
analysed in their live-imaging experiments, 
to perform single-cell transcriptomics  — 
gene-expression profiling of individual cells. 
Because single-cell transcriptomics allows a 
broad and unbiased survey of the genes and 
proteins expressed by each cell, it can be highly 
informative for ascribing cellular identity and 
for characterizing cellular dynamics during 
development2,8. Using this approach, Morita 
and colleagues identified a population of 
cells expressing bulge stem-cell markers at 
the earliest stages of placode development. 
Through mathematical modelling of cells at 
all assessed time points, the authors deter-
mined that these marker-expressing cells 
differentiate into bulge stem cells in the early 
placode6, long before the time point at which 
such differentiation was previously reported 
to occur12. 

These stem-cell precursors expressed the 
gene that encodes SOX9, consistent with pre-
vious reports13. However, through further 
cell-lineage tracing and live imaging, these 
precursors were unequivocally demonstrated 
to originate from the previously unidentified 
peripheral ring zone of the early placode. This 
newly posited spatial localization will prob-
ably require a re-examination of previous 
findings related to bulge stem-cell precur-
sors and re open questions of the regulatory 
conditions necessary for the induction of this 
cell population.

Although the authors’ study makes huge 
strides in dissecting how different cell popu-
lations contribute to the mature hair follicle, 
it also invites many questions, the most com-
pelling of which is how the concentric zones 
in the placode are established. It is likely that 
various elements contribute to the forma-
tion of these zones, such as diffusible factors 
secreted by other epidermal and dermal cells 
(including specialized dermal cells clustered 
directly below where placodes form14). By 
improving our understanding of hair-follicle 
development, future studies might unveil ways 
of generating hair follicles de novo that could 
eventually be used in hair-replacement thera-
pies. However, unlike the routes taken by cells 
on their developmental journeys to their final 
destinations in the mature hair follicle, the 
pathway to such applications is still unclear. 
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Efforts to treat tumours that have spread 
from their initial site in the body to grow else-
where are often unsuccessful. Such tumours, 
called metastases, are the main cause of 
cancer-related deaths, so finding a way to con-
trol them is crucial to meeting this medical 
need. Before metastases begin to grow, cancer 
cells might have already migrated from the pri-
mary tumour to seed various other sites (a pro-
cess called metastasis), where they can remain 
dormant for long periods of time. Surveillance 
by immune cells is known to help to maintain 
this dormancy1, but the mechanisms involved 
in the switch from dormancy to the growth 
of metastases have been unclear — until now. 
On page 566, Correia et al.2 report the pivotal 
role of natural killer (NK) cells in controlling 
the development of liver metastases arising 
from breast cancer.

NK cells are part of the innate branch of 
the immune system. They can kill other cells 
and produce soluble messenger molecules, 
called cytokines and chemokines, that reg-
ulate immune responses3. The ability of NK 
cells to detect and eliminate a wide array of 
tumour cells directly, and their capacity to 
shape antitumour immune responses by mak-
ing cytokines or chemokines, have led to the 
development of clinical strategies that harness 
their anticancer functions3–5. 

Several studies have suggested that NK cells 
specialize in eliminating metastases rather 
than targeting tumour cells at their primary 
site of growth6. For some cancers, people who 
have more tumour-infiltrating NK cells seem 
to have fewer metastases, as seen in those with 
cancers such as gastrointestinal sarcoma, 
and gastric, colorectal, renal or prostate car-
cinoma3,6. The depletion or dysfunction of 

NK cells in mice also results in an increase in 
metastases3. By contrast, when their normal 
regulation is removed, NK cells protect against 
the spread of tumours to the liver and lungs7. 
Tumour cells entering dormancy downregu-
late their expression of ligand molecules that 
can activate NK cell receptors, and become 
resistant to killing mediated by NK cells8. 

Correia and colleagues decided to further 
investigate the composition and dynamics 
of tumour cells in dormancy. One approach 
they took was to study the gene-expression 
profile of human and mouse breast cancer 
cells transplanted into mice. These cells 
underwent metastasis to reach sites such as 
the liver, where they became dormant tumour 
cells. The authors assessed genes expressed 
by cells in the vicinity of the dormant tumour 
cells in the surrounding stromal tissue. These 
data revealed a gene signature associated with 
responses mediated by NK cells. Furthermore, 
Correia et al. compared the areas around 
dormant tumour cells with those in tumour-
free livers, and found that NK cells were the 
only type of immune cell to increase in num-
ber during dormancy. This suggests that NK 
cells have a crucial role in events that block the 
reawakening of dormant tumour cells (Fig. 1). 

Consistent with this hypothesis, the authors 
report that depleting NK cells in a mouse 
tumour model then led to higher levels of 
metastases in the liver. However, if NK cells 
were boosted using the cytokine IL-15, this pre-
vented the formation of liver metastases and 
tumour cells remained dormant. The authors’ 
results demonstrate that the size of the pool of 
NK cells in the liver environment determines 
whether dormancy occurs or metastases form. 

The liver environment associated with 
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Natural killer cells lull 
tumours into dormancy
Noella Lopes & Eric Vivier

Natural killer cells can drive spreading cancer cells to enter a 
state of dormancy. That finding, together with the discovery 
of a pathway that hinders this antitumour function, could spur 
the development of new treatments. See p.566
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dormant tumour cells contained NK cells 
producing the cytokine interferon-γ (IFN-γ). 
Correia and colleagues report that, in vitro, 
adding IFN-γ can nudge cancer cells into dor-
mancy — consistent with the idea that IFN-γ has 
a key role in controlling the cancer dormancy 
mediated by NK cells. 

