HEEE 26(2) : 119~129(1999) K.J. Poult. Sci. 26{(2) : 119~129(1999)

Possible Production of Transgenic Chicken by
Transferring Foreign Genes and Germ Cells
N. Fujihara
Laboratory of Animal Reproductive Physiology, Animal Resource Science Section,
Division of Bioresource and Bicenvironmental Sciences, Graduate Schoal,
Kyushu University, Fukuoka 812-8581 Japan

2|5 e &ix}e| Folol| 2]st violM|x2}
EZATI J1= Mike| ISy
N. Fujihara
Laboratory of Animal Reproductive Physiclogy, Animal Resource Science Section,

Division of Bioresource and Bioenvironmental Sciences, Graduate Schaool,
Kyushu University, Fukuoka 812-8581 Japan

ABSTRACT

In recent years, numerous researches have been carried out in author's laboratory to develop
several kinds of methods for producing transgened chicken, leaving a lot of new findings. Some of
them are very useful to search for new approaches necessary to improve the efficiency of
hatchability and the survival rate of developing transgened embryos. The results obtained hitherto
might be summearized as follows: (1) Foreign gene(Lac Z /Miw Z) introduced into blastodermal
cells of developing embryos was successfully transferred to embryos, leading to the production of
primordial germ cells(PGCs) carrying foreign DNA. However, hatched chickens failed to show the
incorporation of mtroduced gene into the gonads. (2) When foreign gene was introduced into ger-
minal crescent region{GCR), the gene was also efficiently mcorporated into germ cells, resulting
in the production of transgened chickens{offspring) which produced further offspring having
foreign gene n the gonads. In this case, 2nd and 3rd generations of chickens were obtained
through the reproduction of transgened birds, {3) In another way, the gene was injected into
blood vessels of developing embryos at stage 13~15, creating PGCs having foreign gene, and
produced some transgened chickens. In this work, the PGCs Wt'are transferred between embryos,
resulting in the production of transgenic chickens. {4} In these experiments, PGCs were
effectively employed for producing transgenic birds, developing sume kinds of chimeric chickens
from homo- or hetero-sexual transfer of the PGCs from embryos. This means that the gonads from
donor PGCs developed in some degree to the stage of hatching, However, ihase gonads showed
slightly abnormal tissues sumilar to ovotestis like organs through histological examination, (5)
Avian Leukosis Virus{ALV) induced B cell line(DT40) successfully carried foreign genes into
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chicken embryos, suggesting the possibility of the cells as a vector in this field of study in the fu-

ture. (6) Inter-embryenic transfer of the PGCs also gave us some interesting results, suggesting

the posaibility of producing chickens carrying donor cells-derived gonads when hetero-sexual
transfer of the PGCs was conducted, This also infers the possibility of creating the ponads having
W-bearing spermatic cells. {7) The PGCs were cultured outside the body with great success,

forming a sort of clumps having PGCs therein, In conclusion, this series of experiments in author’s

laboratory strongly suggest that transgenic chickens could be successfully produced in the very

near future, particularly using the PGCs as a mediator for developing the gonads with homo- or

hetero-sexual germ cells. This may also promise the possibility of producing W chromosome-bear-

ing sperm cells even in the hetero-sexually developed gonadas.

{Key words: chicken, PGCs, transgene, emhryos, germ cells, gonads)

INTRODUCTION

Lately, the researches on the production of
transgenic chicken have been focused on mainly
two kinds of tendency(Naito et al., 1998; Fuji-
hara et al,, 1998). One is to produce a sort of
chimeric birds using PGCs and /or blastodermal
cells and the other to introduce some kinds of
foreign genes such as lac Z /Miw Z{Naito et al.,
1991; Fujihara et al., 1998) and recently, green
fluorescent protein(GFP) (Maruvama et al.,
1998; Ebara and Fujihara, 1999a). Particularly,
the latter gene, the GFP, has been successfully
employed for studving transgenic animals in-
cluding chickens (Maruyama et al., 1958; Ebara
and Fujihara, 1999a). This special protein has
some special features for using hiving cells such
as developing embryos as research tools(Chalfie
and Kain, 1998; Sullivan and Kay, 1999). This
chemical may give us much more useful infor-
mation to carry out the experiments on the pro-
duction of transgened chickens in the near fu-
ture. In this report, therefore, most recent
results obtained from our laberatory will be
demonstrated here in some detail, hoping that
our final goal may be realized before long.

