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Abstract
Formation and accumulation of amyloid-beta (Aβ) plaques are associated with declined memory and
other neurocognitive function in Alzheimer's Disease (AD) patients. However, the effects of Aβ
plaques on neural progenitor cells (NPCs) and neurogenesis from NPCs remain largely unknown.
The existing data on neurogenesis in AD patients and AD-like animal models remain controversial.
For this reason, we utilized the nestin second-intron enhancer controlled LacZ (pNes-LacZ) reporter
transgenic mice (pNes-Tg) and Bi-transgenic mice (Bi-Tg) containing both pPDGF-APPSw,Ind and
pNes-LacZ transgenes to investigate the effects of Aβ plaques on neurogenesis in the hippocampus
and other brain regions of the AD–like mice. We chose transgenic mice at 2, 8 and 12 months of age,
corresponding to the stages of Aβ plaque free, plaque onset and plaque progression to analyze the
effects of Aβ plaques on the distribution and de novo neurogenesis of (from) NPCs. We demonstrated
a slight increase in the number of NPCs in the hippocampal regions at the Aβ plaque free stage, while
a significant decrease in the number of NPCs at Aβ plaque onset and progression stages. On the other
hand, we showed that Aβ plaques increase neurogenesis, but not gliogenesis from post-mitotic NPCs
in the hippocampus of Bi-Tg mice compared with age-matched control pNes-Tg mice. The
neurogenic responses of NPCs to Aβ plaques suggest that experimental approaches to promote de
novo neurogenesis may potentially improve neurocognitive function and provide an effective therapy
for AD.
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Introduction
Alzheimer's disease (AD) is a degenerative disorder of the brain that is characterized by senile
plaques containing amyloid beta (Aβ) aggregates, and neurofibrillary tangles containing
hyperphosporylated tau-protein. The generation and progression of Aβ plaques in the brain are

*Corresponding author: Rugao Liu, Ph.D. Department of Anatomy and Cell Biology University of North Dakota School of Medicine
Grand Forks, ND 58202 Phone: (701)-777-2559 Fax: (701)-777-2477 E-mail: rliu@medicine.nodak.edu
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Neurobiol Dis. Author manuscript; available in PMC 2009 January 1.

Published in final edited form as:
Neurobiol Dis. 2008 January ; 29(1): 71–80.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



generally recognized as the principal cause of AD pathogenesis (1-3). The Aβ plaque-mediated
neurotoxicity in the distinct anatomic regions of the brain including the hippocampus, frontal
cortex and limbic system leads AD patients to loss of memory along with a progressive decline
in other cognitive skills (2,3). Despite the advancements made in understanding the cellular
and molecular mechanisms associated with the neurodegeneration by Aβ plaques, effective
therapy to intervene disease onset and progression and to improve neurocognitive functions in
AD patients is not available at the present time. To a large extent, significant numbers of
neurons died or on the way of dying at or after clinical manifestation of AD. Neuronal loss
leads to neurocircuit alteration and consequently neurocognitive dysfunction. At this stage,
therapy toward neuronal protection may not be effective. On the other hand, therapy aiming
at neuronal regeneration may be potentially delay or reverse the onset and progression of AD.
Since neural stem cells and/or neural progenitors cells (NPCs) are largely present in the adult
CNS, regenerative medicine aiming to improve neurocognitive function by increasing de
novo neurogenesis may have great potential to the therapy of AD.

