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[ E] HBM: i TABRM (STS) XF IR 84 7 R A/E 0 AW & bk N Kz 40 i
(hUVECs) ZhREfs2m, Jf i B AR R ALE . 78 # hUVECs #4712 AR5 358 91 40 28 11 % Ji 4l
PREGAEF R MIB AL . IREEAE R R + STS AU R 8 4E 8 % + STS+ AU MLAME 5 I8 8w (ERK) #0471
41, KA 28 STSHWE R 10 me-L ' e TEA Y M, sy i k/hm12dyn-em %5 R
FH CCOK-8 2 52 4% £H 4 Jf 384 8 5 1, Western blotting ¥ 46 1 £ 20 41 g tf ERK . #% P T kB (NF-kB)
AT B R A K, S EE G E i PCR (RT-qPCR) M40 i ERK . NF-kB Hl [ %1 J5
mRNA A0 AR S BEFFRICH A (TUNEL) W& A MMM T %R, 458, CCK-8¥kK
W, AR NVERG, PREEIE B 2 R B4R IR 320 8 2 + ST S+ ERK 100 il 771 21 41 it 3 58 76 PEAIK T IR 3
JEBE R +STSH4l (P<<0.01)., Western blotting ¥ K, SREFAEFRALE, KREEHFE +STSH
Y ERK. NF-«xB FI 1 AU J5 8 (1 R 6 K T (P<<0.01); il ERKAF 5@ 5, 525 Fxf i
W, REIEFEAMREAEFTER FSTSA L, REBEFE +STS+HERKMFIFIHAMAM P ERK, NF-«B
FT R R AR 26 kK SF B B R AIR (P<<0.01). RT-qPCRIEKGI, SIRFGAET KA LE, IRFGFIER
ZHSTSHAMMEH ERK, NF-kB Fl [ B H mRNA 35K FTFHE (P<<0.01); MH ERK#EKE, 5
2R IRY] . PR T R AR TAE FE R FSTS A Ay, JREEAE B & +STS+ERK #1571 41 41 i
FERK ., NF-kB fil [ # ¢ J& mRNA ik K F B B &L (P<<0.01). TUNEL &KW, JR# i
2 STS 209 240 M 4 T 8N T R AE 5 2% AL F R B3 E 2 R+ STSHERKMHIF 4 (P<<0.05),
ZE . — EWIE STS B8 i ERK {5 5 B8 17 NF-kB Fl T B I mRNA K 2 11 2% 35 3K ol 3% JR B 0F 55
FAEH T B B an s 5, b an i T
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ABSTRACT Obijective: To discuss the effect of sodium tanshinone [[ A sulfonate (STS) on the function of
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human umbilical vein endothelial cells (hUVECs) after treated with uremic toxin, and to clarify its
mechanism. Methods: The hUVECs were passaged and divided into blank control group, uremic toxin-
stimulation group, uremic toxin + STS group, and uremic toxin + STS + extracellular signal-regulated
kinase (ERK) inhibitor group. The concentration of STS used in the last two groups was 10 mg+L *. The
shear stress stimulation at 12 dyn-cm ? was applied to the cells in various groups. The proliferation
activities of the cells in various groups were detected by CCK-8 assay; the expression levels of ERK,
nuclear factor kappa B (NF-kB), and type [ collagen proteins in the cells in various groups were detected
by Western blotting method ; the expression levels of ERK, NF-kB, and type I collagen mRNA in
the cells in various groups were detected by real-time fluorescence quantitative PCR (RT-qPCR) method;
the apoptotic rates the cells in various groups were detected by TUNEL method. Results: The CCK-8
assay results showed that after treated with shear stress, the probiferation activitres of the cells in uremic
toxin-stimulation group and uremic toxin + STS -+ ERK inhibitor group were lower than that in uremic
toxin + STS group (P<C0.01). The Western blotting results showed that compared with uremic toxin
group, the expression levels of ERK, NF-kB, and type I collagen proteins in the cells in uremic toxin +
STS group were increased (P<C0.01). After inhibiting the ERK pathway, compared with blank control
group, uremic toxin group, and uremic toxin + STS group, the expression levels of ERK, NF-kB, and
type 1 collagen proteins in the cells in uremic toxin + STS + ERK inhibitor group were significantly
decreased (P<C0.01). The RT-qPCR results showed that compared with uremic toxin group, the
expression levels of ERK, NF-kB, and type I collagen mRNA in the cells in uremic toxin + STS group
were increased (P<C0.01). After inhibiting the ERK signaling pathway, compared with blank control
group, uremic toxin group, and uremic toxin + STS group, the expression levels of ERK, NF-kB, and
type I collagen mRNA in the cells in uremic toxin + STS -+ ERK inhibitor group were significantly
decreased (P<C0.01). The TUNEL method detection results showed that the apoptotic rate in the cells in
uremic toxin + STS group was lower than those in uremic toxin-stimulation group and uremic toxin —+
STS + ERK inhibitor group (P<C0.05). Conclusion: A certain concentration of STS can improve the
proliferation of the endothelial cells and reduce the apoptosis of the cells after treated with uremic toxins
by modulating the expressions of NF-kB and type I collagen mRNA and proteins through the ERK
signaling pathway.
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Sodium tanshinone [ A sulphonase

