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ABSTRACT 

 

Research Question: Recombinant FSH administration in controlled ovarian 

stimulation for in vitro fertilization (IVF) is a standard procedure, while the role of 

LH is controversial. MicroRNAs participate in the regulation of gene expression 

of gonadotrophin functions. We aimed to study the possible role of miRNAs in 

ovarian follicular development in groups having different ovarian stimulation 

protocols. We aimed to identify miRNA expression in cumulus cells of infertile 

women undergoing IVF by comparing two distinct protocols; to study if there are 

different miRNA expression profiles in these protocols, and to analyse the 

regulated pathways. Design: This prospective observational study included 13 

patients following the inclusion criteria: < 38 years of age, a tubal infertility 

factor, a male factor, or idiopathic infertility. This is a pilot study in which the 

patients were aleatory enrolled into two groups:  7 in FSH group (recombinant 

FSH, 225 IU) and 6 in FSH + LH group (recombinant FSH, 150 IU + 

recombinant LH, 75 IU). The granulosa cells obtained from the follicular ovarian 

pick-up were analysed using PCR. Results were analysed using DIANA Tools, 

an online bioinformatics tool. Results: Among the 84 microRNAs evaluated, 11 

were differentially expressed between the groups, all of which were 

overexpressed in the FSH + LH group, compared to the FSH group. 

Differentially expressed miRNAs profiles are related to oestrogen signalling, 

oocyte meiosis, and pluripotent cells regulation. Conclusion: miRNA 

overexpression in the FSH + LH group is consistent with the independent and 

fundamental role of LH in folliculogenesis, leading to a distinct molecular 

response between groups. 
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INTRODUCTION 

Folliculogenesis is a dynamic and highly regulated process that requires 

coordinated actions of multiple systems to develop a viable gamete. In infertile 

women, follicle-stimulating hormone (FSH) is commonly used for ovarian 

stimulation; however, the role of supplementary luteinising hormone (LH) is still 

controversial. Studies about patients with worst prognosis, especially patients 

with advanced maternal age shows some benefits in ovarian stimulation. LH 

has several actions in the intrafollicular environment, that can vary considerably 

due to different gonadotropin protocols. (Kovacs, et al. 2010, Westergaard, et 

al. 2011). 

  The granulosa cells surround the oocyte by multiple somatic layers, 

named cumulus cells (CCs). CCs are highly specialised cells with trans-zonal 

cytoplasmic projections, which form gap junctions to create the cumulus–oocyte 

complex (COC) (Abd El Naby, et al. 2013). Disruption or deregulation of the 

COC interaction may affect oocyte quality, and consequently, embryo 

development (Huang and Wells 2010, Patrizio, et al. 2007, Vanderhyden and 

Armstrong 1989). 

It is believed that CC gene expression might vary according to the 

stimulation protocol for ovarian stimulation in in vitro fertilization (IVF) cycles, 

affecting the stages of oocyte nuclear maturation, embryo development, and 

pregnancy outcome (Assou, et al. 2013). In addition to mRNA, microRNAs 

(miRNAs) are small RNA molecules consisting of noncoding RNAs that control 
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mRNA expression and proteins, and are believed to be involved in post-

transcriptional regulation of spatial and temporal gene expression (Carthew and 

Sontheimer 2009).  

Numerous miRNAs have been identified in CC with potential regulatory 

functions during folliculogenesis. For example, the expression of three miRNA 

(miR-21, -132, and -212) has been found to be increased in granulosa cells 

following the LH surge ( Fiedler, Carletti et al. 2008). Despite of mechanisms 

and genes regulated by these miRNA remain to be determined, several of them 

have been shown to exhibit differential expression in response to hormonal 

stimulation.(Christenson 2010). 

