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SUMMARY

Recent studies have implicated keratin 5 (KRT5)* cells in repopulation of damaged lung tissue following severe HIN1 influenza virus
infection. However, the origins of the cells repopulating the injured alveolar region remain controversial. We sought to determine the
cellular dynamics of lung repair following influenza infection and define whether nascent KRT5* cells repopulating alveolar epithelium
were derived from pre-existing alveolar or airway progenitor cells. We found that the wound-healing response begins with proliferation of
SOX2*SCGB1A1~ KRT5™ progenitor cells in airways. These cells generate nascent KRT5" cells as an early response to airway injury and
yield progeny that colonize damaged alveolar parenchyma. Moreover, we show that local alveolar progenitors do not contribute to
nascent KRT5" cells after injury. Repopulation of injured airway and alveolar regions leads to proximalization of distal airways by pseu-
dostratified epithelium and of alveoli by airway-derived epithelial cells that lack the normal characteristics of mature airway or alveolar

epithelium.

INTRODUCTION

The mammalian respiratory tract is normally maintained
by abundant progenitors that differ in molecular pheno-
type, differentiation potential, and regulation between
airway regions along the proximodistal axis (Hogan et al.,
2014; Rackley and Stripp, 2012). Basal cells maintain the
pseudostratified epithelium of proximal airways of mice
by self-renewal and differentiation into club cells and cili-
ated cells (Rock and Hogan, 2010; Rock et al., 2009). In
contrast, a self-renewing subset of club progenitors main-
tains the basal cell-deficient simple epithelium of distal
bronchial and bronchiolar airways (Evans et al., 1978; Raw-
lins et al., 2009). Alveolar type II (AT2) cells function as
local progenitors to maintain the alveolar epithelium and
differentiate into alveolar type I (AT1) cells (Barkauskas
et al., 2013; Evans et al., 1978). Although each of these
progenitors contribute to epithelial homeostasis and
repair following mild injury, their contribution to repair
following severe injury remains unclear.

Influenza virus infection causes widespread lung epithe-
lial cell death. However, patients and animals typically
recover from influenza virus infection, implicating a role
for stem-cell-mediated repair mechanisms. After influenza
virus infection in mice focal clusters of cytokeratin 5 immu-
nostained (KRT5"), transcription factor TRP63 immuno-
stained (TRP63") cells appear in the alveoli (referred to as
nascent KRT5" pods) (Kumar et al., 2011). However, the
cellular origin of nascent KRT5" pods and their contribu-
tion to repair remain controversial (Kumar et al., 2011;
Mahoney and Kim, 2015; McQualter and Laurent, 2015;

Rawlins, 2015; Vaughan et al., 2015; Zuo et al., 2015).
Clarifying the identity and distribution of progenitor cells
from which nascent KRT5™ cells are derived is a prerequisite
toward understanding the wound-healing response to
influenza infection. In this study we define the cellular dy-
namics of the wound-healing response to influenza infec-
tion and reveal that nascent KRT5* cells in both the airways
and alveolar parenchyma descend from airway-resident
progenitor cells.

RESULTS

Ectopic Appearance of Nascent KRT5" Cells in Distal
Airways Precedes KRT5" Pod Appearance following
PR8 Infection

To systematically map the emergence of nascent KRTS*
cells, we performed immunofluorescence staining of
mouse lung tissue at time points associated with active
epithelial repair and remodeling following PR8 infection
(Kumar et al.,, 2011; Vaughan et al., 2015; Zuo et al.,,
2015). Figure 1 shows that KRT5" cells were very sparse in
uninjured lungs, with distribution largely restricted to the
proximal regions of large conducting airway epithelium
(Figure 1A) and absent in distal airways and alveolar re-
gions (Figure 1B). Immunostaining for the AT1 and AT2
cell markers, podoplanin (PDPN) and prosurfactant protein
C (PROSP-C), respectively, showed intact alveolar struc-
tures at this time point (Figure 1C). Conversely, 7 days after
PR8 infection proximal airways were lined by a pseudos-
tratified epithelium that included numerous KRT5* cells
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Figure 1. Nascent KRT5" Cell Appearance Occurs in a Proximal to Distal Pattern following PR8 Influenza Virus Infection in Mice and
Results in Remodeling of the Distal Lung

Photomicrographs of lung tissue sections from control mice (A-C) and mice recovered for 7 days (D-F), 10 days (G-I), or 14 days
(J-L) following infection with PR8 influenza virus. For each time point the distal conducting airways and alveolar parenchyma panels

