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Abstract: Objective: This study aimed to explore the effect of miR-451 on IVF/ICSI-ET outcome in endometriosis 
patients with infertility. Methods: Eighty patients with endometriosis and infertility who came to our hospital for IVF/
ICSI-ET from February 2018 to November 2019 were collected as the research participants, and 66 healthy women 
at the same time were selected as the control group. The miR-451 and MIF expression levels in serum, tissues and 
cell lines of patients with endometriosis and infertility were quantitatively detected by qRT-PCR. Correlation between 
miR-451 and endometriosis complicated with infertility was analyzed. The effect of miR-451 on IVF/ICSI-ET outcome 
in those patients was assessed. Results: The miR-451 and MIF expression levels in endometriosis complicated with 
infertility tissues and cell lines were quantitatively detected by qRT-PCR. Compared with normal people, miR-451 
was abnormally low in endometriosis complicated with infertility tissues and cell lines (P<0.001), while MIF was 
abnormally high (P<0.001), and the miR-451 expression was dramatically down-regulated and the MIF expression 
was markedly up-regulated in serum of endometriosis patients complicated with infertility. ROC analysis identified 
that the area under the miR-451 curve (AUC=0.9078) was >0.8, and the AUC (0.8606) of MIF was >0.8. Correlation 
analysis showed that the expression of miR-451 and MIF was negatively correlated in endometriosis complicated 
with infertility. According to miR-451 expression in endometriotic lesions, the subjects were divided into the miR-451 
high expression group and miR-451 low expression group, with 40 cases in each group. The pregnancy rate after 
IVF/ICSI-ET in patients with endometriosis and infertility with high expression of miR-451 was higher than that in 
those with low expression (P>0.05). The incidence of complications during pregnancy after IVF/ICSI-ET in patients 
with endometriosis and infertility with high expression of miR-451 was lower than that in those with low expression 
(P>0.05). The pregnancy outcome after IVF/ICSI-ET in the miR-451 high expression group was better than that in 
the miR-451 low expression group (P<0.05). Conclusion: miR-451 was down-regulated in endometriosis patients 
complicated with infertility, and low expression of miR-451 after IVF/ICSI-ET indicated a poor outcome.
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Introduction

Endometriosis complicated with infertility is a 
chronic gynecological disease with estrogen 
dependence. It can be defined by the existen- 
ce of endometrial stroma and glands outside 
the normal part of endometrium [1-3]. Advan- 
ced endometriosis may lead to gynecological 
malignancies and infertility, affecting women  
of childbearing age [4]. Endometriosis compli-
cated with infertility is related to ovarian clear 
cells and endometrioid carcinoma. However, its 
exact pathophysiology is not well known [5]. 
Recent studies on endometriosis complicated 
with infertility show that miRNA should be stud-
ied at the molecular signal transduction path-
way for the condition and prognosis of endome-

triosis complicated with infertility. Biological 
targeted therapy provides a new direction for 
endometriosis complicated with infertility, it 
determines effective biomarkers, and explores 
the potential mechanism of development, 
which is conducive to finding a more appropri-
ate clinical treatment scheme [6-8]. miRNA 
plays a vital role in the development of some 
gynecological diseases [9, 10]. However, their 
functions in inhibiting or promoting cancer are 
still not fully understood. Some studies have 
found that specific miRNA can regulate the cell 
function of different tumors [11, 12].

Some reports on miRNA show that miR-451 is 
abnormally expressed in cancers of the repro-
ductive system [13]. Li Menghui et al. have 
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pointed out that there is abnormal inhibitory 
expression in the ectopic endometrium [14]. 
However, there is no research on the correla-
tion between miR-451 and endometriosis com-
plicated with infertility, and its influence on the 
outcome of routine in vitro fertilization/intra- 
cytoplasmic sperm injection-embryo transfer 
(IVF/ICSI-ET).

