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Abstract

In this chapter, we review evidence that the cortical pathways to the hippocampus appear to
extend from two large-scale cortical systems: a posterior medial (PM) system that includes the
parahippocampal cortex and retrosplenial cortex, and an anterior temporal (AT) system that
includes the perirhinal cortex. This “PMAT"” framework accounts for differences in the ana-
tomical and functional connectivity of the medial temporal lobes, which may underpin differ-
ences in cognitive function between the systems. The PM and AT systems make distinct
contributions to memory and to other cognitive domains, and convergent findings suggest that
they are involved in processing information about contexts and items, respectively. In order to
support the full complement of memory-guided behavior, the two systems must interact, and
the hippocampal and ventromedial prefrontal cortex may serve as sites of integration between
the two systems. We conclude that when considering the “connected hippocampus,” inquiry
should extend beyond the medial temporal lobes to include the large-scale cortical systems of
which they are a part.
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Millions of words and hours have been devoted to characterizing the role of the hip-
pocampus in long-term memory, the results of which have established a strong foun-
dation of knowledge about this structure and its neighboring cortical areas, the
entorhinal cortex, perirhinal cortex (PRC), and parahippocampal cortex (PHC).
These areas have been collectively referred to as the medial temporal lobe (MTL)
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memory system (Squire and Zola-Morgan, 1991). Over the past 25 years, accumu-
lating evidence has indicated that, like memories themselves, MTL regions have
diverse properties. Some neurobiological models of memory have incorporated this
evidence by redrawing the MTL as a collection of functionally heterogeneous struc-
tures (Aggleton and Brown, 1999; Davachi, 2006; Diana et al., 2007; Eacott and
Gaffan, 2005; Eichenbaum et al., 2007; Montaldi and Mayes, 2010; Ranganath,
2010), in which the hippocampus binds together representations from PRC and
PHC into an episodic memory trace. These models have considerably advanced
our understanding of the unique contributions of MTL regions, but have maintained
a focus on the MTL as a memory system apart from other brain systems, albeit with
connections to perceptual processing streams. Thus, they are limited in their ability
to explain the mnemonic functions of regions outside of the MTL, as well as the con-
tributions of MTL structures to domains of cognition outside of memory.

We recently proposed an alternative framework, in which the PRC and PHC par-
ticipate in two cortical systems for memory-guided behavior (Fig. 1; Ranganath and
Ritchey, 2012). In this framework, the PHC and closely related retrosplenial cortex
(RSC), are part of a posterior medial (PM) system that also includes the posterior
cingulate, precuneus, angular gyrus, anterior thalamus, presubiculum, mammillary

The PMAT framework

FIGURE 1

The PMAT framework. Regions of the PM system include the PHC, RSC, posterior cingulate
(PCC), angular gyrus (AnG), precuneus (Prec), anterior thalamus and mammillary bodies
(aThal), and medial prefrontal cortex (MPFC). Regions of the AT system include the PRC,
anterior ventral temporal cortex (aVTC), amygdala (AMY), and lateral orbitofrontal cortex
(IOFC). Possible sites of integration include the hippocampal formation (HF) and
ventromedial prefrontal cortex (vmPFC).
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bodies, and medial prefrontal cortex. The PRC is part of an anterior temporal (AT)
system that also includes the ventral anterior temporal cortex, lateral orbitofrontal
cortex, and amygdala. In this “PMAT” framework, the PM system is involved in on-
line processing of context information and long-term storage of previously learned
contexts in the form of situation models. The AT system is involved in processing
item information and long-term storage of previously learned items in the form of
concepts. As we have argued previously (Ranganath and Ritchey, 2012), the PMAT
framework accounts for profiles of anatomical and functional connectivity and for
the roles of these structures in a myriad of cognitive and memory-related functions.
In this chapter, we review these findings and offer some new ideas about the impli-
cations of this framework for understanding hippocampal and medial prefrontal
contributions to memory.

