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Purpose: To explore the mechanism of levonorgestrel (LNG)-ameliorating adenomyosis
through long non-coding RNA H19 (IncRNA H19)/miR-17/Toll-like receptor 4 (TLR4)
pathway.

Patients and Methods: A total of 71 cases of adenomyosis and 54 cases of normal
endometrium were sampled. Quantitative polymerase chain reaction (qQPCR) was employed
to quantify IncRNA H19, miR-17, and TLR4 mRNA, while Western blot (WB) was used to
quantify TLR4 protein. Effects of LNG on normal endometrial stromal cells (ESCs) were
evaluated. Suppression/over-expression vectors of IncRNA H19, miR-17, and TLR4 were
constructed to observe their effects on ESCs.

Results: MiR-17 and TLR4 mRNA were up-regulated and IncRNA H19 was down-
regulated in adenomyosis. After LNG treatment, IncRNA H19 was up-regulated while
miR-17 and TLR4 were down-regulated. LNG, up-regulation of IncRNA H19, and down-
regulation of miR-17 and TLR4 portend increased apoptosis, Gl-arrested cells, as well as
inhibited inflammation. Dual-luciferase reporter (DLR) assay conformed the targeting rela-
tion of IncRNA H19/miR-17/TLR4 pathway.

Conclusion: LNG ameliorates adenomyosis via IncRNA H19/miR-17/TLR4 pathway.
Keywords: adenomyosis, levonorgestrel, IncRNA H19/miR-17/TLR4 pathway

Introduction

The invasion of endometrial glands and stroma into the myometrium is known as
adenomyosis.'” Although there is no evidence that adenomyosis triggers infertility
directly, it interferes with the success rate of the in-vitro fertilization.” The devel-
opment of adenomyosis is closely related to concentration and activity of
estrogen.*> Failure to treat adenomyosis in time is likely to lead to premature

endometrial
9,10

delivery, preeclampsia, placental dislocation, as well as

adenocarcinoma.®® The diagnostic indexes of adenomyosis are unclear,”'® so it
may be a new idea to find one from the perspective of genetics.

MicroRNAs (miRNA) are a kind of most studied gene regulatory factors in
molecular biology, which are regulated after transcription by pairing and binding
with mRNAs. MiR-17, a 84 bp long miRNA located on human chromosome 13, is
an essential regulatory tool for many diseases. In coronary heart disease, miR-17
inhibits apoptosis of vascular endothelial cells and increases cell survival by down-
regulating Insulin-like Growth Factor 1 (IGF1)."" Elevated miR-17 accelerates cyst
growth and leads to intensified mitochondrial metabolism in polycystic kidney.'*'?
Abnormal expression of miR-17 is also associated with colorectal cancer, cervical

. 14-1 . .
cancer, pancreatic cancer, as well as non-small cell lung cancer. 8 Besides, miR-17
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may be involved in endometriosis and adenomyosis.'**

Long non-coding RNAs (IncRNAs) are important upstream
regulators of miRNA regulating physiological process by
binding to miRNA. Previous studies have shown that
IncRNA H19 is involved in the regulation of expression of
many miRNAs.>'2* Liu et al® stated that up-regulated
IncRNA H19 participates in the regulation of proliferation
and apoptosis of endometrial stromal cells (ESCs), so
IncRNA H19 may be related to adenomyosis.

Levonorgestrel (LNG) is the preferred treatment for
adenomyosis due to its low side effects and high success
rate.'” In this study, up-regulated IncRNA H19 and down-
regulated miR-17 were found when ESCs were treated
with LNG. Therefore, we explored this to seek the mole-
cular mechanism of LNG in the treatment of adenomyosis
and to provide reliable data for improving the curative
effect of LNG.

Patients and Methods

Patients with Adenomyosis

Seventy-one samples of endometrium from patients diag-
nosed with adenomyosis clinically and pathologically
between January 2015 and March 2017 were collected in
The First Affiliated Hospital of Shandong First Medical
University. The average age of the patients was (42.12
+3.14) years. Inclusion criteria: patients diagnosed with
adenomyosis and willing to cooperate with the therapist.
Exclusion criteria: patients receiving preoperative che-
motherapy; patients with chronic diseases such as coron-
ary heart disease and hypertension; patients with a long
history of drug therapy. Another 54 samples of myome-
trium form patients undergoing hysteroscopic uterine sep-
tum were allocated in a control group. The patients in the
group had no history of hormone therapy, no underlying
chronic diseases, and no mental diseases. All participants
were fully informed and signed the written informed con-
sent in accordance with the declaration of helsinki. And
the study received the approval from the The First
Affiliated Hospital of Shandong First Medical University
ethics Committee. Tissue sections were stored in —80°C
liquid nitrogen for testing.