Based on this, we hypothesised that supplementation of LH to FSH 

during ovarian stimulation could modulate gene expression in CC through 

miRNA control. Thus, the aim of the present study was to identify miRNA 

profiles in CCs isolated from periovulatory follicles of patients undergoing 

controlled ovarian stimulation (COS) with recombinant follicle stimulating 

hormone (rFSH), in conjunction with recombinant luteinizing hormone (rLH), 

compared to the conventional protocol that uses only rFSH. 

 

MATERIALS AND METHODS 

This prospective study included 13 women who were enrolled in the 

assisted reproduction program at the Human Reproduction Section of the 

Federal University of São Paulo (UNIFESP). This is a pilot study, that was 

approved by the UNIFESP Institutional Review Board (reference no. 1545/11 

and no 196/96), and all the couples read and signed an informed consent form.  
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The inclusion criteria for the enrolment of patients were: (i) age under 38 

years; (ii) hormonal measurements considered normal (FSH ≤ 14 UI/mL, LH ≤ 

12 UI/mL, TSH ≤ 3.0 mcUI/mL and prolactin < 31 mg/mL); (iii) eumenorrheic (25 

- 35 days of cycle length); (iv) no hormonal contraceptive in the last 3 months; 

(v) tubal factor infertility, unexplained infertility, or male factor infertility. We 

excluded women presenting (i) uni or bilateral hydrosalpinx, (ii) severe 

endometriosis (stages III or IV), (iii) polycystic ovary syndrome, (iv) ovarian 

failure, or (v) any ovarian or intrauterine anatomical alteration. 

 

Ovarian stimulation protocol and study groups 

The routine of the service perform the controlled ovarian stimulation by 

using human recombinant FSH (Gonal® Merck) or recombinant FSH associated 

to recombinant LH (Pergoveris® Merck) associated to GnRH antagonist to 

pituitary supression. Patients included in this study were prospectively enrolled 

to receive one of those two protocols for ovarian stimulation. The inclusion of 

patients in each group was aleatory in a 1:1 ratio alternating one for rFSH 

protocol and one for rFSH+rLH protocol. 

Briefly, ovarian stimulation was initiated on menstrual cycle day 2 or 3 by 

using 225 IU of human recombinant FSH (Gonal® Merck) or 150 IU of 

recombinant FSH + 75 IU of recombinant LH (Pergoveris® Merck). When, at 

least, one follicle exceeded a mean diameter of 14 mm or, on the 8 th day of the 

menstrual cycle, pituitary suppression was achieved by daily administration of 

0.25 mg of cetrorelix acetate (Cetrotide, Merck). Oocyte maturation was 

triggered by the administration of 250 mcg of recombinant human Chorionic 

Gonadotropin (rhCG) (Ovitrelle, Merck). Transvaginal oocyte retrieval was 
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performed 36 hours after hCG administration and follicles with more than 10mm 

were punctured. Immediately after oocyte recovery, CCs were cut from all 

oocytes collected for each of the patients and frozen at -80°C until the analysis.  

Patients who had received r-FSH (Gonal® - Merck) (FSH group) and 

those who had received rFSH + rLH (Pergoveris® Merck) (FSH + LH group)  

received the same amount of 225 IU of gonadotropins, independent of 

gonadotropin formulation, according to Stelman-Poolman’s theory. The number 

of patients included were six patients in the FSH group and seven patients  in 

the FSH + LH group.   

miRNA expression analysis 

 The miRNA expression profile was determined by the miScriptTM – 

miRNA PCR Array - MIHS-001ZC-24 (Qiagen) including 84 of the most well-

known human miRNAs. The analysis were performed individually for each 

patient. Briefly, the CC RNA purification was performed using the miRNeasy 

mini Kit (Qiagen) according to the manufacturer’s instructions and total RNA 

concentration was measured using a spectrophotometer (Nanodrop ND-1000, 

Thermo Fisher Scientific). The RNA samples were reverse transcribed to cDNA 

using the miScript II RT Kit (Qiagen) and miRNA expression using the 

miScriptTM – miRNA PCR Array - MIHS-001ZC-24 (Qiagen) followed the 

manufacturer’s Protocol. The reactions were carried out using the StepOne 

PlusTM Real Time PCR System and analysed using Sequence Detection 

Software (SDS) v1.3 (Applied Biosystems, Thermo Fisher Scientific). The 

detected miRNAs were expressed as measured by using the quantitative 

expression protocol ΔΔCt by GeneGlobe Data Analysis Center (Qiagen). The 

relative expression of miRNAs between the study groups was compared using a 
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t-test and expressed as a fold change of each miRNA from FSH+LH groups 

