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Abstract Adult hippocampal neural stem cells (NSC) are

an intriguing source for cell replacement or could serve as

delivery vehicles for therapeutic genes. We recently reported

selective transduction of adult mouse NSC in the DG by in

vivo injection of GFP encoding adenoviral (Ad) vectors

engineered to bind NSC-specific peptides. Here, we inves-

tigated the specificity of these peptide-tagged vectors in the

adult rat DG, and whether they can be used to follow dif-

ferentiation of infected cells over time. The virus-containing

solution was injected into the DG by stereotaxic surgery.

Specific transduction of NSC was demonstrated by the radial

glia-like morphology of GFP-expressing type-1 cells and co-

labeling with nestin or glial fibrillary acidic protein. Three

days post-injection more than 82% of GFP-containing cells

were nestin-immunoreactive, as revealed by unbiased stere-

ology and no GFP-expressing neurons were observed.

However, 30 days after injection, the amount of GFP and

nestin-containing cells declined (56%), whereas now neu-

rons that contained NeuN or possessed the typical granular

nerve cell morphology expressed GFP, indicating that they

were derived from initially transduced NSC. Importantly,

still more than 20% of nestin-immunoreactive NSC was

found to be GFP-positive 90 days after infection, but

unfortunately at this time point no GFP-containing neurons

were detectable. Our results demonstrate that Ad vectors

tagged with NSC-specific ligands can be used to target type-1

NSC, the low-proliferating cell population, in the rat hippo-

campus. They are a valuable tool to monitor the differenti-

ation of their descendants, at least over short time periods.

Keywords Adult rat brain � Dentate gyrus � Adenovirus �
Stereotaxy � Neuroanatomy � In vivo gene transfer

Introduction

Over a long time, it was thought that new neurons could

not be generated in the adult mammalian brain. Meanwhile,

it is well accepted that there are two regions in the brain,

the dentate gyrus in the hippocampus and the olfactory

bulb (from neural stem cells lying far away in the sub-

ventricular zone, SVZ), where lifelong neurogenesis

occurs. This has been demonstrated mainly in rodents

(Kempermann 2006), but has also been shown to be true

for humans (Eriksson et al. 1998; Curtis et al. 2003; Ming

and Song 2005). It is supposed that there are stem cells in

the hippocampus that are able to divide and give rise to a

daughter cell that remains in a stem cell state and another

daughter cell that can differentiate into a neuron or a glial

cell. These neural stem cells (NSC), called type-1 cells,

possess a radial glia-like morphology. The soma of these

cells is located in the subgranular zone, their single process

goes through the granular zone, and they express both the

characteristic intermediate filaments nestin and glial

fibrillary acidic protein (GFAP) (Kempermann et al. 2004).

In contrast to type-1 cells that have a low dividing rate

(Kronenberg et al. 2003), their daughter cells (so called
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type-2 cells), which are putative neuronal progenitor cells,

divide more rapidly (Kempermann et al. 2004; Steiner et al.

2006).

Many groups are studying the maturation and integration

of newly generated neurons (Song et al. 2005). However, for

all these studies a major problem is how to label these newly

generated neurons. Classical methods to label proliferating

cells with thymidine analogs as tritiated thymidine (Altman

and Das 1965) or 5-bromo-20-deoxyuridine (BrdU) (Dolbeare

1995; Kempermann 2006) need histological or immunohis-

tochemical detection methods that could interfere with cell

type specific labeling methods in the tissue and moreover,

allow only the assignment of marker proteins or structures

nearby the nucleus of a newborn neuron. Hence, morpho-

logical investigations of axons, synapses or physiological

studies are not possible or limited. Moreover, after several

cell divisions the content of previously applied thymidine

analogs could be below the detection limit (Dolbeare 1995;

Kempermann 2006). Another more recent method to label

proliferating cells is performed by stereotactic injection of

retro- and lentiviruses into the hippocampus (van Praag et al.

2002; Overstreet et al. 2004; Geraerts et al. 2006; Kemper-

mann 2006; Zhao et al. 2006; Ge et al. 2007). Successfully

transduced cells, their morphology and processes can be

visualized by reporter genes. This method, however, allows

labeling primarily cells that are in a mitotic state during virus

infection, such as type-2 cells, whereas type-1 cells are not

detectable. Transgenic animals that express GFP under the

stem/progenitor cell-specific nestin promoter can also not be

used for differentiation studies. During maturation, when the

amount of stem cell-specific proteins decreases, the GFP-

content also decreases (Kronenberg et al. 2003).

