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AE B4R 8" 2X3(P2X3) 4R (P2RX3 ) A B 361 45 M s 45145 (TBL) K R AY 2 2 db il B a9 v, T3k adad AU A5 45 AU K
P47 TBI # 48, #4259 54 R TBI #4 Xk A A4 4 TBI 28 (n=10) TBI+NC-sh 28 (n=11) TBI+P2RX3-sh 1 (n=11).
TBI+NC-OE 41 (n=11)#= TBI+P2RX3-OE £8(n=11)¥ 131 7 Bk 7 K 47 F & 4269 K R AE % Sham 28 (n=10), TBI+NC-sh 41,
TBI+P2RX3-sh 41\ TBI+NC-OE #8.#= TBI+P2RX3-OE 41 X & 4 #1 i 1 i 4+ NC-sh ,P2RX3-sh NC-OE £1#= P2RX3-OE, Sham %1 7w
TBI K Rm M5 S AM K, FREH TAERRELH 1K, 14d BBATRM . £ K BAYE ) 6885 5k 30 K RA
24k, KA Morris Rk T R FMikmI i, KA BERGITFERFY P ERBMITAHF, RAFRTEMNERALRESKE, K
A TUNEL ¢ & 4l 20 fe 8 o= R %95 5 4 & 4-m) BDNF 3¢ k5% % . 5K A RT-qPCR #4] P2RX3 mRNA K-F, K A Western
blot #&m] P2RX3 .BDNF, TrkB.p-TrkB. % & i# B B(Akt) .p-Akt.Bcl-2 #= Bax & &g /K-F, &R : 5 TBI 444= TBI+NC-sh A b4z ,
TBI+P2RX3-sh 8 & &, 49 P2RX3 mRNA #= % & #8533 K - AR (P<0.05 ) , Ab 22 2 6 3% o | 3 38 H 4K 2 e il A 7K 3 3 9 55 (P<0.05),
60 s 189 F AT & kB, EHARLF R A KT AR B & 3 A& (P<0.05), TUNEL a1 % Fo Bax & & 4843 K- 4+ 3 (P<0.
05),BDNF #g %t 3% 3% & A % Bcl-2 BDNF . p-TrkB #= p-Akt % & #8 5+ K F B4k (P<0.05). %5 TBI 204= TBI+NC-OE 41 1t 4% |
TBI+P2RX3-0OE %1 k .45 P2RX3 mRNA Fo & & #8343 7KF I+ 5 (P<0.05) , A% 22 35 48 3 &~ 238 i AR 0w i B 7K 3 39 E4K.(P<0.05),
60 s P89 FA-F & R4, EBRTFERRTARE T EFH 5 #3373 (P<0.05), TUNEL [ & F= Bax & & 4853 K -F AR (P<O.
05),BDNF #8243 %.3% /£ vA & Bcl-2 . BDNF . p-TrkB Fo p-Akt 5 & 48 54K -F 7+ % (P<0.05) . £5i8:P2RX3 £k & TBI 5 Lif, A L
i P2RX3 B A PR AP 22 2 kbl I a9 4R R, Lhuh] 5 80% BDNF/TrkB/Akt 15 538 A % .

FERIT : 4] 45 M R AR A5 5 w4 2X3(P2X3) %4 (P2RX3 ) ; 4% 22 3 4 1% H_; BDNF/TrkB/Akt 4% 53 #
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Effect of P2RX3 Gene on Neurological Function Recovery in Rats with
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ABSTRACT Objective: To reveal the effect of purine 2X3 (P2X3) receptor (P2RX3) gene on neurological function recovery in rats
with traumatic brain injury (TBI). Methods: The TBI model of rats was made by craniocerebral injury instrument. After the model
establishment, 54 TBI model rats were randomly divided into TBI group (n=10), TBI+NC-sh group (n=11), TBI+P2RX3-sh group
(n=11), TBI+NC-OE group (n=11) and TBI+P2RX3-OE group (n=11). Rats which only cut the skin without hitting were taken as Sham
group (n=10). Rats in TBI+NC-sh group, TBI+P2RX3-sh group, TBI+NC-OE group and TBI+P2RX3-OE group were injected into the
brain with NC-sh, P2RX3-sh, NC-OE and P2RX3-OE respectively. Normal saline was injected into the brain of rats in Sham group and
TBI group. Rats were injected again 7 days after the first injection, and the samples were taken 14 days later. The modified neurological
deficit score was used to evaluate the neurological function. Cognitive function was evaluated by Morris water maze test. Sucrose
preference test and open field test were used to evaluate behavior. The water content of brain tissue was measured by weighing method.
Apoptosis was detected by TUNEL staining. The fluorescence intensity of BDNF was detected by immunofluorescence staining. The
level of P2RX3 mRNA was detected by RT-qPCR. The protein levels of P2RX3, BDNF, TrkB, p-TrkB, protein kinase B (Akt), p-Akt,
Bcl-2 and Bax were detected by Western blot. Results: Compared with TBI group and TBI+NC-sh group, the relative levels of mRNA
and protein of P2RX3 in TBI+P2RX3-sh group decreased (P<0.05), neurological function score, escape latency and brain water content
were all increased (P<0.05), platform crossing times within 60 s, sucrose preference rate and horizontal and vertical activity scores all