ANATOMICAL AND FUNCTIONAL CONNECTIVITY
OF THE PM AND AT SYSTEMS

The foundation of the PMAT framework is an extensive body of literature document-
ing differences in anatomical connectivity among MTL structures (Aggleton, 2011;
Burwell, 2000; Kondo et al., 2005; see Ranganath and Ritchey, 2012 for review). The
PHC is extensively interconnected with both the PRC and RSC, but PHC and RSC
show highly overlapping patterns of cortical and subcortical connectivity that
diverge from the PRC. The PHC and RSC are major targets of the cingulum bundle,
a white matter pathway that links these regions with the posterior cingulate, anterior
cingulate, angular gyrus, precuneus, and ventromedial prefrontal cortex (vmPFC)
(Morris et al., 1999; Mufson and Pandya, 1984; Schmahmann et al., 2007). These
regions are often collectively described as the “default network™ (Raichle et al.,
2001). Subcortical targets identified in tracer studies include the anterior thalamus
and mammillary bodies, regions known to play an essential role in episodic memory
and spatial cognition (Aggleton and Brown, 1999; Aggleton and Nelson, 2014). The
PRC is interconnected via the uncinate fasciculus with the temporopolar cortex,
amygdala, and lateral orbitofrontal cortex (for reviews, see Suzuki and Naya,
2014; Von Der Heide et al., 2013), and subcortical connections include the
mediodorsal thalamic nucleus. Finally, although the PHC, RSC, and PRC are heavily
interconnected with the hippocampal formation (primarily entorhinal cortex), the
connections can be organized into two parallel streams (Agster and Burwell,
2013, Knierim et al., 2006; Naber et al., 1999, 2001; Witter et al., 2000), with
PHC and RSC primarily targeting the medial entorhinal cortex and PRC primarily
targeting lateral entorhinal cortex (Fig. 2). PRC and PHC, along with these entorhinal
areas, have different connections along the longitudinal and transverse axes of CA1
and subiculum.

Analyses of intrinsic functional connectivity measured with functional magnetic
resonance imaging (fMRI) have revealed results that converge with the framework
described above (Kahn et al., 2008; Libby et al., 2012). Whereas PRC shows strong
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FIGURE 2

Parallel cortico-hippocampal pathways link the PM and AT systems with the entorhinal
cortex, CA1, and subiculum. These pathways converge on the dentate gyrus (DG) and CA3.

functional connectivity with the ventral temporopolar cortex, amygdala, and lateral
prefrontal cortex, PHC shows strong functional connectivity with the RSC, angular
gyrus, posterior cingulate, and precuneus (Fig. 3A). Furthermore, two recent high-
resolution fMRI studies have revealed functional connectivity dissociations that
are strongly consistent with the parallel cortico-hippocampal streams identified in
anatomical studies. These studies reported a distinction between posterior-medial
and anterior-lateral regions of the entorhinal cortex, showing that these areas are dif-
ferentially connected with the PRC and PHC (Maass et al., 2015) and with the ex-
tended AT and PM systems (Navarro Schroeder et al., 2015). PRC and PHC also
exhibit different patterns of functional connectivity with hippocampal subfields
(Libby et al., 2012; Maass et al., 2015), in that the PRC shows preferential connec-
tivity with anterior CA1 and subiculum, whereas the PHC shows preferential con-
nectivity with posterior CA1 and subiculum.

2 RELATIONSHIP BETWEEN CONNECTIVITY AND FUNCTION

A core assumption of the PMAT framework is that connectivity and task function
are intimately related; that is, the function of its region will be constrained by its
connectivity with other structures, sometimes referred to as its ‘“connectional
fingerprint” (Passingham et al., 2002). In one recent study, we directly tested whether
the PMAT framework could explain the recruitment of different cortical areas during
memory encoding (Ritchey et al., 2014). Using a data-driven, graph theoretic anal-
ysis of resting-state functional connectivity data, we identified networks that
strongly resembled the PM and AT systems (Fig. 3B). We then measured the re-
sponses of these regions while participants learned different kinds of associations
(i.e., associations between an item and its feature or an item and its context). Strik-
ingly, for every participant in our sample, regions in the same functional
connectivity-defined network exhibited more similar profiles of activation than
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FIGURE 3

