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IR P40 Kird. 1 72128 Sk 7 B = X 2
BRI RIA M AER]

FAE Yk REZ REEY H FY OFRE2Y FAL' gl
oo N AR ZE SR B B 2 — S 2 DA 28 I RFZE 24358, bt 1008535 ° Al 2 B2 2B, bt 1008535 ° HHE A
A TRCZE TR AR BB B A 55 920 EERE JLABL, B 650100; * FJT KP4, K 300071)

W E HW: WEEMRR A @R 47832 4.1 (inwardly rectifying potassium channel 4.1, Kir4.1)
Fe 1% MR S5 (chronic migraine, CM) AN | = X & # K 4% R & (trigeminal nucleus caudalis, TNC) &
KA, FHETHEHAE CM FIER. Fik: CSTBL6/ HE/N BN T R IE 0 N AL AKE G *F
B8 (CON) 4. &M k8 (CM) 41 Fn 4 & 1% I 1 S5 (frequent chronic migraine, FCM) 41, 41 15 2.
i 3 XA IE 4T B e (nitroglycerin, NTG) 37 CM /M BAE R (8 B JE 4 NTG) # FCM /D BAEAL (4
HiE 4 NTG) ; &G 3KE 1 72 R Aldh1/1-CreERT2 # M /s BLEE 15 TNC f% [X 38 5 3k 5% Bk B % J R 2
o Kird.1 J&, KEEH NTG 21 CM /N RAEA!, von Frey 4F 4 22 77 5 ZL A 1, 3 50% HLAR R % 45
JE R4t B8 (mechanical withdrawal threshold, 50% MWT) FHE & AL4## [# (head withdrawal threshold, HWT). i
I A % K S B A N P4 45 2 FE LA K AR (calcitonin gene-related peptide, CGRP). c-Fos & H #1 Kird.1 #J
kik. 5R: 5 CON4Mth, FCM 415 CM A% AN BUR 5 BI(E B e, TNC WX Kird.1 Fik T,
CGRP 70 c-Fos &3 fm. 453k Kird.1 /) i TNC fi X &7 CGRP & 1 k& B # ) H MWT fo HWT ¥ &
B, AT Kird. 1 4/ BONAR R . Z5i8: TNC X2 BR 48/ Kird. 1 ¥ 6 255 CM & A4 &% B 38 A FE 3 72
kR BHRLE; Kirdl;, FEHML, ZXWEFREES;, EVRF 4R

The role of astrocytic Kir4.1 in trigeminal nucleus caudalis of mice with chronic migraine

SU Wen-jie "*, XIAO Shao-bo’, ZHANG Xiu-fen "*, YI Hui-jie *, GAO Nan ", GUO Xing-hao '*, YU
Sheng-yuan ', LIU Ruo-zhuo ' *

(' Department of Neurology, The First Medical Center of Chinese PLA General Hospital, Beijing 100853, China;
*Medical School of Chinese PLA, Beijing 100853, China; } Department of Pediatrics, 920" Hospital of Joint
Logistics Support Force of People's Liberation Army of China, Kunming 650100, China; *School of Medicine,
Nankai University, Tianjin 300071, China)

Abstract Objective: To observe the expression changes of inwardly rectifying potassium channel 4.1 (Kir4.1)
in the trigeminal nucleus caudalis (TNC) of chronic migraine (CM) mouse models and explored its role in CM.
Methods: Male C57BL6/J mice were randomly assigned using a random number table to the three groups: Saline
control (CON) group, CM group, and frequent chronic migraine (FCM) group (7Z = 15 per group). CM models
(injection of NTG on alternate days) and FCM models (injection of NTG daily) were established via repeated
nitroglycerin (NTG) injections. In Aldh1/1-CreERT2 male mice obtained after breeding with astrocytic Kir4.1
overexpression or knockdown in the TNC, repetitive NTG injections were administered to establish the CM
mice model, with baseline pain thresholds assessed by 50% mechanical withdrawal threshold (50% MWT)
and periorbital head withdrawal threshold (HWT). The expression of calcitonin gene-related peptide (CGRP),
c-Fos, and Kir4.1 was detected via immunofluorescence. Results: Compared to CON group, FCM and CM mice
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showed lower pain thresholds and increased CGRP and c-Fos expression in the TNC, along with reduced
Kir4.1 levels. Kir4.1 overexpression decreased CGRP expression in the TNC and the 50% MWT and HWT
was significantly increased, while Kir4.1-knockdown group has the opposite effect. Conclusion: Astroglial

Kir4.1 in the TNC may be involved in the pathophysiology of chronic migraine.

