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News & views

Immunology

A neurotransmitter limits
antitumour responses

Daniel L. Kaufman

Analysis of immune cells shows that, unexpectedly, B cells
secrete GABA, amolecule best known as a neurotransmitter.
B-cell-derived GABA can modulate immune responses against
tumours, raising the prospect of new therapies.

Efforts to better understand how immune
cells function hold the promise of providing
information that might lead to improved
clinical treatments. Writing in Nature, Zhang
etalpresentresults that point the way to the
development of new approaches to enhance
anticancer therapies.

The authors investigated changes in
metabolite molecules thatoccurred in mouse
lymph nodes — a tissue rich in immune cells
— after the animals had been exposed to a
foreign protein throughimmunization. Using
state-of-the-art technologies, Zhang and col-
leagues compared the metabolites in lymph
nodes near the immunization site with those
inlymph nodes onthe opposite side of the ani-
mal’s body. They found that levels of around
200 metabolites were significantly different
in lymph nodes near the immunization site,
particularly metabolites associated with
activation of a system called the glutamate
pathway.

Zhang and colleagues repeated this
experiment using mice deficient in immune
cells called B cells and T cells, and, by
comparing these animals with those not
lacking immune cells, found that the pre-
dominant metabolic changes after immu-
nization occurred in B cells (which are
antibody-producing cells). Surprisingly, the
major metabolite upregulated in response
to immunization was y-aminobutyric acid
(GABA), which was not previously known
to be made by B cells. GABA acts as a neuro-
transmitter in the brain, with key roles
in neurodevelopment. It is linked to certain
neurological disorders?, and is produced
through the glutamate pathway.

Toexplore GABA synthesisinimmunecells,
the authors investigated B cells and T cells
from mice and humans. They activated the

cells invitro using antibodies that bound to a
key defence receptor on the cells. They then
exposed the cells to a pulse of an amino acid
called glutamine that was labelled with aniso-
tope, and traced its metabolism. As expected,
the glutamine was converted into glutamate,
a molecule that was then made into GABA
by the enzyme glutamic acid decarboxylase
(two versions of this enzyme are dubbed
GAD65 and GAD67). Levels of labelled GABA
in B cells, but notin T cells, increased follow-
ing activation of the cell, and B cells secreted
labelled GABA. The authors report that T cells

do not express GAD65 or GAD67, whereas
B cellsexpress GAD67. Together, these results
demonstrate thatimmune stimulationinduces
mouse and human B cells to synthesize and
secrete GABA (Fig.1).

Previous studies investigating auto-
immunity found that T cells express type A
GABA (GABA,) receptors. Activation of these
receptors through GABA binding opens a
chloride channelinthereceptor. Thisopening
leads to the inhibition of inflammatory types
of T cell called helper CD4 T cells and killer
CDS8T cells®**¢, and both T-cell types are key
contributorsto tissue damage in autoimmune
disease. Activation of GABA, receptors also
boosts the numbers of a type of T cell called
aregulatory T cell, which dampens inflam-
mation®”. Other cells of the immune system,
called antigen-presenting cells, also have
GABA, receptors. They include macrophages,
dendritic cells and NK cells, which aid defence
by presenting fragments of foreign proteins
called antigens to T cells. The activation of
GABA, receptors onthese antigen-presenting
cellsreduces their pro-inflammatory proper-
ties*®°. Several laboratories have harnessed
the anti-inflammatory actions of molecules
thatactivate GABA, receptorstoinhibitauto-
immunity in mouse models of diseases such as
type 1diabetes, multiple sclerosis and rheuma-
toid arthritis, as well asto tackle severe disease
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Figure 1| Release of GABA by B cells inhibits antitumour responses ofimmune cells. Zhang et al.' report
that mammalianimmune cells called B cells secrete the molecule GABA, which is also a neurotransmitter
inthe brain. B cells synthesize GABA when they detect a protein fragment called an antigen (from a foreign
protein, for example) through their B-cell receptor (BCR). These activated B cells use the enzyme GAD67 to
convert the molecule glutamate into GABA, which is then secreted, presumably not within a vesicle, as occurs
in neurons®. GABA can bind to and activate type A GABA receptors (GABA,-Rs) on nearby immune cells, such
asmacrophages and CD8T cells. This opension channels in the receptors, reducing the intracellular levels of
calcium (Ca*") and chloride (CI") ions. These changes dampen inflammatory pathways in, and the proliferation
of, immune cells and boost anti-inflammatory pathways, thereby hindering antitumour immune responses.
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caused by a coronavirus that infects mice*”’,

GABA inhibits neurotransmission by pre-
venting the neuronal depolarization process
that is needed for signal transmission by
neurons. By contrast, the activation of T-cell
GABA, receptors leads to depolarization,
which limits calcium entry into the cell and
reduces cellular replication and inflammatory
activities'. Extending those previous stud-
ies, Zhang and colleagues report evidence
from in vitro experiments that a drug called
muscimol that specifically activates GABA,,
receptors limits the activation and prolifera-
tionof CD8 T cells, whereas a GABA ,-receptor
inhibitor called picrotoxin boosts calcium
levels in mouse and human CD8 T cells.