Functional connectivity and task similarity among regions in the PM and AT systems. (A) AT areas have stronger functional connectivity with the
PRC than with the PHC (overlaid in red; gray in the print version), and PM areas have stronger functional connectivity with the PHC than
with the PRC (overlaid in blue, dark gray in the print version). Results from left hemisphere seeds and targets are shown. (B) In an independent
dataset, graph analyses of the functional connectivity among peaks from (A) revealed networks resembling the PM and AT systems, in
which connectivity was stronger within a network than between networks. An additional network included mostly ventral frontal and parietal (VFP)
regions. (C) Relative to regions in different networks, regions within the same functionally defined network made similar contributions to an
associative memory encoding task, measured in terms of the similarity of their activation profiles. This difference was observed for each
participant (see inset).

(A) Data from Libby et al. (2012). (B) and (C) Adapted from Ritchey et al. (2014).
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regions in different networks (Fig. 3C). In fact, the functional connectivity networks
accounted for more variability in the task data than information about whether
the regions were part of the MTL memory system (Ritchey et al., 2014). In a related
approach, Navarro Schroeder and colleagues (2015) demonstrated that regions
within the AT and PM systems were differentially connected with the entorhinal
cortex and that this entorhinal organization followed differences in object and scene
responsiveness during an animacy judgment task. These findings are consistent with
the idea that the functional specializations of the AT and PM systems are inextricably
linked with the shared connectivity relationships of regions within each system.

Because numerous studies have reported increased activation in the default net-
work during episodic memory retrieval, many recent studies have focused on relating
connectivity within the PM system to memory performance (Andrews-Hanna et al.,
2010, 2014; Fornito et al., 2012; King et al., 2015; Kragel and Polyn, 2015; Sestieri
et al., 2011; St Jacques et al., 2011). For instance, in a study combining convergent
results from three independent datasets, functional connectivity between core com-
ponents of the PM system was shown to increase during episodic recollection (King
et al., 2015). Moreover, the changes in connectivity, but not activation itself, were
correlated with individual differences in recollection (King et al., 2015). These find-
ings, along with other related results (Fornito et al., 2012; Foster et al., 2013; Kragel
and Polyn, 2015; Schedlbauer et al., 2014; Watrous et al., 2013), indicate that con-
textual retrieval involves changes to the network dynamics of the PM system. Some
evidence additionally suggests that modulating the network may be sufficient to alter
memory function. Experiments using noninvasive brain stimulation techniques, such
as transcranial magnetic stimulation, have shown that stimulation of the PM system
can lead to changes in episodic memory performance (Bonni et al., 2015; Jones et al.,
2014; Wang et al., 2014a; Yazar et al., 2014). In one study, lateral parietal stimula-
tion was linked to widespread changes in cortico-hippocampal functional connectiv-
ity, including functional connectivity among medial and lateral parietal components
of the PM system (Wang et al., 2014a). Studies of the network-level organization of
memory, and our ability to perturb these networks, may reveal important insights into
memory dysfunction and pathways toward improvement.

ROLES OF THE PM AND AT SYSTEMS IN MEMORY
AND COGNITION

The work described above demonstrates clear links between connectivity and func-
tion within the PM and AT systems. Here, we will summarize evidence regarding the
kinds of tasks that tend to recruit these systems, focusing first on the PHC, RSC, and
PRC (those cortical areas most closely affiliated with the hippocampus), and then
considering how these differences extend to other components of the PM and AT
systems.
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THE PM SYSTEM
3.1.1 Episodic and Autobiographical Memory

