
Introduction

Invasive carcinoma of the uterine cervix is the most lethal

gynecological malignancy and a growing problem worldwide.

Molecular-genetic research, in the past decade, plays a sig-

nificant role in prevention, early diagnosis, and determina-

tion of effective treatment for premalignant lesions and

malignant tumors of the uterine cervix.

As a physiological process in cell metabolism, au-

tophagy is involved in facilitating the cellular clearance of

aggregation-prone proteins, and by that expending a cyto-

protective function [1]. At the same time, as a genetically

determined process, autophagy enables the recycling of

damaged organelles or long-lived proteins, thus promoting

the cell survival by purging the cell of toxic metabolites

and intracellular pathogens, or by generating the essential

proteins required to maintain vital functions during nutri-

ent-limiting conditions [2]. Various conditions such as hy-

poxia, inflammatory stimulation, and lack of nutrients, may

act as a potential trigger for the autophagy [3,4]. Depend-

ing on the envi ronment, autophagy can have two potential

effects, it can either facilitate adaptive cell survival, or pro-

mote programmed cell death [5-7]. 

The ability of the cancer cells to survive under hypoxic

and hypo-nutrient microen vironments, is due to their en-

hancement of autophagic ability and utilization of the re-

cyclable materials [8]. Despite autophagy being a critical

focus in cancer research, it is still unclear whether au-

tophagy acts fundamentally as a cell survival or cell death

pathway, or both. [9-12].

Beclin-1 as one of 30 specific genes that regulate the

process of autophagy and plays a key role in mammalian

autophagy [13, 14]. Beclin-1 gene is found in human chro-

mosome 17q21 [15]. It is expressed in wild type of mice,

and heterozygous mutations of this protein increase cell

proliferation and cancer development [16, 17]. The ex-

pression of Beclin-1 also correlates with decrease in the

level of monoallelic deletions which is found in 40-75% of

sporadic breast, prostate, and ovarian cancers [18]. Over-

expression of Beclin-1 protein were frequently found in ad-

vanced stages of various cancers and were shown to be

associated with tumor progression [19-25], but several

other studies have detected a decrease of Beclin-1 expres-

sion in cancer compared to normal tissues [26-28]. How-

ever, there are no studies regarding specifically the roles of
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Summary

Background: Beclin-1 is the key regulator gene for autophagy and plays a significant role in regulating tumor cell growth and death.

Materials and Methods: To assess the expression and clinical significance of autophagic gene Beclin-1 in carcinogenesis of the uterine

cervix, the authors performed immunohistochemistry in 138 tissue samples of: low grade cervical squamous intraepithelial lesions (SIL)

(n=32), high grade SIL (n=22), portio vaginalis uteri (PVU) carcinoma in situ (n=22), and PVU invasive carcinoma, Stage IA-IIA

(n=26) (study group) and 36 samples of normal uterine cervix (control group). Fisher’s exact test (p < 0.05) was used to assess statisti-

cal significance. The level of reliability of specificity and sensitivity was determined as a possible screening method for detection of

changes in the uterine cervix. Results: There is no important difference in the frequency of overexpression of Beclin-1 between the pa-

tients with normal cervix and with low grade SIL, in this study. On the other hand there was a large difference in the frequency of over-

expression in patients with high grade SIL (18/22, p = 0.008), PVU carcinoma in situ (20/22, p = 0.008), and PVU invasive carcinoma

(18/26, p = 0.033), in relation to the control group. High sensitivity values show diagnostic significance in noticing these types of

changes in the uterine cervix. Regarding high predictive values, there is a conclusion that patients with overexpression of Beclin-1 gene

probably have premalignant or malignant changes in the uterine cervix. Conclusions: The current achievements show that the evalua-

tion of Beclin-1 expression might provide additional and independent prognostic information to predict the clinical course of uterine

cervical cancer. It is confirmed that overexpression of these genes proposes with great certainty that there are premalignant or malig-

nant changes in the uterine cervix.
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autophagy in carcinoma of the uterine cervix.

The aims of the present study were to assess of Beclin-

1 expression and clinical significance in the uterine cervix

carcinogenesis.

Materials and Methods

This prospective experimental study was performed between

January 2013 and December 2015, at the Department of Obstet-

rics and Gynecology and at the Laboratory for Experimental and

Clinical Immunology, Faculty of Medicine, University of Kragu-

jevac, Serbia.