(legend continued on next page)
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extending along the basement membrane with KRT5™ cells
at the epithelial luminal surface (Figure 1D), whereas distal
conducting airways and alveolar regions remained devoid
of KRTS* cells (Figure 1E) and showed no evidence of
epithelial damage (Figure 1F). Ten days after PR8 infection
we observed a further increase in the abundance of KRT5*
cells in the proximal airways, which appeared hyperplastic
with KRT5" cells at both the basal surface and airway lumen
(Figure 1G). Notably, at this time we also observed a hyper-
plastic epithelium containing KRTS* basal and luminal
cells in distal conducting airways (Figure 1H) adjacent to
focal areas of alveolar damage characterized by dense infil-
trates of DAPI+ cells and loss of immunostaining for PDPN
and PROSP-C (Figure 1I). By day 14 after PR8 infection,
KRT5™ cells were abundant along the entirety of the prox-
imal (Figure 1J) and distal (Figure 1K) conducting airways.
Moreover, regions of alveolar damage included clusters of
nascent KRTS* cells (Figures 1K and 1L) similar to those
described previously by Kumar et al. (2011). Our data
show that PR8-induced remodeling of the respiratory
epithelium initiates in the proximal conducting airways
and proceeds in a proximal to distal wave leading to the
appearance of ectopic KRT5" cells in small airways and
alveoli.

Resident AT1 and AT2 Cells Do Not Contribute to the
Formation of KRT5* Alveolar Pods following PR8
Infection

We reasoned that the appearance of ectopic KRTS5" epithe-
lial cells within injured alveolar regions after PR8 infection
might result from changes in the molecular phenotype of
resident alveolar epithelial cell types or by recruitment of
progenitors from the airways. In the alveoli, AT2 cells serve
as a major progenitor cell for normal repair of the alveolar
epithelium (Barkauskas et al., 2013). To determine whether
pre-existing resident AT2 cells contributed to the appear-
ance of KRT5* pods following PR8 infection we used
Sftpc-CreER;Rosa-26-TdTomato mice to indelibly tag AT2
cells and all of their progeny by tamoxifen injection. Im-
munostaining for the reporter shows extensive lineage
labeling of PROSP-C* AT2 cells in steady-state adult mice
(Figure S1A). Fourteen days after PR8 infection, damaged
alveolar regions with cellular infiltration (dense DAPI+
nuclei) and focal clusters of KRT5" alveolar pods were
notably devoid of SFTPC lineage-labeled cells (Figures 2A
and 3F). In contrast, uninjured areas showed robust SFTPC
lineage labeling (Figure 2A). Note that due to the incompat-

ibility of primary antibodies, co-staining for TDTOMATO
and KRTS was not possible, therefore TDTOMATO and
KRTS staining was performed on serial sections. Neverthe-
less, the complete absence of overlapping staining between
the SFTPC lineage label and KRTS5 suggests that SFTPC
lineage cells are not the cells of origin for nascent KRT5*
alveolar pod cells.

Although AT?2 cells are considered the dominant progen-
itor cell population in the alveoli recent data have also
suggested that AT1 cells, demarked by expression of the
transcription factor HOPX, can also function as progeni-
tors for alveolar epithelium (Jain et al., 2015). To test if a
surviving pool of AT1 cells could contribute to the KRT5*
alveolar pods, we used Hopx-CreER knockin mice that
have previously been shown to label adult AT1 cells under
steady state (Jain et al., 2015). As previously reported (Jain
et al., 2015), we observed efficient lineage labeling of AT1
epithelial cells following tamoxifen treatment, many of
which showed co-localization of the membrane-localized
GFP lineage reporter with PDPN (Figure S1B). Fourteen
days after PR8 infection of HOPX lineage-labeled mice we
observed the characteristic pattern of injury with cellular
infiltration and focal clusters of KRT5* alveolar pods (Fig-
ure 2B). However, even though rare HOPX lineage-labeled
cells were observed within injured alveolar regions we did
not observe co-localization of KRTS5 and lineage label
within KRT5* airways (Figures 2Ba and 3E) or alveolar
pods (Figures 2Bb and 3F). These data demonstrate that
HOPX lineage-labeled cells do not directly contribute to
the formation of KRT5* alveolar pods within the 14 day
period after PR8 infection.

