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ABSTRACT
Background: miR-196b-5p was found to be significantly reduced 
in endometriosis, but its function and the mechanisms involved 
remained unclear.
Objective: To explore the effect of miR-196b-5p on manipulating 
macrophage phenotype and the underlying mechanisms in endometriosis 
Methods: The endometriosis mice and End1/E6E7 cells were used 
for in vivo and in vitro experiments, respectively. QRT-PCR was 
used to detect miR-196b-5p, suppressor of cytokine signaling 1 
(SOCS1), high mobility group AT-Hook 1 (HMGA1), and CCL2 
expressions. Western blot was used to detect SOCS1 and HMGA1 
protein levels while luciferase reporter assay was performed to 
determine the interaction between miR-196b-5p and SOCS1/
HMGA1. ELISA was used to measure CCL2, IL-10, and IL-6 
levels and immunohistochemical staining and flow cytometry were 
used to examine CD86 and CD206 expressions. 
Results: Significantly reduced levels of miR-196b-5p, and increased 
levels of SOCS1, HMGA1, and CCL2 were observed in the ectopic 
endometrium of mice with endometriosis. The miR-196b-5p mimic 
significantly reduced the lesion size, increased M1 macrophages, 
and decreased M2 macrophages in the ectopic endometrium of 
mice with endometriosis. End1/E6E7 cells transfected with miR-
196b-5p mimic significantly increased M1 macrophages, decreased 
M2 macrophages and reduced the migration in PMA-treated THP-
1 cells. Conversely, transfection with a miR-196b-5p inhibitor led 
to the opposite outcomes. miR-196b-5p targeted SOCS1/HMGA1, 
and miR-196b-5p inhibitor significantly up-regulated CCL2 and 
IL-10, and down-regulated IL-6 levels in End1/E6E7 cells. These 
effects were markedly reversed by si-SOCS1/si-HMGA1. 
Conclusion: miR-196b-5p elevates M1 macrophages and decreases 
M2 macrophages in endometriosis, possibly by targeting SOCS1/
HMGA1. This research may provide a novel insight into the 
pathological mechanisms of endometriosis. 
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INTRODUCTION

Endometriosis is a common benign 
gynecological disease characterized by the 
presence of endometrial tissue outside the 
uterine cavity. It affects 6% to 10% of women of 
reproductive age (1). The growth, infiltration 
and repeated bleeding of endometriosis result 
in pain, infertility, and other symptoms. This 
seriously affects the quality of life and brings 
significant psychological and economic 
pressure to patients (2). Most scholars believed 
that countercurrent flow of menstrual blood 
was the pathogenesis of endometriosis, but 
it was difficult to fully explain the specific 
pathogenetic mechanisms of endometriosis.

Increasing evidence reveals that the 
countercurrent of menstrual blood is merely an 
inducement, and immune system imbalance 
caused by macrophages plays an important 
role in promoting endometrial adhesion, 
implantation and growth (3, 4). Macrophages 
are important inflammatory cells, that are 
divided into two polarized phenotypes: 
M1 macrophages phagocytize antigens and 
participate in immune responses, while M2 
macrophages promote tumor development 
and angiogenesis (5, 6). Lagana et al. (7) 
reported that M1 macrophages in women 
with ovarian endometriomas exhibited a 
continuous decrease as the stage progressed 
from I to IV, while M2 macrophages showed 
an opposite trend. Gou et al. (8) reported that 
lactate-induced M2 macrophages promoted 
the invasion of endometriotic stromal cells in 
vitro and in vivo. - Nanovesicles derived from 
M1 macrophages repolarized macrophages 
from an M2 to an M1 phenotype, inhibiting the 
development of endometriosis (9). However, 
Wu et al. (10) reported that, compared 
to normal controls, M2 macrophages 
were significantly reduced in the ectopic 
endometrium of women with endometriosis. 
Thus, the functional role of macrophages in 
endometriosis has yet to be studied, and the 
mechanisms for regulating the phenotypic 
transformation of macrophages are also 
unclear. 

