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WE: FAEE IS HMEFEBEEE S E T la (hypoxia inducible factor-1a, HIF-1a)/IIL & P & A4 K T A
(vascular endothelial growth factor A, VEGFA)/IfIL & P 57 2 4 [Kl F- 52 44 2 (vascular endothelial growth factor receptor 2,
VEGFRY) {55 5 10 4%, $1ii1) Jixd Ji2 J53 988 401 B 1 3 A P02 (vasculogenic mimicry, VM) T & 7 B AL o R B %o i 14
SD K FRIESEE B 4257 K, Bl & V0 3 A& 25 s (B seiAe B8 k52 202105A051). K 200 umol-L" CoCl,#4
U251 4 MR SR Y, 45 T P 3 AL 2 I35 )5, CCK-8 V4 4 il vl [ SIZ0 kil U251 20 i 7% 1 R0 386 5 475 100, v =04 P
A U251 240 By 1 2 J5 ;4 B R JR @& L Transwell (2 22 SE 38 kil U251 40 BRI % 512 2868 07 ; 3D 4l o s 32 K
I U251 40 fil VM 19 T BT B ; Western blot 2 £ Wl U251 41 #d HIF-1a. VEGFA. VEGFR2. % I {/t, VEGFR2
(phosphorylated-VEGFR2, p-VEGFR2). Il & P B #5 % % & [ (vascular endothelial-cadherin, VE-cadherin).Eph 5% {A fi%
R ¥ A2 (Eph receptor tyrosine kinases A2, EphA2). % Jiii 42 J& &5 F i 2 (matrix metalloproteinase 2, MMP2). 2 Ji
4 J& B i 14 (matrix metalloproteinase 14, MMP14) F1)Z %1% & [ y2 (laminin y2) &8 AR IEKF. 2R ER, K
FURE T, 10% P 2 AL B 24 135 % U251 41 3 7 59 58 08 TR 40 i o) B2 i e o SRS AR LE, 10% 1.0
1.5 F12.0 h 25 4 58 Fu 55 24 M35 24 20 25 A8 U251 40 B RO SE B ¢ (P < 0.01), S 35> 1R 28 1 U251 4R il # i (P <
0.01). 10% 2.0 h 25 # #5 125 24 1375 55 2% 0k IR SR 25 R U251 40 i 9 VM B IR 45 /I 2 1 (P < 0.01). Western blot
SEI BN, 10% P8 3 AL 25 1375 & 3% K 8 HIF-1a. VEGFA . phospho-VEGFR2 . VE-cadherin . EphA2 .MMP14 £ & 5
ik (P<0.05). ¢ AR, PE# AL T i HIF-1a/VEGFA/VEGFR2 5 53 B, 4100 1) v B2 5 88 U251 41 i VM FE
R, RAEPILE A AR
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vasculogenic mimicry (VM) in human glioblastoma cells by Xihuang pill (XHP) medicated serum through
regulating the hypoxia inducible factor-la (HIF-la)/vascular endothelial growth factor A (VEGFA)/vascular
endothelial growth factor receptor 2 (VEGFR2) signaling pathway. The medicated serum of XHP was prepared by
gavage for 7 days to male SD rats (approval number of animal experiment ethics: 202105A051). The hypoxia
model of U251 cells was established using 200 pmol-L" of CoCl,. After treatment with XHP-medicated serum, cell
viability and proliferation of U251 cells were detected by CCK-8 and cell cloning experiment. Cell apoptosis and
cell cycle of U251 cells were determined by flow cytometry. Cell migration and invasion were evaluated by wound
healing and Transwell invasion assay. The formation of VM was assessed by three-dimensional cell culture of
U251 cells. The protein expression levels of HIF-1a, VEGFA, VEGFR2, phosphorylated-VEGFR2 (p-VEGFR2),
vascular endothelial-cadherin (VE-cadherin), Eph receptor tyrosine kinases A2 (EphA2), matrix metalloproteinase
2 (MMP2), matrix metalloproteinase 14 (MMP14) and laminin y2 in U251 cells were detected by Western blot. The
results showed that 10% XHP-medicated serum had little effect on the cell viability, proliferation, apoptosis and
cell cycle of U251 cells under hypoxia. Compared with the model group, 10% XHP-medicated serum at 1.0, 1.5
and 2.0 h significantly decreased the migration rate (P < 0.01) and the number of invading U251 cells (P < 0.01).
10% XHP-medicated serum at 2.0 h significantly suppressed the formation of VM tubular structures in U251 cells
under the condition of hypoxia (P < 0.01). Western blot experiment showed that 10% XHP-medicated serum
significantly down-regulated the expression of HIF-la, VEGFA, phospho-VEGFR2, VE-cadherin, EphA2 and
MMP14 proteins (P < 0.05). In conclusion, XHP could inhibit the formation of VM in human glioblastoma U251
cells to suppress the angiogenesis by down-regulating the HIF-1a/VEGFA/VEGFR2 signaling pathway.
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PR T R I A s, T 00 o) e R G R O 7% 7
M. I 4 L4 (vasculogenic mimicry, VM) j& %
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Jie Jo3 98 B Ak ik FE R AEAE AR VMBI G, HL e 2
FERE B, VM R (I R Y, T ST 3R
K415 S K F la (hypoxia inducible factor-1a, HIF-1a)/
I N 24K AT A (vascular endothelial growth factor
A, VEGFA)/IfiLE N Bz A K RlF-52 44 2 (vascular endothelial
growth factor receptor 2, VEGFR2) 15 ‘5 i % 7F & 17k i
JB J53 98 VML i H S = A ), AR B8 AT B IR o
Jé 40 i HIF-1a 1 VEGF R H3RIE, %% VMIE K.
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BF 502 B, 7 35 hL 08 I 1) UST 4 i A 22 IR 5 = IR
5 Wl (protein kinase B, PKB, Akt)/Mf FL 2Rz 4)
M1 % 2% 4 & (mammalian target of rapamycin, mTOR)/
IHERL LN T O WHE 1 (FOXON) 155 38 #% A i {12 32 41

