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Astrocytes functions 
•The well-accepted 

functions

1.Synthesis of extracellular
matrix proteins, adhesion
molecules, and trophic
factors controlling neuronal
maturation and
synaptogenesis

2.Angiogenesis, blood-brain
barrier (BBB) induction and
maintenance

3.Extracellular ion buffering: a focus on K+ buffering

4.Glutamate and GABA uptake

5.Metabolic support

6.Others: detoxification and immune functions

Выступающий
Заметки для презентации
Wang, D. D., & Bordey, A. (2008) Progress in neurobiology, 86(4), 342-367.



The emerging and controversial functions

1.Sensing neuronal activity

2.Calcium dynamics: do intercellular calcium waves exit

3.The neurovascular unit: control of BBB permeability, 

metabolism and vascular tone

4.Dynamic control of synaptic structure: from spine to 

synapse

5.Fast modulation of synaptic transmission

6.Astrocytes and synaptic plasticity

Выступающий
Заметки для презентации
Wang, D. D., & Bordey, A. (2008) Progress in neurobiology, 86(4), 342-367.



(A)Blood flow control

(B)Dynamic control

of glucose uptake

(C)From blood flow

to astrocytes

Выступающий
Заметки для презентации
Astrocyte interactions with the vasculature. (A) Astrocytic processes ensheath blood vessels, including arterioles, which are composed of endothelial cells and smooth muscles cells (note shown on the diagram). The smooth muscle cells allow the vessels to contract or dilate. Neuronal activity induces mGluR activation in astrocytes leading to the synthesis of arachidonic acid (via PLA2, not shown) and the formation of downstream messengers, including prostaglandins (PGs) and epoxyeicosatrienoic acid (EETs) via Cox2 and P450, respectively. PGs (in particular PGE2) and EETs induce vessel dilation. AA can also pass from astrocytes to smooth muscle cells where its downstream product 20-hydroxyeicosatetraenoic acid (20-HETE) induces vasoconstriction. In addition the activation of Ca2+ activated K+ channels in astrocyte endfeet and the efflux of K+ from astrocytes and subsequently from smooth muscle cells has been suggested to modify vascular tone by hyperpolarization and relaxation of smooth muscle cells, but this does not occur in the retina (see Metea et al., 2007). (B) Glutamate uptake into astrocytes is accompanied by Na+ entry leading to Ca2+ elevation as a result of Na+/Ca2+ exchange. Together Na+ and Ca2+ can stimulate glucose uptake from the blood into astrocytes via GLUT1. (C) One newer hypothesis is whether changes in blood vessel diameter can affect the biology of astrocytes via activation of stretch-activated channels that can be permeable to Ca2+ or other ions. Wang, D. D., & Bordey, A. (2008) Progress in neurobiology, 86(4), 342-367.



Spine formation/ Synapse stability Synaptic partner

adapted from: Wang, D. D., & Bordey, A. (2008) Progress in neurobiology, 86(4), 342-367.

Выступающий
Заметки для презентации
Astrocyte interactions with synapses. (A) Astrocytes encapsulate synapses including spines. This ensheathment allows spines to remain stable. At the molecular level, the ephrin-A3/EphA4 receptor signaling between astrocytic processes and spines has been shown to regulate the morphology of dendritic spines. In the absence of astrocytic processes, motile filopodia extend from dendrites. The astrocytic contact allows the filopodia to transform into a mature spine. (B) Astrocytes are an active synaptic partner. Not only they take up glutamate via high affinity transporters (not shown here), but they sense glutamate escaping synaptic clefts and release neuroactive substances upon glutamate receptor activation and intracellular Ca2+ elevation. Neuroactive substances include glutamate that is released via eithervesicles orvia Ca2+-dependent chloride channels, or both. Glial glutamate activates extrasynaptic receptors, including NR2B, on neurons leading to changes in synaptic integration.



The was a statistically significant difference between all three regions for GFAP 

as well as well as GS-immunoreactivity, with the highest GFAP-ir in the 

brainstem and lowest in the hippocampus and the highest GS-ir in the cerebral 

cortex and the lowest in brainstem. There was a statistically significant difference 

in the cell size between astrocyes fromthe brainstem and cortex, as well as 

brainstem and hippocampus.



Ionomycin-induced calcium-dependent 

increase in extracellular release of aspartate, 

lactate and choline+acetylcholine in 

astrocyte cultures from the cerebral cortex, 

brainstem and hippocampus; p<0.05 vs 

cortex, t-test.



Scale bar = 200 .um



Difference in GFAP- and GS-

immunoreactivity (A) and 

cell area (B) for astrocytes 

from the three brain regions: 

cerebral cortex, hippocampus 

and brainstem; @ p<0.05 vs 

cortex and hippocampus; 

ANOVA Tukey posthoc test.



