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IR IR IR NG bk 9 BE Al 2 B4 1 B SOX18.
MMP-7. VEGFA ik 3%

FR & AL TN F

(AaBEARER/ SHFERFWREE—ERILEES PO
ILEF T RPN EEETE LT, MHKIY  410005)

[FE] BRI ZEE R AR KN 2 4000 (human umbilical vein endothelial cell, HUVEC) 4% . 4
o R METRE 1, LAKCHHPE S P E X Y HE 18 (sex determining region Y-box 18, SOX18) . K& JFi 45 J& 5 [ -7
(matrix metalloproteinase-7, MMP-7) FNIAS 2 A K A (vascular endothelial growth factor A, VEGFA) PRI
W, ik DIARFEWE 255 RABHUVEC, SR CCK-8 WA ZHMIIT F7, Ve fefdeve i M sk i) . 528673
XYL, W ZEIK RN E (50, 100, 150 wmol/L) 41, SR FHME A AMMIA | 20 f) I 92 36 0 Bl A9 512 06 R 4%
HUVEC#ATZ . TR ML LT BL, Western blot FISER} 94678 5 PCR LA SOX 18, MMP-7. VEGFA &[4 &
mRNA AR, RSx4, H2E KRR E AR TR T (P<0.05), HREZ5Y) R 14 in .
EFHE (P<0.05) 5 28K RN B A 45 A SR BRI, B 1 s BIORn A B B8, SOX18. MMP-7,
VEGFA £ [H Je mRNA FRIA T (P<0.05), &5 280 /R AN HUVEC R3S TE . 1575 . A RE 7 JT 0 k4t g
T, FEMRSOX18, MMP-7 Hl VEGFA k7K F [hESRILRIZRE, 2024, 26 (10): 1115-1121]
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Effects of propranolol on the biological behavior of human umbilical vein endothelial
cells and the expression of SOX18, MMP-7, and VEGFA

ZHOU Pei, XIE Si-Qing, ZHONG Li-Li, DING Xiao-Fang. Hunan Provincial Key Laboratory of Pediatric Respiratory
Medicine, Children's Medical Center, Hunan Provincial People's Hospital/First Affiliated Hospital of Hunan Normal
University, Changsha 410005, China (Ding X-F, Email: dz9751128@sina.com)

Abstract: Objective To investigate the effects of propranolol on the proliferation, apoptosis, migration, and tube
formation ability of human umbilical vein endothelial cells (HUVEC), as well as its impact on the expression of sex-
determining region Y-box 18 (SOX18), matrix metalloproteinase-7 (MMP-7), and vascular endothelial growth factor A
(VEGFA). Methods HUVEC were treated with different concentrations of propranolol, and cell viability was assessed
using the CCK-8 method to determine the optimal concentration and treatment duration. The experiment consisted of a
control group and groups treated with different concentrations of propranolol (50, 100, 150 pmol/L). Apoptosis,
migration, and tube formation of HUVEC were observed using flow cytometry, wound healing assays, and tube
formation assays. Western blot and real-time quantitative PCR were used to detect the expression levels of SOX18,
MMP-7, and VEGFA proteins and mRNA. Results Compared to the control group, the apoptosis rate in the
propranolol treatment groups increased significantly (P<0.05), and it rose significantly with increasing drug
concentration (P<0.05). The wound healing rate decreased in the propranolol treatment groups, and both the number of
tube formation nodes and total tube length were reduced (P<0.05). The expression levels of SOX18, MMP-7, and
VEGFA proteins and mRNA were downregulated in the propranolol treatment groups (P<0.05). Conclusions
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Propranolol can inhibit the proliferation, migration, and tube formation ability of HUVEC and promote cell apoptosis,
resulting in decreased expression levels of SOX18, MMP-7, and VEGFA.
[Chinese Journal of Contemporary Pediatrics, 2024, 26(10): 1115-1121]

