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Abstract

Objective: Beclinl plays a central role in the activation of the autophagy signaling pathway.
Beclinl and LC3-related proteins are involved in the initial steps of autophagy, which are closely
related to the occurrence and development of tumors. The current meta-analysis aimed to clarify
the correlation between expression of Beclin| and LC3 and prognosis of ovarian cancer.
Methods: We searched PubMed, Embase, The Cochrane Library, Web of Science, and CNKI
using predefined selection criteria. Pooled hazard ratios and relative risks with 95% confidence
intervals were used to evaluate the correlation between autophagy-related genes Beclin/ and LC3
and overall survival (OS), progression-free survival (PFS), and International Federation of
Gynecology and Obstetrics (FIGO) stage.

Results: In total, 497 patients from 10 articles were enrolled in this meta-analysis. Expression of
Beclin| was significantly correlated with improved OS and PFS, and increased expression of Beclin
was correlated with early FIGO stage, but not with lymph node metastasis or histological grade. No
association was found between LC3 expression and prognosis in patients with ovarian cancer.
Conclusions: Expression of Beclin| is an independent risk factor for the progression of ovarian
cancer. Thus, Beclin| is a promising indicator in predicting prognosis in patients with ovarian cancer.
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Introduction

Ovarian cancer is the third most common
gynecological malignant tumor in the
female reproductive system, with about
21,750 new cases worldwide every year.
The 5-year survival rate of ovarian cancer
patients is only 48%." According to statis-
tics, 59% of patients have distant metastasis
when diagnosed with the disease. Despite
tumor cell cytoreductive surgery and first-
line chemotherapy, about 70% to 80% of
stage III-IV patients relapse within
5 years.>’ Ovarian cancer is prone to be
resistant to chemotherapy drugs, which
greatly affects the prognosis and life quality
of patients.

Autophagy is a highly conserved degra-
dation mechanism. The autophagy of
eukaryotic cells is effected via three
pathways: macroautophagy, chaperone-
mediated autophagy, and microautoph-
agy.*> The correlation between autophagy
and ovarian cancer has gained increasing
attention in recent years. Our previous
study demonstrated a critical role of the
autophagy-related gene Beclinl in the pro-
cess of killing ovarian cancer cells by che-
motherapy,  whereas  regulation  of
autophagy of abnormal cell autophagy reg-
ulation was closely related to chemotherapy
resistance.® Therefore, with the present
meta-analysis, we aimed to assess the corre-
lation between the expression of Beclinl
and LC3 in ovarian cancer patients and
prognosis. This would aid in exploring the
role of autophagy in the occurrence and
development of ovarian cancer and provide
a reference for the diagnosis, treatment, and
prognosis of this disease.

Material and methods

This study was conducted according to the
guidelines outlined in Preferred Reporting
Items for Systematic Reviews and Meta-
analysis (PRISMA) statement. Ethical

approval and informed consent were
deemed unnecessary for this meta-analysis.

Search strategy

Publications were retrieved from the
PubMed, Embase, The Cochrane Library,
Web of Science, and CNKI databases up to
31 October 2019. The keywords in our
investigation were (ovarian cancer or ovar-
ian neoplasm or ovarian tumor or ovarian
carcinoma) and (autophagy-related protein
or Beclinl or Beclin-1 or BECNI1 or LC3).
The search was performed independently in
duplicate by two investigators (Xinbei Chen
and Yang Sun).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1)
any human studies that estimated the level
of Beclinl and LC3 expression and progno-
sis and were published in English and
Chinese; (2) the patients in the original
research were definitively diagnosed with
ovarian cancer by histopathology; (3) the
correlation between Beclinl and LC3
expression and the clinicopathological
parameters or prognosis of ovarian cancer
was reported; (4) hazard ratios (HRs) and
95% confidence intervals (Cls) could be
extracted directly from the article or calcu-
lated indirectly by the Kaplan—Meier curve.
Studies were excluded if they met one of the
following criteria: (1) reviews and case
reports; (2) studies carried out on cell or
animal specimens; (3) in a language other
than English or Chinese; or (4) full-text of
the article was not available.