Neurogenesis has been demonstrated to contribute to maintaining normal neurological
functions in animal models and has been implicated in humans (4-6). The persistent
neurogenesis was originally thought to occur in only a few restricted areas, such as the
subventricular zone (SVZ), and the subgranular zone of hippocampus (7-9). However, more
recent studies have demonstrated the generation of new neurons in many other CNS regions,
for example, the neocortex, substantia nigra and spinal cord (10-15). Increasing evidence
indicates that neurogenesis is critical to maintain normal neurological function, while alteration
of neurogenesis is associated with neurological dysfunction (16,17). Furthermore,
neurogenesis has been demonstrated in the animal models of ischemic stroke (18), amyotrophic
lateral sclerosis (ALS) (19), Alzheimer's disease (AD) (20), Parkinson's disease (PD) and
epilepsy (21,22). Moreover, enhanced neurogenesis has been reported in human patients with
AD (23) and Huntington's disease (24,25). Although substantial progress has been made in
identifying and characterizing neurogenesis in the adult CNS, the effects of NPCs and de
novo neurogenesis in response to Aβ plaque-mediated neuropathophysiology remain to be
established. In fact, the few research reports on neurogenesis in AD animal models remain
controversial. Several studies showed that Aβ plaques decrease, while others demonstrated an
increase in neurogenesis in the hippocampus and other anatomical regions of AD transgenic
mouse models (26-28). These studies primarily used BrdU labeling to identify neural stem
cells and/or NPCs. On the other hand, neurogenesis could be derived from NPCs. To apply
regenerative medicine, particularly promotion of de novo neurongenesis for therapy of AD,
extensive knowledge is required on the distribution and organization of NPCs in the brain of
AD patients. Because the CNS tissues from AD patients and age-matched normal persons are
generally not available during disease onset and progression stages, research progress on the
response of endogenous NPCs to neurodegeneration and neurocognitive dysfunction in human
AD is substantially limited. Therefore, we utilized the Bi-Tg mice containing both PDGF-
APPSw,Ind and pNes-LacZ transgenes, and age-matched pNes-Tg mice to investigate the effects
of Aβ plaques on neurogenesis in the hippocampus and other brain regions of the AD–like
mice. We demonstrated the formation and progression of Aβ plaques increases neurogenesis,
but not gliogenesis from NPCs in the hippocampus of Bi-Tg mice compared with that of age-
matched pNes-LacZ controls. The neurogenic responses of NPCs to Aβ plaques suggest that
experimental approaches to promote de novo neurogenesis may provide an effective therapy
to improve neurocognitive dysfunction in AD.

Gan et al. Page 2

Neurobiol Dis. Author manuscript; available in PMC 2009 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Materials and Methods
Transgenic mouse lines

Nestin promoter (enhancer) driven LacZ reporter transgenic mice (pNes-Tg) (29,30) and
pPDGF-APPSw,Ind (K670N/M671L and V717F) (31) mimicking human AD transgenic mice
(Jackson Laboratory, Bar Harbor, ME) were used to generate Bi-Tg mice containing both
pPDGF-APPSw,Ind and pNes-LacZ transgenes through heterozygous breeding. Transgenic
progeny were identified by regular PCR amplification of tail DNA using specific primers. Age-
matched littermates of pNes-Tg mice were used as controls. The experimental protocols for
animal breeding and neurogenic analyses were approved by the Institutional Animal Use and
Care Committee at University of North Dakota, and are in close agreement with the National
Institutes of Health guideline for the care and use of laboratory animals.

In vivo 5-bromodeoxyuridine (BrdU) labeling
BrdU at 50 mg/kg (Sigma, St. Louis, MO) was intraperitoneally (IP) administrated for three
days to adult Bi-Tg and age-matched pNes-Tg mice, twice daily at 8 hour intervals. Brains
were dissected out 3 days after the last injection of BrdU and processed for BrdU
immunohistochemical staining as described in the following section.