More and more evidence suggests 
that microRNAs (miRNAs) may play an 
important role in regulating the phenotypic 
transformation of macrophages. In glioma, 
miRNA-1246 derived from hypoxic glioma-
derived exosomes induces M2 macrophage 
polarization through various pathways (11). 
In myocardial infarction, miRNA-21 triggers 
a phenotype switch in cardiac macrophages 
from pro-inflammatory to reparative in the 
remote myocardium (12). However, there 
have been few studies on the role of miRNAs 
in manipulating macrophage phenotype in 
endometriosis. miR-196b-5p is a recently 
discovered miRNA that is differentially 
expressed in various diseases, and is also 
associated with disease progression (13-15).  
Although miR-196b-5p was found to be 
significantly decreased in endometriosis 
(16), there have been few studies on miR-
196b-5p in endometriosis. The ENCORI 
database predicted the binding sites between 
miR-196b-5p and suppressor of cytokine 
signaling 1 (SOCS1) or high mobility 
group AT-Hook 1 (HMGA1). Considering 
the single cell sequencing results (17), we 
speculated that miR-196b-5p might regulate 
cytokines and macrophage migration to 
affect macrophages via SOCS1/HMGA1, thus 
affecting immunosuppressive environments 
in endometriosis. 

MATERIALS AND METHODS

Establishment of an Endometriosis Mouse 
Model

Female BALB/C mice (8-10 weeks old) 
were intramuscularly injected with pregnant 
horse serum gonadotropin, and the uterin 
tissues were dissected after 42 hours. Next, 
the endometrial tissues were cut into 1 
mm3 pieces before being placed in normal 
saline. Subsequently, each recipient mouse 
was intraperitoneally administered with the 
tissue suspension. The recipient mice were 
sacrificed after 18 days, and the lesions 
were removed and measured for size. The 
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ethical committee of Fuqing Maternal and 
Child Health Hospital approved all animal 
procedures (2021-001), and all experimental 
procedures were carried out in accordance 
with the guidelines for the Care and Use 
of Laboratory Animals published by the 
National Academic Press.

Cell Culture and Treatment
End1/E6E7 cells (YS1164C) were obtained 

from Yaji Biotechnology (Shanghai, China) 
and cultured in Dulbecco’s modified Eagle’s 
medium (DMEM, PM150210B, Procell, 
Wuhan, China) supplemented with 10% 
fetal calf serum (FBS; Sigma, St. Louis, MO, 
USA), and 1% penicillin and streptomycin 
(Sigma). The cells were incubated in a 5% 
CO2 atmosphere at 37˚C. The cells were then 
transfected with miR-196b-5p mimic/mimic 
NC (RiboBio, Guangzhou, China) or miR-
196b-5p inhibitor/inhibitor NC (RiboBio) for 
48h. Additionally, the cells were co-transfected 
with miR-196b-5p inhibitor and si-SOCS1/
si-HMGA1 for 48 h. The transfection was 
carried out using Lipofectamine 8000 (C0533, 
Beyotime, Shanghai, China) according to 
the manufacturer’s instructions. The siRNA 
sequences are listed below:
Si-SOCS1: 
5’-GAUUAAGACGGUUGAAACUAG-3’ 
Si-HMGA1: 
5’-GACCCGGAAAACCACCACA-3’ 
Si-ctrl: 
5’-ACGUGACACGUUCGGAGAATT-3’

Enzyme-linked Immunosorbent Assay 
(ELISA) 

The concentrations of CCL2, IL-6, and IL-
10 in the supernatant of End1/E6E7 cells were 
measured using the Human MCP-1 ELISA 
Kit (E-EL-H6005, Elabscience, Wuhan), 
the Human IL-6 ELISA Kit (E-EL-H6156, 
Elabscience, Wuhan), and the Human IL-
10 ELISA Kit (E-EL-H6154, Elabscience, 
Wuhan), respectively. 

Immunohistochemistry (IHC) Staining
The ectopic endometrium of mice with 

endometriosis was incubated with CD86 
(1:100, DF6332, Affinity, OH, USA) or CD206 
(1:80, DF4149, Affinity) antibodies, and then 
stained with DAB and hematoxylin. Finally, 
the sections were photographed under an 
inverted microscope (DMI 4000B, Leica, 
Germany).

