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with the clinical outcome of patients with advanced
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Abstract: The precise prediction of the clinical outcome of cancer patients is crucial for determining therapeutic
options and providing optimal cancer care. Although targeted therapy is widely used in cancer treatment, chemotherapy remains the first-line treatment for patients with advanced gastric cancer. This study aimed to investigate
the expression of autophagy-related proteins, unc-51-like kinase 1 (ULK1) and beclin 1 (BECN1), in advanced gastric cancer to clarify their clinical significance in the prognosis assessment of patients receiving fluoropyrimidine/
platinum chemotherapy. The expression levels of ULK1 and BECN1 in gastric cancer tissues from 149 patients with
TNM stages III and IV were measured by immunohistochemical staining. Both ULK1 and BECN1 were upregulated
in gastric cancer. High expression of ULK1 and BECN1 were associated with older age and poor differentiation,
respectively. In the univariate survival analysis, ULK1 and BECN1 expression were identified as predictors of poor
prognosis. Only BECN1 expression was independently associated with poor prognosis in multivariate analysis. This
association was significantly evident in cases who were older than 65 years, male, never smokers, drinkers, and
those with poor differentiation or TNM stage III. Furthermore, the combined analysis revealed a significant cumulative effect on overall survival. Taken together, the expression levels of autophagy-related proteins could predict clinical benefit of fluoropyrimidine/platinum chemotherapy in patients with advanced gastric cancer.
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Introduction
Gastric cancer is the fifth most common cancer
and the third leading cause of death from cancer worldwide, with 951,600 new cases diagnosed and 723,100 deaths occurred in 2012
[1]. Chronic infection with Helicobacter pylori is
the strongest known risk factor for gastric cancer [2]. In China, Gastric cancer remains the
third leading cancer diagnosis due to high prevalence of Helicobacter pylori infection [3, 4].
Despite the success of targeted therapies in
some types of cancer, only few targeted therapies are available to treat gastric cancer.
Chemotherapy remains the first-choice treatment for the majority of patients with gastric
cancer.

Autophagy has been known to play an important role in adaptive responses to stress such
as starvation and drug treatment, and is therefore necessary for cell survival under stress
[5-7]. However, in other cases autophagy promotes cell death [5, 8]. Continued excessive or
insufficient autophagic activity is involved in
various human diseases, including cancer and
Parkinson’s disease [5, 7, 8]. The role of autophagy in cancer is extremely complex and remains
less clear. It is most likely that autophagy probably has a preventive effect against cancer initiation, but facilitates cancer cell growth, proliferation and survival once a tumor develops [7].
Increasing evidence has demonstrated that
cancer cells resistance to anticancer therapies
including radiation therapy, chemotherapy and
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Figure 1. Immunohistochemical analysis of ULK1 and BECN1 in gastric cancer and adjacent non-cancerous tissues.
ULK1 showed negative expression in paracancerous tissues (A) and strong positive expression in gastric cancer tissues (B). BECN1 showed negative expression in paracancerous tissues (C) and strong positive expression in gastric
cancer tissues (D).

targeted therapy have more higher basic
autophagic activity [9-11]. Therefore, disruption of autophagy can enhance the effectiveness of anticancer drugs [9, 12-14]. Many trials
were performed to investigate the effectiveness of anticancer drugs in combination with
autophagy inhibitors, such as chloroquine (CQ)
and its derivative hydroxychloroquine (HCQ), for
treating cancer (http://clinicaltrials.gov/).

1 (BECN1) in gastric cancer tissues, and evaluated the relationship between ULK1 and BECN1
expression and the efficacy of fluoropyrimidine/
platinum chemotherapy in patients with advanced gastric cancer.

Autophagy is controlled and coordinated by
over 34 autophagy-related proteins. Inhibition
of autophagy-related proteins can reduce cancer cell viability and increase sensitivity of cancer cells to anti-cancer drugs [13, 14]. Aberrant
expression of autophagy-related proteins is
associated with prognosis of various types of
cancer, including gastric, esophageal, and
colorectal cancers [8, 15-21]. However, whether autophagy affects the prognosis of gastric
cancer patients receiving fluoropyrimidine/platinum chemotherapy remains unknown. To clarify this issue, we investigated the expression
levels of unc-51-like kinase 1 (ULK1) and beclin

