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Tng N8 double muscled cattle as a model for studying myoblast proliferation and differentiation has revealed differences
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pressi() ( M) ang 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.
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* White etal 8rowth factor profiles have been assessed by several researchers using myoblast cultures as a bioassay (Kotts et al.,
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b, Inxulin .~ 1988, 1989. Gerrard et al., 1992a).
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ate myoblast proliferation and differentiation in vitro (reviewed by Florini et al., 1991). The type and amount
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Ong ; 118es with time in the serum of developing mammalian fetuses (Moses et al., 1980; Daughaday et al., 1982).
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&rOWth factor 11 (IGF-II) is subject to profound regulation during fetal development of rodents (Lund et al., 1986).
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i UCentrations of IGF-II fluctuate dramatically throughout gestation. Studies by Florini et al. (1991) suggest that
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My Of IGF- 1s required during myoblast differentiation. Changes in the expression of a growth factor closely tied to
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”()genic SPonsible for muscle fiber hyperplasia in DM cattle. Therefore, the objectives of this study were to compare the
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ER[ and the expression of IGF-II in liver and skeletal muscle of developing NM and DM fetuses.
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W, S: Fetal blood samples from sixty beef or dairy (NM) fetuses of various ages were collected from

i the in a commercial slaughter plant. Double muscled fetal blood was taken from twelve fetuses of pregnant cows
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b bl()ass\, CS) of the rat L6 myoblast was obtained from Dr. C. Smith (Lilly Research Laboratories, Greenfield, IN) and
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M“’ﬁs Useq ¢ dctCrmmmg serum-induced myoblast proliferation. Incorporation of 3H-thymidine into cultured proliferating
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niversity abattoir. Fetal age was recorded by crown-rump length (CRL; measured from the ischium to the
Ses were assigned to a CRL representing time of gestation (<25, 26-50, 51-75, >75 cm).
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Cation of proliferative activity.
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'S0, oy, Umber. Quantification of the apparent muscle fiber number was performed using an Image Analyzer (Cambridge
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€re taken from the semitendinosus muscle of fetuses ranging in CRL of 12.5 to 90 cm for estimation of
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by, ki a TSamples were also taken. Total RNA extraction by the acid guanidine thiocyanate phenol chloroform procedure

! ,dl (1991 ACch, 1987) was performed. Northern blot analysis was conducted using muscle and liver RNA as described by

IGF‘H E)It) blots were generated to determine relative changes in abundance of selected mRNAs. The cDNAs used in this
L M. Rechler, National Institue of Health) and rat beta actin (Dr. L. Kedes, University of Southern California).

N abu“dancc, tritiated thymidine uptake, mean fiber area and apparent fiber number estimates were subjected to an

\LM Ure 0
88) to determine main effects of muscling and age. Differences between means were determined by the

he SAS Procedure.
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gy th CR SSIONI Although not statistically significant at all time points, serum—stimulated myoblast replication tended to
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8reat both NM and DM fetuses (Figure 1). Normal muscled fetal serum-induced thymidine incorporation in L6
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ich is responsible for the expression of bovine muscle fiber hyperplasia. More likely, an aberrant level
uring a critical stage of myogenesis. Preliminary experiments showed that the L6 myoblasts used in this
O well known mitogens, FGF and TGF-beta. This does not eliminate the possibility of TGF-beta or FGF
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nse, byt Suggest other growth factors are responsible for increased myoblast replication in this system. In
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Mean fiber area decreased dramatically from 100 to 20 umZ2 between 15 and 38 cm CRL (Figure 2). Simu oW y Q”‘k
increase in apparent muscle fiber number was observed at “38 cm CRL (Figure 3). Swatland and Kieffer (1974) |
5 5 y " i
increases in muscle fiber number between 10 and 42 cm CRL of fetal bovine development. uhp
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Figure 1. Means and standard errors of incorporation of scle fibes ]110 M
3H-thymidine into replicating myoblasts cultured in the Figure 3. Estimated apparent mu uscle of wgr
presence of medium containing 10% sera from the developing semitendinosus m‘c 4O
developing double muscled (DM) and normal muscled muscled (DM) and 19 normal musc!
(NM) fetuses. Means bearing similar letters do not by
differ (P>.05). - 4
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Figure 2. Mean fiber area of muscle fibers within the .| | Mi&
developing semitendinosus muscle of 10 double | /|
muscled (DM) and 19 normal muscled (NM) fetuses. w‘
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IGF-II mRNA was detected in muscle and liver tissues of both DM and NM fetuses (Figure 4). Rat of {0 c ‘ﬂ k
. . A
study hybridized to transcripts of 4.5, 3.6, 2.75, 2.5, 1.6 and 1.15 kb. Although multiple transcripts were obser" 0 wrlggbn,di;f ;;‘Dt
the 4.5 kb transcript was most abundant. An additional 6 kb transcript was also observed on autoradiogTaPhs ; 5/11)’ ﬁf‘-)
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. "“I\H(]
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Figure 4. Autoradiogram from northern blot analysis of . dard © five AL
bovine liver and muscle tissues using a rat IGF-II Figure 6. Means and Stf;lInA n the g W [,
cDNA (lanes 1,2,4 and 7 fetal liver; 3, 5, 6 and 8 fetal abundance of IGF-II mR g Med
muscle). normal muscled (NM) fetu$ ly
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Figure 5. Means and standard errors of the relative 147 %
<3 abundance of IGF-II mRNA in the liver of developing 12} ‘
normal muscled (NM) fetuses. Means bearing similar 1 ”\g,{il
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‘ h | Ry ybndllatlon intensities for the IGF-II cDNA were greater for muscle than liver tissues, possibly from dilution of liver

