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Regulatory effect of protein kinase A and protein kinase C on P2X;-mediated inward current in rat dorsal root

ganglion neurons
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[Abstract] Objective To investigate the regulatory effect of protein kinase A (PKA) and protein kinase C (PKC) on the

function of ATP receptor P2X; in cultured dorsal root ganglion (DRG) neurons. Methods Rat DRG neurons were collected,
cultured and subjected to exogenous ATP treatment to induce transient inward current. Whole-cell patch clamp recording was
employed to observe the effect of TNP-ATP (P2X; and P2X,/,; receptor antagonist) on the induced current. Meanwhile, the
regulatory effects of PKA and PKC agonist on ATP-induced transient inward current were also observed. Results TNP-ATP
inhibited ATP-induced transient current in cultured DRG neurons in a dose-dependent manner, with the IC;, value being
(21.7+£7.6) nmol/L. PKA agonist forskolin (1 pmol/L) and PKC agonist PMA (1 pmol/L) inhibited ATP-induced transient
current rapidly and reversibly. Conclusion PKA and PKC can inhibit ATP-induced transient inward current in cultured DRG
neurons, probably through inhibiting the function of P2X; receptors. It indicates that P2X; receptor regulation by protein
kinases may participate in the development of pain.
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X 2 A0 R T R M A T 2 — Ll e O P2 X (iC
P4 A e R BH S ) A2 MR I R
ATP ZRF R FE AT 0 P2X Z M G H A
IR P2Y ZARH R RR B P2Xs Z IR FF 5
P 28 T 5 05 F M2 AHC /N BAR T AR pp 2y
(DRGMZ It 7, e 2/ B MBS 32 9 DRG 40
M L, ATP Al & Y 3 R LI (Tare) « W B Y | 2718
DL B UAH R (A 75 B 0 2% 48 75 Ff s 43 . A i
FH K P2X. il P2Xs J [ fl B/ BRS 245 3 22 7
PR P2X, 8¢ P2Xos Z AR S E 8 A Tare . P2X5
ZARA G T DAY Tarp 5 P2Xs A1 P2Xes
ZARFI A e A D Hod BRI B T BB AFTE
T DRG 1Y /20 i v, #0020 AL AF 58 R P2 X
P TR P b 3R R T B R U DRG /N4 i
H SRR B P2X, Z RS S SR R 01
o S I RE NS R A U o e b Ve I AR (A

AW UESE P2X 24K A & F ¥ A (protein
kinase A,PKA) Fl1E FH ¥ C(protein kinase C, PKC)
EAAALENN IR R R B T A ATP Z Ak
(T RE AT DL 40 A P9 R kR 5T B PKA A
PKC 527 il LI 5 73 8 15 97 1 DRG # £27C P2X; 3%
TR TIIRE M A VG A . AR 58 40030 23 4 40 i 5 5
A0S 7E R B B R R 1) DRG 20T 1, g%
AMNETE ATP 375 S A E I 289 Py 1) A 3 L O A X —
HLLA P2X; 325 FE R Al WS PKA A1 PKC
X P2X, B2 AT 0 N 1) F G 0 R T 4 AL AT R 9
B T 1 A1 FE AL BIE 5 AR S 6 A B

1 #EIMTTE

1.1 DRG#ZA5&ARHR SD KRG H. WA
HERR B B ISR S o) R BT 200 g 2 A
Pesg b3k 4b 58, B L, s DRG, & F L-15 #53 h
(Life Technologies, Paisley, UK) , ¥ i &5 & T 4
ml %A 1.5 mg/ml I J5E i (class [T » Sigma) Fl 6
mg/ml 2F 13 H 45 H (BSA; Sigma, Poole, UK) 1Y
ToH5 TEE Hank P £l 35 5 W (Life Technologies) #,
FE 37°CHYMEIR FFE 45 min, SRJ5 KM B F 4
ml & 1 mg/ml W EEF (Sigma) P, 7E 37°C T E 15
min, M 1 ml ¥ FW[H S H 10% M4 1M7E (Gib-
co), 50 ng/ml #1 £ 4 K A F (Sigma) . 2 mg/ml
NaHCO, .5. 5 mg/ml % %j §% . 200 pg/ml penicillin
F1 200 pg/ml streptomyecin 1 L-15 5 55 W 4 W% 4%
BRRFT B AR P 22 03 B B AR X 2 A i
B7EM 10 pg/ml J2 % # M (laminin; Sigma) MG IR
i B 35 mm BN L, FEEA 5% CO, RBUNED
37°CHHIRA I E .6~30 h WL EARTE 25 pm DL

