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Expression and significance of autophagy genes
LC3, Beclinl and MMP-2 in endometriosis
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Abstract. Expression of autophagy-related proteins, micro-
tubule-associated protein light chain 3 (LC3) and Beclinl,
and matrix metalloproteinase-2 (MMP-2) was investigated in
serum and peritoneal fluid of patients with endometriosis (EM).
The messenger ribonucleic acid (mRNA) expression levels of
MMP-2,L.C3 and Beclinl in endometrial tissues of EM patients
and correlation of these genes with EM and their significance
were evaluated. The serum, peritoneal fluid and endometrial
tissues of 84 patients treated in The First Affiliated Hospital of
Qigihar Medical University (Qiqihar, China) from March 2016
to March 2017 were collected. The serum, peritoneal fluid and
endometrial tissues of 42 EM patients were used as the experi-
mental group, while those of 42 non-EM patients were used
as the control group. The levels of LC3, Beclinl and MMP-2
in serum and peritoneal fluid of EM patients and non-EM
patients were quantitatively detected via enzyme-linked
immunosorbent assay (ELISA), followed by comparative
analysis based on data in both groups. In addition, mRNA
expression of LC3, Beclinl and MMP-2 in the endometrium
in both groups were detected via reverse transcription-quanti-
tative polymerase chain reaction (RT-qPCR), and differences
in expression of these genes between the groups were analyzed
and evaluated. Correlation of LC3, Beclinl and MMP-2 with
EM was explored. Results of ELISA showed that levels of LC3
and Beclinl in the EM group were significantly lower than
those in the control group, while levels of MMP-2 in serum
and peritoneal fluid of the EM group were significantly higher
than those in the control group (P<0.05). Results of RT-qPCR
revealed that mRNA expression of LC3 and Beclinl in the
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endometrium of patients in the EM group were obviously
decreased compared with those in the control group, while
the expression of MMP-2 was high, and differences in expres-
sion were statistically significant (P<0.05). The expression of
MMP-2 is high, and expression of LC3 and Beclinl is low in
serum, peritoneal fluid and endometrium of EM patients, and
investigating the expression of MMP-2, LC3 and Beclinl in
EM is helpful to further clarify the pathogenesis of EM, and
guide the clinical diagnosis and treatment.

Introduction

Endometriosis (EM) refers to a common and frequently-occur-
ring disease in women of childbearing age due to the
implantation and growth of active endometrial cells outside
the endometrium, and the occurrence has a certain correlation
with levels of hormones in the body (1). In recent years, the
incidence rate of EM has been as high as 10-15%, showing
an increasing trend (2). Although EM is a kind of benign
tumor, its invasive feature and capacity are similar to those of
malignant tumors, so it is difficult to cure. The most prominent
clinical manifestations of EM are dysmenorrhea, irregular
menstruation, infertility and pelvic pain, which seriously
affect the physical and mental health of patients, and bring
immense suffering to patients and their families (3). Under
normal circumstances, endometrial cells grow in the uterine
cavity, but the uterine cavity can be connected to the pelvic
cavity through the fallopian tube, so ectopic growth will occur
in endometrial cells when they enter the pelvic cavity through
the fallopian tube, resulting in EM (4). The pathogenesis of
EM mainly includes blood reflux, endometrial implantation,
abnormal immune response in the body, theory of heredity,
theory of lymphatic and venous dissemination, iatrogenic
endometrial transplantation, metaplasia and benign metas-
tasis. However, its mechanism of occurrence remains unclear
so basic research on EM is a widespread concern for experts
and scholars worldwide (5). At present, the clinical treat-
ment of EM is dominated by surgery and endocrine therapy,
but the effect is unsatisfactory, and it is difficult to eradicate
the focus with a high recurrence rate. In recent years, with
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the increasing deepening of immunology research, the roles
of cytokines in the pathogenesis of EM have received more
attention (6). Matrix metalloproteinase-2 (MMP-2) is involved
in a variety of pathophysiological processes mainly through
regulating the homeostasis of extracellular matrix and regu-
lating the synthesis and degradation processes of extracellular
matrix protein, which is possibly related to the occurrence of
EM (7). Microtubule-associated protein light chain 3 (LC3)
and Beclinl are specific marker proteins of autophagy, as
well as important regulators of autophagy. In recent years,
autophagy and various diseases have been widely studied, but
there are no reports on the correlation of autophagy-related
genes (LC3 and Beclinl) with EM at present (8). In this study,
the expression and clinical significance of LC3, Beclinl and
MMP-2 in serum, peritoneal fluid and endometrial tissues
of patients with EM were investigated, so as to provide new
targets for the clinical diagnosis and treatment of EM.

