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Abstract
Purpose To investigate the effect of different FSH concentrations on human oocyte maturation in vitro and its impact on gene
expression of key factors in the surrounding cumulus cells.
Methods The study included 32 patients who underwent unilateral oophorectomy for ovarian tissue cryopreservation (OTC)
(aged 28 years on average). Immature oocytes were collected from surplus medulla tissue. A total of 587 immature oocytes were
divided into three categories according to the size of the cumulus mass: large (L-COCs), small (S-COCs), and naked oocytes
(NOs), and submitted to 44-h IVM with one of the following concentrations of recombinant FSH: 0 IU/L, 20 IU/L, 40 IU/L, 70
IU/L, or 250 IU/L. After IVM, oocyte nuclear maturation stage and diameter were recorded. The relative gene expression of
FSHR, LHCGR, and CYP19A1 in cumulus cells before (day 0; D0) and after IVM were evaluated.
Results Addition of 70 or 250 IU/L FSH to the IVMmedium improved oocyte nuclear maturation compared to 0, 20, and 40 IU/
L FSH by upregulating LHCGR and downregulating FSHR in the cumulus cells.
Conclusion FSH improved oocyte nuclear maturation at concentrations above 70 IU/L suggesting a threshold for FSH during
IVM of ex vivo collected human oocytes from small antral follicles.Moreover, current results for the first time highlight that FSH
function in vitro is mediated via cumulus cells by downregulating FSHR and upregulating LHCGR, which was also observed
when the immature oocytes progressed in meiosis from the GV to the MII stage.
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Introduction

In vitro maturation (IVM) of oocytes has remained an attrac-
tive solution to simplify assisted reproduction, reducing both
treatment complications and costs. Even though IVM is now
the mainstream method for assisted reproduction in domestic

farm animals, the use of human IVM is still limited. Methods
of IVM have mainly focused on women with PCOS, who are
particularly prone to side effects of conventional ovarian stim-
ulation, such as ovarian hyperstimulation syndrome [1–6].
However, current IVM methods have not yet resulted in a
reproductive outcome that is comparable to conventional
IVF treatment, and oocytes matured in vitro are still consid-
ered to have lower competence than their in vivo counterparts
[5, 7, 8]. In a clinical setting, IVM is most often used in
connection with an hCG trigger with or without a short prior
stimulation with exogenous follicle-stimulating hormone
(FSH) [9, 10] followed by aspiration of oocytes from follicles
with a diameter of 10–14 mm [4]. More recently, IVM of
oocytes collected ex vivo from small antral follicles (SAFs)
in connection with ovarian tissue cryopreservation (OTC) for
fertility preservation has gained interest [11–14]. In both sce-
narios, maturation is completed in vitro in a medium contain-
ing FSH [15].
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FSH is a central component of all IVMmedia as it has been
shown to improve cumulus expansion [16], fertilization, and
early embryonic development [17] in animal models.
Nevertheless, its role in oocyte maturation is poorly under-
stood [18], although evidence inmice demonstrated that it acts
via cumulus cells [19]. For human IVM, there is no consensus
on which FSH concentration is the optimal. The most used
FSH concentrations range from 75 to 100 IU/L [3, 13, 20], but
it is not uncommon to find concentrations as high as 1000 IU/
L [21–23], or studies using media with no addition of FSH
[24, 25].

To our knowledge, no previous studies have defined nei-
ther the most suitable FSH concentration nor its role in human
IVM, perhaps because the oocyte cohort aspirated from antral
follicles with diameters > 6 mm after ovarian stimulation and
human chorionic gonadotropin (hCG) triggering is heteroge-
neous, with some of these oocytes already having resumed
meiosis in vivo by the time of aspiration [26]. Moreover, ma-
jor changes occur when follicles reach diameters of around 8
to 11 mm, which corresponds to the transition from the re-
cruitment stage to the selection of the dominant follicle, as
indicated by changes in both protein levels and gene expres-
sion of multiple key factors in follicular fluid and granulosa
cells, respectively [27]. Nonetheless, our group has previously
demonstrated that a remarkably high number of immature
oocytes can be recovered ex vivo from SAFs (not visible
macroscopically, < 2–3 mm in diameter) of unstimulated pa-
tients in association with OTC (on average 15 to 36 oocytes
per patient) [14, 20]. This more homogenous cohort of imma-
ture oocytes that has neither been exposed to exogenous go-
nadotropin stimulation nor entered the follicle selection phase
may represent a better starting point to study the role of FSH
during human IVM. Hence, the present study aimed to inves-
tigate the effect of different FSH concentrations on human
oocyte maturation in vitro and its impact on gene expression
of key factors in the surrounding cumulus cells.

