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Abstract 

Background The aim of controlled ovarian stimulation is to achieve an optimal number of mature oocytes to obtain 
good‑quality embryos. High follicular fluid (FF) concentrations of FSH, hCG, and LH promote oocyte maturation and 
are associated with a higher probability of fertilization. LH concentrations in FF are consistently higher in follicles that 
will lead to a successful IVF outcome. The levels of some of these FF biomarkers may vary among different ovarian 
stimulation schemes; however, the effects of corifollitropin alfa, recombinant FSH (rFSH), LH (rLH), and highly purified 
urinary menotropins uhMG on these biomarkers are still unknown. The objective of this study was to characterize the 
profile of FF biomarkers (leptin, vascular endothelial growth factor (VEGF), metalloproteinases (MMPs), and NO2−/
NO3−) according to three different protocols of controlled ovarian stimulation (COS) in poor ovarian responders 
(POR) and to evaluate the association between these profiles and clinical outcomes. Three groups of POR patients 
were examined according to the protocols used.

Results Group C showed significant higher levels in all biomarkers (p < 0001). FF samples from Group B had the 
lowest levels of VEGF and Pro‑MMP‑9. Group A showed the lowest concentration of pro‑MMP‑2. The VEGF level and 
number of captured oocytes were positively correlated in Group C (r = 0.534, p = 0.01). MMP‑9 and fertilization rate 
were negatively correlated in Group C (r = −0.476, p = 0.02). We found negative correlations between proMMP‑2 and 
serum estradiol levels on the day of rhCG administration.

Conclusion We found significant variations in the biomarker concentrations between the different controlled 
ovarian stimulation schemes used in POR patients. These differences can be potentially explained by the nature and 
composition of the gonadotropins. Our results support the hypothesis that some of these molecules should be thor‑
oughly investigated as noninvasive predictors of egg quality.
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Introduction
There is still lack of consensus regarding the definition 
of POR in the IVF setting [1]. Poor responders are not 
a homogeneous group of patients, and the prognosis of 
the couple may vary according to certain patient char-
acteristics [2]. Different criteria have been proposed to 
define this population. Initially, the Bologna criteria were 
proposed [3], but they were demonstrated to have limi-
tations. More recently, the POSEIDON group proposed 
a new stratified classification with the asset of identify-
ing subgroups with different prognosis according to the 
ability to obtain at least one euploid blastocyst for trans-
fer [4]. This novel system relies on female age, ovarian 
reserve markers, ovarian sensitivity to exogenous gon-
adotropin, and the number of oocytes retrieved, which 
will assist in the identification of the patients with low 
prognosis and stratify such patients into one of four 
groups with “expected” or “unexpected” impaired ovar-
ian response to exogenous gonadotropin stimulation. 
Furthermore, it introduced a new measure of clinical suc-
cess in ART, namely, the ability to retrieve the number of 
oocytes needed to obtain at least one euploid blastocyst 
for transfer in each patient [5]. The incidence of POR has 
been reported between 5 and 35% of patients undergo-
ing COS for IVF/ICSI [2]. Therefore, these patients rep-
resent a commonly found challenge in the clinical arena. 
Importantly, biomarkers expressed in FF have been 
shown to have an effect on oocyte growth and matura-
tion impacting directly clinical IVF results; hence, this 
biological fluid provides a unique chance to have a better 
understanding of the processes that occur during follicu-
lar maturation [6].

Despite recent advances in assisted reproductive tech-
niques, the selection of oocytes and embryos based on 
morphological and morphometric parameters is not 
sufficiently satisfactory, creating the need to develop 
biomarkers predictive of fertilization and/or implanta-
tion [7]. Therefore, an important aim of current fertil-
ity treatment is to develop an accurate, noninvasive, 
and cost-effective predictive test of oocyte development 
potential [8].

The FF composition is a possible predictor of the devel-
opment potential of oocytes and embryos. It reflects the 
metabolism of the entire follicle and contains regulatory 
molecules that are crucial for successful oocyte matura-
tion [7]. Previous studies examined hormones, growth 
factors, and reactive oxygen species concentrations in 
human FF and tried — with limited success — to relate 
them with the fertilization rate, oocyte development 
potential, and pregnancy outcome [9]. Others presented 
earlier data on the examinations of FF VEGF, nitric oxide 
(NO), interleukin-1β (IL-1β), and leptin [10].

A relationship between perifollicular blood flow, folli-
cular oxygen content, and the developmental capacity of 
the developing oocyte/embryo has been suggested [11, 
12], and well-vascularized follicles are associated with 
increased FF VEGF, good-quality oocytes and embryos, 
a well-vascularized endometrium, and increased preg-
nancy rates [13].

Nitric oxide (NO) is a regulatory molecule with vascu-
lar and inflammatory effects; it is negatively correlated 
with the oocyte potential to fertilize [14]. High levels of 
NO may exert effects on pregnancy status through com-
plex mechanisms of endometrial receptivity (implanta-
tion) or may have negative (toxic) effects on embryos that 
commit them to apoptosis before implantation [15].

