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Research progress on calcium activities in astrocyte microdomains
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Abstract: Astrocytes are a crucial type of glial cells in the central nervous system, not only maintaining brain homeostasis, but also
actively participating in the transmission of information within the brain. Astrocytes have a complex structure that includes the soma,
various levels of processes, and end-feet. With the advancement of genetically encoded calcium indicators and imaging technologies,
researchers have discovered numerous localized and small calcium activities in the fine processes and end-feet. These calcium activities
were termed as microdomain calcium activities, which significantly differ from the calcium activities in the soma and can influence the
activity of local neurons, synapses, and blood vessels. This article elaborates the detection and analysis, characteristics, sources, and
functions of microdomain calcium activities, and discusses the impact of aging and neurodegenerative diseases on these activities, aim-

ing to enhance the understanding of the role of astrocytes in the brain and to provide new insights for the treatment of brain disorders.
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Table 1. Major software packages for microdomain calcium activity analysis
BAFA TR fOT i?;% RS 24 ifi
GECIquant J Imagel] Al 1 H Microdomains £5 1% 21 PRI AT 28 I 8 AL 4R 42 ][] o7
MATLAB
CaSCaDe N MATLAB 1EH Microdomains 15 7% Bl FRIAT 2L I 8 FH 4R L) (] a
AQuA N ImageJ il A IR L S TR RR 82 T ] (e
MATLAB SR IALRE TT T LTSI (8], 5 bR R R A
Astral v Apache airflow BGPTSR S I [ o)
Begonia N N MATLAB PEHX RO _F-A5 3% 50 (855 0 B AR e ) ) A5 ek o gl 1

W, AR FL BN TV IR 5T A M At A AR A T
TP i, 78 SR E IS 0 #2422 (ventral nerve
cord, VNC), 2 JE I i 4 M i 38 85 7% 3h B & 7= 2k,
BA AR R, FE S 2L 2R, e
B o 5 B R TR R T A0 R A0 AR A B RS T
By, XA 5 S H VO L R AR S [ 22
RK. £ H'E IR 2 (norepinephrine, NE) 2 5| & il
S 5 B AR R SR R G 0, (AN (S 5 1)
TR,

3 REEEERNAISRIE
3.1 lAREIR

IR s A RS, A
i B T 0 1 BT (serial block face scanning electron
microscopy, SBFSEM) &KL, Bz JZ H 27 40% I 5% fis Jidl
R 2 1 T 4T 5 /L (perisynaptic astrocytic processes,
PAP) b B A P53 X R ZR R AARY, 3X $2 7 P9 5T I T 28
LA ] B OS5 B RIR (B 1) .
3.1.1 AEX

AR A, N BT B R ULER 1,4, 5- = R
(inositol 1,4,5-trisphosphate, IP,) 2 74 52 {4 (IP,R2) /™ T
(10485 175 200 A2 FR A 5 1% 20 11 B SR JREY . B TR I
IP,R2 R 2 (8, ek b B &85 1 3 1 0 AR
FEA B ik 0 &2 172032153 33 B TP, R2 i3 1 A Joid 94
Ca” BE IS 2 Ttk B A 5 vE B IR RUR . 0 T35 R I
F5{5 5, Stobart ¢ N R IAEFRIFIRE T, 2L
J&, TP,R2 B 5% Bl W f3a 8% 7% 30 9 6 AH LL T B A= Y
YRR, BRI, X B R R T
W S BRI/ 1) 22 W 2R K45 55 Srinivasan %5
N R IR B /IS SRR 12 2 B2 T e Joid 200 PR i s b5
515 5 BLHE P BY BE—— PRI 145 5 ARE R K45
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5, IP,R2GRKBNWIIRIESE SR, HRELERKE
FWAZNANT . FREEMGE KR, Agarwal 5 N K
PSR EIEEN f5, 1P,R2 Bl 2K B W) 138085 i 2 1R A0 2
FE BE A Brig ™, XUk B IP,R2 A 5 1 N 5 Y
Ca” B IS5 s s K55 S TR A K &R

