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Research progress on the relationship between cognitive
impairment and astrocytes in schizophrenia*
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(Department of Psychiatry, The First Affiliated Hospital of Kunming Medical University,
Kunming, Yunnan 650032, China)

Abstract: Schizophrenia is a complicated and serious brain disease with unknown etiology. The disability
rate is extremely high and the lifetime prevalence rate is 0.5%. At present, the drug treatment effect for positive
symptoms of schizophrenia is relatively significant, but the treatment effect for negative symptoms and cognitive
impairment is still unsatisfactory, which may be related to its complicated pathological mechanism. Among them,
the activation of astrocytes in the central nervous system is closely related to the pathogenesis of schizophrenia,
especially to the occurrence of cognitive impairment. Therefore, it is urgent to clarify the pathogenesis and treatment
strategy of cognitive impairment in schizophrenia. The following is a summary of the recent research progress on the
pathological mechanism related to cognitive dysfunction and astrocyte activation in schizophrenia patients.

Keywords: schizophrenia; pathological processes; cognition disorders

KM AR S S L R TR M. AR I R A B ¢ R SR
2019 4F 4 [F P8 2 & IR df o> ZUIE A B BB R A Rk,
0.5%. KEM VAT BRI N T, iR L o
AT R A R, Hzis | ORI AR R SHE T
PR R, ATPICRI, Bk TR FH
K S I BT, SR AT SN2 A TR R 5, LR
HIAR IR 1 LG, BLRRKE AN B A e AT N SR I, S TE A W

ks H Y : 2019-09-25
AT« A DARHETRITHE (No : 2018NS0107)
[EAE1ES | FEMY, E—mail : xp6945399@163.com ; Tel : 0871-65320841

- 52 -



5 6 4]

RS, 55« R LA IR A S BRI AR i OC R AFTE

R0 1~ 50 ¢ 1., MRS M2 oTIE T
AN AR, i e T A0 = A B I T 4
JL L /NI ST AR B g i A Hevp, BR BT
HRERIR THIZIMRZ , JEBURPIR I BT 2 Hir A X
FRoT SEEURIE I B £ 0E I 3858 1 7, BAIE B2
Ji 3 A [ B 2 26 1 43 (CX43) MEESE, B
DIREVER MR, A Rk i 4 B 33 TR ¢ R 70 2
B AR 0T 2 AR I e ot 2 1) 3 1 LA S M € i T AR
Aoy RIS AT e I R R ANAE, mUE A A TR
e e i (U T S o [ o OO = S (2o 1
il S ST A AR s R R SR BT AR M AL, iR
JURNRFIR ISR R e T A ML, 400 1) 1 A 45 240 e,
i At v SRR, NI A = B B A, D R
1 R S AL 1) TR 4

B8 N RIS S ARG KT .
SR SR SR BAL | i bR BRI RERY
TRIPFIh R fagie ' A, BRI T A A 3ok 22
MLEFRN T RAERF M2, 4
R Xt 4 RGOSR RS . B0 09 B8 I 5 40
J T B 2 A RAER F, W TL-18 . 1L-6 J TNF-«
o RAE TR AL SE R SR (A, AT RAER
FERNE, IL-18 FILLGEM S N- H5E -D- RARA MR
PRI (5 S I B A 2 B T AR A i, 2T 41!
HAE, IR N- HI3E —D- R M2 IRwmi ™, i
PZE ST SIS B 43 SEE A5 0 22 A Mg (1) 2L [m]
fIE" SORE U SN T RE R A SR R B
i "

VTAESR AR, L T 8 J5 400 it o) T 5 fish 114 T i
YeFy, ARFRIREL, LLROOHE BBl 2 N 22 e S 1)
ERMAREE ", S EBRAE R AR 2 21 2%
AT, 55 | e IIIREA C . A EIRTET
PR A B R [l e S5 R e B T G o 4 A 1 =
5. BICH T AR A 20 A s 5 0 JFURH
Jiie, DRUER A IE 5 (R 2T Rg, RISt 25 B iy B pf
LT R Rl i A AR AR, AR M ) B R 1 A R
K, MR R E R AR RS AR S bR B, d a8
il BRI sz Ak, SEESE P Em A, Wk
Bt artEate . RERREN RN &
MATHERNZTTAET I SERT . MATHEE LR LB | 1
(EAATL ) S35 BR 2 fil o] B ok it 43 24 MR 1Y 2 Fhph 28 1
AR EEAZ— ", TNF-o K41 EAATI
JA STV mRNA (3RIK, Y0 I B8 BB 40 i

