News & Views

Paligenosis:

THE

EMBO

JOURNAL

prepare to regenerate!

Hendrik A Messal*@, Catherine A Cremona®, Linxiang Lan* & Axel Behrens™?

Tissue injury can stimulate quiescent cells
to proliferate, resulting in metaplasia, to
rapidly replace damaged cells and enable
regeneration. A new study describes how
fully differentiated cells return to prolifer-
ation in an autophagy- and mTORC1-
dependent manner. Given the striking
parallels between this process in mamma-
lian stomach and pancreas, a new term,
paligenosis, is proposed for this conserved
program.
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Q s well as classical hierarchical dif-
ferentiation and regulated cell turn-
over from dedicated stem cell
populations, it is now clear that differenti-
ated cells in adult tissues are capable of
significant plasticity. In mammals, this plas-
ticity has been revealed mainly through
injury models, implying that changes in a
previously settled cell fate are an emergency
mechanism to repair damage. Although dif-
ferentiated cells are not necessarily inca-
pable of dividing, in the context of injury
and metaplasia, cells lose many of their dif-
ferentiated features before re-entering the
cell cycle.

Tata and Rajagopal have defined dedif-
ferentiation as “a process of lineage rever-
sion in which differentiated cells acquire the
properties of more immature cells within the
same lineage hierarchy” (Tata & Rajagopal,
2016). However, some may consider dedif-
ferentiation to imply a return to a completely
undifferentiated, multipotent or stem-like
state, and the definition is further compli-
cated when applied to tumour cells
(Friedmann-Morvinski & Verma, 2014; Lin
et al, 2017). In the context of regeneration,
dedifferentiated cells do not necessarily

resemble stem cells, but are proliferative
and may give rise to areas of metaplasia.
Willet et al (2018) describe the process by
which gastric chief and pancreatic acinar
cells convert from a differentiated, secretory
phenotype to a proliferative, metaplastic one
and coin a new term, paligenosis (from the
Greek: pali/n/m (backward) + genes (born
of) + osis (process)), to describe this
program.

The conserved features of the paligenosis
program are, firstly, a decrease in mTORC1
signalling and induction of autophagy;
secondly, a change in the gene expression
program; and lastly, an increase in mTORC1
signalling and onset of proliferation (Fig 1).
Willet et al (2018) have investigated the
process extensively in the stomach and
pancreas and propose that it may be
conserved in other regenerative situations.

Caerulein-induced acute pancreatitis and
high-dose tamoxifen-induced gastric injury
are well-described injury models that both
result in the temporary occurrence of prolif-
erative cells. In case of the stomach, these
are derived from chief cells and form spas-
molytic polypeptide-expressing metaplasia
(SPEM), whilst in the pancreas, acinar cells
convert into a proliferative duct-like cell type
(acinar-to-ductal metaplasia or ADM). Willet
et al (2018) find that both cell types
decrease their metabolic activity immedi-
ately after the damaging insult as judged by
the loss of mTORC1-mediated phosphoryla-
tion of ribosomal protein S6. This metabolic
shutdown is temporary and recovers fully
by the time of maximal metaplasia in both
tissues. In addition to the fluctuation in
metabolic activity, Willet (2018)
describe a robust activation of the
autodegradative machinery early upon
tissue injury as evident by an increase in
lysosomes and autodegradative puncta. At
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the stage of maximal metaplasia, autophagic
and lysosomal puncta have decreased,
returning to normal levels. The cells have
now reached a proliferative state and
express the metaplastic signature genes Sox9
and CD44v. Interestingly, although inhibi-
tion of autophagy is a key function of
mTORC1, inhibition of mTORC1 signalling
did not affect autophagy induction by injury,
raising the possibility that autophagy may
be triggered independently in this context.
Inhibition of mTORC1 signalling blocked
injury-induced proliferation, but did not
affect genetic reprogramming of cells to the
metaplastic phenotype; in turn blocking
autophagy by inhibition of lysosomal hydro-
lase trafficking through Gnptab deletion
impaired reprogramming as well as blocking
mTORC1 reactivation and proliferation. It
will be interesting to unravel the molecular
crosstalk between the two pathways and
how their activity is linked to the damaging
insult. In particular, whether the upstream
triggers that induce mTORC1 modulation
and induction of autophagy are a conserved
part of the paligenosis program or specific to
the cell type and type of damage will be
pertinent questions to clarify.

