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Summary 

Previously, we reported the sequence of cDNA clones encoding amino acids 63 through 723 of the human nonmuscle 
myosin heavy chain-B isoform. In this paper, we present the derived sequence of the remaining 1303 amino acids along 
with 5' and 3' untranslated sequences. We made use of the differences between the derived nonmuscle myosin heavy 
chain-A and -B amino acid sequences to raise isoform-specific antibodies. Immunoblot analysis reveals a differential 
expression of both myosin heavy chain isoforms in a variety of human adult and foetal tissues and cells. When extracts of 
human adult aorta were subjected to gel electrophoresis, two distinct Coomassie Blue-stained bands and a fused band 
were seen migrating at approximately 200 kDa. These bands can be detected with four different specific antibodies 
recognizing the two different smooth muscle myosin heavy chain isoforms (204 kDa and 200 kDa) and the two different 
nonmusde myosin heavy chain isoforms (A and B). Using immunohistochemistry, we confirmed the presence of the four 
different isoforms in adult and foetal aortas. 

Introduction 

All vertebrate cells contain isoforms of myosin II, a 
cytoskeletal protein that appears to play a role in 
cytokinesis, cell proliferation and migration (for a 
review, see Spudich, 1989), and specialized cellular 
functions such as secretion (Ludowyke et al., 1989) 
and capping (Kerrick & Bourguignon, 1984). Referred 
to as 'nonmuscle' or 'cellular" myosins, these proteins 
share a greater degree of amino acid identity with 
smooth muscle myosin than with sarcomeric myo- 
sins. The regulation of nonmusde  myosin parallels 
that of smooth muscle myosin at the level of 
actomyosin interactions and filament formation (for a 
review see Sellers, 1991). Although their different 
cellular functions are still under study, these non- 
muscle myosins, together with actin filaments, are 
capable of producing contractile force mediated by 
ATP hydrolysis. In addition to the conventional form 
of myosin, there also exists a number of other 
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members of the myosin superfamily which differ 
from myosin II in a number of properties, particularly 
with respect to their structural features in the car- 
boxyl-terminal tail region (Cheney et al., 1993). 

Myosin II (hereafter referred to as myosin) 
molecules present in vertebrate muscle and nonmus- 
cle cells possess a hexameric structure consisting of a 
pair of heavy chains (approximately 200 kDa) and 
two pairs of light chains (ranging from 15-28 kDa). 
The heavy chain of myosin forms a dimer that begins 
at the amino terminus with a globular head-like 
region that contains the domains responsible for the 
actin-activated ATPase activity. A rod-like region 
extending to the carboxyl terminus forms an a-helical 
coiled coil when the heavy chains pair, and plays a 
role in myosin filament assembly. Vertebrate cells 
appear to contain at least two isoforms of nonmuscle 
myosin heavy chains, designated myosin heavy 
chain-A and myosin heavy chain-B (MHC-A and 
MHC-B). The cDNA encoding the chicken MHC-A 
and MHC-B isoforms have been cloned (Katsuragawa 
et al., 1989; Shohet et al., 1989; Takahashi et al., 1992) 
and the entire cDNA sequence encoding human 
nonmuscle MHC-A (Saez et al., 1990; Simons et al., 
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1991; Toothaker et al., 1991) and the sequence 
encoding part of human MHC-B have also been 
published (Simons et al., 1991; Aikawa et al., 1993). 
The human nonmuscle MHC-A and -B isoforms are 
products of two genes localized to chromosomes 22 
(Saez et al., 1990; Simons et al., 1991) and 17 (Simons 
et al., 1991), respectively, and the mRNAs encoding 
each isoform appear to be consistently expressed 
across many tissues and cell lines, including malig- 
nant forms (Katsuragawa et al., 1989; Saez et al., 1990; 
Toothaker et al., 1991). A partial peptide sequence 
from the COOH-terminus of bovine brain nonmuscle 
MHC-B has been reported by Murakami and col- 
leagues (1990) and Kuro-o and colleagues (1991) 
reported a partial sequence of cDNA encoding rabbit 
foetal aorta MHC-B. 

There is evidence that nonmuscle myosins play a 
role in the proliferation of smooth muscle cells and 
that their expression is increased in cultured smooth 
muscle cells (Rovner et al., 1986; Kawamoto & 
Adelstein, 1987; Kuro-o et al., 1991; Simons & 
Rosenberg, 1992; Frid et al., 1993). An early patholo- 
gical finding in atherosclerosis is the proliferation of 
smooth muscle cells allowing the formation of a 
fibrous plaque (for a review see Ross, 1993). Using 
antibodies raised to human platelet and bovine 
smooth muscle myosin, it was demonstrated that an 
increase in nonmuscle myosin, relative to smooth 
muscle myosin, occurred when rat aorta smooth 
muscle cells were allowed to proliferate in culture. 
When these cells reached confluence, the relative 
amounts of rat aorta smooth muscle MHC isoforms 
were equivalent to nonmuscle MHC isoforms (Kawa- 
moto & Adelstein, 1987). The early beginnings of 
atherosclerosis may involve a similar change in 
expression in smooth muscle cell myosin (along with 
other proteins), allowing a contractile cell in the 
tunica media to become a dividing cell destined for 
the tunica intima. Myosin heavy chain antibodies 
which can discriminate among human nonmuscle 
and smooth muscle isoforms could be valuable tools 
for understanding the distribution of contractile 
proteins of normal and diseased states. 

In this paper, we report nucleotide sequences and 
the derived amino acid sequence from cDNA clones 
encoding the human nonmuscle myosin heavy 
chain-B isoform, thereby completing the entire amino 
acid sequence of the MHC polypeptide. We made use 
of these sequences, as well as the previously deter- 
mined sequence for the human nonmuscle MHC-A 
(Saez et al., 1990), to raise isoform-specific antibodies. 
Using immunoblot analysis and immunohistochemi- 
stry, we probed human tissues including human 
aorta tunica media wherein we show the presence of 
four different isoforms of the myosin II heavy chain, 
two encoded by the smooth muscle gene and two 
encoded by the nonmuscle genes. 

Materials and methods 

cDNA cloning 

cDNA clones were isolated from a human (Jurkat) 
T-lymphocyte library (Stratagene, La Jolla, CA) or from a 
library constructed as follows: total RNA was prepared 
from human (Jurkat) T-lymphocytes by the acid guanidi- 
nium thiocyanate-phenol-chloroform extraction method 
(Chomczynski & Sacchi, 1987). Poly(A +) mRNA was pre- 
pared with an mRNA purification kit which utilizes oligo 
dT coupled to cellulose (Pharmacia LKB Biotechnology, 
Piscataway, NJ). Human T-cell cDNA was synthesized 
from poly(A +) mRNA using a kit (Pharmacia LKB Biotech- 
nology). First-strand synthesis was primed with oligo dT 
primers, as well as specific oligonucleotides. The cDNA 
products were inserted in lambda ZAP II phage (Strata- 
gene). In vivo excision of clones from the lambda ZAP II 
libraries was carried out according to Stratagene guide- 
lines, cDNA probes were labelled with Random Prime 
Labelling Kit (United States Biochemical Corp., Cleveland, 
OH) using dCTP (0c-32p) (NEN Research Products, Boston, 
MA). Hybridization was carried out at 42 ° C in 40% forma- 
mide, 4XSSC (1XSSC = 0.15 M NaC1/15 rn~ sodium citrate, 
pH 7.0), 7.5 mM Tris-HCl, pH 7.5, 0.8X Denhardts, 10% 
dextran sulfate, and 20 ~gm1-1 salmon sperm DNA. Oligo- 
nucleotides used for primers and probes were synthesized 
using a Biosearch Model 8700 DNA Synthesizer (Biosearch 
Inc., San Rafael, CA). 

cDNA clones were sequenced with the Sequenase Ver- 
sion 2.0 DNA Sequencing Kit (United States Biochemical 
Corp.) using the dideoxy chain-termination method 
(Sanger et al., 1977). 17-mer oligonucleotide primers were 
synthesized to permit extension of the nucleotide se- 
quence. Some cDNA clones were sequenced by Lark Se- 
quencing Technologies, Inc. (Houston, TX). 

