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Abstract: Purpose: To investigate the role of the autophagy-related genes Beclin1 and LC3 in the prognosis of pancreatic cancer. Methods: A total of 86 pancreatic cancer tissues and 84 paired, adjacent normal pancreatic tissues
were collected from 86 patients who underwent pancreatic resection surgery in our hospital from January 2009 to
August 2011. Demographic data including age, gender, family cancer history, and clinic-pathological characteristics,
including tumor diameter, differential, TNM staging and lymphatic metastasis were collected. The expressions of
Beclin1 and LC3 were determined using both immunohistochemistry (IHC) and RT-qPCR. Results: The expression
levels of both Beclin1 and LC3 mRNA and proteins were significantly up-regulated in the tumor tissues compared
with the normal tissues. Higher expressions of Beclin1 and LC3 were found in the tumor tissues of patients with
TNM stages III~IV, patients with lymphatic metastasis, and patients who died. Meanwhile Beclin1 and LC3 correlated with TNM stage, differential condition, and the patients’ lymphatic metastasis rates. A survival analysis
showed that patients with low expressions of Beclin1 and LC3 had longer survival times, and both the Beclin1 and
LC3 genes were independent risk factors for 5-year mortality in pancreatic cancer patients. Conclusion: The Beclin1
and LC3 genes correlate with the tumor stage, metastasis conditions, and pancreatic cancer patients’ mortality.
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Introduction
Pancreatic cancer, one of the leading causes of
cancer related death, has a high incidence,
with >40,000 cases diagnosed each year and a
very low 5-year survival rate estimated to be
<5% [1, 2]. Due to the lack of effective treatment options, late diagnosis, aggressive growth, metastasis and resistance to most therapeutic methods such as cytotoxic chemotherapies and radiotherapy, patients with pancreatic
cancer always have a very poor prognosis [3,
4]. Thus new treatment methods and a deeper
understanding of cancer development mechanisms are always needed.
Recently, the relationship between autophagy
and cancers has attracted much attention [5].
Autophagy is a cellular pathway which is associated with the degradation of cytoplasmic macromolecules and organelles and is also related
to the progression of cell death [6, 7]. However,
autophagy in cancer development demonstrates very complicated functions, and it is thought to be involved in both tumorigenesis and

tumor suppression, depending on the type of
cancer [8-10]. Studies show that in several cancers, autophagy can suppress tumor development, such as in prostate cancer [11] and liver
cancer [12]. Meanwhile, in some cancers autophagy is thought to promote tumor growth
and is associated with poor prognosis, such as
in colorectal cancer [13, 14] and pancreatic
cancer [15]. Studies demonstrate that autophagy is activated in pancreatic cancer cells [16]
and the promotion of autophagy can decrease
gemcitabine-induced apoptosis in pancreatic
cancer cells [17].
LC3 and Beclin-1 are central autophagy-related
genes involved in the autophagy flux [18]. Though some studies have demonstrated that the
LC3 protein is associated with the prognosis of
pancreatic cancer, few studies have focused on
the relationship between the Beclin-1 and LC3
genes and the prognosis of pancreatic cancer.
In the present study, we aimed to investigate
the role of the autophagy related genes Beclin1
and LC3 in the prognosis of pancreatic cancer.
This study may give more clinical evidence for
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Table 1. Basic clinical information for all
patients
Variables
Age, year
Gender, male:female
Family cancer history, n (%)
Tumor diameter, cm
<3 cm, n (%)
≥3 cm, n (%)
Differential
Well to moderate, n (%)
Poor, n (%)
TNM staging
I and II, n (%)
II and IV, n (%)
Lymphatic metastasis, n (%)
Mortality, n (%)

All patients, n=86
60.79±6.27
53:33
18 (20.9)
2.92±1.10
45 (52.3)
41 (47.7)
32 (37.2)
54 (62.8)
28 (32.6)
58 (67.4)
58 (67.4)
59 (68.6)

