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CD39 7EMS A S i K B = X 227 R R AZ 1 1Y
RIENAEH *

INEH K OE x4 BEES
(EPRERIR S R 8 —E B2 pyRt, BRI 2 3 8 e %2, EH400016)

B E B A CD39 (SMZH Z 8 — s BUKMEEE 1, JF A% ENTPDI) 7218 M7 5 (chronic migraine,
CM) K i = X4 2 % % B (trigeminal nucleus caudalis, TNC) # #) & & 4, F4E T HAE CM FH1EA.
Fik: BRI E E A E ST A B H i (nitroglycerin, NTG) Z 3L CM A REEAR . {# H von Frey Ml & X
FHE B fnJ5 R ALK 1B48 . Western blotting /6 91 CM A& X B o CD39 K A& At < #4847 45 2 A B
#8 X JIK (calcitonin gene-related peptide, CGRP) & & #y &k & &, 7% %K KA CD39 7 TNC # & ik K
AR, B E E 5 CD39 £ U4 Apyrase B /MR CD39 K3k RFE K H X CM F AR LI &
e, Z5SR: CM B, KRHEE fo )5 AW B B Z 4 %; Western Blot £ R & 7~ TNC # CGRP
EHKKDER I, CD39 RLW BB, KAPERT CD39 5w & @ fe; £ CD39 %)
¥ Apyrase J& CGRP ik ¥ (K. £5i8: CD39 £ CM " KR4 E A, ¥ b 3@ 140 %l o ARG fb k&
CM Hy#72.

KR CD39; BME LR = XWEHRES

The expression and role of CD39 in trigeminal nucleus caudalis of rats with chronic migraine *

SUN Xue-chun, ZHANG Yun, LIU ling, ZHOU Ji-ying

(Chongqing Key Laboratory of Neurology, Department of Neurology, The First Affiliated Hospital of
Chongqing Medical University, Chongqing 400016, China)

Abstract Objective: To investigate the expression changes and role of CD39 (ectonucleoside triphosphate
diphosphohydrolase 1, ENTPD1) within trigeminal nucleus caudalis (TNC) in the pathophysiological process
of chronic migraine (CM) rats. Methods: Nitroglycerin (NTG) was repeatedly intraperitoneally injected (i.p.)
in awake rats to establish CM model. Mechanical pain thresholds of periorbital region and hind paw were detected
by von Frey. Western blotting was performed to detect the expression of CD39 and calcitonin gene-related peptide
(CGRP) protein in TNC. Localization of CD39 in TNC was detected by immunofluorescence methods. The
effect of CD39 analog Apyrase on CM was explored through intracerebroventricular injection (icv). Results:
Repeated injection of NTG decreased pain thresholds in periorbital region and the hind paw, and the protein
expression of CGRP in TNC was significantly increased, while the expression of CD39 was markedly
decreased. Immunofluorescence staining revealed that CD39 was expressed in neurons in TNC. Furthermore,
the use of CD39 analog Apyrase significantly reduced the expression of CGRP. Conclusion: CD39 exerts a
protective effect in CM, potentially through the inhibition of central sensitization to alleviate disease progression.
The decreased expression of CD39 in TNC may regulate the pathophysiological processes of CM by
affecting central sensitization.
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% 14 fFi Sk J (chronic migraine, CM) J& — Ff &
WHI BN 2 RGN, HR A bR ST 73 28
% 3 W (International Classification of Headache Disor-
ders, 3rd edition, ICHD-3) % Ho & SUN#ESE 3 A A BLE,
fEH LD 15K, Hdwkmie kK E=%H 8 K.
TR 2.5% KAEMHAWLIE (episodic migraine, EM)
WA EHNCM, CM FE™H N A2 5F
fAH, A RN CM R N R R R RE 3 A
25% Mo BRI, H T R AL 2% B IT BOR
AME, HETATHENAT FERA K, B — 2o
CM (177 BEAE BEALA, 0T T Fva 7 R 4B K
HA W E =

