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cycle become progressively expressed in the next
generation. The life cycle of the ovary has four
major developmental phases’: 1. the phase of
embryogenesis whereby populations of primordial
germ cells and somatic cells become an
integrated ovary mass containing oocytes and
granulosa cells located within primordial follicles.
2. the phase of folliculogenesis in which
oogenesis, granulosogenesis, and thecogenesis
occur as a recruited primordial follicle grows and
develops to the preovulatory stage or it dies by
atresia. 3. the phase of ovulation whereby the
oocyte transforms into a mature egg which is
secreted into the oviduct to await fertilization. 4.
the phase of luteogenesis whereby the follicle,
now lacking an oocyte, luteinizes into an
endocrine structure, the corpus luteum, which if
implantation does not occur, dies by a process
termed luteolysis. Many researches in the past
century have provided a wealth of important
information about the morphological development
of the ovary and the regulatory roles of the
endocrine and autocrine/ paracrine systems in the
mechanism that control its life cycle.

Among this, compelling evidence that oocyte
growth namely  growth
differentiation factor-9 (GDF-9), and bone
morphogenic protein-15 (BMP-15) play a key role

derived factors?,

in folliculogenesis® and female fertility has come
from studies in a variety of laboratory animals and
human. In situ hybridization studies in a variety of
mammals have shown that the GDF-9 and
BMP-15 genes are selectively expressed in the
developing oocytes during folliculogenesis*®. In
GDF-9 deficient female mice, a wide range of
reproductive  abnormalities appear, including
arrested follicle at the primary stage, reduced
granulosa  proliferation, inappropriate  theca
development, cyst formation, and infertility®’.
These kinds of

demonstrated new genes related with infertility.

knock-out mice study

Dazla is one of the new genes suggested to be
active involvement in female folliculogenesis®®.
Recently, we demonstrated that dazla mRNA is
also exclusively expressed in the oocytes
suggesting strong involvement in the ovary
folliculogenesis™. Here, we provide the regulatory
role of gonadotropin hormones on the dazla
mRNA expression in the follicle development of

mouse ovary.

MATERIALS AND METHODS

1. Source of ovary tissues, oocytes, and

embryos

Ovaries were collected from immature mice
(n=33) after injecting PMSG (10 IU), which is
followed by hCG injection (10 IU). The time of
ovary retrieved after PMSG and hCG injection was
3, 6,9, 12, 24, 48 hours, respectively. The tissues
were immediately fixed under 10% neutral
formalin. Ovaries from adult female mice (n=3)
and testis from adult mice (n=3) were collected
and used as control tissues. Animal experiment
was performed under observance of AFSG (animal

facility service guidelines).
2. Semiquantitative RT-PCR analysis

Primer design was based on the most
homologous mMRNA sequences among human,
mouse, and rat within exonal region. The forward
primer was 5'-TCA CTG ATC GAA CTG GTG
TG-3', and reverse primer was 5'-TCA GCT CCT
GGA TCA ACT TC-3'. RT-PCR was performed as
previously described™. In brief, 500 ng of
extracted RNA was subjected to the RT reaction
using first strand cDNA synthesis system (Life
Technologies Inc.) with random hexamer (2ng/ul),
reverse transcriptase (200 U), and
deoxynucleotide triphosphate (dNTP, 0.5 mM) at
42°C for 50 min, 70°C for 10 min. Serial diluation

of cDNA (1/2, 1/4, 1/8, 1/16) corresponding to
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the different experimental time points (20, 25, 30,
35 cycles of amplification) was made to determine
the log phase of amplification reaction. After
resuspending first strand cDNA in 50 ul of water,
PCR was performed under following conditions:
30 cycles of denaturation at 94°C for 30 sec,
annealing temperature at 55°C for 30 sec and

extension at 72°C for 30 seconds.
3. In situ hybridization

Paraffin-embedded mouse ovarian tissue

sections (10 pm) were used for these
experiments. The sections were taken randomly
from the ovary pieces, and no effort was made to
standardize where the sections were taken (i.e.
whole-thickness