over FSH group, considering a significant fold-change of ≥ 2.0, ≤ 2.0, and a p ≤ 

0.05. 

About the analysis of demographic and clinical characteristics of patients, 

we used a SPSS V.21 (IBM SPSS Software, USA) and the non-parametrical 

test (Mann-Whitney) due to small number of samples per group. We described 

the results as mean ± standard deviation (SD) and considered p ≤ 0.05 

statistically significant. 

Data analysis 

Differentially expressed miRNAs were then subjected to a second step 

analysis to evaluate the pathways associated with their function, using an online 

bioinformatics tool (DIANA: http://diana.imis.athena-

innovation.gr/DianaTools/index.php). The DIANA provides algorithms for 

interpretation and archiving data in a systematic framework to annotate miRNA 

regulatory elements and targets along with the interpretation of their role in 

various diseases and pathways. The software is capable of identifying 

potentially altered molecular pathways by the expression of single or multiple 

miRNAs.  

 

RESULTS 

Profiling of patients and miRNAs in the study groups 

Patient demographics and the clinical profiles of patients are presented in 

Table 1. The age, basal hormones measurements and number of MII oocytes 

                  



8 
 

collected were similar between FSH and FSH + LH groups. The mean of total 

number of oocytes/COC collected per patient were 14.9±1.5 in the FSH and 

13.1±2.0 in the FSH+LH groups (p=0.429) and the MII oocyte rate was similar 

between groups (58.2% versus 55.5%, p=0.820). Despite it was not an 

objective of our study, we had four pregnancies (26.7%), as three in the FSH 

and one on the FSH+LH group.  

The miRNA expression analysis showed that all of them were expressed 

in the CCs of both groups. However, all 84 analysed miRNAs were upregulated 

in the FSH + LH group, when compared to the FSH group (Figure 1) and 33 

miRNAs were significantly upregulated (fold change ≥ 2.0 and p ≤ 0.05) in the 

FSH + LH group, compared to the FSH group (Table 2).  

 

Bioinformatics analysis 

For a better understanding of the more pronounced miRNA upregulation 

in the FSH + LH group, we performed a bioinformatics analysis to obtain 

insights into the possible functions and processes involving those miRNAs. For 

this analysis we considered to be extremely up-regulated (fold change ≥ 3.0 and 

p ≤ 0.01) 11 miRNAs, which are highlighted in Table 2. Those 11 miRNAs 

selected for bioinformatics analysis were submitted to the DIANA tools 

individually or combined within the same miRNA family. The pathways 

associated to miRNA function were analysed.  

Three important pathways possibly associated to folliculogenesis and 

oocyte maturation were identified. The hsa-miR-26a, hsa-miR-26b, hsa-miR-

200c, hsa-miR-181b, hsa-let-7a, and hsa-let-7e were associated with genes 
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that regulate oocyte meiosis (Figure 2). The miRNA hsa-miR-181a was 

associated to oestrogen signalling pathway (Figure 3) and hsa-let-7e, hsa-miR-

181a, and hsa-miR-181b regulate genes of the stem cell pluripotency signalling 

pathway (Figure 4). 