i Sk IR R TR B R 58 4 B B, = XA R
JE# (trigeminal nucleus caudalis, TNC) ## £ 7C 1 HH X
AL BN 2 —, 3 BRI 7 3
28 0 I WOE BE FRAIS, R UG08 o AR 5 el 2 15
FAFYEME TR XIS i S A
DL FR B ok S i e CRIVl s D) A7 78 i B AR
HEL A 10 I P BT SR W M A = B IR R (adenosine
triphosphate, ATP) {F & BE i i f% Tl g 1 HE 5 5
MRS, HoE A e S IR R AR, AR
2 BH B i@ 1 (purinergic ligand-gated cation channel
P2X receptors, P2X) 55244 (purinergic G-protein
coupled P2Y receptors, P2Y) & $%/F I . BE 4% wF
U CLAIE B TNC #4770 B 40 i 1y P2X4 BF L%
P2Y14 2 (A% AL A B T CM 1) Hh WX Ak Kk R
1M ATP fEJ MRS A Zh S, BhRAERAMEH IR
i (ecto-nucleoside triphosphate diphosphohydrolase,
ENTPD) f#: 464 Bl PR R i (adenosine monophos-
phate, AMP), i )5l CD73 #4047, IRtrae
S WOE H N A SR B ) AL 24k (JBT G A
B2 KETUHFEVEIER . WAL AR
FLRIE ENTPDI-3 WAL ¥, b CD39 (UMt =
WRIR WK ff g 1, JRFK ENTPD1) {F Jy %8 iR
A, 35S ATP/ = R IR F K i
I — WU R B, CD39 AR Ald i 33 K e vk
ZUREIUN ATP AR i, FdEId IR Al 2N
ST T BE A I .tk Ah, T
— TR T Sk R B IE T A SR Al S i T AR ke
RCE DDA i R G BV S R B2 S YU Ak 7/ o e |
MR, %5E T 40 HIRES RERFAE . EARTERIIE,
it Sk JR 9 N T PE T 40 (Tregs) 2 8L CD39 k3
IBRFAE, 3% ATP- R AR A Th Ae 2 40 1Y, Xy
BE- BN /8 h PR A5 5% T B4 AL ) L B
TER) “RAMH]” MG . CD39 CHEIESE S 50 £

——

S
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Fh AR P 22 RGUH,  WIfE L EE SR AE H CD39 i
FIE G| L ATP ok BE 7K AR M 3 B0 48 8 A 2 4 12,
FEIR HH B 00 1) 28 e T B A R A R AR 1
—IOC TR RIGYT R R K SRR L H B AT
KW, CD39 5t mM R LR ", BT
FOAUESE H ATP S5A% H R BOE I8 BE Sz Cln
P2X M P2Y ZJR) 55 i Sk I 1) Fh AR B4 2 DA 5%
H W JC B FEUE B K ff ATP 56 4% 1 B2 1) i M A% H R
W (tn CD39) HfwkJmmiE kb x s&. ik, Bk
FEXF CD39 HHF 7T 2 2R AR AE S pE 1T SR ML R 4R
S i ges A ) A L, B AE CM AR R AR B v R
R IE

P PN I R S CR I DIRP S VAN
18 P A Sk AR AL U, WER CD39 1 HR K I e %
i X TNC #0738 K A2, FE%E CD39 Tl
J& s R CM Hp X A O B 8 e e 4 3R 3 R A 5% IR
(calcitonin gene-related peptide, CGRP) )50 'Y,
T IAE CM T HIPER], BAEN CM HIIRYT SIS $i
PP DS, NIRE CD39 7EH I A RGUK TR
VR BRI A

A&

1. SEEA R

(1) LI M sy2H: SPF 2R i AF M Sprague
Dawley (SD) K i 36 X, 1k # 250~300 g,
KRR KL b O (S5 3h 4 A 7= Y ]
iE5: SYXK(¥1)2022-0010) 24, £ &\ KEF
R¥MWEE —ERa LR E (EHFTIES:
SYXK(ii1)2022-0016) 73 F 4 75 . SLG = A i B
22~24°C, AIXHEE 45%~55%, it H st
PEE W 12 AN ERCT R A R E H 3R
B I R B AR R 4ok O . RIS B SLie =
J5 S 7 RGN . AHIF AT IE L R EE R 2 I
JE R R AR B R i (IR E LS
IACUC-CQMU-2025-0234) , J™H&I8 57 54525618
PHAH CHLE o

