
Mol. Cells, Vol. 25, No. 1, pp. 78-85 

 

 

 

 

 

 

The Fast Skeletal Muscle Myosin Light Chain Is Differentially 
Expressed in Smooth Muscle Cells of OVA-challenged Mouse 
Trachea 
 

Ho-Young Kim
1,†
, TaiYoun Rhim

1,†
, Mi-Hyun Ahn

1
, Pyoung-Oh Yoon

1
, Soo-Ho Kim

1
, Sang-Han Lee

2,
*, and 

Choon-Sik Park
1,
*
 

1 Genome Research Center for Allergy and Respiratory Diseases, Soonchunhyang University Hospital, Bucheon 420-767, Korea; 
2 Department of Biochemistry, College of Medicine, Soonchunhyang University, Cheon-An 330-721, Korea. 

 

(Received June 29, 2007; Accepted July 26, 2007) 
 

In a search for new molecular pathways associated with 

asthma, we performed an mRNA differential display 

analysis using total RNA extracted from the tracheal 

tissues of ovalbumin (OVA)-challenged mice and sham 

controls. cDNAs corresponding to mRNAs for which 

expression levels were altered by OVA-challenge were 

isolate and sequenced. Twenty-eight genes differentially 

expressed in sham and OVA challenged mice were iden-

tified. A GenBank BLAST homology search revealed 

that they were related to cytoskeleton remodeling, tran-

scription, protein synthesis and modification, energy 

production, and cell growth and differentiation. Two 

were selected for further characterization. Up-regulation 

of both the perinatal skeletal myosin heavy chain 

(skMHC) and fast skeletal muscle myosin light chain 

(skMLC) genes was confirmed by RT-PCR of trachea 

tissue from OVA challenged mice. Overexpression of 

skMLC protein was observed in the smooth muscle lay-

ers of OVA-challenged mice by immunohistochemistry, 

and the surface areas stained with skMLC antibody in-

creased in the OVA-challenged mice. The overexpression 

of skMLC in murine asthma may be associated with the 

changes of bronchial smooth muscle. 
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Introduction 
 
Asthma is a complex disease influenced by multiple ge- 

netic and environmental factors (Holgate, 1999; Sanctis et  

al., 1999) with significant morbidity and mortality. It is  

characterized by narrowing of the conducting airways of  

the lung with airway hyper-responsiveness (AHR). Al- 

though several abnormalities can cause AHR, the latest  

developments have led to the view that chronic inflamma- 

tion and the remodeling of the allergic airway contribute to  

its pathophysiology (Oosterhout and Nijkamp, 1990; Snap- 

per, 1990). Airway inflammation, a prominent feature of  

asthma, leads to bronchoconstriction, airway hyper- 

responsiveness (AHR), and ultimately airway remodeling,  

which includes goblet cell metaplasia/hyperplasia (Beasley  

et al., 1989), subepithelial fibrosis (Beasley et al., 1989;  

Roche et al., 1989), increased vascularity and smooth mus- 

cle hypertrophy (Ebina et al., 1993). The complexity of  

asthma originates from the interaction of a number of genes  

with environmental factors (Cookson, 1999). The majority  

of pathophysiological changes in asthma are probably due  

to altered expression of biologically plausible genes associ- 

ated with transcriptional pathways, inflammatory mediators,  

chemokines, cytokines, apoptosis and cell proliferation  

(Busse and Rosenwasser, 2003; Shore, 2004). Therefore,  

identifying asthma-specific genes is important, since such  

genes will ultimately help in early detection, prognosis and  

treatment of the disease. 

Airway is responsible for inducing sensitization to  

inhaled antigen, leading to airway inflammation. The  

mechanisms of airway inflammation in asthma have been  
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studied in animal models (Hessel et al., 1995). Antigen 

sensitization and subsequent airway challenge with the 

antigen produces the typical characteristics of asthmatics 

including AHR and airway inflammation. The ovalbumin 

(OVA)-sensitized / challenged murine model (MacLean et 

al., 1999) displays Th2 allergic inflammation, the charac-

teristic pathophysiological feature seen in asthmatics 

(Zhang et al., 1997). 

This murine model also develops airway remodeling in 

response to repeated and long-term challenge with OVA 

(Collins et al., 2003). Hence it may be useful for search-

ing for novel molecular pathways in asthma development. 

