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Introduction

Assisted reproductive technology  (ART) has provided 
valuable information about human reproduction and has 
helped the treatment of infertility.[1] It has also improved 
pregnancy rate after in vitro fertilization (IVF).[2] However, 
reports indicate that posttransfer implantation rate has not 
increased considerably and is nearly 33% because of recurrent 
implantation failure  (RIF). RIF is defined as three or more 
failed IVF attempts and is due to several factors such as 
oocyte and embryo quality.[3] The most widely used approach 
to assess the quality of embryos is embryo morphology and 
genetic screening. However, embryo morphology assessment 
is subjective,[4,5] and genetic screening needs the manipulation 
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of embryos and could harm the embryos.[6] Therefore, 
noninvasive methods are required to evaluate the quality of 
embryos for IVF. In addition to oocytes, there are somatic 
cells in follicles including granulosa and cumulus cells (CCs). 
CCs are in close contact with the oocyte and provide paracrine 
signals to it.[7] They remain attached to oocytes even after 
oocyte retrieval for ART[8] and are usually discarded after 
oocyte retrieval. Since CCs are closely related to oocyte and 
affect its development, they have been proposed as target 
cells to evaluate the quality of an oocyte and embryos.[9‑11] 
Granulosa cells and CCs produce follicular fluid (FF), which 
is essential for oocyte development.[12] Studies show that the 
constituents of FF affect the maturation of oocytes[13,14] and 
can be a suitable source for oocyte quality evaluation. Various 
studies have indicated that CCs and oocyte/embryo quality are 
affected by gene expression pattern.[9‑11,15] Examples of these 
genes are AREG, PTGS2, CAMK1D, and EFNB1, which code 
for amphiregulin (AREG), Cox‑2, progesterone synthesizing 
enzymes, and ephrin‑B2, respectively.

AREG has been shown to improve oocyte maturation 
in vitro.[16] CAMK1D is a serine/threonine kinase that mediates 
the expression of enzymes that convert pregnenolone to 
progesterone.[17] Studies show that CAMK1D expression could 
be used to predict the quality of embryos and implantation.[11,15] 
PTGS2 participates in the production of prostaglandins such 
as prostaglandin E2 (PGE2), which is an important mediator 
of oocyte maturation and implantation.[18] Finally, EFNB1 
expression has been shown to be related to aneuploidy status 
of oocytes.[11,19] These genes expression can be affected by 
several factors including epigenetics factors.

MicroRNAs (miRNAs) are considered as one of the epigenetic 
factors.[20,21] They are 19–25 nucleotides in length noncoding 
RNAs and control gene expression posttranscriptionally by 
suppressing or degrading mRNAs.[22‑25] They can also be 
secreted and transferred to the neighboring cells and control 
their gene expression.[26,27] These molecules exert their effects via 
targeting a variety of biological processes such as angiogenesis, 
apoptosis, metastasis, and autophagy.[28‑33] Scores of studies have 
investigated the role of miRNAs in embryo implantation.[34] For 
example, some miRNAs including miR‑26b has been shown 
to play a part in atresia and degradation of ovarian follicles 
as well as the negative regulation of steroidogenic process 
and granulosa cells apoptosis.[35,36] Others like miR‑34‑5p, 
miR‑204‑5p,[37] and miR‑145‑5p[38] have been reported to affect 
embryo quality and implantation.

The quality of oocytes and embryos also depends on hormonal 
factors such as progesterone and prostaglandins. Studies 
show that CCs produce progesterone and prostaglandins that 
influence the quality of embryos and predicts the aneuploidy of 
embryos.[17,39] FF has also been shown that affects CCs genes 
and miRNAs expression. Thus, FF and CCs are important 
factors for oocytes and embryos quality.[40,41] In fact, FF 
contains various biomolecules,[42,43] and its composition can 
provide useful information about the quality of oocytes.[44]

Here, we hypothesized that the quality of embryos is affected 
by the expression of PTGS2, CAMK1D, EFNB2, AREG, 
and their targeting miRNAs including miR‑26b, miR‑34‑5p, 
miR204, and miR‑145‑5p expression in CCs of oocytes 
retrieved from RIF patients and they may be use as biomarkers 
of successful pregnancy. miRNAs selected that either have not 
been previously studied or have not been previously evaluated 
in RIF patients.

Thus, we assessed these genes and the miRNAs expression 
in the oocytes, CC and FF as well as pregnancy success. 
We also hypothesized that normal FF may improve oocyte 
quality and pregnancy outcome. Therefore, we cultured 
cumulus–oocyte complex in the presence of normal FF 
to evaluate FF effects on oocyte quality. In addition, 
progesterone and PGE2 levels were evaluated in the FF of 
subjects and controls.

Methods

Patients consent form
Informed consent was obtained from all the participants and 
the study was under the supervision of ethics committee of 
Shahid Beheshti University of Medical Sciences, Tehran, Iran 
(IR.SBMU.MSP. REC.1398.364). 

Study groups
RIF patients who admitted to the infertility center from 
February 2019 to February 2020 were selected based on the 
inclusion/exclusion criteria presented in Table  1. Seventy 
subjects entered the study based on the criteria, 51 RIF patients 
and 19 controls. The subjects were divided into 3 groups based 
on pregnancy/nonpregnancy after implantation: (1) pregnant 
RIF group, which includes the subjects with a history of RIF 
who became pregnant after IVF (n = 19); (2) nonpregnant RIF, 
which includes the subjects with a history of RIF who did not 
become pregnant after IVF (n = 32); and (3) healthy oocyte 
donors had no RIF history. Sperm parameters of the husbands 
were normal in all subjects. 

Stimulation of ovulation
According to the standard protocol in Taleghani 
Hospital  (Tehran, Iran) and under the supervision of 
gynecologist, 150–300 IU Gonal‑F was administered from the 
3rd day of cycle and continued until at least two follicles with a 
diameter of 14–15 mm were observed. Cetrolix (0.25 mg/day) 
was administered as GnRH antagonist until at least two 
follicles with a diameter of 18  mm were observed. After 
observing the follicles, hCG was administered. Oocytes were 
collected 36 h later under general anesthesia using vaginal 
sonography.

Cumulus cells and follicular fluid isolation
CCs were mechanically removed from the oocytes. Then, 
corona cells were briefly treated using 80 IU/ml hyaluronidase 
at 37°C and were isolated from the oocytes. The CCs were 
then washed in cold PBS and centrifuged at 200  g for 
10 min. The supernatant was discarded, and the cell pellet 
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was transferred to the lysis buffer of RNA extraction kit and 
stored at‑80°C until RNA extraction. Oocytes were cultured 
in human tubal fluid medium (HTF) supplemented with 10% 
albumin. Finally, oocytes were fertilized via intracytoplasmic 
sperm injection.

