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Adult vascular smooth muscle expresses 204-kD (SM1) and
200-kD (SM2) myosin heavy chain (MHC) isoforms. Fetal vas
cular smooth muscle expresses another 200-kD isoform,
MHC-B, that appears to be developmentally regulated. The
ontogeny of expression of these MHC isoforms in vascular and
nonvascular smooth muscles is not fully understood and may
differ. In the present report we examined the ontogeny of these
isoforms in aortic and bladder smooth muscle from male fetal (n
= 12, 119-140-d gestation; term 145 ::':: 5 d) and neonatal (n =
12, 1-33 d) sheep. Tissues were analyzed for total and soluble
protein contents. Actin, MHC, and MHC isoforms were analyzed
by SDS-PAGE using 3-20% and 4% polyacrylamide gels, re
spectively. The expression of the adult and fetal 200-kD MHC
isoforms were determined by Western analysis. Between 119 d
gestation and 33 d neonatal, age-depende.it increases (p < 0.02)
occurred in bladder actin (16 ::':: 0.8 versus 22 ::':: 1.4 JLg/mg of
wet weight), MHC (6.5 ::':: 0.2 versus 9.7 ::':: 1.1) and both soluble
(71 ::':: 2.9 versus 92 ::':: 6.3) and total protein (78 ::':: 3.9 versus 103
::':: 5.5). Aortic smooth muscle actin (8.5 ::':: 0.7 versus 17 ::':: 1.1),
MHC (3.1 ::':: 0.4 versus 5.2::':: 0.5), and soluble (44::':: 2.3 versus
61 ::':: 3.0) and total protein (87 ::':: 5.8 versus 108 ::':: 3.2) also

Smooth muscle lines the walls of hollow organs; it acts to
resist an imposed load in the case of large arteries and to adjust
organ caliber in the case of the bladder. Smooth muscle
contraction results from the interaction of myosin in thick
filaments with actin in thin filaments. The thick filament is an
assembly of hundreds of individual myosin molecules, each
composed of six polypeptide chains, two heavy chains, and two
pairs of light chains. The carboxyl-terminal ends of two MHC
wrap around each other, forming a coiled-coiled tail involved
in filament assembly. The amino-terminal end of each MHC is
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increased (p < 0.01). Aortic SM1 increased (r = 0.79, p <
0.001) during this time, whereas expression of the 200-kD MHC
fell (r = -0.79, p < 0.001). In contrast, bladder SM t fell (r =

-0.88, p < 0.001) as the 200-kD MHC rose (r = 0.88, p <
0.001). The type of 200-kD MHC isoform expressed also differed
between tissue types; bladder expressed SM2 and little or no
MHC-B throughout this phase of development, whereas fetal
aorta appeared to express primarily MHC-B, which decreased as
adult SM2 expression rose after birth. Expression of smooth
muscle proteins and MHC isoforms are developmentally regu
lated and tissue-dependent, the latter perhaps reflecting develop
mental differences in organ growth and/or function. (Pediatr Res
38: 697-703, 1995)

Abbreviations
MHC, myosin heavy chain
8M!> 204-kD smooth muscle MHC
8M2 , 200-kD smooth muscle MHC
8M.m b , smooth muscle embryonic MHC
ANOVA, analysis of variance

folded into a globular head containing binding sites for actin
and Mg-ATP as well as for each of the light chains. The head
domain is the site of chemo-mechanical transduction associ
ated with actin-activation of Mg-ATPase activity. Four major
MHC isoforms have been reported to exist in vertebrate
smooth muscle (1-4): SM1 (204 kD), SM2 (200 kD), MHC-B
(200 kD), and MHC-A (196 kD). SM1 and SM2 are considered
to be mature smooth muscle MHC isoforms, are co-expressed
in a single smooth muscle cell (5), and are alternatively spliced
products of a single gene differing in the carboxyl-terminal tail
portion of the molecule (2, 6). MHC-A and MHC-B are
referred to as nonmuscle MHC isoforms and are the products
of different genes (7). However, all four MHC isoforms show
high nucleotide and amino acid sequence homology to each
other (3, 7). Although expression of the SM1 and SM2 isoforms
is associated with the "contractile" phenotype of smooth mus
cle, recent studies indicate that expression of the nonmuscle
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isoforms occurs in smooth muscle cells undergoing growth
and/or cell division, that is, cells of the "synthetic" phenotype
(7, 8).

