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ABSTRACT

Background:Assembling an artificial ovary needs supporting the in vitro growth of cumulus c
and finally, folliclesThis study aimed tadeterminethe appropriate cocktail for culture of cumulus
cells (CCs).
Methods: CCs were collected from healthy women and cultured with 9 cocktails of basal mé
supplemented with 10% and 20% fetal bovine serum (FBS) and 1% andv2¥ drum albumin
(HSA). Ovarian cells were isolatiedm cortex, medulla, and hilum, and their catidned media
(CM) were collected. Expression ®DF9%n ovarian cellsvas evaluated CCs were treated with
various concentrations o€EMsfrom ovarian ceb and mesenchymal stem cells. Also, they wer
cultured with various concentrations of supplementslimtiing -Glutamine, bovine serum albumin|
(BSA), HSA, insulin transferrin selenium (IF&)itropin alfa, and Pregnyl. Alshey were treated
with variols ®ncentrations of follicular fluids (FFs), collected from patients with differe
infertility etiologies Finally CCs proliferation and culture stability were evaluated.

Results:All the ovarian cells expressed GDF9. DMEMF12 + 20% FBS was the ninstceaktail
for CCs. 20% FBS was superior to 10% FBS. HSA alone could not support the growthhef (
CMs of (cortical + hilar + medullay cells and FFs from healthy women caused higher C
proliferation. 17 mM/I EGlutamine, 24 mg/ml BSA, 20 mg/ml H3A ng/ml ITS, 300 miU/ml
C2fft AONRLAYNhS YR odp L! kYt tNB3Iyeft SR 7z
Condusion: Supplementation of the basal medium with CMs, serums, FFs, hormones, ITS &
Glutamine, can better support the culture of CCs.

Keywords:Cumulugells, In vitro Culture, Follicle§ultureMedium, Supplements
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Introduction

nability to conceive refers to infertility.
I The women are considered infertile after

one year of trying to have child with
normal sexal functonsand usual intercourse.
Conventionally, infertility treatment consists of
an ovarian hyper stimulation cycle/lowed by
assisted reproductive technology (ART).
However, due to various reasonsthe
conventional treatments sometimes encounter
unfortunaé camsequences. Therefore, new
methods gradually have been developed to
improve infertility treatment outcomes ing
ovarian tissue engineering. One of the first step
for in vitro reconstruction of thevary isin
vitro culture of ovariancells ad follicles. In
vitro expansion ofcumulus cells (CCs)s a
primitive step for culturing the ovarian follicles
which hels providing a suitable condition for
follicular in vitro growth (FIVG). Successful
FIVG (two- andthreedimensiong) is the final
god in recorstruction of an artificial ovaryand
its applications are explained in the following:

1) For fertility preservation in
cryopreserved tissue ofcovered patients with
cancer (1).

2) For poor responder patients

3) For patients withpremature ovarian
failure (POF) (2.

4) FIVG, followed byin vitro maturation
(IVM), can be used to achieve competence
oocyte from primary stage follicles (alone or in
co-culture with other cells like CCs) (2).

In all the abovementioned issues, ovarian
follicles culture is the kejactor, ® FIVG is the
main process ofovarian tissue engineering,
which tries to return the ovarian functions using
fabrication of an artificial ovary and
engineering the ovarian cycle. Expansion of
granulosa cell¢GCs) and CCs is a key point in
FIVG andoocyte ompetnce. Although all of
the abovementioned tactics have been
developed, FIVG still needs to be improved due
to many unknown factors, which are involved
in limited in vitro proliferation of GCsand CCs
(3). Therefore, culture medium optimizatidor
GCs andCCsis essential, becaeghey are the
cells with different growth needs. The pre
antral follicle growth is gonadotropin
independent and is based om crosstalk
between oocyte andCs. But after antrum
formation, the gonadotropidependent sges
arestared andGCs are divided into two groups
including: 1) corona radiate and CCs that are
defined as the oocyte closely associa& s,
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which surround the oocyte. 2) Mur@Cs are
the cells that line inside of the antrum cavity.
Therefore, CCs pé#cipate diredly in oocyte
maturation and fertilizatio(4). When ovulation
occurs, oocyte is thrown into the fallopian tubes
along with the CCs. Therefore, naturally during
the final stages of @rian follicle development,
the growth of CCs is the key jpp and d the
FIVG-based methods need support of CCs
growth. Many materials and factors are
proposed for optimizing the medium for the
vitro culture of CCs. No study has been
reported on the miimized medium foiin vitro
culture of CCsThis studyaimedto mimic the
ovarian natural microenvironmefdr culturing
the ovarian folliclesbut since obtaining a lot of
human ovarian follicles for assessment of the
different factors is limited ethicallytherefore,
for mimicking the ovarian follicles chemical
micro ervironment, the present study was
designed on ovarian CCs, as the most ingutrt
cells in ovarian follicle growthTherefore, the
present study focused on the efficacy of
different cell culture media, hormones,
supplements, and conditioned mediaJ&} on
the grovth of human CCs. Briefly, the impact
of different concentrations of sems including
fetal bovine serum (FBS), human serum
albumin (HSA), andbovine serum albumin
(BSA) was evaluated. The effect of various
follicular fluids (FF) and supplemas inclwing
L-glutamine, insulin transferrin selenium (ITS),
and hormones on thim vitro growth of CCs
was investigatedtoo. Moreover, cells from
different parts of the ovary (cortex, medulla,
and hilum) were cultured separately. Adipose
tissuederived mesenchgnal dem cells
(AMSCs), amniotic fluidderived mesenchymal
stem cells AFMSCs), testicular sperm
extraction (TESEperived cells, and human
ovarian carcinoma cell line (NIH: OVCAR)
were also cultured. Finally, tf@Ms

of all these cells were ddd to CG cuture
in order to determine the cells that can better
support the Cs growth. Ovarian follicles
growth needs many materials like growth
factors that are so expensive. Therefd&]s
and some other supplements can be more cost
effective than gowth facbrs. So, the results of
this study can support the follicular growth,
with the best cost benefit, compared to growth
factor. The details of the study are summarized
in supplementaryigure 1.
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Material and Methods

All the culture media, collagease typell,
ITS, and FBS were purchased from Gibco
( Gi bc o E, Fishen SciemtificCompany).
Antibiotics penicillin/streptomycin (pen/strep)
and Amphotericin B (FUNGIZONE®) were
purchasd from Biowest Company (Biowest,
the serum specialist). Phosphatéfered saline
(PBS) tablets, tGlutamine, and BSA were
obtained from  Sigma  (Sigmaldrich
Company). HSA 20% was purchased from
Biotest Company(Biotest®). Antibodies were
purchased from Abcam (Abcam Company,
us).