We recently published a new method that allows us

selective targeting of NSC of adult mice by direct in vivo

injection of Ad vectors linked to peptide ligands that spe-

cifically bind to hippocampal stem cells (Schmidt et al.

2007). The aim of the present contribution is to investigate

their potential to transduce specific stem cells in the adult

rat brain, and whether they can be used to follow differ-

entiation of infected cells, respectively their daughter cells,

over longer time periods. This is of particular interest to

gathering a broader spectrum for vector application in rat

animal models of CNS disorders.

Materials and methods

Adenovirus vector production, pegylation of viruses

and peptide coupling

Adenoviral wild-type vector expressing GFP (Pützer et al.

2000), and a CAR-ablated AdTLY477RAE vector with

GFP-luciferase expression (named AdGFPL) (Alemany

and Curiel 2001) have been described previously. All

viruses were propagated, purified and titrated by standard

methods (Graham and Prevec 1995; Pützer et al. 1997).

The peptide VPTQSSG was covalently linked to Ad vec-

tors by a bifunctional crosslinker NHS-PEG4-maleimide

(Thermo Scientific, Germany). Briefly, bifunctional NHS-

PEG4-Mal was added to the virus with 5% w/v. To allow

coupling of PEG to the adenovirus surface by reaction of

N-hydroxysuccinimide with primary amines of viruses at

pH 8–9, samples were incubated by stirring for 2 h at 4�C.

Repeated CsCl centrifugation was performed to separate

unbound PEG from the PEGylated viruses followed by

dialysis overnight at 4�C (O’Riordan et al. 1999). The

sulfhydryl-containing peptide dissolved in PBS (10 mM)

was added to PEGylated virus to react with maleimide

groups at a concentration of 1 mM and incubated by stir-

ring for 4 h at 4�C. Separation of unreacted peptides was

then achieved by dialysis overnight (Romanczuk et al.

1999).

Intrahippocampal and subventricular zone Ad vector

injections

Young adult male Wistar rats about 9 weeks of age

(n = 22) were obtained from Charles River Laboratories.

Rats were housed in a dedicated pathogen-free animal

facility under a 12 h light/dark cycle with free access to

food and water. Adenoviral vectors were injected into the

right dentate gyrus (DG) of the hippocampus (n = 19)

(Fig. 1a) or into the right SVZ beneath the lateral ventricle

(n = 3; Fig. 1d). Briefly, rats were anesthetized by intra-

peritoneal injection of ketamine (75 mg/kg) and rompun

(5.8 mg/kg) and mounted in a rat stereotaxic apparatus

(Kopf). The skull was opened with a dental thrill and Ad

vectors (appr. 105–106 pfu/brain diluted into 2 ll) were

injected into the DG by using a glass capillary with an

outer diameter of about 70 lm mounted onto a 5 ll

Hamilton syringe. The coordinates with reference to

bregma were for the DG: AP: -3.8 mm, L: -1.6 mm, DV:

-3.6 mm (dura). For the SVZ injections the following

coordinates referring to bregma were used: AP: ?1.2 mm,

L: -1.3 mm, DV: -4.3 mm (dura) (Paxinos 1986). All

animal procedures were conducted in accordance with

the german guidelines and with approval of the local

authorities.

Immunohistochemistry

As much as 3 days (n = 7), 30 days (n = 6) or 90 days

(n = 6) after virus injection, animals were euthanized

and brains were prepared for immunohistochemistry as

described below. After anesthesia with an overdose of

pentobarbital-Na? (80 mg/kg), rats were perfused with
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50 ml isotonic NaCl-solution followed by 400 ml of 3.7%

paraformaldehyde (dissolved in 0.1 M PBS, pH 7.4).