The goal of our study is to produce kind of
transgenic White Leghorn hens, which may pro-
duce brown color-shelled eggs, In this respect,
we have to search {or genes regulating eggshell
color in the brown chicken such strain as New
Hampshire and Rhode Island Red using recent
novel toos] for extracting DNA, In this connec-
tion, it seems very beneficial using germ cells
mncluding PGCs for producing transgenic chi-
ckens, This review, therefore, will extraordi-
narily focus special stress on recent works being
done in author's lahoratory, including some of
the former researches which have already been
summarized elsewhere{Fujihara et al., 1998:
Fujihara, 1995a).

TRANSFECTION OF EXOGENOUS
GENES INTOA @ EMBRYOS

With regard to the method for introducing fo-
reign genes into chicken emhryos, a lot of rese-
arches have been carried out mainly empolying
blastodermal cells of early developing chicken
embryos (Naito et al,, 1594). Most of the inve-
stigations for this purpose were to obtain
fertilized ova from the oviducts of hens by sur-
gical cpeation or hormonal induction of prema-
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ture oviposition. To overcome this troublesome
task, the methods described below were exploi-
ted, bringing about desired cutcomes, hoping fu-

ture production of transgenic birds.

INJECTION OF FOREIGN GENES
INTO BLASTODERMAL CELLS

Until recently, main approach for injecting
foreign genes into chicken embryos was to use
one-cell eggs, which were obtained, surgically
from the oviduct{magnal region) of hens
(Pettite et al,, 1950: Naito et al., 1994; Maeda
et al., 1997). This technique was confirmed to
be time-consuming and hensacrifice which are
also argumentative and controversial for those
who keep the mind of animal welfare, Another
way to introduce exogenous DNA inte blastoder-
mal cells without killing hens was waited for
long time,

Author’s iaboratory, therefore, has developed
a novel method to introduce foreign genes into
blastodermal cells by using freshly oviposited
fertilized eggs(Inada et al., 1996; 1997; 1998).
In this study, the PGCs were also transgened,
leading to the gonads carrying injected DNA,
though next generation, {ransgenic offspring,
was not successfully obtained({Inada et al.,
1997). This techmque will, however, provide a
keen sense to those who work for this field of
research in poultry sciences.

For transferring forelgn genes into early deve-
loping chicken embryos, electroporation method
was verified to be much mor effective as
nonviral means of exogencus gene transfection
tc somatic cells of living chicken embryos in
ove{Muramatsu et al., 1997; 1598),

INRODUCTION OF EXOGENOUS
DNA INTO GEEMINAL CRESCENT

At first, germinal crescent region{GCR} was
censidered to be the site from where the PGCs
originate, and migrate to the germinal ridges
{(GR) to settle and proliferate to be the gonads
(Eyal-Giladi and Kochav, 1676: Eyal-Giladi et
al., 1981; Han et al,, 1994b; Hong et al., 1995,
Gimsburg, 1997; Petitte et al, 1997; Gurava,
1998). However, recent warks regarding PGCs
crigination confirmed that original site for PGCs
m chickens is probably around the center of
blastoderm of developing embryos{(Kagami et
al.,, 1997). The GCR might be the place to
where the PGCs move after spending a given
period of very short time in the central part of
the blastoderm, Following moving to the GCR,
the PGCs will migrate to the GR wvia blood cir-
culation of -deve‘joping embryos just at stage
13~15 of development (Fujimote et al., 1976;
Kuwana 1993).

In this connection, thus, several studies on
PGCs development suggested that the incorpor-
ation of foreign genes into PGCs was demon-
strated when the DMA was injected into both
blastodermal cells and GCR almost 1n the same
degree of incorporation rate(Han et al., 1994a:
Fujihara, 1999a)., Even so, slightly higher inte-
gration rate of injected genes was observed in
the case DNA was introduced into the GCR,
suggesting that the PGCs residing in the GCR
may possess a kind of physiolegical function
peculiar to the develomng stage in this site
(Eguma et al., 1699).