The PM system has been repeatedly linked to memory for the context of an event. For
instance, areas in the PM system, including the PHC, RSC, and angular gyrus, have
been collectively referred to as a “core recollection network™ (Johnson and Rugg,
2007; Vilberg and Rugg, 2008), because these regions show enhanced activation when
participants retrieve information about the context in which an item was studied or
when they report spontaneous recollection of details from a study episode (for reviews,
see Davachi, 2006; Diana et al., 2007; Eichenbaum et al., 2007; Spaniol et al., 2009).
The involvement of the PHC, RSC, and other default network regions in episodic re-
trieval extends to retrieval of autobiographical events (Andrews-Hanna et al., 2014;
Cabeza and St Jacques, 2007; Svoboda et al., 2006), which are often rich in contextual
detail. Complementing these neuroimaging findings, neuropsychological studies have
revealed deficits in autobiographical memory in patients with damage to the RSC
(Maguire, 2001; Valenstein et al., 1987), the angular gyrus (Berryhill et al., 2007,
Simons et al., 2010), or the thalamus and mammillary bodies (Mayes et al., 1987).

3.1.2 Space and Time
A rich body of evidence based on experiments with rodents, monkeys, and humans
has linked the PM system, especially the PHC and RSC, to memory for spatial in-
formation. For instance, rodents with lesions to the postrhinal cortex (the likely
rodent homologue of the PHC) are impaired at discriminating between novel and fa-
miliar object—context configurations, despite normal object recognition (Norman
and Eacott, 2005). Related deficits have been observed for rodents with RSC lesions
(e.g., Vann and Aggleton, 2002). The finding that PHC damage is associated with
spatial memory impairments has also been observed in nonhuman primates
(Alvarado and Bachevalier, 2005; Bachevalier and Nemanic, 2008) and human
patients (Bohbot et al., 2000). Human neuroimaging work has complemented these
findings, showing that responses in the PHC and RSC are related to memory for
object—location associations (Cansino et al., 2002; Libby et al., 2014; Ross and
Slotnick, 2008; Sommer et al., 2005; Uncapher et al., 2006) and that the RSC, in par-
ticular, carries information about location and first-person perspective during spatial
memory retrieval (Marchette et al., 2014). In addition to spatial memory, some recent
findings have implicated the PM system in memory for temporal context (Hsich
et al., 2014, submitted). Using analyses of multivoxel activity patterns during
retrieval of learned temporal sequences, Hsieh et al. (2014) found that activity
patterns in PHC carried information about the temporal or ordinal position of an
object in a learned sequence. Similar results were found for other PM system regions,
including the angular gyrus, posterior cingulate, and vimPFC (Hsieh and Ranganath,
under review).

The PM system also plays a key role in spatial navigation. Cells within the PHC
appear to code for specific navigational landmarks (Ekstrom et al., 2003), and some
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PHC cells have place fields that are larger and more sensitive to environmental cues
than hippocampal place cells (Burwell and Hafeman, 2003). Head direction cells,
which selectively respond when the animal’s head is oriented toward a particular di-
rection in space, are distributed across the RSC, lateral mammillary bodies, anterior
thalamus, and presubiculum (Yoder et al., 2011). Human patients with damage to the
RSC also exhibit a form of topographical amnesia (Aguirre and D’Esposito, 1999;
Epstein, 2008; Maguire, 2001), in which they are unable to use landmarks to orient
oneself. The coordinated actions of components of the PM system have been previ-
ously described as integrating information about one’s position within a global
spatial context to construct a first-person spatial representation (Bird and
Burgess, 2008).

3.1.3 Scene Perception

Outside of the memory domain, the most posterior part of the PHC (along with por-
tions of the nearby lingual gyrus) has been referred to as the parahippocampal place
areas, due to its responsiveness to scene information relative to other categories of
visual stimuli (reviewed by Epstein, 2008). The RSC also shows some sensitivity to
scene information (Huffman and Stark, 2014; O’Craven and Kanwisher, 2000; Park
et al., 2007), although, as described previously, its involvement may specifically
contribute to using scene information to orient oneself in context. One recent study
showed that categorical selectivity in the PHC, measured as the discriminability of
multivariate patterns to scenes versus faces, correlated on a trial-by-trial level with
selectivity in the RSC (Huffman and Stark, 2014), suggesting that these regions may
work together to support scene perception.

