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[ ABSTRACT] Objective: To investigate whether probenecid (PROB) could improve the proliferation and migration ability of rats’
pulmonary artery smooth muscle cells induced by platelet-derived growth factor-BB (PDGF-BB). Methods: Primary pulmonary artery
smooth muscle cells (PASMCs) of SD rats were cultured in vitro, and were randomly divided into control group ( CON group) , PDGF-
BB group (10 ng/ml PDGF-BB treatment for 24 h) and PDGF-BB+PROB group (10 ng/ml PDGF-BB and 200 pmol/L. PROB treat-
ment for 24 h, PROB is a specific blocker of pannexin-1). CCK-8 method was used to select the suitable intervention concentrations of
PROB and PDGF-BB, and to detect the proliferation of PASMCs in each group. The migration ability of PASMCs was detected by Tran-
swell™ assay and cell scratch test. Immunofluorescence cytochemistry and Western blot were used to detect the protein expressions and
distribution of osteopontin (OPN) and proliferating cell nuclear antigen (PCNA) in PASMCs. Results: Compared with CON group,
the migration and proliferation ability of PASMCs in PDGF-BB group were enhanced (P<0.05). After treated with PROB, the migra-
tion and proliferation ability of PASMCs in PDGF-BB+PROB group were decreased significantly ( P<0.05). Compared with CON
group, the expression and protein levels of OPN and PCNA in PDGF-BB group were increased significantly ( P<0.05) , while the ex-
pression and protein levels of OPN and PCNA in PDGF-BB+PROB were decreased significantly ( P<0.05). Conclusion: Probenecid
inhibits the migration and proliferation of PDGF-BB-induced PASMCs by blocking Pannexin-1.
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1.1 ##

VEHR SD KRB (8 &, HETE) , s ¥ds iy SPF
9. FhYIRFRIREE 5N L, 7RO BT R
PREE A R ROK e &, AT Apexbio 24 A 4
77 ;DMEM 5550k B8 HR 8 % (Gibeo AH) ;°F
L 40 i 55 5% 3 (smooth muscle cell medium,
SMCM ; Sciencell 23 7] ) ; Western blot #H 585 ; %
PL OPN (ab8448) Fl i GAPDH ( ab9485 ) (¥ i {4
(Abcam 23 7)) | BT PCNA 301 ( BM1040 Boster
A H]) ARG A B A AR I 1Y L SR
IR 1gG HILAESTR 16 (AL TR & EwH AR
ABRAF) K IERF (Thermo 23] ) 5 40 S BE2E
A Pt o ~F i WLALS) & [ (alpha-smooth
muscle actin, a-SMA ) FLIE (ab5694 ) I H Abcam 2>
Al 5 B &R 2€ 6 & ( Fluorescein isothiocyanate
FITC) FRic 1L 5T RS TR 1gG (Sigma A H]) 547,
6-diamidino-2-phenylindole ( DAPI) | Triton X-100 ( &
SEFvA]) ;24 FLAY Transwell™ /N%E (8.0 pm, Cor-
ning 24 7 ) ; CCK-8 17| & (MCE A 7] ) ; D-Hanks
W 2R A5 SR (LAY TRARA
Al) .
1.2 PASMCs HRHIEFREE

TPEHUA TR 180 ~200 g SD K F#FAT IE & 1
SHRRIE (10 ¢/L S H 241,60 me/kg) . FETCH %
PR, 7853 2 B U JUE T OBUH 2H 210, 3 B S A0 fil 28
2, TJCRARAE T B R Sl Dk, B HAR TR S A R
(100 TU/ml FH K 100 wg/ml 555 X ) A D-Hanks
Wb AR SRR T SRR M 3 Jik M ) 445 4 2H 21
KT HERR DT LR NI 55 F 148, 2365 1l A8 2H 2L D
FIA I KT A 2 25 O s S LR R B 5 A
1 ml JEALHE(5 mg BEE B F 1 ml D-Hanks ¥ +
4 ml BEJERE) A9 15 ml B.045 )5 ,37°C 1HAL 7 min; T
FEIHALEE, INA 1 ml & 20% 2103 (FBS) 1% 75
FRMEEEE 1% FE IUE K FF (smooth muscle
cell growth supplement, SMCGS) Y SMCM 15 77 % ;
B0 (1000 v/min,5 min) J&5, 7 Ei; A 1 ml K5
FrAE RS SRS AR SR L K 5 5 LR ik
THFHM T (37°C,5% CO,) #E., 2 h 5, IMA 1
ml B FR5E AREETRA 37°C 5% CO, BEFRA T 1555
3. d e, HEUA AT ILANMIIE HE |7 d Ze 47 A 52 -
A7 8 U WL S K AN i B 5 5 DG VR R
PASMCs #7745
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1.3 CCK-8 i%#& il PASMCs HIIEHEEE W R 25
F iR BT E

