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Abstract

Myoblasts from the pectoralis muscle of developing and adult chickens were cultured in
various media and the number of differentiated myoblasts was monitored via indirect immuno-
fluorescence using an antibody against sarcomeric myosin. Myoblasts from all age groups
proliferated to a lesser extent in media lacking chicken embryo extract (CEE) when compared
to myoblasts in standard medium containing 5% CEE. However, CEE influenced differentia-
tion of myoblasts from 19-day-old embryos and adults but not that of myoblasts from
10-day-old embryos. Differentiation in cultures from 10-day embryos began at the same time
and reached the same levels regardless of the presence or absence of the CEE in the medium.
In contrast, differentiation of myoblasts from 19-day-old embryos and adult chickens was
delayed by several days in cultures maintained with CEE compared to cultures in media
lacking CEE. We do not know yet what is the active factor(s) in the CEE causing this delay
of myogenic differentiation in cultures from older embryos and adults. Nevertheless, the
present finding is in accordance with our previously published studies where we demonstrated
that adult type chicken myoblasts, which differ from those dominant during mid-fetal develop-
ment, emerge at late stages of embryogenesis and are the only one present during post-hatch
and adult stages.
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Histogcnesis of skeletal muscle begins early in embry-
ogenesis and continues through adulthood. Early in
development, progenitor cells undergo myogenic determi-
nation, giving rise to myoblasts. These myoblasts pro-
liferate, withdraw from the cell cycle, and eventually fuse
into multinucleated fibers - a process which takes place
throughout embryogenesis. Addition of nuclei into ex-
isting muscle fibers can still occur during the post-embry-
onic phase [25]. This process slows as the animal grows,
so that little or no myoblast proliferation or fusion into
myofibers occurs in the adult [35]. Myoblast proliferation
and fusion into myofibers can still occur in the adult
following injury or other more subtle stresses [14, 34, 36,
39, 44]. The primary source of myogenic cells during
postnatal growth and regeneration of skeletal muscle are
the satellite cells [7, 14, 24, 34]. These cells are situated
adjacent to the myofiber underneath the basement mem-
brane of the fiber [24]. Individual myofibers become en-

-33-

cased by a basement membrane during late embryogenesis
and it is at that stage that distinction of satellite cells by
their morphology and location is first possible [reviewed
in 14, 43). Several growth factors which can affect activa-
tion, proliferation and differentiation of cultured satellite
cells have been identified [1, 2, 6, 8, 12, 16, 28, 44-46;
reviewed in 14 and 34]. These agents could be potentially
involved in regulating myogenesis of satellite cells in vivo.

Evidence from different laboratories studying avian, ro-
dent and human myoblasts has indicated that developing
muscles consist of multiple myogenic populations [re-
viewed in 9, 18, 40, 41]. At first, this concept of multiple
myogenic populations was primarily based on the obser-
vation that myoblasts from earlier and later stages of
chicken development exhibit different characteristics in
culture, such as media requirements for growth, and mor-
phology of myotubes they form, but additional differences
were identified at the biochemical level as well [33, 37,
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40-42]. With correspondence to the embryonic (earlier)
and fetal (later) phases of muscle embryogenesis, the early
and late myoblasts were named by Stockdale and col-
leagues as embryonic and fetal myoblasts, respectively
[40, 41]. Further discrete populations of myoblasts (which
are often referred to as lineages) have been identified
within these embryonic and fetal myoblasts by the type of
myosins expressed within the myotubes formed in culture
[reviewed in 40, 41]. In the chick limb, for example, the
early (embryonic) period ends and the late (fetal) period
begins near the first week of avian embryogenesis [40, 41].
Embryonic myoblasts are most abundant on day 5, while
fetal myoblasts are most abundant between days 8-12 [40,
41]. Like myoblasts of the developing muscle, cells in the
satellite cell position in postnatal muscle are derived from
the somites [3]. However, cultured satellite cells isolated
from postnatal and adult muscle can be distinguished from
myoblasts isolated from fetal muscle [reviewed in 9, 18,
34, 40 43]. For example, compared to fetal myoblasts,
cultured satellite cells have different sensitivities to phor-
bol esters [10] and to a voltage sensitive dye [26], differ in
myosin isoform expression [13, 19, 20] and in the expres-
sion of acetylcholine receptors [11].

