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Abstract

Background: Despite improvement in the management modalities of serous ovarian carcinoma (SOC) which is
the commonest subtype of malignant epithelial ovarian tumors it still has a dismal prognosis due to its late diagnosis
at advanced stages and resistance to chemotherapy. So discovering novel therapeutic targets will be beneficial to
improve its prognosis. Spalt-like transcription factor 4 (SALL4) is the zinc finger transcriptional factor which controls
several genes that are involved in normal development, in maintaining embryonic stem cells pluri-potency and self-
renewal. Beclin-1 (BECN1), which is considered the human counterpart of yeast Atg6/Vps30, is mapped to the
tumor susceptibility locus 150 kb beside BRCA1 gene on chromosome 17q21. The detailed clinicopathological role
of SALL-4 & BECN1 in SOC is not well clarified yet.

Aim of the study: To assess the clinicopathological significance of SALL-4& BECN1 protein expression in
Serous Ovarian Carcinoma tissues, by comparing their expression with standard clincopathological prognostic
parameters as tumor grade, stage, presence of lymph node and distant metastases.

Methods: Immunohistochemical expression of SALL-4& BECN1 was evaluated in sections from 60 archival
paraffin blocks of serous ovarian carcinoma. The relationship between their tissue protein expression levels and
clinicopathological criteria of such type of cancer was evaluated.

Results: SALL-4 high expression and BECN1 low expression in SOC was associated worse clincopathological
criteria e.g. higher grade (p=0.002) & advanced stage of the tumor, L.N metastases (p=0.004), peritoneal implants
(p=0.006), presence of distant metastases (p<0.001), bilaterality (p=0.03) and ascites (p=.005).

Conclusion: SALL4 overexpression in addition to BECN-1 lower expression is markers of poor prognosis in
SOC.

Keywords: Serous ovarian carcinoma; SALL4; BECN-1; grade; stage;
immunohistochemistry

Introduction
Epithelial ovarian carcinoma (EOC) is considered the fourth

commonest female cancer malignancy [1], and it is considered the
commonest cause of postmenopausal cancer related mortality in
females worldwide, serous ovarian carcinoma (SOC) is considered the
commonest subtype of EOC [Jayson et al., 2014]. Despite improvement
in the management modalities including surgery, chemotherapy and
molecular targeted therapy of SOC it still has a dismal prognosis due to
its spread to adjacent organs and through the peritoneal fluid to the
peritoneal cavity which leads to late diagnosis at advanced stages and
resistance to chemotherapy [2& 3]. So discovering novel therapeutic
targets will be beneficial to improve its prognosis, decrease rate of its
recurrence, decrease the resistance to the currently used
chemotherapeutic drugs and could specifically target SOC cells which
are main goals of recent clinical cancer studies [4].

Spalt-like transcription factor 4 (SALL4) is the zinc finger
transcriptional factor which controls several genes that are involved in
normal development, in maintaining embryonic stem cells pluri-
potency and self-renewal [5], moreover recent studies proved that it
has an initiating and promoting roles leukemogenesis and it is found to
be over expressed in acute myeloid leukemia cells [6], but its detailed
oncogenic roles in several other cancers is not studied yet [7].
Autophagy is considered the homeostatic process that is responsible
for recycling of intracellular organelles and foreign substances and it is
described as a non-apoptotic process of programmed cells death;
autophagy is needed for normal cellular survival and viability [8]. The
roles of autophagy in cancer initiation and the carcinogenesis process
have been extensively studied [9]. Previous studies stated that
autophagy might have a role controlling cancer growth and resistance
to chemotherapy. But final proved results of its roles in the carinogenic
process are not reached as its exact mechanism of action and its role in
cancers is complicated [10], there are plethora of genetic pathways and
proteins that are controlling autophagy e.g. Beclin 1 (BECN1) which
have been found to have an important inducing role for such process.