Key words: Propranolol; Infantile hemangioma; Sex-determining region Y-box 18; Matrix metalloproteinase-7;

Vascular endothelial growth factor A; Human umbilical vein endothelial cell

B4JLIMAEYE (infantile hemangioma, IH) J& JL
LAY RAPEME, HOE R 2R TG K B
MBS, b UL Y B ARG 5
ST R R A THOE R AR B R AR 2
PR B REAAAE AATIHIR i aH, (B 288 o
A= K I R RT BE X A= A T SR . 2008 4F
Leauté-Labréze 55 ' & B H H 1697 & 10T 4600 Il
BB A B A2 A BEL T 773 2% 4 K I TH 98 A 5% T
R RBREE/N, BEJE A R E P A PR 151
R 1 Z2 % K AR THR YT 5 U T R RIS AR,
AT 2R K B U QR 2 [T 1t A TH B — 236
Jreaty ), (EHERUINLH F A e TR

P52 XY HE 18 (sex determining region Y-
box 18, SOX18) J&—FAE %N T, AT RARHIE
MR E R EZE T FE, P58
SOX18 A By b1l PRl -l 42 g A O 2 1 B o 4
J& & H (matrix metalloproteinase, MMP) -7 7,
MMP-7 J& T MMP 51 i —Ff, HARH 423,
TIREAREE 120 . LT . PRI LY S IV AL
g R S NITE (8w ) bl T B g LN N | K=
B MRS A A it B o A, MMP-7 BEfS
514 W KT (vascular endothelial growth
factor, VEGF) 1Ip[RIZIA, 1 VEGF 7] 5028 PN Bz 4 Jitg
PITEALIE S, (R HE MMP-7 2300 0 ASTF 5238 13
56 2R K 0 N K I A N B 4B K (human
umbilical vein endothelial cell, HUVEC) %8 . 4
o, IERRRES . MUAEREST, LIRGSOXI8, MMP-7,
M W EAEKHEF A (vascular endothelial growth
factor A, VEGFA) FRIKAIFM, WIAARTIE 251K /K
T THAGTERILE], Ails ARG S B R .

1 RS

1.1

HUVEC 4 Tkt b g Gk A kA BR A A
N B 4 B 15 37 36 T 95 [ ScienCell 28 ], TS
e . WTAR A . ECL &GN T 32 [ Genview
A, ERR A ZRE R W T e TR T A AR
AR F, JoE PBS, CCK-8itl& . BCAEH

EEIRAE . ARSI TR IR A YR
A RAR, LRI T2 E Coming /A H], RIPA
20 i 2 ) F G B AR W E AR A R BT
23w, SDS-PAGE B HE i 1255 & v B s A
WHARARAF, HIKME . FR . TBS Z i .
it B 5 A9 W T DR 4 R A= W R B A RN A
PVDF %5 E[1 51 T & [ Millipore 23 &, SOX18 Fatt
W F BN A AR BR A R, MMP7,
VEGFA. £ $i % IeG — #1 14 T ABclonal 2 7 ,
GAPDH 4 T & [ Proteintech 2> 7], RNA 2 B 7]
ST W R R B TR BRA A, i 5
& . UltraSYBR Mixture W4TV 755 Ryt 20 A4E )
H AR A F
1.2 YpakEsE

HUVEC i FH % 90% N K i s F 5L . 10% it
AT . 1% 5 HERE 2 N B AN AR K T
Rigedk, BT 37 °C. 5% CO, M FIR R B 3848 v
Wige, W 2~3d e LRGSR, FRaifA K ik
80% Zity, FHIRBHHLAZIC,
1.3  CCK-8 il 2 A tE 58