We have previously compared myosin isoform expres-
sion during myogenesis in cultures of fetal myoblasts from
chicken embryos of mid-development (day 10 embryos)
and myoblasts from adult chickens. We concluded that
myoblasts from fetal and adult chicken skeletal muscle
regulate myosin expression differently [19]. We further
demonstrated that myoblasts with the ’adult’ pattern of
myosin heavy chain expression become dominant in late
stages of chicken embryogenesis (embryonic day 18) [20].
A model describing the emergence of adult myoblasts,
based on analysis of the various prehatch and posthatch
stages is summarized in Figure 1. In accordance with the
terms embryonic and fetal myoblasts used for the two
myogenic populations which sequentially appear during
chicken development, we and others have adapted the term
adult myoblasts for the third myogenic population becom-
ing dominant at the final days of embryogenesis [18, 40,
43]. Different from the term satellite cells, the term ’adult
myoblasts’ is independent of the position of the myogenic
precursor cells in the animal and rather reflects the distinc-
tion of the cells compared to the fetal myoblasts. In addi-
tion to the differences between fetal and adult myoblasts
demonstrated by the myosin isoform analyses, we also
noted, throughout our cell culture studies on the mitogenic
effect of platelet-derived growth factor (PDGF) during
myogenesis, that adult chicken myoblasts express many
more receptors for PDGF than fetal myoblasts from 10-day
old embryos [45]. Hence, in agreement with the myosin
isoform studies, the PDGF receptor analysis have also
suggested that myoblasts with the properties of those found
in the adult become dominant in late stages of chicken
development [45]. Furthermore, both approaches have
suggested that as early as embryonic day 10, there is a
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Figure 1. Schematic of the presence of fetal and adult
myoblasts during embryogenesis and posthatch
stages of chicken development. E10, E14, E18 rep-
resent days of embryogenesis; PHI represents one
day after hatching; 3WK, 8WK, and 16-20 WK
represent weeks posthatching. H refers to hatching,
which occurs on days 20-21. (Reproduced with
permission of the publisher from Hartley Hartley
and Yablonka-Reuveni, 1992 [18]; copyright Gor-
don and Breach; based on data published in Hart-
ley et al., 1991; 1992 [19 and 20, respectively]).

small number of myogenic cells expressing the adult my-
oblast phenotype.

During the course of the studies we consistently ob-
served, when culturing chicken myoblasts in our routine
medium containing 10% horse serum and 5% chicken
embryo extract, that biochemical differentiation and fusion
into myotubes in primary myogenic cultures derived from
adult muscle was delayed by several days compared to
cultures of myoblasts from mid-stages of development[19,
47]. This delayed differentiation was not related to the
quiescence of the majority of the isolated satellite cells at
the time of the initial culturing; similar lag was also de-
monstrated by myogenic cultures prepared from aregener-
ating adult muscle [19]. We further demonstrated that the
delayed differentiation in culture was a common feature
for all chicken myoblasts of the adult phenotype regardless
the type of muscle (fast / slow) they were isolated from;
we could detect it in cultures from 18-day old embryos as
well as from posthatch chickens of various ages [20]. A
delay in differentiation was also observed by Quinn and
colleagues in myogenic cultures from 17-day old chicken
embryos [32]. This delay in myogenic differentiation de-
monstrated by adult myoblasts could be related to intrinsic
properties of the cells and could potentially be important
for growth regulation during late stages of embryogenesis
and during the postnatal phase.

Studies described in this paper demonstrate that the onset
of differentiation of cultured adult myoblasts is strongly
affected by chicken embryo extract. Adult cells cultured in
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the absence of chicken embryo extract differentiate
rapidly. In contrast, the level of differentiation of fetal
myoblasts is not affected upon removal of the embryonic
extract. Although we do not yet know what factor(s) in the
embryonic extract is involved in the delayed differentia-
tion of adult myoblasts, the data suggests that myogenesis
of adult and fetal chicken myoblasts is regulated differ-
ently.

