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Progress on the role of Kalirin-7 in exercise intervention-mediated improvement

of neurodegenerative diseases

YU Meng-Yuan, TIAN Zhen-Jun"
Institute of Sports and Exercise Biology, Shaanxi Normal University, Xi’an 710119, China

Abstract: Guanine nucleotide exchange factor Kalirin-7 (Kal-7) is a key factor in synaptic plasticity and plays an important regulatory
role in the brain. Abnormal synaptic function leads to the weakening of cognitive functions such as learning and memory, accompanied
by abnormal expression of Kal-7, which in turn induces a variety of neurodegenerative diseases. Exercise can upregulate the expression
of Kal-7 in related brain regions to alleviate neurodegenerative diseases. By reviewing the literature on Kal-7 and neurodegenerative
diseases, as well as the research progress of exercise intervention, this paper summarizes the role and possible mechanism of Kal-7 in
the improvement of neurodegenerative diseases by exercise and provides a new rationale for the basic and clinical research on the
prevention and treatment of neurodegenerative diseases by exercise.
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T I SCHR, EémKalﬂﬁﬁziﬂaﬂz%wéﬁaﬁﬁﬁ ik, Kal-9 fEHH X 2 AR I e+ &, a0 N E 3 k.
RV LT REALE, At ERBE Bt AR, EEELEE Y, FEEESRACTIE LANM . A R n
PR IRAT E@Tﬁbmﬁﬂ, FHEHPIHZIE  RAERAREEERE Y, Kal-12 4 FERK, T

73 1 T B 15 795 e HCHIA e R U L K &ﬁﬁ?%%m Tefk. WZTT. HEHE. Eahhkee

SR 25 T R A 1 B e A e 09, Kal-7 28 A A A
1 Kal-793F4519, BRD T RINGE S (I 5T 214k1$£)%ﬁi%ii, 5
1.1 Kal-79Fa&# 5488 9% 2R B Z UM, Kal-Duet X2 @ 47 T W5 & A A1

Kalirin J& T Rho S MEM i FFIRAZ e F 703K, R E Jooth, 4545 Kal-7 AL, 175 5% fidh
BARAETRISE B ANk R R R LY, s e WM T (LR D,
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Fig. 1. Tissue-specific distribution of Kalirin (Drawn by reference "'’ and NCBI database). FPKM: fragments per kilobase of exon
model per million mapped reads.
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Table 1. Subtypes, tissue distribution and function of Kalirin

Kalirin subtype Molecular weight Tissue distribution Function

Kal-5 115 kDa Brain '*'" Regulate the morphology of dendritic spines "

Kal-7 190 kDa Brain '” Maintain dendritic morphology and function "

Kal-9 270 kDa Aorta, liver, skeletal muscle, cultured Participate in cytoskeleton dynamics, which is
smooth muscle cells, endothelial cells essential for cell movement and proliferation
and macrophages !>

Kal-12 470 kDa Skeletal muscle, pituitary, neuron, liver, ~ Regulate the number and length of neurites to
aorta, embryonic development > *” facilitate the maturation of dendritic spines in

early development "

Kal-Duet 144 kDa Cerebral cortex, cerebellum Involved in cytoskeleton dependent cell function
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“F 6 (ADP ribosylation factor 6, Arf6). SCZ # I& &
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Fig. 2. Molecular structure characteristics of major subtypes of Kalirin and molecular signaling pathway of Kalirin-7 ™ '”***!, DH,
Dbl homology; F, Fibronectin IllI-like structure; GEF1, guanine nucleotide exchange factor 1; GEF2, guanine nucleotide exchange
factor 2; I, Immunoglobulin-like structure; PH, Plexstrin homology; SH3, Src homology domain 3; PDZ, post-synaptic density; Kin,
kinase; IP3, inositol 1,4,5-triphosphate; iNOS, inducible nitric oxide synthase; HAP1, Huntingtin-associated protein 1; DISC1,
disrupted in schizophrenia 1; Arf6, ADP ribosylation factor 6; PAM, peptidyl-glycine alpha-amidating monooxygenase; BDNF,
brain-derived neurotrophic factor; Glul, glutamate 1; SAP-102, discs large MAGUK scaffold protein 3; PAK, p21 activated kinase;
HTT, Huntingtin; Racl, Rac family small GTPase 1; ErbB4, epidermal growth factor receptor 4, MAPK, mitogen-activated protein
kinase; PKC, protein kinase C; CaMK, calmodulin dependent protein kinase; NMDA(2B), N-methyl-D-aspartic acid receptor 2B;
AMPAR, a-amino-3-hydroxy-5-methyl-4-isoxazole propionate receptor; ErbB2, epidermal growth factor receptor 2; NADPH,
nicotinamide adenine dinucleotide phosphate binding domain; ROS, reactive oxygen species; NRG1, neuregulin 1; CREB,

