
(MDVs), which bud from the organelles’ 
membranes7. The protein SNX9 facilitates this 
vesicle-shedding process8, and decreasing the 
levels of SNX9 reduces the amount of mtDNA 
in the cytosol of cells that lack fumarate 
hydratase activity. Might fumarate induce the 
release of mtDNA through MDVs?

Zecchini and co-workers propose one 
explanation for how this pathway might act. 
Previous research indicates that fumarate can 
modify proteins by binding to specific cysteine 
residues — a process called succination9 — and 
Zecchini et al. demonstrate that fumarate 
triggers the rapid accumulation of succinated 
proteins in mitochondria. Perhaps, they sug-
gest, the succination of mitochondrial pro-
teins somehow drives the formation of MDVs. 
Whether mtRNA could also exit through this 
pathway remains to be seen.

Hooftman et al. put forward an alternative 
explanation for how nucleic acids escape — 
that fumarate triggers an increase in the 
electrical potential across the mitochon-
drial membrane, which might be linked to 
the release of mtDNA or mtRNA. They show 
that increasing the mitochondrial membrane 
potential causes mtRNA release and induces 
the expression of interferons in macro phages. 
Another study10 has shown that the loss of 
certain mitochondrial proteins compromises 
mitochondrial-membrane integrity and inter-
nal architecture, leading to an increase in the 
release of mtDNA. The two groups’ hypoth-
eses could fit together, if the mitochondrial 
proteins required for membrane integrity are 
succinated by fumarate.

The finding that fumarate accumulation 
can lead to the release of mtDNA or mtRNA 
to stimulate interferons has implications 
for cancer. Mutations that prevent fumarate 
hydratase from functioning are found in a type 
of cancer called hereditary leiomyomatosis 
and renal cell cancer (HLRCC)11. The presence 
of IFN-I signalling is a marker of a ‘hot’ tumour 
(one that has been infiltrated by immune 
cells), and immune infiltration is frequently 
observed in HLRCCs that involve the mutation 
of fumarate hydratase12. Immune infiltration 
correlates with responsiveness to immuno-
therapy. It will therefore be interesting to see 
whether invoking the release of mtDNA and 
mtRNA therapeutically could elicit immune 
infiltration to improve how a cancer responds 
to immunotherapy. 

There are implications for inflammatory 
diseases, too. For instance, the auto immune 
disease systemic lupus erythematosus 
(SLE) is characterized by high levels of 
IFN-I-dependent inflammation and an increase 
in circulating mtDNA in the blood plasma13. 
Hooftman et al. found that the activity of fuma-
rate hydratase was suppressed in the blood of 
people with SLE compared with healthy indi-
viduals, but it remains to be seen whether the 
reduction in fumarate hydratase activity is 

responsible for inflammation in these people. 
Together, these two studies expand our 

understanding of how the mitochondria 
mediate immune responses. Future research 
should examine whether fumarate accumula-
tion might drive any of the numerous diseases  
associated with IFN-I-dependent inflamma-
tion — from SLE to genetic diseases such as 
Aicardi–Goutières syndrome. Biologists will 
also undoubtedly ask whether fumarate levels 
correlate with immune infiltration in other hot 
tumours.
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If cells do not attach properly to their external 
environment, this typically triggers a regu-
lated process of cell death that helps to main-
tain tissue integrity and removes potentially 
harmful cells1,2. Cancer cells can develop the 
ability to exist without being attached to other 
tissues, which is a key feature enabling their 
survival and spread1. Weems et al.3 report on 
page 517 the discovery of a mechanism that 
enables detached malignant cells to survive 
— one that depends on cellular protrusions 
named blebs4.

Regulated cell death requires the activa-
tion of signalling pathways that induce cell 
elimination1, and cells can evade this process 
by activating opposing signals that promote 
survival. In the system that Weems and col-
leagues studied, cell death is triggered by a 
loss of attachment to surrounding tissues, in 
a process termed anoikis1,2. Thus, although 
some cell types, such as blood cells, can live 
and perform their functions in the absence of 
strong and stable adhesion to their surround-
ings5, detached cells typically undergo anoikis. 

The survival of cells normally eliminated 
by anoikis can lead to adverse clinical conse-
quences, such as the persistence and spread 

(metastasis) of cancer cells6. Therefore, 
identifying mechanisms that control the 
balance between cell survival and death after 
detachment should help in understanding the 
progression and successful implementation of 
normal physiological events, and might also 
shed light on the basis of some diseases.

Cells that migrate and invade tissues 
under low-adhesion conditions often form 
blebs (Fig. 1), which are spherical cellular 
protrusions that are powered by hydrostatic 
pressure4,5,7. In the case of tumour formation 
and metastasis, the presence of blebs is corre-
lated with tumour invasiveness and the activa-
tion of pro-survival pathways7,8. Interestingly, 
on detachment, metastatic cells from the skin 
cancer melanoma form blebs, but, unlike most 
non-malignant cells, they do not undergo 
anoikis. These observations prompted Weems 
and colleagues to explore the mechanisms 
by which melanoma cells evade death in the 
absence of adhesion, focusing on a possible 
role for blebs. 

