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Abstract:  We attempted to produce a muscle-specific
cell marker, which would be useful for examining
myogenesis, by introducing pMGN(-4k)LacZ-neo gene
into ESD3 cells, and expression of the transgene was
analyzed in embryoid bodies.  The gene expression
analysis of embryoid bodies indicated that transfected
cells did not express LacZ gene in an undifferentiated
state and that the number of cells with LacZ expression
increased progressively.  In DMSO treated embryoid bod-
ies, the number of cells expressing LacZ gene tended
to increase more rapidly than that of untreated ones.  The
results suggested that the DMSO may induce mesoder-
mal differentiation of ES cells and that the sublines
obtained might be useful as muscle-specific cell mark-
ers since they might express lacZ gene at the time of
myogenin expression.
Key words: Embryonic stem (ES) cells, Gene expres-
sion, Myogenin gene regulatory region, LacZ reporter
gene, Embryoid bodies.

Cell markers used for histochemical analysis of chi-
meric mice are desired to express in all cell types at all
developmental stages and be easily detectable in all
tissues at a cellular level.  However there are few re-
ports of useful endogenous markers.  In 1988, Kusakabe
et al. [1] reported the C3H strain specific antigen which
may be an ideal histological marker, and in 1996, Kitani
et al. [2] established embryonic stem (ES) cell lines
derived from C3H/He mice.  These cell lines are prob-
ably useful for analysis of chimeric mice at a cellular
level.  While groping endogenous markers, useful cell
markers were produced by introducing an exogenous
transgene into pluripotential cells.  Hanaoka et al. [3]

produced cell markers by transfection of the bacterial
chloramphenicol acetyltransferase gene driven by the
human elongation factor 1α promoter into embryonal
carcinoma (EC) cells and ES cells.  Kadokawa et al. [4]
reported production of a cell marker using β-galactosi-
dase (LacZ) gene driven by RSV enhancer and chicken
β-actin promoter.  These cell markers fulfill the desir-
able nature as described for tissue-non-specific cell
markers.  However, in order to examine development or
differentiation of specific tissue or organ, tissue-specific
cell markers would be useful.  Furthermore, such mark-
ers could also be used for the analysis of diverse
functions of a gene and the studies of transplantation of
cells or tissues into animals.

Myogenin is one of the myogenic regulatory genes
and is expressed during embryogenesis as early as the
first somite/myotome formation.  Its transcripts are de-
tected at 8.5 days of gestation in the myotome
compartment of the somites, and are expressed at high
levels by 9.25 days post coitum (dpc) [5].  After that,
expression of myogenin extends to trunk and limb buds.
Therefore, myogenin is crucial to early myogenesis and
it is almost specific to skeletal muscle.  The regulatory
region of a gene such as the myogenin gene, which is
expressed during differentiation of a specific tissue, and
which continues to be expressed during morphogen-
esis, would be useful for producing a tissue-specific cell
marker for analysis of morphogenesis and diverse func-
tions of a gene.  Fujisawa et al. [6] and Kim et al. [7]
reported expression of LacZ gene driven by the
myogenin regulatory region in transgenic mouse em-
bryos.  These reports indicated the usefulness of
myogenin-LacZ gene as a marker to study myogenin
gene expression.

In this study, we attempted to produce a tissue-spe-
cific cell marker by transfection of a foreign gene into ES
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cells.  In order to produce a muscle-specific cell marker,
we used pMGN(-4k)LacZ gene as a transgene and the
ESD3 cell line.  We report here the transfection of
transgene into ES cells, and the expression of LacZ re-
porter gene in embryoid bodies during early differentiation.

Materials and Methods

Preparation of transgene
In this study, pMGN(-4k)LacZ gene (supplied by the

National Institute of Neuroscience) [6, 8], which con-
sists of LacZ gene driven by the myogenin gene
regulatory region, was used as a transgene.  In order to
select transfected cells in vitro, a neomycin resistant
gene (Sal I-Xho I fragment of pMC1neopolyA
(STRATAGENE)) was fused at the Sal I site of pMGN(-
4k)LacZ gene (Fig. 1).

In order to introduce the transgene into ES cells,
pMGN(-4k)LacZ-neo gene was linearized by digestion
with Sal I, after fusion and replication.  The linearized
transgene was dissolved in HEPES buffered saline at a
concentration of 60 nM.