Okubo 55 N3 i 4 Jii 45 45 715 71 G-CEPIA ler £
I P JT T R TR B B L . AT R B, T
IR,R2 B R IR TR T4 M, NEAER G, s TS
SRATAE Ca™ TR X UEHRR T IP,R2, Wi |
HAhZ AWM T T Ca> BRI . Sherwood 55 A\ i@ it
G AL T B, R I S ek b R R 45 v
Sl P N L TP,R 1T AT IP,R3 AT/ S84, B A 72
KIL, % JE3Z 1A (ryanodine receptors, RyRs)i sl
caffeine fE 3G IO H & A5 & 853% 30, T RyRs FH
Wr 71 ryanodine R LAY /D sk B & RN R85 15 B,
IR 5 3 e i P 25 245 1 T =R S T R 42 0 RyRs Y
FHo FTLA, RyRs/-3Ca* B Ca® FEjif(Ca’ -induced
Ca”" release, CICR) 1 & 135 45 775 2 () 35 BRI
3.1.2 ik

LRk San A AE . AR Al RS EY)
FH G BT 5 40 M 1 4R R AR B & 5 & T M
M B TR I, R RAR 5 M AR S B
RPN, AER RIS 3 B R R, s B LT
FPA 1) B RS S sh#l 5 LRI e A, SR 25 5k
FOCVIBRAIA ki i v] DU BUROR S & sh 38 hn,
B 2 R A4 BE R 9 s 857 2007 . O'Donnell 55 71 A0
FIZFERI IR T EIRGE, E—B ARI,
I 1% B 5 2 R 44 38 3% % % 62 L. (mitochondrial
permeability transition pore, mPTP) 1[5 i FF il A o<,
1% M % (reactive oxygen species, ROS) 5l 8 A 1L ¥
1L B 1 (superoxide dismutase 1, SOD1) [ 4% 2> if
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3.2 FashskiR

BT AN SRR, AiEA T Ca AR S S
O 3 B T8 i 140 g R AR 22 52 A4 R
AT T AN Ca FIm AR (1),

3.2.1 BREH SRR (U $5 5 A 1 2 (transient receptor
potential ankyrin 1, TRPA1)

TRPA1JEIE & T TRP K%, & —FpaEk £t
B s, X Ca¥ B RAF @ IE Y 7RI
4Rl H, TRPAL I8 & 3 255 A0 £ fi g h ™, B
1, Shigetomi 55 A\ 7E 4 il 7K~V & B TRPA1 8 & r
P BH T 71 HC 030031 e 5 80k - B R85 7E 3
JUF- 42309 2% (~99%),  $E 7] T4t Trpal 2 5] 4 2 i
HOREE 5 D™, 8RS CA1L XA
MRS FR A SR B R SR W b, R I HC 030031
SR O RS T B R AT A T X
B B B RS 1E 5 17 48 5 TRPAL IEIE A/ F 11
Ca® WA K. (A, WAL HC 030031 %
TR RS T B A AT IR0, X AT RS2 BT Al AT
K FH )48 7 771 2 A 5% 85 48 7= 57 B i 5T 2 GECL
TV Ao U 3] A B FEE B 3 R S i B2 AN, B
TE 8 5 240 B 5L A A X 5 5 15 *), Haustein 28 A A
TR CA3 X I R R AP, 5 CAlX
BA B ANE

FERRERAS DL T, U815 5 B % 1 5 TRPA1
THIEA K. TEFT/RKIFER (Alzheimer's disease, AD)
B rh, SIS IS 2 1) S 5 05 TRPA T il i
kA K. YIHI TRPALIEIE, RMUAEDS M
AD BB Z ) 08 1 B 0 S 3G Y, e Re kB
FONRITHRER, IX N AD TR Fa T SR AL T8
BT
3.2.2 BREY 32 6B (L &F E & 4 B (transient receptor
potential vanilloid 4, TRPV4)