To obtain FF, after removing oocytes from the follicular 
content, the remaining fluid was centrifuged at 600  g for 
10 min. Pelleted granulosa cells and blood cells were discarded 
and the supernatant was inactivated at 56°C for 30 min. The 
FF was finally filtered through a 22‑µm membrane and stored 
at −80°C.

Morphological assessment of embryos quality
The quality of the blastomeres was evaluated based on the 
following criteria: (1) The presence of 4–5 blastomeres on day 
2 and at least 7 blastomeres on day 3 without any multinuclear 
blastomeres. (2) Less than 20% fragmentation on day 2 and 
day 3.

Genes and microRNAs selection
Several genes were selected based on literature review. 
These genes have been proved to play a role in the process 
of ovulation or oocyte and embryo maturation. To select 
miRNAs that target these genes, we used TargetScan (http://
www.targetscan.org/vert_71/) and miRWalk  (http://zmf.
umm.uni‑heidelberg.de/apps/zmf/mirwalk2/) databases.

RNA extraction, complementary DNA synthesis, and 
quantitative real‑time polymerase chain reaction
Total RNA was extracted using Hybrid‑RTM (GeneAll, Korea) 
according to the manufacturer’s instruction.

Complementary DNA  (cDNA) synthesis for mRNAs 
was performed using 500  ng RNA, 1 µLrandom hexamer 
primer  (10 mM), 20 U RiboLock RNase Inhibitor, 200 U 
RevertAid M‑MuLV RT (Cat No. #EP0441; Thermo Fisher 
Scientific), 4 µl 4X reaction buffer, and 2 µl dNTP (10 mM) 
in a final volume of 20 µl. The mixture was incubated at 

25°C for 5 min, then at 42°C for 60 min, and inactivation at 
70 for 5 min.

miRNA cDNA synthesis was performed using 100 ng RNA, 
5 µl Stem‑loop RT primer (1 µM), 4 µl 5X reaction buffer, 20 U 
of RiboLock RNAse inhibitor, 2 µl dNTP mix (10 mM), and 
200 U of RevertAid M‑MuLV RTCat No. #EP0441; Thermo 
Fisher Scientific in the final volume of 20 µl. The mixture 
was incubated at 25°C for 5 min, then at 42°C for 60 min, and 
inactivation at 70°C for 5 min.

Primers were designed for the genes and the miRNAs 
expression using AlleleID 6. Table  2 present the accession 
numbers of the genes, miRNAs, and the sequence of the 
primers used in this study. GAPDH and U6 were used as 
housekeeping genes.

Quantitative real‑time polymerase chain reaction (RT‑qPCR) 
for the genes was performed using 10 µl 2X RealQ 
Plus MasterMix Green  (Amplicon, Denmark), 0.8 µl 
forward primer  (10  pM), 0.8 µl reverse primer  (10  pM), 
and 2 µl cDNA in the final volume of 20 µl. The 
thermal cycle was 95°C for 15 min for enzyme activation followed 
by 35 cycles of 95°C for 20 s and 60°C for 1 min.

RT‑qPCR for the miRNAs was performed using 10 µl 2X 
RealQ Plus MasterMix Probe, 0.8 µl forward primer (10 pM), 
0.8 µl reverse primer  (10 pM), and 2 µl cDNA in the final 
volume of 20 µl. All RT‑qPCR results were analyzed using 
2‑ΔΔCt method in REST 2009 software.

Oocyte and follicular fluid coculture
The cumulus–oocyte complex of 10 RIF patients were cultured 
in 10% HTF and 40% normal FF. Afterward, the expression 
of the genes and the miRNAs were evaluated using RT‑qPCR 
with the protocols previously explained.

Progesterone and prostaglandin E2 enzyme‑linked 
immunosorbent assay
Human prostaglandin and progesterone levels in FFs and 

Table 1: The inclusion/exclusion criteria used for the selection of subjects and controls

Inclusion criteria Exclusion criteria
Age <38 Subjects’ will
Two histories of RIF after IVF/ICSI Subjects’ whose husbands could not provide semen samples
Regular menstruation (25‑35 days) Ovarian hyper‑stimulation syndrome
Not using OCPs and IUD in the past 3 months
No hormonal disorder
No uterus anatomical disorder
No endometriosis
No thrombophilia
No active uterine infection and no STD in their husbands
No history of pre‑eclampsia
No underlying disease such as diabetes and hypertension
No history of immune‑suppressing diseases such as lupus and rheumatoid arthritis
No genetic disease of the subjects and their partners
Not using alcohol and cigarettes by the subjects and their partners
RIF: Repeated implantation failure, IVF: In vitro fertilization, ICSI: Intracytoplasmic sperm injection, OCP: Oral Contraceptive Pills, IUD: Intra Uterine 
Contraceptive Device, STD: Sexually transmitted diseases
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CCs were evaluated using human PGE2  (Cusabio, China) 
and Human Progesterone  (Cusabio, China) enzyme‑linked 
immunosorbent assay kits, respectively, according to the 
manufacturer’s instruction.

Statistical analysis
The comparison between groups was performed using 
Student’s t‑test or one‑way ANOVA and Tukey post hoc test. 
P < 0.05 was considered as statistically significant. All tests 
were performed in triplicate. GraphPad Prism version 7 (San 
Diego, California, USA) was used for statistical analyses.

Results

Patients, pregnancy, and embryos quality assessment
Embryos quality was assessed based on the criteria mentioned 
in the materials and methods section. Twenty‑two high‑quality 
and nonhigh quality  (NHQ) embryos were obtained. After 
implantation, 19 subjects became pregnant, 11 of whom 
had high‑quality embryos, and 32 subjects did not become 
pregnant, 11 of whom had high‑quality embryos.

Genes and microRNAs selection
Based on the literature review, EFNB2, CAMK1D, AREG, and 
PTGS2 genes were selected. The results of TargetScan and 
miRWalk analysis of the selected genes were sorted in MS 
Excel, and the high score miRNAs were selected. miR‑204‑5p, 
miR‑145‑5p, miR‑34‑5p, and miR‑26‑5p were selected as 
miRNAs that targeted EFNB2, CAMK1D, AREG, and PTGS2, 
respectively with the highest score. These miRNAs either have 
not been studied or have not been evaluated in RIF patients.

The genes expression in cumulus cell and follicular fluid
We evaluated the expression of EFNB2, CAMK1D, AREG, 

and PTGS2 in CCs and FF in three groups as described in the 
patients section of materials and methods.

