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In a recent study published in Cell, Liu et al. developed a
dual homologous recombinase-mediated genetic profiling
tracer technique to accurately track lung epithelial cells,
which reveals the regenerative origin and regulatorymech-
anism of adult alveolar epithelial stem cells, offering new
techniques for lung stem cell repair and regeneration.1
The ability of adult stem cells to maintain tissue

homeostasis and facilitate post-injury healing is essen-
tial. Alveolar regeneration is essential for preserving the
integrity of the alveolar epithelial barrier and an adequate
gas exchange surface in homeostasis and lung damage
repair. Although lung tissue has a modest steady-state
cell turnover, it contains stem cells that are unique to a
given location, which rapidly mobilizes in response to tis-
sue damage to regenerate the epithelium. Alveolar type
II (AT2) cells serve as alveolar stem cells that will pro-
liferate and differentiate into new alveolar type I (AT1)
cells that are specialized for gas exchange in the alveoli,
maintaining lung homeostasis and facilitating regenera-
tion following injury.2 A repair imbalance of this kind can
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lead to potentially deadly lung diseases. How alveolar stem
cells are replenished to preserve this healing equilibrium is
currently unclear, though. One effective way to investigate
stem cell lineage and cell fate determination is by genetic
lineage tracing. The most popular method for tracking
stem or progenitor cell lineages in vivo is the Cre-loxP
recombination system. The specificity of Cre expression
in the targeted stem or progenitor cells determines how
precise this genetic system is. However, Cre expression in
non-targeted cell types has generated debate in numer-
ous prior studies and can make lineage-tracing studies
more difficult to understand.3 Recent research suggests
that AT2 cells may originate from AT1 and club cells post-
lung damage, but controversy surrounds their regenerative
origin due to non-specific labeling issues using conven-
tional lineage tracing techniques.4 In the present study,
the authors developed a new dual homologous recombi-
nant lineage tracer based on Cre-loxP and Dre-rox, which
is capable of accurately labeling alveolar stem cells. This
novel method makes it possible to analyze cell lineage and
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F IGURE 1 Schematic representation of the new dual homologous recombinase-mediated genetic profiling tracer technique. (A) The
new dual homologous recombination tool called Scgb1a1-CreER, Sftpc-DreER, and R26-TLR is based on Cre-loxP and Dre-rox. In this
approach, distinct fluorescent markers can be expressed by club cells, alveolar type II (AT2) cells, and bronchioalveolar stem cells (BASCs),
respectively, which allows for the simultaneous specific labeling of these cells. (B) The newborn AT2 cells, in addition to self-renewal, also
originate from club cells and BASCs, but not AT1 cells after lung injury. The transdifferentiation of club cells and BASCs into AT2 cells was
discovered to be regulated by the Notch signaling system, which plays a different function in the transdifferentiation of these two cell types.

destiny decisions more precisely by overcoming the tech-
nical challenge of non-specific Cre expression. This makes
it easier to research stem and progenitor cell plasticity in
illness and regeneration in vivo.
The researchers clarified that AT1 cells are terminally

differentiated cells that lack plasticity and do not differ-
entiate into AT2 cells following lung injury. The authors
discovered that both club cells and bronchioalveolar stem
cells (BASCs) could differentiate into the alveolar epithe-

lium and promote alveolar regeneration after lung injury
by creating a new dual homologous recombination tool
based on Cre-loxP and Dre-rox (Figure 1A). These findings
confirm the results of several previous studies and offer
new insights and treatment approaches for lung stem cell
therapy by indicating that club cells and BASCs are cru-
cial for lung damage healing. Researchers then developed
a dual homologous recombination system using genetic
tools to study the alveolar epithelial repair potential of
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club cells. By overexpressing the p21 protein, they inhib-
ited the proliferation of AT2 cells and BASCs, revealing
club cells as the primary source of alveolar stem cell regen-
eration. Club-originated alveolar epithelial cells can cover
most of the alveolar area in severely damaged lobes, high-
lighting the potential of club-originated alveolar epithelial
cells.
Researchers have also discovered that the Notch signal-

ing pathway is down-regulated during the process of club
cells and BASCs transdifferentiating into AT2 cells, sug-
gesting that the Notch signaling system may be involved
in the regulation of club cells and BASCs to AT2 cells.
One of themost common intercellular signaling pathways,
the Notch signaling system is crucial for many biological
processes, such as cell proliferation, differentiation, and
death.5 The authors used conditional gene knockdown
and double homologous recombination profiling tracer
technologies to knock down the Notch signaling path-
way in club cells and BASCs. This allowed them to better
understand the role of the Notch signaling pathway in the
transdifferentiation of AT2 cells. The Notch knockdown
group showed a significant reduction in the proportion
of AT2 cells transdifferentiated from club cells, while the
proportion of AT2 cells transdifferentiated from BASCs
increased. Overexpression of Notch also prevented the
transdifferentiation of BASCs to AT2 cells. These findings
imply that club cells can act as the AT2 cell’s regenerative
source and that the Notch pathway’s opposing regulation
of club cells and BASCs occurs during the latter cell’s
development into AT2 cells (Figure 1B).
Evenwhile this study only looks atmodels of lung injury

brought on by bleomycin, hyperoxia, or pneumonectomy,
it is impossible to rule out the possibility that AT1 could
turn into AT2 in models of lung injury caused by other fac-
tors. For example, a study by Edward E. Morrisey et al.
published in cell in 2023 found that actin remodeling
and cytoskeletal strain mediated by Cdc42 and Ptk2 pre-
serve AT1 cell destiny at homeostasis and AT1 cells will
be reprogrammed to AT2 cells in Cdc42 or Ptk2 knock-
out mouse models.6 Without doubt, more research will
be needed to clarify the process by which club cells and
BASCs differentiate into AT2 cells during aberrant heal-
ing and remodeling in patients with acute or chronic lung
tissue injury. In this study, by constructing a precise dual
homologous recombination lineage tracer technology to
specifically label different lung epithelial cells, the author
accurately resolved the regenerative origins of alveolar
epithelial stem cells after lung injury. With the use of this
novel technique, combinedwith techniques such as single-
cell sequencing, scientistsmay be able to better understand
the cellular and molecular processes behind lung regen-
eration, which may result in the identification of novel
therapeutic targets and the development of fresh treatment

approaches. In addition, previous studies show differences
between mouse and human lung regeneration, but these
findings are limited to mouse lung injury regeneration,
necessitating further research on human lung injury and
repair mechanisms.5
To sum up, the researchers found, in an innovative way,

that the newbornAT2 cells, in addition to self-renewal, also
originate from club cells and BASCs, but not AT1 cells. The
Notch signaling pathway, which has a distinct role in the
transdifferentiation of these two cell types, regulated the
transdifferentiation of club cells and BASCs into AT2 cells.
This research offers fresh approaches to the study of lung
stem cells, repair, and regeneration. It also identifies novel
targets for therapeutic intervention and establishes a solid
foundation for future research on lung diseases.
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