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Losartan attenuates angiogenesis in hepatocellular carcinoma via
down-regulation of AT1R/VEGF signaling pathway
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Abstract: Objective To investigate the effect of Losartan on angiogenesis in hepatocellular carcinoma and
angiotensin II receptor 1 (AT1R)/vascular endothelial growth factor (VEGF) pathway. Methods Immunofluorescent
staining and Western blot were used to detect the expression levels of AT1R in hepatocellular carcinoma cell
lines HepG2, HuH-7 and PLC/PRF/S, and normal hepatocytes LO2. In HepG2 cells, Western blot was used
to test the variation of AT1R expression level that was influenced by Losartan and then ELISA was used to
investigate the change of VEGF level after treatment by Losartan. And immunohistochemistry was used to study
the expression levels of ATIR, VEGF and CD34 in hepatocellular carcinoma tissues of rats that were influenced
by Losartan. Results The results of immunofluorescent staining and Western blot showed the expression level of
AT1R was low in LO2 cells (P < 0.05), but was high in hepatocellular carcinoma cell lines HepG2, HuH-7 and PLC/
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PRF/5 cells (P < 0.05), and the highest in HepG2 cells (P < 0.05). After addition of Losartan in HepG2 cells, the
protein levels of ATIR and VEGF were decreased (P < 0.05). The expression levels of AT1R, VEGF and CD34 were

high in liver cancer tissues, but decreased after addition of Losartan (P < 0.05). Conclusions Losartan attenuates

angiogenesis in hepatocellular carcinoma via down-regulation of AT1R/VEGF signaling pathway.

Keywords: Losartan; AT1R; VEGF; angiogenesis

S FEL N T ) R 38 HEE 6 07, AET -4
5537 ", B 4 % B (microvessel density, MVD )
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1 #MEERE

1.1 EER|H

Ang I . VDI Hoechst, 5 H #E GRS &4
H 2% [ Sigma 24 H], J4- 1L . DMEM, MEM X 5%
Hg {2 Gibeo 2AH], ATIR —F0. MW K AERK
[A-¥ (vascular endothelial growth factor, VEGF ) —¥$1 .
CD34 —HU [ JE Abcam A H], VEGF ELISA kit ( 3%
Pepro Tech A ] ).
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JFE 40 M 2 HepG2 . HuH-7 i1 PLC/PRF/S, PIJ%
WA LO2 W F v R B i e .
1.3 KIEEY

fe I SD R 24 H, K 230 ~ 250 ¢, W
H b 5t 48 R AR S5 S R A R A\ (B IIE -
C57B/L-B6D2F1/Crl, 302 ), FESIHISLH bt O B 5%
BTSRRI AFG RN 2= S YA B b
FEM AR
1.4 FHik
141  #mia¥Ed  HepG2 Ml HuH-7 ¥ 3% T 10% /4
A3 . 1% LAY DMEM 5324, PLC/PRF/5 il
LO2 5 5% T 10% Jif 4= 1L 3G . 1% W HT MEM 3% 5% )
W CREHUEBCE TR 37°C 5% ALK CO,, AHXHE
J¥ 95% Wy FRA TR SR
142 KASBEA G L H 24 HORERREE, 18
S 10% KEERE, 0.1 ml/ B KEBUDEML, ¥

DU g b, BTN R NE T RS
PR RN RE, IEALEETE, REEE, &
FEMGIE IS, IR R, SRR R R 0y
PR . ISR SRR T HEET . RAFIEZY 1 em,
RS AR, RIBE AR 201, 29 1% 10°
A~ HepG2 4iififl, SEM2iREr, FHICHRIMA R 2155
EIFREE ARG R, BRI . dREeimsR KR, FRmif
RGBT G KR 4575 AR <0.5 em R URARIE ),
TR R (Hrp 12 H) 258 W (5 mekg),
Frgeen 2l 2 J8, AE KR, B A 8L 75050