Human Ovarian Tissue Collection

In the present study, no cell lines were used.
The applied cells in this study were isolated
from human adult ovary. The prafe was
approval by the Ethics Committee of Yazd
Reproductive  Sciences Institute, Shahid
Sadoughi University of Medical Sciences,
Yazd, Iran (Ethical code:
IR.SSU.RSI.LREC.1396.21). This study was
conducted in accordance to the ethical
principles and the n@anal nams am standards
for conducting medical research in Iran. Also, it
was based orthe ethical code of th&Vorld
Medical Association(Declaration of Helsinki).

Human ovarian tissues were retrieved after
obtaining informed signed consen®varian
biopsies were collected from ovariectomized
patients after surgery due to benign problems.
The samples were transfed into PBS @°C),

containing 5% penicillirstreptomycin
(pen/strep) and 5% amphotericin B, and
immediately, transferred to cellculture
laboratory.

Ovarian Cells Isolation

The excised ovaries were dissected by a
sterile surgical scalpel. Anatomically dn
macrogopicdly, three parts were considered
for ovarian biopsies including: 1) the outer part
or ovarian surface epithelium (@% (Figure
1A, blue arrow) and its underlying part was
ovarian cortex (Figure 1A, yellow arrow). The
OSE and ovarian cortex we remoed and
scraped from the inner part by a bistoury
(Figure 1B). 2) The second inner part was
medulla (Figure 1A, pink arrow)lt was the
intermediumste part between cortex and hilum
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where no follicular structures were observed. 3)
The ovarian hilum ws the &st pat that
connects the ovary to the ovarian pedicle
(Figure 1A, green arrow). Therefore, the
segments were collectdcbm these three parts,
rinsed with PBS + 3% pen/strep + 3%
amphotericin B, chopped with sterile scissors
(Figure 1C), and then transfered into three
separate 15 ml conical tubes. After subsequent
washing, the segments were transferred into
another tbe and 0.5L mg/mL collagenase type

Il (10%) was added to samples for enzymatic
digestion (Figure ). Then, the samples were
incubaed atstandird conditions, temperature of
37°C, 5% CGQ, and 95% humidity with
frequent shaking till partial digesti.
Depending on the tissue consistency, the time
of enzymatic digestion was variable from 2 to 8
h. The collagenase activity was blockesth
UMK + 10% FBS. The samples were
centrifuged [for 8 min at 1400 rpm (300 g)] and
washed with
pree qui | i bEMat 1®% FBSNhedium.
Lastly, after centrifugation, the supernatants
were discarded and the pellets were cultured in
UMEM + 10% F Bt®p, an@ 26
amphotericin B. During next days, the culture
plates were checked to investigate the attached
cells. Tre medium was replaced with a fresh
medium every B days and the culture
continued to get confluence. The cells behavior
and morphology wereinvedigated by an
inverted microscope.

Immunocytochemistry

Ovarian cells isolated from the cortex,
medulla,and hilum were stained for growth
differentiation factor 9 (GDF9), as a key factor
in CCs expansion and ovarian follicle
development. The cellsvere fxed in 4%
paraformaldehyde for 20 minutes at 4°C. Then,
the samples were washed with 2 normall HC
for 20 minutes at room temperature followed by
incubation for 30 minutes with 0.3% Triton- X
100 for permeabilization. Afterwards, 20%
normal goat serumvas alded br 10 minutes
for blocking norspecific epitopes for one hour
at room temperature. The celvere incubated
overnight with primary amGDF9 antibody in
a humid chamber at a dark room in the
refrigerator. Following twice washing with
PBS, polytonal secondry antibodieswere
added for

pen/ s
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Figure 1. The steps of ovarian cells isolatigrieceof the ovarian biopsies. Macroscopically three parts were considered for ovarian
biopsy. The outer part or ovarian surface epithelium is @3k (arow). The underlying part is ovarian cortex (Yellow arrow). The medulla
and hilus are marked with pink agdeen arrows, respectively (Piakd Green arrows). B) The OSE and ovarian cortex were removed and
scraped from the inner part by a bistou€y.Sorre segrents were collected from these three parts, rinsed with PBB6tpen/streg- 20%
amphotericin B, choped with sterile scissors. D) The cut segments transferred into conicrlitdbes.

60 minutes aroom temperature in a dark
place. Afte washirg three times with PBSthe
cells were counterstained with DAPI and
monitored under the fluorescenod@crosmpe.
Positively stained cells expressed green
fluorescence for GDF9 under a fluorescence
microscope.

Cumulus Cells Collection and Culture

The CCs were cdlected through the
puncture of the follicledrom normal women
who referred to our center for inféity workup
due to male factor infertility. The selected
women were healthy and under the age of 35
years with acceptable amtlullerian homone
(AMH) level (over 1 ng/ml). The CCs were
collected after puncturing the follicles and
denudation. The denudat droplets were
collected, centrifuged,

washed with medium, and finally, the cell
pell et was <collected
10% FBS, 2% paicillin/streptomycin, and 2%
amphotericin B.
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%

Effects of Different Media onCumulus Cells

To evaluate the best basal cell culture
medium for growth of humma CCs, the
following basal media were compared:

1) U MEMtis a modification of
Minimum Es®ntial Medium (MEM).

2) DMEM (high and low glucose):
Dulbecco's Modified Eagle Medium (DMEM)
is based on the Eagle's minimal essential
medium with a fourfold concentiian of
vitamins and amino acids.

3) DMEM/F-12: It is a mixture of
DMEM and Ham's F12 (ratiol:1). It combines
DMEM + high concentrations of gtose,
vitamins, and amino acids. Also, Ham'slLE
has a wide variety of components.

