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Alzheimer’s disease (AD) is the most
common form of dementia found among
the old, but its pathogenesis is not well
understood. No drug is available to stop
or cure the neurodegenerative disorder;
currently used treatments offer only small
symptomatic benefits. However, AD re-
search has developed to a point where scien-
tists can look beyond treating symptoms to
think about many possible interventions de-
laying or preventing AD. Accordingly, it is
imperative that researchers and clinicians
identify the earliest possible biomarkers for
the diagnosis of AD.

During the past few years, dramatic
breakthroughs have been made regarding
neuroimaging of AD. With the help of
11C-labeled Pittsburgh Compound B (PiB),
positron emission tomography (PET) can
reliably assess amyloid deposition, which is
one of the hallmark pathologies of AD, in
the brain in vivo (Klunk et al., 2004). Con-
sistent with neuropathological observa-
tions, PiB PET confirmed that a substantial
proportion of clinically normal elders har-
bored amyloid deposition (Johnson et al.,
2007). Although amyloid deposition occu-

pies the central position in theories of AD
causation, the functional consequences of
amyloid deposition in this population re-
main unknown.

As a noninvasive in vivo imaging tech-
nique, functional magnetic resonance im-
aging (fMRI) has been recognized as a
valuable tool to identify the brain dys-
function. Typically, fMRI measures blood
oxygen level-dependent (BOLD) signal
correlating with task-induced changes in
neural activity. In the resting state without
task demand (such as visual fixation),
there are spatially coherent, spontaneous
fluctuations in BOLD signal among a set
of brain structures comprising the so-
called “default mode network” (DMN),
which is believed to contribute to internal
mentation including self-reflective thoughts
and judgments, perception of the mental
states of others, etc. (Buckner et al., 2008).

Given that some structures within
DMN are among the most commonly af-
fected regions in AD (Klunk et al., 2004),
amyloid deposition might cause DMN
dysfunction before dementia symptoms
emerge. In a study recently published in
The Journal of Neuroscience, Hedden et
al. (2009) attempted to explore the func-
tional consequences of amyloid deposi-
tion in clinically normal older adults, by
combining use of PiB PET and resting-
state fMRI. The clinically normal older
participants were given intravenous injec-
tions of 11C-labeled PiB for assessment of
amyloid deposition via PET imaging, and
then divided into PiB-positive and PiB-

negative individuals. Compared with the
PiB-negative individuals, functional con-
nectivity within DMN was significantly
reduced in the PiB-positive counterparts
[Hedden et al. (2009), their Fig. 2a]. If PiB
level was taken as a continuous rather
than dichotomous measure, there was still
a significant negative correlation between
PiB level and functional connectivity
within DMN, with connectivity decreas-
ing as PiB level increased [Hedden et al.
(2009), their Fig. 2b]. The correlation with
amyloid deposition seemed specific to
DMN, because no significant intergroup
difference in functional connectivity was
found either between left and right motor
regions or between left and right visual
regions. These findings were soon con-
firmed by another study almost simulta-
neously published by an independent
team (Sheline et al., 2009). The work by
Hedden et al. (2009), together with other
studies (Sheline et al., 2009; Sperling et al.,
2009), consistently revealed that the older
adults defined as clinically normal by stan-
dard neuropsychological tests were not ho-
mogeneous in DMN function. Thus, the
“normal elders” used as controls for patients
with AD or other types of dementia in many
previous studies might be more heteroge-
neous in DMN function than assumed.

It is worth noting that Hedden et al.
(2009) performed resting-state fMRI scan-
ning on the participants. This experimental
paradigm is of special significance for AD-
related fMRI studies, because task-related
fMRI can be difficult to carry out on patients
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with AD or other types of dementia. Using
resting-state fMRI, Hedden et al. (2009) ob-
tained results consistent with those found in
another fMRI study that used a face-name
pair task (Sperling et al., 2009).

The Hedden et al. (2009) study linked
DMN dysfunction to amyloid deposition
found in clinically normal elders, which
supports the hypothesis that disruption
of functional connectivity within DMN
could be an alternative phenotypic marker
for early diagnosis of AD (Greicius et al.,
2004). Obviously, it is valuable to distin-
guish people with AD from normal elders
using a sensitive but noninvasive imaging
technique like fMRI at a stage when canon-
ical neuropsychological tests are hardly able
to identify the affected individuals. Of
course, further validation of the hypothesis
requires longitudinal observation of these
clinically normal older participants. In con-
sideration of the comparatively weak corre-
lation (r � �0.40, p � 0.02) between DMN
dysfunction and amyloid deposition, it is so
far premature to predict AD merely based
on DMN function. Before DMN function
analysis is proven clinically useful for early
diagnosis of AD, large population studies
are essential to eliminate possible false-
positive and/or false-negative correlations.

Also importantly, the causality between
amyloid deposition and DMN dysfunction
remains to be determined. On the one hand,
the observed DMN dysfunction might be
one of the functional consequences of
amyloid deposition. On the other hand,
DMN dysfunction might be one of prin-
cipal causes of amyloid deposition, given
that high levels of neural activity can result
in amyloid accumulation in vivo (Cirrito
et al., 2005) and that nondemented elders
with amyloid burden fail to deactivate
DMN during memory tasks (Sperling et
al., 2009). Perhaps most likely, amyloid
deposition and DMN dysfunction might
aggravate each other in the course of AD.
The recently developed high-field fMRI,
together with other invasive techniques,
will offer a chance to clarify this question
in animals.

This study indicated that amyloid dep-
osition could not fully explain alterations
in functional connectivity within DMN.
Are there other contributors? Hedden et
al. (2009) did not answer this question.
We speculate that the gene polymor-
phisms ubiquitously present among the
population may be the primary candi-
dates. It has recently been shown that
young healthy subjects carrying ApoE �4
allele, the best-established genetic risk fac-
tor for AD, exhibited altered DMN func-
tion decades before any clinical symptom
could be identified (Filippini et al., 2009),
suggesting polymorphisms in ApoE can
modulate functional connectivity within
DMN. Undoubtedly, neuroimaging com-
bined with genetics will open new avenues
to understanding the genetic basis for
variations of DMN function. Given the
known functions of DMN (Buckner et al.,
2008), it is reasonable to predict that ge-
netic variation in other cognition-related
proteins may also contribute to variations
of DMN function in clinically normal
subjects. Among the likely candidates is
catechol-O-methyltransferase (COMT), a
key enzyme responsible for most of the
dopamine degradation in the prefrontal
cortex (PFC), a hub of DMN. Because
COMT variants have different catalytic
abilities, we expect to see that COMT gene
polymorphisms modulate functional con-
nectivity within DMN.

In conclusion, Hedden et al. (2009) re-
ported that disruption of functional con-
nectivity within DMN was associated with
amyloid disposition present in a substan-
tial proportion of clinically normal elders.
Their findings favor DMN dysfunction be-
ing an alternative marker for early diagnosis
of AD. We speculate gene polymorphisms
may also contribute to the variations of
DMN function. To comprehensively un-
derstand the values of DMN to AD, it will be
necessary to combine multimodal neuro-
imaging including PiB PET and resting-
state fMRI, as well as genetic approaches.
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