SEEG R SR BN RIS L 21 . S —:
Saline X IE4H (72 = 9). NTG HiM 4 (72=9), HT
DU R{E; 5296 . Saline XHR4L (72 = 9).
NTG B2 (72 =9), FT G Bk SLIG J G e ¢
J6S2 56 W E CD39 1 CGRP 7K°F; 5236 =. Saline
KL (72 = 9). NTG A4 (72 = 9). NTG + #H ik
4 (72=9)~ NTG + CD39 AU pyrase 41 (72 =9),
FA T 3% EDIZE S 56 45 24 J5 CGRP 7KF-o
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(2> FEEGH: 259 S AR H M (nitro-
glycerin, NTG) i+ 5 KRR 22 @ 55— = Fe (it
5 [EHZ5UEF H11020289); Apyrase (Sigma-Aldrich,
A6535). P EN A SE G — P CD39 (1:1000,
Abcam, ab108248); CGRP (1:1000, Abcam, ab139264);
GAPDH (1:8000, ZEN BIO, 200306-7E4); HRP 5
i 1 2F P % 1gG (1:5000, ZEN BIO, 511203), =F
PUE 1gG (1:5000, ZEN BIO, 511103). G oe 5L
4. — Pi: CD39 (1:500, Proteintech, 14211-1-AP);
Ibal (1:500, ZEN BIO, 382207); GFAP (1:200, Santa
Cruz, sc-65343); Neun (1:500, Abcam, ab104224);
Cy3 Fric #1235 % (1,500, Beyotime, A0516);
AF488 FRic i L 2E PR (1:500, Beyotime, A0428);
DAPI (Beyotime, C1005). BCA & [ ¥ J& 6 il
# % (Beyotime, P0399M), ECL 1k 2% Kt & 5 W
(Beyotime, PO018M), & [ [ 411 ] 51 V2 &5 4 (Be-
yotime, P1006); i g i 1 fill 35 V& & ) (Beyotime,
P1046); RIPA 24 (Beyotime, P0038); SDS-PAGE
Tl (HEBgE, PG112)

(3) EHEFR LA KEOLEE A (£
[ Stoelting 247, M5 ST-51,603) , BOLILEER
s (FE[E Zeiss A, M5 LSM800) , #tfik %
ST RS (3E Fusion A7), M5 Fusion FX7) ,
EES S (20 W, LiEESGRk, A124915) ,
von Frey #1422 ( LilgERIE, BW806) .

2. SEER T

(1) # CM KR 2 [ Pradhan %5 ')
PARIE, KB A& NI RN 4, B H
0.9% S AL AL H 1 mg/ml (1) NTG ¥, %18
10 mg/kg NTG *F K AT IEIEESS, BRH 1K, #F
gEoR, S, RIFEEREE 1. 3. 5. 7. 9 Rift
1745 %5, 5 NTG M IFFIER 0.9% SABIE R
PERNTER, 2h 25 (R A 7 vk SRR 20 — 5.

A B

Apyrase or vehicle
icv.
/ =2

Fp [ 9 25 2% 24 35 Chinese Journal of Pain Medicine 2025, 31 (11)

(T

(2) SEAREALARFIMNG iR S AR
SCHRARIE ", CD39 FAU ) Apyrase LU N = 45 24
(5 SAE T iX . JORIFE Be F A 5 st B M7
R BRI I I v B 10% 7K & & (4 mi/kg) Bk A
LY T I HE (0.01 mg/kg) HEAT BRI, £5 2K R
SHH KRG, BHEE TRk, DR
pIIF 2 A S PNTTRZI A 8 7 A1 P I R [ D
JE EJ7 AT EAR 1 mm B E &L, AR E A R
ATXE# 1.0 mm,  [7) 7255 F 1.5 mm, S w22 (] ]
% . WL IEIEEEHEAN LR E, A
FROKEREE. R KBRMERD 7K, HEH
PR 1) 1 5 28 AR T 47K T o 0 i 2 3 S R IEIR
TR LT, 20 Wl fcE R A a8
EVERS, SRR IR ATXER 1.0 mm, [A]
A5 FE 1.5 mm, fCE IR ER 4.0 mme BRI 5ST
iEdimE Sl EE @Gt 4S8 2 ul
() 2 G 1 A, VRS S 0GR EF ISR 10 43,
BEJEAE 1 b N8 Er. BEsE s, BRRE
BrE TEE M B, BE ST NTG 5.
RPN SRR L 1.