Methods

Animals

Embryonated chicken eggs (White Leghorn) were pur-
chased from H & N International (Redmond, WA). Eggs
were maintained in a forced air incubator at 37.5°C. For
adult chickens we used Hubbard chickens (8-week-old)
kindly provided by Acme Poultry (Seattle, WA). In earlier
experiments we could not detect differences in the results
obtained with the two different strains [19].

Isolation and culture of primary myoblasts

Myogenic cells were isolated from the pectoralis muscle
of 10- and 19-day embryonic chicks and adult chickens
employing enzyme digestion and Percoll density centrifu-

gation as previously described by us [19, 20, 45, 47]. Cells
were further cultured on 35-mm culture plates that were
precoated with 2% gelatin (Sigma, St. Louis, MO) employ-
ing our standard chicken myoblast culture medium (85
parts Eagle’s minimal essential medium (MEM; GIBCO,
Grand Island, NY;; fortified with penicillin and streptomy-
cin at 10° units per liter each), 10 parts horse serum
preselected for myogenic clonal cultures (Sigma) and 5
parts chicken embryo extract). Cell density for the differ-
ent experiments was as indicated under Results (Tables 1
and 2). Following 24 hours in the standard medium, cul-
tures received 1.5 ml of fresh standard medium or an
experimental medium as indicated in Tables 1 and 2.
Fetal calf serum (FCS) used in some medium combina-
tions was from HyClone Laboratories (Logan, UT). In
instances where transferrin was added to the medium we
used the same formulation as previously described by us
[43]. MEM was fortified with iron in the form of
FeSO,-7H,0 at 0.834 mg/liter to provide iron for transfer-
rin. Iron formulation and concentration was based on F-10
medium from GIBCO. Highly purified chicken transferrin
was from Organon Teknika Corporation, Cappel Research
Products, Durham, NC and was added to MEM at 20

Table 1. Number and frequency of myosin-positive cells in myogenic cultures from chicken embryos.

b

Source of cells Additives in medium®

Total cells® myosin+ cells’

No. No. %
10-day embryos 10% HS / 5% CEE 1396 466 33.38
1297 356 28.09
10% HS / Tf / Fe 626 190 30.35
396 128 32.32
19-day embryos 10% HS / 5% CEE 2649 94 3.54
10% HS / Tf / Fe 701 243 34.66
784 276 35.20
5% HS / 5% CEE 2142 52 242
5% HS / Tf / Fe 1374 384 27.94
1229 398 32.38

a HS, horse serum; CEE, chicken embryo extract; Tf, chicken transferrin at 20 pg/ml; Fe, FeSO,-7H,0 at 0.834 pg/ml.

b Cultures were initiated at 2 x 105 cells per 35 mm plates employing our standard medium for chicken myoblasts (10% HS /5%
CEE in MEM). 24 hours later medium was changed as indicated in the Table. Cultures from 10-day embryos were mintained for
3 days prior to fixation. Cultures from 19-day embryos were maintained for 4 days. For each determination 11 fields were counted

using 40 x objective.

¢ Based on number of nuclei within mononucleated cells and myotubes.
d Based on number of nuclei within myosin-positive cells and myotubes.

-35.
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Table 2. Number and frequency of myosin-positive cells in myogenic cultures from adult satellite cells.

Additives Number of fields Total cells® myosin+ cells®

in medium® counted No. No %
Exp 12b 10% HS / 5% CEE 66 1107 5 0.45

2.5% FCS 80 819 - 274 33.45
Exp 2 10% HS / 5% CEE 10 3543 118 3.33

2.5% FCS 10 1000 335 33.5

2.5% FCS / Tf / Fe 10 1230 405 32.92

a For both experiments cultures were initiated employing our standard medium for chicken myoblasts and 24 hours later medium

was changed as indicated in the Table.