sh ik N #%  (arteriovenous fistula, AVF) &

BRAEH s, AR, X A R B A B
MR PR T (R STS 78 IR 4 3 58 F X i 4%
PN B A0 i D) BB S R R A e R A . IR, ASBIE S
DAPR B G #0858 T 15 9% 09 055 P9 Bz 20 i W 5 X 4%

AR RIS A 5 R Y VKO A% 0 AVE J) RE B A Y
FEER, F, REERSFTEMERLSHT
I P2 20 i 154 B AT 3 300 R RS0 A O . S
JEMFF S PRI — MR AL B, 2FESW
FEIEVER S, KPS A 2 PSR ) 2
PERAR R, Hoar i BR A S5 0 5 ik, BAT AR
SRV R, S5 PUERSCEAR RN . PESE A
1 B A 7 ) P 280 11 A B R 8 (sodium tanshinone
Il A sulphonate, STS) BEW i T 7K, 77000
e A I RE FORE PR s 1A 7 Bl iz W, TR E T

PRUT STS XJ IR 3 i P8 58 T N B2 4 i T 6 /% 5% i)
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1 #RE5H*

1.1 w2 &&XMNPME A EEIkA L 9iE
(human umbilical vein endothelial cells, hUVECs)
(FEFB2ERBE) . STSHMW (LS —4 kbl
HRRAF), BEEREH 2% vh  (phosphate buffered
saline, PBS) [ATAY TR (L) KHAERA
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Al BEEAMA CCK-8IAM & (HaKAEYHA
HIRATF), 41 (fetal bovine serum, FBS)
A DMEM #5323 (£ E Gibeo A H]), —H EL M
(dimethyl sulfoxide, DMSO) (3£ [ Sigma 24 #l),
i M AN S 1 BB (extracellular signal-regulated
kinase, ERK) #i14l3] PD98059 (2% [& ApexBio 2%
Al), Al RNASRBGAN & . 5 ) & S
P¢ 6 % i PCR (real-time fluorescence quantitative
PCR, RT-qPCR) Kl & (FHEAYHAAGR
), 5l (3£ E ThermoFisher 24 Al ) o ] & %¢
et (K15 . TE300, HA Nikon/Zy]).