Leptin is produced by granulosa cells, and it is involved 
in multiple regulatory functions, including angiogenesis 
[16]. Leptin has been signaled as a potential marker of 
follicular hypoxia [10]. Studies have demonstrated that 
elevated leptin concentrations in FF at oocyte pickup are 
significantly associated with an adverse pregnancy out-
come in women undergoing IVF [17].

The family of matrix metalloproteinases (MMP) partic-
ipates in the degradation of the extracellular matrix and 
tissue remodeling. MMPs have a primary role in follicu-
lar rupture as evidenced in the rupture of the basal mem-
brane of the granulosa cells and the fragmentation of 
the collagen matrix at the follicular apex [8, 10, 18]. Ata-
bakhsh et  al. demonstrated direct correlations between 
activity of MMP2 and MMP9 in FF with oocyte quality 
and fertilization rate [19].

The goal of controlled ovarian stimulation (COS) is 
to achieve an optimal number of mature oocytes to 
obtain good-quality embryos, to assure that at least one 
will lead to pregnancy. High FF concentrations of FSH, 
hCG, and LH have been reported to promote oocyte 
maturation and to be associated with eggs having a high 
chance of fertilization [20–22]. Follicular fluid FF LH 
was observed to be consistently higher in follicles con-
taining oocytes that resulted in embryos leading to suc-
cessful IVF attempts [23]. The levels of some of these 
FF biomarkers may vary among different gonadotropin 
stimulation schemes; however, the individual effects of 
currently used recombinant corifollitropin alfa, recom-
binant FSH (rFSH) and LH (rLH), and highly purified 
urinary menotropins uhMG, on these biomarkers, are 
still unknown [24].

The aim of this study was to characterize the FF pro-
file of leptin, vascular endothelial growth factor (VEGF), 
metalloproteinases (MMPs), and NO2−/NO3− accord-
ing to three different protocols of COS in POR (POSEI-
DON Group 2). Secondarily, we evaluated the association 
between these profiles and clinical outcomes.
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Material and methods
A prospective cohort clinical study was conducted at 
Centro de Reproducción Arcos S.C, Nascere, and was 
approved by Centro Médico ABC (ABC-18-35) Research 
and Ethics Committee. All patients provided writ-
ten informed consent to participate in the study. In the 
period April 2016 to April 2018, a total of 60 patients 
met the inclusion criteria: POSEIDON criteria (Group 
2), which satisfied the following features: maternal age ≥ 
35 years, AMH ≥ 1.2 ng/ml or antral follicle count ≥ 5 
follicles, and/or 0–9 oocytes retrieved in previous ovar-
ian stimulation cycles (Humaidan et al., 2011). Exclusion 
criteria were patients with azoospermic male partners, 
as azoospermia may have per se an impact on embryo-
developmental competence [25–29], and those who 
refused to sign the informed consent. A figure of the 
study design was made for better comprehension (Fig. 1).

Patients were assigned to three groups according to 
the attending physician criteria, all based on the use of 
a GnRH antagonist scheme: Group A: patients were 
administered a single dose of 150 μg corifollitropin alfa 
(Elonva®; MSD) on cycle day 3, followed from the 8th 
day by the application of a daily dose of 300 IU of rFSH 
(Gonal F®; Merck); Group B: patients received a daily 
dose of 300 IU of rFSH (Gonal F®; Merck) plus 150 IU 
of urinary menotropins uhMG (Merapur®; Ferring) start-
ing on day 3; and Group C: patients were treated with 
two ampules daily of 150 IU of rFSH plus 75 IU of rLH 
(Pergoveris®; Merck) also starting on cycle day 3. Patients 
were not pretreated with OCP.

Group A utilized corifollitropin alpha + rFSH and 
therefore was characterized as a two recombinant FSH 

preparation with a high FSH dose and containing no 
LH; Group B used a standard combination of rFSH and 
uhMG (highly purified urinary menotropins) with a high 
FSH dose and a ratio of FSH:LH of 2:1; and Group C used 
the only available rFSH + rLH protocol commercially 
available in Mexico containing a fixed intermediate dose 
of recombinant FSH in an FSH:LH ratio of 2:1.

Starting on the 7th day of the cycle, all groups were 
given a daily GnRH antagonist dose (Cetrotide®; Merck) 
of 0.25 mg. All medications continued until the day of the 
trigger. When ≥ 2 follicles reached a diameter ≥ 17 mm 
by vaginal ultrasonography, a single dose of 250 mcg of 
rhCG (Ovidrel®; Merck) was applied to trigger ovulation 
(36 h before oocyte recovery).