The results indicated that the relative fold change  (RFC) of 
EFNB2 was higher in the CC (RFC = 6 × 106, P = 0.04) and 
FF (RFC = 3 × 106, P = 0.023) of the nonpregnant group than 
in the pregnant group. On the other hand, the expression of 
CAMK1D was higher in the CC (RFC = 19.9, P = 0.01) and 
FF (RFC = 19.5, P = 0.025) of the pregnant group than in the 
nonpregnant group. In addition, the expression of AREG was 
higher in the CC (RFC = 30 folds, P = 0.001) and FF (RFC = 194 
folds, P = 0.006) of the pregnant group than in the nonpregnant 
group. Finally, the expression of PTGS2 was 30 folds (P = 0.03) 
lower in the CC and 3 folds (P = 0.027) higher in the FF of the 
pregnant group than in the nonpregnant group [Figure 1a and b].

MicroRNAs expression in cumulus cell and follicular fluid
miR‑145 and miR‑204‑5p expression in CC was respectively 
7.9 (P = 0.01) and 1634 (P = 0.007) folds lower in the pregnant 
group than in the nonpregnant group. Similarly, their expression 
was 9.3  (P = 0.037) and 125  (P = 0.046) folds lower in the 
FF of the pregnant group than in the nonpregnant group. On 
the other hand, the expression of miR‑34‑5p  (P = 0.03) and 
miR‑26‑5p (P = 0.0006) was, respectively, 18 and 19 folds higher 
in the CC of the pregnant group than that in the nonpregnant group. 
While miR‑34‑5p expression was 8.3 (P = 0.048) folds higher 
in the FF of the nonpregnant group, miR‑26‑5p expression was 
3.5‑fold higher in the pregnant group (P = 0.031) [Figure 2a and b].

Progesterone and prostaglandin E2
The level of progesterone [Figure 3a] and PGE2 [Figure 3b] 
in the FF of the pregnant group was higher than that in the 
nonpregnant group. In fact, progesterone concentration was 
42.48 ± 2.153 and 30.83 ± 1.128 pg/ml in the FF of the pregnant 

Table 2: The sequence of genes and microRNA primers

Genes

Gene Forward primer Reverse primer
EFNB2 (NM_004093.4) CCAAATCCAGGTTCTAGCACAGA CTCTGAGCCGTTGTTGTTGC
CAMK1D (NM_020397.4) AAGAGCAAATGGAGACAAGCA ACTGAGGCTGCTCGAAACAC
AREG (NM_001657.4) TTCCAACACCCGCTCGTTT TAATGGCCTGAGCCGAGTATC
PTGS2 (NM_000963) TCAGCCATACAGCAAATCCTTG GTCCGGGTACAATCGCACTT
GAPDH (NM_001256799) GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

miRNAs

miRNA Forward primer RT stem‑loop
miR‑34‑5p (MIMAT0000685) AGGGTGGCAGTGTCTTAGC GGTCGTATGCAGAGCAGGGTCCGAGGTATCC 

ATCGCACGCATCGCACTGCATACGACCACAACC
miR‑145‑5p (MIMAT0000437) CGTCCAGTTTTCCCAGGAA GGTCGTATGCAGAGCAGGGTCCGAGGTATCC 

ATCGCACGCATCGCACTGCATACGACCAGGGA
miR‑204‑5p (MIMAT0000265) ACTTCCCTTTGTCATCCTATG GGTCGTATGCAGAGCAGGGTCCGAGGTATCC 

ATCGCACGCATCGCACTGCATACGACCAGGCATAG
miR‑26‑5p (MIMAT0000083) CCGCTTCAAGTAATTCAGGAT GGTCGTATGCAGAGCAGGGTCCGAGGTATCC 

ATCGCACGCATCGCACTGCATACGACCACCT
U6 (housekeeping) AAGGATGACACGCAAATTC GTCGTATGCAGAGCAGGGTCCGAGGTATTCGC 

ACTGCATACGACAAAAATATGG
Universal reverse primer GAGCAGGGTCCGAGGT
AREG: Amphiregulin, miRNAs: Micro RNAs, RT: Reverse transcription
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and the nonpregnant group, respectively. PGE2 concentration 
was 87.31 ± 1.212 and 73.65 ± 2.451 pg/ml in the FF of the 
pregnant and the nonpregnant group, respectively. The level of 
progesterone and PGE2 in the control group was 36.6 ± 1.733 
and 78.73 ± 2.452, respectively.

The genes and microRNA expression in high quality and 
nonhigh quality embryos
We also evaluated the expression of the genes and miRNAs 

in the CC and FF of HQ and NHQ embryos. The expression 
of CAMK1D (CC: 1.8 folds, FF: 3.3 folds), AREG (CC: 2.9 
folds, FF: 1.5 folds), PTGS2 (CC: 4.1 folds, FF: 1.3 folds), 
and miR‑26‑5p (CC: 1.3 folds, FF: 1.6 folds) was higher in 
the CC and FF of the HQ embryos than in the NHQ embryos. 
However, these differences were not statistically significant for 
AREG and PTGS2 in FF as well as CAMK1D in CC [Figure 4]. 
The expression of EFNB2, miR‑145, and miR‑204‑5p was 
higher in the CC and FF of the NHQ embryos. The difference 
was statistically significant for EFNB2 in CC and FF as well 
as miR‑145 in CC [Figure 5]. The expression of miR‑34‑5p 
was 3.2 folds higher in the CC of HQ embryos and 2.1 folds 
lower in the FF of HQ embryos.

Figure 1: Relative fold change of EFNB2, CAMK1D, AREG, and PTGS2 
in the cumulus cell and follicular fluid of pregnant and nonpregnant RIF 
patients compared to the control group.  (a) The relative expression 
of the genes shows that the expression of EFNB2, AREG, and PTGS2 
in the cumulus cell of the nonpregnant group was respectively 
6 × 106 ± 12918.08, 4.6 ± 0.23, and 30 ± 34.17 folds higher than 
that of the pregnant group. On the other hand, the expression of CAMK1D 
in the cumulus cell of the pregnant group was 19.9 ± 4.87 folds higher 
than that of the nonpregnant group. The bars indicate the expression in 
pregnant and nonpregnant groups compared to the control group. The fold 
change numbers indicate the normalized expression of the either pregnant 
group to nonpregnant group.  (b) In the follicular fluid of the pregnant 
group, the expression of EFNB2 and AREG was 3 × 106 ± 70013.56and 
17.7 ± 2.7 folds lower than that of the on‑pregnant group. On the other 
hand, the expression of CAMK1D and PTGS2 was 19.5 ± 10.24 and 3 
folds higher in the pregnant group than in the nonpregnant group. The 
numbers are presented as mean ± standard deviation