(3) MU 346 /2 ) 3 B {H (mechanical with-
drawal threshold, MWT) il 5&: 2 {8 A ¥ 41 BE 4%
W53k M, B KRANEEEE AR BRI (FLE
5 mmX5 mm) 4 %17 B 5 IR R AT A WL 2 46
(30 cm X 30 cm X 40 cm), AT 30 - BhIAIEE N A,
TR AER) von Frey A4k 22 SN - HIEFE I )
DA, oK 2 2 22 1 1 HE & B Rt il e, 45K
it HE B PR 4 Sk BT AR A 80 4, D)0 e S B
PER Lo 5 2 AU BT, O 2 4 22 T B 1%
BTG RIE, & B 2 siB s ks, WA
FEPE R o 24K B H B RE PR S R, PRI AN 22 560 55
A B, 3G G 4T o 22 9 5 A 5] R PH P N
BB 1 5% P 3 YR S I A BB 5 | A B R ) e /s

l Apyrase (20 pl/rat, icv) or vehicle

(////‘ /[q Cannula surgery Behavioral test before NTG administration > I NTG (10 mgka, p) or Saline
\ X J 3R %) I3 (3N o
\\ N T _@ 9 @I—b
AN Pt Bt
v\ -7 Day 1 3 5 7 9

B1 sRiitE
(A) M =L 2GR AR s (B) SLIRAER
Fig. 1 Experimental design chart

(A) Schematic diagrams of injection sites; (B) Experimental timeline
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YEF 19k, BRI RIRE 5 2%, R KRED
%2 3 KR

(4) EERIE R L. B Saline Xf
T4 (72 = 9)« NTG #A (72 = 9). NTG + #H k4l
(72=9) NTG + CD39 /¥ Apyrase 4 (72 =9) IY
PR RIRGT TG UL AT 50052 5E A
10% 7K & SE R B, IR IR Sk AL SEEUI T TNC
WA, HHLIVERKF] PMSF H1E E B0 ) TR &4
f) RIPA 2R . A3 BCA 25 U B I i ik 77 ik
ITEAERE, B P ) a0 Sk AT
Mk 5, I E A% % PVDF . PVDF JE/E
RN IR AP s A2 b s P 30 g, BE
ES—P4CHEER. KHH 1 XTBST &k
JE 3 Y5, BN HRP BRiCH 90, =iRFEE 1/,
K FH 48 55 7 4k 2% % % (enhanced chemiluminescence,
ECL) JERPI AL G ZR Gl g% BN 4, i
i Tmaged FAFHEAT K JE 54T

(5) PRI B Saline XA (72 = 9)+
NTG A 4] (72 =9) W4 K. MEFEKRE, 5
AT WEHEVE 250 ml 0.1 M B FR 5 2% /Wi (phosphate
buffered saline, PBS), i J5#EiE 250 ml 4% % 5 H %
(paraformaldehyde, PFA), #I4UFEATE 4CHMFTE
4% PFA J5 [l 5€ 24 /NI, AR N 20% 1 30% i
PEVE WK VTR . A8 FH KRB WL B AL B8 4 1
M 2143, DI 1S pm B0 &R OKEE VI R, V1R
N-80°CUKFEIRAE . SIS BUH DI BARXT, DA
2 37°C 0.3% Triton X-100 f§ % 10 /3%, H 10% 1l

A —0— Salne ~—m— NTG

10+

& (o] oo
1 1 1

Periorbital threshold (g)

N
1

0 T T T
0o 1 3 5 7 9

Time point (d)

——

* 829 -

SAMYE 37°CHA 30 4380 BEfE S —PL4CIF B ISR,
PBS jH¥E 3 Wk (BEIR 15 2%t , 5 R85 =
PRI P 3TCHEE 90 738 o 4% YK H DAPL 4k}
B 5 A O R B R B .

