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ABSTRACT: A possible link between a deficient neurogenesis at the dentate gyrus, and the loss of memory 

found in Alzheimer’s disease patients is discussed. First is indicated that Alzheimer disease is a memory 

disorder. Since adult neurogenesis at the dentate gyrus plays a role in declarative memory, a brief comment on 

the structure and function of dentate gyrus has been included. At molecular level, we have discussed the 

function of the enzyme GSK3 on the development of neurogenesis at the subgranular zone of the dentate gyrus. 

Finally, we have indicated that in Alzheimer disease there is an increase in GSK3 activity. This increase could 

impair the neurogenesis process and it could result in the memory deficit found in Alzheimer patients.  
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Alzheimer ś disease (AD) is the most prevalent 

neurodegenerative disorder. Today, it affects to nearly 

30 million people in the whole world [1]. 

Aging is the most important risk for AD [2]. No 

cases have been detected below 20 years old, but there 

is an incidence about 30% in people aged 85 years or 

older [1,3]. With each passing year about four million 

people in the world develop dementia [4]. As the 

average of population increases, the number of AD 

patients is expected to rise exponentially and about 

110 million of patients are projected for 2050 [5]. 

Some differences between AD brain and aging 

brain from non demented people have been indicated 

[6]. However, there are also some common features 

suggesting that in Alzheimer disease brain could be an 

acceleration of some processes occurring in aged brain 

[7]. 

In this short review, we will focus on adult 

neurogenesis occurring in the dentate gyrus (DG), a 

process that decreases in aged mammals and that 

could be related with loss of memory, an important 

feature in Alzheimer disease. 

 

Memory and AD 
 

By studying the consequences of a bilateral 

hippocampal region resection in a patient with 

epilepsy [8], it was suggested the existence of at least 

two memory systems, declarative and non-declarative 

memory. The declarative memory is involved in 

remembering facts and events, whereas non 

declarative memory is related with skill or habit 

learning [9-11]. The removal of hippocampal region 

in the patient with epilepsy resulted in the loss of 

declarative memory without affecting the non 

declarative memory. 

A loss in declarative memory has been found in 

patients with Alzheimer disease. In these patients, 

neurodegeneration at the hippocampal region takes 

place at the first steps of the disease [12]. In normal 
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aging there is a mild cognitive impairment, but this 

impairment could be accelerated in AD [1,4]. 

 

Structure and function of DG 
 

Adult neurogenesis mainly takes place in two brain 

regions, the subventricular zone and the dentate gyrus, 

here we will comment on the dentate gyrus. The 

hippocampal formation comprises the hippocampus 

(with its CA fields), the dentate gyrus and the 

entorhinal cortex that provides much of the cortical 

input to the hippocampus. It has been suggested that 

the DG plays a role in the formation of new memories 

[13] in higher vertebrates like mammals. Although a 

similar structure to dentate gyrus was identified in 

reptiles [14], the morphological characteristics of 

dentate gyrus only appears in mammals [15-17]. The 

dentate gyrus is composed of three layers; the 

molecular layer, the granule cell layer and the hilus or 

polymorphic cell layer. The number of granule cells is 

approximately 6.10
5
 in mouse dentate gyrus [18]. In 

the DG two different regions the dorsal and ventral 

regions separated by an intermediate zone, have been 

described by using different molecular markers like 

Lct that is preferentially expressed in the dorsal part 

and Trhr that is expressed specifically in the ventral 

part [19]. Different functions have been suggested for 

the dorsal and ventral parts. Dorsal region is mainly 

involved in cognitive processes like learning and 

memory, while the ventral region may be more 

involved in motivational and emotional behavior [20]. 

Apart of its function in memory, it has been suggested 

that the dentate gyrus may play a role as a gate for 

neuronal transmission throughout the hippocampus 

and that failures on that system could result in the 

appearance of epileptiform activity [21]. 

