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Abstract: We attempted to produce chimeric mouse fe-
tuses by using an embryonic stem (ES) cell subline, OM
3, which were transfected with pMGN(-4k)LacZ-neo
transgene, and to analyze expression of the transgene
in chimeric mouse fetuses. In embryonic days 11-13
(E11-13), no fetuses expressing the transgene were ob-
served. In E14, three of 11 normal fetuses recovered
showed the transgene expression. In these chimeric
mouse fetuses, the regions expressing the transgene
were found in a wide range of fetuses, including the tem-
poral region of the head, trunk from neck to tail, and
limbs. It was shown by histochemical analysis that these
patterns of transgene expression were specific to skel-
etal muscles. These results indicated that OM 3 cells
might be useful for analyses of mouse skeletal-
myogenesis and for the development of basic techniques
for skeletal muscles in regenerative medicine.

Key words: Embryonic stem (ES) cells, Myogenin gene
expression, LacZ reporter gene, Chimeric mouse fetus,
Skeletal-myogenesis

In order to examine the development or differentia-
tion of a specific tissue, tissue-specific cell markers would
be useful. Such markers could also be used for analy-
sis of the diverse functions of a gene and the basic
studies of regenerative medicine. Skeletal muscle-spe-
cific cell markers are particularly useful for not only the
analysis of skeletal myogenesis but also for the study of
medical therapy with myocytes or muscle transplanta-
tion for muscle diseases such as progressive muscular
dystrophy.

The myogenin gene, which is one of the myogenic
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regulatory genes, is specifically expressed during differ-
entiation of skeletal muscles and continues to be
expressed during skeletal myogenesis, so that the regu-
latory region of this gene would be useful for producing
skeletal muscle-specific cell markers. Fujisawa-Sehara
et al. [1] and Kim et al. [2] reported that the upstream
region of myogenin gene, which ranged ~4kb, directed
appropriate temporal, spatial and tissue specific expres-
sion of the myogenin gene, by using a pMGN(-4k)LacZ
transgene and transgenic technique with microinjection.
The pMGN(-4k)LacZ gene consisted of a LacZ gene
driven by the regulatory region (upstream sequence
which ranged ~4kb) of myogenin gene (see Fig. 1).

We attempted to produce muscle-specific cell mark-
ers by electroporation of the pMGN(-4k)LacZ-neo gene
(Fig. 1) into an embryonic stem (ES) cell line, ESD3 [3],
and reported the production of transfected ESD3 cell
sublines and the expression pattern of the transgene in
vitro [4, 5]. The results suggest that the sublines could
be useful as skeletal muscle specific cell markers for
analysis of mouse myogenesis at least in vitro, but the
efficacy of the sublines as skeletal muscle-specific cell
markers to analyze skeletal myogenesis in vivo was not
confirmed. In order to analyze expression of the
transgene in vivo, chimeric mouse embryos were pro-
duced by coculture of ICR compacted morulae and OM
3 cells, which is one of the ES cell sublines transfected
with the pMGN(-4k)LacZ-neo gene. Furthermore, their
tissue-specific expression in chimeric mouse fetuses was
analyzed.

The cells were cultured according to the method de-
scribed by Robertson [6], and were used for chimera
production up to 30 passages. Chimera production was
carried out as described by Wood et al. [7, 8], excepting
the use of stem cell medium [6] for coculture. After
overnight culture, the embryos were transferred into uteri
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Fig. 1. Structure of the transgene, pMGN(-4k)LacZ-neo

gene. The mouse myogenin gene consists of three
exons (I, II, III), of which coding and non-coding
sequences are represented by filled in and open
boxes, respectively. The 5’ flanking and non-cod-
ing sequences of the myogenin gene are linked to
the LacZ gene, and cloning into the pML vector. In
order to select transfected cells in vitro, a neomycin
resistant gene cassette from pMClneoPolyA was
fused to a pMGN(-4k)LacZ gene. pML; pML vec-
tor (about 2.6kb length), MGN(-4k); myogenin gene
regulatory region (about 4kb length), LacZ; beta-
galactosidase gene, Neo’; neomycin resistant gene
cassette.

of ICR recipients at 2.5 days of pseudopregnancy. The
fetuses were collected on desired days of gestation,
stained for LacZ expression essentially according to
Bonnerot and Nicolas [9], and analyzed histochemically.

