
contrast, when two electrons were added for 
every three moiré unit cells, the density of 
states described a hexagonal lattice (Fig. 1c). 
Both of these arrangements maximize the 
distance between the electrons and minimize 
the potential energy of the system.

Although Li and colleagues’ work is remark
able, it raises some questions that will surely 
drive further experiments and theoretical 
studies. For instance, the authors found that 
when one electron was introduced for every 
two moiré unit cells, the density of states 
corresponded to unidirectional stripes that 
do not follow the moiré triangular struc
ture (Fig. 1d). Future work should provide 
a more complete picture of this particular 
Wignercrystal state.

The importance of this study goes beyond 
the direct observation of Wigner crystals. The 
work opens a path for studying fragile states 
of matter that might be obscured by a probe 

— in this case, a microscope tip. The authors’  
technique allows quantum phases to be 
imaged that were previously unobservable.
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The pancreas secretes enzymes that are 
required for the digestion of food in the 
intestine. Two main pancreatic cell types are 
involved in this — acinar cells, which secrete 
these enzymes, and ductal cells, which line 
channels to the intestine. The most common 
type of pancreatic cancer arises in a form that 
recapitulates such pancreatic ducts, both in its 
glandlike structure and in its pattern of pro
tein expression. Yet, despite this similarity, 
substantial uncertainty remains regarding 
the cell type (cell of origin) that gives rise to 
pancreatic cancer.

Most genetically engineered mouse models 
of pancreatic cancer express cancerpromoting 
genes in cells of the acinar lineage, suggesting 
that, at least in mice, acinar cells can be the cell 
of origin1. However, whether all acinar cells 
are equally capable of generating pancreatic  
cancers, or whether certain prerequisites must 
also be met in a subpopulation of these cells 
for cancer to develop, has not been rigorously 
examined. On page 715, Neuhöfer et al.2 pro
vide key insights relevant to this longstanding 
question.

Working in mice, the authors focused on 

a particular subset of acinar cells — those 
expressing the enzyme telomerase reverse 
transcriptase (Tert). This enzyme enables 
dividing cells to maintain the lengths of 
structures at their chromosome ends called 
telomeres by facilitating the reaction that adds 
nucleotides to these chromosomal tips. The 
shortening of telomeres results in the activa
tion of Tert to maintain telomere length and 
thereby avoid catastrophic genomic damage.  
Technical challenges have previously limited  
the options available to visualize the expres
sion of Tert in cells, so Neuhöfer and col
leagues used genetically engineered mice in 
which cells that express Tert are labelled by 
the expression of a fluorescent protein. This 
system allowed the authors to determine the 
prevalence of Tert expression in different 
populations of cells in the pancreas, and to 
assess the cellular lineages arising from Tert 
expressing cells.

Neuhöfer and colleagues discovered that aci
nar and not ductal cells expressed Tert (Fig. 1). 
The authors also generated mice with acinar 
cells that were randomly labelled irrespec
tive of their Tertexpression status. Only the 
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The initial events that give rise to pancreatic cancer are not 
fully understood. Evidence from mice now implicates the 
enzyme Tert in setting the stage for the formation of this  
type of tumour. See p.715

Tertexpressing acinar cells formed ‘expanded 
clones’ — groups of cells arising from single 
parental cells. This was true both with increas
ing age and acutely, in response to injury in 
the form of chemically induced pancreatic 
inflammation.

To determine the role of these Tertexpress
ing acinar cells in initiating pancreatic cancer, 
the authors used a version of their mouse 
model in which a mutation in the gene Kras 
that is associated with the formation of pancre
atic cancer3 was restricted to the Tertexpress
ing acinar cells. Neuhöfer et al. found that the 
Kras mutation accelerates the growth of clones 
of acinar cells expressing Tert, compared with 
the growth of acinar cells that were randomly 
labelled irrespective of their Tertexpression 
status.

In addition, compared with mice that had 
mutant Kras in random cells, mice in which 
mutant Kras was restricted to Tertexpressing 
cells had a greater number of precancerous 
growths. Both the expanded clones (in which 
cells are normally shaped) and precancers (in 
which cells have shape changes indicative of 
progression towards cancer) in these mice 
had signs of activation of the MAPK pathway, 
one pathway known to act downstream of 
cancerassociated Kras mutations to promote 
cancer growth.

The authors tested whether their find
ings might have relevance for human cancer 
by examining samples of human pancreas 
removed during surgery to treat cancer 
or other types of pancreatic disease. This 
revealed clusters of acinar cells with signs of 
MAPKpathway activation in around half of 
the samples analysed. Intriguingly, a subset 
of these MAPKactivated acinar cell clusters 
also contained mutations in the KRAS gene. 
The authors suggest that the Tertexpressing 
acinar cell clones in mice represent an 
‘abnormal field’ for the accumulation of extra 
cancerpromoting changes, such as genetic 
alterations, or modifications (termed epi
genetic changes) to the DNA–protein complex 
in the nucleus. Such an accumulation of altera
tions on this abnormal field eventually results 
in the development of precancers.

