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Progress on the role of synaptic cell adhesion molecules in stress
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Abstract: Synaptic cell adhesion molecules (CAMs) are a type of membrane surface glycoproteins that mediate the structural and

functional interactions between pre- and post-synaptic sites. Synaptic CAMs dynamically regulate synaptic activity and plasticity, and

their expression and function are modulated by environmental factors. Synaptic CAMs are also important effector molecules of stress

response, and mediate the adverse impact of stress on cognition and emotion. In this review, we will summarize the recent progress on

the role of synaptic CAMs in stress, and aim to provide insight into the molecular mechanisms and drug development of stress-related

disorders.
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Fig. 1. Schematic diagram of the structure and distribution of stress-related synaptic cell adhesion molecules (CAMs). Note: Both

neuroligin-1 and -2 can combine o/B-neurexin.
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CAMs { A2 —, A & EH A 1 (neuroligin-1,
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YEFFGI 1 R Ak D) R e RV R I EE A, S
HIRA 247 R BN BT 38U RS nign2
(PRI AR, k2N FIRE J1 320, HLg
BRUBAE J5 Mok i B, R S 7R T it R4 nlgn2 AT
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2z b, AR AT 2% W] nlgn2 2 8 o 7 vp
IR 75, 5 NS R AL 24T ARG R & )
AR REY), S5 T SBEH RS # R AR



224
iE R AR J o
2 I

A CAMs FIESIEM A RGIRK T K
AN FE Y R 2 B A /E . NCAM A LI
KR EEZBNENERCE RN, HRBIKTRE S
JSE 5| AL B B DR KT (T B3R A 5% - Neectins (8
H& nectin-3) 5N EPIBOARIRF FH VMR, TE
5 %) CRHRI fif 7. #5558 A 5% 2 & UM
Ky R TIHUAR R E B . fih A 1 B U
5 NSRRI AT N SAE R RIS R, XL
fiy CAMSs A7 82 RN B SO SR MBI 16 T 259 (38T
I L

E BN

1 Giagtzoglou N, Ly CV, Bellen HJ. Cell adhesion, the back-
bone of the synapse: “vertebrate” and “invertebrate”
perspectives. Cold Spring Harb Perspect Biol 2009; 1(4):
a003079.

2 Shapiro L, Love J, Colman DR. Adhesion molecules in the
nervous system: structural insights into function and diversity.
Annu Rev Neurosci 2007; 30: 451-474.

3 Bisaz R, Schachner M, Sandi C. Causal evidence for the
involvement of the neural cell adhesion molecule, NCAM,
in chronic stress-induced cognitive impairments. Hippocampus
2011; 21(1): 56-71.

4 Rivero O, Selten, MM, Sich S, Popp S, Bacmeister L, Amen-
dola E, Negwer M, Schubert D, Proft F, Kiser D, Schmitt
AG, Gross C, Kolk SM, Strekalova T, van den Hove D,
Resink TJ, Nadif Kasri N, Lesch KP. Cadherin-13, a risk
gene for ADHD and comorbid disorders, impacts GABAergic
function in hippocampus and cognition. Transl Psychiatry
2015; 5: e655.

5 Sudhof TC. Neuroligins and neurexins link synaptic function
to cognitive disease. Nature 2008; 455(7215): 903-911.

6 Schuster T KM, Stalder M, Hackel N, Gerardy-Schahn R,
Schachner M. Immunoelectron microscopic localization of
the neural recognition molecules L1, NCAM, and its isoform
NCAM180, the NCAM-associated polysialic acid, betal
integrin and the extracellular matrix molecule tenascin-R in
synapses of the adult rat. J Neurobiol 2001; 49: 142—-158.

7 Sytnyk V, Leshchyns’ka I, Schachner M. Neural cell adhe-
sion molecules of the immunoglobulin superfamily regulate
synapse formation, maintenance, and function. Trends
Neurosci 2017; 40(5): 295-308.

8 Brandewiede J, Stork O, Schachner M. NCAM deficiency in

the mouse forebrain impairs innate and learned avoidance

10

11

12

13

14

15

16

17

19

20

HEPR2EHR Acta Physiologica Sinica, April 25, 2020, 72(2): 220-226

behaviours. Genes Brain Behav 2014; 13(5): 468—477.
Brandewiede J, Jakovcevski M, Stork O, Schachner M. Role
of stress system disturbance and enhanced novelty response
in spatial learning of NCAM-deficient mice. Stress 2013;
16(6): 638—646.