decreased (P<0.05), TUNEL positive rate and the relative protein level of Bax increased (P<0.05), the relative fluorescence intensity of
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BDNF and the relative protein levels of Bcl-2, BDNF, p-TrkB and p-Akt decreased (P<0.05). Compared with TBI group and
TBI+NC-OE group, the relative levels of mRNA and protein of P2RX3 in TBI+P2RX3-sh group increased (P<0.05), neurological

function score, escape latency and brain water content were all decreased (P<0.05), platform crossing times within 60 s, sucrose

preference rate and horizontal and vertical activity scores all increased (P<0.05), TUNEL positive rate and the relative protein level of
Bax decreased (P<0.05), the relative fluorescence intensity of BDNF and the relative protein levels of Bcl-2, BDNF, p-TrkB and p-Akt

increased (P<0.05). Conclusion: P2RX3 is up-regulated after TBI in rats, and up-regulation of P2RX3 can promote the recovery of

neurological function, and its mechanism is related to the activation of BDNF/TrkB/Akt signal pathway.
Key words: Traumatic brain injury; Purine 2X3 (P2RX3); Nerve function recovery; BDNF/TrkB/Akt signal pathway
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VAT 8475 PE I3 5 473 ( Traumatic brain injury, TBI) J&5 i 4% &
PRI 3R TBI K 15 (1) 2240 . B AR IMBEF AR AT IR
TBI B35 W AET- 2, (B JC kb S db &2 PE B 47 , IH] I B0k R 5%
e, BEAFHL T % TBI J5 198k & M0 & A= HLAE R T 5 i
Bith, O KEEEVIRIECE 2R 9 RikS 5T TBI
JE kB PR B R A= B, IR 2X3 (P2X3) 7 {& (Purine 2X3,
P2RX3 )& P2X FRJR MY IEMS 3244, 1 2 = W52 IR 1 (Adenosine
triphosphate , ATP ) [ IEEN4 37 (A 2 — , AT AR M LR ] 358 B8 3 i
WS ATP iR B E B2 4% WF9E R P2X3 fl P2X3 21k 5
P 22955 FELPE R A PRI AH DGR, P2RX R B ik W P i
MG A RIS G B M A& R 1 Y, Forh P2RX3
EEA KD REEZEH B, MR IE, TBI KR4 2
P2RX3 F2ik 13, P2RX3 (i R E#E T NG108 4 i i 2
FEARKP BRI, R P2RX3 7 TBI HUR IR MR T fE . I TR
P 225 3% [N T ( Brain-derived neurotrophic factor, BDNF ) & H:
F 2B AR LR (A OGN E B ( Tropomyosin-related ki-
nase B, TrkB) ZEA2 i 2870473 L 28 Hh ] 3 e s D ge b &
545 G VE ™, BDNF 1] f 4050 P2RX3 DR Y, i %
FgE N, HAl P2RX ZKHE K 51 P2RX4 =il 25 5T BDNF (1)
FER™, LR 15 4R P2RX3 R H KRBT RES 5 T TBI
Ja B4k & M%7, OF BT RE S BDNF RYAA 55, Rtk , ABFT
PRUTT P2RX3 %) TBI K R 2T ARk 5 15 1 B vl e AL
B 1Ef 7R P2RX3 18 TBI J5 4k &M 05 o i ] KA E IR YT
S VS

