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Expression of Dazla Gene in the Development of Mouse Ovary™
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Ten to twelve percent of married couples are
suffering from infertility. On the contrary to the
initial belief on infertility as primarily of femae
problem, now it is accepted that half of them are
entirely or in part due to male factor. Significant
portion of these are infertile either as a result of
not producing enough sperm (oligospermia), or
not producing sperm at all (azoospermia). Some
of these patients show microdeletion of Yq(disa
long arm), suggesting that underlying genetic fac-
tor is responsible for spermatogenetic abnormal-
itiesin certain portions. Thisled to the postulation
that alocus encoding azoospermic factor (AZF) is
located in distal long arm of Y-chromosome, sub-
sequently found three cluster of genes (AZFa,
AZFb, and AZFc).!

There are two AZF candidate genes isolated.
OneisRBM (RNA binding motif) gene, the other
one is DAZ (deleted in azoospermia)/SPGY (spe-
rmatogenesis gene on the Y) gene. RBM encodes
anuclear protein, which has a single RNA reco-
gnition motif (RRM) and an internally repeated
sequence called the SRGY box. Its expression is
restricted to the male germ line in man and mouse.
In human, it is located on AZFb? while it is loca-
ted on the short arm of Y-chromosome between
Sry and the centromere in the mouse® DAZ and
SPGY were originaly considered as different gene,
but it isnow clear that both are same gene located
onAZFcin the human.*

One distinctive thing between DAZ/SPGY and
RBM genes is that DAZ/SPGY do not exist in
other species except human and primate (old world
monkey). Species other than human and old world
monkey have DAZ/SPGY homology in autosomal
site. Interestingly, thereisaso DAZ homologuein
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(oocyte specific

monkey and human autosome. The autosomal ho-
mologue has been cloned from many species.
Mouse homologue of DAZ mapped to chromo-
some 17 band 1. Human autosomal homol ogue of
DAZ would be on the short arm of human chro-
mosome 6, based on homology between the mouse
and human gene maps?

Thegenomic structure of the DAZLA (or Dazla,
DAZ like autosome), which gene is autosomal
homologue of DAZ, was elucidated and found to
be consisting of 11 exons spanning 19 kb The
exon/intron boundaries are conserved between
DAZ and Dazla. The homology between human
DAZ and mouse Dazla is not strong, and Dazla
contains only one of the seven DAZ repeats found
in DAZ. Instead, there is more homology between
human and mouse Dazla. Human Dazla shows
88% homology with mouse Dazla whereas 76%
homology with human DA Z and Dazlaprotein se-
quence.’

The role of Dazla gene regarding female folli-
culogenesis paid little attention by most resear-
chers until recently because the intensity of Dazla
expression in the female is 1/100 of the male,
abeit it is expressed both in male and female®
The function of Dazla was identified by mutati-
onal study of Dazlagene in the mouse”® In homo-
zygous female, killed 6~9 weeks after birth, had
tiny ovaries compared to littermate controls. His-
tologicanalysisof the ovaries showed that follicles
and ova were absent. However, there is no uni-
versal consensus among researchers on the exact
|ocation of the Dazlagene expression in the ovary.
Thus, this study was performed to investigate the
location of Dazla gene expression and to observe
temporal expression patterns of Dazla mRNA



during embryogenesis in the mouseovary.

MATERIALSAND METHODS

1. Source of ovary tissues, oocytes, and em-
bryos

Pregnant mice with PCD 7, 11, 12, 14 (n=9
respectively), 27 days old immature female mice
(n=32), 8 weeks old female mice (n=9), and 9
weeks old male mice (n=3) were sacrificed to re-
trieve embryos, fetuses and ovaries respectively.
Oocytes and granulosa cells were collected with-
out injecting gonadotropin or after injecting PM SG
(10 V), which is followed by hCG injection 48
hours later (10 IU). Oocyte and granulosa cells
were separated under dissecting microscope after
puncture of ovary follicles. Animal experiment was
performed under observance of AFSG (animal
facility service guidelines).