FET TNF- o SE9E HFHE Z0), EAATI mRNA &k
TRE, EAATI ACEREL, S ER2ARER, IS
A A PEREMEVE D, NI S M 28 RGEAE
FNE, BRI ERE ", BEAEFZMIATIESE, RIER
7 FEAF 53 S 25 ™ FEORG P R 5 TS A 8k 1) 1
L BB S RE ML T AR -5l TR 26 58 fl ] R 3K R
I BB BT R 5 1 DIRE R, RECAI T RERE AT
AR

P22 0 — i 28 I A B A AR AR R M 2 R 5
AISEARTIRE ST o BTV I 0T A 53 477 ] S 800 5 a7 2
(8 FTRR RS A ] . R e o A L
Je AT B 2 AN [ S 3 ) B g M TR I T At il —A s
I A2s, HiEEIEI AL AR Als JE A P2 A K
RIEH T, AR, T EAEEER
A2s TERMGE AR 557 2E, AT SRR 2R K
PRUEFR 2T S A7 o M BT o 44 . S i
ZIOCPRT AR - BRSSP A SR K Ca™ /K
P S B R AR Y RS
SRR R R EE A, A EAE A AT
SFURSTRER , SR A AN, S 2 TT i ifi 5
Zit— RN Z= k22 O T 80 TR A B
iz IeiEe ",

H AT AN TE 28 5L T 0 5 4 s B2 g 2E J2 Pl 1
HASREHNREGE, &R Trgciitnmg | &2
TE L A e A= — R NS . AR, BRIER%
Y B4 VAR T4 28 T 2 i b 2236 S (R el 2, [ sf
R LLGE ST AR AN SR, ik B S &R
RS S, SRS . B Sk, Moo
15 311 b 5 fih Dy e A 32 B2 I I Joie &4t e e 1) 4 R 48
il * TR AR RO R i B A S A ARG
P53 BURE H - gl T FSE T R L HAR AR I Dy B
PHCIZIFEA G ™, ok IR, RIR R
HLAE TP RN 22 RGO B AR 4R R vh A 454 %
YER, BTV A M 5 0 28 0 R AR B R A

R o RES ERER RS FiEE

PRIV I o A ML T R B AR A S 1 R AR Y
Jrgly, SR S DA AR P AL A TR o
iz, Hoor TR B MR MG B A = R iz
HATE, MEDERERRE, Ak R 2Rk
JERUAE . AR PRI UURAT A > SUE AL Z —, K
M BUEATAEM 2 JAT UL, AT = R i o

2

- 53 -



THEBURE R

530 %

ZoGRE RN, ORI SN M0 5 AR A
RFERJATT SAF 5% ARG 43 BLE 1Y S o # vp ™
HEFE I,

J AT 4 R 1 B 1 (GFAP) F4S 45 &4 & A
S1I00B T 8% 1ZHF9E. S100B KT+ 5 BT I
MR FEIsh . EEBCH G, TTREREIEIR
J5T 4 R A3 43 sl HC X R 28 ST A 1 S PR ZE S . GFAP
YRR B AR I R SR SO R . K
JEH GFAP 7K VB S8, et L9 e o 400 fif v A
TR, AP R R TR A A A B R R A AR A ™ X
BT A P LA siRNA B2 AR 300 i) B2 0% 58 5 988 440 i U251
' GFAP JER Rk, (IRFRIKI GFAP R] LIl 41 i
JA, EEEARE, SN R T CREB &
FIFI Cyclin D1 8 I IR WREA. 53 A W oE & 2R
CREB il i 145 Cyelin D1 45 55 P 1R 5 53 378 11 52 el 240
M35 504k, AR A 55 o bt 2 32 440 e 0
PEBRENA , T 20 B S SR 1) S Al SR A 3 R RE
BERA I AR, R el R R B A GFAP
KT 072 S M P 3 0 S8 A DN D) BB AR G I PR
FEAR P