b

a

Figure 2: Relative fold change of miR-34-5p, miR-145-5p, miR-204-
5p, and miR-26-5p in the CC and FF of pregnant and non-pregnant RIF 
patients compared to the control group. (a) The relative expression of 
the miRNAs in CCs shows that the expression of miR-145-5p and miR-
204-5p was lower 7.9±0.32 and 1634±20.32 folds, respectively, in 
the pregnant group than in the non-pregnant group. (b) In the FF also, 
the expression of miR-145-5p and miR-204-5p was lower 9.3±0.032 
and 125±12.3 folds, respectively, in the pregnant group than in the 
non-pregnant group. The expression of miR-34-5p and miR-26-5p was 
18±0.98 and 19±3.6 folds, respectively, higher in the CC of the pregnant 
group than that in the non-pregnant group. While miR-34-5p expression 
was 8.3±0.39 folds higher in the FF of the non-pregnant group, miR-26-
5p expression was 3.5±0.12 fold higher in the pregnant group

b

a
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Cumulus–oocyte complex and follicular fluid coculture
Ten RIF patients CC were treated with normal FF. The 
treatment of the 10 CCs resulted in six HQ embryos, five 
of which resulted in successful pregnancy. We assessed the 
expression level of the genes and the miRNAs in the CC 
after coculture in the presence of normal FF. The results 
showed that EFNB2 was 142 folds down‑regulated after the 
treatment with normal FF (P = 0) compared to the CC without 
FF treatment. However, AREG (27 folds), PTGS2 (15 folds), 
and CAMK1D (13 folds) were up‑regulated. miR‑34‑5p and 
miR‑26b‑5p were up‑regulated after the treatment with FF for 
3.95 (P = 0.008) and 8.7 (P = 0.001) folds, respectively. On 
the other hand, the expression of miR‑145‑5p and miR‑204‑5p 
was down‑regulated for 4.4 (P = 0.004) and 7.3 (P = 0) folds, 
respectively [Figure 6].

Discussion

In this study, we evaluated the expression of EFNB2, CAMK1D, 
AREG, and PTGS2 as well as miR‑34, miR‑145, miR‑204‑5p, 
and miR‑26‑5p in CC and FF of pregnant and nonpregnant RIF 
subjects. The results showed that the expression of CAMK1D 

and AREG as well as miR‑34‑5p and miR‑26‑5p was higher 
in CC of the pregnant group than in the nonpregnant group. 
In addition, the expression of CAMK1D and PTGS2 as well as 
miR‑26‑5p was higher in the FF of the pregnant group than in 
the nonpregnant group. On the other hand, the expression of 
EFNB2 and PTGS2 as well as miR‑145 and miR‑204‑5p was 
lower in the CC of the pregnant group than in the nonpregnant 
group, and the expression of EFNB2 and AREG as well as 
miR‑34‑5p, mR‑145, and miR‑204‑5p was lower in the FF 
of the pregnant group than in the nonpregnant group. The 
expression of CAMK1D, AREG, PTGS2, miR‑34‑5p, and 
miR‑26‑5p was higher in the CC and FF of the HQ embryos 
than that of the NHQ embryos. However, these differences 
were not statistically significant for AREG and PTGS2 in 
FF as well as CAMK1D in CC. The expression of EFNB2, 
miR‑145, and miR‑204‑5p was higher in the CC and FF of the 
NHQ embryos. The difference was statistically significant for 
EFNB2 in CC and FF as well as miR‑145 in CC.

The expression of EFNB2 is different in physiological and 
pathological conditions.[1] EFNB2 plays an important role in the 
luteinizing of granulosa cells, and its expression increases in CC 
of aneuploid oocytes.[2] Studies show that EFNB2 expression 
can be used as a predictor of pregnancy.[45‑47] Interestingly, we 
observed that EFNB2 expression was significantly higher in 
the nonpregnant group than in the pregnant group. In addition, 
EFNB2 expression of HQ embryos was significantly lower than 
that of NHQ embryos [Figure 5]. Thus, embryos aneuploidy 
could be the reason for pregnancy failure.

Cox‑2 is an enzyme encoded by PTGS2. It is an inducible 
enzyme that converts arachidonic acid to prostaglandins.[48] 
In addition, it is induced by various stimuli such as mitogens, 
growth factors, and hormones like progesterone.[49] 
Studies show that RIF patients express decreased levels of 
Cox‑2.[50] Cox‑2 and prostaglandins levels are also reduced 
in unexplained recurrent miscarriage patients.[51] Gebhardt 
et al. showed that increased expression of PTGS2 in CC was 
related to live birth. McKenzie et al. also showed that PTGS2 
expression was 6 folds higher in the CC of well‑developed 
embryos. On the other hand, Luz et al. found that PTGS2 
expression was down‑regulated in CC of infertile women.[52] 
However, we found that PTGS2 expression was lower in 
the CC of the pregnant group than in the nonpregnant group 
although its expression in the FF[9] of the pregnant group 
was higher. Regarding these discrepancies, one study has 
shown that PTGS2 expression changes rapidly within 
hours.[53] Therefore, it is possible that we have evaluated 
the gene expression at a time when its expression was low. 
Interestingly, miR‑26‑5p expression was higher in both 
CC and FF of the pregnant group. Since miR‑26‑5p targets 
PTGS2, it seems reasonable that PTGS2 expression is 
lower in the CC of the pregnant group. However, why the 
expression of miR‑26‑5p and FF expression of PTGS2 is not 
inversely correlated needs further investigation. One reason 
could be long noncoding RNAs (lncRNAs). Li et al. recently 
showed that MALAT1 lncRNA directly sponges miR‑26 and 

Figure 3: The level of progesterone and prostaglandin E2 in the FF of the 
pregnant and non-pregnant groups. The level of progesterone and PGE2 
in the pregnant group is higher than that in the non-pregnant group. (a)
Progesterone concentration was 42.48±2.153 and 30.83± 1.128 pg/
ml in the FF of the pregnant and the non-pregnant group, respectively. (b)
PGE2 concentration was 87.31± 1.212and 73.65± 2.451 pg/ml in the 
FF of the pregnant and the non-pregnant group, respectively. The level 
of progesterone and PGE2 in the control group was 36.6± 1.733 and 
78.73± 2.452, respectively.****: P-value<0.0001
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Figure 4: The expression of the genes in cumulus cell and follicular fluid of HQ and nonhigh quality embryos. According to the results, (a) Cumulus 
cells. The expression of AREG (P = 0.003), CAMK1D (P = 0.07), and PTGS2 (P = 0.0001) was higher in the HQ embryos than in the nonhigh 
quality embryos. However, the di follicular fluid erence of the expression of CAMK1D between HQ and nonhigh quality embryos was not statistically 
significant. In addition, EFNB2 (P = 0.02) expression was lower in HQ embryos than in the nonhigh quality embryos. (b) Follicular fluid. The expression 
of AREG (P = 0.1), CAMK1D (P = 0.0001), and PTGS2 (P = 0.2) was higher in the HQ embryos than in the nonhigh quality embryos, and the 
expression of EFNB2 (P = 0.0001) was lower in the HQ embryos than in the nonhigh quality embryos. However, the difference of the expression of 
AREG and PTGS2 between HQ and nonhigh quality embryos was not statistically significant

