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Xt 1438 40 M A7 15 To5 i A9 MT X o AR AR MTX; A OS 143B 41 i 43 Xt B8 20 A 57 2 MTX 41
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FI R IKKF B AR (P<<0.001) . #REUE N AR AR b, 55 B4 LS, SENZRER & H 2520 /)N
U T BRI R A8 2 (P<<0.001), SR8 MTX Z1F SENZ i, BA 2541/ B T B AR ik
R /> (P<<0.01), e gk, SxTRA s, WA 4/NRMEHAL F Ki-67. VEGFR2A!
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Effect of low dose of methotrexate combined with sorafenib on
osteosarcoma xenografts of mice and its mechanism

WANG Fengjiao, GU Chao, HU Sha, FENG Qin, ZHENG Rujuan, ZHU Zengyan, WANG Wenjuan
(Department of Pharmacy, Affiliated Children’s Hospital, Soochow University, Suzhou 215000, China)

ABSTRACT Objective: To discuss the anti-tumor effect of low dose of methotrexate (MTX) combined
with sorafenib ( SEN ) on the human osteosarcoma (OS), and to clarify the possible mechanism.
Methods: Four types of human OS cells (143B cells, HOS cells, U20S cells, and MG63 cells) were
cultured 7n wvitro. Western blotting method was used to detect the expression levels of vascular
endothelial growth factor (VEGF ) and vascular endothelial growth factor receptor 2 ( VEGFR2)
proteins in the above four kinds of cells. The human OS xenograft model was established in the nude
mice, and 20 successfully modeled BALB/C nude mice were randomly divided into control group
(given 2% dimethyl sulfoxide+98% corn oil), low dose of MTX group ( given 2 mg kg ' MTX),
SFN group (given 15 mg-kg ' SFN), and combined drug group (given 2 mg-kg ' MTX+15 mg-kg
SFN) ; there were 5 mice in each group. The tumor volumes of the mice in various groups were
detected and tumor growth curves were plotted; HE staining was used to observe the morphology of
tumor tissue of the mice in various groups; immunohistochemistry was used to detect the positive
expression rates of VEGFR2, proliferation marker Ki-67, and hypoxia-inducible factor-1 (HIF-1)
proteins in tumor tissue of the mice in various groups. The human OS 143B cells were divided into O,
0.125, 0.250, 0.500, 1.000, 2.000, and 4.000 pmol:1.~" MTX groups (given 0, 0.125, 0.250,
0.500, 1.000, 2.000, and 4.000 pmol-L~' MTX, respectively). CCK-8 method was used to detect
the proliferation rates of the 143B cells in various groups, and half inhibityory concentration (ICy) was
calculated; the concentration of MTX that had no effect on 143B cell survival was selected as low dose
of MTX. The human OS 143B cells were divided into control and low dose of MTX groups
(given 0 and 0.250 pmol+L~' MTX). ELISA method was used to detect the levels of VEGF in the
143B cells in various groups. Results: Compared with 143B cells, the expression levels of VEGF and
VEGFR2 proteins in the HOS cells, U20S cells, and MG63 cells were significantly increased (P<<
0.001). In the xenograft model, compared with control group, the tumor volumes of the mice in SFN
group, and combined drug group were decreased (P<C0.001) ; compared with low dose of MTX group and
SFN group, the tumor volume of the mice in combined drug group was decreased (P<C0.01). The
immunohistochemical results showed that compared with control group, the positive expression rates of
Ki-67, VEGFR2, and HIF-1 proteins in tumor tissue of the mice in combined drug group were
significantly decreased (P<C0.05). The CCK-8 results showed that there was no change in the proliferation
of the 143B cells treated with 0.25 pmol-L~" MTX. The ELISA results showed that compared with
control group, the level of VEGF in the 143B cells in MTX group was signyicantly decreased ( P<<0.05).
Conclusion: Low dose of MTX enhances the anti-tumor effect of SEFN on the human OS, which may be
due to the inhibition of VEGF secretion by the OS cells, thereby enhancing the anti-tumor effect of SFN on
the human OS.
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P2, AR ITRCRIE A, HSEAfFRA R
309 Mo I AR BTE OS B ) b e 1 e o i T
PER =, 38 ik BH B o 8 N K AR K P (vascular
endothelial growth factor, VEGF) & 5 & & 4l {l
OS 4l g A= KI5 Al i ga v o Horb i 4 N B2 40
e A & W F %Z K 2 (vascular endothelial growth
factor receptor-2, VEGFR2) J&Z 5 I £ W41
VEGF 32K, 5 OS 40 i 1 5 F % 5% 47 76 % V) 06
B 57, iR e (sorafenib, SFN) 1E £ 3 i
G0V T I 1V L e O R0 D =2
ES ST ZE A RE M 45 (National Comprehensive
Cancer Network, NCCN) 5 T8 SEN 1y i 1]
OSWEZIRIF LW 0 R KR g iF ot ' 25 21
P78 SEN HL2GiG 7 B B A A3k s P A PR . R
F B B 2 WS (methotrexate, MTX) J& OS — 4k
7 254, i IR R MTX ] 30 OS #8 2% fi
R, HAL® AT e 5 KR i MTX $i i %8 4 A7
FEOCTE T AR H T E N AR OC AR B MTX 5
SFNECGIRYT OS B AMH R iE R Do Wik, At
FERTHIL ] 5 MTX B SEN 75 BR BRLZ T 7 4 3
B A (g B g A T, B AT RR Y AR AL D
AT MTX BEA SEN B B g3 B i i 52 32 43t
WA o