Data extraction and quality assessment

The data were independently extracted by
two investigators (Xinbei Chen and Yang
Sun) from the published literature, accord-
ing to the prescribed standards. The results
were carefully checked by a third investiga-
tor (Bingrong Wang). The specific
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characteristics were extracted from each
study: first author, year, nation, number
of patients, average age, International
Federation of Gynecology and Obstetrics
(FIGO) stage, lymph node metastasis, and
HR. The quality of retrieved papers was
evaluated using the WNewcastle-Ottawa
scale (NOS); the scores varied from 0 to 9,
and a score of >6 indicated a high-quality
study.

Statistical analysis

Results were pooled and expressed as HR
and 95% CI using RevMan5.3 (The Nordic
Cochrane Centre, www.cochrane.org) to
evaluate the correlation between
autophagy-related genes Beclinl and LC3
and prognosis. For studies that only pro-
vided the Kaplan—Meier curves, we estimat-
ed the HR and 95% CI from the curves.
Heterogeneity was assessed by the inconsis-
tency index I°, which was considered signif-
icant at >50%. If the heterogeneity was
significant, the random-effects model was
adopted; otherwise, the fixed-effects model
was used. A sensitivity analysis was per-
formed to estimate the reliability of the
pooled result.

Results

Inclusion criteria

A total of 1410 studies were identified
according to the search strategy. Of these,
163 studies were removed because of dupli-
cation. Then, the abstracts were screened,
and 1352 studies were excluded due to
duplication or because they were case
reports, reviews, or laboratory research
reports. After screening the full-text of the
articles, 48 studies were excluded. Finally,
10 studies were included for further analysis
(Figure 1). These studies were published
from 2012 to 2017. One article was in
Chinese and the others were in English.

The studies encompassed 1497 patients.
The expression of Beclinl and LC3 expres-
sion in ovarian cancer specimens was eval-
uvated by immunohistochemistry (IHC).
The HR of five studies was obtained direct-
ly from the articles or, in three studies, indi-
rectly calculated from the Kaplan—Meier
curves. The NOS score of the enrolled stud-
ies ranged from 5 to 8, and the studies were
mostly high quality (Figure 2). The baseline
characteristics of the included studies” '
are shown in Table 1.

Correlation between Beclin| and
prognosis of ovarian cancer

Six studies reported a correlation between
Beclinl expression and overall survival
(08). 15717 Because the samples were
not heterogeneous (I*>=0%), the fixed-
effect model was applied to calculate the
accumulated HR and 95% CI. The results
indicated that patients with increased
Beclinl expression showed improved OS
(HR =0.56, 95% CL: 0.44-0.71,
P <0.00001) (Figure 3). Two studies evalu-
ated the correlation between Beclinl expres-
sion and  progression-free  survival
(PFS),'"'7 and because no heterogeneity
was observed (I =0%), we used the fixed-
effects model. The pooled results suggested
that the PFS was improved in patients with
high Beclinl expression (HR =0.50, 95%
CI: 0.32-0.79, P=0.003) (Figure 4).

Correlation between Beclinl and FIGO
stage of ovarian cancer

Eight studies included FIGO stage (III/IV
vs. I/11) associated with different expression
levels of Beclinl.* "% '8 Because of the
heterogeneity among the included studies
(I?=74%), the random-effect model was
used to generate cumulative relative risk
(RR), together with the corresponding
95% CI. The results demonstrated that
ovarian cancer with elevated Beclinl
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Figure |. Schematic of the study search and the selection process.

expression was predisposed to early (I/II)
FIGO stage (RR=0.78, 95% CI: 0.62—
0.99, P=0.04) (Figure 5).

Correlation between Beclin| and lymph
node metastasis

Four studies elucidated the link between
Beclinl expression and lymph node metas-
tasis.”!*!*1¢ With obvious heterogeneity
among the included studies (1> =76%), the
random-effects model was used to generate
the cumulative RR and corresponding 95%
CI, which showed statistical significance
(RR=0.83, 95% CI: 0.50-1.37)
(Figure 6). Although ovarian cancer
patients with upregulated Beclinl expres-
sion had a lower incidence of lymph node
metastasis, the difference was not statisti-
cally significant.