Differential display-polymerase chain reaction (DD-PCR) 

has been widely used for identifying genes differentially 

expressed between cell or tissue types (Ali et al., 2001; 

Kilty and Vickers, 1999; Liang and Pardee, 1992; 1995).  

We have applied this approach to the tracheal and main 

bronchial tissues of OVA-sensitized and -challenged mice, 

and have identified 28 gene changes that may contribute 

to the asthmatic condition of airways. Two of the genes 

were confirmed by RT-PCR and immunohistochemistry.  

 

 

Materials and Methods 

 

Experimental animals and ovalbumin (OVA) challenge Six-

week-old male BALB/c (Charles River Technology Inc., Korea) 

mice were maintained in pathogen-free conditions. They were 

kept at 22°C and 20−50% humidity with a 12 h light period. 

Food and water were presented ad libitum. For the OVA-

sensitized / challenged group, mice were sensitized on days 1 

and 14 by intraperitoneal injection of 100 μg OVA (Sigma, 

USA) emulsified in 20 mg of aluminum hydroxide (Sigma) in a 

total volume of 200 μl. On days 15, 16, and 17 after the initial 

sensitization, the mice were challenged by intranasal instillation 

of 1.5 mg OVA dissolved in 1 ml of endotoxin free saline (Fig. 

1A). The control group mice received an equivalent volume of 

endotoxin-free water. Airway resistance was measured by one-

chamber plethysmography (ALL Medicus, Korea) and ex-

pressed as fold increase of enhanced pause (PenhMCh) in re-

sponse to an increasing concentration of methacholine (MCh) 

over Penh value in response to PBS challenge (PenhPBS). Two 

days after the last challenge, the mice were killed by intraperito-

neal injection of pentobarbital sodium (100 mg/kg). Blood sam-

ples were obtained via the inferior vena cava. Anti-OVA spe-

cific IgE antibodies were measured by ELISA as described 

(Zhang et al., 1997). Briefly, 96-well flat-bottom ELISA plates 

(ICN Costa Mesa, USA) were coated overnight with 20 μg/ml 

of OVA in a 0.1 M NaHCO3 buffer (pH 8.3) at 4°C. Nonspecific 

binding was blocked with 1% bovine serum albumin. After in-

cubation of the test sera for 2 h, the plates were incubated with 

horseradish peroxidase-conjugated goat anti-mouse IgE (Pharm-

ingen, USA) for 1 h at room temperature. The reaction was de-

veloped with a tetramethylbenzidine substrate. The optical den-

sity was measured at 450 nm. At the time of lavage, 48 h after  
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Fig. 1. Profiles of the OVA- sensitized / challenged murine 

asthma model. A. Outline of the protocol. B. Penh values as a 

function of increasing concentrations of methacholine in sham 

(n = 8, open square) and OVA-challenged mice (n = 8, closed 

square) (* P ＜ 0.05 and ** P ＜ 0.01). C. Comparison of 

serum OVA-specific IgE concentrations in sham (open bar) and 

OVA-challenged mice (closed bar) (** P ＜ 0.01). 

 

 

last challenge, the mice were killed by intraperitoneal injection 

of pentobarbital sodium (100 mg/kg body weight). The trachea 

and the right main bronchi were excised and immediately frozen 

in liquid nitrogen for RNA extraction. The left lung was fixed 

with 4% paraformaldehyde in phosphate buffered saline and 

paraffin-embedded for immunohistochemistry and morphomet-

ric analyses. The tissue sections were subjected to Luna’s stain-

ing to identify infiltrating eosinophils. 

 

Differential display-polymerase chain reaction (DD PCR) 

The trachea was dissected free of other tissues, immediately 

frozen in liquid nitrogen, and the frozen trachea was homoge-

nized using a homogenizer. Total RNA was isolated with a Total 

RNA extraction kit (Ambion, USA), and treated the RNA with 

RNase-free DNase I (Boehringer Mannheim, USA) for 30 min 

at 37°C. After phenol/chloroform/isoamyl alcohol (25:24:1) 