1 MBR57FE

1.1 Z£BH4. me. 22X % 20 HBABL/C
HEL, TCHFERIRIR (specific pathogen free, SPF)
g, SR, REE (20+2)g, WFHM 7L
Wah A WA R, WA IES . SCXK
(#7) 2019-0004, & T 75 M K 27 B & )L 2 B2 B 3
Yy SPE W) i, AR B 55%~60% . A
OS 4l Jifl 143B 4l fifd (585 : FHO0438) . HOS 4fl jiid
5. FHO0440) M U20S4Mf (185 . FHO0062)
¥ B e ARAR, MGE3 i (185 .
CL-0157) W TR B HEFEAEWH AR LS H . MTX
5. HY-14519) MISFN (#8%5. HY-10201) 14
TR E MCE A F, [l HK 9% B 58 (enzyme
linked immunosorbent assay, ELISA) il 7 &
P45 . UXO064ZZR2194) 140 A 35 £ & (cell
counting kit-8, CCK-8) il & (785 : AKI10985)
TR KRR ARA R, MEM/
Alpha#i 383 (485 : BL306A) 4Tt 5 Biosharp
N, BRE RS (585, C0201) T LiE A K
EMHEARGRAR, MERASME (K5

S711001S) W F 75 JH 3 im A= Py B £ A BR 2 Al
VEGF #i &k (1% %5 . 50661S) Ml VEGFR2 #i &
5245+ 2479S) W F 3£ [ Cell signaling Technology
ANFE, BAiE S T 1 (hypoxia inducible factor-1,
HIF-1) itk (%85 . GB113441) FIZH 3 5 bi i
(Ki-67) Fifk (%85 . GB114499) W T i F& 4
IREMARRA A . R R4 (A5 . C170)
) F 3¢ [# Thermo Fisher A R A, H#EEBHEE O
Bl (H8%5 . 5810R) M T W ATELN W, GE &
e ARAL (F5 . Tmager 600 LAS4010) W T 35 £
AP REEEARABRA A, e E B s (RS,
CKX41) ¥ H A BAKE 2w .

1.2 OS#gmpa3Esk A OS 143B4NM . HOS 4 il |
U208 4 fd A1 MG 63 21 Ml 3455 5% F & 10 %6 i 4 il i
K 1% T -85 % £ 19 MEM/Alpha 85 % % p, F
37°C. 5% COBrFRAah i 9% . Frdtl M b &5 2
80%6~90%0 B, & Lb. M5l i#E A7 40 ML AZ AR

1.3 Western blotting sk ## & # OS @@ g ¥ VEGF
e VEGFR2 & & &k AR-F I Lk A OS4IAE,
WAk BE A2 (bicinchoninic acid, BCA) 2% # il 41
L 224 Mgt 0 R P MR, TR R R R R e R 2
(polyvinylidene fluoride, PVDF) fi&. TBST ¥
Bl 5% WA 415, BEEMA 1 h, —FWE TR
(At 16 h) o 55 2 REWR T M TBST % W ¥ %
3%, B 10 min, JIA i, EREF 2 h,
TBST W W EYE 3R, K 10 min, FIHIEY 62
KOE WA, BLH bR -3- 8 R OB R A
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH )
NN S, R Image J 520 b7 8 A IR A,
WHHMWEAREIKFE. BHWEARBKE=H
M 2R 1145 IR A/ 9 S B 400 IR (E .

