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TO THE EDITOR: We are not at all surprised by the reaction of
Noble et al. (9) to our recent study (7), and we suspect several
others will have similar reactions. Because force fluctuations
on airway smooth muscle (ASM) in isolation can mitigate
ASM responsiveness (12), the prevailing hypothesis is that the
same happens in vivo and is likely a major factor controlling
airway hyperresponsiveness (6). Unfortunately, our study pro-
vides strong experimental evidence that the hypothesis is not
highly relevant for an intact airway. Whenever a set of new
experiments refutes a sensibly derived preconceived notion
(e.g., from isolated ASM), there is a natural inclination to
question the new data rather than the validity of the hypothesis.
We too were rather stunned at first. Nevertheless, it has become
increasingly clear that responses at the level of isolated ASM
may not directly scale up to macroscopic function of the intact
airway (1). To address the seemingly contradictory data raised
by Noble et al., we focus on how methodological differences in
both isolated ASM and intact airway studies may propagate to
misleading inferences of data.

First, we agree with Noble et al. that there are some indis-
putable imaging data in which intact airways in vitro (8) and in
vivo (4) dilate transiently from a single deep inspiration (DI).
However, these airways re-constrict with a short time constant
of ~30 s, and similarly, transient dilations to DIs occurred in
our recent study (protocol I). The DIs were ultimately insuf-
ficient to sustain a reduction in airway responsiveness as would
be required to compare breathing fluctuations to a potent
bronchodilator (6). More importantly, Noble et al. refer to
studies in which length-controlled or volume-controlled oscil-
lations are imposed on isolated ASM or intact airways. Oscil-
latory mechanical strain results in sustained reductions in
active force (5) or active pressure (11) although there remain
discrepancies (10).

How is it possible that our recent study (7) shows that intact
airway responsiveness, measured directly as airway caliber, is
not largely impacted by physiological pressure-controlled os-
cillations? We pose the following questions: Should maximal
isometric force in the ASM’s bell-shaped active force-length
curve correspond to maximal shortening that occurs under
auxotonic loading? Should maximal isovolumetric active pres-
sure correspond to maximal airway narrowing under pressure-
controlled conditions? Finally, should reductions in active
force/pressure during length/volume-controlled oscillations
correspond to airway dilation during pressure-controlled oscil-
lations? If the ASM in situ is a simple force generator acting
against a passive load, then the answers would all be “yes.”
Noble et al. and many others likely concur and extrapolate
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results from length/volume-controlled conditions to infer how
airway caliber should change during pressure-controlled con-
ditions. However, the activated ASM in situ is likely not this
simple since active cytoskeletal processes occur concurrently
with, but distinct from, actin-myosin cross bridging (13).
Furthermore, during induced constriction in our system, the
transmural pressure (Ptm) oscillations remain constant while
both the airway radius and oscillatory airway wall stress
decrease (via LaPlace’s law). In contrast, active ASM contrac-
tion during volume-controlled oscillations results in increased
amplitude Ptm oscillations that become unphysiologically
large as the airway wall becomes stiffer (11). Interestingly, the
impact of these volume oscillations was largely attenuated
when Noble et al. purposely prevented excessive amplitude
Ptm oscillations (11). Perhaps more importantly, the inability
of the airway to narrow during the volume-controlled experi-
ment may actually prevent active ASM processes from occur-
ring. Seow’s group (2) has shown that isolated ASM can adapt
to its current length by altering its fundamental “passive”
mechanical properties over time (3). This suggests that ASM
within an intact airway that is required to maintain its resting
caliber (i.e., volume-controlled) could be structurally different
from the ASM in the same airway that is allowed to narrow and
length adapt to its decreasing diameter during pressure-con-
trolled oscillations. It is thus conceivable that the functional
responses to breathing fluctuations are different under the two
experimental conditions.

In summary, data from multiple length scales under a variety
of loading conditions are emerging to study airway hyperre-
sponsiveness, but it is not evident how to extrapolate to intact
airway function during realistic physiological conditions. Al-
though each experiment likely provides an important piece of
the puzzle, none in isolation can reveal the full solution. In
addition, it has yet to be determined how to map microscopic-
level mechanisms (ASM cells and extracellular matrix) to
macroscopic-level function (constriction and dilation) in any
one species. Invoking interspecies differences may be conve-
nient to explain discrepancies, but we believe that the commu-
nity should first vigilantly evaluate fundamental mechanisms at
and across length scales and in the context of experiment
design. Our recent study (7) applied an advanced tool and has
allowed a previously unsuspecting and hidden piece of the
puzzle to be revealed in the mystery of airway hyperrespon-
siveness.
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