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Abstract. The estrogen 17β‑estradiol has been proven to serve 
an indispensable role in the occurrence and development of 
adenomyosis (ADS). The let‑7a/Lin28B axis can control cell 
proliferation by acting as a tumor‑inhibiting axis in numerous 
types of cancer. However, its role in ADS remains unknown. 
The present study aimed i) to elucidate the role of let‑7a in regu‑
lating the proliferation of human uterine junctional zone (JZ) 
smooth muscle cells (SMCs) in ADS, ii) to evaluate whether 
17β‑estradiol modifies the expression levels of let‑7a and Lin28B 
in JZ SMCs in ADS, and iii)  to establish how 17β‑estradiol 
affects the function of the let‑7a/Lin28B axis in the proliferation 
of JZ SMCs in ADS. A total of 36 premenopausal women with 
ADS were enrolled as the experimental group and 34 women 
without ADS were recruited as the control group. Reverse tran‑
scription‑quantitative PCR was used to evaluate the expression 
level of let‑7a, and western blotting was performed to determine 
the Lin28B expression levels. Lentiviral null vector, let‑7a over‑
expression lentiviral vector GV280 and let‑7a inhibition lentiviral 
vector GV369 were used to infect cells to alter the expression 
of let‑7a for further functional experiments. 17β‑estradiol and 
Cell Counting Kit‑8 assays were conducted to determine how 
17β‑estradiol affects the function of the let‑7a/Lin28B axis in the 
proliferation of JZ SMCs in ADS. The results demonstrated that 
let‑7a was downregulated and Lin28B was upregulated in the 
JZ SMCs of ADS compared with the control cells (P<0.0001). 
Moreover, a lower expression of let‑7a led to faster proliferation of 
JZ SMCs (P<0.05), and 17β‑estradiol affected the let‑7a/Lin28B 
axis to accelerate the proliferation of JZ SMCs in ADS (P<0.05). 
These data suggested that 17β‑estradiol collaborates with the 
let‑7a/Lin28B axis to affect the development of ADS.

Introduction

Adenomyosis (ADS) is an estrogen‑dependent disorder (1) 
that disturbs the fertility of reproductive‑age women. A recent 
10‑year (2006‑2015) population‑based cohort study in the 
United States showed a 1% incidence of ADS among women 
aged 16‑60 years  (2). This condition involves endometrial 
stroma and glands present in the myometrium of the uterus (3), 
which lead to a series of clinical symptoms, including progres‑
sive dysmenorrhea, abnormal uterine bleeding and subfertility. 
Although this condition has been recognized for >100 years (4), 
its etiology and pathogenesis are yet to be fully elucidated.

The width of junctional zones (JZs) on T2‑weighted images 
is the main diagnostic factor of ADS (5). Disturbed uterine JZs 
generate inordinate peristalsis and impaired uterotubal trans‑
port, which may contribute to the development of ADS (6,7). 
Some studies have indicated that abnormal uterine contrac‑
tions that originate exclusively from JZs (8) may be a cause 
of dysmenorrhea (9). Gonadotropin‑releasing hormone analogs 
have been reported to reduce the width of JZs (10,11), indicating 
that estrogen may regulate the hyperplasia and hypertrophy 
of JZ smooth muscle cells (SMCs) to some extent (12). Our 
previous studies also revealed that compared to the outer 
myometrium, there are more organelles on the ultrastructure in 
myocytes of the JZ (13), and that estrogen can accelerate SMC 
proliferation in the JZs of the uterus, which affects JZ contrac‑
tion (14,15) . In addition, accumulating evidence has shown that 
hyperestrogenism in ADS is similar to that in uterine wound 
repair (16). It has been reported that estrogen receptor α (ERα) 
can regulate oxytocin (OT) and OT receptor (OTR) to induce 
peristalsis in the uterine myometrium  (17). When OTR is 
upregulated in the myometrium of ADS, uterine peristalsis is 
also active (8). If tissues in the JZ are injured, inflammation and 
a series of cascade reactions will occur. First, elevated IL‑1β 
expression induces cyclooxygenase‑2  (COX‑2) to produce 
prostaglandin E2 (PGE2). Second, P450 aromatase level is 
increased, which in turn upregulates steroidogenic acute 
regulatory protein (StAR). Finally, StAR induces estradiol to 
augment the expression of estrogen receptor β (ERβ), which 
then accelerates the development of ADS (18‑20).