1.4.3  Waestern blot #& M| B I 98 40 i ZR HepG2 .
HuH-7 £ PLC/PRF/S, DL K 1E & BF 40 i 1.02 85 %
T 75 mm’ Ki g b, FRA0A K K2 90% BF, R 4n
MOE IR, oK b BE PRI . K HepG2 4l
1x 10° A / FLEEFIF 6 FLAk, FRANA B 80UE K
B, ZBIEsH o, 1, 10, 100 F1 1 000 nmol/L Ang 1T,
100 nmol/L, Ang IT + 0.1 w mol/L S VP 3H, 100 nmol/L,
Ang IT + 1.0 p mol/L Vb3, 1000 nmol/L, Ang 1T +
10.0 w mol/L S VPIH, K5 3% 24 b, FHANAEEI T T 400,
UK AR BCER 1, sl Y R v 0 e g 4L B P
el , MAER AR N 35y fL, ESEREE T 12%
SDS-PAGE BEREHLIK /T B 50 (80 V, 90 min ), 5%
JUERE K3 3P4 2 h, TBST PEK 5 min/ X, 4£5 %K. 5351
FH—P ATIR(1 : 500 ).GAPDH(1 : 1000 )4°Cid#,
TBST PEAR 5 min/ ¥, 25 %, FHFERELLGI 1 0 1000
MBS BT 37 CREIRIY 1 h, TBST PEAE 5 min/ 1K,
5. R ECLIARI &I TR 6, BERBUE TR
SRS, FH Lab Works 4.6 347K FEAE 04T o

144 BRI IR % ( enzyme—linked immunosorbent
assay, ELISA ) ¥ HepG2 40 M 4% 1 x 10° 4~ / L 4% Ff
T 6 FLA, AUMINEEE 12 h J5, FJCI0E A DMEM K533
12 h, #1100 nmol/L Ang 1T, 100 nmol/L Ang 1T +
0.1 wmol/L & > #H . 100 nmol/L Ang II + 1.0 w mol/L
AV 1 000nmol/L Ang 1T 4 10.0 w mol/L 58 70 31,
g% 24 ho WO FRE T B0 T, 3 500 r/min B0
10 min, B EIEW . VEGF BRI 8 VEGF ELISA kit
TR AU P TR
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145 rpaziesix WKEHEAZHY A,
WO R € T3 b TR, KA W51 it
THIRT L T TS, SRISEGUE T 100% 4l
WK T, T, 95%. 80% H1 70% WG AE, DL KKH %
5min, #H17KM. KPR T 3% WK H,0,
I EFE 10 min, PBS ¥R 3 K. B i AN S
FRZE M (0.01 nmol/L, pH 6.0) H, JITHZE i s ol
K(>92°C ), 2516 T 52 I, PBS YR 3K W T 2 Ak,
L2 LT B W, 37 R 30 min. 43 S AN
ATIR(1 : 300).VEGF(1 : 800) 1 CD34(1 : 600)
—Pr4ciE e, BUHJETE 37 C R TR 30 min,
PBST ¥ 3 . TAIAEW RS R P, 37°CIFF 1 min,
PBST % 3 k. H DAB i{FI & B 10 min, WA
WEJEIE VRV Ao MR AR IR 3 min, 7K
PLORARGY WL, FRRRIRE 01k 1 s, ZKREE 5 min,
B R 43 BT 70% F1 80% T AE 45 1 min, 90% T
¥ 2 min, 95% kK5 3 min, 100% 5k5 [ . 4% 3 min.
THIRT L 45 15 min, BOR BT S AR E R
BARA LRI PBS VAR BT B, 7E s T
M) A EIE DL

146 sk FEE B E 6 fLik, &

ATIR
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HuH-7

PLC/PRF/5

1 ATIR &M FHHIRIE

4l 2 HepG2. HuH-7 Fl PLC/PRF/5, D) K 1% IF4H
M LO2 ¥4 1 x 10" 4~ /ml 80 F 6 FLARF, FRaifgk
% 80% If, FE L, PBSUE3 K, 10 min/ K. 4% %
BRI 25 R [ 72 400 20 min, PBS %k 3 ¥R, %i0 0.1%
Triton X-100 4ifFTFL, 1% BG4 10035 8 A B,
AATIR(1 : 500) Hifk 4°Cidn, PBS ¥ 3 K, A
FITC FRic BI2EHT B PUAT Hoechst, ZEIRMFH 1h, Ff
SR TR R A b, PO AR N ISR
1.5 SZitEHE

