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mRNA Expression of the Regulatory Factors for the Early Folliculogenesis in vitro

Se-Jin Yoon', Ki-Ryeong Kim?* Hyung-Min Chung'?, Tae-Ki Yoon',
Kwang-Yul Cha'?, Kyung-Ah Lee'?

!Infertility Medical Center, CHA General Hospital, *Graduate School of Life Science and
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Objective: To understand the crucial requirement for the normal early folliculogenesis, we evaluated
molecular as well as physiological differences during in vitro ovarian culture. Among the important
regulators for follicle development, anti-Miillerian hormone (AMH) and FSH Receptor (FSHR) have
been known to be expressed in the cuboidal granulosa cells. Meanwhile, it is known that c-kit is germ
cell-specific and GDF-9 is also oocyte-specific regulator. To evaluate the functional requirement for the
competence of normal follicular development, we investigated the differential mRNA expression of
several factors secreted from granulosa cells and oocytes between in vivo and in vitro developed
ovaries.

Materials and Methods: Ovaries from ICR neonates (the day of birth) were cultured for 4 days (for
primordial to primary transition) or 8 days (for secondary follicle formation) in o-MEM glutamax
supplemented with 3 mg/ml BSA without serum or growth factors. The mRNA levels of the several
factors were investigated by quantitative real-time PCR analysis. Freshly isolated 0-, 4-, and 8-day-old
ovaries were used as control.

Results: The mRNA of AMH and FSHR as granulosa cell factors was highly increased according to
the ovarian development in both of 4- and 8-day-old control. However, the mRNA expression was not
induced in both of 4- and 8-day in vitro cultured ovaries. The mRNA expression of GDF-9 known to
regulate follicle growth as an oocyte factor was different between in vivo and in vitro developed ovaries.
In addition, the transcript of GDF-9 was expressed in the primordial follicles of mouse ovaries. The
mRNA expression of c-kit was not significantly different during the early folliculogenesis in vitro.

Conclusion: This is the first report regarding endogenous AMH and FSHR expression during the
early folliculogenesis in vitro. In conclusion, it will be very valuable to evaluate cuboidal granulosa cell
factors as functional marker(s) for normal early folliculogenesis in vitro.
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lod #23} Al7] T RNAS H259 ) B39] e 23] &elo]=E paraformaldehyde®] I3 A]
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Table 1. Sequences of oligonucleotide primers and PCR conditions

Genes Oligonucleotide Sequences AT (C) Size (bp)

F 5-GAGCTCTTGCTGAAGTTCCAAG-3'
AMH 60 244
R 5-CTGCTTGGTTGAAGGGTTAAGA-3'

F 5- TCTTCACGGACTTTCTCTGC-3'
FSHR 58 234
R 5- TCTTGTAAATCTGGGCTTGC -3'

F 5-GGTTCTATCTGATAGGCGAGG-3'
GDF-9 60 446
R 5-GGGGCTGAAGGAGGGAGG-3'

F 5'- CTGCTTGGCGCATGCACGG-3'
c-kit 60 655
R 5- CCGGCATCCCTGGGTAGGG-3'

F 5-ACCACAGTCCATGCCATCAC-3'
GAPDH 60 452
R 5 -TCCACCACCCTGTTGCTGTA 3

AT, anneahng temperaturc F, forward; R, reverse primer
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Figure 1. Histological sections of in vivo developed and in vitro cultured neonatal mouse ovaries. A, Section of the
control ovary of a newborn ICR mouse on the day of birth (Day 0). Note that the only follicles present are primordial
follicles. B and C, Sections of the in vivo developed ovaries from 4-day-old (B) and 8-day-old (C) mice; D, E and F,
Sections of the in vitro cultured ovaries for 4-day (D and E) and 8-day (F). Note the presence of many growing oocytes
in the medullary region of the ovary. The growing oocytes are enclosed within 1~2 layers of granulosa cells. The rema-
ining primordial follicles are mostly located in the ovarian cortex. Scale bars indicate 50 pm.

