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Serous ovarian carcinoma (SOC) is an  ovarian cancer with a  high fatality rate. 
Therefore, a lot of researchers have tried to identify novel prognostic biomarkers 
which might improve the patient prognosis.
The aims of the study were to detect the tissue protein expression of Beclin-1 in 
addition to HIF-1α in SOC patients, to evaluate the relationship between their ex-
pression, the clinicopathological parameters, patients’ prognosis, and the relation 
to chemotherapy resistance in SOC.
We evaluated the expression of Beclin-1 in addition to HIF-1α in 60 patients with 
SOC using immunohistochemistry, followed all patients for about 36 months, ana-
lyzed associations between both markers' expression, clinicopathological data, and 
patients’ prognosis.
Beclin-1 expression was related to low grade (p = 0.002), early SOC stage, absence 
of peritoneal spread (p = 0.006), and absence of lymph nodes, and distant metas-
tases (p = 0.004 and < 0.001 respectively), while HIF-1α expression was associ-
ated with higher grade and stage (p = 0.007), and presence of nodal and distant 
metastases (p < 0.001 and = 0.012 respectively).
High Beclin-1 expression and low HIF-1α expression were positively associated 
with good response to chemotherapy (p = 0.047 and p = 0.022 respectively), 
a lower recurrence rate after successful therapy (p = 0.006 and < 0.001 respective-
ly), and increased three-year recurrence-free and overall survival rates (p < 0.001). 
In SOC patients; Beclin-1 is a good prognostic marker, while HIF-1α is a poor 
prognostic marker. 
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Introduction

Serous ovarian carcinoma (SOC) is a  subtype 
of ovarian cancer with a high fatality rate. The ab-
sence of symptoms in the early stages of SOC leads 
to a delay in its diagnosis. As a  result of  that most 
patients are diagnosed in a  late stage, with poorer 
prognosis. Cytoreductive surgery, in addition to cur-
rently used chemotherapeutics, is the 1st line of man-
agement of  SOC patients, but many patients who 
receive chemotherapeutic agents develop chemo-re-
sistance that subsequently worsens the prognosis [1]. 
Thus, a lot of researchers have tried to identify novel 
prognostic biomarkers which might improve surviv-
al and decrease the  SOC recurrence rate. Recently, 
many studies have focused on the role of autophagy 
and its biomarkers in cancer research. Autophagy is 
a  homeostatic recycling mechanism of  intracellular 
structures, and it is a  form of  non-apoptotic pro-
grammed cell death. There is evidence that autoph-
agy is required for normal cell survival and viabili-
ty [2].

Many studies have tried to detect the role of ab-
normal regulation of  autophagy in the  initiation, 
promotion, or progression of  malignancies  [3], au-
tophagy being considered a novel trend in research 
in the  assessment of  oncogenesis, cancer growth 
control, and clarification of  how to overcome resis-
tance to chemotherapy. However, the results are con-
flicting as to the exact mechanism of the regulation 
of autophagy as its role in cancer is complex [4, 5]. 
The autophagy-related protein Beclin1 was found to 
have a  role in the  induction thereof. Beclin-1 maps 
to the locus of a tumor susceptibility gene of 150 kb 
on chromosome 17q21 [6] which was primarily dis-
covered as an onco-suppressor gene [7]. Beclin-1 loss 
leads to a decrease in autophagic activity with vari-
able effects on different types of cancers [8]. 

Beclin1 expression fluctuates during malignant 
progression, so it was hypothesized that it might be 
related to it. 

Ovarian cancer is a  solid cancer that has a  rapid 
rate of growth, and when angiogenesis fails to supply 
newly formed tumor cells with adequate and suffi-
cient nutrients, tumor tissues will suffer from hypox-
ia that could induce tumor cell necrosis that could 
limit the  increase in cancer size. However, marked 
hypoxia could lead to an  increase in pro-survival 
stimulatory pathways and increased angiogenesis, 
which subsequently accelerated cancer cell invasion 
and metastasis [9]. 

Hypoxia-inducible factor 1 (HIF-1) is a transcrip-
tion factor formed of α and β subunits. It was the first 
detected mediator of the cellular hypoxia response in 
human cells [10]. Many researchers have contributed 
evidence that linked HIFs and carcinogenesis  [11]. 
Moreover, previous studies have found important 

relations between autophagy and hypoxia, as it was 
found that under conditions of tumor tissue hypoxia, 
HIF-1α may lead to the induction of the autophagy 
cascade to remove damaged organelles, e.g. mito-
chondria, and decrease the  degree of  damage that 
is induced by reactive oxygen species to cells from 
apoptosis [12]. However, the possible combined role 
of autophagy and hypoxia in cancer has not been ex-
plained yet, particularly in cancer progression [13]. 

