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Effects of Ultraviolet Irradiation on the Differentiation
of Cultured Chicken Pectoralis Muscle Cells.
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INTRODUCTION

Differentiation of the embryonic skeletal muscle culture has long been recognized as a
model system in which phenomena related to cell-cell interactions, membrane fusion and
mechanisms of coordinate synthesis of proteins in eukaryotic systems can be studied
(Holtzer, 1961; Konigsberg, 1963). Mononucleated myoblasts obtained from embryonic
skeletal muscles, when cultured in a suitable medium, proliferate in vitro and subsequently
to produce multinucleated myotubes. During the process of myoblast to myotube trans-

formation a succession of more or less distinct phases of morphological and biochemical
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differentiation are described. In biochemical differentiation, the production of enzymes
involved in muscle metabolism, and of contractile proteins are increased (reviewd by
Buckingham, 1977).

The linkage between morphological and biochemical differentiation has been studied
using two strategies. In the first strategy, fusion of myoblasts inhibited either by mani-
pulating the culture medium or by using one of several inhibitors. There have been
numerous reports that, particularly under conditions known to be unfavorable for cell
fusion, such as low cell density or low concentration of Ca* jons (Okazaki and Holtzer,
1965, 1966; Coleman and Coleman, 1968; Fambrough and Rash, 1971; Turner et al.,
1974). Another useful agents known to inhibit myotube formation are calcium specific
chelator EGTA (Paterson and Strchman, 1972), thymidine analog 5-bromodexyuridine
(Stockdale et al., 1964), Ara-C (Doering and Fischman, 1974), and inhibitors of mitosis
such as colchicine, actinomycin, fluorouracil and mytomycin (Okazaki and Holtzer, 1965).

In the second strategy, genetic studies of mutants or somatic cell hybrids which have
lost the ability to fuse were carried out. Fusion-negative mutants of the L§ or L8 line of
rat myoblasts can be readily obtained and exploited to examine the process of biochemical
differentiation (Sanwal, 1979). The conclusion from both the biochemical and genetic
studies is that fusion and muscle-specific protein synthesis are seperate phenomena and
furthermore, they are regulated independently.

Ultraviolet irradiation has been used as a powerful tool to study the mechanism of cell
differentiation and organogenesis in developing embryos (Chung and Malacinski, 1975;
Malacinski et al., 1977). UV damage to DNA is thought to result primarily in the
formation of pyrimidine dimers, particularly those of thymine, within the strand of double
helix. Other lights such as fluorescent light, X-irradiation are toxic and mutagenic to
bacteria and mammalian cells in viiro. Since these radiations also induce breakage in
DNA strands, cross-links and chromorsomal aberrations, they have been used in the study
of the malignant transformation in cultured cells along other chemical carcinogens (Chan
and Little, 1976; Kennedy et al., 1980; Terzaghi and Little, 1976; Reznikoff et al., 1973;
Kakunaga, 1975).

However, the study on the effects of UV irradiation to myogenesis is very sparse.
Hence, the present report describes the primary effects of UV irradiation on the cultures
of chick embryonic pectoralis muscle cells as a preliminary investigation of the morpholo-
gical and biochemical differentiation.

MATERIALS AND METHODS

1. Cell Culture
The primary cultures of myogenic cells from the breast muscle of 12 day old chick
embryos were used. All cultures were plated at a normal density nf 1x10° cells/ml
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(2.5 ml on a coverslip in 50 mm dish), and maintained exactly same as described

previously (Ha, 1979).

2. Ultraviolet Irrdiation

During the course of these experiments, an UVS-11 Mineral Light (San Gabriel,
California) was employed and the output of the lamp was monitored continuously with an
YSI-Kettering No 65 Radiometer. The output was calculated as much as 45 ergs/mm?/sec.

At various time after plating, dishes were exposed at room temperature to UV (50 to
600 ergs/mm?) after removing media and washing 2 times with Puck’s phosphated saline
solution. After irradiation, dishes were filled with fresh 8102 medium, and then incubated
to 72 hours.

3. Cell Count

Cell count were made on cultures fixed with AFA and stained with Erlich’s hematoxy-
lin solution at a magnification of 400 with an Erma Microscope. Fusion percent was ex-
pressed as a ratio between the number of nuclei within multinucleated myotubes and
within mononucleated cells. Overstaining or excessive overcrowding were rejected from
the scoring. For each point, at least 10 randomly selected fields containing 1,000~2, 000

cells of myotubes were counted.