3. Gl

% H] GraphPad Prism 8.0 #F 32847 54k 70 #r Mz
BIRZ: M. BT A B 35 LA E £+ bR % (X £SD)
Foone 2 BB ECE . HRAE AT A & “3R
JEI”, JEid G*Power FAFTHE o = 0.05 WK
FHT0.8 G I AR REA R . Geit o dran, A5
Shapiro-Wilk (S-W) IEZ AL Bartlett's test 36 1UF 4L
P EASYE K7 2551 AT NS R OWUR &R 7 22
3 #T (Two-way ANOVA) 454 Bonferroni 5 i A5 45 idF
7500 WA L8 ] Two-tailed Student's t-test; %
2 18] L AR FH LR 255 2240 T (One-way ANOVA) &5
4 Dunnett's f36. P<0.05 NZERH G55 L.

s =R

1. CM K RS A (1) Js D 3 57

TELE 25T RIS 1 K Saline %f #8240 5 NTG #5 #4
NN R AE TC R 2= 7 (HE: ¢ =0.05957, P >
0.9999; & JE: t=1.612, P =0.5280 ) ; 5 Saline
KHHEHALL, NTGHEBIA KR HESE 5 H (RIZE 3k
NTG 45%45)5) #HER (¢ = 4.933, P = 0.0075) & /&
JEE ML WA (¢ = 5.986, P = 0.0011) 2 %3 T[4,
MEE S HES 9 H, NTG B (UM BRI 1R 2%

B —0— Saline —m— NTG
20+
>
5 15 ok
.8 sk
(7]
o
£ 104 -
2
©
o
2
T 97
0 T T T T T
0o 1 3 5 7 9

Time point (d)

2 XHE NTG EHE TR RIE R G 2 JRVUOR B N (72=9, X £8D)
Saline XFIEZLA NTG BB, 5 Vs T4 B AR K /RS H i O RE R (A) A 2R (B) ML 1l

##P <0.01, ***P<0.001, 5 Saline %I HZLAHLL

Fig. 2 Repeated NTG injections decreased pain thresholds of periorbital and hindpaw (72 =9, X =SD)
The changes of MWT in periorbital (A) and hind paw (B) before each time saline/NTG infusion in both control (saline)

group and CM (NTG) group.

**P<0.01, ***P<0.001, compared with saline group.
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B AT Saline X HEZH (35 9 HHESH: r=19.18, P <
0.001; fLJE: r=26.08,P<0.001) , W& 2. Western
blot 45 & 7x: NTG £ 41 K L TNC # £7 CGRP
() 2 [ 3k ¢ Saline X JH 2H i 25 3 15y (¢ =14.95, P <
0.001), WLI& 3. DA E 45K H] CM R BRI AL S BT o

2. CD39 7E CM K il TNC #hi%is N, F#
Fis Tz b

{4 Ff} Western blot X} Saline X} {411 NTG 1 #Y
AR TNC X5 CD39 (4K [ Rk #EA TR,
SEIGLEREM, 5 Saline X 4L L, CM H CD39
FIEARIE (I 4A, 4B) HIL T T (¢ =5.786,
P <0.001); [A] W 4 52 O AR 2 7s CD39 1 BH
MM %L (LI 4C, 4D) R B> (¢ =9.852, P <
0.001 ); PLERIIER T CD39 75 CM i #L i 72 H
HIVETEAER . BeAl, I BUE G 2 b G R i3
—3B T T CD39 7E TNC H Ak e fr . 45 R,
CD39 F 2 AR Tt (WE 5 , X—KIWA
HEfF CD39 7£ CM AJmbLs i f BB 1Rz .

3. i == 73 N\ CD39 ZR{eL¥) Apyrase J5 CGRP
KL

R FL CD39 7E CM A #iX 5 A6 AL il = 1 3 7
YER, AWtFedt—2 08 7 CD39 2K Apyrase
%f CGRP ik A5 2 1) A 35 208 . B 6 B2 iz 5
5625 B B oR, 5 Saline X B 41 A Lk, NTG #2784 41
CGRP % ik 2% 2% Fi (Saline vs. NTG, g = 10.50,
P <0.001; Saline vs. NTG + VEH, g = 11.29, P < 0.001),
I Apyrase - Tl A] & 2% #1 ffi] NTG = 5 45 2455 5 1)
CGRP 3Ri& (NTG + VEH vs. NTG + Apyrase, g =
10.41, P <0.001) .