Salem et al., J Clin Exp Pathol 2018, 8:3
DOI: 10.4172/2161-0681.1000349

Research Open Access

J Clin Exp Pathol, an open access journal
ISSN:2161-0681

Volume 8 • Issue 3 • 1000349

Jo
ur

na
l o

f C
lin

ica
l & Experimental Pathology

ISSN: 2161-0681

Journal of 
Clinical & Experimental Pathology



BECN1 has variable expression levels during cancer progression,
which points to the presence of a relation between its tissue protein
expression in cancer and the carcinogenic process is considered the
human counterpart of yeast Atg6/Vps30, is mapped to the tumor
susceptibility locus 150 kb beside BRCA1 gene on chromosome 17q21
[11]. It was originally proved to have a tumor suppressor role in cancer
[12]. It was found that BECN1 lower expression could decrease the
autophagy activity in malignant cells which has variable effects on
cancer progression, invasion and spread according to cancer type [13].
The detailed clinicopathological role of SALL-4 & BECN1 in SOC is
not well clarified yet.

Aim of the study: To assess the clinic-pathological significance of
SALL-4 & BECN1 protein expression in Serous Ovarian Carcinoma
tissues, by comparing their expression with standard clinico-
pathological prognostic parameters as tumor grade, stage, presence of
lymph node and distant metastases.

Patients and Methods
We have included sixty archival paraffin embedded blocks of SOC

which we are collecting them from Pathology Department, Faculty of
Medicine, Zagazig University. Cases were previously admitted to
Gynaecology and Obstetrics department, faculty of medicine, Zagazig
university, cases were managed according to tumor subtype and stage
by radical excision of the tumor, we have re-evaluated them, used the
International Federation of Gynaecology and Obstetrics (FIGO)
staging system for its staging [14], and the WHO grading system for
grading sections from all blocks [15]. We have collected all
demographic data of patients e.g. age, cancer size, grade, stage, state of
lymph nodes, peritoneal fluid, presence of malignant ascites and
distant metastasis by examination of patient’s and slides files
retrospectively in Pathology department.

Immunohistochemical technique& Evaluation of both SALL4&
BECN1 expression:

Streptavidin-biotin technique were used for immunohistochemistry
[16], we have incubated sections with primary Mouse monoclonal
anti-Sall4 antibody (ab57577) diluted 1/100 and with primary rabbit
monoclonal anti BECN1 Ab1733Y antibody diluted 1/100 at 4 °C
overnight (Abcam, Cambridge, UK), then with secondary antibody.
Last step is counterstaining sections with Mayer’s hematoxylin.

Sections from yolk sac tumor were used as a positive control for
SALL4 [17] and sections of normal breast tissue were used as positive
control for BECN1 respectively. Negative control; by replacing the
primary antibody with usual phosphate-buffered saline (PBS). Degree
of immunoreactivity of SALL4& BECN1 was assessed by 2 senior
pathologists from Pathology Department, Faculty of Medicine, Zagazig
University.

Brown stain in the nuclei and cytoplasm of SOC cells was
considered positive for SALL4& BECN1 respectively we have given the
intensity and extent scores from 0-3 according to the degree of stained
cells

Regarding stain intensity it was graded as 0 negative, 1 weak, 2
moderate & 3 strong stains. Regarding stain extent it was graded as 0
when stained tumor cells were <10%, 1 when stained tumor cells were;
10 20%, 2 when stained tumor cells were 21 50% and 3 when stained
tumor cells were; and >50%. We have summated values of both
intensity and extent to reach the final scores of 0-6 and we have
considered 3 as a cut point for easy statistical analysis; above 3 high

expression of both markers and below 3 low expression of both
markers [18 & 3].

Statistical analysis

All statistics were performed using SPSS 22.0 for windows (SPSS
Inc., Chicago, IL, USA). The continuous parameters were presented as
mean ± SD, and the categorical parameters were presented as number
and percentage using the Chi-square test. The relationship strength
between SALL4, BECN1 & clinicopathological parameters of SOC was
done by calculating spearman's correlation coefficient.

A p.value <0.05 was considered significant statistically.