Differentially expressed genes (p-value<0.05) between three brain regions

Figure shows global gene expression profiles between brainstem, cerebral 

cortex and hippocampus using heatmap along with aggregation of the rows by 

complete linkage hierarchical clustering based on using Euclidean distance.



Differential gene expression of astrocytic markers and 

SLC-transporters between the brain regions based on 

transcriptome analysis



Differential gene expression of SLC-transporters between the 

brain regions based on transcriptome analysis of age-different 

rats 



Differential gene expression of purinergic receptors between the 

brain regions based on transcriptome analysis



Volcano plots representing gene expression

Genes marked in red are significantly different between the three brain

regions: cerebral cortex (Crx), hippocampus (Hip) and brainstem (Bst);

[false discovery rate (FDR)<0.05]



Scatter plot showing pairwise comparizons in gene expression between the three 

brain regions: cerebral cortex (Ctx), hippocampus (Hip) and brainstem (Bst).



• Cortical astrocytes of P3 rats compared to P11-12 show statistically significant elevation in 

the expression of the receptors of Gs-dependent signaling pathway (such as adrenoreceptors

Adrb1, Adrb2, Adrb4, adenosine receptors Adora2a, Adora2b), particularly cAMP-dependent 

protein kinase A (PKA), as well as increased expression of cAMP-dependent protein kinase A 

(PLCОµ) and PLCОі, the latter might be a target for different growth factors, and sphingosine 

kinase, which is involved in the corresponding SPHK/S1P signaling pathway. 

• Brainstem astrocytes of P3 rats compared to P11-12 show statistically significant increase in 

the expression values of the receptors of Gs-dependent signaling pathway, particularly cAMP-

dependent PKA and adenylate cyclase (ADCY); elevated expression of the receptors of Gq-

dependent signaling pathway (such as adenosine receptors Adora1b, adrenoreceptors

Adra1d, Adra1a, metabotropic glutamate receptors Grm1, Grm5), as well as expression 

values of CaV2 and CaV3 and PLCОµ. 
• Cortical astrocytes of P3 rats show increased expression of CaV2, CaV3, components of Gs-

dependent signaling pathway and ryanodine receptor RYR compared to brainstem astrocytes 

of P3 rats. 

• Cortical astrocytes of P11-12 rats compared to brainstem astrocytes of P11-12 rats show 

increased expression of both Gs- and Gq-dependent signaling pathways as well as receptor-

operated channels (ROC), such as purinergic receptors P2RX and ionotropic glutamate 

receptors Grin1 and Grin2.



Altogether obtained data indicate on functional 
region- and age-dependent heterogeneity of 

astrocytes regarding the expression of receptors 
involved in calcium signaling.

Evgenii.O.Tretiakov@gmail.com

Выступающий
Заметки для презентации
In the present study we demonstrate region- and age-dependent heterogeneity in the expression values of genes involved in the calcium signaling pathway. We performed differential gene expression (DGE) analysis (by DESeq2) of RNA-Seq data obtained from cortex, hippocamp and brainstem of P3 and P11-12 rats. Cortical astrocytes of P3 rats compared to P11-12 show statistically significant elevation in the expression of the receptors of Gs-dependent signaling pathway (such as adrenoreceptors Adrb1, Adrb2, Adrb4, adenosine receptors Adora2a, Adora2b), particularly cAMP-dependent protein kinase A (PKA), as well as increased expression of cAMP-dependent protein kinase A (PLCОµ) and PLCОі, the latter might be a target for different growth factors, and sphingosine kinase, which is involved in the corresponding SPHK/S1P signaling pathway. Brainstem astrocytes of P3 rats compared to P11-12 show statistically significant increase in the expression values of the receptors of Gs-dependent signaling pathway, particularly cAMP-dependent PKA and adenylate cyclase (ADCY); elevated expression of the receptors of Gq-dependent signaling pathway (such as adenosine receptors Adora1b, adrenoreceptors Adra1d, Adra1a, metabotropic glutamate receptors Grm1, Grm5), as well as expression values of CaV2 and CaV3 and PLCОµ. Cortical astrocytes of P3 rats show increased expression of CaV2, CaV3, components of Gs-dependent signaling pathway and ryanodine receptor RYR compared to brainstem astrocytes of P3 rats. Cortical astrocytes of P11-12 rats compared to brainstem astrocytes of P11-12 rats show increased expression of both Gs- and Gq-dependent signaling pathways as well as receptor-operated channels (ROC), such as purinergic receptors P2RX and ionotropic glutamate receptors Grin1 and Grin2.
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