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ABSTRACT

B

ackground: The accuracy of current prognostic factors in cervical cancer
progression remains controversial. This progression may be understood
through molecular markers of autophagy, BECLIN 1 and LC3.

Objectives: Assessment of expression of Beclin-1 & LC3 in cervical cancer to find
an accurate prognostic marker of cancer progression.
Methodology: In this case control study, 43 cervical tissue biopsy samples were
analysed for Beclin-1 and LC3 gene expression. A gene was considered down
regulated when band intensity was lower than 2 SD of that for normal cervical
tissue. The expression from normal cervix, precancerous and cancer cervix tissue
sample was compared by unpaired t-test using SPSS software.
Results: Among 43 subjects of cervical pre-malignancy and malignancy, 60.5%
were ≥ 55years, 65.1% had ≥ 3 live issues, 79.1% belonged to low SE status and
90.7% were post-menopausal, of which 41.7% were 6-10 years post-menopausal.
All tissue samples were analysed against nine controls for Beclin-1 and LC3
expression which was up-regulated in 30.2% samples for Beclin-1& LC3 each
and down-regulated in 32.5% Beclin-1 & 20.9% LC3, which was not statistically
significantly. In 37.2% samples for Beclin-1 & 48.9% for LC3 the expression
remained unchanged. However combined expression of Beclin-1 & LC3 in samples
of pre-malignant lesions (ten) was up-regulated (70%, P=0.003). Beclin-1 & LC3
expression was also significantly up-regulated in patients less than 55 years of age
(P=0.001) as against those in age group ≥ 55 years where up and down regulation
was almost equal.
Conclusion: Beclin-1 & LC3 gene expression was significantly up regulated in
patients < 55 years of age, and in pre-malignant tissue samples, pointing towards
an operating autophagy mechanism within the cervical cells that probably protects
cells from progressing to overt cervical cancer. However, this was not so in the
cancer samples.

Cervical cancer is one of the leading causes of gynaecological
cancer death in women worldwide and approximately
500,000 new cervical cancer cases are deduced, contributing

to 280,000 deaths each year1. More than 80% of cervical
cancer patients are diagnosed in developing countries2. HPV
infection has been considered as the key factor responsible
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for the development of cervical cancer. HPV-16 and -18
infections account for about 70% of cervical cancer cases
3
. Two primary HPV viral onco-proteins, E6 and E7, are
required for the development of cervical cancer. E6
protein induces p53 degradation. E7 protein interacts with
retinoblastoma (Rb) protein and preventing Rb binding to
cell cycle-related transcription factor E2F leading to loss of
Rb/E2F complexes and the subsequent progression of cell
cycle from G1 to S phase4-7.

smears were taken and sent for cytology. For those with
obvious growth on the cervix, punch biopsies were taken.
The patients in whom only PAP was done were divided
into 2 groups based on cytology report: (1) Normal (2)
Abnormal. The second group with abnormal PAP reports
were further evaluated with colposcopy and guided biopsies
were taken from suspicious areas. As controls, biopsies from
hysterectomy specimens with prior normal PAP report and
no evidence of abnormal cervical changes were taken.

Autophagy is intracellular degradation, a dynamic, multistep process8. It occurs when cells undergo stress like
starvation, radiotherapy to promote cell survival or
apoptosis9,18. Beclin-1 & LC3 regulate the beginning of
mammalian autophagy8. Beclin-1 plays a central role in the
signalling pathway activating autophagy and autophagosome
formation8, 16. LC3 is responsible for the elongation of the
autophagosome13, 14. In a study from 2012 it was shown that
expression of Beclin-1 and LC3 were significantly lower
in cervical squamous cancer cells and malignant epithelial
ovarian cancer than normal cells 15. This may have prognostic
significance11. In another study a natural agent, HMDB,
having growth inhibitory effect on malignant cells was seen
to trigger autophagy in HeLa cervical cancer cells followed
by increased expression of LC3 and Beclin-112.

Patients with obvious growths were also evaluated regarding
(1) Type and size of growth (2) Extension, parametrial or
rectal mucosa involvement (3) Any palpable lymph nodes.
A total of 52 cervical tissue biopsy samples (cases and
controls) were analysed for Beclin-1 and LC3 gene expression
.The biopsy samples were immediately transported to the
genetics laboratory in an ice chamber and thereafter stored
at -80 degree centigrade. RNA was extracted from the tissue
samples and checked for purity. The satisfactory samples
were then converted to complementary DNA (cDNA) by
PCR and integrity checked by Beta Actin gene expression.
The primers of Beclin-1 and LC3 gene were applied and
expression of the genes assessed by electrophoresis. A gene
was considered to be down regulated when band intensity
value was lower than 2 standard deviations of the value
obtained for normal cervical tissue samples. Thereafter the
gene expression from normal cervix, precancerous lesion
and cancer cervix tissue sample was compared.