Results
Patient demographic data were detailed in Table 1

Characteristics

All patients

(N=60)

Age (years)

Mean ± SD 58.53 ±10.53

Median (Range) 59 (28 – 78)

<40 years 5 (8.7%)

41-59 years 35 (58.7%)

≥ 60 years 20 (38.7%)

Histopathology

Positive cytology

Absent 39 (65%)

Present 21 (35%)

CA125

≤35U/ml 20 (35%)

>35U/ml 40 (65%)

Bilaterality

Unilateral 44 (73.3%)

Bilateral 16 (26.7%)

Implants

Absent 37 (63.3%)

Present 23 (36.7%)

Ascites

Absent 37 (63.3%)

Present 23 (36.7%)

Grade

Low 24 (38.3%)

High 36 (61.7%)

LN
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Node negative 23 (35%)

Node positive 37 (65%)

M

M0 (non-metastatic) 45 (76.7%)

M1 (metastatic) 15 (23.3%)

FIGO Stage

Stage IA 2 (3.3%)

Stage IB 3 (1.7%)

Stage IC 3 (3.3%)

Stage IIA 3 (5%)

Stage IIB 7 (11.7%)

Stage IIC 6 (10%)

Stage IIIA 8 (15%)

Stage IIIB 11 (20%)

Stage IIIC 4 (6.7%)

Stage IV 13 (23.3%)

SALL4

Low 25 (46%)

High 35 (64%)

Beclin-1

Low 38 (65%)

High 22 (35%)

Table (1): Demographic and immunohistochemical data

We have included 60 cases of SOC of variable grades and stages. Age
of our patients ranged from (28-78) years& the age is:
58.53±10.53years. 36 (61.7%) cases are diagnosed with high grade
tumors while 24 (38.3%) cases are diagnosed with low grade SOC,
lymph node metastases are present in 37(65%) cases and distant
metastases are present in 15 (23.3%) of our cases.

SALL 4 expression in SOC and its correlation with
clinicopathological parameters

High SALL4 expression was found in 35(64%) of cases and its high
expression was signifi¬cantly positively correlated with advanced age
of the patients (p=0.003), higher grade of the tumor, advanced stage of
the tumor (p<0.001), presence of distant metastases, positive peritoneal
cytology (p=0.006), peritoneal implants (p=0.002), L.N metastases
(p=0.004), and presence of malignant ascites (p=.0.024). no statistically
detected difference between its expression and bilaterality of the tumor.
Table 2, Fig 1

Figure1. Immunohistochemical expression of SALL4 serous ovarian carcinoma (SOC): (A) High nuclear expression in high grade SOC stage
IV x400. (B) High nuclear expression in high grade SOC stage III x400. ) (C) low nuclear expression in low grade SOC stage IIx400

Characteristics

All SALL4 p-value

Low

(N=25)

High

(N=35)

(60 cases)

No. (%) N
o.

(%
)

No. (%)

Age (years)

Mean ± SD 58.53 ±10.53 47.54 ±10.10 60.15 ±7.68 <0.001*
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Median (Range) 59 (28-78) 45 (25-65) 59 (46-75)

<40 years 5 (8.7%) 4 (100%) 0 (0%) 0.003‡

41-59 years 35 (58.7%) 16 (44.1%) 18 (55.9%)

≥ 60 years 20 (33.7%) 5 (13.6%) 17 (86.4%)

Positive cytology

Absent 36 (65%) 21 (53.8%) 15 (46.2%) 0.006‡

Present 24 (35%) 4 (4.8%) 20 (95.2%)

CA125

≤35U/ml 20 (35%) 17 (81%) 3 (19%) <0.001‡

>35U/ml 40 (65%) 8 (12.8%) 32 (87.2%)

Bilaterality

Unilateral 44 (73.3%) 19 (40.9%) 25 (59.1%) 0.258‡

Bilateral 16 (26.7%) 6 (25%) 10 (75%)