In patients who had undergone surgeries for hysterectomy,

punch biopsy or conization, because of premalignant and/or ma-

lignant changes of the uterine cervix, the tissue specimens were

collected from the operative material. Cryostat sections were sent

for histopathological diagnosis. 

Sections of tissue deriving from the operative material or biopsy

material were taken after obtaining informed consent of patients in

accordance with the Declaration of Helsinki and recommendations

of the World Health Organization (WHO) for experiments on

human material and after getting approval of the Ethics Committee.

To evaluate Beclin-1 expressions in control group, the authors

performed immunohistochemistry in 36 cases of normal cervix,

from patients in whom Papanicolaou indicated through ambula-

tory biopsy of the uterine cervix, did not show malignant changes

or SIL (cervicitis chronica of mild to moderate degree). 

To evaluate Beclin-1 expressions in study group, we performed

immunohistochemistry on 32 cases with histopathological diag-

nosis of low grade squamous intraepithelial lesions (SIL), 22 with

high grade SIL, 22 with portio vaginalis uteri (PVU) carcinoma in
situ, and 26 with PVU invasive carcinoma, Stage IA-IIA. 

Extra sections of cervical lesions were snap-frozen in liquid ni-

trogen and stored at -70°C, until they were used for immunohis-

tochemistry analysis. The primary antibody used for investigation

was polyclonal rabbit Beclin-1 antibody diluted with phosphate

buffered saline (PBS, pH-7.2, 1:500). The frozen sections, four-

micrometer in diameter, were fixed in 100% acetone for five min-

utes and the endogenous peroxidase activity was suppressed by

ten-minute incubation in 0.5% hydrogen peroxide. After fixation,

the slides were washed with PBS. Non-specific antibody binding

was blocked with PBS containing 10% rabbit anti-human poly-

clonal primary antibodies against Beclin-1 serum, for ten minutes

at room temperature in the humidity chamber. The slides were

blotted and primary antibodies applied. For Beclin-1 antibody the

incubation period lasted 60 minutes at room temperature (con-

centration of 5 μg/ml). The slides were washed three times in PBS.

Secondary antibody, diluted with PBS, was applied for 60 minutes

in a humidity chamber at room temperature. Streptavidin/horse-

Figure 1. — Beclin-1 overexpression (3+) in high grade SIL (×40).

Figure 2. — Beclin-1 overexpression (3+) in Ca PVU in situ (×40).

Figure 3. — Beclin-1 overexpression (3+)  in Ca invasive PVU (×40).

Table 1. — Expression of Beclin-1 in the control and study group.
Beclin-1 Control group, Low grade High grade PVU in situ PVU invasive

expression n (%) SIL, n (%) SIL, n (%) carcinoma, n (%) carcinoma, n (%)

Negative(-) 8/36 (22.2) 2/32 (6.2) 0/22 (0) 0/22 (0) 2/26 (7.6)

Negative (1+) 18/36 (50.0) 12/32 (37.5) 4/22 (18.2) 2/22 (9.1) 6/26 (23.1)

Positive (2+) 2/36 (5.6) 8/32 (25.0) 4/22 (18.2) 14/22 (63.6) 6/26 (23.1)

Positive (3+) 8/36 (22.2) 10/32 (31.3) 14/22 (63.6) 6/22 (27.3) 12/26 (46.2)

Squamous intraepithelial lesions (SIL), portio vaginalis uteri (PVU).

1 2 3
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radish-peroxidase complex technique was used for visualization

with diaminobenzidine as chromogen. Sections were counter-

stained with hematoxylin for 30 seconds and washed in cold tap

water. At the end, the slides were dehydrated in alcohol, cleared

in xylene, and enveloped in Canada balsam.

For the positive controls the authors used hepatocellular carci-

noma with cytoplasmic Beclin-1 and NET-1. The samples were

taken through the procedure with exclusion of the primary anti-

body, for negative controls.

Slides were evaluated by two of the authors, unaware of im-

munohistochemical or clinical data using a semiquantitative

method on a light microscope. The percentage of immunoposi-

tive cells in presentational areas of the sections was determined.

The intensity of immunostaining was split into four categories,

namely: negative -(0-5%), 1+(5-25%), and positive 2+(25-50%),

and 3+ (50-100%).