The follicles were aspirated via ultrasound-guided 
transvaginal approach from each ovary using the stand-
ard aspirating needle suction pump (100 mm Hg) system 
routinely used in our program. Each follicle was aspirated 
individually. Initially, each follicle was gently aspirated 
into a vacuum-sealed tube devoid of culture medium. 
This initial gentle aspiration was limited inside the fol-
licle in terms of time, needle manipulation, and volume 
aspirated to minimize contamination with blood. After 
disconnecting the tube, a sample of FF (usually clear in 
appearance or minimally contaminated with blood, giv-
ing a clear amber color) was withdrawn immediately 
by capillary action into a sterile 0.8-mm-inside diam-
eter capillary tube. All initial aspirations from a given 
patient were pooled. Immediately, with the aspirating 
needle remaining in the follicle, a repeat aspiration was 
performed into a second vacuum-sealed tube contain-
ing Dulbecco’s phosphate-buffered saline (GIBCO 

Fig. 1 Design of the study. Prospective cohort clinical study. In the period April 2016 to April 2018, a total of 60 patients met the inclusion criteria. 
Patients were assigned to three groups, all based on the use of a GnRH antagonist scheme. After the oocyte recovery, each patient’s pooled FF 
samples from the first gentle aspiration were divided in 4 aliquots and collected in cryotubes for examination of leptin, VEGF, MMPs, and NO2/NO3 
quantification
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Laboratories, Grand Island, NY, USA) to ensure oocyte 
collection.

Immediately after the oocyte recovery, each patient’s 
pooled FF samples from the first gentle aspiration were 
divided in 4 aliquots and collected in cryotubes (Cryo-
vial, Simport), for examination of leptin, and VEGF and 
MMPs quantification; they were stored in a plastic rack 
for cryovials freezing at −25 °C. In the specific case of 
NO2−/NO3−, the tubes were placed in reeds immersed 
in liquid nitrogen and stored at −196 °C.

Leptin
Leptin determination was done by ELISA (enzyme-linked 
immunosorbent assay), using the Human Leptin DuoSet 
kit (R&D, Minneapolis, USA), with a sensitivity range 
of 31.3–2000 pg/mL. The standard curve consisted of a 
blank and seven standards: 31.3, 62.5, 125, 250, 500, 1000, 
and 2000 pg/mL of human recombinant leptin. A volume 
of 100 μL was used for each of the samples. The plate was 
read at 450 nm.

VEGF
VEGF quantification was carried out by a commercial 
Human VEGF DuoSet ELISA (R&D, Minneapolis, USA), 

with a sensitivity range of 31.3–2000 pg/mL. The sample 
volume used was 100 μL per well. The standard curve 
was constructed with a blank and seven standards: 31.3, 
62.5, 125, 250, 500, 1000, 2000 pg/mL of VEGF. The plate 
was read at 450 nm.

MMP
Protein quantification was performed with the bicin-
choninic acid method. The total proteins obtained from 
the initial FF aspiration were quantified by means of the 
Pierce™ BCA Protein Assay Kit reagent (Thermo Scien-
tific), by constructing a standard curve at an absorbance 
of 542 nm with Gen5 3.0 software on the Synergy HT 
BioTek device.

Metalloproteinase zymography was used to examine 
the gelatinolytic activity of the initial FF sample and was 
determined by gels/substrate as shown in Fig. 2. Aliquots 
containing 10 μg of protein from each of the media were 
subjected to electrophoresis in 8% polyacrylamide gels 
with sodium dodecyl sulfate co-polymerized with swine 
type A gelatin (Sigma, St. Louis, MO, USA) at 1% in non-
denaturing conditions, using a mini-gel format system 
(Bio-Rad, Richmond, CA, USA).

Fig. 2 Representative MMP gels per clinical group. MMP‑2 and MMP‑9 activity in follicular liquids. Representative gelatin zymography of the three 
study groups: A EA, B EB, and C EC, showing two forms of MMP‑9, a 92 kDa proenzyme and a 84 kDa enzyme activity. MMP‑2 evidenced the 72 kDa 
pro‑enzyme form. Supernatant of U937 cells was used as a marker of gelatinolytic activity
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Enzymatic-activity zones appeared as clear lysis bands 
against an undegraded substrate background. Activ-
ity markers for MMP-2 and MMP-9 were included in 
each experiment using the supernatant obtained from 
the U937.11 promyelocyte cell line. The bands obtained 
were analyzed by densitometry by image analyzer (UVP, 
Southern, CA, USA) and expressed as optical density.

NO
The concentration of nitric oxide in the initially aspi-
rated FF fluids was indirectly evaluated by a commercial 
ELISA test, using the Nitrate/Nitrite Colorimetric Assay 
Kit (Cayman Chemicals, Mi, USA), with a detection limit 
of 2.5 μM. The sample volume used was 80 μL in each of 
the wells. The standard curve was constructed with seven 
standards and a blank that were used in duplicate: 0, 5, 
10, 15, 20, 25, and 30 μM of nitrates. The plate was read 
at an absorbance of 540 nm.

FSH, LH, estradiol, progesterone, AMH, and prolactin 
were measured by ELISA following standard clinical pro-
tocols used in our program.