Shin KY, Won BY, Heo C, Kim HJ, Jang DP, Park CH, Kim S,
Kim HS, Kim YB, Lee HG, Lee SH, Cho ZH, Suh YH. BT-11
improves stress-induced memory impairments through
increment of glucose utilization and total neural cell adhe-
sion molecule levels in rat brains. J Neurosci Res 2009; 87:
260-268.

Walmod PS, Kolkova K, Berezin V, Bock E. Zippers make
signals: NCAM-mediated molecular interactions and signal
transduction. Neurochem Res 2004; 29: 2015-2035.

Bisaz R, Sandi C. The role of NCAM in auditory fear condi-
tioning and its modulation by stress: a focus on the amygdala.
Genes Brain Behav 2010; 9(4): 353-364.

Bisaz R, Sandi C. Vulnerability of conditional NCAM-defi-
cient mice to develop stress-induced behavioral alterations.
Stress 2012; 15(2): 195-206.

Kohl C, Riccio O, Grosse J, Zanoletti O, Fournier C, Klampfl
SM, Schmidt MV, Sandi C. The interplay of conditional
NCAM-knockout and chronic unpredictable stress leads to
increased aggression in mice. Stress 2013; 16(6): 647—-654.
Kolata S, Wu J, Light K, Schachner M, Matzel LD. Impaired
working memory duration but normal learning abilities
found in mice that are conditionally deficient in the close
homolog of L1. J Neurosci 2008; 28(50): 13505-13510.
Law J, Lee A, Sun M, Nikonenko A, Chung S, Dityatev A.
Decreased anxiety, altered place learning, and increased cal
basal excitatory synaptic transmission in mice with condi-
tional ablation of the neural cell adhesion molecule L1. J
Neurosci 2003; 23(32): 10419-10432.

Buhusi M, Obray D, Guercio B, Bartlett MJ, Buhusi CV.
Chronic mild stress impairs latent inhibition and induces
region-specific neural activation in CHL1-deficient mice, a
mouse model of schizophrenia. Behav Brain Res 2017; 333:
1-8.

Buhusi M, Olsen K, Buhusi CV. Increased temporal
discounting after chronic stress in CHL1-deficient mice is
reversed by 5-HT2C agonist Ro 60-0175. Neuroscience
2017; 357: 110-118.

Mizoguchi A, Nakanishi H, Kimura K, Matsubara K,
Ozaki-Kuroda K, Katata T, Honda T, Kiyohara Y, Heo K,
Higashi M, Tsutsumi T, Sonoda S, Ide C, Takai Y. Nectin: an
adhesion molecule involved in formation of synapses. J Cell
Biol 2002; 156(3): 555-565.

Wang XD, Su YA, Wagner KV, Avrabos C, Scharf SH, Hart-
mann J, Wolf M, Liebl C, Kuhne C, Wurst W, Holsboer F,



KEBAE: R MR 7778 R £ AT 7t

21

22

23

24

25

26

27

28

29

Eder M, Deussing JM, Muller MB, Schmidt MV. Nectin-3
links CRHR1 signaling to stress-induced memory deficits
and spine loss. Nat Neurosci 2013; 16(6): 706-713.

Takai Y, Miyoshi J, Tkeda W, Ogita H. Nectins and nectin-
like molecules: Roles in contact inhibition of cell movement
and proliferation. Nat Rev Mol Cell Biol 2008; 9(8): 603—
615.

Majima T, Ogita H, Yamada T, Amano H, Togashi H, Sakisaka T,
Tanaka-Okamoto M, Ishizaki H, Miyoshi J, Takai Y.
Involvement of afadin in the formation and remodeling of
synapses in the hippocampus. Nat Rev Mol Cell Biol 2009;
385(4): 539-544.

Wang XX, LiJT, Xie XM, GuY, Si TM, Schmidt MV, Wang
XD. Nectin-3 modulates the structural plasticity of dentate
granule cells and long-term memory. Transl Psychiatry 2017;
7(9): e1228.