MicroRNAs (miRNAs/miRs) are non‑coding RNAs that 
serve a critical role in post‑transcriptional gene regulation (21). 
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miR‑let‑7 is one of the most studied miRNAs and includes 
several variants: let‑7a, let‑7b, let‑7c, let‑7d and let‑7e (22). Lin28 
is an RNA‑binding protein that can bind to the RNA‑binding 
domains of let‑7 to control cellular function (23). There are 
two homologous members in the Lin28 family, Lin28A and 
Lin28B, and their expression levels are negatively correlated 
with let‑7 (24). Several studies have reported that the let‑7/Lin28 
axis regulates pluripotency, reprogramming and tumorige‑
nicity in various diseases (25‑28), including neurodegenerative 
diseases (28), oral squamous carcinoma (29), breast cancer (30) 
and lung cancer (31). Therefore, this axis may modulate the 
proliferation and differentiation of normal and abnormal cells. 
Some studies have revealed that women with endometriosis 
have several miRNAs (let‑7b, miR‑135a, let‑7c, let‑7d, let‑7e and 
let‑7f) that are differentially expressed in sera or cells (32,33). 
Moreover, our previous study found that let‑7a was negatively 
correlated with Lin28B expression in the JZ in ADS (34).

Based on the aforementioned findings, we hypothesized that 
17β‑estradiol may affect the let‑a/Lin28B axis to regulate the 
proliferation of JZ SMCs, resulting in disordered JZ contrac‑
tion and a series of clinical symptoms of ADS. Therefore, 
the present study was designed with the following aims: i) To 
study how let‑7a regulates the proliferation of uterine JZ SMCs 
in ADS; ii) to determine whether 17β‑estradiol can change the 
let‑7a��������������������������������������������������������/�������������������������������������������������������Lin28B axis expression level to accelerate the develop‑
ment of ADS; and iii) to establish how 17β‑estradiol affects 
the function of the let‑7a/Lin28B axis in the proliferation of 
JZ SMCs in ADS.

Materials and methods

Sample collection and cell primary culture. This study was 
approved by the Ethical Committee of Clinical Research of 
Beijing Obstetrics and Gynecology Hospital, Capital Medical 
University, China (reference no. 2016‑KY‑012), and conducted 
according to the Declaration of Helsinki. Between July 2019 
and January 2020 at the Beijing Obstetrics and Gynecology 
Hospital, 36 patients diagnosed with ADS were enrolled as the 
experimental group and 34 patients diagnosed with early‑stage 
cervical cancer, early‑stage ovarian cancer or uterine prolapse 
without ADS were recruited as the control group. All of these 
individuals (age, 30‑50 years) were premenopausal women with 
regular menses before the hysterectomy operation (lengths 
ranging between 21 and 35 days). The inclusion criteria for 
the experimental group was patients aged 30‑50 years diag‑
nosed with ADS that had undergone a hysterectomy. in the 
inclusion criteria for the control group was patients diagnosed 
with early‑stage cervical cancer, early‑stage ovarian cancer 
or uterine prolapse, who had undergone a hysterectomy. The 
exclusion criteria included endometriosis, endometrial polyps, 
fibroids, pelvic inflammation, endometrial and myometrial 
cancer, use of hormones or intrauterine devices within 
3 months before surgery, and preoperative radiotherapy and 
chemotherapy. All patients signed informed consent before the 
hysterectomy. After the surgery, pathological examination was 
used to determine if there were also other uterine pathologies.