ES cells
The ESD3 cell line which was established from 129/

Sv strain mice by Doetchman et al. [9], and which was
used for inducing differentiation into musculature by
Dinsmore et al. [10], was used in this study.  This cell
line was supplied by Tsukuba University at 14 passages,
and cells up to 20 passages were used for transfection.
The cells were maintained on feeder layers, which were
BALB/c, (BALB/c × C57BL/6)F1 or (BALB/c × C57BL/
6)F2 fetal fibroblasts cultured in Dulbecco’s modified
Eagle medium (DMEM) supplemented with 10% new-
born calf serum and treated with mitomycin C (SIGMA
or KYOWA), in high-glucose DMEM supplemented with
10% fetal calf serum, 2-mercaptoethanol, non-essential
amino acids solution and nuclosides (see [11] in detail,
it is referred to as ESM in the present report.).  To
transfect with the transgene, ESD3 cells were prepared
in HEPES buffered saline at a concentration of 2.0 ×
107 cells/ml, after removing feeder cells.

Transfection, selection and expansion of sublines
In order to transfect ESD3 cells with pMGN(-4k)LacZ-

neo gene, 0.4 ml of cell suspension and 0.1 ml of solution
of transgene were mixed and transferred into a cuvette.
ESD3 cells were electroporated with the transgene un-
der conditions of 250 V, 960 µF and resistance infinity
(time constant was 55–57 msec when electroporation
was performed with these conditions).  Electroporation

was carried out with 2 cuvettes under the same condi-
tions.  After electroporation, the suspension was allowed
to recover from electric damage for about 10 min at
room temperature.  Thirty milliliters of ESM supplemented
with 1000 U/ml leukemia inhibitory factor (LIF; ESGRO,
GIBCO) were added to the cuvette content, and trans-
ferred to 3 gelatinized 100 mm tissue culture dishes.
The medium of these dishes was changed to fresh ESM
(LIF+) after 24 hours.  After 48 hours, the medium was
changed to ESM (LIF+) supplemented with 200 µg/ml
G418 to select transfected cells.  Selection culture was
performed for 10 days, changing the medium daily.

To determine the survival rate of cells after
electroporation, three gelatinized 60mm tissue culture
dishes were also prepared for ESD3 control cells and
transfected cells after about 10 min of transfection.
These cells were cultured for 7 days changing the me-
dium without G418 daily.  After 7 days, colonies were
counted and the survival rate was calculated.

After selection for 10 days with G418, five undiffer-
entiated colonies were picked up from each dish,
transferred into gelatinized 35 mm tissue culture dishes
after disaggregation, and cultured in ESM (LIF+) for 2–
3 days.  After first passage, these sublines were
maintained in 35 mm or 60 mm dishes by ordinary pro-
cedure using feeder layers.  All 30 sublines were
expanded, and prepared for confirming of gene integra-
tion by Southern hybridization.

Southern hybridization
All sublines were cultured in gelatinized 60 mm tis-

Fig. 1. The structure of pMGN(-4k)LacZ-neo gene, i.e.
pMGN(-4k)LacZ gene which consists of LacZ gene
driven by myogenin gene regulatory region, fused
with neomycin resistant gene (Sal I-Xho I fragment
from pMC1neoPolyA) into Sal I site of pMGN(-
4k)LacZ gene.  The LacZ gene (Bam HI-Bam HI
fragment from pMGN(-4k)LacZ gene) was used as
a probe for Southern hybridization.  MGN(-4k):
myogenin gene regulatory region, LacZ: β-galac-
tosidase gene, TK-P: thymidine kinase promoter,
neor: neomycin resistant gene.



— 33Osonoi, et al.

sue culture dishes for 2–3 days, and used for extraction
of genomic DNA.  Cells from each subline were recov-
ered by scraping each dish, and suspended in 0.5–0.7
ml of lysis buffer (10 mM Tris-HCl (pH 8.0), 150 mM
NaCl, 10 mM ethylenediaminetetraacetic acid (EDTA))
in 1.5 ml tubes after washing with phosphate buffered
saline (PBS).  Each suspention was supplemented with
2 µl of 20 % sodium dodecyl sulfate (SDS) and 2 µl of
10 mg/ml proteinase K, and incubated overnight at 55°C.
The genomic DNA of each subline was purified by phe-
nol extraction, and extracted by isopropyl alcohol.