16 BB e ot 4 M vh 4% 5% s I -« B (NF-
k B) 5515 SIRARAENE W 43 2LRE WL T A2 240
NF-« B J&—FE B ARG S, S RAE 7S
TR KRR, SHRPENE . RAERNFHIEZ
PP ER A BEMLE] . BEAEAHSCHFIY R B, Ko 24hE i
F4H NF-k B UG PE & NF- « B mRNA Y52 1548 %) IR
YW ER N, MU nT L, R AN NF-« B
IR PE AR DL R nT RS 5 TR o SLE e 3
o™ FERER ST, NF-k B AR BEAEE T, 5
FHIE T BIEETE R G, 2452 B SAE Jil e i
RIBERRALAN Tk B BYREMR, LL& NF-« B BURSBORIA%
{5 S NF-k B iR R 3G . LI % ™ 7850 SCA3
BRI 2 B, fPgonh M E A RS T E AR
JE A — ZR GNP ], 3 i oy bR A T AR
MEEREZER, Joh, SEAFErT SRR T4 1
NF-« B iGifb, MM R T As vk, e o 40 it i 4
5+PE Relish {545 ( —FRSFHY NF-« B #5555 K+ ) 7]
YE R A 3 s ], Hk, IKK/NF-« B {5 %3
PR SRRE N ) SRR T, U 28 SR AE RN A
f 8 5 IKK/NF- k B {5 5 38 #% 58 i ™ L1 45 ™ B 5%
R, Nk S R B S ol ( AS3MT ) WE7AY
(AS3MT™™) Fl BLOC-1 A XE AW WAL 7 (BORCST)

JE 10q24.32 K # 43 SLIE £ R DG JE A e v 1 41 1
e, AR R TN 25 AS3MT™” Al BORCS7
eIk, fENTAM oo bl B b Sk B
[, BRI o 4 e B AR A A7 A E DIl et . IR
JBT A AR 5G 53— BE PR 15 FEA A 20 BL0E ARl b o
AHEZMAL, (AL BRI — P 5%

3 ERKRBEARSHEMHSRIENNIIEE

TAES T TR . PATIIRERRS . TR T
B I 5 IR R SR D RERR AR I RRE, SAEH
WATE . AESAAE . B AR S SR UIARDE Y VA
I RE R ARG o SLRE R RAAE MRS, WAl 2L
iE R BRI —NMER R, FE R IRA |
I R 9 55 X IR T REAR AL ™7 A B &
AP Ry, R IR BRI 0i e, OR S aE
M -1 (FEZ1) FERIM 2. ORI . 1 5552
PR FEk I b, R FEZ1 ik EEE R EEE
AL, BRI RO S e E s, R 2
PRZE IR SR S AT B S R B AL b FEZ1
Kl RE2EHR, ZERTTHEA N- 3L -D- X
KR ZARTIRE R T 2 P 43 240 2 1 7T BE LAl
Z B AR RN D) Be AR Pl 5 2 AR
AT RIE R A RS AR ig ik 1 (GLT-1)
%5 Z U Az k% ik, VOLLBRECHT 45 " iff 5%
WoR, 2 E T g 2338 i 3 N ET & B2 BT (prefrontal
cortex, PFC) 2 ¢ 5 40 g o GLT-1 /K, /5
PFC s ZRK -, BRIER RS PRC 21
JHe AT TR AR EAE PR DGR AL, DT AL [R5 e A N 2
REMR I, PR A0 i ] DLl i3 75 2R 5 1Y Ca™
SE P SR AT RRRERY . I RERL LR SR T
ZENE SR oy S40E TR Sh 45 R A 2 . LANDER %5 ™
F1 JOUROUKHIN 4§ ™ & il GLUD1 3 [H] il [ /)y BRUSE
R, Kb 2 — A Z R A (H
Gludl 4ifiy, FEAEEILKRTAMMPRE) =, &
IS CAL XA IR Bt i, GLUDI S/ B
AT SR I P A BLAE RE A5 MR AR P MR IR S
AIBERFEEREIR, ATHEI GLUDI = AT S50 B (1 i
LA AL 38 SR PR IR B 7 A . — 2856 T N-
2 —D— KA 2 R 32 AR sl 0 AR o Hh Bt RGBT A
PRI SURE LT B ZE SRR, A 2R R
XA A Y TRL, 5 AT s R i o 24
JEBAPEREARAG — i3, (HXH AN RTG53k

- 54 -



5 6 4]

