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RAGE, which promotes atheroprogression
after stroke (Figure 1).

Roth and colleagues’ study provides a
key missing piece to the recurrence-of-
stroke puzzle: an important role of alar-
mins in the pathomechanism of post-
stroke atheroprogression, leading to an
increased risk of stroke recurrence. They
showed that neutralizing circulating alar-
mins or knocking down respective recep-
tors mitigates atheroprogression. They
identified the synergy of sympathetic
stress response and alarmin-dependent
inflammation via the RAGE receptor as
crucial mechanisms. However, many
more questions need to be addressed
regarding stroke, immune response,
and atheroprogression. By what mecha-
nisms do brain-released inflammatory
mediators lead to plaque destabilization,
enhanced plague rupture, and athero-
progression? To what extent does plaque
composition predict risk of future stroke?
How can stroke patients be stratified to
risk groups based on atherosclerotic pla-
que composition [8]? A more detailed
analysis of the functional relevance of
interfering with the alarmin-dependent
inflammation cascade is needed, ideally
compared with clinical data on plaque
composition, stroke recurrence, and out-
come. Answering these questions will
greatly enhance our understanding
of stroke as a systemic disease and will
ultimately contribute to the development
of better measures to prevent recurrence
of stroke.
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The Way of Tau:
Secretion and Synaptic
Dysfunction

Dena B. Dubal*

Tau, a microtubule-associated
protein, is linked to many neurode-
generative diseases, including Alz-
heimer’s disease (AD). A recent
study uncovered a new pathway
for its secretion, leading to
its transcellular uptake, while
another study found that tau
secreted from human induced plu-
ripotent stem cells (iPSCs) model-
ing trisomy 21-related AD caused
synaptic impairment in rats. These
findings could inform tau-directed
therapies.

Neurodegenerative diseases are one of
our biggest biomedical challenges. In the
absence of effective medical therapies,
over 130 million people worldwide will have
AD and related dementias by 2050 [1]. Tau
is a microtubule-associated protein with
myriad functions [2] and has emerged as
a critical player in several neurodegenera-
tive diseases. In addition to its pathogno-
monic aggregation as neurdfibrillary
tangles in AD, tau is implicated in other
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degenerative brain conditions [3], including
frontotemporal dementia, corticobasal
degeneration, progressive supranuclear
palsy, and chronic traumatic encephalop-
athy, allinsidious, progressive, and devas-
tating neurological diseases.

Increasing evidence indicates that tau
spreads from cell to cell, highlighting an
opportunity to understand mechanisms
surrounding extracellular tau [4]. How
does tau get into the extracellular space?
Once it is there, where does it go? What
does it do? These are important ques-
tions since neurodegenerative diseases
preferentially manifest in one brain region
and progressively extend to others, prob-
ably through a combination of regional tau
vulnerability and physical tau spread. If we
could stop tau ‘spread’, could we halt the
development of clinical diseases?

In a recent study using neuroblastoma
and Chinese hamster ovary (CHO) cells,
Katsinelos and colleagues [5] found that
an unconventional secretion pathway
translocated tau directly across the mem-
brane and into the extracellular space.
Tau secretion increased with its hyper-
phosphorylation. Furthermore, its export
was facilitated by sulfated proteoglycans
(PGs) at the cell surface, where a high
density of tau clustered before its release
into culture medium. Importantly, the
extracellular tau was taken up by neigh-
boring cells, where it appeared to aggre-
gate. Thus, transcellular spread of tau
followed its unconventional secretion
(Figure 1A).

What is unconventional tau secretion and
why could it be important? Since tau lacks
signal sequences that enable delivery to
the plasma membrane via the classical
endoplasmic reticulum (ER)-Golgi path-
way, the authors tested whether it could
follow an alternative route, unconventional
protein secretion (UPS) Type 1, which is
used by FGF2 and the HIV-Tat proteins [6].
In support of this, tau bound to inner leaflet
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Figure 1. Extracellular Tau Undergoes Unconventional Secretion in Cell Lines and Induces
Synaptic Deficits When Derived from Trisomy, Induced Pluripotent Stem Cell (iPSC) Neurons.
(A) Work by Katsinelos et al. [5]: extracellular tau derived from its overexpression in neuroblastoma (SH-SY5Y)
and Chinese hamster ovary (CHO) cell lines showed evidence of export via unconventional pathway secretion
type 1 (UPS 1). The secretion of extracellular tau is facilitated by sulfated proteoglycans (PGs) at the cell surface,
where tau clusters before its release into culture medium. Tau is then taken up by neighboring cells, where it
appears to aggregate. Thus, the transcellular spread of tau follows UPS 1 secretion. (B) Work by Hu et al. [8]:
extracellular tau and its fragments were found along with amyloid beta (AB) in secretomes of human-derived
iPSCs differentiated into neurons with trisomy 21, modeling Alzheimer’s disease (AD). Secretomes injected into
the rat brain caused synaptic dysfunction through extracellular tau. Immunodepletion of tau, but not AB,
blocked secretome-induced synaptic deficits measured by in vivo electrophysiology. Of note, extracellular tau
secreted from amyloid precursor protein gene (APP) duplication or PS1 mutation neurons did not induce acute
synaptic deficits. Not shown in either panel are characteristics or mechanisms of tau not examined in the two
studies, including vesicular tau secretion, mechanisms of tau uptake, aggregation and/or phosphorylation
status of tau, or propagation of tau.