After the uterus was removed, it was opened immediately 
in a Y shape and multiple 5 mm3 samples were acquired from 
the JZ (underneath the endometrium) and then placed in saline 
solution at 4˚C for laboratory cell culture. The tissues from 

the JZ were cut into small pieces and digested with collage‑
nase type II powder (cat. no. 17101015; Gibco; Thermo Fisher 
Scientific, Inc.) and DNase I (cat. no. EN0521; Gibco; Thermo 
Fisher Scientific, Inc.) for 4‑5 h at room temperature. Then, 
after filtration and centrifugation(1,200 x g, 25˚C, 10 min), 
the cells were incubated in DMEM with 15% FBS (Biological 
Industries) at 37˚C in a 5% CO2 incubator for subsequent 
experiments. Due to bacterial or fungal infection, there were 
only 20 ADS tissues that successfully produced primary cells 
and were used for subsequent cell functional experiments.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from 20 ADS samples and 
20 control samples according to the manufacturer's instructions 
for RNAiso Plus (cat. no. 9108; Takara Bio, Inc.), and its quality 
and quantity were assessed on a NanoDrop  2000/2000c 
Spectrophotometer (Thermo Fisher Scientific, Inc.). Then, for 
Lin28B detection, RT (37˚C for 1 h, followed by termination at 
85˚C for 5 min in a thermal cycler)and qPCR (initial denaturation: 
95˚C for 10 sec, followed by 40 cycles of denaturation at 95˚C for 
10 sec, annealing and elongation at 60˚C for 20 sec) were performed 
using PrimeScript RT reagent kit with gDNA Eraser (cat. 
no. RR047A; Takara Bio, Inc.) and SYBR Premix Ex Taq II (Tli 
RNase H Plus; cat. no. RR820A; Takara Bio, Inc.), respectively, on 
an ABI  7500 Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). For let‑7a detection, Mir‑X miRNA 
First‑Strand Synthesis kit (cat. no. 638313; Takara Bio, Inc.) was 
used for RT (37˚C for 1 h, followed by termination at 85˚C for 
5 min in a thermal cycler) and TB Green Advantage qPCR Premix 
(cat. no. 639676; Takara Bio, Inc.) was used for qPCR. Two‑step 
qPCR was used for let‑7a detection, as follows: Initial denaturation 
for 30 sec at 95˚C, followed by 40 cycles of denaturation at 95˚Cfor 
5 sec, and annealing and elongation at 60˚C for 34 sec. Dissociation 
curve analysis was conducted at 95˚C for 60 sec, 55˚C for 30 sec 
and 95˚C for 30 sec. The 2‑∆∆Cq method was used to examine the 
relative expression levels of let‑7a and Lin28B (35). Since the 
Mir‑X miRNA First‑Strand Synthesis kit supplied the mRQ 
3' primer as the 3' primer for let‑7a detection in qPCR, the entire 
sequence of mature let‑7a was used as the miRNA‑specific 5' 
primer. The primer specific for let‑7a was 5'‑CCGCGCGCGCTAT 
ACAATCTACTGTCT‑3', and U6 was used for normalization 
with these primers: Forward, 5'‑AACGAGACGACGACAGAC‑3' 
and reverse, 5'‑GCAAATTCGTGAAGCGTTCCATA‑3'. The 
primers used for Lin28B were forward, 5'‑AACCAGGTTTCA 
TCAGCCCC‑3' and reverse, 5'‑ACTTACAGTGGCCAGTT 
CCG‑3'; and GAPDH was used as an internal control with the 
following primers: Forward, 5'‑CTCCTCCACCTTTGACG 
CTG‑3' and reverse, 5'‑TCCTCTTGTGCTCTTGCTGG‑3'.