TR T,

1.2 AmRp ik RHE BB 0
MR, R ARG AR TR RT . @ 2 1 ml VE
SR 10 S5 B I — 2 0 IE R (29 10 emH: O,
1 emH.0=0. 098 kPa), By 1k <y A 7 L B Y K
2 TRV P IR R B T R R 2 i 1T 5 R
FIFE IR, 240 3% o A 12 ik 40 it ¢ 1 A, R ol 1 e
SEHL B N R OR AT AR i o — R (29 20 ~ 30
e H O) o 5 HL B AN 41 A B 2 187 T 1 55 %% 42 L ) 4%
FHALFILEP I TH 2 GQ . I o iR it Jon 58 K 7
JE (29 100 emH,O) W] AT W2 A8 v A% Jis 1 J7 19 16
TE B4 40 G0 S B 2, B RTOE R A AN R R . A 4
JiELFEL 3 G SR 3 F AT 4E HE 20 40 min, S5 K IR K
22~24°C  Frid # W15 5 i A Axopatch 200B & i
Bt K 4% (Axon Instruments, Foster City, CA,
USA) , K i BT R B2 (A5 5 LA 366 7 =X () 1 i 1) 0
RS S ASCHE 3 BT L L IE SR M5 5 M M A7 S
3 HT Ak B DL K 5k T S H A 4 T A0 A R A H R R
Axon A A pClamp 9. 2 BMA45E .

1.3 %%k &% P2X, . P2X, il P2X,: 3% 1K
P55 PE LT TNP-ATPY  PKA # 317 forskolin
F1 PKC 8 3h 70 6 3% i (PMA) ¥4 [ Sigma Aldrich
ONED L, LU R AN A o 24, il SR R R A T
JNIEHE IR A 88 (DAD-12 Superfusion System) B A []
I, AT BRI 45 B 250, 45 2 & g 1 2R i Dy
AHEBHAL ., WA R 100 pm, BB 400 250 pm,
L AT — 8 vh 38 A48 /M (Kreb 80O H T 25 2 1E
Fwbge, AR A (HL-2 B 3E4T 20 i 41 3 0 L 46
ZIATRI<<4 s, 4 Z5EFEh 4 s, 2525 R B 270 4 min, ff
AT 2 R R AT, AR S S DL N SR IE R L R
F1i%E#EH 200 mmHg (1 mmHg=0. 133 kPa) , 7 5 H
F 1 Y PR 2B 4 5 mV,

1.4 %itFas® REEFTABIEHU v+, R,
B pClamp 9. 2 MR A R G2 1 EDE . B E A
Clamfit 9. 2 P A0 B 2 G2 kA 700 & 43 1 AR AL
FR 200z i Ze e R 51 A 2 Origin 41 3R Ze bk
FHEEELH . Y =A/[1+(K/X)™ ], i A Rhr i
AR OE LR N |- W QS D pala o Ny VAL D E Y 71
&, nH o Hill ZECCH Hill FBRHD . 24 A 4
SR FHBCAT ¢ K58, K 307K F- (@) 2 0. 05,

2 & B

2.1 ATP# R éymar A &k £ % d P2X, LA
¥ DRG #&I0sr @ E 6~30 h WH T 385,
M F ATP (10~ 100 pmol/L, 4 s) Bf, 46. 4%
(65/140) 1 DRG 4 Jifd i 31 — > PR 3 38 3% A1 2% 36 1Y
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Bk BsF 784 PN 6] B, 9 (transient inward current) , & {E N
(0.4840.21) nA;8.6% (12/140) HY DRG 40 it
P — A PR N R 27 48 R NS Y 22 18 T DY 1) AL IR
(sustained inward current) , g {E >~ (0. 37 £ 0. 13)
nA;34.3% (48/140) 9 DRG 4l fifd i B8 — 4~ XUAH 1)
PN 8] B, 3 (biphasic inward current) , Bl 43 5| 7 — &%
Gy NS W AT A — 8 4 R K 43, IR B R (0. 53 £
0.18) nA, 5 AM#E 15 4~ (10. 7%) DRG £t
ATP AEes R E RN, LRgER#ER ATP 7%
KA BT AL R 2 P2Xs A

R T — B E S ATP i K 0 B I 2 H 3 2
P2X; AR T 0 AW TNP-ATP > BH W7 X — 2%
A= IS I T BN 0 P % o [ o7 N i 7 -
TNP-ATP (1 ~ 100 nmol/L) 4 min, TNP-ATP X}
ATP (100 pmol/ L) 5 % 1) 1k Bsf 0 H, 3t 17 5 A 410 4
H. M40 5 #5245 7 TNP-ATP (10 nmol/L) 4
min, ATP (100 pmol/L) 1755 Y I i 181 F 3t e 1K 22 0
M%) (66.5+9. 7) %, ¥k 2 TNP-ATP J5.ATP ik 1)
ok o Y H AL T PR A5 2 A M A RF 2k 45 T TNP-ATP
(100 nmol/L) 4 min, ATP (100 pmol/L)i%ﬁE/‘Jﬁ&fanﬂ'
TR I T AR 2 0 B0 (22, 744, 2) %, TNP-ATP
AR FH 2 AR, 1G5, (21, 7427, 6) nmol/L,