Patients were split into 4 subgroups, based on the frequency of

the lesions found and 2×2 contingency tables were formed from

where specificity and sensitivity were calculated. Also, based on

the receiver operating characteristic (ROC) curve, the discrimi-

nation power of the test was determined.

For the assessment of statistical significance the authors used

Fisher’s exact test. The established levels of the sensitivity and

specificity was used as a possible screening method for the early

detection of the uterine cervical changes.

Results

The expression levels of Beclin-1 gene in the study and

control group is shown in Table 1. Beclin-1 was over-

expressed in 27.8% of patients with normal cervix and in

56.3% of patients with low grade SIL (Fisher’s exact test,

p = 0.163).

Sensitivity and specificity, as a method for low grade SIL

detection, were calculated in a 2×2 table of contingency,

on the basis of the frequency of Beclin-1 overexpression.

Sensitivity was 56.25% and specificity was 72.2% (Table

2).

On the basis of the positive predictive value of 64.32%,

may be expected in patients with Beclin-1 overexpression

that have low grade SIL in this percentage. On the basis of

the negative predictive value of 65%, this percentage of pa-

tients with Beclin-1 negative expression are not expected to

have low grade SIL.

Overexpression of Beclin-1 was present in 27.8% of pa-

tients with normal cervix and in 81.8% with high grade SIL

(Fisher’s exact test, p = 0.008) (Figure 1).

As a method for the detection of this type of the uterine

cervical changes, the sensitivity of determining Beclin-1

was 81.82% and specificity was 72.2% (Table 3).

With the aim of determining high grade SIL, the dis-

crimination power of overexpression Beclin-1 was greater

than the discrimination power of negative expression of this

gene, in patients with normal findings in the cervix. In high

grade SIL changes, the positive predictive value was

64.18% and the negative predictive value was 86.65%.

Table 1 shows that Beclin-1 was overexpressed in 27.8% of

patients with normal cervix and in 90.9% of patients with PVU

carcinoma in situ (Fisher’s exact test, p = 0.008), (Figure 2).

Overexpression of Beclin-1 oncogene was significantly dif-

ferent in normal cervix than in PVU carcinoma in situ
(Fisher’s exact test, p = 0.008). The sensitivity for diag-

nosing PVU carcinoma in situ was 90.9% and specificity

was 72.2% (Table 4). The positive predictive value was

64.18% and the negative predictive value was 86.65%.

Beclin-1 was overexpressed in 27.8% of patients with

normal cervix and in 69.3% PVU invasive carcinoma

(Fisher’s exact test, p = 0.033) (Table 1, Figure 3). The sen-

sitivities was 69.3%, specificity 72.2%, the positive pre-

dictive values 64.13%, and the negative predictive values

76.46%, respectively (Table 5).

Discussion

Beclin-1 and Beclin-2 belong to the Beclin family. Human

cancer studies have assessed the role of Beclin 1, and the

outcomes showed that cytoplasmic Beclin-1 expression may

be specific to the cancer type. There is low expression of

Table 5. — Table of contingency (PVU invasive carci-
noma).
Test Disease present (PVU Disease absent Total

invasive carcinoma) (control group)

Beclin-1 overexpression 18 (p = 0.033) 10 28

Beclin-1 negative 8 26 34

Total 26 36 62

Portio vaginalis uteri (PVU).

Table 4. — Table of contingency (PVU carcinoma in situ).
Test Disease present Disease absent Total

(PVU carcinoma in situ) (control group)

Beclin-1 overexpression 20 (p = 0.008) 10 30

Beclin-1 negative 2 26 28

Total 22 36 58

Portio vaginalis uteri (PVU).

Table 3. — Table of contingency (high grade SIL).
Test Disease present Disease absent Total

(high grade SIL) (control group)

Beclin-1 overexpression 18 (p = 0.008) 10 28

Beclin-1 negative 4 26 30

Total 22 36 58

Squamous intraepithelial lesions (SIL).