Intracytoplasmic sperm injection (ICSI) was per-
formed in all metaphase II oocytes (MII at aspiration or 
5 h later from conversion from metaphase I stage), and 
expanded blastocysts were vitrified. Warmed blastocysts 
were transferred in a deferred cycle of estrogen and pro-
gesterone supplementation, on days 5–7 of progesterone 
administration, according to the individual development 
of the blastocysts by single embryo transfer (SET) or 
double embryo transfer (DET). The embryo quality on 
day 3 was determined according to the morphological 
assessment criteria of ASEBIR (2015) [30, 31].

Outcome measures and statistical analysis
Blastocyst number on day 5, blastocyst mean quality 
on day 5, metaphase II oocytes rate (oocytes in meta-
phase II/total number of captured oocytes), fertilization 
rate (oocytes that developed two pronuclei/number of 
injected oocytes), embryo transfer rate (ratio of patients 
with transferred embryos among the number of total 
patients in the group), pregnancy rate (ratio of pregnant 
patients with a positive beta-hCG among the number of 
patients with transferred embryos), and live birth rate 
(ratio of patients with at least one live newborn, either 
by delivery or caesarean section, among the number of 
pregnant patients) were calculated. Once the data were 
captured, the statistical analysis was performed using 
GraphPad Prism Version 7 program (GraphPad Soft-
ware, Inc. San Diego, CA, USA). Normality test was done 
using Kolmogórov-Smirnov test, qualitative variables 
were expressed in proportions as measures of absolute 
and relative frequency, and for the quantitative meas-
ures, central tendency and dispersion measures were 

used, expressed as median and interquartile ranges. 
The following hypothesis tests were used; for the quan-
titative variables, Kruskal-Wallis or ANOVA tests were 
used depending on the case, and the qualitative variables 
were analyzed with Fisher’s exact test. After analysis of 
variance, the Benjamini and Hochberg post hoc test was 
applied to identify which groups differ in the concentra-
tions of follicular markers. The correlations were made 
by means of Spearman’s nonparametric correlation coef-
ficient test and Pearson correlation test, as the case may 
be. p ≤ 0.05 was considered statistically significant.

Results
Demographic data of the couples among the three groups 
were similar (Table  1). There were no significant differ-
ences among groups regarding cause of infertility (tubal, 
endometriosis, PCO, and male factor (data not shown). 
All patients completed the stimulation and aspiration 
protocols.

In terms of COS and fertilization results, no signifi-
cant differences were found between groups in trigger-
ing day, number of follicles with a diameter ≥ 17 mm, 
serum estradiol and progesterone on the day of rhCG 
application, total number of captured oocytes, number of 
metaphase II oocytes, number of injected and fertilized 
oocytes, diploid embryos, and number of embryos on 
day 3 or day 5 (Table 2).

Table  3 shows the examined intrafollicular biomark-
ers per clinical group and the overall statistical differ-
ences, and Table  4 presents significant differences in 
their concentrations when comparing group to group. 
Importantly, FF samples from patients from Group C had 
significantly higher levels of all the studied biomarkers (p 
< 0.0001) (Table 3). Group B had the lowest levels of FF 
VEGF and proMMP-9 (p < 0.0004 compared to Group 
A), whereas Group A had the lowest levels of proMMP-2 
(p < 0.005 compared to Group B) (Table 4). There were 
no differences in major reproductive outcomes between 
groups, the results are shown in Table 5

In Group C, VEGF levels and number of captured 
oocytes were positively correlated (r = 0.534, p = 0.01), 
and MMP-9 levels and fertilization rate were negatively 
correlated (r = −0.476, p = 0.029). A negative correla-
tion was found between proMMP-2 and serum estradiol 
levels on the day of rhCG administration in Groups A, B, 
and C (r = −0.454, p = 0.04; r = −0.577, p = 0.007, and 
r = −0.556, p = 0.01), respectively. Also, positive correla-
tions between leptin and number of captured oocytes (r 
= 0.453, p = 0.04) and leptin and metaphase II rate (r = 
0.434, p = 0.056) were observed in Group B.

All MMPs studied were significantly higher in Group 
C (Table  3). A representative gel is shown in Fig.  2. 
ProMMP-2 and MMP-9 were negatively correlated in 
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Table 1 Sociodemographic and clinical variables per group

Statistically significant p‑values were marked in bold (α ≤ 0.05). aVariables were represented with mean ± SD. bQualitative variables were represented with absolute 
and relative frequencies; the P‑value was calculated using a chi‑square test

Variable A (n = 20) B (n = 20) C (n = 20) p-value

Age 36.75 ± 4.48 35.95 ± 4.62 38.1 ± 3.02 0.28

Years of infertilitya 1.5 (1.75) 1 (0) 1 (1) 0.14

Previous cyclesa 2.1 ± 1.71 1.95 ± 1.46 2.85 ± 1.42 0.15

Serum AMH (ng/mL) on the first day of the menstrual cycle 1.98 ± 1.41 3.3 ± 5.97 2.13 ± 3.15 0.84