LacZ staining, immunohistochemical staining, image analysis and quantification
The prefrontal cortex, hippocampus and lateral ventricle of the mouse brain were used to
analyze the organization and distribution of NPCs in response to neuron degeneration. For
LacZ staining, sections (12 μm) were incubated in 5-bromo-4-chloro-3-indolyl-β-D-
galactopyranoside (X-gal) solution for 16 hours at room temperature as previously described
(14,15). For immunohistochemical staining, sections were first antigen unmasked in 0.01 M
citric acid, pH 6.0, 95°C, 10 minutes, followed by incubating in blocking buffer (10% goat
serum/0.4% triton X-100 in 1×PBS, pH 7.5) for 1 hour at room temperature. Primary antibody
was then added to the blocking buffer (1:250) and sections were incubated at 4 °C overnight.
The next day, sections were washed 5 times (5 min each) in 1×PBST (pH 7.5, containing 0.2%
tween-20), followed by incubation with specific fluorescein-conjugated secondary antibody
for 2 hours at room temperature. After extensive washes, sections were covered with anti-fade
medium and sealed for fluorescent microscopic analysis. For negative control staining, sections
were incubated without primary antibody.

All images were collected and analyzed with a Nikon fluorescent microscope 85I (Nikon,
Japan) equipped with the Spot digital camera (Diagnostic Instruments, Sterling Heights, MI)
and Photoshop software (Adobe Systems, San Jose, CA).

Quantifications and Statistical Analysis
Quantifications of LacZ positive, LacZ and NeuN positive, LacZ and BrdU positive cells in
the hippocampus were manually counted. A total of 8 sections (every tenth section) between
Bregma −1.70mm and −2.66mm of the mouse brain stereotaxic coordinates were counted with
fluorescent microscope, and the image was displayed on a computer monitor. This method of
quantification for LacZ (NPCs) analysis eliminates the potential false positive effect that may
be caused by the background. The total number of cells in the specific volume of the
hippocampal regions was calculated using the following formula: T = (Sum N1-8) ×10; where
T represents the total number of cells in the specific volume; Sum represents the summation;
N1-8 represents sections 1 through 8 of every 10th section (Average ± SD; n=3 mice/group).
For analysis of the distribution of NPCs and neurogenesis in the prefrontal cortex, sections at
Bregma 2.80mm regions were made. The number of cells per section is the average of 10
consecutive sections in the regions (Average ± SD; n=3 mice/group). For quantification of
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NPC distribution in the lateral ventricle, Image J was used to derive the relative LacZ staining
intensity. The relative intensity is the average of 10 consecutive sections at Bregma −1.82 mm
regions (Average ± SD; n=3 mice/group).

Statistical analysis of NPC distribution and neurogenesis in the specific anatomical regions of
the brain in the Bi-Tg mice compared with age-matched littermate control pNes-Tg mice
(Average ± SD; n= 3 mice/group) was performed using the paired Student t test. P < 0.05 was
considered significant.

Results
Aβ plaque onset and progression in the brain of AD-like (Bi-Tg) mice

Similar to pPDGF-APPSw,Ind Tg mice, Bi-Tg mice have age-dependent Aβ plaque onset and
progression in the hippocampus and neocortex, which is associated with neurocognitive decline
(32,33). No Aβ plaques were detected in the CNS of the control pNes-Tg mice and in the 2
months of age Bi-Tg mice (Figure 1). The onset of Aβ plaques begins at 8 months of age in
the Bi-Tg mice (Figure 1). By 12 months of age, large numbers of Aβ plaques were accumulated
in the hippocampus (Figure 1) and neocortex (data not shown) in the Bi-Tg mice (33,35). Based
on kinetic formation of Aβ plaques, we defined Bi-Tg mice at 2, 8, and 12 months of age as
the stages of Aβ plaque free, Aβ plaque onset, and Aβ plaque progression respectively.

Effects of Aβ plaques on alteration of NPCs in the hippocampus and other brain regions
We focused on the three defined stages, i.e., Aβ plaque free, Aβ plaque onset and Aβ plaque
progression, to study the effects of Aβ plaques on the alteration of NPCs in the Bi-Tg mouse
model mimicking AD. We demonstrated that the number of NPCs in the dentate gyrus of Bi-
Tg mice was slightly increased at 2 months of age, compared to the age-matched control pNes-
Tg mice (Figure 2A and 2B). However, the number of NPCs in the dentate gyrus of Bi-Tg mice
was significantly decreased at 8 and 12 months of ages compared to that of the age-matched
control pNes-Tg mice (Figure 2A and 2B).