Cell Isolation and Transfection

ESCs were extracted from myometrium of patients with
adenomyosis. Components of culture medium (50 mL):
Dulbecco’s Modified Eagle Medium (DMEM)/F12K
(Gibco) + 10% fetal bovine serum (FBS, Gibco), 2 mmol

glutamine + 1% penicillin/streptomycin solution (100X,
Solarbio). Immunohistochemistry was employed to detect
cytokeratin and vimentin, and interstitial cells detected
were cultured. Cells were inoculated into T25 flasks
(Thermo Fisher). Preheated medium (5 mL, 37°C) was
added to the flasks. The cells were cultured in a 37°C and
5%CO, incubator (Binder) to their good growth. Before
transfection, the medium was replaced with FBS-free med-
ium. During transfection, 1x10° cells per well were inocu-
lated into 6-well plates. LncRNA H19-ad (over-expression
vector), miR-17 inhibitor/mimics, TLR4 siRNA, NC vec-
tor were all purchased from Shanghai Sangon
Bioengineering Co., Ltd. Cell lines were transfected
using the Lipofectamine 2000 transfection kit (invitrogen,
USA). After transfection for 8 h, fresh culture medium

was used to remove dead cells.

LNG-Treated Cells

Preparation of LNG mother liquor: LNG was dissolved in
dimethyl sulphoxide (DMSO) (Solarbio), and the concen-
tration of LNG was controlled to be 1x10~% mol/L. The
prepared LNG solution was added into the medium, and
the final concentration of LNG was 5x10~> mol/L. The
effect of LNG on cells was monitored. Another group was
added with the same amount of DMSO as negative control
to eliminate the influence of DMSO.

Quantitative Polymerase Chain Reaction
(gPCR)

Trizol was applied to extract total RNA from tissues or
cells. The optical density (OD) value at 260-280nm was
obtained by an ultraviolet spectrophotometer, and those
with the value of OD260/0D280 >1.8 were used for sub-
sequent qPCR. FastKing one-step reverse transcription-
fluorescence quantitative kit (Beijing Tiangen Biotech
Co., Ltd.) and ABI PRISM 7000 (Applied Biosystems)
were employed for RNA quantification. LncRNA H19
and miR-17 primers were designed and synthesized by
Shanghai Sangon Bioengineering Co., Ltd. LncRNA
H19, F: 5'-ATC GGT GCC TCA GCG TTC GG-3', R: 5'-
CTG TCC TCG CCG TCA CAC CG-3'. miR-17, F: 5'-
CAA AGT GCT TAC AGT GCA GGT A-3’, R: 5'-GCA
CCT TAG AAC AAA AAG CAC T-3'. TLR4, F: 5-CCG
CTT TCA CTT CCT CTC AC-3', R: 5'-CAT CCT GGC
ATC ATC CTC AC-3". The qPCR reaction system (50 pL)
contained 1.25 pL upstream primer, 1.25 uL. downstream
primer, 1.0 pL probe, 10 pg/ug RNA template, 5 pL
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50xROX Reference Dye ROX, and made up to 50 uL with
RNase-Free ddH,0. Reaction process: 1 cycle of reverse
transcription at 50°C for 30 min, 1 cycle of pre-
denaturation at 95°C for 3 min, 40 cycles of denaturation
at 95°C for 15 s and annealing at 60°C for 30 s. Results
obtained were analyzed with the ABI PRISM 7000. U6
and glyceraldehyde phosphate dehydrogenase (GAPDH)
were served as internal reference genes, and the data

were normalized by 2 24",

Western Blot (WB)

Protein extract: protein inhibitor (Solarbio) + 20 mM Tris-
HCI solution (pH7.5, Solarbio). Adherent cells in flasks
were digested and prepared into cell suspension. The sus-
pension was mixed with 1 mL extract, and the mixture was
pipetted repeatedly until the complete lysis of cells. The
extract was centrifuged in a precooled centrifuge at 4°C
for 20 min at 1.6x10% xg. Protein concentration in the
supernatant was determined by bicinchoninic acid
(BCA), and the protein was separated by sodium dodecyl-
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE).
Afterwards, the separated protein was transferred to
a nitrocellulose (NC) membrane and left for 1 h at room
temperature (sealed with 5% skim milk-phosphate buffer
saline (PBS)). Then testing protein and anti-beta Actin
antibody (Abcam) were added, and placed overnight at
4°C. The NC membrane was washed three times with
PBS solution, then added with goat anti-rabbit secondary
(HRP)
Abcam), and left to stand for 1 h at room temperature.

antibody (horseradish peroxidase conjugate,
Finally, the NC membrane was washed with PBS and
visualized with enhanced chemiluminescence (ECL) solu-
tion. B-actin was taken as the internal reference protein,
and the relative expression of the protein = gray value of
test band/gray value of the B-actin band.