maximal cross-sections or

slices). The relevant in situ hybridization
procedures have been described previously™. In
brief, after dewaxing, sections were treated with
proteinase K, acetylated, washed, dehydrated,
and hybridized with radioactive probe (10°cpm/pl).
Dazla probes were designed to contain
homologous region for mouse, rat, and human.
Plasmids constructed for the probe preparation
were as follows: Dazla-457 for Dazla, a DNA
segment (457 bp) of mouse Dazla exonal region
was amplified by RT-PCR from ovarian total RNA
and cloned into a pCR Il vector (Invitrogen,
Carlsbad, CA). Antisense and sense RNA probes
were synthesized by transcription using 35°- UTP
and T3 or SP6 polymerase after digestion with
BamHI and Xhol restriction enzymes. After
treated  with

hybridization, sections  were

ribonuclease A, washed in  decreasing
concentrations of saline sodium citrate (SSC), and
finally in 0.1X SSC at 65°C for 40 min. After
dehydration in graded ethanol solutions, slides
were exposed X-ray film for 3 days. After
obtaining adequate X-ray film images, the
sections were treated with xylene, rinsed in 100%

ethanol, air-dried, and then coated with Kodak

NTB-2 liquid autoradiographic emulsion. Slides
were exposed for 2 weeks at 4°C in a desiccated
dark box. After exposure, the slides were
developed (Kodak D19, 3.5 min at 14°C), rinsed
briefly in distilled water, and fixed. After washing,
slides were lightly stained with hematoxylin and
eosin. In each experiment, duplicate slides from
all ovaries studied were processed in the same in
situ hybridization run using the same probe,
conditions of hybridization, and length of
autoradiographic exposure. The sections from all
ovaries in all experiments were scored and the
data were repeated at least three times with similar

results.
4. Morphometry

Follicles in the ovary were classified into 5
groups as previously described™: primordial (I: the
oocyte was surrounded by a single layer of
squamous granulosa cells), primary (ll: the oocyte
surrounded by a single layer of cuboidal cells),
early preantral (Ill: the oocyte was surrounded by
one to two layers), preantral (IV: the oocyte was
surrounded by more than two to eight layers),
small to large Graafian (V-VI: the follicle with fluid
filed antrum). The entire section of each ovary
was scanned under dark/bright field and only
those follicles sectioned through the oocyte
nucleolus (the largest follicle cross section) were
analyzed. The intensity of the in situ hybridization
signals was evaluated on a scale of 1 to 4 as
previously described. The following rate was used:
+; silver grains were sparse but clearly above
background, ++; silver grains were numerous but
did not cover the whole area, +++; silver grains
were very numerous and began to merge in some
places, ++++; silver grains were very dense and
formed a near uniform mass. The intensity was
HSCORE as  previously
described™. In brief, HSCORE is calculated from
the following equation: HSCORE = 3 Pi(i=1),

recalculated into
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where i=intensity of percentage of stained cells for
each intensity, varying from 0% to 100%. The
results of the HSCORE will be expressed as
mean=SE of at least three separate experiments,
with triplicate determinations for each treatment.

5. Statistical analysis

Data were analyzed for statistical significance
between ovaries, and signal intensities by Mann
Whitney U test, ANOVA,
P-values less than 0.05 were accepted as

chi-square tests.

statistically significant. Analysis was performed
using SPSS 8.0 (SPSS Inc., Chicago, IL).
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Figure 1. RT-PCR of Dazla in the ovary and
testis obtained from immauture and adult testis
(T), ovary (Ov), granulosa cells (GCs), oocytes
(0). GCs and O were prepared from follicular
puncture which was followed by mechanical
dissection under dissecting microscope.

RESULTS
1. RT-PCR analysis of dazla mRNA expression

Dazla mRNA was detected in the adult testis,
immature ovary, and adult ovary tissues by
RT-PCR (Figure 1). Both oocytes from mature
and immature mice showed dazla mMRNA
expression, while granulosa cells did not show
any signal of dazla mRNA expression.

