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Radiosensitization Effect and Mechanism of Xuefu Zhuyutang on Transplanted
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[Abstract] Objective: To explore the radiosensitization and underlying mechanism of Xuefu Zhuyutang
on subcutaneous transplanted esophageal carcinoma. Method: The subcutaneous xenograft model of human
esophageal carcinoma ECA-109 in nude mice was induced and the model mice were divided into a model group,
an irradiation group, a Xuefu Zhuyutang group, and a combination group, with six nude mice in each group.
After the intervention, the transplanted tumors were removed and weighed, and the tumor inhibition rate of each
group was calculated according to the formula. The protein expression of hypoxia-inducible factor-la (HIF-1a)
and vascular endothelial growth factor A (VEGFA) was detected by immunohistochemistry (IHC). The protein
expression of mammalian target of rapamycin (mTOR) , HIF-la, VEGFA, and vascular endothelial growth

factor receptor 2 (VEGFR2) in transplanted tumors was detected by Western blot. The mRNA expression of
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mTOR, HIF-la, and VEGFA in transplanted tumors was detected by real-time quantitative polymerase chain
reaction (Real-time PCR). Result; Compared with the conditions in the model group, the tumor weight
decreased in the irradiation group and the Xuefu Zhuyutang group (P<0.05), as well as the combination group
(P<0.01). Compared with the irradiation group, the combination group showed decreased tumor weight ( P<
0.05), with tumor inhibition rate of 57.37%. Compared with the model group, the irradiation group, the Xuefu
Zhuyutang group, and the combination group showed decreased protein expression of VEGFR2, p-mTOR, HIF-
la, and VEGFA (P<0.05, P<0.01) and reduced mRNA expression of mTOR, HIF-la, and VEGFA (P<0.05,
P<0.01). Compared with the irradiation group, the combination group showed down-regulated protein
expression of VEGFR2, p-mTOR, HIF-la, and VEGFA (P<0.05, P<0.01) and reduced mRNA expression of
mTOR, HIF-la, and VEGFA (P<0.05, P<0.01). Conclusion: Xuefu Zhuyutang can inhibit the growth of
transplanted esophageal carcinoma ECA-109 in nude mice and shows an obvious radiosensitization effect in
combination with radiotherapy. The mechanism may be related to the inhibition of the mTOR/HIF-1a/VEGFA

signaling pathway to improve the hypoxic state of tumors.
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J7IE S d, THEE AL FE /N B, U U AT R
2.2 MR R RS SOVEAS T TS R AL SE AR
BRo R R IBORS AR, X A% 2 R AR AT PR
i, AR R BT A AT AR AR S, I R =(1-
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WM L2520 Y] i HIF-1a . VEGFA 5 1 K3k .
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P41, B9 B, ik & F i —$T p-mTOR .mTOR . VEGFA |
VEGFR2 B-actin(1:1 000) ,HIF-1a(1:500), % & &
Hr4 e CH i, = MTKEE 578 E. EH
Chemi DocXRS & 4t i 15 Mg, 15 2] H 1Y 5k 7 & &
1453 BT A4 Image-lab I € 2% 7 K B A8 B 40 #r o
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2P JR ORI B R BUE RNA . B i SR A 4R 6 1
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R 2% 4 B 5 B, 100~1 000 we L™ AR 2 i ik 5
oo R SR & BB B, PCR & 84 R
42 °C .2 min 2 fk 5% B DNA, 37 °C .15 min 3 % 5% ,
85 °C .5 s J& I i 4% 5k g , &5 L cDNA, R4 SYBR
B9 B & Bl B PCR N HUIR i, PCR v
R TS 1 95 °C .5 min, B J5 95 °C .15 5,60 °C .
30 s fE IR SN 40 UK, 60 °C ZEfH 1 min. S W 25 )5
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x1 s51MF%
Table 1 Primer sequence
ElE JF41(57-3") K /bp
mTOR 1% ATGCTTGGAACCGGACCTG 173

N TCTTGACTCATCTCTCGGAGTT

HIF-la  [iif GAACGTCGAAAAGAAAAGTCTCG 124
Fiif CCTTATCAAGATGCGAACTCACA

VEGFA  LJif AGGGCAGAATCATCACGAAGT 75
T AGGGTCTCGATTGGATGGCA

B-actin  ["#if CACTGTGCCCATCTACGAGG 155

Fiif TAATGTCACGCACGATTTCC

2.6 ZuitAabs BT A £ H SPSS 23.0 FR R kAT

G, HHRERL Y + sEx, RHBRHEE 24

AT A, P<0.0S KA R HA FIT¥E L.
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o GBI LR, Al IR AL IR B 5 4R
A 5 B R AIE (P<0.05) B S AU IR i 2 B & T
R (P<0.01) . 55 52l B 5 40 b 45, 56 A 480 1A o i
W 5L AR (P<0.05) . WL 2.