Most importantly, it remains to be seen
how universal the paligenosis program of
metabolic hiatus and autophagy is in dif-
ferent organs and tissues. Willet et al (2018)
present findings from hepatectomized liver
and tunicamycin-damaged kidney where, in
both cases, the recruitment of terminally
differentiated cells into cell cycle involves
upregulation of S6  phosphorylation.
However, the involvement of autophagy and
initial decrease in mTORCI1 activity await
further investigation. Within the pancreas,
fully differentiated duct cells downregulate
the E3 ligase Fbw7 and begin to proliferate
upon duct ligation (Sancho et al, 2014), and
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Figure 1. The paligenosis program.

TRANSFORMATION

Upon damaging insult, chief cells in the stomach and pancreatic acinar cells decrease metabolic activity whilst
temporarily activating lysosomes and autophagic machinery. At later stages, cells induce expression of
metaplasia and wound-healing associated genes including Sox9, Clu and Cd44v, reactivate metabolism and
enter the cell cycle. SPEM (spasmolytic polypeptide-expressing metaplasia) in the stomach and ADM (acinar-to-
ductal metaplasia) in the pancreas mark the crossroads between tissue regeneration and transformation into

precancerous lesions.

in the colon, inflammatory colitis induces
degradation of Fbw7 concomitant with
proliferation (Khan et al, 2018). Fbw7
targets mTOR for degradation (Mao et al,
2008), but an involvement of autophagy or
metabolic hiatus has not yet been examined
in these contexts. Investigation of paligeno-
sis in other injury models, for example glial
dedifferentiation following peripheral nerve
damage, will also be highly illuminating
given the known role of autophagy in
degrading myelin (Gomez-Sanchez et al,
2015).

Another interesting question posed by
Willet et al (2018) is the potential biological
benefit of paligenosis. There is a low level of
“background” proliferation amongst mature
chief cells and acinar cells in homeostasis.
Furthermore, Troy " chief cells are a reserve
stem cell in the stomach (Stange et al, 2013)
and pancreatic acinar cells comprise prolifer-
ating sub-populations with a facultative
potential to contribute to other differentiated
lineages (Westphalen et al, 2016). This indi-
cates that the complex cellular architecture
of secretory cells does not preclude prolifera-
tion and raises the question of why cells
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upon injury opt for paligenosis rather than
immediate overproliferation. The Gnptab
deletion data from Willet et al (2018)
suggest that autophagy is actually a prereq-
uisite for proliferation, at least in the chief
cell and acinar contexts analysed. The
authors hypothesize that dismantling of the
secretory machinery would release amino
acids that contribute to the reactivation of
mTORC1 and induction of proliferation. A
potential second benefit of paligenosis might
be that gastric chief and pancreatic acinar
cells, which harbour potent -cytotoxic
enzymes, need to shut down their secretory
machinery to prevent enzyme release by
dying cells and catastrophic tissue damage.
In this scenario, paligenosis using autophagy
as a damage control mechanism might be
particular to secretory cells.

In recent years, autophagy and mTORC1
have been implicated in both plasticity and
proliferation as well as differentiation
amongst stem cell populations of different
organs (Mizushima & Levine, 2010; Meng
et al, 2018). The findings of Willet et al
(2018) suggest a shared program for dif-
ferentiated cells to regain plasticity and
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proliferative capacity. Notably, both SPEM
and ADM must be transient and resolve
within a few days, to reduce the risk of
progression to dysplasia and cancer (Giroux
& Rustgi, 2017). This study should stimulate
a wide variety of investigations in different
cellular systems, to clarify how unresolved
or repeated paligenosis may predispose to
cancer, and substantiate the tantalizing hints
that autophagy and mTORCI1 regulation may
be part of a common regeneration mecha-
nism.
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