cAMP-response element binding protein; NF-«kB, nuclear factor kappa-B.
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BRI IBAT M 5 Kal-7 o Rk KR EY) P,
TX LB 5T 5 BH Kal-7 A58 A% 5 RO RS AN 1 58 7 #if
ZETUTMTT B ST BRI FAT N AR R
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Refs T FII . GABA J& T30 #h £ o i 3 i) 4
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(neurotrophic factors, NTFs), 14K KT (nerve
growth factor, NGF)., BDNF. 14 3:H T 3 (neu-
rotrophic factor 3, NT-3) Fll # 2% & 3% [X -F 4 (neuro-
trophic factor 4, NT-4) %5, Kal-7 2 5 NTFs %} #fi £
Itk 1/, JF 5 BDNF {E A% ARl 7y . BDNF #J
I o % S R B 52 1K B (tyrosine kinase receptor B,
TrkB) {R M R TE L, KIEEFAEH, HEr R
P 4 | Kalirin [¥) GEF1 45 #4 3%, 4H fiii J BDNF/
TrkB 15 5 & S BHWr. /N R £ J6 i Kalirin f5
5 TC 7 B0E Rac ZK % /)y GTP i 1 (Rac family small
GTPase 1, Racl) %} BDNF [#i)s; **, BDNF i@ it 5
NMDA(2B) 45 & 1 5 28 fli 4% 28 ', 1fj Kal-7 7] 5
NMDA(2B) 5 R fist J It HAH BLAE A, KB Kal-7
A] e & BDNF 1) R 5 5 - P& & 1 1 (neuregulin
1, NRGI) 246 H 4 MR, BHEREAEKRE T2
& 1~4 (epidermal growth factor receptor 1-4, ErbB1-4),
Kal-7 5341 ErbB4 M EAEH], 25 NRG1/ErbB4
55 0 RO R A ) e ) 22 e AR KO R B T T
LR R 2R E R B RN Ch Kal-7 3@ it
NTFs Z 5 g 3 MR .
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AP) PELRAI A AR B9 W JR T diAn B, 5
fih ThBEFRAS AN BNT Jofis ™ SE[RI g8 BU. b 5
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AD H1 PD 45 I3 %5 5 Hh 40 g JE 191 ok 3 A0ORS A Je 5
(cyclin dependent kinase 5, Cdk5) yGPESR I, Blsd
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IR BB Rk A T e R RS Y. DA 5% 3L
PR JOE B, AN B A T s BT 5
SCZ KAM K A K. INFID)REFERG /2 SCZ 1%L
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51 ARG SO SR . DISCI &P 22 41
5 SCZ M E VI %, 24 SCZ K AR R, DISCI
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B S 25 LR AR Ak B e SRR
Kal-7 5 SCZ [f) 4§ £ 9 i F18Ak RLUK F A 56 Y,
TEMZE RAERS, Rac-1 ;=45 3G 4 4 (reactive oxygen
species, ROS) 7] 5:3 NADPH % f¥ifid & 724 ROS ',
INE SR 58RI . SCRRFR IR, R ) B i
RGAE SCZ s B AE ML Pl 2 BAEH Y, SCZ %
5T SRSk () DA RGN, G PR 3k A FH A 2 B BE
71 BHL Bt D2Rs 32 A A 9 Ho kG #1025 45 2 R A
GABA 553 i A AE — B R L b 512 DA 43814k,
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Wb, HATA 2 1R RS S e ki, o
FE¥0E D2Rs, Kal-7 ol gt 585 AR 245 &
P DA L E P 4E, WkgE SCZ ER %, bl b
WH9E W] Kal-7 8085 DA R4, 0@ Y&t
23 2R R SR DA BRI, 5 SCZ %
REY]
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1 in BDNF /K7 7] & 2% 2 3% HD £ & ), HTT 7
W S HD KA S R K Y, 1 Kalirin ) C-
K LA HTT &5 &5 400, WE 465 (% HTT
FHSr AR, R Kalirin 25 7] B 40
gk, ook HD R U HAPL ZhREREARS th T 5
# HD, T1fi Kalirin 5 HAP1 A EAEH, FEFRITAFTSC
WM TG BERBFRAIR /N, 204 HD #ER R
JZ MM SR 5 KB Kal-7 5 5 ko> 1, i3k
1& Kal-7 Al Pk & i #4572 1 HD B2 i & o i A &
R fe ol e U DL ERF R R Kal-7 KPTH
Al HD MRAESKE.
2.5 Kal-753%B%E

