an effectiveimmune response. In the absence
of co-stimulation, activation through the TCR
can lead to a state of T-cell non-responsive-
ness called anergy, or to the related state of
exhaustion. Prolonged activation of the TCR
without co-stimulation can lead the T cell to
undergo a form of programmed cell death
called apoptosis.

The addition of a co-stimulatory signal
such as CD28 is notable because this signal
hasalsobeenincorporatedinto another type
of immunotherapy called chimaeric-antigen
receptor T cell (CAR-T) therapy?®, in which a
receptor is engineered to both recognize a
cancer-cell antigen and include T-cell acti-
vation domains such as CD3 and CD28. The
main reason for including a CD28-binding
domain in the trispecific antibody is T-cell
co-stimulation. However, CD28 is also fre-
quently expressed by multiple myelomacells,
so this might increase the antibody’s affinity
for the myeloma cells, and thus enable it to
bind to cells in which CD38 is low, absent or
masked by previous daratumumab therapy.

To confirm that the CD28-binding domain
augmented the trispecific antibody’s activity,
the authors made versions of the antibody in
which different combinations of the three
binding domains were mutated. They tested
these versions in ‘humanized’ model mice,
which had human T cellsand human myeloma
cells. A functional CD28-targeting domain
boosted T-cell activation above that observed
using antibodies lacking this domain. This
augmented T-cell activation drove T-cell
proliferation and the expression of the
anti-apoptotic protein Bcl-xL in T cells, sup-
porting the authors’ hypothesis that having
a co-stimulatory signal would prevent T-cell
apoptosis. The presence of the CD28-targeting
domain on the antibody boosted the ability
of T cells to kill different myeloma cell lines
invitro and in the humanized mouse model,
even at the lowest antibody dose tested.

The main limitation of this study is that the
risk of aside effect called cytokine release syn-
drome (CRS), which can occur if the immune
system is highly stimulated, is unknown. In
CRS, the simultaneous activation of many
T cells causes excessive release of signalling
molecules called cytokines from cells of the
immune system, which drives inflammation.
CRS can occur with bispecific antibodies and
with CAR-T. It typically manifests as fever,
but can progress to fatal multi-organ failure
in severe cases®.

The authors report cytokine-related
toxicities with their trispecific antibody when
administered to monkeys by intravenousinjec-
tion, but toxicity was less if it was delivered
under the skin (subcutaneously) instead,
leading to a more gradual exposure to the
antibody. It is reassuring that the inclusion
of the CD28-targeting domain did notlead to
overwhelming CRS in these tests. However,

a key caveat is that the amount of CD38 in
monkeys is much less than in people with
multiple myeloma, and the higher amount of
CD38, and thus of antibody-mediated T-cell
activation, would probably increase the risk
of CRS in humans. But in terms of possible
negative effects of the antibody on healthy
non-cancerous cells, it is reassuring that only
transient decreases in the number of normal
white blood cells that express CD38, such as
lymphocytes and myeloid cells, were observed

“Targeting cancer using
atrispecificantibody is
animportant conceptual
advance.”

inmonkeys treated with the antibody. Another
limitation of the study is that the authors did
not assess whether this trispecific antibody
format might trigger an immune response
against the antibody and cause its rapid
destruction.

Targeting cancer usingatrispecificantibody
isanimportant conceptual advance, building
on previous work by this group” on a trispe-
cific antibody that targets HIV. For multiple
myeloma, fresh therapeutic approaches are
needed, because even the most potent emerg-
ing therapies, including a CAR-T that targets

Microbiology

anantigen called BCMA, are only temporarily
effective for most people® ™, A trispecific
antibody is a flexible platform that might
offer a way to deliver precise combinations
of immunomodulatory signals (for example,
a co-stimulatory signal and a checkpoint
blocker) specifically in the tumour micro-
environment, which might be safer and more
effective than the systemic administration of
combinations of individual, single-specificity
immunomodulatory antibodies. Such efforts
to make immunotherapy more precise and
potent thanitis at present might be necessary
to broaden the reach ofimmunotherapy to
include the many types of cancer that have so
far proved difficult to target.
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Microbial clues

toaliverdisease

MarthaR. J. Clokie

Treatment options are limited for alcoholic hepatitis, a liver
disease associated with high alcohol intake. Studies in mice
reveal that the microorganisms responsible for this condition
canbe tackled by a viral treatment. See p.505

In 1984, the microbiologist Barry Marshall
notoriously used himself as an experimen-
tal subject for his research, and drank the
contents of a flask containing the bacterium
Helicobacter pylori as part of his efforts to
demonstrate that bacteria cause stomach
ulcers'.On page 505, Duan et al.> do not report
taking such drastic action to investigate
a bacterial connection to disease. Never-
theless, their careful analysis of a liver dis-
ease called alcoholic hepatitis, in studies of
mice and analysis of samples from people
who have the disease, also provide atten-
tion-grabbing evidence for the involvement
of asuspected bacterial culprit.

© 2019 Springer Nature Limited. All rights reserved.

