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Role of secretory C1q protein in the formation and regulation of synapse
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Abstract: The Clq family is one of the subcomponents of the C1 complex that recognizes immune complexes and initiates the classical

pathway of the complement system. In addition, as a pattern recognition receptor (PRR), the C1q family binds to a wide variety of

ligands. As a member of the Clq family, the secretory Clq includes several subtypes. The main subtypes are cerebellin (Cbln) and

Clg-like protein (C1ql). In the nervous system, secretory C1q is involved in the formation and regulation of various types of synapses,

thus secretory Clq is closely related to diseases of the central nervous system. In this article, we review the role of secretory Clq in

synapse formation and regulation, and its relationship with some diseases of the central nervous system.
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BERAZ —, BFEZ MR, T E R /N ik
(cerebellin, Cbln) & Clq ZEl8 H (Clg-like protein,
Clql). Clql XFr4 Clq Mk e S8 SE B 5~ 4H 5% R
(Cl1q and tumor necrosis factor-related protein, CTRP),
35 Clgll~4 YA PR, B Fi 4 R SR, Clgl
Z5MERAR ", RS0 Y. M
B Clql, Cbln BATEmHIFHIFPETE (>50%) A3
U EE RIS, A FE Cblnl~4 PUANTERL, —f# Cbln
IAE KM %1%, {H Cblnl £ Cblnd FR4b, 3% Pl
BRWAER R PEREY, I H Coln 5Z L R
GEREVIMIG. £ 1IHE T Cbln 5 Clql 7
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KRI850 AAAERAL, ATRefER . 456
B PAA R ot AR, W Clq +
53 54T 4R 4k (parallel fiber, PF)- i 5 #4010 (Pur-
kinje cell, PC). J€ 17 £f 4 (climbing fiber, CF)-PC,
FEJEC AN A5 4~ #% (basolateral amygdala, BLA)- A il
BT A f7 )2 (medial prefrontal cortex, mPFC) DA J &
R4 (mossy fiber, MF)- ¥ 5 £ 3 (cornu ammonis 3,
CA3) Y Fh 58 fi 1 28 B S 4% . 7E PF-PC S i v,
PL&# 98 25 [ (neurexin, Nrx)/Cbln1/GluD2 ] # 2 i
2GR BT 2O T i (1) R E DL S AT S AT R 45
M7E CF-PC Z&filid, Clqll =5 RAMMIER, R
Y415 CF [5R AL,  R2 0 5 fisk (1) £ € ¥4 5 BLA-mPFC
Kfihdr, Clql3 25 7 BLA-mPFC 24 Rl %
i ;£ MF-CA3 Z¢fili, Clql2 A1 Clql3 @it 5405
SR 24K (kainate receptors, KARs) 54, HEIMEZM a-
Kk -3- FR AR -5- WL 4- ROl TN R 32 44 (a-amino-
3-hydroxy-5-methyl-4-isoxazole-propionic acid receptor,
AMPAR) [N FF. BRI, AR ST AN P AN T 156 75
R Clq 75 Sl A T AT 428 vt 31 22 ¢ 21 22 (1) 4
TSR, R R Clq 55w E .

1 PF-PCSRlFHIST B Clq

PE-PC Z& fiili J& /NI 2 4t e K IS 5 4% H A,
& N MF [a) /Mg B2 B A% 36 K &R A RTRE . B REFTK
i B2 R NAS 5o BEAR MF 1] K2 500 A0k 4]
B S o FORE 20 R Ak 2R 1) R I R T g, 2
T % X, 7%/ PFs. Cbinl i PF /)3, fE5EIL%E
fi /N B B AR X EEH . Cbinl A7 T ATEE, 5
I fih J5 MR FK) 82 45 & 2 524K (glutamate receptor delta
2, GluD2) F1 5% fisk i 5 i 22 2 452 25 1 3 (neuroligin 3,
NL3). & &5t % K £ #5285 B (leucine-rich repeats
transmembrane, LRRTM) £ H #H 4% & 7 Jik Nrx/Cblnl/
GluD2 ¥ 58 fih 5 A1k ™ o AF FEIE S, A7 ELEF AR L/ INER,
Cbinl #Ff 22 55 PF-PC Kl jd /> 80%. 1Ak, %
/N U Cblnl F 25 2% S B PF-PC R AliZ kb,
A, Cbln 1 FYEH 5] A AT LUK KAF Chblnl Gk &
NI R U, Chind A 28 i 75 % GluD2 Al Nrx
(125, W Nrx/Cblnl/GluD2 =% A& & 14T 2
{E PF-PC Zfilft i R4 EE /A .