O A= K 9 HUVEC 100 wL (295 x 1074L)
PISJEIR T 96 fLA T, BT 5% CO,, 37 CHiFRAH
3R 24 h 5 SRS IHEE R L. A 100 pL & AR
)9 JE R 253% Jk (0, 50, 100, 150, 200 wmol/L)
MIREFRIE, B E 3 NESL, BT M Dk
ZEREFRE 24 h, 48 ho TALAIA 10 pL i CCK-8 ¥,
KA E 4 h, BRI AE 450 nm b AW
AN TE G = (250 b B G - 28 (A O
JE) 1 O BRI 28 A E ) o Sl 57
3K,
1.4 XA AT

SEI Ay R R R ZEIE R AR (50,
100, 150 wmol/L) #H. AHffERpF 6 fLAkH, T#4l
JMSRES , AR B2 2895 /R Tl 24 h, THAL
TGRS, PBSPEH2 YK, 1000 t/min B.C> 5 min,
WEEZ 1 x 10°~5 x 10° 4, A 500 wL 2569
BRI fiNA S pL Annexin V-FITC, 5 wL PIZ
B, 1R FiEOER N 10 ming 1h WA
ARSI ST HA 3 IR,
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1.5 XIYRSCIGH M ZEAT R RE

7 6 FLAR S 1 HiC S 2 im Y SRk . AN
P 6FLB T (£95.0x 1074L), ¥ 1.4/N15 44 Ab
FRANA, FRAmAEINGEEfS, JH 200 WL JCR G Sk 7EfL
JICHBEE B TR LR . (1 JCH PBS vhst 2 R 51X
B 3 U, A TSR IR, id5%0h, 24 h,
48 h PRI IR o W FH Image J B4 40T S 56 45
P A G 2= () h 248 P 1) 25 340 4 — L 552 I 2 24
Jta (6] 1) /400 s 0 G R) BB R X (E . SE R gk T
23R,
1.6 MELEHENMERERED

FERFT 15 h B L . 96 fLAR FiA Sk & T 4 C
UKFATS o JE SRR R fE VK & Lk, AR
96 FLARAFFLINA 60 wL RS 2 L (Gl ey
ASHL), 4 CHE 10 min 5 5% 2 37 CREFFM P
B 60 min FFEE TR BER . $ 1.4 /N5 432 b PR
Jo, BREETEACANAE, FHA0A RO S B B
[y 7 P [ 35 I Je 1) 96 FL AR R AR LA 1 x 10* 4
Yife, AAPREINELL, BTSRRI
FE8ho HU 96 fLAR, TEMHIE W AEE N LI
B, R Image JBRAF A1 i SOl B E . 58
Bl A 3R,
1.7 Western blot#ill SOX18. MMP-7. VEGFA
EAHMRIE

Fi 1A/ - AL AL PR M . R T 4°C T¥8 PBS

VEAIM 2 5, A RIPA L7 240 40 I, K
124 30 min, WSCAR A ML, POV I R R B A
8min; B T A E.LHL, 14000 r/min Z5.0> 5 min,
MR [ (RARIGE) BB 2 EPE T, By
YR . F B BCA B A N & B
W . 22 129% SDS-PAGE HL ik 4y B, F T H =
PVDF B I, I 5% iR W58 i TBST ¥k 4 °C 3
M11.5h, —$T (SOX18, MMP7, VEGFA#%1 : 500
Fi B, GAPDHF1: 5000 FB) 4 CHHT®K,
“HERME 15h, TBST W ¥E 3K (H K
10 min) , ECL & YGIRANHE 5 B AL 5 . Tmage ]
AR, EARBKFUHMEASH
SEAKEM AR R . LR HE 3K,
1.8 SR % ¢ EE PCR# il SOX18, MMP-7,
VEGFA mRNA {3k

P VAN o A PR . CERAS LA, %
RNA $2 B0 G U B B HE IS RNA, 430 e e Tt
Rl RNA (v BE AL o SR FH e slask R e i
0 RNA 397 5 % cDNA . PCR 5| iy v [ 3R}
EYAFEIA R (1), Bl wL eDNA #47 PCR Y™
. PCR Y™ MW 25 95 °C #il 22 ¥ 10 min;
95 CAE M 155, 60 CiBk30s, H40MFEIF, DU
GAPDHAE RN Z IR, ] 27 a5 H i 3L A
mRNA AT IR, SEERA N H A 3 IR.

