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LATENT MUSCULAR DYSTROPHY IN GENOTYPICALLY DYSTROPHIC-DWARF MICE

Tsuyoshi Totsuka, Kimi Watanabe, and Sigehiro Kiyono

Department of Physiology, Institute for Developmental Research, Aichi Prefectural Colony, Aichi

We have proposed a working hypothesis for the development of murine muscular dystrophy, as sum-
marized in Fig. 1. This is based on the following experimental results. In muscular dystrophic mice (dy/dy;
strain C57BL/6J-dy), the forelegs seemed to function almost normally even at 3 months of age, whereas
the hindlegs showed characteristic signs of the disease at an early age (about 2 weeks), suggesting that
comparative studies on the fore- and hindleg muscles might yield clues clarifying the mechanism involved
in the development of murine muscular dystrophy. However, the forelegs of dystrophic mice were also
found to be affected by the disease at least by 1 month of age. Thus, the endurance of the forelegs was
much less than that in normal mice?’. Moreover, it was found that the foreleg muscles, as well as the hindleg
muscles®®, were abnormal in collagen content®, in the level of protease activities®, and in the histological
images (unpublished results from our laboratory). Also, the growth of the fore- and hindleg muscles was
arrested at about 1 month of age. From a biochemical study of the hindleg muscles, the drastic increase
in the apparent volume per muscle cell which occurs on and after 10 days of age in normal development
was not observable in dystrophic mice®. Findings thus far showed that there was no remarkable difference
to explain the variation in the degree of apparent severity of the fore- and hindleg involvement in any fea-
ture of the muscles but rather the difference was in the growth of the bones”. The growth (lengthening)
of the foreleg bones was much smaller and slower than that of the hindleg bones during the period from
10 to 20 days of age in muscular dystrophic mice as well as in normal mice. It is noteworthy that the onset
of the disease observable in the hindlegs (about 14 days of age) occurred in this period.

According to our working hypothesis, the clinical signs of the disease must be alleviated in dystrophic
mice in which growth, including bone-lengthening, was arrested. To investigate this, a few effective methods
are available at present, such as hypophysectomy and genetic methods. Genes bm (brachymorphic), bp
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Fig. 1. A working hypothesis for the development of murine muscular dystrophy.
Fig. 2. Latent muscular dystrophy in genotypically dystrophic-dwarf mice. The genotypically dystrophic-dwarf
mice (Nos. 3 and 4) were not dystrophic till they were treated with GH and T,. f, m: female, male, respectively.
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(brachypod), brp (another brachypod), and dw (pituitary dwarf) may be suitable for the purpose. We
have already succeeded in producing genotypically dystrophic-brachymorphic (dy/dysbm/bm), dystrophic-
brachypod (dy/dy<brp/brp), and dystrophic-dwarf (dy/dy-dw/dw) mice. In the present study, results for
dystrophic-dwarf mice are reported. In order to obtain dystrophic-dwarf mice, crosses were performed
between F1 hybrid carriers (dy/++dw/+), which were produced by crossing C57BL/6J-dystrophic car-
riers (dy/+e++/+) with DW/J-dwarf® carriers (4/-++dw/-; purchased from the Jackson Laboratory).
In the F2 hybrid mice, phenotypically normal, dystrophic, and dwarf mice were observed but not the dys-
trophic-dwarf type. All the mice tested in our wire-net-climbing (WNC) apparatus®, except for the dys-
trophic ones which continually dragged their hindlegs after about 3 months of age, showed almost normal
locomotive activities even at 4.5 months of age (Fig. 2). Some of the phenotypically dwarf mice, however,
began to manifest an abnormal sign in their eyes with age, which is a characteristic of murine muscular
dystrophy. From this and the theoretical expectation (i.e., one-sixteenth of the F2 hybrid mice should be
genotypically dystrophic-dwarf mice), it was suggested that the dystrophic-dwarf mice were latent in the
phenotypically dwarf ones. In fact, this was demonstrated by the following experiments.

F2 hybrid dwarf mice were injected intraperitoneally with bovine growth hormone (GH) and thyro-
xine (T,). As the phenotypically dwarf mice grew with the GH-T,-treatment (100 zg GH and 10 zg T,/day*®),
every other day for about 15 days), some of them began to exhibit the characteristic clinical signs of mus-
cular dystrophy (sometimes dragging their hindlegs and revealing depressed activity in the WNC apparatus).
Thus, genotypically dystrophic-dwarf mice could be identified. These dystrophic-dwarf mice had less muscle
in their hindlegs than the nondystrophic dwarf mice which had been raised with GH-T,-treatment. Five
dystrophic-dwarf mice have been observed thus far.

From the present findings, it was concluded that muscular dystrophy was latent in genotypically dys-
trophic-dwarf (dy/dy-dw/dw) mice in which growth had been arrested by the gene dw. This suggests that
hypophysectomy may be an effective symptomatic treatment for murine muscular dystrophy.

1) Watanabe, K. and Totsuka, T.: Med. Biol., 99, 171-173, 1979.

2) Totsuka, T. and Watanabe, K.: Med. Biol., 94, 327-329, 1977.