YR R AR 4H 5y 2 —, CbInl (%5 252 —uk
FREPUE 5 T PF AR K A TE A AL, A 51 &
A Ak e AN RAE F AR VI PF AR 5
Re A=, T GluD2 ik /)y B ) PF ZE T i AN fig
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A2 IXAESE PF A FRAERE /15 GluD2 AHK, (H 35
A fE )2 1 5 Nrx/Cblnl/GluD2 {5 5 A ik 75 %
B B

PF-PC % fitt 4 B 2 #1 l] (long-term depression,
LTD) HJJ¥ it B PC Ffil f5 i b {2 B 12 1 2 R
AMPAR [N 7 5] #2, AMPAR ) P 5 A AK i £
H 4 C (protein kinase C, PKC) 512 & F AR R
524K 2 (ionotropic glutamate receptor 2, GluR2) f #f]
HAEH, i 2 2 A HAE & E (glutamate
receptor-interacting proteins, GRIP) A1 & 5 fil J5 i
%5 B -95 (postsynaptic density protein 95, PSD-95)/
RETFERZRN) 1 5% 3% B2 A 1 (discs large homolog,
Dlg/zonula occludens-1, ZO-1) §) C ¥ 1 41 B AEH &
H (protein interacting with C kinase 1, PICK1) 5 GluR2
(AR B AR U BE— 2B W FE 45 R W, Cbinl 1
GluD2 X i 1 7y B PE-LTD %2 4%, 7] g2 tH T
Cblnl 45 & 3] GluD2 fifg #h i) 4 3 K i [X 45, (amino-
terminal domain, ATD), M\ T 15 Ji J5i 5 1 T 0 R T
TR AL 05 1, PSR R IR LG 5 GluD2 ) C K
B4 45 512 AMPAR £ BEIR 1L, X 7E AMPAR fE
H T E B PR B SR EEE IR Y, 4L,
GluD2 ] C K ¥ 5 PDZ )45 & 7] Ge Xt PF-LTD [
B —E AR ®Y, B E TR S PFLTD
ZAREARHLH] M ATE R

2 CF-PCEiip iy 3 EIC1q

CF-PC K 55z 3 2% 21 6 JIAHG, KPR
Bl)N % (horizontal optokinetic response, HOKR) Hff 7%
gE LR, Clqll g A1 PC- fiog il & A sl 0 1) 751 3
(brain angiogenesis inhibitor 3, Bai3) i [¢ /)N i )iz 5l
) fe e E A2 AR P TS AL, Clqll bk
/NS EFAE BN EL, CF-PC il Byl 70%
DA b b4k, Clqll 78 B /N BN I P i 25 2k 3 30
CF-PC Z&filyd /b . [KIt, Clqll 7€ CF-PC 2 1)
TV BSR4 3 5% ik (1) A 1 AR A EERIVE . AR
2B Gy BRF R R, Baid @i T a5
K. 4 Bai3 (EFHEMA L R EESE, HE5R
il J5 5 AR 10 2K (1 PSDOS St £ P, ik e gh IR
HH Bai3 n] REAE NS Ay PR R il R R BB R . s |,
B T Bai3 4 UE B AT LR T A 1 O i 4 Y,
Clqll @it #MA Clr/Cls-Uegf-Bmpl 25435, (comple-
ment C1r/Cls-Uegf-Bmp1 domain, CUB) [X 5[] N K
i 5 Bai3 $§ 57 M4 4 P, 7 CUB XA Bk 11
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A1.Cbln5CIqlag 5T 4:H# . HAENL. THRAEM. 4654 EM AR R
Table 1. Structures, sites, functions, binding proteins and related diseases of Cbln and Clql