1.2 hUVECs#3& R 242 hUVECsK;iFE: H
& 10% FBS ) L-DMEM 85 3% W (& % %9 b
1.0g L"), F37°C. 5% CO, M FE /Y 240 i 15
FAR TR R, SR 1I~2d W F®R 1K,
4K = 80% BF, H & 0.25% M —0.05%
EDTA {44t 2~3 min, JH & 30% FBS i M199 5¢
ERFWL WA, Bao, H10% FBS i M199
SERR IR B, BT B A g A R R
A O AL PR ) | PR¥EGAE 7 2= R A [ R
PR 7 9E % E (50 mmol-L 'R % . 200 pmol- L
WU . 80 pmol- L™ 'JRIZ . 2 ng- L' AR SE AR I E M
1X 10" pmol- L™K Bk 9 1 A0 Rl 4n fg | =
JR#EGIER ZE +STS 4L (10 g-mL ' STS); JK FF i
B R +HSTS 4 (10 gemL ™' STS) +ERK #J i 7
(PD98059) #H, 3% 24 hJm ¥4 1% 35 W 4 i G 1l 15
M199 ¥ F2 Wk, IS & (5 mIU-L ") Rl 4
it 15 min. TEANME S AL)E , 2 40 R 7 4 i 8
JiE . BH AN AL R RS R ROME B IRAR BT U ) &
g5 YA AR WE 2 75 mLmin ', ¥ hUVECs
HEATBY V) 1 6 ho

1.3 CCK-8#%#&® hUVECs# ¥ &N 1£961L
20 i 1% 9% M P oin A hUVECs B 100 pl (3 N
R T 6 X 10410 ), 2L S5 1R R PBS 28
MR TS, ERFMTPE 1205, & LR T
SR AL B Z 5 1] B AL A 10 pl. CCK-8 i ik
W AFIDMEM, #kS0EE 4 hy LIS A B 97 3
I CCK-8 I W i JC hUVECs i FLYE M2 (e, U
JA DMEM ifif 4 CCK-8 I ¥ A FLAE b X BE4H, R
P36 B I 52 450 nm A EIWOGE (A) {H, 4R
5 4 B3 1 15 5 4% 20 hUVECS /Y 3 5 1
P, MM EE= (LHAAE A4
AE) / (A AMH—ZHAAME) X100%.

1.4 RT-qPCR*#&# &4 hUVECs ¥ ERK, I &
& B # % B F kB (nuclear factor- kB, NF-«kB)
mRNA & & AKF  BUARFT WA D hUVECs 4l i,
Fi ) & B VR 2 SR P R RNA, % RNA 4l Jif
W S ROV A L cDNA, FE AT PCRY 88, 514
FF 51 . ERK E i 51 4 5-GGCTGTTCCCAAAT-
GCTGAC-3", ERK T Ui 51 ¥ 5-AACTTGAATG-
GTGCTTCGGC-3'; NF-kB E 7 51 # 5-GTGG-
TGCGGCTCATGTTTAC-3',NF-kB F i 51 ¥ 5'-
CGTCTGATACCACGGGTTCC-3"; Collagen [
FWESI Y 5-AGTGGTTTGGATGGTGCCAA-3,
Collagen I T 5% 5-GCACCATCATTTCCA-
CGAGC-3'; GAPDH L ¥ 51 % 5-AGATCCCT-
CCAAAATCAAGTGG-3', GAPDH T W% 51 ¥
5-GGCAGAGATGATGACCCTTTT-3', PCR &
Rk Z: 2XSYBR Premix Ex Taq 12.5 pL, Fi#5]
PIA R #5149 (10 pmol-1L7") 4% 0.5 pl, c¢DNA
AR 2 pL, A ddH,O % MK R 25 pl. ¥ 18 &
. AEPE9SCL 30s; Bk 95°C, 5, ZEM60°C,
34s, HI0MEIR . B & cDNA # B 1015 )5
B2 pl WA, 43 LL B RS 51 N 2 56 R
(GAPDH) 5l¥ ity 4%, BAEHE 8K, 1E
60 ‘C~95 CHFATIE i th & 53 B o REC 2759k 4T
B 0 A X AT

