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ABSTRACT: Calponin is an actin filament-associated regulatory protein, and its h2 isoform is expressed in
lung alveolar epithelial cells under postnatal upregulation during lung development corresponding to the
commencement of respiratory expansion. Consistent with this correlation to mechanical tension, the
expression of h2-calponin in alveolar cells is dependent on substrate stiffness and cytoskeleton tension.
The function of h2-calponin in the stability of actin cytoskeleton implicates a role in balancing the strength
and compliance of alveoli. An interesting finding is a rapid degradation of h2-calponin in lung after
prolonged deflation, which is prevented by inflation of the lung to thein situexpanded volume. Decreasing
mechanical tension in cultured alveolar cells by reducing the dimension of culture matrix reproduced the
degradation of h2-calponin. Inhibition of myosin II ATPase also resulted in the degradation of h2-calponin
in alveolar cells, showing a determining role of the tension in the actin cytoskeleton. Alveolar cells statically
cultured on silicon rubber membrane build high tension in the cytoskeleton corresponding to a high
expression of h2-calponin. Chronic cyclic stretching of cells on the membrane did not increase but decreased
the expression of h2-calponin. This finding suggests that when cellular structure adapts to the stretched
dimension, cyclic relaxations periodically release cytoskeleton tension and lower the total amount of tension
that the cell senses over time. Therefore, the isometric tension, other than tension dynamics, determines
the expression of h2-calponin. The tension regulation of h2-calponin synthesis and degradation demonstrates
a novel mechanical regulation of cellular biochemistry.

Living cells respond to mechanical forces by changes in
cellular structure and function through gene regulation and
posttranslational protein modification (1-5). Reorganization
of the cytoskeleton is a key component of the cellular
response to mechanical stimuli (3, 6). The actin cytoskeleton
is a dynamic filamentous network that determines cell shape
and strength and plays an important role in cellular response
to mechanical tension (7). Calponin is an actin filament-
associated regulatory protein (8) and has been extensively
studied for its role in the contractility of smooth muscle (9,
10). Biochemical activities of calponin have been docu-
mented in detail mainly from experiments using the h1
isoform in smooth muscles (11). Through high affinity
binding to F-actin, calponin inhibits the actin-activated
smooth muscle myosin MgATPase and the production of
force (12). Despite the extensive investigations, the physi-
ological function of calponin in living cells remains to be
established.

The h2 isoform of calponin (11) is found in smooth muscle
and nonmuscle cells. Calponin’s association with actin stress

fibers and function in regulating actin-myosin interaction
suggest a role in cytoskeleton activities. Forced expression
of calponin in smooth muscle cells and fibroblasts inhibited
cell proliferation (13, 14). Providing a novel lead for the
function of calponin, we recently demonstrated a mechanical
tension-regulated expression of h2-calponin in fibroblasts and
epidermal keratinocytes with a role in stabilizing the actin
filaments (15).

In the responses of h2-calponin function to mechanical
tension, gene regulation represents a chronic and sustained
control. On the other hand, proteolysis may provide rapid
structural and functional modifications during adaptations
to environmental changes. Selective proteolysis can remove
regulatory proteins when they are not needed, while trans-
forming others from the dormant into the biological active
state (16). Therefore, proteolytic regulation of calponin may
also play a role in cytoskeleton responses to mechanical
stimuli.

In the present study, we examined the expression of h2-
calponin in multiple representative tissues and found that it
is abundant in lung alveolar epithelial cells. The lung
undergoes dynamic mechanical tension changes from alter-
nating distension and collapse that modulate the phenotypes
of alveolar epithelial cells (17), and so is an informative
system to study the tension-responsive regulation of cytosk-
eletal proteins. The expression of h2-calponin is rapidly
upregulated during postnatal lung development corresponding
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to respiratory expansion. In addition to the mechanical
tension dependent expression and role in stabilizing actin
cytoskeleton, a novel finding in the present study is that h2-
calponin is regulated in alveolar cells by mechanical tension
dependent proteolysis. A rapid degradation of h2-calponin
occurs in lung tissues after prolonged deflation, which is
effectively prevented at the inflated state. Decreasing me-
chanical tension in cultured alveolar cells by reducing the
matrix dimension reproduced the degradation of h2-calponin.
The myosin II ATPase-based tension in the actin cytoskeleton
is required to prevent h2-calponin degradation. Another
interesting finding is that continuous cyclic stretching of cells
did not increase but decreased the expression of h2-calponin.
Therefore, after the cellular structure is remodeled to fit the
stretched dimension, cyclic relaxations would periodically
release cytoskeleton tension and lower the total amounts of
tension over time, which determines the expression of h2-
calponin. The tension regulation of h2-calponin synthesis and
degradation provides new insight into the mechanical func-
tion of lung alveolar cells that are physiologically under
distension-relaxation stimuli and demonstrates a novel
mechanical regulation of cellular biochemistry.

MATERIALS AND METHODS

Anti-h2-calponin Antibodies. A rabbit polyclonal antise-
rum, RAH2, raised against mouse h2-calponin with a weak
cross-reaction to h1-calponin was published in 1998 (18).
A mouse anti-h1-calponin monoclonal antibody (mAb)1 CP3
was published in 1996 (19). Mouse anti-h2-calponin mAbs
CP21 and 1D2 were published in 2003 (13) and 2005 (15).

A new mAb 1D11 (CP22, IgG2bk) against h2-calponin
was developed as described previously (13) using mouse h2-
calponin (20) as immunogen. Spleen cells of an immunized
Balb/c mouse were harvested for fusion with SP2/0-Ag14
mouse myeloma cells. Hybridoma clones were screened by
indirect enzyme-linked immunosorbant assay (ELISA) against
the immunogen and subcloned three times to establish stable
cell lines. The mAb was produced in the forms of hybridoma
cultural supernatant and mouse ascites fluids. The specificity
of CP22 was determined by Western blotting on purified
h1- and h2-calponins (20).

Cell Cultures. Human alveolar carcinoma cell line SW1573
(American Type Culture Collection, CRL-2170) (21) was
cultured in Leibovitz’s L-15 medium containing 10% fetal
bovine serum, 2 mML-glutamine, penicillin (100 i.u./mL),
and streptomycin (50 i.u./mL) at 37°C in a humidified
incubator without added CO2. Rat alveolar type II epithelial
cell line RLE-6TN (American Type Culture Collection CRL-
2300) derived by spontaneous immortalization (22) was
cultured in Ham’s F12 containing 10% fetal bovine serum
and 10µg/mL bovine pituitary extract, 5µg/mL insulin, 2.5
ng/mL recombinant human insulin growth factor I, 25µg/
mL transferrin, 2.5 ng/mL epidermal growth factor, and 2
mM L-glutamine at 37°C in a humidified incubator in the
presence of 5% CO2. h2-Calponin expression is found in
the two alveolar cell lines at similar levels and with similar
patterns of regulation. Therefore, they are studied together

asexViVo experimental systems to investigate the regulation
and function of h2-calponin in lung alveolar cells.