Many onco-proteins inhibit or promote autophagy19.
Autophagy is required for optimal anti-cancer immunesurveillance21. In neoplastic cells, autophagy responses cope
with intracellular and environmental stress favouring tumour
progression implying that in some cases, oncogenesis
proceeds with temporary inhibition of autophagy or gain
of molecular functions antagonizing its onco-suppressive
activity13.

Statistical analysis: The results were tabulated and unpaired
t-test applied using SPSS software.

RESULTS

This study was to find a correlation between expression of
Beclin-1 and LC3, markers of autophagy, in pre-malignant
and cancerous cervical cells, in the hope of finding an
accurate prognostic marker of progression of cancer other
than existing clinical parameters.

Demographic analysis
Table 1: Characteristics of patients with biopsy proven pre-malignant
and malignant lesions of the cervix

Age group (in years)
N (%)
< 55
17 (39.5)
≥ 55
26 (60.5)
Parity
<3
15 (34.9)
≥3
28 (65.1)
Socioeconomic status (Kuppuswamy scale)

MATERIAL AND METHODS
The study was approved by the departmental research
committee, Institute postgraduate board and Institute ethical
committee of Institute of Medical Sciences, Banaras Hindu
University. From August 2016 to January 2018 total number
of 230 non pregnant symptomatic patients attending the
OPD of Sir Sunderlal hospital, IMS, BHU, who were in a
relationship (married or otherwise), were recruited into the
study after informed consent. After a detailed history, PAP

Lower
Middle
Upper
2

34 (79.1)
06 (13.9)
03 (7.0)

Total
43 (100)

43 (100)

43 (100)
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Menstruation Status
Menstruating
Menopausal

Gene expression analysis
07 (16.3)
36 (90.7)

43 (100)

Table 4: Total cervical biopsy samples

Cervical cancer*
Pre-cancerous**
Controls***
Total

When analysed, the range of age of subjects was found to
be between 35-78 years. The age group ≥ 55 years had more
number of patients (60.5%). Of 43 subjects, 28(65.1%) had
≥ 3 living children. Majority (79.1%) belonged to the lower
socioeconomic status and 90.7% were post-menopausal.

*Malignant cervical biopsy sample, **Premalignant lesion in cervical biopsy (High
grade intraepithelial squamous lesion), *** Biopsy from hysterectomy samples with
previous normal PAP report and no evidence of abnormal cervical changes.

Table 2: Total duration of menopause in post-menopausal females

Duration (in years)
0-5
6-10
11-15
> 15
Total

N (%)
10 (27.8)
15 (41.7)
06 ( 16.7)
05 (13.8)
36 (100)

Table 4 shows the distribution of cervical cancer, 33, and
pre-malignant tissue samples, ten, among a total of 43 case
samples in which expression of Beclin-1 and LC3 was seen
as against nine controls.
Table 5: Beclin-1 & LC3 gene expression in 43 cases of pre-malignant
and malignant lesions

Gene expression
Up regulated
Down regulated
Unchanged
P value

Out of 36 postmenopausal females from a total of 43 cases
with malignant and pre-malignant lesions of the cervix, a big
group, 15 (41.7%) were postmenopausal since 6-10 years,
followed by ten (27.8%) who were 0-5 years into menopause.
The least number of subjects with abnormal cervical biopsy
reports were in their late menopause that is after ten years
onwards.

Table 3: Characteristics of growth in patients with cervical cancer

N (%)
9 (27.3)
11 (33.3)
13 (39.4)

Total
33 (100)

20 (60.6)
13 (39.4)

33 (100)

32 (96.9)
01 (3.1)

33 (100)

Beclin-1 N (%)
13 (30.2)
14 (32.5)
16 (37.2)
0.072

LC3 N (%)
13 (30.2)
09 (20.9)
21(48.9)
0.3672

Table 5 shows that in 43 cases of premalignant and
malignant tissue sample no significant changes in expression
of Beclin-1 and LC3 could be found. Each was up regulated
in equal number of cases and down- regulated in 32.5%
(Beclin-1) & 20.9% (LC3)

Clinical analysis

Type of growth
Ulcerative
Proliferative
Infiltrative
Parametrial involvement
Absent
Present
Histopathological type
Squamous cell carcinoma
Adenocarcinoma

33
10
09
52

Table 6: Autophagy gene expression (Beclin-1 & LC3) in ten cases of
only pre-malignant lesions

Gene expression
Up regulated
Down regulated
Unchanged
P value

Beclin-1 + LC3
7 (70.0)
2 (20.0)
1 (10.0)
0.003

When combined Beclin-1 and LC3 was analysed separately
for the ten cases of pre-malignant lesions, it was seen that
expression was significantly up-regulated in 70.0% samples
(p=0.003) as seen in Table 6.

It can be seen from Table 3 that among the 33 cases of biopsy
proven cervical cancer subjects, there was an almost equal
distribution of infiltrative (39.4%), proliferative (33.3%)
and ulcerative (27.3%) type of growth and parametrial
involvement was absent in 20 (60.6%) subjects. Almost all
were squamous cell carcinomas (96.9%).