b

a

Figure 5: The expression of the miRNAs in cumulus cell and follicular fluid of HQ and nonhigh quality embryos. (a) Cumulus cells. The expression of 
miR‑34‑5p (P = 0.002) and miR‑26‑5p (P = 0.01) was higher in the HQ embryos than in the nonhigh quality ones. On the other hand, the expression 
of miR‑145‑5p (P = 0.0001) and miR‑204‑5p (P = 0.1) was lower in the HQ embryos than in the nonhigh quality ones. However, the difference 
of the expression of miR‑204‑5p between HQ and nonhigh quality embryos was not statistically significant. (b) Follicular fluid. The expression of 
miR‑34‑5p (P = 0.02), miR‑145‑5p (P = 0.8), and miR‑204‑5p (P = 0.2) was lower in the HQ embryos than in the nonhigh quality ones although 
the difference for miR‑145‑5p and miR‑204‑5p was not statistically significant. The expression of miR‑26‑5p (P = 0.004) was higher in the HQ 
embryos than in the nonhigh quality ones
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negates its effects in brain microvascular endothelial cells.[54] 
The expression of PTGS2 in the CC of the HQ embryos 
was significantly higher than that in the NHQ embryos. It 
was also higher in the FF of the HQ embryos than in the 
NHQ although statistically insignificant. Note that some 
studies indicate that too much PTGS2 expression may lead 
to pre‑eclamptic syndrome.[55] In addition, a study in mice 
shows that oocytes undergoing germinal vesicle breakdown 
expressed high levels of PTGS2 and as the oocytes mature, its 
expression decreases.[53] Thus, the overexpression of PTGS2 
in the nonpregnant group of our study could be due to the 
relative immaturity of the oocytes.

AREG is a member of the EGF receptor ligand family.[56] It has 
been shown that AREG in FF was correlated with the number 
of embryos and pregnancy rate in women undergoing ART.[57] 
It has also been positively correlated with oocyte competence 
and maturation.[58] However, Inoue et al. showed that AREG 
was inversely correlated with oocyte quality and pregnancy 
outcome.[56] Our results, however, show that AREG expression 
was higher in the CC and FF of the pregnant group than in the 
nonpregnant group. In addition, in our study, the expression 
of AREG in the CC and FF of HQ embryos was higher than 
that in the NHQ embryos. This is in contrast with Inoue’s 
results. These contrasting results could be due to the complex 
regulation of AREG. Studies show that LH, forskolin,[59] 
FSH,[60] PGE2,[61] and AREG itself induced the expression of 
AREG. This means that AREG expression is also controlled in 
an autocrine manner. According to Inoue, since hCG injection 
to patients decreases AREG expression, AREG cannot be used 
as a predictor of oocyte maturation.[56] Fru et al. reported that 
AREG expression increases 3 h after hCG administration, and 
it is not detectable before injection.[62] Therefore, it seems that 
gene expression in CC, FF, and embryos should be evaluated at 
various time points since the metabolism and gene expression 
of these cells are rapidly changing.

CAMK1D is another gene that is implicated in the production 
of progesterone. Wathlet and colleagues demonstrated that its 
expression level is strongly related to pregnancy prediction 
and oocytes’ developmental potential.[11] Scarica et al. recently 
showed that its expression in CCs was correlated to blastocyst 
development.[63] We also observed that CAMK1D expression 
in CC and FF of the pregnant group was higher than that of 
the nonpregnant group. This is consistent with the level of 
progesterone in the pregnant group, which was higher than 
that in the nonpregnant group  [Figure 3a]. In addition, our 
results indicate that miR‑145 expression in the FF of the 
pregnant group was lower than that in the nonpregnant group. 
Since miR‑145 targets CAMK1D, this result seems reasonable. 
However, miR‑145 expression in CC of the pregnant group 
was higher than that in the pregnant group. CAMK1D was also 
higher in the CC and FF of HQ embryos although it was not 
statistically significant in the CC.

COCs are in close contact with FF and are composed of 
steroid hormones and metabolites such as polysaccharides 
and proteins. Any change in FF composition is suggested 
to affect oocyte maturation and fertilization capacity.[64‑66] 
Therefore, we hypothesized that FF of RIF patients might 
lack some factors that are important in the development of 
COCs. When we treated COCs of RIF patients with normal 
FF, we observed that EFNB2 expression decreased while 
CAMK1D, AREG, and PTGS2 increased. This is what we 
observed in pregnant subjects’ FF. In fact, six of 10 RIF 
patients’ COCs, which were treated with normal FF, produced 
high‑quality embryos, and 5 of them resulted in successful 
pregnancies. In line with our results, Liu and colleagues 
also showed that the level of AREG in FF was correlated 

Figure 6: The expression of the genes and the miRNAs in cumulus cell 
after treatment with normal follicular fluid.  (a) After the treatment of 
cumulus cell with normal follicular fluid, EFNB2 expression decreased 
142 folds compared to the nontreated cumulus cell. On the other hand, 
AREG, PTGS2, and CAMK1D expression increased 27, 15, and 13 
folds, respectively, compared to the nontreated cumulus cells. (b) The 
expression of miR‑34‑5p and miR‑26b‑5p increased 3.95 and 8.7 folds 
after the treatment of cumulus cell with normal follicular fluid, while the 
expression of miR‑145‑5p and miR‑204‑5p decreased 4.4 and 7.3 folds 
after the treatment of cumulus cell with normal follicular fluid
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with pregnancy rate capacity.[65] Studies show that miRNAs 
expression changes in RIF patients. For example, Shi et al. 
found that 105 miRNAs were differentially expressed in RIF 
patients compared to the control group.[37] In our study, we 
found that miR‑34a, miR‑145‑5p, and miR‑204‑5p expression 
was lower, and miR‑26‑5p was higher in the FF of pregnant 
subjects compared to the nonpregnant ones. In line with this 
observation, we also found that miR‑145‑5p and miR‑205‑5p 
decreased in the FF‑treated COCs while miR‑26‑5p increased. 
These findings may suggest that normal FF treatment of COCs 
could result in high‑quality embryos and increase successful 
pregnancy rates.