1.4 DROSETHHBRERANHNER S M
b T ECE R A OS 143B 400, IR £5 2% b
# (phosphate buffer saline, PBS) # 4% 41 iy % &
E5X10'mL ', ETFEHERRATAKT, 4
INEUIE T R AR AL =150 mm* TR LA 24525 1, B/ B
BEHLAY R Xt BEAL . IR MTX 41, SFN 4Bk &
25 (MTX-+SFN) 4. R . fii 125 1 )
(2% — W A +98% KM ) 2525 . MK &
MTX 4. b 2 mg-kg ' MTX & 45, 4
5d1k, $E2W; SFN4l: 15mg-kg ' SEN#EH ,
fH 1%, HL10d; EHAA: 5502 mg kg
MTX 115 mg-kg ' SENVAIF, SR k.
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1.5 #FBIMA—HEANKASHEERRNF
BB 1 IS BB AR b R R /N RN BRI o A
iR R BB vk . I AR B =0. 5 X axX b, Hrp
a MK B4 (mm), bl KA HR
(mm) . 2585 H , 3l i e B 07 kb 58 /) B
Jo . BT AREUME iR A AR 2% B A R A W A
PEAT HE Je 6, 5845 4 /0N B0 oRE 21 2005 38 &5
FH,
1.6 fEARLFEAMNESADTANBAR P
Ki-67.VEGFR2# HIF-1 & & Mk x £ BN
g g2l , Ul R B KAk, R HLO, 3 W Ad 35 L)
THER N IEPE S ARG, B E i, —Pi4 CF
Filw, HPBSZEMMyE 3k, MAZPL, 37°C
MWEHE 1 h, — 2 3L B e (3, 3'-diaminobenzidine,,
DAB) €, JRARKER, HHEMIEE . Ki-67:
DA AN A A% G 1l b 3 €0 BRSO, R FH Image T4K
T AT AU B E R 1k 3% VEGFR2: DL ifJ8 240 Jtd 1)
JiL 3 T A RO G B B s HIF-1: DA
e 4 IR P BT 00 A v o B AR 6 0K R e (5
BHPE, Bk R T REAL L BCS S PUEF, H Image T4K
PF 53 BT i M BH R ek, A0 PR M Rk R =4
WA % 8, 4 40 T AR/ BT R < 100 %6 o
1.7 CCK-8##A& R R F K EMTX 42 )5 143B %
JOAE R B 143B 4 DL AR AL 3X 10°A> Y %5 B 4%
Fr 2= 06 FLA M BE F= Ml o IR H A 0L 0,125,
0.250, 0.500, 1.000, 2.000 £ 4.000 pmol-1 ™"
MTXAEH 48 h)a, 1 &AL H i A 10 pl. CCK-8
VW, 37 CHRLEFE 2 ho T UK 450 nm Ak I W
S (A) i, IFR AR R . AT R =
(ERFLAME - AFLAME) / (RALAH -1
fLAMEH) X100% . RAFEZ MR8 A shil &
AL - B Nl 2T B 2 W ok B Wk B (half
inhibitory concentration, 1Cs,) fH.
1.8 ELISA #%# m & 48 143B 41 ji. F VEGF & F
FE N OS143B 4i g 73 > X B AR 7] 2 MTX 4,
I3 45 F 0 F10. 250 pmol-L ' MTX ., #4127 °F 5
BEWR, 0M5WAE, %1 33HLEIMmA EEIE
AKH, WA o KRR LA 100 pL B o 5 T
YEW B REA, 37 ‘CAKIEIEE 90 min; F #i Al K
e, A 100 pL A R AU IR TAEW, 37 CIEE
60 min; PR 3 BALINA 100 pL B§ 25 &9 T AR
W, 37 CWEH 30 min, PEMR 5 &ALIIA 90 pL
JEM W, 37 CHEE 15 min; F LN A 50 pl &

1BV, 57 EDF 450 nm K AR R A (E o TS AR
sty FITRE AR 52 L 14 7 2 A CE I 0 25 25 AL A fELPE
KRR . DAVREE N BEAR AR, A A AR, FEM
XPE A bRl LA D S EOE R R bR 2 . AR
b v i 2k 07 B A HEA VEGF KF, 4551 D
ng-L IR,

1.9 %i#tF45# KA SPSS 26.0 fl Graphpad
Prism 7. 0 G0 i AFHEAT G 3122 40 M1 4540 OS 4l i
H1 VEGF fil VEGFR2 & F1 R ik K F, &4/ R &L
T RS R R R BRI N BRUAR B A, iR 4 40 Ki-67
VEGFR2 Fl HIF-1 fH P 3R 35 %, 143B 4 il /7 1% %
MVEGF K554 ER S, MatsFER. Z4H
I REAR PR B R FH R R 7 220 b, AL IR AR 3
BOP LR A SNK-g K 355 2 20 [ AR AS 3 85 b
KM AR 5. A SR ER 3. DL P<
0.05 F2ZRA G2 L.