TNP-ATP  TNP-ATP
(100 nmol/D(10 nmol/L) Wash
[Im I

ATP ATP ATP
-

T

0.8
0.6
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0 A+
] 10 100 B

TNP-ATP ¢s/(nmol-L™)
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5 5 0 B Bt BY BRI RO 4 U 4E

Fig 1 Inhibitory effect of different concentrations
of TNP-ATP on ATP (100 pmol/L)-induced transient current
A: The inhibitory effect of different concentrations of TNP-ATP on
ATP-induced transient current in one DRG (dorsal root ganglion)
neuron; B: The concentration-response curve for the inhibitory effect
of different concentrations of TNP-ATP on ATP-induced transient
current. Normalized by the amplitude of 100 pmol/L ATP-induced
current, each point represents the mean and standard error of 5-7

cells, and the 1G5 is (21.7+7.6) nmol/L

2.2 %3 PKA ## PKC T4 ATP # 5 49 Bk of A
B NFGE PKC G IR Y A 3 00 38 19 1 FH L AS B
FEWMEE T PKC #sh7 PMA W1EH . 788 & R
J—60 mV B, 41 Ml S T 45 PMA (1 pmol/L,
4 min) ,JES5 AT 5 s 45T ATP(100 pmol/L) , Hif
S0 BE B R R W PMA W R, S X BR Y
(71.2%+10.4) % (P<C0. 01); Y& % PMA J&, ATP
(100 pmol/ L) 7 & i Wk st A L i v WK (B 2)

PMA
(1 pmol/L) Wash
ATP ___ ATP
l( 1( _|o2na
2s A
. 10
£ o i
(9]
2 06
N
= 04
=)
S 02
S 0
B
Control PMA

2 PKC #3h7 PMA Xt ATP(100 pmol/L)
B5 5 Y 57 Bt 2 R I B BRI 410 6 4
Fig 2 Rapid inhibition of the PKC agonist
PMA against ATP (100 pmol/L)-induced transient current
A: In a DRG (dorsal root ganglion) neuron, the PKC agonist PMA
(1 pmol/L) exert rapid inhibition against P2X3 receptor-induced tran-
sient current; B: Diagram showing the rapid inhibition of PKC ago-
nist PMA (1 pmol/L) on P2X; receptor-induced transient current.

** P<Z0. 01 vs control; n=6, r=+ts,

T forskolin & AC i )3 sh 7, H 38 3 # sh
AC T ffi ATP 42 i cAMP, ZKTi 80T% PKA, FTLL, N
THF5E PKA XTI s Y 0 i) 98 59 4 L AS Bl 5 458
T forskolin FIFEFT, el B 8 — 60 mV R, 40
A48 forskolin(1 pmol/L,4 min), ELERATS s
457 ATP (100 pmol/L), H 5 S 0y Bk i 29 v i p
forskolin B & #1 #l . Sy XF R Y (63 + 19) % (P<<
0.01) . P2 forskolin J5 . ATP(100 pmol/L) 551
Wk Bsf 750 F g T KA (BT 3D
3 Wit

AL KW, TE 4 B K 57 19 DRG %Eﬁ%*
ATP if5 5 09 Gk B 29 g 3 32 22 0 P2X, Z Ak A
PKC #3h % PMA H forskolin ¥ 7] 36 #s 41 ] ATP
U5 09 9% B R H 9L 10 WD E 43 5 8% 3R 1) DRG # &
JC.PKA Hl PKC ¥ 0] Lbe s 30 4] P2X, 524 13
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e, PR B X P2Xs Z R ER T eSS
TR R IE R
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(1 pmol/L) Wash

ATP o ATP
-

ATP
- -
JO.lnA
2s A
1.0

0.8 I

0.6

[umms]

0.4

Normalized current

0.2
0 B
Control Forskolin

3 Forskolin 3t ATP(100 pmol/L)i% S#)
1% Bt B F 37T A R 52 4 R
Fig 3 Rapid inhibition of forskolin on

ATP (100 pmol/L)-induced transient current
A: In a DRG (dorsal root ganglion) neuron, forskolin (1 pmol/L)
exert rapid inhibition on P2Xj receptor-induced transient current; B
Diagram showing the rapid inhibition of forskolin (1 pmol/L) on the
transient current induced by ATP (100 pmol/L). ** P<C0. 01 vs

