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[ Abstract] Salt-inducible kinases ( SIKs) belong to the AMP-activated protein kinase ( AMPK) family,
which mainly regulates the cytosolic-cytoplasmic distribution of cAMP-response element binding protein transcriptional
coactivators (CRTCs). They exert regulatory effect on the synthesis of CRTC-CREB complexes, which indirectly
affect the transcription and expression of CREB target genes and various physiological processes, such as energy
metabolism, cell cycle progression and apoptosis. Previous researches related to SIKs have focused on peripheral
system diseases, including tumors, hypertension and gluconeogenesis. In recent years, increasing studies have
begun to explore the link between SIKs and central nervous system diseases with abnormal levels of SIKs present in
diseases such as depression, sleep disturbance, epilepsy and Alzheimer’s disease. It suggests that dysregulation of

SIKs signaling is involved in the pathological processes of these diseases and has the potential to become new
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therapeutic targets in these diseases. This article reviews the role and regulatory mechanisms of SIKs in depression,

sleep disturbance and other neurological diseases.
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55 S i ( salt-inducible kinases, SIKs) %% it
{45 3 A~ B B 2 SIK1, SIK2, SIK3 , H & F e )7 41 5
M& B2 W6 1k i B8 ( AMP-activated protein kinase,
AMPK) 535 = B K o SEEEAHARL, R 4 U5 A ] —
AFE T itk % SIKs 1 BF 5L B & 5K i 1E S A
Mzg 2 G, 54ROk SIKs 7R T X Al 28 R 48 (central
nervous system, CNS) ¥ A B WF 58 B Sk i &2, HoAE
AVARSE ' R AR R 2% i o
SR R R EAE o SIERAE S — b LA T A
IR R A AT 7 Ry T SRR AR BRI SRR S K Ty
R b e 7 AR o 2 — T IR A
NG AR RE B AOR IR B IR 6545, B
ARG R AR R R RS IR
W B RS BB Y 1 2R P AR DL, E 2 O T A
TSR 1 . B AL 85% YA AE B[R] B
7 Rt I 5 5 174 0] 00, 7 B IR 5 4 1) A 2 00 8
O ABE 36 L IE A T8 3 ~ 4 57 BRI IR B A 5 4
S22 18] G 3R 2 1), AT RO B & R B B
B AEAT S [R] 59  AE Y, n] g ik BAT 2 4 1
MR,

B A 1 B A2, SIKs 7E A AE | BEE BIR F3E 5 S

salt-inducible kinase; CREB-regulated transcription coactivator; depression; sleep disturbance;

flo CNS % 1 2 98, $2 75 SIKs Al CNS %0 X% 2 %
Yl AR T BATSET SIKs 76 AR | B I i i
FIFG A 3 28 22 R 5005 v 0 R 42 4 TR 92
1 SIKs % 518

20 £ AE R, Darling %' 75 2 £ 35 5570 & K R
(9 B 1 R e B R kBT — R O K i 4 o
SIK1, J5 3 2 Flv B A7 % D1 G i A 380 1) 25 14 38 7 A
2wk s B, B SIK2 (JEFR N QIK) Al SIK3 ( J R
QSK) . SIK1 ~3 754 {1 45 # b B A7 [) YA L5
WA 3 AR N S A AT B1 (liver kinase
BL, LKB1) B2 1 37 5 f 38 1 45 # Jk L C 3 1 2 (4
WG A (protein kinase A, PKA ) 25 {4 3 F1 & 11 22 ]
932 Z A1 ¢ (UBA) Z5#9k'™) WL I 1. 4 5 SIK2
1 SIK3 Bk AL T A 2609 11 B ik b, H P %
LA %, SIKL 7 T A 21 5 e o ik 78 /N B
i, SIK2 Fil SIK3 fii T 9 5 4L i {& , SIK1 {3 T 17 =
Jea k', SIK [y 3 MR A & [ 94Kk
FRAE - SIK1 B AF B 1R R 5 b 2 3k, L U i
JULRI S AL, 76 B M5 A0 J0E T 3 5K %5 0 5 STK2. 7E i My
MNPz U p Rk w5 SIK3 78 HLIk 4%
HYUhz Rk,
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LKB1 4 #8114 9 B2 4k, SIKs 13 2 %, RN 5
AMPK AFABLAG 35 P51 o 35 38 T 2 50 5 B e AL N
Ui AT 25 A Sl 593 B R A R A 1, ST 07 0 )

SIKs ) 75 — M R fb 77 22 PKA il i3 R AL C
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B 45 AT fg {2 SIKs A2 Ffd 2% 31 4 M S5t 19 &
B PR 1,

CRTCs £ SIKs (T WelE ) , HoA% K 5% iz i 72

52 SIKs 97, T 22 5 M B CREB JE it CRTC-

CREB &%, B34 #E CREB & 4% £ FAE T, A0 4%
ANM GG A Ak A R, CRTCs iy 3
ANIEAY: CRTCI A CRTC2 EER A FH L0, B
ATSAE £ g B A= BEATL TG ¢ 2 %00 5 17 CRTC3 ) 32 %
T F A oh 22351 CREB B HHB R 2 —
o YR 4 #2275 3% I T (brain derived neurotrophic fac-
tor, BDNF) 7EAARAE (14 At 28 7T 99 M B b v i 2 OC 5
VEHT, 38 hin w22 5 figh w98 1, 990 )5 ot 22 S R 452 403, 2
PENZE e A, AR s R R AR A L
SN FIKE 3 S0 S5R5 e s R 4 T AR O 4
HH 2 4 BE AL (histone deacetylase, HDAC) fig %
T i DAZH R b 25 R £ Tk 4 ) A DR e ik, AT
R Gy R e e T 454 T SIKs 53 — AN T B
N ERY & HDAC, SIK1 ~ STK3 #8 Al 424 I a 28
HDAC(HDAC4,5,7 F19) 5 il , 38 i /& H
M fe it 14-3-3 3L Q0 HIAS &, 12 28 DA 40 i A%
IR U T

