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Neurofibrillary tangles containing aggre-
gates of abnormally phosphorylated tau
protein are one of the main histological
features of Alzheimer’s disease. Until the
recent advent of a positron emission tomog-
raphy (PET) imaging tracer, these tau-
containing tangles were not visible in the
living human brain. Instead, many previous
investigations of tau levels relied on mea-
surements from CSF. Consequently, the
progression of tau pathology during Alz-
heimer’s disease had remained a mystery.
Moreover, the relationships among tau
tangles, �-amyloid plaques, and func-
tional connectivity in the neural networks
supporting cognition had not been well
characterized. Given the limited clinical suc-
cess of amyloid-targeted treatments thus
far, many researchers have shifted their at-
tention from amyloid to tau and their inter-
actions (Giacobini and Gold, 2013), with
the hope of uncovering how this dual pa-
thology relates to the cognitive symptoms of
Alzheimer’s disease.

This new tau tracer, called F18-AV1451,
was shown to bind strongly and with high
specificity to neurofibrillary tangles in
postmortem brain tissue samples (Mar-

quié et al., 2015). Recently, Johnson et al.
(2016) showed that the tau accumulation
marked by this tracer is higher in patients
with dementia than in healthy controls. In
a study recently published in The Journal
of Neuroscience, Schultz et al. (2017) ex-
plored the relationships among tau pro-
tein aggregates, amyloid plaques, and
functional connectivity in healthy older
adults. By examining the dynamic interac-
tions among these measures in a large sam-
ple of elderly individuals, these researchers
identified two distinct phases of amyloid
and tau pathology that had not been re-
ported previously.

Schultz et al. (2017) scanned the brains
of 91 healthy older adult participants. Us-
ing 18F-AV1451, they measured tau levels
in three regions of interest known to ac-
cumulate tau neurofibrillary tangles with
disease progression: entorhinal cortex, in-
ferior temporal cortex, and inferior pari-
etal cortex. In addition, they measured
global amyloid levels with Pittsburgh com-
pound B ( 11C-PiB), and subsequently
characterized participants as having a high
or low amyloid burden. This characteriza-
tion has previously been shown to predict
the likelihood of episodic memory decline
over time in nondemented individuals (Lim
et al., 2014b). Finally, the authors used
resting-state functional magnetic resonance
imaging (rsfMRI) to measure coordinated
activity among different brain areas in the
resting brain.

Measures of the rsfMRI BOLD signal
allowed the authors to infer functional
connectivity within the following five cor-
tical networks associated with a variety of
cognitive functions: the default mode
network (DMN), salience network (SAL),
dorsal attention network, and left and
right frontoparietal control networks. In
older adults with high global amyloid bur-
den, Schultz et al. (2017) found that func-
tional connectivity within the DMN and
SAL was significantly associated with
amyloid and tau pathology. Specifically,
high-amyloid individuals with low tau
burden exhibited hyperconnectivity in
the DMN and SAL, while those with high
tau burden in addition to high amyloid
exhibited hypoconnectivity in these net-
works. Given that the tau burden tends to
increase over time, the authors interpret
these two groups of older adults as repre-
senting two stages, whereby functional
connectivity in these networks adapts to
the accumulation of tau, initially with in-
creased functional connectivity followed
by reduced functional connectivity. Though
longitudinal studies will be necessary to
confirm this interpretation, discovery of
these two groups of individuals by Schultz et
al. (2017) elucidates important interactions
among these critical predictors of disease
progression.

The effect of tau in this interaction
helps to explain previous mixed findings
regarding resting state network connec-
tivity in individuals with high amyloid
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burden (Hedden et al., 2009; Sheline and
Raichle, 2013; Lim et al., 2014a). Although
their results mainly emphasize the impor-
tance of tau pathology, Schultz et al.
(2017) also acknowledge the consistency
of their finding with the amyloid cascade
hypothesis: only once amyloid has accu-
mulated substantially in the brain does
tau buildup appear to have a significant
effect on functional connectivity. The
authors also discuss the possibility that
protective or compensatory mechanisms
underlie the observed early hyperconnec-
tivity phase. Early increases in functional
connectivity could also be related to the
finding that the disease is often comorbid
with seizures, especially at early stages (Rob-
erson et al., 2007; Palop and Mucke, 2009).

The finding that activity changes were
restricted to the DMN and SAL is consis-
tent with previous evidence that the DMN
is disrupted in early Alzheimer’s disease
(Hedden et al., 2009), potentially leading
to a cascade of network disruptions over
time (Jones et al., 2016). The proposed in-
volvement of both the DMN and SAL is
especially interesting given that these two
networks in particular are associated with
attention and memory. Numerous studies
have found that the DMN is associated
with internally directed attention or “mind
wandering” (Raichle, 2015) and autobio-
graphical memory, while the SAL has been
linked to externally directed or goal-
oriented attention (Seeley et al., 2007).
Extensive research has demonstrated the
interdependence of attention and mem-
ory, emphasizing the necessity of atten-
tion for successful memory encoding and
recall. For example, lapses of attention
during the encoding of information fre-
quently lead to weak memory traces
(Schacter, 1999). Therefore, the disrup-
tion of these attention networks provides
a theoretical explanation for the link be-
tween these early markers of pathology
and subsequent memory decline in Alz-
heimer’s disease. This pattern also fits
with the typical progression of symptoms:
attention impairments begin in the early
stages of the disease (Baddeley et al., 2001)
followed by memory decline in the later
stages.