Western blotting. RIPA buffer (cat. no. R0010; Beijing Solarbio 
Science & Technology Co., Ltd.) was used to lyse cells and 
extract total protein from 20 ADS samples and 20 control 
samples, a protease inhibitor cocktail (cat. no.  P8340; 
Sigma‑Aldrich; Merck KGaA) was added to inhibit the degra‑
dation of proteins. The protein concentration was measured 
using an Enhanced BCA Protein Assay kit (cat. no. P0010; 
Beyotime Institute of Biotechnology). Then, 10% SDS‑PAGE 
(cat. no.  D1060; Beijing Solarbio Science & Technology 
Co., Ltd. was used for electrophoresis, and the protein was 
transferred to PVDF membranes (cat. no.  IPVH00010; 
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EMD Millipore). The membranes were blocked for 2 h at room 
temperature with 5% non‑fat dry milk. Rabbit monoclonal 
anti‑Lin28B (1:500; cat. no.  ab191881; Abcam) and rabbit 
polyclonal anti‑α tubulin (1:2,000; cat. no. AC007; ABclonal 
Biotech Co., Ltd.) were added to the membranes and incubated 
at 4˚C with gentle agitation overnight. Finally, the membranes 
were washed three times using Tris‑buffered saline‑Tween‑20 
(cat. no. T1085; Beijing Solarbio Science & Technology Co., 
Ltd.) and incubated with HRP goat anti‑rabbit IgG (1:5,000; 
cat. no. AS029; ABclonal Biotech Co., Ltd.) for 1 h with 
gentle agitation at room temperature. Immunoreactive bands 
were detected using Chemiluminescent HRP Substrate (cat. 
no. WBKLS0500; EMD Millipore). ChemiDoc TM XRS+ 
and Image Lab software 3.0 (Bio‑Rad Laboratories, Inc.) were 
used to collect imaging information.

Cell treatments. Primary cells were starved for 24 h and exposed 
to 17β‑estradiol (10 nmol/l; cat. no. 3301; Sigma‑Aldrich; 
Merck KGaA) or dimethyl sulfoxide (DMSO; cat. no. 276855; 
Sigma‑Aldrich; Merck KGaA) as the control group for 24 h at 
37˚C. 17β‑estradiol was dissolved in the DMSO.

Transfection. The empty lentiviral vector (Shanghai 
Genechem Co., Ltd.) was used to infect the ADS group 
as the control for both let‑7a overexpression and inhibi‑
tion, the let‑7a overexpression lentiviral vector GV280 
(hU6‑MCS‑Ubiquitin‑EGFP‑IRES‑puromycin; Shanghai 
Genechem Co., Ltd.) was used to infect the ADS group as the 
Lenti‑GV280 group , and the let‑7a inhibition lentiviral vector 
GV369 (Ubi‑MCS‑SV40‑EGFP‑IRES‑puromycin; Shanghai 
Genechem Co., Ltd.) was used to infect the ADS group as the 
Lenti‑GV269 group. Lentiviral vector was mixed with DMEM 
(Biological Industries) and infected into the cells at a multi‑
plicity of infection of 10 (1x107 TU/ml) for 12 h at 37˚C after 
cells were grown to a density of 30‑40%. After 72 h, transfec‑
tion efficiency was observed using white light microscopy and 
fluorescence microscopy. Subsequently, the cells were selected 
using 1 µg/ml puromycin (cat. no. P8230; Beijing Solarbio 
Science & Technology Co., Ltd.) until there were no dead cells 
in the culture plates. Transfected cells were used for western 
blotting, RT‑qPCR and cell functional assays.

Cell Counting Kit (CCK)‑8 assays. A total of 1,000  JZ 
SMCs/well were seeded in 96‑well plates and incubated at 
37˚C in 5% CO2. Then, CCK‑8 solution (10 µl; cat. no. CK04; 
Dojindo Molecular Technologies, Inc.) was added to each well 
at different time points (12, 24, 36, 48, 60, 72, 84 and 96 h) 
and incubated for 4 h at 37˚C, according to the manufacturer's 
instructions. Finally, the absorbance was measured at 450 nm 
on a microplate reader

Statistical analysis. GraphPad Prism 8.4 (GraphPad Software, 
Inc.) was used for data analysis. All normally distributed data 
are presented as the mean ± SD. Unpaired Student's t‑test or 
Wilcoxon signed‑rank test were used to compare differences 
between two groups. One‑way ANOVA was used to compare 
≥3 groups. When means were significantly different from each 
group as determined by ANOVA least significant difference and 
Student‑Newman‑Keuls post hoc tests were conducted. P<0.05 
was considered to indicate a statistically significant difference.