Gastric cancer and adjacent noncancerous tissues from 149 patients were collected from
Hospital. All patients had histologically confirmed advanced-stage (stage III or IV) gastric
adenocarcinoma, with a median age of 62
years (range: 28-84 years). Patients were
excluded from the study if they had a history of
cancer. Of 149 patients, 104 (69.8%) were
male, and 66 (44.3%) were at TNM stage IV. All
patients signed informed consent for the use of
their tissues in this study according to the protocol approved by the Ethics Committee of the
First Hospital of Putian City.
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Materials and methods
Patients
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Table 1. Association of BECN1 and ULK1 expression with clinicopathologic parameters
Clinicopathologic
parameters
Age (years)
> 65
≤ 65
Sex
Male
Female
Histologic grade
2
3
Smoking status
Smoker
Non-smoker
Drinking status
Drinker
Non-drinker
TNM stage
III
IV

BECN1
P
Positive Negative value

ULK1
High

P
value

30 (47.6) 33 (52.4) 0.184
51 (59.3) 35 (40.7)

38 (60.3) 25 (39.7) 0.046
66 (76.7) 20 (23.3)

57 (54.8) 47 (45.2) 1.00
24 (53.3) 21 (46.7)

71 (68.3) 33 (31.7) 0.567
33 (73.3) 12 (26.7)

23 (71.9) 9 (28.1) 0.028
58 (49.6) 59 (50.4)

20 (62.5) 12 (37.5) 0.385
84 (71.8) 33 (28.2)

41 (62.1) 25 (37.9) 0.100
40 (48.2) 43 (51.8)

47 (71.2) 19 (28.8) 0.858
57 (68.7) 26 (31.3)

56 (50.9) 54 (49.1) 0.191
25 (64.1) 14 (35.9)

78 (70.9)
26 (66.7)

42 (50.6) 41 (49.4) 0.324
39 (59.1) 27 (40.9)

56 (67.5)
48 (72.7)

The chemotherapeutic regimen was doublet chemotherapy containing fluoropyrimidine
(5-FU or capecitabine) and platinum (cisplatin
or oxaliplatin). All patients were treated with at
least two cycles of chemotherapy. The primary
endpoint was overall survival which was defined
as the time from the date of diagnosis to the
death due to any cause or the last follow-up,
and censored at the last observation date that
each patient was known to be alive. The median follow-up duration was 31.0 months. During
78 months follow-up, 108 (72.5%) patients
were died, with the five-year survival rate of
27.3%.
Immunohistochemistry (IHC) assay
For IHC staining, 4-micrometer-thick sections
were deparaffinized, and endogenous peroxidase was blocked by 3% H2O2. After antigen
retrieval, sections were treated with monoclonal antibody against ULK1 and BECN1, respectively, and then with secondary antibody.
Furthermore, a known ULK1 positive case and
ABECN1 positive cases were used as the positive controls, and phosphate buffered saline
was used as negative control.
The expression levels of ULK1 and BECN1 were
independently evaluated by two pathologists
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Low

who were unware of the
clinical data. All cases
were scored using a semiquantitative scoring method, as described previously [22]. To evaluate the
relationship between the
expression levels of ULK1
and BECN1 and clinical
features and overall survival, patients were divided
into high or low expression
group according to the reference [22].
Statistical analyses

Statistical analyses were
performed using SPSS
32 (29.1) 0.686
soft-ware (version 20.0,
13 (33.3)
SPSS Inc. Chicago, IL).
Associations between ULK1 and BECN1 expression
27 (32.5) 0.590
and clinical features were
18 (27.3)
examined using χ2 test.
The Kaplan-Meier model
was used to estimate the survival rates, and
differences in survival between subgroups
were compared using log-rank test. Cox proportional hazards regression model was used to
examine the associations of clinical and pathologic variables, such as age, sex, tumor differentiation, smoking status, drinking status, and
TNM stage, ULK1, and BECN1, and overall survival. A two-sided P value of < 0.05 was considered statistically significant.
Results
ULK1 and BECN1 expression in gastric cancer
Representative images of negative and positive
ULK1 and BECN1 immunostains were shown in
Figure 1. Specific staining of ULK1 and BECN1
was mostly found in the cytoplasm. Both ULK1
and BLCN1 were significantly upregulated in
gastric cancer tissues compared with adjacent
non-cancerous tissues (P < 0.001).
Association of ULK1 and BECN1 expression
with clinicopathological features
The descriptive statistics of gastric cancer
samples were presented in Table 1, by the
expression status of ULK1 and BECN1, respecInt J Clin Exp Pathol 2016;9(3):3735-3742
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Table 2. Univariate and multivariate Cox regression analysis of overall survival in 168 patients with
advanced gastric cancer
Univariate analysis
HR (95% CI)
P value
Age (≤ 65 years vs > 65 years)
1.300 (0.883-1.915)
0.184
Sex (male vs female)
1.032 (0.685-1.555)
0.880
Histologic grade (3 vs 2)
0.689 (0.445-1.067)
0.950
Smoking status (smoker vs non-smoker) 1.201 (0.817-1.764)
0.351
Drinking status (drinker vs non-drinker)
1.088 (0.714-1.658)
0.696
TNM stage (IV vs III)
1.534 (1.050-2.241)
0.027
BECN1 (high vs low)
0.593 (0.406-0.868)
0.007
ULK1 (high vs low)
1.545 (1.008-2.370)
0.046
Combination of BECN1 and ULK1 expression
0
1
1
1.909 (1.068-3.413)
0.029
2
2.523 (1.396-4.559)
0.002
0
1
1+2
2.151 (1.242-3.727)
0.006
Variables