TRPV4 B & 0 J& T TRP Xk, 22 T o 41 il
TRPV4 8 38 75 K o Az 35 A0 5 #3072 o O 4% 2L
FHYS, BF 5T R B, i B M TRPVA @ 38 ¥ 3) 7
GSK1016790A RefE G NZ% & b B R A5 50 A2 A
EPE, {H2& TRPVA4 & IHE P75 HC-067047 %F £¢ j& H
RESTE S A MW, FrCA TRPVAEE AL R H K
g B AT . E2, EAMERIECT, HC-
067047 figJik /> 2 & L5 iE 2" XA 2T
P55 S5 TRPVA N T/ Ca> Wit 9% J5 8: 2 T
FAUER] 71X —4510: M4 5 i A& L8555 31
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I, TR ST, GSK1016790A REE N2 & 45
Z), HC-067047 RE ¥k /> ¢ /& 55 3% 20, 1R E
TOLT BRI 5T 40 M 28 2 b8 3 3G e
TRPV4JEIE /-3, TRPVA 5[/ 45 iE 50, n]
DUE T CICR #4233 IP,Rs, FEER BEjit Ca™, 45
TG BN AE B T IR0 4 0 Hh 45 PATBOR RS 151

3.23 N-H E -D- X & & B (V-methyl-D-aspartic
acid, NMDA)Z{k

NMDA K& —Fi & T B AR 2 Ak, F 0T
FR I, NMDA 524K 5 MR85 % 2 A k5, X T
WA 15 3, NMDA 2K H5 57 APV A= iR i
I B2 TR I 5t A I A B R B B AR L W A B
JIFRAERY, 1O R 515 3l 5 NMDA 2 A& 76
Ko BRI 2 5 RS s b RO Bl SR ) T
Zl), NMDA 32 {4557 Ay LR R 8 /b 1% B8 415375 5 1)
M P00, 3 Uk B AU 1) 75 R A5 6 31 5 NMIDA 52 44
S Ca WA K. BLEYRHGERI7,
Rt AR, R4 A ™™g, T,
Ahmadpour 25 A\ i# it AAV 5% 5 f1 RNA T A ,
R AR 1R BT 40 Y NMDA 324K ) 3%
Ko ABATRIL, BRI 5 A NMDA 5244 5% 15 il /b
XA ARSI A S, H O i ek L
5 R T B O BRI, 50 bR S5 82 PR 49545 5 AN
JEIREGE S R, IXAESE TR B2k,

3.2.4 H§53Z#ENa’/Ca®™ exchangers, NCX)

NCX & — Mzt A, 2R
G3AT TR Al A Sk b, XS LS Y Na“ il Ca® |1
W RAAEEMEH. KMo HN T, NCX 53
S Na'JiE AL RR L EAN A, 1A Ca® i H i
Gbo M TTIE BN SRR y- 2 5 T R (GABA). &
RGN LG T, BT ot 2 P 1o e 2 358 5T 4 e
e R IE R A5, XA S Na i)k A4
M, FRERKFAM Na" ETb. MfE = Na™ i
DUN, NCX xa#%iz, K Na'Hehigsl, [ Ca®
BN, 51k 1O S S, X5 4H i ]
(%) JR3 S AH B A FH A 22 5| S B2 T e Joi 4 A S 38 45 v 30
W3k, IR ZHEFHUESE [ IXAN G5 ]P0,

325 B JE 1] #F Ca* i@ & (voltage-gated Ca™
channel, VGCC)

BRI T A BARAS B O A 1, (HRIA
/L& VGCC P, Rungta 55 N i i it 4% 52 5% 24 81
SORES, ORI VGCC X T B 5 48 f gl /N Rt
1 H RS AERM. (B2, MRS
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Fig. 1. Source of microdomain calcium activities. Mt: mitochondrion; mPTP: mitochondrial permeability transition pore; ER: endo-

plasmic reticulum; NCX: Na'/Ca®" exchangers; NMDAR: N-methyl-D-aspartic acid receptor; TRPAI1: transient receptor potential an-

kyrin 1; TRPV4: transient receptor potential vanilloid 4; VGCC: voltage-gated Ca>" channels; GPCR: G protein-coupled receptor;

IP3: inositol 1,4,5-trisphosphate; IP3R: IP3 receptor; RyR: ryanodine receptor.