2. Semiquantitative RT-PCR

Primer design was based on the most homolo-
gous mRNA seguences among human, mouse, and
rat within exonal region. The forward primer was
TCA CTGATC GAA CTG GTG TG, and reverse
primer was TCA GCT CCT GGA TCA ACT TC.
RT-PCR was performed as previoudy described
(20). In brief, 500 ng of extracted RNA was sub-
jected to the RT reaction using first strand cDNA
synthesis system (Life TechnologiesInc.) with ran-
dom hexamer (2 ng/ul), reverse transcriptase (200
U), and deoxynuclectide triphosphate (ANTP, 0.5
mM) at 42 for 50 min, 70  for 10 min. Serid
diluation of cDNA (1/2, 1/4, 1/8, 1/16) corresp-
onding to the different experimental time points
(20, 25, 30, 35 cycles of amplification) was made
to determine the log phase of amplification reac
tion. After resuspending first strand cDNA in 50
pl water, PCR was performed under following
conditions: 30 cycles of denaturation at 94 for
30 sec, annealing temperature at 55  for 30 sec
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and extensionat 72  for 30 sec.

3. In situ hybridization

Paraffin-embedded mouse ovarian tissue sec-
tions (10 pum) 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. maximal cross-
sections or whole-thickness dlices). The relevant
in situ hybridization procedures have been descri-
bed previously.™ In brief, after dewaxing, sections
were treated with proteinase K, acetylated, washed,
dehydrated, and hybridized with radioactive probe
(10° cpnv/ pl). Dada probes were designed to con-
tain homologous region for mouse, rat, and human.
Plasmids constructed for the probe preparation
were asfollows: Dazla-457 for Dazla, aDNA seg-
ment (457 bp) of mouse Dazla exonal region was
amplified by RT-PCR from ovarian total RNA and
cloned into a pCR Il vector, (Invitrogen, Car-
Isbad, CA). Antisense and sense RNA probeswere
synthesized by transcription using 355-UTP and
T3 or SP6 polymerase after digestion with BamHI
and Xhol restriction enzymes. After hybridization,
sections were treated with ribonuclease A, washed
in decreasing concentrations of saline sodium cit-
rate (SSC), and finally in 0.1X SSC at 65 for
40 min. After dehydration in graded ethanol solu-
tions, 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  in a desiccated,
dark box. After exposure, the slides were develo-
ped (Kodak D19, 3.5 min at 14 ), rinsed briefly
in distilled water, and fixed. After washing, dides
were lightly stained with hematoxylin and eosin.
In each experiment, duplicate slidesfrom all ovar-
ies 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 al ovariesin al ex
periments were scored and the data were repeated
at |east three times with similar results.

RESULTS

Dazla mRNA was detected in adult testis, im-

mature ovary, and adult ovary tissues by RT-PCR
(Figure 1). RT-PCR of Dazla was positive in
oocytes from immature and adult mice regardless
of their maturity (GV, MII), while granulosa cells
(GCs) from immature and mature mice were ne-
gative. Granulosa cdllstreated by PM SG/hCG were
aso showed negative RT-PCR. Human Iuteinized
granulosa cells from IVF-ET patients and granu-

1 2 3 4 5 6 7 8 9 10

R-actin

1. Adult testis
2. Immature ovary
3. Adult ovary

4. Oocytes from adult ovary (GV: 48 hrs after PM SG)
5. Oocytes from adult ovary (MI1: 48 hrs PMSG/14 hrs after hCG)
6. Oocytes from immature ovary without treatment
7. GCs from immature mouse ovary without treatment
8. GCs from mature mouse ovary without treatment
9. GCs from mature mouse ovary with 48 hrs after PMSG
10. GCs from mature mouse ovary with 48 hr PMSG/14 hrs after hCG