3) Totsuka, T. and Watanabe, K.: Med. Biol., 97, 235-237, 1978.

4) Watanabe, K. and Totsuka, T.: Med. Biol., 98, 257-260, 1979.

5) Totsuka, T. and Watanabe, K.: Med. Biol., 98, 149-152, 1979.

6) Watanabe, K. and Totsuka, T.: Med. Biol., 93, 203-206, 1976.

7) Totsuka, T. and Watanabe, K.: Med. Biol., 99, 1-5, 1979.

8) Snell, G.D.: Proc. Natl. Acad. Sci. U.S.A., 15, 733-734, 1929.

9) Totsuka, T., Watanabe, K., and Sano, M.: Current Research in Muscular Dystrophy, Japan, pp. 74-75, 1977.
10) Totsuka, T. and Watanabe, K.: Med. Biol., 99, 335-337, 1979.
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AUTORADIOGRAPHIC STUDIES ON THE REGENERATION OF TRANSPLANTED
MUSCLES

Toshio Terao and Nakaaki Ohsawa*

The First Department of Internal Medicine, Teikyo University, Tokyo
*The Third Department of Internal Medicine, Faculty of Medicine, University of Tokyo, Tokyo

Our studies aim at an analysis of the regeneration of human dystrophied muscles heterotransplanted
into nude mice. Previous studies revealed that regenerated muscles of dystrophied muscle origin and con-
trol muscle origin are similar under light microscopy in their staining characteristics, their structural fea-
tures, such as the location of the nucleus, and their histochemical characteristics.

In order to elucidate the mechanism of the regeneration of dystrophied muscles in nude mice, we
have been trying to analyze the ability of the satellite cells, which are known to be the origin of regenerated
muscles. The present report describes the development of an autoradiographic technique to analyze the
ability of the satellite cells during muscle regeneration.

Muscles from normal ddy mice were used. The M. extensor digitorum longus (EDL) from ddy mice
were homotransplanted into other ddy mice. Two days and 7 days after transplantation, 5 pCi/g body
weight of *H-thymidine was injected intraperitoneally. Six hours later, the mice were sacrificed and trans-
planted muscles were subjected to autoradiography.

Two days after transplantation, no uptake of *H-thymidine was observed. Seven days after trans-
plantation, ample uptake of *H-thymidine was observed. At this time, the grafted muscles were able to
be separated into three zones: the outer, middle, and inner zones.

Fig. 1. *H-thymidine uptake of EDL 7 days after transplantation.
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In the outer zone, many nuclei taking up 3H-thymidine were observed. In this zone, many newly re-
generated myotubes were also seen. The nuclei of those myotubes, however, did not take up *H-thymidine,
which indicated that those nuclei at this period have no tendency to divide.

The middle zone contained many myofibrils whose nuclei sometimes took up *H-thymidine. These
are myonuclei or satellite cells which are difficult to differentiate under light microscopy.

The inner zone consisted of degenerated muscles which had no *H-thymidine uptake.

We are planning to analyze the difference in *H-thymidine uptake in satellite cells between dystro-
phied and control muscles heterotransplanted into nude mice.

1) Snow, M.H.: Cell Tiss. Res., 186, 535-540, 1978.

2) Hsu, L. and Trupin, G.L.: Muscle Regeneration, Raven Press, pp. 115-120, 1978.

3) Wakayama, Y. and Schotland, D.L.: Muscle Regeneration, Raven Press, pp. 121-129, 1978.
4) Hironaka, T. and Miyata, T.: Exp. Neurol., 47, 1-15, 1975.
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MUSCLE TRANSPLANTATION IN THE ETIOLOGICAL ELUCIDATION OF AVIAN
MUSCULAR DYSTROPHY

Tetsuji Hironaka, Yoshio Ikari, Yuhei Miyata* and Masanori Otsuka*

Department of Pharmacology, Teikyo University School of Medicine, Tokyo
*Department of Pharmacology, Faculty of Medicine, Tokyo Medical and Dental University, Tokyo

We have previously developed a technique for transplanting an entire muscle without pretreatment
from one animal to another®. In the present study we applied this technique to avian muscular dystrophy
to examine the question of whether dystrophic disorder originates in muscle or nerve tissues, with special
reference to neural influence on muscle growth. The extensor carpi radialis longus (ECRL) muscle was
chosen. This choice involved a variety of factors which should be noted: This muscle is small so that its
reinnervation can be established within several days", provided that the rate of axon regeneration has
a velocity of about 1 mm/day?®. The small size of the muscle further made the transplantation of an entire
muscle possible without mincing?, which offers an experimental system that can be analyzed more quanti-
tatively. This surgical procedure gave no regeneration at all when the ECRL muscle was simply removed
without being replaced by a transplant (a control for the zero-transplant), although the host muscle “bud”
regenerated together with the donor muscle in the minced graft experiment using pectoral muscle®. The
relatively isolated location of the ECRL muscle facilitated the avoidance of injuries to the transplanted
and surrounding muscles during surgery, and consequently the regenerated muscles could be clearly dis-
tinguished from the other muscles.

