0.05a

  Positive	 45	 9	 36
  Negative	 75	 29	 46
Pathological type				    0.89	 >0.05
  Adenocarcinoma	 83	 28	 55
  Squamous	 31	 9	 22
  Others	 6	 1	 5
Degree of differentiation				    6.90	 <0.05a

  Well	 26	 12	 14
  Moderate	 61	 21	 40
  Poor	 33	 5	 28
Carcinoembryonic antigen, ng/ml				    1.99	 >0.05
  ≤5	 55	 21	 34
  >5	 65	 17	 48

aStatistical significance (P<0.05).
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regarding Beclin‑1 or Bcl‑2 expression. As shown in Table III, 
Beclin‑1 expression in NSCLC was not associated with age, 
sex, smoking history, pathological type and preoperative 
serum CEA levels (P>0.05). However, Beclin‑1 expression was 
associated with lymph node metastasis, pathological staging 
and degree of tumor differentiation (P<0.05). Furthermore, 
Bcl‑2 expression in NSCLC was not associated with age, sex, 
smoking history, pathological staging, pathological type and 
preoperative serum CEA levels (P>0.05). However, Beclin‑1 
expression was associated with lymph node metastasis and the 
degree of tumor differentiation (P<0.05; Table IV).

Univariate and multivariate analyses of OS in patients with 
NSCLC. In the present study, the OS time of patients with 
NSCLC was available for 120 cases; the mean OS time was 
60.10 months (range, 12‑70 months). Further univariate and 
multivariate analyses were performed for the main factors 
associated with OS in patients with NSCLC. The results 

demonstrated that a lower OS was significantly associated with 
a more advanced stage (HR, 10.844; 95% CI, 3.885‑30.256; 
P<0.01), poor differentiation (HR, 2.819; 95% CI, 1.425‑5.575; 
P<0.01), high CEA levels (HR, 5.678; 95% CI, 1.035‑31.156; 
P<0.05) and low Beclin‑1 expression (HR, 5.319; 95% CI, 
1.844‑15.348; P<0.01) (Table V). The mean OS time of patients 
with NSCLC with high Beclin‑1 expression was 63.17 months, 
while it was 58.72 months for patients with low Beclin‑1 expres‑
sion. However, this difference was not significant (63.17±2.75 
vs. 58.72±2.15 months; P>0.05; Fig. 2A). Subsequently, the 
association between the combination of Beclin‑1 and Bcl‑2 
expression status with OS was examined. Patients with NSCLC 
with high Beclin‑1 expression and high Bcl‑2 expression had a 
significantly longer mean OS time than those with high Bcl‑2 
but low Beclin‑1 expression (68.27±1.69 vs. 54.53±3.81 months; 
P<0.05; Fig. 2C). In patients with low Bcl‑2 expression, there 
was no significant difference in mean OS time according to 
Beclin‑1 expression status (55.40±5.94 vs. 61.42±2.48 months 

Table  IV. Association between Bcl‑2 expression and clinicopathological characteristics in patients with non‑small cell lung 
cancer (n=120).

	 Bcl‑2 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Pathologic parameter	 Cases, n	 High	 Low	 χ2	 P‑value

Sex				    0.37	 >0.05
  Male	 56	 24	 32
  Female	 64	 31	 33
Smoking history				    0.42	 >0.05
  Yes	 54	 23	 31
  No	 66	 32	 34
Age, years				    1.16	 >0.05
  ≤60	 41	 16	 25
  >60	 79	 39	 40
Pathological stage				    0.02	 >0.05
  I	 59	 27	 32
  II	 42	 19	 23
  III	 19	 9	 10
Lymph node metastasis				    4.14	 <0.05a

  Positive	 45	 26	 19
  Negative	 75	 29	 46
Pathological type				    2.70	 >0.05
  Adenocarcinoma	 83	 34	 49
  Squamous	 31	 18	 13
  Others	 6	 3	 3
Degree of differentiation				    9.02	 <0.05a

  Well	 26	 18	 8
  Moderate	 61	 21	 40
  Poor	 33	 16	 17
Carcinoembryonic antigen, ng/ml				    0.43	 >0.05
  ≤5	 55	 27	 28
  >5	 65	 28	 37

aStatistical significance (P<0.05).
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for high and low Beclin‑1 expression, respectively; P>0.05; 
Fig. 2B). However, patients with low Bcl‑2 and low Beclin‑1 
expression tended to have an improved OS compared with 
patients with low Bcl‑2 and high Beclin‑1 expression.