3.1.4 Social Cognition

Meta-analytic analyses have demonstrated considerable overlap between areas in-
volved in autobiographical memory (including much of the PM system) and areas
involved in social cognitive processes such as theory of mind, or the ability to infer
the thoughts or motivations of others (Andrews-Hanna et al., 2014; Spreng et al.,
2009). Andrews-Hanna et al. (2010, 2014) have recently argued that the default net-
work comprises two subsystems, a ventral subsystem associated with mnemonic or
contextual processing and a dorsal subsystem associated with theory of mind
operations—the combination of which can support complex autobiographical mem-
ory retrieval. Indeed, the detailed representations of context that support autobio-
graphical memory should include information about one’s position as well as
relationships to other agents within an environment.

Altogether, these findings and others (reviewed by Ranganath and Ritchey, 2012)
suggest that regions in the PM system are involved in processing online context in-
formation, referencing it to the perspective of one’s self, and storing that information
into long-term memory.
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THE AT SYSTEM

3.2.1 Recognition and Associative Memory

Several studies have implicated the PRC in recognition of objects or other items. For
instance, PRC lesions have been shown to severely impair visual object recognition
memory in monkeys (Alvarado and Bachevalier, 2005; Baxter and Murray, 2001;
Nemanic et al., 2004) and rats (Aggleton et al., 2010; Ennaceur et al., 1996;
Norman and Eacott, 2004). Research in humans has emphasized the idea that item
recognition can be supported by contextual recollection or assessment of an item’s
familiarity and that the latter process is supported by the PRC (see Diana et al., 2007
for review). In human patients, lesions that disproportionately affect the PRC are
rare, but one such patient showed severe impairments in familiarity-based item
recognition memory (Bowles et al., 2007).

Beyond encoding individual objects, it is clear that PRC is also critical for learn-
ing associations between objects and their features or with other objects. For in-
stance, many single-unit recording studies have shown that PRC neurons can
encode associations between objects that have been repeatedly paired together
(Miyashita, 1988), and PRC lesions severely impair learning of object—object asso-
ciations (Murray et al., 1993; Norman and Eacott, 2005). Imaging studies of humans
have also shown that PRC activity during learning predicts the degree to which
people can learn to associate an item with an arbitrary feature (Diana et al.,
2010; Staresina and Davachi, 2008; Staresina et al., 2011) or with another item
(Haskins et al., 2008). Although most investigations of item recognition have
centered on the PRC, there is some evidence that other components of the AT
system may be involved in certain aspects of recognition memory. For instance,
the activity of amygdala neurons is modulated by the novelty/familiarity of objects
(Wilson and Rolls, 1993), and amygdala lesions in rats were shown to disrupt
recognition memory in a manner consistent with a selective familiarity deficit
(Farovik et al., 2011).

3.2.2 Affective Processing

The AT system seems to play a role in mediating associations between items and
their affective or motivational significance. The amygdala is crucially involved in
enhancing memory for emotional salient information (LaBar and Cabeza, 2006), es-
pecially emotional items and their features (reviewed by Kensinger, 2009). Under
one account, the amygdala may support the binding of item and emotion information
in memory through its strong reciprocal connections with the PRC (Yonelinas and
Ritchey, 2015). Lateral orbitofrontal cortex, in contrast, signals the learned value
of items (Lara et al., 2009; Tsujimoto et al., 2009) and is critical for making decisions
based on past experience with item-reward associations (Noonan et al., 2011;
Walton et al., 2010). There is also some evidence that the PRC is involved in coding
associations between objects and rewards (Liu and Richmond, 2000; Liu et al., 2000)
or aversive outcomes (Furtak et al., 2007).
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3.2.3 Semantic Processing

Several lines of evidence have linked the PRC and temporopolar cortex to processing
of semantic features of objects. For instance, damage to the PRC and left anterior
temporal cortex in patients with semantic dementia is associated with a loss of con-
ceptual knowledge about objects (reviewed by Martin and Chao, 2001; Murre et al.,
2001). Additionally, conceptual priming for words is associated with modulations
of field potentials recorded in PRC (Nobre and McCarthy, 1995) and of left PRC
activity measured with fMRI (Dew and Cabeza, 2013; Wang et al., 2010, 2014b).
Patients with lesions to the left PRC, in turn, show significant reductions in concep-
tual priming (Wang et al., 2010). Some evidence suggests that PRC contributions
to conceptual priming and item recognition are related, in that reductions in PRC
activity have been observed in overlapping regions during item recognition and after
conceptual priming (Dew and Cabeza, 2013; Wang et al., 2014b).

