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Figure 1. Schematic diagram of the production of pheasants (Phasianus colchicus)

by interspecies germ cell transfer into chicken embryos (Kang et al., 2008)
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Figure 2. A Jeju cock pheasant supplied from the cooperative farm for experiment.
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PMEM
10 FBS
1% pemicillin

Figure 3. Comparative size of testis of Jeju pheasant between non-breeding
and breeding season. (A) Non-breeding season (November-December), (B) Breeding
season (May—June). Testicular organ size of breeding season (3.0 x 1.5 cm) is

larger than non-breeding season (0.3 x 0.8 cm).
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Table 1. The properties of the testicular cells using cell analyzer after

degradation of enzyme with single cell.

Cell concentration (cells/m{) Cell size (¢m)
Vaibility

Total cell® Viable cell® Dead cell° Viable cell  Dead cell®
Before 6 . i

1.0 X 10° 84 X 10° 20 X 1O 81 % 119 7.1
culture
After 6 6 4

15 X 10 14 X 10 5.0 X 10 97 % 139 89
culture

# Total cell concentration of pheasant testis.
" Viable cell concentration of pheasant testis.
“ Dead cell concentration of pheasant testis.
d Average viable cell size of pheasant testis.

¢ Average dead cell size of pheasant testis.
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Figure 4. Colony forming cells in the isolated pheasant testicular cells at day 7 (A),
day 12 (B), and day 20 (C) after incubation.
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Figure 5. Establishment of growth conditions for pheasant spermatogonial stem

cells with co—culture system. Data are reported as mean + SD. * Significance

at P < 0.05.
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Figure 6. Effect of growth factors on pheasant spermatogonial stem cells. Data

are reported as mean + SD. * Significance at P < 0.05.
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Figure 7. Colony formation of pheasant spermatogonial stem cells. chicken
spermatogonial stem cells (A), pheasant spermatogonial stem cells after 8 days

(B), 12 days (C), 13 days, passage 3 (D), and 15 days, passage 6 (E).
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Figure 8. Immunofluorescence antibody assay for the characterization of

pheasant spermatogonial stem cells. (A) Phase contrast microphotograph of
spermatogonial stem cells colony, (B) Green fluorescence of GFRal antibody

in the colony, and (C) The merge state of figure (A) and (B).
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Figure 9. Methodological approach for 3D culture. (A) The cultured cells of
the testes, (B) Spermatogonial stem cells colony, (C, D) Real-time observation
of the interaction between sex cells and somatic cells in microtubule, (E, F)
Fluorescence staining indicating the interaction between spermatogonium and

somatic cell.
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Figure 10. Infertility efficiency with morphological changes in testis by surgical
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Busulfan injection temperature
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method and heat activated busulfan injection after busulfan treatment. (A) Surgical
technique that applies a surgical testicular injection method, (B) Small size of
testis after busulfan treatment, and (C) Infertility efficiency in accordance with
degree of heat activated busulfan injection. Data are reported as mean = SD.

* Significance at P < 0.05.
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Figure 11. Effect of busulfan on chicken infertility efficiency with the increase

of sexual age. Data are reported as mean * SD. * Significance at P < 0.05.
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Figure 12. Recovery percentage of sex cells after busulfan treatment through

culture. Data are reported as mean + SD. * Significance at P < 0.05.
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Figure 13. Collection of cell culture of the testes after testis transplantation.
(A) PAS staining patterns by using separated sex cells, (B) Confirmation of
cell division is progressing with PI staining (day 4 after culture), (C) Colony
forming cells stained with PAS staining, and (D) Confirmation of colony

forming sex cells around the center of the colony.
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Figure 14. Colony formation of isolated pheasant testicular cells in 3D culture.
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Figure 15. The distribution of pheasant sex cells in the gonads of chick embryo.
Injection of 10,000 (A), 20,000 (B), 30,000 (C), and 50,000 (D) pheasant sex cells.
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Figure 16. The distribution of sex cells derived from donor in the recipient

testis after injection of pheasant spermatogonial stem cells. Data are reported

as mean = SD. * Significance at P < 0.05.
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Figure 17. Ratio and growth features of c-kit+ cells in pheasant spermatogonial

stem cells. (A) The ratio of c-kit marker through flow cytometric analysis,

and (B) Growth curve after MACS seperation.
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Table 2. The incidence of the chick embryos according to injection of

pheasant sex cells.

No. of viable emblryob
No. of germ No. of

cell injection® hatched chick®
Day 0 Day 5 Day 10 Day 19

354 312 145 66 24 6

# Number of germ cell injections given in the chick embryo.
> Number of viable embryos at different days from the day of injection.