SDS-PAGE and Western Blotting. Representative tissues
were obtained from adult (4-5 months old, 25-30 g) C57B/
L6 mice. Developing and adult lung samples were obtained
from C57B/L6 mice and Sprague-Dawley rats at a series
of time points from late embryonic stage to 6 months after
birth (Figure 3). Immediately after euthanasia of the animal,
the tissues were rapidly dissected and briefly rinsed in cold
PBS (phosphate buffered saline). The lung samples analyzed
were dissected from the outer edge and free of major bronchi.
Total proteins were immediately extracted from the tissues
by homogenization in SDS-polyacrylamide gel electro-
phoresis (PAGE) sample buffer containing 2% SDS (to
inactivate proteases) using a Polytron-like high speed me-
chanical tissue homogenizer and heated at 80°C for 5 min.
Total protein extracts from cultured alveolar cells were
prepared by lysing PBS-washed monolayer cells in SDS-
PAGE sample buffer and heating at 80°C for 5 min. The
protein extracts were examined by SDS-PAGE using 12%
gel with an acrylamide:bisacrylamide ratio of 29:1 in the
Laemmli buffer system. Western blotting was performed
using the anti-calponin antibodies followed by alkaline
phosphatase-labeled anti-rabbit IgG or anti-mouse IgG
second antibody (Sigma) and 5-bromo-4-chloro-3-indolyl
phosphate and nitroblue tetrazolium chromogenic substrate
reaction (13, 15). The contents and integrity of the protein
samples were determined by staining the gel with Coomassie
Blue R250. Quantification of the Western blots was done
by normalization to the amount of actin, total cellular protein,
or histones determined in the parallel gels. Purified h2- and
h1-calponins (20) were used as control.

Immunohistochemistry. To examine the expression and
distribution of h2-calponin in the lung, thin frozen sections
of mouse lung were stained with anti-h2-calponin mAb CP22
(hybridoma cultural supernatant was used to avoid potential
autoimmune reactivity of sera or ascites fluid against
cytokeratins, unpublished results) followed by horseradish
peroxidase-labeled anti-mouse IgG second antibody (Sigma)
and H2O2-diaminobenzidine substrate reaction using stan-
dard immunohistochemical method (15). SP2/0 myeloma
cultural supernatant was used as negative control. Counter-
staining with 0.6% hematoxylin for 20 s was used to outline
the morphology of the tissue sections. The results were
observed under a Zeiss Axiovert 100H microscope.

Examination of Substrate Anchorage-Dependence of h2-
Calponin Expression. To examine the effects of substrate
anchorage on the expression of h2-calponin in alveolar cells,
the cell culture dishes were placed on an orbital shaker (Bel-
Art Products, Pequannock, NJ) driven by a magnetic stirrer
at 80 rpm in a tissue culture incubator at 37°C. The
continuous vibration prevented cell attachment to the culture
dish (23). The cells were harvested after 3 days of vibrating
culture to examine the levels of h2-calponin by Western
blotting as described previously (15). The floating cell
aggregates were reseeded on tissue culture dishes and
incubated without vibration to confirm their viability. Parallel
steady monolayer cultures were examined as controls.

Examination of Substrate Stiffness-Dependence of h2-
Calponin Expression. Thin layers of polyacrylamide gel were
used to provide cell culture substrates with different stiffness
that produces corresponding traction force in the cytoskeleton

1 Abbreviations: DMSO, dimethyl sulfoxide; mAb, monoclonal
antibody; PAGE, polyacrylamide gel electrophoresis; PBS, phosphate
buffered saline.
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(24-26). Hard (10% gel with an acrylamide:bisacrylamide
ratio of 40:1) and soft (3% gel with an acrylamide:
bisacrylamide ratio of 74:1) gels were prepared and co-
valently coated with type I collagen as described previously
(15). Alveolar cells were cultured on either the hard and soft
gel or rigid plastic dish (control) to examine the effect of
substrate stiffness-generated cytoskeletal tension on the
expression of h2-calponin. The cells were harvested after 3
days of culture by direct lysis in SDS-gel sample buffer after
PBS washes. The level of h2-calponin was examined by
Western blot as above.

Cytochalasin B Treatment of AlVeolar Cell Cultures. To
investigate the potential role of h2-calponin in lung alveolar
structure and mechanical function, SW1573 human alveolar
cells were plated on collagen-coated polyacrylamide gel
substrate of high or low stiffness as above. After 3 days of
culture, the cells were treated with 0.5, 0.75, and 1.0µg/mL
of cytochalasin B (Sigma) at 37°C for 30 min. Cells treated
with 0.2% dimethyl sulfoxide (DMSO) were used as the
cytochalasin B solvent control. The treated cells were washed
with PBS and fixed with cold acetone. The actin stress fibers
was examined by rhodamine-labeled phalloidin staining as
described previously (15) and examined by fluorescence
microscopy for the resistance to cytochalasin B destruction.

Examination of h2-Calponin Degradation in Deflated
Lung. Neonatal and adult human lung autopsy tissue samples
were obtained from the Rainbow Babies and Children’s
Hospital, University Hospitals of Cleveland, in full compli-
ance with IRB regulations. The autopsies were performed
from hours to days postmortem, and the isolated tissue
samples were stored at-80 °C until SDS-PAGE and
Western blot examination using the RAH2 antibody as above.

Adult (∼250 g) rat lung was examined immediately after
euthanasia or after incubation on ice for 24 h by Western
blot for h2-calponin contents.

Adult (25-30 g) mouse and rat lungs were isolated
immediately after euthanasia and incubated in the naturally
collapsed state at 37°C in a humidified container. Tissue
samples were taken at a series of time points up to 5 h during
the incubation. The tissues were dissected free of major
bronchi and homogenized in SDS-PAGE sample buffer. The
level of h2-calponin versus the total protein contents was
examined by SDS-PAGE and Western blot as above.