Brains were immediately removed from the skull, postfixed

overnight followed by an incubation overnight in PBS

containing 20% sucrose at 4�C, and finally frozen in iso-

pentane (-50�C) and stored at -80�C. Brains were cut in

to 30 lm thick serial sections using a cryostat (Leica) and

parallel tissue slices were stored in a cryoprotection solu-

tion at -20�C until immunohistochemically stained. One

series of parallel sections was immediately mounted on

glass slides and Nissl or silver Nissl stainings according to

Schmitt and Eggers (1997) were performed. Sections were

washed three times with PBS, blocked for 1 h at room

temperature (PBS with 3% BSA, 3% normal goat serum

and 0.05% Triton X-100), and incubated with primary

antibodies against nestin for NSC (1:500, ms, Becton–

Dickinson) or GFAP for radial glia-like hippocampal type-

1 NSC (1:400, rb, Sigma) in combination with antibodies

against the neuronal nuclei antigen for post-mitotic neurons

(NeuN, 1:500, ms, Chemicon) solved in PBS/1% BSA/

0.025% Triton X-100 overnight at 4�C. After washing, the

sections were incubated with Cy3-conjugated anti-mouse

(1:500, Dianova) and AMCA-conjugated anti-rabbit

(1:500, Dianova) secondary antibodies. Brain sections,

after rinsing in PBS, were mounted onto SuperFrostPlus

glass slides (Menzel, Braunschweig, Germany), air dried

and finally covered with a fluorescence mounting medium.

Stereology and documentation

of immunohistochemical stainings

We used unbiased respective design-based stereology

(West 1993) to evaluate GFP and GFP-nestin double-

labeled neural progenitor cells. A computer-assisted micro-

scope (Olympus BX-51) and a stereology software package

(Stereo Investigator v7.5) were used to apply the optical

fractionator method (Gundersen et al. 1988) for estimating

GFP-containing and double-labeled structures. Eight

sections were determined (systematic, uniformly random

sampling) for evaluation to obtain an acceptable counting

precision where the coefficient of error (CE) is smaller

than 5% by applying an unbiased counting frame covering

an area of 10,000 lm2 (Slomianka and West 2005). The

optical disector (West et al. 1991) volume of tissue was

25,000 lm3 (409 objective). After counting GFP and

GFP-nestin double-labeled structures in 110 counting

frames on average, we normalized counts to mm3

(numerical density) and calculated ratios (%) of doubled

labeled to only GFP-labeled cells.

To estimate the total number of cells infected by viruses

the region containing these cells need to be identified

unambiguous. However, due to stereotactic injection,

Fig. 1 Location of injection site and GFP-distribution documented

by epifluorescence microscopy. a Silver Nissl staining of frontal

section: the Ad-vector injection site in the hilar region of the DG is

marked with an asterisk. b GFP-expressing cells are restricted to the

DG and in higher magnification (c) their type-1 cell phenotype is

obvious. d The injection site for the SVZ is marked in a Nissl stained

frontal section (asterisk) and the injection tract is labeled with an

arrow. e Only single cells with astroglial morphology expressing GFP

were observed. 3V third ventricle, CA cornu ammonis, DG dentate

gyrus, Co cortex, CPu caudate putamen (striatum), LV lateral

ventricle. Scale bar a, d 150 lm, b, e 100 lm, c 25 lm
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diffusion processes of the injected viruses, interindividual

variability, survival time and age of animals the spatial

distribution of infected cells turned out be inhomogeneous

with a maximum around the injection canal. Furthermore,

some infected cells can be encountered also at the dorsal

part of the DG. Hence, the spatial delineation of those parts

of the hippocampus where viruses infected cells (GFP-

expression) located between a first and last tissue slide

containing GFP-expressing cells gives rise to a relative

large source of variability of identification. However, we

aimed to know the number of infected cells in a repre-

sentative region of interest, respectively, volume in the

injection area. Therefore, volume densities of normalized

regions containing infected cells were calculated.

Statistical testing of mean density values of the three

time points was done with SPSS (v15.0.1) using the

nonparametric U test. The minimum level of statistical

significance was set at p \ 0.05. The estimated densities

are expressed as mean ± SEM. For documentation of

various stainings mounted tissue slices were analyzed and

documented with a Leitz Aristoplan microscope (Wetzlar,

Germany) equipped with the appropriate fluorescence

filter units for GFP-, AMCA- and Cy3-detection and

images were generated with a digital camera (Diagnostic

Instruments, Sterling Heights, MI, USA). Documentation

was also performed with a confocal laser scanning

microscope (Nikon Eclipse E400 with the confocal sys-

tem C1).