autophagy in pancreatic cancer and may provide some new therapeutic targets for the treatment of pancreatic cancer patients.
Methods and materials
Patient samples and data collection
In the present study, 86 pancreatic cancer tissues and 84 paired adjacent normal pancreatic
tissues were collected from 86 patients who
underwent pancreatic resection surgery in our
hospital from January 2009 to August 2011. All
patients were diagnosed with primary pancreatic ductal adenocarcinoma which was confirmed by pathology according to the WHO classification. No patients received chemotherapy
or radiotherapy before the surgery. All tissues
were fresh frozen until used.
Demographic data including age, gender, and
family cancer history, and clinicopathological
characteristics including tumor diameter, differential, TNM staging, and lymphatic metastasis
were obtained by reviewing the medical records
and contacting the physicians in charge. Informed consents were obtained from all patients. The present study was approved by ethics committee of Xuzhou Central Hospital.
Immunohistochemistry (IHC)
For immunohistochemistry, 20 cancer tissues
and matching normal tissues were randomly
selected. The tissues were fixed with 10% formalin, embedded in paraffin and sectioned. HE
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staining was then conducted and the samples
were immersed with 3% H2O2 and incubated
with anti-LC3II or anti-Beclin1 primary antibodies (both purchased from Abcam, Cambridge,
MA, USA) at 4°C overnight. The tissues were
then incubated with a corresponding second
antibody (Abcam) at 37°C for 30 min and stained with diaminobenzidine (DAB). The IHC scores were calculated using the following method: the sum of the staining intensity 0 (no staining), 1 (weak staining), 2 (moderate staining), or
3 (strong staining), and the percentage scores
of the stained area, 0 (none); 1 (<1/100); 2
(1/100 to 1/10); 3 (1/10 to 1/3); 4 (1/3; to
2/3); and 5 (>2/3). The final IHC score was the
product of the above.
Quantitative real time PCR (RT-qPCR)
The expressions of Beclin1 and LC3 were determined using real-time PCR. Briefly, total RNA
was extracted from the tissues using Trizol
reagent (Invitrogen, Carlsbad, CA). The PrimeScriptTM one step RT-PCR kit (TAKARA, Dalian,
China) was used to convert RNA into cDNA.
RT-qPCR reactions were performed using an
ABI Prism 7000 Sequence Detection System
(Applied Biosystems, USA). The primer sequences used in this study were as follows: Beclin1,
forward 5’-GGCTGAGAGACTGGATCAGG-3’ and
reverse 5’-CTGCGTCTGGGCATAACG-3-3’; LC3II, forward 5’-GAGAAGCAGCTTCCTGTTCTGG-3’
and reverse 5’-GTGTCCGTTCACCAACAGGAAG3’; GAPDH, forward 5’-GGACTGACCTGCCGTCTAG-3’ and reverse 5’-TAGCCCAGGATGCCCTTGAG-3’. The Beclin1 and LC3 mRNA levels were
normalized to GAPDH. Relative mRNA levels
were calculated using the 2-ΔΔCq method.
Statistical analysis
Comparisons between two groups were performed using Student’s t-test or the MannWhitney U-test when appropriate. A chi square
test was used to compare the categorical variables. The correlation between Beclin1 and
LC3 was determined using Spearman’s correlation analysis. For the 5-year survival analysis,
the overall survival time was calculated from
the date of diagnosis to the date of death or the
date of last contact. A Kaplan-Meier curve was
created using a log-rank test. For the logistic
analysis, both expressions of Beclin1 and LC3
were chosen in a logistic regression model
using the stepwise method. A P-value <0.05
was considered to be statistically significant. All
calculations were made using SPSS 20.0.
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Figure 1. A. Related expressions
of Beclin1 and LC3 in both tumor
tissues and normal tissues by RTqPCR; B. The correlation of the
mRNA levels of Beclin1 and LC3
in tumor tissues. *(P<0.05).