To examine the role of mechanical tension in h2-calponin
stability in lung alveolar cells, postmortem mouse and rat
lungs were inflated with air to remain at thein situ inflated
volume while they remained in the thoracic cavity and were
incubated at 37°C together with the collapsed controls.
Samples were taken after 6 h of incubation and examined
by SDS-PAGE and Western blots as above for the effect
of distension on the degradation of h2-calponin.

h2-Calponin Degradation and Function in Relaxed Al-
Veolar Cells. Using a Flexercell Tension Plus system, model
FX-4000T (Flexcell International, Hillsborough, NC), RLE-
6TN rat alveolar cells were seeded in Bioflex 6-well culture
plates (Bioflex 3000C) with Type I collagen-coated elastic
silicon rubber membrane bottoms at 1× 105 cells/well and
incubated in a tissue culture incubator as above. After letting
the cells attach to the plates for 6 h, the rubber substrate
was constantly stretched by continuously applying vacuum
to result in an 8% elongation of the membrane. The use of
a 25 mm diameter round Bioflex loading station produced

equal biaxial extension of the rubber membrane. After 3 days
of culture on the stretched membrane, the vacuum was turned
off to relax the rubber membrane to the original dimension.
The cells were continuously cultured on the unstretched
membrane and collected at a series of postrelaxation time
points to examine the degradation of h2-calponin by Western
blot as above.

After 6 h of continuing culture in the relaxed state,
treatment with 0.75, 1.00, and 1.25µg/mL of cytochalasin
B for 30 min and examination of actin stress fibers were
performed as above. The fluorescence microscopy on cells
cultured on the silicon rubber membrane was carried out by
fixing the cells on the membrane with cold acetone, staining
with rhodamine-labeled phalloidin, and mounting the mem-
brane under a No. 1 cover slip.

Inhibition of Myosin II ATPase. To examine the effect of
reducing the tension built in the actin cytoskeleton on the
content of h2-calponin in alveolar cells, RLE-6TN cells were
seeded on either plastic dishes or gelatin-coated cover slips
(3 × 104 cells/35 mm dish). After 3 days of culture, the cells
were treated with 100µM blebbistatin, a myosin II ATPase
inhibitor that decreases the myosin motor-generated tension
in cytoskeleton (27), as described previously (15, 28) for
either 6 h or 3days. Cells were cultured in normal media or
media containing 0.2% DMSO (solvent of the blebbistatin
stock) as controls. The cells were harvested by lysis in SDS-
PAGE sample buffer after PBS washes, and the levels of
h2-calponin were examined by Western blot analysis as
above. The cells on the cover slips were fixed with cold
acetone, and the actin stress fibers were visualized by staining
with rhodamine-conjugated phalloidin (15). The fluorescence
and phase contrast images were examined under a Zeiss
Axiovert 100H epifluorescence microscope.

Northern Blotting Analysis.As described previously (18),
total RNA was extracted from blebbistatin-treated and control
NIH 3T3 mouse fibroblasts with the TRIzol reagent (Invit-
rogen) according to the manufacturer’s protocol. Ten mi-
crograms of each RNA sample was separated on 1.0%
agarose gel in the presence of formaldehyde and capillarily
transferred to Hybond N+ blotting nylon membrane (Am-
ersham) in 10X SSPE (1.8 M NaCl, 0.1 M Na-phosphate,
pH7.4, 10 mM EDTA). The blot was incubated in prehy-
bridization solution (0.5 M Na-phosphate/1 mM EDTA, pH
7.2 containing 1% BSA, 7% SDS, and 30% formamide) at
55 °C for 6 h and then hybridized (in the prehybridization
solution plus 5% Dextran sulfate) at 55°C overnight with
mouse h2-calponin cDNA probe (20) labeled with32P by
random priming method as described previously (18). The
blot was washed at 68°C with 40 mM Na-phosphate, pH
7.2, 1 mM EDTA, and 5% SDS. The detection of h2-
calponin mRNA was documented by autoradiography at-80
°C with an intensifying screen.

Cell Culture under Cyclic Stretching.RLE-6TN rat
alveolar cells were seeded in Bioflex 6-well culture plates
(Bioflex 3000C) with Type I collagen-coated silicon rubber
membrane bottoms and incubated at 37°C as described
above. After letting the cells attach to the membranes for 6
h, the rubber substrate was cyclically stretched for 2 s by
applying vacuum to produce 1.25% biaxial equal extension
followed by 2 s ofrelaxation using the Flexercell system as
described above. After 3 days of culture under continuously
cyclic stretching, the cells were washed with PBS and
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harvested by lysis in SDS sample buffer. Total cellular
protein extracts were analyzed by SDS-PAGE and Western
blots to examine the levels of h2-calponin as described above.
Cells cultured in parallel on rubber membrane without
stretching were examined as static controls.

Data Analysis. Densitometry analysis of SDS-gels and
Western blots were done on digital images scanned at 600
dpi using the NIH Image program version 1.61. The
quantitative data are presented as mean( SD unless SEM
is noted in the figure legends. Statistical analysis was done
using the Microsoft Excel computer program.

RESULTS

Expression of h2-Calponin in RepresentatiVe Tissues. Total
protein extracts from major organs of the mouse were
analyzed by Western blots using the anti-h2-calponin poly-
clonal antibody RAH2, anti-h2-calponin mAb CP21, and
anti-h1-calponin mAb CP3. The sample loading was normal-
ized by the actin contents. The blots show that h2-calponin
is found in smooth muscle as demonstrated previously (13)
and in multiple nonmuscle tissues with a higher level of
expression in the spleen and lung (Figure 1). Neither h1-
nor h2-calponin was detected in adult heart nor mature slow
and fast skeletal muscles (soleus and extensor digitorum
longus, respectively). The levels of h2-calponin in the adult
mouse smooth muscle organs (trachea, stomach, intestine,
urinary bladder, and uterus) are lower than those of h1-
calponin, consistent with the previous observation that h1-
calponin is the predominant calponin isoform expressed in
smooth muscle (13). h1-Calponin is not detectable in the

nonmuscle tissues examined (brain, lung, liver, spleen,
kidney, testis, ovary, and skin), consistent with the current
consensus that h1-calponin is smooth muscle-specific. The
high level h2-calponin found in the spleen may reflect that
in the endothelial cells (29, 30). A trace amount of h2-
calponin was detected in the brain homogenate, possibly also
from endothelial cells. The lung tissue analyzed was free of
trachea and major bronchi as shown by the absence of h1-
calponin that is a specific indicator of smooth muscle tissue.
Therefore, the strikingly high level of h2-calponin detected
in the lung is from nonmuscle tissues, such as the alveolar
epithelium that is the predominant tissue type in the lung.