A

NTG Saline

CORP | M MR R 0,

GAPDH m 37 kDa

——
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(T

W’

ST Y, AR ST I RS R A
NTG JRIh &L T 2 AF R R CM AR, 80k
S NTG 7] 77 Az S5 35 PR [R] RN 77 2 A P 1 v S AL
PR L A, X CM K BB AR ) 2 o b B
REAE, IXEL4E R SIGR IS —5, CM R A B B
S B AT R AE T S R BRI, ) 7 A 3 [
ijy—i [15]o

X BTG A2 15 55 1 R 4 S A S s 98 3 P 5 B
ARAS,  H 40 3 1 3 B rp i 8 T B R BRI 1) 2
whaR AR Y. HERBUA T R R E R R
R CRRSE SR, LA RS9 o = A 5 ok
K2 v R Y KEMRE
B, AR CM F %O B B ) HE A B
ZHLH 1. CGRP &2 5 CM KR 1 AP 4k,
C IR 2 /E 8 CM iR 7 e 5 B0 Rk, ASHif
FIES: 7RI TAERERE 1, R PRE A CGRP ()
Tk KOV RGP X ALIR S . IR AN AT IIRTE 72 O
B NTG 55 CM BLA o (1) sh P 8 AT N 2 I v
CGRP B JBOK T A R Y, R B 1145 T CD39
KUWE, 1EIH CGRP ACEMFERS, AL
WP B, X T R — D IR AW I
UbAh, RSkRTE e m R, I o Sk e o 38 A 1 2
PR S CEHRIE. 2800, CD39 RIE KT
Z MR P, gt CD39 fEMENE KR TS R
Wi s, AHIE S B R R B . (H4E TRk
iR R R E MR 2 5, CD39 MR A S
SR CM BRI 75 B — R R .

B
1.5+ sk
i ue
O
oo
-..60_
o& 1.0-
o
.QS
et
§§ 05 ) o
o® Yo7
c g 00O
@9
o&
“ 0 .
Saline NTG

3 JRE NTG VESTE CGRP & HKTERIE L (72=9, X £8D)
Saline % B ZH A NTG i 4] TNC #5474 CGRP AL G BN & (A) FE B4 E (B)

#*4P < 0.001, 5 Saline X REZLAHEL

Fig. 3 Upregulation of CGRP expression at protein levels after NTG injection (72 =9, X =5D)
Representative Western blot bands (A) and densitometric quantification (B) of CGRP in TNC between groups of control

(saline) and CM (NTG).
**%P < 0.001, compared with saline group.
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A B C
1.04 40+
3 © i
) = > olo
Saline NTG 835 os- o =
S o o o 30 o
S >3 3
c
CD39 — | 70 kDa 59 06 5 S
0 = Fekk e sk
8o [ ] 0% 204 H
i3} Y .{'.
<8 041 [ i u o2 u
© 5 Q
GAPDH |ewmey oumee esmm -|37kDa e g e 25 404
8§ 021 E
o=
E =z
0 T T 0 T T
Saline NTG Saline NTG
D
CD39 DAPI Merge Zoom

Saline

NTG

- ‘ 100 pm

B4 &ENTG EHE TNC 34 CD39 KL R (72=9, X £5D)

Saline X} [ 20 1 NTG B 40 TNC #5462 CD39 KA 2 M 4 1% BN B (A) Fl g
CD39 [FFEPER I (2t REERG (D) FEEDH (C). AR

*¥%P < (0001, 5 Saline XFHEZHAHLEL

BELHE (B); R E IR

=100 pm

Fig. 4 The expression of CD39 in the TNC decreases after repeated NTG injections (72 =9, X £.S5D)
Representative Western blot bands (A) and densitometric quantification (B) of CGRP in TNC between groups of control
(saline) and CM (NTG); Representative images (D) and quantitative analysis (C) of CD39-positive cells (red). Scale bar =

100 pm
*#kP < 0.001, compared with saline group.

REAE NS BEAS 515 5 2 5 0 Sk KBS 1 T
FOERFET /IR 4R RS BE S AR BIEEE,  RIE AR
ARG T AF (41 P2X4R . P2X7R UL K P2Y12R)
BAE AT BT CM IR IRALE e T 78 3 B 75 A AKX
M2 25t (central nervous system, CNS) /1, fi4h ATP
OS2 A T WA TG SRR A AL A R
%%mmxmwn%m¥ﬂM%%MYG J=NG
BR85S Mo 1T CD39 J& —FhRE K S 4b ATP
Lmem%oHM%?Cm9@dw%%hﬁﬁ
SN B2 A 1 28 T AR e A5 B 78 40
WL, 2B #0280 T 0 B M T 0 PR R I
S NG A 45 A & 1 (cAMP response element-binding
protein, CREB) il #% ) % 5% JL 0% H 1 1 (CREB-reg-
ulated transcription coactivator 1, CRTC1) M4l i@ i 5%
SR, 5 CREB 45, #EMKsI ATP/ADP /K
R MDD RN CD39 (H Entpdl &R 2w [1RIE,