¢ Total number of hatched chick at the end of experiment.
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Table 3. Relative share of donor sex cells in the chick embryos with

reference to the injection of pheasant sex cells.

No. of recipient No. of PKH26 PKH26 positive

gonad® positive gonad” gonad (%)°

PKH?26 positive
cells (%)

20 6 30

5.3

# Number of recipient gonad.

> Number of PKH26 positive gonad.

¢ Percentage of PKH26 positive gonad.

4 Percentage of PKH26 positive cells in the total gonadal cells.
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Figure 18. The proportion of stem cells distributed in the donor PKH-26 cells.
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ABSTRACT

Establishment of spermatogonial stem cell line
in pheasant (Phasianus colchicus) for restoration

of endangered birds

Jeong Hyun Kim

Department of Animal Biotechnology, Graduate School

Jeju National University, Jeju, Korea

Animals have a genetic physiological characterization which is specific for
each species. These features can be widely used for differentiation of germ
and somatic cells, expression analysis of genes which are specific for a
particular sex, and for the conversation of genetic resources in the life
sciences that utilize cross—species chimeras.

In addition, to this inter—species germline chimeras are important as they
allow the restoration of endangered species. Studies for restoring mammalian
animals is underway, and the major difficulties are because of long generation
mterval. Birds, unlike mammals, have reproductive and physiological characterization,
and have the advantage that the generation interval is relatively shorter as
compared to the mammals. Pheasants belong to the group of wild birds
which are seasonal breeders. Their population is large and can be breed
easily. Therefore it is believed that pheasants will be the best experimental

animals for study of endangered birds.
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This study was conducted to develop techniques for the restoration of
endangered birds using spermatogonial stem cells by interspecies germline
chimeras between pheasant (Phasianus colchicus) and chicken (Gallus gallus). In
the current study emphasis has been given on the establishment of
spermatogonial stem cell line as an animal model for research.

Isolation of spermatogonial stem cells was performed from the surgically
removed testis from pheasant. Growth conditions for pheasant spermatogonial
stem cells by co-culturing pheasant STO basal cells and somatic cells using
spermatogonial stem cells of chickens were established.

In this study, subculturing was performed for the establishment of cell line.
Colony forming cells divided and proliferated stably to the cell lines in the
positive direction.

Further, no expression of Oct4, Nanog, Thyl, SSEA-1 and SSEA-4 was
observed as of specific expression markers in pheasant spermatogonial stem
cells, but GFRal expressed significantly. GFRal i1s known to promote
proliferation factors of spermatogonial stem cells.

Testis of the recipient were made infertile and 4-16 weeks old chickens were
injected busulfan (heated at 41 C) at 2 weeks intervals. Infertility efficiency
of chickens after sexual maturation was measured by generating and
establishing most idealized mechanism for infertile chickens. An infertility was
induced in 40 % young chickens of 4 or 6 weeks age. Significantly, more than
70 % of sterilizing percentage except only among 8 and 10 weeks of age has
been observed (P < 0.05). It has been observed that if we use 8 weeks old
recipient chickens, we can get good results of cell injection using pheasants.

Similarily, sex cells recovery percentage from the chickens was measured at
the end of experiment and 5 % sex cells were recovered after 8 weeks. When
pheasant cells are seated correctly, we can generate highly efficient chimeras.

92.87 9% of cells using the c-kit, cultured cells for the efficient mass culture

of spermatogonial stem cells. The results of -culture -capability were
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significantly different as compared to non-isolated cells and demonstrated the
potential of c—kit which marker which can be used as a separation marker of
spermatogonial stem cells in pheasants.

Finally, Generation of chimeras has been tried through the transplantation
of pheasant spermatogonial stem cells into recipient embryos. Even though
embryo survival incidence was low, but initial survival rate was enough. To
measure the percentage of donor sex cell moved to gonad after microinjection,
staining of sex cells of pheasant with PKH-26 was performed and 30 % donor
cells in the gonad of recipient chicken were observed. The distribution of
stem cells in the transplanted sex cells were confirmed by FACs analysis.
The c-kit/CD117 positive cells were analyzed at a rate of about 948 %, and it
has been engrafted stably in the gonad of the recipient.

These results suggest that induction of infertility and growth of the
transplanted cells are developed when technologies of proliferation using
spermatogonial stem cell line of pheasants or endangered birds are adopted. It
1s possible to develop production technologies of efficient interspecies germline
chimeras in avians and also, it could be used to restore the endangered birds.

Therefore, from the current study it is concluded that avian spermatogonial
stem cells are highly useful for the conservation of endangered birds and the
production of germline chimeras. It is believed that further research is needed
for the production of efficient interspecies germline chimeras and if it has
stable supplies and systems, we can try to apply for restoring the endangered

birds.
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