FSH (mIU/mL) on the first day of the menstrual cyclea 6.54 ± 1.86 5.77 ± 2.41 4.29 ± 2.04 0.074

LH (mIU/mL) on the first day of the menstrual cycle 6.12 ± 2.87 5.85 ± 3.72 5.79 ± 3.2 0.94

Serum prolactin (ng/mL) on the first day of the menstrual cycle 18.99 ± 10.71 17 ± 8.11 21.41 ± 20.35 0.85

Antral follicular count 10.05 ± 5.01 9.4 ± 2.44 9.05 ± 3.55 0.70

Serum estradiol (pg/mL) on the first day of the menstrual cycle 34.95 ± 15.95 33.4 ± 16.77 34.41 ± 15.83 0.94

Serum progesterone (ng/mL) on the first day of the cycle 1.14 ± 0.72 0.93 ± 0.39 0.9 ± 0.48 0.59

Trigger day (rhCG) 10.9 ± 1.17 10.8 ± 0.7 10.9 ± 1.41 0.99

Number of follicles with a diameter ≥ 17 mm 4.35 ± 2.39 5.35 ± 2.81 3.95 ± 3.14 0.13

Serum estradiol on trigger day with rhCG (pg/mL) 1716.7 ± 1571 2033.8 ± 865 1387.03 ± 890 0.10

Serum progesterone on trigger day with rhCG (ng/mL) 2.46 ± 1.44 2.09 ± 0.65 1.77 ± 0.93 0.19

Table 2 Clinical outcomes per group (mean ± SD)

Statistically significant p‑values were marked in bold (α ≤ 0.05). aVariables were represented with mean ± SD. bQualitative variables were represented with absolute 
and relative frequencies; the p‑value was calculated using a chi‑square test

Variable Group A Group B Group C p-value

Total number of captured oocytes 9.1 ± 6.03 10.45 ± 6.22 6.45 ± 2.95 0.07

MII oocytes 5.5 ± 5.04 6.45 ± 4.41 4 ± 3.09 0.21

MI oocytes 1.7 ± 2.08 1.9 ± 1.29 0.85 ± 0.88 0.057

Prophase I 0.9 ± 1.92 0.8 ± 1.47 0.45 ± 1.05 0.42

Degenerated oocytes 1.45 ± 2.44 1.3 ± 2.03 1.15 ± 2.03 0.94

Number of ICSI injected oocytes 7.6 ± 4.41 9.9 ± 5.8 9.35 ± 4.85 0.33

Number of fertilized oocytes 5.8 ± 3.79 7.7 ± 5.62 7.1 ± 4.25 0.50

Number of two pronuclei oocytes 5.55 ± 3.58 7.55 ± 5.12 6.5 ± 4.54 0.40

Day 3 embryos 5.35 ± 3.42 6.75 ± 3.92 6.3 ± 3.93 0.52

Average number of cells on day 3 6.44 ± 1.38 6.69 ± 1.08 6.21 ± 1.92 0.78

Mean embryo quality on day 3 3.08 ± 0.25 2.98 ± 0.07 2.87 ± 0.87 0.21

Blastocyst number on day 5 2.45 ± 2.65 2.8 ± 2.21 3 ± 2.32 0.48

Blastocyst mean quality on day 5 2.3 ± 1.59 2.87 ± 1.29 2.86 ± 2.07 0.35

Transferred embryos on day 5 0.9 ± 1.02 1.1 ± 0.91 0.85 ± 0.75 0.65

Table 3 Levels of FF biomarkers

Follicular fluid biomarkers. Variables are represented by mean ± SD. Statistically significant p‑values were marked in bold (α ≤ 0.05)

Group A Group B Group C p-value

Leptin (pg/mL) 31.11 ± 38.06 13.59 ± 10.15 1517.37 ± 1037.67 < 0.0001
VEGF (pg/mL) 17.38 ± 13.57 6.95 ± 7.98 56.91 ± 31 < 0.0001
ProMMP-2 (mg/mL) 6190.56 ± 1340.99 8817.9 ± 2827.26 28523.5 ± 14645.9 < 0.0001
ProMMP-9 (mg/mL) 530.53 ± 158.85 530.69 ± 193.3 23342 ± 17402.64 < 0.0001
MMP-9 (mg/mL) 983.56 ± 453.77 897.63 ± 362.73 9548.75 ± 9978.41 < 0.0001
NO2−/NO3− (μM) 0.68 ± 0.21 0.56 ± 0.17 18.84 ± 9.15 < 0.0001
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Group B (r = −0.491, p = 0.0278). A negative correlation 
between MMP-9 and follicles ≥ 17 mm on triggering day 
(r = −0.458, p = 0.03) was found in Group A. For Group 
C, there were negative correlations between MMP-9 and 
the number of follicles with a diameter ≥ 17 mm (r = 
−0.037, p = 0.03) as well as between MMP-9 and fertili-
zation rate (r = −0.476, p = 0.029).