Cell culture 

Jurkat T-lymphocytes were provided by Dr Warren 
Leonard (NHLBI) and were incubated at 37 ° C in 5% CO2 
in RPMI 1640 media supplemented with antibiotics, L-glut- 
amine and 10% foetal bovine serum. Culture materials 
were from GIBCO BRL (Gaithersburg, MD). 

Antibody production 

Two peptides (see Table 1) were synthesized based on the 
derived amino acid sequences at the carboxyl-terminus of 
human macrophage MHC-A (Saez et al., 1990) and Jurkat 
T-lymphocyte MHC-B. The peptides were conjugated to 
keyhole limpet hemocyanin (Calbiochem, La Jolla, CA) 
with glutaraldehyde (Sigma grade II, St. Louis, MO) (Kel- 
ley et al., 1992) and New Zealand rabbits were immunized 
and bled by Berkeley Antibody Company (Richmond, 
CA). The antisera were purified on a peptide antigen 
column prepared by coupling 10-20 mg of the appropriate 

Table 1. Amino acid sequences of synthetic peptides used 
to raise antibodies. 

Carboxyl-terminal 
MHC-A (Saez et al., 1990) 
MHC-B 

GKADGAEAKPAE 
SDVNETQPPQSE 
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peptide to 25 ml of Affi-Gel 15 affinity support (Bio-Rad, 
Hercules, CA) in a total volume of 50 ml of 0.2 M MOPS 
(pH 7.2) according to manufacturers instructions. The elu- 
ate was concentrated with a YM30 Diaflo Ult~afiltration 
Membrane and Stirred Ultrafiltration Cell (Amicon, Be- 
verly, MA). Protein concentrations were determined using 
the Pierce BCA Protein Assay (Rockford, IL). The concen- 
tration of purified anti-MHC-A was 7 mgm1-1 and anti- 
MHC-B was 4 mgml-L Antibodies specific for the 200 kDa 
and 204 kDa bovine aortic smooth muscle MHC isoforms 
have been previously described (Kelley et al., 1992) and 
were a gift of Dr C. A. Kelley (NHLBI). 

Tissue preparation, SDS-PAGE and immunoblotting 

Human tissue was procured with appropriate permission 
following autopsy at the National Cancer Institute (Be- 
thesda, MD), or from surgical specimens from the National 
Disease Research Interchange (Philadelphia, PA). Tunica 
media was isolated from intact human adult aorta by 
scrapping off the intima with a scalpel and peeling away 
the adventitia. Extracts from various adult and foetal hu- 
man tissues were prepared as previously described (Taka- 
hashi et al., 1992) and separated on 5% polyacrylamide or 
7.5% polyacrylamide gradient Tris-SDS Minigels (DAII- 
CHI, Integrated Separation Systems, Natick, MA). In 
order to detect MHC-A and MHC-B in human tissues, 
electrophoresis was carried out using the buffer system of 
Laemmli (1970) and was terminated when the Bromophe- 
nol Blue dye, loaded with the samples, reached the bottom 
of the gel. To further separate the MHC isoforms in 
extracts of aorta tunica media, electrophoresis was carried 
out on SDS-5% polyacrylamide gels until the Bromophenol 
Blue dye front reached the bottom of the gel. At this time, 
another aliquot of dye was applied to the wells and elec- 
trophoresis was continued until the second dye front 
reached the bottom of the gel. Under these conditions, 
MHC isoforms are resolved approximately one-third to 
one-fourth of the way from the bottom of the gel (Kawa- 
moto & Adelstein, 1991). The appropriate molecular 
weight standards (Biorad, Hercules, CA) as well as puri- 
fied human platelet myosin (gift of Dr Giovanni Cuda and 
Debra Silver, NHLBI) and purified bovine brain myosin 
(gift of Drs Mahtash Moussavi and Peter McPhie, NIH) 
were added to all electrophoresis gels. Gels were stained 
with Coomassie Blue or were electroblotted onto Immobi- 
lon-P (Millipore, Bedford, MA) and immunostained with 
antiserum as previously described (Kelley et al., 1992). 
Equivalent amounts of MHC were loaded for immunoblot 
analysis by visually inspecting the Coomassie Blue-stained 
gels. In some cases, the protein amount transferred to the 
immunoblot was confirmed using Napthol Blue staining. 
The sera containing polyclonal antibodies were diluted as 
follows: anti-MHC-A 1-2000, anti-MHC-B 1-1000, anti- 
MHC-200 kDa and -204 kDa (smooth muscle) both 1-1000. 
The goat anti-rabbit secondary antibody (Kirkegaard & 
Perry, Gaithersburg, MD) was conjugated to horseradish 
peroxidase (Fisher Scientific). 

Immunohistochemistry 

Normal human adult tissues were retrieved from autopsy 
(National Cancer Institute, Bethesda, MD) after obtaining 
informed consent from families. Formalin-fixed, paraffin- 

embedded adult and foetal human aorta were sectioned 
and mounted on aminoalkylsilane coated slides. Tissue 
sections were deparaffinized and rehydrated by heating 
for I h at 55-58°C followed by immersion of slides in 
xylene (2 x 5 rain), xylene plus ethanol (1:1-1 x 5 min), 
and graded ethanol (100% - 2 × 5 min; 95% - 2 × 5 min; 
70% - 1 × 5 min). Sections were washed in PBS buffer. 
Immunohistochemistry was performed using a Ventana 
320 Automated Immunohistochemistry Stainer (Tucson, 
AZ) using reagents and instructions provided by the 
manufacturer. This procedure is based on the avidin-bio- 
tin-peroxidase complex using 3,3'-diaminobenzidine as the 
chromogen. The primary affinity-purified antibodies to 
MHC-A were used at a dilution of 1-600 for adult aorta 
and 1-400 for foetal. The MHC-B affinity-purified anti- 
bodies were used at a dilution of 1-300 for adult aorta and 
1-400 for foetal. Negative controls were treated identically 
as the samples except the primary antibody was withheld 
from the immunohistochemical procedure. 

Miscellaneous materials 

All chemicals, unless otherwise noted, were from Sigma 
(St. Louis, MO). 

Results 

Cloning of MHC-B 
Previously,  we publ ished the cDNA sequence de- 
r ived f rom a Jurkat T- lymphocyte  library f rom nucleo-  
tide 187 (ala-63) t h rough  nucleot ide 2166 (gin-722) 
encoding  the nonmusc le  myos in  heavy  chain-B iso- 
form (Simons et al., 1991). To complete  the nucleot ide 
sequence encoding  h u m a n  MHC-B, we used  a Jurkat 
T- lymphocyte  library to isolate the clones shown  in 
Fig. 1. Two clones were  isolated f rom cDNA libraries 
const ructed in this laboratory (P-1 and P-2), all o thers  
were  f rom a commercial ly available T- lymphocyte  
lambda Zap II library. Clone S-3 provides  79 nucleo-  
tides of 5' unt rans la ted  sequence and  clone S-2 
contains 1.6 kb of the 3' unt rans la ted  sequence which 
terminates  in three  polyadenyla t ion  signals and a 
poly-A tail (see Fig. 2). 