1.5 Western blotting 3% # @ & 42 hUVECs ¥
ERK.I # & R A= NF-kB&E & R &ZAKF & “1.27
B3R 5 1 40 4 AL B hUVECs, RIPA 2 fi# 20 i ) 2
Wi E o o ERK 0 500 4 s o6 4 85 R R
BETAEWE N 10 umol- L', Ar 155 A FE A LU
12% SDS-PAGE # 17K IFH HWE R % B &
PVDF [, 5% 4 iig &AM 1 h)s, 45mA
RPN T BRI . Sbt A NF-kB p65Hifk (L
Tris R ER R W, TBS WL 1 400 i B ) Al
PLNERKHUIR, 4 CMHFLIK. 2K, MABHMR
i E AL ¥ B (horseradish peroxidase, HRP) #rid
B 2E TR TgG uik (JH TBS W% 1 ¢ 3 000 Fi
B), FIRMWE 1h, TBSTHWVEME S, A
ECL B AWML . FEaillE . O4BIE 100 pL
AR & (R R 10045 ) A B fLAR b, A
a3 AP AT REHEAT I E 5 @A 100 L TAE W
&, SEBMRAT; @37 C/AKE R Y 60 min f5, %
WEER; @R EEAR TR DK 562 nm bl & &
FIKEEAE, 7% 20 min NG 56 58 fr G R f s @R A
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Image JHC: 73 B 88 F1 %40 R AA , DL GAPDH A N
Z A HEARBKE. BHNEARBKE=
H R A0 KA/ NS 8B A0 KA

1.6 JRA4L X 3% # B 8 47 32 & R (TdT-mediated
dUTP-biotin nick end labeling, TUNEL) 3 # @ &
dAmpeATHIL RA 1XPBS S h iR i2 1 PE R
A 2~3 W, HFK 3~5min; #1100 1 L 6
1 X PBS % i 3 #i B ¢ £ o0 2 g+ L' Proteinase K
VW, AW N 20 mg- L. BEASREAR B
100 pL. % B 4 1) Proteinase K A, [ 1A 0 7 15 4
WA X B, I E 20 ming FH 1XPBS 28 sl
R GEREA 2~3 0, #8159 i ] ddH.O
¥ 5X Equilibration Buffer #i #¢ %, 1X Equilibration
Buffer; 7% /il 100 pl. 1X Equilibration Buffer fiff H: 4
HR AT A AR AR DX, 3 Al 10~30 ming iR
DAPLEECIFE 5 min, XA AEFT Y4, 1XPBS
GEh R VEIC i 3 ks FIHTPOL IR K E 7l B i s
PEOL WM T WSS, T TR,

1.7 % it # 5 # KM GraphPad Prism 7.0 #l
SPSS 20. 0 Ge i 84 AT GE T 27 o0 B o 4% 20 40 i
T2, hUVECs T ERK, [ AU J5HI NF-kB mRNA
K EARBKFFEESI G, UatsER, £
2 [A) A A 24 R L R B TR 3R 7 2290 M, AL 1)
FLACR I LSD-2 K. A P<<0. 05 K 22 534 G i ¢

2 & R

2.1 hUVECs #9 % & % #L hUVECs £ 1t £ 3%
24 WG JF IR )2 MG BEAE K, SEB Pl Wi S £
o, 4 KA SRS, B R F 4

A B

group.

ME . WK 1.

A

E1l AEIHMETWEINWVECSESFER (X100)

Fig. 1
microscope (X 100)

Morphology of hUVECs observed under inverted

2.2 BummpigsEN CCK-SIERIM 4, H iR .
Ha P x4l (99.86%+0.12%) i, R B AE
B 20 41 A M 1 A s E (76.85%04+0.59%) BE
it (P<<0.001); HIRFEMERE R MBA LK, R
FERE R HSTS A4 Mg 58 1% M (84.35%+0.92%)
FhEr (P<<0.001); 5 PR B8 AE 85 2 0 8 41 IR 8 A
BRESTSA K, REFIEHZE +STSHERK
il 750 41 40 A 4G B 0 M (50.98%6+0.92%) &K
(P<<0.001).