4) RPMI 1640: It contains
concentrations of glucose and
concentrations of calcium  and

hate
Onfharet YoDMEM. #1 detalls ofE{JM)lg

mentioned media aggresented in tablg.

highe
lower



Journal of Kerman University of Medical Sciences

2022; Vol. 29, Issued

Table 1.Comparative evaluation of cell culture media

) D-Glucose . Phenol Comparison to Buffering Other
Media . L-Glutamine , )
Concentration Red MEM Medium System Ingredients
13 essentigamino
w/wo ) acids
Low glucose Phenol Red Sodium . .
- ) Non-essential amino
Uu MEM . 10 mg/ml bicarbonat .
1all Almost without but acids
g if any, 2 mM/L is 8 vitamins
added Sodium pyruvate salf
Amino acids
Four-fold Vitamins
DMEM w/wo Phenol Red concentrations of Sodium  w/wo Sodium pyruvat
Low glucose 15 mg/ml amino acids and bicarbonat Salts
Low glucose ) L .
Almost with vitamins, compared t Additional
lg/L 4 mM/L MEM upplementary
components
Amino acids
WiWo Fourfold Vitamins
DMEM High glucose concentrations of Sodium  w/wo Sodium pyruvat
High . Phenol Red amino acids and bicarbonat Salts
Almost with N .
Glucose 4.5 g/L 4 mMIL 15 mgml vitamins,compared tc Additional
MEM upplementary
components
Fourfold
. concentrations of ) ) )
High glucose w/wo . . Sodium All 21 amino acids
Phenol Red amino acids and . )
L bicarbonat w/wo Sodium pyruvat:
DMEM/F12 ) 1.2 ng/ml  vitamins, compared t
almost with Salt
MEM . .
4.5 g/L 2.5 mM/L . 10 vitamins
Ham's F12 mediun
w/wo
w/wo
Almost high . Low sodium  All 21 amino acids
Almost without ) )
glucose . bicarbonat Sadium pyruvate
RPMI 1640 Almost with phenol red. If Salt
2 mM/L any, L
4g/L 11 vitamins
Phenol Red
HEPES
5 mg/ml
Many studies have app lunderdtandthEféct &BSconcentrationi T

and follicular culture. But there is no published
quantitative reportagarding theadvantages of

UMEM for o

the effect of basal niéa, supplemented with
10% FBS, on the ovariastromal cells was

compared.

10% FBS led to more cell proliferation (Figure
2A). In the secondstep, the effect of basal

media, supplemented with 20% FBS, on the
cells was comparetb

ovarian stromal

vari an

The res

resul ts

ul t s

( UMEM +
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showed
best medium for culturef a mixture of ovarian

cel | sells (Bgue 2B) (Figure 2. &herf, in ordet to st e p,
find which medium is better foculture ofCCs
andwhetherthe combination of FBS with HSA
cas cawse kigher cumalds cell NvBINeratign
several cocktails were provided and their effects
on CCs proliferation wre comparedwith

20%

t hat

FBS) , as

UMEM

t

he

+

c
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A Effect of 10% FBS on ovarian cells Comparison of 10% and 20% FBS on ovarian cells B
200
120 = DH
100
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Figure 2. The effect of basal medium, supplemented withoEhd 20% FB®n ovarian cells proliferation
Alpha MEM +20% FBS was better than the others

So, UMEM medi um-, ardD M Hlifferergtistiongpbtential and flow cytometry
low-glucoe) and DMEM/F12 asbasalmedia expression of mesenchymal markers, have been
and RPMI 1640 as a complex medium were presented in the other under review papers and
compared. These mediwere supplemented due to dylication ae not presented here).
with 10% and 20% F8 and 1% and 2% HSA  Besides, the CM of OVCAR and CM of
with various combinations. 1% and 2% HSA isolated cells from testis (obtained by TESE
were chosen, becauggreviously in another surgery) werecollected CMs were collected
study various concenations of HSA on the from 2-3 passages of cells, after 1 weak culture,
CCs were evaluated to choose the best dosagescentrifuged at 5000 rpm for 10 minuiditered
(1% and 2% were the best ones). So, several and frozn for future use. For collecting CMs,
formulations of theabovementioned media  all the cells were cultured in DMEM + 10%
were prepared including (Serum free media), FBS for 5 days. The control medium (DMEM +
(media + 10% FBS), (media + 20% FBS), 10% FBS) was incubated alone without cells,
(meda +1% HSA), (melia + 2% HSA), (media  for the time equal to the CMs collection time.
+ 10% FBS + 1% HSA), (media + 10% FBS + 40% CMs was added taabal clture medium
2% HSA), (media + 20% FBS + 1% HSA), and and after 72 hours of culture, the cell

(media + 20% FBS + 2% HSA). proliferation was assessed by MTT assay.
Effect of Different Conditioned Media on Effect of Hormones
Cumulus Cells Growth In order to evaluate ¢heffect of hormones

To understand that which cells of ovary are on CCs growth, several concentrations of
more sipportive fo CCs growth,ovarian cells GonaltF (FSHlike drug used in ovarian hyper
were cultured and their CMs were collected. stimulaion), Pregni® (ORGANON Holland),
The media were collected from the following [Human chorionic gonadotropitHCG) like
cells: 1) Owarian cortical cells before formation drug which is used in ovarian hyper
of spheroid bodies (SBs). Spheroid bodies are stimulatiorj, were used. HCGs composed of
the suspended bashaped colonies that alpha and beta subunits. The alpha is identical
originated from the ovarian cortical cells and to human gonadotropind.H and FSH) and
they are the ovarian germ cell neg). Cells alpha subunitof human tlyroid stimulating
isolated from SBs 3) Ovarian corticalcells hormone (TSH). Therefore, both of the used
after formation of SBs. 4) Ovarian medullar drugs are FSHike, but Pregnyl also has some
cells, and 5) Ovarian hilar cells. Also, some LH Like effect The najority of previous
other cells were cutured and thir CMs were studies used 100 mlU/ml of FSH and 1.5 IU/ml
collected such as ADMSCs and AFDMSCs (the of HCG (5). Therefoe, according to the
data that showed osteogenic and adipogenic previous aidies, 106600 miu/ml
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concentrations of Gond&d and 1.57.5 IU/ml
concentrations of Pregnyl were tested in this
study.
Follicular Fluid Collection and Preparation

To analyze theeffect of FF on the CCs
growth, the FF samplesere collected from 5
groups @& patients, who referred to our
infertility treatment center. The detailed criteria
are summarized ifable 2. The collected FF
was quickly transferred to a specialized
laboratory, centrifuged two times, the
supernatant wade-complementedat 56°C for
30 minutes in awater bath. After cooling, the
samples were stored at 4°C for further use. To
be the representative ¢fie community, from

each group, 10 samples were collected and
aliguoted, and before using them, they were
mixed together and filtered. 50% darr5% of
these FFs were added to basal medium.

Effect of Serum (FBS, BSA, HSA)

To evaluate the effect of seruom the CCs
growth, two cacentrations of FBS (10 and
20%) on the CCs growth were analyzed. Two
types of albumin, BSA and HSA, were
compared. e previousstudies usuly applied
3 mg/ml BSA andHSA (6, 7). In this study, 3,

6, 12 and 25 mg/ml of BSA and @, 10, 12, 20,
and 25 m¢ml of HSA were compared.