Figure 2 shows 7.5 kb of cont iguous  nucleot ide 
sequence wi th  an in-frame stop codon  36 nucleot ides  
5' to the puta t ive  initiating ATG. The initiation codon  
begins a 5928 nucleot ide open  reading frame encod-  
ing 1976 amino acids wi th  a calculated molecular  
weight  of 228 960. The coding region is fol lowed by  
1589 unt rans la ted  nucleot ides terminat ing wi th  a 
poly(A) taft. Three  po lyadenyla t ion  signals (AAT- 
AAA) are found  as indicated in Fig. 2. Saez and  
colleagues repor ted  a 3' unt rans la ted  region of the 
nonmusc le  MHC-A in h u m a n  macrophages  that  
conta ined two polyadenyla t ion  signals (Saez et al., 
1990) and  three were  found  by  Valosky and Keller 
while sequencing cDNA encoding  chicken nonmus -  
cle MHC-A (Volosky & Keller, 1991). 
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Fig. 1. Diagrammatic representation of cDNA clones 
encoding human nonmuscle MHC-B. The uppermost re- 
ctangle is a linear representation of the 1976 amino acids 
(a.a.) of the myosin heavy chain polypeptide indicating the 
proline residues initiating and terminating the 0c-helical rod 
(843 and 1933). The small filled-in area at the carboxyl 
terminus indicates the non-helical tailpiece. The 5928 
nucleotides (nt) of the cDNA in the coding region, 
represented in the lower filled rectangle, are preceded by 
79 nt in the 5'-untranslated region (wavy line) and termin- 
ate with 1589 nt at the 3'-untranslated region (wavy line). 
Below are some of the clones that were isolated and 
characterized to obtain the cDNA sequence. 

Table 2 compares the derived amino add  sequence 
of human nonmuscle MHC-B with MHCs from a 
variety of sources. Comparison of the nonmuscle 
MHC-A and MHC-B amino acid sequences shows 
marked conservation of the MHC-B isoforms be- 
tween the two species (chickens and humans) com- 
pared to the number of identical residues found 
when comparing human MHC-B and human 
MHC-A. This would be consistent with each of these 
isoforms having a distinct function. 

Distribution of nonmuscle MHC-A and MHC-B in adult 
and foetal tissues 

Antibodies were generated based on the derived 
amino acid sequences shown in Table 1. Because the 
very carboxyl-termini of the human nonmuscle 
MHCs contain the areas of greatest amino acid 
diversity, the peptides for generating antibodies to 
the nonmuscle MHC-A and MHC-B isoforms were 
synthesized based on sequence from this region. This 
method was also employed to detect nonmuscle 
MHCs by Murakami and colleagues (1991). 

PHILLIPSetal .  

Figure 3 shows immunoblots following SDS-poly- 
acrylamide gel electrophoresis of extracts from 
human cultured cells and tissues that were probed 
using the MHC-A and MHC-B specific antibodies. In 
these, as well as the following immunoblots, purified 
human platelet myosin and purified bovine brain 
myosin were used as standards to demonstrate 
specificity of the anti-MHC-A (crossreacts with puri- 
fied platelet MHC) and anti-MHC-B (crossreacts with 
purified bovine brain MHC, which is over 95% 
MHC-B). The dilutions of the antibodies detecting 
MHC-A and MHC-B were chosen based upon their 
ability to detect similar amounts of purified MHCs 
(platelet and brain, respectively) as determined by 
staining with Coomassie Blue, so as to make it 
possible to compare the amount of each isoform in 
the various tissues. The figure demonstrates that, 
based upon the crossreactivity with these antibodies 
under the conditions used (see Materials and 
Methods), myosin present in extracts prepared from 
uterus, spleen, and a Kaposi's sarcoma lesion, con- 
tain relatively more MHC-A than MHC-B. Jurkat cells 
and kidney appear to contain approximately equal 
amounts of both isoforms. The results with kidney 
are in agreement with previous findings which 
demonstrated an approximately equal distribution of 
both mRNAs encoding MHC-A and MHC-B, as well 
as the two protein isoforms, in avian kidney (Kawa- 
moto & Adelstein, 1991). As demonstrated below, 
there is no crossreactivity between these antibodies 
and smooth muscle myosin heavy chains. Figure 4 is 
an immunoblot from 19 week-old human foetal 
tissues and cell cultures of 10-12 week-old chorionic 
villi and amniocytes. This immunoblot demonstrates 
that the MHC-A polypeptide is relatively abundant in 
intestine, placenta, chorionic villi and amniocytes. 
Foetal lung, kidney and brain contain both MHC 
isoforms, and are enriched for MHC-B. 

Immunoblot analysis of human aortic tunica media 

Vertebrate vascular smooth muscle myosin, in con- 
trast to nonmuscle myosin, is composed of two 
different isoforms of MHC which are generated by 
alternative splicing at the 3' end of the encoding 
mRNA (Babij & Periasamy, 1989). In addition to 
expressing the two isoforms of smooth muscle myo- 
sin, the tunica media of normal adult aorta, like other 
smooth muscle tissues, also expresses nonmuscle 

Fig. 2. Nucleotide and derived amino acid sequence for human MHC-B from a T-lymphocyte cell line (Jurkat). For 
convenience, this sequence includes nucleotides 187-2166 encoding amino acids 63-723 (delineated by open arrowheads) 
that were published previously (Simons et al., 1991). The sequences -79 to 186 and 2167 to 7513 have been submitted to 
GenBank. The accession number is M69181. The following amino acids (a.a.) are boxed: the proline at the beginning of the 
0c-helical rod (a.a. 843), the proline terminating the alpha-helical rod (a.a. 1933) and the carboxyl terminal sequence used to 
generate the MHC-B peptide antibody (a.a. 1965-1976). A typical 28-residue repeat characteristic of ~¢-helical coiled coils is 
indicated by the filled arrowheads (a.a. 857-884). Three polyadenylation signals in the 3'-untranslated region are 
underlined. 
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-79 GTGGTCGCGGCTGGGGACGTGCGCCC6OGCCACCATCTTCGGCTGAAGAGGCAATTGCTTTTGGATCGTTCCATTTACA -1 
ATGGCGCAGAGAACTGGACTCGA6OATCCAGAGAGGTATCTCTTTGTGGACAGGGCTGTCATCTACAACCCTGCCAO TCAAG~TGATTGGACAGCTAAAAAG~TAGTGTGGATTCCAT~A~A~CGCCATGGTTTT~AGGCAGCTA0TAT~AAAGAAGAAC~GGGAGATGAA~TTATGGT~ 190 

I M A O R T G L E D P E R Y L F O R A V I Y N P A T 0 A O W T A K K L V W P 6 E R H G F E A A S I K E E R G O E V M V 

GA~TTGGCAGAGAAT6oA~AGAAAGCAAT6oTCAACAAAGATG~TATT~6oAAGATGAA6o~ACCTAA0TTTT~CAAGGT6oA6oATATGGCAGAATTGACAT6oTT~AATGAAGCTT~TTT TACATAATCTGAAGGATCGCTACTATTCAGGACTAATCTATACTTATTCTGOACTC 360 
E LAA E N G K K A M V N K 0 0 0 K M N P P K F S K V E O M A E L T C L N A S V L H N L K 0 Y Y S G L I Y T Y S G L 