2 SIKs 5#%

2.1 SIKs 3 T fig- 2 4&-'% _E AR (HPA) )42
HPA JhyJ2& — 7 ml DL AE 35 P4 RS 285 0 38 B I I 25 1Y
P2 N o3 h e A A 22 R IR SRR B
I PR & B A6 AT TR AE A9 8 3%t B HPA Bl Dy BE Y
JUHE HPA Bl A 2R B AR AR T O 2%
(PVN) 73 WAl B 1= i K2 Jot 3 3% B i &R ( cortico-
tropin releasing hormone, CRH, 8 F CRF ) — Jil| ## 3
R IR | R B2 8 2% (adreno-cortico-tropic-hor-
mone , ACTH) — JI3# B b Jif K¢ S5t 573 1 Wl B o Bl R
(glucocorticoid, GC) —GC 45 & Z L 43 'B 7= &
SOBAE R L 0 E S AR B IR ) ZF (PSD) Y 3h )
BRI R AR PSD A 7 d e R B AR AT
HAUAR A A A B W BE A= A2 A, 580 4 i A
F (f45 IL-6 , TNF- il CRP) 7 53 £ 1 K HPA )
AHOCTE b 2 Ty, IX BE AR A R B T e A s 7Y
A ER L (BE AR [ 65 ) P RE 23 38 o M 2 R E B HPA
R S EGMAR ' . PVN B2 5T 4> i CRH (CRF)
% SIK-CRTC R ZEM ™ . Wang 41 B 58 % B
18 P 2 4 TG 33 ( CSDS) FiTA& 4 AN 1T FU 44 il 11
J 3% (CUMS) #50] i F PVN #1250+ SIK1-CRTC1-
CREB-CRF 5545 F 498, PVN v SIKI B Jk P i
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AN CRTCT 3 X 3 Feah HOAEAU 1 1 P B IR 2, 8
SN EMASAEAT o 18 PR BE PYN rh SIKT
Fik T M, fR fff CRTC1 A #%, 3% fin #% W CRTCI-
CREB JE B, ##5 CREB R4 4E T, 45 10 H o3 i
) CRH(CRF) , 5] % HPA BTt , 7 L AR

T KT B A0 P B s LR A B T BR
CRH B& PR 155 S SO0, X AL 45 30 1 9 5 1% cAMP
FL11BH 38 577 (inducible cAMP early repressor, ICER)
Y AE IR 75 5, LA K SIKs (18 PR Y80 R 2% 3% 7 A 3 o
P CRTC B35 M CRH %% 3458 2R
I, T f# CHR ik F1 HPA Bhi% M 7 69 32 38 905,
Xof IO JEORH D5 0 1Y A LT B a2 W B OCHE 2E TR
2 [ B 5 i & )8 5 35 H (recombinant steroidogenic
acute regulatory protein, StAR ) 140 i {5 2% P450 ] 4
Z4 7 (P450 cholesterol side chain cleavage , P450scc)
S S [ P TR B 2 Fl OC B PR B il L SR T
CREB fy®E e L Fl CRTC A4 4 5 % W, 8
ol A ACTH WEENE StAR 1 P450sce &N e i 1
FRs2 I DL K ACTH 175 S 4 258 T i 2 il 22 T A 6 &%
KI ACTH 4 19 STKT 2% 7F AT v] g 1 55 B
JHR B 5 ok e 7 A A0 I P9 R ML AR B — T
HE7= 22 CNS (M2 ik, 40 400, 4 7 R 19 N B
WL CRTC 1 5 A28 4% CRH 1)Kk, HE A
fEAEF PVN #4250 b 9 SIK1 1 SIK2 G i 52
CRTC [a) 40 i #% i 32 4 Rk 4 ) CRH B %6 5%, LIt
fiEF=F it CREB 5 CRH J:H g 3 T X Wi f 45 &
KA HPA Sl 7546
2.2 SIK2-CRTC1 B MEMETIER Nk
RAET LWLy SIK2 Bk CRTCL fif G A,
FHLAF CRTC1-CREB 42 & K JE jl, #F i [a] £ 9 )
CREB 3 P 5 1E %R 5 T W ] DL #E CREB #% 56 3%
PED TN ZEMVHBAR S T, CERB B3 1k 32 5 90 )
TER BT AR 25 ) + W J5 , CERB ) % ik I,
CREB i 2 ik — # 3K 3l BDNF 133k , LI F b 28
JUAE I RIRE 2 AR TT o f R H, W T SIK2-
CRTCI 3 [ 540 AR AE i) & T WL A 5, Jiang 451 F
5% T 5 SIK2 7£ CSDS F1 CUMS %S 1 2 Fh/ B
TARARL Y rh g 8 AL, A AR AR SR, M 5 Y SIK2
K F i, CRTCI-CREB {5 538 #% 940 il o R AH 5C
% % (adeno-associated virus, AAV) 45 11 & SIK2
it kAT DI AR AT O, 1) 4 S BUN BB S
i) CRTC1 2% 7% S B2 e Ryl /b, 9 38 % VK 52 56 (forced
swimming test, FST) il & B 52 56 (tail suspension



test, TST) rft (/) 7R sl it [] 55 5% JE 4 AH B & 2 38 o 5 1
I, SIK2 3 F i (SIK2-shRNA ) il SIK2-KO /]y FL#b
Al LLAT 80 5 CSDS F1 CUMS 5 S 1 I AR REAT M .
ARN-3236 J&—Fh SIK2 &£ 41 i %, Liu 2 i
aoF M T S R ST A A2 67 7 S ARN-3236, 7F CUMS
I CSDS 3 2 B %5 70 v AN ) 2 o b el 36 1 sh 4 1)
MAERIRZS , 8k HPLC-MS 4% ARGE#] 7 ARN-3236 1J
PLZE & il i Bf B, JF & B ARN-3236 W] fig i i
CRTC1-CREB-BDNF {55 % 3  f #F #4232 I F
Az, T 28 g A0 B BE AT . BT 2, ARN-3236
X} CSDS 1 CUMS 5 3 AR AT Sy H A 5 K ) AR 47
YEF, I LT BE IRy B e 2 25 9 LASM 1 B A v i
HLBTINAL 2