The expression of the various MHC isoforms in smooth
muscle appears to be developmentally regulated . In aortic
smooth muscle from fetal, neonatal and adult rabbits , mRNA
for SM! is present in abundance (5). In contrast, SM2 mRNA
is undetectable in fetal rabbit aorta and barely detectable in the
neonate; however, beyond the neonatal period its expression
increases as the rabbit matures (5). In the human aorta both
SM! and SM2 mRNA are detectable at 31 wk of gestation and
increase after birth (9). MHC-B, which also has been referred
to as bovine brain MHC (10), chicken fibroblast FMHC (11),
and SMemb (3), is expressed most predominantly in the fetal
rabbit and human aorta and expression decreases after birth (3,
9, 12). It is also found in the adult brain , testis, lung, kidney ,
arteriosclerotic neointimas, and cultured smooth muscle cells
(3, 7). MHC-A was initially identified in human platelets (4,
13). Subsequently it was observed in aortic smooth muscle
from neonatal rats (14) and the bovine fetus (15) and was
reported to decrease with increasing age. Its presence, how
ever, in fetal rabbit aorta is questionable (3, 16). MHC-A is
also expressed in cultured aortic smooth muscle cells, fetal rat
skin fibroblasts, and rat platelets (4, 15). Although the function
of the various MHC isoforms is not well defined, differences in
their expression may provide an index of smooth muscle
development and/or maturation of function .

Sheep have been used to study various aspects of fetal
physiology (17-19). This reflects not only the large size of the
fetus, which permits instrumentation and thus "direct" studies
in utero, but also the relatively long duration of gestation, 145
:::!:: 5 d, which more easily allows the study of specific time
points during development than in smaller species, e.g. rat and
rabbit (5, 14). Because of the advantages of using fetal sheep,
its utility in studying cardiovascular development, and our
ability to modify the hormonal milieu (18) or the time of
parturition (19), we examined the patterns of the MHC isoform
expression and protein content in vascular and nonvascular
smooth muscle tissues obtained from male fetal and neonatal
sheep. We show that alterations in actin, MHC, and soluble and
total protein contents as well as MHC isoform expression are
not only developmentally regulated, but also tissue-dependent.

METHODS

Tissue preparation. Male fetal (119-140 d of gestation, n =

12; term 145 :::!:: 5 d) and neonatal (1-33 d, n = 12) sheep were
killed by a rapid i.v. bolus infusion of sodium pentobarbital (50
mg/kg) to either the mother in the case of the fetus or the
newborn via the external jugular vein. Segments of abdominal
aorta and the entire bladder were quickly removed from each
animal and placed into iced physiologic buffered solution
(137.0 mM NaCl, 2.7 mM KCl, 10 mM Na2HP04 , 1.76 mM
KH2P04 , 0.1% diethyl pyrocarbon ate, pH 7.4), which was
bubbled with oxygen . Endothelium and adventitia were re
moved from the aorta with a soft cotton swab and blunt
dissection , respectively , and epithelium was removed from the
bladder by sharp dissection. Strips of tissue were cut, blotted

dry to remove excess water and capillary blood, frozen in
liquid nitrogen, and stored at -60°C until studied. When we
examined the effect of blotting on sample weight, the coeffi
cient of variation was < 4%. These studies were approved by
the Institutional Review Board for Animal Research.