TTCTGTGTAGTTATAJLkCCCTTACAAGAATCTTCCAATTTAC TCTGAGAATATTATTGAAATGTACAGA6OGAAGA,4GCGTCATGAGATGCCTCCACACATC TATOCTATATCTGAATCT6OTTACAGATGCATGCTTCAAGATCGTGAGGACCAGTCAATTCTTTGCAC6OGTGGOTCA 640 
F C V V I N P Y K N L P I Y $ N I I E M Y  0 G K K R H E M P P H I A I E S A Y R C M L 0 R E D Q S I L C T G E S 

GGTGCTGGGAAGACAGAAA3LTACAAAGAAAGTTATTCAGTACCTTGCCCATGTTGCTTC TT~A~ATAAAGGA~A~AGGA~CATAATATTCCTGGGGAACTTGAACGGCAGCTTTTGCAAGCAAATC~AATT~T~GAATCA~TT~GAAATG~GAAGACTGTGAAAAAT~ATAA~T~ATCT 720 
G A G K T E N T K K V I Q Y L V A S 'S  H K G R K D H N I P G E L 8 Q L Q A N P I L E S G N A K T V K N D N S S 

C~TTTTGGCAAAT~TATT~GGAT~AA~TTTGAT~TAACTGGCT~TATC~TTG~GGC~AA~ATTG~AACATA0CTT~T~A~AGTCTCGT~TGTT~TCA~G(:AA~AGATGA~CGTACTTTT~ATATCTTTTAC~A~TT~TTATCTGGA0~AG~AGAACA~TAAAGTCTGATTTG~TT 900 
R F 0 K F I R I N F D V T G Y G A N I E T Y L L E K S R A V R 0 K D R T F H I F Y 0 L S G A G E H L K S D L L 

CTTGAAGGATTTAATAA(:TACAG~TTTCTCTCCAATGGCTATATTC~TATT6oGGGACA~cAAGA~AAAGATAATTTCCAGG~GACCATGGAAGCAATGCACATAA~GGGCTTCTC~CATGAAGAGATTCT~TCAATGCTTAAAGTAGTAT~TT~AGTGCT~AGTTTGGAAATATTT~T 1090 
L E G F N 9 Y R F L S N G Y I P G Q Q 0 IC D N F Q E T M E A M H M G S H E E L S M L V V S S V L Q F G N I S 

TT~A&4JU~GGAG~G~AATACT~AT~AAGCTT~AT6oCAGA~JL4TACAGT~GCGCAGAAG~T~TGC~AT~TT~TTGGGATGAATGTGATGGA~TTTA~T~GGG~Ar CCTGACTCGOCGGATCAAGGTCGGCCGAGACTATGTGCAAAAAGCCCAGACCAAAGAACAGGCAGATTTTGOA 7260 
F K K E R N T 0 Q A S M P E N T A 0 K L C H (. L G M N V M E F T R I L T P R I K G R D Y Q K A Q T K E 0 A 0 F A 

GTAGAA~CATT6o~AAAA6oTA~CTATGAGCGGCTCTTTCG(:T~6oT~T1~AT~GCAT~AATAAAGCT~T~GATA6oACCA4AC~TCAGG~AGCAT~TTTCATTGGAATCCTGGATATT~T~GATTTGAÀ~TTTT~AGCTGAACTCCTTTGAA~AA~T~TGCATCAACTACA~AAT 1440 
V E A L A K A T Y E R L F R W L H R I N K A L D R T K R 0 G A S F G I L D I A G E I F E N S F E 0 L C I N Y T N 

•AG•AGCTGCAGCA•CTGTT•AA•CA•ACCATGTTTAT••TAGAA•AAGAGGAATAC••GC6o•A•GGCATCGAGTGGAACTT•AT•GATTTCGGGCTGGA••T••AG•CAT6oATCGAC•TAATAGAGA•A••TGCGAACC0TCCTGGT•TA•TGGCCCTTTTGGATGAAGAATGCT•• 1820 

E K L Q 0 L F R H T M 6 I L E Q E Y 0 R E G I E W N F I D F G L D Q P C I D L I 8 P A N P G V L A L L 0 E E C W 

TTCC~TAAAE~CACAGATAJUL4C0TTTGTTGAAAAA~TG~TT~AAGAGC~iGGTTCC~ACT~AA~TTTCAGAAA6oT~GA~AATTAAJiAGACAAAGCTGATTTTTGCATTATA~ATT~T~CA6oGAAGGTGGACTATAA~6oAGATGAGTGG~TGATGAAGAATATGGACCC~T~AAT 1800 
F P K A T 0 K T F V E K L V O E 0 6 S H S K F Q K P R Q L K 0 K 4 D C I ~ H Y A G V 0 Y K A D E W L M K N M 0 P L N 

GACAACGTGGCCACCCTTTTGCACCAGTCATOAGACAGATTTGTGGCAGA~ TTTGGAAAGATGT6OAGOGTATCGTGGGTCTGGATCAAGTCAC TGGTATGACTGk0ACAG~TTTTGGCT0CGCATATAAAAC~AJk~AAGGGCATGTTTC~TA~GTTGGGCAA~T~T~AAAGAAT~T 1980 
D N 6 A T L L H Q S S 0 R F V A E L W K 0 V O R I Y G L D Q V T G M T E T A F G S A K T K K G M F R T V G 0 L Y K E S 

C T~AC~AA6oTGAT6o~AA~T~TCCGA~ACAC~AAC~CTAACTTTGTT~TTGTAT~TTC~AAATCAC~A~AAGA~GGCT6oAAAATT6oAT~CkC~CCTA~T~A~ATCAGCTTCG~TGTkATGGT~T~CT~AGGGATCCGAAT~T~T~GCCAGG~CTT~CTAAC~AAT~TT 2160 
L K L M A T L R N T N P N F V R C I I P N H E K R A 6 K L 0 P H L V D 0 L R C R 6 V L E G I R I C R 0 G F P N R I V 

TTCCAGGAATTCAGACAGA£mATATGAOATCCTAACTCCAAATGCTATTCCTAAAGGTTTTATGGATGGTAAACAGGCC T~T~AA~GAATGATCCGG~TTTA~AATTGGACC~A~TTGTACAGAATTGGA~AGAGCAAGA~ATTTTTCAGA~TGGAGTT~TGGCACACTT~GA~GAA 2340 
F 9j~E F R Q R Y E I L T P N A I P K G F M D G K Q A C E R M I R A L E D P N L Y 6 I G 0 S K I F F R A 6 V L A H L E E 

G•AAGAGATTTAAAAATCAC••ATAT•ATTAT•TT•TT••AGGCC•TTT6oAGAGGTT6o•TGGCCAGA••G•••TTTGC•AAGAAGCA•CAG•AA•T•AGT•CCTTAAAGGTCTTG4 IGCGGAACTGTGCCGCGTA6OTGAAATTACGGCACTGGCAGT6OTGGCGAGTCTTCACAAAG 2520 
E R D L K I T O I I I F F Q 4 V 0 R G C L A R K A F A K K 0 0 0 L S A K V L Q R N C A A Y L K L R H W 0 W W V F T K 

GTGAAGCCGCTT~TA~GTGACT~GC~AGGAGGAA~AACTT~AGGC~AA~GATG~GAGcTGTTGAAR~TGAAGGAGAA~CAGACAAAGGTGGA~GGAGAGCTGGAGGAGATGGAG~GGAAGCACCAGCA~TTTTAGAA0AGAAGAATATCCTTGCAGAjCAkC TACAAGCAGAGACT 2700 

