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The book ‘‘The Dentate Gyrus: A Comprehensive Guide to Structure,
Function, and Clinical Implications’’ provides an organized and exten-
sive resource for understanding the multiple levels of research aimed at
understanding the dentate gyrus (DG).

Scientists have long been fascinated by the unique architecture of the
DG (Ramón y Cajal, 1893), and hypothesized that it plays a key role in
learning and memory in concert with the other neuronal cell populations
in the mammalian hippocampus and in related medial temporal lobe
structures (Marr, 1971; McNaughton and Morris, 1987; Squire, 1992;
Gluck and Myers, 2001; Eichenbaum, 2002). The Progress in Brain
Research volume edited by Helen Scharfman brings together, through a se-
ries of chapters written by outstanding experts in the field, fundamental
concepts about dentate structure and function as well as dentate reorgan-
ization in pathological conditions. The book is well organized and satisfies
readers seeking information at varied degrees of detail and perspective. On
study of this collection one is impressed by what we have learned through
decades of research and is reminded of how much remains unknown about
the various cell types within the dentate neural network and their contri-
bution to memory processing. This volume provides a new stimulus to
resolve the many unanswered questions that still remain about the DG.

The finding that the hippocampus is an essential structure for mem-
ory processing (Scoville and Milner, 1957) has driven researchers to
understand the neuronal architecture of this structure and posed the
question why an input stage is needed that deviates considerably from
the typical cortical organization. In a unique way among cortical projec-
tion neurons, the dentate granule cells send projections (i.e., the mossy
fibers) that terminate on proximal dendrites of as few as 50 pyramidal
cells in the hippocampal CA3 region. Although sufficiently strong to
result in firing of their target cell (Henze et al., 2002), the output of the
dentate is thus limited to changing firing patterns in the hippocampal
CA3 region. On closer examination of the circuitry of the hippocampal
formation, it is also apparent that the only region that can be influenced
by the DG receives an input that is largely identical to that of its
upstream region (Fig. 1; Witter, 2007). Entorhinal cortex (EC) layer II
cells send projections to both the dentate granule cell and the CA3 prin-
cipal cell populations, often with the same en passon axons forming syn-
apses at both locations. Such duplication of incoming information raises
the question what the distinct computations are that each of the cell
populations perform and what role the sparse and powerful unidirec-
tional projections from the dentate granule neurons to the CA3 pyrami-
dal cells serve? It has been hypothesized that the function of the mossy
fiber projections is to force the CA3 recurrent collateral connections into
a distinct and new representation, instantiating a well-separated pattern

of activity onto the CA3 network (McNaughton and
Morris, 1987; Rolls and Treves, 1998). Although this
hypothesis has generally been supported by studies of
dentate anatomy and physiology (Acsady and Káli,
2007; Kesner, 2007; Leutgeb et al., 2007), the observa-
tion that the CA3 network is capable of demonstrating
pronounced forms of pattern separation (Leutgeb et al.,
2005), which differ in their mechanisms and depend-
ence on afferent inputs (Fyhn et al., 2007; Leutgeb
et al., unpublished data) questions whether the DG has
an exclusive role in these functions or whether this is
rather achieved within the recurrent circuitry between
the two areas.

In addition to a distinct network architecture, the
DG is also characterized by unique cell populations
within its network. The most recognized one in recent
years has been the subpopulation of granule cells that
is generated in adult animals as a consequence of con-
tinued neurogenesis in the subgranular zone at the hilar
border of the granule cell layer (Gage, 2000). Although
we have come to a broad understanding of the survival
and integration of these new neurons into the dentate
network (Zhao et al., 2008), there is very little consen-
sus on their contribution to dentate computations and
hippocampal function (Leuner et al., 2006). Computa-
tional models have suggested a role for these new neu-
rons in increasing storage capacity and pattern separa-
tion mechanisms in the dentate network (Becker,
2005; Butz et al., 2006; Wiskott et al., 2006; Aimone
et al., 2009). Experiments testing whether these func-
tions are added by more recently born cells or are
rather computations that require the entire dentate cir-
cuitry, including the more mature granule cells, will
resolve this controversy. The chapters in the book pro-
vide a framework to motivate these future studies and
to consider computations by recently born neurons as
part of a larger local network.

Another unique cell population in the DG is that
of the excitatory mossy hilar cells. Mossy cells are
located in the polymorphic layer and are covered by
large and complex spines. These distinctive sites,
referred to as thorny excrescences, mark the termina-
tion zone of local mossy fiber axons. Mossy cells form
a recurrent ‘‘feedback’’ circuit with the dentate granule
cells by sending excitatory projections back to their
dendrites. Mossy cells are further able to influence the
dentate-recurrent network by also innervating hilar
interneurons, which in turn innervate dentate granule
neurons (Amaral and Witter, 1989). Very little is
known about an essential contribution of mossy cells
to memory processes, partly due to the difficulty in
accessing these cells in electrophysiological studies in
vivo (Henze and Buzáki, 2007). As no behavioral cor-
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relates of mossy cells are described, we have learned most of
what we know about their role in the dentate circuitry from el-
egant in vitro studies (Buckmaster and Schwartzkroin, 1994;
Scharfman, 1994, 1995). By utilizing what we learned in vitro,
computational models have suggested that granule cell to mossy
cell connections could mediate sequence learning (Lisman,
1999; Lörincz and Buzsáki, 2000) or enhance sparsity in pat-
tern separation mechanisms (Myers and Scharfman, 2009).

Although the contribution of mossy cells to memory repre-
sentations further downstream in the hippocampus have yet to
be determined, the pathological effects of their dysfunction
have been observed in the diseased brain. Alterations in these
neuronal populations have been linked to severe pathologies
with reorganization of the dentate network, such as medial
temporal lobe epilepsy (TLE) and ischemia (Sloviter, 1994;
Dudek et al., 2007). As an example of the thoughtful contribu-
tions to the book, it is pointed out in the chapters on the role
of the dentate in disease processes that the prominent structural
changes in epilepsy result in a comparatively mild cognitive
impairment whereas a more subtle degree of dentate reorgan-
ization during aging and in early phases of Alzheimer’s disease
is associated with more apparent memory problems. One might
argue that a relation between minor reorganization and a severe
memory deficit indicates that the DG is not essential to the
mechanisms that result in the memory impairment, in particu-
lar when extrahippocampal areas are also part of the pathology.
As an alternative hypothesis, it could be considered that minor

reorganization could have more severe consequences on mem-
ory if the essential contribution of the DG to memory becomes
compromised. The chapters on the disease processes therefore
also highlight that the research on diseases has the potential to
contribute to advancing our understanding about the role of
the DG in the healthy brain.

By collecting chapters that bring together different approaches,
different levels of investigation, and work in different model sys-
tems, the book achieves new insight into dentate function and
directs future research to the most pertinent questions. Such an
integrated approach will result in an understanding of one of the
most plastic brain regions in the adult mammalian brain and
help us in efforts to restore its balanced function in diseases. The
outstanding dedication of the authors and the editor to make this
book an accessible and comprehensive source of information on
the DG will direct and inspire future research.
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