Results

let‑7a controls the expression of Lin28B in JZ SMCs. RT‑qPCR 
results demonstrated that let‑7a was downregulated (Fig. 1A) 
and Lin28B  (Fig.  1B) was upregulated in ADS JZ SMCs 
compared with the control JZ SMCs (both P<0.0001). Western 
blot analysis also verified that the expression level of Lin28B 
was higher in the ADS group compared with in the control 
group (P<0.0001; Fig. 1C and D).

To further examine the relationship between let‑7a and 
Lin28B, let‑7a was overexpressed and knocked down to examine 
its effect the expression of Lin28B in the JZ SMCs of the 
ADS group via RT‑qPCR and western blotting. Fluorescence 
microscopy and RT‑qPCR were used to verify the transfection 
efficiency of the let‑7a overexpression lentiviral vector GV280 
and the let‑7a inhibition lentiviral vector GV369 (Fig. 2). The 
results demonstrated that when let‑7a was overexpressed, Lin28B 
was downregulated; when let‑7a was downregulated, the expres‑
sion of Lin28B was upregulated (Fig. 3). Thus, it was suggested 
that let‑7a controlled the expression of Lin28B in JZ SMCs.

Low expression of let‑7a leads to high proliferation of JZ 
SMCs. JZ SMCs transfected with the lentiviral null vector, 
let‑7a inhibition lentiviral vector GV369 and let‑7a overexpres‑
sion lentiviral vector GV280 were used to investigate how 
let‑7a participated in the initiation and development of ADS. 
The CCK‑8 results demonstrated that the lenti‑GV280 cells 
had a significantly lower 450 nm absorbance value compared 
with the lenti‑NC cells after 36 h (P<0.05; Fig. 4A), while the 
lenti‑GV369 cells had a higher 450 nm absorbance value after 
48 h (P<0.05 Fig. 4B). Therefore, low expression of let‑7a could 
accelerate the proliferation of JZ SMCs in ADS.

Treatment with 17β‑estradiol affects the expression of 
the let‑7a/Lin28B axis in ADS JZ SMCs. let‑7a had a lower 
expression level in the 17β‑estradiol ADS group (P<0.0001; 
Fig. 5A), while the expression level of Lin28B was higher in 
the 17β‑estradiol ADS group compared with the ADS group 
(P<0.0001; Fig. 5B). These results indicated that 17β‑estradiol 
may affect the expression of the let‑7a����������������������/���������������������Lin28B axis to accel‑
erate the progression of ADS.

Treatment with 17β‑estradiol affects the let‑7a/Lin28B axis in 
the proliferation of JZ SMCs. The lenti‑GV369 cells had a higher 
proliferative ability when exposed to 17β‑estradiol compared 
with the lenti‑GV369 cells and the lenti‑NC cells; there was a 
significant difference among the three groups (P<0.001; Fig. 6). 
These results indicated that 17β‑estradiol promoted the 
let‑7a/Lin28B axis to accelerate the proliferation of ADS.

Discussion

To the best of our knowledge, the present study demonstrated 
for first time that 17β‑estradiol affects the expression level of 
the let‑7a/Lin28B axis to accelerate the proliferation of JZ 
SMCs in ADS.