V K["P'~L L 0 V T 8 0 E E E L 0 AAkK 0 r L L K V K E 6 Q T 8 V G E L  E M E K H Q O~kL L E E K R I L A E Q L 0 4 E T 

GAGCTCTTTGCTGAAGCAG~TGA6OGCAAGACTT6OTGCTAAAAAGCAGGAATTAGAAGAGATTCTACATGAC TTGGAGTCTAGGGTTGAAGAAGAAGAAGkAAGAAACCkAATCC TOCAAAATGAJLAAGAAAAAAATGCAAGCACATATTCAGGACCTGGAAGAACA6OTAGAC 2880 
F A E 4 E E M R  A R L A A K Q L E E I L H 0 L E S R V E E E R N Q L Q N E K K K M 0 A H I Q 0 L E E 0 L D 

GAGGAGGAAGGG~TCGGCAAAA6O T6OAGC TGGAAAAGGTGACAGCAGAGGCCAAGATCAAGAAGAT6OAAGA6OAGATTCTGCTTC ~C~A~A~AAATTC~A~GTT~ATCAAA~AAA~GAAACTCATGGAAGAT~GC~TTGC~GA~TGTT~CTCT~AGCTGG~TGAAGA~GAAGAA 3060 
E 0 4 R Q K L 0 L E K V T E A I K K M E E E I L L L E O N S F I K K K L M E  G R I A E C S S Q L A E E E E 

AAGGCGAAAAACTT6OCCAAAATCAGGAATAA6OAAGAAGTGATGATC TCAGATTTAGAAGAACGCT TAAAGAAG~AAGAAAAGACTCGT~GGAACT~GAAA~6oCCAAAAGAAAA~T~AC~GGGAGACGAC~GA~CTGC~GACCAG~TCGCAGA6oTGCA~CGC~GATT~AT~ 3240 
K N L A I 8 N K Q E V M S 0 E E R L K K E E K T R Q L E K K R K D G E T T D L Q D Q A E L 0 A Q I 0 E 

C TCAAGCT~A6oT6o6oAAGAAGGAG6AGGAG~T0CAGGG~G~TGGC~AG~GGT~ATGAT~AAA~A~T~C~TAA0AACA~TG~TTk̀~A0T TOTOCGAGAGC TACAA6OCCAkATTGCTGAACTTCAGGAAGACTTTGAATOCGAGAAGGCTTCACG0410AAGGCCGAAAAGCAO 3420 
L Q L A K E E E L Q G A A R 0 0 E H K N N A L K V R O 4 Q A E L 0 E D F E S E A S 6 N A E K Q 

AAAA6OGACTTGAGTGAGGAACTGG,4AGC TCTGAAAACAGAGCTGGAGGACACGC T~ACA~A~G~G~CCA6oA6oAA~TA~GT~C~AAA~TGAACAJk~AAG~6o~A~A6oT~AAGAAAGCTCTTGAGGA~GAAACTAAGAA~ATGAkGCTCAAAT~CAGGA~ATG~GACAAAGk 3600 
0 L S E L E A L K T E k 0 T 0 T T A 0 0 E L R T K E O A E L K A L E E E T K N H A Q I Q 0 M R 0 R 

CACGCAACAGCCCTGG~GGAGCTCTCA0A6oAGCTGGAACAGGCCAA6o6oTTCAAAGCAAATCTAGAGAAGAACAAGC~GGGCCTGGAGACAG~TAACAA6oAGC~GGCGTGTGAGGTGA4GGTCCT6oA6oAGGTC4AGGCTGAGTCTGAGCACAAGAGGAAGA~6oTCGACG0GCAG 3780 
T A L E  L 0 E Q L E Q A 9 F A N L N K Q G E T D N K A C E  K V L 0 0 V K-A E S H K R K K L 0 A Q 

GTCCAGG4GCTCCATGCCAAGGTCTCTGAAGGCGACAGGCTCAGGGT0GA0CT00CGGAGAAAGCAAGT~AGCT6o~G~k4TG~GCTAGATAkTGTCTCCACCCTTCTGGAAGAA6oAGAGAAG~k~GGGTATTAAATTTGCTAA00~TGCAGCTAGTCTTGAGTCTCA40T~CA6oATACA 3960 
0 E L H A V S E G D R L R V E L A E K 4 L Q N E D N V T E E A K K 0 I K F A K D S L E 0 Q L 0 0 

C~Gr~GCTTCTTCA0GA0GA0ACACGCC~0JL4ACTAAACCTGA6o~GTCGGATCCGGCAG0T00A~GAGGA0AAGAAC~GTCTTCA006oC~GCAGGAGGA6oAGGAGGA0GCC4GGAJLGAACCT00AGAA00AA0T0CTG0C0CT0C&0TCCCA0TT6oCTGATACCAAGAA0AMGTA 4140 
Q E L L 0 E T R 0 K L N L S S R I Q L E K N S L Q E 0 9 E E A R N E K Q V L A L 0 L A D T K K K 

G~TGACGACCTGGGAACAATTG~dlAGTCTGGAAGAA6oC~AGAAGAAGCTTCTG~AGGACGCGGAGGCCCTGAGC~GCGCCTGGA6oAG4AG6oACTG6C~T~TG~CAAACTGGkGAAGACC~AGAkC0GCCT0CAGCkGGAGCTGGACGACCTCAC6oT6oACCTGGACC4CCAGCGC 4320 
D D D L G T E S L E E A K K K L L D A E S Q R L E K A A K L E T N 6 L Q Q E L T V D L D H 

CAGGTCGC0TCCAkCTT~0C~GAAGAAGTTT0ACCAGCTGTT4GCAGAAGAGA~GA6o4TCTCTGCTCGCTkT0CCG~dk0AGC0GGACCGGGCCGAA0CCG4GGCCAGAGAGAA~G~kACCAAA6oCCT0TCACT00CCCGGGCCCT00A0GA~GCCCT0G46GCCAAGGA6 4500 
0 V S N L K K Q K K F D Q L L A E K S A R Y A E R 0 A E A R K K A L S L A A E E A L E A 

0AGTTTGAGAGGCAGA~kCA~kGC~GCTCCGAGC~GACATGGAAGACCTC~TGA6oTCCAAAG~TGATGT6oGAAAAAkC6TTCACG~ACTTGAAkkATCC~AC6oGCCCT4GAGCAGC6G0TGGAGGAAATGA0GAC6oAGCTGGAGGA0CTGGAAG~kCGAACTC0A00CCACG0~GAT 4680 
E F R 0 N K 0 L R A 0 M E D L M 0 K D D G K N V H L E K K L E Q 0 V M R  T Q L E L 0 E Q A 

GCCAAGCTTCGTCTGGAGGTCAACAT0CA6o6oATGAAGGCGCA0TTCGAGAGAGACCTGCAAACCAG0G~TG~GCAGAATGAAGAGAAG~4G~GGCTGCTGAT0~C~GGTGCGGGAGCTCGAGGCGG4G0TGGAGGATG4GkGGAAACA0C0GGCGCTTGCTGTA0CTTCG~A0A~A 4860 

A K R L E V N M Q A M K A Q F E R L 0 T D E O N  E K K R L 0 V R E L E L E 0 E R 0 6 L V A 

AA0ATGGAGATAGACCTGAAGGACCTCGA~CCAAATCGAGGCT0CGAACAAAGCTCG6oATGA6oTG~TT4AGCAGCTCC0C~G0TCCAGGCTC4GATGAA6oATTACCA~CGT6AATTAGA404AGCTCGT6oATCC6GAGAT04G~TTTTT0CTCA4TCCAAAGA~A0T0AAAA0 5040 
K M I D L K D L E A Q I E A A N K R 0 E I K Q R L Q A Q M Y Q R E L A R A 0 6 9 I A Q K E 

