
incorrectly when the user expressed an emo-
tional state in their prompt, with the largest 
effect — 11.9 percentage points — observed 
when sadness was expressed (Fig. 1). Thus, 
models that were trained to answer warmly 
ended up being more sycophantic. These 
results held across all five models.

One way to reconcile these findings, and 

to understand the thorny problem of AI 
sycophancy more broadly, is to appreciate 
the conflicting goals of the models. LLMs are 
trained, using vast amounts of text, to pre-
dict the next word in a sequence. They are 
also trained to produce answers that follow 
instructions (instruction tuning), that are liked 
by users (reinforcement learning from human 
feedback) and that contain factually accurate 
information. Some instructions from users, 
such as a request for advice that a person could 
use to harm themselves or others, are not to 
be followed, which is usually achieved using 
guard rails that prevent a model from respond-
ing to prompts on some topics. 

On top of that, AI models have myriads of 
other objectives, such as producing socially 
appropriate, non-sycophantic responses. It 
is no wonder that sometimes these goals con-
flict and models produce undesirable, or ‘mis-
aligned’, responses. Indeed, other work6 has 
shown that training a model on narrow tasks 
could cause it to become broadly misaligned 
when performing seemingly unrelated actions. 

Consider the case of a user who is prompt-
ing a model for information on a conspiracy 
belief that the user holds. Part of the model’s 
objective is to produce text that the user likes 
— even more so when it is specifically tuned to 
produce warm responses — and it is thus much 
more likely to validate and affirm the user’s 
beliefs at the expense of factuality. 

Sycophancy is a tricky behaviour to train 
out of AI models, because users tend to pre-
fer sycophantic to non-sycophantic models7 
and it is deeply connected to other, desirable 
traits such as warmth and empathy. But syco-
phancy might have damaging psychological 
consequences, including increasing political 
polarization7, reducing prosocial behaviour8 
and worsening mental health9. I worry about 
the broader societal effects of widely available 
AI sycophants that fit in people’s pockets and 
can constantly reinforce users’ beliefs, inde-
pendent of reality. People might start living 
in their own AI-supported realities, eroding 

Cell biology

Cell-death protein has 
unexpected role in repair
Ayijiang Yisimayi & Judy Lieberman

A form of the inflammatory protein caspase-5 is expressed 
in immature gut cells, where it promotes proliferation and 
facilitates tissue regeneration. See p.1362

Caspase enzymes have crucial roles in cell 
death. However, the full function of one 
member of this family, caspase-5, has been 
mysterious. On page 1362, Jia et al.1 reveal an 
unusual role for caspase-5 in gut-tissue repair, 
with possible implications for inflammatory 
bowel disease and colorectal cancer.

Inflammatory caspases are protein-cleav-
ing enzymes (proteases) that are activated in 
response to pathogens and tissue damage. Two 
of these, caspase-4 and caspase-5, recognize 
lipids, such as those found on Gram-negative 
bacteria, through an amino-terminal self-bind-
ing domain known as a CARD (caspase activa-
tion and recruitment domain). This interaction 
causes these caspases to assemble2 into com-
plexes called inflammasomes, which activates 
them and enables them to cleave the protein 
gasdermin D. The cleaved protein forms pores 
in the plasma membrane, triggering a type of 
cell death called pyroptosis3. Inflammatory 
molecules released from pyroptotic cells 
recruit and activate immune cells to eliminate 
pathogens and damaged cells. 

Caspase-4 is closely related to caspase-11 in 
mice, but caspase-5 arose later in evolution as 
a result of a gene duplication, so it is specific 
to certain primates4. Caspase-4 is expressed in 
most cell types, and it strongly induces inflam-
matory responses, whereas, under basal con-
ditions, caspase-5 is strongly expressed only in 
the gut4. Not much is known about caspase-5 
because there are no small-animal models to 
test its function or regulation. 

Jia and colleagues sought to uncover the 
role of this caspase in humans. They began by 
showing that the gene that encodes caspase-5, 
CASP5, is predominantly expressed in the 
intestinal epithelium. This layer of cells lines 
the inside (lumen) of the gut and is the most 
rapidly renewing tissue of the body. The intes-
tinal epithelium is organized into ‘crypts’, with 
stem cells at their base, progenitors called 
transit-amplifying cells above them and 
mature epithelial cells at the top. The main-
tenance of stem cells and regeneration after 
injury rely on a carefully balanced spatial gra-
dient of signalling through the Wnt protein5. 

“I worry about the broader 
societal effects of widely 
available AI sycophants that 
fit in people’s pockets and 
can constantly reinforce 
users’ beliefs.”

their critical-thinking and social skills, which 
would accelerate the fragmentation of society.