ADS is a common disease with diffuse, homogeneous, 
low‑signal‑intensity thickening of the JZ on MRI; when it 
is ≥12 mm, it is possible to diagnose ADS in combination 
with clinical symptoms (36). de Souza et al (37) found that 
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subfertile patients with menorrhagia or dysmenorrhea had 
an incidence of 54% for JZ hyperplasia. In the histological 
diagnosis of ADS, hyperplastic bundles of SMCs surround the 
ectopic endometrial gland stroma, and although endometrial 
mucosal penetration is a general phenomenon, JZ thickening is 
much more extensive (38). In addition, high contraction waves 
are found to originate in the JZ of the non‑pregnant uterus (9), 
and therefore, it is suggested that hyperplastic SMCs lead to 
the disruption of JZ architecture, further resulting in the initia‑
tion and development of ADS. The present study demonstrated 
that knockdown of let‑7a could accelerate the proliferation of 
SMCs in the JZ. These findings preliminarily clarified that 
miRNAs participate in the development of ADS.

ADS is influenced by estrogens, and aromatase and estrogen 
sulfatase are highly expressed in ADS (1). Local hyperestro‑
genism is an important factor that accelerates the development 
of ADS. Some studies have shown that estrogen can induce the 
migration, invasion and angiogenesis of endometrial epithelial 
cells (39‑41). Due to the common Müllerian origin, SMCs in 
JZs have some functional similarities with endometrial cells. 
For example, the expression levels of ER and progesterone 

receptor show cyclical changes in the JZ that are similar to 
that in the endometrium (42,43). Sun et al (15) noted that E2 
induced enhanced proliferation in JZ SMCs in the ADS group 
via an ER‑dependent pattern via the ras homolog gene family, 
member A/Rho‑associated protein kinase signaling pathway. 
In addition, scholars have used the oral contraceptive pill or 
gonadotrophin‑releasing hormone analogs to suppress ovarian 
activity and then observed an indistinct appearance of the 
myometrial layers in postmenopausal women on a MRI, while 
typical zonal anatomy reappeared in women treated with 
hormone replacement therapy (44). The present study also 
suggests that 17β‑estradiol can accelerate the proliferation of 
ADS JZ SMCs by affecting the let‑7a/Lin28B axis.

let‑7a/Lin28B is a miRNA/protein axis that was first 
discovered in the nematode Caenorhabditis elegans, and has 
multiple functions in metastasis, tumorigenesis and cancer stem 
cell biology (24,45,46). let‑7a has a low expression in numerous 
types of carcinomas, such as laryngeal squamous cell carci‑
noma (47), gastric carcinoma (48), colorectal carcinoma (49) 
and oral squamous cell carcinoma (50). The present results 
are in accordance with this regulatory mechanism, and the 

Figure 1. Expression levels of let‑7a and Lin28B in junctional zone smooth muscle cells of the control group and the ADS group. (A) mRNA expression level 
of let‑7a, as assessed via RT‑qPCR, was normalized against that of U6 in the control group and the ADS group. (B) mRNA expression level of Lin28B, as 
assessed via RT‑qPCR, was normalized against GAPDH in the control group and ADS group. (C) Protein expression level of Lin28B was determined using 
western blotting, and normalized against α‑tubulin. (D) Relative fold expression of the Lin28B protein in the control group and the ADS group. These experi‑
ments were performed two times with three replicates in each experiment. Significance was determined via Student's t‑test. ****P<0.0001. ADS, adenomyosis; 
RT‑qPCR, reverse transcription‑quantitative PCR.



MOLECULAR MEDICINE REPORTS  23:  337,  2021 5

expression level of let‑7a was lower in the ADS group compared 
with in the control group. When let‑7a was upregulated, the 
proliferation of the lenti‑GV280 cells was inhibited. Lin28B 
is an RNA‑binding protein that controls post‑transcriptional 
processes, and has an opposite expression pattern in embryos 
and adults (51). Interestingly, it has been reported that Lin28B 
is upregulated in various cancer types (52‑54). The present 

study identified that Lin28B was upregulated in the ADS group 
compared with the control group, and its expression level was 
negatively correlated with let‑7a in JZ SMCs in ADS.