In the current study, we aimed to detect the tissue 
protein expression of  Beclin-1 and HIF-1α in SOC 
patients using immunohistochemistry to evaluate 
the  relationship between their expression, the clini-
copathological parameters, patients’ prognosis, and 
the relation to chemotherapy 

Material and methods

The study was approved by the local ethical com-
mittee of the Faculty of Medicine, Zagazig Universi-
ty. 60 patients who were diagnosed with SOC were 
included. The patients were admitted to the General 
Surgery Department, and Gynecology and Obstet-
rics Department, Faculty of Medicine, Zagazig Uni-
versity Hospitals, for surgical resection of the tumor. 
The samples were sent to the Pathology Department, 
Faculty of Medicine, Zagazig University, for pathol-
ogy examination and assessment of tumor grade and 
stage. After obtaining informed consent, patients 
with an established diagnosis of SOC were included 
in the  study, while patients with other histopatho-
logical subtypes were excluded. TNM and FIGO 
systems were used for the staging of SOC [14] and 
the WHO system for grading  [15]. Representative 
sections from 60 paraffin blocks were stained with 
primary antibodies against Beclin-1 and HIF-1α us-
ing immunohistochemistry, and assessed for tissue 
expression of  each marker. Associations between 
markers’ expression with clinical, pathological, prog-
nostic, and follow-up parameters were analyzed.

The patients were divided into 2 groups as follows: 
i) patients who had achieved complete remission after 
an  initial platinum-based regime of  chemotherapy, 
and ii) patients who had recurrence at 6 months or 
more after finishing chemotherapy. These were con-
sidered chemo-sensitive. We considered patients who 
had a recurrence within 6 months as chemo-resistant. 
We followed our patients at the  Clinical Oncology 
and Nuclear Medicine Department and Medical On-
cology Department, Faculty of  Medicine, Zagazig 
University for 3 years from March 2017 to April 
2020. The follow-up was performed.

Immunohistochemical staining

We used the  streptavidin-biotin method for im-
munohistochemistry [16]. Sections were stained with 
primary rabbit monoclonal anti-Beclin-1 antibody  
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(1 : 100, Abcam, EPR1733Y) and mouse monoclonal 
anti-HIF-1α antibody (1 : 200, Abcam, 1A3). Nor-
mal breast tissue and adenocarcinoma of  the  lung 
were considered positive controls for Beclin-1 and 
HIF-1α, respectively. For the negative control, we re-
moved the primary antibodies, replacing them with 
phosphate-buffered saline (PBS). 

Table I. Clinicopathological features and outcome 

Characteristics All patients

(n = 60)

Age (years)

Mean ±SD 55.53 ±10.53

Median (range) 57 (25-75)

< 40 years 4 (6.7%)

41-59 years 34 (56.7%)

≥ 60 years 22 (36.7%)

Positive cytology

Absent 39 (65%)

Present 21 (35%)

CA125

≤ 35 U/ml 21 (35%)

> 35 U/ml 39 (65%)

Bilaterality

Unilateral 44 (73.3%)

Bilateral 16 (26.7%)

Implants

Absent 38 (63.3%)

Present 22 (36.7%)

Ascites

Absent 38 (63.3%)

Present 22 (36.7%)

Grade

Low 23 (38.3%)

High 37 (61.7%)

LN

Node negative 21 (35%)

Node positive 39 (65%)

M

M0 (non-metastatic) 46 (76.7%)

M1 (metastatic) 14 (23.3%)

FIGO stage

Stage IA 2 (3.3%)

Stage IB 1 (1.7%)

Stage IC 2 (3.3%)

Stage IIA 3 (5%)

Stage IIB 7 (11.7%)

Stage IIC 6 (10%)

Stage IIIA 9 (15%)

Stage IIIB 12 (20%)

Stage IIIC 4 (6.7%)

Stage IV 14 (23.3%)

Characteristics All patients

(n = 60)

Operation

Radical surgery 15 (25%)

Suboptimal 18 (30%)

Optimal 27 (45%)

ECOG PS

ECOG 1 42 (70%)

ECOG 2 18 (30%)

Number of cycles (n = 57)

4 cycles 10 (17.5%)

6 cycles 8 (14%)

8 cycles 39 (68.4%)

Response (n = 45)

NR 10 (22.2%)

OAR 35 (77.8%)

Response after 4-6 cycles (n = 45)

PD 3 (6.7%)

SD 10 (22.2%)

PR 29 (64.4%)

CR 3 (6.7%)

Response after 8 cycles (n = 45)

PD 3 (6.7%)

SD 7 (15.6%)

PR 7 (15.6%)

CR 28 (62.2%)

Follow-up duration (months)

Mean ±SD 17.01 ±9.15

Median (Range) 11 (10-36)

Recurrence (n = 43)

Absent 12 (27.9%)

Present 31 (72.1%)

Chemosensitivity (n = 31)

Chemosensitive 11 (35.5%)

Chemorefractory 20 (64.5%)

Death

Alive 28 (46.7%)

Died 32 (53.3%)

Table I. Cont.
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Table IIA. Correlations between clinicopathological criteria and Beclin-1 expression in SOC

Characteristics All (n = 60) Beclin-1

Low (n = 35) High (n = 25) p-value

No. (%) No. (%) No. (%)

Age (years)

Mean ±SD 55.53 ±10.53 61.20 ±7.23 47.60 ±9.28 < 0.001•

Median (range) 57 (25-75) 60 (48-75) 45 (25-60)

< 40 years 4 (6.7%) 0 (0%) 4 (100%) 0.003‡

41-59 years 34 (56.7%) 16 (47.1%) 18 (52.9%)

≥ 60 years 22 (36.7%) 19 (86.4%) 3 (13.6%)

Positive cytology

Absent 39 (65%) 14 (35.9%) 25 (100%) 0.009‡

Present 21 (35%) 21 (100%) 0 (0%)

