
It is increasingly clear that, as humans age, 
many, if not most, of our tissues become com-
posed of populations of cells, termed clones, 
that often harbour genetic mutations found 
in the malignant tumours that arise from the 
same type of tissue. Although these clonal 
populations seem to be normal cellular line-
ages apart from the cancer-associated muta-
tions, little is known about how these cells 
respond to damage caused by exposure to 
ultraviolet light or toxic chemicals, for exam-
ple. A process called metaplasia — the replace-
ment of one cell type with another after tissue 
damage — increases the risk of cancer forma-
tion1. Why abnormal repair during meta plasia 
pre disposes cells to form cancer is mainly 
unknown. On page 642, Alonso-Curbelo et al.2 
report a study of pancreatic cancer in mice that 
reveals how a mutation biases the outcome 
of metaplasia towards the development  
of cancer.

Most human pancreatic cancers contain 
mutations in the KRAS gene, which encodes 
a type of enzyme, termed a GTPase, that has 
a key role in signalling. The KRAS enzyme 
contributes to the control of cell growth in 
healthy tissues, but cancer-promoting muta-
tions cause enzyme hyperactivation that 
leads to continuous cellular growth. Epith-
elial cells in pancreatic ducts can, driven by 
cancer-promoting KRAS mutations, become 
a type of malignant tumour called pancreatic 
ductal adenocarcinoma (PDAC)3,4. 

Generally speaking, KRAS mutations alone 
are insufficient to drive tumour develop-
ment3,4; however, they can act in concert with 
environmentally mediated tissue injury to 
accelerate malignant transformation. This 
occurs by the aberrant regulation of meta-
plasia (Fig. 1), in which one type of pancreatic 
epithelial cell (an acinar cell) is reprogrammed 
temporarily into another sort (a cell similar to 
a ductal cell). This transition is called acinar-to-
ductal metaplasia (ADM), and such an epith-
elial-cell-state conversion occurs in response 
to environmental stress1,5.

The authors sought to understand why 

mouse pancreatic cells with mutations in 
the Kras gene respond differently to envi-
ronmental insult compared with cells lack-
ing such mutations. Cells grown in vitro do 
not faithfully reproduce events inside living  
tissues, so Alonso-Curbelo et al. used sophis-
ticated genetic engineering to develop mouse 
models. These animals enabled the authors 
to specifically track the fate of pancreatic 
acinar and ductal cells that had normal or 
mutant versions of Kras, and determine their 
response to tissue injury mediated by chemical 
treatment. 

Consistent with previous work3,4, the authors 
found that the regeneration of damaged 
pancreatic cells after tissue-injury-mediated 
ADM was impaired in mice with a Kras muta-
tion. Unlike normal mice, those with mutant 
Kras rapidly developed a type of premalignant 
cellular growth — described as pancreatic 
intraepithelial neoplasia — that is a precursor 
to PDAC formation3.

The rapid emergence of this neoplasia 
specifically in Kras mutant mice after tissue 
injury led the authors to speculate that aber-
rant regulation of chromatin (the complex 
of DNA and histone proteins in the nucleus) 
might explain how PDAC subsequently devel-
ops. To investigate this, Alonso-Curbelo and 
colleagues examined cells that had normal or 
mutant Kras to assess any genome-wide differ-
ences in chromatin accessibility. Accessibility 
here refers to genomic regions that are in an 
‘open’ conformation that allows DNA-binding 
transcription-factor proteins to gain access to 
DNA and regulate the expression of nearby 
genes. 

After injury, cells with Kras mutations 
gained a chromatin-accessibility profile that 
closely resembles that found in PDAC cells. 
By contrast, the newly accessible chromatin 
regions identified in cells with Kras mutations 
remained in a ‘closed’ conformation in normal 
pancreatic cells after injury. These data, con-
sistent with findings6 published this year, 
suggest that the combination of Kras muta-
tion and tissue damage by environmentally 
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small-bandwidth light pulses in a particle 
accelerator, steady-state microbunching has 
not yet been demonstrated. Deng et al. have 
shown that, after one turn in the synchrotron, 
the microbunched beam can produce coher-
ent radiation. The next challenge is to prove 
that this scheme can achieve such a feat over 
many turns. This will be difficult to accomplish 
experimentally for at least three reasons.

First, longitudinal slippage would degrade 
the microbunching over many turns. Second, 
for high-power (kilowatt-level) steady-state 
emission of radiation to occur, incident laser 
pulses must be synchronized to the arrival 
of the electron bunch at every turn and con-
fined to an arrangement of mirrors known 
as a laser cavity. And third, collective inter-
actions between the electrons in the beam, if 
not controlled using feedback loops, would 
eventually reduce the power and brightness 
of the radiation.

A few schemes5–7 that are variants of the orig-
inal concept could improve the properties of 
the radiation produced and go beyond Deng 
and colleagues’ results. Demonstrating such 
schemes represents a considerable technical 
challenge, but the authors’ proof-of-principle 
experiment shows a path towards achieving 
high-power, high-brightness, small-bandwidth 
light sources that could outperform current 
synchrotrons. Moreover, other types of light 
source, such as storage-ring free-electron 
lasers8 and energy-recovery linear accelera-
tors9, are under development, and could lead 
to the next generation of these machines. 
Although substantial hurdles need to be 
overcome before such schemes are reliably 
demonstrated, the authors’ findings pro-
vide a glimpse into the future of high-power, 
accelerator-based light sources.
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mediated injury drives an early step in the 
pathway to tumour formation by establish-
ing a cancer-associated profile of chromatin 
accessibility before a complete malignant 
transformation of the cells occurs.