Another important implication of the
results found by Schultz et al. (2017) is
that tau neurofibrillary tangles may dis-
rupt connectivity to a greater extent than
�-amyloid. This is consistent with the
finding that tau levels more closely track
patients’ symptoms than amyloid levels
(Nelson et al., 2012). Moreover, the rela-
tionship found between global amyloid
and functional hyperconnectivity could

imply that tau tangles and amyloid plaques
have opposite effects on connectivity, with
tau related to decreasing functional con-
nectivity and amyloid related to increas-
ing functional connectivity. This nuanced
relationship between tau and amyloid
may explain why it had previously been
difficult to find a direct association be-
tween cognitive symptoms and amyloid
burden alone. Furthermore, it highlights
the importance of using PET imaging tau
tracers like F 18-AV1451 to gain a more
complete understanding of Alzheimer’s
disease progression.

An alternative explanation of the asso-
ciation between tau pathology and hyper-
connectivity may be related to the neural
mechanisms underlying the spread of tau
across the brain. Specifically, Wu et al. (2016)
recently demonstrated activity-dependent
modulation of tau release. Together with
prior work showing that human tau can
spread by cell-to-cell transmission across
synapses (Mohamed et al., 2013), these find-
ings suggest that the hyperactivity of neu-
rons resulting from hyperconnectivity may
lead to an increased spread of tau across the
brain. Therefore, the results presented by
Schultz et al. (2017) may suggest a new
model of Alzheimer’s disease progression,
as follows: first, increasing amyloid in the
earliest presymptomatic stages leads to net-
work hyperconnectivity; second, this hyper-
connectivity increases the spread of tau
throughout the brain due to activity-
dependent modulation of tau release; and,
finally, this spread of tau results in network
hypoconnectivity. This model could be
tested further in future studies to better
characterize the mechanism of Alzheimer’s
disease progression.

These findings also hold implications for
other forms of tauopathies such as chronic
traumatic encephalopathy (CTE). Interest-
ingly, CTE progression is associated with
dysfunction in both the DMN and SAL
(Sharp et al., 2014). The aforementioned
mechanism of progression toward disease
suggested by the results of the study by
Schultz et al. (2017) may help to explain why
those who already have abnormally high tau
levels are more likely to develop Alzheimer’s
disease (Mendez, 2017). Similarly, major
depressive disorder, which has been impli-
cated as a risk factor for the development of
Alzheimer’s disease (Jorm, 2001), also in-
volves dysfunction of the DMN (Wise et al.,
2017). Together, these similarities suggest
that it may be useful to develop treatments
targeting these networks in particular, espe-
cially in individuals who are at higher risk of
the development of dementia later in life.

Schultz et al. (2017) provided impor-
tant contributions to the field of Alzhei-
mer’s disease research, demonstrating the
effects of �-amyloid and tau on resting
state functional connectivity. Future inves-
tigations should use a longitudinal ap-
proach to examine the interactions among
plaques, tangles, and functional connectiv-
ity across the lifespan. Particularly, these
studies should investigate even earlier pres-
ymptomatic stages, as protein aggregation
can begin many years before symptom on-
set. Studies like these would have the po-
tential to confirm the proposed phases
of hyperconnectivity and hypoconnectivity,
to assess whether these measures predict the
development of pathology over time within
individuals, and to inform the development
of targeted preventative treatments.

References
Baddeley AD, Baddeley HA, Bucks RS, Wilcock GK

(2001) Attentional control in Alzheimer’s dis-
ease. Brain 124:1492–1508. CrossRef Medline

Giacobini E, Gold G (2013) Alzheimer disease
therapy—moving from amyloid-� to tau. Nat
Rev Neurol 9:677– 686. CrossRef Medline

Hedden T, Van Dijk KR, Becker JA, Mehta A,
Sperling RA, Johnson KA, Buckner RL
(2009) Disruption of functional connectivity
in clinically normal older adults harboring
amyloid burden. J Neurosci 29:12686 –12694.
CrossRef Medline

Johnson KA, Schultz A, Betensky RA, Becker JA,
Sepulcre J, Rentz D, Mormino E, Chhatwal J,
Amariglio R, Papp K, Marshall G, Albers M,
Mauro S, Pepin L, Alverio J, Judge K, Philios-
saint M, Shoup T, Yokell D, Dickerson B,
Gomez-Isla T, Hyman B, Vasdev N, Sperling
R (2016) Tau PET imaging in aging and
early Alzheimer’s disease. Ann Neurol 79:
110 –119. CrossRef Medline

Jones DT, Knopman DS, Gunter JL, Graff-
Radford J, Vemuri P, Boeve BF, Petersen RC,
Weiner MW, Jack CR Jr (2016) Cascading
network failure across the Alzheimer’s disease
spectrum. Brain 139:547–562. CrossRef Medline

Jorm AF (2001) History of depression as a risk
factor for dementia: an updated review. Aust N
Z J Psychiatry 35:776–781. CrossRef Medline

Lim HK, Nebes R, Snitz B, Cohen A, Mathis C,
Price J, Weissfeld L, Klunk W, Aizenstein HJ
(2014a) Regional amyloid burden and intrin-
sic connectivity networks in cognitively nor-
mal elderly subjects. Brain 137:3327–3338.
CrossRef Medline

Lim YY, Maruff P, Pietrzak RH, Ames D, Ellis KA,
Harrington K, Lautenschlager NT, Szoeke C,
Martins RN, Masters CL Villemagne VL,
Rowe CC (2014b) Effect of amyloid on
memory and non-memory decline from pre-
clinical to clinical Alzheimer’s disease. Brain
137:221–231. CrossRef Medline
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