Correlation between Beclinl and
histological grade

Herein, four studies investigated the associ-
ation between Beclinl expression and histo-
logical grade.”!*!*1® Because the samples
were  heterogeneous  (I>=87%), the
random-effects model was applied to calcu-
late the accumulated RR and 95% CI
(Figure 7). No significant association was
detected between Beclinl expression and
histological grade.

Correlation between LC3 and prognosis
of ovarian cancer

To further understand the prognosis of
LC3, we investigated the correlation
between LC3 expression and OS.''"!316
As shown in Figure 8, heterogeneity was
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Figure 2. Risk of bias graph, including (A) risk of bias items for each included study, and (B) judgments

about each risk of bias item.

observed (I* =72%) and the random-effects
model was applied. The pooled results
showed no association between LC3 expres-
sion and prognosis of ovarian cancer
patients.

Subgroup analysis

Subgroup analyses were stratified by
region, sample size, and method of extrac-
tion (direct extraction of HRs and 95% CI
from the published paper versus indirect
extraction from Kaplan—Meier curves) for
OS. As shown in Table 2, the combined
HRs for China and other regions were
0.59 (95% CI: 0.45-0.79, P=0.0004) and
048 (95% CI: 0.30-0.76, P=0.002).

The combined HRs for small and large
sample sizes were 0.56 (95% CI: 0.39—
0.81, P=0.002) and 0.56 (95% CI: 0.40—
0.77, P=0.0005), respectively, when 100
patients were used as the threshold. In addi-
tion, the summary HR was 0.52 for direct
extraction group (95% CI: 0.37-0.73,
P=0.0001) and 0.56 for the indirect extrac-
tion group (95% CI: 0.40-0.77, P=0.000).
The heterogeneity of the indirect extraction
group was larger than that of the direct
extraction group, albeit not significantly.

Sensitivity analysis

Sensitivity analysis was performed to deter-
mine the reliability of the pooled results.
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Baseline characteristics of the included studies.

Table I.

Histological

grade

Lymph node

Research
object

metastasis

TNM stage

Assay

Sample
size

HR statistic

(G1+G2/G3)

(I-1/1I0=1V) -~ (yes or no)

method

Age (years)

Region

Author

Survival curve
Data in paper
Data in paper
Survival curve
NA

Data in paper
Data in paper
Data in paper
Survival curve

NA

Beclinl, LC3

Beclin|
Beclin|

LC3

Beclinl, LC3
Beclin|
Beclin|

LC3

Beclin|
Beclin|

g _= &
4 337% %4
= LU0 el
o — — 00 N 0 O
nZownmstsmZ<sonll
o 0 0o — —
— O VO MO TO T M
OOV —FTT oM — — —
S
« c c© «© [v]
c « c C
bmgc.E,EEmmE
S O C @ £ < aoac
200000 &8 0
oz
+ N o NN~
~ 10 N S O
Soo N
QI No o o, = 2
Ve R YR TEo
=TS 52288
< o IS ERER TN
RS = s
2 o rm,N-”SS“’
GTRESST808 %
e I [ e
b0 & I £
gmﬂ);muwmﬁo
ﬁ‘écg_c‘“'a.bEE
SY Tk =20 XN

IHC, immunohistochemistry; TNM, tumor node metastases; HR, hazard ratio.

The pooled HR for OS and FIGO stage was
not influenced by the sequential exclusion
of studies, indicating the consistency of
the results.

Discussion

Autophagy is a highly conserved process of
programmed cell death. Under stress,
autophagy can also degrade proteins, glyco-
gen, and damaged organelles in lysosomes
via a series of pathways and provide energy
for cell survival.'” Abnormal autophagy
regulation may lead to  tumors.
Intriguingly, autophagy plays a dual role
in malignant tumors. In early stages, it
often inhibits the progression of tumors,
whereas in later stages, it resists stress envi-
ronments such as hypoxia and nutritional
deficiency and induces drug resistance to
promote tumor development.?