Materials and methods

Study approval

The project (H-2-2011-044) was approved by the Scientific
Ethical Committee for the Capital Region of Denmark. All
patients gave informed consent to donate their surplus ovarian
tissue for research purposes.

Patients

A total of 32 patients (aged 28 years on average; range 17–37)
undergoing unilateral oophorectomy and OTC for fertility
preservation [28] from December 2019 to August 2020, were
included in the study. The indications for fertility preservation

were Hodgkin lymphoma (n = 5), non-Hodgkin lymphoma (n
= 1), breast cancer (n = 16), cervix cancer (n = 2), colorectal
cancer (n = 2), sarcoma (n = 2), neuroendocrine tumor (n = 1),
choriocarcinoma (n = 1), and other benign diseases (n = 2).
The fertility history of the patients and the phase of their men-
strual cycle were not recorded.

Ovary transport and oocyte collection

Ovaries were transported to the laboratory in IVF flushing
medium (Origio A/S, Måløv, Denmark) either at 37 °C from
the local hospital (10 min transport) or on crushed ice from
collaborating hospitals in Odense and Aarhus (2–5 h trans-
port). On arrival, fluids from all visible antral follicles were
aspirated and used for other research purposes. After isolating
the ovarian cortex for cryopreservation, dishes containing the
surplus medulla tissue in HEPES-buffered HTF medium
(Invitrogen, GIBCO™) were thoroughly examined for the
presence of immature oocyte under a stereomicroscope
(Leica MZ12, Germany) within a flow hood with heated ta-
bletop at 37 °C. Most oocytes were derived from follicles with
diameters below 3 mm. Recovered oocytes were placed in
holding medium which consisted of McCoy’s 5α plus
25mMHEPES (Invitrogen, GIBCO™) with 5 mg/mL human
serum albumin (HSA; CSL Behring 20%, Germany), 10 μg/
mL insulin, 5.5 μg/mL transferrin, 6.7 ng/mL selenium (ITS;
Invitrogen Co., GIBCO™), 2 mMGlutamax (GIBCO™), and
0.05 mg/mL penicillin/streptomycin (GIBCO™) [14]. Only
oocytes that showed clear signs of degeneration, such as dark-
ened cytoplasm, were excluded from the study.

Oocyte in vitro maturation

Oocytes were divided into three categories according to the
size of the cumulus mass: large cumulus mass (L-COCs),
small cumulus mass (S-COCs), and naked oocytes (NOs)
(Fig. 1). Naked oocytes were included as control. The oocytes
were washed twice in IVM medium which consisted of
MediCult IVM system (Origio A/S, Denmark) supplemented
with 100 IU/L human recombinant luteinizing hormone (rLH)
(Luveris, Serono, Germany), 10 mg/mL HSA, and 1 μg/mL
human recombinant Midkine (SRP3114, Sigma-Aldrich,
USA) [14], and then individually transferred to 25-μL drops
of IVM medium supplemented with different concentrations
of human rFSH (Rekovelle, Ferring, Copenhagen, Denmark);
0 IU/L (No FSH), 20 IU/L (FSH20), 40 IU/L (FSH40), 70 IU/
L (FSH70), or 250 IU/L (FSH250). These concentrations were
based on a previous study [19]. All oocytes were incubated
under paraffin oil (Origio A/S, Denmark) for 44 h at 37 °C
with 5% CO2 in air. Fresh medium was prepared weekly and
pre-equilibrated overnight prior to use. For each patient, oo-
cytes from each category (L-COCs, S-COCs, and NOs) were
equally distributed among the different treatments. After 44 h,
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COCs were mechanically denuded using a 130–133 μm de-
nudation pipette (Vitrolife, Gothenburg, Sweden) and visual-
ized under an inverted microscope (Carl Zeiss Axiovert 135,
Germany; ×20 magnification) [20]. Oocytes were classified as
germinal vesicle (GV), metaphase I (MI), metaphase II (MII),
or degenerated (DEG) (Fig. 2). Oocyte nuclear maturity was

determined by the presence of the first polar body (i.e., MII
oocyte). Pictures of all oocytes were taken, and oocyte diam-
eters were recorded using the AxioVision software (SE64
Rel.4.9.1). Oocyte diameter was calculated as the mean of
two perpendicular measures of each oocyte from the internal
part of the zona pellucida (thus, zona pellucida was not
included).