Table 2 The ceriteria used for collection of the follicullar fluids

Eitiology Difiniti on Age (year)
Male factor 1) The healthy women undefertily treatment who referredue to male factor infality O 35
infertility 2) AMH O 1.1 ng/ mL
Polycyctic ovarian Based on Revised 2003 of Rotterdam consensus criteria (2 out of 3): O 35
syndrom (PCOS) 1) Oligo owlation or anovulation

2) Biochemical and clinical signs of hyperandrogenismHtiksutismand obesity

3) Polygstic ovaries feature in ultrasound

4) Exclusion of other etiologies |ike Cu
Endometriosis Thepatients who diognosed for endometrioma, a type of cyst formed in ovary O 35
Poor responders The patietts whohave at least two of these criteria: O 35

1) A previous

history

of poor ovarian re

2) An abnormal ovarian reser AMH (<0.5-1.1 ng/mL)

3) Women older than 40 years
Advanced age
but with good ART

results

AMH 0 1.1
Follicole

2)
3)
4) Good ART results

ng/ mL

number

1) The patients who werdder than 35 years

35
45
60 5

Effect of L-Glutamine and ITS

Using L-Glutamineis recommended as- 2
2.8 mM/ml in basal mediur(B). In the present
study, different concentrations ofGlutanine
(2, 4, 12, 17, 22, 27, and 37 mM/ml) were
compared. [DMEM+ (2 mM/ml) tGlutamine]
was used as control miem, because (2
mM/ml) L-Glutamine isregularly used in most
of culture media.

Regarding the ITS, in the previous studies, a
wide range of ITS frm 510 ng/ml (9) to 510
pg/ml was used10). Hence, 510 ng/ml and 5
10 mg/ml of ITS were compared in order
determine the best noentration bITS.
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MTT Assay Test and Statistical Analysis

Cells were seeded in 9€ell plates at the
density of 1x16 When cds get 60%
confluency the treatments were done. After
various treatment, cell culture continued for 72
h. Then, cell viabily was evaluged with MTT
assay test. The cells of control group were
cultured in DMEM + 10% FBS 2 mM/ml L-
Glutamine After inclbation with MTT dye fo

3 h, Dimethyl sulfoxide (DMSQO) was added for
15 minutes with subsequent shaking. Then,
every 96 wellof platewasread using enzyme
linked immunosorbent assay (ELISAgader
(test wavelength: 540 nm, reference
wavelength: 80 nm).Triplicatedsamples were
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treated. The mean of data was normalized and

analyzed using GraphPad Prism ®neway
analysis of vdance (ANOVA)was applied to
determine the significant differences between
the mean of treated and control groups,
followed by pos-hoc Dunndts test.

The figures were prepared and grouped
using Microsoft publisher 2010 and resized by
Photoshop.

Resuts
Ovarian Cells Isolation, Characterization
and GDF9 Expression

In the present study, cells from three parts of
the ovay, including (cortex + ovarian surface

Moshrefiet al.

epitheliun), medulla and hilum, were isolated.
The mixture of cortical and ovarian surface
epithelium cells exhibited spindleshapedand
epitheliatlike shape (Figure 3A). Gradually
after the first passage, some salketachd from
the plate and proliferated while they were
floating. In fact, they made the ovari&Bs or
ovarian germ cell nest (Fige 3B). The
suspended SBs were isoldte cultured,
expanded, and they created colonies (Figure
3C). The cortical cellsght in aulture, continued
to proliferate (Figure 3D), and eventually, the
cortical colony forming cells created the typical
colonies Figure 3E andF).

OSE & Cortex

D

£ —

Floating Spheroid Body

Cultured Spheroid Body

F

100pm

Figure 3. The morphology of ovarian cortical

A) A primary culture of cortex ahOSE wth two morphology including spindligke cells and epithelialike cells (magnification x 100 anc
scale bar = 10Qim). B) Thedetached cé& from the ovarian cortex culture, which grow to make a giant floating spheroid (magnification
and sca bar =25 pm). C) The suspended SBs were isolated, cultured, expamdkiéft to make colonies (magnification x 100 anele bar
=100 pm). D)The remaining cortical cells continued their proliferation (magnification x 100 and scale bar = 100 pmalli) the ovarian
cortical cells started to make colonies (magnification x 100 and scale bar = 100 um). F) A conipist@tovaian cortex fnagnification x

100 and scale bar = 100 um).

Regarding the ovarian medulla, the cells
showed even fibroblgis-like shape (Figure 4,
medulla A) or the smaller cells (epithelial like
shape) namely polygonal cells with regular
dimensions (Figre 4, medudh B and C), and
finally, they formed ovarian medar cell

320

colonies (Figure 4, medulla D). Most ovarian
hilar cells exibited a fibroblastidike shape
(Figure 4, hilus A), which became more
uniform in the nextpassages (Figure 4, hilus
B). They form colomes from the first passage
onwards (Figure 4, his C)
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Medulla, PI, Spindle Medulla, PII, Appearance of Medulla, PIII, Expansion All of the Epithelial Like Cells
Start to Make Colony

Form Cells Epithelial like Cells of Cells

AN IR (BANE o ey i :
Figure 4. The medullar cells: A) the primary culture of warian medulla cells (first passage). T
cells showed fibroblast like architecture. B) The second passage of medullatheetimallercells
with epithelial like shape were appeared. C &lgcells expanded, proliferated and madéonies
(magnificaton x 100 and scale bar = 100 pm).
The hilar cells: A) the primary culture of ovarian hilus cells. The majority of cells eithib fibroblast like
shape. B) The cells became more uniform in the next passages. C) The colonies of lulesiamsls
(magnification x 100 and scale bar = 100 pm).

Also, immunocytochemistry  analysis  (Figure 5). Interestingly, its expréss was
showed that the cells of cortex, medulla, hilum, higher in medulla and hilum cells than ihet
and SB expressl GDF9 marker. It was  cortex and SB cells.
visualized green under fluorescent microscope

Q@W i

Cortex
.

Merged

Figure 5. GDF9 expression in ovariacortex, medlUa, hilum, and SB cells bymmunostaining under

fluorescent microscope.

The green color shows positi GDF9 cells ifDSE and cortex (magnification x 200 and scale bar = 50 um), and medulla
and hilum (magnification x 400 and scale bar = 20Q..Immunocytahemistry analysis shayd that the cellof cortex,
medulla, hilum, and SBxpressed GDF9 marker.