Structure Site Function Binding proteins Related diseases
Clqll Formed by a signal Hippocampus, 1. Enhance synaptic Bai3 Motor learning disorder ™
peptide, collagen-like Inferior olivary connections and stability ©!
region of different nucleus neuron 2. Participate in synaptic
lengths, and Clq pruning !
globular domain
Clql2 Granule cell in the 1. Determine the location ~ Bai3, KARs Abnormal neural network
hippocampal dentate and function of KARs ! activity I
gyrus 2. Associated with periodic
loop activity
Clql3 Basal lateral 1. Determine the location ~ Bai3, KARs
amygdala neurons, and function of KARs
Granule cell in the 2. Associated with
hippocampal dentate periodic loop activity
gyrus 3. Participate in hippocampal
repair
Clql4 Brain stem, thalamus 1. Participate in energy Bai3 Cardiovascular disease ™
metabolism !
2. Angiopoiesis
CbInl Heterotrimer formed  Cerebellar granule 1. Participate in the GluD2, Spatial memory
by three Clq globular cell, entorhinal cortex,  formation of PF-PC Nrx, Cbln3 impairment "', Autism "
domains thalamic synapse
paraventricular nucleus 2. Associated with
PF-PC synaptic function '
CbIn2 Entorhinal cortex, Participate in the formation GluD2, Nrx Tourette syndrome o4
thalamic and maintenance of
paraventricular hippocampal synapse "
nucleus
CbIn3 Cerebellum, dorsal No report Cblnl No report
cochlear nucleus neuron
Cbln4 Entorhinal cortex, Delay synapse loss " Nrx Schizophrenia "%,

thalamic paraventricular

nucleus

Alzheimer disease !

HI$2 T, HpF R PC-Clgll Ml Bai3 J5, FE3A
Bai3, A LLE K E Bai3 £8P, X i U Bai3
VER RG2S Clqll 5 —EMEAEH. H
A5 0~7 K (PO~7) /N, Clqll mRNA 7£ ki 4 i
JZ 50 BB Rk, TEVR A BN 8 7R A o
Clqll 5% Bai3 f% % 5 55 PC B % H ik > . wr I
Clqll 5 Bai3 # H.{E H RE4E 7 PC i 5 H . {H 42,
1£ CF-PC AL K2 #i, Clqll 4ifi F]ik PC #f %
WANTEAE, ARG MURLAN I R Clqll (R Rk
57T PC &l kA

FE A /N BRI/, K38 23 PC J2 H 5 2% CF
YL, {HA% CF 5 PC 7Rl 23 L #4411

BCR. Clqll B/ R AR, fEVIE I B,
A PC BTGB H 2 % CF Bk &2 ik, 7£ P3~7 K,
B CFER EMARMER, ¥ Clqll &5 %Mz
B PO i AE P9, “ B MERI % 7 CF M PC ik
LR B PC I S8 BE, T8 A A 5 i, X L
BT Clqll MfERIE LM BEHFFRE,
£ PO~1 Bf A= /N AR N iE R IA Clqll, 7E P7~8,
B CFs (1) 3% ¥ 58 F% 2 13 2[5 55 72 B 1) 1 54,
B P14~15, TRCEEMEWIFE R B, wTLUE
H Clqll i FiA fE 58 CF-PC {2 0m fE, 58
faEtE, JEHBEKAEER LM ER, &5RAm

fz 9y 2
1y 2,
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3 BLA-mPFCZEfiish 533 EClq