Materials and methods

General data. EM patients and non-EM patients treated in The
First Affiliated Hospital of Qigihar Medical University (Qiqihar,
China) from March 2016 to March 2017 were selected. In EM
group, there were 42 patients, aged 21-42 years, with an average
of 29.5+£6.0 years. In non-EM group, there were 42 patients,
aged 18-40 years, with an average of 31.5+5.0 years. There
was no statistically significant difference in the age between
the two groups (P>0.05). The mean menstrual cycle of patients
in both groups was 28.59+3.27 days, and the mean menstrual
period was 6.45+0.50 days. Inclusion criteria were: patients
with normal results of each routine test during the collection of
specimens, patients diagnosed with EM or non-EM via patho-
logical examination, patients without adenomyosis, polycystic
ovary syndrome, gynecological endocrine diseases, immune
system diseases, tumors, pelvic inflammation and other major
medical and surgical diseases, patients receiving no hormonal
therapy within 3 months, and patients without intrauterine
device. This study was approved by the Ethics Committee of
The First Affiliated Hospital of Qiqihar Medical University
(Qiqgihar, China), and patients and their families had been
informed of the purpose, method and significance of this
study. All patients volunteered to participate in the project and
signed the informed consent.

Methods

Specimen collection. After 5 ml fasting peripheral venous
blood was drawn from EM and non-EM patients in the early
morning on the second day after admission, it was centrifuged
at 10,500 x g for 10 min, and the supernatant was transferred
into an autoclaved 1.5 ml Eppendorf (EP) tube by using a pipette
and stored in a refrigerator at -20°C. The peritoneal fluid not
contaminated by the blood was sucked from EM and non-EM
patients under the laparoscope during surgery, and centrifuged
at 2,750 x g for 10 min, and then the supernatant was taken and
stored in the refrigerator at -20°C. To collect endometrial tissues,
patients received surgery at 3-7 days after menstruation, before
which a small amount of endometrium in the proliferative stage
was sucked by using a disposable endometrial aspirator. The
fresh endometrial tissues were treated with RNAlater, rapidly
frozen in liquid nitrogen and stored in a refrigerator at -80°C.

1959

Enzyme-linked immunosorbent assay (ELISA). The concen-
trations of LC3, Beclinl and MMP-2 were determined via
ELISA, and all procedures were performed in strict accordance
with the instructions of the kit. First, the serum in each group was
extracted and centrifuged at 10,500 x g and 4°C for 10 min. The
supernatant of the peritoneal fluid was extracted and centrifuged
at 2,750 x g and 4°C for 10 min. Then the supernatant was taken
and transferred to a 1.5 ml centrifuge tube to detect the concen-
trations of MMP-2, LC3 and Beclinl, respectively, according to
instructions of the MMP-2, LC3 and Beclinl (total) ELISA Kkits.
Finally, the optical density (OD) value was read at a wavelength
of 450 nm by using a microplate reader (Bio-Rad, Hercules, CA,
USA), and the zero well was set as the control well, and the stan-
dard curve was drawn with the OD value as vertical coordinate
and the concentration as horizontal coordinate. Based on the OD
value of specimen, the corresponding concentration was found on
the coordinate. If the specimen had been diluted, the final result
was multiplied by the dilution factor. The standard substance
was used for the detection of repeated well, and the average was
taken to calculate the coefficient of linear correlation equation,
so as to establish the standard equation. The repeated well was
set for each specimen, and the average was taken, recorded and
substituted into the above regression equation to calculate the
concentration of each specimen.