Therefore, by detecting miR-451 expression in 
endometriosis complicated with infertility, we 
explored the correlation between miR-451 and 
endometriosis complicated with infertility and 
its influence on IVF/ICSI-ET outcome, in order 
to find a reliable diagnosis and prognostic gene 
targets for clinical treatment.

Materials and methods

Eighty patients with endometriosis and infertil-
ity who came to Hengshui people’s Hospital for 
IVF/ICSI-ET from February 2018 to November 
2019 were collected as the research partici-
pants, and 66 healthy women at the same time 
were selected as the control group. Inclusion 
criteria: It was in line with the guidelines of the 
American Society of Reproductive Medicine 
[15]; endometriosis complicated with infertility 
was confirmed by pathology, cytology and im- 
aging; patients with endometriosis and infertil-
ity did not receive preoperative chemotherapy, 
immunotherapy and radiotherapy. Exclusion 
criteria: patients complicated with liver cirrho-
sis, coagulation dysfunction, or incomplete 
clinical data, those who did not cooperate with 
follow-up or who were lost to follow up, were 
excluded. The research was approved by the 
Ethics Committee of our hospital, and inform- 
ed consent was signed in advance by the study 
participants.

Main instruments and reagents

ABI Stepone Plus real-time fluorescence quan-
titative PCR instrument and Trizol extraction kit 

were used. All primer sequences were synthe-
sized by Shanghai Sangon Bioengineering Co., 
Ltd. The test tissue was taken from the endo-
metriotic lesion tissue of women with endome-
triosis; and Immortalized cells (hEM15A cells) 
of eutopic endometrial stromal cells in pa- 
tients with human endometriosis were pur-
chased from BeiNa Biotech, BNCC102159.

Detection methods

qRT-PCR detection: The mRNA expression in 
tissues and cells was detected by qRT-PCR. 
Total RNA of tissues was extracted according  
to Trizol reagent operating instructions and dis-
solved in 20 μL DEPC water (Table 1). Then, it 
was reverse transcribed using a reverse tran-
scription kit: pre-denaturation at 95°C for 15 
min, denaturation at 95°C for 15 s, annealing 
at 58°C for 30 s, 35 cycles in total, extension  
at 72°C for 15 min. Each sample was provided 
with three multiple holes for three repeated 
tests. After that, the amplification curve and 
melting curve of Real-Time PCR were confirm- 
ed, and the relative quantity of target genes 
was calculated based on the result parame- 
ters. U6 was employed as internal reference in 
miR-451, GAPDH was employed as internal  
reference in MIF, and the relative quantifica- 
tion of target genes was calculated via 2-ΔCt.

Statistical methods

SPSS 19.0 (SPSS, Inc., Chicago, IL, USA) was 
used for statistical analysis. The normal distri-
bution data were expressed by means ± stan-
dard deviation (meas ± SD), and the compari-
son of measurement data between groups 
adopted independent-samples t test. Data at 
multiple time points were compared through 
repeated measures analysis of variance 
(ANOVA), and back testing was done with the 
Bonferroni method. The comparison of mean 
values among multiple groups was done under 

Table 1. MIF, miR-451 and their internal reference primer sequences
Genes 3’UTR-F 3’UTR-R
MIF 5’-CTAGAGCCCACCCCAACCTTCTGGTGGGGAGA-

AATAAACGGTTTAGAGACTGC-3’
5’-GGCCGCAGTCTCTAAACCGTTTATTTCTCCCCAC-
CAGAAGGTTGGGGTGGGCT-3’

miR-451 5’-AAACCGUUACCAUUACUGAGUU-3’ 5’-UUCUCCGAACGUGUCACGUTT-3’
GAPDH 5’-CAAAGGTGGATCAGATTCAAG-3’ 5’-GGTGAGCATTATCACCCAGAA-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’
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Table 2. General clinical data of patients

Group Endometriosis complicated 
with infertility (80 cases)