Protein analysis and content. SDS homogenates were pre
pared from 1O-20- mg samples of frozen tissue using methods
previously reported (20, 21). The homogenates were divided
into two aliquots. One was subjected to centrifugation at
10 000 X g for 2 min, and the supernatant was removed to
determine the soluble or cellular protein in each sample. The
other sample was not centrifuged and thus was used to deter
mine the "total" homogenate protein, i.e. the sum of the soluble
and nonsoluble fractions. Aliquot s of both samples were ana
lyzed for protein content by BCA reagent (Pierce, Rockford,
IL). Additional aliquots of each sample containing bromphenol
blue were subjected to SDS-PAGE, using 3-20% and 4%
polyacrylamide gels to determine the contents of total actin and
MHC and the relative amounts of MHC isoforms, respectively.
This method permits accurate analysis of all proteins up to 500
kD in the gradient gel. For each tissue, minigels were prepared
and loaded with 20-40 /Lg of soluble protein, and the samples
were subjected to electrophoresis at 100 V until the dye front
was no longer evident in the loading gel and at 200 V until the
dye front reached the bottom of the gel. Each gel also con
tained lanes for high and low molecular weight standards,
which permitted determination of molecular mass (Bio-Rad
Laboratories, Richmond, CA). Gels were stained overnight
with Coomassie Brilliant Blue and appropriately destained to
remove background staining. To estimate the relative amounts
of actin, MHC, and MHC isoforms, the areas under the peaks
on each stained band were scanned in duplicate with a laser
densitometer (model 2202, LKB instruments, Inc., Stockholm,
Sweden), and the absorbance recorded by a 2220 LKB recorder
with integrator (21). Differences between measurements were
generally less than 5%, and the values for each band were
averaged. The fraction of stained protein accounted for by actin
and MHC were converted to micrograms using the total protein
quantified by BCA reagent in each sample. Values are ex
pressed as micrograms/mg of wet weight.

Antibody production. Two peptides of 9 amino acids were
synthesized based on the derived amino acid sequences of the
carboxyl-terminal ends of the 200-kD nonmuscle MHC iso
lated from bovine brain (INETQPPQ S) (10) and the 200-kD
adult smooth muscle MHC (SM2) isolated from rabbit aorta
(GPPPQETSQ) (1). The former also has been isolated from
fetal smooth muscle and has been referred to as SMemb or
MHC-B (3). The peptides were conjugated to tuberculin puri
fied protein derivative with glutaraldehyde, and rabbits were
immunized and bled by the Animal Resources Center, UT
Southwestern Medical Center. The antisera were characterized
for specificity by Western analysis using purified bovine brain
myosin (a gift of Barbara Barylko), which is specific for
MHC-B, and partially purified bovine tracheal smooth muscle
myosin or adult myometrium, which do not express MHC-B,
but do express SM2 (22). The specificity of the two antisera is
illustrated in Fig. 1, where the absence of cross-reactivity is
clearly seen.
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Figure 1. Immunoblots demonstrating specificity of anti-SM 2 and anti
MHC-B antisera. Lanes A and B contain purified bovine brain myosin and
adult myometrial myosin, respectively. Proteins were subjected to electro
phoresis in a 4% polyacry lamide gel, then transferred to nitrocellulose for
immunoblotting.
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alterations in the hormonal milieu of fetal sheep or delivery and
postnatal development: < 128-d gestation (11 = 6), 130-145-d
gestation (11 = 6), -s1 wk after birth (11 = 6), and 3- 4 wk after
birth (11 = 6). We then used multiple comparisons by ANOVA.
When significance was observed by ANOVA at p < 0.05, the
Newman-Keuls test was used to determine differences between
groups. Data are presented as the mean and 1 SEM.

RESULTS
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SDS-PAGE and immunoblotting. Using the extracts of fetal
and neonatal bladder and aortic smooth muscle, ng of
total MHC were loaded and separated on 4% polyacrylamide
gels. Large amounts of total MHC were loaded to improve
detection of minor components of the MHC population. Pro
teins were electrophoretically transferred to nitrocellulose pa
per at 80 rnA overnight in the presence of methanol (20%) and
SDS (0.1%). Blots were then blocked for 1h in buffer that
contained powdered milk (0.3% wt/vol), incubated for 4h with
blocking buffer containing antiserum (1:1000) against either
SM2 or MHC-B, and then incubated with goat anti-rabbit IgG
conjugated with horseradish peroxidase (1:1000). Regions con
taining MHC isoforms were visualized after incubation with
4-chloro-1-naphthol (21).