CA125

≤ 35 U/ml 21 (35%) 3 (14.3%) 18 (85.7%) 0.02‡

> 35 U/ml 39 (65%) 32 (82.1%) 7 (17.9%)

Bilaterality

Unilateral 44 (73.3%) 22 (50%) 22 (50%) 0.030‡

Bilateral 16 (26.7%) 13 (81.3%) 3 (18.8%)

Implants

Absent 38 (63.3%) 14 (36.8%) 24 (63.2%) 0.006‡

Present 22 (36.7%) 21 (95.5%) 1 (4.5%)

Ascites

Absent 38 (63.3%) 17 (44.7%) 21 (55.3%) 0.005‡

Present 22 (36.7%) 18 (81.8%) 4 (18.2%)

Grade

Low 23 (38.3%) 3 (13%) 20 (87%) 0.002‡

High 37 (61.7%) 32 (86.5%) 5 (13.5%)

LN

Node negative 21 (35%) 3 (14.3%) 18 (85.7%) 0.004‡

Node positive 39 (65%) 32 (82.1%) 7 (17.9%)

M

M0 (non-metastatic) 46 (76.7%) 21 (45.7%) 25 (54.3%) < 0.001‡

M1 (metastatic) 14 (23.3%) 14 (100%) 0 (0%)

FIGO Stage

Stage IA 2 (3.3%) 0 (0%) 2 (100%) < 0.001§

Stage IB 1 (1.7%) 0 (0%) 1 (100%)

Stage IC 2 (3.3%) 0 (0%) 2 (100%)

Stage IIA 3 (5%) 0 (0%) 3 (100%)

Stage IIB 7 (11.7%) 0 (0%) 7 (100%)

Stage IIC 6 (10%) 3 (50%) 3 (50%)

Stage IIIA 9 (15%) 6 (66.7%) 3 (33.3%)

Stage IIIB 12 (20%) 9 (75%) 3 (25%)

Stage IIIC 4 (6.7%) 3 (75%) 1 (25%)

Stage IV 14 (23.3%) 14 (100%) 0 (0%)
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Evaluation of Beclin-1 and hypoxia-inducible 
factor 1α staining

The expression of  Beclin1positive cells was as-
sessed by evaluation of the cytoplasmic expression. 
The  amount of  positively stained cells among all 
cells in the sections was detected and given scores 

as follows:  <  10%, 0; 10-20%, 1; 21-50%, 2; 
and > 50%, 3. The intensity of stain was also given 
scores as follows: no evidence of brown color, 0; pale 
yellow color, 1; light brown color, 2; and dark brown 
color, 3. The total final score was the sum of scores for 
the number of positively stained cells and the stain-
ing intensity. Cases with a score of ≤ 3 were consid-

Characteristics All

(N=60)
Beclin-1

Low (N=35) High (N=25) p-value

No. (%) No. (%) No. (%)

Beclin-1

Low 35 (58.3%)

High 25 (41.7%)

HIF-1α

< 0.001‡Low 26 (43.3%) 4 (15.4%) 22 (84.6%)

High 34 (56.7%) 31 (91.2%) 3 (8.8%)
*independent samples Student’s t-test; • Mann-Whitney U test; ‡ χ2 test; § χ2 test for trend; p < 0.05 is significant.

Table IIA. Cont.

Fig. 1. Immunohistochemical expression of Beclin-1 in serous ovarian carcinoma (SOC): A) Expression in the cytoplasm 
of low grade and early stage SOC, 100×. B) Expression in the cytoplasm of low grade and early stage SOC, 400×. C) No 
expression in the cytoplasm of high grade and advanced stage SOC, 100×. D) No expression in the cytoplasm of high 
grade and advanced stage SOC, 400×

A B

C D
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Table IIB. Correlations between clinicopathological criteria and HIF-1α expression in SOC

Characteristics All (n = 60) HIF-1α

Low (n = 26) High (n = 34) p-value

No. (%) No. (%) No. (%)

Age (years)

Mean ± SD 55.53 ±10.53 48.88 ±10.06 60.61 ±7.75 < 0.001•

Median (range) 57 (25-75) 47 (25-65) 60 (46-75)

< 40 years 4 (6.7%) 4 (100%) 0 (0%) 0.002‡

41-59 years 34 (56.7%) 18 (52.9%) 16 (47.1%)

≥ 60 years 22 (36.7%) 4 (18.2%) 18 (81.8%)

Positive cytology

Absent 39 (65%) 24 (61.5%) 15 (38.5%) 0.008‡

Present 21 (35%) 2 (9.5%) 19 (90.5%)

CA125

≤ 35 U/ml 21 (35%) 17 (81%) 4 (19%) 0.031‡

> 35 U/ml 39 (65%) 9 (23.1%) 30 (76.9%)

Bilaterality

Unilateral 44 (73.3%) 20 (45.5%) 24 (54.5%) 0.582‡

Bilateral 16 (26.7%) 6 (37.5%) 10 (62.5%)

Implants

Absent 38 (63.3%) 23 (60.5%) 15 (39.5%) 0.044‡

Present 22 (36.7%) 3 (13.6%) 19 (86.4%)