Results

We have previously shown that the peptide-tagged Ad vector

AdGFPL.VPTQSSG mediates specific gene delivery to

hippocampal stem cells after direct virus injection into the

mouse brain (Schmidt et al. 2007). The selective transduc-

tion of target cells by AdGFPL.VPTQSSG in the adult rat

hippocampus was demonstrated by GFP expression of cells

laying in the dentate gyrus (DG, Fig. 1a–c). Since the natural

tropism of this virus via the Coxsackie-Adenovirus-Receptor

(CAR) is completely depleted, binding and internalization

into target cells occur exclusively through the covalently

linked peptide (Schmidt et al. 2007). GFP-labeling was

restricted to the DG (Fig. 1b) where mainly the radial

glia-like type-1 cells expressed GFP (Fig. 1c). The injection

of peptide-tagged Ad vector in the SVZ (Fig. 1d), the second

stem cell homing region in the adult brain, did not result

in an efficient and specific transduction of cells. Only few

single cells with the morphology of astrocytes expressed

the marker protein GFP (Fig. 1e).

Three days after direct administration of Ad vector into

the DG, brain sections stained for GFAP (blue, Fig. 2a2)

and NeuN (red, Fig. 2a3) showed GFP-containing type-1

cell somata located in the subgranular zone that are GFAP

positive (Fig. 2a4). At this time point, transduced cells did

not express the neuronal cell marker NeuN. In contrast,

counterstaining of brain slices revealed a marked increase

of NeuN or GFAP expressing cells that were also GFP-

positive at day 30 (Fig. 2b–b3), whereas 90 days post-

injection only type-1 cells or mainly astrocytes contained

GFP (Fig. 2c–c3).

To further characterize transduced cells by stem cell

markers, parallel serial sections were incubated with anti-

bodies directed against nestin and tissue slices were also

documented by confocal laser scanning microscopy

(Fig. 3). Three days after Ad vector injection, we found a

general increase of nestin-positive cells in the hilar region

of the hippocampus, mainly in direct vicinity of the Ad

vector injection site (Fig. 3a). This has not been observed

in the contralateral, non-injected side (not shown). A strong

co-localization of GFP-transduced cells with nestin was

clearly detectable and the radial glia-like morphology of

cells was obvious (Fig. 3a1–a3), whereas after 30 (Fig. 3b–

b3) and 90 days (Fig. 3c–c3) the amount of GFP-express-

ing stem cells gradually decreased. However, 30 days after

virus injection, GFP-containing cells with the morphology

of mature (Fig. 3b) or young neurons (Fig. 3b1–b3) that

did not contain nestin appeared. After 90 days, the majority

of GFP-positive cells exhibited glial cell type specific

features (Fig. 3c).

Unbiased stereologic counting of transduced cells in the

DG was performed to estimate the number of initially

transduced NSC and to follow up the changes in cell num-

bers over time for up to 90 days (Fig. 4). The density of GFP

structures of the 3 days group was 24,067 ± 2,222.7/mm3,

for the 30 days group 14,730 ± 1.484/mm3, and for the

90 days group 10,154.8 ± 422.8/mm3 (Fig. 4a). In com-

parison, the numerical density for double-labeled GFP-

nestin containing cells was 19,861 ± 2,032.9/mm3 (3 days

group), 8,108.2 ± 642.9/mm3 (30 days group), and 2,875.8 ±

464.6/mm3 (90 days group) (Fig. 4b). As shown in Fig. 4c, the

mean fraction of GFP-expressing nestin-positive cells in the

group of 3 days was 82.3 ± 2.1%. After 30 days this relation

decreased to 56.3 ± 3.2% (p = 0.016). After 90 days of

injection 23.4 ± 4.5% double-labeled cells were found

(p = 0.06). These data indicate that a proportion of Ad vector

infected stem cells maturates to neurons within 4 weeks of

infection (Fig. 2b–b3, 3b–b3). Between 30 and 90 days these

neurons disappear and after 3 months only GFP-expressing

type-1 cells or astrocytes were found.

Discussion

In the present study, we demonstrate that a CAR-ablated

Ad vector coupled to the VPTQSSG peptide mediates
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efficient transduction of stem cells in the adult rat hippo-

campus in a highly specific manner. Our aim was to show

that the peptide identified from murine hippocampus has

the same specificity for NSC in the rat hippocampus.