Table 2. — Table of contingency (low grade SIL).
Test Disease present Disease absent Total

(low grade SIL) (control group)

Beclin-1 overexpression 18 (p = 0.163) 10 28

Beclin-1 negative 14 26 40

Total 32 36 68

Squamous intraepithelial lesions (SIL).
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Beclin-1 in breast cancer [29, 30], ovarian cancer [31], lung

cancer [32], hepatocellular carcinoma [33], cholangiocarci-

noma [34], pancreatic cancer [35], hypopharyngeal cancer

[36], laryngeal cancer [37], esophageal cancer [38], duode-

nal cancer [39], gastric cancer [40], lymphomas [41–43],

and so on, and this is associated with poor prognosis. On

the other hand there is high expression of Beclin-1 which is

connected to tumor aggressiveness in nasopharyngeal car-

cinoma [44], endometrial cancer [45], and colorectal can-

cer [46]. After studying Beclin-1 in oral cancer tissues for a

while, it was concluded that high expression was related to

poor prognostic factors and/or aggressive clinical outcomes

[47, 48].

There is no important difference in the frequency of over-

expression of Beclin-1 between the patients with normal

cervix and with low grade SIL, in the present study. On the

other hand there is a large difference in the frequency of

overexpression in patients with high grade SIL, PVU car-

cinoma in situ, and PVU invasive carcinoma in relation to

the control group. High sensitivity values show diagnostic

significance for noticing these kinds of changes in the uter-

ine cervix. Regarding high predictive values, there is a con-

clusion that patients with overexpression of Beclin-1 gene

probably have premalignant or malignant changes in the

uterine cervix.

Dysfunction in autophagy and metabolism is suggested

by high or low Beclin-1 expression in cancer tissues. Au-

tophagy has been involved in tumor suppression and tumor

progression. Autophagy prevents malignant transformation

of normal cells by providing cellular homeostasis, genomic

stability, and normal metabolism [49]. Tumor cell growth is

frequent promoted by autophagy which maintains metabo-

lism in stressful conditions on established tumors [50, 51].

The present impact of autophagy on tumorigenesis might

be context-dependent. Cell growth might be regulated by

autophagy in a different manner according to tissue types

and specific genetic settings [52, 53]. Autophagy and Be-

clin proteins have special associations which have been

well documented. Beclin proteins interact with components

in class III phosphoinositide 3-kinase complex, which is

important for initiation of autophagy [49, 54]. Beclin-1 is

included in the creating of phagophore in the early stage of

autophagy, and is colocalized with LC3 punctae [55].

Basically Beclin-1 has a tumor suppressor function. High

expression of Beclin-1 was accompanied with tumor pro-

gression in some cancers, as described earlier [44–48]. Al-

lelic loss of the Beclin 1 prevented the creating of tumor in

certain genotypes of mice [56,5 7]. Beclin-1 interacts with

positive and negative regulators of autophagy and also par-

ticipates in several non-autophagic processes [58]. The in-

fluence of Beclin-1 on tumor progression might be

independent from autophagy. However, the present study

established the connection of Beclin-1 and tumor progres-

sion in the uterine cervix. The connection of Beclin-1 and

tumorigenesis can be more complex. The tumor progres-

sion which is caused by Beclin-1 overexpression and de-

pletion can be due to different mechanisms. The tumor

growth may be evoked by autophagy and/or autophagy-in-

dependent mechanisms. Beclin-1 has several interacting

partners of Beclin-2, and additionally required for degra-

dation of GASP1-regulated G protein-coupled receptors

(GPCRs). Many GPCRs are overexpressed in cancers and

contribute to cancer cell proliferation [59]. Accumulation of

some GPCRs may be caused by loss of Beclin-2 and lead

to tumor progression. High expression of Beclin-1 or Be-

clin-2, which have been found in previous steps of au-

tophagy, could be issued from either autophagic activation

or late step impairment. It can be supposed by all of these

factors why patients with either high or low Beclin-1 ex-

pression had poorer prognosis than those with moderate ex-

pression. There should be more studies to address the

biological mechanisms and related signaling pathways of

Beclin proteins in tumorigenesis. Most of Beclin-1 is found

in the intracytoplasmic organelles, which include endo-

plasmic reticulum, mitochondria, and perinuclear mem-

brane. Its nuclear expression was seldom noted.

Conclusion

The current achievements show that the evaluation of Be-

clin-1 expression might provide additional and independent

prognostic information to predict the clinical course of uter-

ine cervix cancer. It is confirmed that overexpression of

these genes proposes with great certainty, that there are pre-

malignant or malignant changes in the uterine cervix.

Realising Beclin-1 overexpression, modulation, and in-

teraction with other factors which were involved in the au-

tophagic pathways might contribute to the development of

new approaches to the prevention of uterine cervical cancer.
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