AAATTOAAGAGTCTGGAAGCAGAAATCC TTCAATTGCAGGAGGAACTTGCCi"CATC TGAGCGAGCCCGCCGACACGCCGAGCA6O4GAGAGATGAGCT6GCGGACGAGATCACCAACAGC6OCTC TGGCAAGTCCGCGCT GCTGGATGkGAAGC00CGTCTGGAAGCTCGOAT CGCACAG 6220 
K L S L E 4 E I L 6 L O E E L A S S E R A R H A Q R 0 E L A 0 I T N $ A K $ A L L D K R L 4 R 0 

CTGGAGGAGGAGCTGGJL4GAGGAGCAGAGCAACATGGA6oT6oTCAkCGACCGCTTCCGCAkG~CCACTCTACA0GTGGACACACTGA~CGCC0A6oT46oAGCCG~G0GC4GCGCCGCCC4G~AGAGTGAC~TGCACGCCAGC~CTGGAGC00040AAC4A6o~0CTGAA6oCCA4G 5400 
L E E L E E E Q S N M E L L N O R  F R K T T L 0 V T N A E L A A R S A A Q 0 N A R Q Q L E O N E L K 

CTGCAGGAkCTCGA6oGT6oTGTCAA0TCTAAGTTCAA6GCC~CCATCTCAGCCCTGGAGGCCAAGATT6oGCAGCTGGAGGAGCA0CTTGAGCAGGAAGCC~A6oAACGA6oAGCCG0C~ACAAATTA6TC0GTCGCACTG~0~AGAA0CT0~k~04AATCTT0kTGCAG0TTG~0GAT 5580 
L Q L E 0 A V K 0 K F K A T I S A L E A K I G 0 L E 0 L E Q E A K R A k 4 N V R R T E K K L E ~ M Q D 

GAGCGTC0ACACGCGGACCA0T~TkA4GAGC~GATGGAGAA6oCCAAC6oTCGr~kTGAA0CAGCTTAAACGCC4GCTGGAG0AA00AGAAGAAGAA0CG4CGC0TGCCAACGCkTCTC06oGTA~CTCCAGC0GGA~CTGGATGATGCCACCGAGGCCAACGA6oGCCTGAGCCGCGAG 5760 
E R H A 0 Q Y K E Q M E K A N k R M K 0 L K R 0 L E 4 E E E k T R A N  A S 6 FI L Q R E L D D 4 T A N 0 L E 

0TCAGCACCCTGAAGAACCGGCTGA6oCG6oGTGGCCCCATCAGCTT0TCTTCCAGCCGATCTGGCCG~C6oCA6oT6o~CCTTGAAGGA0CTTC0C T GOAGCTCTCCG4CGATGACAOAGAAAGTAAOACCAOTGkTGTCAACGAGkCGCAGCCACCCCAGTCAGAOTkA 5931 
V S  T L K N  R L R R O G [ ~ I  S F S S S R S 6  R 0 0  L L E G A S  L E L S D  D 0  T E S K  T I 6  D V N  E T 0 P 0 S EJ" 

AGTTGCAGGAAGCCAGAGGA6oCk4TACAGTGGGAC~GTTAGGAAT0C~C0CGGGGCCTCCTGCAGATTTCGGAAATTGGCAAGCT~CGGGATTCCTTCCTGAAAGATCÀikCTGTGTCTTAAGGCTCTCC4GCCT4TGC~TACT~TATCC TGCTTCAGAC TTAGGTACAAT TGCTCCOCT 6111 
TTTTATATACAGACACAcACAGGACACATATATTAAACAGATTGTTTCATCATTGCATCTATTTTC0ATATAGTCATCAAGAGACCATTTT~TAAA~CATGGTAAGACCCTTTTTAAAACAAAC TCCAGGCCCTTGGTTGCGGGTOGCTGGGTTATTGGGGC4GCGCCOTGGTCGTCAC T 6291 
CAGTCGCTCTGCATGCTCTCTGT0~TACAGACAGGTAACCTAGTTCTGTGTTCACGTGGC6oCCGACTCCTCA6CCACATCAAGTCTCCTAGAJCCACTGTGGACTCT~AACTGCACTT6TC TCTCTCATTTCCTTCAAATAATGA~rCAATGCTATTTCAGTGAGOAAACTGTGAAAGGGG 6471 
CTTTGGAJUtGAGTAGGAGGGGTGGGCTGGATCGG̀4UiGCAACACCCATTTGGGGTTACCATGTCCATCCCCCAAGGGGGGC6oT6oCCCTCGAGTCG~TGGTGTCCCGCATCTACTC~T~TGAACTGGCCTTGGCGAG6oCT6oTCTGTGCATAGAAGGGAT~GTGGCCACACTGCAGCTG 6651 
AGGCCCCAGGTGGCAGCCATGGATCATGTAGA0TTCCA6ATGGTCTCCCGAACCGCCTGGCTCTGCCGGCGCCCTCCTCACGTCAGGAG(;kAGC~GCCGTGGACCCCTAAGCCGAGCT~GTGGAAGGCCCCTCCCCGTCGCCAGCCGGGCCCTC4TGCTGACCTTGCAAATTCA6oC6oT 0931 
GCTTTG4GCCCAAAATGGGAATATTGGTTTTGTGTCCGAGGCTTGTTCCAAGTTTGTCAATGAGGTTTAT6oAGCCTCCAG•AC•GAT0CCATCTTCCTGAATGTTGACAT0CCAGT0GGTGTGACTCC TTCATTTTTCCTTCTCCCTTCCCTTTGGACAGTGTTACAGTGAAC40TTAG 7011 
CATCCTGTTTTTGGTTGGTAGTTAAGcAAACTGACATTACGGAAAGTGCCTTAGACACTACAGTACTAAGACAATGTTGAATAT~TCATTCGC~TCT4TkkCAATTTAATGTATTCAGTTTTGA0TGTGCTTCATAT~4TGTACCTCTCT~GTCAA~GTGGTAT TACAGACATTCAGTGA 7191 
CAATGAATCAGTGTTAATTCTAAATCCTTGATCCTCTGCAATGT6CTTGAAAACACAAACCTTTT6oGTTAAAA6oTTTA4C~TCT4TTAGGAAGAATTTGTCCTGTGGGTTT6oAATCTTGGATTTTCCCCCTTTATGAACTGTACTGGCTGTTGACCkCCAGACACCTGA6o6oA4AT 7371 
ATCTTTTCTTGT•TTCCCATATTTCTAGACAATGATTTTT•TAAGACAATAk&TTTATTCATTAT•0ATATTTGCGCCTGCT0TGTTTACTT0AAGAAAA•A•CACC••TGGAGAATAAAGAGACCTCAATAAACAAAAAAAA•AA 7517 
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Table 2. Comparison of the amino acid sequence of human MHC-B with other MHCs (% 
identity). Head region MHC-B, amino acids 1-843; rod region, amino acids 844-1976. 

Head Rod 

Chicken nonmuscle B (Takahashi et al., 1992) 99 94 
Chicken nonmusde A (Shohet et al., 1989) 87 72 
Human nonmuscle A (Saez et al., 1990; Simons et al., 1991) 85 72 
Chicken smooth embryonic (Yanagisawa et al., 1987) 83 70 
Drosophila nonmuscle (Ketchum et al., 1990) 71 55 
Human cardiac [3 (Liew et al., 1990) 51 34 
Chicken skeletal embryonic (Molina et al., 1987) 48 33 

• - - -  ~ o~ 
• . -  

Anti MHC-A 
Anti MHC-A 

Anti MHC-B Anti MHC-B 

Fig. 3. Immunoblot analysis of protein extracts from hu- 
man cells and adult tissues. Protein extracts from human 
Jurkat T-cells and human adult uterus, spleen and kidney 
tissues were  simultaneously subject to electrophoresis in 
SDS-5% polyacrylamide gels. The peptides were then 
transferred to Immobilon and probed with the indicated 
antibodies. A gel containing an extract from a Kaposi's 
sarcoma skin lesion was similarly electrophoresed and 
transferred. Purified human platelet and bovine (Bov.) 
brain myosin are included to indicate specificity of the 
antibodies raised to myosin heavy chain-A (Anti-MHC-A) 
and myosin heavy chain-B (Anti-MHC-B). Purified bovine 
brain myosin is composed of approximately 95% MHC-B 
and 5% MHC-A. 