To our surprise, the genes{Lac Z/Miw Z;
GFP) introduced into the GCR of developing
embryos was successfully transmitted to offspr-
ing ({next generation), produng gametes,
spermatozoa and ova{Ebara et al,, 1998: Ebara
and Fujihara 1999ab,c). However, in this re-
spect, lifespan of transgened chickens and
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laying rate for hens, and semen production and
sperm number for males were gradually decre-
ased with the lapse of time after growing,
suggesting the possibility of impared reprodu-
ctive traits of transgened chickens in some ex-
tent(Ebara and Fujihara, 1999¢). In the present
study, transgenic chickens were characterised
by producing unusula semen, including remark-
ahly higher or lower number of spermatozoa in
comparison with normal chickens(Ebara and
Fujihara, unpublished data}. These features pe-
culiar to transgened chicken suggest that gene-
tically treated chicken with exogenous DNA
might have possessed introduced foreign genes
in germ cells for long time, resulting in the pro-
duction of offspring with transfected genes
therein(Fujihara, 1999b). These interesting re-
sults strongly attract us to continue this series
of experiments, hoping the possihility of cre-
ating new type of laying hens, which may pro-
duce a sort of eggs with desired shell color,
Another desire of poultry men in the world is to
develop the chickens with rapid growth rate via
exogenously introduced gene like growth hor-

mone obtained from other animals,

INTERJECTION OF FOREIGN
GENES INTO EARLY
EMBRYONIC GONADS

Following these works, foreign genes were
introduced into the gonads of early developing
embryos, resulting in unexpectedly low success
rate{Hiyama and Fujihara, unpublished data}.
In this case, the gene{lac Z /GFP) was injected
into the gonads of developing embryos at stage
18~-20, the time when anlagen of the gonads of
chicken reside between blood veseels and neph-
ridial canal(Guraya, 1998), This trial led to the
results that the level of introduced genes was

decreased gradually with the lapse of time after
the injection, though the incorporation of DNA
into the gonads was obviously observed in the
tissues following direct injection, This finding
also suggests that most suitable time /period
necessary to mntroduce foreign genes into the
developing embryos. The injection of DNA into
the GCR would be the best way {or this purpose
compared with other several ways during em-
bryonic development, In this experiment, the
injected GFP gene marker was clearly observed
in the gonads following injection into the
organs, though gradual decrease of the intensity
of fluorescency of the protein was found as the
time goes. This means that the introduction of
foreign DNA inlo the developing gonads could
be seriously limited to the stage at 26~28
{Hamburger and Hamilton, 1851). Direct injec-
tion of exogenous genes into the developing
organs might nat be successiul way for transfer-
ring DNA to chickens, suggesting that higher
integration raie of genes into the fissues or
organs of developing chicken embryos might be
chtained when the DNA was introduced at the
early stapge of embryonic development{Inada et
al., 1997).

INTRODUCTION OF EXOGENOUS
GENE INTO BLASTODERMAL
CELLS VIA DT40 CELL LINE

The study of somatic diversification of ch-
icken immunoglobulin genes was aided by the
analysis of lymphomas induced by the avian
leukosis virus (ALV)(Buerstedde et al,, 1990),
Neonatal ALV infection of susceptible strains of
chickens caused B cell lymphomas with a
latency of several months {Bezzubova et al.,
1997)., The ALV-induced turmors and one cell
line {DT40} denved therefrom continued to di-
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versi{y their light chain genes outside of the
bursal environment{Bezzubova et al., 1997).
Thereafter, this ALV-induced chicken B cell
line, DT40 cell line, has been used for increasing
targeted integration of foreign genes(Buersted-
de and Takeda, 1991). The DT40 cell line has re-
cently been demonstrated to become possibly
promising candidate for transferring exogenous
genes into chicken embryos{Toba et al., 1999).