JRACEEFE PASMCs 255 3 U5, 1% PASMCs #2
Pl 96 FLARH, A AL A 5x10° cells/well , i FH
JERb A R TG BER) PASMCs HEAT LR AL B, 24
h &, AR 433120 2.5 .5 .10 .20 40 .80 ng/ml Y
PDGF-BB kL1557, - B H A LRt SR 5L 0 %
TR, 24 h J&, A 100 wl 32 5 f B4 19 CCK-8
7 (DMEM : CCK-8 Jfii =9 : 1) ,37°CHENEIFE 1
h, 55 IMSETE 450 nm AL (OD ) o AR IR
IR ITEERAE B PDGF-BB T Tk B k4T )5 22 40 il

JRAEE % PASMCs 255 3 U5, K0T EiE K
[) PASMCs #2F T 96 LA H, 1A% % & S 5x 10°
cells/well , ZF40HUNGRES 10 ng/ml PDGF-BB i
ATTRAL P A [R] ¥ BE (50,100,200 ,400 ,800)
pmol/L FYPIAET 1% 24 h, 29 TTLE 5 , Bl
HIA 100 pl LA DMEM : CCK-8 Jfi =9 : 1 [ filiz
HIFEBELF 1) CCK-8 R B, G & 5 7 B A
0D fA (450 nm 4b) . R4 F IR AT EAFEREN
T 5 T U 1% 200 JEL I A 238« 20 L o 2R = [ (X HEAL-
SEHGAL) /(X BB FL-25 4L ) ] x100%

SEBG A2 R ECE R A Y PASMCs 43 R X R 41
(CON, AHab 3 1 & % B4 | i A4 ( PDGF-BB
2H,10 ng/ml PDGF-BB AbFH 24 h) IR ET Ah PR 2H
(PDGF-BB + PROB 41, 10 ng/ml PDGF-BB + 200
pwmol/L PROB W% 5 24 h) ,

1.4 XPRSLIEHM PASMCs HIE A

P55 3 L ZJ5 1) PASMCs 41 i35 %h T 6 LR
P ,6 FLAR AT RE I 5 2B LR VE N S H AR, 4 2
FEIAF] 80% L EF EE 1 ml Wk | T B 2 IR RG24
¥R, PBS( L) ek 2 ~3 K, HAMA 1 ml
DMEM/H J:AER:FR 3. CON 4125 141, PDGF-BB
AMAMRE R 10 ng/ml i PDGF-BB, Ifif PDGF-BB+
PROB #H%¢J5 A 10 ng/ml PDGF-BB #1200 wmol/
L PROB, 5% (Olympus) N MELIC #4100 h =
24 h MY A KR A A OO, AR 28 =X, 410 i R
GH (%)= [ (0 h WY HF-24 h QYR 34 11
F) /0 h RJESE AR ) x100% |, 8 40 i fr & R 0k
PASMCs [iERRE S A TITAN .

1.5 Transwell™/NZE# i PASMCs £ 8¢

BB E N 10° cells/ml [ PASMCs 208 (26 3 1%
ZJE ) A LR R 32 3 b 78401 2) . Transwell ™
NEARYGHCE T 24 fLAR, A~ L ZE I A PASMCs 4
LB (600 wl) T N EMNZEMAE 10% FBS (1)
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SMCM (600 pl), %53 24 h (37C.5% CO,),
PDGF-BB 41/l A 10 ng/ml ) PDGF-BB, PDGF-BB+
PROB 41 /it A 10 ng/ml PDGF-BB #1 200 wmol/L
PROB, 259 THs, W3 /NE W IHRE 55, 91
PBS i, BT IR A 600 wl B 4% £ 5 H i,
7E 15 min J&5 PBS BRI T, 45 i 55 YL I%T PASMCs
AT YA AL K/ NERVER PBS IR T,
S EAME , B X FE 1) PASMCs #EAT
SRELFIE 5% (BEALEER 5 S ILET) | 38 43 128 4 i 1
it PASMCs B9iEFSRE S 21T 0EA |
1.6 HERNENE PASMCs 1) OPN,PCNA
R RIXFELL