Flow Cytometry

Cell suspension with 1x10° cells was prepared. Cells
were immobilized in 70% ethanol solution for 30 min,
keeping the ambient temperature at 4°C. The ethanol
solution was then removed. A mixed solution of diso-
dium propidium iodide (50 ng/mL)/RNase (0.2 mg/mL)/
0.1% Triton X-100 was added, and the cells were incu-
bated at indoor temperature for 30 min. A FACScan
flow cytometer (Becton Dickinson, USA) was employed
to evaluate the apoptosis.

Transwell

The cells (2x10%well) were inoculated into the apical cham-
ber (200 pL of mixed solution containing 10% FBS and 1%
DMEM was added in advance), and DMEM (500 pL, con-
taining 10% FBS) was added to the basolateral chamber. The
Transwell insert was cultured at 37°C and 5% CO, for 24 h,
and then the liquid in the apical chamber was removed and
the cells were wiped off. Cells attached to the outside of the
membrane were immobilized in 4% paraformaldehyde for 20
min, stained with crystal violet for 15 min, washed with PBS
buffer. The migrated cells were counted in random 3 visual
fields using a 200-fold microscope, and the average value was
taken. The test was repeated three times. As for the invasion
assay, the insert was covered with 8% Matrigel, and the
number of cells was increased to 5x10% per well, the rest
steps were the same as the migration assay described above.

Dual-Luciferase Reporter (DLR) Assay
Cells were inoculated in 96-well plates and DLR assay
was carried out when they were in good condition. GLO-
H19-wt, GLO-H19-mut, GLO-TLR4-wt, GLO-TLR4-mut
vectors were separately co-transfected with miR-17
mimics and NC mimics. After 48 h, luciferase activity
was detected in a DLR assay system (Promega).

Statistics and Analysis

SPSS 20.0 (Asia Analytics Formerly SPSS China) and
GraphPad Prism8.0 carried out statistical analysis and
data,
Measurement data were presented as Mean+standard

graphic  processing on the respectively.
deviation (SD), independent sample t-test was adopted
for comparison between two groups, one-way analysis
of variance (ANOVA) for comparison among multiple
groups, and Fisher’s least significant difference-#-test for
post hoc pairwise comparison. All data were analyzed
by two-tailed test; 95% was taken as the confidence
interval. The difference was statistically significant as

P<0.05.

Results
Effects of LNG on IncRNA HI19/miR-17/
TLR4

Seventy-one samples of endometrium from patients diag-
nosed with adenomyosis were collected. qPCR quantified
the expression of IncRNA H19, miR-17, TLR4 mRNA.
Another 51 healthy endometrium were taken as control
group. LncRNA H19 was down-regulated and miR-17 and
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Figure | Expression of IncRNA HI9, miR-17, and TLR4 mRNA in adenomyosis and effects of LNG on them. (A) LncRNA HI9 is down-regulated and miR-17 and TLR4
mRNA are up-regulated in adenomyosis, ***P<0.001 vs control group. (B) LNG up-regulates IncRNA HI9 and down-regulates miR-17 and TLR4 mRNA, *P<0.01 vs

control group.

TLR4 mRNA were up-regulated in adenomyosis (Figure
1A), indicating their involvement in adenomyosis. In this
study, cells were treated with LNG, a drug for the treat-
ment of adenomyosis, at a concentration of 5 x 10> mol/L
to study its therapeutic mechanism, and the cells displayed
up-regulation of IncRNA H19 and down-regulation of
miR-17 and TLR4 mRNA (Figure 1B), indicating that
LNG may improve adenomyosis through IncRNA HI9,
miR-17, and TLR4. In addition, up-regulation of IncRNA
H19 suppressed miR-17 and TLR4, and down-regulation
of miR-17 reduced TLR4, which suggests that IncRNA
H19/miR-17/TLR4 pathway exists in ESCs.