R T TR FCAE B, 6 B AL B 3 2 R B A A
A=l o )N BT 2 iR PC-3 411 HP 5 IO O B
8 B LEE -3 3 B (phosphatidylinositol 3-kinase, PI3K)/
Akt/mTOR {5 5 3@ i, e 240 J I 12, 40| PC-3 fuf I8 7)s
BRI T AR AR K BRI B Ab, T B AL A 24 M
T8 2 3 e U FL R E 40 B A& MDA-MB-231.MDA-MB-
435 FI MCF-7 41 Ha 08 T, #6140 B3 5 A # 1 7
AU R AH i AT TR B, VR AL T R 35 15 5 U251
FTUST A M T2, F bl B B S AL 7% HE R ARG, P R] 3
B SO0 i Y B R R A Y. SR, P B LR TS T E
i i 4% HIF-1a/VEGFA/VEGFR2 {5 5 i 1%, 40041 i Jie
JO R 4 L VM T 5 AN 385 B o OAR SCRL A U251 41
Ji AR AR A, B 5E P 3R R 44 i 7 R 45 HIF-10/
VEGFA/VEGFR2 {5 5l ¢ XF VM JE BRI 52 10, B 7E8R
UV B AL i B S5 988 B L A AR R IR T I A A AL
il I PR rh 78 24 106 PR o JRg I A AR s AR

MRS R

SLIOMRL PO AL b A R K R A
PR A A #125) 7, k5 19041288); CoCl, (3 [ Sigma-
Aldrich 24 7], BCBX0741); DMEM %5 77 £ (34 [# Gibco
oA, 8121211); BR 4R I3 (+ [E ExCell Bio A &),
12A028); CCK-8 i 7| & (I ifg i 1 4= 4, DC12988);
0.25% figi 25 [ l§-EDTA (040921210609) £ Jfd J& 1] 5 48
JH R TR R T £ (090921220209) BCA i 7 £
(122120210621) 4535 4 2 AM 44k} (01122220415). 45