Finally, there were significant lower concentrations 
of NO2−/NO3 in Group A (p = 9.7e−10) and B (p = 
4.0e−12) in contrast to Group C (17.6 μM). Also, a nega-
tive correlation between NO2−/NO3− and follicles with 
a diameter ≥ 17 mm (r = −0.488, p = 0.02) was found in 
Group B.

Discussion
The main objective of this study was to characterize the 
profiles of FF biomarkers (leptin, VEGF, MMPs, and 
NO2−/NO3−) according to three different protocols for 
COS protocols in women with POR classified as POSEI-
DON Group 2.

First, this prospective clinical and research cohort 
study showed unequivocal and significant differences in 
FF biomarker concentrations among three commonly 
used COS protocols in POR, i.e., corifollitropin alfa 
+ rFSH, rFSH + urinary menotropins (uhMG), and a 
fixed dose rFSH + rLH protocol. Importantly, Group C 
patients, who received a fixed and a lower dose of FSH 
and LH (in the forms of rFSH + rLH), showed signifi-
cantly higher concentrations of all intrafollicular bio-
markers compared to the other two groups. Patients in 

Group A were stimulated with pure FSH (no LH) in the 
forms of corifollitropin and rFSH, and patients in Group 
B received FSH and LH, and possibly hCG, all of them 
present in uhMG. The fundamental differences between 
the three stimulation protocols were higher doses of FSH 
in Groups A and B and the absence/presence, nature, and 
dose of the LH used.

To obtain a urinary menotropin preparation with equal 
proportions of FSH and LH, highly reproducible prepara-
tion procedures are needed. If the LH activity is very low, 
hCG is added to compensate. The pharmaceutical behind 
urinary menotropins (Merapur®; Ferring) has stated that 
it does not add external hCG to the drug, and that its 
purity is comparable to that obtained with recombinant 
gonadotropin products; however, in a study conducted 
by Van de Weijer et  al., the analysis of the composition 
of this drug revealed the presence of not two but three 
hormones: FSH, LH, and hCG, in addition to a significant 
percentage of impurities (30%). These differences may 
have had an impact on the follicular fluid profiles of the 
patients studied herein [32].

FSH, LH, and hCG belong to a family of glycoproteins 
that are heterodimers of two subunits (α and β). These 
hormones have the same α subunit but differ in the β sub-
unit, which determines the biological specificity of each 
molecule. LH and hCG have a rather similar β subunit, 
which only differs by the extension of the carboxyl-termi-
nal peptide (CTP) from the hCG subunit. Corifollitropin 
alfa is composed of the union between the hCG CTP and 
the β subunit of the FSH [33].

Table 4 p‑values between groups after applying the Benjamini and Hochberg post hoc test

Statistically significant p‑values were marked in bold (α ≤ 0.05)

Groups Leptin (pg/mL) VEGF (pg/mL) proMMP-2 
(mg/mL)

proMMP-9 (mg/mL) MMP-9 (mg/mL) NO2-NO3 (μM)

Group A-Group B 0.37 0.00041 0.0057 0.00041 0.86 0.11

Group C-Group A 4.0e−10 1.8e−06 1.1e−11 1.8e−06 5.5e−06 9.7e−10

Group C-Group B 2.6e−11 3.3e−12 6.5e−07 3.3e−12 5.5e−06 4.0e−12

Table 5 Major reproductive outcomes per group

*p‑values were calculated using an ANOVA or chi‑square test, as appropriate. aMetaphase II rate was determined as oocytes in metaphase II/number of captured 
oocytes (as mean ± SD). bFertilization rate was determined as oocytes that developed two pronuclei/number of injected oocytes (mean ± SD). cThe embryo transfer 
rate was determined as the ratio of patients with transferred embryos among the number of total patients in the group. dThe pregnancy rate was determined as the 
ratio of pregnant patients (with a positive beta‑hCG) among the number of patients with transferred embryos. eThe live birth rate was determined as the ratio of 
patients with at least one live newborn (either by delivery or caesarean section) among the number of pregnant patients

Rates Group A (n = 20) Group B (n = 20) Group C (n = 20) p-value*

Metaphase II ratea 0.630 ± 0.3 0.578 ± 0.2 0.602 ± 0.3 0.86

Fertilization rateb 0.738 ± 0.2 0.772 ± 0.2 0.681 ± 0.2 0.49

Embryo transfer ratec 14/20 (70%) 16/20 (80%) 15/20 (75%) 0.76

Pregnancy rated 10/14 (71%) 13/16 (81%) 12/15 (80%) 0.78

Newborn ratee 3/10 (30%) 10/13 (77%) 8/12 (67%) 0.06
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Although the physiologic role of LH during the follicu-
lar phase of a natural cycle is unquestionable, the impact 
of LH addition during COS remains controversial [34]. It 
has been documented that addition of LH leads to differ-
ent patterns in the synthesis of follicular steroids, which 
may affect oocyte maturation and competence [34]. For 
example, use of recombinant LH resulted in an LH-dose-
dependent increase of follicular fluid  E2, androstenedi-
one, and testosterone, which in turn may affect follicular 
through different regulatory molecules. Furthermore, 
there appears to be an optimal level of LH action with 
low levels resulting in egg incompetence for meiosis and 
high levels leading to oocyte atresia, and more high-
quality embryos were observed using highly purified sing 
pure FSH [35].