1 AR5 07

L1 ##

1.1.1 28835 BIEXTIE shRNA (NC-sh) P2RX3 shRNA
(P2RX3-sh), BIfExf it #ik (NC-OE) #l P2RX3 i ik
(P2RX3-OE) 18k #f Z4E LE 7 HIL NGl . SRR RIAL
(HE) .Nissl Al TUNEL %4 .RIPA 2 .BCA k57| & .ECL
R & B3 = RAYEARPIF T . RNA $RBUR5 & 5 2
Qiagen /7], PrimeScript RT reagent Kit with gDNA Eraser
F1 SYBR Premix ExTaq II Ity § H A< Takara /A&, —HiA1 Pt
PO F 92 [ Abcam A F],

1.1.2 KIezh#  SPF ¢ SD KRR (7~8 Jaii%, IAFIE 240~
310 )W BT BERL R [SCXK (7 )2023-0001], K FRTE 23+

2°C \55+5%ME (12 h SGIEIEER A 5E B PR EE T in) 5%

1.2 ik

1.2.1 TBI X BARBAHIE @t 3 E PSI TBI-0310 /i i 45
i aAT TBI AN, 3G bE 244 (40 mg/kg ) BRI B, AR [
FE TGS AR A b, VI R R, 22 T0E- 85 FF ELAR 4 mm 9B
T, T AU A5 I S (R < 5 /s, YR < 4.5 mm, 452 BY B
[F]:400 ms), BBl 285 k. 60 LA TEHM KR A
54 HEBOT), i Zh 90%.

122 XBRSERAE 54 2 TBIEFRIRRBENL 9 TBI 4
(n=10) TBI+NC-sh 2 (n=11) . TBI+P2RX3-sh # (n=11),
TBI+NC-OE 2 (n=11) il TBI+P2RX3-OE #H (n=11), ¥{X Y] FF
W R AT 5 & LA K BAEA Sham 41 (n=10), TBI+NC-sh
2H  TBI+P2RX3-sh 21 . TBI+NC-OE #H 1 TBI+P2RX3-OE £H K
BT 10 WL St v SR VR B S ke A RS 2.5 mm, 43531
A 8 pL Yy NC-sh P2RX3-sh NC-OE £H#ll P2RX3-OE, &
A 1x10°TU/mL, {44 N 0.5 wl/min, Sham £ A1 TBI 41k
BRI NS 8 WL A= 3R K . TS SE S fE B s L, 885 Bk -
BERTEN 7 d JERRTES 11K, 14 d J5 #EATHU

123 KEBWENEITEM  RAYNRAZEIIRREHT /50
MR EBRAHATRE 43535 0~ 18 43, 43-(E bR = Bl i d ™ 2
124 KEINFZHEEIEM  SRA Morris 7KK 5 LI A A
IifglY, 2£[E CleverSys Gene&l Morris 7K B 22 45 322t WL
SHTESG FIEACH (2 150 cm 55 60 cm) FI¥k A= vl & (A2
12 con )AL, K3 5 B TR —Z R AU KET T 2 em &b, ilad @
PLAT S SR Ve AR A , B it 23 (MR R SE e % 60 s I
T B g R TP KR 30°C, KT 35 em,

125 KEBRIATAHZEEM SRR R A S5 I 1 SE 0 F
MREBAT RS MR G325, 2 i ss 1R F R KR
1R 1% R T P BE A T, KRR
KEEE 12 h JFIAZES, 6 h G/ MF H kA 8. 12 h J5
PR FIH R R IR R R A2 . S I i A G
B o 25 A A AE RS R IE W & (K 58 R =100:100;
40 cm), KRB & FIEEBHUC A K 5 min Py Y 25 R 4%
FUCBE 7K 05 B 2050, 5 min P 9 1 7 PR 85 b Y B PE hy e
HIEE L

12.6 XKBRMALASKENNE RAFEEM EHGHA S
AR PRI BRI I AL TR K vk R BR 2, B 4R
TR e 5, 95 CHLKE 24 h J5 il & T2, /K =(JB&E
- T/ B Ex100%,
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127 KRRALREERE I NIREHSH I 5 wum J&
AU R 2R HE Je SR 2UE S, R Nissl e @52 e
[RMIEZS , >R H TUNEL et g2 4n i -,