S

PO 24T P WA TG T RIBIT R &
PR K B ERURE AL AR E e e B 1Y, CD39 7 1
FErR e, HHUH BSOS SR AE: — 5 i
T BRI W Bk () ATP SEEl DU AR 59— 5 1@
it 5 CD73 4] AMP P FIVEF, ARt f0 b 8L
IR A . SR, H AT R A W AR % CD39
LRIk &R HATUA — U5 2 BURE i Sk g
I NI ot HE 2 1) 9 ), 3 o 3 T e P AR
BV QA AR S 5 A0 & LA T 40 ) WA e
ﬁ, {15393 = 2 W SIS T 4088 (Tregs)
£ CD39/CD73 KK IAFFE, $27~ ATP- i AU
hgesz i U, XA A S BRSO TR RS S A
SHAHIAE. X5 AREBALE CM KR rIt
—H, EAPEA RSO R IR Saline X E
AHLE, CD39 fE CM KR TNC HERik W% F .
TEN CM K BRI = 4P 78 CD39 14 Apyrase J&

m - mnssll
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100 pm

¢ & ¥ -
. P’

5 GETOLKII CD39 7E TNC #AL # %E fir
KB TNC #fL CD39 (L) S22 ihnEM Neun (5010 | /NZBAMEFRED Tbal (2t . BIRIFAHM
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Fig. 5 Localization of CD39 in the TNC detected by immunofluorescence
Immunofluorescence staining of CD39 (red) with neurons (NeuN, green), microglia (Ibal, green) and astrocytes (GFAP,

green) in TNC; The nuclei were stained with DAPI (blue); White arrows indicate the colocalization of CD39 with neurons.
Scale bar = 100 pm
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Fig. 6 CD39 inhibits the expression of CGRP in the TNC induced by NTG administration (72 =9, X =SD)
The changes of CGRP protein expression in TNC after administration of CD39 analog Apyrase: (A) Representative
Western blot bands; (B) Densitometric quantification.
#4%P < 0.001, compared with saline group; “*P < 0.001, compared with NTG + VEH group.

FRLZH K] CGRP i B2 RAE 1G24 . IR, AECREAT IR SR AT il 321 Rk
R FAAE LT RRPE. B %64 T CD39 K4 BE— B T PG KAT N2 TR A . FL AT
Y0 Apyrase Ja Wi 1 Sk R K BR 001 SR THT AR FALKS CM KU CD39 RAUMHEAT H I BEIR R,

W 20255 113 3C.indd 832 $ 2025/11/19 11:42:48 (



e

| T T

JEIR R # 2 & Chinese Journal of Pain Medicine 2025, 31 (11)

A RN A CD39 ] 741) e % 1 2 IR il B R R
£ X CD39 2 5 i #% CM s 3 A= #3047 56 IR AN AN
AT EE AL I

g5 LTIk, AT TR DA ) BRI S NTG

%S 1 CM K BB A fR TNC #4717 CD39 £ IA R
W, XN CD39 5 CM K, #E— B RIME =X
P2 R EAZERAL CD39 54 T I 3 R IR 1 s
REFEH NTG 753K BUR B, FFHEBE TNC
fi CGRP ¥#i&, 7E4 T K& H MK = 3 45 CD39
AW Apyrase J& n] B BEAK TNC AL R AX BRI AR
KEHRIE. PLEGRIER CD39 2511 CM 1
R ER AR AL, SR H BARMLHIIE 75— P A

(9]

(10]

[11]

W 2025FJA 1A S indd 833

FHBZARER. HFRARAILAZF R,

2 % X W

Hovaguimian A, Roth J. Management of chronic
migraine[J]. BMJ, 2022, 379:e067670.

G XUBE BRI, S SRR AL S
TS AR [T, P EOR R 2R A 2016, 22(2):
128-132.