A b .
u},‘% (b Y Other liver mRNAs. Figures 5 and 6 indicate liver IGF-II expression increased with CRL in both NM and DM
p tepy U 10 differences were observed between DM and NM fetuses. Expression of IGF-II in muscle tissue of developing

fy, Ses de

[pﬁf i WCreased (P<.05) with age post conception (Figure 7). Normal muscle IGF-II expression tended to fall after a crown-

ff 0% R boy; . mas r‘?ached. This crown-rump length represents approximately 200 d pc. Interestingly, this time point coincides with
Yofiber hyperplasia concludes (Swatland and Kieffer, 1974).

M
e ofezirgpand Standard errors of the relative Figure 8. Means and standard errors of the relative
Velopis I mRNA in the semitendinosus abundance of IGF-II mRNA in the semitendinosus
“ing ; PINg normal muscled (NM) fetuses. muscle of developing double muscled (DM) and normal
i/ tar letters do not differ (P>.05). mus(citlcd (I(\TM) fe)tuscs, Means bearing similar letters do
not differ (P>.05).
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N A Uity of confounding muscle IGF-II expression with age, NM fetuses were compared to DM fetuses with
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(& M CRL (approximately 100 d post-conception , muscle IGF-II expression was greater (P<.05) in NM fetuses than
b 18ure y p P P 2
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" & ip s : COnVcrsely, at 40 cm CRL, muscle IGF-II was greater (P<.05) for DM than NM fetuses. The reason for this
h ressy . ; ; . : . ;
4, D Pression of IGF-II in muscle is unknown. Since IGF-II is a mitogen of embryonic myoblasts (McFarland et al
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dud()P the potential for extreme muscularity through hyperplastic muscle cell growth (Swatland and Kieffer,

ta]

511974),\ IGF-II may cause hyperplasia of myoblasts. Alternatively, with the compelling evidence recently shown
) that n-
par.

acrine production of IGF-II is imperative for myogenesis, increased muscle IGF-II expression may

differentiation. This suggests that the onset of terminal differentiation in the muscle of developing DM
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Onset of secondary fiber formation compared to NM fetuses. Delayed expression of IGF-II may allow for

Of myoblasts from DM fetuses which could result in greater muscle fiber production.
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YWy OCCyre 1th 30% more muscle represents a biological phenomenon worth exploiting. Muscle cell hyperplasia in
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0of an Ouble muscled cattle provide a useful model for studying muscle development. Mechanisms controlling the
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Bl b ime and 210 d post-conception. Serum-induced mitogenic activity is greater in DM fetuses than in NM
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er hyperplasia. Serum growth factors may play a role in development of the DM phenotype.

- [T expression during development in bovine fetuses is consistent with myoblast culture results reported by
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e Of h time points prior to 13 cm CRL were not available, changes in muscle IGF-II expression during the
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T Cte ultj O of prenatal muscle tissue In vivo and support the hypothesis that the time of IGF-II expression in muscle

muscle may represent different stages myogenesis. Furthermore, muscle fiber number was established by

ha significant decrease in the abundance of IGF-II mRNA. These data suggest that IGF-II expression
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i Cattle cly the number of muscle fibers that bovine fetuses possess at birth. These experiments support the use of
| as 3 Y ; s :
b g the deve a0 excellent model for studying myogenesis. Further work to identify the source and type of growth factors
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