W55 % W] SIK2 i 54 CRTC1 #87%7 CREB I 14 A]
ARl 28 0 4T 0 4R 2 B 0 0 A R 28 DG A I PR
SEHEAE I CRTCT R CREB %% 533 11 1) 25
5 BT R I BRI | A UG G i L A AR Y A A
BREETELE X, AN, CRTCI BEfG/NR & M 59
HRRE M K AT R A WS R B CRTCT ™~ /N R ™
Az IAIABRE g F2 0047 R4 R R, O HL A b 5 R =
BLAVE BT AL S I, 3K W] R 55 1 347 i AR A [ T A FIG
B A A o6 HR AR CRTCL T fig 2 10 AR A 26
IR 5 1Y — A 7 o 7RI S LR A S S T
Nonaka 25" %% B YR CRTCL A% S5 4 AL 1E 6
HMIA AR AR R SR b, R R X
B CRTCI, 7] L & 25 0k 55 A 012, 3] CRTC1
LA XRS5 i ORI K Bd A .
2.3 SIKs SHHIERIEH KB MAE K ERIEE Kt
[E1) 4 A 4 7 38 o8 75 33 T R R AIC, A0 R 4 E IR 7 3%
B SRR 28 CNS, i HAR /4 %6 N T 2k 5 5k
R i o 2 e ST A S R 2 R, I
JnE SRARFE B 238 5 cAMP/SIK2/CRTCI 5 53 %
0 v b 5 ST AR RR AR 58 R Y B T I, S
SEL K P AE SR AE B R CUMS B 4 B HIS 34 25
(SD) B A R A4 N 34 ke B v 7K B9 2 9% 40 it IR
(n TIL-18 ,NF-«kB #1l TNF-o) , I H % F SChDE 7 B
AR B2 (melotonin, MT) (36 97 AT LA R AIK ili ¥ W
R RRE A KT o (B A TR B A, R R P s Ak
AR SRR MT BHIE T CUMS + SD K R4 & i Aix
FROLAR R R T BB 3R I SCRLIE SF BR A MT 1] g
i it cAMP/SIK2/CRTCI 38 12 3 4] # 25 42 i, AN i
F A AR RO IR L A E IR . 53 A, 7E BIE £ B (i
popolysaccharide, LPS) 5 % /)N BN AR AE 17 A 155 71
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o, NE SR TR TS CRTCL A 42 il 4 28 58 9 I
CRTCI-CREB-BDNF-VGF & 42 v (1 5 22 15 fF 1],
AAV A F 1 CRTCL 7EJE M 5 DG XAyt Rk, T
P T LPS 755 /0N U B v it JL AR 4 28 X (TL-6,
IL-1B8 #l TNF-a ) /K-, #5 % ff & E, ( prostaglandin
E,, PGE,) A 55 SIK2 g4l , A 7E LPS |38 F wi
I8 B e L5 2 1L-10 9 Bip ) i o 14 0 4 A
- 5 (interferon regulatory factor 5, IRF5) J2 . W 41 fitd
WA i) SC B [A 1~ , SIK2 ik n] 3@ i #0 fi] IRFS , g 1 T~
P& TNF A IL-12 57 2E , 3X SE3iE4fg 2 B, SIK2 7 4
TAERMBTRAF T T Pk E = ZAE M JF Bl fe
JE B G ST IR B S P A E P Y g 1 A
S0 L R g R P I DX S A 1
S} AAV-CRTCI 33 3235 0] LA 2 Fil fff CUMS 53
ABFEAT A, JF HA i 1 ¥ 5 AAV-shCRTC1 i {ik
BRI HEAT RNA I, O 7 b 8] 5 DA 35 17 38k
T A0 Z G AR G i A2, T ) B PR % 28 il 4% 88 R IA
HATHAE, RT-qPCR £ W 7R — 28 58 E AH C A 7
(Gpr84, T2, Lyz2 A1 Icaml ) £ CUMS #1 CRTCI-
shRNA BEARL/NER ¥ 5 v B3, o 52 5 CUMS i
S/ CRTC1 T AT BB J2 18 2 bl 28 RAE iR 42 3 B0 o
AT AR HOR B 22 1) IF 5T 36 BT I T STK2 J2 7 Y
TUIWAR 25 W16 97 BB HE A, WV A AR BR 7776
A B 2 A HAB NG X 1 2 5 38 i 5 e il 28 5 6 B
il 5 W 008 AT S B RS B R A . e A, SIKT
SIK3 i b HPA Rl IR 28 S0 S5 iR 12 2 15 CNS %
W IR Y o i DAk — 25 T il STKs 5% i $10 AR E 7Y AL
il , PE IR AE AIF 52 A vh B AR, 4 S5 AR
i 5 9 AL T 1) 4 7S B AR RO Al
3 SIKs 5ERIRERS
3.1 SIKsE®RWEFE KRN+, SIKs 1&
A B Y A R B B Oy T R AR . AR AR
Yy e s 2 T o i A A A AL 52 A% (suprachi-
asmatic nucleus, SCN) FIFA S (8452 SCN &
BUR A BRI (24 h) (9 32 22k A 4%, 7T LA B 78 B i -
NN £ o AN L N s e i N U/
B A R R e R DI i T Ol kL I
JREER 552 I, 32 P8 KA W B S DR AT < N UL PR D e A2
R ZE AL E DG 1 2 H (brain and muscle
arnt-like 1 gene, BMALI) J=7 5 H iz o iy H B 3 i
[ 3L K ( circadian locomotor output cycleska put gene,
CLOCK) | Ji 9] 2 [ ( period, PER) Hl [ 8 5 2 [H
(cryptochrome gene, CRY) ., 1§ /&, BMALI I CLOCK
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Fhe, 2 i PER ik, W M, B2 19 PER 1 i
BMALI F1 CLOCK JE 1 M CRY ()% 5%, I ifi 1 &
ATt 4T Jagannath 2PN B WESEHGE T SIKI
M CRTCI 75 i 8 & v () SC R T, CRTCL FEAH S
RIS B 60 ) 40 B 2%, JF AE S SIKI il PERI 1
CREB 3K %% 5 (i #0G ) o ZEARSMITER CRTC J5
X PERI Fl CREB 4 S HoAb L R 1 15 R e 1 &5 K
K55 . B SIKT $ it f 5 5 9 1 AL il e 75 4> 14 B
WA TR TG 1 T S8 B, T B R wh e ), 2
SIKT AR FH 3490 150 516 Xk b o 5 A1 19 52 il EF, 3238 8% %o
I B RS 159 HE 25 L (SCRD) Y I8 5 J& — A A i S5t
(BT 5 7 1) o B AR RIS 7 19 2 6 I I 40 11 e
W - 5 R ST ), 2R 7 94 3 A L A P 75 & W IR B9) 49 1 AL
HAT R AR, Taylor 25> E W] T SIKL f) 564K #i 1E
T P 9 o A R o ol 2 2 P 4l — A T AE R B R Ak, LA
— IR AR A T R B 7 1 O S R AR, XA 5
PR T — N 0 B AR A 1 A AR FLrp SIKT AT STK3
s il 2 5% fih 2 P9 A% 0 41 B R AL, RO 95 Pk o8 4
F AN ) A9 0038375 5, SIKL A9 355 1 48 1 T, 1M SIK3
F9 5 P 1 1 T B B R J7 . 53 4, Hayasaka %8 75
SIK3 ™"~ /INELHY SCN B AR V) A rp Jo R A 28 5% 5 10 1
S5 M N S8 b & B SIK3 T /N LR B T ™ 1
FRIFRE AR (AR i W AR A 55 ) , OF LA 18 A&,
R B EN S H PR AR T
IR A AR A7 AE IR RN i A A A Gl A
7 A 4 52 56 o R %% 31 SIK3-KD 41 Jifd (1% S 357 J%) 45 B
I8 T I A2 8 (wild type, WT) XF 18, 1 H & ¥l PER2
K EAR KRR EE 13 SIK3 [ 52 m, #&7 SIK3
Tk I R E B R Ak MK E PER2 L AR
Ak, TE B BT AL 0 RV R OCEAE A . R R A
JARH MT B A 12 B B AR, 55 e R e V-2
Bk %% %% W ( N-acetyltransferase, AA-NAT) &2 MT & i,
T A v i B A, LI T A2 30O JE i 4, B
BRI Kanyo 25 BF5E & B, K B SR 44
SIKI {33k 32 & F IR R BEAY ¥l , SIKT ] BE 241
KA AR AA-NAT 5 #5519 I, SIKT 34 7]
REAE ] B R R R T L P Rk i R T

