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EDITORIAL

Videomicrometry of lung slices: a glimpse of the
dynamic airway—parenchyma interaction in

emphysematous lungs

C.Y. Seow

associated with chronic obstructive pulmonary disease

(COPD) is known to alter the mechanical properties of
the parenchyma and the airways, as well as the mechanical
interdependence between them. This is thought to contribute
to increased airway resistance in COPD [1]. Due to its dynamic
nature, attempts to directly characterise the in vivo airway-
parenchyma interaction have yet to produce satisfactory
results. Although some airways can be visualised (and their
lumen areas quantified) in vivo with high-resolution computed
tomography (HRCT) [2, 3], the time resolution of HRCT is
inadequate to capture rapid events associated with the airway—
parenchyma interaction in the dynamic lung environment. In
addition, the spatial resolution of HRCT precludes it from
imaging sub-millimeter airways. In vitro studies of airway
segments [4] and parenchymal strips [5, 6] suffer from their
inability to reproduce the in vivo mechanical interdependence.
With high temporal and spatial resolution, videomicrometry of
“live” lung slices could finally allow us to examine the
dynamic airway-parenchyma interaction under conditions
close to that of the native lung environment. Earlier use of
videomicrometry was confined to relatively static conditions,
in which airway diameters were measured under steady or
semi-steady states [7-9]. BERGNER and SANDERSON [10] pio-
neered the technique of videomicrometry with sufficient
temporal and spatial resolution to describe the time courses
of calcium transients and airway smooth muscle contraction in
lung slices. KHAN et al. [11] have extended the technique to
characterise the kinetics of bronchoconstriction in a mouse
model of elastase-induced emphysema. Creative uses of this
innovative technique are likely to lead to fruitful research
involving analysis of complex mechanical interactions among
tissue components.

E mphysematous and fibrotic remodelling of lung tissue

As reported by KHAN et al. [11], overnight incubation of thin
slices of mouse lung with elastase produced visible tissue
destruction, as evidenced by patchy parenchyma and epithelial
degeneration. As expected, airways in the elastase-treated
slices narrowed at a greater rate and to a greater extent
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compared with normal controls. This is likely to be due to
reduced elastic loads on airway smooth muscle because of the
disrupted parenchymal tethering on the airways. This can also
explain the slowing of airway re-expansion that was observed
upon removal of the stimulus (acetylcholine) [11].

Interestingly and somewhat unexpectedly, the cholinergic
responsiveness of the airways was reduced in lung slices from
in vivo elastase-treated mice (i.e. one intranasal exposure to
porcine pancreatic elastase followed by 2 weeks of recovery).
In mice treated with a high dose of elastase the cholinergic
response was abolished [11]. This happened in spite of the
presence of visible parenchymal destruction by the in vivo
elastase treatment [11]. As discussed by KHAN et al. [11],
several possibilities could account for this paradoxical obser-
vation. During the 2 weeks following elastase instillation, the
inflammatory and reparative process might result in fibrotic
remodelling of the airways, which could increase airway
stiffness and thus resistance to shortening of the airway
smooth muscle. The same process could also lead to a loss of
contractile phenotype in the airway smooth muscle.
Experimental bias might also favour the selection of fibrotic
airways versus those in the region of the lung slice showing
most emphysematous changes. Whatever the explanation,
without the innovative technique of videomicrometry these
observations would not have been made. KHAN et al. [11] have
demonstrated that reliance on histological analysis of lung
morphology or biochemical analysis of protein composition in
lung tissues could lead to erroneous conclusions regarding
changes in lung function and airway responsiveness.

Undoubtedly, videomicrometry of lung slices will prove to be
a useful tool for studying the dynamic interaction of airways
and parenchyma. However, there are limitations to this
technique. The native environment of the lung is not exactly
reproduced in the lung slice. Notably, the absence in the lung
slice of the perpetual volume changes of an in vivo lung was
associated with the continuous action of tidal breathing and
occasional deep inspirations. Another possible difference of
lung slice preparation from an intact lung is hinted at by the
absence of large folds in the epithelial layer of constricted
airways in the lung slice. Anyone familiar with lung histology
will know that airway constriction is associated with a folded
epithelial layer and basement membrane. One proposed
mechanism regarding the formation of these folds requires
an intact basement membrane along the airway tree [12].
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According to the hypothesis, constriction of the airway reduces
the space between the muscle layer and the basement
membrane. As the lamina propria-submucosa, the deformable
material between the muscle layer and the basement mem-
brane, is incompressible, folding (or bulging) of the basement
membrane occurs because of the increased pressure in the
lamina propria-submucosa layer, and it protrudes into the
lumen space as the airway constricts. As there are collagen-
elastin fibres tethered between the muscle layer and the
basement membrane at semi-regular intervals [12], the familiar
folds of the basement membrane (and the epithelial layer)
appear in constricted airways. If this hypothesis is correct,
folding of the basement membrane should not occur in airways
embedded in a lung slice, because pressure cannot be
contained in the lamina propria-submucosa layer when
airways are sliced. Therefore, the resistance to airway narrow-
ing stemming from folding of the submucosa and the basement
membrane layer [12, 13] will be absent in the thin slice of
airways studied using videomicrometry.

Despite the imperfect preservation of an in vivo lung environ-
ment, lung slices do possess some degree of intact paren-
chymal tethering with the airways. With its high temporal and
spatial resolution, videomicrometry can capture the strain
history of the parenchymal tethers as the airways constrict.
With known mechanical properties of the lung parenchyma
[14], a mathematical model using finite element analysis could
be employed to work out the exact stress—strain relationship of
airways and other lung components, including other airways.
The use of videomicrometry to study mechanical properties of
biological tissue is still in its infancy. KHAN ef al. [11] have
offered us a glimpse of what this technique can do in terms of
revealing changes in tissue properties due to disease processes.
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