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ABSTRACT : Avian primordial germ cells (PGCs) originate from the epiblast and appear in the germinal crescent.
These PGCs enter the developing blood vessels during stage 10~12 (H&H), circulate in the blood stream, migrate
into the developing gonadal anlage and differentiate into germ cells, However, it is not clear until when the migrato—
ry ability of PGC is maintained. This study was conducted to examine whether migratory ability is present in PGCs
from the gonad at later embrycnic developmental stages. In the present study, gonads were dissected from 5—, 6—
and 10—day old quail embryos and treated with trypsin—EDTA. Gonadal PGCs (gPGCs) were purified by Ficoll—
density—gradient—centrifugation and labeled with PKH26 fluorescent dye. The PKHZ6—labeled gPGCs were
microinjected into the blood vessel of the recipient quail embryo. Manipulated recipients were incubated for 3 days,
embedded in paraffin and sectioned. The foreign gPGCs were detected by fluorescent and confocal laser
microscapy. As a result, quail gPGCs, from 10, 6 and 5 day old embryos could migrate through the recipient blood
stream at early stage and settle in the gonads. Thus, results suggest that gPGCs from upto 10—day old embryos
keep properties seen in circulating PGC. Therefore, the PGCs of 10—day old embryonic gonads can be used for the
tools of genetic manipulation.
(Key words : quail, gonad, PGCs, PKH286, Ficoll)

INTRODUCTION

Primordial germ cells (PGCs) are the founder cells
of the gametes. Avian PGCs originate from the epiblast
(Eval—Giladi, 1981} and appear in the germinal cres—
cent (Ginsburg and Eyal—Giladi, 1986). These PGCs
enter the developing blood vessels at stages 10 to 12
(Hamburger and Hamilton, 1951) and migrate via the
blocd vascular system to colonize the gonadal anlagen
in which they differentiate into germ cells. Generally, it
has been known that the PGCs differentiate after 6

davs of incubation, but the factors influencing on their
differentiation and migration are still unclear. Factors
affecting the differentiation of germ cells has been
suggested to reside in the cortex of the chick gonad
and the germ cells divide mitotically between 3 and 7
days of incubation (Erickson, 1974). Premeiotic DNA
synthesis occurs in some germ cells between 15 and
16 days of incubation (Callebaut, 1967}, Maeda et al.
(1994) examined the 1— to 17—day chicken embryos
by immunohistochemistry using the chicken PGC—

positive 2C9 moncclonal antibodies. As a result, 2C9—



70 29 5 HARAHEL o] E5el e @7

reactive PGCs were increased in number beyond the
migrating stage. From this stage to the sexually dif—
ferentiating stage (7 days of incubation), the 2C9
antibody reactivity was found in all over the cytoplasm
of PGCs in both sexes. In the female gonads, the
reactivity disappeared at 8 days of incubation, whereas
the reactivity was gradually decreased and disap—
peared until 14 days of incubation in the male.

To date, attempts to produce germline chimeric
birds using PGCs have focused on the PGCs from
early embrvonic stage. The PGCs arrived in the gonad
proliferate into numerous cells through mitosis.
Therefore, if these cells in the gonad maintain the
characteristics as PGCs, a large number of PGCs can
be easily isolated for the production of germline
chimera.

Although the characteristics of PGCs have been
described in chicken, little is known about in other
avian species, The Japanese quail (Coturnix coturnix
Japonica) has the advantage of a short incubation peri—
od for hatching and sexual maturation period compar—
ing to chicken. Thus, it would be an animal model to
study experimental embryology, reproductive biology.,
and biotechnology. Quail PGCs show a specific nucle—
olus which has various amount of condensed chromatin
closely associated with the nucleolar substance
(Yoshinaga et al., 1993). Besides, no glycogen gran—
ules could be found in quail PGCs (Nakamura et al.,
1992). However, these studies are limited to struc—
tural and hitochemical characteristics.

In the present study, we isolated the PGCs from
gonads at later embryonic developmental stages and
examined their migratory ability to the embrvonic

gonad of the recipient after microinjection.

MATERIALS AND METHODS

1. Preparation of Fertilized Embryos

The fertilized eggs were obtained from the Japanese
black quail maintained at Experimental Animal Farm,
Seoul National University, Korea and incul‘)ated at 37.5
T and 60~70% relative humidity for 5 days, 6 days

and 10 days for the donor of PGCs and 2.5 days for

the recipient respectively.