Ascites

Absent 38 (63.3%) 20 (52.6%) 18 (47.4%) 0.036‡

Present 22 (36.7%) 6 (27.3%) 16 (72.7%)

Grade

Low 23 (38.3%) 19 (82.6%) 4 (17.4%) 0.006‡

High 37 (61.7%) 7 (18.9%) 30 (81.1%)

LN

Node negative 21 (35%) 17 (81%) 4 (19%) < 0.001‡

Node positive 39 (65%) 9 (23.1%) 30 (76.9%)

M

M0 (non-metastatic) 46 (76.7%) 24 (52.2%) 22 (47.8%) 0.012‡

M1 (metastatic) 14 (23.3%) 2 (14.3%) 12 (85.7%)

FIGO Stage

Stage IA 2 (3.3%) 2 (100%) 0 (0%) 0.007§

Stage IB 1 (1.7%) 1 (100%) 0 (0%)

Stage IC 2 (3.3%) 2 (100%) 0 (0%)

Stage IIA 3 (5%) 3 (100%) 0 (0%)

Stage IIB 7 (11.7%) 5 (71.4%) 2 (28.6%)

Stage IIC 6 (10%) 4 (66.7%) 2 (33.3%)

Stage IIIA 9 (15%) 3 (33.3%) 6 (66.7%)

Stage IIIB 12 (20%) 2 (16.7%) 10 (83.3%)

Stage IIIC 4 (6.7%) 2 (50%) 2 (50%)

Stage IV 14 (23.3%) 2 (14.3%) 12 (85.7%)
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ered Beclin-1 negative, and those with a score of > 3 
were considered Beclin-1 positive [1].

Regarding HIF-1α expression, positive tumor cells 
were assessed by evaluation of brown nuclear stain; 
low expression was defined if < 10% of tumor cells 
were positive, and high expression was defined if  
≥ 10% of cells were positive [17].

Statistical analysis

Continuous variables were analyzed by calcu-
lation of  the  mean ± SD and median (range). We 
used the  Mann-Whitney U test, Student’s t-test, 
Shapiro-Wilk, χ2, and Fisher’s exact tests according 
to the type of data. The overall survival (OS) rate is 
the interval from cancer diagnosis to death. The re-

Table IIB. Cont.

Characteristics All (n = 60) HIF-1α

Low (n = 26) High (n = 34) p-value

No. (%) No. (%) No. (%)

Beclin-1

Low 35 (58.3%) 4 (11.4%) 31 (88.6%) < 0.001‡

High 25 (41.7%) 22 (88%) 3 (12%)

HIF-1α

Low 26 (43.3%)

High 34 (56.7%)
*independent samples Student’s t-test; • Mann-Whitney U test; ‡ χ2 test; § χ2 test for trend; p < 0.05 is significant.

Fig. 2. Immunohistochemical staining of HIF-1α serous ovarian carcinoma (SOC): A) High nuclear expression in high 
grade SOC, 100 ×. B) High nuclear expression in high grade SOC, 400 ×. C, D) Low nuclear expression in low grade 
SOC, 400 ×

A B

C D
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Table IIIA. Correlations between Beclin-1 expression in SOC and outcome of patients

Characteristics All Beclin-1

Low High p-value

No. (%) No. (%) No. (%)

Operation (n = 60) (n = 35) (n = 25)

Radical surgery 15 (25%) 0 (0%) 15 (60%) < 0.001‡

Suboptimal 18 (30%) 17 (48.6%) 1 (4%)

Optimal 27 (45%) 18 (51.4%) 9 (36%)

ECOG PS (n = 60) (n = 35) (n = 25)

ECOG 1 42 (70%) 22 (62.9%) 20 (80%) 0.153‡

ECOG 2 18 (30%) 13 (37.1%) 5 (20%)

Number of cycles (n = 57) (n = 35) (n = 22)

4 cycles 10 (17.5%) 0 (0%) 10 (45.5%) < 0.001‡

6 cycles 8 (14%) 5 (14.3%) 3 (13.6%)

8 cycles 39 (68.4%) 30 (85.7%) 9 (40.9%)

Response (n = 45) (n = 35) (n = 10)

NR 10 (22.2%) 10 (28.6%) 0 (0%) 0.047‡

OAR 35 (77.8%) 25 (71.4%) 10 (100%)

Response after 4-6 (n = 45) (n = 35) (n = 10)

PD 3 (6.7%) 3 (8.6%) 0 (0%) 0.039‡

SD 10 (22.2%) 10 (28.6%) 0 (0%)

PR 29 (64.4%) 19 (54.3%) 10 (100%)

CR 3 (6.7%) 3 (8.6%) 0 (0%)

Response after 8 (n = 45) (n = 35) (n = 10)

PD 3 (6.7%) 3 (8.6%) 0 (0%) 0.050‡

SD 7 (15.6%) 7 (20%) 0 (0%)

PR 7 (15.6%) 7 (20%) 0 (0%)

CR 28 (62.2%) 18 (51.4%) 10 (100%)

Recurrence (n = 43) (n = 18) (n = 25)

Absent 12 (27.9%) 1 (5.6%) 11 (44%) 0.006‡

Present 31 (72.1%) 17 (94.4%) 14 (56%)

Chemosensitivity (n = 31) (n = 17) (n = 14)