Cumulus Cells Isohtion, Shape, In vitro Figure2B) and exhibited shoistance contact
Growth and Morphology communications with other cells using
CCswereisolated from punctured dominant branched cytoplasmic extsions or potrusion,
follicles. In the early days afulture, they were similar to dendritic cells arborisation (dendritic

small cells with no elongation, appendages or branching) Supplementaryrigure 2C and D).
branching SupplementaryFigure 2A). Then, Then, they bemme large cells with ore
they stated to become flat Supplementary cytoplasmic organelles, which probably
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resemble a rougéndoplasmic reticulum (RER)
(Supplementaryrigure 2E). The cells started to
become round SupplementaryFigure 2F and
G), the cytoplasmic filaments in@ased;
meanwhile, thenucleus migrates fromthe
margin to the centelSupplementaryigure2H

and [). Cell organelles increased, especially a
lot of granules ppeared, which may probably
attach to and move on RER that surrounds the
centrally located nucleus(Supplementary
Figure 23, 2K and 2l. Then the cells were
filled with a lot of vesicles $upplementary
Figure 2M) and vacuoles Supplementary
Figure 3N), which are the characteristics of
secretory cells. It means that the secretory
vesicles were gradugllappeared in cellsnd
filled the cytoplasm Supplementaryigure2N)

and the cytoplasmic space looked like a lot of
cytoplasmic cavities or cypblasmic sacs
(secretory vacuolesBupplementaryigure 2N

and 2Q. However, the cells still had contact
commuication with the supunding cells
which were at different stages of structural and
functional developmentSupplementaryrigure

2N and O).
CCs have extasive chemical
communication with adjacent cells, for

example, in movie 1, some particles (prolyabl
vesicles) attachedo cell from the left, pass
through the cells and exit from the right, which
probably caused some material exchange or
modificaions. Al®, as the cell size increases,
cytoplasmic  streaming or  protoplasmic
streaming or cyclosis helpshd material
exchangesubstances in and out of the cells. It
helps organelles and molecules transfer in the
cell rapidly, which is special movemeifibr
large @lls (unlike the small cells thatheir
diffusion is more rapid). In movie 1, the
organelles arouh the nucleus, whiclseem to

be RER granules, move around the nucleus,
while a cargoenter the cells from the left side
and exit the cell from theight side(Movie 1)
(Supplementaryigure3B and C).

Compared to other OCs, CCs grow slowly
and are not sigificant in terms ofin vitro
proliferation in basal medium even over time.
In basal medium without any supplements, they
are divided very slowlyand their maimum
passage number is43 If any supplementare
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added, CCs have no considerable growth and
aptosis will occur, whe culturing them in a
medium enriched with the mentioned
supplements allows CCs to survive even after
more than a month.

Movie 2 presets a cell which shows the
sign of apoptosis and it is probably an apoptotic
cell. The cell begingo shrink, and membre
blebbing and bubbling occur, which are the
signs of apoptotic cells (Movie 2). While in
movie 3, early events of a nectell seemto
be happning. Here, the cell volumé not
decreasedand no sign of shrinkage is seen
(Movie 3).

Effect of Different Media on Cumulus Cells
Proliferation and Viability

The results of basal media on a mixture of
OCs (cortex + medulla + his) demonsated
t h a-MEM +H20% FBS) was the best medium
(Figure 2B). Thus, in order to evaluate the most
efficient combinatiorof basal media foin vitro
proliferation of human CCghe combinations
of the abovementioned media + (FBS 10 and
20% and FPA 1 and 2%)were compared with
( MEM + 20% FBS). Then, 9 cocktails of
each medium were prepared and the Itesof
CCs proliferaibn were assessed by MTT assay
after 72 h culture.

Theresults showed that in 20% FBS group,
(DMEMF12 + 20% FBS) (P<0.0001pnd
(DMEM HG + 20% FBS) (not significant)
resulted in higher cell viability and proliferation
rates. Also, in(20% FBS + 2% HSA) gup,
DMEMF12 (P<0.01) and DMEM HG (P<0.05)
caused highecell proliferation and viability
rates. In (10% FBS + 2% HSA) group,
DMEMF12 (nd significant) caused higher cell
proliferation and viability rates than control.
Finally, in (20% FBS+1% HSA) group,
DMEMF12 (not significant) and DMEM HG
(not significant)caused higher cell proliferation
and viallity rates than control grqu
(Supplemetary Figures 4 and Fige6).

In general, it is concluded that for culturing
CCs, DMEMF12 and DMEMG, followed by
UMEM are he best mediaThey can be used
with 20% FBS alone or in combination with
FBS and HSA.
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Figure 6. The canparison of five basahediaw i t #MENI £J20% FBS) for ovarian cells culture.

The first diagrams h o ws -MBMa+t20% FBS) can bette

r suppt the CCs growthSo, b assess which basal mediu

can better support the in vitro proliferation ofirhan cumuluscells, five mediai n ¢ | u-MEM, PMEM HG, DMEM LG,
DMEMF12, and RPMI were compared. FBS 10%l &0% and Alb 1% and% were used as serum with various combinatic

According to Figure 2, al |
P<0.0001
The Effect of Conditioned Media on

Cumulus Cells Poliferation

Culture ofCCs without the@bovementioned
supplements, was used in the current study,
which leads to cell death over time. Thus, in
order to detemine the most effective ovarian
cells that can better support CCs growth, CCs
was exposed to CMsbtained from ovarian
cells. The CMs wee collected from the cultured
ovarian cells. All of ovarian cells CMs led to
greater than or equal,teiability and growth of
the control group. All of CMs from cortex
before SBs formation, [(OSE + Cortex),
(cultured SBs), and (cortex wr SBs
formation)] (P<0.0001) significantly increased
CCs growth and viability, while the cells of
medulla and hilum showed i a b i that of y
the control group. Therefore, cortical cells
(OSE, cortical, and SBs) are more importamnt
supporting CCs piteration and swvival. Also,
the combination of [50% medullar and 50%
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t -MEM +c20%n BBB)n *aP<0.@® fr $£<0.8le T*eP<0c001mii*a

hilum CMs], (P<0.001) and combination of all
ovariancellsCMs (RO . 001) showed
than that of the control group. Overall, CMs of
cortex and (medulla filum) seem to be more
effective in suporting the growth and viability

of CCs.

Two CMs collected from adipose tissue
(AMSCS) and amniotic fluid AFMSCs) were
used as wellThey only caused slightly larger
growth of CCs (not significant), compared to
untreated cells.

Finally, the result of CMfrom TESE
derived cells showed the same result as the
control group and CM from OVCAR3 cells
resulted in sigificantly increased growth of
CCs (P<0.001). OVCAR3 cells are serous
€pithelial ovarian cancers but not owar
epithelium cancersThey originatefrom the
epithelium and endometrium of the distal
fallopian tube (Figure 7).
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Figure 7. The effectof CMs on CCs after 72h culture.The CMs from ovarian cortex and a mixture of (medulle
hilum) werethe most effectivenediafor supporting the growth of CCs. * P<0.05, ** P<0.01, *** P<0.001, *P«0.0001.