BLA 1 Clql3 mRNA 3%, Jf H BLA-Clql3
FiBR /N, BLA I mPFC 2 7] 0 7 1t 5 fi
HEREWEIL, £ Clql3 25 7 BLA-mPFC %
TPERMTE . 74h, A B PR Clql3 iR/ i
DRI Z M R FAT R, Hik YA BLA-mPFC
Rfulii b Clql3 BF, /N BRI 2 A M R R 12 52 21457
i, b5 A2 44 Bai3 25 P, SR1f{E mPFC
I TGH, Clql3 1N Sl ar i oy 7, il 55 5 fike
J5 W62 Ak Bai3 24, I 51 S A M R C 12 32 4%
A Rt — B 5T

4 MF-CA353fitiH B9 533 BIC1q

KARs 154 5 i J5 i 52 44, @it 18 i@ sh /) %
VAT S AN 235 B B, R S A5 i AMPAR [
EEEED, D MF-CA3 % il vh i N & %
Clql2 Al Clql3 H1 MF 434, L mRNA 7Ei 5 4tk
5] $5kr 41 i, (dentate granule cells, DGC) H & & ik .
1E N AN 54638 25 545 MF-CA3 2 5 B 1) KARs
S&ik, XM ZEEZL Clgl2 M1 Clql3 45 & | KARs
BB SR S A A = R B 3, 2 (glutamate
ionotropic receptor kainate type subunit 2, GluK2) FlI
GluK4 f¥] ATD [X DA K Ffi i € Nrx3 S 44, Hor
Nrx3 FEFARELE AT 1 25b 1R8I H47 15 5 Zhth 1%F
SEEA, 3 H R P Nrx3 + SS57°-C1ql2/3 5 & #E
A G 5 fish 5 BT A 55 KARs A2 4 B ) . KARs
I8 H A (E MF-CA3 Rfilir, Clql2 A1 Clql3 X B
(1) /N B, MF-CA3 RIS A =2 B, H
KARs A2 1 52 4R B R fl . Clql2 8 Clql3
BRI A 2 LI R, X W] Clql2 57 Clql3
KARs ({552 v DL SE ) . SRTAI7E GluK2 Ji&
PRl i B B GluK4 255 R g B 10 7 B R, Clgl2 A
Clql3 A K Z ANEAA/ET MF-CA3 i, R
Clql2 F1 Clq13 5 KARs 1454 BE7 2 GluK2 ] ATD,
7 GluK4 ) ATD *°", 7F MF-CA3 % fi 1,
KARs @i GluK2 WA C 3 5 N 5 % & 45 52 5
gh At — b R KARs 78 il s i e fr 0.+
e T A7 Bk GluK4 & [, GluK4 % [ A1 GluKS J&
(K5 T B 22 KR 2 P I ME-CA3 5% fihi i KARs
A Clql3 ) 4% e NP, i B GIluKS 78 KARs Al
ClqI3 Mg & it St /A B2 RREVE R )5
JB 52 A4, Bai3 M M /MR N EE 1 E SR
(thrombospondin type 1 repeats, TSRs) 5 Clql3 &
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RIEEH. BEEFRMESMETS Clq3 HiRF,
AL PR ARG S X Ay PE S % B, I Hod o (5 97
Ferh NSy B 4520 ) Bai3 i TSRs 1] DL &L X Fh 2%
R P, iZaE B W] Bai3/Clql3 783 D Ml R & TH
1 F 5 /i vh Bai3/Clgll A3 142 37 ThREAR L B,
SR Bai3/Clql2 7 5 R filvk & KR FE 3 A
RSCHRIRIE -

Zr BRI, 4y WA Clq 28 AN 5] 1 4 i F0 21 4
A K A [R] i X 4 28 70 98 fl T il R ¥ B EEAE
Kl 1 #4% T PC 5 PF, PC 5 CF. BLA 5 mPFC L),
J CA3 #4505 MF [RJE i) 2 il 1 73 168 Clq
A,