Keywords chronic migraine; Kir4.1; central sensitization; trigeminal nucleus caudalis; astrocytes

it Sk 9 2 — PiCES L 1) 18 P e 48 A A i S 9
i, et EROy I H B AR SRR A R
gigesiz— W, H M ARVRIE 2 RO R A 7™ 5 Sk 0
Wy MR, B, B DL HABANE ) S, RS
FCHARNEREEIR , Fr4E 4~72 /NI, AR N JRE S
Sk Jf I 2 Ak a2 & BRI, P R A )
ATE B R E TR, AASimsh AR A 1Y, bt
i Sk 9 24500 )7 ORI 52 1 A B, e A 2
{10 JER DRI E T D Sk 52 2% 1 22 TR R L o

H A 12 % W =k Ji (chronic migraine, CM) F] %
AP R AN AT TR, Hrh =R
ARG KA 25 14 28 SE S5 AE CM TR AL
WA RE A EEAE R . e BRI
=X MAME RE _RWETT = X MHEHF R EH
(trigeminal nucleus caudalis, TNC) Fll = 25 #1258 70 C i)
P BB b 22 T % A MR S ik mT S i B, b
TR T A I 25 15 I 92 100 M 9 s ) 7 7 DL B
Tk g 4 1,

S T 2 o 248 PR 2 i PN e - ) 48 T 4
X R IEH A T e 2 e s MY, 5 e R
I ML A YR 97 25 U AH 96 B0 41 4 R 1 B 1 (glial
fibrillary acidic protein, GFAP) #% 1A A & 2 JE i i 41
ARSI A b Y M R 40 i A
FEEN RSN LR G N = N EZ W PN = E4ER )
“IR AR MY, On T 4EREE T ARUK MRS
We— RAN P ETEEY B T A e A e
U S8 T D S I8 I AL A ) B
LR S TRV GRS 458 3 o
7. B Kenj10 4 s i Py 1) 2900473858 4.1 (inwardly
rectifying potassium channel 4.1, Kir4.1) 7E it /£ & Jii¢
JoT 40 M A R AR IE, A 5B TR O A A Y TR K
e U, Kird. 1 0S8 I PR AN 4 K R0
B AR AR PEACAN L TTI DS A, T sk 55 i Yt 2 4 2
ERNTHRIREM, BERAREN, B
YO Kird. 1 B 2% FF s BRI 1 5 % i o7 248 i OB 1)
Dise, BG4S KT Zrh M 2R g, S
YIS T3 AN S g 1Y, Rk, IR
B Kird.1 (1) D e 2k BRIk RS 2 Fhih 2R 1T 1
PR %, A FEIAR RS O o YL A AR

Hpp 2 B P 45

AW I FE IR R ETY R 540 i Kird. 1 £ CM
/N TNC 2R3 K AE o 8 S Sk 9 e 18 1 i
LI G O AR R, AT REAELE TNC B TR 5 41 i
Kird.1 FRIERIRD, RERS S BUR IR 40 B 0
TS E CM AR/ B B X AL . ASHIF 708
CM AR AL AL A B2 AL 3T (0 B 5 A, A CM R
KA BT FIRHTI L R