night hybridize A%t} ©]% post-hybridization A]7]
3 A2 %k % autoradiography X-ray film (Amersham)
©2 342k 242171 & NTB-2 Emulsion (Kodak)
o] B & 4°CoA] 251 AT D-19 (Kodak)
2 developdr ¥ hematoxylin-eosin®. 2 FA3}3L 9F
Aok (dark field)2} B AloF (bright field)ell A 28

ot
6. A=A

EAeE Felid 5 one-way ANOVA 2 log
linear model & ©]-&3ld a3 om p gke] 0.05
wrh He 9T ARG fosTL B

ek

2 o

DAz ofs) Az B2 Aol gloem dF
AGEE ofn] AL AlFste] O AR
"ok date) 3717 A leS #EE 5 A%

U giie) GAgESe] 4e AR
Abelol] w122 2lgo] BT (Figure 1A).
42519 A9 el FA conen)ol FBE
el QA RESo] Bxahd Qe A
72 QA

X
% % glon of

4ol ox &2
Oomlo it oft ot o o 2 e

4z

2

oX

o)

K3

gk

e

ro o

22 0

o
p

WA H

we g

PR

£7

LN

e s

& Lo

30 ot 3%

o2

=
o
9
»
3
R
o
5
=
=
=)
o
oft
oX
o
uo
53]
e
o,
21_5
AN
& o

2
_>Z4£_4
=

Tlo
3
_)1.]_:‘
p
i
m\n
K3
B
=
ik
i
=l
=
)
N
XN
ot
ne
Ex
ofy
jetad

Aol BN T w 8AA (Figure 1F)°l
Uapdy e} o|APFE S| WSS &

Aedree] 73

IR A

Z o {2
o
oAy o 0
¥o,
47
o
1
o
o
__>,4_',‘
=
e
i
=]

o2
ol
on X
HJo o
=2,
f
e
o
u
N
N
S
o ®
ofl
ol



dinvivo MRin vitro
100
= g0t
a
Eﬁ; 60 | . . "
g 401 *
£
a
0 1 1 1
Follicle l Oocyte Follicle | Oocyte Follicle Oocyte
Pri Pri Sec
Day 4 Day 8

Figure 2. Mean diameters (um £ SEM) of healthy follicles and oocytes in the sections of in vivo developed and in
vitro cultured ovaries. The diameter of primary (Pri) and secondary (Sec) follicles was determined in every fifth section
of the follicles only those in which the nucleus of the oocyte was clearly visible. Separate culture was repeated three

times and data were expressed as mean £ SEM. *, p<0.05.
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Figure 3. Expression of mouse AMH, FSHR, GDF-9,
and c-kit mRNA. RT-PCR products were separated by
electrophoresis in 1.5% agarose gels. GAPDH was used
as an internal control. Con, a newborn mouse ovary on
the day of birth (Day 0); D4 and D8, in vivo or in vitro
developed ovaries for 4 days (D4) or 8 days (D8).
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Figure 4. Relative expression levels of mouse AMH (A), FSHR (B), GDF-9 (C), and c-kit (D) mRNA from in vivo
developed (in vivo) and in vitro cultured (in vitro) ovaries by quantitative real-time PCR analysis. Newbomn mouse
ovary on the day of birth (Con) was cultured for 4 or 8 days. Experiment was repeated three times and the relative
amount of each mRNA was normalized to GAPDH mRNA levels. Bars with different letters indicate that group means

are significantly different at p<0.05.
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Figure 5. Localization of GDF-9 transcript by in situ hybridization. Sections of ovaries isolated from newborn (on the
day of birth, A~C), postnatal 10-day (D-F), and postnatal 4-week (G-I) old mice were hybridized with either antisense
(A, B, D, E, G, and H) or sense (C, F, and I) GDF-9 riboprobes. As seen in brightfield (A, D, and G) and darkfield (B,
E, and H) images, GDF-9 hybridization signal was concentrated over oocyte (arrows, primordial; arrow head, primary
follicles). Scale bars represent 100 um (A-F) and 200 yum (G-I).
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