3.2 SIKs xtEREER/SCEEAIAE  BENCAY 2 S F A
435 2 B HR B HE W (rapid eye movement, REM R
I i B ) AN A P 3R By BEE IS (non-rapid eye move-
ment, NREM , 18 J B g ) '~ . SIK3 ff Ky — 1 B
W3 45 47, 3 ) — TRURT 58 X 2, 36 W R R
A5 7N BRI B B/ 50 i % 18 AT T RORASE ) T 1) 35 A%

Cyj‘ 2168
PEHIAR

& 2023 25 32 55 21 By

e, & BT SIK3 2R [ 5L R Y BY 2 A8 L FR O
Sleepy 2875 , HH T N 78 1 B I 75 >R 380, S 2000 & 19
W BEAE (NREMS B34 ) , 78 SIK3 fy N oK I 22 2 12 -
I8 R e L R B SR =0 R PR R ]
PKA U 8 ——22 & R 551 (S551) , 44 J1 b s
WY S551A,S8551D Al Sleepy 58 7% () SIK3 & #% HE
FRTE PKA JRH) Z 50, i BR T 14-3-3 5 SIK3 [y %4
B, 3 5 AR P ) B 2 AR A — B, 3k R Y 2878 5 B IR
TR KRR E Y], #e/n PKA/SIK3/14-3-3 38 P& 7 B iR/
"B TR R 5 D I B R 2 b i) TR AR W R
£ Funato 257 B S0 v, 3 aof XF BEHLIZ 22 B9 /0 Rl
A7 35 i L 1/ UL R PR ) O 9 A T 2 A R T B I
FGE R Ve 2 A8, o — AR SIK3, HPF 42 58
AR 5 B0 e R i [ 9 O U /L [ R A O A
P4 B AR 95 SR 10, M IR ) 2 2 52 i I 1 9 1 67
(B TR Ak, 2 B SIK3 7 B AR A0 245 309 b 1 1
Mo & I, SIK3 & 1 & A2 1K (40 Sipeey, S551A Fil
S551D) 55 NREM i i i [] ), H— 4~ Je ] e £1F J2:
5 WT #A 1L, SIK3 5 14-3-3 18 (1 (45 &k 0 1%,
SIK3 FEZh W) ) iz A7 7E , A0 46 JC 1 HE 3 1 (i g
TS 00 PR AT 26 HL) o SR SIK3 RN 55 TN Fe FF £k R
KIN-29( SIK3 [R5 3 P ) i 2k ok o & A2 28 48 o 4
SN NS B R N e R 1 R 0 g S
(ATP) KB 700 3508 75 0 B FF 2 FhL A ek B J5%
B KA,

25 I, SIKs 2 5 HLAAK (4 5 75 19 42 R B B/ o T
PE, ZEANART RN SRR A R R A A LR W
PRI A 2 9, B2 78 AR Sk i B 55 AT LMK SIKs 3 o) A6 9y
R DR A8 VR e T R O TR IR R AR B T R IR KR
9o LT
4 SIKs 5HMt#HZRFEER

STKs Xif 41l 28 4 A (1) 18 45 34 A1 H: Al ) A1 pfr 42
RGPIRA K F M4 JORE TE I i (ICH) J&5 4k %
P R 451 15 A Je ke i BEAE YL SIK2 22 5 ICH J5 i R
FEVE S . Ma 257 CD-1 /N BUAG £ ICH 4
S K B 3E A 1 U5 Je B siRNA BAIL SIK2 ) Rk
IR R 3 Rl SO NI TR 7 =31 7 I T = By =
CRTC3-CREB-NF-kB {53l l§ /i F . Zhang %7 7
KK i 3h ik P41 %€ (MCAO ) Z Hif , i il AAV-SIK2-
GFP i 5 SIK2 i &3k, n] DLy 4% K R 2 oo i 475
Ul i R B T AR, B ATP S i AR HERERR AL i L
HYTEMERLHREZ S 1 (p-mTORCL) AREFE T
HF-1a(HIF-1a) \PTEN i 3 ¥ # 1 ( PINK1) f1 E3



12 3% e (Parkin) 13K, F W] SIK2 AT A 4 i ik
NPV P A0 40 1 TE R Y DR, DA s R i 4 LA 5
ZHTE AW UE Y] T R SIK3 8 A R Y /)N i BT A
Jie/ W 4 ( Mi/ M) 1Y Bt 48 3R B R & 5 P R AR
IO, Wang 257 R T B 25 A R Mi/ M-
TSR SIK3 51 il bk 7 5 IR /DN BRL ( SIK3-¢KO ) £z
SIK3 A 5687 P Jmy b 7 il ke 1ff. ( (R CT) g 5 A 5 2
RERYAE T, SIK3-cKO i it #7 ] Mi/M®8 [ 3 3% , 4
HEHBT R LAV S Bk, 02 #F (FCLJE 194 39 D) B 1k
2T 5T e B L (H R R 5T 58 B IR A A9 B ek L i
W] SIK3 figt 2 5 28 41 234001 A ) i kst 1) 3 4%