Resident Basal and Club Cells Make Minor
Contributions to Nascent KRT5* Cells following PR8
Infection

In the trachea, basal cells serve as local self-renewing pro-
genitor cells (Rock et al., 2009). Thus it is reasonable to
speculate that pre-existing KRT5* basal cells may undergo
atypical expansion and migration to generate nascent
KRT5" basal-like cells. However, previous studies assessing
the contribution of resident airway basal cells to the gener-
ation of KRTS* alveolar pods have provided varied results,
which, at least in part, could be attributed to differences
in the Krt5-CreER driver line and reporter systems used.
Here we have used the Krt5-CreER knockin line to effi-
ciently lineage label resident basal cells in the proximal air-
ways prior to injury (Figure S1C). Fourteen days after PR8

are serial sections. Sections are immunostained for the basal cell marker KRT5 (green) and the pan-epithelial cell marker, E-cadherin
(red), or the AT1 cell marker, PDPN (red), and the AT2 cell marker PROSP-C (green). For each panel the zoomed insert shows magnified
boxed region without DAPI staining to highlight co-stained regions. At least three animals were analyzed per time point. Scale bar,

100 pm.

Stem Cell Reports | Vol. 7 | 817-825 | November 8,2016 819




100 um

100 pm

100 pum

a |
100 pm

Figure 2. Contribution of Pre-existing SFTPC, HOPX, KRT5, and SCGB1A1 Lineage-Labeled Cells to KRT5" Cells after PR8 Infection
Sftpc-CreER, Rosa-tdtomato (A), Hopx-CreER, Rosa-mTmG (B), Krt5-CreER, Rosa-mTmG (C), and Scgblai-CreER, Rosa-mTmG (D) mice treated
with tamoxifen to lineage label AT2, AT1, basal, or club cells, respectively, were infected with PR8 influenza virus and killed at day 14 post
infection. Photomicrographs showing representative lung tissue sections immunostained for KRT5 (red), lineage markers (green), and
DAPI (blue). In (A) RFP (green) and KRT5 (red) staining was performed on serial sections due to the incompatibility of primary antibodies.
For each panel, the boxed region is magnified to highlight representative KRT5" airway cells and alveolar pods. At least three animals were

analyzed per time point. Scale bars, 100 um. See also Figure S1.

infection, we observed only a fraction of the nascent KRT5"
cells that were KRTS lineage labeled in the airways (15.5% +
4.2%; Figures 2Ca and 3E) and alveolar pods (2.0% =+
0.43%; Figures 2Cb and 3F).

Alternatively, recent evidence suggests that KRT5*
basal cells can also be generated by de-differentiation of
SCGB1A1™ club cells (Tata et al., 2013). Thus it is reasonable
to speculate that pre-existing club cells might also
contribute to nascent KRTS" cells in airway and alveolar
compartments after PR8 infection. Indeed, a study by
Zheng et al. (2014) reported that SCGB1A1" club cells are
a major source of nascent KRT5* cells after influenza infec-
tion. This was later refuted by Vaughan et al. (2015) who
suggest that SCGB1A1 lineage cells might be mislabeled
due to tamoxifen persistence, whereby the progeny of
upstream progenitors are labeled rather than pre-existing
club cells. To assess the fate of club cells we used a
Scgblal-CreER knockin line which provided robust lineage
labeling of airway columnar epithelial cells and some alve-
olar epithelial cells (Figure S1D). Fourteen days after PR8

820 Stem Cell Reports | Vol. 7 | 817-825 | November 8, 2016

infection we observed significant depletion of club cells
in injured areas of the lung and only a very minor contribu-
tion of SCGB1A1 lineage-labeled cells to the generation of
nascent KRT5" cells in the airways (0.32% =+ 0.27%; Figures
2Da and 3E) and alveolar pods (0.7% + 0.6%; Figures 2Db
and 3F). Overall, our results support a predominant role
of an SCGB1A1l lineage-negative pool of progenitors
in the generation of nascent KRT5* cells following PR8
infection.