Statistics. Data across time were analyzed using linear re
gression analysis by the least squares method. To determine
where in development significant changes may have occurred
animals were divided into four groups, which reflect known

Total and soluble protein, actin, and MHC contents. Blad
der smooth muscle total protein increased significantly (p =
0.003) during the period of ovine development studied (Fig.
2A), values rising from 78.5 ± 3.9 f.Lglmg of wet weight in
fetal sheep <128 d gestation to 103 ± 5.5 u g/mg of wet
weight in neonates > 20 d old. The amount of soluble protein
(Fig. 2B) increased (p = 0.007) in a similar fashion (71.0 ±
2.9 to 92.2 ± 6.3). In both instances fetal and neonatal groups
were significantly different (p :::; 0.01, ANOVA). In the aorta,
total protein content rose (p = 0.015) from 86.5 ± 5.8 to 108
± 3.2 f.Lglmg of wet weight during the period of development
examined (Fig. 2C), whereas the content of soluble protein
(Fig. 2D) increased (p < 0.001) from 44.1 ± 2.3 to 60.6 ± 3.0
f.Lglmg of wet weight. As with the bladder, aortic soluble
protein was significantly higher after birth (p = 0.003,
ANOVA) , whereas changes in total protein were more gradual
across time. Although the relative rise in bladder total and
soluble protein was similar, 32 and 30%, respectively, the
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Figure 4. Representative immun oblots of 200 kD myosin heavy chain iso
forms in aorta (A) and bladder (B) from fetal and neonatal male sheep. The
standards for the anti-Slvl, and anti-MHC-B were partially purified tracheal
myosin and purified bovin e brain myosin, respect ively, App roximately 800 ng
of myosi n heavy chain were loaded in each lane .

0.001) . Thus, the ratio of 204:200-kD MHC in bladder smooth
muscle decreased from > 2.8 in fetal sheep to - 1 in 3-4-wk
old neonates.

The pattern of expre ssion of MHC isoforms in the aortic
smooth muscle was opposite that observed in the bladder
smooth muscle. That is, betw een 119 d of gestation and 33
d postdelivery, the relative amount of aortic smooth muscle
204-kD MHC rose drama tically, values increasing from
44% of the MHC to 67% in the older neonate (Fig . 5C; p <
0.001) . As expected, the proportion of MHC repre sented by
the 200 -kD protein fell (Fig. 5D). Thu s, the rati o of

relative rise in aortic total protein was 24 versus 39% for aortic
soluble protein .

In concert with the increases in tissue protein content, total
bladder actin content also rose significantly (p = 0.013) during
the fetal-neonatal period (Fig. 3A) , increasing 37% from 16.1
± 0.8 to 22.1 ± 1.4 fLg/mg of wet weight. Bladder MHC
content (Fig. 3B) increased (p < 0.001) in a parallel fashion,
values rising 49% from 6.51 ± 0.23 to 9.72 ± 1.1 fLg/mg of
wet weight. In both instances values were significantly higher
after birth (p ::; 0.03, ANaYA). As in the bladder, total actin
content in the aorta also rose (Fig. 3C), values increasing (p <
0.001) from 8.50 ± 0.65 fLg/mg of wet weight at <128 d of
gestation to 16.7 ± 1.1 in neonates > 20 d postdelivery. Aortic
MHC content followed a similar pattern (Fig. 3D), values
increasing (p = 0.002) from 3.12 ± 0.38 to 5.23 ± 0.46
fLg/mg of wet weight. Again, contents in aortic MHC and actin
were greater after birth (p < 0.04, ANaYA).