proteins of the plasma membrane, physi-
cally disrupting the membrane and anchor-
ing to outer leaflet PGs, and, as previously
observed (7], then traversed the mem-
brane despite inhibitors of ER-Golgi-
dependent secretion. Each of these ele-
gant findings is important because,

collectively, they represent distinct targets
for the development of therapeutics
against tau aimed at halting its extracellular
secretion to stop ‘spread’ of tau.

How tau physically exits the cell in UPS 1
secretion, and what comes next, remain
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unsolved. Does tau itself form a pore?
Does it cross a pore assembled by other
yet-identified proteins? Does the process
require energy or other key substrates
besides PGs? Can UPS 1-secreted
forms of tau act like ‘seeds’ on normal
tau to make propagating tau. Is tau
secretion a strictly pathological process,
or could it also be a physiological one
used by endogenous tau to transduce
signals across cells? A further under-
standing of tau secretion paves a way
to counter its potential pathophysiologi-
cal consequences.

Once secreted, what are the functional
consequences of extracellular tau? In
another recent study, Hu and colleagues
[8] revealed one possible answer by
examining the content of secreted media,
or secretomes, of human-derived iPSCs
differentiated into neurons carrying causal
mutations of AD, including trisomy 21,
amyloid precursor protein gene (APP)
duplication, or a presenilin 1 (PS1) muta-
tion. When secretomes of these neurons
were injected into the rat brain, those
derived from individuals with trisomy 21
caused synaptic dysfunction, surpris-
ingly, through extracellular  tau
(Figure 1B); that is, immunodepletion of
tau, but not of amyloid beta, blocked
secretome-induced deficits in long-term
potentiation (LTP) in vivo, a robust mea-
sure of synaptic plasticity that underlies
memory [9]. Curiously, extracellular tau
secreted from trisomy 21 neurons, but
not APP duplication or PS1 mutation neu-
rons, induced acute synaptic deficits. It
will be interesting to know whether APP-
independent abnormalities resulting from
chromosome 21 triplication contribute to
extracellular tau toxicity.

Hu and colleagues’ approach of leverag-
ing secretomes from iPSC neurons and
probing their synaptotoxicity in rodent
brains in vivo lends itself to increased
human relevance for several reasons. In
efforts to develop therapies, human



neurons could be used to begin to
address the lack of translation from
mouse studies into human AD trials. Fur-
thermore, secretomes from human cells
with causal AD mutations could more
closely recapitulate the extracellular milieu
causing the pathophysiology. This is par-
ticularly important since the conforma-
tions, assemblies, and concentrations of
extracellular tau species most linked to
human diseases are currently unknown.
Finally, testing in vivo LTP as a functional
outcome of secreted extracellular tau rep-
resents a compelling and biologically
meaningful measure, because this form
of synaptic plasticity underlies learning
and memory, a highly valued brain func-
tion eroded by neurodegenerative
diseases.

Together, the two studies converge upon
extracellular tau, revealing UPS 1 as a
secretory path [5] and synaptic dysfunction
as a functional outcome in vivo [8], thus
further highlightingitsimportance asather-
apeutic target. Reflecting on the studies
together, one wonders whether UPS 1-
mediated tau secretion characterized in
neuroblastoma and CHO cell lines extends
to human iPSCs, if transcellular tau uptake

alters cellular functions such as synaptic
plasticity, whether tau acts with co-patho-
genic proteins, such as amyloid beta and
others in the extracellular space, and
whether either of the cellular models and
theirfindings are truly relevant to the human
condition. Ultimately, antibodies, small
molecules, or other pharmacological
agents that decrease the production,
uptake, binding, spread, or function of
extracellular tau could represent therapeu-
tic approaches [10] that can be tested in
vitro. Advancing promising treatments to
human-relevant in vivo models, such as
nonhuman primates, will increase our
chance of success in clinical trials and,
ultimately, of defeating disease.

In conclusion, these two studies shed light
on mechanisms surrounding extracellular
tau, raise new questions about its secretion
and selective synaptic toxicity, and high-
light additional therapeutic opportunities in
countering the tau-linked onset and pro-
gression of neurodegenerative disease.
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