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ng double muscled cattle as a model for studying myoblast proliferation and differentiation has revealed differences
and double muscled (DM) fetuses in serum mitogenic activity and tissue insulin-like growth factor-II (IGF-II) 

ese differences may play a role in the development of cattle with muscle hypertrophy.
.  lCTl0N. r j

fa 0uble muscled cattle possess nearly 40% more muscle fibers than normal cattle (MacKellar, 1968). Fetal blood- 
 ̂fact0r modulate myoblast proliferation and differentiation in vitro (reviewed by Florini et al., 1991). The type and amount

l]̂ 0tls in Se nges wTh time in the serum of developing mammalian fetuses (Moses et al., 1980; Daughaday et al., 1982).
* 'Vie Sr<iiwth factor profiles have been assessed by several researchers using myoblast cultures as a bioassay (Kotts et al., 

S in  a ■’ 1988> 1989;\ : > k ,5,>(1 H,
; Gerrard et al., 1992a).

\)

[ tissue Sr° 'Vtl1 factor II (IGF-II) is subject to profound regulation during fetal development of rodents (Lund et al., 1986). 
t"ei)H jctjo ncentrations of IGF-II fluctuate dramatically throughout gestation. Studies by Florini et al. (1991) suggest that
N aybr * -

%nic art. P°nstble for muscle fiber hyperplasia in DM cattle. Therefore, the objectives of this study were to compare the

a :

.(*

f fGF II is required during myoblast differentiation. Changes in the expression of a growth factor closely tied to espo
Vity an<f the expression of IGF-II in liver and skeletal muscle of developing NM and DM fetuses.

*" METHODS:
'Ni„ ,,aUghtered i

Fetal blood samples from sixty beef or dairy (NM) fetuses of various ages were collected from
‘inthe p *n 3 cornrnerc'al slaughter plant. Double muscled fetal blood was taken from twelve fetuses of pregnant cows 

Ue University abattoir. Fetal age was recorded by crown-rump length (CRL; measured from the ischium to theA Ctaniuib) anL Sut>cl0n n ietuses were assigned to a CRL representing time of gestation (<25, 26-50, 51-75, >75 cm).
Hk, le(ELC5)V°>oaSi;sy f0r - , , ------------ , -  v —
^ 'Vas Use<d t0 ' CtCrmining serum-induced myoblast proliferation. Incorporation of 3H-thymidine into cultured proliferating 
IJllC'c sajnpj indicati°n of proliferative activity.

fiber 'VCre ta^Cn fe°m 'he semitendinosus muscle of fetuses ranging in CRL of 12.5 to 90 cm for estimation of 
^ 1 ̂ 0, Urnber. Quantification of the apparent muscle fiber number was performed using an Image Analyzer (Cambridge

of the rat L6  myoblast was obtained from Dr. C. Smith (Lilly Research Laboratories, Greenfield, IN) and

Vle a Cag0> ÏL).
and s SamPles were also taken. Total RNA extraction by the acid guanidine thiocyanate phenol chloroform procedure

E ^i) ^  1987) was performed. Northern blot analysis was conducted using muscle and liver RNA as described by
. ? ^ ° t s  Were generated to determine relative changes in abundance of selected mRNAs. The cDNAs used in this
^  *'ye r' Rechler, National Institue of Health) and rat beta actin (Dr. L. Kedes, University of Southern California).
N ity^U re ^"ndance, tritiated thymidine uptake, mean fiber area and apparent fiber number estimates were subjected to an

^ans ^  (1988) to determine main effects of muscling and age. Differences between means were determined by the
k Vb
v \ > > s c

Sa s procedure.
ESSION; Although not statistically significant at all time points, serum-stimulated myoblast replication tended to

as D>. oth NM and DM fetuses (Figure 1). Normal muscled fetal serum-induced thymidine incorporation in L6"'5\v latest atk it -.J/' &eater , 3 ^ L  > 50, least at CRL < 25 and intermediate for 26-50 cm CRL (P<.05). Thymidine uptake by L6
- %  1..'vith serum from DM fetuses than NM fetuses at CRL < 25, 26-50 and 51-75 cm (P<.05) and tended to be

N\  ^r°Eferation observed in the presence of serum from DM fetuses over NM fetuses may result from the presence
I ̂  is pres aCtor which is responsible for the expression of bovine muscle fiber hyperplasia. More likely, an aberrant level

C V ’"'"»\ ,  *te
to
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ng a critical stage of myogenesis. Preliminary experiments showed that the L6 myoblasts used in this 
r t'V° WeE known mitogens, FGF and TGF-beta. This does not eliminate the possibility of TGF-beta or FGF 
. . e’ but suggest other growth factors are responsible for increased myoblast replication in this system. Inass0(’ciated jn , .

Scle hyperplasia.
lncreases in myoblast proliferation wherein IGF-I is the suspected mitogen, IGF-II probably mediates the
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Mean fiber area decreased dramatically from 100 to 20 um2 between 15 and 38 cm CRL (Figure 2). Simul®116
,osly-;

increase in apparent muscle fiber number was observed at '38 cm CRL (Figure 3). Swatland and Kieffer (1974) 
increases in muscle fiber number between 10 and 42 cm CRL of fetal bovine development.