Figure 1. RT-PCR of Dazlain the mouse testis, ovary, oocyte and granulosa cells

Dazla

B-actin

457 bp

1. Mouse oocytes (GV)
2. Mouseoocytes (MI1)
3. 2 pronucleus (2PN)
4. 2 cdl embryos

5. 4 cdl embryos

6. 5-7 cdl embryos

7. 8 cdl embryos

8. Morula
9. Blastocyst

*3-9: In vivo development

Figure 2. RT-PCR of Dazlain the mouse oocytes and various stages of embryos



losa cells from granulosa cell line also showed pronuclear stage (2PN), which pattern of expres-

negative signal RT-PCR (data not shown). sion was persisted through embryo stages before
RT-PCR of Dazla showed that Dazla expression implantation (2 cell, 4 cell, 8 cell, morula, and
was disappeared shortly after fertilization in the blastocyst) (Figure 2).
1 2 3 4

1. Mousefetus PCD 7

2. Mousefetus PCD 11
3. Mousefetus PCD 12
4. Day 27 ovary after birth

Figure 3. RT-PCR of Dazlain thefetal stage of mice

A: Sense, PCD 14 femde fetal ovary

B: Antisense, PCD 14 femdefetal ovary
C: Sense, PCD 14 mdefetd testis

D: Antisense, PCD 14 maefetal testis

Figure 4. In situ hybridization in PC D 14 mice fetal gonads
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RT-PCR of Dazla showed that it did not reap-
pear until PCD 12 of fetal stage, which corre-
sponds to the stage of differentiation into male or
female gonads (Figure 3).

However, In situ hybridization of Dazlain the
PCD 14 mice showed strong pasitive signals both
intestis and ovary (Figure 4).

DISCUSSION

Dazla is autosoma homologue of DAZ, which
isrelated with male spermatogenesis in the human
and primate only. In other species, its autosomal
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 iden-
tified by mutational study of Dazla gene in the
mouse.® After replacing region of the gene with
neomycin resistant marker by homol ogous recom
bination in embryonic stem (ES) cells, which trun-
cates the Dazla gene at nuclectide 309, leaving
the RNA recognition motif intact. In homozygous
female, killed 6~9 wks 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 absence of germ cells be-
yond spermatogonia stage. Thus, it seems clear
that Dazla mRNA is related gametogenesis both
inmde and female.

Interestingly, in the absenceof Xdazla (Xenopus
Dazla), premordia germ cells (PGCs) do not suc-
cessfully migrate from the ventral to the dorsal
endoderm and do not reach the dorsal mesentery 2
Germ plasm aggregation and intracellular move-
ments are normal indicating that the defect occurs
after PGC formation. It is, therefore, important to
know when the expression of Dazla gene starts?
The first expression of Dazla by Northem blot
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analysis appearsin embryonic gonads at PCD 12.5,
and even earlier at PCD 11.5 by RT-PCR in male
and female gonads® In PCD 11.5, the only germ

cells present in the gonad are PGCs. PGCs are

first recognized in the extraembryonic mesoderm

a PCD 7.5, subsegquently migrate to the develop-
mental genital ridges at PCD 11.5. From PCD 8.5
to PCD 13.5, PGCs replicate by mitosis at a uni-
form rate with adoubling time of about 16 hours®
However, in our experiment, we could not detect
Dazla mRNA expression by RT-PCR at PCD 7,

11 and 12, which is contradictory result from pre-
vious report (Figure 3). We performed RT-PCR
several times after cutting abdomind portion to

get concentrated amounts of mMRNA from gonads
as well as collecting supposed gonads directly
under dissecting microscope. It is possible that

total amounts of MRNA from gonad may not be
enough to get positive signal in our experiment.

However, we tried to avoid dilution effect from

surrounding tissues by taking gonadsdirectly under
microscope. And also we have seen persistent po-
sitive signals from 5 to 10 cells of oocytes, which
suggests less chances of technical failure in our

experiment. Thus, it should be elucidated further

to confirmthis conflicting result.