LNG Hinders Cell Proliferation and
Accelerates Apoptosis by Up-Regulating

IncRNA HI9

To study the effect of LNG on cells, flow cytometry was
adopted for determination of cell proliferation, WB for related
marker proteins, and Transwell for cell migration and inva-
sion. LncRNA H19-ad group (over-expression group) was set
up to study how the up-regulation of IncRNA H19 induced
by LNG would affect cell function. It was turned out that

LNG and IncRNA H19-ad led to the reduction of CyclinD1
and CyclinE1, decrease of S-phase cells and increase of G1-
phase cells (Figure 2A and F, Figure 3). LNG and IncRNA
H19-ad up-regulated Caspase 3, Caspase 9, Bax, and down-
regulated Bcl2 (Figure 2B). LNG and IncRNA H19-ad inhib-
ited cell migration and invasion, up-regulated E-cadherin, as
well as down-regulated N-cadherin and B-catenin (Figure
2C and E). TLR4 mediated signal pathways mainly include
TLR4, myeloid differentiation protein-2 (MD2), myeloid dif-
ferential protein-88 (MyD88) and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-«kB), so the activity
of TLR4 pathway is evaluated by the level of these four
proteins. LNG and IncRNA H19-ad down-regulated TLR4,
MD2, MyD88, and NF-«B (Figure 2D), indicating that LNG
hindered cell proliferation and accelerated apoptosis by up-
regulating IncRNA H19.

LNG Hinders Cell Proliferation and
Accelerates Apoptosis by Down-Regulating
miR-17

This
regulation of miR-17 regulates cell function. LNG and

part investigated how LNG-induced down-
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Figure 2 LNG hinders cell proliferation and accelerates apoptosis by up-regulating IncRNA HI19. (A) Both LNG and up-regulating IncRNA H19 suppress CyclinDI
and CyclinEl. (B) Both LNG and up-regulating IncRNA H19 up-regulate Caspase 3, Caspase 9, Bax and down-regulate Bcl2. (C) Both LNG and up-regulating IncRNA
HI9 up-regulate E-cadherin and suppress N-cadherin and B-catenin. (D) Both LNG and up-regulating IncRNA HI19 suppress TLR4, MD2, MyD88, NF-kB. (E) Both
LNG and up-regulating IncRNA HI19 hinder cell migration and invasion. (F) Both LNG and up-regulating IncRNA H19 reduce S-phase cells and increase Gl-phase
cells. ¥P<0.05, **P<0.01 vs NC inhibitor group.

down-regulation of miR-17 arrested cells in Gl phase, CyclinEl, Bcl2, N-cadherin and pB-catenin (Figures 3
hindered cell migration and invasion, reduced TLR4 and 4). The above results indicated that LNG hindered
pathway activity, up-regulated Caspase 3, Caspase 9, cell proliferation and accelerated apoptosis by down-
Bax, E-cadherin, and down-regulated CyclinD1, regulating miR-17.
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LNG Hinders Cell Proliferation and
Accelerates Apoptosis by Down-Regulating
TLR4

How LNG-induced down-regulation of TLR4 regulates
cell function was introduced in this part. LNG and down-
regulation of TLR4 arrested cells in G1 phase, hindered

cell migration and invasion, reduced TLR4 pathway activ-
ity, up-regulated Caspase 4, Caspase 9, Bax, E-cadherin,
CyclinEl, Bcl2,

N-cadherin and B-catenin (Figures 5 and 3). These results

and down-regulated CyclinDI,

indicated that LNG hindered cell proliferation and accel-
erated apoptosis by down-regulating TLR4.
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Cell in phase (%)

Targeting Relation of IncRNA H19/ demonstrated that there were binding loci between
miR-17/TLR4 Pathway IncRNA H19 and TLR4 on miR-17 sequence fragment
Since the above results revealed that the IncRNA H19/  (Figure 6A). DLR assay verified that IncRNA H19 and

miR-17/TLR4 pathway may be the mechanism of LNG TLR4 can be paired and bound with miR-17 (Figure
action, so the targeting relation of the pathway was 6B-D). Therefore, the IncRNA H19/miR-17/TLR4 path-

studied in this part. Targetscan7.2 and Starbase2.0 way is actually present in ESCs.
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Figure 5 LNG hinders cell proliferation and accelerates apoptosis by down-regulating TLR4. (A) Both LNG and down-regulating TLR4 suppress CyclinD| and CyclinEl. (B)
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migration and invasion. (F) Both LNG and down-regulating TLR4 reduce S-phase cells and increase Gl-phase cells. *P<0.05 and **P<0.01 vs NC siRNA group.