It is also important to consider the broader 
picture. Although this work by Ibrahim and col-
leagues cleverly and convincingly points out 
the causal link between a desirable fine-tuning 
objective and misaligned outcomes, it also 
highlights that there are many open questions 
about how these models behave. Making a small 
change to improve one aspect of a model could 
have wide-ranging consequences for other 
behaviour, but why this happens and how to 
prevent it from occurring remains unknown. 

There is a worry that the scientific under-
standing of the behaviour of these AI models 
is outpaced by the frenzied rate at which the 
most advanced models are being developed — 
and overshadowed by the rapid adoption of AI 
in many aspects of people’s lives. Perhaps it is 
time to develop alternative paradigms to train 
these models: rather than trying to mimic or 
outperform human capabilities, they should 
focus, from the beginning, on helping humans 
to flourish.
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Wnt activity is highest at the base of the crypt 
and gradually decreases as cells differentiate 
and migrate to the lumen (Fig. 1a). 

The ‘canonical’ Wnt signalling pathway 
hinges on the stability of a protein called 
β-catenin. In the absence of extracellular Wnt, 
β-catenin in the cell is captured by a complex 
of proteins that facilitates its destruction by 
tagging it with ubiquitin proteins. When Wnt 
binds to its cell-surface receptor, Frizzled, the 
destruction complex is inhibited, enabling 
β-catenin to accumulate and move into the 
nucleus. Here, it binds to transcription-factor 
proteins that mediate gene expression5. 

The authors found three variants of 
caspase-5 expressed in the intestine. These are 
generated by a post-transcriptional process 
called alternative splicing, which combines 
various protein-coding regions of a single 
gene to generate different messenger RNAs, 
resulting in distinct proteins. The longer ‘iso-
forms’, caspase-5a and caspase-5b, resemble 
caspase-4, whereas the shorter caspase-5c 
lacks the CARD and therefore does not bind 
to bacterial lipids to form an inflammasome. 

Instead, caspase-5c has an unexpected 
role in augmenting Wnt signalling in 
transit-amplifying cells. The authors showed 
that, through its catalytic domain, caspase-5c 
binds to proteins in the Dishevelled family, 
which associate with the destruction complex. 
This enables caspase-5c to cleave the com-
plex’s main scaffolding protein, APC, causing 
the complex to disassemble and β-catenin to 
accumulate and translocate to the nucleus, 

where it regulates the expression of genes that 
promote proliferation and progenitor-cell 
maintenance (Fig. 1b). 

All three isoforms can bind to Dishevelled 
proteins because they all maintain their 
catalytic domain, but only caspase-5c is 
able to cleave APC. In stem cells at the base 
of the crypt, high concentrations of Wnt 
repress CASP5 expression, suggesting a 
possible negative-feedback mechanism 
that keeps caspase-5c low in intestinal stem 
cells. Caspase-5c expression is highest in 
transit-amplifying cells, but as cells differen-
tiate, expression of caspase-5a and caspase-5b 
increases and that of caspase-5c declines 
sharply. Therefore, the destruction complex 
remains active in cells in the upper part of the 
crypt to reduce β-catenin levels (Fig. 1c).

Finally, the authors demonstrated a role 
of caspase-5c in tissue repair. Using cellular 
intestinal models called colonic organoids, 
the authors could manipulate the expression 
of different caspase-5c isoforms. Impres-
sively, caspase-5c overexpression, along with 
lowered expression of the other isoforms, 
increased the size of human colonic organoids 
by about 50%, reflecting an increase in prolifer-
ation. The authors also found that caspase-5c 
expression is increased in colonic organoids 
that are subjected to radiation damage and in 
the guts of people with inflammatory bowel 
disease. This suggests that the augmentation 
of transit-amplifying-cell proliferation by 
caspase-5c could be crucial for repopulating 
damaged intestinal epithelium. 

Jia and colleagues’ findings open up several 
avenues for further investigation. There 
are strong hints, which the paper begins to 
explore, that caspase-5c has a role in colorec-
tal cancer. The gene that encodes APC is 
often the first to be mutated in many forms 
of colorectal cancer, and these mutations 
cause persistent activation of Wnt signalling, 
driving uncontrolled proliferation. Nota-
bly, many cancer mutations truncate APC in 
the same N-terminal region as that cleaved 
by caspase-5c. Inhibiting caspase-5c might 
therefore be an effective way to dampen Wnt 
signalling to treat cancer. 