FIARRE J 3 R B R R TRBE. A
HUREAZ 8 F 5, — RIS 00T FFBE 2 Fh H At
FEA, W . O I R . AR SRS E R
BRGNS, M. ERI SN ERSES
BRI ARG,  FUW AR B AL S 4 N 0 b R 4t
AR A 2 T BV PRI A 2 FL . A SCERER B,
HIHBREAT /N B D X BDNF 5 Kal-7 7K [7) 4 %
7, KRR R Kal-7 Rk ™, H5
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(a-amino-3-hydroxy-5-methyl-4-isoxazole propionate,
AMPA) 2K % GluAl %, DA il 5-HT 541
HORE A& WL AE 5 7, 98 fid 5 #4676 DR2 @15
538 B )Y Kal-7 0k, 25 5 b ml B8 1 U
Kal-7 3 AE % SRR AL 4 47 0% A VE b 4008 T 5 S IR
(AL38, SRS PT S-HT 52 4R 4k 45 5 filh M 45 5 0]
MIshA& P, RIETIEER U
2.6 Kal-75%i/#(epilepsy)

TR R 5 10 20 28 8 0%y FH A ) 1 o 22 3 JT 2K
17 Je SRAR T RE A o g X N RN S0 M
okl HRE T AR T B K X A (U S AEALRE ).
[X Kal-7 it #4958 Racl 35, 1 Fif#EE AR,
Y 5 I F R SRR 43 S U, i K B T X
Kal-7 ik pk />, REHMXREQREE M, H
Kal-7 5 PSD-95 RfiiAH R A ML G D, EAR
K E R T M ThRE, INEEOR K E, SE
INFNThREREAS, DU BN Kal-7 ik ] f 2 Pt i
fy e US 7, 12858 iR GABA F X Wk B 5 90 B
P2 A 2 B, M D B T CAT X CA3 [X
Kalirin 5 GABA 32 fAAH FLAE I Y, 835 5 b 52
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K, ZE5XEMEMaidiiftis. Ry sk
W, Kal-7 215284k 5800 K A Mk e ok, H
Kal-7 5 ik (1) AR DR R G R i ik = ik — AR E

DL BB SR B, Kal-7 DyRE R Kk 5 4R
TR B VIAE G, 18I M %% Kal-7 R 4 o 76
2. Kal-7 $k % DA & Kalirin ) GEF1 #il /N, &
T A Ao AN 7 5 S Kalirin 85 D>, H A A AR
T B P S PR B R REAT R B ™, e
AISRE MU S R ORI B Kal-7 RIS wD> .
TP FEATE AR 74 AT Be 5 Kal-7 sk R I8 7
AR PV, ghah, EE NS BEFEE, Kalirin
B SRR AT RESE AD Il SCZ I fEf A & . PD 5
HD B ¥ N Kal-7 ZiEFFG, o RAMZEARS
PRVESN PD I 50K R &, Kal-7 X 5A A B fd A F
& iR PD [ g ™, RE Kal-7 #£ PD 55 HD
() LR AE FH v R R, (A 3 e 5% L 1R B R AR
TR, IXAR AT e Kal-7 FRE I RE. &
T AR P AR A R T S 8 T
2.7 Kal-75HFERZHXER

MW R B = ] R AIARE . AD SRR IR AT M
B B, MRS ST 2 X SRt
PR N 7 WA T RE S PUAM IO R AESFE DI RE . MERL
FIRTT TGN 2 OF B OK R B DX SO R, B
DB VR T Ak (1) B B, AR BE Kal-7 A HAH G R B
PSD. GluR1 HI N- KiiEdE A B3 0. M —REiGI7 18
PEANET T S 358 (chronic unpredictable mild stress,
CUMS) KR, Wi Kal-7 FFE, Sosiiames
TRA™. MR, YRR Kal-7 £km0nt, HE#
FIRTT AN S NMDAR 306 DA A 05 fih
TR DL R, 4T M 2 Kal-7 S
WA EAE PR, JLEIFE 3G 58 % w5 M 5 i ) e
Fph 22 CRA A -

3 Kal-7TEERNEHRZRITYHERBTNIER
ANl

AR ST B A 22 3R AT P 05 1) £ B 2% fiok ) e i
T8, LTI MEAR AL . BNT 43 W F M Ay 5 4] 2 4655
MG =8 3RS A L R, b Kal-7
HEEEAE, BAE NSRS IRAT IR b
BFEB, 5HEAMZGYIRIT AR, 5 s 7 R
RGN, R, WX Kal-7 7Ei8 3 S5 M 4R
AT T BOE FHAIHLRIE SR R .