Wang XD, Chen Y, Wolf M, Wagner KV, Liebl C, Scharf
SH, Harbich D, Mayer B, Wurst W, Holsboer F, Deussing
JM, Baram TZ, Muller MB, Schmidt MV. Forebrain CRHR 1
deficiency attenuates chronic stress-induced cognitive deficits
and dendritic remodeling. Neurobiol Dis 2011; 42(3): 300—
310.

Liu R, Wang H, Wang HL, Sun YX, Su YA, Wang XD, Li
JT, Si TM. Postnatal nectin-3 knockdown induces structural
abnormalities of hippocampal principal neurons and memory
deficits in adult mice. Hippocampus 2019; 29(11): 1063—
1074.

Liao XM, Yang XD, Jia J, Li JT, Xie XM, Su YA, Schmidt
MV, Si TM, Wang XD. Blockade of corticotropin-releasing
hormone receptor 1 attenuates early-life stress-induced syn-
aptic abnormalities in the neonatal hippocampus. Hippocam-
pus 2014; 24(5): 528-540.

van der Kooij MA, Fantin M, Rejmak E, Grosse J, Zanoletti
O, Fournier C, Ganguly K, Kalita K, Kaczmarek L, Sandi C.
Role for MMP-9 in stress-induced downregulation of
nectin-3 in hippocampal CA1l and associated behavioural
alterations. Nat Commun 2014; 5: 4995.

Sai K, Wang S, Kaito A, Fujiwara T, Maruo T, Itoh Y, Miyata
M, Sakakibara S, Miyazaki N, Murata K, Yamaguchi Y,
Haruta T, Nishioka H, Motojima Y, Komura M, Kimura K,
Mandai K, Takai Y, Mizoguchi A. Multiple roles of afadin in
the ultrastructural morphogenesis of mouse hippocampal
mossy fiber synapses. J Comp Neurol 2017; 525(12): 2719-
2734.

Beaudoin GM, 3rd, Schofield CM, Nuwal T, Zang K, Ullian
EM, Huang B, Reichardt LF. Afadin, a Ras/Rap effector that
controls cadherin function, promotes spine and excitatory
synapse density in the hippocampus. J Neurosci 2012; 32(1):
99-110.

30

31

32

33

34

35

36

37

38

39

40

41

4

225

van der Kooij MA, Grosse J, Zanoletti O, Papilloud A, Sandi
C. The effects of stress during early postnatal periods on
behavior and hippocampal neuroplasticity markers in adult
male mice. Neuroscience 2015; 311: 508-518.

Gong Q, Su YA, Wu C, Si TM, Deussing JM, Schmidt MV,
Wang XD. Chronic stress reduces nectin-1 mRNA levels and
disrupts dendritic spine plasticity in the adult mouse perirhinal
cortex. Front Cell Neurosci 2018; 12: 67.

Bayes A, van de Lagemaat LN, Collins MO, Croning MD,
Whittle IR, Choudhary JS, Grant SG. Characterization of the
proteome, diseases and evolution of the human postsynaptic
density. Nat Neurosci 2011; 14(1): 19-21.

Takeichi M. The cadherin superfamily in neuronal connec-
tions and interactions. Nat Rev Neurosci 2007; 8(1): 11-20.
Salinas PC, Price SR. Cadherins and catenins in synapse
development. Curr Opin Neurobiol 2005 15(1): 73-80.

Li MY, Miao WY, Wu QZ, He SJ, Yan GQ, Yang YR, Liu JJ,
Taketo MM, Yu X. A critical role of presynaptic cadherin-
catenin p140Cap complexes in stabilizing spines and func-
tional synapses in the neocortex. Neuron 2017; 94: 1155—
1172.

Bian WJ, Miao WY, He SJ, Qiu Z, Yu X. Coordinated spine
pruning and maturation mediated by inter-spine competition
for cadherin/catenin complexes. Cell 2015; 162(4): 808—822.
de Azeredo LA, Wearick-Silva LE, Viola TW, Tractenberg
SG, Centeno-Silva A, Orso R, Schroder N, Bredy TW, Grassi-
Oliveira R. Maternal separation induces hippocampal changes
in cadherin-1 (CDH-1) mRNA and recognition memory
impairment in adolescent mice. Neurobiol Learn Mem 2017,
141: 157-167.