M H C s  ( K a w a m o t o  & Adels te in ,  1991; Aikawa et al., 
1993; Frid et al., 1993). We, therefore,  m a d e  use  of our  
ant ibodies  to h u m a n  M H C - A  and  MHC-B, as well  as 
isoform-specif ic  ant ibodies  to the 204 and  200 kDa 
s m o o t h  musc le  M H C  (Kelley et al., 1992), to explore 
the  conten t  of n o n m u s c l e  and  s m o o t h  muscle  M H C s  
in h u m a n  adul t  aorta.  A l though  the s m oo t h  musc le  

Fig. 4. Immunoblot analysis of human foetal extracts. Two 
SDS-7.5% polyacrylamide gels were subject to electro- 
phoresis simultaneously and transferred under the same 
conditions, as indicated in Materials and Methods. The top 
blot was probed with antibodies raised to the MHC-A 
peptide (anti-MHC-A) and the bottom blot was probed with 
antibodies raised to the MHC-B peptide (anti-MHC-B). The 
tissues and cell extracts probed are listed over the cor- 
responding lanes. (Chorion. Villi is chorionic villi.) 

ant ibodies  were  raised against  pep t ides  synthes ized  
based  on  the carboxyl- terminal  sequence  of bov ine  
aorta,  they  were  found  to crossreact  wi th  h u m a n  
smoo th  musc le  MHCs .  

Figure 5 is a Coomass ie  Blue-stained gel and  an 
i m m u n o b l o t  of h u m a n  adult  aorta tunica media  
p r o b e d  wi th  four  different  M H C  antibodies.  SDS- 
po lyac ry lamide  gel e lect rophores is  was  carried out  as 
descr ibed in the Materials  and  Me thods  in order  to 
separa te  the isoforms.  Of  note,  the Coomass ie  Blue- 
s ta ined gel of the s m o o t h  muscle  extract on  the left 
(C) demons t r a t e s  a po lypep t ide  chain at 204 kDa, a 
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204 
200 

C 204/204/ALL A B 
B B/A 

Fig. 5. Coomassie Blue-stained gel and immunoblot analy- 
sis of human aorta tunica media protein extracts. Lane C is 
an SDS-5% polyacrylamide-stained gel in the area of the 
myosin heavy chains. Lanes 2-6 are immunoblots from a 
similar gel. Lanes 2 and 4 are the same immunoblot and 
lane 3 is an equivalent immunoblot subjected to electro- 
phoresis at the same time as lane 2 (5 ~tl of a 1:10 dilution of 
the aortic extract was used in lanes 2 and 3). Lanes 5 and 6 
contained 25 ~tl of a 1:10 dilution of the aortic extract. Below 
each lane, the myosin heavy chain antibody used is 
indicated, as well as the order in which they were added. 
Lane 2 was first probed with antibodies raised to the 
204 kDa smooth muscle MHC and then with anti-MHC-B. 
Lane 3 is an equivalent blot, first probed with anti-204, then 
anti-B and, finally, anti-A. Lane 4 is the same immunoblot 
as lane 2, but now probed with antibodies to the 200 kDa 
smooth muscle MHC and anti-A. Lanes 5 and 6 have five 
times more protein loaded in each lane to show that 
anti-MHC-A and anti-MHC-B do not crossreact. This 
sample is from a 21-year-old male. A similar result was 
obtained using a sample from the aorta of a 38-year-old 
female. The numbers and letters on the left indicate the 
relative migration of the smooth muscle (204, 200) and 
nonmuscle (B, A) MHC isoforms. 

fused band at 198-200 kDa and a fourth polypeptide 
chain at 196 kDa. Each of these bands is of about 
equal intensity (assuming the fused band is com- 
posed of two bands). The immunoblots on the right 
show that each band can be detected by one specific 
antibody. The panel (panel 2) to the right of the 
Coomassie Blue-stained panel is an immunoblot  first 
treated with an antibody specific for the 204 kDa 
smooth muscle MHC and then with anti-MHC-B. The 
third panel is an equivalent lane on the same blot, but 
after treatment with antibodies specific for MHC-A. 
The fourth panel is the same lane as panel 2, but now 
treated with antibodies specific for the smooth mus- 
cle 200 kDa MHC and MHC-A. The immunoblot  
confirms that the fused band seen in the Coomassie 
Blue-stained lane is made up of MHC-B (lower part) 
and the 200 kDa smooth musde  MHC (upper part). 
The last two panels on the right contained five times 
more of the aortic extract than the other panels. They 
are included to demonstrate the specificity of the 
antibodies raised to MHC-A and MHC-B. In sum- 
mary, the immunoblots demonstrate that in isolated 
tunica media, all four MHC isoforms can be identified 

as separate polypeptide chains. This result was 
repeated using a second smooth muscle sample from 
a different normal human aorta tunica media. 

Immunostaining of human aorta myosin isoforms 

Figure 6 is a composite micrograph showing 
immunohistochemical staining of normal adult (34 
years old, Fig. 6A, B) and foetal human aortas (Fig. 
6C, D), using the same antibodies that were used in 
the immunoblots shown in Fig. 5. The figure shows 
cellular staining (brown against a pale blue back- 
ground) of the smooth muscle cells of the tunica 
media with antibodies raised to MHC-A (Fig. 6A) and 
MHC-B (Fig. 6B) without any major difference in 
their distribution. The MHC-A isoform is promin- 
ently detected in the vasa vasorum, but the MHC-B 
isoform is not (inset on bottom left of Fig. 6A, B). The 
finding with vasa vasorum is in agreement with 
results published for bovine aorta (Murakami & 
Elzinga, 1992), but at variance with a previous report 
on human aorta wherein both isoforms were detected 
(Frid et al., 1993). Staining of the adult aorta with 
antibodies specific for the 204 kDa and 200 kDa 
smooth muscle MHC showed prominent  cellular 
staining of smooth muscle cells by both antibodies 
with no major difference in their distribution (data 
not shown). The immunohistochemical results are 
consistent with the immunoblot findings in confirm- 
ing the presence of four myosin isoforms in the adult 
aorta. Immunostaining of aorta from a 19-week-old 
foetus shows intense staining of smooth muscle cells 
of the tunica media with both the nonmuscle MHC-A 
and MHC-B antibodies (Fig. 6C, D). Although the 
nonmuscle MHC-B antibody did not stain the vasa 
vasorum of the adult aorta, positive staining was 
observed in the foetal vasa vasorum with both 
MHC-A and MHC-B antibodies (see the small vessel 
in the lower right quadrant of Fig. 6C, D). 