Instruments and reagents. ELISA kit (Hangzhou
MultiSciences Biotech Co., Ltd., Hangzhou, China), Nanodrop
and microplate reader (both from Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), high-speed low-temperature centrifuga-
tion (Hunan Kaida Scientific Instrument Co., Ltd., Changsha,
China), 1,000 pl1, 200 pul, 20 pl and 2 ul pipettes (Thermo Fisher
Scientific, Inc.), 1.5 ml EP tube, 1,000 1, 200 pl, 20 ul and 2 ul
pipette tips (Shenzhen Baluoke Technology Co., Ltd., Shenzhen,
China), reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) instrument, and reverse transcription
machine (Roche Applied Science, Penzberg, Germany), reverse
transcription kit (ABI; Thermo Fisher Scientific, Inc.), ice plate,
RNAlater, and SYBR (Vazyme Biotech Co., Ltd, Nanjing,
China), isopropanol, chloroform, and absolute ethyl alcohol
(all from Zhengzhou Yibang Industrial Co., Ltd., Zhengzhou,
China), and diethylpyrocarbonate (DEPC)-treated water
(Biosharp Life Sciences, Hefei, China).

RT-gPCR. The messenger ribonucleic acid (mnRNA) expres-
sion levels of LC3, Beclinl and MMP-2 in endometrial tissues
of EM patients and non-EM patients were detected, and fresh
endometrial tissues were treated with RNAlater to prevent
RNA degradation. Endometrial tissues were ground to powder
by using a grinding rod, and a small number of endometrial
tissues were lysed with TRIzol reagent, and the total RNA was
extracted. Then the OD values were read at 260 nm and 280 nm
by using Nanodrop via ultraviolet spectrophotometry (Hitachi,
Tokyo, Japan), and the purity and concentration of RNA were
recorded. The RT reaction system was prepared according
to the instructions: a total volume of 10 ul, including 0.4 pul
deoxy-ribonucleoside triphosphate (ANTP) mixture, 0.5 ul
RNase inhibitor, 10x1 ul RT buffer, 1 xl random primer, the
total volume of distilled water and RNA of 2.9 ul, and the total
RNA mass of 500 ng. The mixtures were mixed on an ice box,
followed by RT on an RT instrument, after which RT-qPCR
was performed. PCR primers were synthesized by Genechem
Co., Ltd. (Shanghai, China). Amplification conditions are as
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Table I. Primer sequences in RT-qPCR.

Genes Forward Reverse

LC3 AAGGCGCTTACAGCTCAATG CTGGGAGGCATAGACCATGT
Beclinl AAACGCATTTGCCATCACA GGACCTTCAGCAGTTTACAGTCAG
MMP-2 CTTCCAAGTCTGGAGCGATGT TACCGTCAAAGGGGTATCCAT

GAP CATCACTGCCACCCAGAAGAC CCAGTGAGCTTCCCGTTCAG

LC3, light chain 3; MMP-2, matrix metalloproteinase-2.

follows: pre-denaturation at 94°C for 5 min, denaturation at
94°C for 30 sec, annealing at 56°C for 30 sec, extension at 72°C
for 30 sec, a total of 40 cycles of denaturation, annealing and
extension, extension again at 72°C for 7 min before the end, and
storage at 4°C. The mRNA expression levels of LC3, Beclinl
and MMP-2 were calculated and quantitatively analyzed by
using AACq with GAP as the internal control gene (Table I) (9).