Conclusion

We evaluated the expression of EFNB2, CAMK1D, AREG, 
and PTGS2 as well as miR‑34, miR‑145, miR‑204‑5p, and 
miR‑26‑5p in CC and FF of pregnant and nonpregnant RIF 
subjects. Based on our results, over expression of CAMK1D 
and AREG expression and downregulation of EFNB2 in CC 
and FF could probably be used as a marker for pregnancy 
prediction. Furthermore, downlregulation of miR‑145 and 
miR‑204 along with the increase in PGE2 and Progestrone 
level also could be considered as markers of pregnancy. Finally, 
it seems that the treatment of COC with normal FF can improve 
embryo quality and pregnancy outcome. Infact, increase 
expression of CAMK1D, AREG, PTGS2 along with decline 
in EFNB2 expression observed in high‑quality and normal 
FF‑treated CC and FF. However, more samples are needed 
to reliably decide on the predictive values of these markers. 
The metabolism of oocytes and CCs is fast, and thus, their 
gene expression is subject to rapid change. Therefore, gene 
expression of CCs needs to be studied at different time points 
to determine the best time of sampling and gene expression 
analysis. We also believe that the role of lncRNAs should be 
considered when studying miRNAs‑genes interactions.

Limitation of study
Therefore, gene expression of CCs needs to be studied at 
different time points to determine the best time of sampling 
and gene expression analysis. We also believe that the role of 
lncRNAs should be considered when studying miRNAs‑genes 
interactions 

Data availability statement
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Ethical approval
The study was Supervised and approved by ethics committee 
of School of Medicine, Shahid Beheshti University of 
Medical Sciences, Tehran, Iran (Ethics code:IR.SBMU.MSP.
REC.1398.364, Approval date:2019-07-16).

Financial support and sponsorship
This study was funded Shahid Beheshti University of Medical 
Sciences, Tehran, Iran. The authors should thank Cellular 
and Molecular Biology Research Center, Shahid Beheshti 

University of Medical Sciences for providing technical 
supports.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Lee  E, Chambers  GM, Hale  L, Illingworth  P, Wilton  L. Assisted 

reproductive technology  (ART) cumulative live birth rates following 
preimplantation genetic diagnosis for aneuploidy  (PGD‑A) or 
morphological assessment of embryos: A cohort analysis. Aust N Z J 
Obstet Gynaecol 2018;58:525‑32.

2.	 Esteves SC, Carvalho JF, Bento FC, Santos.  A Novel Predictive Model 
to Estimate the Number of Mature Oocytes Required for Obtaining at 
Least One Euploid Blastocyst for Transfer in Couples Undergoing in 
vitro Fertilization/Intracytoplasmic Sperm Injection: The ART Calculator. 
Front Endocrinol 2019;10:99.

3.	 Cimadomo D, Craciunas L, Vermeulen N, Vomstein K, Toth B. 
Definition, diagnostic and therapeutic options in recurrent implantation 
failure: an international survey of clinicians and embryologists. Hum 
Reprod 2021;36:305-317. 

4.	 Storr A, Venetis CA, Cooke S, Kilani S, Ledger W. Inter‑observer and 
intra‑observer agreement between embryologists during selection of 
a single Day 5 embryo for transfer: A multicenter study. Hum Reprod 
2017;32:307‑14.

5.	 Adolfsson E, Andershed AN. Morphology vs morphokinetics: a 
retrospective comparison of inter-observer and intra-observer agreement 
between embryologists on blastocysts with known implantation 
outcome. JBRA Assist Reprod 2021;22:228-237.

6.	 Kushnir  VA, Darmon  SK, Albertini  DF, Barad  DH, Gleicher  N. 
Effectiveness of in  vitro fertilization with preimplantation genetic 
screening: A reanalysis of United States assisted reproductive technology 
data 2011‑2012. Fertil Steril 2016;106:75‑9.

7.	 Richani D, Dunning KR, Thompson JG, Gilchrist RB. Metabolic co-
dependence of the oocyte and cumulus cells: essential role in determining 
oocyte developmental competence. Hum Reprod 2021; 27: 27-47.

8.	 Kordus RJ, LaVoie HA. Granulosa cell biomarkers to predict pregnancy 
in ART: Pieces to solve the puzzle. Reproduction 2017;153:R69‑83.

9.	 Turathum B, Gao EM, Chian RC. The Function of Cumulus Cells in 
Oocyte Growth and Maturation and in Subsequent Ovulation and 
Fertilization. Cells 2021;10:2292.

10.	 Fuchs Weizman N, Wyse BA, Gat I, Balakier H, Sangaralingam M, 
Caballero J, et al. Triggering method in assisted reproduction alters the 
cumulus cell transcriptome. Reprod Biomed Online 2019;39:211-224. 

11.	 Wathlet  S, Adriaenssens  T, Segers  I, Verheyen  G, Van Landuyt  L, 
Coucke W, et al. Pregnancy prediction in single embryo transfer cycles 
after ICSI using QPCR: Validation in oocytes from the same cohort. 
PLoS One 2013;8:e54226.

12.	 Chen F, Spiessens C, D’Hooghe T, Peeraer K, Carpentier S. Follicular 
fluid biomarkers for human in  vitro fertilization outcome: Proof of 
principle. Proteome Sci 2016;14:17.

13.	 Benkhalifa  M, Madkour  A, Louanjli  N, Bouamoud  N, Saadani  B, 
Kaarouch  I, et  al. From global proteome profiling to single targeted 
molecules of follicular fluid and oocyte: Contribution to embryo 
development and IVF outcome. Expert Rev Proteoms 2015;12:407‑23.

14.	 Shahedi A, Khalili MA, Soleimani M, Morshedizad S. Ultrastructure of 
in vitro matured human oocytes. Iran Red Crescent Med J 2013;15:e7379.

15.	 Venturas M, Yang X, Kumar K, Wells D, Racowsky C, Needleman DJ. 
Metabolic imaging of human cumulus cells reveals associations among 
metabolic profiles of cumulus cells, patient clinical factors, and oocyte 
maturity. Fertil Steril 2021;116:1651-62.

16.	 Ben‑Ami  I, Komsky  A, Bern  O, Kasterstein  E, Komarovsky  D, 
Ron‑El R. In vitro maturation of human germinal vesicle‑stage oocytes: 
Role of epidermal growth factor‑like growth factors in the culture 
medium. Hum Reprod 2011;26:76‑81.

17.	 Yang SC, Yu EJ, Park JK, Kim TH, Eum JH, Paek SK, et al. The Ratio 
of Mitochondrial DNA to Genomic DNA Copy Number in Cumulus 
Cell May Serve as a Biomarker of Embryo Quality in IVF Cycles. 

D
ow

nloaded from
 http://journals.lw

w
.com

/bbrj by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 10/28/2023



Habibi, et al.: Genes and miRNAs involved in recurrent implantation failure

Biomedical and Biotechnology Research Journal ¦ Volume 6 ¦ Issue 1 ¦ January-March 2022154

Reprod Sci 2021;28:2495-2502.
18.	 Kim  SO, Duffy  DM. Mapping PTGERs to the ovulatory follicle: 

Regional responses to the ovulatory PGE2 signal. Biol Reprod 
2016;95:33.