Resident SOX2* Airway Epithelial Progenitor Cells
Repopulate Injured Airway and Alveolar Epithelium
after PR8 Infection

Since our lineage-tracing experiments showed that known
lung progenitors (i.e., basal, club, AT2, and AT1 cells) make
modest/no contribution to nascent KRT5" cells following
PR8 infection, we sought to determine whether an unde-
fined pool of airway progenitors might be a source of
nascent KRT5" cells. To test this, lineage tracing was per-
formed using mice harboring a Sox2-CreER knockin allele
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Figure 3. Pre-existing SOX2* Cells Are the Major Cellular Source of KRT5" Cells after PR8 Infection

Sox2-CreER, Rosa-mTmG mice treated with tamoxifen to lineage label airway epithelial cells were infected with PR8 influenza virus and
killed 14 and 21 post infection. Photomicrographs (A-D) showing representative lung tissue sections immunostained for KRT5 (red),
lineage markers (green), and DAPI (blue) (A-D). Scale bars, 100 pum. Scatterplots and pie charts show the quantitation and relative
contribution, respectively, of HOPX, SFTPC, SCGB1A1, KRT5, and SOX2 cell lineages toward airway (E) and alveolar (F) KRT5" cells after PR8
infection. Individual dots represent cells per animal (E) or cells per pod (F). Data include means + SEM. Photomicrographs (G and H) show
representative lung tissue sections from uninjured animals immunostained for KRT5, SCGB1A1, and FOXJ1 (red), lineage marker (green),
and DAPI (blue). Arrows identify SOX2* Lin~ cells. At least three animals were analyzed per time point. See also Figures S1-S3 and Table S1.
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and a Rosa-26-mTmG fluorescent reporter. SOX2 labels
basal, secretory, and ciliated epithelial cells in the airways
of adult lung, but not alveolar cells (Figures S1E and S2
and Table S1).

Interestingly, unlike other reporter mice that responded
to PR8 infection similar to wild-type mice, comparison of
Sox2-CreER/wt and Sox2-wt/wt control mice revealed an
allele-specific defect in response to PR8 infection. Mice
harboring the Sox2-CreER allele consistently displayed a
significantly reduced incidence of KRT5" alveolar pods af-
ter PR8 infection (Figure S3). Nevertheless, lineage analyses
of nascent KRT5* airway and alveolar pod cells revealed
that the majority of nascent KRT5* cells appearing in alve-
olar pods (73% =+ 9.4%; Figures 3A-3F) and hyperplastic
airways (57% = 7.6%; Figures 3D-3F) were indeed SOX2
lineage labeled. However, it is important to note that while
many KRTS* alveolar pods were composed entirely of
SOX2 lineage-labeled cells (Figure 3Aa), we also observed
KRTS5" alveolar pods that were of mixed lineage (i.e., con-
taining SOX2 lineage-negative and SOX2 lineage-positive
cells; Figure 3Ba) as well as some cells that were entirely
SOX2 lineage negative (Figure 3Ca). This could reflect
either incomplete lineage labeling of SOX2-expressing cells
at the time of infection or be indicative of an alternative
SOX2™ progenitor cell population that also contributes to
the repair and remodeling processes following PR8 infec-
tion. Comparison of the relative contributions of the
various cell lineages toward nascent Krt5* cells in the air-
ways and alveolar pods after PR8 infection shows that
while multiple pools of airway progenitors (i.e., SOX2*
SCGB1A1" and SOX2* KRT5™ cells) contribute to the gener-
ation of nascent KRT5™ cells in the airways (Figure 3E) and
alveoli (Figure 3F), the predominant cell of origin is a pop-
ulation of SOX2" SCGB1A1~ KRTS5™ cells (SOX2* Lin")
cells. Immunostaining and lineage labeling of uninjured
lungs showed that SOX2* FOXJ1~ SCGB1A1~ KRTS5™ cells
were scattered sporadically throughout the entire airway
epithelium (Figures 3G and 3H).

DISCUSSION

Herein we show that the appearance of KRT5" pods in the
alveolar parenchyma of influenza-virus-infected mice (Ku-
mar et al., 2011; Vaughan et al., 2015; Zuo et al., 2015) is
preceded by an increase in KRT5* cells and hyperplastic re-
modeling in airways. Epithelial remodeling occurs focally
in airways and alveoli in response to severe epithelial cell
depletion that includes loss of normally abundant local
progenitor cells. The emergence of nascent KRT5" cells in
a proximal to distal wave suggests that the wound-healing
response initiates in the airways. Given the severity of
epithelial cell destruction following influenza virus infec-

822 Stem Cell Reports | Vol. 7 | 817-825 | November 8, 2016

tion this response of airway progenitor cells is not unlike
basal cell hyperplasia that has been reported in tracheo-
bronchial airways following exposure to naphthalene
that specifically targets abundant secretory progenitor cells
(Hong et al., 2004). However, naphthalene-induced deple-
tion of airway cells was not associated with the appearance
of basal cells or the formation of a pseudostratified epithe-
lium in distal bronchiolar airways (Hong et al., 2001; Stripp
et al., 1995). We find that remodeled pseudostratified or
hyperplastic airway epithelium was adjacent to damaged
alveolar regions, marked by loss of AT1 and AT2 cells,
and included distal bronchiolar airways. Thus it is possible
that signals emanating from the injured alveolar regions
contribute to cell-fate decisions that were uniquely
impacted by influenza virus infection.