2. |Isolation and Purification of Gonadal Primor—
dial Germ Cells (gPGC)

For the preparation of 5—, 6—day old gonadal pri—
mordial germ cells (gPGCs), and 10—dayv old germ
cells, gonads were dissected from the donor embryos
and rended in small pieces. Tissue was treated with
0.25 % trypsin/ 0.05 % EDTA and the Ficoll-density—
gradient centrifugation was performed to purify the
gPGCs.

3. PKH26 Labelling of gPGCs

Cells were labeled using the PKH26 fluorescent
staining kit C {(Zynazis Cell Science Inc. Japan). Sec—
tions of recipient embryonic gonad were examined by
fluorescent microscopy to identify the PKHZ26 labelled
PGCs in the host gonad. The samples were observed
by confocal laser microscopy with excitation wave

length of 551 nm.

4. Microinjection of PGCs

The eggs of Japanese black quail incubated for 2
days were prepared and used as recipients. PKHZ26
labeled gPGCs were injected into the blood vessel
through the dorsal aorta of the recipient embryo. After
manipulation, the window was sealed with parafilm.
The recipient embryos were then incubated for three
days at 37.5 C.

5. Tissue Staining

The 5.5—day old embryos were fixed and paraffin—
embedded. Embryos were sectioned using the micro—
tome (Nippon Optical workers Ce., Japan) to obtain 5—
pm—thick sections. Sections were stained with hema—

toxylin and eosin.

RESULTS

The gPGCs were concentrated using the Ficoll—

density —gradient—centrifugation method. The number
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Table 1. Purity of quail gPGCs isolated by Ficoll—density—gradient—centrifugation

Purity® of 5—day old

Purity of 6—day old

Purity of 10—day old

Trial
gPGCs (%) gPGCs (%) gPGCs (%)

1 76.5 72.6 85.7

2 75.8 73.8 88.9

3 797 £9.5 80.0

4 83.3 79.7 76.3

5 80.0 70.0 79.2
Means 78.7 73.1 825
(=5D) (+6.2) (£8.2) (£10.3)

1 number of PGCs

" Purity of gPGCs = %100 (%)

number of total cells

of cells was counted under the microscope. The purity
of gPGCs after Ficoll—density —gradient—centrifuga—
tion was 73.1~82.5 %. No difference was found in
purity of cells from embryos at different stages (Tahle
1). Results also showed that the proportion of PGCs in
gonads was higher than that in blood. It was also
shown that there was no change in appearance and
size of PGCs after Ficoll density centrifugation. In this
study, change in the shape of PGCs was also not
observed.

Injected gPGCs in the gonadal region of the recipient
embryo were determined by fluorescence. Fig. 1
shows the recipient gonad following injection of gPGCs
from 5—day embryos. Fluorescent labeled PGCs were
observed with an intact cell shape in the gonadal
region. Magnification made it clear of the characteris—
tics of gPGC — large size, round shape and eccentric
nucleus (Fig. 1B—1C).

Confocal laser microscopy was carried out to con—
firm these results. PKH26 is a red fluorochrome and
has excitation (551 nm} and emission (567 nm) char—
acteristics compatible with rhodamine or phycoery—
thrin detection system. Fig. 1D shows the fluorescent
labelled donor gPGCs in the recipient gonad by the
confocal microscopy.

The recipient embryos which were injected with
gPGCs of 6—day old embryos were also analysed.
Exogenous gPGCs were observed in the recipient
gonad (Fig. 2A—2B). PKH26 labeled PGCs became

visible inside of the recipient gonad.

The specimen injected with gPGCs of 10—day
embryos was observed by fluorescent and confocal
laser microscopy (Fig. 3A~D). The large, round cells
that labeled with PKH26 were distributed in the area
of the gonad.

DISCUSSION

Avian PGCs have been used in the production of
germline chimeric birds. However, the concentration of
PGCs has been found to be essential for the efficient
production of germline chimera. It is a general notion
that greater number of PGCs are present in the gondal
analge than other tissues of earlier embryonic devel—
opment. It has also been demonstrated that gPGCs
maintain their migratory activity in the recipient
embryo as evidenced by production of chimeric off—
springs (Chang et al., 1997).

Yasuda et al. (1992) described that blood PGCs from
2 day old chick embryos were concentrated by Ficoll—
density —centrifugation, then the concentrated fraction
containing 3.9% PGCs in bloed. In this study, quail
gPGCs could be isolated with a relatively high concen—
tration using the same method. Therefore, it is rea—
sonable to assume that quail PGCs may have physical
properties not much different from chicken PGCs.