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 17.0 statistical software (SPSS Inc., Chicago, IL, USA)
was used for data analysis. Measurement data in line with the
normal distribution were presented as mean =+ standard devia-
tion, and t-test was used for the intergroup comparison. Ranked
data are presented as rate, adopting the rank sum test. P<0.05
was considered to indicate a statistically significant difference.

Results

Expression levels and comparison of serum LC3, Beclinl
and MMP-2 between EM and non-EM patients. Compared
with those in the non-EM group, the expression of serum
MMP-2 was significantly increased in the EM group, while the
expression of autophagy-related genes (LC3 and Beclinl) was
significantly decreased, and the differences were statistically
significant (P<0.05) (Table II).

Expression levels and comparison of LC3, Beclinl and
MMP-2 in peritoneal fluid between EM and non-EM patients.
Compared with those in the non-EM group, the expression of
MMP-2 in peritoneal fluid was significantly increased in the
EM group, while the expression of autophagy-related genes
(LC3 and Beclinl) were significantly decreased, and the
differences were statistically significant (P<0.05) (Table III).

Expression levels and comparison of LC3, Beclinl and
MMP-2 in endometrial tissues between EM and non-EM
patients. Compared with those in the non-EM group, the
mRNA expression of MMP-2 in endometrial tissues was
remarkably increased in the EM group, while the mRNA
expression of autophagy-related genes (LC3 and Beclinl) was
remarkably decreased, and the differences were statistically
significant (P<0.05) (Fig. 1).

Discussion

EM is a common gynecological disease caused by the location
of endometrium outside the uterus, and patients mainly have

Table II. Comparison of expression levels of serum LC3,
Beclinl and MMP-2 between the two groups of patients.

Groups n  MMP-2 (ug/l) LC3 (ug/l) Beclinl (ug/l)

EM 42 226.1+490  36.86+x16.86 25.16+9.89
Non-EM 42 130.5+135  75.54+16.09 55.45+17.14

LC3, light chain 3; MMP-2, matrix metalloproteinase-2; EM, endo-
metriosis.

Table III. Comparison of expression levels of LC3, Beclinl
and MMP-2 in peritoneal fluid between the two groups of
patients.

Groups n MMP-2 (ug/l) LC3 (ug/l) Beclinl (ug/l)

EM 42 48.3+8.4 17.64+10.21  10.17+4.14
Non-EM 42 22.5+5.2 3897+x11.85  20.53+5.51

LC3, light chain 3; MMP-2, matrix metalloproteinase-2; EM, endo-
metriosis.

clinical symptoms such as dysmenorrhea, chronic pelvic pain,
dyspareunia, acute abdominal pain, abnormal menstruation or
infertility (10). EM seriously affects the reproductive health
and quality of life of patients. Therefore, it is an issue to be
solved in the field of gynecology and basic science to study
EM deeply and find out more specific and effective methods
for diagnosis, treatment and prevention (11). Although EM is a
kind of benign tumor, it has attracted the attention of experts
and scholars worldwide due to its biological characteristics,
such as metastasis, development, implantation, erosion, tissue
destruction and potential malignant transformation (12).
Moreover, its pathogenesis is complex and not fully under-
stood, which is currently believed to be related to a variety of
bioactive factors, such as genetic material, steroid hormones,
environmental factors and immune molecules (13,14).

In autophagy, eukaryotic cells provide cells with the
required amino acids and fatty acids under the state of stress
to maintain the cellular environmental homeostasis when
eliminating and degrading their damaged organelles by using
lysosomes. Autophagy is related to a variety of autophagy-
related genes, among which LC3 and Beclinl are important
autophagic factors (15). LC3, as a homologous gene with
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Figure 1. mRNA expression levels of LC3, Beclinl and MMP-2 in endometrial tissues of non-EM and EM patients. Compared with those in the non-EM group,
(A) the mRNA expression of MMP-2 in EM patients is remarkably increased, (B) while the mRNA expression of LC3 and (C) Beclinl is remarkably decreased.
LC3, light chain 3; MMP-2, matrix metalloproteinase-2; EM, endometriosis. ‘P<0.05.