Might other factors disrupt NK cells and 
thereby promote the formation of metas-
tases? A clue to this came from the authors’ 
discovery that a pool of activated hepatic stel-
late cells found in the mouse liver increased 
when tumours switched from dormancy to 
forming metastases. Hepatic stellate cells have 
been identified as the main disease-driving 
population of cells for a condition called 
hepatic fibrosis9, in which the liver becomes 
damaged and scarred. These changes often 
precede tumour formation. The accumulation 
of activated hepatic stellate cells occurs at the 
same time as a decline in NK cells, owing to a 
decrease in NK-cell proliferation. The authors’ 
results suggest that activated hepatic stel-
late cells promote metastases in the liver by 
inhibiting NK cells, thereby disrupting cancer 
dormancy. 

Correia et al. found that hepatic stellate 
cells secrete the chemokine CXCL12, which 
has been implicated in aiding the directional 
migration of breast cancer cells10. Organs that 
express the highest levels of CXCL12 are the 
most common sites of metastasis in human 
breast cancer10. Human NK cells in the liver 
have a receptor, called CXCR4, that recog-
nizes CXCL12. Correia and colleagues report 
that activated hepatic stellate cells hamper 
the function of NK cells in the liver through 
CXCL12–CXCR4 interactions that halt the pro-
liferation of NK cells, thereby tipping the scales 
from tumour dormancy to the promotion of 

metastasis. This study thus reveals a previ-
ously unknown function of CXCL12 in altering 
NK-cell-mediated immunity, in addition to its 
known effects on tumour cells10. 

The authors next examined pairs of 
human biopsy specimens from metastases 
and healthy adjacent liver tissue, taken from 
people with breast cancer. Consistent with 
the data from mice, the analysis showed that 
activated hepatic stellate cells accumulated 
in metastases, and that their abundance was 
inversely correlated with that of NK cells. 
The authors’ analysis of published gene-ex-
pression data for colorectal cancer that has 
metastasized to the liver revealed the same 
association, suggesting that this cellular cross-
talk might be relevant for the growth of other 
types of spreading cancer. 

Several questions remain to be answered. 
For example, the mechanisms underlying 
the accumulation of NK cells associated with 
dormant tumour cells and the triggering 
of IFN-γ production in these circumstances 
remain to be fully determined. It is not com-
pletely clear how CXCL12 that is secreted by 
activated hepatic stellate cells hinders the 
function of NK cells. Furthermore, determin-
ing whether the CXCL12–CXRC4 axis awakens 
dormant tumour cells in humans is of utmost 
importance, and, if so, in which types of cancer. 

Finally, the similarities between NK cells 
and another sort of immune cell called type 1 
innate lymphoid cells (ILC1) should prompt 
further investigation of the role of ILC1 in con-
trolling metastasis3. Indeed, these cells have a 
complex role in tumour responses11,12. Correia 
et al. excluded ILC1 as having a role in con-
trolling metastases, because they observed no 
notable changes in the level of these cells when 
comparing tumour dormancy and metastases 

in the liver. However, the lack of a specific 
ILC1-deficient mouse model means that it is 
not possible to precisely dissect the respec-
tive roles of NK cells and ILC1 in the control of 
metastasis, leaving a key question unresolved. 

By showing that the IFN-γ-driven effects 
of NK cells maintain breast cancer cells in a 
dormant state, Correia and colleagues have 
revealed that NK cells have other and pre-
viously unsuspected anticancer capacities. 
This finding paves the way for the develop-
ment of cancer treatment strategies that 
prevent dormant reservoirs of tumour cells 
from awakening. For instance, molecules that 
strongly stimulate the IL-15 pathway in NK cells 
are already available. These IL-15 superago-
nists, such as ALT-803 or NKTR-255, are being 
tested in clinical trials3,5, and the rationale for 
their use should now also take into account 
the role of NK cells in controlling dormant 
tumour cells. 

Furthermore, drugs that inhibit CXCR4 are 
being developed. It would be interesting to 
determine whether these inhibitors could 
help to sustain the activity of NK cells in 
maintaining tumour dormancy. In addition, 
engineered antibodies called NK cell engag-
ers, which can stimulate NK cells and form a 
bridge that connects them to tumour cells, 
offers another way to promote the function 
of NK cells13. Current clinical trials are also 
testing various approaches to manipulate 
NK cells for therapeutic benefit3–5. Besides 
the well-characterized effects of NK cells in 
tumour immunity, Correia and colleagues’ 
work further highlights the possible advan-
tages of harnessing NK cells to target cancers. 
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Figure 1 | Interactions that affect the dormancy of tumour cells. Correia et al.2 report mouse and human 
evidence indicating that a type of immune cell called a natural killer (NK) cell has a key role in preventing 
the growth of spreading tumour cells, called metastases. a, The molecule IL-15 drives NK cells to proliferate, 
and these cells secrete the protein IFN- γ, which keeps breast cancer cells that have migrated to the liver in a 
dormant state. b, Exit from this state of dormancy is associated with activated hepatic stellate cells, which 
secrete the molecule CXCL12. CXCL12 binds to the CXCR4 receptor on NK cells. This results in NK cells ceasing 
to divide and stops them from promoting tumour dormancy. The tumour cells proliferate as a consequence. 
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