Implants

Absent 37 (63.3%) 21 (52.6%) 16 (47.4%) 0.002‡

Present 23 (36.7%) 4 (9.1%) 19 (90.9%)

Ascites

Absent 37 (63.3%) 19 (47.4%) 18 (52.6%) 0.024‡

Present 23 (36.7%) 6 (18.2%) 17 (81.8%)

Grade

Low 24 (38.3%) 21 (78.3%) 3 (21.7%) <0.001‡

High 36 (61.7%) 4 (10.8%) 32 (89.2%)

LN

Node negative 23 (35%) 20 (81%) 3 (19%) 0.004‡

Node positive 37 (65%) 5 (12.8%) 32 (87.2%)

M

M0 (non-metastatic) 45 (76.7%) 21 (45.7%) 23 (54.3%) 0.006‡

M1 (metastatic) 15 (23.3%) 4 (7.1%) 12 (92.9%)

FIGO Stage

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

Stage IB 3 (1.7%) 3 (100%) 0 (0%)

Stage IC 3 (3.3%) 3 (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 8 (15%) 1 (11.1%) 7 (88.9%)
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Stage IIIB 11 (20%) 2 (16.7%) 9 (83.3%)

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

Stage IV 13 (23.3%) 1 (7.1%) 12 (92.9%)

Beclin-1

Low 38 (58.3%) 5 (5.7%) 33 (94.3%) <0.001‡

High 22 (41.7%) 18 (80%) 3 (20%)

Table (2): Correlation between clinicopathological features and immunohistochemical expression of SALL-4 in our cases (*Independent samples
Student's test;  Mann Whitney U test; ‡ Chi-square test; § Chi-square test for trend; p<0.05 is significant.).

BECN1 expression in SOC and its correlation with
clinicopathological parameters

High BECN1 expression was found in 38(65%) of cases and its high
expression was signifi¬cantly negatively correlated with advanced age
of the patients (p=0.003), higher grade of the tumor, advanced stage of
the tumor, L.N metastases, presence of distant metastases, peritoneal
implants (p<0.001), positive peritoneal cytology (p=0.004), bilaterality
of the tumor (p=0.020) and presence of malignant ascites (p=.006).
Table 3, Fig 2

Figure2. Immunohistochemical expression of Beclin-1 in serous
ovarian carcinoma (SOC): (A) High cytoplasmic expression in low
grade SOC stage I x400. (B) High cytoplasmic expression in low
grade SOC stage II x400. (C) Low cytoplasmic expression in high
grade SOC stage IV x400

Characteristics

All BECN1 p-value

Low

(N=38)

High

(N=22)

(N=
60)

No. (%) N
o
.

(
%
)

No. (%)

Age (years)

Mean ± SD 55.5
3

±10.5
3

61.2
0

±7.23 47.6
0 ±9.28 <0.001

❺

Median (Range) 57 (25-7
5)

60 (48-7
5) 45 (25-6

0)

<40 years 4 (6.7%
)

0 (0%) 4 (100
%)

0.003‡

41-59 years 34 (56.7
%)

18 (47.1
%) 16 (52.9

%)

≥ 60 years 22 (36.7
%)

22 (86.4
%) 2 (13.6

%)

Positive cytology

Absent 36 (65%
)

14 (35.9
%) 22 (100

%)
0.004‡

Present 24 (35%
)

24 (100
%) 0 (0%)

CA125

≤35U/ml 20 (35%
)

3 (14.3
%) 17 (85.7

%)
<0.001
‡

>35U/ml 40 (65%
)

35 (82.1
%) 5 (17.9

%)

Bilaterality

Unilateral 44 (73.3
%)

24 (50%) 20 (50%) 0.020‡

Bilateral 16 (26.7
%)

14 (81.3
%) 2 (18.8

%)

Implants

Absent 37 (63.3
%)

16 (36.8
%) 21 (63.2

%)
<0.001
‡

Present 23 (36.7
%)

22 (95.5
%) 1 (4.5%

)

Ascites

Absent 37 (63.3
%)