1.2.8 @3N LETEHT BDNF Rik Bl & GrHie;
MIRRGZH LA EEY) 7 L R i 6 2 Bk Ak, 0.01 mol/L
FIAIRBRENZE thYA TR (pH6.0) &b 10 min HEATHUEEE , H
0.25% Triton-X 100 55 {15 5 min, I 10%I1E % 97 1fiL 7% 4 4
[4] 30 min, ##53 / 5 BDNF —#1.(1:500) 7 4 CHFE E K o
RG5O P (1:500) ZFIRMFH 2 h, A1 DAPL X4z 4 4
5 min, Jfiff FH LA W ALBRAOER IS, 1 Image T #4440 H725¢
ORI

1.2.9 RT-qPCR LIl P2RX3 EEFKIEKE i ] RNA
PREGA & (575:74104, 32[E Qiagen AH]) FRHUGLH LA
RNA, {#i i PrimeScript RT reagent Kit with gDNA Eraser( 575
RRO47A, H 7 Takara 2 &) B2 HUT RNA 5% 5% 5 cDNA,
Jf-ffi § SYBR Premix ExTaq I (DRRO81A) #1% [X LightCy-
cler480 PCR & 4: 47 PCR, PCR 441K :95°C 5 min,95°C
205,56C 305,72°C 30s, 340 MEFH. FIWIFIWT .
P2RX3. IE 1] 5-TGGACAGGATTTTGCCAAGC-3"' F1 [ [1]
5-CTGAAGTTGTAGCCAGGGGA-3', B-actin: IF [i] 5-TGCTT
CTAGGCGGACTGTTA-3" #1 Jz [1] 5'-CGTCACATGGCATCT-
CACGA-3', B-actin fE NS, H 2* T BB AERXT KT
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1.2.10 Western blot SEIG#G M EHFRIEKF  RIPA {EHURKA
AU H,BCA Wi, 1 10% SDS-PAGE 73 B, 285
%R 3| PVDF i, 5% g 2R 0 &= A 2 5 5 P2RX3(1:
1000) .BDNF(1:1000) . TrkB(1:1000) .p-TrkB(1:1000) .7 [ i
fifi B (Akt)(1:1000) .p-Akt (1:1000).Bcl-2 (1:2000) Bax(1:
2000) Al B-actin(1:1000)—4i 4'CHEF IR . RIFH LT 1gG
H&L(HRP)(1:500) —HiZ #i#FH 1 h, ECL 5 5 min, B-actin
YE N2, i Tmage J 300X 36 1 45y IR BE (HLHEA T2 2
1.3 SEitEaHn

SPSS21.0 4 Fl T 43 M 5t o 4 1m) 2 = 43R FH B R 20
2SR LSD Al . /KR P<0.05,

2 &R

2.1 FAXRAAL F P2RX3 HRIA

ARl b H#ZH i P2RX3 19 mRNA FIEE HAHX K22 54
Giitsim L (F=1810.606,1485.345,P<0.001), 5 Sham 41 [t
5, TBI 20 K B P2RX3 mRNA F1 7 [ A X 7K - Tt 55 (P<0.
05), 5 TBI £l TBI+NC-sh £H Ht.45 , TBI+P2RX3-sh 2 K [
P2RX3 mRNA FZE [ AHXT K F-FEAL (P<0.05), 5 TBI 41 #1
TBI+NC-OE 41 H %, TBI+P2RX3-OE 1 /) mRNA F1% [ 1 %F
KT (P<0.05), WK 1,
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Fig. 1 Relative mRNA and protein levels of P2RX3 in brain tissues of rats in each group

Note: A and B: Relative mRNA and protein levels of P2RX3, respectively; Compared with Sham group, *P<0.05;
Compared with TBI group, “P<0.05; Compared with TBI+NC-sh group, P<0.05; Compared with TBI+NC-OE group, * P<0.05.