Somatic and germline chimera have been produced
by injection of chicken blastodermal cells into recipient
embryos (Petitte et al., 1993; Naito et al., 1994; Seo et
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Fig. 1. Fluorescent donor gPGCs from the gonad of the 5—day old embrvo found in the recipient embryo. Fluorescence—
labeled gPGCs were observed in an embryonic gonad section at three days after microinjection (arrowheads) (A).
Observation under the fluorescent microscope (B) and under the light microscope (C). The specimen was
observed by confocal laser microscopy with 551 nm excitation and 567 nm emission (I). Magnifications | X 250
(A), X100C (B, C and D), respectively.

Fig. 2. Fluorescent doner gPGCs from the gonad of the 5—day old embryo found in the recipient embryo. Fluorescence—
labeled gPGCs were present in the embryonic gonad section at three days after microinjection (arrowheads).
Ohservation under the fluorescent microscope (A) and the light microscope (B), respectively.
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Fig. 3. Fluorescent gPGCs from the gonad of the 10—day old embryo found in the recipient embryo. Fluorescence —labeled
gPGCs were present in embryonic gonad section at three days after microinjection (arrowheads) (A). Chservation
under the fluorescent microscope (B) and the light microscope (C). The specimen was observed by confocal laser
microscopy with 551 nm excitation and 567 nm emission (arrowheads) (D). Magnifications : %400 (A), x 1000

(B, C and D}, respectively.

al,, 1995). PGCs from germinal crescent were trans—
ferred into recipient chick embryos (Revnaud, 1976
Vick et al., 1993). PGCs from embryonic blood
(Simkiss et al., 1989; Petitte et al, 1991: Tajima et al,,
1993) and embryonic gonads (Tajima et al.,, 1996)
were used to produce chimeric birds. The cultured
gPGCs could also produce germline chimeric chickens
successfully (Chang et al., 1997). In quail, Ono et al.
(1994) produced a germline chimera by microinjection
of dispersed blastoderm cells taken from the unincu—
bated quail eggs. Wentworth et al. {1983) produced
germline chimeric quail by transferring PGCs obtained
from the germinal crescent into sterile recipient
embryos. Ono et al. (1996) obtained PGCs from blood

of the marginal vein on quail embryo and microinjected

into the chick embryo, and then identified donor PGCs
by immunohistochemical assay using QCR1L.

Several studies have been carried out to investigate
the mechanisms involved in PGC migration in chicken.
Classically, there are two factors involving in the
migration of PGCs in the blood stream: chemotactic
and mechanical factors. PGCs are attracted to devel—
oping gonads by a chemotactic—like agent possibly
secreted from the gonad and that this agent might be
steroid—like substance (Swartz, 1975). During migra—
tion, it has been suggested that regulated interactions
occur between the glycoconjugates of the moving
germ cells and the physicochemical characteristics of
the extracellular matrices acting as substrates for the

movement (Forgeix et al, 1980). Besides, the alter—
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ation of cell surface properties using Con A inhibited
migration of PGCs in early chick embryos (Lee et al,
1978). Incubation of eggs at reduced temperature
leads to a decline in the rate of migration of PGCs (Al—
Thani et al, 1992). It has also been suggested that one
of the mechanisms of PGC migration is an autonomous
trapping of PGCs by the capillary network quite close
to the germinal epithelium and passive translocation
(Kuwana et al., 1999).

Although a few studies have been carried out to
investigate each factors and mechanisms in quail, it
may be resonable to assume that situation is analogous
to chicken. Therefore, our results suggest that quail
gPGCs of upto 10—day embryos may migrate to the
embryonic gonad.

The number of PGCs from the gonad is greater than
that from the blastoderm or blood because of the
mitotic proliferation during migration and after settle—
ment in the gonad., The embryos of the later stage
have the more PGCs. If the cells maintain the charac—
teristics as PGCs in the later stage, we can obtain
enormous PGCs from the gonads effectively.

This study shows that 10—day—old quail gPGCs
could migrate and settle in the gonads suggesting that
the gPGCs of later stage have the activity of migration
into the gonads in the blood stream of recipient
embryo. Therefore, the PGCs from up to 10—day—old
embryonic gonads could be used for the tools of
genetic manipulation. However, the migratory efficient
of 10—day—old gPGCs was lower than that of gPGCs
from earlier stage. However, it has to be learned
whether the PGCs integrated could differentiate into
germ cells.

In conclusion, quail gPGCs can be isolated by Ficoll
density gradient centrifugation with high purity.
Therefore this method can be used to obtain the PGCs

for the production of autogenic quail.
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