*1 SOX18. MMP-7. VEGFA. GAPDHXEE3|¥1FE 35

SR JF41 (5'—3) B EE (bp) SEHS
SOX18 ¥ AAGCGTCACTGTGGCAAAGA 105 1520687852
R TTATTGTGGCCTCTCCGTCC
MMP-7 | CATGATTGGCTTTGCGCGAG 150 4316
T AGACTGCTACCATCCGTCCA
VEGFA ¥ TGCTCTACTTCCCCAAATCACT 154 7422
T ACTCACTTTGCCCCTGTCG
GAPDH ¥ ACAGCCTCAAGATCATCAGC 104 2597

Fi#: GGTCATGAGTCCTTCCACGAT

1.9 Sit=ah

K SPSS 25.0 A X Bl AT g1t br . A%
B IESHAITT R TR AR brfE 2 (x+5) 2
TNo PHYLI] LLBER ST A AS kB, 2220 1) L
KRR T 25007, AR I LR F SNK-q 6
5. P<0.05 27 HAGH#E L.

2 H#R

2.1 EZER/RITHREIETE A0

CCK-8 LML R, SxTHAMLL, %28
W IR TR B A A0 B PR AIG (P<0.05), HAR Ik
JERBFRR I (R2) . JRZEscms BUkE k50
100, 150 wmol/L 3% 2575 /R AL BRAN M 24 b,
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FR2 FRERELZER/RI HUVEC HMIE 00 2.2 LEEE/RITAET IR
(s, n=3) T W 0 N 1 JEZH S A S <
EiEbill 24h 48 h i PE (3.70% +0.93%) . 50 pmol/L2H (7.68% +0.28%) .
X HEZH 1.000 = 0.011 1.000 = 0.019 0.000 1.000 100 Mmol/L éﬂ (10.65% + 0.61%) . 150 |.Lm01/L éﬂ
50 pmol/L4L  0.924 + 0.011° 0.870 = 0.008" 6.831 0.003 ( 13.68% + 0.66%) QEHE@{H T:% I ﬁ%%’iﬁ%ﬁ‘#’
100 pmol/L41 0.892 +0.014™"  0.850 £ 0.015™"  3.374 0.028 VSN 3 o
Y (F=124.438, P<0.001); Fifizh ¥ ek i TH i,
150 pmol/L41 0.838 +0.011*  0.810 +0.012*>°  3.133 0.035 *5 % - ﬂ ™

200 pmol/L41 0.807 +0.008™"*! 0.715 + 0.022**! 6.666 0.012
FiH 133.606 100.702
Pl <0.001 <0.001

e a/m SRTIRALHES, P<0.05; b5 50 pmol/L4H HL#, P
<0.05; ¢85 100 wmol/L 2H [b4E, P<0.05; d7R-15 100 wmol/L ZH [t
#, P<0.05,

Xf HRZH
Control group

50 wmol/L2H
50 pmol/L group

B1 EZEE/RFHUVECEREE
ﬁk, %gﬁﬁ' r@*/\igl_ﬁﬁm/]\o

®3 LEFEERRAEREAHUVECH ORMEERILE

(x+s, n=3)

251 24 h 48 h
X N4 0.633 = 0.015 0.861 + 0.015
50 pmol/LZH 0.371 +0.011° 0.607 + 0.019*
100 wmol/L 4 0.278 = 0.030" 0.428 + 0.007*
150 wmol/L 4 0.147  0.019*" 0.304 + 0.040*
FIE 313.177 316217
PlE <0.001 <0.001

W amSX A LE, P<0.05; bR 50 wmol/L 40 HL &L,
P<0.05; c7555 100 pmol/LZH L#E, P<0.05.,

» )
i al
e
Y .