Genomic DNA of each subline was digested with
BamH I and electrophoresed in 1% agarose gels and
transfered to a nylon membrane.  A probe for Southern
hybridization was prepared from the LacZ gene (BamH
I/BamH I fragment from pMGN(-4k)LacZ gene purified
by 1% agarose gel electrophoresis, see Fig. 1) by the
random primer method.  Southern hybridization of the
genomic DNA was carried out overnight at 62°C in a
hybridization solution (0.25 M NaHPO4, 1 mM EDTA,
7% SDS) with the probe after pre-hybridization (1 hour,
62°C, in a hybridization solution without the probe).  The
membranes were exposed to X-ray films for about 24
hours at –80°C, and developed.

Karyotype analysis
Karyotype analysis of the ESD3 parent cell line and

the G418-resistant sublines which contained LacZ gene
was carried out by standard procedure based on the
method described by Robertson [11].  Cultures were
treated with colcemid (final concentration 0.02 µg/ml)
for about 1 hour.  After removal of feeder cells, hypo-
tonic treatment was performed with 0.56% KCl solution
for 10–20 min at room temperature.  The cells were
fixed for 5 min with ice-cold fixative (3: 1, methanol:
acetic acid).  The fixative was changed 3 times.  The
cells were dropped onto slides which had been cleaned
by soaking in 75% ethanol, and Giemsa-stained.  They
were analyzed for their chromosome counts, at least
100 metaphase spreads.

Production and analysis of embryoid bodies
Embryoid bodies were produced by making 20 µl of

hanging drops containing about 800 cells as described
by Rohwedel et al. [12].  In order to induce differentia-
tion into musculature, ESM supplemented with 1%
dimethylsulfoxide (DMSO) was used [10].  After 2 days
culture in hanging drops, cell clumps were transferred
into a bacteriological petri dish.

These cell clumps were stained for β-galactosidase
activity for 5 days, as described by Yamazaki and Imai

[13].  Five to ten embryoid bodies were picked up,
washed with PBS, and then, they were washed 2–3
times with PBS containing 4 mg/ml polyvinylpyrrolidone.
They were fixed with 1.25% glutaraldehyde in PBS for 5
min. at room temperature, and were washed 3 times
with PBS.  Then they were transferred into reaction
solution (PBS containing 1.2 mM 4-chloro-5-bromo-3-
indolyl-β-galactoside (X-gal; WAKO), 0.1% Triton X-100,
1 mM MgCl2 · 6H2O, 3 mM K4[Fe(CN)6] · 3H2O and 3
mM K3[Fe(CN)6]), and incubated for about 24 hours at
37°C in a humidified atmosphere.

Results

Production of transfected sublines
The survival rate of the cells after electroporation

was 61.6%.  The thirty sublines which survived after
selection with G418 were applied to Southern hybridiza-
tion using LacZ gene as a probe.  The result of the
Southern hybridization of 15 sublines (OM1-15) is shown
in Fig. 2.  It indicates that, of the 30 sublines applied to
Southern hybridization, 20 sublines (OM1–6, 8–10, 13,
14, 16, 18, 19, 22, 24, 26–28 and 30) had LacZ gene.
There were some lines which had no LacZ gene al-
though it was possible to select them by treatment with
G418 (Fig. 2; OM7, 11, 12 and 15).

The data of karyotype analyses of the ESD3 parent
cell line and some sublines are shown in Table 1.  There
were no differences among the karyotypes.  We mainly
used two sublines, OM9 and OM14, for LacZ gene ex-
pression analysis in this study.

Expression of LacZ gene in embryoid bodies
X-gal staining of embryoid bodies indicated that trans-

fected cells did not express in an undifferentiated state
and that the number of cells with LacZ expression in-
creased progressively (Fig. 3).  In DMSO treated
embryoid bodies, the number of cells expressing LacZ
gene tended to increase more rapidly than that of un-
treated them.  However, it was unclear whether the cells
expressing LacZ gene committed to myogenesis truly.

Discussion

We attempted to produce a tissue-specific cell marker,
especially muscle-specific, by transfecting the transgene,
pMGN(-4k)LacZ-neo gene, into ES cells.  The survival
rate of the cells after electroporation was 61.6%, indi-
cating that conditions used in this study were suitable
for transfection of ES cells.  Twenty sublines having
both LacZ gene and neor gene were obtained, but there
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were also some lines which had no LacZ gene although
they had neor gene.  These lines may be the result of
disintegration of the transgene during construction or
electroporation, however, we did not carry out groping
of the conditions to raise the rate of integration.  We
also did not examine the number of copies of transgene
integrated into the genome of the cells in this study.
The results of karyotype analyses indicated no differ-
ences among ESD3 parent cells and sublines.
Therefore, the nature of sublines after transfection
seemed to be based on that of the parent lines.