Quantitative Reverse Transcription 
Polymerase Chain Reaction (qRT-PCR) 

The extracted RNA was reverse-
transcribed into cDNA, and the expressions 
of miR-196b-5p, SOCS1, HMGA1, and CCL2 
were detected using the ABI-7500 Real Time 
PCR System. Data analysis was conducted 
using the 2-∆∆Ct method and either β-actin or 
U6 was used for normalization. The primers 
are listed below
miR-19b-5p (F): 
5’-ACACTCCAGCTGGGTAGGTAGTTTC 
CTGTT-3’
miR-19b-5p (R): 
5’-TGGTGTCGTGGAGTCG-3’
SOCS1(F): 
5’-GAGACCTTCGACTGCCTTTTC-3’
SOCS1(R): 
5’-GGAAGGAACTCAGGTAGTCAC-3’
HMGA1(F): 
5’-GGCAGACCCAAGAAACTGG-3’
HMGA1(R): 
5’-GGCACTGCGAGTGGTGAT-3’
CCL2 (F): 
5’-TGAAGTTGACCCGTAAATCTGAA-3’
CCL2 (R): 
5’-AGGCATCACAGTCCGAGTC-3’
U6 (F): 5’-CTCGCTTCGGCAGCACA-3’
U6 (R): 
5’-AACGCTTCACGAATTTGCGT-3’
β-actin (F): 
5’-GTCCCTCACCCTCCCAAAAG-3’
β-actin (R): 
5’-GCTGCCTCAACACCTCAACCC-3’

Western Blot
The proteins were extracted and transferred 

onto a nitrocellulose membrane. They were 
then incubated with the following primary 
antibodies: SOCS1 (1:1000, AF5378, Affinity), 
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HMGA1 (1:1000, AF5218, Affinity), and CCL2 
(1:1000, MA5-17040, Invitrogen). β-actin was 
used as the internal control. HRP-conjugated 
goat anti-mouse IgG was used as the secondary 
antibody. An enhanced chemiluminescence kit 
was used to visualize the protein bands.

The Co-culture of End1/E6E7 Cells and 
THP-1 Cells

THP-1 cells (YS295C, Yaji, Shanghai) in 
the logarithmic growth phase were treated 

with PMA (100 ng/mL, S1819, Beyotime) 
to induce macrophages. .The induced 
macrophages were then co-cultured with 
End1/E6E7 cells in the logarithmic growth 
phase at a 1:1 ratio , and cultured for 24-48h 
for the following experiments.

Bioinformatics Analysis
According to the ENCORI database, 

binding sites were predicted between miR-
196b-5p and SOCS1/HMGA1.

Fig. 1. Down-regulation of miR-196b-5p in ectopic endometrium of mice with endometriosis. Mice with 
endometriosis were established, and the ectopic endometrium was collected. (A) Immunohistochemical 
analysis was performed to assess CD86 and CD206 positive cells; (B-E) qRT-PCR was used to examine 
the expressions of miR-196b-5p, SOCS1, HMGA1, and CCL2 mRNA; (F-I) Western blot was used to 
examine the levels of SOCS1, HMGA1, and CCL2 protein. **p<0.01, ***p<0.001 vs Control. suppressor 
of cytokine signaling 1 (SOCS1), high mobility group AT-Hook 1 (HMGA1), chemokine ligand 2 (CCL2)
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Dual Luciferase Reporter Assay
The SOCS1-3’UTR and HMGA1-3’UTR 

containing wild-type or mutant binding 
sites, were cloned into the psiCHECKTM-2 

vector. Subsequently, miR-19b-5p mimic 
and the SOCS1-3’UTR or HMGA1-3’UTR 
psiCHECKTM-2 plasmid were co-transfected 
into HEK-293 T cells. The dual luciferase 

Fig. 2. miR-196b-5p affects inflammatory cytokines and SOCS1/HMGA1 in End1/E6E7 cells. End1/E6E7 
cells were transfected with the miR-196b-5p mimic or inhibitor. (A-C) qRT-PCR was used to examine the 
expressions of miR-196b-5p, SOCS1, and HMGA1; (D-F) Western blot was used to examine the protein 
levels SOCS1 and HMGA1; (I) ELISA was employed to detect CCL2 (G), IL-6 (H), and IL-10 levels. **p<0.01, 
***p<0.001 vs inhibitor NC; ##p<0.01, ###p<0.001 vs mimic NC. suppressor of cytokine signaling 1 (SOCS1), 
high mobility group AT-Hook 1 (HMGA1), chemokine ligand 2 (CCL2), negative control (NC), interleukin (IL)
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reporter assay system (E1910, Promega, 
Beijing, China) was employed to measure 
luciferase activity. 

Statistical Analysis
The differences between groups were 

analyzed using unpaired Student’s t tests or 
one-way analysis of variance (ANOVA) in 
GraphPad Prism 7.0 after confirming normal 
distribution through Shapiro-Wilk tests. A 
significant p-value was considered to be less 
than 0.05.