Figure 1. Means and standard errors of incorporation of 
3H-thymidine into replicating myoblasts cultured in the presence of medium containing 1 0% sera from developing double muscled (DM) and normal muscled (NM) fetuses. Means bearing similar letters do not differ (P>.05).

,e
Figure 3. Estimated apparent ®uS |6 «¡«dthe developing semitendinosus ® ,/jj]M) 
muscled (DM) and 19 normal ®usC

Figure 2. Mean fiber area of muscle fibers within the, 
developing semitendinosus muscle of 10  double 
muscled (DM) and 19 normal muscled (NM) fetuses
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IGF-II mRNA was detected in muscle and liver tissues of both DM and NM fetuses (Figure 4). Rat
study hybridized to transcripts of 4.5, 3.6, 2.75, 2.5,1.6 and 1.15 kb. Although multiple transcripts were observe^^ ^  \
the 4.5 kb transcript was most abundant. An additional 6  kb transcript was also observed on autoradiograph ^gss'^ 
times. The rat beta-actin cDNA hybridized to the 2.1 kb bovine beta actin mRNA in both liver and muscle. So® 
of the beta-actin cDNA to muscle alpha-actin mRNA occurred.

Figure 4. Autoradiogram from northern blot analysis of bovine liver and muscle tissues using a rat IGF-II 
cDNA (lanes 1,2,4 and 7 fetal liver; 3, 5, 6  and 8 fetal muscle).
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Figure 6 . Means and abundance of IGF-II mRNA ® ^normal muscled (NM) fetuses- 
letters do not differ (P>.05)-
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Figure 5. Means and standard errors of the relative abundance of IGF-II mRNA in the liver of developing 
normal muscled (NM) fetuses. Means bearing similar 
letters do not differ (P>.05).
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Me
m Qfr iGF^rf standard errors of the relative

?eVelopi ^  in thp semitpnHinnciicmRNA in the semitendinosus 
si rni i i  nonnal muscled (NM) fetuses. llar letters do not differ (P>.05).

Figure 8 . Means and standard errors of the relative abundance of IGF-II mRNA in the semitendinosus muscle of developing double muscled (DM) and normal 
muscled (NM) fetuses. Means bearing similar letters do not differ (P>.05).

M uscle IGF-II DM IGF-II Œ 3  NM IGF-II

the
/  V , At2n ^ SSibility confounding muscle IGF-II expression with age, NM fetuses were compared to DM fetuses with

rftw jL \ S(V, J cm c r  t tg. L (approximately 100 d post-conception), muscle IGF-II expression was greater (P<.05) in NM fetuses than 
„ inversely , at 40 cm CRL, muscle IGF-II was greater (P<.05) for DM than NM fetuses. The reason for this

is a mitogen of embryonic myoblasts (McFarland et al.,
eCëure|V i|)d 11 CXpr muswit 1VJ1 - 1 1 was gicaici
I \  V  c,... CSS'°n °f IGF-II in muscle is unknown. Since IGF-II i;j Cattle dev . — ------- ------ '-----v..... .....— >

°te et al 6 °P thc Potential for extreme muscularity through hyperplastic muscle cell growth (Swatland and Kieffer,
^ a*' (1^91) ■ ’ may cause hyperplasia of myoblasts. Alternatively, with the compelling evidence recently shown
V t  of t„  ̂ tbat Paracrine production of IGF-II is imperative for myogenesis, increased muscle IGF-II expression may

<j minal differentiation. This suggests that the onset of terminal differentiation in the muscle of developing DM

sS
y V

% C "8  thc °nset of secondary fiber formation compared to NM fetuses. Delayed expression of IGF-II may allow for 
y °f myoblasts from DM fetuses which could result in greater muscle fiber production.

Of an ; Double muscled cattle provide a useful model for studying muscle development. Mechanisms controlling the
unrj^S °ccUrs w'lh 30% more muscle represents a biological phenomenon worth exploiting. Muscle cell hyperplasia in 

jt| V /  4 V e  of Jn'Veen 85  and d post-conception. Serum-induced mitogenic activity is greater in DM fetuses than in NM 
J ̂  t(,, V  mUSclc fibcr hyperplasia. Serum growth factors may play a role in development of the DM phenotype.
" l(l99n leIG^-” - ...........

l ) ' Alth,

I iGF-n 1 r ---- JrV )  A| ~ expression during development in bovine fetuses is consistent with myoblast culture results reported by
0ugh time points prior to 13 cm CRL were not available, changes in muscle IGF-II expression during the°fb0

s Wi i i cohw , C*Cta* muscle may represent different stages myogenesis. Furthermore, muscle fiber number was established by \  % il ^ l a e d  v v i t ki  \  e Uiatu . n a S1&n>ficant decrease in the abundance of IGF-II mRNA. These data suggest that IGF-II expression
V  aictatpV Vi. e Olti Of prenatal muscle tissue in vivo and support the hypothesis that the time of IGF-II expression in musclev .\> ely the number of muscle fibers that bovine fetuses_ ^ possess at birth. These experiments support the use of

deVe|Qan CXCĈ cnt for studying myogenesis. Further work to identify the source and type of growth factors
Srns PniCnt °f DM fetuses which result in increased myoblast proliferation may lead to better understanding the 

ntr°lling myogenesis.
Iabi;
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