€ H- 15 5% PASMCs (£ 3 AR LU AY ) , 55 41 i i
BEJS AR 25 AT T8 (o 4 AL BE IR ) o,
24 h J5 TR 37°C 1Y PBS W& Uk , Bl AR AT 4%
Z R E (15 min) 0. 2% I Triton X-100 %1k
(3 min) PBS ¥k .0. 5% 8945 1L & FH EH (30
min) F4RAE ; B ZS 8, A OPN Hitf& (1 = 200)
4T PCNA UK (1 : 200)4°C & 141 ; PBS Pt
REEG—H0(3 W, R 3 min) ;G T  A R H
IR 120 I ALL 1 2 100 F Ff 19 56 6 Bt ( FITC
Fric B 2P R 1gG) ,37°C &M T E 2 h;
PBS ¥k 3 k£ ARE5E ZHiJ5 DAPI(1 : 1 000)
Yt 20 min; B R IEAEDOE WG TSI TR, 4
HrH Image J AR
1.7 Western blot #&illl PASMCs 51 OPN 5 PCNA
EAMRIE

PASMCs (55 3 fRLAE ) 380 T 6 fLARH , Ak S sk
FET RS IRA N, A0y RE I % iE B,
HRAE 73 2% PASMCs #7259 111, 24 h J5 1] PBS
THUE PASMCs 3 WK, Fifi 5 1% /il 40 Jf 24 ff% W ( PMISF -
RIPA=1 : 100) #4728 (VK I 30 min) . &I¥& 400
JGBA EP & (1.5 ml) 1, B0 15 min (12 000 1/
min,4°C) o 5 8 FIREAS Ik B 9B F- ( BCA %),
JFH 100°C FAEYE 10 min, 589 Hs TR 58 JC H Tk 7%
LUK, TR0 2 v B I BT i A % 21 0. 45 wm
() PVDF JE 76 355 PH TR (5% 10 B8 B 05 43 ) PN 3% 3 He
HAFH PVDF B2 h, A1 2 1000 HE G B A HT
OPN .#i PCNA FiHit GAPDH HIHLIA ,4°C vKAR NI &
(i) s — VW E 5 1 xTBST k£ R 454 Bk
(5 W, B S min) 5, ZEIRAE 1 2 10 000 b 51 i
I HAIR IS E 1.5 hy BEEREES ZH (5 Ik, &
K5 min) JEHEATHEE R Tmage J K 440H7 H
MR A S NSEASN I KEE,
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1.8 Srit=EabE

SMVERIE F Graphpad Prism9. 0 B4, SE 5041
PG W FH T SPSS 21,0, &Sl HE g
3L, IR B AR 22 (x+5) 378, one-way
ANOVA I T 24 [a] LA, i PR A LR g

E VS

2 R

2.1 KR PASMCs HWERIEFREE

ST AT U A A A DA 2 bk 2H 2R B ih 2 e
HCENTA)  ZEIACHR R 2 7 H A S -4
it (N 1B) , ARAREE 3 A0, M AL S 24
&, Jf H 20 it iy e A4 W, AR ROIRAS R 47 (BT 1C)
K HIFIE PR AR PR 1 o-SMA 40 S o 3 5 't A2
Yefr ik, %4 3 18 PASMCs BEATHL (U455 2 W | Jfd
5T a-SMA FRIEF 5, AT DAY S A QAR U IE H ) 4
Jifi >k PASMCs( & 1D)

Fig. 1 Primary culture and identification of PASMCs

A: On the 5th day, cell clusters appeared around the cul-

tured tissue (x40) ; B: On the 8th-9th day, "peak" and

"Valley" appeared; C:

cultured PASMCs (x40) ; D: Expression of a-SMA in pri-

mary cultured cells (x200)
2.2 TATEETIT PASMCs 15 A 22 0E

CCK-8 Lkl Z5 RFEW] , 5 KU PDGF-BB A
It ,PDGF-BB AL PASMCs 2H , 4 il 18 7t %5 2 384 o
Jf HAE PDGF-BB ¥ 10 ng/ml I, 4 Jf 3% 7 %
HEREIN(P<0.05, % 1), WL, 7EJ5 SRS T
Bz FE B PDGF-BB 55 % PASMCs M85 iUk i
£ 10 ng/ml PDGF-BB 5 & 4 il 14 58 i FE Ak F A
AR B B &7 ), 45 41 450 nm AL B OD ¥ F
R, 20 M A i R g m (% 2), X KB T PROB Xf
PDGF-BB 7 % (1) PASMCs 34 #i 2 51])— & M i /5
It H A EF e FE 7 200 wmol/L i}, Xf PASMCs 1
B (A R 2 0 (P<0. 05) 5 R It , 76 5 42 1 52
B B2 B Ry P B T TR