MHC isoforms. The relative amounts of the 204- and
200-kD MHC isoforms present in the samples of smooth
muscle were quantified from densitometric scans of the pro
teins separated on 4% polyacrylamide gels. Only two MHC
bands were observed on each scan for each tissue studied, i.e.
bladder and aortic smooth muscle (Fig. 4). We observed no
bands at 196 kD at any time in developmen t for either tissue.
The proportion of the 204-kD MHC expressed in bladder
smooth muscle fell gradually throughout development (Fig.
5A ; p < 0.001) , levels decreasing - 27%, whereas the relative
expression of the 200-kD MHC(s) increased 77% (Fig. 5B;p <

CoomIJ$$l::

A B
kDa

119 cays ji04 "-

9 sIal n ZOO'

5 204
neonetal

28 daY$ "0 ',,-
neonatal

:"nti·SM;<

Std A B

An '·,,' C·B

SlC A 8

Bladder Aorta
35 ...

R=0.50
,

R=0.72 ,
p=0.013

, ,, p<O .OOl ,
30 :.0. ,

::; ... ,,
25

,,,... ... ,
.... ... .... ,
" 20 ... ... ,

... ... .... .... ... ...... ,... ... , ... ...a ... ... , ... ...
<, 15 ... ... ... ,... ... ... ... , ...
..=. ... ... , ..., ...
.S 10 ... ... 0

... ... 0.... t 0
0 ,
< ... ...5 ... 0

0

A 0

C0

0
,

16
R=0.67

R=0.61 ,
p <O.OOl p =0.002

,
14 ,,

::; ,,
12 ... ,

" ,... ,
.... 10

,
" 0... ... ,

• ... ,...
6 ... - 0a ... 0

<, ... ... . ... t 0 ... ...... 0 0

..=. 6 • ... ... ... 0 , ...... , ,, ... , ......, ... ... ,
4

, ... , ... ... ... ...
0 , ,,., , ... ... ;.. ...::II , • ... ...

2 , ...,, B 0,
; , ,

0
110 120 130 140 5 15 25 35 110 120 130 140 5 15 25 35

Gestational Aile (days) Term Neonatal (days) Gestational Aile (days) Te r m
Neonatal (days)

Fig ure 3. Developmental changes in bladder and aortic smoo th muscl e contents of actin (A and C) and myosin heavy chain (B and D) in fetal and neonatal sheep.



204:200-kD MHC in aorta rose from <1 in the fetal sheep
to >2 in neonates at 2:20 d.

Because the 200-kD MHC could represent either the adult
smooth muscle isoform (SMz) or the fetal isoform (MHC-B),
which comigrate and cannot be separated by SDS-PAGE, we
performed Western immunoblot analyses on each tissue sam
ple using specific antisera (see Methods). In fetal aortic smooth
muscle, MHC-B appeared to be the predominant 200-kD MHC
isoform expressed (Fig. 4); furthermore, the expression of this
isoform appeared to decrease during development as expres
sion of the adult SMz rose. In contrast, the bladder smooth
muscle primarily expressed the adult SMz isoform throughout
the period of development examined, and little or no fetal
MHC-B was observed in either the fetal or neonatal sheep
bladder (Fig. 4).

DISCUSSION

Although several investigators have examined the expression
of MHC isoforms and other proteins in smooth muscle during
development, the extent of these studies has been limited by the
brevity of the gestational period, the size of the fetus, or the
apparent availability of sufficient tissues for study at multiple
points in gestation (3-5, 9, 12, 14). Incontrast, fetal sheep have a
relatively long gestation (145 d) and at term weigh 3-4 kg; thus
adequate amounts of tissue are available as early as 40-50% of
gestation. In the present study we obtained tissues throughout the
last 3 wk of ovine pregnancy and the first month after birth. We

have characterized the alterations in the contents of actin and total
MHC in vascular smooth muscle and bladder, a nonvascular of
smooth muscle, during this portion of ovine development. More
over, we have performed parallel studies demonstrating that the
pattern of MHC isoform expression is also developmentally reg
ulated and tissue specific in fetal and neonatal sheep.