autophagy-related gene Atg8 in yeast, and a specific marker
of autophagosome, which expression level can directly reflect
the level of autophagy (16). Beclinl, also known as BECN 1, is
a specific gene of autophagy and an autophagy-related tumor
suppressor gene, as well as a direct regulator of autophagy
in mammals (17). In recent years, research on correlation of
autophagy and tumor has become a hot spot, and studies have
shown that the autophagy capacity varies in a variety of tumors.
EM possesses many biological characteristics of tumor diseases,
such as metastasis, implantation and recurrence (18,19). It has
been reported that autophagy is related to various malignant
tumors. For example, the decline in autophagy activity is
associated with the occurrence and development of pancreatic
cancer, breast cancer, cervical squamous cell carcinoma,
colon cancer and ovarian cancer, demonstrating that abnormal
expression of autophagy-related genes have a close correlation
with the occurrence of tumor (20-24). At present, there are few
reports on the correlation of occurrence of EM with LC3 and
Beclinl. This study mainly focused on the correlations of LC3
and Beclinl with EM and their clinical significance.

MMP-2 is a kind of collagenase, which can exert its
enzymolysis under the activation of various activation factors.
Its enzymatic substrates are mainly type IV, V, VII, IX and
X collagen, fibronectin and elastin. Therefore, MMP-2 plays
a certain role in the process of tumor cell shedding, invasion
and migration (25). According to the data displayed, the high
expression of MMP-2 can enable it to exert strong proteolysis,
degrade the basement membrane components around ectopic
endometrial tissues, and affect the correlation among mesen-
chymal cells, thus invading the peritoneum. At the same time,
MMP-2 can promote intercellular adhesion and angiogenesis,
and accelerate the growth of ectopic endometrial tissues,
thereby expanding the focus and aggravating the disease of
patients (26). In addition, MMP-2 can regulate the updating
of extracellular matrix, while the synthesis and degradation
processes of extracellular matrix depend on MMP-2. Once
such regulation becomes imbalanced, many diseases and path-
ological changes will be caused. This phenomenon plays an
extremely important role in the occurrence and development of
EM, and MMP-2 has an important relation with EM, providing
a new idea and direction for the treatment of EM (27).

In this experiment, the serum, peritoneal fluid and endo-
metrial tissues were collected from 84 patients, including
42 EM patients and 42 non-EM patients. The expression levels
of MMP-2, LC3 and Beclinl in serum and peritoneal fluid of
non-EM and EM patients were detected, respectively. Results

manifested that the expression of MMP-2 in serum and perito-
neal fluid of EM patients was significantly increased compared
with those of non-EM patients, while expression of autophagy-
related genes (LC3 and Beclinl) was decreased significantly.
In addition, the mRNA levels of MMP-2, LC3 and Beclinl in
endometrial tissues of non-EM and EM patients were detected
via qRT-PC. Results revealed that compared with those in
the control group, the mRNA level of MMP-2 showed an
increasing trend in endometrial tissues of EM patients, while
mRNA levels of LC3 and Beclinl showed decreasing trends
in EM patients, and differences were statistically significant.
The above results indicate that LC3 and Beclinl are expressed
at low level and MMP-2 is highly expressed in EM patients.
These three genes can be used as diagnostic indexes and
biomarkers for EM patients, providing a simpler and faster
method for clinical diagnosis of EM.

This study detected the expression of MMP-2, LC3 and
Beclinl in serum, peritoneal fluid and endometrium of EM
and non-EM patients via RT-qPCR and ELISA, analyzed the
roles and clinical significance of MMP-2, LC3 and Beclinl
in the occurrence and development of EM, and explored the
correlation of the three genes with the occurrence of EM, so as
to provide an important theoretical basis for the pathogenesis
of EM, and provide new ideas and effective markers for the
clinical treatment of EM.
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