b Cultures for Experiment 1 were initiated at 5 x 10* cells per 35 mm plates and were fixed following 4 days in cultures. Cultures
for Experiment 2 were initiated at 4 x 103 cells per 35 mm plates and were fixed following 3 days in culture.
¢ HS, horse serum; CEE, chicken embryo extract; FCS, fetal calf serum; Tf, chicken transferrin at 20 pg/ml; Fe, FeSO,- 7H,0 at

0.834 pg/ml.

d Based on number of nuclei within mononucleated cells and myotubes.
¢ Based on number of nuclei within myosin-positive cells and myotubes.

pg/ml. Chicken transferrin was used because species
specificity was previously established for the mito-
genic/trophic effect of transferrin during chicken myo-
genesis [5].

Preparation of chicken embryo extract

Chicken embryo extract (CEE) was prepared sterile from
10- and 11-day old embryos similar to a previously de-
scribed procedure [29] but using the entire embryo.
Embryos were removed from surrounding membranes,
rinsed several times with MEM and forced through a 50-ml
syringe. The resultant extract was diluted 1:1 with MEM
and subjected to a gentle agitation for 2 hr atroom tempera-
ture. The extract was then frozen at -70°C, thawed, centri-
fuged at 15,000xg for 10 minutes to remove particulate
material and divided to smaller aliquots which were kept
frozen at -20°C until used. Prior to its use, CEE was again
centrifuged at about 700xg for 10 min to remove aggre-
gates.

Quantitation of total cell numbers and of myosin-posi-
tive cells

Total cell numbers and the number of terminally differ-
entiated cells were determined by a combination of indirect
immunofluorescence to localize myosin positive cells and
counter staining of all cell nuclei to facilitate analysis of
cell numbers. Cultures were fixed with a cold solution of
70% ethanol:formalin:acetic acid (AFA, 20:2:1) and re-
acted with the monoclonal antibody MF20 followed by a
secondary antibody exactly as previously described by us
[19, 46]. The MF20 antibody originally prepared against
chicken skeletal muscle myosin by Bader et al. [4], recog-
nizes all isoforms of sarcomeric myosin heavy chain from
numerous species and thus allows detection of differen-
tiated myoblasts. MF20, obtained from the Developmental
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Studies Hybridoma Bank, was used as an hybridoma su-
pernatant diluted 1:5. The secondary antibody was
fluorescein-labeled goat anti-mouse IgG (Organon Te-
knika-Cappel, Downington, PA). After the antibody reac-
tion, nuclei were stained with ethidium bromide as
previously described [17, 46]. Cultures were viewed with
Zeiss microscope equipped for epifluorescence. The bright
red fluorescence of the nuclei could be visualized alone
using the rhodamine filters or simultaneously with the
antibody stain, employing the fluorescein filters. The num-
ber of myosin-positive cells was determined by quantitat-
ing the nuclei within mononucleated and multinucleated
cells reacting with the MF20 antibody. A minimum of 10
random fields per a 35-mm dish were analyzed using single
or duplicate plates.

Results

Chicken embryo extract promotes mitogenesis but does
not affect differentiation in myogenic cultures from 10-
day embryos

Proliferation and differentiation were compared for my-
ogenic cultures prepared from 10-day-old embryos when
cultures were maintained in our standard medium contain-
ing 10% horse serum (HS) and 5% chicken embryo extract
(CEE) versus medium containing 10% HS only. Transfer-
rin (Tf) saturated with iron (Fe) was added to the latter
medium since Tf was shown to be present in CEE and acts
as a myotrophic agent when added to. chicken myogenic
cultures substituting for some of the mitogenic effect of
CEE [21]. In this analysis of myoblasts from 10-day-old
embryos, as in all other experiments described below, cells
were initially plated in standard medium and received the
experimental medium lacking CEE or fresh standard me-
dium 24 hours later; thus the initial cell population for all
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parallel plates within a given experiment was identical. As
shown in Table 1 cultures from 10-day embryos main-
tained for 3 days in the CEE medium had 2-3 times as many
cells as parallel cultures maintained in the medium lacking
CEE. However, the frequency of differentiated cells
(MF20-positive) was similar in both media and reached a
value of about 30% by day 3.