control; n=5, rts,

ATP 0] LUAFAE T4 B0 4 L . eh 40 it 4t 55 20 i
VA AR S R ) 03 M T D 2 R
ATP. i1 ATP 32 40 51 & o . Bk, ATP
FEAE 45 F MRz 1 e ool S EAE DY, TNP-
ATP 2 P2X,.P2X, Ml P2X, s 5 1 4% 55 P /Y BH e
FI L Ho R P2X, A P2X, AR N U, A HESE
K FE DRG #iZ50 F, ATP i 5 (10 Bk IF A e, 37t mf
P9 TNP-ATP B 4, 2 50F 800 & R (21, 7+
7.6) nmol/L, & A CH#k ik 1, TNP-ATP X # 41
P2X, Z B 5P 2 BOCR AG E#F 1~ 10 nmol/
LU SRS G Rk, LA, T DRG M4t
P2X, Z R FIB AR F D AT LA 43 B 5 R 1
DRG # 250 I+ ATP 4 5 19 B i Y i 3 32 22 #h
P2X; ZRN T,

A S2E R PKA o LU P2X Z K8 Thfig,
TEFEYE P2X, Z iy HEK 293 400 b, #i iR 1k P2X,
ZAR C Uil Serd31 Al LI P2X, i F AT,
Y P2X, Z K HEK 293 40/ I, Bt 47 iR 2R 1k
fif Al forskolin VI LAYE K ATP MDY, b, Bk
N A DRG #1270 | cAMP/PKA 18 % #0161 L)
B EHEGE P2X, At S ATP DS, X s 41
7~ P2X Z Ak LAl BE A7 7E PKA 45 & a5, — H %

PKA 254 )5 8 i B 26 3k 72 ] LU P2X 32 1k (1 1)
g, FRATHIIIAHE 5T & B, Z2 0 0T LU 33 #00E PKA
WX P2Xs 52 7R 10 Dy RE A 2 9 7R - . AL 5%
HA % B, forskolin AT LAt M il P2X, Z AR5 1)
I Fef 7R P 3AE L X — R FH AT 3L $2 R PKA X P2Xs 21K
WAELEEIHRIVE N . PKA X P2X 24K By 8 %
i 5 W R Ak ok S B, B B BIL IR I 4B L A BT R
B PKA X P2X, A2 7K i 8 5 7T fig 38 i 52 A 4 B &
P C o B 1 A ok S

XTF PKC 5 P2Xs ZIRZHMMXRCAA DR
B HEERIE AR —F, P2X Z AR (P2X, ) RS IR
S5R LR ML N Y N 36 C S FUIARER T BN N o
i AR N L BB S 5 P2X 2R B T
S HE P2X Z AR A N s # A PKC 8 W 1k 17
AU AR KB C St PKC 8 /R 1k 1
AU P2 X 52 R AN IR H L AE E PKC B R
A7 5 TR 7R, P2X 32 1A P Ak 45 4 Bl 38 2
52 Rgkm ik, MA A B LB PMA b8 5 ZE
AW P2X, Z KT RE B W1 5, T $E 7R PKC 55
S HIBERRIL IR T P2X, ZARMIE T, IR HAER
E I BT . c AMP 38 AT 38 1 0TS Epac (5 S 1% 11 2
AR O 4k TS PKC, MM 3 3% PGE2 X P2X,
ZARM AL FEAE Y, SR, A BT R L PKC 1Y
BE v LU K BL DRG M4 Te b P2X Z A1
BT, ARSI & B, PKC sl # PMA Al LX)
P2X; 52 A5 14 I i 280 e 3758 B0 461 4, $2 7R PKC
WO A AT LA P2X, A2 AR B DIRE L DT 2 5 9 o 7
., T PMA A ¥E PKC B A7 7 B0 02200 iR i
AT AH PKC B WE—FpE 8 2 5 T X% P2X, 321k
FI IR R, 75 i — B A sE . X F L R — 3
A L L FRATTIN A, BT B8 55 N [R] A 40 i L 40 i 1 AS [
RS DA M AT REA7AE 2 Fp PKC WAL 0 P2X, 5%
WIhBE I HLEI A 5, LU EIEE % B, PKC (1 3075 %t
P2X, Z KM T BeA =2 A E R B B R 7
BLHIE AR ARG . A W58 & B, P2X 2 1R 1) il N
N ¥t PKC B AL 17 85 TXR/K 1E P2X SZ KT fE h
KREELEAEM, H PKC #3h#l PMA figi§ 15 — &
P2X A2 M 1 S #4 , AFH: rb i L AT REAS 2 4 0 R
b P2X AZ A, T A2 3 2o 52l B 28 1 6 LB R 1k L A
1R T R, A WF9E & B, PKC #TE BE 2 3
BSR40 R Ca™ (5 5 LGl i P2X, Z AR
FHES - HL U . FLIX AR AR FH N 2 0l 3 B B2k R 1k P2X,
Z RS H R,

ARSI 45 R AL TR 4y B B SR DRG M4t
PKA Fil PKC 0] IR ] P2X, 2 A& D fg . 42
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