In the present study the actin and MHC contents in bladder
and aortic smooth muscle increased during the period of
development studied. Although the actin/myosin weight ratios
were similar in the two tissues and were unchanged, i.e.
remaining and respectively, the relative rise in
actin and myosin contents in aorta was nearly twice that seen
in the bladder. Thus, it was not until 30 d neonatal that aortic
content of both proteins equaled that seen in the fetal bladder
at <128-d gestation. This rise in the content of contractile
proteins was associated with parallel increases in total and
soluble (or cellular) protein contents in both bladder and aorta.
It is notable, however, that the increases in bladder total and
soluble protein were similar, whereas the relative rise
in aortic soluble protein was compared with for
total protein content. Furthermore, although soluble protein
accounted for of total bladder protein, it accounted for
only 50-60% of the total protein in the aorta. These differences
in the amounts of cellular protein in the bladder and aorta likely
reflect a greater content of extracellular proteins such as elastin
and collagen in the aorta and suggest that aortic growth may
primarily reflect increases in smooth muscle content.
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Alterations in smooth muscle tissue contractile proteins have
been related to alterations in tissue stress generation (21, 23,
24). Annibale et al. (21) observed increased amounts of actin,
MHC, and total protein contents in the uterine artery of sheep
during pregnancy and postulated that this may explain the
increase in stress generation of uterine artery smooth muscle
seen during pregnancy (23, 25, 26). As noted above, the
contents of actin and myosin in aorta from younger fetuses
were about half that seen in neonates at 30 d, which may result
in lower stresses in aortas of younger, less developed animals.
If similar alterations in the contents of contractile proteins
occur in smaller muscular arteries, this potentially could con
tribute to the reduced systemic pressor responses to agonists
reported in fetal versus adult sheep (27, 28) and possibly the
lower mean arterial pressure in early fetal versus neonatal
sheep (29). The turnover of contractile proteins in the adult
bladder is rapid and can be quickly regulated in response to
changing demands, e.g. in the presence of urethral obstruction
(24). Although urine output is relatively constant per kg of fetal
weight during ovine gestation (17), urine volume and thus
bladder distention would increase with age, especially after
delivery. Therefore, there is a need for enhanced bladder
function and stress generation, which may be associated with
the increases in actin and MHC contents observed across
development. Thus the changes in contractile protein contents
observed in the aorta and bladder may reflect the changing
functional demands of these tissues during development. Fu
ture studies will include measurements of contractile proteins
earlier in fetal development and investigation of aortic and
bladder smooth muscle stresses to test this thesis. In addition,
alterations in the hormonal milieu before and after delivery
may modify contents of contractile proteins, as recently ob
served in myometrium of cycling ewes (22). This, however,
remains to be proven.

Results of the present investigation indicate that MHC iso
form expression in smooth muscle is not only developmentally
regulated, but that patterns of expression differ between tissues
within a species. In adult animals and humans the predominant
MHC isoforms in smooth muscle are SM1 and SM2 (2, 9, 12,
15, 16, 20, 22). Although nonmuscle MHC isoforms have been
observed in aortic smooth muscle from adult animals and
humans (9, 12, 14), they are not present in adult bovine (15) or
rabbit (16) aorta or adult ovine uterine artery, myometrium or
bladder (22), which may reflect species differences. During
development SM1 is expressed to varying but significant extent
in several smooth muscle tissues from the fetus and neonate (3,
5,9,12,14-16,30), whereas the composition of the remaining
MHC is variable. However, it has become more evident that
the predominant lower molecular weight species expressed in
fetal and neonatal aorta are the nonmuscle MHC isoforms,
which only can be identified using Western analysis because of
their similar electrophoretic mobilities (9, 12, 15, 16). In the
rabbit (3) and human (9, 12) MHC-B is the predominant
isoform expressed in fetal aorta, with the SM2 isoform subse
quently appearing in small amounts late in gestation or during
the neonatal period. In the 3-d newborn rat MHC-A accounted
for of total MHC and decreased with increasing age
(14). MHC-B was not assessed. Although these studies provide

substantial insight into the ontogeny of MHC expression in
smooth muscle, they are somewhat limited by large gaps in
time between samples, the study of relatively few samples at
each period of development, and little or no parallel data
regarding the tissue contents of these proteins.