RS, 55« R LA IR A S BRI AR i OC R AFTE

L O R B KRR 5T 43T

XTI . BHERIAE YIbR G S 2 BRI Y K
B, AP SERE R AE A AR 55 R IR S A A —
SERSERE . LIMA % ™ LB, I B 40 M s Sk 2
R L-a- ZE X NER T TAEEIZ > 6
YA —E W 5 76— TR I AN i Th BE R A1 K
BB ORI, PFC BRI L- o - 25
FRAEAT Ry bt e 81— /E . VERKHRATSKY 4§ 7
FIRFFE RIS R T RS TR AN S S 28 B B, S22
RG[E BAENHIMELES 55 IR RN
MR R T 116, S 5L RGN . 2
IR K B IS RE . ARSI 2% PR i 4 S0 i Ak
FA LA TL-6 K- Fhs

AR RS i 0 fB R R,
W Rt UiRen R RS . BIHET L, BIER
JRAEAE T2 RS, FEIA A RE AT Y 2R 5
FHLHME A W5 ED) .

4 55iE

BEFE XTI I0REE (AR ABESE, A BLRIE L
S A Hop B ML Ak 2 i A . R
AMAE IR RGP BOR TR, A E SIS H1E
H, AR RGURE S R E, Had g R
JO7 P B I R ) 22 b JEAE PR 0 M Tt 3 A
M, SEOAMIIREZAN . NI, R R R
T, BHIT RIS AR ST I il g, R
FEIE AR MLIE A BN RESE, #R RS IR TS MR
JOAGH 3 BUE I 7 1] o

& £ X #k:

[1] STEFFEK A E, MCCULLUMSMITH R E, HAROUTUNIAN
V, et al. Cortical expression of glial fibrillary acidic protein and
glutamine synthetase is decreased in schizophrenia[J]. Schizophr
Res, 2008, 103(1-3): 71-82.

[2] BARATTA A M, VIECHWEG S S, MONG J A, et al. A high-
performance liquid chromatography measurement of kynurenine
and kynurenic acid: relating biochemistry to cognition and sleep in
rats[J]. J Vis Exp, 2018(138): DOI: 10.3791/58129.

[3] PEDERSEN A, DIEDRICH M, KAESTNER F, et al. Memory
impairment correlates with increased S100B serum
concentrations in patients with chronic schizophrenia[J]. Prog
Neuropsychopharmacol Biol Psychiatry, 2008, 32(8): 1789-1792.

[4] ALMEIDA V D, MARTINS-DE-SOUZA D. Cannabinoids and
glial cells: possible mechanism to understand schizophrenia[J]. Eur
Arch Psychiatry Clin Neurosci, 2018, 268(7): 727-737.

+ 55

[5] ARMOME , A4, Sh . Sonit BT B2 B i3 e Jor i B A
LRV BIVE I 0], PR RT RO Z4E | 2018, 44(5):
314-317.

(6] HE3E , ZRK, 45, 55 . IR SO At A Sk e 5808 o 1
KEAEH] [I]. XS 222, 2018, 35(9): 841-844.

[71 GUO W, WANG H, WATANABE M, et al. Glial-Cytokine-neuronal
interactions underlying the mechanisms of persistent pain[J].
Journal of Neuroscience, 2007, 27(22): 6006-6018.

[8] YU Q, HUANG Q, DU X, et al. Early activation of Egr-1 promotes
neuroinflammation and dopaminergic neurodegeneration in an
experimental model of Parkinson’s disease[J]. Experimental
Neurology, 2018, 302: 145-154.

[9] MCGEER P L, MCGEER E G. Inflammation and
neurodegeneration in Parkinson’s disease[J]. Parkinsonism Related
Disorders, 2004, 10(Suppl 1): S3-S7.

[10] ALAM J J. Selective brain-targeted antagonism of p38 mapka
reduces hippocampal il-1p levels and improves morris water maze
performance in aged rats[J]. Journal of Alzheimer’s Disease,
2015, 48(1): 219-227.

[11] SALEEM M, HERRMANN N, SWARDFAGER W, et al.
Inflammatory markers in mild cognitive impairment: a meta-
analysis[J]. Journal of Alzheimer’s Disease, 2015, 47(3): 669-
679.

[12] SHAO Y, TAN B, SHI J, et al. Methotrexate induces astrocyte
apoptosis by disrupting folate metabolism in the mouse juvenile
central nervous system[J]. Toxicology Letters, 2019, 301: 146-
156.

[13] M550, R, j5 . RIS ARSI RE AT T #E )% (1],
BRI | 2014(3): 283-287.

