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Alzheimer’s disease (AD) is a progressive
neurodegenerative disease characterized by
deterioration of cognitive function and se-
vere neurodegeneration. In addition to the
occurrence of amyloid plaques composed of
�-amyloid (A�) peptides, neurogenesis and
neuronal plasticity are markedly altered in
the brain.

In adults, neurogenesis occurs in the
subventricular zone (SVZ) of lateral ventri-
cles and in the dentate gyrus of the hip-
pocampus. Recent work indicates that adult
hippocampal neurogenesis may play a role
in normal brain functions, such as memory
formation (for review, see Zhao et al., 2008),
and accumulating evidence has shown that
neurogenesis is impaired in animal models
of AD (for review, see Lazarov and Marr,
2010), although the mechanism by which
adult neurogenesis is impaired in AD re-
mains ill-defined. A recent study by Crews
and colleagues (2010) in The Journal of Neu-
roscience addressed this question. The study
focused on bone-morphogenetic proteins
(BMPs). BMPs are members of the trans-
forming growth factor-� (TGF-�) super-
family and are important regulators of
neurogenesis during embryonic develop-
ment. During early neural patterning, they

are known to inhibit neurogenesis while en-
hancing astroglial differentiation. In the
CNS, it has been shown that BMP can pro-
mote the survival and differentiation of neu-
ral progenitors in a region-specific manner
(for review, see Mehler et al., 1997). The ob-
servation that BMPs are expressed in the
adult brain suggests that they may be also
involved in adult neurogenesis..

Crews et al. (2010) first examined the
levels of three BMPs (BMP2, 6, and 7) in the
dentate gyrus of human AD patients.
mRNA and protein levels of BMP6, but not
BMP2 or BMP7, were significantly in-
creased in the AD brains compared with
nondemented controls (Crews et al., 2010,
their Fig. 1). Levels of BMP6 increased as
AD progressed. Immunohistochemical
analysis confirmed that BMP6-immuno-
reactive cells were present in the dentate gy-
rus and that the number of labeled cells was
elevated in AD brains. To ensure that the
marked increased BMP6 level contributes to
functional perturbation, it would be useful
to examine whether the increase in BMP6
level leads to heightened activity of canoni-
cal signaling pathways downstream of
BMPs, by measuring the level of phosphor-
ylated Smads. Of equal interest is the cell
type(s) responsible for the enhanced BMP6
level. BMP6 expression is limited to neurons
in normal adult brain; however, reactive as-
trocytes also express this protein after trau-
matic brain injury (Zhang et al., 2006).
Given the evidence that reactive astrocytes
are prominent in AD and that normal astro-
cytes play important roles in creating the

neurogenic niches of the adult brain, it
would be informative to study whether as-
trocytes also secrete BMP6 in the AD brain.

Next, Crews et al. (2010) used immuno-
staining for BMP6 and A� to examine
whether increased BMP6 levels in AD might
be related to A� pathology. BMP6 protein
accumulated around A� plaques in the hip-
pocampus and the cortex of AD patients
(Crews et al., 2010, their Fig. 2). A halo-like
pattern of BMP6 immunoreactivity was de-
tected surrounding mature plaques, sug-
gesting that accumulation of A� might
affect BMP6 expression or distribution.

To examine whether elevated BMP6
levels affect neurogenesis in AD brain, the
authors performed immunohistochemis-
try with antibodies against the neuroblast
marker doublecortin (DCX) and the early
neural progenitor cell marker SOX2 in
human brains. Quantification of DCX-
positive cells and SOX2 immunoreactivity
revealed that the number of newborn cells
was significantly reduced in the AD pa-
tients compared with nondemented con-
trols (Crews et al., 2010, their Fig. 3).

The authors conducted similar studies
using transgenic mice expressing high lev-
els of human amyloid precursor protein,
and found significantly increased BMP6
levels, accumulation of BMP6 surround-
ing plaques, and reduced neurogenesis in
the dentate gyrus (Crews et al., 2010, their
Figs. 4, 5). The similarity between AD pa-
tients and transgenic mice should allow
investigation of whether elevated levels of
BMP6 in AD mice affect cell-fate determi-
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nation of adult-born cells. This is relevant
because various animal models of AD ex-
hibit altered cell-fate determination (for
review, see Lazarov and Marr, 2010) and
BMP signaling in SVZ precursors has
been shown to direct glial differentiation
at the expense of neurogenesis (Lim et al.,
2000).

In their next experiment, Crews et al.
(2010) showed that A� may directly modu-
late BMP6 expression in vitro. Treating
cultured adult rat hippocampal neural
progenitor cell (NPC) with recombinant
A�1– 42 significantly increased BMP6 ex-
pression was (Crews et al., 2010, their Fig.
6). Multimeric forms of A� (monomers,
dimers, and trimers) were present in the
cell lysates of NPC exposed to A�, sug-
gesting that aggregation of A� may play a
role in the upregulation of BMP6 expres-
sion. To investigate whether BMP6 di-
rectly modulates NPC proliferation, the
authors treated cultured NPCs with re-
combinant BMP6 and measured their
proliferation. BMP6 significantly reduced
NPC proliferation in a dose-dependent
manner with no apparent toxicity (Crews
et al., 2010, their Fig. 7).

From these results, the Crews et al.
(2010) conclude that A�-associated increase
of BMP6 expression in the hippocampus of
ADpatientsandADtransgenicmicemayplay
a role in impairing NPC proliferation in the
hippocampus.

Understanding adult neurogenesis and
its function is critical in AD research because
impaired neurogenesis might be partially
responsible for impaired cognitive function.
As proposed by Crews and colleagues
(2010), normalization of BMP expression in
AD models might then present a novel ther-

apeutic approach for AD. It is conceivable
that AD symptoms could be partially ame-
liorated if hippocampal neurogenesis were
augmented. Indeed, a recent study reported
that treatment with a proneurogenic re-
agent reversed cognitive impairment in AD
transgenic mice (Blanchard et al., 2010).

Although evidence supports neurogen-
esis as target for AD, the success of this strat-
egy in AD brain might be complicated. First,
the contribution of adult neurogenesis to
cognitive function in humans is unclear, but
is generally considered to be low, especially
in the aging brain. Therefore, it seems un-
likely that enhancing neurogenesis could re-
verse the estimated 10–15% loss of total
hippocampal volume observed in human
AD patients. Second, although AD is ac-
companied by substantial hippocampal
atrophy, this atrophy is not regionally re-
stricted to the dentate granule cell layer
where adult neurogenesis occurs. The de-
generation of pyramidal neurons in CA1, a
region thought to be non-neurogenic, cor-
relates with decreased hippocampal volume
and declines in memory function. In addi-
tion, the entorhinal cortex and neocortex,
which are heavily affected in AD, are also
non-neurogenic. Furthermore, our current
understating is that adult-generated dentate
neurons do not migrate outside of the den-
tate gyrus. Thus, the degree to which en-
hancing neurogenesis would benefit AD
is unclear in the absence of correcting pa-
thology in other non-neurogenic regions.
Finally, even if adult neurogenesis con-
tributes to cognitive function in normal
brain, the AD brain might constitute a
hostile environment for new neurons; it
remains unknown whether such neurons

would mature normally and become
functional.

Despite these unanswered questions, the
idea of inducing neurogenesis for the treat-
ment of AD remains plausible. From a prac-
tical point of view, understanding adult
neurogenesis will provide important in-
sights into brain plasticity in general, which
might allow us to harness this unique form
of innate regenerative capacity to tackle a
wide variety of neurological disorders, in-
cluding AD.
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