Results
Basic clinical information for all participants
As shown in Table 1, the present study included
a total of 86 patients, with a mean age of
60.79±6.27, the female:male ratio was 53:33,
and the mean tumor diameter size was 2.92±
1.10 cm. Among all the patients, 28 cases were
divided into TNM stages I~II, and 58 cases
were in TNM stages II~IV. The lymphatic metastasis rate was 67.4%, and 59 cases died during
the follow-up for a mortality rate of 68.6%.
The expressions of Beclin1 and LC3 were upregulated in the pancreatic tumor tissues
The expressions of the Beclin1 and LC3 genes
were determined in both tumor tissues and normal tissues using RT-qPCR. As shown in Figures
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1 and 2, the expressions of both the Beclin1
and LC3 mRNAs were significantly up-regulated
in the tumor tissues compared with the normal
tissues (P<0.05), which was consistent with the
IHC results. Meanwhile, Spearman’s correlation analysis showed that expressions of Beclin1
and LC3 were significantly correlated in the
tumor tissues (P<0.05).
The expressions of Beclin1 and LC3 were associated with the outcomes of the pancreatic
cancer patients
To further study the relationship of the Beclin1
and LC3 genes in pancreatic cancer, the expressions of Beclin1 and LC3 in different kinds of
patients were investigated. The results showed
that in patients with TNM stages III~IV, the
expressions of Beclin1 and LC3 were significantly higher than in the patients with TNM
Int J Clin Exp Pathol 2019;12(8):2989-2996
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patients. As shown in Figure 4, the K-M curve showed that patients with lowly expressed Beclin1 and
LC3 had longer survival times, but patients with highly expressed Beclin1 and
LC3 had shorter survival times (P<0.05). Additionally,
logistic regression showed
that expressions of the Beclin1 and LC3 genes were
both independent risk factors of 5-year mortality for
pancreatic cancer patients
(Table 3).
Discussion
Due to late diagnoses, most pancreatic cancer patients are found to have an
aggressive state of the disease when diagnosed [19].
Moreover, since pancreatic
cancer is easily resistant to
most chemotherapy, surgical resection is the only curative treatment for the disease [20]. However,
less than 20% of tumors are resectable at the
time of diagnosis [21]. Thus patients with pancreatic cancer often have very poor prognoses,
with a 5-year survival rate <5% [1]. Autophagy
is found to play an important role in the tumor
development of many cancers and its functions
differ among different cancer types. Studies
show that in many cancers autophagy is considered to promote cancer development, and
the inhibition of autophagy could inhibit tumor
growth and enhance tumor cell apoptosis.
Hwang et al. showed that the inhibition of autophagy could enhance the apoptosis of malignant mesothelioma and non-small cell lung
cancer cells [22]. Mikhaylova et al. found that
miR-204 could suppress the tumor growth of
renal clear-cell carcinoma through the inhibition of autophagy [23].

Figure 2. The IHC analysis
also showed that Beclin1
and LC3II were elevated in
pancreatic cancer tissues.

stages I~II (P<0.05) (Figure 3). Meanwhile the
expressions of Beclin1 and LC3 in the lymphatic metastasis and deceased patients was also
higher than they were in the non-metastasis or
surviving patients, respectively (P<0.05), indicating that Beclin1 and LC3 were associated
with tumor stage, metastasis, and the mortality
of the patients.
Then patients were divided into 4 groups (high/
low Beclin1/LC3) according to the median values of the expressions of Beclin1 and LC3, and
the clinical outcomes were analyzed. As shown
in Table 2, in both the highly expressed Beclin1
and LC3 patients, the TNM stage, differential
condition, and lymphatic metastasis rates showed a significant difference compared with
the low expression groups (P<0.05). These results suggest that patients with low expressions of Beclin1 and LC3 might have a better
prognosis.
The expressions of Beclin1 and LC3 are associated with the mortality of pancreatic cancer
patients
Finally, we analyzed the relationship of Beclin1
and LC3 with the mortality of pancreatic cancer
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In addition, autophagy is also thought to promote tumorigenesis in pancreatic cancer. Zhang et al. demonstrated that the inhibition of
Beclin1-mediated autophagy could enhance
the radiosensitivity of pancreatic cancer cells
[24]. Fujii et al. showed that autophagy is activated in pancreatic cancer cells [16]. Yang et al.
found that pancreatic cancer cells require auInt J Clin Exp Pathol 2019;12(8):2989-2996
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Figure 3. The expressions of Beclin1 and LC3 in different patients. *(P<0.05). Beclin1 and LC3 were significantly
higher in patients with TNM stages III~IV and lymphatic metastasis and deceased patients.