EA TR W, SIKI Al g2 5 17 N-H
F-D K & & B ( N-methyl-D-aspartic acid receptor,
NMDA ) 5 5 25 1Y #ift 28 5 FRAIL ) A1 ACTH 3R 97 1Y
AL, ME & il i CRISPR/Cas9 4 1Y SIKI 5
AR K (STKI-MT) /N B, % B SIK1-MT /) B 397 Bz i
P28 TC 1) 2% By 1 5l 12 366 R A 28 X4ty PR 3 o . O 0%
NMDA F1 1% P % ( pentetrazol, PTZ) 43 % i 5} %
SIKI-MT /B DAiF5 5 2 B i A5 AU & AT, 52 50 245
SAEB, 78 SIKL-MT /N & 7, NMDA 1 PTZ 5 & 1Y
T Ty AR XG0 AL 4 BBk RN R B i 7E A R X
W 7E NMDA i S 55 & 1 b ol o 20 o
Hansen % 5@ 5 4 6 451 G 1L % 56 2 14 57 400 22 L9
i iR (ETEE-30) f8 3% 1Y 38t 1% 0 A & B, Y9 A7 7
SIKI f5A% 2 Bl A8 1 2 FIsET:, How 4 1R B
A AIERE AR o SIKT (1) 5872 24 3¢ 9 i % HDACS )
B TR AL A 3 T AR R, C R e
8 98 A8 ] B & 52 SIKT 8 A, 31X Fh 28 48 ] 32 3
Sy B LR 2R i B LR AR M NSRS AR O B
£ Xu % BT R B, MEF2C $E 5K IR 20
ok S0 e PR AR = W e SIKT 78 2R, Bl
Badawi %% % $ SIK1-MT /)N B P9 M 17 4% #t Bz o
(medial prefrontal cortex, mPFC) %8 5 JZ & 2250
t mEPSC [ 4 26 Fl B 28 50 24 A M3 I AL 22 AT R
ZA EE AT N, X 5 EIEE-30 £ [ M E % R
—3,

TE BT IR T 3K 06 vh A7 6 R 0 3 1 S Ak N -
2 RAE T BR80T Y 53 Ml 4545 RN Bl 42 T
W1 3 hh, IRk e R 40 09 B0 51 R o B RS
Ca’ " 3 T8 A1 47 , I 1 — 25 0% T Ui 09 £ 5 T Rl
(SIK1/SIK3 ) , WA 98 755 fii 42t 52 i AH OC Y A2 3R ) 72
o2 Ul , A BE 28 48 I STK1/STK3 4 3 1 # 22
TEPE BT JR 903 B v Ca® 3R AR M O SR AR I - R

Chinese Journal of New Drugs 2023,32(21)

B B TR A M BE R (PND) 2 £
B2 RGN AR AT IR J5 IF & E il E R ARG
ICAZ R 2 2] B J1 F W Shen 25 3 i 5236 & BH
SIK3 f43 1% £ in i CRTC 2% 35, Wi 3800 0% 2 B
( microtubule-associated protein, Tau) [ 55 & i B2 1k ,
2SN A . VE#H &I —K 24 h 1) 201k
i ) 25 25 T O™ 00 A R R A, O ELTE 2k e R )
25 J5 W A L R e T 5E i STK3 K HU 9 i B 5 e
Tau 25 [ A, 5 265 3505 fik m] 98 P 1Y 2l 28, DT
R AN Ty RE R
5 RESREE

SIKs j& 2 51 200 i 2 i 22 1 5+,
I STKs TEAM i F G2 b 59 46 1T 3 4 DA (9 00F 58 & AT
KR, AR, MORMZ MBS 8 T SIKs Xt fifi 48
RGN EAE R o A8 SCH S8 SIKs 540 AR | A A
BT I BT 2R KT RO A CNS B0 19 ¢ R ilE AT
BGE VT JLARAERE 5T SIK MV Y B0 AR B AR 1 LA K2 4 45
RS T AR K HE 4 SIK2 i i3 CRTC1/CREB/
BDNF {5 %5 3@ % 2 5 0 AB 4 /Y 98 35, SIK1 3 i
CRTC1-CREB-CRH {5 53 i/~ 5 HPA BT 5 S
JAREE " SIKL RBUES SRR A
SIK3 i i 3Kk PER 25 [ (% s g Mok I8 45 28 9 by
) PKA/SIK3/14-3-3 15 53 [k 2 5 B iR/ 18
PN A, SIKs 38 i M 2R 4R 1R AR B 5 ik ik
L R O G Rk R S SIKT KL
RASAF L KRB RBTSEAE S % W], SIKs ¥ Je A&
CNS B iy &AW B, 2 5Ny ae A 24 B 65 | i
I e i 4 0 53 45 B 3R A M Al 8 5 S 1 9 B R K
=RUN

TEX SIKs 2248 9 94 F s 4% 5 72 op, & 30 B Ay
WFE IR FEAE LA T 8 D 4% SIK2 F1 SIK3 () Jk
PR Rk 7 NI A (1 28 T e LB /B i o e v
SIK2 Fl SIK3 1) Up il i St 4, i 2 LA HoAb Dy B o
@ AR R Zh 4 SIKs 76 K R g X 3635 2 5,
TR 225 i X2 ]2 AR B e R, B SIKs [ 4F
S ) 4 BIF S 2 A v A A A I, 2 A
AT LA B b 28 R G kAR P4 . @ SIKI
WE 2 5 MARE i 4% B2 5 BT HE R, HLAR
RAEAET ik XL (PVN ) SIKT 2 5 AR i 4%,
SCN H iy SIK1 Z 5% 19 A a4 ) , #88 F Fli al
2 A A R 2 B 5 1) — A T B X, = 15 T e
it HPA il 1A 0 ik 42 08 15 8 1000 A T sl AN T 2
SRR IR B 04 2 9 LT 7 3k 4 [ 8500 A5 A R

2169 Cyj
PEHARG 2023 F55 32 555 21 H ‘



Chinese Journal of New Drugs 2023,32(21)

K BB TE it — R T

BT 2, SIKs KR (5 5 78 CNS S h &

FEVE R, R 20 B0 g FELAIL A B JHG A S 410 ) 550 #r) 2 H)
At B AE R ORI LA ) i A X ] A fige ke g E
— W] CNS B B S HL -5 1 HTHE A, S AT 1)
TSP B2 W ANG T .

(2]

(3]

(4]

(5]

(7]

(9]

[10]

[11]

[15]

<4

[ & % x # ]

LIN X, TAKEMORI H, DOI J, et al. SIK (Salt-inducible ki-
nase) : regulation of ACTH-mediated steroidogenic gene expres-
sion and nuclear/cytosol redistribution[ J]. Endocr Res, 2000,
26(4): 995 -1002.

BRIGHT NJ, THORNTON C, CARLING D.
function of mammalian AMPK-related kinases[ J]. Acta Physiol,
2009, 196(1): 15 -26.