17 (44.7
%) 20 (55.3

%)
0.006‡

Present 23 (36.7
%)

21 (81.8
%) 2 (18.2

%)

Grade

Low 24 (38.3
%)

6 (13%) 18 (87%) <0.001
‡

High 36 (61.7
%)

32 (86.5
%) 4 (13.5

%)

LN
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Node negative 23 (35%
)

8 (14.3
%) 15 (85.7

%)
<0.001
‡

Node positive 37 (65%
)

30 (82.1
%) 7 (17.9

%)

M

M0 (non-
metastatic)

45 (76.7
%)

23 (45.7
%) 22 (54.3

%)
<0.001
‡

M1 (metastatic) 15 (23.3
%)

15 (100
%) 0 (0%)

FIGO Stage

Stage IA 2 (3.3%
)

0 (0%) 2 (100
%)

<0.001
§

Stage IB 3 (1.7%
)

2 (3.3%
) 1 (100

%)

Stage IC 3 (3.3%
)

1 (1.6%
) 2 (100

%)

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

Stage IIB 7 (11.7
%)

0 (0%) 7 (100
%)

Stage IIC 6 (10%
)

4 (60%) 2 (50%)

Stage IIIA 8 (15%
)

6 (66.7
%) 2 (33.3

%)

Stage IIIB 11 (20%
)

9 (75%) 2 (25%)

Stage IIIC 4 (6.7%
)

3 (75%) 1 (25%)

Stage IV 13 (23.3
%)

13 (100
%) 0 (0%)

SALL-4

Low 22 (36.7
%)

2 (9.1%
) 20 (90.9

%)
<0.001
‡

High 38 (63.3
%)

33 (86.8
%) 5 (13.2

%)

Table (3): Correlation between clinicopathological features and
immunohistochemical expression of BECN1 in our cases
(*Independent samples Student's test; ❺ Mann Whitney U test; ‡ Chi-
square test; § Chi-square test for trend; p<0.05 is significant).

We found; an inverse relationship between SALL 4and BECN1
(Spearman’s r= -0.198) (p=0.031). Table 4

 SALL4  BECN1  SALL4/BECN1  

(low, high)  (low, high)  (low/low……..high/high)  

 r p-value r p-value r p-value

Age (years) 0.602 <0.001 -0.501 <0.001 -0.718 <0.001

FIGO stage (IA, ………,IV) 0.873 <0.001 -0.588 <0.001 -0.701 <0.001

Grade (low, high) 0.667 0.001 -0.528 <0.001 -0.544 <0.001

LN (negative, positive) 0.64 <0.001 -0.446 <0.001 -0.563 <0.001

DM (negative, positive) 0.485 0.006 -0.578 0.001 -0.653 <0.001

SALL4 (low, high) --- --- -0.198 0.161 --- ---

BECN1 (low, high) -0.198 0.161 --- --- --- ---

Table (4): Association & correlation between clinicopathological parameters, SALL4 and BECN1 in our cases (r correlation coefficient; p<0.05 is
significant).

Discussion
We found that high SALL4 expression was found in 35(64%) of

cases and its high expression was signifi¬cantly positively correlated
with advanced age of the patients (p=0.003), higher grade of the tumor,
advanced stage of the tumor (p<0.001), presence of distant metastases,
positive peritoneal cytology (p=0.006), peritoneal implants (p=0.002),
L.N metastases (p=0.004), and ascites (p=.0.024). Yang et al, [19], have
found similar results in SOC, similarly, results of previous studies
regarding the association between SALL4 and poor prognosis of
multiple solid tumors [20-23].

So, our results proved that increased tissue protein expression of
SALL4 could increase migration, proliferation, invasion and metastatic
potential of SOC cells which pointed to that SALL4 is a cancer
promoting agent which might be used as novel therapeutic molecular
target for improving management modalities of SOC.