- 1258 - 242224 Acta Pharmaceutica Sinica 2023, 58(5): 1256-1266

fm 58 O (111621220209). D-PBS (050122220505)-
RIPA ZL AR (062422220721) 25 11 il 1l 195 it 400 1) 7510 VR
AW (030922220713). SDS-PAGE & 1 b ¥ 22 3
(012422220623) 06 B g3 = RAEDH ARG R A
¥ ; Matrigel Matrix %5 i ik (0281002). Transwell /) &
(00721067) ¥4 F £ [E Corning 2 7] ; FITC Annexin V
41 Jf 98 T K I K R & (35 B BD Biosciences 2 A,
1324995); i 4t & 4 Marker ( 3¢ [ Thermo 2 7 ,
01061725); Immobilon-NC #% E[J i (& [E Millipore 2>
"], RINB70185); Ifi & M B £ &K Kl ¥ A (vascular
endothelial growth factor A, VEGFA) ik (#ab52917).
I8 N 7 A2 K Rl F %2 44 2 (vascular endothelial growth
factor receptor 2, VEGFR2) Hiff (#ab134191) )i & )&
& A B 14 (matrix metalloproteinase 14, MMP14) $ii {4
(#ab51074). & i1 4 J& & H 1§ 2 (matrix metalloprotei-
nase 2, MMP2) fii & (#ab92536) 4 H % [H Abcam 24
F] ;R A AL N B AR K R %244 2 (phosphorylated-
VEGFR?2, p-VEGFR2) Hiifk (#2478T). ML N 2 55 &6 &
% [ (vascular endothelial-cadherin, VE-cadherin) $t 14
(#2500T). Eph 3 1 it %4 1% 3 i A2 (Eph receptor tyro-
sine kinases A2, EphA2) $T & #6997T). - Nl 3 & H
(beta actin, B-actin) LA (#3700S) #4104 [ 32 [F Cell Sig-
naling Technology A &]; HIF-1a $iu/& (BHF IE B8 A4+
RA IR A T, #340462); )2 Z51% % 1 92 (laminin y
2) Bk (3£ [E Santa Cruz /A 7], #sc-28330); HRP goat
anti-rabbit IgG (#AS014) FI HRP goat anti-mouse 1gG
(#AS013) #t H 207 Abclonal A 7] .

Forma 3111 % L B £ 7% §5 . MSC-advantage 12
A W24 M (35 1E ThermoFisher 24 7)); DMi8 {3 & %¢
S (f5 1 Leica 24 7)); HYQ-3110 J# e iR 2] 8% (£
Crystal 24 7]); TDL-80-2B ki & 302 0L (i 25 Rl
SAERTT); HH-ZK 1 B AE R K G B (R RTH AR
PR /A 7); Infinite 200 PRO £ Zh AEEEARIX (3ifi -t Tecan T
fie); Gallios ¥t 40 Hf1 % (3% E Beckman Jjfig); 5200 4>
H a2 RO B 298 (L#EERBERCA R A F).

ARASHAMBENGIE IR ALERE, BT
BRI R RO AR, 0 0.5% F2 H 3 41 4 24N (carboxy-
methylcellulose sodium, CMC-Na) ¥ ¥ ¥ i il ik 5 A
0.216 g-mL" 752 ALV B -

SPF i1 SD K B (6~8 J %, 200~240 g) I A
TERETILTXE LN LT, )V ES:
SCXK ( #7) 2019-0002, &) ¥ 5k 55 46 B & #t 5 -
202105A051. B s 5 50 3% T st h R 245 K
SIS AW O SPF AR 37 =, 1RIFR 46408 12 hol i
12 h A, MHREE . 36 W kM SD K RliE

MR IR S KRG, BEHL 4 40, BEXTIEZH 0 1.0, 1.5,
20h#H. FHHAFEBL T 0.5% CMC-Na R 2, H4&
FAHWEE 45T 0.216 g-mL {74 35 ALV B, 45 25 1A
5 mL-kg', BIZE 2557 &0 1.08 g-kg', 4 £5In PR 71 &=
(FFR3 g, 1 K2R, ELLHER TR, BHHENI12h.
FBIRERESE, 2R HBAHKAKI12h, 705 T RIK
252455 01.1.5.2 h, [l L LU 28N RRIE, 4T T HE i, BE &
Bl Mk B I, = 3R #% B 15 min, 4 °C . 12 000 xg &5 0
10 min, WU 2 MiEH## 4 1.5 mL EP & . KI5
BT 56 °C/K 8 3% 30 min, 0.22 pm Bl FLE 5
i, 3 2R A7 T -80 °CUKAR H

LR S CCK-8 4 U251 4HRRE 1 U251
4 M LA A 10% JIG 4+ 1037 W75 2 % (100 u-mL™) F1%8%
% (100 mg'mL™") ) DMEM 85 9%, % 3% T 37 °C.
5% CO, BT FRH .