We took the same approach to analyze the response of NPCs to Aβ plaques in the lateral
ventricles and prefrontal cortex. We demonstrated an increase of NPCs at the Aβ plaque free
stage (2 months of age mice), and a decrease of NPCs at the Aβ plaque progression stage (12
months of age) (Figure 2C and 2D). As mice are aging, NPCs in the lateral ventricles are
reduced in both normal and AD-like mice (Figure 2C and 2D). In the prefrontal cortex, we
showed that an increase of NPCs at Aβ plaque onset stage, while a decrease of NPCs at Aβ
plaque progression stage (Figure 2E and 2F).

Effects of Aβ plaques on the survival, proliferation and differentiation of NPCs
We carried out several experiments to study the effects of Aβ plaques on the fate of NPCs in
the hippocampus. Since the number of NPCs is reduced at the stages of Aβ plaque onset and
progression in the hippocampus, we first performed double staining with LacZ and active
caspase 3 (Figure 3), LacZ and TUNEL (data not shown) respectively to examine whether the
formation of Aβ plaques is associated with apoptotic death of NPCs. We did not detect
significant co-localization of apoptotic markers with NPCs in the hippocampus (Figure 3),
prefrontal cortex (data not shown) and lateral ventricle (data not shown) of the 8 and 12 months
of age Bi-Tg mice (Figure 3), suggesting that Aβ plaque onset and progression do not induce
apoptotic death of NPCs (Figure 3).

We next examined whether Aβ plaques affect the proliferative capacity of NPCs in situ. We
administered BrdU at 50 mg/kg through intraperitoneal (IP) injection twice a day for 3 days.
Three days after the last BrdU administration, we processed the brain samples to analyze the
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effects of Aβ plaques on NPC proliferation. We showed that NPCs identified by LacZ-positive
cells in the dentate gyrus of the hippocampal regions are not proliferative, since LacZ staining
and BrdU-labeling are not co-localized (Figure 4A). Using the BrdU labeling approach, we
also demonstrated that Aβ plaques alter cell proliferative status in the hippocampal regions.
Compared with the age-matched controls, we observed a slight increase in the number of BrdU-
positive cells at Aβ plaque free stage, a significant increase in the number of BrdU-positive
cells at the Aβ plaque onset stage, and a decrease in the number of BrdU-positive cells at Aβ
plaque progression stage in the dentate gyrus (Figure 4A and 4B). The effects of Aβ plaque on
cell proliferation in the subgranular zone and the outer portion of the granular cell layer of the
dentate gyrus were shown in Figure 4C. Again, we did not detect significant numbers of
proliferative NPCs in the regions of the hippocampus (Figure A, and data not shown). In
contrast, we detected that some of the NPCs in lateral ventricle are actively proliferative (Figure
4D and 4E).

Furthermore, we analyzed the effects of Aβ plaques on the differentiation of NPCs in the
hippocampal regions. For analysis of neurogenesis, we performed the double staining with
LacZ and NeuN (Figure 5A). We demonstrated a slight increase of neurogenesis at Aβ plaque
free stage, and a significant increase of neurogenesis at Aβ plaque onset and progression stages
in the dentate gyrus and CA1 regions of the Bi-Tg mice compared with age-matched control
pNes-Tg mice (Figure 5A-5C).

For analysis of gliogenesis from NPCs in the hippocampus, we performed a double staining
using LacZ and GFAP. We did not detect significant gliogenesis from NPCs in the hippocampal
regions (Figure 6A). On the other hand, we did detect gliogenesis from NPCs at the lateral
ventricles (Figure 6B).