To date, the question of whether cells migrate from the
airways to populate the alveolar parenchyma after infection
or if a pre-existing population of alveolar cells proliferate
locally to replace lost alveolar epithelial cells has remained
unclear. Previous reports have suggested that both KRTS
lineage-labeled cells (Vaughan et al.,, 2015; Zuo et al,,
2015) and SCGB1A1 lineage-labeled cells (Zheng et al.,
2012, 2014) contribute, albeit to variable extents, to
KRT5* alveolar pod cells following influenza virus infec-
tion. Here we confirm previous studies by Vaughan et al.
(2015) that SCGB1A1 lineage (club) cells and SFTPC lineage
(AT2) cells have very minimal to no contribution to the gen-
eration of nascent KRTS5" cells in either the airways or alve-
olar space. In addition, we show here that HOPX lineage
(AT1) cells also do not give rise to nascent KRT5" cells.
Rather, we show that resident alveolar epithelial cell types
are ablated at focal sites of severe virus-induced paren-
chymal injury. Our data support the concept that rather
than a local proliferative response by alveolar epithelial
cells, nascent KRT5* cells arise elsewhere in the lung and
colonize regions of alveolar injury. As for pre-existing basal
cells, we again confirm previous studies by Vaughan et al.
(2015) that surviving KRTS lineage cells do have a minor
contribution to the generation of nascent KRT5" cells. How-
ever, the collective contribution of all the pre-existing cell
lineages assessed (i.e., KRT5, SCGB1A1, HOPX, and SFTPC
lineages) accounts for only a nominal portion of the
nascent KRT5" cells, suggesting the existence of an alterna-
tive progenitor cell of distinct lineage. Our use of the PR8
strain of influenza virus to induce severe lung injury does
not exclude the possibility that, under conditions of less se-
vere injury or altered cellular tropism, more club and basal
cells may survive and be able to generate nascent KRT5*
cells. These data suggest that the loss of more abundant
epithelial progenitor cells from the airways and alveoli
may be the driving force for recruitment of previously un-
identified epithelial progenitor cells that typically make
minimal contributions to normal tissue maintenance.
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Here we provide the first definitive evidence that an alter-
native airway progenitor cell, marked by expression of
SOX2, is the predominant cell of origin for nascent
KRTS5" cells after influenza infection. This was true for
nascent KRT5* cells that emerge in the airways and those
that appear later in the alveolar parenchyma, suggesting a
common SOX2 lineage ancestry (Figure 4). Thus, given
that SOX2 is exclusively expressed in the airway epithe-
lium in the adult lung, these studies suggest that the
wound-healing response initiates with SOX2* SCGB1A1~
KRT5~ HOPX™ SFTPC™ (SOX2* Lin™) cells giving rise to
nascent KRT5* cells in the airways, which then populate
the damaged alveolar parenchyma.

A limitation of this study is the broad expression of SOX2
in all airway epithelial cells, which prevents us from estab-
lishing the precise molecular identity of these progenitor

Figure 4. Activation of Airway-Resident
SO0X2* Lin~ Progenitor Cells in Response
to Influenza-Induced Severe Lung Injury
The schematic shows that following PR8
influenza virus infection-induced lung
injury SOX2* Lin™ progenitor cells are the
major source of nascent KRT5* cells in the
airway and alveolar zones of cell loss.
The percent contribution of SOX2* Lin* and
SOX2* Lin~ progenitor cells has been
included.

Alveoli

KRT5 lineage-derived
nascent KRT5+ cells

Influenza
Damaged
Area

cells. Thus, while we can rule out club cells, bronchioalveo-
lar stem cells, and basal airway cells because of their
SCGB1A1 or KRTS lineages, it is unclear how the SOX2*
Lin~ cells relate to previously identified «.6*p4" multipo-
tent epithelial stem cells (Chapman et al., 2011; McQualter
et al., 2010) and B4" CD200" CD14* progenitor cells
(Vaughan et al., 2015).