RESULTS

1. Synchrony

Photomicrographs showing the progressive changes after plating the cells at 2,5x10¢
cells per dish are presented in Plate 1, and Figure 1 indicates the kinetics of cell proli-
feration and fusion of the myogenic cells based on the data in Table 1. It can be seen
that the cell number was increasing very slowly during the first 32 hours in vitro. Note also
the sparsity of myotubes or forming myotubes in the 40 hour control cultures, particularly
when compared with identical plates at 48 hours of culture. However, there appeared a
sharp increase during the next 16 hours (32-48 hours). After this period, there is no

more increase in the cell number and keeps a plateau until 72 hour culture.

Table 1. Progress of myogenic cell fusion and number of cells per cover slip.

Culture Period(hrs) 24 28 32 36 40 44 48 52 56 60 64 68 72

Fusion % 5.0 — 9.9 1.3 12.6 24.8 391 6.2 — 62.6 — — 544
Cell number(x10%) 3.2 — 44 68 88 10.0 12.0 11.2 — 1L6 — — 12.4

Meanwhile, myogenic cells come together in which the cells are aligned with their long
axes parallel. There is a period of rapid fusion starting at 40 hours after seeding and
this fusion burst is kept for the next 12 hours. Before this abrupt fusion increase, only

13% of the nuclei were found in multinucleated syncitia. By the time of maximum
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Fig. 1. Kinetics of cell proliferation and fusion

incorporation, however, about 60% of the myogenic cells have participated in myoutube
formation. Thereafter, the proportion of nuclei in myotubes may increase at a low rate,
or decrease, or remain constant up to 72 hours after seeding.

Comparing the periods of sharp increase in cell number and fusion, the data clearly
indicates that cell divisions precede to the actual fusion under normal culture condition.
Cell proliferation takes place several hours before the accumulation of the nuclei in

myotubes.

2. Effects of UV Irradiation on the Cell Proliferation and Myogenesis

For the investigation of the UV effects, a study on the relationship between UV dose
and cell number as well as fusion percent were carried out first. Thus, different amounts
of UV ranging from 100 to 600 ergs/mm? were given at various time (30, 36, and 42
hours after seeding), and the cell number and the fusion percent were scored at 72 hour
cultures.

As indicated in Table 2, there is almost no effect on the cell proliferation at a dose of
100 ergs/mm?, Exposure to this amount of UV, cell number was increased as normal as
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Table 2. Effect of UV dose on cell number 72 hr after seeding (x10° cells/cover slip)

UV’'d Cell number o o uv dosgﬁ Control

time at irradiation 0, 50 900 250 300 350 400 500 600 at 72hr.

50 hr 6. 4 11.2 7.6 3.8 5.2 6.8 G. 4 5.6 3.6 5.2 12.8
36 hr 6.8 10.4  12.0 7.6 7.6 7.6 7.2 5.2 4.4 4.0 12.8
42 hr 10. 8 12.8 7.2 7.0 - 7.6 7.2 8.0 8.4 6.8 11.9

Cell number was determined by scoring cells at least 10 random spots in one cover slip. The
values are means of 2 determinations.

Table 3. Effoct of UV does on myogenesis. Fusion % at 72hr after seeding.

Uv'd Fusion % at UV dose Fusion %
time irradiation - o - at 72hr
: (control} 100 150 200 250 300 350 400 500 600 (control)

30 hr 9.4 4.0 37.5 28.7 296 30.1 253 22.1 188 16.8 54.5
36 hr 13. 4 41.5 381 36.6 321 31.7 258 223 16.6 13.9 54.5
42 hr 25.3 59.6 57.5L 46.2 —  41.6 36.9 27.0 24.7 27.0 h7.2

control cultures no matter when they were irradiated. However, responses to a dose of
150 ergs/mm? are different. Dishes irradiated at 30 and 36 hours, there was a slight
increase in cell number from the time of irradiation. Dishes given with the same amount
of UV at 42 hour, cell density was almost same as the above ones. But the absolute celi
number was actually decreaseed from the value of 10.8x10° to 7.2x10° cells/cover slip.
With increasing UV dose above 200 ergs/mm?, there is a tendency of cell death.