19.	 Fragouli E, Wells D, Iager AE, Kayisli UA, Patrizio P. Alteration of gene 
expression in human cumulus cells as a potential indicator of oocyte 
aneuploidy. Hum Reprod 2012;27:2559‑68.

20.	 Khani  P, Nasri  F, Khani Chamani  F, Saeidi  F, Sadri Nahand  J, 
Tabibkhooei A, et al. Genetic and epigenetic contribution to astrocytic 
gliomas pathogenesis. J Neurochem 2019;148:188‑203.

21.	 Shabaninejad  Z, Yousefi  F, Movahedpour  A, Ghasemi  Y, 
Dokanehiifard S, Rezaei S, et al. Electrochemical‑based biosensors for 
microRNA detection: Nanotechnology comes into view. Anal Biochem 
2019;581:113349.

22.	 Aghdam AM, Amiri A, Salarinia R, Masoudifar A, Ghasemi F, Mirzaei H. 
MicroRNAs as diagnostic, prognostic, and therapeutic biomarkers in 
prostate cancer. Crit Rev Eukaryot Gene Expr 2019;29:127‑39.

23.	 Savardashtaki  A, Shabaninejad  Z, Movahedpour  A, Sahebnasagh  R, 
Mirzaei  H, Hamblin  MR. miRNAs derived from cancer‑associated 
fibroblasts in colorectal cancer. Epigenomics 2019;11:1627‑45.

24.	 Hashemian SM, Pourhanifeh MH, Fadaei S, Velayati AA, Mirzaei H, 
Hamblin  MR. Non‑coding RNAs and exosomes: Their role in the 
pathogenesis of sepsis. Mol Ther Nucleic Acids 2020;21:51‑74.

25.	 Pande A. Co‑Regulatory Network of Transcription Factor and 
MicroRNA: A Key Player of Gene Regulation. BBRJ 2021;5:374-379.

26.	 Treiber T, Treiber N, Meister G. Regulation of microRNA biogenesis 
and its crosstalk with other cellular pathways. Nat Rev Mol Cell Biol 
2019;20:5‑20.

27.	 Razavi ZS, Tajiknia V, Majidi S, Ghandali M, Mirzaei HR, Rahimian N, 
et al. Gynecologic cancers and non‑coding RNAs: Epigenetic regulators 
with emerging roles. Crit Rev Oncol Hematol 2021;157:103192.

28.	 Chakraborty  P. Contrasting role of autophagy in different types of 
cancer: A  review toward biomarkers and therapeutic improvement. 
BBRJ 2021;5:260.

29.	 Adugani S, Bannimath G, Sastry P. A review on biomarkers in clinical 
osteoporosis‑Significance of hydroxyproline. BBRJ 2021;5:245.

30.	 Amila  A, Acosta  A, Sarmiento  ME, Suraiya  S, Zafarina  Z, 
Panneerchelvam S, et al. Sequence comparison of six human microRNAs 
genes between tuberculosis patients and healthy individuals. Int J 
Mycobacteriol 2015;4:341‑6.

31.	 Furci  L, Schena  E, Miotto  P, Cirillo  DM. Alteration of human 
macrophages microRNA expression profile upon infection with 
Mycobacterium tuberculosis. Int J Mycobacteriol 2013;2:128‑34.

32.	 Alipoor  SD, Adcock  IM, Folkerts  G, Garssen  J, Mortaz  E. 
A bioinformatics analysis of exosomal microRNAs released following 
mycobacterial infection. Int J Mycobacteriol 2019;8:218‑22.

33.	 Mirzaei  H, Hamblin  MR. Regulation of glycolysis by non‑coding 
RNAs in cancer: Switching on the warburg effect. Mol Ther Oncolytics 
2020;19:218‑39.

34.	 Liu W, Niu  Z, Li  Q, Pang  RT, Chiu  PC, Yeung WS. MicroRNA and 
embryo implantation. Am J Reprod Immunol 2016;75:263‑71.

35.	 Lin F, Li R, Pan ZX, Zhou B, Yu DB, Wang XG, et al. miR‑26b promotes 
granulosa cell apoptosis by targeting ATM during follicular atresia in 
porcine ovary. PLoS One 2012;7:e38640.

36.	 Liu J, Du X, Zhou J, Pan Z, Liu H, Li Q. MicroRNA‑26b functions as 
a proapoptotic factor in porcine follicular granulosa cells by targeting 
sma‑and mad‑related protein 4. Biol Reprod 2014;91:146.

37.	 Shi C, Shen H, Fan LJ, Guan J, Zheng XB, Chen X, et al. Endometrial 
MicroRNA signature during the window of implantation changed in 
patients with repeated implantation failure. Chin Med J 2017;130:566‑73.

38.	 Kang  YJ, Lees  M, Matthews  LC, Kimber  SJ, Forbes  K, Aplin  JD. 
MiR‑145  suppresses embryo‑epithelial juxtacrine communication at 
implantation by modulating maternal IGF1R. J Cell Sci 2015;128:804‑14.

39.	 Burnik Papler  T, Vrtačnik Bokal  E, Maver  A, Lovrečić L. Specific 
gene expression differences in cumulus cells as potential biomarkers of 
pregnancy. Reprod Biomed Online 2015;30:426‑33.

40.	 Liu  Z, Liu  C, Hao  C, Xue  Q, Huang  X, Zhang  N, et  al. Aberrant 
expression of angiopoietin‑like proteins 1 and 2 in cumulus cells is 
potentially associated with impaired oocyte developmental competence 
in polycystic ovary syndrome. Gynecol Endocrinol 2016;32:557‑61.

41.	 Wigglesworth K, Lee KB, O’Brien MJ, Peng J, Matzuk MM, Eppig JJ. 
Bidirectional communication between oocytes and ovarian follicular 
somatic cells is required for meiotic arrest of mammalian oocytes. Proc 
Natl Acad Sci U S A 2013;110:E3723‑9.

42.	 Zamah  AM, Hassis  ME, Albertolle  ME, Williams  KE. Proteomic 
analysis of human follicular fluid from fertile women. Clin Proteomics 
2015;12:5.

43.	 Zhang  X, Wang  T, Song  J, Deng  J, Sun  Z. Study on follicular fluid 
metabolomics components at different ages based on lipid metabolism. 
Reprod Biol Endocrinol 2020;18:42.

44.	 Xiao  Y, Wang  Y, Wang  M, Liu  K. Follicular flushing increases the 
number of oocytes retrieved in poor ovarian responders undergoing 
in vitro fertilization: A retrospective cohort study. BMC Womens Health 
2018;18:186.

45.	 European IVF‑Monitoring Consortium  (EIM); European Society of 
Human Reproduction and Embryology  (ESHRE); Calhaz‑Jorge  C, 
De Geyter  C, Kupka  MS, de Mouzon  J, et  al. Assisted reproductive 
technology in Europe, 2013: Results generated from European registers 
by ESHRE. Hum Reprod 2017;32:1957‑73.