Normal (line 412) and dystrophic (line 413) chickens were used. Two to 3 days ex ovo, chickens were
anesthetized with ether, and the ECRL muscles were cross-transplanted between two chickens. Four types
of transplantation were carried out: normal muscle transplanted into normal or dystrophic chicken (Nn
or Dn) and dystrophic muscle transplanted into normal or dystrophic chicken (Nd or Dd). The details
of the surgical procedure have been described in a previous report?. Animals were kept in an aseptic con-
dition throughout the operation and were not given any antibiotic. The transplanted muscle was allowed
to regenerate and was examined 60-65 days after transplantation when tissue reconstitution was virtually
complete. Reinnervation of the transplanted muscles was confirmed by observing a muscle contraction
induced by nerve stimulation or by histochemical staining of acetylcholine esterase?®.

Table 1. Cross-transplantation of ECRL muscles in normal and dystrophic chickens

Survival rate of muscle Muscle weight for successful
Type of transplantation Number of operation 60-65 days after operation transplant
V) (mg)
Nn 19 58 4441-99.8
n=11
Nd 25 60 344+72.9
n=15
Dn 25 36 241+81.0
n=9
Dd 19 37 235£62.7
n=17
Mean+S.E.

N or D: normal host or dystrophic host; n or d: normal muscle or dystrophic muscle.
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The survival rates of the transplanted muscles were 58, 60, 36, and 37% for Nn, Nd, Dn, and Dd,
respectively (Table 1). The dystrophic hosts had worse conditions than the normal hosts for muscle sur-
vival, but the type of muscle, whether normal or dystrophic, did not influence the survival rate.

Since not all of the four types of transplants survived 60-65 days after the operation, the muscle weight
was compared among the surviving muscles in the four types of transplantation, and thus contamination
by a possible rejecting response was avoided. The results are summarized in Table 1.

Despite there being no statistically significant difference in the muscle weight of non-operated ECRL
muscles between normal and dystrophic chickens, 1,0404-28.8 mg (mean+S.E., n=21) and 1,1044-36.8
mg (n=33), respectively, the normal muscle transplanted into the normal host (Nn) attained a slightly
larger muscle weight than the dystrophic muscle transplanted into the dystrophic host (Dd). However,
the statistical significance level was P<C0.2 (Table 1).

The growth in weight of the dystrophic ECRL muscle transplanted into the normal host (Nd) was as
good as that of the normal ECRL muscle transplanted into the normal host (Nn). On the other hand, both
the normal ECRL muscle transplanted into the dystrophic host (Dn) and the dystrophic ECRL muscle
transplanted into the dystrophic host (Dd) were hampered in growth. These results strongly suggest an
important role of extramuscular factor(s) in muscle growth, and that the factor(s) may be defective in
dystrophic chickens. The present results are consistent with those obtained in murine muscular dystro-
phy®, but not with those obtained in avian muscular dystrophy using minced grafts of pectoral muscles®.
These experiments are different at least in the three following respects: kinds of muscles and nerves used,
sizes of the muscles, and pretreatment of the transplanted muscles.

Table 1 includes the results of transplantation of normal muscle into the normal host (Nn) and dys-
trophic muscle into the dystrophic host (Dd). Therefore, even if some problems in histocompatibility ex-
isted, these effects should be annulled by comparing Nd and Dn with Nn and Dd controls. The results
showed that the effect of the hosts is more important than the effect of the donors and that dystrophic
muscles have an ability to respond to the host-side influence (¢f. refs. 3, 7).

1) Hironaka, T. and Miyata, Y.: Experientia, 29, 1584-1586, 1973.

2) Gutmann, E.: Annu. Rev. Physiol., 38, 177-216, 1976.

3) Cosmos, E. and Butler, J.: In Research in Muscle Development and the Muscle Spindle (Banker, B.Q., Przybylski,
R.J., Van Der Meulen, J.P., and Victor, M., eds.), pp. 149-162, Exerpta Medica, Amsterdam, The Netherlands,
1972.

4) Hironaka, T., Morimoto, S., Tsunoo, A., Miyata, Y., and Otsuka, M.: In Current Research in Muscular Dys-
trophy, Japan, pp. 14-15, 1977.

5) Karnovsky, M.J. and Roots, L.: J. Histochem. Cytochem., 12, 219-221, 1964.

6) Hironaka, T. and Miyata, Y.: Nature, 244, 221-223, 1973.

7) Linkhart, T.A., Yee, G.W., Nieberg, P.S., and Wilson, B.W.: Develop. Biol., 48, 447-457, 1976.



Muscular Dystrophy Group

THE ECTOPIC DIFFERENTIATION OF STRIATED MUSCLES IN RAT PINEAL BODY
CELL CULTURE

T.S. Okada, Kenji Watanabe,* Hirohiko Aoyama, and Yoshiaki Nojyo*

Department of Biophysics, Faculty of Science, University of Kyoto, Kyoto
*Department of Anatomy, Fukui University of Medicine, Fukui

Mammalian pineal bodies are an endocrine organ. Their ancestral origin as a visual organ, however,
still seems to be evidenced by the presence of structures suggesting a photoreceptor function during fetal
stages. Thus, it seemed interesting to us to examine the possibility of multipotentiality in cell differentiation
of pineal cells in cell culture. Most unexpectedly, the differentiation of well-developed myofibers occurred
consistently in such cultures?.

