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Tubulin with a twist: Acetylated highways at the

immune synapse

Srishti Mandal!® and Sudha Kumaril®

In this issue, (Aceiton et al. https://doi.org/10.1083/jcb.202407181) uncover a pathway that ties together rigidity sensing at
the B cell immunological synapse to molecular shuttling of ATATL, leading to microtubule acetylation and lysosome
repositioning, ultimately tuning the efficiency of antigen uptake and presentation by B cells.

In physiology, lymphocytes scan through
diverse tissues, presenting biophysical and
biochemical contexts in search of antigens.
Once a cognate antigen is detected, they
form a highly specialized cell-cell contact
interface, termed the immunological syn-
apse, that allows exchange of not only bio-
chemical information but also biophysical
information. It is known that for an optimal
response, lymphocytes must sense, process,
and transduce the biochemical antigen in-
formation in the context of biophysical cues.
While the mechanosensory processes at the
plasma membrane have been a focus of ex-
tensive investigation in the recent decade
(1), the intracellular mechanotransduction
pathways that integrate mechanosensing to
diverse signaling cascades are still poorly
understood (2, Preprint). Improved under-
standing of lymphocyte cell-intrinsic mo-
lecular mechanisms relaying mechanical
information is extremely important, not
only to gain insights into their unique and
specialized cell biology, but also to augment
rational design principles for improved
therapeutic outcomes, where the lympho-
cytes must function in diverse mechanical
microenvironments.

The immunological synapse is a highly
dynamic interface, and proper sub-synaptic
positioning of the cytoskeleton in space and
time is crucial for lymphocyte activation and
the subsequent immune response. During
the entire synaptic phase, there is a constant
remodeling and repositioning of cytoskele-
tal machinery as the cell responds and

adapts to the extracellular biomechanical
and biochemical stimuli, as well as changes
in intracellular signaling programs. The role
of the actin cytoskeleton is very well estab-
lished in this regard, where an increase in
mechanical stiffness of the substrate en-
hances synaptic contact area, recruitment of
signaling molecules, and overall cellular ac-
tivation by increasing actin polymerization
and remodeling (3, 4, 5). However, insights
into the role of other mechanoadaptive cyto-
skeletal elements such as microtubules are
scant, although microtubules contribute sig-
nificantly to sustained antigen receptor
signaling and lymphocyte activation (6)
and directed vesicular trafficking (7)
through reorientation and translocation
of the microtubule-organizing center at
T cell synapses. In the case of B cells, per-
turbation of microtubules leads to a loss of
stiffness-induced signaling benefits (4),
warranting a deeper investigation into the
underlying mechanotransduction pathways
coupling antigen receptor mechanosensing
to optimal B cell activation.

In their study, Aceitén et al. (8) addressed
the cytoskeleton-mechanotransduction
mechanistic gap by characterizing the
changes in the microtubule network as the
B cells experienced antigen-presenting
substrates of varying rigidities. They found
that B cells spread more, showed higher lo-
calization of the mechanical effector YAP in
the nucleus, and generated a higher number
of actin structures termed actin foci (9, 10)
as the substrate stiffness increased. While

this observation indicated that B cells tuned
their cytoskeleton in response to changes in
substrate stiffness, it also opened a larger
question of how the cell communicated
mechanical information of substrate rigid-
ity from its cortex to deep within the cyto-
plasm and ultimately to the nucleus, and
what could be the cytoplasmic ramifications
of it? The authors found that stiffer gels
augmented the nucleus-to-cytoplasm trans-
location of the a-tubulin acetyltransferase
ATATI. Previous work has shown that mi-
crotubules acetylated via ATATI aid me-
chanosensing at focal adhesions in rat
astrocytes during migration (11); however,
this pathway had not been explored in the
context of immune cells. The authors found
that microtubule acetylation by ATATI
scaled with stiffness, eventually affecting
the positioning, activity, and dynamics of
lysosomes at the B cell immune synapse,
where centrally placed lysosomes with high
proteolytic activity are typically attributed
with better capability of antigen processing.
Indeed, B cells seeded on stiffer gels dis-
played higher immobilized antigen extrac-
tion and presentation. This is particularly
interesting when put in the context of
previous works that highlighted the
importance of a microtubule acetylation-
deacetylation balance, where targeted in-
hibition of the microtubule-deacetylating
activity of HDAC6 led to disorganized T cell
immune synapses (12) and impaired cyto-
toxic functions due to defects in lytic gran-
ule transport and delivery (13). Considering
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Figure 1. The B cell mechanoresponse includes mechanosensing via the antigen receptor and adhesion molecules at the cell surface and mecha-
notransduction via the intracellular signaling pathways that convey mechanical information to the nucleus and cytoskeleton. This response manifests
visibly on stiffer stimulatory substrates, with higher cell spreading observed during immunological synapse formation. Stiffer substrates, upon antigen re-
ceptor cross-linking, elicit higher cytoplasmic translocation of ATATL, leading to an increase in acetylated microtubules. These modified microtubules
dictate lysosomal and actin foci positioning at the center of the synapse, which further augments antigen uptake, processing, and presentation to T cells.

that the acetylation of microtubules renders
them more resistant to depolymerization,
what organizational function do the acety-
lated, and therefore more persistent, mi-
crotubules play at the dynamic interface of
an immune synapse? The authors observed
that higher microtubule acetylation was
accompanied by slower lysosomal dynam-
ics, implying that microtubule acetylation
constrains lysosomal movement to the cen-
tral zone of synapses. Interestingly, height-
ened acetylation of microtubules on stiffer
substrates was also correlated with more
centrally localized actin foci at the immune
synapse, raising the possibility that a cross
talk of microtubules and filamentous actin
may exist for an optimal mechanoresponse.
Such cross talk has been observed in the
Rho-ROCK signaling pathway, where re-
lease of GEF-H1 upon microtubule acetylation
triggers a cascade modulating actomyosin
contractility (14). Indeed, the authors found
a reduced association of GEF-HI with fila-
mentous actin when endogenous ATAT1
was silenced. Finally, B cells extracting
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antigens from stiffer substrates were able to
trigger an enhanced antigen-specific T cell
cytokine response than those on softer
substrates. This result reinforced the key
message that an effective B cell mechanor-
esponse is required for the proper initiation
of adaptive immune response.

Overall, the study by Aceitén et al. (8)
advances the idea that lymphocyte activa-
tion is tuned by diverse mechanical con-
texts not just via a collaboration of the
actin cytoskeleton and mechanosensitive
immunoreceptors on the cell surface, but also
by nuclear communication of mechanical
information via cytosolic molecular pathways
assisted by microtubular networks (Fig. 1).
The study also opens doors to numerous
mechanistic questions. For instance, how
does communication between proximal BCR
signaling and the nucleus proceed to facilitate
nuclear export of ATATI? Do other post-
translational modifications of microtubules
than acetylation impact lysosomal dynamics
and vesicle sorting for the uptake and pre-
sentation of antigens? Lastly, while the ex
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vivo-reconstituted experimental systems
that the authors have used to interrogate
specific mechanical cues are indispensable,
the mechanical landscape within tissues and
lymphoid organs is far more complex. How
do the lymphocytes integrate diverse me-
chanical stimuli to modify and spatiotem-
porally coordinate cytoskeletal components
for an optimal immune response? Perhaps
ex vivo experiments using multiplexed me-
chanical cues in the future will shed light
on these complex and fascinating cytoskel-
etal mechanisms of mechanotransduction in
lymphocytes.
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