The role of the PRC in semantic processing may be bounded by the specificity of
the semantic representation. Using a technique that enabled them to fit models of
stimulus similarity to observed estimates of neural similarity, Clarke and Tyler
(2014) demonstrated that responses in the PRC were best explained by a model that
emphasized object-specific semantic features as opposed to visual or categorical in-
formation. Tyler and colleagues have proposed that PRC and temporopolar regions
are specifically needed for fine-grained conceptual processing that is needed in order
to resolve semantic confusability. Consistent with this idea, Wright et al. (2015)
compared patients with and without PRC damage on naming and word—picture
matching tasks and found that PRC damage was related to impair processing of
highly confusable concepts. Finally, although not typically associated with semantic
cognition, even the amygdala may make some contributions to conceptual knowl-
edge, such as supporting the generalization of conditioned fear responses to other
exemplars from the same semantic category (Dunsmoor et al., 2014).

3.2.4 Object Perception

The PRC has been often described as the terminal area of the ventral visual stream,
and thus, perhaps not surprisingly, there is considerable evidence suggesting that the
PRC is important for object perception (Bussey et al., 2005; Graham et al., 2010).
Damage to the PRC impairs performance on perceptual discrimination tasks that re-
quire fine discriminations between objects, particularly those objects that share mul-
tiple features in common (Barense et al., 2005; Bussey et al., 2002; Lee et al., 2005,
2006) or require integration of features across modalities (Taylor et al., 2006).
Responses to objects in the PRC, amygdala, and anterior temporal cortex appear
to be view-invariant (Barense et al., 2010; Nakamura et al., 1992, 1994; Sato and
Nakamura, 2003), and multivoxel patterns in these regions are sensitive to item rep-
etitions (Hsieh et al., 2014; Libby et al., 2014), even when view is not maintained
(Libby et al., 2014).

Altogether, these findings and others (reviewed by Ranganath and Ritchey, 2012)
suggest that regions in the AT system are involved in processing and storing infor-
mation about items, including their semantic and perceptual features as well as their
salience and value.
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POSSIBLE SITES OF INTEGRATION
THE HIPPOCAMPUS

Perhaps not surprisingly, the PM and AT systems must work together in order to sup-
port the full complement of memory-guided behavior. The hippocampus is a clear
point of connection between the two systems due to its strong connectivity with both
systems. As noted above and in Fig. 2, there are parallel cortico-hippocampal path-
ways linking the PM and AT systems with the entorhinal cortex, CA1, and subiculum
(Witter et al., 2000). The dentate gyrus is a major convergence point within the hip-
pocampal circuit, as it receives a balanced distribution of connections from medial
and lateral entorhinal cortex, as well as PRC and PHC (Burwell, 2000; Libby et al.,
2012). Therefore, it might be best to think of the hippocampus as playing dual roles in
its interactions with the PM and AT systems. Functional interactions that occur via
the traditional trisynaptic circuit can facilitate functional integration between the two
systems (Knierim et al., 2006). In contrast, connections via the temporo-ammonic
pathway can allow for separable interactions (Ranganath and Ritchey, 2012), possi-
bly with the anterior (temporal) hippocampus affiliating with the AT system and pos-
terior (septal) hippocampus affiliating with the PM system. This organization has
implications for understanding functional dissociations along the longitudinal axis
of the hippocampus, including differences in contributions to emotional processing
(Fanselow and Dong, 2010) as well as in the scale of contextual representation
(Poppenk et al., 2013, Strange et al., 2014).