extraction and ethanol precipitation, the RNA was suspended in 

DEPC-treated H2O. Differential display analysis was carried out 

as described (Ali et al., 2001; Liang and Pardee, 1995). Briefly, 

400 ng of DNA-free total RNA was reverse-transcribed using 

T11VV primer where V represents a degenerate mixture of dA, 

dG and dC (Table 1). Amplification reactions were performed in 

20 μl volumes containing 10 mM Tris-HCl, pH 8.3, 10 mM KCl, 

5 mM MgCl2, 200 μM of each deoxyribonucleside triphosphate 

(dNTP), 0.5 μM of primer and 1 unit of Stoffel fragment 

(Perkin-Elmer, USA). PCR amplification was carried out on a 

thermal cycler (Perkin-Elmer DNA Thermal Cycler 480) for a 

total of 40 cycles at 94°C for 30 s, at 40°C for 60 s, and at 72°C 

for 60 s, followed by 7 min post-extension at 72°C. PCR ampli-

fication products were analyzed by electrophoresis on nondena-

turing 10% polyacrylamide mini-gels. After silver staining, the 

bands of interest ranging from 150 to 600-bp were recovered 

from the gels and reamplified in 50 μl reaction mixtures with 

the same pair of primers used in the differential display reaction.
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Table 1. Oligonucleotide primers used in the mRNA differential display. 

Arbitrary 

primer  
Sequence  

Arbitrary 

primer  
Sequence  

Anchor 

primer  
Sequence  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

5′-GATCATAGCC-3′ 

5′-CTGCTTGATG-3′ 

5′-GATCCAGTAC-3′ 

5′-GATCGCATTG-3′ 

5′-AAACTCCGTC-3′ 

5′-TGGTAAAGGG-3′ 

5′-GATCATGGTC-3′ 

5′-TTTTGGCTCC-3′ 

5′-GTTTTCGCAG-3′ 

5′-TACCTAAGCG-3′ 

5′-GATCTGACAC-3′ 

5′-GATCTAACCG-3′ 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24  

5′-TGGATTGGTC-3′ 

5′-GGAACCAATC-3′ 

5′-GATCAATCGC-3′ 

5′-TCGGTCATAG-3′ 

5′-GATCTGACTG-3′ 

5′-TCGATACAGG-3′ 

5′-TACAACGAGG-3′ 

5′-GATCAAGTCC-3′ 

5′-GATCTCAGAC-3′ 

5′-GGTACTAAGG-3′ 

5′-GATCACGTAC-3′ 

5′-CTTTCTACCC-3′ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

 

 

  

5′-TTTTTTTTTTTAA-3′ 

5′-TTTTTTTTTTTAC-3′ 

5′-TTTTTTTTTTTAG-3′ 

5′-TTTTTTTTTTTCA-3′ 

5′-TTTTTTTTTTTCC-3′ 

5′-TTTTTTTTTTTCG-3′ 

5′-TTTTTTTTTTTGA-3′ 

5′-TTTTTTTTTTTGC-3′ 

5′-TTTTTTTTTTTGG-3′ 

 

 

  

 

 

Cloning and cDNA sequence analysis Amplified cDNA frag-

ments were resolved by gel electrophoresis using 6% poly-

acrylamide gel. The gel-purified cDNAs were directly cloned 

into the TA cloning vector of pGEM-T system (Promega, USA). 

DNA inserts from positive colonies were amplified with T7 and 

SP6 universal primers and sequenced using an ABI Prism Big-

Dye Terminator Cycle Sequencing kit and an ABI 310 Genetic 

Analyzer (Perkin Elmer, USA). DNA sequences were compared 

to the GenBank databases utilizing the Blast program available 

at http://www.ncbi.nlm.nih.gov. 

 

Reverse transcription-polymerase chain reaction (RT-PCR) 

Two genes of interest showing altered expression in the DD-

PCR were further examined by RT-PCR. The cDNA was syn-

thesized from 1 μg of total RNA using a Superscript II kit (Invi-

trogen) and amplified by PCR. Reactions were performed at 

94°C for 3 min and then at 94°C for 30 s, 52°C for 60 s, and 

72°C for 60 s for a total of 40 cycles. The primers for perinatal 

skeletal myosin heavy chain (skMHC), fast skeletal muscle my-

osin light chain (skMLC), and mouse GAPDH (glyceraldehydes 

3-phosphate dehydrogenase), respectively, were as the follow-

ings : perinatal skMHC, forward 5′-AACAATCCAACGCCAA-

CCTG-3′ and reverse 5′-AGTAAACCCAGAGAGGCAAG-3′; 

fast skMLC, forward 5′-TTTCTGCCCATGATGCAAGC-3′ and 

reverse 5′-TGAGATTATCAACTGTAGGC-3′; mGAPDH, for-

ward 5′-TGCTGAGTATGTCGTGGAGTCTA-3′ and reverse 5′-

AGTGGGAGTTGCTGTTGAAGTCG-3′. The mouse GAPDH 

mRNA served as an internal and amplification control. PCR 

products were electrophoresed on a 1% agarose gel in Tris-borate 

EDTA buffer at 100 V for 25 min and visualized under UV light. 