Although ADS is a common gynecological disease, its patho‑
genesis remains a difficult problem to solve, and there are several 
related theories. In addition to the invagination and metaplasia 
theories (55), the tissue injury and repair (TIAR) theory (20) 

Figure 2. Transfection efficiency of let‑7a lenti‑vectors in junctional zone 
smooth muscle cells of the ADS group. (A) Cells were transfected with the 
lenti‑null vector, let‑7a overexpression lenti‑vector GV280 and let‑7a inhibi‑
tion lenti‑vector GV369 for 72 h, and transfection efficiency was observed 
using white light microscopy and fluorescence microscopy. Cells transfected 
with the lenti‑null vector under (A‑a) white light microscopy and (A‑b) under 
fluorescence microscopy. Cells transfected with the let‑7a overexpression 
lenti‑vector GV280 under (A‑c) white light microscopy and (A‑d) fluores‑
cence microscopy. Cells transfected with the let‑7a inhibition lenti‑vector 
GV369 under (A‑e) white light microscopy and (A‑f) fluorescence micros‑
copy. Scale bar, 200 µm. (B) At 72 h post‑infection, the cells were harvested, 
total RNA was isolated, and let‑7a mRNA was quantified via reverse 
transcription‑quantitative PCR and normalized against U6 in the ADS 
group. These experiments were performed two times with three replicates 
in each experiment. Significance was determined using one‑way ANOVA. 
****P<0.0001. ADS, adenomyosis; NC, negative control; lenti‑, lentivirus.

Figure 3. Expression level of Lin28B in junctional zone smooth muscle 
cells of the ADS group. (A) Cells in the ADS group were transfected with 
the lenti‑null vector, let‑7a inhibition lenti‑vector GV369 and let‑7a overex‑
pression lenti‑vector GV280 for 72 h, and then used for western blotting. 
(B) Relative expression protein level of Lin28B was normalized against 
α‑tubulin in different let‑7a‑expressing ADS groups. (C) mRNA expression 
level of Lin28B was determined via reverse transcription‑quantitative PCR 
and normalized against GAPDH in the different let‑7a‑expressing ADS 
groups. These experiments were performed two times with three replicates 
in each experiment. Significance was determined using one‑way ANOVA. 
****P<0.0001. ADS, adenomyosis; NC, negative control; lenti‑, lentivirus.



HUANG et al:  17β-ESTRADIOL AFFECTS let-7A/Lin28B AXIS TO ACCELERATE PROLIFERATION OF SMCs IN ADS6

suggests that endometrial‑myometrial interface (EMI) microtrau‑
matization causes tissue injury, which subsequently upregulates 
COX‑2 and PGE2, ultimately resulting in increased local estrogen 
production. Then, elevated estrogen activates both ERα and ERβ, 
leading to the induction of OT/OTR signaling and subsequent 
increases in uterine peristalsis, angiogenesis and proliferation. The 
increased peristalsis could further exacerbate uterine hyperperi‑
stalsis, and thus, induce TIAR, causing endometrial invagination 
and ultimately the formation of adenomyotic lesions (18). The 
EMI disruption theory (4) is a revamp of the TIAR theory, which 

Figure 4. Proliferation of junctional zone smooth muscle cells in the ADS 
group. Cells were transfected with the lenti‑null vector, let‑7a inhibition 
lenti‑vector GV369 and let‑7a overexpression lenti‑vector GV280 for 72 h, 
and then plated in 96‑well plates at 1,000 cells/well density and incubated 
at 37˚C in 5% CO2 for 12, 24, 36 48, 60, 72, 84 and 96 h. Cell Counting 
Kit‑8 solution (10 µl) was added to each well at different times and incubated 
for 4 h. Finally, the 450 nm absorbance value was measured on a micro‑
plate reader. (A) The 450 nm absorbance between the cells transfected with 
lenti‑NC and lenti‑GV280 in the ADS group. (B) The 450 nm absorbance 
between the cells transfected with lenti‑NC and lenti‑GV369 in the ADS 
group. These experiments were performed two times with three replicates 
in each experiment. Significance was determined using a Student's t‑test. 
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 vs. Lenti‑NC. lenti‑, lentivirus; 
ADS, adenomyosis; NC, negative control; OD, optical density.