The authors investigated whether GABA
secreted by B cells affected antitumour
responses in vivo. They focused on a type
of cancer called colon carcinoma, and stud-
ied a mouse model of this tumour in which
cancer growth is reduced in animals defi-
cientin B cells, a finding that suggests that
B-cell-derived factors limit antitumour
responses in this model™*. The authors report
that tumours in B-cell-deficient mice had
more tumour-infiltrating CD8 T cells than did
tumours in control animals (tumour-bearing
wild-type mice that had B cells). Moreover, the
CDS8 T cells in the B-cell-deficient mice had
higher levels of molecules associated with
cell-killing capacity (cytotoxic molecules)
and with inflammation than did such T cells
in the control mice.

GABA administration had no effect on
tumour growth in wild-type mice, whereasin
B-cell-deficient mice it increased the tumour
to a size closer to that of tumours found in
the wild-type mice. This GABA treatment
lowered the number of tumour-infiltrating
CDS8T cells and reduced the production of
cytotoxic and inflammatory molecules in
B-cell-deficient mice. Moreover, in control
animals given a GABA,-receptor-specific
inhibitor, tumour size was reduced and the
cytotoxicity of tumour-infiltrating CD8
Tcellsincreased. These findingsindicate that
B-cell-secreted GABA dampens the response of
tumour-cell-killing CD8 T cells in vivo.

Immune responses to tumours can some-
times fail to curb cancer growth because
the inflammatory anticancer immune
response in the tumour is dampened.
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Tumour-associated macrophages often
have arole in this suppression. Continuing
to work with the colon cancer mouse model,
the authors observed that tumour-associated
macrophages in B-cell-deficient mice showed
enhanced expression of pro-inflammatory
pathways compared with such macrophages
in control mice. These pathways were
reduced if the B-cell-deficient mice received
GABA. Furthermore, tumour-associated
macrophages isolated from wild-type mice
that had received a GABA ,-receptor inhib-
itor showed increased expression of genes
related to calcium signalling and inflam-
matory cytokines. GABA also enhanced the
differentiation and numbers of macrophages
that had anti-inflammatory characteristics.
Hence, B-cell-secreted GABA can shift the anti-
tumour responses of both tumour-associated
macrophages and CD8 T cells towards less
inflammatory activity.

Finally, the authors generated mice whose
B cells did not express GAD67 and that
were therefore GABA-deficient. Crucially,
tumour cells implanted into these mice
showed reduced growth, and the animals’
tumour-infiltrating CD8 T cells had greater
cytotoxicity and stronger pro-inflammatory
properties than did tumour cells in control
animals whose B cells expressed GAD67.

Together, Zhang and colleagues’ evidence
convincingly demonstrates the surprising
finding that B cells secrete GABA, which can
promote anti-inflammatory macrophages
and inhibit the antitumour responses of CD8
T cells through their GABA, receptors. The
results should stimulate further preclinical
(animal) and clinical studies.

One question to be considered is whether
GABA, which is widely consumed in various
health supplements, could have adverse
effects in humans. The authors found that
GABA administration increased tumour size
in B-cell-deficient mice to be more like that
in wild-type mice, but did not affect tumour
size in the wild-type mice. Currently, there
have notbeenassociationsreported between
GABA consumption in supplements, or
the use of drugs that specifically enhance
GABA ,-receptor activity —such asalprazolam
(Xanax), whichis used to treat anxiety disor-
ders —and changes intumour mass. However,
this possibility should be examined. It will be

© 2021 Springer Nature Limited. All rights reserved.

ofinterest to elucidate the types of tumour for
which B-cell-secreted GABA modulates anti-
tumour responses, and whether this modula-
tionoccursinthebone marrow, lymphnodes
and tumour microenvironment.

Another area for future study will be to
investigate the effect of B-cell-secreted
GABA on pro-inflammatory CD4 T cells, and
whether the response of regulatory T cells
is enhanced in tumours™ and in tissues that
have becomeinflamed through autoimmune
disease. Moreover, it would be worth further
investigating pharmacological inhibition
of immune-cell GABA, receptors, or the
use of GABA,-receptor-deficient T cells or
antigen-presenting cells that have been mod-
ified to boost their attack on tumour cells (in
what are known as adoptive-cell anticancer
treatments), for their potential as therapeutic
approaches. If promising evidence emerges
from preclinical studies, such investigations
could set the stage for clinical trials.
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