3.1 Kal-7#&E S st S =i AT 2814 e R

I8 7)) DO AR RE S5 4 B AT MR Y2 B H
AR 77 . BIFFURIL, MECE B FH S, Al
B 57 SRR B A (A AR % S b =ik /b 7, iz Bl
A2/ CUMS K RAMASFEAT A B KR [ 55
AT ARKBENIREKE, BRESHEK
AL MR LIS LRGN TS CA3 X b S i 5,
233t PSD-95 5 L T jf Kal-7 F1 Racl {55 iH %
gity, B H5NEURRMZ TR EY, (REIEE AT
SEENG, AR DA T RO A 3T
WD EE S, Kal-7 £ H H 2 58RI KA A
ZohAg R U SRk IE BB AT N A S X
Kal-7 ik, 8L 1 1540 28 m] 98 1 o 3 e 22 3R AT 1
FERREIR PV X R ERHEZEN T T Kal-7 25
EERRUEZTIE el
3.2 Kal-7EBEIABHERN S e ZHRER

HIHRAE B R T P 5-HT AR 5- 17
5| e 7, F . 35 9 P, JRISREABS AR /N BRUfG pA) B ek
P2 53 K P BRI . Kal-7 2 18 55 S8l 45 1 5 1)
REMICEER 7, e sh ] $m KR P 5-HT /KF,
Hhn Kal-7 F ARIE, #2052 BCR M BNT 735
fE3h, o3 BNT R ELESR MR m. e
IBAT MR R A G, HARAN AN E (1 25 R 1K T
L, PR AR ' 2, (R AWEOE /N R
MBI RER 7, PR A . BERYT
B A 5 B8 4 H R R INOS i & A R NO,
PGP, #rE YN T B3R SE, Kalirin A
AR #i PDZ 45 #1385 NR2B WV 3 () A H.AF /. 1
HAEREREXU % 22 I 58 & B Kalrin 5 iNOS A7 7E
F SR A T, Kalirin 265 F A #014] iNOS 7%
Mo 38R Kal-7 25155 P J= 350 2 08 ) b Y 78
RNE S5 W, Kal-7 #0031 /0N fice J5 40 P 1 38 5 5 7
1, BT A M 5 0 A SRR R A, 2R A o T i
BRRIEF IR, 1A BLE sh BT Kal-7 &
ik, WREIEE RMMIA RS EMAE RIERRE, KIE
AR ER .
3.3 Kal-7#EE SR #NTFs 433 eh B9 1E

NTFs Z REff & 880k, (RitM&ud&. o
WANTET 1B EE AN 5 %25 NTFs ¢ 22517 P,
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Table 2. Neurodegenerative diseases and Kal-7 expression under motor intervention

Neurodegenerative disease Pathogenic site

Kal-7 Exercise intervention Kal-7 after References
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intervention
Depression Hippocampus, prefrontal cortex l Aerobics i 04,102
Alzheimer disease Hippocampus, parietal lobe, frontal lobe l Aerobics i [103)
Parkinson’s disease Substantia nigra, striatum of midbrain l Aerobics i B31.92]
Schizophrenia Frontal and temporal lobes l Resistance movement 1 [61, 104
Huntington’s disease Caudate nucleus, putamen, striatum l Aerobics 1 vl
Epilepsy Frontal, parietal and temporal lobes of the brain | Aerobics i [10s)
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Fig. 3. Mechanism of exercise improving neurodegenerative diseases through Kal-7. AD, Alzheimer disease; BDNF, brain-derived

neurotrophic factor; DA, dopamine; EP, epilepsy; GABA, y-aminobutyric acid; Glu, glutamic acid; HD, Huntington’s disease; MDD,

major depressive disorder; NMDA, N-methyl-D-aspartic acid; NRG1, neuregulin 1; NT-3, neurotrophic factor 3; NT-4, neurotrophic

factor 4; 5-HT, 5-hydroxytryptamine; PD, Parkinson’s disease; SCZ, schizophrenia
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