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About 12~13% of total population aged over 65 and 50% aged over 
85% and older has been affected by Alzheimer’s disease(AD), and this 
tendency is continually increasing due to the expanded life span of 
humanity [1]. Using genetic animal models, AD have been intensively 
studied; however, more than 95% of all cases are sporadic, which is 
currently less understood because of multiple influences of genes, 
environments and aging. It is of interest that age-related metabolic 
disorders including diabetes, high blood pressure and stroke have a high 
incidence to develop AD, suggesting there might be share mechanisms 
in the aforementioned metabolic diseases and AD [2,3].

Evidence in impaired cerebrovasculature have been reported in 
AD brains such as decreased micro vessel, damaged endothelial cells 
and pericytes of the vessel, downregulation of glucose transporters 
at the blood brain barrier(BBB), vascular accumulation of Aβ and 
the associated activation of microglia and astrocytes surrounding the 
degenerating vascular endothelial cells [4,5]. More than 70% of AD 
subjects show cerebral amyloid angiopathy, which narrow the vessels and 
reduce blood flow, possibly resulting in stroke with cognitive deficits [6]. 
This serial event of cerebrovascular dysfunction eventually leads to the 
breakdown of the BBB with a subsequent neurodegeneration and brain 
inflammation [7]. The BBB, a highly dedicated structure, maintains brain 
homeostasis by restricting the transport of macromolecules including 
microorganisms and toxic chemicals from systemic blood circulation 
[8]. The BBB consists of a continuous lining layer of vascular endothelial 
cells covered by processes of astrocytes and neurons that becomes a 
barrier between the brain and other part of body [9]. The permeability 
of molecules through the BBB is tightly regulated in healthy brains for 
brain homeostasis [10], however it could be progressively weaken by 
aging and certain pathologies, which may result in invasions of bacteria 
or viruses from other part of body [11,5]. The slight disruption of 
BBB may alter protein expression in the component cells of the BBB 
including astrocytes and vascular endothelial cells that eventually cause 
oxidative stress, neurodegeneration and brain inflammation [12,13]. 
On the other hand, Aβ peptide in the brain is removed through LRP-1, 
a receptor for apolipoprotein E that clears out brain derived Aβ and is 
expressed in astrocytes and vascular endothelial cells at the BBB [14]. 
All these studies suggest that BBB dysfunction seems to be a central 
part of AD development, leading to the onset of AD pathogenesis such 
as Aβ accumulation and tau pathology. 

Glucose, the primary energy source for the brain, is transported 
from systemic circulation into the brain through glucose transporters 
(GLUTs), in particular GLUT1, highly expressed in endothelial cells at 

the BBB. Thus, glucose uptake into the brain is extensively relies on 
the expression of GLUT-1 at the BBB [15]. The decrease of GLUT1 
observed in early stages of AD brains could reduce glucose uptake into 
the brain, initiating neurodegeneration [16].

Astrocytes are star-shaped glial cells that comprise about 50% of brain 
cells and support neurons structurally, metabolically, and tropically. 
Astrocytes have been intensively studied last two decades manifesting 
their multifunctional capacities in addition to the supportive roles for 
neurons [17]. Astrocytes play essential roles in normal development of 
neurons for neurite growth and synaptic formation. They also behave a 
synaptic safeguard by up taking excessive glutamate and calcium from 
synaptic cleft and metabolizing glutamate to glutamine in astrocytes, 
the only cells that have glutamine synthase in the brain [17].

Activation of astrocytes called astrogliosis is a distinctive brain 
response to stress stimuli, which is evident in alteration of cellular 
morphology and function, accompanying with the upregulation of glial 
fibrillary acidic protein (GFAP). Reactive astrocytes lead to reduction of 
glutamate uptake, subsequent to excitotoxicity by excessive extracellular 
glutamates [18]. A recent study by our group demonstrates that 
astrocytes become reactive at the initiation stage of brain inflammation 
in response to the stress and keep brain homeostasis, however, chronic 
activation of astrocytes ultimately deteriorate themselves, although 
astrocytes are more resistant to brain stress stimuli compared to 
neurons [17]. 

Astrocytes play essential roles for immune response against brain 
stress by secreting inflammatory/anti-inflammatory factors and 
neurotoxic factors [19]. As mentioned above, astrocytes also undergo 
morphological changes, called astrogliosis, indicated by increased 
GFAP expression [17], often resulting in scar formation, common in 
many brain injuries. During chronic activation of astrocytes, reduced 
expression of LRP-1 in astrocytes possibly induces Aβ accumulation 
in the brain when BBB impaired [14]. It is known that Aβ clearance 
through LRP-1 at the BBB was impaired in a diabetic animal model 
as a result of a decrease of LRP-1 expression [20]. The prolonged 
activation of astrocytes in a diabetic complication could initiate BBB 
dysfunction and further trigger the onset of AD pathologies. Thus, 
reactive astrocytes could be a therapeutic target in treating diabetic 
complication and delaying the development of AD. 
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