U6 B4 K IR U251 4019, LA S 000 AN /FLEEFD T
96 fLIR 1, Fr4HUNGEE S, 45 T 7 A CoCl, (200 umol-L™)
1 5% 10%- 20% S 40% A~ [A) 5 [8] 550 20 &5 24 i i
(control1.0.1.5.2.0 h) ) DMEM 5 7% ¥, /£ H 48 h,
LN CCK8 ¥ 10 uL, B & 1 h, % B x40 5%
450 nm Y%K AR A, THEA 0]

YA BESTIE O A KA U251 A A, DA
1 000 N/ALIER T 6 FLIR . 4GB S, A T & F
200 pmol-L" CoCl, Fl 10% A [A] i} 18] £ 40 & 24 [f %
(control+1.0.1.5.2.0 h) [\ DMEM %5 721K, 73 B 5 10%
EZHMIE (control ZH) () DMEM 55 384T N4 14, &b
H 48 h, N 5E AR IR AR SR IE 14 K, B 3 KT
o0 B 0 15 R JE MR A MR A o W7 IH 85 97 5,
PBS ¥k 2 IR, TN 4% % Z % %W 700 pL, T4 °C
HH ] E 41 B 60 min. W 7 [ 22 VR, PBS YEik 2 Ik, AL
TN G5 R G 500 pl, Yot 1 h, FF 45 R et
W, HEA K e 3 IR, BT R

HAECATIME  HO HCA KR U251 40, DA
8x10*AN/FLIEFP T 6 FLAR 1, R B Wi BE J5, [F)“ 4 i 5
RSO " ¢5 24, /EF 48 he F 0.25% Jif 85 H B -EDTA JH
A LLUSCEEAT A, FH IH A4 B 3% 2 2 b8 4k . 1 000 xg
250> 3 min, PBS ¥ 3 40 Bd, K 48 B T € A 1x binding
buffer 200 pL 5 &, fK X il A\ Annexin V-FITC 1 PI %
SuL, A WA, = TN L E 15 min, N
Gallios ¥t =X 41 fg 3 6 34 #F 47 W 2, IF ff FH Kaluza
Analysis % AF A8t . AANHRE 3 ANE L.

YHRE B ERMIE A M T R A 2 IR
LY. 1000 xg B0 3 min, BEW I EE, AT
YR PBS 1 mL YEiE 4N, 1 000 xg 20 3 min, 5%
b, H A B 70% B 2 24 he 1 000 xg &0
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3 min A2 BR I R, TV 1 PBS i, I\ & RNase
A FIPL Y7 0.3 mL, & 37 °CHE A 30 min, M
Gallios it =X 40 Hf 46 H 2k 47 W 5& , IF ff H Kaluza
Analysis % AF MG . AT 3ANESL.

WAEXIIR SR B0 A K U251 4 e, DL
15X 10° A /FLEERD T IR FRIE 2 25 AR IR ZR 11 24 FLAR .
R 20 AN BE 5, FH 200 L A Sk 9 BLR S A5 1A 26 2 LR
JR 278, PBS P ik 2 7k LA 2 [ i 7% 20 i, 7] 24 i o g i
7. TRIRGZ)E0.12.24.48 h 5 i 42 &
AM QL gL bRic, K Leica i 4 R & A — A1 B &I
IR, FH Tmage J 4440 2 RIJR 56 2

