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Cortical Hub Failure in Schizophrenia
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Schizophrenia is commonly characterized by the combination
of positive, negative, and cognitive symptoms. Cognitive
symptoms include problems with working memory, attention,
and executive function. Integration of these cognitive
processes supports many abilities, including social func-
tioning. Impairment in this integration, then, may be a factor in
disability in schizophrenia patients, preventing them from
working or going to school (1). The brain networks underlying
these cognitive abilities span the frontal, parietal, and temporal
lobes. The networks have what is known as small-world
architecture. These small-world networks consist of multiple
densely connected clusters of nodes called modules or
communities that are bridged by hub nodes, which are defined
as nodes that connect two or more modules (2). In the brain,
network nodes correspond to brain areas, and their connec-
tivity is usually measured structurally, often with resting-state
functional connectivity.

Multiple studies of brain network architecture in schizo-
phrenia have revealed decreased modularity, increased global
connectivity, and decreased numbers of hubs. These abnor-
malities are thought to affect the integration of information
between cognitive networks (2). Others have isolated
connectivity abnormalities within the default mode network,
which comprises areas in the medial prefrontal and parietal
cortices along with the temporoparietal junction (TPJ) (3). The
default mode network may contain many of the cortical hub
areas, making it the focal point for integrative processes (4),
but this point remains controversial (5). The TPJ, however, by
any number of criteria, appears to be a hub region and the
focal point of many integrative sensory and cognitive
processes (6). If the TPJ and other default mode network hub
regions are preferentially affected by schizophrenia, this would
translate into the network architecture abnormalities observed
that lead to impaired integrative processing. However, these
abnormalities have been inferred from the structural architec-
ture of the networks rather than from any functional measures
that attempt to directly measure integration of processing
within and between networks.

As reported in this issue of Biological Psychiatry, Mantyla
et al. (7) make the first attempt to directly measure this
functional integration in schizophrenia by studying whole-brain
activity evoked by naturalistic stimuli as measured by blood
oxygen level-dependent functional magnetic resonance
imaging. The use of naturalistic stimuli—in this case, a 7-minute
clip of the 2010 movie Alice in Wonderland—offers the best
chance to view brain activity deficits evoked by stimuli that
mimic those encountered in real life, pointing to which brain
areas and networks may be the source of the behavioral deficits
and symptoms that impair daily functioning. Processing these
complex stimuli requires multisensory and cognitive integration,

allowing researchers to test the systems responsible for infor-
mation integration in ways that static sparse stimuli cannot.

However, blood oxygen level-dependent activity evoked by
naturalistic stimuli can be difficult to analyze because these
stimuli cannot easily be manipulated or repeated in the manner
typical of event-related or block designs while still maintaining
their naturalistic qualities. Using a longer movie clip allowed
Méntyld et al. (7) to take advantage of the intersubject corre-
lation (ISC) method of measuring brain activity introduced by
Hasson et al. (8). ISC measures how much the movie engages
brain areas by assuming that the evoked activity in a driven
brain area will be highly correlated to the activity evoked in the
same brain area in another person watching the same movie.
Averaged within a group, this method results in a map showing
on average how engaged (correlated) each cortical brain area
is by the stimulus. Critically, this map is not based on any
assumptions about anatomy or cognitive processes, resulting
in an unbiased whole-brain view of the areas involved in
processing the movie. Contrasting ISC between first-episode
psychosis patients and healthy control subjects, Mantyla
et al. (7) revealed deficits in engagement mostly within the
default mode network.

The authors then searched for regions that showed deficient
integrative processing (“hubness”) of the movie in schizophrenia.
They measured weighted degree centrality, which assesses the
number of connections each cortical voxel has to other brain
areas, weighted by strength of the connections. A voxel with less
weighted degree centrality would be less able to integrate infor-
mation from multiple cortical areas. The authors found a high
degree of overlap of areas less engaged by the movie stimulus in
schizophrenia patients, measured by ISC, with areas deficient in
weighted degree centrality, again centered in the default mode
network. These deficits may underlie the cognitive deficits that
underlie comprehension of the movie stimuli.

One of the brain regions demonstrating the largest differences
in ISC and weighted degree centrality was the TPJ. Like the
prefrontal cortex, the TPJ is not only massively expanded in
humans versus nonhuman primates, such as macaques, but is
also one of the last to fully develop, maturing in early adulthood
around the typical time of the onset of schizophrenia. This region
has been identified by others (4,5) as a hub that is ideally situated
for the integration of information from multiple cognitive net-
works, with nodes from the default mode, attention, memory, and
face-processing networks. Among other abilities, the TPJ has
been implicated in playing a critical role in social functioning (9).
This region has also been substantially reorganized in humans
versus macaques (10), suggesting that the TPJ underlies social
abilities that are unique to humans. Deficits affecting integrative
processing in this region then may have dire consequences for
social functioning in individuals suffering from schizophrenia.
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The Mantyla et al. (7) study represents the first step in un-
derstanding how deficits in the connectivity of and integrative
processing in the TPJ and other cortical areas and networks
leads to deficits in real-world functioning. Future studies
building on these results can take advantage of new high-
resolution sequences to explore how failures of integration
affect the dynamics of the interactions of these brain networks
during the processing of naturalistic stimuli, as well as linking
these deficits to symptoms and behavioral deficits in
comprehension of social situations. This and future studies will
then serve as a bridge between basic behavioral and neuro-
science studies of brain functioning and the symptoms that
schizophrenia patients experience in the real world.
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