2.3 BampeAT R HEPAXMNMA (5960 L
4.31%) R, IR #AE B R O A A0 e T
(27.88%£8.61%) Jti (P=0.0218); 5IR#
AiE 75 2 PP LB, R EEAE 7 K+ STS 41 240 e
To% (19.69% +3.51%) ZRELIHEX (P=
0.6695); HIR#IER K +-STSU LI, JREAE R
E+STSHERK M FI A8 =% (46.57% +
8.40%) JtE (P=0.0007). WK 2.

C D
A': Blank control group; B: Uremic toxin-stimulation group; C:Uremic toxin+STS group; D : Uremic toxin+STS-+ERK inhibitor

B2 TUNEL 3 WREe 4 41 40 4 18 5L (< 100)
Fig. 2 Apoptosis of cells in various groups detected by TUNEL method( X 100)

2.4 ZMhUVECs ¥ ERK. | # & & #= NF-kB &
BRAAT SREAXMALE, IR

41 hUVECs # ERK., T #Ifi Jf fl NF-kB 7 1 3 i5
KRR (P<<0.01); 5 R T 0E 5 K W4 i,
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JRGFERF 2 +STS 4L hUVECs 1 ERK., T # Ji 5
A NF-kB £ H R A KFEF R (P<0.01); S5RFH

JERF R FSTSH I, IRFBIEFR +HSTSHERKHM
HIF4H hWUVECs 1 ERK. T #I % J5 Ffil NF-kB & [

TRAKFRFEMR (P<0.01)., WE3HEL,
1 2 3 4 Mr
ERK — w— 42000
Collagen I A S — 150 000
NF-kB D S GENNN wm— 65 000

GAPDH i S S G- :; ()0

Lane 1: Blank control group; Lane 2: Uremic toxin-stimulation group;
Lane 3: Uremic toxin+STS+group; Lane 4: Uremic toxin+STS+
ERK inhibitor group.

B3 FH4hUVECs ¥ ERK, I B M NF-«B B H&RE
FEL VK &
Fig. 3
collagen, and NF-kB in hUVECs in various groups detected

Electrophoregram of expressions of ERK, type [

by Western blotting method

2.5 %4 hUVECs ¥ ERK. T # & /& # NF-kB
mRNA Z&ARF 525 (R, R EE 8
Z 3 41 hUVECs o ERK, T % i Ji #1 NF-«B
mRNA Rk K (P<<0.01); 5IREMERE
I LB, IR BEAE R +STS 4 hUVECs

ERK. THIEJEHINF-kB mRNA kKT (P<
0.01); SREFIEFTFE FSTSA LK, RFTIEFH
E+STSHERK # i 5§ 41 hUVECs ' ERK, [ #!
JiE J5 A NF-kB mRNA 3R 35 KF FEL (P<<0.01) .

W2,
KI5

TEARWEGEH, CCK-8IEMMEA R IR : 5K
JiF B F 4L B, STS Hi &b B 19 hUVECs 1
Wosk, $Ean STS B E N R i i 1, 5 BETE X
ke R E B

fE AVF WIS A b #i b, — EAFAE L 3 )
RS, Y)W EEAE A . M sl )2
Xof PA) B A e T Y A B, AR A D I AR A
R ERE AR T PR BOR . ZREE
1k % M ¥ B (mitogen-activated protein kinase,
MAPK) 5 3 i 4 5 M 59 U1 1 15 5 (9 A AL 452405
TS BT 40 1 AT {2 F ERK . p38 Fl INK B fk, 1
ERK. p38F1 INK id i#% 5 57 UJ JJ4F JH T 240 M i 9 K2
DIRERE A A ¢ . ERKL/2®M A0 5 ol 5 40 A% N 1
Egr-145 4, IR #F B A KW H + 1 (early
growth responsive-1, Egr-1) g FUHNE, 1M Egr-1
J& By U 7 R 45 0048 T R A0 I B T S AN I AR S
I

AR BT gE  B: BY U0 T LUE i
PR /NS -1-ERK /215 5 38 52 06 N B2 20 i 1)

#1 ZHhUVECs# ERK, T B JFH NF-«BEHHREBKF
Tab. 1 Expression levels of ERK, type I collagen,and NF-kB proteins in hUVECs in various groups (n=3,zr%s)