2.2 P2RX3 ¥F TBI K R #1£2 Th BE A #2 0T

AFRBEAM KB LTS EZRAHITFE X
(F=174.750,P<0.001), 5 Sham 1 Fb4%, TBI 20K B H £ D)
B TE 4 FFi (P<0.05), 5 TBI 41 fl TBI+NC-sh 41 [t %% ,
TBI+P2RX3-sh 2 [ T RETTE 4> TR (P<0.05), 5 TBI 41 F1
TBI+NC-OE 4 .45 , TBI+P2RX3-OF 4 i ## £ L) RE T 43 F A%
(P<0.05), WA 2,
2.3 P2RX3 ¥t TBI kR IAEITHAEH B0

AN A FHAH A BRU A 0k sl v R A RN 60 s P 19 28 18T 5 8K

ESAH G L (F=166.383,278.265,P<0.001), & Sham 4]
Fe A, TBI 4 K B b st v AR A T 7, 60 s DAY 288 - 5 U 8K
[ P<0.05) ., &5 TBI 40 fll TBI+NC-sh 41 [1#¢, TBI+P2RX3-sh
20 K BR A 3k 3 v ORI 157, 60 s P9I 2 T 5 YRBIUAIG (P00
05). 15 TBI #1#1 TBI+NC-OE £ ¢4, TBI+P2RX3-OE £H K B
M3 3REVE R IR AR, 60 s P 2 T 5 IR BT (P<0.05 ), T
3,
2.4 P2RX3 ¥} TBI K RITHZFRIZ N

AR BRAE R R L 2R KO- IR S B = R A 4t
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K& T+ (P<0.05). 5 TBI 41 # TBI+NC-sh 4 L % ,
2 a0 TBI+P2RX3-sh 41 K B 4141 £k BT+ (P<0.05). 5 TBI
2 s H& 2L il TBI+NC-OE 41 H 4 , TBI+P2RX3-OE 41K B A0 I 4141 £
2 ok * JK AR (P<0.05) , HE #il Nissl ?ﬂ@é*%ﬁ/? Sham 24 K FR
2 10- A ALBU A5 I TBL ALK R BT A 20 . M 2
= b, 20 MOA% [ 4 559 7% 5 5 TBI éﬂ%ﬂ TBI+NC-sh # L #¢,
T 57 TBI+P2RX3-sh 41 Jc B 41 40§ 0 & ; %5 TBI 41 F
5’ . TBI+NC-OE £ [t %% , TBI+P2RX3-OF £H K B i 20 245 445 ek 4% .
& & S S FoF LIS A o o e g e i
S ra q§+ RS qj" 2.6 P2RX3 ¥ TBI K R i £H 43 48 B8 - B 2 01
S I L NIl AhFEZE A B A TUNEL B4 Bel-2 il Bax & 114
<® &Q’\ Stk 22 B Gt 2r & X (F=238.834,551.252,188.435, P<0.

B 2 REAXRREHEINBETTS

Fig. 2 Neural function scores of rats in each group

Note: Compared with Sham group, *P<0.05; Compared with TBI group,
P<0.05; Compared with TBI+NC-sh group, “P<0.05;
Compared with TBI+NC-OE group, * P<0.05.

245 L (F=96.863,124.119,242.014,P<0.001 ), 5 Sham £ [+,
5, TBI ZH KRB T AR it 4 238 R K T LA B 3 L3 50 43 B RAIG
(P<0.05), 5 TBI 41 H1 TBI+NC-sh 4 [t % , TBI+P2RX3-sh 4]
TR TR I A 2R KO LA S 2 B S A BB (P<0.05) . 5
TBI 41 #l TBI+NC-OE 41 35, TBI+P2RX3-OE 21 K LAY JiE b
s8R B 3 B B 3 B8 (P<0.05) . TLIET 4.
2.5 P2RX3 3¢ TBI X A% 40 4R #5457 B 22 Pl