Burnstock G. Purinergic mechanisms and pain[J].
Adv Pharmacol, 2016, 75:91-137.

Burnstock G. Purine and purinergic receptors[J]. Brain
Neurosci Adv, 2018, 2:2398212818817494.

XEERH , XN, T, 55 . P2X4 ZARTEE M Sk R
B = X RRAZ R IE B s 3 [T, AR
ki, 2018, 24(3):169-175

KA, BZ IR, 55 P2Y14 AT e S
/NI T 40 A 3 4 A Sk e £ R R BB [, o A
B, 2020, 26(11):814-820.

Junger WG. Immune cell regulation by autocrine puri-
nergic signalling[J]. Nat Rev Immunol, 2011, 11(3):201-
212.

Robson SC, Sévigny J, Zimmermann H. The E-NTPDase
family of ectonucleotidases: structure function relation-
ships and pathophysiological significance[J]. Purinergic
Signal, 2006, 2(2):409-430.

Kishore BK, Robson SC, Dwyer KM. CD39-adenosin-
ergic axis in renal pathophysiology and therapeutics[J].
Purinergic Signal, 2018, 14(2):109-120.

Badimon A, Strasburger HJ, Ayata P, et al. Negative
feedback control of neuronal activity by microglia[J].
Nature, 2020, 586(7829):417-423.

Nurkhametova D, Kudryavtsev I, Khayrutdinova O, et al.

——

[13]

[14]

[21]

(23]

(T

* 833 -

Purinergic profiling of regulatory T-cells in patients
with episodic migraine[J]. Front Cell Neurosci, 2018,
12:326.

Cui QQ, Hu ZL, Hu YL, et al. Hippocampal CD39/ENT-
PD1 promotes mouse depression-like behavior through
hydrolyzing extracellular ATP[J]. EMBO Rep, 2020,
21(4):e47857.

Hu Y, Yao Y, Qi H, et al. Microglia sense and suppress
epileptic neuronal hyperexcitability[J]. Pharmacol Res,
2023, 195:106881.

Xu JW, Tang SQ, Lin J, et al. NTPDasel-ATP-P2Y2Rs
axis in the sciatic nerve contributes to acupuncture at
"Zusanli" (ST36)-induced analgesia in ankle arthritis
rats[J]. Brain Res Bull, 2024, 209:110909.

Pradhan AA, Smith ML, McGuire B, et al. Characteriza-
tion of a novel model of chronic migraine[J]. Pain, 2014,
155(2):269-274.

Edvinsson L. The trigeminovascular pathway: role of
CGRP and CGRP receptors in migraine[J]. Headache,
2017, 57(Suppl 2):47-55.

Tian R, Zhang Y, Pan Q, ef al. Calcitonin gene-related
peptide receptor antagonist BIBN4096BS regulates syn-
aptic transmission in the vestibular nucleus and improves
vestibular function via PKC/ERK/CREB pathway in an
experimental chronic migraine rat model[J]. J] Headache
Pain, 2022, 23(1):35.

Latremoliere A, Woolf CJ. Central sensitization: a gener-
ator of pain hypersensitivity by central neural plasticity[J].
J Pain, 2009, 10(9):895-926.

Su M, Yu S. Chronic migraine: a process of dysmodulation and
sensitization[J]. Mol Pain, 2018, 14:1744806918767697.
Iyengar S, Johnson KW, Ossipov MH, et al. CGRP and
the trigeminal system in migraine[J]. Headache, 2019,
59(5):659-681.

Jing F, Zhang Y, Long T, et al. P2Y12 receptor mediates
microglial activation via RhoA/ROCK pathway in the
trigeminal nucleus caudalis in a mouse model of chronic
migraine[J]. J Neuroinflammation, 2019, 16(1):217.
Cassavaugh J, Qureshi N, Csizmadia E, et al. Regulation
of hypoxic-adenosinergic signaling by estrogen: implica-
tions for microvascular injury[J]. Pharmaceuticals (Basel),
2023, 16(3):422.

Jiang L, Zhang Y, Jing F, et al. P2X7R-mediated auto-
phagic impairment contributes to central sensitization in
a chronic migraine model with recurrent nitroglycerin
stimulation in mice[J]. J Neuroinflammation, 2021,
18(1):5.

2025/11/19 11:42:48 ’7