Tab. 1 OD value and cell proliferation rate of PASMCs treated

The third generation of primary
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with different concentrations of PDGF-BB (x+s, n=

12)
PDGF-BB (ng/ml) 0D value Cell proliferation rate
0 1.03+0.08 0
2.5 1.19£0.17" 0.18+0.15
5 1.17£0.12™ 0.17£0.12
10 1.31+0.18™ 0.32+0.15%
20 1.18+0.15™ 0.17+0. 14
40 1.17+0.25 0.15+0.22
80 1.090. 12 0.07+0.09*

PDGF-BB: Platelet-derived growth factor-BB; PASMCs:
Primary pulmonary artery smooth muscle cells

*P<0.05, " P<0.01 »s 0; *P<0.05 vs 2.5
Tab. 2 OD value and cell proliferation rate of PASMCs treated

with different concentrations of PROB (x+s, n=10)

PROB ( pmol/L) OD value Cell inhibition rate
0 0.93+0.09 0

50 0.85+0.09 0.18+0.16

100 0.78+0.11" 0.35+0.30

200 0.71+0.13™ 0.52+0.43"

400 0.71+0.14 ™ 0.53+0.42"

800 0.71+0.15™ 0.53+0.44"

“P<0.01 vs 0; #P<0.05 vs 50
2.3 THHEEE Y PASMCs sE# B 2200

IR Transwell ™ 525645 2B | 5 CON 4
FH L, PDGF-BB 41 1) PASMC %Il J5 A& 3% i 35 59
(P<0.01,82A,3 3) , Transwell™/NE F i T B 40
% i 4 % (P<0.05, 18 2B,%% 3) . 5 PDGF-BB
ZH 5, PDGF-BB+PROB 41 21 ffd Rl R /i AR I & [
%, /NEF I B A B R > (P<0.05,3% 3)

PDGF BB PDGF-BB+PROB
Yig TR

*}

Fig. 2 Cell scratch and Transwell ™ test were used to detect
the proliferation and migration ability of PASMCs
A Cell scratch(x100) ; B: Transwell™ test( x400)
Tab. 3 Semi quantitative analysis of cell wound healing and

migration quantity (x+s, n=3)
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Wound healing Cell migration

Group rate (% ) number
CON 27.38+0.02 175.00+19. 80
PDGF-BB 51.92+0.04 289.00+52.36 "
PDGF-BB+PROB 33.55+0. 06" 176.00+29.01%

PROB: Probenecid
*P<0.05, “P<0.01 vs CON; *P<0.05 vs PDGF-BB

2.4 THHEEET*T PASMCs &1 OPN #1 PCNA RiXH)
A

Y0 i f 5 2 G Ak 2F Y e 25 4R R, OPN 78
PASMCs FUAHHIT 40 A% 34 335, il PCNA %
IR T PASMCs WM, 5 CON ZHAH L, PDGF-
BB 41 OPN ,PCNA Fik7K VW 3 (P<0. 05, &l
3); 1M 5 PDGF-BB 4 # kv, PDGF-BB + PROB 4
OPN PCNA ik i #7980 (P<0.05,% 4) ,

DIPA Merge B PCNA DIPA Merge

A OPN

- ... - ...
o ... o -..
PDGF-BB PDGF-88
+PROB +PROB

Fig. 3 Immunofluorescencecytochemical of OPN and PCNA
A Expression and distribution of OPN in PASMCs ( x
400) ; B: Expression and distribution of PCNA in PASMCs
(x400)

Tab. 4 Semi quantitative analysis of OPN and PCNA fluores-

cence intensity in PASMCs (x+s, n=3)

Group OPN PCNA
CON 0.58+0.30 0.68+0.27
PDGF-BB 1.79+0.96* 1.63+0.79
PDGF-BB+PROB 0.54+0.36" 0.59+0.35"

OPN: Osteopontin; PCNA : Proliferating cell nuclear anti-
gen

*P<0.05 vs CON; *P<0.05 vs PDGF-BB
2.5 WHEEF*T PASMCs 1 OPN.PCNA EH &=
EpA!