[14] KIM S'Y, CHOI S'Y, CHAO W, et al. Transcriptional regulation
of human excitatory amino acid transporter 1 (EAATI1):
cloning of the EAAT1 promoter and characterization of its
basal and inducible activity in human astrocytes[J]. Journal of
Neurochemistry, 2003, 87(6): 1485-1498.

[15] DANBOLT N C. Glutamate uptake[J]. Progress in neurobiology,
2001, 65(1): 1-105.

[16] MALASHENKOVA I K, KRYNSKIY A, OGURTSOV D
P, et al. A role of the immune system in the pathogenesis of
schizophrenia[J]. Zh Nevrol Psikhiatr Im S S Korsakova, 2018,
118(12): 72-80.

[17] PRATA J, SANTOS S G, ALMEIDA M 1, et al. Bridging autism
spectrum disorders and schizophrenia through inflammation
and biomarkers pre-clinical and clinical investigations[J].J
Neuroinflammation, 2017, 14(1): 179-212.

[18] DALLERAC G, ROUACH N. Astrocytes as new targets to
improve cognitive functions[J]. Prog Neurobiol, 2016, 144: 48-
67.

[19] HUSSAINI S, JANG M H. New roles for old glue: astrocyte
function in synaptic plasticity and neurological disorders[J]. Int
Neurourol J, 2018, 22(Suppl 3): S106-S114.

[20] ANGULO M C, KOZLOV A S, CHARPAK 8, et al. Glutamate

released from glial cells synchronizes neuronal activity in the



AR B2 Ak o530 %

hippocampus[J]. Journal of Neuroscience, 2004, 24(31): 6920-
6927.

[21] XUE F, CHEN Y C, ZHOU C H, et al. Risperidone ameliorates
cognitive deficits, promotes hippocampal proliferation, and
enhances Notch signaling in a murine model of schizophrenia[J].
Pharmacology Biochemistry and Behavior, 2017, 163: 101-109.

[22] CHEVER O, DOSSI E, PANNASCH U, et al. Astroglial networks
promote neuronal coordination[J]. Sci Signal, 2016, 9(410):
DOI : 10.1126/scisignal.aad3066.

[23] SHIGETOMI E, JACKSON-WEAVER O, HUCKSTEPP R T,
et al. TRPA1 channels are regulators of astrocyte basal calcium
levels and long-term potentiation via constitutive D-serine
release[J]. J Neurosci, 2013, 33(24): 10143-10153.

[24] FERESTEN A H, BARAKAUSKAS V, YPSILANTI A, et al.
Increased expression of glial fibrillary acidic protein in prefrontal
cortex in psychotic illness[J]. Schizophrenia Research, 2013,
150(1): 252-257.

(251 XU, MG . BRI SR AN GFAP (4B Xsr 2 i Je JIAH 5C
SRR [J]. EIRERR 0, 2016(10): 1005-1010.

[26] WANG Z, KAR S, CARR B I. Cdc25A protein phosphatase: a
therapeutic target for liver cancer therapies[J]. Anticancer Agents
Med Chem, 2008, 8(8): 863-871.

[27] LIM S, KALDIS P. Cdks, cyclins and CKIs: roles beyond cell
cycle regulation[J]. Development, 2013, 140(15): 3079-3093.

[28] SONG X Q, LV L X, LI W Q, et al. The interaction of nuclear
factor-kappa B and cytokines is associated with schizophrenia[J].
Biol Psychiatry, 2009, 65(6): 481-488.

[29] L1Y X, SIBON O C M, DIJKERS P F. Inhibition of NF-kB in
astrocytes is sufficient to delay neurodegeneration induced by
proteotoxicity in neurons[J]. Journal of Neuroinflammation, 2018,
15(1): 261-278.

[30] FRIHIHE, B/ IKK/NF-kB {5 538 -5 X Rl R G505 [J].
FRRG 244G | 2016, (12): 1143-1145.

[31] LIM, JAFFE A E, STRAUB R E, et al. A human-specific ASSMT
isoform and BORCS7 are molecular risk factors in the 10q24.32
schizophrenia-associated locus[J]. Nature Medicine, 2016, 22(6):
649-656.

[32] ALLOTT K A, YUEN H P, BARTHOLOMEUSZ C F, et al. Stress
hormones and verbal memory in young people over the first 12
weeks of treatment for psychosis[J]. Psychiatry Research, 2018,
260: 60-66.