M (R BAEE, x 100)
n;ﬁm\? [RIVR 4] HUVEC 32 RS BE S B0 FE AL 5

MM T TR (P<0.05),
2.3 EZRRIHMEIEBEENHZIN
0 IR ST B S5 R BoR, 5 X AL E
24 h, 48 h B 289K RN R v B 245 1 AL A5 SR BRI
(P<0.05), W1, &3,

100 wmol/L2H
100 pmol/L group

150 wmol/L2H
150 pmol/L group

Oh, 24h, 48 hif LRI, Bl S

2.4 LEERIRITHARERERE S BRI
WSS R Won, SXTRRAM L, 2%
IR AN ) ¥ B 2 B A1 s BRI i K i’am (p
<0.05). WE2. %4,
25 L E ;R /R ¥ HUVEC f SOX18, MMP-7.
VEGFA mRNA #12E B R iA 7K E R #0m
ST RE B PCR &SR /R, SXHIRAM L,
e 2898 IR A 6] ok JE 41 SOX18, MMP-7. VEGFA
mRNA F A K EREAL (P<0.05). Western blot 4%
Won, SXTRAM L, W28 R AS R U E A
SOX18, MMP-7, VEGFA & 4 3 ik K EFRAE (P
<0.05). WFE5. K3
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X HR2H 50 pmol/L 2 100 pmol/L 4. 150 pmol/L 2

Control group 50 pmol/L group 100 pmol/L group 150 pmol/L group

B2 EZE/RITHUVEC BEREIRISSM (8% WBE, % 100) SN HALAN G, % 2538 KA [R) vk P 2 25 vk

x4 EEFERAERELHHUVECHERETIEIRIEER (r+s, n=3)

215 BT R B
X 2 2779 =36 1368 +57
50 wmol/LZH 2085+ 4 1090 + 54°
100 pmol/L 41 1 440 + 78 716 + 83"
150 pmol/L 4 1022 +57* 464 + 24

FfH 668.530 137.744

PlA <0.001 <0.001

e an SXTHRALEEE, P<0.05; b/R550 pmol/LALELES, P<0.05; 7”45 100 pmol/LALHLAE, P<0.05.

*®5 £KLHASOX18. MMP-7, VEGFA mRNAREAFRIEKFELLE (v+s, n=3)

mRNA HEH
ZH 5
SOX18 MMP-7 VEGFA SOX18 MMP-7 VEGFA
X IR ZH 1.00 + 0.04 1.002 £ 0.078 1.048 +0.038 0.55 + 0.05 0.471 +0.029 0.550 + 0.020
50 wmol/LZH 0.62 = 0.07" 0.717 + 0.059° 0.724 + 0.033" 0.33 + 0.04° 0.220+0.017°  0.330 £ 0.026"

100 pmol/L#H 0.26 = 0.05"" 0.319 +0.021*" 0.463 +0.021"" 0.10 = 0.05"" 0.101 +0.030"  0.153 =0.021*"
150 wmol/L£H 0.17 = 0.05*" 0.176 £ 0.011*"  0.314 £ 0.007*"* 0.04 + 0.04*" 0.033+0.012""  0.030 = 0.026™"*
Fii 163.466 165.628 416.946 58.083 28.586 274.284
P{E <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

. [SOX18] MEBIBEIX YHE18; [MMP-7] JEffi4/REEM-7; [VEGFA] MAENEAKKNT A, am5XHAE, P<0.05; bRS
50 pmol/LZL LLH, P<0.05; ¢7”n5 100 wmol/LZH LR, P<0.05,

A B C D 490~5% ", HATFRAEVE RO 3G AR ) IR 1), 1

GAPDH | €l e D b AT TH 5 B0 R 20 A B S B | T HUVEC s
soxs D 2 SIS R R, LA AT R S I
5 TH P B A0 LA A BLME 2, R HUVEC FE

e [T T KBFIEI AR . 7520 40 60 4EAL, 25 /K
S e e O HH B RO IR A TR R T S ke g,
VEGEA | - — B3 LR T S 2234 7 A e B VR A B 2 PR BT