SRYRENET, ANAAN KRB N, B R o 40 e 25 A
b, X4 FEVGCC EES . (H2&, xuegh
R T BRI T, B AT ShD 7R TR A K
K PE RIS VGCC I AL

4 WSS TERIBITEE
4.1 FTHER T RSERRIE RN

OS5 2N e R 15 B e 22 e TR Bl . 7R AR IR
vh, BN AR TR R 5T 240 AR PR A i ) 2 A R R 22 T
G, FEENYIRERD . Bl SCERIRGE, gk
B J2 B T IR B A s A V5 3, M A T H K
A5 TESIE I, FREENFEDE TR, X582
TR HSz o3 48 B 53 W 1) ATP 98/ A 87 s s 3 i
REsZ A2 e M4t M . Deemyad 55 N\ R F0LAE B I
RSB ReE A B R, S ECh R T
A RREEIE AR LAY RIS VE B RE T B ATP (R
Ji, ATP A2 R RE 5, W LLSE 4 28 70 il SR 46 i
(axon initial segment, AIS) )% &5 14 UL S B /E L4711
AL R FEY . (B2 A 0T 7008 i 25 4t B TR
RIS TS B, ORI T B R A K e X
Ak P 17] B 7t (slow depolarizing inward currents, SIC)
WAL, Ut B2 TR B 5 R T 0T 2 P A e
EANTERP . AR RAEX T T, Al AR 45 48
7N TT & cyto-GCaMP3, cyto-GCaMP3 J& v A Il 1 41
MR R HIESAE 5, kAR bR eSS
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R AE T SIC RIS .

WSS TG 3 5 R AR DY RE S DIAH G o fOsAs I
FREVAT R AALIE o 0T DA PR A, AR
B2 FECOE PR il 5 HL I (excitatory postsynaptic
currents, EPSCs) ¥ WU 54 11, {HAS 521 EPSCs 1)
WRPE, X5 B TR o 40 P = SR R e, WS R i
BT Ay, S2ARA SR> B0 S - i) v S ik, i3
AN 2 5] R TR T 4H A ATP 1R 53, ATP %
e, EHTAKME T RMETTA 2K, 1§
I HE A& w22 5T 40 ) 5K i 5 F R (inhibitory
postsynaptic currents, IPSCs) Mg JE1, 5 4k ,
Shigetomi %5 A & LA il 845 1 3 2 5| e B T i ot
41 s GABA #% iz £5 1 -3 (GABA transporter type 3,
GAT-3)&KikWD, Ml GABAME, HASFH N
28 T AN $ ) 4 5% fh 5 H U (miniature inhibitory
postsynaptic currents, mIPSCs) & & i 2>,  FEAK 30 1)
PRI ik 5 1 R

WIS V& BIE 5 T A T BB VAR OC . R fhm]
I RAR A S5 . Thae. mEREMEEIIK
IR ST, 72 % 2105 B I A K- (R A2 4
L. RIS Ak m A 2 BRI HON A B R
5% (long-term potentiation, LTP) A1+ Bt #2 #111 ] (long-
term depression, LTD). D-22% 2 /& NMDA 24K 1) H
FPEh, I IS I 3 AT LA 38R 8 D-22 28
T T 1 % NMDA 32 K 4 #t ff) LTP B*,
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Piezol 24K/ T U ES 1% 2l 2= 38 ik ATP ORI
SRS K LTP 1 B W7 R I, e v 2 e
% 38 3 CICR & 20 N i N 1) RyRs, 5] &2 ATP il
BRIV, BRI () AR PR 22 70 7 AR 1 1
MRV BE AT 2 BB HLAL,  S2M Al LTP P X9l
Ik 1945 15 5 AT BL S| S ATP 1 20 W, B0E AR 42 J6 1
P2X 324K, 18I o~ Fk-3- 5 k-5 F JE-4- S M T R (-
amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid,
AMPA) AR WAL, FBLTD P,
4.2 PR E