A&

1. SEEA R

SIS EW): SPF GilfEPE CSTBL/6T /MRS, 45 H.
SPF i 14 C57BL/6 /INER 6 K, 8~9 i, MWHIL
HU DR AE M B ARG IR A W]; Aldh1/1-CreERT2 /s
B CTRTAR cre /B, R 5t CSTBL/6T, (E4075 %
FHPE SEFAER HE) , 1 Cyagen 2w 24 s F e
Hifr: G TREEFESD MR&E 2R, BITE
B G318 8~9 JH % cre HEME/NR 72 Ko A /MR
TR FRAENEEIR B 22~24°C, W0J¥ 45%~60%, 12 h
/SR AT, AR/ B AERE E iR I E
K, HAREE 1A RE R s, AR O IR
B E AN RIEBE SR SRR 21
A%, FEIAS A (SIS BN B A ) FAH SSRIE

A % K AEHE: von Frey 1 & ML I B 5T
£ (Aesthesio); VK % ¥ F HL (CM1950, Leica);
3DHISTECH (DX12, H#Jii4f) ; Thermal Cycler (2720,
applied biosystems); 10 pl /&4 & (7653-01, X
BIRWD 5 ACPRHERTTE (69131, Ikl ; &
BEWE & TAF 4 (HCB-1300V, Haier) ; Gel Image
System (TANON-1600, Tanon); Hi k1 (DYY-6C
B, Jbms—) .

FEAF: R R 10 mg/ 3, dbat
HERAVARAE], F=imdw's: H11020289) ;5 2,2, 2-
=R B (Sigma-Aldrich, 7745 T48402) ;
2-FIJED-THE (Sigma-Aldrich, F=54mS: 152463) ;

RHE (PGS, amdms: C200101) ; %
J5 CGRP (Cell Signaling Technology, 7= & 4w 5 :
#14959) ; #iF Kir4.1 (Alomone Labs, 7= &hi4n"5:
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APC-035) ; i c-Fos (Cell Signaling Technology s
FEamgw 5 2250T) 5 B GFAP $iif& (Cell-Sign-
alingTechnology, /™ fit % 5= 3670S) ; Alexa Fluor
594 Frid th 2E 35 % 1gG 0 (Abcam, 7% fh 4w 5
ab150080) ; Alexa Fluor 488 Fric L £ % 1gG —
Pl (Abcam, = fi%i5: abl50077) : Alexa Fluor 594
Frad 1 2 Bt B 1gG = Fit (Abcam, 77 i g e
ab150128) ; PR PR (k) CBH G 9L 8,
7 g S C200501) 5 AR 5T B A I 4K 7 &
(Vazyme, SuperFemto ECL Chemiluminescence Kit,
E423-02); 1l 4% 1gG (HRP) (Abcam, =%
T Ab672) i —BE AR K T & (U HE
B, g5 PD-101-01) 5 fih 58 35 (Sigma-
Aldrich, 7= i % 5: T5648) : rAAV-GfaABC1D-
DIO-mkenj 10-P2A-EGFP (Brain Case); rAAV-GfaAB-
C1D-DIO-EGFP (Brain Case); rAAV-GfaABCID-DIO-
EGFP-5'"miR-30a-shRNA(mkenj10)-3'miR-30a-WPREs
(Brain Case); rAAV-GfaABCID-DIO-EGFP-5'miR-30a-
SshRNA (Scramble)-3'miR-30a-WPREs (Brain Case).

2. SER T

(1) CM /I R A3 57 R sy st it

S —: AT E R A NE CM SRR, Rl
SR8 H I P v SRR R H i (nitroglycerin, NTG)
57 CM /N BRBERL P, R Sy 1 4 4 Sk 98 2H (chronic
migraine group, CM); H T~ 73 4 42 #E £ 7K (normal
saline, NS) Il NTG ¥ 71l (6% N — §%. 6% < [
NS /I BRI R W5 B UG b0 1 11 S 25 22 55 &,
ARSI A /N BRI I VE S NS 22377 F R4 (con-
trol group, CON); A 1 5 I WA WL ¢ 3] /)N RS Y 11
MRHAKEAREERZER, ASLR G mikie
P S 2 (frequent chronic migraine group, FCM),