Transwell (RZZESLI AL 45 uL matrigel & it i
AWK T 4 °CUKFE R, F DMEM LA 1:8 L4913 ¢
B0 e, WCHOR R Jim 2 5T B 50 L 35 218 T Transwell
NE B, B TR FRA R 30 mine  BUR AR K
U251 41 i, YLk 55 5% 24 h, FH 0.25% JiE & A i -EDTA
AL LLSCAE Y, 1 000 xg 250 3 min, I DMEM 5 7¢
R, R A R R =TT 6x10° S . IR EGZ A
J# £ % 100 puL i\ Transwell /N 5 o [5)“ 4H g 70 [ S
172525, VEFH 48 he BUHE Transwell /N E, WA 35 77,
D-PBS ¥ 2 4%, TN 4% % 5 H I 800 uL, = i ]
JE 30 min, K /N EE Y BT, IS A SR G B 800 uL,
R Y7 30 min, 1T D-PBS BE¥ 3 7k, FIAR 6 i 4
% LR RIT R 20 M IF I T, R A Leica W45 T~ 100 1%
B T BEALRAE 5 /NP0 UL 41 i 5 114

3D HREE F T MEE RIS FF Matrigel 2 7 i
FNE VKT 4 °CUKAR R VR, LLREFL 250 pL 355748 T
24 LR, T 85 7R B 30 mino  WCER T A K
i, F %% 200 umol-L™" CoCl, ff) DMEM #5 7 ik & £ 41
JHE, RN i % = T 1.6x10° AN 41, W HGZ 41
e &K 500 uL N 24 FLAR 1. 5 HUE 10% 7 2 i
(control 41) 1] DMEM X% % i # i AF i S8 0T B4 .
fr¥s 9% 24 h J5, 24 FLACH A % 200 pmol L CoCl,
10% /I [&] i 1] 55085 245 13 (control A1 2.0 h) ) DMEM
BE IR 500 pL & He . T4 25)50.1.3.6.12 h, K H
Leica i 55 T~ 50 £5 85 N BEHL KA 5 MALE B VM
SER L

ERMTERNEBRIE WX EKHM
U251 21, LA 3x10°AN/FLEEFR T 6 FLAR H, 4+ 200 fifa s B
J, [N o P SR8 7 4R 2, AbFE 48 he FH PBS ML
B3, N TE S 40 M AR (F 1 mmol L & A B4
il AT 1 mmol- L B FREE A0 1 751), vK_EZ2L% 30 min, T
4 °CF 13 000 xg &> 10 min, W B & BB £
1.5 mL &5 .08 i, BCA VA 2 B AR IE NN & &
loading buffer, & & %41, 95 °CHI#4 10 min, B4 5, 4

BEARAETF-20 °CUKF o

5 FH 8%~ 12% + — Joe 3 Bk 1R 44 3R AT 44 Tt Jig e
JK; (SDS-PAGE) 1H & HL ¥k 73 B8 LBl h i & 1, R
FH 00 B 3k 1 U G B I A R 4T 4k & (NC) B |,
5% BSA # ] 1 h J5, 4 7l LA HIF-1a (1: 1 000).
VEGFA (1:5 000). VEGFR2 (1:2 000). p-VEGFR2
(1:1 000). VE-cadherin (1:1 000). EphA2 (1:1 000).
MMP14 (1:5 000) . MMP2 (1:2 000) . laminin y2
(1:100).B-actin (1:1 000) ¥tk T 4 CHE LR, H5
AHXE BB —HT (125 000) 3 E 1 h. NABEECL
25 KGR T Tanon-5200 4% & 4t o v A4 B IZE 5%
iy, 7112 A Image J A 3E4T B4 o

it FE S KM GraphPad 8.0 4t i 2= 8K X% 52
W RIATRITH 0. HEERUx£s KR %
2 43 ) 5 AR SO R AL 2R AT F DR 25 T 22 43 i, LA P < 0.05
NERAGI R L

R
FE R SZHMEXT U251 40A85E 1 R IEFER R0
MREECIRAS S, S [F) B 1) 5 76 3 R 55 24 1 v R A

A]) 71 43 bb 2 24 U251 40 i 48 h 1 41 i 3 20 2 45
FUWEIAFTR. SREIR, U A MIERERN 5%,
1.0 h 20 74 B 2 24 1t 3 o] LA R U251 40 B S
(P<0.05). &L MIEWREEN10%HF, 1.5F12.0 h 7l
AL 24 I35 AT LA R U251 40 i3 /1 (P < 0.01); 3
1, 2.0 h T B AL 24 035 X U251 28 1 0 1) 4 P e
W, N 93.2% + 3.6%. U 10% & 245 135 1F FH U251
Y1 48 h Ry Ak — B AR A AR AL