Discussion
Though it has been well established that neurogenesis is present in the adult mammalian CNS
(4-9), the effects of Aβ plaques on NPCs and on de novo neurogenesis (and/or gliogenesis)
from NPCs in AD patients during disease onset and progression remain largely unknown. This
may be largely due to the unavailability of tissues at disease free, onset and progression stages
in AD patients along with normal controls. For this reason, we utilized Bi-Tg mice that contain
both pPDGF-APPSw,Ind and pNes-LacZ transgenes to investigate the effects of Aβ plaques on
neurogenesis. Selection of the Bi-Tg transgenic mouse model for this study was primarily based
on the following two major characteristics: 1). Bi-Tg mice, like pPDGF-APPSw,Ind Tg mice,
develop an age-dependent Aβ plaque formation and accumulation that are associated with
neurocognitive dysfunction, which recapitulates some etiological and pathological features of
AD patients (31); 2). Bi-Tg mice, like pNes-Tg mice carrying LacZ reporter gene under the
control of the nestin second-intron enhancer, are the well-established animal model for
identification and characterization of NPCs in the CNS (14,15,29,30). Together, the advantages
of the Bi-Tg mouse model system allowed us to define the temporal responses of NPCs and
neurogenesis/gliogenesis from NPCs to Aβ plaques in relation to AD-like disease onset and
progression. The present study using the Bi-Tg mice with the age-matched control pNes-Tg
mice demonstrated two major findings: 1). Aβ plaques modulate the tempospatial distribution
of NPCs in the hippocampus and other anatomical regions of the adult mouse brain; 2). Aβ
plaques enhance de novo neurogenesis, but not gliogenesis from NPCs in the hippocampus. In
addition, the previous and current studies also established that the NPCs identified by the LacZ
reporter in the subventricular zone of the adult CNS are proliferative, while the NPCs presented
outside of the subventricular zone are not at the actively proliferative state (Figure 4) (34). To
the best of our knowledge, this is the first report defining the temporal responses of the post-
mitotic NPCs in the hippocampus to Aβ plaques in the mouse model mimicking human AD.
However, whether the organization of NPCs and neurogenesis from NPCs in the AD-like
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mouse model truly reflect the activity of NPCs in the CNS of human AD patients remains to
be established. Nevertheless, the results from this study provide compelling evidence to suggest
that NPCs are good targets for neurogenic therapy of AD to improve neurocognitive
dysfunction induced by Aβ plaques.

In light of the current findings with the Bi-Tg mice, we demonstrated an increase of
neurogenesis in the hippocampus, particularly at the Aβ plaque onset and progression stages.
We reason that the increased neurogenesis is a compensatory response to Aβ plaque-mediated
neurocognitive dysfunction. Changes in neurogenesis have been observed in specific
anatomical regions of the adult brain in the animal models associated with neurological and
psychiatric disorders, such as stroke (16,18), PD(34), and epilepsy (22). An increase of
neurogenesis in the hippocampus of human AD patients was reported with immature neuronal
staining (23). Similarly, an increase of neurogenesis was shown in transgenic mice mimicking
human AD (20). On the other hand, a decrease of hippocampal neurogenesis was reported in
several transgenic mouse models of AD (28). Apparently, the differences reported on the
neurogenesis in the transgenic mouse models of AD may be due to the methodological
approaches used in identification and characterization of neurogenesis. For example, the BrdU
labeling dose and duration, and the animal ages were demonstrated to attribute to the different
outcomes of neurogenesis observed (35,36). For this reason, we took both the BrdU-dependent
and BrdU-independent approaches to analyze the effects of Aβ aggregation on NPC
distribution and neurogenesis in the adult mouse CNS. Our study in contrast with previous
reports focused on neurogenesis from post-mitotic NPCs which are present throughout the
CNS. In addition, we chose three stages corresponding to Aβ plaque free, plaque onset and
plaque progression to define the effects of Aβ plaques on neurogenesis. We demonstrated
diverse responses of NPCs to Aβ plaques, depending on age of the Aβ-borne animals and the
anatomical regions of the brain. For example, Aβ plaque formation and accumulation
significantly decrease the number of NPCs in the dentate gyrus of the hippocampus (Figure
2A and 2B). On the other hand, Aβ plaque formation increases, while Aβ plaque accumulation
decreases the numbers of NPCs in the prefrontal cortex (Figure 2E and 2F). The changes of
NPCs and neurogenesis in the anatomical regions of the Bi-Tg mouse model compared to age-
matched controls might reflect the clinical and pathological manifestation in AD, since the
different brain regions were disproportionally affected (37,38). In addition, the changes of
NPCs and neurogenesis in the hippocampus to Aβ plaques may also associate with the
alterations of neuropathophysiology (31-33). Nevertheless, the cause/effect of the alterations
on NPCs and neurogenesis in relation to neuropathophysiology by Aβ plaques remain to be
established.