Table 7 shows combined Beclin-1 and LC3 gene expression
was also significantly (p = 0.001) up regulated in 13 (76.5%)
of the 17 cases in age group < 55 years as against the age
group ≥ 55 years were there was an almost equal distribution
of up and down regulation.
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specimens with previous normal PAP reports and no
evidence of abnormal cervical changes.

Table 7: Expression of autophagy genes Beclin-1 & LC3 in different
age groups

Expression

Up regulated
Down regulated
Unchanged
Total
P value

Age group (in years)
< 55
≥ 55
N (%)
N (%)
13 (76.5)
3 (17.6)
1 (5.9)
17 (100)
0.001

It was found that in our study, expression of both Beclin-1
& LC3 genes were equally up-regulated (30.2%, 30.2%)
and down-regulated (32.5%, 20.9%) in pre-malignant
and cervical cancer tissue as against our controls. Also
both remained unchanged in an appreciable number of
these cases (37.2%, 48.9%), which suggests retention of
autophagy capacity by cancerous cells in some cases. This
appears in contrast with the belief that autophagy should
always be down-regulated in cells for progression of cancer.
Xu et al. suggested in 2012 that inhibition of autophagy may
improve cisplatin chemotherapy by increasing the levels
of intracellular misfolded proteins and DNA mutations
which enhanced cellular apoptosis in cancer cells20, 31. By the
same mechanism, autophagy may also promote tumor cell
proliferation23. In another study published in 2015, Beclin-1
protein expression remained relatively unaltered in 398
ovarian high-grade serous cystadenocarcinomas32. So, it is
possible that after an initial down-regulation of autophagy
due to a variety of reasons, malignant changes are initiated
within a cell by accumulation of cytotoxic material and DNA
fragments after which some oncogenes or cancer causing
agents may up-regulate autophagy to protect the cancer cells
from apoptosis. This may be the reason that we found both
up-regulation and down-regulation in our study samples.

11 (42.3)
15 (57.7)
—
26 (100)

DISCUSSION
Epidemiological studies show that the human papillomavirus
(HPV) infection is closely related to more than 90% of the
cervical cancer cases. However, the virus infection alone is
not sufficient to cause cervical cancer. Cellular molecular
mechanisms for the disease pathogenesis still needed to be
established22. Autophagy is a cellular homeostasis mechanism
and its dysfunction is associated with the development of
malignant tumors23-27 and the sensitivity to chemoradiation28,
29
. In a study from China done in 2017 on Beclin-1 expression
in normal cervical, CIN and cervical cancer tissue, it was
shown that compared with the normal cervical tissue, the
positive rate of Beclin1 in the CIN tissue was significantly
declined (p < 0.05), which was further significantly downregulated in the cervical cancer tissue (p <0.05)30.

However, when combined beclin-1 & LC3 expression was
analysed in only pre-malignant cervical tissue, it was found
to be significantly (P=0.003) up-regulated in 70% cases
(7/9) as against our controls, probably protecting the cell by
removing debris from the cellular micro-environment which
may be a reason why these cases stayed in pre-malignant
state and did not progress to cancer.

In our study, 43 female subjects with biopsy proven premalignant and malignant lesions of the cervix were recruited.
Out of these, 60.5% were equal to or more than 55 years of
age, 90.7% being post-menopausal. A bigger group of these
females (41.7%) were 6-10 years post-menopausal whereas
another sizable proportion (27.8%) was 0-5 years postmenopausal. Only small proportions were more than 10
years post-menopausal. 65.1% had previous 3 or more live
issues. 79.1% belonged to the lower socioeconomic status
(Kuppuswamy scale).

In a review published in 2012 from India17, it was surmised
that expression levels of both Beclin-1 and LC3 were not
associated with age, FIGO stage, pathologic differentiation,
and lymph node metastasis. In our study also there was no
relation with stage, pathologic differentiation, and lymph
node status however it was found that in patients less than
55 years of age, 76.5% had up-regulation of expression of
Beclin-1 & LC3 (P=0.001).However, in patients ≥ 55years,
there was almost equal distribution of up-regulation and
down-regulation. So the significant association was found in
the group of younger patients (13/17). This is in concurrence
with the fact that most gynaecological malignancies are more
common in the older age group which may in part be due
to an age related down-regulation in autophagy and thus less
efficient housekeeping of the cellular micro-environment.

Clinically, there was an equal distribution of the types of
cervical growths seen in 33 cases of proven malignancies.
39.4% were infiltrative, 33.3% proliferative and 27.3%
ulcerative. Parametrium involvement was absent in 60.6%
cases. Histologically, 96.9% were squamous cell carcinomas.
Beclin-1 and LC3 gene expression was analysed in 52 tissue
samples of which 33 were biopsy proven cervical cancers
and 10 pre-cancerous (high grade intra-epithelial lesions), as
against 9 controls from cervical biopsies of hysterectomy
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An indirect evidence of protection from disease in younger
age group was also found in a study done in mice which
indicated that an age-related decline in autophagy and
mitophagy responses to lung injury may contribute to the
promotion and/or perpetuation of pulmonary fibrosis33.
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