| T T —6—

Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9
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BV f 52 43 H IR B 5 NTG #57 FCM /N R R, B,
EAE: ¥ NTG (5 mg/ml) A NS K IR 2 /B &
1 mg/ml, FH4 C57TBL/6T /NREENL /A 3 4 (72 =9),
Fi A SEIG 25903 PL 10 ml/kg HIRFRZ5 25, CM 41 AT
CON HEfR% | H¥:5 1 IR NTG B &1 NS {347,
SO 9 RyES SR (1L 3. 5. 7. 9 REAT
NTG B¢ NS @S 5 FCM 4/ A& H3ET NTG
MRS, Hto Ky =AU/ AIESRKE 1. 3.
5.7+ 9 RyEST NTG 8¢ NS Fi 30 min K60 KL 9,
T3 9 RIERES 25 1) 2 h A FEAL/INER, FFR
I 5 825256 75 R 43 9 48 FH T 1R 6 28V (phosphate-
buffer solution, PBS) 8% 4% % 5 H % (paraformaldehyde,
PFA) #HATHEVEJG 70 & TNC HZUH T F— 2B 5286,
IR LR 1,

SEEG . CM A CON /) B R & <7 5 v )
SO —o HARERAE: 18 H i 5 & 25 (tamoxifen,
TAM) B i v 51 J5 1) cre 7N BRL TNC i X 53 Rk
Kird. 1 BRAHIOH B8 S B8R (LB 2A) , 7ol sr
I #IE Kird. 1 4R, HEERIE 3 FER L
R L/ R s 2GRS NTG 58NS 700 4 41
(72 =9): TFEik Kird.1 + 1B VE 0w LIm4H (Hkird.1 +
CM). I 3KIE Kird.1 + =5 (XTI (Hkird. 1 + CON).
3Rk Kird. 1 X2 + 184 =k 2H (Hkird.1CON +
CM). Rk Kird.1 X2 + 25 7 6 4 (Hkird. 1
CON + CON), WK 2B. [FIFEHL, [ TAM I8
i 9 55 J5 1) ere /DN B TNC o [X 33 5 R G Kird. 1 i
AH 8 5 S Ao S e ST A Kiird. 1 20 K H SR
Y, JHERRIE 3 G BRI B e B R
TES NTG 8 NS 434 4 4 (72=9): #ifi Kird.1 + 18
PG SR 4H (Lkird. 1 + CM). Rk Kird. 1 + 25 EI X8
20 (Lkird.1 + CON). ik Kird.1 %t FRZH + 180 (K

Accomodation Sample collection
o & & & N & &N &N &
A A A A A -
CON NS NS NS NS NS
CM NTG NTG NTG NTG NTG
FCM
NTG (i.p.), qd

A von Frey test

1 SERREEE
Fig. 1 Flow chart of the experimental outline
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S (Lkird. 1CON + CM). @ik Kird.1 %f {41 + 2%
9 %) 18 41 (Lkird. 1CON + CON), W[ 2C. 41/
B MIZESCIRES 1. 3. 5. 7. 9 KVESS NTG 81 NS
A 30 min A MHLIR I, T28 9 RIGEESAWG
1) 2 h ALBE & A/ B IFAE Y PFA EAT YT S5 70 5
TNC HEHF ~—P5L5,

(2) JEBIKEM: 18 von Frey £F 4k 22 &/ i
50% AL AR 3 46 /2 S 3 B (mechanical withdrawal
threshold, 50% MWT) J% HE J& #L # % ® (head with-
drawal threshold, HWT), E A&7 AEH M 0.008 g %=
2 g EFYE L2 AR IR R 25 2 11, A R 1% (up-down)
VAL /N BRI 50% MWT & HWT BRI{E, I [F R3¢
T AR AN B 2% von Frey ¢F 42 F 8 2 Jn, i
https://bioapps.shinyapps.io/von_frey app/_I it 57kt
SENUBR BRI A A5 RS D T 38) 75 AE A 0 26 B B Tolid B
30 min, H &K OE S50 5T ¥ 7 B 57 3% S0 B R
K FE 3 Ko K0 MWT B, /N RARCE £ — 4
GBIk =R EREYIE Y, von Frey 1442 H T
JEVE (FrE /N e —MD RmFFHE 5 s BLE,
A FE SO ) BRI B F5 2 30 H Xk £ /)N B T
Hi5) . AR, TN X, BN 0. K53 HWT i,
IR ELE—NEAEN S ecms 5 30 ecm /N E
&, von Frey #1422 3 E1/N 5 A — ) IR 21 Th1 5
HER XTS5 s LB, 2 /N [RONTCR s
o akE S BRI, THN X, BNA O B
T R] [ 2 7R A H [F]— B 1E) A (R 8:00 & 18:00) .