Chicken embryo extract promotes mitogenesis and
suppresses differentiation in myogenic cultures from
19-day embryos

As shown in Table 1, both proliferation and differentia-
tion of myogenic cultures from 19-day-old embryos were
strongly affected by the presence of CEE. CEE enhanced
proliferation in cultures maintained continuously in stand-
ard medium but % differentiation was still low (under 4%)
following 4 days in culture. As previously shown, the level
of differentiation in cultures from 19-day embryos main-
tained in standard medium eventually reaches, by culture
day 5, a similar level to that described above for cultures
from 10-day embryos [20]. Cultures from 19-day embryos
maintained in media containing 10% HS (with Tf and Fe)
had significantly fewer cells following 4 days in culture
compared to parallel cultures in standard medium, but the
total number and frequency of differentiated myoblasts
were far higher, reaching a level of about 35%. We further
demonstrated that the inhibitory effect of CEE on differ-
entiation is consistent even in media containing lower
concentrations of horse serum. As shown in Table 1 cul-
tures from 19-day embryos maintained in medium contain-
ing 5% HS and 5% CEE had far lower numbers of
MF20-positive cells compared to cultures maintained in
medium containing 5% HS with Tf and Fe following 4
days in culture. Frequency of differentiated cells in the
media consisting of 5% HS was under 3% when CEE was
present in the medium and about 30% when absent.

Differentiation in myogenic cultures from adult chickens
is accelerated in the absence of CEE

We further analyzed whether CEE contributes to the
delayed differentiation previously seen by us in cultures of
myoblasts isolated from adult chickens [19, 47]. Cells were
isolated from 8-week-old chickens and experiments were
conducted as those described in Table 1 except that fetal
calf serum (FCS) was used in the media lacking CEE. We
concluded from preliminary experiments that it was
possible to use lower FCS concentration than HS without
reducing cell viability. Lower serum concentration was
especially important for our studies focusing on the effect
of growth factors during myogenesis of chicken adult
myoblasts [45]. The total number of cells in cultures from
adult muscle was far greater when cells were maintained
in medium containing CEE (regardless if the medium
contained in addition 10% HS as shown in Table 2 or 2.5%
FCS (data not shown)), but the number and frequency of
differentiated cells were far higher in cultures maintained
in media lacking CEE. Differentiation in standard medium
(shown in Table 2) or in medium containing 2.5% FCS and
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5% CEE (data not shown) was significantly lower than in
the media containing 2.5% FCS shown in Table 2 (+/- Tf
/ Fe). Myogenic cultures from adult muscle maintained in
standard medium eventually demonstrated, following 5-6
days in culture, higher levels of differentiation as well ([ 19,
47] and Figure 2 in the present study).

In addition to myoblasts, primary myogenic cultures
contain cells which do not demonstrate myogenic charac-
teristics [45, 48]. One may argue that the effect of CEE on
delaying differentiation of E19 and adult myoblasts is
merely due to promoting proliferation of these ‘non-myo-
genic’ cells, leading to an apparent low frequency of
differentiated myoblasts. It is important to note, however,
that not only the frequency of differentiated cells, but also
the actual number of differentiated cells is affected by
CEE; the number of differentiated cells is far higher in E19
and adult cultures in the absence of CEE despite the fact
that the total cell number is greatly reduced (see Tables 1
and 2). This indicates that the effect of CEE on decreasing
the frequency of differentiated cells is not merely a result
of increase in the number of non-myogenic cells. It is also
important to note, that the contribution of the myogenic
cells and the so-called non-myogenic cells is similar in the
myogenic cultures from the different age groups studied,
as determined by frequency of nuclei within myotubes
under our routine culture conditions.