AR KRB A N G KE2ZERTBRITEE XL
(F=29.061,P<0.001), 5 Sham 20 H.#% , TBI 41 B2 21 2

001), 5 Sham 2] e, TBT 41 K ¥ TUNEL PH 3%l Bax &
FFHXT KT (P<0.05),Bel-2 25 AR KRR (P<0.05)
5 TBI 4] 1 TBI+NC-sh 41 H % , TBI+P2RX3-sh 41 K iR Y
TUNEL P 260 Bax 8 A X /K- I (P<0.05) , Bel-2 25 14
AT KBRS (P<0.05), 5 TBI #H 1 TBI+NC-OE 4 HL%%,
TBI+P2RX3-OE 41 K fil 1§ TUNEL BH4: % il Bax & [ #H X} 7K
EFEAL(P<0.05) , Bel-2 F& FHAHN K- THE (P<0.05) . WL 7,
2.7 P2RX3 %} TBI k FEs£H 4 BDNF/TrkB 1% S1& B 9 221
AN[Fl4b ¥4 ) BDNF FH% 0858 B 2L & BDNF  p-TrkB #il
p-Akt FE H A K22 2 GE T2 3 L (F=698.125,511.148,
428.297,757.360,P<0.001), 5 Sham 4 Lt %, TBI 41 K Bl A
BDNF A% %)t & LA & BDNF il p-TrkB £ 1 AR X AT
(P<0.05),p-Akt & [ A X K FRAL (P<0.05), 5 TBI 41

TBI+NC-sh 41 [£#4 , TBI+P2RX3-sh 25 K il £ BDNF A X556
54 & A & BDNF .p-TrkB Al p-Akt £ F AH X 7K - [ fi% (P<0.

Sham TBI TBI+NC-sh TBI+P2RX3-sh TBI+NC-OE TBI+P2RX3-OE
o
| ]
A
100 . L 8
H& g
7 L
= = 6 A
5 ¢
= cn
2 £
= 24_
8_ '.5 * * *
S 3, &
£
0_
S & K S Q& F X X
N N
L KL & L & H
B <Q & C <@ &

B 3 P2RX3 Xf TBI & RIAZ DhaERI #20
Fig. 3 Effects of P2RX3 on cognitive function in TBI rats

Note: A: The rat swimming path; B and C: The number of times of crossing the platform within 60 s and the incubation period of escape, respectively;
Compared with Sham group, *P<0.05; Compared with TBI group, P<0.05; Compared with TBI+NC-sh group, “P<0.05;
Compared with TBI+NC-OE group, * P<0.05.
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Fig. 4 Effect of P2RX3 on behavior of TBI rats

Note: A-C: Sucrose preference rate, horizontal and vertical activity scores, respectively; Compared with Sham group, *P<0.05;

Compared with TBI group, *P<0.05; Compared with TBI+NC-sh group, ¥P<0.05; Compared with TBI+NC-OE group, * P<0.05.
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Fig. 5 Effect of P2RX3 on water content in brain tissue of TBI rats
Note: Compared with Sham group, *P<0.05; Compared with TBI group,
#P<0.05; Compared with TBI+NC-sh group, “P<0.05; Compared with
TBI+NC-OE group, * P<0.05.

05). 5 TBI 44 #il TBI+NC-OE #H [t %% , TBI+P2RX3-OFE 4H 1Y
BDNF % %¢ 55 B2 ) & BDNF p-TrkB Fll p-Akt 2 [ AHXT 7K
FF1E(P<0.05), WLE 8 FIE 9,

Sham

HE staining

Nissl staining

& 6 P2RX3 Xf TBI

C-sh

hs

X R H LR I RE A (400 )

3 Ptig

H Hi, TBI f3AY7 3 ZE4E vh 7y /D gk & B A Al s v
TIREMKIZ )5 TH o 4k 2 PRS00 A 2D e A H RS 10
R, SAMUE T K RN R IE S — R RN A
SR TBI J W4k & B HL] 5 22 Fh LR i S8 ik A7 06, 1
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Fig. 6 Effect of P2RX3 on brain tissue injury in TBI rats

Note: Compared with Sham group, *P<0.05; Compared with TBI group, *P<0.05; Compared with TBI+NC-sh group, P<0.05;
Compared with TBI+NC-OE group, * P<0.05.
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Fig. 7 Effect of P2RX3 on apoptosis of TBI rat brain

Note: A: TUNEL staining image (400x); B: TUNEL positive rate; C and D: Relative levels of Bcl-2 and Bax protein, respectively; Compared with Sham

group, *P<0.05; Compared with TBI group, “P<0.05; Compared with TBI+NC-sh group, “P<0.05; Compared with TBI+NC-OE group, * P<0.05.
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Fig. 8 Effect of P2RX3 on BDNF expression in brain tissue of TBI rats

Note: Compared with Sham group, *P<0.05; Compared with TBI group, “P<0.05;

Compared with TBI+NC-sh group, ¥P<0.05; Compared with TBI+NC-OE group, * P<0.05.
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