2. In situ hybridization of dazla mRNA

In situ hybridization of dazla in the mice
showed strong positive signals both in testis and

B

Figure 2. In Situ Hybridization of Dazla in the adult
female mice. Each follicles were examined under the
dark field (DF) and bright field (BF). Follicles were
classified into the Type | (primordial follicle), Il (primary
follicle), llI-IV (secondary follicle), and V (Graafian
follicle).The signal intensity was positive exclusively in
the cytoplasm of oocyte. And the signal was
significantly increased as the size of follicle grows.

B

Figure 3. In Situ Hybridization of Dazla in the adult male mice. Examination under the dark filed (DF) and
bright field (BF) showed strong signals within the cytoplasm of spermotocytes and spermatozoa.
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ovary regardless of their age (Figure 2, Figure 3).
The location of expression was cytoplasm of
oocyte in the ovaran follicle and spermatocytes
in the seminiferous tubule of testis, respectively.
The signal intensity was increased by the size of
ovary follicle. The average intensity of HSCORE
in follicle stage | to V was increased both in the
adult and immature mice (Figure 4).

3. Regulation of dazla mRNA by gonadotropin

Dazla mRNA expression showed increased
signal in the control group as the size of follicle
grows (pre-injection immature mice). However,
the intensity signals of dazla mRNA was not
changed after the injection of PMSG and
PMSG+hCG in the immature mouse compared
to immature control if follicle type is the same
as the other study group (Table 1).

DISCUSSION

Primordial follicles represent

non-growing follicles, which

a pool of
is established

recruitment (activation) of follicles to primary
and preantral follicles, the other is attrition
(apoptosis) that eventually leads to complete
depletion of primordial follicle pool resulting in
menopause™. The follicles on the pathway of
apoptosis appear to be always more than the
activated follicles. In sheep, 8 primordial
follicles disappear everyday from the primordial
reserve pool, which was demonstrated by
comparing primordial follicle number between 2
and 8-year-old ewes. Everyday 5 to 6
follicles die by apoptosis within the primordial
pool, while only 1 or 2 follicles per day show
growth initiation. Among growing pool, one
follicle can be ovulated, whereas remainder re-
sults in apoptosis again. Though we do not
precisely understand the mechanism of
primordial to primary follicle transition, there
have been several reports on the role of
and paracrine growth
secreted from ovary itself. IGF system and FSH
are not essential to primordial activation,
because follicles can develop into preantral

autocrine, factors

during oogenesis and used later for follicle without those substances.
folliculogenesis, have two fates: One is Kit ligand (KL) and its receptor kit were
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Figure 4. HSCORE of Dazla mRNA according to the follicle stage by In situ hybridization (ISH) in the adult
female mice. The HSCORE was increased significantly as the follicle size grows. Follicles were classified into
the Type | (primordial follicle), Il (primary follicle), IlI-IV (secondary follicle), and V (Graafian follicle).
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Table 1. HSCORE of dazla according to the time sequences of PMSG and hCG

Group Follicle | I I W, v
Control 150.3+9.7 228.14+20.0° 284.14+21.6°  321.4+30.6°  422.6+153"
PMSG
3hr 156.7+10.7 212.5+14.8°  221.7+19.47  303.3+34.37  335.0+10.2"
ehr 132.7+9.1 131.0+18.4 185.3+17.8°  339.1+23.7°  384.3+17.9"
12hr 160.0+5.0 175.0+12.5 214.3+19.9°  325.0+17.3°7 3785496
24hr 167.4+5.3 165.6+5.8 224.6+17.5  359.8+11.9°  400.8+9.6
48hr 167.8+7.0 176.8+11.8 242.3+253"  313.8+6.6 389.2+8.6"
PMSG+hCG
3hr 161.4+10.4 176.6+8.0 211.4+11.9°  319.0+16.0°  388.8+8.7"
ehr 153.4+9.9 152.5+6.1 172.8%+9.0° 211.7+29.1°  214.9+11.2"
12hr 154.7+9.6 173.1+12.2" 182.3+10.7" 285.0417.97  250.44225"
24hr 182.2+18.5 206.7+38.2" 264.0425.2" 346.7422.07  4425+11.4"
48hr 174.5+8.6 191.148.9° 288.7+13.3"  386.7+15.9°  433.9%5.7"