Recent studies have demonstrated that
the autophagy-related genes Beclinl and
LC3 could be used to predict the prognosis
of malignant tumors. Beclinl was found to
be associated with the clinical prognosis of
patients (breast cancer and gastric cancer),
and patients with high expression of Beclinl
exhibited a satisfactory outcome.?'*
Researchers are paying more attention to
the correlation between autophagy and
gynecological malignancies. Our previous
study discovered that the upregulation of
Beclinl was related to the downregulation
of vascular endothelial growth factor
(VEGF) and matrix metalloproteinase 9
(MMP-9); both proteins inhibit cell prolif-
eration, invasion, and metastasis. In addi-
tion, cervical cancer patients with high
expression of Beclinl show a higher 3-year
0S.** Studies concerning autophagy and
ovarian cancer in the SKOV3/DDP cell
line demonstrated that Beclinl regulates
antitumor activity through a
mitochondrial-dependent pathway. Cells
with high expression of Beclinl showed an
increasing number of apoptotic cells under
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Hazard Ratio

Study or Subgroup _ log[Hazard Ratio] SE_Weight IV, Fixed, 95% CI

Hazard Ratio
IV, Fixed, 95% CI

Cai 2014 -0.5852 0.2796 19.9% 0.56[0.32, 0.96]
Jin 2017 -0.478 0.2236 31.2% 0.62 [0.40, 0.96]
Katagiri 2015 -0.7985 0.3424 13.3% 0.45[0.23, 0.88]
Lin 2013 -0.7154 0.2974 17.6% 0.49[0.27, 0.88]
Minamoto 2017 -0.6931 0.3317 14.2% 0.50 [0.26, 0.96]
zhao 2013 0.3906 0.6419 3.8% 1.48[0.42, 5.20]

Total (95% CI) 100.0% 0.56 [0.44, 0.71]

Heterogeneity: Chi’ = 3.23, df = 5 (P = 0.67); I = 0% I
Test for overall effect: Z = 4.66 (P < 0.00001)

Figure 3. Forest plot for the association between Beclin| expression and overall survival. Cl, confidence

interval.

10

100

Hazard Ratio Hazard Ratio
Study or Subgroup Iog[Hazard Ratio] SE_ Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Katagiri 2015 -0.734 0.3328 49.4% 0.48 [0.25, 0.92] ——
Minamoto 2017 -0.6539 0.3288 50.6% 0.52[0.27, 0.99] ——
Total (95% CI) 100.0% 0.50 [0.32, 0.79] -
Heterogeneity: Chi* = 0,03, df = 1 (P = 0.86); I* = 0% b o1 H 100

Test for overall effect: Z = 2.96 (P = 0.003)

Figure 4. Forest plot for the association between Beclin| expression and progression-free survival. Cl,

confidence interval.

Risk Ratio
M-H, Random, 95% CI

Experimental  Control Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl
Cai 2014 52 83 41 62 15.9% 0.95 [0.74, 1.21]
Jin 2017 10 43 13 20 8.1% 0.36 [0.19, 0.67)
Ju 2016 12 20 7 19 7.3% 1.63 [0.82, 3.24]
Katagiri 2015 7 15 30 45 B.GW 0.70 [0.39, 1.25]
Lin 2013 41 119 34 50 14.4% 0.51[0.37, 0.69]
Minamato 2017 30 B1 52 B0  14.6% 0.76 [0.56, 1.02]
Valente 2014 17 27 24 34 13.2% 0.89 [0.62, 1.28]
zhao 2013 104 145 62 86 17.5% 0.99 [0.84, 1.18]
Total (95% CI) 513 396 100.0% 0.78 [0.62, 0.99]

Total events

273
Heterageneity: Tau® = 0,08; Chi® = 26.97, df = 7 (F = 0.0003}; I = 74%

263

Test for overall effect: Z = 2.01 (P = 0.04)

Figure 5. Forest plot for the association between Beclin/ expression and International Federation of
Gynecology and Obstetrics (FIGO) stage. Cl, confidence interval; M-H, Mantel-Haenszel.