The study of the earliest steps in the form
ation of pancreatic tumours is exceedingly 
challenging in humans, because normal  
tissue is largely unavailable for research and it 
is not ethically justifiable to repeatedly sample 
the same noncancerous pancreas over time. 
Mouse models are a useful tool to assess cellu
lar and molecular events during the initiation 
of pancreatic tumours, and the integration 
of findings made in such animal models with 
those from the analysis of human samples 
is crucial to ensuring that the results are of  
clinical relevance.

A notable advance in the mouse system 
used by the authors is its capacity to acti
vate a mutant form of Kras in specific small 
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groups of cells, which recapitulates the pattern 
of sporadic KRAS mutation found in human  
pancreatic cells. However, a caveat to this 
mouse system is that the effect of telomere 
maintenance on cancer might differ between 
mice and humans, given that inbred mouse 
strains have considerably longer telomeres 
than do humans4. Nevertheless, the concept 
that Tert expression is an early event in the for
mation of pancreatic tumours is consistent 
with results in humans showing that telomere 
shortening is a nearly universal event even in 
the earliest human pancreatic precancers, and 
might be the prelude to TERT activation5.

The identification of KRAS mutations in pop
ulations of human acinar cells by Neuhöfer et al. 
also provides indirect support for the hypoth
esis of an acinar cell of origin. That said, the 
hypothesis that TERTexpressing human aci
nar cells acquire KRAS mutations and then give 
rise to precancer is not testable with existing 
technologies, given the lack of a reliable way 
to visualize TERT expression in individual cells. 
Moreover, the role of KRAS-mutant acinar cells 
as a possible source of human precancers 
remains to be defined more clearly. Neverthe
less, these manipulations of a mousemodel 
system provide an important foundation on 
which to design the analyses of human tissue 
that are needed to confirm or refute the hypoth
eses put forward by Neuhöfer and colleagues.

Understanding the origin of pancreatic 
cancer is crucial for the design of datadriven 
screening and cancerprevention strate
gies. If the authors’ results are validated in 
human samples, further characterization of 
TERTexpressing acinar cells might point to 
new strategies to intercept early stages of pan
creatic tumour formation in highrisk individ
uals through depletion of the cells of origin.
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Pathology and Oncology, Sol Goldman 
Pancreatic Cancer Research Center, Johns 
Hopkins University School of Medicine, 
Baltimore, Maryland 21231, USA.  

Figure 1 | Early events on a pathway towards the formation of a pancreatic 
tumour. Neuhöfer et al.2 report using a mouse model to shed light on factors that 
might initiate the formation of cancer in the pancreas. The pancreas contains 
acinar and ductal cells, and the authors developed a system to study the pattern 
of expression of the enzyme Tert in the pancreas. Tert can enable dividing cells to 
avoid genomic damage, by aiding in the maintenance of telomere structures (not 

shown) at the ends of chromosomes. The authors report that a small subset of 
acinar cells express Tert. If such cells also gain a mutation in the gene Kras, their 
division is promoted (clonal expansion) compared with that of other acinar cells. 
Such a cell lineage further expands in cell number in response to inflammation. 
The authors suggest that the formation of this type of cellular lineage might set 
the stage for other molecular changes that lead to the formation of a precancer.
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In a process called liquid–liquid phase separa
tion, proteins and nucleic acids selforganize 
into liquidlike droplets called condensates1. 
These dynamic, membraneless compartments 
enable molecules to colocalize at the optimal 
concentrations needed for different reactions, 
excluding undesired molecules, and thereby 
controlling complex biochemical processes in 
space and time2. A growing number of proteins 
have been described that contain intrinsically 
disordered regions (IDRs) and can therefore 
form condensates, and an increasing number 
of processes have been reported to be con
trolled by liquid–liquid phase separation. 
On page 726, Shi et al.3 add UTX to this list 
of proteins, and tumour suppression to the 
processes controlled by liquid–liquid phase 
separation.

In cells, DNA is wrapped around histone 
proteins to form a complex called chromatin. 

UTX is a chromatin regulator, and controls 
diverse processes including development, 
cell differentiation and cancer suppression4,5. 
It catalyses the removal of transcriptionally 
repressive dimethyl and trimethyl groups 
from lysine aminoacid residue 27 of the 
H3 histone protein (an amino acid dubbed 
H3K27), although many of its functions 
seem to be independent of this demethylase 
activity6. 

UTX also binds to various proteins through 
its tetratricopeptide repeat domains, includ
ing: MLL3 and MLL4, which are the cata
lytic components of larger complexes4; the 
lysine acetyltransferase enzymes CREBBP 
and p300; and several proteins that directly 
remodel chromatin4–6, such as CHD4 and 
SMARCA4. MLL3 and MLL4containing 
complexes add monomethyl and dimethyl 
groups to lysine 4 of H3 histones (H3K4), 
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The protein UTX regulates the DNA–protein complex 
chromatin to suppress tumour growth. Data suggest that the 
ability of UTX to condense into liquidlike droplets underlies 
its chromatinregulating ability. See p.726
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