BAE TR 0 SPSS 13.0 Geit#rit, - veor L
BB+ BRifE2E(x £ s R, HUEH] ¢ Ke36 580y 2250 #T,
PP FL# ] LSD—1 K46, P <0.05 N 2553 Gt X

2 #HR

2.1 ATIR E&HMmARPHRIE

B B AWES S WL ATIR 76 7F 41l & HepG2.,
HuH-7 #l PLC/PRF/5, DL K IE# I 40 A LO2 Hr ) 3%
ik, AP ATIR 7618 FF 40 LO2 th &t (98 i i i
8%, MTEAFEA0MI 2 HepG2. HuH-7 F PLC/PRF/5
GRS TE HepG2 4l h &t (0 e, B
ATIR 7€ HepG2 P ik i m. WA 1,

Hoechst

(2OERIMEL x 100)
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22 ATIREBHEXRHRAPHIRIE

SRy ik — 25 R B O i I AR A5 R, SR
Western blot £l ATIR 7EHE AL 5R HepG2. HuH-7
M PLC/PRF/5, DL KOE® FF40M LO2 i3k, I
X ik & 4 3 A (1.00+£0.03), (0.37+0.02),
(036+0.02), (0.11+0.02), ZARE 2500, %
SHEG R X (F =829.274, P =0.000 ), #E—4EH
Wi LA 28 LSD— 4 36, ATIR 1 1F 8 AT 40 g LO2
2235, 76 P 401 & HepG2 i £ ik (1 =1.874,
P =0.008 ), 7E HuH-7 Fl PLC/PRF/5 ik (1 =1.272
F11.568, P=0.032 F10.019 ), VLK 2.

1 2 3 4
ATIR e . -41 kD

i

—_
=)
1

=4
)
1

N
~
|

ATIR & UMY R
=] =}
T N

I
=}

T
=[]

1: IE#IT40M L02; 2. HuH-7; 3: PLC/PRF/5; 4: HepG2.
+ SIEE M LO2 i, P <0.05

B2 ATIR ZEAAEEHAMREFBHIFRIE

SIEXTBTE M & HepG2 fh ATIR EH
N oAl

RS EE R BT ATIR 76 98 41 R HepG2 3k
K, WE—2 ] Western blot K &8 V0 HOG a8
41 Z HepG2 H ATIR KIKAYFZM, 0, 1, 10, 100
A1 000 nmol/L. Ang 11 ¥ ZH 1% ATIR 25 FHAHXT A
0 (0.10£0.01), (0.14+0.02), (0.25+0.03 ),
(0.36+0.03), (0.51+£0.03), ZHHNEFTZEH, 2
SHGFE Y (F=131.774, P =0.000), #—LH
W22 1.SD—t K& 56, 0 nmol/L 55 1 nmol/L Ang I Fb#s,
ZRIG I FE X (1=0.325, P=0.078) ; 5 0 nmol/L
Ang MAHEE, M 10 nmol/L Ang [l Jrh, W5 Ang || 74
JEREM, ATIR AR EEHTE (1=1.643, 3.428
F12.953, P=0.014, 0.000 F10.000 ). L& 3.

