
the clock of the auto immune response — that 
is, whether B cells that subsequently arise will 
again in future produce auto antibodies and 
whether disease symptoms will re-emerge. If 
so, we need to know how frequently CAR-T-cell 
treatment should be given. 

The greatest challenge, however, will be 
to identify individuals who have the best 
chances of benefiting from this treatment. 
Moreover, the addition of another CAR that 
targets a different B-cell protein9 might 
produce a better clinical effect than does  
targeting a single protein. Because SLE, unlike 
leukaemia, is a chronic disease and thus might 
require long-term treatment, the possibility of 
further side effects, including uncontrolled 
growth of the CAR T cells, should also be  
considered. 

The community of gut micro organisms is 
disturbed in people with SLE, an aspect that is 
thought to contribute to the disease10. Manipu-
lation of the gut microbes in people with cancer 
has improved the efficacy of CAR-T-cell treat-
ment, and this might also help people with 
SLE11. 

Approaches involving nanotechnology offer 
new methods for cell-targeted delivery of drugs 
and other therapeutics in a precise manner. 
Efforts to deliver CARs to CD8 T cells, using 
nanoparticles tagged with a CD8 antibody, 
could bypass the logistical issues involved in the 
complex procedure for generating CAR T cells 
in the laboratory. Producing CAR T cells cur-
rently costs hundreds of thousands of dollars 
per treatment. Therefore, alternative produc-
tion methods, such as the harnessing of induced 
pluripotent stem cells, could also help to 
advance the use of CAR T cells in treating auto-
immune diseases12. 

Efforts to boost the activity of regulatory 
T cells in suppressing inflammatory responses 
in autoimmune diseases are also under way. 
The generation of CAR-expressing regulatory 
T cells that are not specific to a certain antigen 
should be considered. Such CARs would con-
tain extracellular domains capable of binding 
to cell-surface molecules that enhance the  
activity of any regulatory T cell, thereby offer-
ing a general approach, rather than modulating 
a regulatory T cell depending on the specific 
antigen recognized by the T cell. The many anti-
gens known to underlie autoimmunity in SLE 
make the production of antigen-specific CAR 
regulatory T cells a real challenge13. 

Mackensen and colleagues’ report of a highly 
effective therapeutic tool that shows promise 
for people with SLE, and possibly for those with 
other autoimmune diseases, is exciting. It will 
no doubt generate a flurry of further studies to 
address any open concerns.
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As a cancer grows and changes, its cellular 
lineages evolve through mechanisms that 
echo the evolutionary steps that give rise to 
new species. Although cancers are thought 
to emerge from a single cell, multiple rounds 
of division, mutation and natural selection 
promote cellular diversification, resulting in 
a tumour lineage that forms a ‘tree’ of geneti-
cally related, yet distinct, populations of cells 
called subclones1. These lineages were initially 
thought to function in a relatively independent 
manner. However, it is now known that sub-
clones interact with a diverse array of adjacent 
components that include immune cells, 
connective-tissue cells and a mesh of protein 
structures, which together form a complex 
ecosystem called the tumour microenviron-
ment (TME)2. How different cancer subclones 
emerge, interact with each other, and shape 
and are shaped by the TME, remains to be fully 
understood. 

For a long time, limitations in available 
genomic technologies meant that genetic 
information from cells could not be obtained 
without first breaking tissues down into their 
individual cellular components, thereby losing 
insights into the spatial organization of cells. 
Lomakin et al.3 overcome some of these techni-
cal challenges on page 594, providing evidence 
about the spatial organization of subclones in 
the TME of breast cancer (Fig. 1). 

A fundamental mechanism that drives can-
cer evolution is the emergence and persistence 
of cancer subclones4. This is reminiscent of 
the emergence of species through natural 
selection, as described by Charles Darwin. 
When cancer cells divide, they accumulate 
mutations, leading to genetic diversification. 
A subclone with mutations that confer an 

enduring survival advantage will be ‘fitter’ than 
others, leading to its greater success and sub-
sequent expansion. Environmental factors in 
the local TME can determine subclone fitness. 
Understanding the environmental forces that 
mediate the selection of cancer subclones 
in the TME — the cell types involved and the 
molecular mechanisms that underpin their 
interactions — poses a substantial challenge in 
cancer biology. Moreover, we have yet to fully 
understand the extent to which subclones can 
reciprocally shape the TME to further enhance 
the malignant capacity of the subclone itself. 

Technological limitations offer one reason 
for shortfalls in our understanding of cancer 
evolution. Sequencing of DNA or RNA typically 
involves the dissociation of tissue fragments 
that contain millions of cells, isolation of the 
nucleic acids and processing of the mater-
ial using molecular-biology methods. This 
workflow loses information related to cell 
shape and the local tissue context — a break 
in the forensic chain of evidence, so to speak. 
Researchers consequently have to resort 
to indirect experimental observations and 
statistical probability as a means of piecing 
together cancer evolution as it occurs in 
tissues. Lomakin and colleagues used rounds 
of microscopy analysis to detect different 
RNAs in intact tissue. By integrating multiple 
genomic-based technologies, the authors 
were able to spatially resolve the location of 
distinct cancer subclones in human breast 
cancer tissues, to determine the manner in 
which subclones were genetically related, 
and to define the cell type and features 
(phenotype) of neighbouring cells.