Quantitative real-time PCR analysis

Cumulus cells from COCs before (day 0; D0) and after IVM
were evaluated. Total RNA was individually extracted and
purified from cumulus cells of each COC (only L-COCs and
S-COCs; NOs were evidently not included) with TRIzol®
reagent (Ambion, Life Technologies, USA) and 1-bromo-3-
chloropropane (Sigma-Aldrich, USA) and subsequently, with
RNeasy® Minikit 250 (Qiagen, Denmark) according to man-
ufacturer’s instructions. All steps were performed on ice.
RNA from 37 cumulus samples was isolated. The quality
and quantity of the isolated RNA were evaluated using
Agilent RNA 6000 Pico kit and Agilent Bioanalyzer 2100
(Agilent Technologies, Santa Clara, CA, USA). Due to limit-
ed amounts of RNA and quality variations among samples,
only samples from L-COCs with an RNA integrity value
(RIN) ≥ 5 were included in the study (n = 35; 94.6% RNA
isolation efficiency). For each selected sample, first-strand
cDNA was prepared using the High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City,
CA, USA) following the manufacturer’s instructions. The
quantitative RT-PCR analysis was carried out by TaqMan®
technology using the TaqMan™ Fast Advanced Master Mix
(Applied Biosystems, Foster City, CA, USA). The following
TaqMan probes were used: FSH receptor (FSHR;
#Hs01019695_m1), aromatase cytochrome p450 family 19
subfamily a polypeptide 1 (CYP19A1, #Hs00903412_m1),
LH receptor (LHCGR; #Hs00174885_m1), and glyceralde-
h y d e 3 - p h o s p h a t e d e h y d r o g e n a s e (GAPDH ;
#Hs02786624_g1) and large ribosomal protein P0 (RPLP0;
#Hs00420895_gH) as the reference genes. All samples were
run in duplicates and normalized toGAPDH and RPLP0. The
relative expression levels were quantified according to the
comparative cycle threshold method (LightCycler480
Software, Roche).

Statistical analysis

The impact of FSH on the maturation of the oocyte after IVM
was modeled as a mixed logistic regression with maturation
outcome (MII yes or no) as outcome and FSH levels (four
levels: No FSH, FSH20/40, FSH70, and FSH250), COC size
(NO, S-COC, and L-COC), and diameter of oocyte (linear
effect) as explanatory variables. Patient effect was included
as a random intercept.

Fig. 1 Immature cumulus-oocyte complexes (COCs) collected from the
surplus medulla tissue during OTC. a Naked oocyte (NO). b COC with
small cumulus mass (S-COC). cCOCwith large cumulus mass (L-COC).
Scale bars: 50 μm

Fig. 2 a–d Oocyte classification after IVM: GV (a), MI (b), MII (c), or
DEG (d). Scale bars: 50 μm
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The impact of FSH ormaturation stage on expression of the
target genes (FSHR, LHCGR, and CYP19A1) was modeled as
a mixed linear regression with expression of genes as outcome
and FSH levels (five levels: No FSH, FSH20, FSH40, FSH70,
and FSH250) or maturation outcome (MII yes/no) as explan-
atory variables. Furthermore, a post hoc test (Tukey) was per-
formed to identify differences among the groups. Patient ef-
fect was included as a random intercept. All analysis was done
using R version 3.4.3. All P-values below 0.05 were regarded
as significant.

Results

Oocyte recovery and in vitro maturation

A total of 875 oocytes were recovered ex vivo from 32 pa-
tients in connection with OTC (average 27.3 ± 3.14 oocytes
per patient; mean ± SEM, range 8–76), of which 587 were
used for IVM, including, 194 L-COCs, 230 S-COCs, and 163
NOs. The remaining, 288 oocytes, were allocated to a differ-
ent project, although, 20 L-COCs from these groups were
denuded and frozen for quantitative RT-PCR analysis (day
0; D0).

The overall statistical analysis showed a significant posi-
tive impact of both treatment (FSH addition) (P < 0.0009) and
COC size (NO, S-COC, or L-COC) (P < 0.001) on oocyte
maturation. In contrast, patient age did not affect oocyte mat-
uration rates (P > 0.05).

