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Not All Insults Are Created Equal for Awakening Dormant Stem *

Cell Abilities

The intestinal epithelium is a highly proliferative
tissue comprising several differentiated cell types
that originate from multipotent, self-renewing intestinal
stem cells. In 1974, Cheng and Leblond" described crypt-
based columnar cells (CBCs), which are self-renewing
stem cells that are now thought to fuel day-to-day replen-
ishment of cells within the intestinal epithelium. CBCs,
identified by Lgr5 expression, are highly proliferative but
are sensitive to damaging insults. Potten” first identified
label-retaining cells at the +4 crypt position as reserve stem
cells that can be mobilized in response to damage to CBCs.
Thus, evidence has emerged that after elimination or dam-
age to Lgr5+ stem cells, distinct populations of quiescent
(eg, Bmil-, mTert-, Hopx-, or Lrig1-expressing) stem cells can
regenerate the appropriate stem and differentiated cell
compartments. However, recent studies have supported the
concept that differentiated and/or differentiating progenitor
cells can regain stem cell abilities to regenerate the entire
epithelium in response to various insults.> ? In this issue of
Cellular and Molecular Gastroenterology and Hepatology,
Jones et al® provide evidence that differentiated protein-
secreting cells possess the plasticity to regenerate epithe-
lial cell lineages after severe injury.

Many of the studies analyzing stem cell function in
regeneration use a common set of damage stimuli, including
doxorubicin, radiation, and diphtheria toxin (DT)-mediated
ablation of Lgr5”"®-expressing CBCs, which differ in both
severity and specificity. In turn, the population of mobilized
cells and their efficiency in replenishing entire crypts differ
in different damage contexts. Among the 3 insults, doxoru-
bicin is most damaging because it induces cell death in all
proliferating cells, including active CBCs and proliferating
progenitor populations. Radiation is the next most damaging
insult and results in cell-cycle arrest and limited apoptosis
in fast-cycling CBCs, sparing slower-cycling progenitor
populations in a dose-dependent fashion. The least
damaging is DT-mediated ablation, which specifically
targets Lgr5°™R-expressing CBCs. To interpret the results
from the collection of recent studies, the type of damage
must be taken into account. We have summarized the re-
sults from recent studies in Figure 1 which catalogs the cell
type, proliferation status, and type of damage. In addition,
Figure 1 shows whether lineage tracing was observed,
which suggests dedifferentiation into a multipotent stem
cell that can replenish all differentiated cell types in the
epithelium. Interestingly, when the results are considered in
the context of loss of particular cell populations owing to the
type of insult, a distinct hierarchy of mobilized cell pop-
ulations emerges. In the least damaging insult, DT-mediated
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Lgr5+ cell ablation, proliferative absorptive cell progenitors
have been implicated as sources of stem cells to regenerate
the epithelium. Upon irradiation, a more damaging insult
that targets highly proliferative cells (including absorptive
progenitors), the less proliferative secretory progenitors are
mobilized to restore homeostasis. In this issue, Jones et al®
show that with an even more damaging doxorubicin
insult, in which all progenitors are potentially eliminated,
terminally differentiated Paneth cells are mobilized to
replace lost stem cell functionality. Furthermore, Jones et al®
show that this regeneration occurs in a Notch-dependent
manner.

These studies all rely on lineage tracing methods that are
dependent on promoter-Cre constructs specific for
non-stem cells, such as Alpi for absorptive cells and pro-
genitors, and Mistl (Bhlhal5) for secretory cells and their
progenitors. The existence of minor stem cell populations
that activate and express these genes during damage can
confuse the interpretation of subsequent lineage tracing
results. In this context, Jones et al® evaluated Lgr5 positivity
in Defa4-marked cells and saw only extremely rare co-
labeling, supporting the conclusion that Paneth cells spe-
cifically initiate lineage tracing and retain plasticity to
generate stem cell populations after severe injury.

Together these studies suggest that several safety nets
exist in the intestinal epithelium. From the perspective of
the Waddington'® landscape, which models cellular dif-
ferentiation as a ball rolling down a potential energy
landscape, dedifferentiation occurs in cell types that
require the least amount of energy to travel uphill to as-
sume a Lgr5+ CBC identity. More specifically, we speculate
on 2 factors that may modulate cellular plasticity in
response to various damage stimuli. First, the differentia-
tion status of a cell may limit the ability of a cell to
dedifferentiate. The reversibility of a cellular state depends
on the configuration of the chromatin landscape. Studies
have shown that the chromatin landscapes between
absorptive and secretory progenitors in the gut are similar
to that of intestinal stem cells, while differentiated cells
have markedly different landscapes.'*? These cells may
have traveled too far down the Waddington landscape,
with a locked-in chromatin configuration that can be
reversed only by mobilization of pioneer transcription
factors. Second and related, the plasticity response to
damage may depend on the proliferation state of the cell.
During mitosis, large portions of the chromatin landscape
become accessible, allowing for reconfiguration to other
states. In this regard, it should be noted that differentiated
cells in the intestinal epithelium are nonproliferative, and
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they do not have access to this mechanism for resetting
their landscapes. In the study by Jones et al® featured in
this issue, as well as recent work from Yu et al’ and Hay-
akawa et al,” Notch activation is a universal mechanism of
reverting Paneth cells into stem cells. Notch signaling in
the intestinal epithelium triggers proliferative stem cell
activity and is known to direct cells toward the absorptive
lineage. These absorptive progenitors have a multifold
increased proliferation rate compared with secretory pro-
genitors. Thus, it follows that upon DT-mediated Lgr5+ cell
ablation, lineage tracing is observed only from enterocyte
progenitors among non-stem cells, as enterocyte
progenitors have the most plastic landscapes.”

Together, all of these studies suggest that the intestinal
epithelium has developed multiple mechanisms to regen-
erate the epithelium through both activation of resident
stem cell populations as well as mobilization of plasticity
within differentiated cell populations to generate repara-
tive stem cell populations. We suggest that a hierarchical
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organization of cellular dedifferentiation exists in the in-
testinal epithelium. In response to varying degrees of
damages, distinct cell populations are preferentially
mobilized depending on their differentiation and prolifer-
ative status. It also remains possible, especially in the
context of chronic injury, as in Crohn’s disease, that
metaplastic lineages may play a critical role in abrogating
severe epithelial damage in preparation for stem cell
regeneration of a normal epithelium. All of these mecha-
nisms provide a broad repertoire of overlapping mucosal
repair mechanisms that can be mobilized based on the
severity and chronicity of injury.
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