In summary, these studies suggest that the widespread
destruction of airway and alveolar epithelial cells following
severe influenza infection triggers a wound-healing
response that initiates in the airways with the proliferation
of rare airway-resident SOX2" Lin~ progenitor cells. These
cells then give rise to nascent KRT5™ cells in remodeled air-
ways and populate the damaged alveolar parenchyma.
Overall, this study provides important insights into the se-
lective use of different progenitor cell pools and their role
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in repair after severe tissue damage such as that induced by
H1NT1 influenza virus infection.

EXPERIMENTAL PROCEDURES

Mouse Strains

Adult mice (2-4 months old) were used according to Institutional
Animal Care and Use Committee-approved protocols. Hopx-CreER
(Jain et al., 2015), Sftpc-CreER (Rock et al., 2011), Scgblal-CreER
(Rawlins et al., 2009), Krt5-CreER (Rock et al., 2009), and Sox2-
CreER mice (Arnold et al., 2011) were obtained from Jackson Labo-
ratory. These mice were bred to Rosa-26-mTmG (Jackson Labora-
tory; Muzumdar et al., 2007) or Rosa-26- tdtomato (supplied by
D. Jiang and P.W. Noble) for lineage-tracing experiments.

Tamoxifen Administration and Virus Infection
Tamoxifen, prepared by sonication in corn oil, was administered
in three intraperitoneal injections (200 mg/kg per injection) every
other day. A chase period of 3 weeks was allowed to eliminate resid-
ual levels of tamoxifen before virus infection. A dose of 200 pfu of
amurine-adapted HIN1 influenza A (A/PR/8/34) virus was admin-
istered by intratracheal inhalation. Virus stock was obtained
from ATCC (VR-95). Weights and behavioral activity were recorded
daily.

Immunofluorescence Staining

Immunostaining was performed on 7 pm sections of formalin-fixed,
paraffin-embedded tissue as described previously by Chen et al.
(2012). The following primary antibodies were used: rabbit anti-Ker-
atin 5 (1:1,000, Santa Cruz, sc-66856), mouse anti-E-Cadherin
(1:1,000, BD Biosciences, 610182), chicken anti-GFP (1:1,000, Ab-
cam, ab13970), Syrian hamster anti-Podoplanin (1:2,000, LifeSpan
Biosciences, clone 8.1.1, LS-C143022), rabbit anti-Prosurfactant
Protein C (1:1,000, Millipore, AB3786), rabbit anti-SOX2 (1:1,000,
Seven Hills Bioreagents, WRAB-1236), rabbit anti-RFP (1:400, Rock-
land, 600-401-379), rabbit anti-SCGB1A1 (1:10,000, generated in-
house by B. Stripp), and mouse IgG1 anti-FOX]J1 (1:300, eBioscience,
14-9965-82). Sections were incubated overnight at 4°C with respec-
tive primary antibodies. Sections were then washed with PBS to
remove unbound antibody and incubated with Alexa Fluor-conju-
gated secondary antibodies and nuclear stain DAPI (1:1,000) at
room temperature for 45 min. Immunostained slides were then
washed with PBS to remove unbound secondary antibody and
mounted with Fluormount-G (Electron Microscopy Sciences, cata-
log no. 17984-25).

Microscopy

Images were taken using a Zeiss LSM 780 confocal or a Zeiss
Observer.Z1 microscope. Quantitation was done on at least three
independent animals per condition.

Quantitation of Lineage-Tracing Analysis of KRT5"
Cells after PR8 Infection

Serial sections of entire caudal and cranial lobes were analyzed
from surviving flu-infected animals at the indicated time points.
KRTS™" alveolar pods were defined as a group of at least four contig-
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uous KRT5-immunostained cells within the alveolar zone, which
were not associated with bronchiolar epithelial cells. For each
KRT5* pod, the percentage of lineage-positive (Lin*) cells was as-
sayed by counting the proportion of KRTS5-immunostained cells
that were co-immunostained for GFP (lineage marker). Similarly,
the lineage contribution toward KRT5"* basal cells was scored by
counting the percentage of KRT5"* basal cells that were co-immu-
nostained with GFP (lineage marker).

SUPPLEMENTAL INFORMATION
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Procedures, three figures, and one table and can be found with
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