As shown in Table 1, the overall average oocyte diameters
were similar (P > 0.05) among all treatments and COC cate-
gories after IVM, ranging from 115.5 ± 1.2 to 117.9 ± 1.2 μm
(mean diameter ± SEM). The overall maturation rate was
31.2% (range 8–48%). Since oocytes are a scarce resource

and no differences were observed between No FSH, FSH20,
and FSH40, we decided to combine FSH20 and FSH40
(FSH20/40) and stop allocating oocytes to these treatments
to increase the number of oocytes in the No FSH treatment
instead. The percentages of immature oocytes that reached
MII within each FSH concentration were 24%, 19%, 39%,
and 37% in 0, 20–40 combined, 70, and 250 IU/L, respective-
ly (Table 1). Compared to the No FSH treatment, oocyte mat-
uration rates significantly increased when the FSH concentra-
tions were 70 IU/L (P = 0.01) and 250 IU/L (P = 0.03), while
FSH 20 and 40 IU/L did not differ from 0 IU/L (Table 1).

Independent of the treatment, when all oocytes were indi-
vidually evaluated, the presence of cumulus cells and oocyte
diameter were highly and positively correlated with oocyte
maturation. Hence, higher maturation rates were found in L-
COCs and S-COCs (38% and 35%, respectively) compared to
NOs (17%) (P < 0.001) (Table 1, Fig. 3). Likewise, the prob-
ability of reaching MII increased with increasing oocyte di-
ameter (P < 0.001).

Relative expression of FSHR, LHCGR, and CYP19A1 in
cumulus cells before and after IVM

Thirty-five cumulus samples from seven patients were includ-
ed. Overall, the addition of FSH to the IVM medium down-
regulated FSHR (P < 0.001) and upregulated LHCGR (P <
0.001). Also, cumulus cells from MII oocytes expressed
higher levels of LHCGR (P = 0.01) and lower levels of
FSHR (P < 0.001) than cumulus cells from non-MII oocytes
both before (D0) and after IVM (GV and MI) (Fig. 4).
Cumulus cells from COCs before IVM (all of them at GV
stage) presented similar expression to cumulus cells from both
COCs non-exposed to FSH (No FSH) and GV oocytes after
IVM, regardless of the treatment, for all evaluated genes (P >

Table 1 Mean oocyte diameter andmaturation rate of oocytes recovered ex vivo from surplusmedulla tissue according to different FSH concentrations
used in the IVM medium

Treatment Overall MII-rate according to COC size (%)

Average oocyte diameter
(mean ± SEM)

MII-rate (%)a NOs S-COCs L-COCs

No FSH 115.5 ± 1.2 24.4 (57/234) 18.8 (13/69) 28.4 (25/88) 24.7 (19/77)

FSH20/40 116.1 ± 2.0 19.2 (10/52) 12.5 (1/8) 17.4 (4/23) 23.8 (5/21)

FSH70 117.9 ± 1.2 39.4 (67/170)** 19.1 (9/47) 45.5 (30/66) 49.1 (28/57)

FSH250 116.7 ± 1.3 37.4 (49/131)* 12.8 (5/39) 41.5 (22/53) 56.4 (22/39)

Overall 116.3 ± 0.6 31.2 (183/587) 17.2 (28/163)*** 35.2 (81/230) 38.1 (74/194)

Average oocyte diameter (mean ± SEM) 117.1 ± 1.5 116.4 ± 1.2 117.7 ± 1.4

a The impact of FSH on the maturation of the oocyte after IVM was modeled as a mixed logistic regression with maturation outcome (MII yes or no) as
outcome and FSH levels (four levels: No FSH, FSH20/40, FSH70, and FSH250), COC size (NO, S-COC, and L-COC), and diameter of oocyte (linear
effect) as explanatory variables. *P = 0.01; **P = 0.03 within a column and compared to control treatment (No FSH). ***P < 0.001 within a row and
compared to S-COCs and L-COCs
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0.05). Likewise, the expression of CYP19A1 was not affected
by either FSH concentration or oocyte maturation stage (Fig.
4).