DISCUSSION 

We compared the expression of miRNA in cumulus cells of patients 

undergoing in vitro fertilization (IVF) under two different ovarian stimulation 

protocols: recombinant FSH alone or the combination of recombinant FSH + 

recombinant LH (2:1 proportion). Our findings demonstrated that all miRNAs 

studied were overexpressed when LH was added. Moreover, super expressed 

miRNAs (fold change ≥ 3.0 and p ≤ 0.01) were related to cumulus cell gene 

expression with oestrogen production, oocyte meiosis, and stem cell activity, all 

crucial steps for a successful fertilisation and subsequent embryonic 

development.  

 Ovarian stimulation for the IVF cycles could be achieved with different 

gonadotropin regimens; however, since the mid-90s, when DNA techniques 

were designed to produce recombinant FSH with many potential advantages, 

such as batch-to-batch consistency, no contamination, among others, those 

benefits have been postulated with the use of FSH. However, from an 

individualised perspective, the addition of LH during ovarian stimulation in 

women with a worst prognosis, especially women with advanced maternal age, 

has demonstrated some benefits (Alviggi, et al. 2006, Bosch, et al. 2011, Hill, et 

al. 2012 ). Urinary gonadotropins were initially used in ovarian stimulation 

protocols. With the availability of recombinant LH, new stimulation protocols 
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haver incorporated its use and could confirm its beneficial actions in this group 

of patients (Hill, et al. 2012).  

In clinical practice, the LH is added in ovarian stimulation since it could 

supposedly repair the internal mechanisms of the oocyte apparatus, aiming to 

improve potential of oocyte development (Hill, et al. 2012). Clinical data have 

already proven that LH is essential for oocyte maturation at the end of the 

follicular period in the natural cycle and that low levels of LH may be associated 

with worse clinical outcomes (Fleming, et al. 1998, Hillier 2013, von Wolff, et al. 

2014). In addition, supplementation of recombinant LH to ovarian stimulation 

could decrease the levels of apoptosis in cumulus cells (Fischer 2007). 

However, clinical results are extremely difficult to prove, mainly in severe 

situations, opening the window for molecular studies, such as mRNA in CCs.  

Our study aimed to evaluate how the addition of LH to ovarian stimulation 

affects miRNA expression in granulosa cells, as those molecules are post-

transcriptional gene regulator and refers to many different regulatory events. 

Despite of functions of miRNAs are not completely known, it is recognised that 

all types of ovarian cells express miRNAs and regulate ovarian function for 

gamete signalling (Maalouf, et al. 2016). Several authors have already shown 

the involvement of miRNAs in reproductive physiology, including 

folliculogenesis, spermatogenesis, and embryonic development itself 

(Bernstein, et al. 2003, Dunning, et al. 2012, Otsuka, et al. 2008). Apoptosis 

pathways have been demonstrated to play a regulatory role in miRNAs during 

folliculogenesis (Assou, et al. 2013). 
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Interestingly, all miRNA studied here were overexpressed in CC when LH 

was added in the ovarian stimulation protocol, what makes us believe in the 

paramount importance of its action in molecular events of folliculogenesis and 

oocyte quality establishment. It is well established that cumulus cells proliferate 

during folliculogenesis and their essential activity is related to oocyte maturation 

and quality (Assou, et al. 2013). We identified overexpressed miRNAs linked to 

two important folliculogenesis pathways: oestrogen signalling (miRNA hsa-miR-

181a) and activation of meiosis (miRNAs hsa-miR-26a, hsa-miR-26b, hsa-miR-

200c, hsa-miR-181b, hsa-let-7a, and hsa-let-7e). These pathways are 

interconnected and despite the CCs are not directly responsible for the meiosis 

process, improvement in oestrogen synthesis could be related to an enhanced 

signalling and a better substrate to activate meiotic competence, since it clearly 

depends on an adequate follicular maturation. Studies in mouse follicles in 

which granulosa cells were transfected with miRNA showed that miRNA in 

granulosa cells can modify the competence of oocyte meiosis, leading to a 

better ovulation process (Kim, et al. 2013). 