In our recent study, foreing gene (Lac Z/
Miw Z) incorporated in DT40 cells was injected
directly into blastodermel cells of freshly ovipo-
sited unincubated fertilized eggs (stage X:
Ginsburg, 1997). The DT 40 cells injected into
the blastodermal cells were clearly detected in
embryonic and extra-embryonic tissues of
developing eggs. However, the degree of detec-
tion of DNA decreased gradually with the lapse
of time following injection, suggesting that the
possibility of excludeing the foreign cells from
the intrinsic somatic cell groups of the embryos.
The DT40 cells are, therefore, probably con-
sidered to be eliminated from inheritant somatic
cells during their stay in the developing embry-
onic tissues. This special cell line has bheen
thought to proliferate in the embryonic tissues
to make clumps or cell colonies in the sites they
reside(Taba et al., 1999),

However, the DT 40 cells are expected to he
used for transferring foreign genes inte animal
cells without amy heavy task. Thus, further in-
vestigation for improving the efficiency of
transgenesis of the treated animals including

chickens.

INTER-EMBRYONIC TRANSFER
OF PRIMORDIAL GERM CELLS

The above mentioned severa! findings infer

that the PGCs may have some sorts of gon-

ad-determining factors, though the cells have so
far been considered not to be involved mn the de-
termination of sex of birds(Niewkoop and
Takatsuya, 1979). Even if this is certain, our ex-
perimental results showed that hetero-se-
xual transfer of the PGCs between developing
embryos produced hetero-sexuzlly treated go-
nads, showing ovotestis like gonads{Furuta et
al,, 1998: 199%a, b: Eguma et 4., 1999), How-
ever, some of the hetero-sexually developed
gonads possessed donor cell-derived organs,
showing entirely reversed testis and ovary
{Yamaguchi et al,, 1966; 1958).

In this connection, several findings similar tc
ours demonstrated that sperm cells have been
chserved in the ovary like gonads in which
PGCs were hetero-sexually transferred between
embryos(Tagami et al., 1958; Kagami et al.,
1995: 1958; Kagami and Hanada, 1997). These
experiments sugpest that future researches on
hetero-sexual transfer of the PGCs may produce
the male chicken with the testis carrying W
chromosome-bearing sperm cells therein.

With respect to this matter, inter-species
transfer of the PGOCs has also been reported
using chickens and quails{Ono et al,, 1998).
This finding suggests the possihility of creating
chimeric birds between chckens and quails,
which is indicative of new type of chickens for
producimg a sort of deswred eggs suitable to
home tables in general,

A series of these studies presume that
inter-embryonic transfer of the PGCs would also
be effective' far producing transgened chickens
as well as the introduction of exogenous genes
into chicken embryos, In addition, the PGCs in-
corporated with foreign DNA may be much
more productive for creating chimeric birds

having many useful traits.
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IN VITRO CULTURE OF
PRIMORDIAL GERM CELLS

Until recently, the proliferation of PGCs out-
side the body has been considered to be per-
severance task due to some kinds of unknown
factors responsible for development of the cells
(Niewkoop and Takatsuya, 1979). However, in
our experiments, incredibly proliferated PGCs
was found in the case the cells were cultured in
combination with several growth factors and
with specially prepared cells from the GR of
early chicken embryos(Yang and Fujihara,
1999a,b), These experimental products alse pro-
vide a lot of information to those who works
with the PGCs,

Cur previous researches confirmed that the
PGCs have been successfully cultured in vitro
when treated with some kinds of growth
factors(Yang and Fujihara, 1998: 1999a, b). In
this case, however, a sort of growth factors
obtained from avian tissues were not always ef-
fective for in vitre proliferation of chicken
PGCs. In the present study, a special attention
was paid to utilize feeder cells from the GR of
developing chicken embryos for stimulating
PGC growth in witre. As a resuit, GR-originated
feeder cells were exclusively prominent for im-
proving PGC propagation outside the body
(Yang and Fujihara, 1958; 1999a,b).