The explanation of our results is provided by Zeng et al., [24], who
stated that SALL4 has an essential role in regulation of cancer stem
cells proliferation which is responsible for high proliferation rate,
invasion and metastases of cancer, additionally it was found that
inhibition of SALL4 could result in down-regulation of stem cell
markers, in addition to decreasing the invasion potential of cancer cells
[17], SALL4 has many other roles in tumor promotion and progression
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as it could interact with b-catenin which results in aberrant activation
of Wnt/b-catenin signaling pathway that have major roles in increasing
cancer cells invasion, lymph node and distant metastasis[17].
Moreover SALL4 is found to be involved in c-Myc, HOXA9, and
PTEN-AKT pathways, which are responsible for activation of the
epithelial-mesenchymal transition (EMT) [25& 21]. The process of
EMT has an important role in increasing spread of SOC [26& 27]. Our
results are similar to results of Liu et al., [28], who proved that
increased SALL4 expression is related to poor prognosis of
endometrial carcinoma and explained his results by the association of
SALL4 expression and chemoresistance to the currently used
chemotherapeutic drugs in endometrial carcinoma, similarly other
studies have proved that SALL4 could induce chemoresistance and
poor prognosis in many cancers [29]. As chemotherapy has major role
in management of SOC the induction of chemoresistance markedly
worsen its prognosis. The role of SALL4 in drug resistance is explained
by that drug resistance in cancer is associated with ATP-binding
cassette (ABC) which is multidrug transporters, SALL4 could induce
chemotherapeutic resistance by regulation of ABCB1 in cancer cells.
ABC are closely related to drug resistance and ABCB1 which is the
prototype of this family of genes, and its dis-regulation is related to
drug resistance in cancers of several organs [28]. Another explanation
for the association between SALL4 and poor prognosis in cancers is
due to its ability to promote c-Myc transcriptional activity which has
many roles cancer drug resistance, invasion and metastasis [25].

Our results are similar to results of Du et al., who proved the
upregulation of SALL4 by EGFR activation that could be able to
regulate the stemness of CD44-positive cells in lung cancer [30]. In
addition to its role in cancer progression several other functions e.g.
Yang has found that SALL4 is a transcriptional and epigenetic
regulator in normal and leukemic hematopoiesis [31]

Our study proved that anti- SALL4 drugs could specifically target
SOC cells and could decrease its invasion, spread and improving its
prognosis.

To strengthen our results we have tried to find the association
between SALL4 and BECN1 which is an autophagy marker and find
the effect of their combined expression on the prognosis of SOC. In
this study we have found that increased tissue BECN1 expression in
SOC was associated with favorable clinic-pathological parameters.
High BECN1 expression was found in 38(65%) of cases and its high
expression was signifi¬cantly negatively correlated with advanced age
of the patients (p=0.003), higher grade of the tumor, advanced stage of
the tumor, L.N metastases, presence of distant metastases, peritoneal
implants (p<0.001), positive peritoneal cytology (p=0.004), bilaterality
of the tumor (p=0.020) and presence of malignant ascites (p=.006).

BECN1 role in oncogenesis has taken attention it is found to be
overexpressed in many cancers while down regulated in other cancers
[32], so BECN1 might have variable roles in cancer according to
cancer type. Autophagy has variable roles in cancer initiation,
promotion and progression which is different according to type of
cancer as it may have an inhibitory effect on cancer by maintaining
genomic stability or a stimulatory effect by acting as a pro-survival
signal which protects malignant cells from any cellular stress [32].
Recently BECN1 which is an autophagy related regulatory protein has
been found to be down regulated in many cancers and this is
considered recent evidence which linked autophagy to malignant
suppression [33].

Similarly, Cai et al., [33], found that increased BECN1 expression is
associated with high degree of ovarian cancer differentiation
suggesting that BECN1 might behave as a protective factor in cancer
ovary. Additionally, Osman et al., [34], have proved the association
between BECN1 expression and high degree of differentiation in HCC,
and its expression was negatively associated with unfavorable
clinicopathological criteria and poor prognosis in HCC, additionally,
Wu et al. [35], have proved similar results in cancers of many organs.
Results of our study in addition to results of previous researchers
declared that BECN1 acts as a tumor suppressor gene that decreased
aggressively of cancer.