The authors used a method called 
base-specific in situ sequencing (BaSISS) to 
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forming micro-anatomical structures (a mul-
ticellular, micro-TME specific for a particular 
subclone) with slightly overlapping boundaries. 
This is unexpected, given the randomness with 
which cancer cells accumulate mutations dur-
ing cell division — one might expect most cancer 
regions to be a mix of subclones, including the 
parent subclone from which they were derived. 
Furthermore, the composition of the TME asso-
ciated with each subclone was distinctive. In 
a breast cancer that had spread to the lymph 
node, the TMEs of the same subclone in two dis-
tinct locations were more similar than the TMEs 
of two different subclones in adjacent sites. This 
suggests an intimate relationship between the 
TME and the processes that drive natural selec-
tion and growth of a particular subclone.

Cellular shape (morphology) and tissue 
organization — revealed under the microscope 
using histology methods — are central features 
routinely used in cancer diagnosis, classifica-
tion and treatment decision-making. However, 
the relationship between morphology, histol-
ogy, genetic evolution and gene expression 
has yet to be fully elucidated. It is generally 
assumed that genetic evolution is mirrored 
by gradual changes that can be tracked by 
assessing histology and morphology. How-
ever, Lomakin and colleagues find that genetic 
evolution has a complex relationship with 
these two features. For example, when the 

authors compared a malignant cancer sub-
clone and its benign precursor, they found 
that the  cellular morphologies were indistin-
guishable. More in-depth studies using this 
approach will advance our understanding of 
the links between these features, and might 
lead to improvements in the predictive value 
of routine clinical tests.

As with any new technology, there are some 
limitations. The approach requires previous 
knowledge of each cancer’s mutations to gen-
erate probes, acquired using conventional DNA 
sequencing, which thereby adds cost, time and 
experimental complexity. Only a limited num-
ber of genes were detected in each tissue slice; 
this means that only a subset of features can 
be studied in one experiment. Furthermore, 
breast cancer genomes are dominated by cer-
tain types of DNA change, such as alterations 
in the number of copies of a gene6, that are not 
well suited to detection using this method. As 
such, focusing on single-nucleotide mutations, 
as this study does, might be an imperfect solu-
tion to tracing subclonal patterns and evolu-
tion in breast cancer. Nevertheless, Lomakin 
and colleagues have developed a sophisticated 
package of technologies, and provided key 
insights into the spatial patterns that govern 
cancer evolution in TMEs.

In future, this method might enable research 
into the early origins of tumours, well before 
they cause disease. Conventional studies 
of seemingly normal tissues suggest that 
adult tissues are a mosaic of many different 
genetic clones7, but their organization and 
inter actions with connective-tissue cells and 
immune cells are poorly understood. Using 
this method to study adult human tissues from 
individuals who have no overt signs of cancer 
might enable detection of cellular precursors 
to cancer, and thereby help to unravel the evo-
lutionary events that precede the emergence 
of rapidly growing tumours. This, in turn, 
could advance research into the prevention 
and early detection of cancer. 
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spatially map mutations in breast cancer tissue. 
This approach offers an extension of an existing 
method called in situ sequencing5. The authors 
began by using conventional whole-genome 
sequencing to identify the genetic variants 
(alleles) that defined the subclones in a breast 
cancer. Lomakin et al. used this information to 
design short sequences of DNA called probes, 
which could target and specifically detect 
up to 51 of these alleles in the cells of intact 
tissue slices. These probes are attached to a 
fluorescent tag that is activated to produce a 
visible signal at locations where the probe has 
bound to its target. In adjacent tissue slices, 
the authors detected the expression of up to 
150 genes using a similar approach. 

Image-analysis algorithms were then used 
to reconstruct the location of each subclone 
on the basis of the presence of the alleles 
that defined it, and the unique gene-expres-
sion features of its surroundings. BaSISS is a 
complex and sophisticated method that adds 
a spatial dimension to studies of clonal evo-
lution.  This technology addresses a crucial 
knowledge gap: namely, a way to obtain 
integrated genetic, spatial and phenotypic 
information about cancer cells. 

Lomakin et al. report that subclones emerge 
and grow in a more spatially organized manner 
than was previously understood. Each subclone 
was found to occupy distinct regions in tissue, 

Figure 1 | The cellular landscape of breast cancer. a, Lomakin et al.3 investigated the diverse cellular 
lineages called subclones that are found in breast cancer. To map subclone locations and assess the 
neighbouring non-cancerous cells in the tumour microenvironment, the authors examined sliced human 
breast cancer tissue using various methods. Whole-genome sequencing identified tumour mutations. From 
this information, a method called base-specific in situ sequencing (BaSISS) could identify subclone locations 
in the tumour. Gene-expression profiling captured information about tumour cells and neighbouring cells. 
Cell-shape characteristics were scrutinized using histology — such assessments often underlie clinical 
decision-making. Subclones occupied distinct regions that overlapped only slightly (different subclones are 
shown in different colours). b, Examining breast cancer cells in an organ called a lymph node, the authors 
found that one subclone was located in sites called germinal centres and associated with B cells, T cells 
and myeloid cells of the immune system. Another subclone was located in the sinus and predominantly 
associated with myeloid cells. These findings reveal details of the specificity in the interactions between 
subclones and their cellular microenvironment.
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