 

The development of dentate gyrus 
 

Figure 1 shows a scheme of the formation of mouse 

DG [22]. A similar picture was found in rat [23]. DG 

growth can be measured by its increase in volume. 

Mouse DG raises its highest DG volume at 3 months 

of age [24].  

In non human primates the number of granule 

cells is approximately 5 million cells in mature DG 

[16]. For humans the number of granule cells in DG 

increases to 10-18 millions  in the mature brain [25]. 

 

                
 

                    Figure 1.  Scheme of DG formation in mouse. 
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Neurogenesis in adult DG 
 

It is now well established that neurogenesis in the 

brain of adult mammals takes place through the whole 

life and that one of the localizations where 

neurogenesis occurs is the subgranular zone (SGZ) of 

the dentate gyrus [13,26].  Different steps have been 

characterized for neurogenesis in SGZ: the 

proliferation of stem like cells that can be recognized 

because they express GFAP, the formation of 

neuronal precursors that can be followed by the 

expression of nestin first and afterwards that of 

doublecortin (DCX), and, finally, the maturation of 

the precursors into mature cells [13] (Figure 2).  

 

 

 
 
Figure 2. Different types of cells are involved in the progression of SGZ neurogenesis.  

 

 
Neurogenesis rate changes with the age of the 

organism. In mice, three representative ages have been 

described: young (from 1 to 3 months old), adult 

(from 6 to 12 months old) and aged (from 12 to 24 

months old) [27]. By taking into account different 

data, it was calculated that in young mice 9.10
4
 new 

cells can be formed per day; 2.10
4
 cells in adult and 

1.10
4
 cells in aged mice  [27-29]. From these results, it 

is possible to calculate that in the first year of a mouse 

6.10
5
 new cells are born in the DG. In other words, 

almost the same number of cells that compose the 

whole DG. However, many of the newborns die 

before becoming mature neurons and only the 

remaining newborn mature neurons can integrate into 

the existing neural circuitry and may play a role in 

learning and memory processes [13,26,30]. It is 

obvious that in the absence of SGZ neurogenesis those 

processes should be impaired.  

 

AD, memory and the hippocampus 
 

The enduring anterograde amnesia  after bilateral 

removal of hippocampal region in the patient H.M. 

was one of the first indications about the importance 

of that region on declarative memory [8]. Declarative 

memory is also impaired in Alzheimer disease, being 

this feature one of the first clinical failures observed in 

the patients with the disease. During the development 

of the disease an increase in hippocampal volume loss 

has been described [31]. The indicated average rate of 

hippocampal volume loss was 4.4% per year in 

patients with AD, whereas it was 0.8% in normally 

elderly subjects [32]. In another study it was estimated 

that the maximum rate of hippocampal atrophy was 

reached during mild cognitive impairment, just before 

the clinical AD [33]. This result may agree with a 

recent report [34]. 

In spite of hippocampal atrophy, an increased 

proliferation of neural precursor cells has been also 

reported in the hippocampus of AD patients [35,36].  

It seems however that immature neurons are not able 

to mature as an increased expression of mature 

neuronal markers, such as NeuN and MAP2, has not 

been observed [35,37]. Studies in mouse models of 

AD, in particular APP transgenic mice, have yielded 

conflicting results and both increased and decreased 

hippocampal neurogenesis have been reported [38,39]. 
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In advanced AD, corresponding to late Braak and 

Braak stages there is hippocampal degeneration [12], 

but probably a lack of function of DG can take place 

at earlier stages [40].  

 

GSK3 and AD 
 

AD could be divided in two types: Familial Alzheimer 

Disease (FAD) and Sporadic Alzheimer Disease 

(SAD). In FAD, mutations in three genes (APP, PS-1 

and PS-2) promote the onset of the disease [41]. 

