
Fig 8. Mice lacking PAI-1 expression resist type II AEC apoptosis.Mice in ambient AIR or exposed to PCS were treated with 50 � l saline or purified IAV
in saline via intranasal instillation. One week after IAV infection, the mice were sacrificed. (A) Lung sections were subjected to H & E and IHC staining for M2
antigen. Representative fields from 1 of 3 sections per subject are shown at X 400 magnification (n = 5 mice/group). (B) Lung homogenates were
immunoblotted for changes in IAV M2 and active caspase-3antigens to assess severity of IAV infection and apoptosis respectively. The plot represents ratios
in the densities of bands normalized against � -actin levels in the same sample (n = 5 mice/group). (C) Lung homogenates were tested for MPO activity by
colorimetric assay and represented as a bar graph of two independent experiments (n = 5 mice/group). (D) Lung homogenates from the mice in ambient AIR
or exposed to PCS for 20 weeks were immunoblotted for changes in EAR1 with � -actin antibody as a loading control. (E) Total RNA from the mice exposed to
AIR or PCS was analyzed for EAR and � -actin mRNA (n = 5 mice/group).

doi:10.1371/journal.pone.0123187.g008
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both p53 and PAI-1 expression and apoptosis in AECs. This is consistent with and extends an
earlier report where IAV induced apoptotic cell death was causally linked to IAV-induced p53
expression [50, 51]. Based on a number of reports, apoptosis of AECs may promote IAV repli-
cation [52,53]. The present study shows that PCS exposure and IAV infection additively in-
crease lung inflammation due to induction of PAI-1 expression. It is unclear how increased
PAI-1 during PCSE-induced lung inflammation augments severity of IAV infection. Our stud-
ies also demonstrate that increased PAI-1 due to PCSE inhibits EAR1, a member of the RNase
A which has potent bactericidal, helminthotoxic, and antiviral properties [54, 55]. Increased
IAV infection found after PCSE appears to be associated with suppression of host defense
protein, EAR1 by increased PAI-1 in AECs. These studies to our knowledge are the first, to
demonstrate that PAI-1 induced during PCSE-induced lung inflammation potentiates IAV-in-
duced cell death.

In summary, this report documents that increased p53 and PAI-1 expression and apoptosis
in AECs occur with accumulation of leukocytes in the lungs of patients with COPD, a disease
that is promoted by CSE/PCSE. p53 and PAI-1 expression and apoptosis were likewise in-
creased in AECs as was lung inflammation in WT mice. Those lacking p53 or PAI-1 resisted
AEC apoptosis and lung inflammation, demonstrating that upregulation of PAI-1 by p53 is
central to the pathogenesis of epithelial injury in PCSE. Epithelial apoptosis was reversible by
interventions that block increased p53 and PAI-1 in AECs, including CSP or by competitive in-
hibition of the binding of p53 to PAI-1 mRNA with p53-binding 3’UTR sequences of PAI-1
mRNA. IAV infection increases p53, PAI-1 and apoptosis in AECs with pulmonary inflamma-
tion and additively worsened lung inflammation induced by PCSE. Viral burden was directly
associated with increased PAI-1 levels in transgenic PAI-1 overexpressing mice and reduced in
those lacking PAI-1. Our findings document that PAI-1 expression is increased by PCSE, pro-
motes lung inflammation, AEC apoptosis and exacerbates lung inflammation induced by sub-
sequent exposure to IAV.
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