BV 40 i 2% 2 b5 1% 2 ] DU i 2038 1
EEFAE MM G & . 5, WA fdk
A HR 7R FAE B A I B T AR KPR I 2% R A
TEBNIGIN, W DURSHCE A DY R A A= 1 I V& M)
i, U A sk G W AE T AN [R I R R
BT 0 IR R4 2 R Ca /KPS T, B 223
X 4% R A B0 L AR R T B . R R A
FG: B4, Sharma %5 Nk BB GBI P2 T 2 A &7
K, HAS & R85 yE s, s A 2R AL 2
B O A% 7 B G B B RS R 2 K (G protein-
coupled receptor, GPCR) 2> 5 £ £ & 5 7% 3 34 fn
EASHBESCRMEERT? ™, XU LR85
Hi gz KA HERR. H2EMEREN
J&, Sharma %5 AN B % H 1990 5% 4 2 42 3.91 Hz,
I ROI EASERIMN, XAt —M2E 5.
AL, WHTTE, 2L AN B AR YE T GPCR
M FHTN P Ca® Bl Hk, 55 [ B A
o, 202 b5 3% 30 (1) ) B I R 3808 38 3R ™, ]
AR R PAAEPOER S E S, I
M EF K ZFY Feilr — DA FO R, /) BRIEEER
AN, BIEIR 54 M A7 72 PRI AN GE 38 9 Fh 2505 3
78 Ty e 1 7o 1455 3 A AE R i 8 A gk bk B0 F
PER,
4.3 Hibohge

R b, RER— R ILER N EE, i
R HR, BT TE ST
iR, TR 2R R o TIORE VE B P DA S
B LZORON RNHE BRI T PR R 2 R G AR AS
B, [FIREAE R R, PRSI B A0 S R A G
TN B T Bl 2 51 R T % 2 R 5% 4% (tyrosinemia
type II, TyrR 11) 3, 43l Spatzle, 1EH T4 C
] Toll ¥ 52 {4 (Toll-like receptors, TLRs), 5| 2 BEHR
1T AT AR X T LB, IS5 5o T HEAR
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FIE IS it — BB 7.
5 REMMBIRITH AR RIS IS E B

A
51 R&

EERFEONFIRE S TR, S hneh &R AT R
o A B ARSI 5 2 AN 2 5 R AR A
O, I M WO T B . FATIE IS O
B X GECL,  1E A& 7K P X AN [R] H 68 5 4 I8 v
J B TR Joa 4 B 25 NV 2 i DX e | O B B AT T il
o SRR, FEFEUNTGRIENIEM,
2R IE B D, B0 A N Bl AR A
W27 3 33 BF 50 22 06k AN [F) S04 A X33 B 5 17 B 1
SN B i, HAHLG T Mdk, TS 25
YRR W E K . Zarate S5 N XF A ) 20 4R A
(dorsolateral striatum, DLS)fNi X #£47 T WF 70, AT &
WHEZ WAL HRKEES), SEHEMETRE,
W B FNRFSL I A G . @ — PRI, e
SRR B R BT AT 5 Ca’t R
TR 3 2 58 OIS R S I B B 2 e B AT IS R
ik
5.2 #HEIRITIHEARR

ph22 R AT M % W B 3 AD. 1 & AR
(Parkinson's disease, PD). ¥ %&£ #ill [< %% (Huntington's
disease, HD). L 2 4 ] 2 fifl 14 %iE (amyotrophic
lateral sclerosis, ALS). F J/j 11 K % (Alexander
disease, AxD)%5, 1X L5 2= 52 M 2 T AR o 4 o 1l
A5G B . AD 2 dRH W e 2R AT YRR, B-UE
3 BE 2 A (amyloid B-protein, AB)TE ffl 7 A T A 1%
% 434 (senile plaque, SP) /& AD 1) $ Y i # R AiE 2
—o Lines % N B, FEPLHILK)E, APP/PSI /MR
FERREEIRAS T B J 2 8k H R85 T& shagn, 3k
F5IE B OSN[RS, H S5 5 e 2 B A0 2 B )
BB A B, {H Abjersbriten 5 A\ 7E 21975 B2 R &
AT SR, BB AR R TR, kK
AHRIBE SR, 15 H i tg-ArcSwe /N BB L 7 2
REMA R E ARG ARL, B535HehR
PR MAEBEE T, tg-ArcSwe /) il KA
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Table 2. Comparison of the results of different calcium indicators for the same microdomain calcium activity
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