The increase of neurogenesis from NPCs at Aβ plaque onset and progression stages suggests
Aβ plaques can promote differentiation of NPCs. More recently, an in vivo study showed that
Aβ influences the fate of NPCs, driving their differentiation toward a neuronal direction (39).
We observed a decrease of NPCs in the hippocampus at the Aβ plaque onset and progression
stages. Since we did not detect significant cell death of NPCs (Figure 2) and gliogenesis from
NPCs in the hippocampus (Figure 6), we reason that the decreased NPCs are most likely due
to the elevation of migration, which leads to NPC distribution and re-organization, and the
increase of neurogenesis, which turns NPCs into neuron-like cells (Figure 5A-5C).

One interesting but unresolved issue in the current study is the lineage relationships between
LacZ-positive NPCs and BrdU-positive cells in the hippocampus. The majority of the NPCs
defined by LacZ staining that are present outside of the subventricular zone are not at an actively
proliferative state (Figure 4A-4C), but at highly differentiating state (Figure 5). About 60%
NPCs are co-localized with NeuN in the hippocampal region of AD-like (Bi-Tg) mice (Figure
5B). Aβ plaques enhance the differentiation of NPCs toward neuronal direction (Figure
5B-5C). Previous reports have shown that BrdU positive cells can differentiate into neuron-
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like cells (5,20,28). More significantly, Aβ plaques elicit alterations of the neurogenic status
from BrdU-positive cells (20,28). It is likely that post-mitotic NPCs and mitotically active
(BrdU-positive) cells represent two different lineages, both of which can differentiate into
neurons in response to Aβ plaques. Thus, neurogenesis in the hippocampus consists of at least
two components, one is derived from post-mitotic NPCs which may mobilize an early and
acute response (Figure 5). On the other hand, another neurogenic component is derived from
BrdU-positive cells (20,28), which provide the long-lasting response (source) for regeneration.
In the later event, some of proliferative NPCs may never reach the maturity in the journey of
proliferation, migration and differentiation (40). Together, the extensive existence of NPCs in
the CNS makes them good targets for neuronal regeneration. To a large extent, experimental
approaches to enhance neurogenesis aiming to improve neurocognitive function would
contribute significantly to the effective therapy of AD.
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Figure 1.
Aβ plaque formation and progression in the AD-like transgenic mice. Representative IHC
images demonstrating Bi-Tg mice have age-dependent Aβ plaque onset and progression in the
hippocampus compared with age-matched pNes-Tg mice.
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Figure 2.
The effects of Aβ plaques on the distribution and organization of NPCs in the brain of AD-like
transgenic mice. A. Representative LacZ staining images demonstrating the number of NPCs
in the dentate gyrus (DG) of Bi-Tg mice at 2, 8 and 12 months of age (m) compared to that of
the age-matched control pNes-Tg mice. B. The total number of NPCs in the DG (−1.70 to
−2.66 from Bregma) of the Bi-Tg mice at 2, 8 and 12 months of age compared to that of the
age-matched control pNes-Tg mice (* p<0.05; ** p<0.005). C. Representative LacZ staining
images demonstrating the distribution of NPCs in the lateral ventricle regions in the Bi-Tg
mice at 2, 8 and 12 months of age compared to age-matched normal control (pNes-Tg) mice.