Pineal bodies were taken from newborn rats. Covering tissues were carefully removed under a dis-
section microscope and very clean fragments consisting of homogeneous pineal cells were dissociated by
treatment with trypsin and collagenase. Cells were inoculated onto Falcon plastic culture dishes using
Eagle’s MEM supplemented with 6% fetal calf serum as a culture medium. Culture plates were incubated
at 37°C under 5% C0,-959%; air for about 20 days. The cellular changes occurring within this period were
observed daily.

By 2-3 days after inoculation two types of cells were recognized: (1) flattened cells attached directly
to the culture substrate and (2) smaller round cells which were not directly attached to the substrate but
were superimposed on top of the cells of the first type. Flattened cells were provided with piliform pro-
cesses, the shape of which changed constantly.

By about 2 weeks, the differentiation of two other distinct cell types took place. One was neuronal
cells which were provided with elongated axon-like processes. These cells were often assembled or inter-
connected with each other by the processes. The neuronal cells possibly originated from round cells. The
other type was striated muscles which, according to daily observations of living cultures, seemed to be
derived from the cells directly attached to the culture substrate (Fig. A). Muscle fibers were assembled
into bundles and contracted, though irregularly, in response to external mechanical stimuli (Fig. B).

This muscle fiber differentiation occurred in all different inocula so far cultured. On each culture
plate, several muscle cell foci were formed. Thus, it seems to be very unlikely that muscle differentiation
is due to an inadvertent inclusion of muscle cell tissues in the original inocula. We assume that the pineal
body contains either myoblasts or multipotential cells which can differentiate into both endocrine and
muscle cell directions.

Indeed, there have been several reports indicating muscle fibers in in situ pineal bodies in some ver-
tebrate species. Another example of muscle differentiation from unexpected origin is in mammalian thymus
cultures®. To sum up the situation, the present finding of muscle differentiation in pineal body cultures
is not a sporadic, but rather, a consistent event which may occur in the course of normal development of
this organ in situ. The developmental origin of this differentiation is not yet known. The physiological
meaning of the ectopic occurrence of muscle differentiation remains to be solved.

1) Watanabe, K., Aoyama, H., Nojyo, N., and Okada, T.S.: Develop. Growth Differ., 23, in press.
2) Wekerle, H., Patterson, B., Ketelsen, U.-P., and Feldman, M.: Nature, 256, 493-494, 1975.
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A an early step in the muscle differentiation in cultures of pineal cells after
2 weeks’ cultivation in vitro. Arrows indicate early myotubes with several
nuclei each. A microphotograph of a living culture with a phase contrast
microscope. ca. x250.

B: the differentiation of well-striated muscle fibers in a 4-week culture of
pineal cells. A microphotograph of a fixed culture with a phase contrast
microscope. ca. =< 500.
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TISSUE CULTURE STUDIES OF DYSTROPHIC MUSCLES
Takeshi Yonezawa and Hidetoshi Okabe

Department of Pathology, Kyoto Prefectural University of Medicine, Kyoto

For observation of the sequences of development of disease processes, tissue culture is one advan-
tageous and preferable technique. Muscle fibers from Duchenne-type muscular dystrophy, and from a
carrier and healthy individuals were introduced into an in vitro system and dystrophic alterations were
studied. A quantitative analysis of the proliferation activity of myogenic cells was also performed using
cell culture techniques.

Experiment I. Development of dystrophic changes in vitro.

Materials and Methods: Fragments of muscle tissue obtained from 6 patients with Duchenne dys-
trophy, 1 carrier, and healthy individuals with matched ages were cultivated on collagen-coated coverslips.
One to 3 days after explantation cross-sections of spinal cord from fetal mice or rats, 14 or 15 days in utero,
were added to the cultures and maintained with Maximow’s double-coverslip method. Feeding media
were composed of equal parts of Gey’s BSS, Eagle’s MEM, horse serum, chick embryo extract, and glucose
to produce a final concentration of 600 mg?%.

Results: When the muscle fibers became attached to the growing motor axon from the spinal cord,
rapid deterioration of the muscle occurred. Spindle-shaped myoblasts may grow around the explants.
When the muscle fibers were not innervated, the original cross-striations remained unchanged and myo-
blastic proliferation was markedly retarded. Around 2 weeks or so, outgrowing spindle cells began to
fuse with each other. Longitudinal fibrillar structures were often observed. Around 4 weeks some of the
fused myotubes developed cross-striation. Throughout the experimental course twitching was not seen
in either striated or nonstriated multinucleated cells. In these myotubes, vacuolation was often observed.
In Duchenne muscle fibers, as compared to healthy muscle, myotube formation seemed to be disturbed
and vacuolar changes were more frequently observed. Some of the fibers developed segmental granular
changes in the sarcoplasm which is identical to segmental necrosis. These alterations, vacuolation of the
sarcoplasm and segmental granular degeneration, were interpreted as dystrophic changes in vitro.