5 FBC15MERGEROEXM

A FARIERR W8 Clqg 5 A 41 & -la
(interleukin-la, IL-1a). ¥ 98 3K € K] ¥ -o (tumor
necrosis factor o, TNFo) 3t [0 /N R4, 544
ZRAT M R AE AR A 5% T TR R IR Ik R
(Alzheimer disease, AD) /)N, fMASAT /N I 57 41 il
7E L3 5% ol 2k b RS S LA/ U Bai3 R FLAR
KRR Bail il Bai2 76 K2 ik B, IR kS
PRI, GRS 2 S0 FUURA 1 KRS B R,
/i Clqll A1 Bai3 415 (145 5 AL 1R 7] /e 9 5%
R Ty i 28 G B L 1) 25 b A 448 [ S v f 2R f 52 4 A
YERr, WATIER Mizsh ) Pl Clqld 1E AR bl
By 7, SRMECIZ AR AT B IR G BY,

CblInl & Bk /)y BRI H 264075 5 110 R PR A 2% )
iz sz M. AR RO SR B, Cblnl K
=N IR 2 &M 58 AR B FERHIE
o M MR TR Wi A AE A — Pl LU A
LRGP, MR FPZREIES Coln2 H: P 1) AL AH
S M R B S5 RS o 3 S £ 2 RURS o 20 240 /N
BB 1) mPFC fixi X 3EAT A IS & B, Cblnd mRNA
(s & U 78 AD Hh B- JERRE £ (1 (B-amyloid
protein, AB) 7] LA /)N . Cblnd mRNA ff) ik B,
SR, H RTE AT IE Cbin2 5 Cblnd fifk 2 7S
2 54T 5 H . Cbln ¥ 52 {4 GluD1/2 LA K& Bai3
(1) R e A2 TAR 5 R i o3 20E . PIUBICRE % 5% Fi i
BRI 2 RS s A e B

6 4518

Clq 7£ fu % Z G h A 2 B RT0E T
FE PRI 2 G B AT L BRI 32 BT 2
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A Parallel fier (PF)

Purkinje cell (PC) distal dendrites

C BLA axon
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CI|mb|ng fiber (CF)

&

mPFC

Mossy fiber (MF)

Cigi
Bai3
Infenor Purkinje cell (PC)
proximal dendrites
r\mPV\ Cerebellum
Basolateral
amygdala (BLA)
CA3 pyramidal

CA3 (proximal dendrite)

neuron

DG granule cell

Bl 1.PC5PF. PC5CF. BLA5mPFCUL L CA3HZ 70 5MF IR B 28 i 11 4 i B C 12 Y
Fig. 1. Secretory Clq protein in synapses of PC-PF (4), PC-CF (B), BLA-mPFC (C) and CA3 neuron-MF fiber (D). PF: parallel fiber;
PC: purkinje cell; CF: climbing fiber; BLA: basolateral amygdala; mPFC: medial prefrontal cortex; MF: mossy fiber; CA3: cornu

ammonis 3.

KiE e AT R, ZEBER T 73 Clg
E%ﬁ*i%%*tﬁi%ﬁ% WS 5 Rk

YeFF MR E M, DU R Ak B AT A, [F I
L%ﬁ%%mFﬁﬁa&x%MEuﬁwmom?
HRR A 22 2R G0 85 DX IE e T i o 22 A 2 R T 5
WIS, A Clqg 5WME REHRHTIAE K.
DRI, X 6 SIS R 5 i 1) 43— AL ) () F 9 ] DAt —
RPN 2 RGUISTR I AR AL AT 5% 7 s A
Clq fEME RG W FTEAEIRN, i Clq
SO AL L F G0 I BRI S A B,

KEH KT A SN A0 7. B
R AR [ TG e LA St FEAE AP 22 2R G IR
PR HEEE, #tD TRRMRE . TR
Ao 1k LA K T 5 9 fid i B 52 4% Ty E el 52454 b
HE, JFA RO RGIRIRIT BT S .

* * *
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