 

Immunohistochemical identification of skMHC, skMLC and 

α-smooth muscle actin (αSMA), and morphometric analysis 

To detect skMHC, skMLC and α-smooth muscle actin (α-SMA) 

proteins, we performed immunohistochemistry on lung tissue 

using anti-skMHC antibody, anti-skMLC antibody (Santa Cruz, 

USA) and anti-α-smooth muscle actin antibody (Spring Biosci-

ence, USA), respectively. 4 μm-thick transverse sections were 

incubated with 0.3% hydrogen peroxide in methanol at RT for 

20 min to block endogenous peroxidase, followed by 1.5% nor-

mal serum in TBS at RT for 30 min. Tissue sections were then 

treated with goat anti-human skMHC IgG (1:100), rabbit anti-

human skMLC IgG (1:200), or rabbit anti-human αSMA IgG 

(1:100), overnight at 4°C. After washing with TBS, the slides 

were incubated for 30 min with biotinylated goat anti-IgG or 

rabbit anti-IgG (1:200, Vector Laboratories, USA), and exposed 

to avidin–biotin peroxidase complex (ABC kit, Vector Labora-

tories). Color was developed by staining with 3,3′-diamino-

benzidine tetrachloride (DAB; Zymed Laboratories Inc., USA). 

Negative controls were incubated with isotype-matched antibod-

ies (Vector Laboratories). The areas of expression of skMHC, 

skMLC and alpha smooth muscle actin were measured from the 

immunohistochemically stained areas of the intrapulmonary 

bronchi in one longitudinally-sectioned lung (average: 6 bronchi 

per lung). Images were acquired with a Nikon DXM1200 digital 

camera attached to a Nikon Eclipse E600 microscope. They 

were transferred in JPEG format and analyzed with Image Pro 

Plus 4.0 software (Media Cybernetics, USA). The stained areas 

(As) and length of each bronchus were measured. The length of 

the basement membrane was defined by the basement mem-

brane perimeter (Pbm) of the bronchus. The thickness of the 

stained area was calculated as As over Pbm as described previ-

ously (Snapper, 1990). As and pbm were obtained from 126 

bronchi of eight sham mice and 135 bronchi of eight OVA-

sensitized/ challenged mice. 

 

Data analysis Data are presented as means ± SEM. The Mann-

Whitney U test was applied to evaluate the difference between 

two groups. Differences were considered to be significant when 

the probability was less than 0.05.
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Table 2. cDNA fragments corresponding to the differentially expressed mRNAs in OVA-challenged mice tracheas. 

Category Gene name 
Genbank 

accession No. 

cDNA 

level 

Cell adhesion & 

cytoskeleton  remodeling 

  

  

Transcription factor  

  

  

Protein modification 

  

Protein synthesis  

  

Energy production 

  

Cell growth 

Differentiation 

Signal Transduction 

Unknown protein   

  

Cell adhesion & 

cytoskeleton 

Transcription factor  

Cell growth 

Differentiation 

Protease inhibitor 

Unknown protein   

  

  

   

Periplakin gene  

Perinatal skeletal myosin heavy chain mRNA  

Homo sapiens protein phosphatase 1, regulatory (inhibitor) subunit 

Myosin light chain, alkali, fast skelectal muscle (Mylf) 

Nascent-polypeptide-associated complex alpha polypeptide 

Homo sapiens SMARCA4 isoform (SMARCA4) gene 

Nuclear receptor subfamily 2 

Cytidine monophospho-N-acetylneuraminic acid synthetase 

Ubiquitin-conjugating enzyme E2E 3 

Homo sapiens, mitochondrial ribosomal protein S15 

Homo sapiens muscle specific gene (M9)  

Cytochrome c oxidase 

Adult male hippocampus cDNA  

C lectin-related protein E pseudogene 

CRP-ductin; muclin; vomeroglandin 

Rattus norvegicus synaptojanin 2 binding protein 

mRNA for integral plasma membrane protein 

Homo sapiens CGI-145 protein 

Homo sapiens Nebulette (Actin-binding Z-disk protein) 

Traube (Trb)  