Beclin‑1 expression was an independent risk factor for 
OS in patients with NSCLC [hazard ratio (HR), 4.508; 95% 
CI, 1.753‑11.591; P<0.01], whereas Bcl‑2 expression was 
not an independent biomarker of OS (HR, 0.436; 95% CI, 
0.166‑1.144; P>0.05; Table V). Furthermore, the present study 
indicated that earlier pathologic stage (HR, 13.707; 95% CI, 
5.553‑33.863; P<0.01) and improved differentiation (HR, 2.114; 
95% CI, 1.185‑3.770; P<0.05) were associated with improved 
OS in patients with NSCLC (Table V).

Discussion

Autophagy and apoptosis, as type  I and II programmed 
cell death, respectively, are closely associated with tumor 

progression. Studies of Beclin‑1 and Bcl‑2, which are key 
molecules that regulate these two types of programmed cell 
death, can help shed light on autophagy and apoptosis, as 
well as the role of cell death in NSCLC (14). The present 
study focused on the expression levels of Beclin‑1 and 
Bcl‑2 in NSCLC, as well as on the analysis of the associa‑
tion between the two proteins, to further explore the roles 
of autophagy and apoptosis on the biological and clinical 
behaviors of NSCLC. As a specific marker of autophagy, 
Beclin‑1 has been the focus of previous research. Recent 
studies have reported that Beclin‑1 is downregulated 
in glioblastoma, liver cancer, bladder cancer and breast 
cancer (15‑18), while it is upregulated in colon cancer (19). 
The present study revealed that Beclin‑1 expression was 
downregulated in NSCLC tissues, consistent with a study 
by Zheng et al (20), which demonstrated that the regulation 
of Beclin‑1 may serve a role in the development of this type 
of cancer.

Table V. Univariate and multivariate analyses of prognostic factors in non‑small cell lung cancer.

	 Univariate analysis,	 Multivariate analysis,
Variable	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Sex	 2.977 (0.612‑14.492)	 0.177
  Male
  Female
Age, years 	 1.132 (0.534‑3.221)	 0.554
  ≤60
  >60
Smoking history	 0.421 (0.093‑1.910)	 0.262
  Yes
  No
Degree of differentiation 	 2.819 (1.425‑5.575)	 0.003a	 2.114 (1.185‑3.770)	 0.011a

  Well 
  Moderate and poor
Pathological stage 	 10.844 (3.885‑30.265)	 5.328x10‑6a	 13.707 (5.553‑33.863)	 1.359x10‑8a

  I
  II and III
Lymph node metastasis	 0.964 (0.295‑3.156)	 0.952
  Positive
  Negative
Pathological type 	 1.221 (0.627‑2.380)	 0.557
  Adenocarcinoma
  Squamous and others
Beclin‑1 expression 	 5.319 (1.844‑15.348)	 0.002a	 4.508 (1.753‑11.591)	 0.002a

  High
  Low
Bcl‑2 expression 	 0.436 (0.166‑1.144)	 0.092
  High
  Low
Carcinoembryonic antigen, ng/ml	 5.678 (1.035‑31.156)	 0.046a	 4.373 (0.958‑19.954)	 0.057
  ≤5
  >5

aStatistical significance (P<0.05). CI, confidence interval; HR, hazard ratio.

https://www.spandidos-publications.com/10.3892/ol.2020.11870
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The association between Beclin‑1 expression and the 
clinicopathological characteristics of patients has different 
manifestations in different types of tumor. In primary hepa‑
tocellular carcinoma, low Beclin‑1 protein expression is 
associated with the degree of tumor cell differentiation and 
postoperative pathological stage, indicating a poor OS (21). 
In colon cancer, a meta‑analysis of six studies has revealed 
that high Beclin‑1 protein expression is associated with tumor 
metastasis and predicts a poor OS (22). The present study 
revealed that Beclin‑1 was upregulated in the tumor tissues of 

31.7% (38/120) of patients with NSCLC, whereas Beclin‑1 was 
downregulated in 68.3% (82/120) of these patients. Compared 
with the normal tissues adjacent to the tumors, the positive 
expression rate of Beclin‑1 was significantly lower in NSCLC 
than in adjacent tissues (χ2=7.63; P<0.01). A subsequent clini‑
copathological analysis revealed that low Beclin‑1 expression 
was associated with the degree of tumor cell differentiation, 
postoperative pathological stage and lymphatic metastasis 
status in patients with NSCLC (P<0.05). Furthermore, a Cox 
regression analysis demonstrated that low Beclin‑1 expression 

Figure 1. Immunohistochemical staining of Beclin‑1 and Bcl‑2 expression in non‑small cell lung cancer tissues. (A) x100 and (B) x200 magnification for the 
observation of high Beclin‑1 expression. (C) x100 and (D) x200 magnification for the observation of high Bcl‑2 expression. (E) x100 and (F) x200 magnifica‑
tion for the observation of low Beclin‑1 expression. (G) x100 and (H) x200 magnification for the observation of low Bcl‑2 expression Scale bar, 200 µm.
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may be used as an independent risk factor for poor prognosis 
and as an independent predictor of prognosis in patients with 
NSCLC.