Most recently, some kinds of modification of
the feeder cells induced incredibly proliferated
PGCs in vitre, when the PGCs were cultured for
around 30 days together with a sort of growth
{actors, resulting in the rigid formation of cellu-
lar clump in which PGCs were completely incor-
porated and increased their number beyond our
expectation(Fukushima et al., 1999). In this
connection, pre-treatment of the feeder cells

with a sort of antibiotics such as mitomycin led
to non-proliferation of the PGCs, This result
may indicate the possibility of producting ga-
metic cells, spermatogonia or oogonia, outside
the body in the future, Regarding this matter,
several experiments are now in progress in
author’s laboratory,

With respect to in vifre culture of avian
tissues, ther is a report demonstrating that
modified pH was regulating factor for prolifer-
ation and longevity of cultured cells(Kuwana et
al., 1996), Even in this study, in vitre culturing
of PGCs was not successful compared with
other avian tissues, suggesting that further
researches will be needed to establish the cul-
ture methods peculiar ta the PGCs,

POSSIBLE TRANSGENESIS USING
SPERM CELLS AS VECTORS

A doubtful reporl shocked the world several
years age, origmating from Italy, saying that
most easiest method for producing transgenic
animals was found by using sperm cells as
vectors(Lavitrane et al., 198G). Since that time,
many researchers having interest in transgenic
animal production using sperm cells have tried
to do the same study without obtaining success-
ful results, As a conclusion, this experiment was
recognized to be fallen into oblivion forever,
However, in spite of such miserable results, a
few scientists are stiil in expectation of possible
use of sperm cells as vectors for transferring ex-
ogenous genes into animal cells,

In this connection, a wonderful success has
been demonstrated in mammals, reporting that
foreign genes imected directly into the testis
were perfectly transferred to next generations
of animals(Ogawa et al., 1995). The success in
this experiment has been considered to be from
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successive injection of DNA into the testis, be-
cause most of mammalian species possess their
testis outside the body, This will make the in-
jection easy compared with the case of hirds,
This report also caused a great sensation in the
world of reproductive physiclogy, resulting in
the production of many transgenic animals in
the world.

On the other hand, a few researches have
been done using chicken spermatozoa as
vectors, though the results obtained hitherto
are still far from perfect success{Nakanishi and
Iritani, 1993; Tanigawa et al,, 1996; Hasebe et
al,, 1996; 1698). In the case of our researches,
an exogenous gene{fac Z /Miw Z) treated with
graculated chicken spermatozoa was transferred
successfully to fertilized eggs after artificial in-
semination{Hasebe et al,, 1996; 1998). In this
study, transfection reagent(Bochringer Mann-
heimn, Germany} was found to be 2 useful tool
for making transgencd sperm cells, showing
that no successiul products were obtained with-
out this chemical for chicken spermatczoz
(Hasebe et =l., 1996; 1998). In the case of
chicken, testis—mediated?.ransgene was not suc-
cessful probably due to the difficulty of success-
e injeciton of DNA into the testis unlike the
case of marnmalian species(Hasebe et al., 1698),
Because chicken testis were located inside the
boedy, making the treatment difficult. Even in
these difficult conditions, some trials are going
cn in crder to develop a method for direct injec-
tion of the genes into the testis like mammals in
our laboralory at present, Some successful
reports may appear elsewhere in the world in

the near future.
CONCLUSIONS

This series of experiments regarding trans-

genic chickens have heen carrying out In our
laboratory for several years, suggesting the
possibility of producing these birds in the near
future, though much more tough workd will be
required to do these kinds of researches,

As described in the section of introduction,
the main purpose of this study is to produce a
strain of White Leghorn hens, which will lay
brown-shelled eggs. If this become true, poultry
mdustry in the world will change dramatically
by producing most economical eggs, To de this,
another task will be needed to search for new
genes regulating egg shell color in the chicken,
though several polygenes may be involved in
the production of egg shell coler, Even in these
tough conditions, recently developed high tech-
nclogy regarding gene analysis will be surely
supportive to make this kind of works success in
the future,

Collectively, the experiments mentioned
above are sure to be indicative to produce some
kinds of transgenic chickens using eXogenous
DNA and/or intrinsic genes obtained from
chicken tissues, Future heavy and tough works
are needed to carry out these things.
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