RESULTS

The Alterations in Macrophage Polarization 
and miR-196b-5p Expression in the Ectopic 
Endometrium of Mice with Endometriosis

The immunohistochemical results revealed 
a significant decrease in CD86+ cells (M1 
macrophages) and an increase in CD206+ cells 
(M2 macrophages) in the ectopic endometrium 
of mice with endometriosis, compared to normal 
mice (Fig. 1A). QRT-PCR results revealed the 
down-regulation of miR-196b-5p (Fig. 1B) and 
the up-regulation of SOCS1 (Fig. 1C), HMGA1 
(Fig. 1D), and CCL2 (Fig. 1E) in the ectopic 
endometrium of mice with endometriosis. The 
western blot results further confirmed the up-
regulation of SOCS1, HMGA1, and CCL2 at 
the protein level (Fig. 1F-I).

miR-196b-5p Affects Inflammatory Cytokines 
by Targeting SOCS1/HMGA1 in End1/E6E7 
Cells

The End1/E6E7 cells were transfected 
with a miR-196b-5p mimic or inhibitor. 

Fig. 3. miR-196b-5p affects inflammatory cytokines by targeting SOCS1/ HMGA1 in End1/E6E7 cells. 
(A) The binding sites between miR-196b-5p and SOCS1/HMGA1 were investigated. The dual luciferase 
reporter assay was conducted to evaluate the interaction between miR-19b-3p and SOCS1 (B) or HMGA1 
(C); End1/E6E7 cells were co-transfected with the miR-196b-5p inhibitor and si-SOCS1 or si-HMGA1, 
ELISA was used to measure CCL2 (D), IL-6 (E), and IL-10 (F) levels. **p<0.01 vs mimic NC; &&p<0.01, 
&&& p<0.001 vs inhibitor NC; ##p<0.01, ###p<0.001 vs miR-196b-5p inhibitor+ si-Ctrl. suppressor of 
cytokine signaling 1 (SOCS1), high mobility group AT-Hook 1 (HMGA1), chemokine ligand 2 (CCL2), 
negative control (NC), interleukin (IL)
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Fig. 4. The miR-196b-5p mimic facilitates M1 polarization and inhibits M2 polarization in vitro. THP-1 cells 
were treated with PMA to induce M0 macrophages, which were then co-cultured with End1/E6E7 cells 
transfected with either the miR-196b-5p mimic or inhibitor. Flow cytometry was used to detect CD86 (A, B) and 
CD206 (C, D) expressions; (E, F) A transwell assay was conducted to assess the migration of macrophages. 
**p<0.01, ***p<0.001 vs inhibitor NC; ##p<0.01, ###p<0.001 vs mimic NC. negative control (NC)
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Subsequent qRT-PCR results confirmed 
the successful transfection (Fig. 2A).  
The miR-196b-5p mimic reduced SOCS1 
and HMGA1 expression in End1/E6E7 cells, 
while the miR-196b-5p inhibitor produced the 
opposite results, at both mRNA (Fig. 2B, C) 

and protein levels (Fig. 2D-F). Additionally, 
the miR-196b-5p mimic increased IL-6 level, 
and decreased CCL2 and IL-10 levels in End1/
E6E7 cells, whereas the miR-196b-5p inhibitor 
produced the opposite results (Fig. 2H-I).  
Bioinformatic analysis revealed the binding 

Fig. 5. The miR-196b-5p mimic inhibits lesion size, facilitates M1 polarization, and inhibits M2 polarization 
in vivo. The mice with endometriosis were injected with the miR-196b-5p mimic, and the ectopic 
endometrium was collected. (A-C) qRT-PCR was employed to detect the expressions of miR-196b-5p, 
SOCS1, and HMGA1 mRNA; (D-F) Western blot was used to measure the levels of SOCS1 and HMGA1 
protein; (G) The size of the lesions was measured using the vernier caliper; (H) Immunohistochemical 
analysis was performed to identify CD86 and CD206 positive cells. **p<0.01, ***p<0.001 vs mimic NC. 
suppressor of cytokine signaling 1 (SOCS1), high mobility group AT-Hook 1 (HMGA1), chemokine ligand 
2 (CCL2), negative control (NC), interleukin (IL)
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sites that connect miR-196b-5p with SOCS1/
HMGA1 (Fig. 3A). Dual luciferase reporter 
assay confirmed that both SOCS1 (Fig. 3B) and 
HMGA1 (Fig. 3C) were targets of miR-196b-
5p. Furthermore, si-SOCS1 or si-HMGA1 
reversed the changes in CCL2 (Fig. 3D), IL-6 
(Fig. 3E), and IL-10 (Fig. 3F) induced by the 
miR-196b-5p inhibitor in End1/E6E7 cells.