Experiment II. Proliferative activity of dystrophic muscle cells in vitro.

Method: Muscle fragments from Duchenne dystrophy and a nonclinical carrier sibling were trans-
ferred to plastic flasks and Petri dishes, and maintained in a CO, incubator. The feeding medium was
composed of 85% L15 and 159 fetal bovine serum. Subcultivation was carried out four times as shown
in the following table.

Trypsinization

!
Wash and centrifuge

!

Filter through lens paper

!

Incubation in feeding medium, 40 min.

l
Collection of floating cells
!

Cultivation in CQO, incubator
5% 10% cells were subcultured in each time.



Fig. 2

Fig. 1. Cross-striation of living dystrophic muscle grown in vitro.
Fig. 2. Vacuolization of living dystrophic muscle.

Results: In the primary culture, outgrowth was visible on the 4th day and myotubes with more than
10 nuclei were seen after the 17th day in both dystrophic and carrier groups. In the first subcultures myo-
blastic cells in the carrier group were 2.5 times more numerous than in dystrophic cultures. No difference
was seen in the activities of myotube formation between carrier and dystrophic muscle cultures. That is,
myotubes with more than 10 nuclei were first observed on the 17th day after explantation in both groups.
However, in the following subcultivation, dystrophic muscle produced a lower activity of myoblastic pro-
liferation, and consequently retarded myotube formation. These differences were more emphasized in
the succeeding subcultures.

Comments: Though maturation and differentiation of human muscle in vitro are at present incom-
plete, several differences in the developmental processes among Duchenne-type dystrophy, carrier, and
control healthy muscle were obtained. First, regenerative activity was less prominent in Duchenne dys-
trophy. This might be a direct expression of a gene defect in this disease. Morphological features, such
as vacuolation of the sarcoplasm and segmental degeneration, observed in dystrophic muscle were closely
simulated to the findings in dystrophic chick muscles found in both in vivo and in vitro systems. By im-
proving the culture techniques for human muscle, more details of alterations can be analyzed.

1) Bishop, A., Gallup, B., Skeate, Y., and Dubowitz, V.: J. Neurol. Sci., 13, 333-350, 1971.
2) Gallup, B. and Dubowitz, V.: Neuropathol. Appl. Neurobiol., 1, 205-229, 1975.

3) Witkowski, J.A., Durbidge, M., and Dubowitz, V.: In Vitro, 12, 98-106, 1976.

4) Witkowski, J.A.: Biol. Rev., 52, 431-476, 1977.
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MITOTIC ACTIVITIES OF MONONUCLEATE CELLS CULTURED IN VITRO
ORIGINATED FROM REGENERATING MUSCLES OF NORMAL (+/+) AND
DYSTROPHIC (dy/dy) MICE

Tsutomu Kagawa, Eiji Chikata, and Riichiro Hamano

Laboratory of Cell Biology, Toneyama National Hospital, 5-1-1, Toneyama-cho, Toyonaka-City, Osaka, Japan

The mitotic activities of mononucleate cells, cultured in vitro, originated from regenerating muscles
from either normal or dystrophic mice were studied.

Adult normal (C57B1/6 -+/+-) and dystrophics (C57B1/6J dy/dy) mice were used throughout. The
procedures for the preparation of regenerating muscles and the liberation of mononucleate cells from either
source were described previously by Kagawa et al.!=®. In our standard clonal cultures (Experiments 1 and
2)¥, cultures were established by plating 500 cells from either source in 5 ml of the “fresh medium -
onto a 60-mm Falcon plastic petri dish coated with 0.2 gelatin®. Incubation was continued at 37°C in
a humidified atmosphere gased with 5% CO, and 95% air. Each culture was fed with 5 ml of the “growth
medium (1)” 1 day after plating. Mononucleate cells from either origin were successfully cultured under
the present culture conditions and they yielded colonies of myogenic cells and of fibroblasts. At 6 days
after the initiation of cultures, all cultures were fixed with ethanol and stained with hematoxylin. Mitotic
activity was shown by the number of cell divisions which occurred during the culture period. The number
of cell divisions (X) was calculated from the number of nuclei of cells (N) forming each colony according
to the following formula: X=log N/log 2.

Experiment 1 and Experiment 2: Ten normal and 11 dystrophic cultures in exp. 1 and 11 normal
and 11 dystrophic ones in exp. 2 were carried out (Table 1). The average number of colonies formed per
dish and the plating efficiency in each series of cultures are shown in Table 1. In exp. 1, the number of cell
divisions (NCD) of normal myogenic cells was 6.934-1.21 and that of dystrophic ones was 5.38+1.13.
The difference between them was significant (P<<0.001) (Table 2). The NCD of normal fibroblasts and
that of dystrophic ones were 4.504-0.90 and 4.23+0.84, respectively. The difference between them was
much smaller than that observed between normal and dystrophic myogenic cells, but it was also significant
(P<0.02). In exp. 2, the NCD of normal myogenic cells was 6.14--1.39, that of dystrophic ones was 5.16
=+1.15, and the difference between them was significant (P<<0.001) (Table 2). The NCD of normal fibro-
blasts and that of dystrophic ones were 4.444-1.12 and 4.2241.05, respectively, and the difference between
them was not significant.