High LeVel h2-Calponin in Lung AlVeolar Epithelial Cells.
To confirm the expression of h2-calponin in lung alveolar
epithelia, frozen sections of adult mouse lung were examined
by immunohistochemistry using anti-h2-calponin mAb CP22.
The results in Figure 2A showed a strong h2-calponin
staining of alveolar epithelia. The high level expression of
h2-calponin in alveolar epithelial cells was further confirmed
by Western blots on protein extracts from both rat and human
lung alveolar cell lines. In addition to showing the specificity
of mAb CP22 against h2-calponin, the Western blots in
Figure 2B demonstrate that SW1573 human lung alveolar
cell, as the example, expresses significant amounts of h2-
calponin while no h1-calponin is detectable.

Rapid Postnatal Upregulation of h2-Calponin in the Lung.
A finding in the study of h2-calponin in the lung was an
increase of expression during postnatal development. As
shown in Figure 3A, Western blots using anti-h2-calponin
antibody RAH2 on mouse lung samples obtained from a

FIGURE 1: Expression of h2-calponin in representative tissues. Total protein extracts from major organs of the mouse were analyzed by
Western blots using the anti-h2-calponin polyclonal antibody RAH2 and mAb CP21 together with the anti-h1-calponin mAb CP3. Purified
mouse h1- and h2-calponin proteins were used as control. The sample loading was normalized by the level of actin (separately in the
nonmuscle and muscle tissue groups). The blots detected h2-calponin in smooth muscle and several nonmuscle organs with high levels of
expression in spleen and lung.
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series of fetal and postnatal developmental time points
detected a rapid postnatal upregulation of h2-calponin.
Normalizing the h2-calponin levels with actin or total cellular
protein yielded similar trends. The lower level of h2-calponin
in the fetal lung (absence of significant tissue distension)
compared to the fully functional adult lung was also seen in
the rat (Figure 3B). A major change in the lung structure
and function at birth is the commencement of respiration
activity that subjects the alveolar cells to distension. Together
with many other developmental changes that occur in the
lung during the first few days after birth (17), the rapid
postnatal upregulation of h2-calponin, by either genetic or
functional adaptation, shows a correlation to the change of
mechanical tension in the alveolar cells.

Cytoskeletal Tension-Dependent Expression of h2-Calpo-
nin in AlVeolar Cells. We previously observed that h2-
calponin expression in fibroblasts and epidermal kerati-
nocytes is dependent on anchorage to the cultural substrate
(15). Similar results were found with the lung alveolar
epithelial cells. As shown in Figure 4, A and B, while
monolayer cultures of human alveolar cells on plastic dishes
express a high level of h2-calponin, the floating cell
aggregates in vibration culture had significantly decreased
expression of h2-calponin. When the floating cells were
allowed to attach to the dish in the absence of vibration, the
expression of h2-calponin was upregulated to reach the
control level. This full potential of recovery indicates the
viability of the floating-cultured cells. Normalization of the
h2-calponin level against the levels of actin, total cellular
protein, or histones (representing the amount of chromosomal
DNA and, therefore, the number of cells) demonstrated
similar changes. The results demonstrate that, like that in
keratinocytes and fibroblasts, the expression of h2-calponin
in lung alveolar epithelial cells is dependent on substrate
anchorage but not the cell-cell contact in the aggregates.
When the alveolar cells grew as aggregates in a noncom-

patible cultural dish, a decrease in h2-calponin expression
also occurred (data not shown), excluding the effect of fluid
shearing in the vibrating culture model.

To investigate the regulation of h2-calponin expression
by traction force generated in the cytoskeleton against
substrate stiffness, human alveolar cells were cultured on
substrates of different rigidity. The Western blots in Figure
4, C and D, showed that the cells cultured on soft gel
substrate that produces less isometric tension (prestress) in
the cytoskeleton (31) had significantly less h2-calponin in
comparison to that of the hard gel or plastic substrate controls
corresponding to higher prestress conditions. Normalization
of the h2-calponin level against actin, total cellular protein,
or histone levels showed similar changes. The result that the
hard gel substrate produced high levels of h2-calponin
expression similar to that in cells cultured on plastic substrate
indicates a determining role of the physical, but not chemical,
nature of the cultural substrates. Together with the previous
observations in keratinocytes and fibroblasts (15), the results
demonstrate a conserved regulation of h2-calponin gene
expression by cellular tension.

h2-Calponin Increases the Stability of Actin Cytoskeleton
in AlVeolar Cells. To investigate the functional significance
of the tension regulation of h2-calponin in alveolar cells,
we examined the correlation between its level and the

FIGURE 2: Expression of h2-calponin in lung alveolar epithelial
cells. (A) Frozen sections of adult mouse lung were incubated with
anti-h2-calponin mAb CP22 hybridoma cultural supernatant or
SP2/0 myeloma control supernatant followed by horseradish
peroxidase-labeled anti-mouse IgG second antibody and H2O2-
diaminobenzidine substrate reaction. Significant amounts of h2-
calponin were detected in alveolar epithelial cells. (B) Total protein
extracts from SW1573 human alveolar cells were analyzed by
SDS-PAGE and Western blots using anti-h2 calponin polyclonal
antibody RAH2, mAb CP22, and mAb 1D2 (raised against cloned
human h2-calponin,15) together with the anti-h1-calponin mAb
CP3. Purified mouse h1- and h2-calponin proteins were used as
controls. The results show that the alveolar cells express h2-calponin
and no h1-calponin was detected.

FIGURE 3: Postnatal upregulation of h2-calponin in the lung. (A)
Mouse lung tissues were obtained at a series of developmental time
points and examined by Western blots using anti-h2-calponin
antibody RAH2. Normalized by the level of actin or total protein,
densitometry analysis demonstrated a rapid postnatal upregulation
of h2-calponin in the developing lung with a correlation to the
commencement of respiratory activity. (B) Fetal versus adult rat
lungs were examined by Western blot using RAH2 antibody.
Densitometry quantification against actin or total cellular protein
showed significantly higher levels of h2-calponin expressed in the
adult versus fetal lung. *P < 0.001 compared with the plateau
levels.
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stability of actin filaments. SW1573 human alveolar cells
cultured on hard or soft gel substrates were examined for
the resistance of actin stress fibers to cytochalasin B. Previous
studies have shown that cells build up less obvious stress
fibers when cultured on gel versus rigid substrates (26). This
effect is also seen between lung alveolar cells cultured on
gel substrates. The results in Figure 5A show that the low
stiffness gel substrate-produced decrease in h2-calponin
expression (Figure 4, C and D) correlates with a decreased
resistance of the actin filaments to cytochalasin B treatment.
Although the cells cultured on gel substrates formed only
very fine stress fibers (26), the disruption of actin filaments
can be quantitatively evaluated by the collapsing of cytosk-
eleton at a lower concentration of cytochalasin B in the low
h2-calponin cells than the high h2-calponin controls as
reflected by the decreases in cell spreading areas (Figure 5B).
The results support the hypothesis that calponin may play a
role in stabilizing actin filaments by binding to F-actin and

decreasing the rate of depolymeryzation against cytocholasin
B treatment. The results suggest that the tension regulation
of h2-calponin may affect the structure and function of
cytoskeleton to modulate the mechanical strength as well as
compliance of the alveoli.