The Bcl‑2 protein, an anti‑apoptotic protein that helps 
inhibit apoptosis, has been identified as an oncogenic 
protein  (23); the tumorigenic effect of Bcl‑2 has been 
confirmed in animal model experiments  (24). However, 
in some solid tumors, Bcl‑2 appears to have an inhibitory 
effect, and its expression is associated with good prognostic 
characteristics, such as in gastric cancer (25) and colorectal 
cancer (26). A meta‑analysis of ~5,892 patients with breast 
cancer from 17 studies examined the effect of Bcl‑2 expres‑
sion on breast cancer prognosis; its results revealed that 
Bcl‑2 is associated with disease‑free survival (DFS) and 
OS times  (27). However, the mechanism via which Bcl‑2 
exerts its protective effect is unclear. The present study 
demonstrated that Bcl‑2 expression was significantly higher 
in lung cancer tissues than in adjacent tissues (P<0.01). High 
Bcl‑2 expression was associated with the degree of tumor 
cell differentiation and lymphatic metastasis in patients with 
NSCLC (P<0.05). However, a subsequent Cox regression 
analysis did not reveal its role as an independent risk factor 
for poor prognosis in patients with NSCLC. Therefore, the 
present results suggested that Bcl‑2 may not be used as an 
independent predictor of prognosis in patients with NSCLC. 

However, this observation needs to be confirmed using a 
larger sample size in future studies.

Beclin‑1 and Bcl‑2 are the main factors underlying two 
programmed cell death mechanisms. The association between 
autophagy and apoptosis is complex and varies according to 
cell type and stress stage (28). Autophagy may initiate or inhibit 
apoptosis according to the environment and stimulation of the 
cell, and inhibition of autophagy may increase the sensitivity of 
the cell to apoptotic signals (29). Furthermore, the coordination 
between autophagy and apoptosis may serve an important role 
in tumorigenesis and tumor development. A previous study has 
indicated that in breast cancer Beclin‑1 may serve a role in the 
inhibition of the development of breast cancer, which may be due 
to an interaction with the Bcl‑2 protein (30). In pancreatic cancer, 
a study by Shanshan et al (10) demonstrated that high Bcl‑2 and 
low Beclin‑1 expression was associated with an improved DFS 
and OS. The present study further evaluated the expression levels 
of Beclin‑1 in NSCLC tissue specimens with different expres‑
sion levels of Bcl‑2 via immunohistochemical staining.

It was revealed that in the high Bcl‑2 expression group, low 
Beclin‑1 expression in NSCLC tissues indicated a poor prog‑
nosis, while high Beclin‑1 expression indicated an improved 
prognosis. In turn, in the low Bcl‑2 expression group, Beclin‑1 
expression was not associated with the prognosis in patients 
with NSCLC (P>0.05). Therefore, the prognosis of NSCLC 

Figure 2. The expression patterns of Beclin‑1 and Bcl‑2 were used in a survival analysis of patients with non‑small cell lung cancer. Kaplan‑Meier analysis of 
overall survival associated with Beclin‑1 expression in (A) the whole study population, (B) the population with low Bcl‑2 expression and (C) the population 
with high Bcl‑2 expression.

https://www.spandidos-publications.com/10.3892/ol.2020.11870
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was closely associated with Beclin‑1 expression only in the 
presence of high expression levels of Bcl‑2. It was hypothesized 
that, regardless of the functional status of autophagy, tumor 
cells can be destroyed by apoptosis and that programmed cell 
death via autophagy may occur when apoptosis is inhibited; by 
contrast, when apoptosis is activated, autophagy may mainly 
serve a role in protecting tumor cells from apoptotic death. 
Nevertheless, the regulatory mechanisms of action behind the 
tumorigenesis and development of NSCLC are complicated 
and alternative pathways that are independent of apoptosis 
or autophagy, or independent of Bcl‑2 and Beclin‑1, may be 
involved. Therefore, further studies are required to confirm 
these observations. It should be noted that there is a limita‑
tion in the present study. The results about autophagy activity 
were only based on Beclin‑1 expression, which was not used 
in conjunction with other autophagy markers, such as LC3‑II, 
to assess autophagy.

In conclusion, the present study revealed that autophagy 
activity was decreased in NSCLC tumor tissues, and that 
Beclin‑1 was downregulated and Bcl‑2 was upregulated in the 
tumor tissues of these patients. Beclin‑1 may be a promising 
prognostic marker for patients with NSCLC with high Bcl‑2 
expression. The current findings provide a more accurate prog‑
nostic assessment for patients with NSCLC. Additionally, they 
may be used to actively follow‑up and promptly treat patients 
with a poor prognosis, which may benefit a large number of 
patients with NSCLC.
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