Chemosensitive 11 (35.5%) 4 (23.5%) 7 (50%) 0.043‡

Chemorefractory 20 (64.5%) 13 (76.5%) 7 (50%)

RFS (n = 43) (n = 17) (n = 14)

Mean (months) 

(95% CI)

20.2

(16.9-23.5)

14

(10.9-17.2)

24.4

(19.9-28.9)

< 0.001†

1 year RFS 48.8% 27.8% 64%

2 year RFS 31.4% 6.9% 48%

3 year RFS 23.2% – 40%

Death (n = 60) (n = 35) (n = 25)

Alive 28 (46.7%) 6 (17.1%) 22 (88%) < 0.001‡

Died 32 (53.3%) 29 (82.9%) 3 (12%)
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currencefree survival (RFS) rate is the  time from 
starting treatment to recurrence. The calculation and 
correlation of OS and RFS rates were performed ac-
cording to markers estimated using the Kaplan-Mei-
er plots then were compared using the log-rank test. 
The statistical analysis was done using SPSS 22.0 for 
Windows.

Results

Detailed pathological and demographic data are 
presented in Table I.

Immunohistochemistry

Beclin-1 tissue expression 

Beclin-1 tissue expression in SOC was associ-
ated with younger patients’ age (p  = 0.003), low-
er grade (p  =  0.002), early SOC stage, absence 
of  lymph nodes and distant metastases (p = 0.004 
and  <  0.001 respectively), absence of  peritoneal 
deposits (p  =  0.006), negative peritoneal invasion 
(p = 0.009), absence of bilaterality (p = 0.03) and 
absence of ascites (p = 0.005) (Table IIA, Fig. 1).

Hypoxia-inducible factor 1α expression 

HIF-1α expression in SOC was associated with 
older patients’ age (p = 0.002), higher SOC grade, 
presence of  peritoneal deposits (p  =  0.006), ad-
vanced SOC stage (p  =  0.007), malignant ascites 
(p = 0.036), occurrence of lymph nodes and distant 
metastases (p  <  0.001 and  =  0.012 respectively) 
(Table IIB, Fig. 2).

No statistically significant differences were detect-
ed between the expression of HIF-1α and the pres-
ence of disease bilaterality in SOC patients. 

High Beclin-1 expression and low HIF-1α expres-
sion were positively associated with a good response 
to chemotherapy (p = 0.047 and = 0.022 respective-
ly), tumor chemo-sensitivity, and a lower recurrence 

rate after therapy success (p = 0.006 and < 0.001 
respectively), adequacy of  surgical excision, and 
raised three-year recurrence-free and overall survival 
rates (p < 0.001) (Table IIIA, Fig. 3).

Tissue protein expression levels of  both Beclin-1 
and HIF-1α were negatively correlated with each 
other; r = –0.762 (p < 0.001) (Table IVA, B).

Discussion

Beclin-1 expression and its role in carcinogenesis 
were only recently recognized. Beclin-1 is found to be 
over-expressed in certain cancers, but its expression is 
down-regulated in others, which suggested its differ-
ent roles in different cancers [1]. 

Autophagy has a  variable role in carcinogenesis 
that depends on cellular properties and type, showing 
an  inhibitory role in the early stages of oncogenesis 
by inhibiting inflammation and maintaining genome 
stability. However, it might act as a pro-survival pro-
cess to protect malignant cells from death due to cel-
lular stress. Moreover, if cellular stressful conditions 
continue to result in maintaining autophagy, it will 
be followed by death of  cancer cells  [18, 19]. Re-
cently detected evidence that has linked autophagy 
to cancer suppression is that one of the oncogenesis 
regulators, Beclin-1, had a cancer suppressor role and 
it was found to be disabled or deleted in many malig-
nant tumors [18].

Beclin-1 and clinical-pathological correlation in 
serous ovarian carcinoma

In the present study, we correlated SOC Beclin-1 
tissues expression with pathological parameters, clin-
ical findings, and follow-up and found that Beclin-1 
expression in SOC was correlated with favorable 
findings as a high degree of differentiation and early 
stage.

Similarly, Osman et al., Qiu et al., Cai et al., and 
Wu et al. [17, 19. 20, 21] found that the expression 
of  Beclin-1 was positively associated with a  higher 

Characteristics All Beclin-1

Low High p-value

No. (%) No. (%) No. (%)

OS (n = 60) (n = 35) (n = 25)

Mean (months)

(95% CI)

22.3 months

(19-25.5)

14.1 months

(11.5-16.8)

33 months

(29.8-36.2)

< 0.001†

1 year OS 44.9% 14.7% 88%

2 year OS 44.9% 14.7% 88%

3 year OS 44.9% 14.7% 88%
NR – no response; PD – progressive disease; SD – stable disease; PR – partial response; CR – complete response; 95% CI – 95% confidence interval; ‡ χ2 test;  
† log-rank test; p < 0.05 is significant

Table IIIA. Cont.
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Fig. 3. Kaplan-Meier plot: Recurrence-free survival (A-C); A) All patients, B) Material stratified according to Beclin-1 expression 
in tumor tissues, C) Material stratified by according to HIF-1 expression in tumor tissues. Overall survival (D-F); D) All patients, 
E) Stratified according to Beclin-1 expression in tumor tissues, F) Stratified by according to HIF-1 expression in tumor tissues
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Table IIIB. Correlations between HIF-1α expression in SOC and outcome of patients