End1/E6E7 Cells Overexpressing miR-196b-
5p Facilitate M1 Polarization, and Inhibit 
M2 Polarization in Vitro

Subsequently, End1/E6E7 cells transfected 
with the miR-196b-5p mimic or inhibitor were 
co-cultured with PMA-treated THP-1 cells 
(M0 macrophages). The miR-196b-5p mimic 
significantly promoted M1 polarization and 
inhibited M2 polarization, while the miR-
196b-5p inhibitor resulted in the opposite 
effects (Fig. 4A-D). In addition, the migration 
of macrophages was inhibited by the miR-
196b-5p mimic, but promoted by the miR-
196b-5p inhibitor (Fig. 4E, F).

Overexpression of the miR-196b-5p Reduces 
Lesion Size, Promotes M1 Polarization, and 
Inhibits M2 Polarization in Vivo

Finally, the mice with endometriosis 
were injected with the miR-196b-5p mimic 
for the in vivo experiments. The miR-196b-
5p mimic significantly increased miR-
196b-5p mRNA expression (Fig. 5A), while 
decreasing SOCS1 and HMGA1 expression 
in the ectopic endometrium of mice with 
endometriosis, at both mRNA (Fig. 5B, C) 
and protein levels (Fig. 5D-F). The size of 
lesions in mice with endometriosis was also 
reduced by the miR-196b-5p mimic (Fig. 
5G). Immunohistochemical results revealed 
an increase in M1 macrophages and a 
decrease in M2 macrophages in the ectopic 
endometrium of endometriosis mice injected 
with miR-196b-5p mimic (Fig. 5H).

DISCUSSION

Due to their easy availability, consistent 

repeatability and relative stability in the 
same individuals, miRNAs have received 
extensive attention as potential biomarkers 
in various diseases, including endometriosis 
(18). Here, miR-196b-5p was significantly 
reduced in ectopic endometrium of mice with 
endometriosis,, consistent with the findings 
of a previous study (16). Furthermore, the in 
vivo experiments revealed that the miR-196b-
5p mimic reduced the lesion size of mice 
with endometriosis. Additionally, SOCS1 
and HMGA1 were significantly up-regulated 
in the ectopic endometrium of mice with 
endometriosis. Furthermore, both SOCS1 
and HMGA1 were identified as targets of 
miR-196b-5p. Given that SOCS1 plays an 
important role in modulating inflammation 
within the body (19), we were curious to 
investigate whether miR-196b-5p also has an 
impact on the inflammatory response. To our 
delight, miR-196b-5p significantly impacted 
the inflammatory cytokines (CCL2, IL-6, 
IL-10), and this effect was further reversed 
by si-SOCS1 or si-HMGA1. These findings 
suggest that miR-196b-5p may influence 
inflammation by targeting SOCS1/HMGA1 
in endometriosis.

It has been reported that the involvement of 
macrophages, particularly M2 macrophages, 
in immune dysfunction is one of the important 
causes of endometriosis (20, 21). As expected, 
M1 macrophages were decreased, while M2 
macrophages were increased in the ectopic 
endometrium of mice with endometriosis, 
suggesting the involvement of macrophages 
in endometriosis. In addition, activated 
macrophages help facilitate the degradation 
of erythrocytes, leading to iron overload in 
endometrial lesions (22, 23). Additionally, 
excess iron in endometriotic tissues was 
associated with periodic hemorrhage and 
retrograde menstruation, both of which 
induced inflammatory environments (24). 
Therefore, blocking M2 macrophages or 
inducing M1 macrophages represents a novel 
research direction for the prevention and 
treatment of endometriosis. 

Based on emerging evidence of miRNAs 
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regulating macrophage phenotype (25-27), the 
miR-196b-5p mimic significantly induced M1 
polarization, and inhibited M2 polarization, 
both in vitro and in vivo. Unfortunately, the 
impact of miR-196b-5p on iron metabolism 
in endometrial lesions remains unclear.

CONCLUSION

miR-196b-5p reduced lesion size and M2 
macrophages in endometriosis, which may 
depend on targeting SOCS1/HMGA1. This 
research may provide a novel insight into the 
pathological mechanisms of endometriosis as 
well as a new treatment strategy.
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