Figure 2 demonstrates the morphology of myogenic cul-
tures isolated from 8-week-old chickens and maintained
continuously in standard medium (10% HS/ 5% CEE,
Figure 2b) or, following the initial day in standard medium
shifted into medium lacking CEE (2.5% FCS, Figure 2a).
Morphology in medium containing 2.5% FCS / Tf / Fe was
similar to that in 2.5% FCS only. It is important to note that
differentiated myoblasts could be detected in cultures
maintained in media lacking CEE even following just 1
day in this medium (i.e., initial culturing for one day in
standard medium and one additional day in the experimen-
tal medium). No differentiated myoblasts were detected in
parallel cultures maintained in standard medium for two
days. Also cultures maintained in standard medium during
the initial 3 days than switched to a medium containing
2.5% FCS (lacking CEE) demonstrated a burst in differen-
tiation following just one day in the 2.5% FCS medium
(Figure 2c¢). The morphology of the culture in regard to the
degree of differentiation and myotube size resembled that
seen with myogenic cultures from adult chicken muscle
maintained in standard medium for 5-6 days (Figure 2d).

Discussion

The present study was conducted as part of our charac-
terization of chicken adult myoblasts. Results show that
differentiation of chicken adult myoblasts (measured by
the number of nuclei within sarcomeric myosin-positive
cells and myotubes) is strongly affected by chicken em-
bryo extract. The main phase of differentiation of adult
myoblasts maintained continuously in media containing
CEE is delayed by several days compared to parallel
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Figure 2. Representative micrographs of myogenic cultures prepared from adult chicken and reacted via indirect
immunofluorescence with an antibody against sarcomeric myosin. Nuclei were counter stained with ethidium
bromide. Parallel cultures were initiated at a density of 4x10° cells per 35-mm plates using standard medium (MEM
containing 10% horse serum and 5% CEE). Cultures were maintained for 24 hours in the initial standard medium
then received fresh medium as follows: (a) MEM containing 2.5% FCS for 48 hours. (b) Standard medium for 72
hours. (c) Standard medium for 48 hours followed by MEM containing 2.5% for 24 hours. (d) Standard medium for
5 days. 25X objective was used for all micrographs.

cultures in media lacking CEE. This delayed differentia-
tion in the presence of CEE is demonstrated by myoblasts
from both late stages of fetal development (day 19
embryos, E19 myoblasts) and from adult chickens but not
by myoblasts from mid stages of development (day 10
embryos, E10 myoblasts). This transition by embryonic
day 19 in myoblast phenotype from the fetal one to the
adult one fits well with our previous conclusions on the
emergence of the adult myogenic phenotype based on
myosin isoform expression (shown in Figure 1) and PDGF
receptor expression. It is important to note that the accel-
erated differentiation of adult myoblasts when cultured in
medium lacking CEE does not affect the adult program of
myosin isoform expression. As previously shown, adult
myoblasts cultured in standard medium first express upon
differentiation the ventricular isoform of myosin heavy
chain, and after fusion into myotubes, express the embry-
onic isoform of fast myosin heavy chain. In contrast, fetal
myoblasts cultured in standard medium coexpress the
ventricular and embryonic myosin isoforms upon terminal
differentiation and fusion into myotubes (as well as follow-
ing fusion) [18, 20, 43]. Like adult myoblests maintained
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in standard medium, adult myoblasts maintained in me-
dium containing 2.5% FCS but lacking CEE first express
ventricular myosin upon differentiation whereas expres-
sion of the embryonic myosin is delayed (Hartley and
Yablonka-Reuveni, unpublished results). Fusion of rodent
myoblasts is accelerated and highly synchronized when
myoblasts are first maintained in media rich in serum
and/or CEE followed by a transition to media poor in
serum /CEE [49; see example in 46]. This approach, orig-
inally introduced by Yaffe [49] has become a routine
method for culturing primary myoblasts and cell lines from
rodents. The reason that this method has not been routinely
applied to chicken myoblasts could potentially be due to
the fact that myoblasts in most chick studies have been
isolated from embryonic days 10-11. The serum/CEE re-
duction protocol does not necessarily lead to accelerated
differentiation when studying myoblasts from this
developmental age. An earlier study employed an ap-
proach of stepping down the concentration of the serum in
the culture medium as a means to induce differentiation of
myoblasts isolated from S5-day-old chickens; the ’pro-
liferation’ medium was rich in FCS and CEE was not
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present [12]. Only phase micrographs are provided to
document the appearance of some narrow myotubes and
no information is presented regarding the level of differ-
entiation with or without serum reduction.