(3) FEACREE: f# ] 1.25% Rl &7 18 s v 569 R
P INER TSV 55 AR R OO IE,  BYREAG O B
1 4% PFA. FEVRE G112, B2 SRR H
WA s, HINE S A eI, Bl oK/ BT 30,
FIBS AL, KBRS H 15% 1 30% 15
W AT RE B K o ST S A A HE R AT A
WL G987

(4) 3L AK E 9] B AH 5K R B 7 S Aldhl/1-
CreERT2 /™ B2 ) 4 R R AR 2, W] DAAE R
oy TR BT A0 M W52 2 cre BEVEMERIRIE, HA
1E cre B 77 7€ 015 N, AVV-DIO R i A4 fE ) %
STOP J7 41 K K 4% it ik H 1) 2 K mkenj10 #I4FEH
AT AT AR Kird. 1 ERaK . A B Sz A4 e A 3R 1)
TNC fili [X % % rAAV-GFABCID-DIO-mkcnj10-P2A-
EGFP fl1L#/4 rAAV-GfaABC1D-DIO-EGFP, 4;°A
I RIA Kird. 1 24H K FH X4, rAAV-GfFABC1D-DIO-
EGFP-5'miR-30a-shRNA(mkenj10)-3'miR-30a-
WPRES FlH:#4& rAAV-GfaABCID-DIO-EGFP-5'miR-
30a-shRNA(Scramble)-3'miR-30a-WPREs, 4 Nk

| T T —6—
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Kird.1 4 J R4 .

TSR 1.25% BTy I IE i 9 R /N R, 2
Ja £ T ot/ BT B A R — IR FE R IR — B
b T RRIBRRAS s B/ BR Sk 30 18] e 78 S A A b 9F
PRUFEAE R AFEAL, KR & 5 V)T Sk 1,
K F bregma J5 I E; S RELAWE AR KL WS, A
¥R AP -6.15 mm, ML=+1.60 mm, DV 5.10 mm ([
BB R 18°) , TEAAKR BT 7E A/ 72 1) Pl B ¥ 4 45
AT R ST AL, A 10 pl TCE S A, R
H A5 55 30 2 R B 1B N BT AL, VRS I#
F£5 30 nl/min, TEVESSERUE, 18 10 min, %1%
RS AS, N RUBCEAE 37 C ORI 2 1)
WEErR, WA /N R AL IE 5 A B R 4, &
DI S/ SR AR HRRES

(5) cre FH P /N B 09 44 & 5 K . Aldhl/1-
CreERT2 /NiR 5 CS7BL/6T /N A8 Chf : ME =1:2)
ATFEINR, EHHATE 7~12 K% 53T 5 RR
BERMA L (< 5 mm) BT T K EE. B RRE
W EAM K 5/MRALURS], BN S55CEEinTF
25 min. 95°C& )BT 5 min; 2 J5HELE DNA 1%
R, BHSHALIRS, SREF#T PCR 1Y,
i Gel Image System &5, cre FHPHEM: /)N BB AR
T s, cre FHMEMENE /N R 2 & WA 5 1T 4k
SHT%E.