Healthy women 
(66 cases) X2 P

Age (years) 0.000 1.000
    ≤32.00 32 (40.00) 32 (40.00)
    >32.00 48 (60.00) 48 (60.00)
BMI (Kg/m2) 0.197 0.657
    ≤21.20 27 (33.75) 20 (30.30)
    >21.20 53 (66.25) 46 (69.70)
Place of domicile 0.120 0.730
    Countryside 35 (43.75) 27 (40.91)
    Towns 45 (56.25) 39 (59.09)
Family history of infertility - -
    Yes 8 (10.00) -
    No 72 (90.00) -
Smoking 0.000 1.000
    Yes 0 (0.00) 0 (0.00)
    No 80 (100.00) 66 (100.00)
Years of infertility (years) - -
    ≤4 10 (12.50) -
    >4 70 (87.50) -
EMS staging - -
    Stages I/II 60 (75.00) -
    Stages III/Stages IV 20 (25.00) -

one-way ANOVA, and back testing was per-
formed with LSD-t test. The diagnostic value 
was evaluated by receiver operating character-
istics (ROC) curve. The correlation was as- 
sessed via Pearson test. The difference was 
statistically remarkable when P<0.05.

Results

General information

There was no statistically significant difference 
in the age, BMI, household registration and 
other general information of the two groups of 
subjects (P>0.05). See Table 2.

miR-451 expression in endometriosis compli-
cated with infertility

(1) miR-451 expression in tissues and cell  
lines: The miR-451 and MIF expression levels  
in endometriosis complicated with infertility  
tissues and cell lines were quantitatively de- 
tected via qRT-PCR (Figures 1, 2). Compared 
with normal people, the miR-451 expression 
was abnormally low in endometriosis compli-
cated with infertility tissues and cell lines (P< 

0.001), while the MIF expression was abnor-
mally high (P<0.001).

(2) miR-451 expression in serum and its diag-
nostic value: Compared with normal people, 
the miR-451 expression was dramatically 
down-regulated and MIF was markedly up-re- 
gulated in serum of patients with endometrio-
sis and infertility. ROC curve showed that the 
AUC (0.9078) of miR-451 was >0.8, and the 
AUC (0.8606) of MIF was >0.8, as shown in 
Figures 3 and 4.

Correlation analysis between miR-451 and 
endometriosis complicated with infertility

Correlation analysis revealed that the miR-451 
and MIF expression levels were negatively cor-
related in endometriosis patients complicated 
with infertility. Thus, we believe that the miR-
451 expression is lower with the aggravation  
of endometriosis complicated with infertility 
(Figure 5).

Effect of miR-451 on IVF/ICSI-ET outcome in 
patients with endometriosis and infertility

Compared with those before surgery, the miR-
451 expression in patients with endometriosis 
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Figure 1. miR-451 expression in tissues and cell lines. Compared with nor-
mal people, miR-451 has abnormally low expression in endometriosis and 
infertility tissues (A) and cell lines (B). Note: ameans P<0.001.

and infertility after IVF/ICSI-ET increased mark-
edly (P<0.05), as shown in Figure 6.

Based on miR-451 expression 
in endometriotic lesions, the 
subjects were divided into  
a miR-451 high expression 
group and a miR-451 low 
expression group, with 40 
cases in each group. Com- 
parison of pregnancy rate, 
complications during preg- 
nancy, and pregnancy out-
come after IVF/ICSI-ET were 
shown in Tables 3-5.

(1) Pregnancy rate after IVF/
ICSI-ET: The pregnancy rate  
of patients with endometrio- 
sis complicated with infertility 
after IVF/ICSI-ET in the miR-
451 high expression group 
was higher than that of  
the miR-451 low expression 
group (P<0.05), as shown in 
Table 3.

(2) Complications during preg-
nancy after IVF/ICSI-ET: The 
incidence of complications 
during pregnancy after IVF/
ICSI-ET in patients with endo-
metriosis and infertility in  
the miR-451 high expression 
group was lower than that in 
the miR-451 low expression 
group (P>0.05), as shown in 
Table 4.

