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Hyaluronan mediates ozone-induced airway
hyperresponsiveness in mice.
Stavros Garantziotis, Zhuowei Li, Erin N. Potts, Koji Kimata, Lisheng Zhuo,
Daniel L. Morgan, Rashmin C. Savani, Paul W. Noble, W. Michael Foster,
David A. Schwartz, and John W. Hollingsworth

In this article, we provided immunological, histological, and physio-
logical evidence that hyaluronan mediates the development of inflam-
mation and airway hyperresponsiveness (AHR) after ozone inhalation
(1). After publication of our article, we became aware that the airway
physiology measurements reported in Figs. 5, 6, and 9 of the original
manuscript, which were provided by the animal pulmonary physiology
laboratory at Duke University, may have been unreliable.

We therefore had two separate laboratories, one at Duke University
under the supervision of Dr. Herman Staats, and the other at the
National Institute of Environmental Health Sciences under the super-
vision of Dr. Stavros Garantziotis, repeat the experiments in question.
These laboratories have replicated the key observation that hyaluronan
mediates ozone-induced airway hyperresponsiveness. We again dem-
onstrated that CD44 and inter-�-inhibitor (I�I) are necessary for the
development of ozone-induced AHR (Figs. 1 and 2, n � 5–10 per group;
p � 0.05). Furthermore, we confirmed that hyaluronan-binding protein
(HABP) decreases AHR after ozone exposure (Fig. 3, n � 4 –5 per group;
p � 0.05). We showed that short fragment hyaluronan (sHA; molecular
mass of 100 – 400 kDa) but not vehicle or high molecular weight hyalu-
ronan (HMW-HA; molecular mass � 1,000 kDa) induces AHR in naïve
C57BL/6 mice (Fig. 4, n � 4 – 6 mice per group; p � 0.05), but not in
CD44-deficient mice (Fig. 5, n � 4 – 8 mice per group; p � 0.05). We
were unable to confirm that HMW-HA ameliorates ozone-induced
AHR, although there was a trend to that direction (Fig. 6, n � 8 –10 mice
per group; p � 0.04 but not significant by Holm-Sidak analysis and � �
5%).

In conclusion, we report that the repeated work largely validates the
originally reported findings. Of note, the major conclusion of this arti-
cle, i.e., that sHA mediates AHR after oxidative lung injury, has been
independently validated in studies performed since this publication. For
example, sHA mediates AHR after chlorine gas exposure, whereas
HMW-HA or I�I blockade inhibits chlorine-induced AHR (2). Further-
more, exposure to ozone has been independently shown to result in

increased levels of hyaluronan in the bronchoalveolar lavage fluid of
mice (3) and humans (4, 5). Exposure to ozone was independently
shown to fragment hyaluronan from HMW-HA to sHA (6). Further-
more, studies of murine asthma show that TSG-6, which links hyaluro-
nan to I�I, is necessary for the development of inflammatory AHR (7).
Finally, CD44 is necessary for the development of sHA-induced AHR in
a tracheal ring model (2). Together, these studies support that several
models of pulmonary inflammation result in increased levels of sHA,
which mediates AHR.

In aggregate, our repeated studies confirm the original conclusions of
the manuscript, and independent research also supports our originally
reported conclusions. We therefore believe that our original report is
accurate and valid.
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ADDITIONS AND CORRECTIONS

Authors are urged to introduce these corrections into any reprints they distribute. Secondary (abstract) services are urged to carry notice of
these corrections as prominently as they carried the original abstracts.



FIGURE 1 (replication of original Fig. 5A). I�I is essential for the development
of ozone-induced airway hyperresponsiveness (n � 7– 8 per group). *, p �
0.05; **, p � 0.01 compared to IaI�/� ozone.

FIGURE 2 (replication of original Fig. 5A). CD44 is essential for the develop-
ment of ozone-induced airway hyperresponsiveness (n � 5–10 per group). *,
p � 0.05 compared to CD44�/� ozone.

FIGURE 3 (replication of original Fig. 6C). Hyaluronan-binding protein (HABP),
but not scrambled protein (SBP), significantly decreased AHR after ozone
exposure (n � 4 –5 per group). *, p � 0.05.

FIGURE 4 (replication of original Fig. 9A). sHA but not HMW-HA or vehicle
induces AHR in naïve C57BL/6 mice (n � 4 – 6 mice per group; p � 0.05 sHA
versus HMW-HA).

FIGURE 5 (replication of original Fig. 9C). CD44-deficient mice are resistant to
sHA-induced AHR compared with C57BL/5 mice (n � 4 – 8 mice per group;
p � 0.05, sHA-treated C57 versus sHA-treated CD44�/�).

FIGURE 6 (replication of original Fig. 9D). Instillation of HMW-HA before and
after ozone exposure does not significantly ameliorate AHR, although a trend
is observed (n � 9 –10 mice per group).
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