Zinc fingers and homeoboxes protein 1 (Zhx1)  

Mitochondrial SDS-stable vimentin-bound DNA 1  

Sel-1 suppressor of lin-12-like  

Ovomacroglobulin  

MUM (muddled meiosis) 2 protein 

EMSY protein  

Solute carrier family 25  

KIAA0144 gene product  

AF116523.1 

M12289.1 

NM_005398.2 

XM_129801.1 

BC029830.1 

AF254822.1 

XM_133568.1 

XM_132934.1 

BC011477.1 

BC031336.1 

NM_013234.1 

BC034302.1 

AK013631.1 

AF320597.1 

XM_124983.1 

NM_022599.1 

MMU310638 

XM_113258.1 

XM_165566.1 

XM_109804.1 

NM_009572.1 

AJ297014.1 

NM_005065.3 

XM_132895.1 

XM_126252.1 

XM_133691.1 

XM_122089.1 

BC007179.1  

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

 

 
 

Results 
 

Mechanical measurements (Penh) and airway inflam-

mation in bronchial trees of the OVA-induced murine 

ashma model and sham mice Airway resistance to in-

creasing concentrations of methacholine was expressed in 

terms of fold increase of enhanced pause (Penh) over 

baseline. In the OVA - challenged group, Penh increased 

in response to 12.5 mg or higher concentrations of meth-

acholine when compared with those in sham control mice 

(P < 0.05−0.01) (Fig. 1B). Microscopic analysis of the 

OVA challenged mice revealed a significant number of 

inflammatory cells including eosinophils and mononu-

clear cells infiltrated into the peribronchial tissues and 

submucosal layer (Fig. 3A-b), while infiltrating cells were 

only occasionally found in the sham mice (Fig. 3A-a). 

The serum OVA-specific IgE level was also elevated in 

the OVA-challenged mice (P＜0.01) (Fig. 1C). 

 

Isolation of differentially expressed mRNA and identi-

fication of gene The tracheas and right main bronchi of 

eight OVA challenged mice and of eight sham mice were 

pooled for the RNA extraction and analysis of DD-PCR. 

To identify differentially expressed gene, 24 arbitrary 10-

mer primers were used in combination with all 9 down-

stream T11VV primers. By using all the primer sets (Table 

1), we identified 69 differentially expressed cDNA frag-

ments with ≥ 2 fold changes, and excised them from the 

gels. cDNAs of 42 of these were cloned and sequenced 

and 28 genes were identified by BLAST (NCBI) analysis. 

Of these, 18 were up-regulated, and 10 down-regulated. 

Twenty-two genes could be functionally classified using 

the protein knowledge base in the Expert Protein Analysis 

System (ExPASy) proteomics server of the Swiss Institute 

of Bioinformatics (SIB) (Table 2). They encoded: 1) tran-

scription factors; SMARCA4 isoform protein, nascent-

polypeptide-associated complex alpha polypeptide (Yotov 

et el., 1998) and nuclear receptor subfamily 2 (Sacchetti 

et al., 2001), increased by OVA-challenge, and zinc fin-

gers and homeoboxes protein 1 (ZHX1) decreased (Shou 

et al., 2003) by OVA-challenge; 2) protein synthesis fac-

tors; mitochondrial ribosomal protein S15 (Galloni, 2003)  



82 skMLC Is Differentially Expressed in OVA-challenged Mouse Trachea 

 

A 
 

 

 

 

 

B 
 

 

 

 

 

 

 

 

Fig. 2. Messenger RNA differential display and RT-PCR analy-

sis of perinatal skMHC and fast skMLC genes in sham and 

OVA-challenged mice. Total RNA was isolated from the tra-

cheas of each group (n = 8). A. Differential display analysis 

showing up-regulation of perinatal skMHC and fast skMLC 

genes. The arrows indicate the differentially expressed cDNA 

for each gene. B. mRNA expression of perinatal skMHC and 

fast skMLC genes in trachea confirmed by RT-PCR using se-

quence-specific primers. The experiments were repeated more 

than three times. GAPDH mRNA served as control. 