Effect of Serum (FBS, BSA, H

SA)

Regarding FBS concenttion, the results
showed that 20% FBS significantly increased
the growth of CCs. Also,culture medium
supplementationwith both FBS and HSA can
be more efficient than 10% FBS, 1% HSA, and
2% HSA, alone $upplementaryrigures 4 and
Fig 6). Although all comentrations of 325
mg/ml of HSA increased CCs growth, only the

concentrations of 10 mg/miP&0.05), 12 mg/mi
(P<0.01),20 mg/ml (P<0.01), and 25 mg/ml
(P<0.01) significantly  increased cell
proliferation andviability (Figure 8).

Regarding theuse of BSA, all the used
concentrations including 3 mg/ml (P<0.01), 6
mg/ml (P<0.01), 12 mg/ml (P<0.Qland 24
mg/ml (P<0.001) showeka significant increase
in cell proliferation and viability (Figure 8).
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Figure 8. The effect othormonesFFs serums, ITS, and-Glutamine on CCs after #2 culture.
* P<0.05, ** P<0.01, *** P<0.001**** P<0.0001.

Effect of L-Glutamine and ITS

Using L-Glutamine is recommended as 2
2.8 mM/ml in basal medium. Therefore, several were used. Among them, the concentrations of
concentrations oE-Glutaminewere compared
with DMEM + (2 mM/ml L-Glutamine) as
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control. Various concentrations bfGlutamine
including 2, 4, 12, 1722, 27, and 37 mM/ml

12 mM/ml (P<0.05) and 17 mM/ml (P<0.05) of
L-Glutamine &owed highercdl proliferation
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and viability rates. 17 mM/ml (P<0.05) had the
most considerabléncreasing effect on cell
growth andviability (Figure 8)

Regarding ITS, the concentratioo 5, 10,
and 5 pg/ml had higher viability rates than the
control But only tvo concentrations of ITS [10
ng/ml (P<0.01) and 5 pg/ml (P<0.05)] led to a
significant increase in the CCs growth. The
concentration of 10 ngil (P<0.01) had greater
effect on the CCs growth (Figure 8).

Effect of Hormones on Cumulus Cells
Viability and Gr owth

Regularly, FSkbased drugs are prescribed
for women who referred for infertility
treatments. In this study, two FS¥ased drugs,
GonalF and Pregnyl, were used. The results
showed that 300 mlU/ml of Gon&l was the
best concentration forgliferationand viability
maintenance of CCs (P<0.001) followed by 400
miu/ml of GonalF (P<0.01) The
concentrations of 100 and 260U/ml GonalF
were not so efficient, compared to the control
and 500 mlU/ml increased cell viability and
proliferation bu it was notsignificant. On the
other hand, all the concentrations of Pregnyl
(1.57.5 IU/ml) cased a significant increase in
CCs vability (P<0.0001). Among them, 3.5
IU/ml Pregnyl, followed by 2.5 IU/ml Pregnyl
significantly increased cell viability and
growth The results showed thatr&nyl (FSH
and LHlike drug) was more efficient than
GonalF (FSHlike drug) for CCs in vitro
pradiferation (Figure 8)

Effect of Follicular Fluid on Cumulus Cells
Viability and Growth

FFs were collected from six grosipof
patiens including unknown infertility, poor
responders, advanced age, male factor
infertility, PQOS, and endometriosisTable 3.
50% and 75% of FF were added to basal culture
media. Generally, the results showed that
adding 50% FF is more efficiethan 75%. Sp
50% and 75% of FF collected from the patients
with male factor infertility significatly
increased cells growth and bisty (P<0.0001),
followed by 50% FF from patients with
unknown infertility (P<0.0001). Although the
other FFs did not deease CCs piiferation
and viability, they had no significant increasing
effect on increasing cel proliferation and
viability (Figure 8).
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The Morphology of Cumulus Cells in the
Presence of Various Supplements, FFs, and
Hormones

Based on our previous perience (nb
published datg) CCs cells had slower
proliferation rate than otheovarian cells
Without supplements, they did not osh
considerable incoherent interactions and no
cellular aggregation was observed. Instead, in
the presence of some matesialich as fegryl,
GonalF, FFs, ITS, and {Glutamine, it was
observed that CCs formed some aggtesg
similar to the colomforming unit (CFU) or
follicle unity. The listed structures were very
similar to the natural spatial shape of growing
follicles. It means thatin the presence of
Pregnyl, GonaF, FF, ITS, and iGlutamine,
cells can rearrange andlemonstrate their
potential 3dimensional morphology. These
colonylike structures were more compact and
uniform in the presence of HCG and FF,
collected fran patients Wwh male factor
infertility (Supplementaryigure 5).

Discussion

In the present styd the effects of different
basal ad CMs, supplements, FFs and
hormones on in vitro growth of CCs were
compared. It was tried to examine the most
required cmponents for follicle in vitro
culture, and the effect of different basal media
with FBS (10% and20%) and HSA (1% and
2%) on CCs wear compared. The results
showed that FBSvasmore efficient than HSA
for in vitro proliferation of CCs. Also, 20%
FBS was mee superiorto 10% FBS, while
increasing the concentration of HSA could not
support the growth oC C s al one-.
MEM was thebest medium if 10% FBS was
used, and DMEMF12 was superior if 20% FBS
was applied. Also, the combination of both FBS
and HSAhad a posive impact on CCs growth.

There are two types ahediafor FIVGs,
namely, basal and awuration media. These
media are sypposed to support cell survival,
proliferation, and function. They also support
both oocyte and CCs requirements. The &gpli
media in FIVG are classified into: 1) basal
media like MEM, Waymouth's medm,
DMEM and McCoy'ssA medium, 2) balanced
salt solutons like Earle's balanced salt solutions
(EBSS), and 3) mixerhedialike DMEM + F12
a n dMEW + Glutamax(11).

Many studi es
medium for short and longterm culturein

For

o MEMF | VG



Cocktail for Culture of Cumulus Cells

Moshrefiet al.

human and different anima(42, 13) While in
the present study, it was revealed that
(DMEMF12 + 20% FBS) or (DMEMF12 +
20% FBS + 2% HA) and (DMEM HG + 20%
FBS + 2% HSA) showed higher cell viability
and
DMEMF12 and IMEM HG (+ FBS + HSA)
which are suggested for CCs.