Discuss ion 

In this paper, we complete the cDNA sequence 
encoding human nonmuscle MHC-B and also pro- 
vide 5' and 3' untranslated sequences. Previous work 
has shown that the gene encoding MHC-B is located 
on chromosome 17p13 in humans,  in contrast to 
MHC-A, which is located on 22q11.2 (Saez et al., 
1990; Simons et al., 1991). We believe that these two 
gene products account for the majority (if not all) of 
the nonmuscle myosin II heavy chain isoforms 
expressed in human nonmuscle and muscle cells, but 
we cannot rule out tissue-specific isoforms, for 
example, that described by Sun and Chantler (1992) 
for rat brain. The existence of this neuronal-specific 
isoform has not been demonstrated for human cells. 
Kuro-o and colleagues reported a partial cDNA 
sequence of a rabbit embryonic smooth muscle 
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myosin isoform (SMemb), which also exists in brain 
and which shows remarkable similarity to the human 
T-lymphocyte MHC-B presented here (Kuro-o et al., 
1991). The same laboratory has recently published an 
SMemb cDNA clone encoding 226 amino acids 
derived from smooth muscle cells of the human aorta 
(Aikawa et al., 1993). The sequence of this clone is 
exactly the same as that reported here encoding the 
carboxyl terminal 226 amino acids except that their 
second nucleotide is G whereas our corresponding 
nucleotide (2251) is A. This results in their first amino 
acid being aspartate, but our amino acid 1751 being 
asparagine. Of note is that their partial sequence of 
232 nucleotides of 3' untranslated cDNA from the 
human smooth muscle clone (SMemb) is identical to 
the completed sequence published here for Jurkat 
T-lymphocytes, confirming that SMemb is, in fact, 
MHC-B. 

We made use of peptide-specific antibodies which 
can detect four distinct MHC isoforms in human 
adult aorta smooth muscle cells by immunoblot and 
immunohistochemical analysis. Our results indicate 
the presence of two smooth muscle (204 kDa and 
200kDa) and two nonmuscle (A and B) MHC 
isoforms which are present in significant amounts. 
Our immunoblots of human aorta tunica media 
resolved a single band (196 kDa) when using a 
nonmuscle MHC-A antibody and a slower migrating 
single band (198 kDa) with a nonmuscle MHC-B 
antibody. Antibodies directed against the 204 kDa 
and 200 kDa smooth muscle MHCs resolved two 
additional bands on the same immunoblots, although 
the smooth muscle 200 kDa MHC and the MHC-B 
migrate as a fused band in the Coomassie Blue- 
stained gel. The distribution of the MHC isoforms in 
human vascular smooth muscle cells shows similar- 
lity to the distribution seen in vascular tissue of other 
species. Murakami and Elzinga (1992) employed 
peptide-specific antibodies using extracts of bovine 
aorta and detected four nonmuscle MHC isoforms, 
two MHC-B isoforms (which migrated differently 
than the two nonmusde  MHC-B isoforms seen in 
bovine brain), and two nonmuscle MHC-A isoforms. 
However, only two bands, which they identified as 
corresponding to smooth muscle MHCs (204 kDa and 
200 kDa), were present on the Coomassie Blue- 
stained gel. Our Coomassie Blue-stained gels of 

387 

human aorta show four isoforms, 196 kDa, a fused 
band at 198-200 kDa, and 204 kDa. Other investiga- 
tors have detected three MHC isoforms in smooth 
muscle cells (smooth muscle 204 kDa and 200 kDa 
and SMemb/MHC-B) which appear to be differen- 
tially expressed in the developing aorta of rabbit 
(Kuro-o et al., 1991) and human (Aikawa et al., 1993). 
Kuro-o and colleagues identified an SMemb (MHC-B) 
isoform which was predominant in rabbit embryonic 
and perinatal aorta as well as in proliferating smooth 
muscle cells of atherosclerotic neointimas, but 
appeared to be down-regulated in adult vascular 
tissues (Kuro-o et al., 1991). Unlike the findings for 
rabbit, Aikawa and colleagues have recently demon- 
strated the presence of three isoforms, smooth 
muscle 204 and 200 kDa MHCs and SMemb (MHC-B) 
in both human foetal and adult aortas (Aikawa et al., 
1993). In agreement with Aikawa and colleagues, we 
have employed antibodies which can detect the same 
nonmuscle and two smooth muscle MHC isoforms, 
but we can also detect another nonmuscle isoform, 
MHC-A, hence indicating the presence of four dis- 
tinct MHC isoforms in human aorta tunica media. 
Our results contrast with the work of Frid and 
colleagues who, despite detecting the 204 and 
200 kDa smooth muscle MHC, and a nonmuscle 
MHC-A-like type in adult human aorta, detected a 
nonmuscle MHC-B-like isoform which showed con- 
siderable expression in developing human aortic 
smooth muscle, but appeared to be down-regulated 
with development and almost absent in the adult 
aortic media (Frid et al., 1993). Thus, we demonstrate 
substantial amounts of MHC-B as well as MHC-A in 
normal adult aorta tunica media, both by immunoblot 
and immunohistochemical analysis and in foetal 
aorta using immunohistochemistry. 

Antibodies to human nonmuscle MHCs, which can 
distinguish among the various isoforms, could serve 
as valuable diagnostic tools. This assumption is based 
on previous experiments involving vascular injury 
and disease. For example, the rabbit MHC-B isoform 
(SMemb) described by Kuro-o and colleagues (1991) 
was identified in proliferating rabbit smooth muscle 
cells of injured carotid arteries, but not in the 
uninjured adult rabbit. Additionally, there is evid- 
ence that a differential alteration in the expression of 
smooth muscle cell nonmuscle MHC may be associ- 

Fig. 6. Immunohistochemical localization of nonmuscle MHC isoforms in adult and foetal aorta. (A) Discrete cellular 
staining of smooth muscle cells of the adult aorta tunica media is observed following incubation with antibodies raised to the 
nonmuscle MHC-A. (B) A similar myosin localization is observed in adult aorta tunica media using antibodies that detect 
MHC-B. The insets on the bottom left of panels (A) and (B) show staining of the vasa vasorum with MHC-A antibodies and 
the absence of staining with MHC-B antibodies. (C) Intense staining of smooth muscle cells in the wall of foetal aorta is 
shown with MHC-A antibodies. (D) A similar myosin localization is noted in foetal aorta using antibodies to MHC-B. A 
higher power of magnification demonstrating staining in foetal aorta is included in the insets of panels (C) and (D). The 
bottom right quadrant of (C) and (D) show an example of foetal vasa vasorum. The magnifications are shown in the lower 
right-hand comer of each photograph. 
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ated with the deve lopment  of h u m a n  atherosclerotic 
stenosis versus  restenosis. Utilizing in situ hybridiza- 
tion of a nonmusc le  MHC-B cDNA probe on histolo- 
gic sections of tissue from percu taneous  directional 
a therectomy,  Leclerc and  colleagues demons t ra ted  a 
h igher  expression of nonmusc le  MHC-B m R N A  in 
restenotic lesions in compar ison to pr imary  vascular 
stenosis (Leclerc et al., 1992). Moreover,  Simons and  
colleagues (1993) used  a similar MHC-B probe to 
s tudy  a therec tomy specimens from 20 patients and 
concluded that the expression of the MHC-B isoform 
is increased in some atherosclerotic plaques and  that 
the increased expression identifies a g roup  of high 
risk patients for restenosis. Part of this conclusion 
was based on the idea that MHC-B is a major 
nonmusc le  myos in  isoform in activated, but  not  
quiescent,  smoo th  muscle cells. Our  studies were 
carried out  with two relatively normal  h u m a n  aortas 
and  used  Coomassie  Blue stain and  specific anti- 
bodies  to analyse the MHC isoforms. We show that 
four MHC isoforms (MHC-A, MHC-B and the 204 
and  200 kDa MHC of smooth  muscle) are approxi- 
mately  equally expressed as proteins.  As such, they 
should  serve as a baseline for further  analysis of 
normal  and  diseased h u m a n  aortas. 
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