(3) Comparison of pregnancy 
outcomes after IVF/ICSI-ET: 
The pregnancy outcome after 
IVF/ICSI-ET in patients with 
endometriosis and infertility  
in the miR-451 high expres-
sion group was better than 
that in the miR-451 low ex- 
pression group (P>0.05), as 
shown in Table 5.

Discussion

The study of the pathogene- 
sis of endometriosis compli-
cated with infertility is the 
focus of current research  

[16]. The pathogenesis of endometriosis is still 
unclear. However, miRNA, as a short non-cod-

Figure 2. MIF expression in tissues and cell lines. Compared with normal 
people, MIF was abnormally high in endometriosis complicated with infertil-
ity tissues (A) and cell lines (B). Note: ameans P<0.001.
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ing RNA, participates in the pathogenesis of 
endometriosis by silencing the expression of 
target genes and the transcription of gene 
expression [17, 18]. Although some studies 
have confirmed the mechanism of miR-451  
in gynecological diseases, the research on 
whether miRNAs can be used for non-invasive 
diagnosis of endometriosis in infertile women 
is incomplete [19]. The purpose of this study is 
to monitor the miR-451 expression in tissues, 
cell lines and serum of patients with endome-
triosis and infertility, and to explore the related 

effects of miR-451 on IVF/
ICSI-ET outcome, so as to  
provide a new theoretical 
basis for the diagnosis and 
treatment of endometriosis 
complicated with infertility in 
molecular biology.

We monitored the miR-451 
expression in endometriosis 
complicated with infertility. 
The miR-451 and MIF expres-
sion levels in serum, tissues 
and cell lines of endometrio- 
sis complicated with infertility 
were quantitatively detected 
by qRT-PCR: compared with 
normal people, miR-451 was 
abnormally low in serum, tis-
sues and cell lines of endo- 
metriosis complicated with in- 
fertility, while MIF was abnor-
mally high. ROC curve showed 
that the AUC of miR-451 was 
>0.8, and the AUC of MIF was 
>0.8. miRNA and its target 
mRNA may cause changes in 
the normal physiological state 
of endometrial tissues and 
trigger pathological process-
es. The expression of related 
miRNA in ectopic endometrial 
tissues is also tied to related 
infertility symptoms in women 
with endometriosis [20, 21]. It 
has been reported in related 
studies of miRNA and endo-
metriosis that miR-92a pro-
motes the development of 
progesterone-resistant endo-
metriosis by inhibiting PTEN 
expression, so miR-92a regu-

lation may be a potential medical method for 
treating endometriosis [22]. Li et al. also veri-
fied that miR-451 was down-regulated in the 
follicular fluid of women with endometriosis by 
miRNA analysis and quantitative reverse tran-
scription polymerase chain reaction analysis, 
which affected the embryonic development 
potential of mice and humans [23], in line with 
this study. Hence, we believe that the miR-451 
expression is low in serum, tissues and cell 
lines of patients with endometriosis and infer-
tility. It is suggested that the decreased miR-

Figure 3. miR-451 expression in serum and its diagnostic value. Compared 
with normal people, the miR-451 expression (A) in serum of patients with 
endometriosis and infertility was remarkably down-regulated, and the AUC 
(0.9078) (B) of miR-451 was >0.8. Note: ameans P<0.001.

Figure 4. MIF expression in serum and its diagnostic value. Compared with 
normal people, the MIF expression (A) in serum of patients with endometrio-
sis and infertility increased markedly, and the AUC (0.8606) (B) of MIF was 
>0.8. Note: ameans P<0.001.
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Figure 5. Correlation analysis between miR-451 and 
endometriosis complicated with infertility. Correla-
tion analysis manifested that the miR-451 and MIF 
expression levels were negatively correlated in endo-
metriosis complicated with infertility.

and uterine rupture in the miR-451 high ex- 
pression group was reduced markedly. Thus, 
we believe that the pregnancy outcome after 
IVF/ICSI-ET in patients with endometriosis  
and infertility in the miR-451 high expression 
group is better than that in the miR-451 low 
expression group.