Discussion

To our knowledge, this is the first study to link the presence of
FSH in the IVMmedium to both the maturation rate of human
oocytes and the expression of FSHR and LHCGR in their
corresponding somatic cells, hereby confirming that cumulus
cells are intimately involved in the regulation of oocyte mat-
uration in vitro. Cumulus-oocyte complexes that respond to
FSH stimulation in vitro by increasing LHCGR expression are
more prone to support the resumption of meiosis than those
which only develop a modest LHCGR expression. A further
characteristic of oocytes that resumed meiosis is a concomi-
tant FSHR downregulation. A previous study also correlated

the downregulation of FSHR in cumulus cells to an increased
maturation rate after IVM, supporting our findings [29]. Thus,
the present data agrees with the interpretation that oocyte mat-
uration could be induced by LH (present in a concentration of
100 IU/L) in those COCs which have developed a yet unde-
fined threshold level of LHCGR expression as a result of FSH
stimulation. Further, the present data suggest that an FSH
concentration of at least 70 IU/L is required to promote
enough LHCGR expression for the induction of oocyte matu-
ration, confirming and extending previous studies with a
smaller number of oocytes included [29–31]. It is also possi-
ble that the optimal FSH concentration in IVMmedia could be
proportional to the volume of the cumulus cell mass. Even
though differences were not statistically significant, slightly
higher maturation rates were obtained in L-COCs with FSH
250 IU/L compared to 70 IU/L (56% and 49% MII, respec-
tively). Further investigations are needed to evaluate this
hypothesis.

Previous studies from our group have evaluated the expres-
sion of FSHR in mural granulosa cells from SAFs and found it
on average around 30 times higher than in cumulus cells as
found in the present study [27, 32]. The expression of LHCGR
at modest levels in cumulus cells of the present study before
IVM corresponds to that previously determined in granulosa
cells from follicles of similar size [32]. It is, however, inter-
esting to notice that after an IVM period, where the COCs
were exposed to FSH stimulation, the expression of LHCGR
in those COCs that supportedMII transitionwas increased to a
magnitude similar to that observed in granulosa cells at its
maximum in pre-ovulatory follicles shortly before the initia-
tion of the midcycle surge of gonadotropins [32].

Themuch higherFSHR expression inmural granulosa cells
as compared to cumulus cells of SAFs indicates that FSH
signaling in SAFs is more pronounced in mural granulosa
cells than in cumulus cells. In vivo, the mural granulosa cells
will probably shield the COCs from FSH action as the hor-
mone will need to penetrate these layers with a high expres-
sion of FSHR in order to reach the COCs and exert its effect.
This is supported by measurements of FSH in follicular fluid
from small antral follicles (4–8 mm in diameter), which on
average reached a modest 2.5 IU/L (N=26 follicles, N=17
women with no ovarian stimulation) (unpublished data).
Obviously, in connection with IVM, in which only cumulus
cells unsheltered by mural granulosa cells are present, an al-
tered FSH signal transduction may take place within the cu-
mulus cells, and effects that would not be activated in the
intact follicle may be induced and vice versa. This may ex-
plain the accelerated maturation of the immature oocytes
in vitro and it can be hypothesized that during IVM in con-
nection with relatively high FSH concentrations exceeding 70
IU/L, the relatively low expression of FSHR in cumulus cells
will still provide sufficient signal to induce LHCGR expres-
sion and oocyte maturation. Likely, the COC will not receive
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Fig. 3 Scatter dot plot representation of maturation rates in naked oocytes
(NOs), and cumulus-oocyte complexes with small cumulus mass (S-
COCs) and large cumulus mass (L-COCs). (Error bars: mean ± SEM).
Each circle of the graph represents one single patient. ***P < 0.001
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such stimulation during the in vivo situation. Evidence in the
mouse model demonstrated that the signal transduction of
gonadotropins in vivo is predominantly exerted via mural
granulosa cells and propagated by second messengers of the
EGF-like family members to COC [33]. Further studies are
needed to evaluate the combined roles of gonadotropins and
the EGF-network during human IVM.

The overall mean oocyte diameter after IVM in the present
study is almost similar to that seen during normal IVF treat-
ment (104–121 μm, excluding zona pellucida) [34], with no
differences between L-COCs, S-COCs, andNOs, and yet mat-
uration rates were higher when cumulus cells were present.
This raises the intriguing possibility that the cumulus cells are
FSH responsive but are shielded from FSH exposure by the
mural granulosa cells, which need to be present in large num-
bers to secrete sufficient sex-steroids to prepare reproductive
organs for the possible arrival of an embryo rather than a direct
stimulation of the oocyte. In fact, the oocyte diameter as ob-
served in this study suggests that the COC already at this
developmental stage has most of the machinery to support
MII transition after proper stimulation.