Alcoholic hepatitis is a poorly understood
conditionrelated to high alcoholintake, and is
difficultto treat. Previous experimentsin mice
have hinted that the gut-dwelling bacterium
Enterococcus faecalis might be involved®. How-
ever, E. faecalisis usually thought of as an old
friend that inhabits the guts of many animals
across the evolutionary tree, from humans
to nematode worms*. This species usually
represents less than 0.1% of all the bacteria
in faecal samples from healthy people’. How-
ever, after antibiotic treatment, bacteria of
thegenus Enterococcusincreasein prevalence
to become one of the most common types of
microbe in the gut®. E. faecalis can infect the
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blood, heart, bladder and brain, and teeth that
have undergone root-canal surgery”®,

Duan and colleagues analysed human faecal
samples. Theyidentified £. faecalisinthe stools
of about 80% of people with alcoholic hepatitis
that they tested, and about 30% of the strains
of E. faecalis present had genes thatencode a
toxin called cytolysin. Furthermore, people
withthe disease had almost 3,000 times more
E.faecalisintheir stool samples than did peo-
plewho did not have alcoholic hepatitis. That
isn’t concrete proofthat the disease is caused
by this bacterium. However, the authors’
data also show that the presence of cytolysin
in stools correlates with mortality — 89% of
the people whose faecal samples contained
cytolysin died within 180 days of hospitaliza-
tion, compared with only 3.8% of the people
who had alcoholic hepatitis but whose stool
samples lacked the toxin.

The authors next examined the connec-
tion between E. faecalis and liver disease
in mice. The animals were colonized with
strains of E. faecalis that either did or didn’t
make cytolysin, and some were then fed a
high-alcohol diet, with others given an alco-
hol-free diet. Only the mice on the high-alcohol
diet and that had been colonized with cyto-
lysin-producing E. faecalis developed liver
damage (Fig. 1a).

Then, using germ-free mice (which had
no natural microorganisms), the authors
transplanted stool samples from people with
alcoholic hepatitis that contained E. faecalis
strains in which cytolysin was either present
or absent. Mice on a high-alcohol diet that
were colonized with stools containing cyto-
lysindisplayed arange of signsindicatingliver
damage and the death of liver cells, whereas
animals on such a diet and colonized with
stools lacking cytolysin showed no major signs
of liver damage.

To understand the disease-causing
mechanisms, the authors isolated liver
cells from the animals, and found that cell
death in response to cytolysin exposure was
dose-dependent. The response to cytolysin
was the same whether or not the mice had
received a high-alcohol diet. This suggests
that, rather than alcohol causing alcoholic
hepatitis by damaging the liver cells, dam-
age arises because alcohol increases the
permeability of the gut lining to allow cyto-
lysin-producing E. faecalis to reach the liver
and cause disease symptoms (Fig. 1a).

Given the limited treatment options for
alcoholic hepatitis, the authors investigated
whether steps might be taken to develop a
therapy that exploits bacterium-targeting
viruses called bacteriophages, or phages for
short. Phages have the advantage over anti-
biotics of being highly specific, and so avoid
also killing beneficial bacteria. Furthermore,
because the surface of a human cell differs
substantially from that of a bacterial cell,
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Figure 1| Alcoholic hepatitis. Duan et al.’ report studies in mice of a liver disease called alcoholic hepatitis,
and analysis of faecal samples from people who have the disease. a, The authors report that alcoholic
hepatitis is associated with the presence of a strain of the gut-dwelling bacterium Enterococcus faecalis
that makes a toxin called cytolysin. These bacteria damage or kill liver cells, and the authors suggest

that a high-alcohol diet increases gut permeability, thereby enabling the bacteria to move from the gut

to theliver. b, To investigate possible new treatments for the disease, the authors explored the use of
bacterium-targeting viruses called phages that specifically act on cytolysin-producing E. faecalis. When
treated with these phages, E. faecalis-infected mice given a high-alcohol diet did not develop liver disease.

phages aren’t thought to infect animal or
human cells’.
Phageshavebeenusedtoremove Salmonella
and Shigella bacteria from infected human
intestines for almost 100 years'. They have
alsobeen used to remove the disease-causing
bacterium Clostridium difficile from artificial
intestines, and from hamstersinfected with this
bacterium™™ It has been suggested that they
might one day be used in humans or animals
to remodel the composition of the commu-

“This study demonstrates
the advantages of using
phagesindetective work.”

nity of gut microorganisms (the microbiota),
to produce a healthier microbiota consisting
of more bacteria associated with good health
and fewer associated with disease®. The poten-
tial of . faecalis-targeting phages to tackle
human diseases is already being discussed’,
and phages cankill antibiotic-resistant strains
of E. faecalis associated withhumanbone and
wound infections*** and dental cavities™. Fur-
thermore, phages are being developed for use
inthe foodindustry toremove E. faecalisfrom
cheese cultures to prevent the production of
toxic waste products”.

To test whether a method could be
developed to specifically remove cyto-
lysin-producing E. faecalis from mice,
the authors identified some phages that

© 2019 Springer Nature Limited. All rights reserved.

target these bacteria (Fig.1b) but leave other
gut bacteria unaffected. Mice that received
human stool samples and a high-alcohol
diet and that were given E. faecalis-targeting
phages had less liver damage than did mice
given phagesthatkilled a different bacterium
not usually found in animals.