Characteristics All HIF-1α

Low High p-value

No. (%) No. (%) No. (%)

Operation (n = 60) (n = 26) (n = 34)

Radical surgery 15 (25%) 13 (50%) 2 (5.9%) < 0.001‡

Suboptimal 18 (30%) 4 (15.4%) 14 (41.2%)

Optimal 27 (45%) 9 (34.6%) 18 (52.9%)

ECOG PS (n = 60) (n = 26) (n = 34)

ECOG 1 42 (70%) 20 (76.9%) 22 (64.7%) 0.306‡

ECOG 2 18 (30%) 6 (23.1%) 12 (35.3%)

Number of cycles (n = 57) (n = 23) (n = 34)

4 cycles 10 (17.5%) 8 (34.8%) 2 (5.9%) 0.010‡

6 cycles 8 (14%) 4 (17.4%) 4 (11.8%)

8 cycles 39 (68.4%) 11 (47.8%) 28 (82.4%)

Response (n = 45) (n = 13) (n = 32)

NR 10 (22.2%) 0 (0%) 10 (31.3%) 0.022‡

OAR 35 (77.8%) 13 (100%) 22 (68.8%)

Response after 4-6 (n = 45) (n = 13) (n = 32)

PD 3 (6.7%) 0 (0%) 3 (9.4%) 0.027‡

SD 10 (22.2%) 2 (15.4%) 8 (25%)

PR 29 (64.4%) 10 (76.9%) 19 (59.4%)

CR 3 (6.7%) 1 (7.7%) 2 (6.3%)

Response after 8 (n = 45) (n = 13) (n = 32)

PD 3 (6.7%) 0 (0%) 3 (9.4%) 0.009‡

SD 7 (15.6%) 0 (0%) 7 (21.9%)

PR 7 (15.6%) 2 (15.4%) 5 (15.6%)

CR 28 (62.2%) 11 (84.6%) 17 (53.1%)

Recurrence (n = 43) (n = 24) (n = 19)

Absent 12 (27.9%) 12 (50%) 0 (0%) < 0.001‡

Present 31 (72.1%) 12 (50%) 19 (100%)

Chemosensitivity (n = 31) (n = 12) (n = 19)

Chemosensitive 11 (35.5%) 7 (58.3%) 4 (21.1%) 0.036‡

Chemorefractory 20 (64.5%) 5 (41.7%) 15 (78.9%)

RFS (n = 43) (n = 24) (n = 19)

Mean (months)

(95%CI)

20.2 months

(16.9-23.5)

25.3 months

(20.9-29.8)

13.9 months

(10.5-17.3)

< 0.001†

1 year RFS 48.8% 70.8% 21.1%

2 year RFS 31.4% 48.7% 10.5%

3 year RFS 23.2% 48.7% –

Death (n = 60) (n = 26) (n = 34)

Alive 28 (46.7%) 22 (84.6%) 6 (17.6%) < 0.001‡

Died 32 (53.3%) 4 (15.4%) 28 (82.4%)
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degree of cancer differentiation, suggesting that Be-
clin-1 could be considered a protective factor against 
SOC progression They also found that Beclin-1 ex-
pression was more frequently associated with low 
grade than high grade tumors and was negatively 
associated with unfavorable pathological parameters, 
and clinical findings.

The current study revealed that high expression 
of Beclin-1 was correlated with such factors as bet-
ter clinical and prognostic parameters, low stage 
of SOCS, a response to therapy, increased SOC che-
mo-sensitivity, low incidence of recurrence after ther-
apy, a  longer survival period, favorable three-year 
recurrence-free survival, and overall survival rates. 
Similarly, the study by Ying et al.  [1] revealed that 
downregulation of  tissue expression of  Beclin1 was 
detected in drug-resistant SOC patients in compar-
ison with its expression in drug-sensitive SOC pa-
tients, which suggests that low Beclin1 expression 
may be associated with resistance to chemotherapy 
and poor prognoses in patients with ovarian cancer, 
while Beclin1 overexpression may increase the  che-
mo-sensitivity of SOC patients, which could lead to 
improvement of treatment efficiency and prognosis. 
Similarly, in gastric and brain cancers, the  results 
of Fei et al. [22] and Miracco et al. [23] showed that 
Beclin1 expression decreased with the  progression 
of cancer as the malignant cells tend to lose their au-
tophagy capacity during cancer progression, gradual-
ly acquiring the ability to escape cell death and likely 
invasion and spread. 

However, other authors reported different results. 
Zhao et al.  [24] found that Beclin-1 is not a  good 
predictive or prognostic factor for ovarian carcinoma. 
However, their patients were followed for a  shorter 
period than ours.

