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Effects of astragalus polysaccharide on the proliferation and apoptosis of
esophageal carcinoma cells and its molecular mechanism

LI Zongjie, ZHU Chengxiang, LIU Canhui, YAO Sheng, DONG Guohua"
(Department of Thoracic and Cardiovascular Surgery, Nanjing Hospital of Chinese Medicine Affiliated to Nanjing University
of Chinese Medicine, Nanjing, 210000, Jiangsu, China)

Abstract: Objective To explore the regulation of astragalus polysaccharide (APS) on esophageal cancer cells.
Methods Different concentrations of APS were taken to figure out their effects on tumor formation and on the cell pro-
liferation and apoptosis in nude mice in vivo and in vitro. In vivo, we first made an injection of esophageal cancer cells
to the nude mice, then the tumor growth trends and its suppression rates were detected after the other injection of APS in
different concentrations. In vitro, the cell cycle and apoptosis rates of esophageal cancer cells were detected through EdU
staining and flow cytometry after the treatment of different concentrations of APS. The qPCR, Western blotting and Co-1P
assay were used to investigate the molecular mechanism of APS regulation on esophageal cancer. Results The tumor prolif-
eration was inhibited after APS treatment and the effect of tumor suppression was enhanced with the dose raising. APS can
reduce the proliferation of esophageal cancer cell and promote its apoptosis. The expression of TP73 and FBXW7 was in-
creased along with the raising concentrations of APS, while the expression of Ki67 and BCL-2 was decreased. The Co-IP
results revealed that APS was able to bind to the protein of TP73. Overexpressed TP73 could suppress the cell proliferation
and promote the apoptosis of esophageal cancer cells, while silenced TP73 did the opposite. Conclusion This study re-

vealed the regulatory effects of APS on esophageal cancer and its possible molecular mechanism, which provided a certain
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research basis for the treatment of esophageal cancer and the application of APS.

Keywords: Astragalus polysaccharide; Esophageal cancer; TP73; Cell proliferation; Apoptosis
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TH (& Z M (astragalus polysaccharide, APS) J&—
FhEEECF 525 B & (astragalus radix) T AR A 7K
PEZ SR 20 2 B R B AR TR B, B
AR PUAAL PR BUR RN PUR T R
O L DI RE AT LA e e 1 55 Z R DIk . APS
Yl P ] A TR G B S5 1 5 e 24 L 1 2 e PR
5,5 IR A A T R R A T 2, AT A F B
JHbRE SR RS R PR, APS X FLAR IR R L A
I PSR S5 IR 24 ) e B R i E
A O& APS X £ 48 9 4 i 19 52 ) K ML) 10 41 45 45
o ARWESE B TEIE AR N AR B AR APS XTER BRI
968 LA S 1 A8 s A L R 1 B 5

1 #R57E=%

1.1 3 BEHCEHAERE 15~ 20 g9 4 ~ 6 JA 3 1
P BALB/C # 5L 15 H, 08 TRl 42 42 5 K22 5L 55 3
Yih, i Bk E 12 hW B A, I E 23~
25 °CLARFEHE B A B AROK (R T8 R R 1A
B BBENL 2 M 5 21 (B4 3 ), 43901 hg 28 1 0 IR
2 EALL (5 mg-kg ™) MKF R APS41(0.25 g-kg ™)
HRE APSAL(1 g-ke™") mfliEE APS AL (4 g-kg™") o
1.2 4R NSS40 KYSE30 4 T iR 241 ffd
J o 4 M S 5 v 4 24 5 o 4y S R s A 4 10
pe-mL" A5 i APS 2 R 20 wmol - L' F 5] i APS
ZH R 40 wmol + L™ | =5 71 5 APS 24 80 pmol - L',

1.3 ZgyFniks  APSI B LA T AR, 4 i
PO R R 2 2y B At s BRI [ 5 PO 3 vk AR A=

YR A BR AR, TP73 —H1 (BMO38S, IGEE, 1 [H),
FBXW7 (BM5872, IGEE, H [& ) , Ki67 (BM11005,
IGEE, " [E ), BCL-2(BM19693,IGEE, H [H ) , —$t
(BMS014,IGEE, H1[# ) ; DMEM 35 55 & g [ 26
[E Gibeo 2 7l 5 i 4= 4= 1L 3 (new born calf serum,
NBCS) W [ b 5 70 22 2 Sy A W) B AR W58 10T 5 4 1L 7
I 2 I (bovine serum albumin, BSA) 4 H 3£ [E Am-
I"GSCO/LA\E[O
14 AEEEABEMERE AT RN
KYSE30 & 75 K5 5% ALAC, A B 10% A= /N i
TH =B DMEM i 2 W b V& T 37 °C 5% CO,KE 5+
FETh RS B H M B WO T WL A L ) A R
L, 15 41 M Fl A5 24 80% IS, i A 0.25% g B (i 1k
RAGAR s BOGHE A= A I 40 e, ) B B2 2R 1107 mL™!
%) 24 A VAR
1.5 REBEBEMHE H03mL0.4%%E
LU Z AR T BORR TR B, For Lk A RRFRIR S S B 150
wL KYSE30 21 il 23, A T A A 1 77 2088 A 2 4
BRI A BB AL, AR R BRI S, R H OO e 1Y
ARAER . 1R GE , BER 1R bR RO s K
NI SRR BT o 0 i) R 1) oK B AR (a)
M EZRmEREAR D), M3, AR ARF(V)
Y EPAN T