tophagy for tumor growth, and the inhibition of
autophagy leads to significant growth suppression of pancreatic cancer cells in vitro [25].
Despite the studies above, few studies have
focused on the autophagy related genes Beclin1 and LC3 in the prognosis of pancreatic cancer. In the present study, we demonstrated for
the first time that the Beclin1 and LC3 genes
were correlated with the prognoses of pancreatic cancer patients.
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First we demonstrated that both Beclin1 and
LC3 were up-regulated in pancreatic tumor tissues. The expressions of Beclin1 and LC3 are
up-regulated in many cancers. Fujii et al. found
that the LC3 protein is over-expressed in pancreatic cancer patients [16]. Schmitz et al.
showed that Beclin1 and LC3 are both overexpressed in colorectal cancer [26]. All these
results are consistent with our findings. Then
we demonstrated that the Beclin1 and LC3
Int J Clin Exp Pathol 2019;12(8):2989-2996
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Table 2. Relationship of expression of Beclin1 and LC3 with clinical outcomes of pancreatic cancer
patients, n (%)
Outcomes
Age
≥60
<60
Gender
Male
Female
Family cancer history
Tumor diameter
≥3 cm
<3 cm
TNM stage
I and II
III and IV
Differential
Well to moderate
Poor
Lymphatic metastasis
Yes
No

Low Beclin1,
n=45

High Beclin1,
n=41

25 (55.6)
20 (44.4)

20 (48.8)
21 (51.2)

28 (62.2)
17 (37.8)
10 (22.2)

25 (61.0)
16 (39.0)
8 (19.5)

22 (48.9)
23 (51.1)

19 (46.3)
22 (53.7)

28 (62.2)
17 (37.8)

0 (0)
41 (100)

P value

Low LC3,
n=47

High LC3,
n=39

26 (55.3)
21 (44.7)

20 (51.3)
19 (48.7)

30 (63.8)
17 (36.2)
11 (23.4)

23 (59.0)
16 (41.0)
7 (17.9)

23 (48.9)
24 (51.1)

18 (46.2)
21 (53.8)

28 (59.6)
19 (40.4)

0 (0)
39 (100)

0.322

0.571

0.884

0.702
0.671

0.467

<0.001

7 (17.1)
34 (82.9)

<0.001
24 (51.1)
23 (48.9)

8 (20.5)
31 (79.5)

<0.001
18 (40)
27 (60)

40 (97.6)
1 (0.4)

0.381
0.671

<0.001

<0.001
25 (55.6)
20 (44.4)

P value

<0.001
20 (42.6)
27 (57.4)

38 (97.4)
1 (0.6)

Figure 4. A K-M curve for 5-year mortality for pancreatic cancer patients. Patients with highly expressed Beclin1 and
LC3 had shorter survival times (P<0.05).

Table 3. The correlation between the Beclin1 and LC3
genes and the 5-year mortality for pancreatic cancer
patients using logistic regression analysis
Wald
Beclin1 12.358
13.643
LC3
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Odds ratio

95% CI

P value

13.655

8.519 (4.207~17.250) <0.001

9.628

1.518 (0.917~2.513)

<0.001

genes correlate with the tumor stage,
metastasis conditions, and the mortality of the pancreatic cancer patients.
Wang et al. studied Beclin-1 and LC3 in
human hypopharyngeal squamous cell
carcinoma and found that the expressions of Beclin-1 and LC3 are correlated
Int J Clin Exp Pathol 2019;12(8):2989-2996
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with the poor prognoses of patients with hypopharyngeal squamous cell carcinoma [27]. Guo
et al. demonstrated that Beclin-1 and LC3
could predict cetuximab efficacy in advanced
colorectal cancer [28]. Moreover, in a recent
study, Song et al. demonstrated that the levels
of Beclin1 and Bcl-2 expressions were evaluated in pancreatic neoplasms and that high
Beclin1 and low Bcl-2 expressions were significantly correlated with poor differentiation and
distant metastasis, which was also consistent
with our findings [29]. Though autophagy shows
different roles in cancer development, promoting or suppressing it, in this study we confirm
again that autophagy in pancreatic cancer is a
tumor promoter, which of course needs more
studies to give more evidence. The present
study also has some limitations. This is a single-center study with only a small sample size.
We tried to use the TCGA database to confirm
our results, but because both LC3 and Beclin1
are autophagy-related genes, such data were
not found.
In conclusion, the present study investigated
the role of the autophagy-related genes Beclin1
and LC3 in the prognosis of pancreatic cancer
patients. The results showed that the Beclin1
and LC3 genes were correlated with tumor
stage, metastasis conditions, and the mortality
of the pancreatic cancer patients. This study
may give more clinical evidence for autophagy
in pancreatic cancer and may provide some
new therapeutic targets for the treatment of
pancreatic cancer patients.
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