Regarding infection of NSC from the subventricular zone

(SVZ), another stem cell homing region, we observed

similar results in the rat as compared to the mouse brain

where NSC of this region were not transduced by the

modified viruses (Schmidt et al. 2007). In situ infection

was restricted to NSC of the CNS region where they were

isolated from, suggesting that intrinsic differences in NSC

between hippocampus and SVZ also exist in the adult rat

brain. Strikingly, by this labeling method the pool of

slowly dividing NSC seemed to be distributed more

prominently in the DG compared to type-2 cells. It has

been shown that these type-1 or radial glia cells in the adult

DG (Seki and Arai 1999; Shapiro et al. 2005) are able to

self-renew, to contribute to neuronal migration and to

generate—in addition to astrocytes—neurons (Shapiro

et al. 2005; Seri et al. 2001; Alvarez-Buylla et al. 2002;

Gubert et al. 2009). Compared to the classical indication

methods by labeling the rapidly dividing type-2 cells in the

adult hippocampus (Altman and Das 1965; Dolbeare 1995;

Kronenberg et al. 2003; Geraerts et al. 2006; Kempermann

2006; Zhao et al. 2006; Ge et al. 2007), we could stain

directly the population of slowly dividing type-1 cells. The

stem cell character of GFP-expressing cells was confirmed

by their radial glia-like morphology, and by co-labeling

Fig. 2 Differentiation patterns of transduced cells as revealed by

confocal laser scanning microscopy. a Overview of a section at day 3

after virus injection in direct vicinity of the injection site counter-

stained for NeuN (red fluorescence). In the DG numerous GFP-

expressing type-1 cells with a subgranular soma possessing a single

process penetrating the granular layer were observed. The frame

(a) points out the region of higher magnifications containing mainly

GFP-expressing type-1 cells (green a1) counterstained for GFAP

(blue, a2) and NeuN (red a3). In higher magnification, the

co-localization of GFP and GFAP was demonstrated; GFP-expressing

cells never contained NeuN (a4). b After 30 days, single GFP-

expressing neurons with their soma in the granule cell layer (arrow)

and dendrites in the molecular layer were observed. In triple labeling

of such a region for GFAP (b1) and NeuN (b2) the NeuN-GFP

coexpression is shown (b3). c After 90 days of survival, only GFP-

expressing astrocytes or type-1 cells (not shown here), were found in

the DG (labeling as in b). Scale bars 100 lm
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with nestin or GFAP (Malatesta et al. 2003; Anthony et al.

2004). The broad distribution of the intermediate protein

nestin has been examined in the adult brain (Dahlstrand

et al. 1992, 1995), where nestin was found not only in stem,

but also in progenitor and differentiated cells. In our

experiments, we observed an upregulation of nestin also in

astrocytes of the hippocampal hilar region. This is well

known from manipulated conditions in the brain and most

likely due to a small injury during virus injection, indi-

cating that these nestin-like immunoreactive cells belong to

a reactive population of astrocytes and not to NSC (Duggal

et al. 1997; Chen et al. 2002; Yoo et al. 2005). In our

approach, we used the advantages of stereological

techniques to determine relatively unbiased estimates of

marker gene-expressing cells and of NSC after labeling of

nestin in the DG as well as double-labeled cells. The

number of GFP-positive cells in the granule cell layer

declined between day 3 and 90 days after infection

resulting in *2.7 and 0.9% labeled cells at day 30 and 90,

respectively.

There could be several reasons why we observed reduced

numbers of GFP and/or GFP-nestin containing cells in the

DG over time. The lower cell numbers can be explained, for

example, by multiple cell proliferations and therefore

dilution of Ad vector. Adenovirus is not integrated into the

host genome, and therefore, the amount of viral particles to

Fig. 3 Overview of long-term

GFP-expressing cells

counterstained for nestin

demonstrated by confocal laser

scanning microscopy.

a Overview of a section

containing numerous transduced

cells (green), 3 days after virus

injection. The frame depicts the

region of higher magnifications

(a1–a3). The type-1 cell

morphology (a1) and their co-

expression with nestin (red a2)

was demonstrated by merging

(a3, yellow). b Thirty days after

injection, the decrease of GFP

and nestin-containing cells is

obvious. At this time point,

single GFP containing neurons

(frame and in higher

magnification in the inset) were

detectable. Thirty days after

virus injection, GFP-labeled

type-1 cells (b1) that express

nestin (b2 arrowhead), but now

also other GFP-containing

nestin-negative cells (b2,

arrow) with the morphology of

immature neurons can be

detected (merge b3). c Long-

term expression of GFP in

nestin-containing cells can be

observed at least 90 days post-

injection. At this time point, no

GFP-expressing neurons were

detectable. The frame depicts

the region of higher

magnifications (c1). GFP-

containing (green) astrocytes

and also type-1 cells with their

radial glia-like morphology

were immunoreactive for nestin

(red c2) as demonstrated by

merging (yellow c3). Scale bars
a–c 150 lm, a1–a3, b1–b3,

c1–c3 100 lm
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generate detectable levels of GFP is reduced from cell to

cell division. Similar findings concerning the dilution of a

marker in the early phase of proliferation after BrdU-

labeling have also been described (Dayer et al. 2003).