LVG Attenuates Inflammatory Response  (IL-6), IL-8, IL-17, and IL-1f mediated by TLR4 pathway
in ESCs were regulated by LVG was investigated in this section. The
Since LVG inhibited TLR4 pathway, how pro-inflammatory results showed that LVG could suppress TNF-a, 1L-6, IL-8,
factors tumor necrosis factor-o. (TNF-tab «), interleukin —6  1L-17 and IL-1p. Therefore, LVG inhibited the inflammatory
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Figure 6 Targeting relation of IncRNA HI19/miR-17/TLR4 pathway. (A) There are binding loci between IncRNA HI9 and TLR4 on miR-17 sequence fragment, and the red
part indicates the matched sequence fragment. (B) Up-regulating IncRNA HI9 suppresses miR-17 and TLR4. (C) Down-regulating miR-17 suppresses TLR4. (D) Co-
transfection of miR-17 mimics and IncRNA H9-wt decreases luciferase activity. (E) Co-transfection of miR-17 mimics and TLR4-wt decreases luciferase activity. *P<0.05 vs

NC-ad or NC mimics.

response in ESCs by decreasing the activity of TLR4 path-
way (Figures 7 and 3).

Discussion

In this study, we found that IncRNA H19 was down-
regulated and miR-17 and TLR4 were up-regulated in
endometrium of adenomyosis patients. LVG treatment of
ESCs resulted in up-regulation of intracellular IncRNA H19
and down-regulation of miR-17 and TLR4. After that,

IncRNA H19, miR-17 and TLR4 were regulated by plasmid
vectors to observe their effects on ESCs, and it was turned
out that up-regulation of IncRNA H19, down-regulation of
miR-17 and TLR4 led to decrease of cell proliferation,
migration and invasion, increase of apoptosis, as well as
reduction of activity of TLR4 signaling pathway. Sequence
pairing analysis showed that IncRNA H19 and TLR4 shared
common binding loci on the miR-17 sequence, and DLR
assay confirmed that IncRNA H19 and TLR4 could bind to
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LVG suppresses IL-1B. *P<0.05 vs control group.

miR-17. In addition, we found that LVG played a role in
inducing cell apoptosis, hindering cell proliferation, and
suppressing TNF-a, IL-6, IL-8, IL-17 and IL-1B. These
findings bring us to a conclusion that LVG is capable of
accelerating cell apoptosis and hindering cell inflammation
via IncRNA H19/miR-17/TLR4 pathway.

TLR4 is an important member of cellular immunity and
mediates the release of proinflammatory factors,”® and its
abnormal expression may trigger a series of diseases or
cancers.”’ > In the case of adenomyosis, the inflammatory
response induced by TLR4 promotes the excessive prolifera-
tion of ESCs and endows them with invasive phenotypes,*'
resulting in the cells to invade to myometrium. According to
our findings, LVG reduces the level of TLR4 in ESCs by
regulating IncRNA H19/miR-17, thus attenuating the inflam-
matory response (down-regulation of TNF-o, IL-6, IL-8,
IL-17 and IL-1pB), and finally suppressing the excessive pro-
liferation and malignant proliferation of ESCs.

Besides, LVG down-regulates the intracellular inflamma-
tory microenvironment through LNCRNAH 19/miR-17/TL
R4 pathway, which ultimately inhibits the proliferation and
invasion of ESCs. Zhao et al*” stated that LVG inhibits the
proliferation of ESCs by regulating gap junctional intercel-
lular communication, indicating that LVG regulates the
growth and metastasis of ESCs by changing the intercellular

and intracellular matrix, and also implying that ESCs are
strictly controlled by intracellular and extracellular microen-
vironment. Therefore, the influence of microenvironment-
derived proteins on ESCs and how LVG affects these pro-
teins will be further discussed in the following research.

To sum up, LVG relieves inflammatory response and
hinders excessive proliferation and malignant proliferation
of ESCs through IncRNA H19/miR-17/TLR4 pathway.
The potential value of this mechanism is to improve the
efficacy of LVG on adenomyosis by up-regulating IncRNA
H19, down-regulating miR-17, or down-regulating TLR4.
Moreover, IncRNA H19, miR-17, and TLR4 are also
expected to become biomarkers of adenomyosis.
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