JIANG B, WANG H, WANG JL, et al. Hippocampal salt-induc-
ible kinase 2 plays a role in depression via the CREB-regulated

The regulation and

transcription coactivator 1-cAMP response element binding-brain-
derived neurotrophic factor pathway[ J]. Biol Psychiat, 2019, 85
(8): 650 - 666.

HONDA T, FUJIIYAMA T, MIYOSHI C, et al. A single phos-
phorylation site of SIK3 regulates daily sleep amounts and sleep
need in mice[ J]. Proc Natl Acad Sci USA, 2018, 115(41) .
10458 - 10463.

HANSEN J, SNOW C, TUTTLE E, et al. De novo mutations in
SIK1 cause a spectrum of developmental epilepsies[ J]. Am J
Hum Genet, 2015, 96(4) : 682 —690.

ALMALKI WH, KHOJ HI, BAFQEEH AK, et al. Cholinergic
system aggravates Sik-1/Sik-3 mediated suppression of Ca’*
pathway associated oxidative stress-inflammatory axis in neurotox-
ic alzheimer’s type dementia[ J]. Nat Volatiles & Essent Oils,
2021,8(4): 15852 - 15867.

HOU WL, YIN XL, YIN XY, et al. Association between stere-
opsis deficits and attention decline in patients with major depres-
sive disorder [ J]. Prog Neuropsychopharmacol Biol Psychiatry,
2021, 110: 110267.

HUANG Y, KUANG L, WANG W, et al. Association between
personality traits and risk of suicidal ideation in Chinese universi-
ty students: analysis of the correlation among five personalities
[J]. Psychiat Res, 2019, 272 93 - 99.

VALLIERES A, PAPPATHOMAS A, ARAUJO T, et al. Who is
seeking help for sleep? A clinical profile of patients in a sleep
psychology clinic[ J]. Int J Behav Med, 2021, 28(2) ;: 207 -
213.

PETERS AL, SAUNDERS WJ, JACKSON ML. Mindfulness-
based strategies for improving sleep in people with psychiatric dis-
orders[ J]. Curr Psychiatry Rep, 2022, 24(11) ; 645 —660.
GAO X, MENG LX, MA KL, et al. The bidirectional causal re-
lationships of insomnia with five major psychiatric disorders: a
Mendelian randomization study[ J]. Eur Psychiatry, 2019, 60
79 -85.

DARLING NJ, COHEN P. Nuts and bolts of the salt-inducible
kinases (SIKs) [J]. Biochem J, 2021, 478(7): 1377 - 1397.
HORIKE N, TAKEMORI H, KATOH Y, et al. Roles of several
domains identified in the primary structure of salt-inducible ki-
nase (SIK)[J]. Endocr Res, 2002, 28(4) : 291 —294.
OKAMOTO M, TAKEMORI H, KATOH Y. Salt-inducible ki-
nase in steroidogenesis and adipogenesis[ J]. Trends Endocrinol
Metab, 2004, 15(1): 21 -26.

CHEN FY, CHEN LW, QIN Q, et al. Salt-inducible kinase 2 .

2170
PEHARG 2023 F55 32 555 21 5

[16]

[17]

[18]

[19]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

an oncogenic signal transmitter and potential target for cancer
therapy[ J]. Front Oncol, 2019, 9. 18.

WEIN MN, FORETZ M, FISHER DE, et al. Salt-inducible ki-
nases; physiology, regulation by cAMP, and therapeutic potential
[J]. Trends Endocrinol Metab, 2019, 30(6) : 407.
JAGANNATH A, TAYLOR L, RU Y, et al. The multiple roles
of salt-inducible kinases in regulating physiology [ J ]. Physiol
Rev, 2023, 103(3) : 2231 -2269.

LIZCANO JM, GORANSSON O, TOTH R, et al. LKBI is a
master kinase that activates 13 kinases of the AMPK subfamily,
including MARK/PAR-1[J]. EMBO J, 2004, 23(4): 833 -
843.

HASHIMOTO YK, SATOH T, OKAMOTO M, et al. Importance
of autophosphorylation at Ser186 in the A-loop of salt inducible
kinase 1 for its sustained kinase activity[ J]. J Cell Biochem,
2008, 104(5): 1724 -1739.

SONNTAG T, VAUGHAN JM, MONTMINY M. 14-3-3 proteins
mediate inhibitory effects of ¢cAMP on salt-inducible kinases
(SIKs)[J]. FEBS J, 2018, 285(3) : 467 - 480.

CHOI S, KIM W, CHUNG J. Drosophila salt-inducible kinase
(SIK) regulates starvation resistance through cAMP-response ele-
ment-binding protein ( CREB) -regulated transcription coactivator
(CRTC) [J]. J Biol Chem, 2011, 286(4) : 2658 —2664.
BENITO E, VALOR LM, JIMENEZ-MINCHAN M, et al. cAMP
response element-binding protein is a primary hub of activity-driv-
en neuronal gene expression [ J]. J Neurosci, 2011, 31(50)
18237 - 18250.

CLARK K, MACKENZIE KF, PETKEVICIUS K, et al. Phos-
phorylation of CRTC3 by the salt-inducible kinases controls the
interconversion of classically activated and regulatory macrophages
[J]. Proc Natl Acad Sci USA, 2012, 109(42) ; 16986 - 16991.
ROSSETTI C, SCIARRA D, PETIT JM, et al. Gender-specific
alteration of energy balance and circadian locomotor activity in the
Crtel knockout mouse model of depression[J]. Transl Psychia-
try, 2017, 7(12) : 1269.

ESVALD EE, TUVIKENE J, SIRP A, et al. CREB family tran-
scription factors are major mediators of BDNF transcriptional auto-
regulation in cortical neurons[ J]. J Neurosci, 2020, 40 (7):
1405 - 1426.

BAGOT RC, LABONTE B, PENA CJ, et al. Epigenetic signa-
ling in psychiatric disorders: stress and depression [ J]. Dia-
logues Clin Neurosci, 2014, 16(3) . 281 -295.

CHOI M, LEE SH, WANG SE, et al. Ketamine produces anti-
depressant-like effects through phosphorylation-dependent nuclear
export of histone deacetylase 5 (HDAC5) in rats[ J]. Proc Natl
Acad Sci USA, 2015, 112(51): 15755 - 15760.