Experiment 3: As shown in Table 1, more colonies per dish were formed in normal cultures than in
dystrophic ones both in exp. 1 and in exp. 2. These findings suggested that population effect may have
enhanced the mitotic activity of myogenic cells in normal cultures, in which more colobies were formed per
dish than in dystrophic ones. To test this possibility, mononucleate cells from either normal or dystrophic
source were cultured under the same culture conditions at varying cell densities of 500, 250, and 125 per
dish and the NCDs of myogenic cells and fibroblasts from either source in cultures at each cell density
were obtained. In these cultures in which cell densities were successively altered as described above, the
average number of colonies formed per dish was found to be 18.0, 12.1, and 6.7 in normal and 33.8, 16.1,
and 10.0 in dystrophic cultures, respectively (Table 1). The number of cultures at each cell density from
either source is shown in Table 1. In the cultures at the different cell densities described above, the NCDs
of normal myogenic cells were 6.99-41.29, 6.89+1.21, and 7.00=+-1.53 and those of dystrophic ones were
4.98+1.20, 5.224-1.34, and 4.89+1.19, respectively (Table 2). No significant differences among the NCDs
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Table 1. Plating efficiency and number of colonies formed per dish in each series of experiments

Series of exp. Exp. 1 Exp. 2 Exp. 3

Source of cells Norm. Dystr. Norm. Dystr. Norm. Dystr.

Inoculum size 500 500 500 500 500 250 125 500 250 125

No. of cultures 11 10 11 11 10 10 10 12 10 8

Pl. efficiency (%) 10.0 5.1 4.9 3.8 3.6 4.8 5.3 6.8 6.4 8.0

No. of col./pl. 50.2 25.4 24.7 19.1 18.0 12.1 6.7 33.8 16.1 10.0
Myoblast 35.6 13.9 13.2 4.7 12.9 9.1 4.1 12.3 6.3 3.5
Fibroblast 14.6 11.5 11.5 14.4 5.1 3.0 2.6 21.5 9.8 6.5

Table 2. Number of Cell Divisions of Myoblasts

Series of exp. Inoculum size Normal (Xn) Dystr. (Xq) Xn—X4 d.f t-stat.

Exp. 1 500 6.93+1.21 5.38+1.13 1.55 510 P<0.001
(373) (139)

Exp. 2 500 6.14+1.39 5.16%+1.15 0.98 173 P <0.001
(124) (s1)

Exp. 3 500 6.99+1.29 4.98+1.20 2.01 254 P<0.001
(116) (140)

250 6.89+1.21 5.22+1.34 1.67 139 P<0.001
( 83) ( 58)

125 7.00+1.53 4.89+1.19 2.1 51 P <0.001
(27) ( 26)

n: normal; d: dystrophy; X:average number of cell division; #-stat.: t-statistics; d.f: degree of freedom; ( ):
number of colonies used for the count of number of cell divisions.

of myogenic cells in cultures at different cell densities in either normal or dystrophic cultures could be
found (Table 2). In addition, the NCDs of normal myogenic cells were always significantly larger than
those of dystrophic ones in cultures at any cell density, at least under the present culture conditions (Table
2). The NCDs of fibroblasts cultured at different cell densities were not significantly different from one
another in cultures from either source and the NCD of normal fibroblasts was not significantly different
from that of dystrophic ones in cultures at any of the cell densities described above. These findings showed
that myogenic cells from normal origin showed higher mitotic activity than those from dystrophic origin,
regardless of cell density or of the number of colonies of cultures in which they were cultured. The pre-
sent results suggest the three following questions: (a) Is the decrease in the number of cell divisions of
dystrophic myogenic cells due to a prolongation of generation time or to a limited number of cell divi-
sions (cell lineage theory®)? (b) Is it due to the expression of a dystrophic gene (dy/dy)? (c) Could it be
one of the causal factors of various dystrophic changes observed in dystrophic muscles (dy/dy) in vivo?
An analysis of these problems is now in progress in our laboratory.

1) Kagawa, T., Chikata, E., and Tani, J.: Develop. Biol., 55, 402, 1977.

2) Kagawa, T., Chikata, E., Tani, J., and Tsutamune, T.: Develop. Biol., 65, 526, 1978.

3) Kagawa, T., Chikata, E., Tani, J., and Tsutamune, T.: 30th Ann. Meeting of Japan Soc. of Cell Biol. Abst. (A-28),
1977.

4) Kagawa, T., Chikata, E., and Hamano, R.: Current Res. Muscular Dyst. Japan, 13, 1979.

5) Richler, C. and Yaffe, D.: Develop. Biol., 23, 1, 1970.