(6) #H 21 % 9% % )t %+ 4 (immunofluorescence,
IF): ffa — KRR H B NS 4525 /5 2 h, & 4%
PFA J#E7E 5 70 55 H /N TNC i X, ] OCT &
WSV A HLUERALY) s ik 30 pm JE
(1) TNC HZVA Y] Fr o A PO B R =R T
B 15 min, Y5 PUE B AR —PiLE
4C I E IR, W5 Kird.1 (1:400). CGRP (1:400).
c-Fos (1:1000). I % Tween-20 B & £h 2% pf /i
(phosphate-buffered saline with tween 20, PBST) &%
3G, FEZEIR N E AR P (1:1000) 57
H 2 h, PBST i&EVE /5 DAPI & Ao fd 4= 5 F1 4l
CE B S, Tmage] FAFTHE A 5 75 61
R .

(7) HEA B ENIESLY: (Western blot, WB):
e — RS ER H Bk NS 45245 )5 2 h, 4 PBS #EE
J B4 B /N B TNC Jii X {3 4 RIPA (PO013B £
R + EE R AT R AR, R BCA L
JhrAE i 2o v SRR R IR, 2 R AT R RE R
FIARYE. B 30 pg/fLAE (ARES EAE, 4 FuturePAGE™
4-20% 12 fL T Bt I LUKk 2 B9 JS,  HLHE (350 mA)
% PDVF i, # f5 F 5% 25 7% (bovine serum
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« 418 - AR A&
A 1
) A “
i AP -6.15mm |
Aldh1/1-CreERT2 ' ML +1.60 mm |
1
5 days (LY,
=SSR R == \
1
! TAM 75 mg/kg ' ’
—————————— ! e
v
B
. Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day?9 .
Accomodation Sample collection
o & & & & & &N &
A A A A A "
HKir4.1 + CM NTG NTG NTG NTG NTG
HKir4.1 + CON NS NS NS NS NS
HKir4. 1CON +CM  NTG NTG NTG NTG NTG
HKir4.1CON + CON NS NS NS NS NS
C . Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day?9
Accomodation Sample collection
o & & & & & & &
A A A A A -
LKir4.1 + CM NTG NTG NTG NTG NTG
LKir4.1 + CON NS NS NS NS NS
LKir4.1CON +CM  NTG NTG NTG NTG NTG
LKir4.1CON + CON NS NS NS NS NS
A von Frey test
2 A Kird. 1 FFRIEJE & CM R CON /) R AL RE ]

(A) Aldh1/1-CreERT2 /I ESS TAM Rik 5 RJGAT VLARGE LTS (B) Kird. 1 130k L HF AT B CM /) BUig
BERAEEL; (C) Kird. 1 il S AT IR AL CM /) RS JERE 1A

Fig. 2

Flow chart of establishing CM and CON model mice after regulating Kir4.1 expression

(A) After injecting TAM to induce expression for 5 days in Aldh1/1-CreERT2 mice, perform stereotactic injection; (B)
Flow chart for Kir4.1 overexpression and vector control CM mice; (C) Flow chart for Kir4.1-knockdown and vector

control CM mice.
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albumin, BSA) £ 37°C 3[4 2 h J5 I HH R —HT 4
P Kird.1 1:1000 7£ 4°C N 7 i & TBST ¥k 3
o BHR 10 mine JIAAIRL 4T (1:5000) 37°CHEH
2 ho TBST 0% 3 I, AKX 10 min. 3 A5 E1ZE
A6 W K 7 & (Vazyme, SuperFemto ECL Chemilumi-
nescence Kit, E423-02) 2527 A+ B 4% 1:1 [F LA
B4, BUABLE, ¥ PVDF BIRIEESERY, If
{FH % 248 (Tanon-5200, HHE) BEATHEEHIK,
¥ GADPH i {EAZ A7, 4 Imagel A X
BN KA AT B 2T, LORCE 4K BEAE B ARG
BFIEE,

3. Gt ot

AHIEFE R I S 56 R A R AR 40 A 35 E AN
b8 S5 73 AR DL BE SN RBAT o« FEAS B AR BEAE
ZWWE, AR EMYER. gt ol
FiI SPSS 27.0 # {4+ (IBM Analytics, Armonk, NY, USA)
F GraphPad Prism version 6.0 ¥} (GraphPad Software
Inc., San Diego, CA, USA). 17 N F¥E 10 4 At Il >k
FAOOL ) = 52 &7 22 73 #t (two-way repeated-measures
ANOVA). Z 4[] LLECR R R 7 2 341 (one-way
analysis of variance ANOVA) #7411 47, BfifaR
FH Dunnett's ¢ &30 35 701 45 R LAEL £+ bR
(X £SEM) F7r, P<0.05 INNZERAS %5 L.