In this experiment, due to the limited medical 
resources and the small number of selected 
subjects, there may be some contingency  
in the possible results. It is not excluded that 
BIM has different effects on IVF/ICSI-ET in dif-
ferent patients. We will conduct a longer fol- 
low-up investigation on this subject, and con-
stantly improve our experiment to achieve the 
best experimental results.

To sum up, miR-451 is down-regulated in pa- 
tients with endometriosis and infertility, and 

Figure 6. miR-451 expression after IVF/ICSI-ET. Com-
pared with those before surgery, the miR-451 expres-
sion in patients with endometriosis and infertility 
after IVF/ICSI-ET was significantly down-regulated. 
Note: ameans P<0.001.

451 expression in our in situ endometrium is 
the pathogenesis of endometriosis.

Correlation analysis showed that the expres-
sion of miR-451 and MIF was negatively corre-
lated in endometriosis complicated with infer-
tility. Therefore, we believe that the miR-451 
expression is lower with the aggravation of 
endometriosis complicated with infertility. Ma- 
crophage migration inhibitory factor (MIF) is a 
key proinflammatory cytokine over-expressed 
in endometriosis [24]. However, MIF, as a po- 
tential biomarker of endometriosis, cannot be 
used alone, and it has higher diagnostic accu-
racy when used in combination [25]. In this 
study, miR-451 is negatively correlated with 
MIF in lesion tissues, and it is a tumor sup- 
pressor microRNA with multiple target genes. 
For example, it may regulate the proliferation 
and migration of human colorectal cancer cells 
by targeting MIF [26]; it also may play an anti-
cancer role in osteosarcoma. miR-451 inhibits 
cell proliferation, migration and angiogenesis 
partially by inhibiting MIF expression [27]. 
Therefore, we believe that it can be used to 
monitor the changes of patients with endome-
triosis and infertility simultaneously. Finally, we 
focused on the effect of miR-451 on IVF/ICSI-
ET outcome in endometriosis patients with 
infertility. The pregnancy rate after IVF/ICSI-ET 
in the miR-451 high expression group was dra-
matically higher than that in the miR-451 low 
expression group. In addition, the rate of com-
plications such as pregnancy-induced hyper-
tension syndrome, placenta previa, eclampsia 
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Table 3. Pregnancy rate after IVF/ICSI-ET
Group High expression group (40) Low expression group (40) χ2 P
One month after operation 6 (15.00) 10 (25.00) 20.09 <0.001
Six months after operation 15 (37.50) 20 (50.00) 1.270 0.260
Twelve months after operation 30 (75.00) 34 (85.00) 1.250 0.264

Table 4. Complications during pregnancy after IVF/ICSI-ET

Group High expression 
group (40)

Low expression 
group (40) χ2 P

Pregnancy-induced hypertension syndrome 0 (0.00) 1 (2.50) 0.000 1.000
Placenta previa 0 (0.00) 0 (0.00) 0.000 1.000
Eclampsia 0 (0.00) 0 (0.00) 0.000 1.000
Placental abruption 0 (0.00) 0 (0.00) 0.000 1.000
Cholestasis 0 (0.00) 0 (0.00) 0.000 1.000
Threatened uterus rupture 0 (0.00) 0 (0.00) 0.000 1.000

Table 5. Comparison of pregnancy outcomes after IVF/ICSI-ET

Group High expression 
group (40)

Low expression 
group (40) χ2 P

Abortion in early pregnancy 2 (5.00) 3 (7.50) 0.213 0.644
Abortion in advanced pregnancy 2 (5.00) 3 (7.50) 0.213 0.644
Premature delivery 6 (15.00) 8 (20.00) 0.346 0.556
Singleton 32 (80.00) 24 (60.00) 3.810 0.051
Twins 4 (10.00) 2 (5.00) 0.721 0.396
Cesarean section 28 (70.00) 35 (87.50) 3.660 0.056

low expression of miR-451 after IVF/ICSI-ET 
indicates a poor outcome.
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