6) Kligman, D. and Nameroff, M.: Exp. Cell Res., 127, 237, 1980.
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A FACTOR EXTRACTED FROM THE BRAIN AFFECTING DEVELOPMENT OF
TETRODOTOXIN-SENSITIVE SPIKE POTENTIAL IN CULTURED CHICK SKELETAL
MUSCLE

Masaakira Kano, Suteo Yamazaki, Teikichi Satoh, and Mitsue Yamamoto

Department of Physiology, School of Medicine, Kitasato University, Kanagawa

The action potential of adult innervated vertebrate skeletal muscle fibers is generated by tetrodo-
toxin (TTX)-sensitive sodium channels. The TTX-sensitive sodium channels in the skeletal muscle cell
membrane of newborn rats increase in density after birth in relation to the establishment of normal inner-
vation?. Conversely, denervation of adult rat skeletal muscle diminishes the density of the TTX-sensitive
sodium channels in the muscle cell membrane®. The development and maintenance of the TTX-sensitive
sodium channels in the muscle cell membrane could then be considered as one of the membrane proper-
ties which are under the trophic control of innervation.

Using chick skeletal muscle cell cultures, it was shown that cell-free nerve extracts could duplicate
the effect of innervation on the development of the TTX-sensitive sodium channels in noninnervated skele-
tal muscle cells®~%. Thus, the results indicate that trophic control of the TTX-sensitive sodium channels
of muscle cells might well be mediated by a soluble substance produced by nervous tissue, as suggested
by Harris® and Gutmann?. In the present study, we report that a protein fraction isolated from chick
brain extract has a neurotrophic activity in that it enhances the development of the TTX-sensitive sodium
channels in cultured chick skeletal muscle cells.

Muscle cultures were prepared from the breast muscle of 11-day-old White Leghorn chick embryos
according to the method described previously®. The basic culture medium was Eagle’s minimal essential
medium supplemented with horse serum (109 by volume), nerve-free chick embryo extract (2-5% by
volume), glutamine (1 mm), penicillin (50 U/ml), and streptomycin (50 pg/ml). The nerve-free chick embryo
extract was made from 10-day-old chick embryos deprived of the brain and spinal cord, by homogenizing
the embryo bodies in saline and centrifuging the homogenate at 2,000 xg for 10 min. Muscle cultures
were also maintained in culture medium containing brain extract. The brain extract was prepared from
whole brains of 19-day-old chick embryos by centrifuging a 1:2 homogenate in saline at 2,000 x g for 10
min.

When muscle cells were grown in the presence of brain extract for 2 weeks, the maximum rate of rise
of TTX-sensitive spike potential of the cells was significantly greater than in the control cultures main-
tained in the basic culture media. This suggests that the brain extract has a trophic activity that enhances
the development of the TTX-sensitive spike potential of the cultured muscle cells.

The brain extract was centrifuged again at 20,000 x g for 30 min. Trophic activity could be detected
in the supernatant, but not in the resuspended precipitate. The same result was obtained after centrifugation
at 100,000 x g for 60 min, i.e., the soluble fraction may be responsible for the activity.

The active component in the 20,000 X g supernatant was isolated by consecutive ammonium sulfate
precipitation, and retained after removal of low molecular weight compounds by dialysis against saline.
Table 1 summarizes these results.

The protein nature of the active component in the brain extract was further suggested by the results
of enzyme degradation. The 100,000 X g supernatant was treated with enzyme for 60 min at 37°C. The
trophic activity was abolished by trypsin and protease, but was resistant to DNase and RNase (Table 2).
The susceptibility to trypsin and protease suggests that the active component is a protein.
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Table 1. Effect of brain extract on the maximum rate of rise of TTX-sensitive spike potential of muscle cells in
2-week-old cultures

Fraction added Protein (xg/ml) Maximum rate of rise (V/sec)
Control — (59/4) 73.8+3.2
2000 X g sup. 300 (56/4) 84.3+3.0*
20K X g ppt. 40 (31/2) 59.8+2.5
20K X g sup. 260 (62/4) 96.8+3.4%
Saltrated (Amm. sulf.)
0-40% 100 (63/4) 96.4+3.1*

40-60% 50 (61/4) 87.5+3.2%
Dialyzed

Inner sol. 240 (35/2) 91.1+4.2%*

Outer sol. 10 (61/4) 65.3+3.0

Mean+S.E. * indicates a statistically significant increase from the control.

Table 2. Effect of enzyme-treated brain extract on the maximum rate of rise of
TTX-sensitive spike potential of muscle cells in 2-week-old cultures

Treatment Maximum rate of rise (V/sec)
Control (8) 70.9+5.0
100 K x g Sup.
Non-incubated (16) 113.8+3.5*
Incubated (16) 99.8+3.7*
DNase-treated (16) 93.9+5.4*
RNase-treated (12) 88.7+2.9*
Trypsin-treated (16) 68.6+4.3
Protease-treated (14) 67.3+4.6

Mean+S.E. * indicates a statistically significant increase from the control.

1) Harris, J.B. and Marshall, M.W.: Nature New Biol., 243, 191-192, 1973.
2) Redfern, P. and Thesleff, S.: Acta Physiol. Scand., 82, 70-78, 1971.