Table 3, indicates the UV effect on cell fusion, and the same data are diagrammed in

(%) e '
o——u UV d at 42 hr.
60 | [ '
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Fig. 2. Effect of UV dosage on myogenesis,
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Figure 2 as kinetics of cell proliferation and fusion. The changing patterns of fusion
percent are almost same when irradiated at 32 or 36 hours after plating. It should be
noted that the effect on the myogenesis has already started to appear at a dose of 100
ergs/mm? The rate of myogenesis was about 759% of the control value. When dishes were
irradiated at 32 or 36 hours with a does above 500 ergs/mm?, there was practically no
increase in the fusion percent comparing with the values of the time of irradiation. But
the dose effect is somewhat different if UV were given at 42 hour cultures. No eflect
can be detected up to 150 ergs/mm? From 200 ergs/mm?, the inhibiting action to the
myogenesis was in reverse proportion to the UV dese. In addtion, no further fusion

occured after irradiation with a does above 400 ergs/mm?.

Table 4. Effect of UV on myogenesis (Time course)

Irradiation time

(hrs after seeding) 50 92 36 40 42 41 48 52 56 G0 61 (8 72

Fusion (%) 32.2 32.6 36.0 38.4 50.7 45.4 46.2 53.7 52.8 - - — 53.5

Cell number(x10%) 7.6 7.6 6.8 84 7.5 80 80 12.0 1.2 140 - — 16.0

Cell arc exposed to 180 ergs/mm? dose of UV at each time and incubated till 72 hr after sceding
when scored cell number and percent of myogenesis

Table 4 shows a time course of the effect on the cell division and fusion with a
certain amount of UV. A dose of 180 ergs/mm? was adopted since the previous data in
Table 2 and 3 revealed that cell proliferation and fusion were affected with 150 ergs/
mm?, Thus, dishes were exposed to UV from 30 to 60 hours after seeding, and the cell
number and the fusion percent were scored at 72 hour cultures. With this amount of
UV, dishes displayed about same number of cells if they were irradiated earlier than
48 hours after sceding. In other sense, this also means that the actual cell number at 72
hour in the irradiated dishes (8>¢10° cclls/cover slip) has decreased comparing with those
values of non-irradiated control at each irradiation time. It is also apparent that the
inhibition to mygenesis is more effective if cells are irradiated at earlier stages. When
the initial cell number and the fusion percent at 30 and 42 hour cultures are compared,
it can be clearly seen that the myogenic events have been progressing without cell proli-
feration. If cells were irradiated later than 52 hours, there was no further effect on

either the cell number or the fusion.

3. UV Effects on the Morphology

Plate II contains photographs of cells which were irradiated at 30 hours after seeding
and the pictures are taken at 72 hour cultures. Total cell number and cells participating
in the myotube formation became fewer and fewer with increasing UV dose. Morphology
of the irradiated cells and of the myotubes are quite abnormal. Irradiated cells are much
smaller in size, possibly due to loss of the cytoplasm or cell fragmentation. Size of myo-

tubes is also smaller since only few cells are comprising them. Furthermore, myotubes
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look like a string with a narrow width.

DISCUSSION

The pattern of growth and fusion kinetics observed in this report shows a dramatic
enhancement within short period after inoculation. This is a typical manifestation of
muscle cell differentiation in vitro, and well agreed with those results obtained by the
other investigators (O'Neill and Stockdale, 1972; Paterson and Strohman, 1972: Doering
and Fischman, 1974).

As revealed in Table 2, cell division is not affected by irradiation under a certain
amount of UV (100 ergs/mm?®. On the other hand, excessive dose causes cell death
which results in a drastic decline in the cell number at 72 hour cultures. In case of ro
change in cell density from the time of irradiation to 72 hour, it might be a result of a
balance between cell death by the irradiation and cell proliferation, not by complete arrest
of cell division after irradiation. UV effect on the cell number is displayed most effectively
during the period of exponential growth (32-48 hours after seeding) and thereafter such
effect can not be observed (Table 4). The fact that the earlier irradiation induces severer
inhibition to cell fusion is clearly displayed in the line of 100 ergs/mm? in Table 3
because the fusion percents of 30, 36, and 42 hour irradiation are 41%, 41.5% and
50. 69, respectively. As well, given with a same does of 180 ergs/mm?, the inhibiting
action to fusion is more striking when irradiated at earlier stages. However, this effect
disappears from 42 hour cultures which correspond to the beginning of the fusion burst.

Above observations strongly suggest that the UV irradiation does not affect directly to
the process of fusion itself once myoblasts aquire the capacity for fusion. In other words,
there seem to be no direct influence on the events which occur later than DNA repli-
cation such as cell-cell recognigion, alignment of myogenic cells and formation of syncitia.
This is well agreed with Doering and Fischman’s results where they observed a fusion
delay if Ara-C was added to the medium ¢ hours earlier than the normal fusion burst
but not later than that time. However, it does not imply that UV irradiation has no
influence to the process of fusion itself because cell fusion was inhibited wiih a low dose
which has no effect on the cell proliferation (Table 2). The inhibition r&ay not be a
result of interference with DNA replication but by some direct or indirect influences
which cause alterations in the cell membrane (see below), If this assumption is correct,
dose effects to the DNA replication and to the other cytoplasmic components are different.