In the present study, a MHC band was not observed at 196
kD on 4% polyacrylamide gels in either fetal or neonatal
bladder or aorta, an observation consistent with our findings in
adult sheep (22). However, we observed tissue-specific pat
terns of expression of both the 204- and 200-kD MHC isoforms
during the fetal and neonatal periods. In the bladder, SM1 was
the predominant MHC isoform expressed until near the end of
the neonatal period; results are consistent with those observed
in rat bladder (14). SM2 accounted for the majority, if not all,
of the 200-kD isoform and was present throughout develop
ment, expression increasing whereas SM1 decreased.
Similar alterations have been seen in tracheal smooth muscle
from neonatal and large adult pigs (30). In contrast, at 120-d
gestation the ovine fetal aorta expressed smaller amounts of
SM1 than the 200-kD MHC isoform, which appears to be
predominantly MHC-B. However, after birth, aortic expression
of MHC-B appears to decrease and is replaced by increasing
amounts of both SM1 and SM2. Thus, in the developing sheep
both adult MHC isoforms are present in the tissues studied,
whereas MHC-B is expressed only in vascular smooth muscle.
Although the switch between MHC-B and SM2 expression in
the fetal ovine aorta is consistent with that reported in the
rabbit and human (5, 9, 12), the absence of MHC-B expression
in the developing bladder is a novel observation and leads us to
conclude that MHC isoform expression is developmentally
regulated and differs between tissues within a species. Similar
conclusions have been made by Frid et al. (31) in studies of
calponin and caldesmon, two additional contractile proteins, in
aorta and nonvascular smooth muscle from human abortuses.

The role of the various MHC isoforms in smooth muscle
function remains unclear. Although MHC-B has high homol
ogy with SM1 and SMz, its function appears to be different.
MHC-B is expressed not only in the fetal aorta, but also in
cultured vascular smooth muscle cells and proliferating smooth
muscle cells within arteriosclerotic neointimas (3). Thus it may
be integral in smooth muscle proliferation, growth or migra
tion. In support of this notion, antisense nonmuscle MHC
oligonucleotides, which depress protein expression, suppress
smooth muscle cell proliferation in vitro (32). When MHC-B is
expressed in proliferating cultured smooth muscle cells there is
a phenotypic change from spindle-shaped cells capable of
contraction to polygonal cells with an increased amount of
subcellular organelles involved with protein synthesis. These
cells also lose their thick filaments and have a decreased
capacity to contract (33), which may be proportionate to the
expression of the nonmuscle MHC (8). Therefore, MHC-B
may constitute a marker for the synthetic state of smooth
muscle cells (3, 7, 33). It is notable, however, that MHC-B was
only observed in the aorta of fetal and neonatal sheep, but not
in the bladder, which may be consistent with our speculation
that the smooth muscle content of bladder is more developed at
128 d gestation than that of the aorta. If indeed the presence of
the MHC-B isoform reflects the proliferative activity of a
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particular smooth muscle, how then does the urinary bladder
grow late in development ? Because the fetal bladder is quite
functional at - 120 d gestation, its contractile phenotype may
be established much earlier in gestation than studied, and
subsequent growth reflects cellular elongation and hypertro
phy .

Although we have not determine d a regulatory mechanism
for the observed changes in the expression of the various MHC
isoforms examined in the present study, it is evident that these
changes occurred gradually throughout the period of develop
ment investigated . Because there were no abrupt alterations in
proteins in either the aorta or bladder associated with parturi
tion and delivery, it is unlikely that a placental factor is
primarily involved. Nonetheless, the process observed is well
orchestrated and appears to proceed in an orderly manner. This
suggests that the regulatory factor or factors involved may
simultaneously affect each of the genes expressing these iso
forms, but that the responses differ; that is, they increase or
decrease the production of the specific gene product. More
over, patterns of isoform expression differ between tissues,
indicating differing regulatory paradigms during development.
Future studies will be directed toward understanding these
regulatory mechanisms.
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