The total of 121 embryos were cocultured with OM 3
cells, and transferred to 7 recipients (Table 1). On
embryonic days 11-13 (E11-13), eighteen normal fe-
tuses and 21 abnormal fetuses were collected. The
abnormal fetuses included the absorber and the ones
with hypoplasia. The normal fetuses collected on these
embryonic days were analyzed by X-gal staining, but
there were no fetuses with LacZ expression (Table 1).
In E14, eleven normal and 4 abnormal fetuses were
collected, and 3 of the normal ones showed signs of
LacZ expression, indicating that they were chimeric
(Table 1). LacZ-positive regions in these chimeric fe-
tuses were observed extensively in the temporal region

of the head, body trunk from neck to tail, and limbs (Fig.
2).

The chimeric fetuses with LacZ-positive cells were
processed for histochemical analysis. As shown in Fig.
3, LacZ expression was restricted to skeletal muscles
but not other tissues. It was thought that LacZ-positive
muscle in the temporal region of the head was a part of
the Musculus masseter (Fig. 3A), ones in the body trunk
were epaxial musculature and inner, medial and outer
subaxial musculatures (Fig. 3B). Some skeletal muscles
in the fore and hind limbs (Fig. 3C and D) were also
LacZ positive, but each muscle was unidentified. Par-
ticularly in the hind limbs, there were some skeletal
muscles with no expression of the LacZ gene.

In this study chimeric embryos were produced by
coculture of OM 3 cells with ICR compacted morulae,
with stem cell medium as a coculture medium. Coculture
of ES cells and embryos for the production of chimeras
was generally performed under conditions favorable to
the embryos [7, 8, 10-12], but in producing chimeras by
coculture of embryos and ES cells, which had reduced
ability for chimera formation, the coculture conditions
favorable to ES cells might be useful. In the present
study transfected ES cells which underwent numerous
passages (total 20-30 passages; 15-20 before and 5-
10 after transfection) were used for chimera production,
but fetuses with extensive chimerisms comparable to
those in the transgenic experiments with similar
transgenes [1, 2, 13, 14] were obtained (Fig. 2).

As shown in Fig. 2, it was indicated that tissue-spe-
cific expression of the transgene localized skeletal
muscles. These results suggested that they reflected
the myogenin expression patterns in vivo, compared with
transgenic studies with a similar transgene [1, 2, 13,
14]. But in some skeletal muscles, no transgene ex-
pression was observed. This might be due to lower
migratory activities of the derivatives of transfected ES

Table 1. Production of chimeric fetuses between OM 3 cells and ICR com-
pacted morulae by a coculture method

No. of embryos No. of No. of fetuses recovered  No. of ES

cocultured recipients Normal [Abnormal?]  chimeras®
Total 121 7 29 [25] 3
E11¢ 34 2 7 [12] 0
E12¢ 36 2 9[ 9] 0
E13¢ 18 1 21 0] 0
El4¢ 33 2 11[ 4] 3

1Absorber and the fetuses with hypoplasia. Judgement by the presense of

LacZ-positive regions. <Embryonic days.
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Fig. 2. Recovered fetuses on E14, which stained for LacZ expression. Panel A shows a chimeric fetus with regions
expressing LacZ in the temporal region of the head, body trunk from neck to tail and limbs, and panel B shows a
LacZ negative fetus. The expression pattern of the transgene shown in A, was comparable to that of transgenic
fetuses with similar transgenes. The chimeric fetuses were distinguishable from non-chimeric, by eyve pigmenta-
tion, before X-gal staining. Scale bar, 1 mm.

Fig. 3.  Histochemical analysis of E14 chimeric fetuses. Panels A, B, C and D show the temporal region of the head, a
part of the body trunk, a forelimb and a hind limb, respectively. Arrowheads indicate the skeletal muscles
expressing the transgene. The LacZ-positive tissue in panel A may be a part of the Musculus masseter; in panel
B, inner, medial and outer subaxial musculatures and epaxial musculature. In panels C and D, each muscle
expressing LacZ is unidentified. Expression of the transgene was specific to skeletal muscles, but some skeletal
muscles did not show a LacZ signal. a, eye; b, trigeminal ganglion; ¢, inner subaxial musculature; d, medial
subaxial musculature; e, outer subaxial musculature; f, epaxial musculture; g, rib; h, lobe of lung; i, cartilage
primordium of femur; j, cartilage primordia of talus and calcaneus.
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cells, or due to a biased distribution of them. Hughes et
al. [15] reported that the myogenin gene was expressed
specific to slow muscies in rat. Our results therefore
suggest that, at least in part, myogenin expression dif-
fered in each skeletal muscle type.

Together with our previous reports [4, 5], these re-
sults indicated that OM 3 cells might be useful as a
skeletal muscle-specific cell marker and were applicable
for analyses of mouse skeletal-myogenesis and for the
development of basic techniques in regenerative medi-
cine for skeletal muscles.
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