D. The relative staining intensity in the lateral ventricle regions of Bi-Tg mice at 2, 8 and 12
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months of age (m) compared to age-matched pNes-Tg mice (*p< 0.05). E. Representative LacZ
staining images demonstrating the distribution of NPCs in the prefrontal cortex of Bi-Tg mice
at 2, 8 and 12 months of age compared to age-matched normal control (pNes-Tg) mice. F. The
total number of NPCs in the prefrontal cortex of Bi-Tg mice at 2, 8 and 12 months of age
compared to age-matched pNes-Tg mice (*p< 0.05).
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Figure 3.
Analysis of caspase 3-mediated apoptosis of NPCs in the DG of AD-like transgenic mice.
Representative IHC images showing that there is no co-localization of NPCs with active
caspase 3.
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Figure 4.
Proliferation of NPCs in the brain of AD-like transgenic mice. A. Representative BrdU and
LacZ staining images demonstrating that the majority of NPCs in the dentate gyrus (DG) of
Bi-Tg and age-matched control pNes-Tg mice at 2, 8 and 12 months of age (m) are not co-
localized. B. The total number of BrdU-positive cells in the DG (−1.70 to −2.66 from Bregma)
of the Bi-Tg mice at 2, 8 and 12 months of age compared to that of the age-matched control
pNes-Tg mice (* p<0.01; ** p<0.05;). C. The total number of BrdU-positive cells in the
subgranular zone (SGZ) and the outer portion of the granular cell layer (oGCL) (−1.70 to −2.66
from Bregma) of the Bi-Tg mice at 2, 8 and 12 months of age compared to that of the age-
matched control pNes-Tg mice (* p<0.01; ** p<0.05; ***p<0.05). D. Representative BrdU
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and LacZ staining images demonstrating that some of NPCs in the lateral ventricle (LV) of Bi-
Tg and age-matched control pNes-Tg mice at 2, 8 and 12 months of age (m) are co-localized
with BrdU, suggesting NPCs in the LV are proliferative. E. The relative BrdU staining intensity
in the lateral ventricle regions of Bi-Tg mice at 2, 8 and 12 months of age (m) compared to
age-matched pNes-Tg mice (*p< 0.05).
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Figure 5.
The effects of Aβ plaques on differentiation of NPCs in the hippocampus of AD-like transgenic
mice. A. Representative LacZ, NeuN, Aβ staining and overlay images demonstrating some of
the NPCs are co-localized with NeuN in the DG, CA1 and molecular layer (Mol) of Bi-Tg
mice (inserts were confocal images showing the co-localization of LacZ and NeuN). B. The
percentage of NeuN-positive cells out of NPCs in the DG in the Bi-Tg mice at 2, 8 and 12
months of age compared to control pNes-Tg mice (* p<0.05; ** p<0.01). C. The percentage
of NeuN-positive cells out of NPCs in the CA1, CA2/CA3, and Molecular layer in the Bi-Tg
mice at 2, 8 and 12 months of age compared to control age-matched control pNes-Tg mice
(*p<0.05).
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Figure 6.
The effects of Aβ plaques on gliogenesis of NPCs in the hippocampus and lateral ventricle of
AD-like transgenic mice. A. Representative LacZ, GFAP staining and overlay images in the
DG of Bi-Tg mice compared with age-matched pNes-Tg mice controls. No overlay of LacZ
and GFAP staining was detected in the hippocampal regions. B. Representative LacZ, GFAP
staining and overlay images in the lateral ventricles of Bi-Tg mice compared with age-matched
pNes-Tg mice controls. Overlay of LacZ and GFAP staining was detected in the lateral
ventricle regions.
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