Tension Reduction-Induced Degradation of h2-Calponin
in Lung AlVeolar Cells. A novel finding in the present study
was a rapid degradation of h2-calponinin in collapsed lung.
This was first observed in the Western blots on several
neonatal and adult human lung autopsy tissue samples
(Figure 6A). Distinct from freshly prepared animal lung
samples, many of the human autopsy lung tissues showed
reduced amounts of h2-calponin when normalized by the
actin or total cellular protein levels. Since the SDS-gel
showed no proportional degradation of other proteins in the
samples, the results suggest a selective degradation of h2-
calponin in the postmortem lungs and the variable amounts
of remaining h2-calponin are likely due to the unknown

FIGURE 4: Substrate anchorage- and stiffness-dependent expression of h2-calponin in alveolar cells. (A) SW1573 human alveolar cells
were cultured on plastic dishes steadily or with vibration. Phase contrast microscopic images show that in contrast to the monolayer formed
in the steady culture, continuous vibration prevented the cells from anchoring to the cultural dish and produced cell aggregates that could
attach to the dish when vibration was stopped. (B) Total protein extracts from the cells were examined by SDS-PAGE and Western
blotting using anti-h2-calponin polyclonal antibody RAH2. Normalized by the level of actin, total cellular protein, or histones (representing
the number of cells), the results show that h2-calponin expression in alveolar cells decreased significantly when growing as floating aggregates
in comparison with that in monolayer cells attached to plastic dish (*P < 0.001). The expression of h2-calponin was upregulated to resume
the control level after the floating cells attached to the plastic substrate to form a monolayer. The results were summarized from 4 individual
experiments. (C) SW1573 human alveolar cells were cultured on plastic dish or polyacrylamide gels of high or low stiffness for 3 days. (D)
The levels of h2-calponin were determined by Western blot analysis using anti-h2-calponin antibody RAH2. Normalized by the amount of
actin, total cellular protein, or histones, densitometry quantification shows a significant decrease in the expression of h2-calponin in alveolar
cells grown on soft polyacrylamide gel in comparison with that in the hard gel and plastic dish cultures (*P < 0.005, **P < 0.001). The
results were summarized from 3 individual experiments.
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durations between death and autopsy. Supporting a pro-
teolytic degradation of h2-calponin in the postmortem human
lung, the Western blots also detected a low molecular weight
protein band that increased intensity in inverse relationship
to the amount of intact h2-calponin in the sample (Figure
6A). To confirm this observation in a controlled experimental
setting, we examined the levels of h2-calponin in isolated
rat lungs after incubation on ice for 24 h. The results in
Figure 6B showed a decrease in the amounts of intact h2-
calponin in postmortem rat lung although no specific
degradation product was present. Figure 6C further shows
that incubation of deflated mouse lung at 37°C for 6 h

produced h2-calponin degradation with a detectable low
molecular weight fragment similar to that in the postmortem
human lung samples.

The lung tissue was under a reduced mechanical tension
after it collapsed due to the loss of pleural negative pressure.
To examine the time course of h2-calponin proteolytic
degradation in collapsed lung, the SDS-PAGE and Western
blot analysis in Figure 6D demonstrates that staying at the
collapsed state resulted in a rapid decrease in the amount of
intact h2-calponin in adult mouse lungs, detectable within 1
h at physiological body temperature (37°C). Normalized to
the level of actin or total cellular protein, densitometry
analysis of the Western blots showed that more than 80%
of h2-calponin was degraded in the collapsed lungs after 5
h. In contrast, densitometry profiles of the Coomassie Blue
R250-stained SDS-gel of the samples showed no significant
degradation of other major protein bands. Similar results were
obtained in adult rat lung experiments (data not shown). The
results suggest that in contrast to the extension-relaxation
cycles physiologically occurring in the normal lung, pro-
longed periods at a low tension state would result in a
selective degradation of h2-calponin in lung alveolar cells.
The h2-calponin partial degradation fragments seen in the
postmortem human lung samples (Figure 6A) and deflated
mouse lung (Figure 6C) might represent an intermediate
proteolytic product that promotes the rapid degradation of
h2-calponin under reduced cytoskeleton tension.

To demonstrate that the tension-related proteolysis of h2-
calponin in the lung resulted from the decreased tension in
alveolar cells, we performed anex ViVo tension release
experiment in cultured RLE-6TN rat alveolar cells. The cells
were cultured as a monolayer on silicon rubber membrane
that was constantly vacuum-stretched and maintained at
108% of the original dimension for 3 days to constitute a
static high tension culture condition (15). The cellular tension
was then reduced by release of vacuum to decrease the
dimension of the cultural matrix. The Western blots in Figure
7A demonstrated that the level of h2-calponin in the alveolar
cells decreased within 3-6 h after tension reduction. It has
been shown that actin filament associated proteins have an
in ViVo half-life of 4-5 days (32). Therefore, the rapid
degradation of h2-calponin indicates an active proteolytic
regulation mechanism instead of a part of general protein
turnover. Similar to that observed in the lung tissue, the
degradation of h2-calponin protein in the alveolar cell
cultures after the tension reduction was highly selective as
no apparent change in other major proteins was seen in the
SDS-PAGE gel and no degradation of tropomyosin, an
actin-binding protein that is functionally related to h2-
calponin (15), was detected (Figure 7, A and B). The results
confirmed that degradation of h2-calponin in alveolar cells
is induced by the decrease in cellular tension even outside
of the organ environment.