2 & B

2.1 RARAOS#@mM* VEGF ## VEGFR2 % & &
ARARF HU43BAIMEE, HOS, MG63 U208
4 i VEGF & VEGFR2 5 14 % ik /K F ¥ W | [
it (P<<0.001). WK 1. LA L8553 R: 143B 40
ffith VEGF 15 % 5 % #i& . % T SFNXf VEGFR
G ELAT UM i 25 BAE R 0k 1438 41 i
FIHE /N OS B2 T B Al 1A

2.2 BHDRARTHBMABERR SR LK,
SFN 2 F Bk & F 25 41/ BBz T B8 A8 9 1k Bk />
(P<<0.001), fR7]H MTX 4/ # AR A fL
KW EBW A, 2R EHITFE L (P>0.05);
SR MTX 4 M SEN 4] s, BeA 254/ R
KR B R B > (P<<0.001) . LI 2,

2.3 ZMIEARRAFEEKRAE X4, 1KH
i MTX 4. SEN 4 FEE G 25 21 /)N BRUAC T 6 43 1)
J (21.5640.81) g, (19.66+0.42) g, (18.60+
1.81)g & (18.50+1.35)g, SFN FIKH & MTX
Bk SEN 3 B/ B BT o 2 o %, (H & 21 /0 B
AN [ [R] 8 P44 T £ LA 28 S M RGeS (P>
0.05). WK 3.

2.4 BMDEMNBUERKEYSEIBM B HER
Ki-67.VEGFR2 #= HIF-1 & & fa i & 2 & HE ¢
5 R X B AR A 3 MTX 20 /0 B 98 41
LHAmBENZ M EBRIE OSYiE; SFN4/h
BRI 6 200 i S b B R IR AE S 5 TR S H 25 41 LA
FEEIRGE N F2, 1T UL A0 A ] B R s R . S A4
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Lane 1:143B cells; Lane 2: HOS cells; Lane 3: MG63 cells; Lane 4: U20S cells. "P<C0.001 compared with VEGF protein in 143B

cells; “P<C0.001 compared with VEGFR2 protein in 143B cells.
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Fig. 1 Electrophoregram (A) and histogram (B) of expressions of VEGF and VEGFR2 proteins in different human

OS cells
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* P<<0.01 compared with control group;~P<C0.01 compared with low dose of MTX group; “P<C0.01 compared with SEN group.
B2 24/ RAS R I ] R B AR R R B (A) B AR TE SR AL (B)

Fig. 2 Volumes(A) and morphology(B) of transplanted tumor of mice in various groups at different time points
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B3 & AR B R R K2R
Fig. 3 Growth curves of body weights of nude mice

in various groups

flsp e ok g R s . 5XFEA | KR MTX 4 M
SENZL L #, BA FHZGAL /)N B 41 20 v 184 5 4 ¢
gy F Ki-67 8 1 B PE Rk 2 > (P<<0.001)5 5§
X HRAL L H, BEA 2G40 A SFEN 41 /0N B 3 41 41

VEGFR2 Bk %k /> (P<<0.05); HXFHE4 L
B, ARG R MTX 2 AU A FH 25 41708 B 9 20 20
HIF-1 FEE AR > (P<<0.05), WK4, 5F16,

2.5 ARAMNEMIXHA T I43B@EEE R R
VEGF & CCK-8 5245 ki il 25 5 W« & 7 4
MTX X} 143B 4 fd (4 3% 58 B A M EH], AER 2
FIEARBME, 1C, R 1. 77 pmol- L', WK 7, ¥ H
X 143B 40 g 3 5 JC W 2 om0 (40 AE T RN
98.81%+3.18% ) M ik 7l & MTX, W & K
0.250 pmol-L 'c ELISA 7&K 25 WoR . 5 %F
M4l (1178.23ng L '£62.23ng-L ") &, fLH
HMTX4H 143B40HH VEGF KF (822. 70 ng-L '+
60.46 ng L") F#EAL (P<<0.05).

