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The best-laid schemes o’ mice an’ men
Gang aft agley,
An’ lea’e us nought but grief an’ pain,
For promis’d joy!
Still thou are blest, compared wi’ me!
The present only toucheth thee:
But och! I backward cast my e’e,
On prospects drear!
An’ forward, tho’ I canna see,
I guess an’ fear!
Excerpt from ‘‘To a Mouse’’ by Robert Burns
Two recent studies have provided new insights into the cellular identity and preferred regenerative schemes
of progenitor cells in mouse and human airways [1, 2]. These findings not only have important implications
for disease progression, but may also help scientists develop new techniques for improving human airway
regeneration.

Schemes of homeostasis and repair
The mouse trachea is lined by basal, secretory and ciliated cells. Previous genetic lineage tracing studies have
shown that in the homeostatic and repairing mouse trachea, basal cells are widespread, multipotent progenitor
cells capable of both long-term self-renewal and differentiation into ciliated and secretory cells [3, 4]. Similar
experiments have also shown that differentiated tracheal club cell (Clara cell) secretory protein (CCSP)expressing cells can also self renew and give rise to ciliated cells, but that these do not play a major role in
tracheal homeostasis [5]. In a recent publication, TATA et al. [1] found that murine airways exhibit an
unexpected cellular plasticity in response to genetically mediated basal progenitor cell ablation. Lineage
labelling showed that tracheal CCSP-expressing cells can differentiate into fully functional basal cells
competent to act as epithelial progenitors. This alternate strategy of CCSP-expressing cell-mediated repair of
the tracheal epithelium was also replicated in vitro, suggesting that contact-mediated signalling between airway
basal cells and CCSP-expressing cells is required to prevent CCSP-expressing cells dedifferentiating to basal
progenitor cells in homeostatic airways. The Notch and Egfr intercellular signalling pathways, or those of other
surface receptors, such as cadherins, are candidates to mediate such a signal [6–8].
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This work illustrates how flexible stem/progenitor cell hierarchies can be in response to injury. Loss of the preferred
progenitor cell type (basal cells) provides an inductive cue to remaining cells to dedifferentiate and initiate airway
repair. Similar findings have also recently been reported in more established stem cell hierarchies including the
intestinal crypt [9, 10]. It is plausible that similar plasticity amongst cells of the distal airways and alveoli could
reconcile many of the apparent contradictions amongst murine lineage tracing experiments in this region.
Specifically, lineage labelling and chimeric analysis in mice have clearly demonstrated that at homeostasis, CCSPexpressing cells [5, 11] and type 2 pneumocytes [12, 13] are widespread epithelial progenitors in the smaller airways
and alveoli. However, in response to different types and severities of injury, alternative progenitor cell populations
that express both CCSP and surfactant protein C, as well as cells that express integrins a6 and b4, and keratins 5 and
14, have also been identified [14–18]. At present, the cellular origin and precise identity of these keratin
5-expressing distal airway progenitor cells remains elusive. Future experiments, perhaps with a focus on potential
lineage plasticity using multiple injury-repair models, will no doubt bring further clarity.

Of mice and men
The flexibility in schemes of murine airway homeostasis and regeneration are potentially important for
regenerative medicine and in treating lung diseases such as cancer. But before these issues are examined, we
need to know how similar the epithelial cell hierarchy is between mouse and human airways. In vitro studies
using human cells have supported the hypothesis that, similar to those of mice, human basal cells are a
multipotent airway epithelial progenitor [4, 19]. Independent in vivo studies by TEIXEIRA et al. [2] have
taken advantage of naturally occurring mitochondrial mutations to perform quantitative analysis of
stochastically occurring cell clones within intact human airways. Results of this study suggest that basal cells
are a preferred multipotent progenitor cell in human airways, and that over time a natural process of clonal
consolidation reduces the number of clonally distinct basal progenitor cell clones (fig. 1). Moreover, by
comparing clone size and abundance in smokers versus nonsmokers, it appeared that the rate of clonal
consolidation was accelerated in smokers, most likely due to the more rapid turnover of smokers’ airways
(fig. 1, red line). Whether one or multiple types of human basal cells are responsible for human airway
homeostasis and clonal consolidation remains an open question. In either case, in human oral squamous
cell carcinoma, it was recently shown that mitochondrial DNA mutations, which may be indicative of clonal
consolidation, are associated with increased cancer recurrence and reduced patient survival [20]. These data
suggest that further in vitro and in vivo investigations of basal cell clonal consolidation may be relevant in
patients undergoing surgery for early stage lung cancer. The presence of extensive clonal consolidation may
warrant more aggressive therapeutic interventions, such as adjuvant chemo- or radiotherapy, even in the
absence of identifiable micro-metastases. Future studies are now required to address this possibility.

Clonal diversity

Individual clone size

Interestingly, CCSP-expressing cells are virtually absent from proximal human airways [2]. This suggests
that CCSP-expressing cells are unlikely to function as alternate progenitor cells in human upper airways. It
is also unlikely that this difference between human and murine lungs simply reflects an underlying human
lung pathology, as CCSP-expressing cells are absent in the airways of smokers and nonsmokers alike. Could
other secretory cells, such as mucinous goblet cells, fulfil a multipotent progenitor cell role in a repair
setting? Or do human airways lack the flexibility of progenitor cell choice that exists in murine lungs?

Age years
FIGURE 1 Ageing and clonal consolidation. As lungs age, a natural process of clonal consolidation results in reduced
airway epithelial clonal diversity (- - - -) and increased individual clone size (––––). In healthy individuals, it is currently
unclear whether this process occurs predominantly in old age (blue lines) or continuously throughout life (black lines). In
either case, evidence suggests that clonal consolidation is accelerated in the airways of smokers, resulting in a rapid loss of
airway clonal diversity (red lines).
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Answering these questions is not merely academic, but has significant implications for both airway
regenerative medicine and lung disease ontogeny. For example, if multiple airway progenitor cell types exist
in human lungs, which are responsible for the initiation of lung diseases such as cancer? And which cell type
would be most useful as a cellular therapy for lung regeneration?

Forward, though we cannot see
If the ultimate aim of this research is to develop new treatments for human lung disease, then understanding
the contribution of the various stem and progenitor cells and their associated niches to lung pathology is of
primary importance. This will undoubtedly require complementary approaches involving both clinically
relevant animal systems and improved human models for studying lung repair and regeneration. Examples of
human models are likely to include ex vivo lung perfusion and in vitro organoid models.
One immediate future direction of airway stem cell research, with potential for short- to medium-term clinical
benefits, is investigating the possibility of links between tumour recurrence and airway regeneration. The
incidence of lung cancer recurrence in patients with stage 1 (T1N0) disease following surgical lobectomy is
20–30% [21]. This high recurrence rate suggests that mutated cells capable of regenerating a tumour are
frequently located outside of resectable tumour margins. This is consistent with the recent identification of
widely dispersed, clonally related, preinvasive lung cancer cells located throughout the airways of many smokers
[22]. Whether these cells have become intrinsically more progenitor- or stem-like, or whether their
contribution to tumour growth is controlled extrinsically within permissive airway microenvironments (such
as endogenous stem cell niches) remains unclear. In either case, it will be valuable to test the hypothesis that
distinct airway microenvironments may extrinsically regulate airway progenitor cell fate in health and disease.
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