 

 

and a muscle specific protein (M9) (Martinuzzi et al., 

1999) both up-regulated; 3) ovomacroglobulin (Molla et 

al., 1987), a protease inhibitor decreased; 4) synaptojanin 

2 binding protein (Nemoto and De Camilli, 1999) in-

volved in signal transduction, cytochromeric oxidase 

(Kadenbach et al., 2000) and adult male hippocampus 

protein (Campbell and Macqueen, 2004) involved in en-

ergy production all up-regulated; 5) cytidine monophos-

pho-N-acetylneuraminic acid synthetase (Puente-Polledo 

et al., 1998) and ubiquitin conjugating enzyme E2E3 

(Burger and Seth, 2004; Hershko et al., 1983) involved in 

protein modification both increased; 5) Cell adhesion 

and/or cytoskeleton remodeling proteins such as periplakin 

(PPL) (Leung et al., 2002), perinatal skeletal myosin heavy 

chain (skMHC) (da Costa et al., 2002), and fast skeletal 

muscle myosin light chain (skMLC) (Nieznanka et al., 

2002) all increased. The remaining six genes with altered 

expression encoded products of uncharacterized or un-

known functions. 

 

Validation of the change of genes expression in the 

OVA - induced asthma model Among the genes with 

altered expression, perinatal skMHC, and fast skMLC 

gene were chosen to validate the results of DD-PCR by 

RT-PCR and immunohistochemistry (Fig. 2A). Marked 

up-regulation of the perinatal skMHC and fast skMLC 

genes by OVA-challenge was confirmed by RT-PCR (Fig. 

2B). 
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Fig. 3. Expression of skMHC, skMLC, and αSMA in the in-

trapulmonary bronchi of sham and OVA-challenged mice. A. 

Histology showing the marked infiltration of mononuclear cells 

and eosinophils visualized by Luna’s stain in the peribronchial 

layer in OVA-challenged mice (b) compared with sham mice (a) 

(Magnification ×200). Smooth muscle layers stained with HRP-

labeled rabbit anti-human αSMA antibody (c, d), rabbit anti-

human skMLC antibody (e, f), and goat anti-human skMHC (g, h). 

The expression of skMLC protein was markedly higher in the 

bronchial smooth muscle layer (arrow) of OVA-challenged mouse 

(f) than of sham controls (e) (Original magnification ×200). B. 

The mean area of the smooth muscle layer staining for skMLC 

per peribronchial diameter is higher in OVA-challenged mice (n = 

8) than in sham mice (n = 8) (* P＜0.05). C. The mean ratio of 

skMLC stained area to αSMA stained area is also significantly 

increased in OVA-challenged mice (* P ＜.05). 

 

 

In the immunohistochemical analysis, skMLC was 

clearly stained in the smooth muscle layer of the bronchus 

(Fig. 3A-f), and the intensity of staining was greater in the 

OVA-challenged mice (Fig. 3A-e). The area stained for 

skMLC per length of basement membrane increased from 

0.65 ± 0.11 μm2/μm for the control group, to 1.79 ± 0.33 

μm2/μm for the OVA-challenged group (P < 0.05). There 

was no significant difference in the area stained for α-

SMA in the two groups (P > 0.05) (Fig. 3B). The ratio of 

skMLC and α-SMA stained areas was also elevated in the 

a b 

c d 

e f 

g h 
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OVA-challenged mice (P＜0.05) (Fig. 3C). skMHC was 

diffusely stained in the epithelium, smooth muscle layer, 

and inflammatory cells, and its intensity also increased in 

the OVA-challenged mice (Fig. 3A-gh). 

 

 

Discussion 

 

In the present study we detected changes in the mRNA 

levels of 28 genes in the airways of OVA-challenged mice. 

Two genes affecting airway smooth muscles were chosen 

to validate these results because their products change in a 

characteristic way in asthmatics. Up-regulation of perinatal 

skMHC and fast skMLC mRNAs were confirmed using 

RT-PCR and protein expression analysis. The increase in 

both fast skMLC mRNA and protein indicates that the pro-

tein level reflects the induction of transcription in response 

to OVA-challenge. To our knowledge, enhanced expres-

sion of these two genes has not been reported previously in 

OVA-challenge mice. 

The expression of skeletal muscle proteins in smooth 

muscle and epithelium has not previously been described. 

In this study, we demonstrated that airway smooth muscle 

cells express perinatal skMLC and that airway epithelial 

cells express fast skMHC. The simultaneous expression of 

skMHC and skMLC in different cells suggests that the 

products of skeletal muscle myosin genes are present in 

non-skeletal muscle, including epithelium and smooth 

muscle. The expression of skeletal muscle myosin genes 

increases during lung inflammation. 