The delay in differentiation of adult myoblasts, but not
of E10 myoblasts, when the cells are cultured in the pre-
sence of CEE, suggests that adult myoblasts regulate my-
ogenesis differently than the fetal myoblasts. It is tempting
to suggest that adult myoblasts may respond to a certain
mitogens found in the CEE by extending proliferation
and/or delaying differentiation whereas the fetal myoblasts
may be incapable of responding to this agent. FGF which
is present in chicken embryos [38] and is likely to be a
major mitogenic component of CEE, can enhance pro-
liferation of both fetal and adult myoblasts [16, 22, 23, 37].
It is still possible that the repertoire of FGF receptors
present on the myoblasts from the two different age groups
is different, and may underlie a delayed differentiation of
adult myoblasts [see discussion in 16, 28]. We have shown
that adult myoblasts express far higher levels of PDGF
receptors compared to fetal myoblasts and that PDGF can
enhance proliferation of adult myoblasts [45]. Further-
more, we demonstrated that PDGF can delay myogenic
differentiation [46]. Although studies on the presence of
PDGF in the developing chicken are not available, nRNA
analysis of mouse embryos revealed abundance of PDGF
transcripts in developing embryos of earlier and later
stages [30, R Seifert and DF Bowen-Pope, personal com-
munication]. Hence, it is possible that PDGF might be at
least one of the agents in CEE that causes the delayed
differentiation of adult myoblasts. Insulin-like growth fac-
tors were also shown to enhance proliferation of adult
chicken myoblasts [12] but their effect on differentiation
in this study of chicken satellite cells has not been investi-
gated. Transferrin, a major contributor of the mitogenic
effect of CEE, enhances proliferation of both fetal and
adult myoblasts [5, 21, 22, 43, 45]. Transforming growth
factor B (TGF) which is a potent inhibitor of myogenic
differentiation [reviewed in 27] is another potential agent
that could be present in the CEE and delays differentiation
of the adult myoblasts. Finally, retinoic acid might be
present in CEE, and was shown to induce differentiation
of adult chicken myoblasts maintained in FCS-rich me-
dium [15]. It is unclear whether retinoic acid could also
enhance proliferation and delay differentiation of chicken
myoblasts when, as in the present study, presented to the
cells in CEE.

Work by Quinn and Nameroff has suggested that the
majority of myoblasts from E10 chicks are in a compart-
ment which is destined to divide several times before
terminal differentiation (committed cells), whereas a
smaller proportion of the E10 myoblasts are in a stem cell
compartment and can divide multiple times before giving
rise to differentiated cells [26, 31, 32]. These investigators
further proposed that the number of stem cells increases in
later stages of development. Possibly, the inability of CEE
to delay differentiation of fetal myoblasts (isolated in the
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present study from E10) may be due to the committed
nature of the cells. The ability to modulate differentiation
of adult myoblasts by CEE might reflect the uncommitted
(or stem cell) nature of these cells.

Myogenic differentiation was monitored in the present
study by the appearance of sarcomeric myosin-positive
cells which were visualized with an appropriate antibody.
Earlier steps of myogenic differentiation can now be moni-
tored with antibodies against the myogenic regulatory
factor proteins [27, 44 and citations in these references].
Employing such antibodies we are now attempting to
determine whether the effect of CEE on suppressing
sarcomeric myosin expression in cultures of adult myo-
blasts is linked to an effect of CEE on the expression of
myogenic regulatory factors.

In conclusion, although the nature of the agent(s) in CEE
affecting differentiation of adult myoblasts is unresolved,
the results provide further support to our proposal that
adult myoblasts regulate myogenesis differently than fetal
myoblasts. It is still unclear whether the differences be-
tween the adult and fetal myoblasts are acquired as the in
vivo environment of the cells changes during later stages
of development, or whether adult and fetal myoblasts
acquire their distinctions during the early embryonic phase
of muscle histogenesis.
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