The pMGN(-4k)LacZ gene used in this study was
constructed by Fujisawa et al. [6, 8] to express the LacZ
reporter gene at the time of myogenin expression, and
its expression in transgenic mice was analyzed by
Fujisawa et al. [6] and by Kim et al. [7].  Myogenin is
almost specific for skeletal muscle, and is expressed
during embryogenesis as early as the first somite/ myo-
tome formation.  Kim et al. [7] reported that the
myogenin-LacZ gene was expressed at 8.0 dpc in me-
sodermal tissues of transgenic mouse embryos,

suggesting that it may be expressed in the somite prior
to myotome formation.  Therefore it is potentially in-
volved in the early stage of muscle determination.  The
expression analysis of the transgene in vitro using two
transfected sublines indicated that the cells did not ex-
press transgene in an undifferentiated state and that
the number of the cells with LacZ gene expression in-
creased progressively (Fig. 3).  In DMSO treated
embryoid bodies, the number of cells expressing LacZ
gene tended to increase more rapidly than that of un-
treated ones.  The results suggest that DMSO may
induce mesodermal differentiation of ES cells, and that
these cell lines have a possibility to be useful as muscle-
specific cell markers, although it will be necessary to
examine the expression of transgene in chimeric mouse
embryos and/or efficacy to analysis of myogenesis in
vivo and in vitro.

The sublines obtained in this study may be useful as
muscle-specific cell markers for the analysis of early
myogenesis since they might express lacZ gene at the
time of myogenin expression.  However, it will be nec-

Table 1. Karyotype analysis of ESD3 cell line and sublines

Lines No. of cells Chromosome counts (%)
counted 38 39 40 41 42

ESD3 102 4 (3.9) 16 (15.7) 47 (46.1) 29 (28.4)   6 (5.9)
OM9 100 6 (6.0) 10 (10.0) 52 (52.0) 19 (19.0) 13 (13.0)
OM14 100 7 (7.0) 12 (12.0) 47 (47.0) 24 (24.0) 10 (10.0)

Fig. 2. Results of Southern hybridization of sublines electroporated pMGN(-4k)LacZ-neo
gene (OM 1–15).  LacZ gene (Bam HI-Bam HI fragment (4.3 kb) from pMGN(-4k)LacZ
gene) was used as a probe.  There were some lines which had no LacZ gene although
they were selected by G418 treatment (OM7, 11, 12 and 15).  M: Marker.
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essary to carry out a detailed analysis of LacZ gene
expression in vitro and in chimeric mouse embryos, be-
cause there was a possibility of noise with background
activity and was a problem of timing of transgene ex-
pression.  The results in this study shown that, at least,
the transgene did not express in an undifferentiated state,
but it is necessary to examine the expression of

Fig. 3. Expression of transgene in embryoid bodies derived from OM9 and OM14 untreated or treated with DMSO.  The age
of embryoid bodies is shown as the sum of days of culture in hanging drop and suspension culture, for example,
Day 2 + 0 shows the day when they were transferred into bacteriological dishes, and the next day is shown as Day 2
+ 1.  Transfected cells did not express the transgene in an undifferentiated state and that the number of cells with
LacZ expression increased progressively.  Although DMSO may induce mesodermal differentiation of ES cells, it is
unclear whether the cells expressing LacZ gene committed to myogenesis.  Scale bar: 100 µm.

transgene in order to determine the expression pattern
of transgene in detail.

From the results of inactivation of myogenin gene,
Nabeshima et al. [14] proposed that (1) there may be
an intrinsic difference in the muscle differentiation
programmes of the two muscle groups, i.e. the muscles
derived from myotomal myocites in somites and those
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derived from the cells that migrate from somites, and
(2) the growth stimulation to which cells of the two muscle
lineage respond may be different.  But the molecular
function of myogenin in myogenesis remains to be elu-
cidated in detail.  It should be possible to use our cells
for the analysis of the effects of local environment on
muscle differentiation and the function of myogenin in
myogenesis of the two muscle groups by locally intro-
ducing the cells into postimplantation embryos.
Furthermore, the same system may be applicable to
studies such as differentiation of other specific tissues
or a gene involving diverse functions.
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