0 nmol/L Ang 1T + 0.0 p, mol/L G VP4H | 100 nmol/L

Ang I + 0.0 mol/L & 7> ¥, 100 nmol/L. Ang I +
0.1 p mol/L SV . 100 nmol/L Ang IT + 1.0 p mol/L =

4

(x=+s)

2.3
Rk

Ang Il /(nmol/L) 0 1 000

o .
oo (D D G G

1.0

%08-

ATIR FHEHAHXT A
=
9

o
o
1

0.0 -
Ang II /(nmol/LL) 0 1 10 100 1000

+ 5 0 nmol/L Ang II [b4Z, P <0.05
B3 AERE Ang || STATEZAE R HepG2 /1 ATIR &
BHRIRIERE M

(x£s)

VP 1000 nmol/L Ang TT + 10.0 p mol/L & 7PIHL 1Y
ATIR AXF ARS8 (0.21 £0.02).(0.84 +0.03 ),
(0.52+0.02), (0.31+0.03), (0.29+0.03), ZLHHZE
2T, BT E R (1 =281.878,P=0.000 ).
HE— L BT HLAR 4 LSD—t K56, 5 100 nmol/L Ang 1T +
0.0 mol/L 58 V0 3 AL AH Ll Bl 75 Sl V0 5 v J32 348 Jon,
ATIR B A FRA AT BB ¢ =2.953 .4.058 F13.194,
¥1P=0.000). WLFE 4.

2.4  SiVIEXY AT RE 4 M & HepG2 # VEGF By
Eﬁu]‘]

0 nmol/L Ang II + 0.0 . mol/L S IE ., 100 nmol/L

Ang I (nmol/L) 0O 100 1000
S (pmol/L) 0.0 1.0 10.0

ATIR - -. L PN
o D D -

1.0

100 100

1 0.8

=
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ATIR & FHH A
o
~

=3
NS}
1

]

0.0 ' -

Ang T /Cnmol/L) 0 100
P /( pmol/L) 0.0 0.0

100
0.1

100
1.0

1000
10.0

+ 5 100 nmol/L Ang 11 + OOumnl/L% YOI AT, P <0.05
B4 ARERE Ang || +SEXTAFEZME R HepG2 §
AT1R EBRIEHIIT

(x+s)
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R, & . EYPHLE N ATIR/VEGF {5538 B0 R 0045 A= i A4 2

Ang T + 0.0pmol/L 54 & 3. 100 nmol/L Ang 1T +
0.1 pwmol/L Z V>3 . 100 nmol/L. Ang II + 1.0 w mol/L &
P31 000 nmol/L Ang I + 10.0 w mol/L 5 7> 11 41 fY)
VEGF 2 ik & 43 5 & (730.1 £ 10.0), (806.6 = 18.1),
(780.0£12.0), (7808 +1.0), (769.7+1.0), LPARZE
TN, ZRAGIEE X (F=21.322, P=0.000),
E— 2 P L 28 LSD—~ A58, 100 nmol/L Ang 1T +
0.0 p. mol/LL SV I 2H %0 nmol/L Ang II + 0.0 mol/L
AU VEGE Feik B34 (¢ =1.215, P =0.041);
55100 nmol/L. Ang 11 4 0.0 . mol/L & 7P 20 85, 4
VPR BE R 1.0 wmol/L I, VEGF (4 353k & [ Ik
(+=1.383,P =0.030 ); 45 P E R 10.0 w mol/L i,
VEGF 36k kBRIt =1.407,P =0.028 ), WL 5,
25 SEXKEBRMFEAELF ATIR, VEGF &
CD34 FixHIz M

G LU AR RN 25 R R, SUIP XS ATIR,
VEGF K CD34 MR 52 (LN 6), i B4
FIGEUPIRAIR ATIR PHPERIRR 50 (62.07 £3.86) %

1.920, P=0.034), FAIPIHARAL (VLK 7)o KRR
PR VEGE FHYEZRIAZ 5300 h (57.38£6.16) %
1 (19.87+329) %, Lk, ZRAHITFEEX
(1=2.963, P=0.000), EVHHAEAE (LA 8), XFHALL
VPR ATIR FIPEFREFI1 50 56.83 +5.17 )%
(1756 £3.12) %, Ztk%, ZRALIT¥EX
(1=3.536, P =0.000 ), FIPHAEAL (VLA 9 ).