[33] HAJI SJ A, SHAFIKHANI A A, ZAMIR S M, et al. Evaluation
of the effect of fluvoxamine in patients with schizophrenia under
risperidone treatment: a clinical trial[J]. J Clin Psychopharmacol,
2018, 38(2): 119-124.

[34] ZHUO C, ZHU J, WANG C, et al. Brainstructural andfunctional
dissociatedpatternsinschizophrenia[J]. BMC Psychiatry, 2017,
17(1): 45-53.

[35] PETROVA N N, DOROFEYKOVA M V. Mechanisms of
neurocognitive deficit development inschizophreniaandcurrent
treatment approaches[J]. Zh Nevrol Psikhiatr Im S S Korsakova,
2014, 114(11): 116-123.

[36] £i% . BRI BRAN I FEZ1 26k U5 Ui VS fh i rh
AFEFHRFZT [D]. F50 « FRMR% |, 2016: 21-22.

[37] BARATTA A M, VIECHWEG S S, MONG J A, et al. A high-
performance liquid chromatography measurement of kynurenine
and kynurenic acid: relating biochemistry to cognition and sleep
in rats[J]. J Vis Exp, 2018(138): 1-10.

[38] ENGLISCH S, JUNG H S, EISENACHER S, et al.
Neurocognitive effects of agomelatine treatment in schizophrenia
patients suffering from comorbid depression: results from the
agopsych study[J]. Journal of Clinical Psychopharmacology,
2018, 38(4): 357-361.

[39] LOPEZ HILL X, RICHERI A, SCORZA M C, et al. Clozapine
blockade of MK-801-induced learning/memory impairment in
the mEPM: Role of 5-HT 1A, receptors and hippocampal BDNF
levels[J]. Physiology & Behavior, 2017, 179: 346-352.

[40] VOLLBRECHT P J, SIMMLER L D, BLAKELY R D, et
al. Dopamine denervation of the prefrontal cortex increases
expression of the astrocytic glutamate transporter GLT-1[J].
Journal of Neurochemistry, 2014, 130(1): 109-114.

[41] LANDER S S, KHAN U, LEWANDOWSKI N, et al. Glutamate
dehydrogenase-deficient mice display schizophrenia-like
behavioral abnormalities and cal-specific hippocampal
dysfunction[J]. Schizophr Bull, 2019, 45(1): 127-137.

[42] JOUROUKHIN'Y, ZHU X L, SHEVELKIN AV, et al. Adolescent
delta(9)-tetrahydrocannabinol exposure and astrocyte-
specific genetic vulnerability converge on nuclear factor- k B-
cyclooxygenase-2 signaling to impair memory in adulthood[J].
Biological Psychiatry, 2019, 85(11): 891-903.

[43] OKADA M, FUKUYAMA K, KAWANO Y, et al. Memantine
protects thalamocortical hyper-glutamatergic transmission
induced by NMDA receptor antagonism via activation of system
xc[J]. Pharmacology Research & Perspectives, 2019, 7(1): DOIL:
10.1002/prp2.457.

[44] ZEf , SRLLE , SEAEWR , %5 . N- 3L -D- RAEMZ A DA
TERE Y ZH0E 1697 TP VE TR Meta 4047 [J]. B BE 244475,
2016, 26(18): 104-109.

[45] LIMA A, SARDINHA V M, OLIVEIRA A F, et al. Astrocyte
pathology in the prefrontal cortex impairs the cognitive function
of rats[J]. Molecular psychiatry, 2014, 19(7): 834-841.

[46] XIA M, ABAZYAN S, JOUROUKHIN Y, et al. Behavioral
sequelae of astrocyte dysfunction: focus on animal models of
schizophrenia[J]. Schizophr Res, 2016, 176(1): 72-82.

[47] VERKHRATSKY A, NEDERGAARD M. Astroglial cradle in the
life of the synapse[J]. Philos Trans R Soc Lond B Biol Sci, 2014,
369(1654): DOI: 10.1098/rstb.2013.0595.

(48] ZePfie, A4 MRPE, 45 LRI 2URE (T Be A0 A LV AN R
FIRHZEE IR T KCE R B2 W B (7], [ERBRiR pe 2R
2017, 38(6): 725-728.

(2L it )

ARSI AR« FE R0 WIETT 45 RSO IR S R
TERL NIRRT HERE [J]. HP IR EEA2%0E |, 2020, 30(6): 52-56.

- 56 -