Culturemediahave some basic components
including amino acids, proteins and peptides,
cabohydrates, fatty acids and lipids, vitamins,
inorganic salt, serum, buffering systems-ZN
hydroxyethylpiperazinéN-ethanesulfonic acid
(HEPES), phenol red, CGphicarbonate], trace
el ement s,
minimum essential materials farell culture,
while DMEM and DMEMF12 have more
component s. It
20% FBS and DMEMF12 + 20%BS can be
used for culture obvarian stromal cellSJSC9
and CCs, respectively. So, it seems @8Cs
can grow with the minimum essentiahterials
but CCs need more constituents. According to
the results of the present study, DMEMF12 is
the bestmediafor OSCs and CCs, which is
consistent with the results of previous studies
(14, 15) Inconsistent with the results of the
present study, Buvsky et al. (2005) used
DMEM HG and DMEMF12 in the presence of
20% FBS for in vitro folliculogenesis and
oogenesig16) and DMEMF12 supplied with
15% FBS for in vitro culture of porcine CCs
was used(17). Contrary to this study, some
ot her st uMEBMets culture evhriarl
follicles (6).

It was proposed that phenol rdcke
DMEMF12 medium is superior, because pHeno
red is a weak estrogen with obvious biological
effects (18). Therefore, some studies Ve
suggested RPMinediafor in vitro culture of
CCs, because it is mostly free from phenol red
(16). But the results of this study did not show
any beneficial effect th RPMI on the CCs
growth. RPMI 1640 is the most enriched
medium followed by DMEMF12. May studies
have suggested RPMI for the culture of normal
and tumor cells. But in this study, this enriched
medium was reported to be not suitable for CCs
culture.

One of the differences between the cell
culture mediais the concentration of pyruvate
and ducose. Allmediahave pyruvate and were
categorized as highand lowglucose media
The amount of these components is important
because the oocyte of growing follicle
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preferentially metabolizes pyruvate to glucose,
but the somatic compartments of ovarian
follicles are more glycolytic. Glucose
metabolism in cumulus/oocyte complex is very
complicated dring hormonestimulatedstages

proliferati o-NMEM.f or(19). Cd&ls need dluaase or pyruvater ftheir

growth. It has been confirmed that most of the
mammalian oocytes prefer pyruvates the
energy substrate and have a low glycolytic
activity. While, CCs prefer glucose to pyruvate.
Primordial follicles consume -@bld more
pyruvate than glucose, frably due to the
lowest number of surrounding CCs. In growing
follicles (from primary tosecondary stage), the

a n eMEMa has ithe i o €ds prsliferated and increased in numbers, so

glucose consumption and lactate production
also increased. This pattern changes

WMEM + ¢ o ragploxindatelg at th tiree of arlfrum formation,

since antral folliclesbecome predominantly
glycolytic (20). This may be because DMEM
HG was superior to LG in terms of CCs culture
in the present study.

In addition to basal medium components,
CCs growth requires some other grals.
They are categorized into gonadotropins,
serums as the protein source, and suadviv
factors like ITS and growth/paracrine factors
(11). So, in the present study, different kinds of
serum (FBS, has, and BSA), ITS,Glutamine,
and hormones, were cgared. Since the
growth factors are expensive, it was tried to
compensate the lack of guth factors with FF
and serums, which are enriched with various
growth factors.

Another part of the present research was on
FSHlike drugs. It was concluded that 300
miU/ml GonatF as a FSHike drug and 3.5
IU/ml Pregnyl as a FSHand LHlike drug have
the most increasing effect on CCs growth. The
growing follicles are FSHiependent, and FSH
supplementation can improve the follicle
growth as well as oocyte maturatido, FSH is
not only necessary for CCs growth, but also,
essential for oocyte nucleus tueation. t
causes more growth and differentiation in
primary antral follicles. It is also essential for
the steroidogenesis and regulates the
relagionship between ayte and GCg8). All
pervious researches increased the rate of follicle
survival byaddng FSH to the culture medium
(11). The controversy is over the FSH dosages.
A minimal concentration of 10 mUl/ml of FSH
is essential foFIVG of intact preantral follicles
(8). Javedet al. added 1200 mlIU/ml FSH to
the culture medium. They observed that
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because of adding 100 mlU/ml FSid the
culture medium, follicles survival, diameters,

spreading agent. They could be as a buffering
agent and/or a binding proteifinally, they

germinal vesicles breakdown, and oocyte decrease the mechanical damages to cells. Also,
maturation rates in mice were increag#g). It they have some disadvantages inoigd
was reported that 3 g/ mL i n s u-l i ndiffeaentdomgdo0nds in various samples, which

eg/ mL FSH coul d
resumption rate for cap®npreantral follicles.
Barros et al. used fixed or sequential
concentrations of FSH. They showed that a
sequential concentration (785@/mL) of
recombinant human FSH (compared to control
1000ng/mL) improved oocyte ah follicle
growth and maturation(22). In the present
study, different concentrations (18600
miU/ml) of Gonalf were compared and it was
revealed that only 300 and 400 miu/ml
concentrations increased CCs growth and
viability, significantly.

Several dosagesof Pregnyl were also
compared. Itis composed of alpha and beta
subunitsThe alpha is identical to LH, FSH, and
alpha subuniof thyroid stimulatinghormone
So, its function is similar to both LH and FSH.
LH plays an important role in follicle
maturation supports follicle growth, and
induces ovulation. But it has not been
considered as an essentiahgponent of FIVG
culturemedium.However its positive effet on
follicle growth has been actively discus94@a).
HCG and LH bind to the same FSH receptor
but activate different signaling pathwayg4).
Media were suplemented with HCGstimulate
in vitro maturation of oocyte. HCG has a more
significant luteinizig effect than LH6), while
LH shows largr follicular diameters than HCG
(25). Most studies used.5 IU/ml HCG (23),

meiqtic o vneay tause sone inhibitors anbet risk of

contaminatiorn(27).

Three kinds of serums for CCs growiBS,
HSA, and BSA) were evaluated. FBS has some
advantages in cell culture including stimulatory
factors and a low concentration of
immunoglobulin(28). BSA has been shown to
improve in vitio follicular developmen(7). In
simplified medium, replacementf &BS with
BSA creates a defined medium that provides
better conditions for oocyte in vitro maturation
(8). Regarding HSA, the combination (HISA
+ ITS) has been shown to reduce atretic
follicles and increase healthy follicles rate and
follicle size. HSApromotes cell proliferation as
well, and acts as a fregadical and reactive
oxygen species (ROS) scaveng@d). Some
concentrations of HSA and BSA from25
mg/ml were added in this study. Compared to
control, all the concentrations increase CCs
proliferation and viability. Unlike HSA, 3 and 6
mg/ml of BSA significantly increased CCs
growth. It was also conatled that HSA alone
had no beneficial effect on ovarian and CCs
growth, whereas in combination with FBS, it
caused considerable growth.