Myosins are the molecular motors responsible for 

movement in all eukaryotes. Conventional myosin ex-

pressed in non-smooth muscle cells has been shown to be 

involved in various cellular functions, from cytokinesis to 

morphogenesis (Fukui et al., 1990). Skeletal myosin 

(skM), the major myofibrillar protein, consists of two 

heavy (skMHC) and four light (skMLC) chains. skMHCs 

comprise eight isoforms (2a, 2x, 2b, embryonic, perinatal, 

slow/I/β, extraocular, and α), each encoded by a separate 

gene, and five major skMLC isoforms (two slow, MLC1s 

and MLC2s, and three fast, MLC1f, MLC2f,
 and MLC3f), 

respectively (Weiss and Leinwand, 1996). They are ex-

pressed in a tissue- and stage-specific manner during de-

velopment. This differential expression is likely to reflect 

differences in the physiological state of individual mus-

cles, and indicates that the regulation of muscle gene is 

altered in asthmatics. 

Gordon et al. reported that periods of increased or de-

creased muscle activity alter the expression of the skMHC 

and/or skMLC isoforms (Lutz et al., 2002; Reggiani et al., 

1997; Sweeney et al., 1988). Although the expression of 

skeletal muscle genes in smooth muscle cell has not been 

reported, they are known to be expressed in other cell 

types and tissues. Skeletal myosin heavy chains are ex-

pressed in myofibroblast of pulmonary and kidney me-

sangial cells, and skeletal muscle myosin enzymatic activ-

ity is required for pulmonary myofibroblast contractility 

(Mayer and Leinwand, 1997; Rice and Leinwand, 2003). 

The fetal cardiac/skeletal slow-twitch muscle-specific 

beta-MHC ranscript was detected in mesenteric lymphat-

ics. Moreover skeletal alpha-actin exists in both mesen-

teric lymphatics and arterioles (Muthuchamy et al., 2003). 

Blockade of mitogen-activated protein kinase increases 

perinatal skMHC mRNA in rat skeletal muscle cultures 

(Higginson et al., 2002), and mitogen - activated protein 

kinase is enhanced in asthmatic airways (Pelais et al., 

2005). A shared myosin light chain is expressed in skele-

tal and smooth muscles, and in brain, at an early stage 

(Kawashima et al., 1987), and the smooth muscle myosin 

light chain gene is expressed in smooth, skeletal, and 

nonmuscle tissues (Taubman et al., 1987). In addition, a 

smooth muscle myosin light chain kinase isoform is pre-

sent in skeletal muscle (Dalla Libera et al., 1997; Herring 

et al., 2000). Thus it is possible that skeletal myosins exist 

in non-skeletal muscle. As mentioned above, the skeletal 

myosin heavy chain has contractile functions in non-

skeletal muscle cells. Arterial endothelium injury leads to 

proliferation of vascular smooth muscle cells induced by 

the accumulation of connective tissue. The changes in-

volved include altered expression of the myosin heavy 

chain isoform (Gallagher et al., 2000). These data suggest 

that endothelium injury is related to the contraction of 

smooth muscle and expression of myosin heavy chain. 

Consequently, we supposed that the skMLC gene can be 

expressed in lung epithelial cells as a result of injury, or 

by contraction in smooth muscle. 

Airway smooth muscle (ASM), which is involved in 

the regulation of airway movement, is found from the 

trachea to the terminal bronchioles. ASM undergoes 

marked phenotypic modulation in asthmatic conditions, as 

well as during lung development. The contraction of 

ASM regulates airway diameter and modulates airway 

resistance (Wiggs et al., 1990). In addition, ASM mass 

increases in asthma and may represent an injury-repair 

response due to inflammation (Lambert et al., 1993). 

Hence contractile tissue may become an active force in 

the airway remodeling in asthma (Opazo et al., 2000). 

Airway remodeling, defined as hypertrophy and hyperpla-

sia of the airway smooth muscle, thickening of the base-

ment membrane, and collagen deposition, is thought to 

play a prominent role in asthma (Lambert et al., 1993). In 

particular, the increase in airway smooth muscle content 

is believed to account for most of the airway luminal nar-

rowing and the permanent reduction of airway caliber in 

asthma and bronchial hyper-reactivity. The proportions 

and distributions of cytoskeletal and contractile proteins 

in the smooth muscle change during airway remodeling. 

The majority of these effects may ultimately depend on 

the interactions of unknown genes (Halayko and Amrani, 

2003). 
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