BERDEAUX R, GOEBEL N, BANASZYNSKI L, et al. SIKI is
a class IT HDAC kinase that promotes survival of skeletal myo-
cytes[ J]. Nat Med, 2007, 13(5): 597 - 603.
WALKINSHAW DR, WEIST R, KIM GW, et al.

suppressor kinase LKBI activates the downstream kinases SIK2

The tumor

and SIK3 to stimulate nuclear export of class Ila histone deacety-
lases[ J]. J Biol Chem, 2013, 288(13): 9345 - 9362.
FISCHER S, MACARE CLEARE AJ. Hypothalamic-pituitary-
adrenal (HPA) axis functioning as predictor of antidepressant re-
sponse-Meta-analysis [ J |. Neurosci Biobehav R, 2017, 83.
200 -211.

DICKENS MJ, PAWLUSKI JL. The HPA axis during the perina-
tal period: implications for perinatal depression[J]. Endocrinolo-
gy, 2018, 159(11) : 3737 - 3746.

MA WN, SONG J, WANG HR, et al. Chronic paradoxical sleep
deprivation-induced depression-like behavior, energy metabolism
and microbial changes in rats[ J]. Life Sci, 2019, 225 88 —97.
LIU Y, POON V, SANCHEZ-WATTS G, et al. Salt-inducible



[35]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

kinase is involved in the regulation of corticotropin-releasing hor-
mone transcription in hypothalamic neurons in rats[ J]. Endocri-
nology, 2012, 153 (1) . 223 -233.

WANG Y, LIU L, GU JH, et al. Salt-inducible kinase 1-CREB-
regulated transcription coactivator 1 signalling in the paraventricu-
lar nucleus of the hypothalamus plays a role in depression by reg-
ulating the hypothalamic-pituitary-adrenal axis[ J]. Mol Psychia-
try, 2022, 28. 76 - 82.

AGUILERA G. Molecular regulation of corticotropin-releasing
hormone gene expression in parvocellular neurons of the hypotha-
lamic paraventricular nucleus[ J]. Interdiscip Inf Sci, 2015, 21
(3): 273 -282.

SUN ZC, JIANG QW, LI J, et al. The potent roles of salt-induc-
ible kinases ( SIKs) in metabolic homeostasis and tumorigenesis
[J]. Signal Transduct Target Ther, 2020, 5(1): 150.

SPIGA F, LIU Y, AGUILERA G, et al. Temporal effect of adre-
nocorticotrophic hormone on adrenal glucocorticoid steroidogene-
sis: involvement of the transducer of regulated cyclic AMP-re-
sponse element-binding protein activity [ J]. J Neuroendocrinol,
2011, 23(2): 136 - 142.

KUPPUSAMY T, RAMASWAMY P, PERUMAL M, et al. A
short note on oxytocin and stress attenuation[ J]. Bioinformation ,
2021, 17(11): 921 -923.

SASAKI T, TAKEMORI H, YAGITA Y, et al. SIK2 is a key
regulator for neuronal survival after ischemia via TORC1-CREB
[J]. Neuron, 2011, 69(1): 106 —119.

ZHOU GY, HU Y, WANG AQ, et al. Fluoride stimulates anxie-
ty- and depression-like behaviors associated with SIK2-CRTCI1
signaling dysfunction[ J]. J Agric Food Chem, 2021, 69 (45)
13618 - 13627.

RYU D, JEE HJ, KIM SY, et al. Luteolin-7-O-glucuronide im-
proves depression-like and stress coping behaviors in sleep depri-
vation stress model by activation of the BDNF signaling[ J]. Nu-
trients, 2022, 14(16) : 3314.

ZARNESHAN SN, FAKHRI S, KHAN H. Targeting Akt/CREB/
BDNF signaling pathway by ginsenosides in neurodegenerative
diseases: a mechanistic approach [ J]. Pharmacol Res, 2022,
177 . 106099.

LIU Y, TANG WQ, JI CH, et al. The selective SIK2 inhibitor
ARN-3236 produces strong antidepressant-like efficacy in mice
via the hippocampal CRTC1-CREB-BDNF pathway [ J ].
Pharmacol, 2021, 11 624429.

WON SY, PARK JJ, SHIN EY, et al. PAK4 signaling in health
and disease: defining the PAK4-CREB axis[ J]. Exp Mol Med,
2019, 51(2):1-9.

NONAKA M, KIM R, FUKUSHIMA H, et al. Region-specific
activation of CRTCI-CREB signaling mediates long-term fear
memory[ J]. Neuron, 2014, 84(1): 92 - 106.

WON E, NA KS, KIM YK. Associations between melatonin,
Int J

Front

neuroinflammation, and brain alterations in depression[ J].
Mol Sci, 2021, 23(1): 305.

LI ZR, LIU DG, XIE S, et al. Sleep deprivation leads to further
impairment of hippocampal synaptic plasticity by suppressing me-
latonin secretion in the pineal gland of chronically unpredictable
stress rats[ J]. Eur J Pharmacol, 2022, 930, 175149.

NI SQ, HUANG H, HE DN, et al. Adeno-associated virus-me-
diated over-expression of CREB-regulated transcription coactivator
1 in the hippocampal dentate gyrus ameliorates lipopolysaccha-
ride-induced depression-like behaviour in mice [ J]. J Neuro-
chem, 2019, 149(1) ; 111 - 125.

COHEN P. The TLR and IL-1 signalling network at a glance
[J]. J Cell Sci, 2014, 127(11) ; 2383 —2390.

THOMPSON CD, MATTA B, BARNES BJ. Therapeutic targe-
[J1].

ting of IRFs: pathway-dependence or structure-based?

[51]

[52]

[53]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[67]

[68]

[69]

[70]

[71]

Chinese Journal of New Drugs 2023,32(21)

Front Immunol, 2018, 9. 2622.

LI DZ, LIAO Q, TAO Y, et al. Downregulation of CRTCI is in-
volved in CUMS-induced depression-like behavior in the Hippo-
campus and its RNA sequencing analysis [ J]. Mol Neurobiol,
2022, 59(7) . 4405 —4418.

MCCLUNG CA. Circadian rhythms and mood regulation; insights
from pre-clinical models[ ] ].
S683 - S693.

SUN SY, CHEN GH. Treatment of circadian rhythm sleep-wake
disorders[ J]. Curr Neuropharmacol, 2022, 20 (6): 1022 -
1034.

MCHILL AW, HULL JT, KLERMAN EB. Chronic circadian
disruption and sleep restriction influence subjective hunger, ap-
petite , and food preference[ J]. Nutrients, 2022, 14(9) . 1800.
REFINETTI R. Circadian rhythmicity of body temperature and
metabolism[ J]. Temperature, 2020, 7(4) : 321 -362.
GAMBLE KL, BERRY R, FRANK 8J, et al. Circadian clock
Nat Rev Endocrinol, 2014, 10

Eur Neuropsychopharm, 2011, 21

control of endocrine factors[ J].
(8): 466 —475.