Also, CCs need amino acids-Glutamine is
an essential amino acid for both ovarian and
CCs. Generally, its amount et at about 2
mM, but it can vary from 0.5 to 10 mM,
depending on the cell anmediatypes (from

but the results of the present study showed that 0.68 mM in medium 199 to 4 mM in DMEM).

3.5 IU/ml of Pregnyl hamoresignificanteffect

on growth of CCs.It was shown that FSldnd

LH supplementation in aerumfree medium
caused a decrease in DNA fragmentation in
GCs and arnncrease inrDNA fragmentation in
theca cellg26). It is concluded that HCG alone
can lead to higher CCs proliferation rates than
FSH, which can be due tositslight LHlike
effect.

Serum is another component of culture
medium. It reduces estradiol setwa for an
unknown reason. It has been shown that during
FIVG of in vitro preantral follicle, the effects of
FSH steoidogenic and mitogenic changé&y).

In the present study, various kinds of serums
were evaluated. They contain various growth
factors ad hormones. They help cells attach to
other cells and surfaces, so they act as a

327

Arginine, glutamine, and leucine used in the
ovarian tissue culture, have been shown to
accelerate in vitro activatiorof primordial
follicles in the ovaries of a -tlay-old mouse
(29). Some combinations of glutamine are
available including kglutamine, GltaMax or
GlutaGro. L-glutamine is almost unstable and
degrades over time in the refrigerator and faster
in the incubatr, but GlutaMax is more stable.
Therefore, adding an extra amount of L
glutamine to culture medium does not harm the
cells, it may even & a necessary component
especially formedia nearing their expiration
date (30). Glutamine supports the growth of
cells that have high energy requirements. It also
synthesizes large amounts of nucleic acids and
proteins. It acts as an alternative energyree

for the cells that use glucose inefficiently or
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rapidly dividing cells. Thus, when glucose level
is low but energ demand is high, cells can
metabolize amino acids such as glutamine,
which are the most readily available to use as
energy bttps://www.sigmaldrich.com/life
science/celculture/learningcentermedia
expert/glutamine.htm)l Most of themediaare
supplenented with 2 mM/ml EGlutamine(31).

In the present study-&7 mM/ml L-Glutamine

four concentrations (from 5 and 10 ng/ml to 5
and 10 pg/ml) were used. The results showed
that 10 ng/ml followed by 5 pg/ml aused
higher viability and growth of GCs.

Also, the effect of FF on CCs growth was
compared. FFs were isolated from 6 groups of
patients. The results showed that 50% and 75%
FFs, isolated from patients with male factor
infertility  (healthy women) signifiaaly

was used. The results showed that 12 and 17 increased CCs growth, followed by 50% FF of

mM/ml L-Glutamire caused higher CCs growth
compared to 2 mM/ml. But4Glutamine with a
concentration higher than 22 mM/ml was
detrimental for CCs growthAltogether, I-
Glutamine accelerates in vitro growth of CCs
and in vitro advation of primordial follicles

(31).

ITS or insulin, transferrin and selenium are
other components used in FIVG. Glucose is an
essential factor for CCs growth. Its metabolism
is influenced by ovarian growth factors and
insulin. Insulin also increases the uptake of
metabolic precursors like amiraxids. So, for
FIVG, insulin is added to culture medium at the
dosage of 5 mg/ml (supra physiological
concentration). Insulin along witlelenium and
transferrin, act as survival factors. But large
amounts of insulin, mimicinsulinresistant
modd, exacerlated apoptosis in GG82).

Selenium is another essential trace mineral
that is relevant to various pathophysiological
processe$32). It is also added to IVG medium.
But high doses of selenium reduce the rate of
proliferating primordial follicles. It redates
t h e -ebktradiob bisynthesis and the growth
of GCs in adult ovaries(33). Heat stress
induces apoptosis in various cells. Selenium is
effective in maintaining the cellular physiologic
functions and protects cells against chronic heat
stress induced apoptosis in GG84).

Transferrin is the carrier of iron, a
mandatory requirement of cells. These cells
should have transferrin receptor for intracellular
transport of iron. It was expressed in a
subpopulation of human granulosa lutein cells
isolated fom the follicular punctureNormally,
the concentration of transferrin and iron
increases in FF with the development of
follicular maturation. Transferrin deficiency
causes iron overload and leads to oocyte
dysmaturity. Small growing follicles with-2
layers of GCs contain cytoplanc transferrin in
their cuboidal GC$35).

Previous studies used various dosages of
ITS from 10 ng/ml to 10 pg/ml. In this study,
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infertile patients with unknown causes. Also,
50% FF was superior to 75%. FF contains
estradiol, progesterone, and testosterone. The
level of steroids is correlated with follicula
diameter. According to awgly byda Silveiraet

al., FF progesterone level is 6100 times higher
than estradiol and 16,900 times higher than
testosterone. FF has two types of vesicles,
exosomes (550 nm) and microesicles
(1001000 nm). The content dhese vesicles
are bioactive comgments such as psihs,
MRNAs, lipids, and miRNAs(36). FF is a
plasma filtration with a wide dynamic range of
proteins. These proteins are involved in
metabolic processes, cellular processes, cellular
commnunication, andimmune response§37).
Also, FF has some types of GCs called
immortalized GCs(38). Although the FF of
patients with PCO, endometriosis, advanced
aged patients, and poor responders dichave

a positive effect on the CCs growth and
viability, compared to control group, thelid

not have a negative effect either.

In this study, CMs collected from the
ovarian cortical cells significantly improved
CCs growth. It is not implausible, because
cortex is the natural place of ovarian follicles
that makes the microenvironment. Intensgly,
the mixture of CMs from medullar and hilar
cellsalso caused the growth of CCs as much as
cortical CM. This data suggest that ovarian
medulla and hilum may bas important as the
ovarian cortex for follicular growth.

The results also demonstratethat the
isolated cells of SB, cortex, medulla, and hilum
expressed GDF9. It is an essential factor for
follicular symphony and acts as a regulator of
ovulation, folliculogenesis, and oocyte quality
(39). Interestingly, its expression was higher in
medulla and hilum. In the poor responder
patients, it was shown that the expression of
GDF9 decreased with age in FF and GCs,
leading to reduak assisted reproductive
outcome (40). Also, GDF9 enhances the
proliferation and metabolism of CCs and GCs
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