Multivariate analysis
HR (95% CI)
P value
1.351 (0.897-2.033)
0.149
1.007 (0.662-1.531)
0.974
0.656 (0.415-1.037)
0.071
1.021 (0.682-1.529)
0.919
1.134 (0.736-1.747)
0.569
1.706 (1.140-2.551)
0.009
0.560 (0.375-0.836)
0.005
1.332 (0.857-2.071)
0.203
1
1.894 (1.043-3.440)
2.633 (1.442-4.808)
1
2.194 (1.251-3.847)

0.036
0.002
0.006

Figure 2. Kaplan-Meier curves of the overall survival of patients with advanced gastric cancer according to the
expression levels of ULK1 and BECN1. Patients with low ULK1 expression (A) or high BECN1 expression (B) got
better overall survival. The number of unfavorable factors (high ULK1 expression and low BECN1 expression) was
positively correlated with the risk of mortality (C).

tively. ULK1 and BECN1 expression were significantly associated with age at diagnosis (P =
0.046) and histologic grade (P = 0.026), respectively. No significant association was observed
between ULK1 and BECN1 expression and
other clinicopathological features.
Effect of ULK1 and BECN1 expression on the
overall survival of gastric cancer patients
In the univariate survival analysis, TNM stage
(hazard ratio [HR] = 1.534, 95% confidence
interval [CI]: 1.050-2.241, P = 0.027), ULK1
(HR = 1.545, 95% CI: 1.008-2.370, P = 0.046)
and BECN1 expression (HR = 0.593, 95% CI:
0.406-0.868, P = 0.007) were associated with
overall survival (Table 2). Figure 2 presented
the Kaplan-Meier overall survival curves for
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high and low ULK1 and BECN1 expression
cases. In the multivariate survival analysis, only
TNM stage (adjusted HR = 1.706, 95% CI:
1.140-2.551, P = 0.009) and BECN1 expression (adjusted HR = 0.560, 95% CI: 0.3750.836, P = 0.005) remained significant after
adjustment for age at diagnosis, sex, histological grade, smoking, and drinking status.
Furthermore, we evaluated the cumulative
effect of ULK1 and BECN1 expression on overall survival of gastric cancer patients. Patients
with 1 (low BECN1 expression or high ULK1
expression) and 2 unfavorable factors (low
BECN1 expression and high ULK1 expression)
had 1.894- (95% CI: 1.043-3.440) and 2.633fold (95% CI: 1.442-4.808) increased risk of
death. There results indicated that patients
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Table 3. Stratification analysis of GNL3 expression associated with
survival of patients with gastric cancer
Variables

BECN1
HR (95% CI)

Age (years)
> 65
0.389 (0.193-0.788)
≤ 65
0.636 (0.380-2.647)
Sex
Male
0.577 (0.356-2.019)
Female 0.484 (0.211-1.113)
Histologic grade
2
0.914 (0.330-2.537)
3
0.490 (0.308-0.782)
Smoking
Smoker 0.586 (0.315-1.090)
Never
0.545 (0.318-0.934)
Alcohol drinking
Drinker 0.495 (0.309-0.792)
Never
0.964 (0.394-2.361)
TNM stage
III
0.489 (0.282-0.850)
IV
0.635 (0.339-1.189)

P value

ULK1
HR (95% CI)

P value

0.009
0.084

1.178 (0.579-2.400)
1.437 (0.780-2.647)