Another potential cause may be downregulation of the

transgene, although this is rather unlikely, because previous

studies have shown a relatively stable Ad vector-mediated

gene expression in the central nervous system over a several

months time period (Kirik et al. 2000; Thomas et al. 2001).

Furthermore, neuronal properties were found only in cells

30 days after injection, but not at day 90. In our previous

study (Schmidt et al. 2007) we found only a limited immune

response 3 days after virus injection and longer survival

were not investigated. Therefore, one possibility for the

paucity of the long-term GFP-expression could be that these

cells are selectively or at least preferentially eliminated.

Such immunological reactions in the brain can occur after

Ad vector injection (Thomas et al. 2001). We did not detect

pyknotic or dying GFP-containing cells 3 months post-

injection. Unfortunately, we not investigate time points

between 30 and 90 days and therefore cannot present results

or hints concerning the decrease in number of GFP-con-

taining nerve cells. However, at 30 days post-injection the

number of GFP-containing cells possessing granular nerve

cell morphology or GFP/NeuN-containing cells was very

low. We only detected about 10–12 of those cells per animal

and therefore stereological cell number estimation was not

performed. These numbers are very low compared to long-

time studies in rats performed by Dayer et al. (2003). They

showed that 6 months after a single BrdU-injection the

whole bilateral dentate gyrus contained about 5,000 BrdU-

immunoreactive cells and that more than 86% of them were

also NeuN-immunoreactive. However, the results of our

stereotactic labeling paradigm and the systemic application

of BrdU cannot be compared because Ad-vector dilution is

restricted to a certain area in the injected hemisphere and

not to the whole bilateral hippocampus. However, the

apparent loss of particularly NeuN-positive cells in our

study is in line with data from Kempermann et al. (1998),

who showed that BrdU-positive cells decrease by approxi-

mately 60% per month after labeling. Extrapolating this rate

of loss, one would expect about 6% of BrdU-positive cells

to be present after 12 weeks. Considering these data (285

NeuN-/BrdU-positive cells after 4 weeks in control mice),

this results in 45 NeuN-positive cells in the entire DG,

which lowers the probability of finding one NeuN-positive

cell per slice to\0.5. Assuming that cell death particularly

affects neuronal cell types, this probability might be even

substantially lower (Biebl et al. 2000).

Another advantage of this selective method for NSC

labeling is that mainly the slow dividing type-1 cell pop-

ulation (Kempermann et al. 2004) can be tagged and that at

least during short time differentiation processes the GFP

expression allows tracking of infected cells, respectively,

their daughter cells. The presented labeling method in the

rat brain can now be applied to a variety of experimental

approaches such as investigations of influence of the

surrounding microenvironment on the number of NSC,

neurogenesis and the maturation of neurons in adult rodent

brains (van Praag et al. 2000) or electrophysiological

development of neurons derived from NSC (Schmidt-

Hieber et al. 2004).

Fig. 4 Stereologic evaluation of transduced cells. a The density of

GFP structures was 24,067 ± 2,222.7/mm3 after 3 days (left column),

14,730 ± 1,484/mm3 for 30 days (middle column) and 10,154.8 ±

422.8/mm3 after 90 days (right column). b Double-labeled GFP-

nestin containing cells were 19,861 ± 2,032.9/mm3 (3 days, left
column), 8,108.2 ± 642.9/mm3 (30 days, middle column) and

2,875.8 ± 464.6/mm3 (90 days, right column). c Presentation of

GFP-nestin double-labeled cells in percent revealed the following

results: 82.3 ± 2.1% GFP-expressing and nestin-containing double-

labeled cells (3 days, left), 56.3 ± 3.2% (30 days, p = 0.016, middle)

and 23.4 ± 4.5% (90 days, p = 0.06, right)
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In summary we provide evidence that Ad vectors

modified to target adult hippocampal stem cells in mice can

also be used in rats. This finding is of particular interest

because it clearly demonstrates that the as yet unknown

receptor on the surface of the NSCs is not species specific.

This knowledge broadens the number of animal models

that can be used to monitor stem cell development and

migration, and has great implications for studying their

impact on CNS disorders or therapeutic potential against

them.
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