The authors showed that inhibiting the 
formation of blebs meant that melanoma cells 
lost their ability to evade anoikis. Intriguingly, 
under conditions that facilitated bleb growth, 

Tumour biology 

Bleb protrusions help 
cancer cells to cheat death
Michal Reichman-Fried & Erez Raz

Processes that regulate cell death can rid the body of cancer 
cells. However, some of these cells have ways to thwart such 
processes, and one such death-defying mechanism has been 
found to rely on cellular protrusions called blebs. See p.517 
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the researchers found septin proteins9 located 
on the ‘neck’ of blebs (the border between the 
bleb and the rest of the membrane on the cell 
surface)3. Consistent with the idea that septin 
localization takes its cue from bleb-generated 
membrane curvatures, Weems and colleagues 
demonstrated that interfering with bleb for-
mation or with the ability of septin to sense 
membrane curvature strongly reduced the 
amount of bleb-localized septin.

The authors examined the relevance of 
bleb-dependent septin localization to cell 
death by inhibiting bleb formation. This led 
to the death of detached melanoma cells that 
would otherwise have survived. 

Exploring the molecular mechanisms by 
which anoikis evasion (also described as 
resistance to anoikis) is achieved, the authors 
identified proteins that septins interact with, 
and focused on a mutated form of NRAS, 
a protein that controls cell division and 
survival-signalling pathways. 

Indeed, Weems and colleagues found that 
mutated NRAS was located at positions in 
the cells where septin resides, and that this 
co-localization depended on an interaction 
with septin and blebbing activity. Crucially, 
inhibition of NRAS function interfered with 
the ability of melanoma cells to evade anoikis, 
a result that motivated the authors to exam-
ine the role of signalling cascades that might 
function downstream of NRAS. This, in 
turn, identified pathways dependent on the 
proteins ERK and PI3K, which promote cell 
survival, with PI3K observed to be active at 
sites where septins and NRAS exist together. 
These findings led Weems et al. to suggest 
that the membrane curvatures at bleb edges 
function as sites where pro-survival signal-
ling hubs nucleate, and that these hubs help 

to counteract the anoikis of melanoma cells. 
Importantly, the signalling cascades that 

promote tumour formation are not spe-
cific to cancer cells, but instead represent 
overactivation or inhibition of biochemical 
pathways that normal cells use6. Weems et al. 
showed that the molecular machinery for 
blebbing-controlled anoikis evasion is also 
present in non-malignant cells. Specifically, 
the authors found that enhancing blebbing or 
septin activity can give a non-tumour cell type 
(such as a normal fibroblast cell) the capacity 
to escape anoikis.

Weems and colleagues’ results have broad 
implications for understanding  conditions 
other than melanoma. The findings also 
offer a starting point for investigating vari-
ous physiol ogical processes, and underscore 
the need for suitable microscopy options, 
image-processing methods and analytical 
tools to study this type of phenomenon. 

Although anoikis evasion is studied 
mostly in cancer cells, misregulated 
adhesion-controlled cell death has also been 
described in the context of other conditions, 
such as cardiovascular disease and diabetes1,2. 
Examining the possible involvement of 
bleb formation and the septin-dependent 
NRAS–ERK–PI3K signalling hubs in these other 
conditions might pave the way for interven-
tions and treatments focusing on bleb forma-
tion and septin function. 

Similarly, during normal development 
and in adult life, many migratory cell types 
form blebs, especially under conditions of 
low adhesion5,7. It would thus be interest-
ing to determine whether the survival of 
these cells (such as immune cells called leu-
kocytes) is supported by mechanisms that 
are similar to those revealed by Weems and 
colleagues. Furthermore, although in this case 
the bleb-dependent assembly of the signal-
ling hub functions to interfere with anoikis, 
assembling signalling molecules at the bleb 
neck might be used to activate other signalling 
pathways that are unrelated to anoikis.

The authors used a range of microscopy 
tools in their study, and demonstrate the 
power of an image-acquisition and analysis 
workflow reported in 2019 (ref. 10). Weems 
and colleagues’ work relied on rapid acqui-
sition of 3D high-resolution images coupled 
with unbiased quantitative analysis of features 
of cell shape, mainly blebs in this case. Deter-
mining the subcellular localization of specific 
proteins and protein activities with respect 
to the identified features under different 
experimental conditions aided the formula-
tion of the biological model proposed by the 
authors. Use of these methodologies in various 
contexts is likely to shed light on many other 
dynamic processes that involve rapid altera-
tions in cell shape and cell–cell interactions.

Taken together, the authors’ observations 
have led to the identification of a previously 
unknown cellular and biochemical cascade 
required for the survival of cells under 
conditions of low or no adhesion to their sur-
roundings. Crucially, Weems and colleagues’ 
experiments were conducted in  vitro. 
Ultimately, proving that the proposed model 
is indeed necessary for tumour malignancy 
will require the imaging and analysis of live 
tissues and model organisms. 
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Figure 1 | A system to evade cell death. a, Most cells in the body are attached to tissue. b, When normal cells 
detach from their surrounding tissue, they undergo a process of cell death called anoikis. c, Cancer cells can 
evade this type of destruction, and Weems et al.3 report an example of one such evasive mechanism that is 
used by the skin cancer melanoma. Detached cells form protrusions called blebs; the authors report that 
the ‘necks’ of blebs, which are sites of membrane curvature, provide a location in which a signalling hub can 
assemble. This hub contains the proteins NRAS and septin, and it triggers a cascade of pro-survival signalling 
activity mediated by the proteins PI3K and ERK.
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“Membrane curvatures  
at bleb edges function as  
sites where pro-survival 
signalling hubs nucleate.”
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