
six species used in the study are representative 
of the broader community of which they are a 
part, they are only a small fraction of the spe-
cies and life histories in their ecosystem, much 
less those from other ecosystems. Not all eco-
systems are controlled by the same processes, 
and it will be essential to evaluate the effects 

of climate on competitive outcomes more 
broadly. It will also be important to establish 
whether measurable characteristics of species 
exist that are indeed indicative of the species’ 
responses to climate change and other envi-
ronmental drivers. Both of these factors will 
be required for making realistic predictions 
across whole communities of interacting spe-
cies and for evaluating the potential for func-
tionally diverse communities to either buffer 
or exacerbate the impacts of climate change.

The study reveals how climate change can 
have both direct and indirect effects on the 
persistence of species and community diver-
sity. It will also serve as a springboard for 
moving beyond predicting individual species’ 
responses and instead anticipating how the bal-
ance of species interactions might be tipped 
under climate change.
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changing climate than will communities that 
consist of species with similar functions. How-
ever, Van Dyke and colleagues’ results reveal 
that, when species interactions are consid-
ered, communities with greater functional 
diversity might experience more turnover in 
species composition under climate change 
as a result of alterations in competitive inter-
actions, compared with the amount of turnover 
for communities with less functional diversity. 

The authors’ study convincingly demon-
strates that climate can alter the effect of 
competition between species, providing a 
fundamentally new understanding of ecolog-
ical interactions. Furthermore, the results have 
direct relevance for conservation planning. 
First, they confirm the crucial need to con-
sider species interactions when attempting 
to predict the persistence of species in future 
climates. Second, many conservation plans call 
for an increase in the functional diversity of 
species in an ecosystem, under the assumption 
that a greater variety of functions might buffer 
the effects of climate change by favouring some 
species over others, depending on the climate 
outcome. The authors’ results suggest that this 
approach might instead set up communities 
to be less resilient, because it would increase 
the likelihood of changes in the composition of 
the community’s species as a result of altered 
outcomes of competitive interactions. 

Van Dyke and colleagues’ findings provide a 
step forward in terms of linking hard-to-obtain 
field data and predictive models, yet the con-
clusions are inherently limited. Although the 

Figure 1 | Altered outcomes when plant species compete as the climate changes. Van Dyke et al.1 carried 
out a field trial to investigate how a reduction in rainfall affected the persistence of pairs of different plant 
species. Pairs of species received either rainfall at current levels or a comparatively reduced amount of rainfall 
to mimic the expected future climate. The authors found that this modest change in the climate altered the 
outcome of interactions between the pairs of species — whether species coexisted or became extinct — in 
most cases (10 out of 15 pairs tested). The results offer insights into how climate change can have a major 
effect on the diversity of a community of plant species. 
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An autoimmune disease called systemic lupus 
erythematosus (SLE), which mostly affects 
young women, is associated with various 
symptoms resulting from inflammation and 
damage to multiple organs. A multitude 
of disease-causing processes is involved, 
driven by factors that might have immuno-
logical, genetic, environmental and hormonal 
contributors. Writing in Nature Medicine, 
Mackensen et al.1 describe a highly promising 

approach to treating the disease.
The development of SLE involves the full 

arsenal of the immune system (both its adap-
tive and innate branches), and leading the 
way2 are antibody-producing B cells, which act 
abnormally to produce diverse, self-targeting 
antibodies termed autoantibodies. Beyond 
existing treatments such as corticosteroid 
drugs and cell-killing agents, the therapeutic 
tools available for clinical testing usually aim to 

Medical research

Engineered T cells to treat 
lupus arrive on the scene
George C. Tsokos

In an effort to treat systemic lupus erythematosus, T cells of 
the immune system were engineered to become cells known 
as CAR T cells. Their injection into people with the disease 
resulted in clinical and immunological improvement. 
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Figure 1 | Engineered cells for the treatment of an autoimmune disease. 
Mackensen et al.1 report the results of a clinical trial that tested a therapy for 
the disease systemic lupus erythematosus (SLE). Immune cells called T cells 
were taken from each individual with SLE, and engineered in the laboratory 
to express a receptor protein called a chimeric antigen receptor (CAR). This 
receptor consists of an extracellular domain that can bind to the protein CD19, 

a transmembrane (TM) structural domain, and an intracellular signalling domain 
that mediates immune cell responses, such as helping to unleash cell-killing 
activities. A population of engineered cells was generated, and the cells were 
returned to the same individual. These CAR T cells enabled the destruction of 
CD19-expressing immune cells called B cells that contribute to SLE. The approach 
gave promising clinical results during the trial period.
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suppress the immune system’s active defence 
mechanisms, and to empower regulatory com-
ponents that could dampen autoimmunity. 
Previous efforts to treat SLE using antibodies 
to deplete B cells were unsuccessful3, although 
the technique might be suitable for certain 
people with the disease. 