COX KH, TAKAHASHI JS. Circadian clock genes and the tran-
scriptional architecture of the clock mechanism[ J]. J Mol Endo-
crinol, 2019, 63(4): R93 - R102.

JAGANNATH A, BUTLER R, GODINHO SIH, et al. The
CRTCI1-SIK1 pathway regulates entrainment of the circadian clock
[J]. Cell, 2013, 154(5): 1100 - 1111.

TAYLOR L, PALUMAA T, REARDON PK, et al. Light regula-
ted SIK1 remodels the synaptic phosphoproteome to induce sleep
[J]. Biorxiv, 2021 ; 462159.

HAYASAKA N, HIRANO A, MIYOSHI Y, et al. Salt-inducible
kinase 3 regulates the mammalian circadian clock by destabilizing
PER2 protein[ J]. Elife, 2017, 6. e24779.
YAMANAKA Y, YAMADA Y, HONMA KI, et al.
chrome deficiency enhances transcription but reduces protein lev-
els of pineal Aanat[ J]. J Mol Endocrinol, 2018, 61(4) ; 219 -
229.

KANYO R, PRICE DM, CHIK CL, et al. Salt-inducible kinase

1 in the rat pinealocyte: adrenergic regulation and role in arylal-

Crypto-

kylamine N-acetyltransferase gene transcription[ J]. Endocrinolo-
gy, 2009, 150(9) : 4221 -4230.

BROWN RE, BASHEER R, MCKENNA JT, et al. Control of
sleep and wakefulness[ J]. Physiol Rev, 2012, 92(3); 1087 -
1187.

SCAMMELL TE, ARRIGONI E, LIPTON JO. Neural circuitry of
wakefulness and sleep[ J]. Neuron, 2017, 93(4) . 747 -765.
TAKEMORI H, OKAMOTO M. Regulation of CREB-mediated
gene expression by salt inducible kinase[ J]. J Steroid Biochem,
2008, 108(3 -5): 287 -291.

PARK M, MIYOSHI C, FUJIYAMA T, et al. Loss of the con-
served PKA sites of SIK1 and SIK2 increases sleep need[ J]. Sci
Rep, 2020, 10(1): 8676.

FUNATO H, MIYOSHI C, FUJIIYAMA T, et al. Forward-genet-
ics analysis of sleep in randomly mutagenized mice[ J]. Nature,
2016, 539(7629) : 378 —383.

FUNATO H, YANAGISAWA M. Hunt for mammalian sleep-reg-
ulating genes[ J]. Brain Sci Adv, 2022, 8(3): 173 - 182.
VAN DER LINDEN AM, WIENER S, YOU YJ, et al. The
EGL-4 PKG acts with KIN-29 salt-inducible kinase and protein
kinase A to regulate chemoreceptor gene expression and sensory
behaviors in Caenorhabditis elegans [ J]. Genetics, 2008, 180
(3): 1475 - 1491.

GRUBBS JJ, LOPES LE, VAN DER LINDEN AM, et al. A
salt-induced kinase is required for the metabolic regulation of
sleep[ J]. PLoS Biol, 2020, 18(4) : €3000220.
SATYANARAYANAN SK, CHIEN YC, CHANG JP, et al. Me-

2171 @7
PEMDTE 2023 FH 32 EF 21 ‘



Chinese Journal of New Drugs 2023,32(21)

[72]
[73]
[74]

[75]

[76]

<4

latonergic agonist regulates circadian clock genes and peripheral
inflammatory and neuroplasticity markers in patients with depres-
sion and anxiety [ J]. Brain Behav Immun, 2020, 85 142 -
151.

BRAGANTINI D, SIVERTSEN B, GEHRMAN P, et al. Varia-
tions in circadian genes and individual nocturnal symptoms of in-
somnia. The HUNT study[ J]. Chronobiol Int, 2019, 36 (5)
681 - 688.

CRILLY S, WITHERS SE, ALLAN SM, et al. Revisiting prom-
ising preclinical intracerebral hemorrhage studies to highlight re-
purposable drugs for translation[ J]. Int J Stroke, 2021, 16(2) :
123 - 136.

MA L, MANAENKO A, OU YB, et al. Bosutinib attenuates in-
flammation via inhibiting salt-inducible kinases in experimental
model of intracerebral hemorrhage on mice[ J]. Stroke, 2017, 48
(11): 3108 -3116.

ZHANG R, LIU Y, ZHONG WH, et al. SIK2 improving mito-
chondrial autophagy restriction induced by cerebral ischemia-
reperfusion in rats[ J]. Front Pharmacol, 2022, 13 683898.
MACKENZIE KF, CLARK K, NAQVI S, e al. PGE(2) in-
duces macrophage IL-10 production and a regulatory-like pheno-
type via a protein kinase A-SIK-CRTC3 pathway[ J].
nol, 2013, 190(2) : 565 -577.

J Immu-

2172
PEHARG 2023 F55 32 555 21 5

[77]

[78]

[79]

[80]

[81]

WANG K, WANG CR, CHEN D, et al. The role of microglial/
macrophagic salt-inducible kinase 3 on normal and excessive
phagocytosis after transient focal cerebral ischemial J]. Cell Mol
Life Sci, 2022, 79(8) : 439.

PANG B, MORI T, BADAWI M, ei al. An epilepsy-associated
mutation of salt-inducible kinase 1 increases the susceptibility to
epileptic seizures and interferes with adrenocorticotropic hormone
therapy for infantile spasms in mice[ J]. Int J Mol Sci, 2022, 23
(14): 7927.

XU WS, ZHANG WQ, CUI LL, et al. Novel mutation of SIK1
gene causing a mild form of pediatric epilepsy in a Chinese pa-
tient[ J]. Metab Brain Dis, 2022, 37(4): 1207 - 1219.
BADAWI M, MORI T, KURIHARA T, et al. Risperidone miti-
gates enhanced excitatory neuronal function and repetitive behav-
ior caused by an ASD-associated mutation of SIK1[J]. Front Mol
Neurosci, 2021, 14 . 706494.

SHEN MX, LIAN NQ, SONG CC, et al. Different anesthetic
drugs mediate changes in neuroplasticity during cognitive impair-
ment in sleep-deprived rats via different factors [ J]. Med Sci
Monit, 2021, 27 €932422.

Gt E/ES A 2023 -03 -27