Figure 5. Proliferation of junctional zone smooth muscle cells of the 
17β‑estradiol‑ and let‑7a inhibition lenti‑vector GV369‑treated ADS group 
and control group. Cells were transfected with the lenti‑null vector or let‑7a 
inhibition lenti‑vector GV369 for 72 h, and then, some starved lenti‑GV369 
cells were exposed to 17β‑estradiol for 24 h. Then, the 450 nm absorbance was 
tested in the 17β‑estradiol lenti‑GV369 group, lenti‑GV369 group and lenti‑NC 
group. These experiments were performed two times with three replicates in 
each experiment. Significance was determined via one‑way ANOVA. There 
was significant difference among the three groups. ***P<0.001, ****P<0.0001. 
lenti‑, lentivirus; ADS, adenomyosis; NC, negative control; OD, optical density. 

Figure 6. Expression levels of let‑7a and Lin28B in junctional zone smooth 
muscle cells from the 17β‑estradiol‑treated ADS group and the control group. 
Cells in the starved state were exposed to 17β‑estradiol for 24 h. (A) Relative 
mRNA expression of let‑7a in the 17β‑estradiol‑treated ADS group and the con‑
trol group. (B) Relative mRNA expression of Lin28B in the 17β‑estradiol‑treated 
ADS group and the control group. These experiments were performed two 
times with three replicates in each experiment. Significance was determined 
using a Student’s t‑test. ****P<0.0001. ADS, adenomyosis
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accounts for the genesis of ADS arising from iatrogenic trauma 
such as dilatation and curettage procedures. Iatrogenic procedures 
or uterine hyperperistalsis cause EMI disruption, which leads to 
tissue hypoxia and activates TGF‑β1, VEGF, platelet‑derived 
growth factor, COX‑2 and stromal cell‑derived factor 1 signaling 
pathways, leading to enhanced uterine peristalsis, invasion of 
endometrial epithelial cells and ultimately the formation of 
adenomyotic lesions in the myometrium (4). All these theories 
suggest that ADS is a complicated and multipathogenic disease. 
Herndon et al (56) identified 1,024 aberrantly expressed genes, 
140 upregulated and 884 downregulated genes, in ADS via 
microarray analysis. These genes participate in numerous cell 
functions and signaling pathways, such as apoptosis, extracellular 
matrix remodeling, oxidative phosphorylation and mitochondrial 
dysfunction. Moreover, the present study preliminarily demon‑
strated that miRNAs can control the development of ADS from 
the perspective of non‑coding RNAs, and endocrine molecules 
can affect this process.

There are still some limitations in the present study. First, the 
current study only observed the SMCs in the JZ of ADS samples. 
Second, no further investigations were performed to determine 
whether let‑7a affects the apoptosis of JZ SMCs in ADS. Third, 
for the purpose of minimizing variability, although the posterior 
uterine wall is the common place where ADS occurs (57‑60), 
samples were collected from the anterior fundal wall. In addi‑
tion, previous studies have shown that circular RNAs (circRNAs) 
act as miRNA sponges and that the circRNA‑miRNA‑mRNA 
network may have effects on cancer‑related pathways (61‑63), 
which the present study did not examine. Therefore, further cell 
functional experiments could help to elucidate the pathogenesis of 
ADS based on this point of view.

In conclusion, the present study demonstrated that let‑7a 
was downregulated, whereas Lin28B was upregulated in ADS. 
In addition, let‑7a could affect the expression levels of Lin28B; 
low expression of let‑7a resulted in high Lin28B expression and 
high proliferation of JZ SMCs. Treatment with 17β‑estradiol also 
affected the expression of the let‑7a/Lin28B axis and the effects 
of this axis on the proliferation of JZ SMCs in ADS. Notably, 
17β‑estradiol and let‑7a/Lin28B axis synergistically induced the 
higher proliferation of JZ SMCs in ADS.
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