We also examined the correlation between h2-calponin
degradation and the stability of actin filaments inex ViVo
alveolar cells. RLE-6TN rat alveolar cells cultured on
constantly stretched rubber membrane were examined 6 h
after release of tension (Figure 7C) for resistance of actin
stress fibers to cytochalasin B. The results in Figure 7C
demonstrate that the tension release-induced degradation of
h2-calponin (Figure 6) correlated with collapses of actin
cytoskeleton structure at lower concentration of cytochalasin

FIGURE 5: Role of h2-calponin in the stability of actin cytoskeleton
in alveolar cells. SW1573 human alveolar cells cultured on hard
or soft gel substrate were treated with cytochalasin B. (A) The
effects on cellular structure were examined by phase contrast
microscopy, and the actin cytoskeleton was stained with rhodamine-
labeled phalloidin. The results demonstrate that cytochalasin B
treatment disrupted the actin cytoskeleton to result in slack
appearance of the cell in a concentration dependent manner. Cells
cultured on the gel substrates contained very fine actin stress fibers
compared with that in cells cultured on plastic substrate. The cells
cultured on soft gel showed collapses of actin cytoskeleton at lower
concentrations of cytochalasin B in comparison to the hard gel
controls, indicating a lower stability of the actin filaments in
correspondence to the decreased h2-calponin content (Figure 4, C
and D). (B) Cell spreading area was measured to quantitatively
compare the destructing effects of cytochalasin B on cytoskeleton
structure. The results are consistent with a decreased stability of
the actin filaments in cells cultured on soft gel substrate compared
with the hard gel control. *P < 0.001. The data are summarized
from measurements of 30 cells in each group.
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B in comparison to the controls, consistent with a decreased
stability of the actin filaments.

Distension PreVents h2-Calponin Degradation in the Lung.
We carried out a tension-protection experiment to investigate
the role of mechanical tension in regulating h2-calponin
degradation in lung alveolar cells, and the results are shown
in Figure 8. Postmortem adult mouse and rat lungs were
maintained at either collapsed or inflated state at 37°C for
6 h. The SDS-PAGE and Western blot analysis demon-
strated a highly effective prevention of h2-calponin pro-
teolysis in the continuously inflated lungs versus the
collapsed control (P < 0.001). Although the inflation of
postmortem lung by air could introduce a higher tissue
oxygenation than that in the deflated lung (Figure 6D), the
effect of hypoxia on h2-calponin degradation can be ruled
out in the cell culture tension release experiments that were
done under identical oxygenation conditions (Figure 7).

Together with the respiration-related postnatal upregulation
of h2-calponin in the lung, the results suggest that mechanical
distension is critical to high level expression as well as
posttranslational stability of h2-calponin in alveolar cells.

Myosin Motor-Based Cytoskeleton Tension Regulates Both
Expression and Degradation of h2-Calponin in AlVeolar
Cells. To investigate the role of cytoskeleton tension in the
regulation of h2-calponin in alveolar cells, we used blebbista-
tin to inhibit nonmuscle myosin II ATPase activity and,
therefore, reduce mechanical tension built in the actin
cytoskeleton (33). When monolayer cultures of RLE-6TN
rat alveolar cells were treated with blebbistatin, the morphol-
ogy of the cells started to change within 1 h toshow a “slack”
appearance (Figure 9A), consistent with the specific effect
of blebbistatin on reducing cytoskeletal tension. The slack
state was maintained for 3 days, and the SDS-PAGE and
Western blots in Figure 9B detected a decrease of h2-

FIGURE 6: Rapid degradation of h2-calponin in lung tissue after prolonged relaxation. (A) Total protein extracts from infant and adult
human lung autopsy tissues were analyzed by Western blot using the anti-h2-calponin antibody RAH2. The results revealed various degrees
of h2-calponin degradation in the postmortem lung samples. (B) Adult rat lung tissue samples, freshly prepared or stored on ice for 24 h,
were examined by Western blotting using RAH2 antibody. The results showed a decrease in h2-calponin after the storage. (C) Deflated
adult mouse lung was incubated at 37°C for 6 h and analyzed by 15% high cross linker SDS-gel and Western blotting using the RAH2
antibody. h2-Calponin degradation with a fragment similar to that found in the human autopsy lung samples was detected. (D) Deflated
adult mouse lungs were incubated at 37°C and tissue samples were harvested at a series of time points for SDS-PAGE and RAH2
Western blot analysis. Normalized by the levels of actin or total protein, densitometry of the Coomassie Brilliant Blue R250-stained SDS-
gels and Western blots demonstrated a rapid selective degradation of h2-calponin. Actin and other major proteins (MHC, myosin heavy
chain) did not show significant changes in the SDS-gel and densitometry scans. *P < 0.05; **P < 0.005; ***P < 0.001. The results are
summarized from 4 individual experiments.
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calponin in alveolar cells after 6 h of blebbistatin treatment.
This rapid reduction of h2-calponin protein upon blebbistatin
inhibition of nonmuscle myosin II motor function suggests
that the loss of tension in the actin cytoskeleton induces h2-
calponin degradation, in agreement with the mechanical
tension release experiments (Figure 7). Figure 9B also shows
that the level of h2-calponin, normalized against actin, total
cellular protein, or histones, decreased further after 3 days
of blebbistatin treatment. Consistent with the reduced expres-
sion of h2-calponin in alveolar cells cultured on soft gel
substrates (Figure 4, C and D), the result suggests that myosin
II motor-based cytoskeleton tension regulates also the
expression of h2-calponin gene. Together with blebbistatin’s
effect on downregulating h2-calponin protein in NIH 3T3
fibroblasts (Figure 10C and ref15), the decrease in h2-
calponin gene expression by lowering cytoskeleton tension
was confirmed by Northern blot showing a decreased amount
of the h2-calponin mRNA (Figure 10B). The results support

a hypothesis that tension in the actin filaments regulates both
expression and degradation of h2-calponin.

Effect of Cyclic Stretching on h2-Calponin Expression in
Lung AlVeolar Cells. Normal lung tissue continuously
undergoes cyclic inflation and deflation during respiration.
To investigate the effect of cyclic tension changes on the
regulation of h2-calponin in the lung, RLE-6TN rat alveolar
cells were cultured on rubber membrane with continuously
cyclic stretch for 3 days to mimic the mechanical stimuli in
the lungin situ and examined for the effect on h2-calponin
expression. Figure 11A demonstrates that the cells cultured
on plastic dish and static silicon rubber membrane had similar
protein contents and levels of h2-calponin expression. This
result is in agreement with the notion that the two types of
materials are both nondeformable substrates for the adhesion
alveolar cells. Therefore, the cells cultured on these substrates
would develop high tension in the cytoskeleton (31). Den-
sitometry quantification of the h2-calponin Western blots