Additionally, there is growing evidence that the addi-
tion of LH has a positive effect in patients with age over 
35 years, and patients diagnosed with POR, since it 
increases FSH receptor expression and growth, improves 
follicular recruitment, and it also reduces the granulosa 
cell apoptosis [3]. The mechanism by which the addition 
of LH improves ovarian response in patients with POR 
is not clear. An excessive suppression of endogenous LH 
after downregulation with a GnRH analogue is a plausi-
ble explanation, while another is related to the presence 
of polymorphisms in the LH molecule (LH β-chain vari-
ant), reducing the bioactivity of the molecule or poly-
morphisms of the LH receptor [36].

Recombinant FSH is the preferred choice of gonado-
tropins in POR patients, and there is ample high-quality 
evidence showing that rFSH is superior to urinary FSH 
and human menopausal gonadotropin (hMG) as a means 
to increase the oocyte yield [37]. This is crucial, since the 
POSEIDON criteria rely on oocyte numbers to increase 
the chances of having at least one euploid blastocyst for 
transfer. The most recent systematic review and a further 
meta-analysis have shown that adding rLH to COS proto-
cols is beneficial for two subgroups of patients: (i) women 
with an adequate ovarian reserve having an unexpected 
hyporesponse to rFSH monotherapy, i.e., POSEIDON 
groups 1 and 2, and (ii) patients 36–39 years of age [38, 
39]. Therefore, adding rLH to COS in POSEIDON groups 
1 and 2 patients should be considered [36], and that was 
the rationale for introducing the combination of rFSH + 
rLH into our protocols.

The recommended maximum daily dose of rFSH is 300 
IU, as higher doses do not increase neither the clinical 
pregnancy rate nor the live birth rate [40]. Corifollitro-
pin alfa, a long-acting rFSH, has the advantage of a rapid 
increase in FSH serum level, which leads to early recruit-
ment and an increase in the number of preovulatory fol-
licles [41, 42]. In a randomized control trial that included 
POR patients following Bologna criteria, corifollitropin 

alfa did not increase the pregnancy rate compared to 
rFSH; however, significantly more embryos were avail-
able for freezing, which could potentially increase the 
cumulative birth rate by increasing the chance of having 
at least one euploid embryo for transfer [42].

Second, we investigated the individual variations 
among the studied biomarkers according to COS pro-
tocols. High levels of follicular leptin were previously 
shown to negatively correlate with follicular PO2, resem-
bling a possible marker of follicular hypoxia and subopti-
mal embryonic development [24]. Moreover, it has been 
described that the average leptin concentration is higher 
in FF of oocytes that present two pronuclei compared 
to those that had no evidence of fertilization [43]. In the 
present study, we found significant differences in this 
hormone levels between the A vs C and B vs C groups. 
LH and hCG are characterized by specific molecular and 
biochemical features; they interact with distinct binding 
sites of the same receptor, resulting in lower dissociation 
rate by hCG than LH binding [44]. Gonadotropin-spe-
cific ligand-receptor features imply different gene expres-
sion and intracellular signaling in  vitro. According to 
Casarini et  al. (2016), downstream signaling pathways 
of gonadotropins consist of LH-related proliferative and 
anti-apoptotic signals vs. high steroidogenic potential 
and pro-apoptotic activity of hCG in human primary 
granulosa cells [45]. Here, we found a positive correla-
tion between leptin and number of captured oocytes and 
leptin versus number of metaphase II eggs (Group B). 
Several reports have demonstrated that a narrow-leptin 
range is necessary to maintain a normal reproductive 
function, and that concentrations below or above these 
levels could interfere with the function of the hypotha-
lamic-pituitary-gonadal axis [16].

Multiple studies have established that FF VEGF levels 
are significantly correlated with the degree of follicu-
lar peripheral vascularization [4, 11, 12, 46]. However, 
its correlation with reproductive outcomes is still con-
troversial. Higher levels of intrafollicular VEGF have 
been observed in oocytes with fertilization failure. Fur-
thermore, they have been negatively associated with the 
estrogen peak, number of metaphase II oocytes, and 
embryonic morphology [10, 24, 29]. Conversely, Mon-
teleone et  al. reported that VEGF levels are positively 
correlated with the degree of peripheral vasculariza-
tion; additionally, oocytes obtained from follicles with a 
higher degree of vascularization had a higher fertilization 
rate and a better embryonic quality [11]. Similar results 
were obtained in this study, where a positive correlation 
between VEGF and number of captured oocytes was 
found in Group C (rFSH + rLH). Our results provide 
further support to the hypothesis raised by Monteleone 
et al. about the crucial role of vascularization in follicular 
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development. Group C had statistically significant higher 
levels of VEGF compared to the other groups. Min-zhi-
Gao et al. support this concept as they found a positive 
correlation between VEGF and the dose of gonadotro-
pins administered [12].