Moreover, Ying et al., [3], assessed the relations between BECN1
expression and response to chemotherapy; they have found that its
expression was higher in drug sensitive ovarian cancer patients than in
drug resistant patients, which proved that decreased BECN1
expression is associated with chemoresistance resistance and dismal
outcome in ovarian carcinoma patients.

We proved that BECN1 high expression was found in early sage
SOC than the late stages, similarly, Fei et al., [36] found increased
BECN1 expression in early stages of cancer stomach than in late stages
that

Such results are explained by that tissue protein expression levels of
BECN1 have decreased with cancer progression as cancer cells lose the
autophagy capacity during cancer progression, escape cell death and
become more liable for invasion, spread and more aggressive behavior
[36]. Miracco et al., [37], assessed BECN1 protein expression in
atypical meningioma and ependymal high-grade neoplasms and they
have proved decreased its expression in high grade than in low grade
tumors, that points to that decreased BECN1 expression is associated
with more aggressive brain tumors, which was similar to our results in
SOC.

Results about role of BECN1 in cancer and its association with good
prognosis in SOC is unproved yet, as different results were found by
Zhao, et al., [36], who concluded that BECN1 has no relation to
ovarian carcinoma prognosis these results might be explained by
different number of cases and different clone of the primary anti-
BECN1 antibody that was used in the study.

Other studies which declared similar results; Cai, et al., [33], found
that high increased tissue protein BECN1 expression is associated with
favorable outcome in SOC patients. Many theories put to explain their
results (1) BECN1 increased autophagy in ovarian carcinoma cells that
are lacking apoptotic ability so lead to their death and decreasing their
survival; (2) BECN1decreased the occurrence of gene mutations by
stabilization of the mitochondrial structure so decreased emergence of
aggressive, invasive and metastasizing clones (3) increased BECN1
expression stops the completion of cell cycle, so inhibits cancer cell
proliferation, stimulates autophagy and apoptosis (4). More over
BECN1 delays cell cycle progression [33]. Moreover, high BECN1
expression leads to increased phosphorylation of p53 and Bcl-2 [39],
and caspase-9 activity [40], which enhanced autophagy related cell
death Dong, et al., [41], proved the protective roles of BECN1 in many
cancers, which was similar to us.

Other studies have proved different results regarding the association
between BECN1 expression and cancer prognosis as By contrast to our
results, Wan et al., [42] and Tang et al., [43], proved the association
between high BECN1 expression and aggressive tumor behavior in
nasopharyngeal carcinoma a and in squamous cell carcinoma, which is
explained by differences in the intrinsic properties of each cancer.
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Shi, et al., [44], have stated that BECN1 down regulation in
hepatocellular cancer leads to increased antiapoptotic Bcl-XL
expression, which allows increase hepatocellular carcinoma cells
survival. The interaction between BECN1 and Bcl-XL inhibits
autophagy and promotes the cancer progression.

Also more recent study by Zhao et al., have proved the role of
BECN1 and LC3 as predictive biomarkers for metastatic colorectal
carcinoma which was similar to our results [45].

We have found an inverse relationship between SALL 4and BECN1
(Spearman’s r= -0.198) (p=0.030).

Conclusion
We have proved negative correlations between SALL4& BECN1

expression as SALL4 increased SOC progression, invasion and spread
by inducing EMT and activation of Wnt/b-catenin signaling pathway,
while BECN1 expression is related to favorable outcome due to
increased autophagy and decreased emergence of aggressive sub-
clones, moreover SALL4 expression was related to resistance to
chemotherapy which leads to SOC progression, so therapeutic targets
against both SALL4& BECN1 can be beneficial recent management
modalities for SOC.

Recommendations
It is recommended to do a prospective large scale study on larger

number of patients to clarify detailed molecular roles of SALL4&
BECN1 in progression and spread of SOC.
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