FIGURE 7: Tension release in cultured alveolar cells resulted in h2-calponin degradation. RLE-6TN rat alveolar cells were cultured on
rubber membrane that was biaxially stretched and held at 108% of its original surface size for 3 days before the stretching was released to
relax the attached cells. SDS-PAGE and Western blot analysis using RAH2 antibody (A) and densitometry quantification against the
levels of actin or total cellular protein (B) detected decreases in h2-calponin after the reduction of cellular tension. In contrast, the levels
of tropomyosin did not change as shown by the Western blot quantification using mAb LC24 (54). The data are summarized as SEM from
six sets of samples, *P < 0.05. (C) The phase contrast micrographs and rhodamine-phalloidin fluorescence stains of the actin cytoskeleton
demonstrate a decreased resistance of actin stress fibers to cytochalasin B treatment in alveolar cells after the reduction of tension. This is
shown by the collapses of actin stress fibers at lower concentrations of cytochalasin B than that needed for the high tension control,
indicating a lower stability of the actin filaments corresponding to the decreased level of h2-calponin.
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against the levels of actin, total cellular protein, or histones
(Figure 11B) shows that cyclic stretching did not increase
but significantly decreased h2-calponin expression by nearly
40%.

This intriguing finding is actually consistent with the
observation that h2-calponin expression is regulated by the
tension generated in the cytoskeleton against the stiffness
of cultural substrate (15). The cells cultured on the rubber
membrane of the cyclic stretch plate have built up near
maximum tension in the cytoskeleton close to that in cells
cultured on a rigid (plastic) substrate since the silicon rubber
membrane, the same as the plastic dish, is nondeformable
by the cellular contractile force. The stretched phases of the
cyclic stretching culture would induce the adhesion cells to
grow in corresponding dimensions to avoid breakage. After
stabilization at the increased cell dimension, the cellular
structure would be slack during the relaxed phase of each
cycle. As a result, the cells cultured under cyclic stretching
would sense a lower amount of tension in the cytoskeleton
over time in comparison to that in cells steadily cultured on

nondeformable substrate, resulting in a decreased h2-calponin
expression.

DISCUSSION

The present study found that h2-calponin is present at high
levels in lung alveolar cells under postnatal upregulation
during lung development and the beginning of respiratory
movement. Together with tension-regulated gene expression
and function in stabilizing actin cytoskeleton, we observed
a novel tension-regulated degradation of h2-calponin. Cyclic
stretching experiments demonstrated that the amount of
tension over time, other than tension dynamics, determines
the expression of h2-calponin. The new findings and their
potential physiological and pathological significance are
discussed below.

h2-Calponin Is Found in Tissues under Mechanical
Tension. h2-Calponin was first identified in smooth muscle
by cDNA cloning (11) and then reported in several non-
muscle tissue and cell types including endothelial cells (29),
epidermal keratinocytes (34), and fibroblast (15). By specific
anti-h2-calponin mAbs and high resolution SDS-PAGE that
can distinguish mouse h1- and h2-calponins (20), our
examination of representative mouse tissues confirmed the
h2-calponin expression in smooth muscle organs and skin
(Figure 1). It is also detected in many nonmuscle organs
examined. The low level h2-calponin in the solid organs (e.g.,
brain, testis, ovary, kidney, and liver) may reflect its
expression in vascular endothelial cells. This notion is
supported by the observation that spleen contains a high level
of h2-calponin (Figure 1) even after washing off all blood
cell contents (data not shown). The high level of h2-calponin
expressed in lung alveolar epithelial cells is a novel finding.
We previously demonstrated that h2-calponin expression is
dependent on mechanical tension (15). An interesting com-
mon feature of lung alveolar cells, smooth muscle cells,
vascular endothelial cells, and epidermal keratinocytes is that
they are all physiologically under significant levels of
mechanical tension. Therefore, the tissue distribution of h2-
calponin supports its role in regulating the function of actin
cytoskeleton in responses to mechanical tension.

For the critical role of actin cytoskeleton in cell structure
and function, the high level of h2-calponin in lung alveolar
cells may have physiological and pathological implications.
The biochemical activity of h1-calponin in inhibiting smooth
muscle actomyosin ATPase has been extensively investigated
(9, 12). Structural conservation suggests that h1- and h2-
calponins may function via similar mechanisms in the
regulation of actin-myosin-based cell motility. The tension-
regulation and function of h2-calponinin in lung alveolar cells
provide a new informative experimental system to investigate
the physiological function of calponin.

Mechanical Tension Regulates h2-Calponin by Controlling
Both Gene Expression and Protein Degradation. Cells
respond to mechanical forces exerted through the extracel-
lular environment (35-38). Our previous study demonstrated
that increases in substrate stiffness-generated mechanical
tension in the cytoskeleton increase the expression of h2-
calponin in keratinocytes and fibroblasts (15). The present
study of lung alveolar cells further demonstrated that while
mechanical distension in postnatal lung may correlate to the
upregulation of h2-calponin expression, prolonged decreases

FIGURE 8: Inflation-distension of the lung prevents the degradation
h2-calponin. Mouse (A) and rat (B) lungs were inflated with air
and incubated at 37°C for 6 h together with collapsed control lungs.
Total protein extracts were examined by Western blot with the
RAH2 antibody. The densitometry quantification of Western blots
and Coomassie Blue stained SDS-gel showed an effective preven-
tion of h2-calponin proteolysis in the inflated lung (normalized by
the levels of actin or total protein, *P < 0.001). The results are
summarized from 4 individual experiments.
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in cytoskeletal tension in collapsed lungs cause a rapid
degradation of h2-calponin. The degradation of h2-calponin
can be reproduced in alveolar cellsex ViVo when cellular
tension was lowered by reducing the dimension of the
cultural substratum. Inflating the postmortem lung effectively
prevented the degradation of h2-calponin. The gene expres-
sion and proteolytic degradation of h2-calponin are both
responsive to the tension built in the actin cytoskeleton by
myosin motor function as shown by the acute and chronic
effects of blebbistatin treatment (Figures 9 and 10). There-
fore, selective h2-calponin proteolysis suggests a novel
tension-responsive posttranslational mechanism to rapidly
regulate the cytoskeleton function.

Reduced tension may result in dissociation of h2-calponin
from the actin filament that promotes degradation. We
previously showed that phosphorylation of calponin decreases
the binding affinity for F-actin (39). On the other hand, the
observation that phosphorylated calponin was hardly detect-
able in living cells (40) may implicate that phosphorylation-
induced calponin dissociation from the actin filaments is
coupled with rapid degradation. The biochemical roles of
intracellular proteases are diverse, ranging from the removal
of damaged proteins to protein maturation and precise

processing of regulatory proteins (16). It has been reported
that h1-calponin (41, 42) and acidic calponin (43) are cleaved
by mu-calpain, indicating a direction for investigating the
proteolytic mechanism for h2-calponin regulation in alveolar
cells.