The authors took the approach (Fig. 1) of 
using T cells of the immune system that had 
been engineered to express a modified version 
of a protein called a chimeric antigen receptor 
(CAR). The CAR enables T cells to recognize 
protein fragments called antigens on other 
cells and to trigger a signalling cascade that 
leads to cell-killing activity directed at the anti-
gen-bearing cell. The CAR molecule consists of 
three parts: an extracellular structural domain 
that can bind to a specific antigen of choice; 
a transmembrane region; and intracellular 
signalling domains. The use of CAR T cells to 
destroy harmful cells is being used successfully 
to treat a growing list of cancers4. 

The therapeutic success of CAR T cells in peo-
ple with blood cancers such as leukaemias and 
lymphomas, along with the lack of serious side 
effects4, had previously prompted research-
ers5 to test these cells for treating autoimmune 
diseases. For this, the CAR was engineered to 
recognize the protein CD19, which is a hallmark 
of B cells. Indeed, B-cell depletion in two strains 
of lupus-prone mice was more effective with 
CD19-targeting CAR T cells than when antibod-
ies were used to deplete the B cells5. Incomplete 
depletion of B cells is one possible reason that 
B-cell-depleting antibodies have failed to be 
licensed by the US Food and Drug Administra-
tion for treating SLE. Mackensen et al. argue 
that CD19-targeting CAR T cells offer a way to 
substantially deplete B cells in people with the 
disease. 

The authors used CD19-targeting CAR 
T cells to treat five people who had active signs 
of the disease in several organs and who had 
failed to respond to treatment with various 

drugs. T cells were obtained from the blood 
of these individuals, engineered to introduce 
the CD19-targeting CAR and their numbers 
boosted during growth in  vitro. To make 
‘space’ for these CAR T cells to populate the 
body, immune cells derived from the individu-
als’ bone marrow were first depleted (a process 
termed myeloablation) using high doses of 
two cell-killing drugs, and the CAR T cells were 
then infused into the body. By the third month 
after treatment, all laboratory test results for 
the individuals were within normal values 
and clinical signs of SLE had subsided. Clini-
cal and laboratory evidence that the disease 
was dormant persisted during the 4–16-
month follow-up, and other features of the 
illness (lung- and heart-tissue problems called 
fibrosis, and nephritis, a kidney condition) had 
cleared. 

Side effects relating to excessive release of 
immune-signalling molecules called cytokines, 
which can be a problem with CAR-T-cell 
treatment, were minimal. Only one person 
required blockade of signalling mediated by 
the cytokine interleukin-6, and immune-cell-
related neurotoxicity, which has been reported 
in people with cancer who received CAR-T-cell 
therapy, was not observed. 

The authors extensively discuss the 
limitations of this first promising treatment 
of SLE using CAR T cells. Various concerns 
need to be addressed before it can be claimed 
that these cells offer a panacea for SLE. The 
contribution of myelo ablation to the improve-
ments seen in the treated individuals cannot 
be under estimated. Although this is needed to 
generate space in the recipient’s body for the 
CAR T cells, the effect of infusion of CAR T cells, 
without myeloablation, needs to be assessed 
in a controlled manner. Alternatively, because 
the drug cyclophosphamide, which is gener-
ally used to achieve myelo ablation, can cause 
sterility, other approaches could be taken, 
such as antibody-induced depletion of cells 

that express the protein CD45, which is a 
hallmark of all immune cells. 

Of the T cells that were retrieved from each 
person, about one-third were engineered suc-
cessfully, and they probably randomly included 
various types of T cell: CD4 T cells, CD8 T cells 
and CD3, double-negative T cells (which lack 
both CD4 and CD8)2.  People with SLE com-
monly have a large population of double-neg-
ative T cells, which are associated with disease 
— they release proinflammatory molecules and 
help B cells to produce auto antibodies. 

This leaves open the question of which of the 
cell subsets expressing the CAR are responsi-
ble for the observed effects. If CD8 T cells 
are responsible, how can repair of the organ 
fibrosis be explained, given that CD8 T cells 
are thought to function in immune-system 
defences such as cell-killing activities rather 
than aiding tissue repair? It is possible that 
some of the other cell subsets might account 
for the tissue repair. A type of CD4 T cell called 
a regulatory T cell can repair injured tissue6, 
and so perhaps such a cell was engineered with 
the CAR. 

Would the engineering of CD8 T cells alone 
achieve better results? The cell-killing ability of 
CD8 T cells is compromised in people with SLE 
and might account for their increased rates of 
infection compared with those in people with-
out the condition, and for the autoimmunity 
itself, if self-reactive immune cells are not 
killed7. Undoubtedly, follow-up studies will 
address the mechanisms involved. 

Although CD19 CAR T cells can be considered 
to be more effective in depleting B cells than are 
B-cell-targeting antibodies, B cells almost cer-
tainly remain in certain sites in the bone mar-
row or elsewhere in the body where immune 
cells are known to hide8. Mackensen and col-
leagues report that B cells (in a state described 
as naive) reappeared a few months later, indi-
cating that some B cells had escaped depletion. 
It is not known whether the depletion ‘resets’ 
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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 

Tumour biology

Spatial maps of genetically 
diverse breast cancer cells
Ghamdan Al-Eryani & Alexander Swarbrick 

The generation of spatial maps that detail molecular 
and genetic information for the diverse cells and tissue 
environment of breast tumours offers insight into the factors 
that drive cancer progression. See p.594
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