3) Kano, M. and Yamamoto, M.: J. Cell. Physiol., 90, 439-444, 1977.

4) Kano, M., Suzuki, N., and Ojima, H.: J. Cell. Physiol., 99, 327-332, 1979.
5) Yamazaki, S. and Kano, M.: Exp. Neurol., submitted.

6) Harris, A.J.: Annu. Rev. Physiol., 36, 251-305, 1974.

7) Gutmann, E.: Annu. Rev. Physiol., 38, 177-216, 1976.
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CLASS SPECIFICITY OF SERA AND MUSCLE TROPHIC FACTOR FOR MUSCLE CELL
GROWTH IN VITRO

Eijiro Ozawa, Ichiro Kimura, and Yasuko Hagiwara

Division of Cell Biology, National Center for Nervous, Mental, and Muscular Disorders, Tokyo

Chick myogenic cells do not grow in a medium composed of Eagle’s minimum essential medium
(MEM) and horse serum, but grow well when a small amount of chick embryo extract (EE) is added to
the medium. EE can be replaced by chick or duck serum, and by chick muscle trophic factor (MTF), which
is a component of chick serum»?. The cells also grow in a medium composed of MEM and chick serum®.
Thus it is clear that chick serum is different from horse serum in regard to chick myogenic cell growth,
and it is possible that this difference is mainly based on the difference of MTF which could be also con-
tained in mammalian serum. The present work was concerned with whether there is species or class speci-
ficity among sera, and whether the above possibility is a valid one.

Chick cells were cultured with a medium composed of 15% horse serum and various concentrations
of various sera and MEM. After 4 days of incubation, the cells were harvested for creatine kinase (CK)
assay, which was interpreted as showing the growth rate. Figure 1 shows the relationship between the
concentration of sera and CK activity. In the cases of chick and duck sera, CK activity began to increase
at 0.1 and 0.3%, respectively. Then it increased gradually with the increase in concentration. In the cases
of dove and fetal bovine sera, it began to increase at 3%, and increased fairly sharply. In the case of adult
bovine serum, it remained at an almost unassayable level, although some myotubes could be seen under
a microscope.

In order to compare the effects of various sera on chick myogenic cell growth, the cells were incubated
with media composed of 829 MEM, 14 % horse serum, and 4% various kinds of sera. The growth rates
are shown semiquantitatively in Table 1. Avian sera were more or less effective, but mammalian sera ex-
cept for fetal bovine serum were not effective. Sera from Gallus and Corturnix were very effective, but
those of Phasianus, Numida, and Meleagaris were not so effective, although all of them belong to Galli.
On the other hand, sera from Anseriformes were fairly effective.
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Fig. 1. Effects of various sera on chick myogenic cell growth.
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Table 1. Effects of various sera on chick myogenic cell growth in vitro

Birds Mammals

Chick (+++) Fetal bovine  (+)
Cochin-China fowl (+++) Calf (=)
Bantam (+++) Bovine (=)
Japanese quail (+++)

Golden pheasant (+) Dog (=)
Korean pheasant + Rat (=)
Turkey (+) Rabbit =)
Guinea fowl (+) Swine ()
Duck (++) Monkey (=)
Goose (++) Human (=)
Herring gull +)

Dove (+

Kite (+)

Table 2. Effects of various sera on rat myogenic cell growth in vitro

Birds Mammals

Chick embryo extract (+) Rat (++)
Chick (=)

Fetal bovine (++)
Japanese quail (=) Bovine (++)
Golden pheasant (=)
Korean pheasant (-) Rabbit (++)
Turkey (-) Dog (++)
Guinea fowl (=) Swine (+4)
Duck (=) Horse (++)
Goose (=) Monkey (++)
Dove (=) Human (++)

MTFs were prepared from chick and fetal and adult bovine sera. Chick MTF was effective at 3 pg/
ml, but fetal and adult bovine MTF were only slightly effective at 300 pg/ml.

Newborn rat myogenic cells did not grow in a medium composed of chick serum and MEM, but
grew well when a small amount of rat sera was added to the medium. In order to compare various kinds
of sera, rat cells were incubated with media composed of 77% MEM, 199 chick serum, and 4%; various
kinds of sera for 5 days. The growth rates are shown semiquantitatively in Table 2. Mammalian sera were
effective but avian sera were not; EE was slightly effective. In this table, the effects of all the mammalian
sera were expressed by (4 -), although they were not necessarily the same.

Rabbit MTF was effective on rat cell growth at 8 zg/ml, but chick MTF was not effective at 240 pg/
ml.

Conclusion: There is a class specificity among sera from mammals and aves in regard to myogenic
cell growth, although there are some exceptions, and this specificity is mainly based on MTF.

1) Ozawa, E. and Kohama, K.: Proc. Japan Acad. Sci., 49, 852, 1973.
2) Ozawa, E. and Kohama, K.: Muscle Nerve, 1, 230, 1978.
3) Hagiwara, Y., Kimura, 1., and Ozawa, E.: Devel. Growth Different., in press.
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