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, 95% Cl M-H, 95% CI
Cai 2014 18 24 55 90 32.7% 1.23 [0.92, 1.63] el
Jin 2017 6 16 17 47 20.4% 1.04 [0.50, 2.17] -
Katagiri 2015 3 9 34 51 15.9% 0.50 [0.19, 1.29] e
Lin 2013 29 86 46 83 30.9% 0.61 [0.43, 0.87] -
Total (95% CI) 135 271 100.0% 0.83 [0.50, 1.37]
Total events 56 152

3 o - Chit = - - o b 1 ; |
Heterogeneity: Tau® = 0.18; Chi* = 12.50, df = 3 (P = 0.006); I = 76% hor o1 T 0 100

Test for overall effect: Z = 0.74 (P = 0.46)

Figure 6. Forest plot for the association between Beclin| expression and lymph node metastasis. Cl,

confidence interval; M-H, Mantel-Haenszel.

a specific concentration of cisplatin.®
Recent studies have found that autophagy
may be related to targeted therapy of
ovarian cancer. Wen et al.>* proposed a

human-derived  monoclonal  antibody
MORAB-003 (farletuzumab) against folate
receptor-o. (FRa) by regulating autophagy-
related genes Beclinl and LC3-11, which can
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup _ Events _ Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% C1
Cai 2014 28 54 65 94  27.3% 0.75 [0.56, 1.00]
lJin 2017 12 17 11 46 21.9% 2,95 [1.62, 5.38] i
Lin 2013 13 40 61 129 24.1% 0.69 [0.42, 1.11]
Valente 2014 20 38 21 23 26.8% 0.58 [0.42, 0.80] .
Total (95% Cl) 149 292 100.0% 0.92 [0.53, 1.60]
Total events 73 158

- 2z . i? - |12 } + i {
Heterogeneity: Tau® = 0.27; Chi’ = 22.75, df = 3 (P < 0.0001); I’ = 87% .01 o1 1 10 100

Test for overall effect: Z = 0.28 (P = 0.78)

Figure 7. Forest plot for the association between Beclin| expression and histological grade. Cl, confidence

interval; M-H, Mantel-Haenszel.

Hazard Ratio

Hazard Ratio

Study or Subgroup _log[Hazard Ratio] SE Weight IV, Random, 95% CI v, 95% Cl

Jin 2017 -0.6162 0.6535 21.1% 0.54 [0.15, 1.94] —  * [

Minamato 2017 -0.5621 0.5344 24.4% 0.57 [0.20, 1.62] —_—T

Miyamoto 2017 1.4929 0.5251 24.6% 4.45[1.59, 12.45] — &

Spowart 2012 0.6678 0.3407 30.0% 1.95 [1.00, 3.80] =

Total (95% CI) 100.0% 1.35 [0.54, 3.39] -’-

Heterogeneity: Tau® = 0.62; Chi® = 10.59, df = 3 (P = 0.01); I* = 72% bt o1 1 i oo

Test for overall effect: Z = 0.64 (P = 0.52)

Figure 8. Forest plot for the association between LC3 expression and overall survival. Cl, confidence

interval.

Table 2. Results of subgroup analyses for Beclin| expression and overall survival.

Heterogeneity

Stratified analysis Number of studies HR (95% CI) P-value 1% (%) P-value
Region

China 4 0.59 (0.4-0.79) 0.0004 0 0.47
Other 2 0.48 (0.30-0.76) 0.002 0 0.83
Sample size

<100 2 0.56 (0.39-0.81) 0.002 0 0.43
>100 4 0.56 (0.40-0.77) 0.0005 0 0.46
Extracted method

Direct 3 0.52 (0.37-073) 0.0001 0 0.94
Indirect 3 0.61 (0.43-0.86) 0.006 26 0.26

HR, hazard ratio; Cl, confidence interval.

promote the expression of LC3-1I and the
formation of autophagic vacuoles. We
found a meta-analysis that evaluated the
prognostic role of autophagy-related pro-
teins in epithelial ovarian cancer in 2017,%
but the number of studies included was
smaller and the quality was average com-
pared with those of the current meta-
analysis. It found that the expression of