YR = SIS B l‘\/ Az, fefe e
B 3 Western blot % *ﬁﬂ)—w % 8 SOX18. MMP-7. E ﬁur{ZﬁHﬂ:/mﬁ?@mlE%ﬂ Lég& %#ﬁﬁo

VEGFAZ A FIAmKE  A: W4 B: 50 pmol/L 41 WRST 4R TH 5% B 58 1 1045 P9 2 20 Sk Y T
C: 100 pmol/L41; D: 150 wmol/LA4L. ANSELAY IR B G L TR P R AL, A

DAY 2 AL 20 it 7 A 2 4 iR 30 18] AT BE 37 B AL 2R 9 )%
3 Wit 4IRS A 4 R

FHOLEE S, WA RS T 5 Ed ] ges| &
TH A L f i UL BB RE , AR SRBESONE, MAIMTE A TH A2 o IRREIRIE Y KL
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A F oA . RRik g 8 | Mistek ok B K
SERIARAFER A, T RERE i 2E A NG LR, FESE
SEIEAIE e Y . B NS A R R
B3 Z53% R 7E THIG T P s e 2, HPLH T BE
S0 A AR A O B AR TH 3 AR A K 1t
B, N MMRREEE . T B M R OC
LR, APPSR RFW, K AT
HUVEC #3858 . B8 U RE 7, [ £ 2 41 g
T

WH5E RN, 18 TH Y G R A7 e 22 Fh 40 i A
¥ TSR R R RIS T VEGE 2R
FR RN RN, AMUS SRR A IR K,
MTE A 1Y f 0T 25 . 0 A A e B R AR
7. SOXFERTE M A AN AR B . B8 & & Jph
ZRGEZ R RIING & F o R R i AR
S AR, SOXI8 MY RiBg IR T) 12k
d, 5 Z MR kAR B & %Yk
F U HOC T AR IH R AR > . 2018 4F
ERE T A R TS N SOX T8 FE R LI Fe iR 3K
R YR HUVEC H, &I SOX18 REfS i &1
IS PN R AL 355, JF LR VEGF B3Rk, #
B SOX18 1] figil i I ¥ VEGF kA #F HUVEC (1)1
B ABFS AR, 253K AT LT I SOX18 K&
VEGFA mRNA iR H &k

5B, SOX18TELFIMIE Rk, HAE
S BUENF, BENS R VAT MMP-7 (R T,
MMP 2 4 il S0 B A — A EZER T, ) 2 Fh
g2 % 1 4 100740 0 1 P R 1
A 22, MMP A 7E S BR Bl i A AR R A Ol
W, Elng O mA . A% BEE . R R
Al 4R 0 P A YL A SR R I MMP-T 7R
HUVEC HA] DL i) i N v VEGE #ililsa) (]
7 VEGF ZAR-1) 3k VEGF Y3k, Mmife gt
HUVEC B85 . B EE T Y. AR RER,
W 2538 IR ] LA R 3 R MMP-7, VEGFA ) mRNA
FARARIBACY, P 5E 5 P04 A il G

Zi b, WK RXHUVEC 193858 . 8 . il
BRI AW BMHEAEN, JETDMEHHET, 5
Il R W5 285 FAH B ERAIE . [R]EE, 38 2538 IR 171 [ 4]
5 HUVEC H1 SOX18, MMP-7, VEGFA Y mRNA &
AR, vl g g SOX18/MMP-7 {5 5 i
BEAME TH IG5 AR, X — Rk A 289 JR 96T TH
FIVE ML T 0 )2 A iR

Yok ok BB BRSO R AL
M VARIIASIRE ; # &5 v £ R M%)
HALL . TF R AR BT AAE S

2

Gl

.

WA AR A RA A B

R B

(& % XX #]
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