Sites of accessible chromatin often contain 
DNA sequences called enhancers that help to 
regulate gene expression. Alonso-Curbelo 
et al. reasoned that proteins involved in tran-
scriptional regulation might act at regions 
of increased chromatin accessibility in cells 
with Kras mutations and drive the tissue’s 
damage-induced ADM to transition into  
pancreatic intraepithelial neoplasia. To inves-
tigate this possibility, the authors used a tech-
nique called RNA interference to decrease 
the production of BRD4, a transcriptional 
co-activator protein that is needed for the 
expression of many genes, particularly those 
whose expression is directed by clusters of 
enhancer elements termed super-enhancers7. 
This revealed that BRD4 is required both for 
tissue repair in normal cells following inju-
ry-induced ADM, and for ADM to lead to pan-
creatic intraepithelial neoplasia in the context 
of a Kras mutation.

When analysing genes potentially respon-
sible for the development of pancreatic 
intraepithelial neoplasia, the authors focused 
on the gene Il33, whose expression increased 

swiftly on injury in cells with mutant Kras. Il33 
encodes the protein interleukin-33, a type of 
inflammatory immune-system signalling 
molecule called a cytokine. Alonso-Curbelo 
et al. found that injured pancreatic cells with 
Kras mutations had greater chromatin acces-
sibility in the region encoding Il33 and higher 
expression of Il33 compared with the situation 
in injured cells with normal Kras. Crucially, this 
increase in Il33 expression required normal 
expression of BRD4.

To confirm the importance of inter leukin-33, 
the authors administered this protein to their 
tissue-injury model mice. The treatment 
accelerated the development of pancreatic 
intraepithelial neoplasia if the animals had a 
Kras mutation, but had no effect if the animals 
had normal Kras. Although the precise compo-
nents of the transcriptional machinery needed 
for Il33 expression in a Kras-mutant context 
remain to be established, the authors clearly 
demonstrate that BRD4 has a role. 

These data are consistent with the obser-
vation8 that first-generation drugs that 
non-selectively target gene-regulatory mod-
ules called BET bromodomains (BD1 and 
BD2), which are present in all BET proteins, 
including BRD4, have demonstrated some 
utility when tested in animal models or in 
the clinic against a broad range of cancers, 

including PDAC. Next-generation BET inhib-
itors can preferentially alter either the main-
tenance or the induction of gene expression 
by engaging, respectively, BD1 or BD2 of BET 
proteins9. Given that Il33 induction underpins 
the transition towards PDAC formation in cells 
with a Kras mutation, it would be interesting 
to test whether a BD2-selective inhibitor could 
forestall or curtail the transition to tumour 
formation.

In humans, pancreatic damage caused by 
environmental insults such as a high alcohol 
intake can result in an inflammatory condi-
tion called chronic pancreatitis, which mark-
edly increases the risk of developing PDAC10. 
However, mechanisms that might explain this 
observation have remained elusive. This study 
by Alonso-Curbelo et al. highlights how the 
presence of cancer-associated mutations in 
what seem to be essentially normal cells can 
drive a striking alteration in how they respond 
to injury, thereby nudging them towards 
tumour formation by aiding the formation of 
a neoplasia. 

Given that many of our tissues, including 
blood, skin and gut epithelial cells, have 
clonal cellular populations that are often 
subjected to environmentally mediated 
damage, Alonso-Curbelo and colleagues’ 
findings might have far-reaching implica-
tions. Their results should form the basis of 
future studies of how premalignant clones in 
other tissue contexts respond to injury. Such 
insights might, in turn, lead to drug targeting 
of the factors that drive abnormalities in tissue 
regeneration after the initiation of metaplasia.
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Figure 1 | How a Kras mutation aids tumour formation after injury. a, If pancreatic cells (in this case, 
cells with a normal version of the Kras gene) are injured, a process called acinar-to-ductal metaplasia 
(ADM) occurs, generating a growth known as a metaplasia. The acinar cells transiently assume ductal-cell 
characteristics and their chromatin (the complex of nuclear DNA and protein) is reconfigured to gain a 
profile like that of ductal cells. The protein BRD4 helps to re-establish an acinar-like chromatin profile once 
the damage-causing stress has ended. This contributes to the ‘repair’ of the metaplasia and limits cellular 
growth. b, Alonso-Curbelo et al.2 report that, if mouse pancreatic cells that have a Kras mutation are injured, 
aberrant ADM results in cells gaining a chromatin profile similar to that of a malignant tumour called 
pancreatic ductal adenocarcinoma (PDAC). BRD4 can access ‘open’ regions of this chromatin to promote 
the formation of a premalignant, dysregulated growth termed a neoplasia (specifically, a pancreatic 
intraepithelial neoplasia). Neoplasia formation is aided by the protein interleukin-33 (IL-33), which is highly 
expressed after injury if cells have a Kras mutation. A neoplasia can develop into PDAC.
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