The let-7 miRNAs family, which were overexpressed in our study, have 

already been studied by other authors with similar results, demonstrating its 

possible role in ovarian steroidogenesis and follicular growth (Velthut-Meikas, et 

al. 2013), regulation of pregnancy (Zhang, et al. 2013) and the development of 

ovarian cancer (Shibahara, et al. 2012). Also, studies in cattle demonstrated 

that the let-7 family is extremely abundant in bovine ovarian tissue, having a 

direct role in oocyte development through the regulation of genes which control 

mitotic proliferation and meiotic activity (Miles, et al. 2012, Salilew-Wondim, et 

al. 2014), corroborating our findings regarding its involvement in oocyte meiosis.  
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Moreover, the overexpression of hsa-let-7e, hsa-miR-181a, and hsa-miR-

181b, when LH was added, is associated with genes linked to cellular 

pluripotency, suggesting that folliculogenesis optimisation would, consequently, 

have a crucial role in embryogenesis, as the main characteristic of embryonic 

cells is pluripotency (Nichols and Smith 2012). We did not find other studies 

identifying the hsa-miR-200 family in granulosa cells. 

The mechanisms by which LH contributes to a better ovarian response in 

stimulated cycles are so far discussed, as well as its contribution to the quality 

of recovered oocytes. In our study, both groups received the same dose of 

gonadotropins in different combinations: 225 units of FSH alone, or a 

combination of 150 units of FSH with 75 units of LH. It is important to highlight 

that both groups had the same ability to recover oocytes and to convert them to 

embryos, featuring a synergy between FSH and LH to promote an ovarian 

response. However, the molecular function involved in the process of follicle 

recruitment seems to be affected by LH addition, as demonstrated by the 

evident difference in miRNA expression in cumulus cells. The overexpression of 

miRNAs in the FSH + LH group is consistent with the theory that LH has an 

independent and fundamental role in folliculogenesis, leading to a completely 

distinct molecular response between groups. However, how much those 

molecular differences found in our study would turn in clinical benefits for 

patients in IVF treatments, where the overdose of FSH seems to be enough to 

recruit mature oocytes, cannot be determined, and our conclusions are only 

speculative at this point.  

The small number of patients included in our study is a limitation and for 

that, it is a pilot study. However, this is an initial screening study in which a big 
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number of miRNA were evaluated in an array. The outcome found here should 

be validated in studies evaluating the genes regulated by the miRNA 

differentially expressed. Also, studies focusing the molecular mechanisms might 

contribute to evaluate the action of LH in the oocyte quality. 

In summary, the proper activation using the LH protocol seems to 

produce a different link in granulosa cells that compose the cumulus, changing 

the oestrogen signalling pathways and oocyte meiosis, and for that possibly 

modifying oogenesis. In addition, the same signs could be speculated with 

embryogenesis, represented by the regulation of pluripotent cells. At this point, 

it is worth reflecting on the possible hypotheses on how those molecular 

modifications can provide an improvement or not in oocyte competence. Based 

in our study is possible to conclude the molecular environment in the cumulus 

cells is modulated when LH is added in the ovarian stimulation protocol. The 

over-expression of miRNA in FSH+LH group or the downregulation of miRNA in 

the FSH group in response to LH adding are molecular mechanisms that, can 

eventually change some aspects of folliculogenesis and, in the end of the day, 

the oocyte competence. But, how it can result in a clinical improvement, need to 

be studied in forward studies.  
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Key message 

This paper aim to demonstrate that miRNAs change during ovarian stimulation 

protocols; they were overexpressed when LH was added. Using the LH protocol seems to 

produce a superior link in granulosa cells that compose the cumulus, boosting the oestrogen 

signalling pathways and oocyte meiosis, and possibly enhancing oogenesis. 
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Figure 1: Graph representative of fold change between miRNA expression in 