& R

L SRS NTG 200 B 5 ik L2 CGRP.

c-Fos RiEHE N
A —O0—CON +=~CM +~—a—~FCM
1.5+
C
—e]
89
Eg 1.0
[S N -
g<
SE 05-
=
2
0

Base 3d 5d 7d 9d

< 419 -

TVl R E NTG 52 B RE ik 5 CM
WAL, ] von Frey £F4E£2 46 FCM 41, CM 2L Al
CON #I/NRAES 1. 3. 50 7. 9 REAZHTH MWT
K HWT BE A4 . FCM 4180 CM 207N B3 43 I AE
BT 9. 5 IREER NTG Jo, FEREHUMIRBMES &
R CM AL 3. 5. 7. 9 R BI{E
WEMKT CONYA (J5)UK: 3dP=0.003, 5d. 7d.
9dP<0.001; HESE: 3dP=0038, 5d. 7dP<
0.001, 9dP=0.002) , BiHH CM /B H LI B
Btk (LB 3A, 3B) ; FCM 4HAES 3. 5. 7. 9 K
)95 B ) 2 KT CON 2 (J5 TUE: 3dP =
0.004, 5d. 7d. 9dP<0.001; HEM: 3dP=0.019,
5d. 7d. 9dP <0.001) , ¥ FCM /N BH
P EE (LK 3A, 3B)

N T S NTG % S (1098 0 Sk 2 5
5 CGRP K& MAHXS B, 1R G — IR % NTG
Ji 2 h K TNC i X # CGRP £i&, IF 45 R BoR:
5 CON A tk, CM 4/ TNC i [X [ CGRP
EEFYRNEEEAHANEERE L JAF: P =
0.03), FCM 41/ TNC Jisi [X ) CGRP & -1y
DGR E X H R FR (IF: P<0.001, WK
4A) .

% CM 4. FCM 415 CON BT c-Fos Hufz e
Fegetr, AN TNC I X & eig shKF. 45
R, CM 4 TNC fx X ## £ Jo#uE K F 5 CON
ZH /N BRURH BG4 (P < 0.001), FCM 4 TNC
i X4 22 70 0% KT 5 CON 4L/ BRRH L B 5 1
m (P<0.001, WK 4B) .

B —O—+CON +=~CM +—a—FCM
0.5+

0.4+
0.3
0.2+

0.1+

Head withdrawal threshold (g)

Base 3d 5d 7d 9d

B3 CONZ. CM 4F1 FCM /R IR R (72 =9, X £SEM)
(A) =/ MWT RIS (B) =4/ HWT BIE Hhis
*P < 0.05, **P<0.01, **P<0.001, CM 25 CON 44 tk; P <0.05, "P<0.01, "™P<0.001, FCM 45 CON

HARLL

Fig. 3 Mechanical threshold in mice of the CON, CM, and FCM groups (72 =9, X £SEM)
(A) 50% mechanical withdrawal threshold among 3 groups; (B) Head withdrawal threshold among 3 groups
*P < 0.05, ¥*P < 0.01, ***P < 0.001, compared between CM group and CON group; “P < 0.05, “P < 0.01, P < 0.001,

compared between FCM group and CON group.
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(A) LM =2 N TNC i [X CGRP % 5 e e thAREYE MG (bR R = 50 um) , ZLEEEYekRid CGRP; AN

=N CGRP BOBHRFE T LL (72 =3, *P <0.05, ***P <0.001, 5 CON 4iALL) : (B) MK =4/
TNC i [X c-Fos H 5a Je ARG (/R =20 pm) , % AJU‘Fﬁi c-Fos; BT NI BT ORI BT
BRR =100 pm) 5 AWM =4/ c-Fos SIEmE IR (22z=6, ***P<0.001, 5 CON ZLAHLL)
Fig. 4 Expression of CGRP and c-Fos in mice of the CON, CM, and FCM groups