THE VENTROMEDIAL PREFRONTAL CORTEX

Outside of the MTL, the AT and PM systems also converge in a region that may be
particularly important for the control of memory-guided behavior—the vmPFC. This
putative integration zone lies at the posterior junction of medial prefrontal and orbi-
tofrontal cortex (Price, 2007), and comparative anatomy studies suggest that, in
humans, this region is bordered superiorly by the rostral sulcus, anteriorly by
BA11, and laterally by the orbital sulcus (Carmichael and Price, 1996; Ongiir and
Price, 2000). Rodent and nonhuman primate anatomical studies have shown that
vmPFC has a profile of connectivity that spans the AT and PM systems. Compared
to other prefrontal areas, the vmPFC is uniquely connected directly with both PRC
and PHC (Hoover and Vertes, 2011; Kondo and Witter, 2014; Kondo et al., 2005;
Price, 2007), as well as the hippocampus (Barbas and Blatt, 1995; Beckmann
etal.,2009; Swanson, 1981; Verwer et al., 1997). Additionally, although the prefron-
tal nodes of the AT and PM systems (lateral orbitofrontal cortex and medial prefron-
tal cortex, respectively) have largely distinct whole-brain connectivity profiles and
few direct interconnections (Carmichael and Price, 1996; Kondo and Witter, 2014;
Saleem et al., 2008), both regions have strong reciprocal connections with vmPFC
(Carmichael and Price, 1996; Price, 2007). Thus, vimPFC can be thought of as the site
of convergence between prefrontal and MTL components of both the AT and PM
systems.
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The functional properties of the vmPFC have been reviewed elsewhere (see
Euston et al., 2012; Nieuwenhuis and Takashima, 2011; Rushworth et al.,
2011). In brief, evidence suggests that vmPFC receives information about the
intrinsic and/or learned value of items via PRC and lateral orbitofrontal cortex,
as well as information about the demands and predictability of internal and
environmental contexts from PHC and medial prefrontal cortex. As an integration
zone, vinPFC in turn represents the value of items and their associated actions as a
function of what is known about the current context (Euston et al., 2012; Rushworth
et al., 2011). Via reciprocal connections, vmPFC may also operate as a top-down
control mechanism on the MTL, inhibiting or updating mnemonic representations
that are behaviorally irrelevant (Bunce and Barbas, 2011, Ghashghaei and Barbas,
2002, Nieuwenhuis and Takashima, 2011). This region could mediate between
item and context representations, controlling the extent to which these sources
of information guide action selection. Additionally, some findings suggest that
memory consolidation processes could lead to greater reliance on vmPFC interac-
tions with cortical systems during retrieval of remote memories (Frankland et al.,
2004; Tse et al., 2011) and that interactions between the vmPFC and hippocampus
could support the integration of new information with existing representations
within the AT and PM systems (Schlichting and Preston, 2015; van Kesteren
et al., 2012).

CONCLUSIONS

Adopting the PMAT framework encourages one to think about the hippocampus
not as an endpoint, but as a critical interface between two cortical systems that con-
tribute to cognition in fundamentally different ways. These contributions can be
understood as the product of complex interactions between brain areas, constrained
by anatomy and optimized to support rapid learning in the service of perception,
action, and cognition. Although the PMAT framework can explain an extensive
body of evidence, more research is needed to resolve some important questions.
One issue concerns functional specialization within each network. That is, network
function depends on the coordinated actions of individual regions, and further work
is needed to better understand the extent to which these regions make independent
versus interactive contributions to cognition. Another important issue concerns
communication between networks. The systems do not operate in isolation but
rather interact to support a wide range of memory-guided behavior, and research
is needed to understand how the hippocampus, vmPFC, or other linking nodes me-
diate these interactions. Finally, research will be needed to understand how neuro-
degenerative diseases progress within the AT and PM systems (cf, Das et al., 2015;
La Joie et al., 2014; Seeley et al., 2009), and more importantly, whether interven-
tions to enhance connectivity within these networks can be used to treat cognitive
deficits in aging and dementia.
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