R2 MAFERGI ECA-109 F 8 RBERER R (Y+s5,1=6)
Table 2 Effects of Xuefu Zhuyutang on tumor quality of ECA-

109 tumor-bearing mice (x+s,n=6)

EEgil| Fl /g kg IR A /mg P98 /%
LT 2] 421.83+81.73 -
LAl R 2 8 Gy 296.33+42.10" 29.75
1ML 3% 955 ¥ A1 12 313.17£131.19" 25.76
KA 1248 Gy 179.83£53.59> 57.37

T 5 R 2 L Y P<0.05, 2 P<0.01; 55 B4l B8 5T 4 L A Y P<
0.05,%P<0.01( 3-F 4[q)
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Westorn blot {7~ , 588 2 o, 4l BE ST 2 |
1ML JFf 7 3% 1 4 p-mTOR HIF-1a, VEGFA , VEGFR2
& MK P BB R K (P<0.05, P<0.01) , Bt & 4
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T (P<0.01) ;5 540 B 2H U4, Bk G 4 HIF- 1o
VEGFA % 1 % ik B &2 F % (P<0.05) , p-mTOR,
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BE1 AR #i%H3 ECA-109 % HIF-1a . VEGFA & A RE K F M (FyE411L, x400)
Fig. 1 Effect of Xuefu Zhuyutang on HIF-1a and VEGFA protein expression in ECA-109 transplanted tumor (IHC, x400)

*®3 MAFEFFHI ECA-109FEHE+F mTOR HIF-1a . VEGFA . VEGFR2 E B KM (xts,n=6)
Table 3 Effect of Xuefu Zhuyutang on mTOR,HIF-1a, VEGFA, VEGFR2 protein expression in ECA-109 transplanted tumor (x+s,n=6)

20 51 il /g ke p-mTOR/mTOR  p-mTOR/B-actin mTOR/B-actin  HIF-l1a/B-actin ~ VEGFA/B-actin VEGFR2/B-actin
H IR 2 1.00+0.12 1.000.10 1.00+0.07 1.00+0.05 1.00£0.09 1.0040.07
Bl [ 5 2] 8 Gy 0.76+0.09" 0.79+0.04" 1.04+0.14 0.67+0.24" 0.70+0.20" 0.77+0.01"
I 3% 955 ¥ 41 12 0.67+0.10 0.77+0.04" 1.15+0.21 0.49+0.23% 0.56+0.13% 0.69+0.10”
BA U 12+8 Gy 0.42+0.04>% 0.51+0.16>% 1.18+0.24 0.21+0.10> 0.28+0.05>% 0.51+0.13>%

3.3 I 3% 3% X ECA-109 #% # %% mTOR ., HIF- 4 g
la . VEGFA mRNA £k SR g, 5 ST IR YT 5 T i B EC R AT 8% B B35 9T o =,

4li B8 5 20 HIF-1a . VEGFA mRNA 3235 BH i FEAIK (P<
0.05) ,mTOR mRNA ik i & T~ % (P<0.01) , IfiL )i
BN 4 B 4 41 mTOR ,HIF-1a, VEGFA mRNA
FIh W FEFEAR(P<0.01) ;55 ol RG240 e Bk G A
HIF-la mRNA % ik B & [ ik (P<0.05) , mTOR,
VEGFA mRNA %k i & T [ (P<0.01). WK 4,
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Fig. 2 Electrophoresis of mTOR, HIF-1a, VEGFA, VEGFR2

protein expression in ECA-109 transplanted tumor

F4 M FFFRH3HEHEF mTOR,HIF-1a, VEGFA mRNA &
iE (% £ 5,n=6)