Group ERK Type 1 collagen NF-kB
Blank control 0.04040.010 0.04040.010 0.53040.060
Uremic toxin-stimulation 0.020-+0.008" 0.250-+0.018" 0.220+0.010
Uremic toxin+STS 0.03040.010~ 0.340+0.030~ 0.41040.030~

Uremic toxin+STS-+ERK inhibitor

0.002+0.010%

0.140+0.020" 0.2300.010%

"P<C0.01 ws blank control group; “P<C0.01 vs uremic toxin-stimulation group; “P<0.01 vs uremic toxin+STS group.

F2 KHWUVECs H ERK, I BEEFH NF-kB mRNA RiKKF
Tab. 2 Expression levels of ERK, type T collagen,and NF-kB mRNA in HUVECs in various groups (n=3,r%s)

Group ERK Type | collagen NF-kB
Blank control 1.004+0.01 1.0040.01 1.0040.01
Uremic toxin-stimulation 0.53+0.03" 0.44+0.03" 0.56+0.18"
Uremic toxin+STS 0.73£0.05" 0.81£0.03" 0.76£0.01"
Uremic toxin+STS+ ERK inhibitor 0.284+0.017 0.4440.02" 0.33+0.02"

"P<C0.01 ws blank control group; “P<C0.01 vs uremic toxin-stimulation group; *P<0.01 vs uremic toxin+STS group.
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WR . ABRIE 45 R BN . PR BEAE B R R BCT 1
hUVECs &3 STS fi4b Bl )5, 25 7 — & i 6] A9 55
Y1 fil BB 0 AVE #5759 85 U0 ik As, & B
hUVECs H 5 4l it 14 58 AH 5 1) 240 it B 180 i Ji 7
25 STS il &b #5454k B AT T4, g 1 — 25 40 i
ERK # #% , 7T DL ] i B IR TR i ) 3R 35, $OR
STS fig i 1 s ERK 38 % 1 55 44 ff 48 58 K 5 1) &
ik, DT PN R 40 A D) B . E mRNA KR,
YT STS LB , o A7 76 AH O i 5 IR 17K - & 3k
A5 4k

R B 7 R ON WA AR R R A, X
AVF B N I3 AR A 52 . 78 55 40 i 3 58 AH ¢ 1Y)
MR, NF-xB & 42 07 L5 N B2 20 i 58 5 R
FRFRRU WA A RERER: R
FEAE IS T hUVECs H NF-kB 2 38 K FE TH i, i
28 STS AL J5 FRIBACEREAK, 1 28 3k — 7 B[] Y
BYI RIS, IR E PR B T NF-kB % ik K7 B
fiX, MZ STS &b 5 H R KK T E, Wil ERK
T PR R AR IE KBRS R IREEAE BT N
Bz 4 i v NF-xkB #9235 5 57 D) ) fil A ¢, K0
BYY) 77 il 3 5 0T STS A #F 9 12 40 i of NF-kB 11
ik . [ B ERK G EAE R 2 5 40 i 3 58 09 20
SOE K, ERRASIREIE A W R U AR, 2
JNAE ML ) J1 28 5 R, STS X P K 41 i ) 6 1Y)
S AT RE S5 ER A SR E AN TR, AT BE R E
ERK i % 2 5 40 M 5 . 1 AVE B BT 2238 Y4
H A0 1) M BT K, 4R RIS R B . STS I E
TR A B TaX A AVE 9 A

i LTk, STSHER —R P 25y, KoKW
AR B Y] J) 38 58 T BRI H T AVE D RE 1) 52
I HEAT MR AR 4 FHLHI BT, DL AVE 3)
REAN R B IA 46 BT 10 I6 97 SR I o

PR R
JIR A A 5 PR R A7 ) 4 o
EERBAEN:

EL S ST BT M TG Gt o R SRS
RS 5 I R BT DRI S 15 S I 1 R AR T AR
Wi 02 5L AR S, THEME%E S5 L0
BRI 200
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