1)

200 S 2)  2)

0 1 I

Ang TT (nmol/L) 0 100 100 100 1000
SFIME ((wmoll) 0.0 0.0 0.1 1.0 100

1) 50 nmol/L. Ang T + 0.0 mol/L & 0 3 IL %5, P <0.05;
2) 5 100 nmol/L Ang 1T + 0.0 p. mol/L ZIPIHILES, P <0.05

M (4357 +421) %, &t K656, Z2RA%H¥FEY (1= E5 SBEFEMAMER HepG2 &1 VEGF FIEM  (x+s)
X IR 2R
Qb §
s :
TA . b
E6 KXBEIFEELP ATIR, VEGF K CD34 HIPRMERZE  (HulFHZUb2E: x 800 )
80 80 -
< S
¥ 60 60
| ¥ ;é!
iﬁ 40 4 = 40
= = t
£ 20 5 20+
=~ -
< -
0 T 0 T
Xif R 2] bl Xif R4 RS ek
T 5XTRRA L, P <0.05 T 5XTBA L, P<0.05
7 SMBWAKRAFEALARATIRRIENEME (xxs) E8 SMBENTARIEALA T VEGF Rz (x+s)
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T SRR AR, P <0.05
SiMEN AR AFEALR F CD34 FKiEHIE N

&9 (xxs)

3 iTig
ATIR TEZLIVRE . BRI . Eede . B & A
MR h AR Y, AHGERY, ATIR 2523
PR o gl ) b R M (R TE N A0
W, ATIR AU IAIRIEEL /D, FAN 45 " JEB], ATIR 7£
SR A R E el , 5 I 00 A8 A A DG . A%
T 5% 388 3 R P9 A0 S 6 I AT TR BH WG 551 G 70 1H %6 P
SR I A BRSBTS,
P AA ATIR (93R3L, R VEGF 78w 241 i
FIFEk A ATIR —30. VEGF J& i I 4i i 431
Y HEAY A ORI -, R VEGE fYRiA S
BTG A 56 . it FJ# VEGE af LURIRS A% i A= 1,
Ang 1iE S 5 G EAMIKZIK ATIR 2456, N RRE
MR . I, Ang T ~ATIR-VEGF RGeS T
SR A 100 58 A A AR

B% T VEGF, MR A MVD 2 Al R i
BEWE M EZE#SE CD31. CD34, vWF b4
FE MVD 1 b Rz 4l S An ks " MVD 5 ATIR %)
TR IEME, 2970% & MVD HEAH, ATIR A &
FIRBG: . MVD 0] LU 850 e g 1 5 0 A= il It
H MVD (935 VEGF ik B IEASE ™, ZEFHEM,
ATIR X JHH98 100 48 A A= B AT EZEAE R, FrL ATIR
XTS5 VEGF-A HATEAE M. M4 E s s
YRAYT I —AEHE RS, P2 M w25 e
ZHATFTIGIK. FEARMRH, Ang T FIH ATIR &
KRR BEITEE A VEGE 1772, [FIRF A7
ATLAHNZ IS . AFFERINHER], S0 a] LUA AL
bR B2 K VEGE FOER3k . 7B ATIR B4
U, PSR AR o AR ARG, X AR T
RE ST AT A 1 0 2 A 1

ATIR Z 5058, {H)& SUGANUMA 4§ "
YR, Ang 11N REA RCH 42 HF O S5 9 200 R 11 384
B, [RITTEASSZE T, Ang 11T LASEHN VEGF (4943004,
ATIR WA HES SRS 5, JF B 5
SRR T —ATIR 7R R AEAS [ 28 78 o8 240 e 11 & e ik
FE R R [F 7R

ZE LR, ABRES SRR, ATIR Rk THHE
A, JFS R A AR A OG . ATIR 0150 AT
DA S 56 0 A5 80 v b i A8 A0 2B il RS Gt
ATIR FHIPFI A VDI LB 45 R R, AU R TE
BB EVER, WICHIS s e o ARIE AR N S5
EE N ¥ o v BN E L b (SRS R N [ RET
BAER, A N EEMIEM .. ATIR A UE—1
RAW TG REF, RGN —A
TR
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