Only a few studies have previously described the effect of
gonadotropins in human IVM [30, 31, 35, 36]. Unlike ours,

these studies used either a fixed FSH concentration in a very
limited number of oocytes (around 60) [30, 35], or oocytes
from patients that had received stimulation with gonadotro-
pins before oocyte retrieval [30, 31, 36], and therefore had
been triggered to resume meiosis in vivo [26]. In this study,
on the other hand, we have used a cohort of 583 GV oocytes
that had not been exposed to any exogenous FSH in vivo prior
to IVM.

The results of the present study may also have implications
for women undergoing regular IVF.Women with PCOS often
require only modest stimulation with exogenous FSH to pro-
duce many preovulatory follicles. A sub-group of these pa-
tients, or other patients in general, in whom a relatively high
number of immature oocytes are aspirated may only have
reduced chances for success following ART. One explanation
for the low maturation rate could be that the COCs in these
patients have been exposed to too little FSH stimulation
in vivo for them to develop sufficient LHCGR expression to
induce oocyte maturation. Clinically, this group of patients is
often difficult to manage, but the present findings suggest that
results may be improved by adding FSH and LH to the culture
medium in an attempt to augment the maturation rate and
thereby the number of available embryos for treatment.
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Fig. 4 Relative expression of FSHR, LHCGR, and CYP19A1 in cumulus
cells from L-COCs before (D0, n = 4) and after IVM in the presence of
increasing concentrations of FSH (0 IU/L, n = 6; 20 IU/L, n = 6; 40 IU/L,
n = 7; 70 IU/L, n = 6; and 250 IU/L, n = 6) (upper figures), and according

to maturation stage before IVM (GV (D0), n = 4) and after IVM (GV, n =
6; MI, n = 13; and MII, n = 12) (lower figures) (error bars: mean ± SEM).
All samples were run in duplicates and normalized to GAPDH and
RPLP0. *P = 0.01; **P < 0.001
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It is noticeable that a maturation rate of 24% was observed
with no FSH in the medium. This may be explained by spon-
taneous luteinization during the in vitro period, with LHCGR
being expressed on the cumulus, which then, in the presence
of LH (100 IU/L), may have triggered oocyte maturation.
Alternatively, some of the oocytes may derive from follicles
that have embarked on atresia, and therefore, may have es-
caped intrafollicular control and started to become luteinized.
It would have been interesting to observe the maturation rate
of oocytes non-exposed to either FSH or LH during the IVM
period. However, this treatment was not included in the pres-
ent study. Our results are in line with previous findings that
have described a similar spontaneous maturation rate of hu-
man oocytes in vitro, without gonadotropins or growth factors
in the culture media [24, 25]. According to these authors,
meiotic resumption can be mechanically triggered by releas-
ing GV oocytes from antral follicles.

The present study has several limitations. Gene expression
analysis was performed in a limited number of samples.
Unfortunately, most of the stored cumulus cells were lost
due to a technical problem, and only samples from seven
patients were used for quantitative RT-PCR. Nonetheless,
the results were still statistically significant. Also, measuring
the expression ofmore genes would strengthen the study, such
as 3β-HSD, CYP11A, and AR, which are involved in steroido-
genesis. However, it was only possible to extract a limited
amount of mRNA from each COC to perform the quantitative
RT-PCR analysis.

The clinical relevance of this study would be increased if
the MII oocytes were fertilized and evaluated for aneuploidies
and reproductive potential, but the Danish authorities consider
IVM an experimental procedure and do not allow it in a clin-
ical setting.

In conclusion, the present study showed that the nuclear
maturation of human COCs collected ex vivo from SAFs
was significantly improved by adding at least 70 IU/L FSH
to the IVM medium. Moreover, FSH stimulation downregu-
lated the expression of FSHR while upregulating LHCGR in
cumulus cells. Our data suggest that rather than directly, FSH
and LH enhanced oocyte maturation first by stimulating the
expression of LHCGR in cumulus cells, making cumulus cells
responsive to LH. Whether the FSH concentration may affect
oocyte developmental capacity and reproductive outcome still
needs further investigation. We believe these findings will be
useful for the development of future human IVM protocols for
oocytes retrieved from SAF of unstimulated patients, poten-
tially by stimulating the expression of LHCGR in cumulus
cells with FSH before exposing the COCs to LH.
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