After sexual differentiation at PCD 13.5in the
mouse, oogonia enter meiotic prophase, while pro-
spermatogonia continues to divide by mitosis until
PCD 14.5 and then prospermatogonia remain qui-
escent until after birth. Thus, after PCD 15 it shows
sexual dimorphism in the expression d Dazla
Dazla transcription level increases and reaches
similar levels in gonads of both sexes until PCD
15, which is the time of first oogonia enter me-
iosisin the mouse. After this, in the female gonad,
Dazla transcription level decreases to half and re
mains on that level while oogonia proceeds me-
iosisand arrestsin prophase, shortly before birth.
In contrast to female gonad, in the male gonad,
steady levels of transcription were detected thr-



ough embryonic development. The number of sp-
ermatogoniaper testisincreased significantly from
05x 10° at birth to about 6x10° cells per testis
after day 25, while the number of oocytes per
ovary decreased significantly from about 0.1x 10°
a birth to about 4,500 when female reaches pu-
berty. Thus, total transcription level of Dazla bet-
ween testis and ovary reflects these differencesin
germ cell numbers. In our experiment, Dazla ex
pression was strong enough both in testis and
ovary by In situ hybridization. Thus, it seems to
be clear that Dazla is expressed both in testis and
ovary after sexual development.

Then, where isthe location of expressioninthe
ovary follicle? Dazla expression in the growing
follicles or embryos as well as the exact |location
of mMRNA expression was not reported clearly. It
is reported that Dazla mRNA is expressed in the
cytoplasm of oocyte during embryonic periods,
while it can be detected in the zona pellucida, and
eripheral cytoplasm in the adult ovary follicle.”
517 Recently, experiment performed from human
adult and embryo ovaries, Dazla expression was
detected in the granulosacellsaswell as cytoplasm
of the oocytes performed by immunohistochemi -
stry, and in situ hybridization®>*" However, most
studies regarding location of Dazla expression were
made from immunohistochemistry, which method
can give too many non-specific false positive sig-
nals. Thus, the exact location of Dazla expres-
sionintheovary istill controversial, which urges
further studies on the exact location of Dazla
MRNA expression. Thus, we designed our experi-
ment to get oocytes and granulosa cells separately
in order to avoid false positive signals (Figure 1).
Of course, there is a chance that cells can be con-
taminated each other. But, thereis a scarce chance
to be contaminated each other, because separation
of single oocyte and granulosa cells was made
under microscopy. Moreover, even though granu-
losa cells have more chances of contamination by
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oocytes potentialy, we did not observe any signal

of Dazlain the granulosa cells consistently, while
oocytes showed positive signalsregardless of their
maturity (Figure 1). Thisisexciting result because
Dazla can be ancther candidate gene as a new

oocyte specific growth factor that can control ova-
rian folliculogenesis if our result is true.

Another interesting question is that when does
the Dazla expression turn off. No one tried to
make an experiment to respond this question until
now. In our experiment, we confirmed that Dazla
MRNA expression is turned off shortly after ferti-
lization at thestage of pronucleus (2PN). Negative
signal persists through preimplantation stage em-
bryos, that is, blastocyst (Figure 2). Taken together,
Dazla mRNA expression is down regulated after
fertilization and reappears first in the germ cell of
male and female at |east from the stage of gonadal
sex differentiation.

The implications of Dazla in the clinica prac-
tice are obvious. There is one report related with
the Dazla used for prognostic value in male infer-
tility.” In the azoospermic infertile male, if Dazla
gene is detected, there is a chance to find sperma-
togenesis in the testis after biopsy before patho-
logical report® If not, there is little chance of
spermatogenesis. Even though Dazla potentialy
can be amarker of presence of oocytesin prema
ture ovarian failure likewise azoospermia, however,
there is no report on the clinical application of
Dazlain the female. And thereis no human report
on the Dazla single gene mutation in the primary
amenorrhea or premature ovarian failure patients.
Thus, it may be necessary to explore whether one
or both copies of Dazla genes are deleted or mu-
tated in the primary amenorrhea or premature ov-
arian failure.
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