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Human cytomegalovirus IE1 promoter/enhancer drives variable 
gene expression in all fiber types in transgenic mouse 
skeletal muscle
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Abstract
Background:  Versatile transgenic manipulation of skeletal muscle requires knowledge of the ex-
pression profiles of diverse promoter/enhancer elements in the transcriptionally specialized fiber
types of which muscle is composed. "Universal" viral promoters/enhancers, e.g., cytomegalovirus
IE1 (CMV IE1), are of interest as reagents that may drive broad expression. However, a previous
study noted a marked heterogeneity of CMV IE1-driven transgene expression among muscle fibers,
raising the possibility of fiber-type-restricted expression. The purpose of the present study was to
characterize CMV IE1-driven expression in terms of fiber type.

Results:  We produced two lines of transgenic mice carrying the CMV IE1/ β-galactosidase con-
struct CMVLacZ, and analyzed transgene expression and fiber type by histochemical analysis of
hindlimb muscle sections. In both lines CMVLacZ was expressed in all four major fiber types: type
I (slow) and types IIA, IIB and IIX (fast). There was no unique pattern of fiber-type-preferential ex-
pression; fiber-type quantitative differences were observed but details varied between muscle re-
gions and between lines. Both lines showed similar fiber-type-independent regional differences in
overall expression levels, and a high level of within-fiber-type variability of expression, even among
nearby fibers. The soleus muscle showed strong expression and comparatively little within-fiber-
type or between-fiber-type variability.

Conclusions:  The CMV IE1 promoter/enhancer is not fiber-type-restricted and can be useful for
driving germ-line transgene expression in all four fiber types. However, not all fibers express the
gene at high levels due in part to regional differences in overall expression levels, and to a high level
of within-fiber-type variability. Given the multinucleate syncitial nature of muscle fibers, it is not
likely that this variability is due to variegating heterochromatinization. The soleus muscle would
make a suitable subject for near-uniform experimental gene expression driven by CMV IE1 ele-
ments.
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Figure 1
Expression patterns of CMVLacZ and TnILacZ1 transgenes in 
hindlimb crural muscles. Panels A-C show β-gal histochemis-
try of hindlimb muscle sections from adult transgenic mice of 
A) CMVLacZ line 18, B) TnILacZ1 line 29, C) CMVLacZ line 
9. Panel D outlines muscles and muscle regions: S = soleus, P 
= plantaris, PALG = plantaris-adjacent lateral gastrocnemius, 
LG = lateral gastrocnemius, MG = medial gastrocnemius. The 
"complex zones" (regions containing all four fiber types) of 
the medial and lateral gastrocnemius are indicated by dashed 
lines. The superficial gastrocnemius includes LG and MG re-
gions outside of the PALG and complex zones. The tissue 
block in panel A includes a piece of liver tissue (unstained) 
placed against the gastrocnemius muscle.
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Figure 2
CMVLacZ transgene expression at the level of individual fib-
ers. Panels A-D are near-serial sections of the medial gastroc-
nemius complex zone of an adult CMVLacZ (line 9) transgenic 
mouse. Panel A shows β-gal histochemistry and Panels B-D 
are treated to identify fiber types: Panel B, immunohistochem-
istry for IIB myosin heavy chain; Panel C immunohistochemis-
try for IIA myosin heavy chain; Panel D, ATPase 
histochemistry after preincubation at pH 4.6, with type I 
(slow) fibers showing strong stain, type IIA fibers showing 
weak stain, and type IIX and IIB fibers showing intermediate 
stain. Eight fibers are identified by fiber type where they ap-
pear in each panel; A=IIA, B=IIB, X=IIX. Note that nearby fib-
ers of the same type can show very different β-gal expression 
levels.
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Figure 3
Quantitative β-gal histochemical analysis of CMVLacZ and 
TnILacZ1 expression patterns. The histograms show the op-
tical densities of X-Gal histochemical reaction product meas-
ured in individual typed muscle fibers. Each panel corresponds 
to a different muscle/region. In each muscle or region ~ 70 fib-
ers in a contiguous patch were measured. Three histogram 
bars are shown for each fiber type in each muscle region, rep-
resenting CMVLacZ line 9 (black), CMVLacZ line 18 (white), 
and TnILacZ1 line 36 (gray). Error bars show standard devia-
tions. CMVLacZ expression differences among the fiber types 
were statistically significant (P < 0.01; t test for soleus, ANO-
VA for other muscle regions) in every case except for CMV-
LacZ line 18 plantaris muscle.
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