Table 4 Effect of Xuefu Zhuyutang on mTOR, HIF-1a, VEGFA
mRNA expression in ECA-109 transplanted tumor (X + 5,7=6)

7

fEm

2153 . mTOR HIF-1a VEGFA
/g kg
LT 2] 1.00£0.20  1.00£0.21  1.00£0.06
LiR7 YR g 8 Gy  0.64+0.08” 0.76+0.06" 0.70+0.22"
I 328 9% 7 41 12 0.46+0.06  0.67+0.03%  0.22+0.13%
A4 12+8 Gy 0.29+0.11>% 0.54+0.02>'> 0.13+0.00>"
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AR B 7 RS o AR 9 S B R 15 B S
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AR 4 41 VEGFR2 . mTOR \HIF-1a, VEGFA % 11
K mRNA # 35 o il B I 328958 17 38 o 90 ] HIF-1a
Xf Z G 5 1% 3 LU #2 T i VEGFA . VEGFR2 5%
KL F 35 A BC A8 BRI P & #5000 38 S AR

i 45175 5 K F (HIFs) J2 7E Gk %0 2 58 F 40 il &
A AR R A B R N Y R A BT, W 5 IR 5E HIF J2 5%
Wi i 982 %% B% RNORCTT KT G BB Y'Y S HIFs 1 o
B 2A S B, v LA BTE A ARAh JE BE 1 R 3k, A
Y B A B A RS M A A A, HIFs FEE
AT o W LAWK F BTG P HIF-1a 75 2 20 R

(9 FE R A 2 TR B HIF- 1o R 2635 5 EC 7R 1H
W ik BB E M A O, B H B B sr
14 175 5 I Je A0 B S S R A R . R HIF's
B U N 2 A DA S S R Y R
— o HIF-lo 1Y 383K 32 3| Z B 40 g Y+ K A7 = 38 2%
4 45, 7 400 36 B % mTOR #8518 16 7T LA B A 9 41
i B AR AR i, DA /D iR 20 20 PN iR L kA, i
AR I A8 A 84 R 2 B 2SS 1Y X R A AT LA
2 I g & AR o R vh S R R O AR R . VEGFA 2
TEMIE ARG T 5 25 IS R R RA R EE
48 A2 53+, VEGFA TE SV A A B8 rh gl Ll s 5 H:
FHAE 552K VEGFR2 45 4, il i & 5 3 % 1M %
B2 ik 2% 9 N 2 A, DT 3 5 Ak T B
JEME P TR X I3 VEGF 5 50 s 56 &
14 115 PR AF 9% 26 B, VEGF {1 2 15 14 I /I 240 it Ji 98 £8
A RAF A Y B A A, U] VEGF Al AR g — Fib
5 S SRR B T A O Y AR bR AT

S5 R W I 2 5 B R R R
ECA-109 R A= K i /E F o B0 4 4 B i iR A3 44
F4) 300988 S Tt o E B IR 32 95 V4 R EC B AR B AT
TS B ORI AR o SR T — 20 WY S Y B
il 28 3 N ELAT SERURE KO S 0 B b B e S
M HIF-1a A T, 4 THC K 0 B A 758 8 1k & B, &% T
T4 i 98 41 21 HIF-1a . VEGFA 2 3k $445 fir i /b, H:
KA A AR A W . $EE R I HIF-1a SO 1R
e 0 F 2 B0, ILRF 32 % % 66 F 898 /K p-mTOR,
HIF-1a, VEGFA, VEGFR2 # [1 % ik , il il mTOR,
HIF-la, VEGF mRNA R ik 7K F o 415 4 000 il ) 32
I8 17 3 5 EC faf 98 BRUBCIT BSOS R BLI , BT A 5 B
il mTOR/HIF-1a/VEGFA Bl & 15 5 18 M A ¢ .

Zr b A S 5 7R 2l W K T IE S IR 38 5 %
ECA-109 £ 45 i far 88 BRI 5 AT 5 S0 38 5y 1 1,
43 T HLH AT i€ 5 40 ) mTOR/HIF-1a/VEGF m RNA
KB AR R ARG o R 2 B TR RO X T B
B IR AE AR 2 5 I 22 8 i 1, L IR 2 K
S MR ML 1 A0 75 B ol A A S 56 AT AF 5T FNIE S o
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