Similarly to us, Cai et al.  [20] found that high 
Beclin-1 levels are associated with a  decreased risk 
of  death in patients with ovarian cancer. They ex-
plained their results by: 1) Beclin-1 increasing au-
tophagy in malignant ovarian cells with absence 

of apoptotic ability; 2) Beclin-1 stabilizing the struc-
ture of mitochondria and decreasing additional gene 
mutations; 3) inhibition of cell cycle and proliferation 
of malignant cells, and stimulation of apoptosis and 
autophagy, thus 4) delaying cell cycle progression. 
Many previous studies proved the  protective role 
of Beclin-1 in cancers of  other organs  [25]. In this 
context our results could be explained by the up-reg-
ulation of  Beclin-1 expression, increased p53, and 
Bcl-2 phosphorylation that finally enhanced autoph-
agy-related cell death. Also, Beclin-1 promoted apop-
tosis by increasing caspase-9 activity [27]. Moreover, 
reduced tissue expression of Beclin-1 in liver cancer is 
associated with subsequent elevated expression of an-
ti-apoptotic Bcl-XL that allows increased hepatocel-
lular carcinoma cell survival. Bcl-XL and Beclin-1 
interaction might be able to inhibit autophagy and 
subsequently might promote the progression of can-
cer [28]. 

By contrast to our results, other studies have 
demonstrated that Beclin-1 overexpression was as-
sociated with prognosis of  nasopharyngeal carci-
noma patients  [29] and squamous cell carcinoma 
of the mouth [30]. 

Hypoxia-inducible factor 1α and clinical-
pathological correlation in serous ovarian 
carcinoma

The current study showed that expression of  the 
HIF-1α in SOC was significantly positively correlated 
with poor differentiation of the tumor cells and tumor 
invasion, metastases and spread, and advanced stage, 
which was similar to the results of Osman et al. [17] 
and Acs et al. [31]. The authors observed that HIF-
1α over-expression was related to large tumor size, 
presence of multiple tumors and advanced stage and 
HIF-1A expression was significantly higher in SOC 
with FIGO stages III and IV than in cases of stages 
I and II. They explained that with larger tumor bulk 

Characteristics All HIF-1α

Low High p-value

No. (%) No. (%) No. (%)

OS (n = 60) (n = 26) (n = 34)

Mean (months)

(95% CI)

22.3 months

(19-25.5)

32.2 months

(28.7-35.6)

14.7 months

(11.6-17.8)

< 0.001†

1 year OS 44.9% 84.6% 15.1%

2 year OS 44.9% 84.6% 15.1%

3 year OS 44.9% 84.6% 15.1%
NR – no response; PD – progressive disease; SD – stable disease; PR – partial response; CR – complete response; 95% CI – 95% confidence interval; ‡ χ2 test;  
† log-rank test; p < 0.05 is significant

Table IIIB. Cont.
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Table IVA. Correlations between Beclin-1 expression in SOC and clinicopathological parameters in our patients 

Beclin1 (Low, High)

r p-value

Age (years) –0.642 < 0.001

Cytology (negative, positive) –0.620 < 0.001

CA125 (≤ 35 U/ml, > 35 U/ml) –0.656 < 0.001

Laterality (unilateral, bilateral) –0.280 0.030

Implants (absent, present) –0.573 < 0.001

Ascites (absent, present) –0.362 0.005

Grade (low, high) –0.724 < 0.001

LN (node negative, node positive) –0.656 < 0.001

M (M0, M1) –0.466 < 0.001

FIGO stage (stage IA, stage IB, stage IC, stage….) –0.698 < 0.001

Beclin1 (low, high) –––––– ––––––

HIF (low, high) –0.762 < 0.001

Operation (radical surgery, suboptimal, ………) –0.458 < 0.001

ECOG PS (ECOG 1, ECOG 2) –0.184 0.153

Number of cycles (4 cycles, 6 cycles,…………) –0.567 < 0.001

Response (NR, OAR) +0.286 0.055

Response after 4-6 (PD, SD, PR, CR) +0.225 0.138

Response after 8 (PD, SD, PR, CR) +0.369 0.013

Recurrence (absent, present) –0.423 0.006

Chemosensitivity (chemosensitive, chemorefractory) –0.275 0.125

Death (alive, died) –0.700 < 0.001
r correlation coefficient; p < 0.05 is significant

in the high stage tumors, larger areas of resulting hy-
poxia are present.

We also found that HIF-1α expression was re-
lated to poor outcome and poor patients’ survival 
That is similar to the results of Jin et al.  [33], who 
found that the  high expression of  HIF-1α leads to 
chemo-resistance and poor survival of patients  [32, 
33]. Our results were also similar to those of Zheng 
et al. [34], who considered tissue protein expression 
of HIF-1α a poor HCC prognostic biomarker. Both 
the  results of  other researchers’ studies and the  re-
sults of the present study indicate therefore the poor 
prognosis of HIF-1α in SOC patients. 

Many previous studies have detected higher ex-
pression of HIF-1 in SOC, and they attributed their 
results to the presence of papillary formation in that 
tumor, which is believed to lead to a more hypoxic 
microenvironment [35]. 

We found that low HIF-1α expression was posi-
tively associated with good prognostic parameters, 
good response to chemotherapy, increased three-year 
recurrence-free, and overall survival rates. Contrary 
to our results, Birner et al.  [36] found no associa-
tion between HIF-1α expression and chemotherapy 

response. Nakai et al. [37] found higher rates of re-
sponse to platinum-based chemotherapeutics in pa-
tients with high HIF-1α expression. The differences 
between the results of  these studies and our results 
could be due to differences in patient group compo-
sition, HIF-1α evaluation methods, and variability in 
treatment programs, as Nakai et al. performed their 
analysis using the Western blot method for determi-
nation of HIF-1α expression, so they did not consider 
the presence of non-functional cytoplasmic HIF-1α, 
with resulting possible overestimation of  the  asso-
ciation between expression of  HIF-1α and therapy 
response [37]. 