MRECIR AR, 10% AS [R] e 8] 55 75 3% AL 25 24 1375 18
FH U251 21 2 48 h 11 o & 384 5 ) 5 &5 3w & 1B C iy
TNe EE IR, 5N ZH AR b, AR AR U251 4 A 1
HAPHEAEH (P<0.01); 5CAB AL, 1.5812.0h
PO ML 2 35 4 U251 i B 34 5 2 R a3, (%
THEER . 2RRY, P AL 25 MiE X U251 0%
77 I BEHE S AE BN o
2 AEASHMFER U251 MAAT K EHINS G

MRECRAE N, AS[FI [R) A 75 3 AL 5 24 13 5 U251
ST R IR TR i R B s g R 2 FoR . R R
7N, R HRAL A M T A5 IE W, JLFJE U TR R SR A A .
CoClfREUXT U251 20 B i T S 4 M & BA LG o 45
T 10% (1) 1.04 1.5 F112.0 h I5Fa) 25 78 35 AL 75 24 1
JE AL 48 hJE, U251 40 il 1 6 8 T 2% 4 531 2.23%-
2.69% F13.94%, H G1 A 1941 B £ & 75 70 M\ 46.2% 14
T E] 47.0%.48.8% H152.9%. SAKEMAILIAHLL, 1.5
2.0 h 25 7 35O 24 LTS A S U251 dH Mg S i Tl R
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Figure 1

Effects of Xihuang pill (XHP)-medicated serum at different concentrations and time points on the cell viability of U251 cells

under hypoxia. A: Effects of XHP-medicated serum at different concentrations (5%, 10%, 20% and 40%) and time points (1.0, 1.5 and 2.0 h)
on the cell viability of U251 cells at 48 h under hypoxia by CCK-8; B, C: Effects of XHP-medicated serum at different time points (1.0, 1.5

and 2.0 h) on the cell proliferation of U251 cells at 48 h under hypoxia by cell cloning experiment. n = 3, X £ 5. P < 0.01 vs the control

group; P <0.05, "P<0.01 vs the model group

A Normoxia Hypoxia
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Figure 2 Effects of 10% XHP-medicated serum at different time points on the cell apoptosis and cell cycle in U251 cells under hypoxia.
A, C: Effects of 10% XHP-medicated serum at different time points (1.0, 1.5 and 2.0 h) on the cell apoptosis at 48 h in U251 cells under
hypoxia; B, D: Effects of 10% XHP-medicated serum at different time points (1.0, 1.5 and 2.0 h) on the cell cycle at 48 h in U251 cells

under hypoxia. n =3, ¥+ 5. “P < 0.01 vs the model group

(P<0.01). Fr, 2.0 h 20 VG 5 A2 24 13 RE 42 = 40 i
W 30 T2 7K~ (P < 0.01), JF {5 40 i 185 5 BEL v 75 G139
(P<0.01). 53R, P83 A7 25 1MLIE X U251 48 fg
T B 20 ) A s A/

3 BEASHMF U251 AT BREZEE DD
AL

TRECIRAS TS, 10% A [R] B (8] 5 76 35 AL 75 24 135 1
FH U251 40} 48 h 1) 4 L # e 7l € 45 R an & 3A B
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Fim. SR ER, SX AL, HRIR 48 h i, R4
X U251 A RIE % e 1A R E B AER (P <0.01).
S REA AL, 2R 24 hif, 1.5F12.0 h 7535 A5
24 1ML 37 5 ) 7 U251 4R IR RS BE T (P < 0.01);
2 RIJE 48 hisk, 1.04 1.5 F1 2.0 h 75 3% L5 24 1375 35 %t
U251 A0 (13 #% e A w3 A (P <0.01).
MREIRA N, 10% A [F] I 8] p 78 25 AL 75 24 1385 1R
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Figure 3 Effects of 10% XHP-medicated serum at different time points (1.0, 1.5 and 2.0 h) on the cell migration and invasion in U251
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