(A) On the left are representative images of CGRP immunofluorescence in the TNC of three groups of mice (scale bar =
50 um), with red fluorescence indicating CGRP; on the right are comparison of CGRP fluorescence intensity in three
groups of mice (72 = 3, *P < 0.05, ***P < 0.001, compared with CON group) ; (B) On the left are representative images of
c-Fos immunofluorescence in the TNC of three groups of mice (scale bar = 20 pm), with green fluorescence indicating
c-Fos; the view below is a magnified field of view of the one above (scale bar = 100 pwm); on the right are comparison of
c-Fos fluorescence intensity in three groups of mice (72 = 6, ***P < 0.001, compared with CON group).
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RiEZER (=3, *P<0.05, **P<0.01, ***P<0.001, 5 CON 4LMt)

Fig. 5 Expression of Kir4.1 in CON, CM, and FCM groups

(A) Representative images of Kir4.1 immunofluorescence in the TNC of three groups of mice (scale bar = 50 um), with
red fluorescence indicating Kir4.1; (B) Representative bands of Kir4.1 protein expression in the TNC brain region of three
groups of mice; (C) Comparison of Kir4.1 fluorescence intensity in three groups of mice; (D) Differences in Kir4.1
protein expression in the TNC among three groups of mice (72 = 3, *P < 0.05, **P < 0.01, ***P < 0.001, compared with

CON group).
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Fig. 6 Co-localization of GFAP and Kir4.1 in CM Model mice with Kir4.1 overexpression and vector control

Immunofluorescence staining shows GFAP (red), Kir4.1 (green), and DAPI (blue). Scale bar =2 um
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Fig. 7 Detection of Kir4.1 expression, CGRP expression, and mechanical threshold in CM model mice with Kir4.1

overexpression and vector control

(A) On the left are the representative images of Kir4.1 immunofluorescence in the TNC region of four groups of mice (scale

bar = 50 um), with Kir4.1 labeled in red; on the right is the comparison of Kir4.1 fluorescence intensity among the four

groups; (B) On the left are the representative images of CGRP immunofluorescence in the TNC region of four groups of
mice (scale bar = 50 um), with CGRP labeled in red; on the right is the comparison of CGRP fluorescence intensity among
the four groups (72 = 3, *P < 0.05, **P < 0.01, ***P < 0.001); (C) 50% mechanical withdrawal threshold in four groups

i

of mice; (D) Head withdrawal threshold in four groups of mice (72 =9, "P < 0.05, #p<0.01,

P < 0.001, compared between

HKir4.1 + CM group and HKir4.1 + CON group; **P < 0.01, ***P < 0.001, compared between HKir4.1 + CM group and

HKir4.1CON + CM group).
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Fig. 8 Detection of Kir4.1 expression, CGRP expression, and mechanical threshold in CM model mice with Kir4.1-knockdown
and vector control
(A) On the left are the representative images of Kir4.1 immunofluorescence in the TNC region of four groups of mice (scale
bar = 50 um), with Kir4.1 labeled in red; on the right is the comparison of Kir4.1 fluorescence intensity among the four
groups of model mice; (B) On the left are the representative images of CGRP immunofluorescence in the TNC region of
four groups of mice (scale bar = 50 um), with CGRP labeled in red; on the right is the comparison of CGRP fluorescence
intensity among the four groups of model mice (72 = 3, *P < 0.05, ***P < 0.001); (C) 50% mechanical withdrawal thresh-
old in four groups of mice; (D) Head withdrawal threshold in four groups of mice (72 =9, “P < 0.01, **P < 0.001, compared between
LKir4.1 + CM group and LKir4.1 + CON group; *P < 0.05, **P < 0.01, ***P < 0.001, compared between LKir4.1 + CM
group and LKir4.1CON + CM group).
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