3 3

OS i BEAR B M AE 2R, 12 G IR )T O7 1 5 7
At 25, RJR S A EE RS L OS fila A R AY L2
JE PR AR 258 SEN AR S —F 0 i £ B A
2 A T TR A o AR, LT A 1) VEGF i
S AL AR R RIS Y R R . OSERH
I SEN AT 2 BB HE RS . e, SR BE Y 5
SEN L8 4 1 19 24 4 B oA 3 2209 e R A 1
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A': Control group; B:Low dose of MTX group; C:SFN group; D:Combined drug group.
B4 ZH/RIMEHIREESRIAHE)

Fig. 4 Pathomorphology of tumor tissue of mice in various groups(HE)
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1
VEGFR2
HIF-1 % iz

50 um

SFN Combined drug

_50pm.

E5 &4/ MEARP%EKi-67.VEGFR2. . HIF-1E H Z5E0 (AL L)

Fig. 5 Expressions Ki-67, VEGFR2, and HIF-1 proteins in tumor tissue of mice in various groups

(Immunohistochemistry)

25 4~

Positive expression rate
of Ki-67(1/%)
Positive expression rate
of VEGFR2(n/%)

of HIF-1(5/%)

Positive expression rate

‘P<<0.05, “P<C0.001 compared with control group, “P<20.05 compared with low dose of MTX group, *P<C0.05 compared with SEN group.
E6 %4/ RMEHRT Ki-67, VEGFR2 A HIF-17E A AR AR

Fig. 6 Positive expression rates of Ki-67, VEGFR2, HIF-1 proteins in tumor tissue of mice in various groups
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AR, HIF 9T 3% 0 IE 52 45 2 A 50 2 10 K 78 16 el fiE %
eIl (G o AR < i AR 1 /B o 1 T
HANAHAN & " $H T#k 7 i B ik
JYRAEE WU | ILE A TN LT 2, B

e 5 A AR A e . SR, AT AL
SPREERON , (B2 HCT AT VE N i — 25 1 T 1
W AE BE IR T AR E R A B ' KERBEL 4% 7
P2 AR YT S i A A 2 W R A RN AL AT
VLU A0 7 24 10 i DL ) B 0 ) 0o U 5 M 5 2
TER, R EIT A, AMFRE R BRI &
MTX Bt A SEN 1] DL 2 30 il /)N BLOS 6 4 9 19 £
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Fig. 7 Survival rates of 143B cells after treated with
different doses of MTX detected by CCK-8 method

K, HHAEREMT SENA; BESHZM/NR
PR S e AN B R, RS FH 2 AL AR AN Y it A2
PER4F .

VEGF 7 i i 25 i 5 Fe vh ol 5 G AE A,
3 AT A AR e SR e A 5 R R 4 i gRE A B O A 0
P HE g g AR K L (R B R 2 Y — Dy,
Jifr 983 A% B S 3R 5% op s VR B Y VEGE AT RE i 2o £/
Jif 96 K G P B 40 G T A A0 A A RE R 2 e 2
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Y 5 W VEGF s 2 R 25 ik &, Tk Pe bk
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Xof I 96 R DG P e A A 04 VR T AT AR DG HRGE , B 40 i
B M 25 W) % ko 40 B v VEGE 11 52 ) K 5 5 )
2GR AV FE AL B A R 58 4 B . AS B
FESE R oK AR MTX ] il 1 410 ) i 20 i
e S K RE L B INNOE TN R & S N 1
AN S 25 BB R . 0. 25 pmol-L ' MTX X% 143B
20 M A T AR R T, 2R W] L RE AR VEGE
B 2r 0, 1 SEN N VEGFR #E S 30HIF),  f 4 s
IG R i MTX 34 3% SFN $t OS /9 1E F 2 3 8 1
VEGF/VEGFR &l . WF58 ™ Won . GEE A
5 OS e P 11 S 1A b 988 1) 35 3 45 A, it 4 AT 3 2
HIF-la |38 VEGF 1y ik, A& i i 5 A= iR g
A, MUK HIF-1o 5, 84555 51 VEGF FEAIR,
HOBz R AR A/ BB MR A AR K R Y B 3
8 %, KARAKUYU % “Y &8l MTX ] ) &
R AR K BB U 4Lk 7 93RS 8 o HIF -1 R 35 K OF
P n MTX 0] fg 2 38 i 30 i HIF -1a {5 5 3 1 300 i

OS 4l i 5 W VEGF, 3% 24 814k = Yo (46 ) 25
4 7 IGR B MTX 40 fTEE G F 25 40 HIF-1 (1 2635
K- g K T 0 B8 2 R SEN 41, H B FH AL
ARk — B0 5E

25 PR, K MTX A G o 0 OS 44
43 i VEGF #F 1M 38 38 7 SFN XF #% #7834 410 il 76
L, ARAE FBLS R A 7 iE— 2B 5% .
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