Similarly to our results, Nakai et al.  [37] found 
a  shorter 5-year OS in patients with high HIF ex-
pression, whereas no effect on patients’ survival was 
noted by others [35].

Ovarian cancer is the most fatal cancer of the fe-
male genital system  [39], due to its invasiveness 
and migration that could accelerate its progression. 
Therefore, suppression of  its invasion and spread 
is an  essential step for ovarian carcinoma therapy.  
HIF-1α promoted tumor progression by increas-
ing cancer cells’ invasion and spread, so HIF-1α is 
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factor for poor (OS) in breast cancer patients with 
HIF-1α- over-expression [25]. This supports our hy-
pothesis regarding the role of autophagy and hypoxia 
in SOC progression. 

In contrast to our results, other studies demon-
strated a  positive correlation between autophagy 
Beclin-1 expression and high HIF-1α, where cancers 
with HIF-1α over-expression are more liable to de-
velop Beclin-1 up-regulation than those with low 
HIF-1α expression in nasopharyngeal and breast 
carcinoma  [25]. This may be explained by the  role 
of  hypoxia in the  activation of  autophagy, which is 
variable among different cancer types.

Therefore, the  association between Beclin-1 and 
HIF-1α proved by our study confirms the  essential 
role of hypoxia in autophagy induction. In addition, 
reduced Beclin-1 and higher levels of HIF-1α expres-
sion are related to aggressive pathological findings, 
clinical parameters, and poor prognosis, thus sup-
porting their essential roles in SOC oncogenesis, pro-
gression, invasion, and spread. Both markers could 
be therefore used as beneficial novel targets for SOC 
molecular therapies in combination with the current-
ly used treatment strategies.

considered a  significant target for SOC therapy. 
Therefore, many recently discovered HIF-1α inhib-
itors were found to block tumor progression, e.g., 
Zhang et al. [40] observed digoxin to suppress tumor 
growth by inhibition of HIF-1α synthesis, and Zag-
zag et al. [41] reported that geldanamycin prevents 
migration of glioma cells by inhibiting the induction 
of HIF-1α. 

Correlation between Beclin-1 expression and 
hypoxia-inducible factor 1α expression in 
serous ovarian carcinoma

We detected that Beclin-1 expression was inverse-
ly associated with HIF-1α expression. Also, the  as-
sociation between decreased Beclin-1 expression and 
the aggressive clinical pathological features was more 
significant in the hypoxic areas of  the SOC, the re-
sults being therefore similar to Osman et al. [17] in 
hepatocellular carcinoma (HCC). 

Lee et al.  [42] reported that loss of Beclin-1 was 
related to aggressive behavior and increased angio-
genesis in more hypoxic regions of the tumor cancer, 
while Dong et al. stated that the reduction of tissue 
Beclin-1 expression could be considered a predictive 

Table IVB. Correlations between HIF-1α expression in SOC and clinicopathological parameters in our patients 

HIF (low, high)

r p-value

Age (years) +0.557 < 0.001

Cytology (negative, positive) +0.501 < 0.001

CA125 (≤ 35 U/ml, > 35 U/ml) +0.557 < 0.001

Laterality (unilateral, bilateral) +0.071 0.582

Implants (absent, present) +0.456 < 0.001

Ascites (absent, present) +0.247 0.056

Grade (low, high) +0.625 < 0.001

LN (node negative, node positive) +0.557 < 0.001

M (M0, M1) +0.323 0.012

FIGO stage (stage IA, stage IB, stage IC, stage….) +0.555 < 0.001

Beclin1 (low, high) –0.762 < 0.001

HIF (low, high) –––––– ––––––

Operation (radical surgery, suboptimal, ………) +0.381 0.003

ECOG PS (ECOG 1, ECOG 2) +0.132 0.306

Number of cycles (4 cycles, 6 cycles,…………) +0.401 0.002

Response (NR, OAR) –0.341 0.022

Response after 4-6 (PD, SD, PR, CR) –0.197 0.195

Response after 8 (PD, SD, PR, CR) –0.338 0.023

Recurrence (absent, present) +0.554 < 0.001

Chemosensitivity (chemosensitive, chemorefractory) +0.380 0.035

Death (alive, died) +0.665 < 0.001
r correlation coefficient; p < 0.05 is significant.
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In summary, expression levels of  the  autopha-
gy-related protein Beclin-1 and the tissue hypoxia-re-
lated biomarker HIF-1α in SOC were shown to be 
associated with clinical-pathological parameters and 
patients’ prognosis and might be able to have a vital 
role in participating in platinum-based chemo-resis-
tance mechanisms that were found in SOC cancers. 
Further studies are required to investigate the pos-
sibility of  targeting both of  them in the  treatment 
of ovarian cancer.

As specific mechanisms that regulate autophagy 
and its relation to hypoxia in SOC remain unclear, 
further studies are needed to aid in clarifying their 
roles in ovarian cancer progression, which may be 
able to provide novel solutions for the management 
of SOC with chemo-resistance and clarify a  reliable 
theoretical basis for the detection of novel drugs.

The authors declare no conflict of interest
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