Beclinl and LC3 was not related to the
prognosis of ovarian cancer, a finding that
is inconsistent with recent clinical studies.
In our meta-analysis, we included a larger
number of recent clinical studies of higher
quality to better reflect the relationship
between the expression of Beclinl and
LC3 and the prognosis of ovarian cancer.
Our results showed that ovarian cancer
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patients with high expression of Beclinl had
better prognosis, longer OS and PFS, and
earlier FIGO stage than those with low
expression. However, expression of LC3
was not significantly correlated with prog-
nosis of ovarian cancer. In our study,
Beclinl expression was not associated with
lymph node metastasis or histopathological
grade. Thus, additional studies focusing on
the correlation between autophagy and
ovarian cancer are essential. Zhou et al.*®
conducted cell experiments and found that
tanshinone I promotes Beclinl expression
and increases autophagy to suppress the
proliferation of the ovarian cancer cell
lines A2780 and ID-8 by inhibiting the
phosphoinositide 3-kinase/protein kinase
B/mammalian target of rapamycin (PI3K/
AKT/mTOR) pathway. Liang et al.*” pro-
posed that the transfection of STAT-DN
(dominant negative signal transducer and
activator of transcription) in SKOV3 ovar-
ian cancer cells inhibits the mitogen-
activated protein kinase (MAPK) and
PI3K/AKT/mTOR signaling pathways,
activates the expression of autophagy-
related molecules, reduces the resistance of
cells to cisplatin therapy, and promotes cell
death. These studies suggested a putative
mechanism for the prognosis of ovarian
cancer with the highly expressed Beclinl.
Bhattacharjee et al.”® demonstrated that
ormeloxifene promotes the expression of
Beclinl and LC3-II by inhibiting the
PI3K/AKT/mTOR signaling pathway,
which in turn, significantly reduces the size
of ovarian cancer tumors in mice. As
described earlier, several studies have
found that the drug-elevated expression of
Beclinl promotes the death of ovarian
cancer cells, reduces tumor volume, and
improves the prognosis of ovarian cancer
patients, which is consistent with the results
of the current meta-analysis. Beclinl, a pro-
tein that interacts with either BCL-2 or
PI3k class III, plays a critical role in the
regulation of both autophagy and cell

death, and LC3 is an autophagy-related
protein considered to be a sign of ongoing
autophagy.'"® Usually, the expression of
Beclinl and LC3 is highly consistent.
However, in the current meta-analysis,
expression of LC3 was not significantly cor-
related with the prognosis of ovarian
cancer. This might be due to the high
expression of BCL-2, which may cause
Beclinl to lose the effect of autophagy and
decrease autophagy, which might show that
the expression of LC3 was negative.'*
Minamoto et al.'' noted that cancers that
are Beclinl-positive but LC3-negative may
be associated with a function of Beclinl
outside its involvement in autophagy. In a
previous study, Rohatgi et al.* reported
that Beclinl regulates growth factor signal-
ing, including AKT and the extracellular
signal-regulated kinase (ERK) pathway.
More in-depth clinical research is required
to explore this issue.

The present study has some limitations.
First, the studies included were all cohort-
based, which represents a medium quality
of clinical evidence; the meta-analysis
lacked non-public published literature.
Second, the IHC methods and scoring cri-
teria adopted in each study were slightly
different. The evaluation methods were
qualitative and not quantitative.
Moreover, the samples investigated in this
meta-analysis were obtained intraopera-
tively, making it impossible to investigate
longitudinal changes in expression of
Beclinl and LC3 before and after chemo-
therapy. Furthermore, for some studies,
we extracted HR values using the Kaplan—
Meier curve, which might have introduced
some errors in the results. Our study was
not registered in PROSPERO.

Conclusion

The expression of the autophagy-related
gene Beclinl is an independent risk factor
that affects the prognosis of ovarian cancer
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patients. It can be applied to screen patients
for poor prognosis and would provide a
basis for clinicians to develop personalized
treatment plans. prospective and large-scale
studies are essential to confirm the correla-
tion between autophagy and the prognosis
of ovarian cancer. We hope to explore the
correlation between autophagy and chemo-
therapy resistance through clinical trials in
the future.
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