it Western blot ki —L 45 L FKH, 5
CON #H #H I, PDGF-BB 21 PASMCs ) OPN, PCNA
HARIBAKEH B ZWEIN(P<0.05, B 4);1MY5
PDGF-BB 414 Lt , PDGF-BB+PROB 4] OPN Fl PC-
NA 7K1 B AR (P<0.05, 3% 5) , I HH 4
R RPEI e A R R,
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Fig. 4
Western blot

Protein expressions of OPN and PCNA detected by

Tab. 5 Semi quantitative analysis of OPN and PCNA protein
levels in PASMCs (x+s, n=5)

Group OPN PCNA
CON 1.33+0.30 0.74+0.17
PDGF-BB 2.05+0.41" 1.27+0.38"
PDGF-BB+PROB 1.29+0. 43" 0.77+0.21"

"P<0.05 vs CON; *P<0.05 »s PDGF-BB

3 i

A 32O i 0 A A AL 25 DI AE DG Y
YL BB B NI AS , B E IR R N T X T PDGF-
BB 755 i 10 A5 4 L AH A3 7 A B8 1Y T T AE
SALTTREHLEN i sl ok i 2 —Fh A 04 fili 2 ik
s, A S A LA MR, I
FENER TNk i/ 005 o LAE R A RS A=
I AL e 1 I L A R ML Hh ke 2 AR
s PASMCs 15 B4 5 | 3 7% J2 10 97 0 el 62 il 1l
7 ALY T B0 Jk v R A SRR )

TEM A TIREVEEE H  ATP AE R 2L 3 b/ 55
G3UME S R FEAN R B AR (. 9879 1048 BT 45k 7
S LA B B AR A R ) 1 B K
B, Pannexin-1 18 38 1 Sk 985 40 fd BE it ATP ) —Fb
HE R, WEEA = BT SIS Rz AR
PG ARG, S AnMEIR] Ca® B A O, i HL7E O 1A
RaghE A RK, S HOMERRNELES K
Jel T A A ST S, M Pannexin-1 A9
K, AT YR ES BA 00 Z  A K AEEAET AT o LR
e 240 LA AR 1M A5 1 £ 2 o SRIM, Pannexin-1 7F >
178 22 43¢ i EL A e VR FHBIL AR 7 TR Ay 22 R IR
ABIESE 1 H H A A SCHR B A D¢ Pannexin-1
it i 8 ik e e v PASMCss 35 3T Ty . 5 i 114 A
G5 PR T 2 75 R 38 Ao 400 1) 200 B 3 8 5 30 Ok k3t
JIi /I LA A T A ol 0 Y v R %) ) A 1 S T
N TH ERRE A8 PDGF-BB 1555 i
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fREEFEIY SD KB PASMCs 3851 , 78 41 Jifd 7K - _E AR AL
filish Bk & R 2, B8 58 W ] Pannexin-1 J& 75 X
PASMCs R 58 FE e 17 A iR H

TEARRIFE T ffi ] PDGEF-BB 5% PASMCs 1#44:
FERS , CCK-8 SELG 4 i 4l 1 5 46 il Transwell ™ 5
ReE R, 5 CON ALk, PDGF-BB 41 PASMCs 1)
HAFE AR e I 3G, 3 22 B A 20 i K S b i 34 5
TR AR 2 & ), B PDGF-BB 5 A& i s ok - v
PLARAEL Y 3T B S 14 58, SR, 7645 7 PROB FH WY
Pannexin-1 f& , PDGF-BB %5 3 i) PASMCs 1) 3 % 1
TERRE I T R, X2 5 2 Fi SCRR AR )
PROB R 101 ] e 4 6 1%) 4= 22 3 F% B8 77 (R 45 SR AH —
Q&[zlj .

OPN A4 it 5 240 B[] | 240 Jif 5 0 25 o 22 () 1)
Kilfh, 25 MAEE I NIE L, 25 R0 T2 5
T, OPN KRB M T = 2= R BOE- W LA L ZE N 1) 2
FRENMITRS 68 7 38 m' >’ . PCNA 541 DNA &
BLOGZR B, 2 I e 248 L 3 B RS 1) B AR A, PC-
NA FE3k B3 i 2 08 F 40 i i 39 5 ) L FE A 5T
H 20 R D¢ ' K. Western blot SZ56 25 S35 F 0H |
5 CON it , PDGF-BB 41 OPN il PCNA % %
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