0.651
0.245

0.025
0.088

1.197 (0.710-2.019)
1.215 (0.499-2.961)

0.500
0.668

0.864
0.003

1.473 (0.583-3.724)
1.458 (0.853-2.492)

0.413
0.168

0.091
0.027

1.199 (0.587-2.450)
1.352 (0.740-2.470)

0.619
0.327

ing chemotherapy represents a novel therapeutic strategy for cancer [9,
12-14]. In the present study,
we found that the expression levels of ULK1 and
BECN1 were associated
with the prognosis of advanced gastric cancer patients treated with fluoropyrimidine/platinum chemotherapy. Autophagy-related proteins may serve as
biomarkers for identifying
which patients will benefit
from fluoropyrimidine/platinum chemotherapy.

BECN1, an essential regulator of autophagy, acts as
a canonical initiator of
autophagy through triggering a cascade of proteins
0.011
1.201 (0.647-2.228) 0.562
involved in autophagolyso0.156
1.443 (0.737-2.826) 0.285
some formation [24, 25].
Mono-allelic deletion of
with low BECN1 expression and/or high ULK1
BECN1 can promote tumor development [26].
Although BECN1 is downregulated in breast
expression could not benefit from fluoropyrimicancer [27], it is often upregulated in other
dine/platinum chemotherapy.
types of cancer, including gastric [17], colorecStratified analyses
tal [15, 28], and liver cancers [29]. High expression level of BECN1 usually predict good progTo exactly investigate the effect of ULK1 and
nosis in many types of cancer such as breast
BECN1 expression on overall survival, we per[27], gastric [17, 19], and liver cancers [29]. In
formed stratified analysis based on clinicopathagreement with the results of previous studies,
ological features. There were significant differwe found that gastric cancer patients with high
ences in overall survival between high and low
BECN1 expression had good prognosis when
BECN1 expression groups among patients
received fluoropyrimidine/platinum chemotherolder than 65 years, male patients, never smokapy, especially for those with poor differentiaers, drinkers, and those with poor differentiation or drinkers. A study by Li et al. [30] showed
tion or TNM stage III (P < 0.05, Table 3).
that inhibition of BECN1 promoted autophagy
However, stratified analyses based on clinicoin pancreatic cancer cells and decreased its
pathological features yielded non-significant
sensitivity to gemcitabine. A recent study by
association in approach to ULK1 expression (P
Correa et al. revealed that BECN1 was dispens> 0.05).
able for autophagy induction in ovarian cancer
cells [31]. Apart from the role in triggering
Discussion
autophagy, it is far more important that BECN1
may delays cell cycle progression of cancer
Autophagy is the basic catabolic mechanism
cells and induce differentiation once a tumor
that involves degradation of unnecessary or
develops [32, 33]. Further studies are required
dysfunctional cellular components through the
to determine the precise mechanism underlyresident lysosomal machinery [23]. In addition,
ing the role of BECN1 in gastric cancer.
autophagy serves prosurvival function in
response to chemotherapeutic drugs in cancer
ULK1 forms a stable complex with multiple procells, and thus suppression of autophagy durteins including ATG13 and FIP200, and this
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0.003
0.937

1.170 (0.692-1.978)
1.796 (0.736-4.383)

0.557
0.198
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complex is essential for the regulation of
autophagy [34-37]. As a crucial autophagosomal modulating protein, ULK1 is often overexpressed in many types of human cancers, and
may function as an oncogene to promote cancer cells growth, invasion, and metastasis [8,
16, 20, 38, 39]. In the early-stage cancer, ULK1
overexpression may contribute to promote
autophagy initiation and protect cancer cells
from apoptosis, especially for those at the early
stage. Previous studies have demonstrated
that high ULK1 expression is usually associated with poor prognosis of cancer patients [8,
16, 20, 38, 39]. In the present study, ULK1 was
upregulated in gastric cancer, and its expression was associated with poor prognosis in gastric cancer patients. Although the difference
disappeared after adjustment for age at diagnosis, sex, histological grade, smoking, and
drinking, there was cumulative effect of ULK1
and BECN1 expression on the prognosis of gastric cancer patients. Combined use of ULK1
and BECN1 may improve the accuracy of predicting the prognosis of patients receiving chemotherapy. However, Tang et al. [21] reported
that reduced expression of ULK1 was associated with decreased autophagic capacity in
breast cancer, leading to disease progression.
These findings imply different functions of
ULK1 in different types of cancer.
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