Orne of the remarkable effects of UV irradiation is lowering the fusion percent. This is
posssibly due to inhibition of DNA replication by forming thymine dimer. Earlier works
have revealed that the onset of fusion is delayed by lowering the initial cell density
(Morris and Cole, 1972; Doering and Fischman, 1974). The induction of low cell density
by UV irradiation should lead to decrease cell fusion.
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Another possible reason for the lowering fusion percent is changes in Ca* ions level
and in the cell membrane. It is a well known fact that Ca® ion is an absolute prerequisite
for cell adhesion. In his study of the UV effects on the proliferation and migraticn of
primordial germ cells of the amphikian embrye, Dixon (1981) has cbscrved that the UV
irradiation affects on Ca* ions level in the cytoplasm and the alteration in Ca® levels
leads secondary and tertiary effects to the cell such as changes in the flux of other ions,
particularly Nat and K*. The cumulative resulis should be a derangerrent of the normal
process of biochemical events. Therefore, it is not dangercus to assume that the cell
fusion is delayed by the same kind of disturbance in normal process in the cyteplasm
which, in turn, alter the rate of cell division and cell adhesion. This assumption is
strengthened by the observations that the cell density was reduced in the irradiated region
of the fertilized amphibian cggs due to the release of Ca' icns from cytoplasm storage
areas and disturbance of other ionic conditions (Morrill et al., 1971; Malacinski et al.,
1977). ‘Thus, the overall changes in biocchemical process are expressed as the abnormal
morphology of individual cells and the shape of myotubes. With increasing dose of UV,
a drastic alterations in the cytoplam may cause cell death which, in turn, decrcase the
number of cells participating in the myotube formation.

Another interesting result cbserved in the present siudy is the fzct that the fusion of
myotubes was progressing without enhancement of cell density. As disclosed in the time
course or UV effect, fusion percent has increased even though the actuval cell number has
not changed (see up to 48 hours in Table 4). This is more easily understandable when
the date in Table 1 and 4 are considered together. Ccnsidering the values of 36 hour
cultures, for example, the cell number at 72 hour has not changed from the time of
irradiation (6.8x10°). However, the criginal fusion percent of 11.39% at irradiation has
increased to 36% at 72 hour after plating. This increased fusicn percent with same or
lower cell density can be observed up to irradiation at 48 hour cultures. This phenomencn,
suggesting that muscle cell fusion is independent of the enhancement of cell number, was
also observed by Bischoff and Holtzer (1969) that some cells fuse without ever having
divided in wvitro. Turner et oI, (1976) too, recognized that fusion itself can occur in the
absence of cell division.

In view of the results presented in this report, and the firdings from other laboratories
discussed above, it will now be of significance to characterize the mode of UV action to

DNA and to membrane by studying biochemical process and morphology in detail.
SUMMARY

Drastic alterations in myogenesis could be induced by ultraviolet irradiation of the myog-
enic cells derived from 12 day old chick embryo skeletal muscle. The effects of irradiation

on various aspects, including cell division, transformation to myotubes, and morphology of
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myoblasts and myotubes, were examined.

Irradiated cells were smaller in size, and only few cells transformed resulting in smaller
size of myotubes with a narrow width. Both the inhibiting actions to cell division and to
fusion were more striking when irradiated at earlicr stages after plating. As well, cell
division and fusion werz inhibited more effectively with increasing UV dose and excessive
amount caused cell death. A lowering cell density was thought to account for the decrease
in myogenesis and possible reasons for the decrease in the capacity for fusion were dis-
cussed in view of the results presented in this report and of the findings from other
laboratories.
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Plate 1

ting the cells derived from 12 day chick embryo skeletal muscle

Progressive changes after pla
A: at 24 hr, B: at 36 hr, C: at 48 hr, D: at 72 hr. *100.
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Plate 1I

Dose effect of UV irradiation on the chick embryo skeletal muscle cells in vitro. Cells were
irradiated at 30 hr cultures with various amount of UV and the pictures were taken at 72 hrs
after plating.

A: 50 ergs/mm? B: 150 ergs/mm? C:300 ergs/mm?, D: 600 ergs/mm?%  X100.