46.	 European, IVFMC; European Society of Human, R, Embryology; 
Kupka  MS, D’Hooghe T, Ferraretti AP, de Mouzon  J, et  al. Assisted 
reproductive technology in Europe, 2011: Results generated from 
European registers by ESHRE. Hum Reprod 2016;31:233‑248.

47.	 Van Vaerenbergh  I, Adriaenssens  T, Coucke  W, Van Landuyt  L, 
Verheyen  G, De Brucker  M, et  al. Improved clinical outcomes after 
non‑invasive oocyte selection and Day 3 eSET in ICSI patients. Reprod 
Biol Endocrinol 2021;19:26.

48.	 Ye  X, Hama  K, Contos  JJ, Anliker  B, Inoue A, Skinner  MK, et  al. 
LPA3‑mediated lysophosphatidic acid signalling in embryo implantation 
and spacing. Nature 2005;435:104‑8.

49.	 Tyagi P, Alharthi N. Evaluation of pro-inflammatory cytokine level in 
cases of idiopathic recurrent spontaneous miscarriage in Saudi Arabia. 
BBRJ 20220;4:225-231.

50.	 Kharb S, Singh A, Bala J , Gahlawat P, Nanda S. Prospective Study 
on Role of Folic Acid and Vitamin B12 in Early Pregnancy and 
Spontaneous Abortion. BBRJ 2018;2:265-268.

51.	 Wang  Y, Zhao  AM, Lin  QD. Role of cyclooxygenase‑2 signaling 
pathway dysfunction in unexplained recurrent spontaneous abortion. 
Chin Med J (Engl) 2010;123:1543‑7.

52.	 da Luz  CM, da Broi  MG, Donabela  FC, Paro de Paz  CC, Meola  J, 
Navarro  PA. PTGS2 down‑regulation in cumulus cells of infertile 
women with endometriosis. Reprod Biomed Online 2017;35:379‑86.

53.	 Adriaenssens T, Segers  I, Wathlet  S, Smitz  J. The cumulus cell gene 
expression profile of oocytes with different nuclear maturity and 
potential for blastocyst formation. J Assist Reprod Genet 2011;28:31‑40.

54.	 Yang H, Liang N, Wang M, Fei Y, Sun J, Li Z, et al. Long noncoding 
RNA MALAT‑1 is a novel inflammatory regulator in human systemic 
lupus erythematosus. Oncotarget 2017;8:77400‑6.

55.	 Sones  JL, Cha J, Woods AK, Bartos A, Heyward CY, Lob HE, et al. 
Decidual Cox2 inhibition improves fetal and maternal outcomes in a 
preeclampsia‑like mouse model. JCI Insight 2016;1:75351.

56.	 Inoue  Y, Miyamoto  S, Fukami  T, Shirota  K, Yotsumoto  F, 
Kawarabayashi  T. Amphiregulin is much more abundantly expressed 
than transforming growth factor‑alpha and epidermal growth factor 
in human follicular fluid obtained from patients undergoing in  vitro 
fertilization‑embryo transfer. Fertil Steril 2009;91:1035‑41.

57.	 Chattopadhayay R, Ganesh A, Samanta  J, Jana SK, Chakravarty BN, 
Chaudhury  K. Effect of follicular fluid oxidative stress on meiotic 
spindle formation in infertile women with polycystic ovarian syndrome. 
Gynecol Obstet Invest 2010;69:197‑202.

58.	 Humaidan  P, Westergaard  LG, Mikkelsen  AL, Fukuda  M, 
Yding Andersen  C. Levels of the epidermal growth factor‑like 
peptide amphiregulin in follicular fluid reflect the mode of triggering 
ovulation: A comparison between gonadotrophin‑releasing hormone 
agonist and urinary human chorionic gonadotrophin. Fertil Steril 
2011;95:2034‑8.

59.	 Freimann  S, Ben‑Ami  I, Dantes  A, Ron‑El  R, Amsterdam  A. 
EGF‑like factor epiregulin and amphiregulin expression is regulated 
by gonadotropins/cAMP in human ovarian follicular cells. Biochem 
Biophys Res Commun 2004;324:829‑34.

D
ow

nloaded from
 http://journals.lw

w
.com

/bbrj by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 10/28/2023



Habibi, et al.: Genes and miRNAs involved in recurrent implantation failure

Biomedical and Biotechnology Research Journal ¦ Volume 6 ¦ Issue 1 ¦ January-March 2022 155

60.	 Freimann  S, Ben‑Ami  I, Dantes  A, Armon  L, Ben Ya’cov‑Klein  A, 
Ron‑El R, et al. Differential expression of genes coding for EGF‑like 
factors and ADAMTS1 following gonadotropin stimulation in normal 
and transformed human granulosa cells. Biochem Biophys Res Commun 
2005;333:935‑43.

61.	 Ben‑Ami I, Freimann S, Armon L, Dantes A, Strassburger D, Friedler S, 
et al. PGE2 up‑regulates EGF‑like growth factor biosynthesis in human 
granulosa cells: New insights into the coordination between PGE2 and 
LH in ovulation. Mol Hum Reprod 2006;12:593‑9.

62.	 Fru  KN, Cherian‑Shaw  M, Puttabyatappa  M, VandeVoort  CA, 
Chaffin  CL. Regulation of granulosa cell proliferation and EGF‑like 
ligands during the periovulatory interval in monkeys. Hum Reprod 
2007;22:1247‑52.

63.	 Scarica C, Cimadomo D, Dovere L, Giancani A, Stoppa M, Capalbo A, 

et al. An integrated investigation of oocyte developmental competence: 
Expression of key genes in human cumulus cells, morphokinetics of 
early divisions, blastulation, and euploidy. J  Assist Reprod Genet 
2019;36:875‑87.

64.	 Gode F, Gulekli B, Dogan E, Korhan P, Dogan S, Bige O, et al. Influence 
of follicular fluid GDF9 and BMP15 on embryo quality. Fertil Steril 
2011;95:2274‑8.

65.	 Liu N, Ma Y, Li R, Jin H, Li M, Huang X, et al. Comparison of follicular 
fluid amphiregulin and EGF concentrations in patients undergoing IVF 
with different stimulation protocols. Endocrine 2012;42:708‑16.

66.	 Prieto L, Quesada JF, Cambero O, Pacheco A, Pellicer A, Codoceo R, 
et  al. Analysis of follicular fluid and serum markers of oxidative 
stress in women with infertility related to endometriosis. Fertil Steril 
2012;98:126‑30.

D
ow

nloaded from
 http://journals.lw

w
.com

/bbrj by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 10/28/2023