To probe the function of caspase-5c in other 
tissues where Wnt and β-catenin signalling are 
important, researchers could generate a genet-
ically modified ‘knock-in’ mouse that encodes 
CASP5 and its regulatory regions. Indeed, a 
knock-in mouse that expresses human CASP4 
instead of mouse Casp11 has been invaluable 
for understanding why humans are so vul-
nerable to sepsis4. This approach could also 
be useful for testing whether caspase-5c 
contributes to recovery from other types 
of gut injury, including infections and auto-
immune conditions such as coeliac disease, 
graft-versus-host disease and complications 
of cancer immunotherapies. 

Caspase-5c’s protease activity seems to 
be required for tissue repair, but it is not 
yet clear how it can be activated without a 
CARD, which facilitates the formation of 
caspase pairs (dimers) and their activation 
through self-cleavage6. One possibility is that 

Figure 1 | Caspase-5 in the gut.  a, In intestinal crypts, the Wnt signalling 
pathway maintains a pool of stem cells and proliferating progenitors, called 
transit-amplifying cells, that develop into mature intestinal epithelial cells. 
Transit-amplifying cells increase their proliferation in response to tissue injury. 
Jia et al.1 show that different isoforms of caspase-5, a cell-death protein usually 
associated with inflammatory immune responses, have contrasting influences 
on Wnt signalling along this gradient. Very high levels of extracellular Wnt 
proteins repress caspase-5 expression in the stem cells at the base of the crypt. 
b, In transit-amplifying cells, caspase-5c (the shorter isoform) augments Wnt 

signalling. It binds to Dishevelled proteins, which bind to a complex of proteins 
that mediate the destruction of β-catenin. Caspase-5c cleaves the scaffolding 
protein APC, causing the complex to fall apart. β-catenin accumulates and 
moves into the nucleus, where it acts on transcription factors that upregulate 
genes that promote proliferation. c, In differentiated cells, the caspase-5a 
isoform binds to Dishevelled instead, but it cannot cleave APC because of the 
presence of a self-inhibitory domain. The destruction complex remains active to 
keep β-catenin levels low, and Wnt target genes that promote proliferation are 
not transcribed.
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caspase-5c is activated when it is recruited to 
the β-catenin destruction complex, perhaps 
as a dimer or other multimer. Resolving the 
structure of caspase-5c bound to the destruc-
tion complex could help to clarify this, and 
also reveal how caspase-5c cleaves APC.

Gasdermin D and pro-IL-18 (the precursor to 
the inflammatory protein interleukin-18; IL-18) 
are expressed throughout the intestinal epi-
thelium and are substrates of the full-length 
caspase-5 (ref. 4). Jia et al. show that caspase-5c 
cleaves gasdermin D more efficiently than do 
the other isoforms, but they did not examine 
whether gasdermin D and pro-IL-18 are cleaved 
by caspase-5c in transit-amplifying cells in 
injured intestines. Because IL-18 promotes 
intestinal repair, and cells expressing the IL-18 
receptor are found in the base of the crypts7, it 
might be that the processing of gasdermin D 
and pro-IL-18 by caspase-5c, and the secretion 
of IL-18, play a part in intestinal repair.

Although there was no evidence of cell 
death in the proliferating transit-amplifying 
cells that express caspase-5c, it is still pos-
sible that caspase-5c activates gasdermin 
D (and perhaps other gasdermins) to form 
pores and cause local inflammation. Some 
cell types can survive the formation of gas-
dermin pores because the membrane-repair 
machinery removes them. The surviving cells 
are said to be ‘hyperactivated’ because, instead 

of undergoing cell death, they continue to 
release large amounts of inflammatory medi-
ators8. In fact, gasdermin-D-mediated release 
of metabolite molecules from hyperactivated 
immune cells boosts muscle regeneration by 
increasing the proliferation of muscle stem 
cells9. If transit-amplifying cells are hyper-
activated after intestinal injury, it would be 
worth characterizing their ‘secretome’ — all 
of the proteins, metabolites and other small 
molecules they secrete — and the effects of 
these molecules on intestinal repair. 

Jia and colleagues’ work aligns with mount-
ing evidence that cell-death mediators have 
a broader role in tissue repair. For example, 
caspases that are involved in apoptosis — a 
form of controlled cell death  — drive the pro-
liferation needed for tissue regeneration in 
invertebrates such as fruit flies (Drosophila 
melanogaster) and Hydra10. In mammals, 
apoptosis-activating caspases promote liver 
regeneration, wound healing and prolifer-
ation in non-apoptotic cells close to those 
undergoing apoptosis10. They also promote 
abnormal tissue growth that precedes can-
cer10. In addition to the role of gasdermin D 
in muscle regeneration, gasdermins B and 
C, which are expressed in the intestinal and 
respiratory tracts, have been linked to tissue 
repair11,12. A  better understanding of how 
caspase-5c and the gasdermins contribute to 

tissue repair could lead to therapeutic strat-
egies for treating diseases that damage the 
intestine.
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