Nikitczuk JS, Patil SB, Matikainen-Ankney BA, Scarpa J,
Shapiro ML, Benson DL, Huntley GW. N-cadherin regulates
molecular organization of excitatory and inhibitory synaptic
circuits in adult hippocampus in vivo. Hippocampus 2014;
24(8): 943-962.

Fortress AM, Schram SL, Tuscher JJ, Frick KM. Canonical
Wnt signaling is necessary for object recognition memory
consolidation. J Neurosci 2013; 33(31): 12619-12626.
Forero A, Rivero O, Waldchen S, Ku HP, Kiser DP, Gartner Y,
Pennington LS, Waider J, Gaspar P, Jansch C, Edenhofer F,
Resink TJ, Blum R, Sauer M, Lesch KP. Cadherin-13
deficiency increases dorsal raphe 5-HT neuron density and
prefrontal cortex innervation in the mouse brain. Front Cell
Neurosci 2017; 11: 307.

Rivero O, Sich S, Popp S, Schmitt A, Franke B, Lesch KP.
Impact of the ADHD-susceptibility gene CDH13 on devel-
opment and function of brain networks. Eur Neuropsycho-
pharmacol 2013; 23: 492-507.

Kiser DP, Popp S, Schmitt-Bohrer AG, Strekalova T, van



226

43

44

45

46

den Hove DL, Lesch KP, Rivero O. Early-life stress impairs
developmental programming in Cadherin 13 (CDH13)-defi-
cient mice. Prog Neuropsychopharmacol Biol Psychiatry
2019; 89: 158-168.

Ichtchenko K, Nguyen T, Siidhof TC. Structures, alternative
splicing, and neurexin binding of multiple neuroligins. J Biol
Chem 1996; 271: 2676-2682.

Kilaru V, Iyer SV, Almli LM, Stevens JS, Lori A, Jovanovic T,
Ely TD, Bradley B, Binder EB, Koen N, Stein DJ, Conneely
KN, Wingo AP, Smith AK, Ressler KJ. Genome-wide gene-
based analysis suggests an association between Neuroligin 1
(NLGN1) and post-traumatic stress disorder. Transl Psychiatry
2016; 6: €820.

Dahlhaus R, Hines RM, Eadie BD, Kannangara TS, Hines
DJ, Brown CE, Christie BR, El-Husseini A. Overexpression
of the cell adhesion protein neuroligin-1 induces learning
deficits and impairs synaptic plasticity by altering the ratio
of excitation to inhibition in the hippocampus. Hippocampus
2010; 20(2): 305-322.

Kohl C, Wang XD, Grosse J, Fournier C, Harbich D, Wester-
holz S, Li JT, Bacq A, Sippel C, Hausch F, Sandi C, Schmidt
MV. Hippocampal neuroligin-2 links early-life stress with

47

48

49

50

HEPR2EHR Acta Physiologica Sinica, April 25, 2020, 72(2): 220-226

impaired social recognition and increased aggression in adult
mice. Psychoneuroendocrinol 2015; 55: 128—143.

Chubykin AA, Atasoy D, Etherton MR, Brose N, Kavalali
ET, Gibson JR, Sudhof TC. Activity dependent validation
of excitatory versus inhibitory synapses by neuroligin-1
versus neuroligin-2. Neuron 2007; 54: 919-931.

Blundell J, Tabuchi K, Bolliger MF, Blaiss CA, Brose N, Liu
X, Siidhof TC, Powell CM. Increased anxiety-like behavior
in mice lacking the inhibitory synapse cell adhesion mole-
cule neuroligin 2. Genes Brain Behav 2009; §: 114-126.
Tzanoulinou S, Garcia-Mompo C, Riccio O, Grosse J, Zano-
letti O, Dedousis P, Nacher J, Sandi C. Neuroligin-2 expres-
sion in the prefrontal cortex is involved in attention deficits
induced by peripubertal stress. Neuropsychopharmacology
2016; 41(3): 751-761.

Heshmati M, Aleyasin H, Menard C, Christoffel DJ, Flanigan
ME, Pfau ML, Hodes GE, Lepack AE, Bicks LK, Takahashi
A, Chandra R, Turecki G, Lobo MK, Maze 1, Golden SA,
Russo SJ. Cell-type-specific role for nucleus accumbens
neuroligin-2 in depression and stress susceptibility. Proc Natl
Acad Sci U S A 2018; 115(5): 1111-1116.