Barrionuevo et  al. concluded that elevated levels of 
nitric oxide in FF may be useful for predicting a poor 
embryo outcome measured as the mature-oocytes poten-
tial to fertilize [47]. Here, a negative correlation between 
nitric oxide with follicles with a diameter > 17 mm was 
found in Group B. In the same way, Revelli et al. pointed 
that excessive nitric oxide production in the microenvi-
ronment surrounding the oocyte could trigger apopto-
sis inside the follicle before fertilization, which affects 
the oocyte development [24]. Likewise, serum nitric 
oxide was associated with implantation failure. This 
could be explained as high levels of nitric oxide in folli-
cular fluid could generate an inflammatory reaction that 
negatively affects fertilization [10]. Taken together, these 
data suggest that an excessive production of NO in the 
microenvironment surrounding the oocyte could trig-
ger apoptosis within the follicle before fertilization, thus 
affecting oocyte development [24]. FF concentrations 
of nitrites/nitrates could eventually be used a negative 
markers of oocyte quality; however, their assessment 
is rather tricky, and their intrafollicular levels were not 
found to correlate with IVF outcome [48]; thus, it is 
unlikely that the measurement of NO or its derivates will 
be used to identify optimal oocytes.

Matrix metalloproteinases (MMPs) catalyze the normal 
turnover of extracellular matrix (ECM) macromolecules 
[49]. MMPs are membrane bound and depict gelatinase 
activity and hydrolyze gelatin into polypeptides, pep-
tides, and amino acids that can then be secreted through 
the cellular membrane. MMP-2 and MMP-9 belong to 
gelatinases and facilitate both gelatin and collagen-bind-
ing through three fibronectin type-II-like repeat domains 
inserted in the catalytic domain of the structure [50]. The 
rupture of the basal membrane of granulosa cells and the 
collagen matrix fragmentation at the follicular apex occur 
through the action of a cascade of proteolytic events that 
involve an increase in MMP activity before ovulation 
[14]. Here, we showed that levels of Pro-MMP-2 in FF 
were negatively correlated with serum estradiol levels on 
the day of rhCG application and the number of captured 
oocytes in all groups. Nevertheless, Atabakhsh et al. did 
not observe a correlation between MMP-2 activity with 
oocyte count and fertilization rate. Moreover, Yang et al. 
concluded that higher levels of MMP-2 in IVF/ICSI 
cycles were positively correlated with the oocyte matu-
ration and fertilization rates and proposed this metallo-
proteinase as a possible marker of oocyte maturation rate 
[19, 51].

We also found a negative correlation between MMP-9 
levels with fertilization rate in Group C. Nevertheless, 
Atabakhsh et  al. reported no significantly correlation 
between these two variables but demonstrated a posi-
tive correlation between MMP-9 and oocyte morphol-
ogy [19]. We observed a negative correlation between 
MMP-9 with number of follicles > 17 mm in Group A. 
To allow accurate remodeling and limit the site and 
extent of proteolytic degradation by MMPs, there must 
be a delicate balance between the activity of MMPs and 
their inhibitors [18].

Third, we evaluated the association between the FF 
biomarker profiles and clinical outcomes. Results of 
rate of metaphase II oocytes, fertilization rate, transfer 
rate, pregnancy rate, AND live birth rate were not dif-
ferent among groups, although the sample sizes regard-
ing pregnancy were limited.

Although POR typically consist of a nonhomogene-
ous group of patients, the restriction of patients’ enrol-
ment to POSEIDON Group 2 eliminates many of those 
concerns as all studied subgroups groups were similar 
in terms of age, AMH values, antral follicular count, 
and number of eggs recovered. However, we acknowl-
edge that this study has some limitations. They include 
a relatively small sample size, its non-randomized 
design, and the fact that the total doses of gonadotro-
pins used in the three arms were not equivalent. Future 
prospective, controlled, and randomized studies may 
be necessary to validate these results.

Conclusions
We found significantly higher levels of leptin, VEGF, 
nitric oxide, MMP-2, MMP-9, and ProMMP-9 in patients 
who received rFSH + rLH, indicating a variation in these 
biomarkers’ concentration according to the composition 
of the gonadotropins administered (LH and FSH) and 
their nature (recombinant or urinary) in POR patients 
classified as POSEIDON Group 2. We speculate that the 
specific effect of LH at a cellular level could explain some 
of the differences between FF fluid biomarkers and folli-
cle dynamics. Whether these implications apply to other 
types of responders to COS remains to be investigated.
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