FSH + LH vs. FSH group. 
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Figure 2: Representative figure of oocyte meiosis pathway. The genes 

highlighted in yellow are targets of miRNAs hsa-miR-26a, hsa-miR-26b, hsa-

miR-200c, hsa-miR-181b, hsa-let-7a, and hsa-let-7e and were found to be 

differentially expressed between groups. (DIANA-miRPath: Summary of genes 

targeted by miRNAs from the oocyte meiosis pathway). 
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Figure 3: Representative figure of oestrogen signalling pathway. The genes 

highlighted in yellow and orange are targets of miRNA hsa-miR-181a. (DIANA-

miRPath: Summary of genes targeted by miRNAs from the oestrogen signaling 

pathway) 
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Figure 4: Representative figure of signalling pathways regulating the 

pluripotency of stem cells. The genes highlighted in yellow and orange are 

targets of miRNAs hsa-let-7e, hsa-miR-181a, and hsa-miR-181b. (DIANA-

miRPath: Summary of genes targeted by miRNAs from the signaling pathways 

regulating pluripotency of stem cells) 
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Table 1: Demographic and clinical characteristics of patients included in study 

groups.  

 FSH (7 patients) FSH + LH (6 patients) p-value 

Age (years) 31.38 ± 3.2 34.25 ± 2.55 0.0670 

Body Mass Index - BMI (kg/m
2
) 22.37 ± 2.17 21.96 ± 2.94 0.7525 

Follicle Stimulating Hormone - FSH (UI/mL) 7.05 ± 1.0 6.86 ± 1.3 0.7518 

Luteinizing Hormone - LH (UI/mL) 4.52 ± 1.64 4.75 ± 1.25 0.7573 

Prolactin (ng/mL) 20.13 ± 4.25 27.23 ± 13 0.1641 

Thyroid Stimulating Hormone - TSH (mUI/mL) 2.07 ± 1.10 1.92 ± 0.86 0.7928 

Anti-Mullerian Hormone - AMH (ng/mL) 1.52 ± 0.61 1.39 ± 0.64 0.6942 

Number of MII oocytes 8.25 ± 3.54 6.88 ± 3.48 0.4463 
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Table 2: miRNAs differentially expressed in cumulus cells of patients on FSH + 

LH group vs. FSH group (Fold change ≥ 2 and p ≤ 0.05) 

miRNA ID fold change  

(FSH + LH vs. FSH group) 

p-value 

hsa-let-7d 4.68 0.015 

hsa-miR-16 5.63 0.029 

hsa-miR-26a 6.45 0.003 

hsa-miR-26b 6.64 0.006 

hsa-let-7g 4.30 0.022 

hsa-miR-30c 2.67 0.038 

hsa-miR-24 6.75 0.024 

hsa-miR-155 6.64 0.022 

hsa-miR-425 3.29 0.028 

hsa-miR-181b 8.69 0.002 

hsa-miR-30b 3.17 0.049 

hsa-miR-200c 3.58 0.008 

hsa-miR-15b 3.06 0.044 

hsa-miR-181a 5.33 0.005 

hsa-miR-125b 3.44 0.007 

hsa-miR-28-5p 4.43 0.004 

hsa-miR-320a 6.24 0.021 

hsa-miR-423-5p 4.70 0.007 

hsa-let-7a 3.58 0.001 

hsa-miR-124 2.83 0.023 

hsa-miR-92a 2.48 0.008 

hsa-miR-23a 2.13 0.049 

hsa-miR-25 2.26 0.024 

hsa-let-7e 3.61 0.001 
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hsa-miR-151-5p 3.14 0.002 

hsa-miR-195 3.36 0.028 

hsa-miR-302a 9.74 0.028 

hsa-let-7b 2.32 0.010 

hsa-miR-93 2.07 0.047 

hsa-miR-27a 3.03 0.034 

hsa-let-7c 2.62 0.004 

hsa-let-7f 2.53 0.032 

hsa-miR-100 2.29 0.014 

 

 

 

                  