This study demonstrates the advantages of
using phagesin detective work to investigate
the contributions of microbes to disease. The
authors show that phages canbe usedtoiden-
tify disease-causing bacterial components,
and also raise the possibility that phages
might offer potential treatment options. Fur-
ther tests, including clinical trials, would be
required to assess whether a phage approach
would be usefulin ahuman context. For exam-
ple, phage treatment might help to target
E. faecalisin the gut before a person receives
aliver transplant.

In Duan and colleagues’ study, the phages
couldtreatadiseaseinwhicha causal compo-
nentisabacterium thatnormally residesinthe
gut, even though the disease siteis elsewhere
in the body. Although much phage research
focuses on the use of these viruses to treat
diseases associated with antibiotic-resistant
bacteria, the workby Duan et al. raises the pos-
sibility of amuch wider clinical role for them.
There is growing evidence that gut microbes
can affect the function of certain cells in the
brain, and studies are ongoing to determine
whether such microbes have a role in human
brain diseases (see go.nature.com/2cp1kfk).
Perhaps phages could become part of the next



generation of targeted antimicrobial therapies
for diseases that are currently difficult to treat.
Indeed, there might be many diseases that we
currently don’t realize have a microbial com-
ponent, and which could be tackled by phages.
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Virtual and augmented
reality enhanced by touch

Xiao-ming Tao

Conventional technologies for virtual and augmented reality
simulate interactive experiences through visual and auditory
stimuli. A technology that adds sensations of touch could find
uses in areas from gaming to prosthetic feedback. See p.473

Human sensation includes the commonly
known senses and less-recognized onessuch as
thirst, hunger and balance. Stimuli detected by
sensory receptors are encoded into electrical
signals that move along neural pathways to spe-
cificparts of the braintobe decoded into useful
information. The whole process is complex.
Forinstance, the sense of touchisacollection
of several sensations, encompassing pressure,
painand temperature, and touchreceptorsare
stimulated by a combination of mechanical,
chemical and thermal energy. Until now, it has
been a great challenge to incorporate sensa-
tions of touch into virtual and augmented
reality. But on page 473, Yu et al. report a skin-
integrated technology that applies pressure,
vibration or motion to the user, enabling com-
munication between the user and a machine
for virtual and augmented reality (X. Yu et al.
Nature 575,473-479;2019).

The authors’ technology consists of a soft,
lightweight sheet of electronics that adheres
to skin, and conforms to the body’s shape,
in a convenient, non-invasive and reversible
manner (Fig. 1). The sheet contains arrays
of vibratory actuators — mechanical com-
ponents that convert electrical energy into
vibrations. Each actuator comprises two
connected parts: a coil of copper wire sealed
inan acrylic base, and a permanent magnet

mounted onapolymerbeam. Whenan electric
current passes through the coil, the magnet
vibrates at the same frequency as that of
the current.

Each actuator has a mass of only 1.4 grams
and is millimetre-sized (12-18 mmin diameter

and 2.5 mm thick). Given that humanskin can
detect submillimetre-scale touch patterns,
one might question whether the actuators
can be scaled down. The authors proposed
a method to achieve such miniaturization
and tested it by running simulations. They
found that the diameter and thickness of each
actuator couldinfuturebereduced by afactor
often and three, respectively.

Akey feature of Yuand colleagues’ deviceis
thatitsactuator arrays are wirelessly powered
and controlled. Itis therefore less cumbersome
thanwearable platforms that require connect-
ingwires orinternal batteries. The system uses
aprimary antenna for power transmission, a
few other antennas for controlling and driving
theactuators,and anintermediate antennato
boost the power harvested from the primary
antenna. Yu et al. found that the inclusion of
the intermediate antenna increased the col-
lected power by a factor of about three. The
authors carried out simulations to confirm
that their device complies with guidelines
from the US Federal Communications Com-
mission and the Federal Drug Administration
regarding safe levels of radiation exposure and
tissue absorption.

The distance between the power source
and the platform needs to be less than about
one metre, making the technology suitable for
certainapplicationsinvirtual and augmented
reality. Yuetal. describe three particular exam-
ples. In the first one, a girl touches a screen
thatdisplays avideo feed of her grandmother;
the grandmother senses the touch through
devices on her hand and arm. In the second
example, aman who has alower-arm ampu-
tation grasps an object using a prosthetic
arm that has arobotic hand; a device on his
upper arm generates a pattern of sensation
thatreproduces the object’s shape. In the third

Actuator

N\
@~ Vibration
-

N

Touch-based
device

Figure1|Sense of virtual touch. Yu et al. present a device for incorporating touch-based sensations in
virtual and augmented reality. The device consists of a lightweight sheet of electronics that softly laminates
onto the skin. In this simple example, a touch screen displays a video feed of a person wearing the device, and
asecond person touches the image of the device on the screen. Mechanical components called vibrational
actuators apply vibrations to the skin of the person wearing the device, providing a sense of virtual touch. The
colours of the actuators represent their degree of activation from low (yellow) to high (red).
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