Mean=SE, *: p <0.05, **: p <0.005

described as essential for oocyte migration
and follicular development in the adult mouse.
Kit gene encoding kit is expressed from
embryonic day 7.5 in the germ cells of
developing gonads, oocyte of every follicle
stages and some theca-interstitial cells.
Spontaneous development of primordial follicle
can be totally inhibited in the mouse ovary by
ACK-2, a c-kit antibody that blocks KL
actions, while blockade after initiation of c-kit
function (5 days after birth), primoridial follicle
formation, survival, and further development
beyond antral follicles was not impaired. Thus,
KL seems to be the first molecule that is
related with initiation of primordial follicle
development™. Recent report showed that the
regulation of KL system is closely related to
oocyte specific factor GDF-9, which is one of
the key  molecules

regulating ovary

folliculogenesis.

As previously described™, dazla mRNA is
also first expressed in the ovary during
embryogenesis at between PCD 11.5-12.5,
which implies early involvement of ovary
folliculogenesis like KL. Dazla is autosomal
homologue of DAZ, which is related with male
spermatogenesis in the human and primate
other autosomal

only. In species, its

homologue Dazla is regarded as having
function of DAZ instead. Dazla is expressed in
both male and female gonad with lesser extent
of expression in the female. The function of
Dazla was identified by mutational study of
Dazla gene in the mouse®™. In homozygous
female, killed 6-9wks after birth, had tiny
ovaries compared to littermate controls. In
homzygous male, size of testis was estimated
as 1/3 of the control. Histologic analysis of the
ovaries showed that follicles and ova were
absent. Testis sections also showed complete
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absence of germ cells beyond spermatogonial
stage. Thus, it seems clear that Dazla mRNA is
related gametogenesis both in male and
female.

But, the exact mechanism of regulation on
this molecule was not elucidated yet. Before
answering this question, we performed several
experiments on the life cycle of dazla
expression from oocyte, fertilized egg, and
gonad from early embryo™. And exact location
of dazla expression in the ovary was per-
formed. In the initial experiment on the life
cycle of dazla showed that it is expressed
persistently in the oocyte regardless of their
maturity, that is, unstimulated or stimulated
oocytes by PMSG and hCG.. However, this
oocyte suddenly lost their signal just after
fertilization from syngamy and 2-cell embryo
stage. That was quite interesting finding
because both oocyte and sperm showed strong
expression of dazla. Thus, this suggests some
genes related to fertilization might negatively
control the expression of dazla. But, the
meaning and importance of this finding has not
been clearly elucidated yet. The turned-off
gene keeps going on to the stage of
blastocyst, which is followed by the resurgence
of that gene expression just after the gonadal
formation. The exact location of dazla
expression in the ovary was controversial*’. On
the contrary to the previous studies, our study
demonstrated clearly the exact location of
oocyte. That
performed several times by procuring oocytes
and granulose cell separately under
microscope so as not to get false positive
signals.

Dazla mRNA expression showed increased
signal in the control group as the size of follicle

dazla is experiment was

grows (pre-injection immature mice). However,
the intensity signals of dazla mRNA was not

changed after the injection of PMSG and
PMSG+hCG in the immature mouse compared
to immature control (Table 1). Because
signals observed in the oocytes before and
after injection of PMSG and PMSG+hCG was
not changed, the role of gonadotropin on the
dazla expression in the ovarian follicle was
expected that might not have any regulatory
role. That is, no difference between mature and
immature oocyte of the intensity of dazla in the
preliminary study implies that FSH is not a
critical factor for the regulation of dazla. Thus,
both the ovary from immature and mature mice
showed same intensity of signals if the ovary
follicle is in the same stage of follicle
development.

Taken together, obviously it is expressed in
the oocyte cytoplasm of ovarian follicles,
however, still the regulatory molecule of dazla
gene and exact roles in the oocyte maturation
or follicle development should be further
investigated.
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