Comparing with the chronic effect of gene regulation, the
proteolytic regulation provides a rapid short-term control for
h2-calponin’s function. The tension-dependent degradation
of h2-calponin may affect the stability of lung alveolar
cytoskeleton with physiological and pathological significan-
ces. For example, the prolonged collapse of lung tissue during
pneumothorax, open chest surgery, and lung transplantation
may result in h2-calponin degradation and decreased stability
of alveolar cytoskeleton, which may contribute to alveolar
dysfunction after resuming respiratory activity (44).

Regulation of h2-Calponin Expression by the Amount of
Cytoskeleton Tension oVer Time.It has been demonstrated
that the expression of h2-calponin is positively related to
the static tension built in the cytoskeleton (15; Figure 4, C
and D). The observation that fluid shearing force did not
stimulate the expression of h2-calponin in the vibrating cell
cultures (Figure 4, A and B) indicates that dynamic force
stimuli are not the primary regulating factor for the expres-

FIGURE 9: Regulation of h2-calponin in alveolar cells by myosin motor-based cytoskeleton tension. (A) Monolayer cultures of RLE-6TN
rat alveolar cells were treated with 100µM blebbistatin or DMSO solvent control for 6 h or 3days. Morphology changes of the cells can
be seen in the lower magnification phase contrast images taken from the culture dish. The cells on cover slips were fixed with cold acetone,
and the actin stress fibers were visualized by staining with rhodamine-conjugated phalloidin under higher magnification. The phase contrast
and fluorescence images showed that the blebbistatin-treated cells became slack, indicating a reduced cytoskeleton tension. (B) Parallel
cultures were analyzed by SDS-PAGE and RAH2 Western blot. The densitometry analysis of the h2-calponin blots against the level of
actin, total cellular protein, or histones showed significant decreases of h2-calponin after short or long time blebbistatin treatments, suggesting
that myosin II-based cytoskeleton tension affects both proteolytic and transcriptional regulations of h2-calponin in alveolar cells. The data
are summarized from two sets of the experiment. *P < 0.05; **P < 0.001.
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sion of h2-calponin. In agreement with this notion, cyclic
stretching did not increase h2-calponin expression in alveolar
cells despite the dynamic tension stimuli (Figure 11).

On the other hand, the decreased expression of h2-calponin
in cyclic stretched cells leads to a hypothesis that chronic
cyclic stretching makes the total amount of tension in the
cytoskeleton over time lower than that in cells statically
cultured on rigid substrates. It has been established that cells
sense substrate stiffness and respond by adhesion force in
which substrates nondeformable by cellular forces including
the membranes of the cyclic stretching plates produce
maximum static tension in the cytoskeleton (45-48). After
the cells adapted to the stretched dimension of the substrate
by increase in size, the cytoskeleton tension during the
relaxing phase of each cycle would be lower than maximum.
Therefore, the outcome of cyclic stretching is that the total
amount of cytoskeleton tension over time will be lower than
that in cells cultured statically on nondeformable substrates.
The observation that cells build up the maximum isometric
tension (prestress,31) when attached to a rigid substrate
suggests a reference point for investigating the tension
regulation of cytoskeletal protein gene expression and the
mechanisms for cells to sense static tension.

Tension-Regulated Function of h2-Calponin May Con-
tribute to the Mechanical Performance of Lung AlVeoli. After
the commencement of respiratory activity, alveolar cells in
the lung are continuously under cyclic tension stresses
throughout life. Both tonic distension and dynamic volume
changes affect lung development, growth, compliance, dif-
ferentiation, and metabolism (17). Mechanical strain was

found as a major signal for regenerative lung growth (49).
The positive correlations between tension, h2-calponin level,
and actin filament stability suggest that, by stabilizing actin
cytoskeleton (15; Figure 5 and Figure 7), h2-calponin may
play a role in strengthening the alveolar structure to prevent
distension injuries.In Vitro cyclic stretches are known to
induce reorganization of actin cytoskeleton (50, 51). The
effect of cyclic stretching on h2-calponin expression dis-
cussed above suggests that not only the magnitude but also
the duration of distension determines the function of h2-
calponin in lung alveolar cells.

Lung alveolar cells undergo distension during periodic
deep inspirations, which is considered to be a critical factor
in normal lung development and function (17, 52, 53). Since
the alveoli in normal lung are only under maximum disten-
sion at the peak of deep inspirations, the cells are under
intermediate cytoskeletal tensions most of the time, which
may be critical to maintaining a proper level of h2-calponin,

FIGURE 10: Inhibition of myosin motor decreases h2-calponin gene
expression in NIH 3T3 cells. NIH 3T3 mouse fibroblasts cultured
on plastic substrate were treated with 100µM blebbistatin for 3
days. The control cells were treated with 0.2% DMSO solvent
control. (A) Phase contrast images show the slack morphology of
the blebbistatin-treated cells. (B) Northern blotting was carried out
with 32P-labeled h2-calponin cDNA probe on total RNA extracted
from the cells. Normalized by the ribosomal RNA levels, the
autoradiograph shows decreased expression of h2-calponin mRNA
in the blebbistatin-treated cells. (C) The corresponding decrease in
h2-calponin protein is demonstrated by Western blot using the anti-
h2-calponin antibody RAH2.

FIGURE 11: Cyclic stretching decreases h2-calponin expression in
alveolar cells. (A) SW1573 human alveolar cells were cultured on
plastic dish or rubber membranes without stretching for 3 days.
Total protein extracts were examined by SDS-PAGE and RAH2
antibody Western blot. The SDS-gel and Western blot densitometry
quantifications against the level of actin show that alveolar cells
statically cultured on plastic dish and rubber membrane had similar
protein contents and high h2-calponin expression, indicating that
they both provide cultural substrates nondeformable by the force
generated in alveolar cells. (B) RLE-6TN rat alveolar cells cultured
on rubber membranes were treated with cyclic stretching for 3 days.
Total protein extracts were examined as above, and SDS-gel and
Western blot densitometry quantifications against the level of actin,
total cellular protein, or histones showed that cyclic stretch
significantly decreased the level of h2-calponin expression in the
cells (*P < 0.005, **P < 0.001). The results are summarized from
6 individual experiments.
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a normal stability of actin cytoskeleton, and the balance
between mechanical strength and compliance of the alveoli.
Further investigations on the regulation and function of h2-
calponin in alveolar cells may help understanding distension
and deflation related lung injuries.
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