Mutations in APP result in an increase of beta amyloid 

peptide [42], the major component of an aberrant 

structure, the senile plaques found in the brain of AD 

patients [43,44]. Mutations in PS-1 or PS-2 could 

result in a gain of function of its γ-secretase activity 

and it will result also in an increase in the amount of 

beta amyloid peptide [41]. However, there is not a 

direct relationship between γ-secretase gain of 

function, increase of beta amyloid peptide and the 

onset of the disease [45]. Moreover, loss of other PS-1 

functions could also result in the onset of 

neurodegeneration without any increase in the amount 

of beta amyloid peptide [45].  

However, there is a common feature among the 

different types of PS-1 mutations resulting in the onset 

of neurodegeneration. This common feature is the 

activation of GSK3 kinase [46] (Figure 3). 

For SAD, the main risk (in addition to ageing), is 

the expression of Apoliprotein E (ApoE) allele 4 [47]. 

Also, it has been described a preferred activation of 

GSK3 when this ApoE4, and no other ApoE forms, is 

 

 
 
Figure 3. Possible role of GSK3 in FAD and SAD. Mutations in app, ps1 and ps-2 genes (FAD) may result in an increase of the 

amount of Aβ1-42 peptide. Aggregates of this peptide could act as antagonist for insulin or wnt (frizzled) receptors and, as 

consequence, GSK3 could be activated. Also, mutations in ps-1 gene may result in the lack of formation of a complex of that protein 

with cadherin, resulting in a decrease in PI3K activity and an increase in GSK3 activity. In SAD, ApoE isoforms bind to LR6, a 

coreceptor of frizzled, interfering in the signaling that results in GSK3 regulation. The presence of ApoE4 could result in a higher 

GSK3 activity. Also, ApoE could regulate Aβ clearance and, therefore, its amount. Finally, activated GSK3 can phosphorylate tau 

protein. 
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expressed [48]. Thus, GSK3 activation could be also a 

common feature between FAD and SAD (Figure 3).  

On the other hand, there is another 

neuropathological pathognomic feature in Alzheimer 

disease, the neurofibrillary tangles (NFT) that is a 

characteristic, together with senile plaques (SP), in the 

brain of AD patients. The main component of NFT, is 

the microtubule associated proteins known as tau [49], 

in phosphorylated form [50]. Although different 

protein kinases can modify tau protein, the one that 

can modify more sites in tau molecule [51] is GSK3 

[52], also known as tau kinase I [53] (Figure 3). 

GSK3 and SGZ neurogenesis 
 

Since there is an activation of GSK3 in FAD and 

SAD, and that kinase modifies tau protein, a 

transgenic mouse overexpressing GSK3 in the 

hippocampus and cerebral cortex (the mouse damaged 

regions in AD) was raised [54]. The main 

characteristic of this mouse was the degeneration of 

its dentate gyrus [55], which appears to result in 

impairment in learning and memory [56]. In that 

degeneration, tau protein a well known substrate for 

GSK3, appears to play a role, because a higher 

degeneration was found in a transgenic mouse 

overexpressing both GSK3β and tau than in a 

transgenic mouse only overexpressing GSK3β [57], 

suggesting that phosphotau could be toxic for dentate 

gyrus neurons [58]. 

 

Future developments 
 

It has been suggested that not only in AD but also in 

other tauopathies, DG degeneration could take place 

[57].  In AD, it appears that a clear feature is a 

decrease in memory whereas in frontotemporal 

dementia (FTD) there are other features present, as 

dementia related to changes in emotional behavior. A 

working hypothesis could be that degeneration of DG 

occurring in those tauopathies occurs at different 

regions of DG. The use of different transgenic mice 

models in which different DG regions could be 

damaged, may probably answer this question [59].  

Conclusions 

 

Defects in dentate gyrus neurogenesis could be the 

cause of some of the characteristics observed in aging. 

These defects could be more evident in some 

neurodegenerative disorders. In Alzheimer ś disease, 

studies supporting hippocampal neurogenesis, that is 

not sufficient however to compensate for the 

progressive cell loss, suggest that enhancing the 

generation of mature neurons in this brain region may 

represent a valuable treatment strategy.  
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