BRI RS OFAX AN TS %
FUME T3 s @ BHPE 259 6 BEAL 25 2550 1 5 mg kg™,
I 5 pL-g E TS, 3 K 1R QMR i APS
4% 0.25 g-kg 45 25 5K APS BC A A% 0.05 g-mL™
BV, (B 4 5 pLeg ' E L3 R 1IR @ il i
APS#H :#% 1 g-kg ™ 4 25 50 F APS L il /% 0.2 g+ mL™
AV A FH BT S Lo ' H L3 K 1R & il
APS 2 : #% 4 g-kg ™' 4 2 50 F APS L il 1 0.8 g+ mL™
FIVAIR R B4 S o ' EE L3 R 1IR
1.6 EdU#NZMAEIGETE BOEE KR4,
1x107 mL™ 4570 T 6 FLAR T 85 32 0, ALk 2R
10 wmol - L' EAU B F 2 h; B85350, A 1 mL
4% Z2 R WIS , 25 R [ 5 15 min; EERE S, &L
1 mL YRR AN M 3 UK, BFIK 3 ~ 5 min; KFRVER
W, BALIA 1 mL % 0.3% Triton X-100 (1) PBS 2 Jii.
EE 10 ~ 15 min; KBRE B, BFLH 1 mL PEIRHT
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PEVRANMI 1 ~ 2 UK, BEIR 3 ~ 5 min; LA N TEM: S 4R
Ay it A 28 YR BE 7 20 min, DL JCIE PR 3 4R
A , B FHBEARE 3 UK, BHK 2 min,

1.7 BrdU 4 RAIEsE  BU% B 1.5x10° mL™!
B4R T B4R 35 mm BE SR ML 555 24 b, JH &
0.4% FBS W15 F= W [/l A4k 3 K, 1 4 K 22 K 4n g b
T G5 0 A BrdU (i : 1.0 mg-mL™", Z 4 £ 0.03
pg-mL™), 37 CHFEE 40 min; 5555 72U, K 4t MLl 48
FR AP, 1500 remin™ B0 5 min; 575 1, B
AT mL 4% 2 5 HEE [ 72 15 min, 2 400 remin™' &5
£ 10 min; 35 _FWE B I 2 mL H 2R 35V,
A1 mL 0.5% BALE B E 10 min, PBS 1%, &, H
Tt X200 A SRS T 240 A B 155 1O

1.8 PIFEKMMEMEL A3 mL PBSPERL
Jitd, 55 PBS, INA 1 mL R (A AL S min; LA S
mL PBS il 41 i, B8 2 15 mL B0, 1 500
remin” 5.0 5 min, 7 W ;0 500 wL PBS 42
WRFT 200 L, i B 200 L B, FEE R RS T B A 2
mL 20 “CI¥ 95% £ W, 1R > J5 [ %€ 30 min; fIA 5
mL PBS, 1 500 remin™ &.0> 5 min; 7 BV, MAS
ml PBS HUE I, 1 500 remin™ B5.0> 5 min; ¢
W, A 800 L PLYL WL , B AT AT IR S, =
TR G 7 30 min, FH I X2 LSRG 00 248 S 191
1.9 AT EECENE 10 mLE.O
b B A MR (1~ 5)%10° mL™, 1 000
remin” B0 5 ming FERE IR, I E SRR 1
Y, 1000 remin™ 50> 5 min; A 100 wL 31078 K
RN, R EOEHEE 15 ming 1 000 remin™ B0
5 min, JUIE AN, B 5 22 hUCUE 13K AT
(SA-FLOUS) , 4 “CI§ 7 20 min, 8% I AR
it AN LA & A K R 488 nm, SR B R 515
nm (38 IE AR I FITC 226, 55— K >560 nm fY
UEAR A P,

1.10 TP73itFRi&/F# M PubMed Nucleotide %%
P % v K & TP73 (GenBank ID: NG_017035.2) iy
CDS ¥4, #J 7 pcDNA-HA-TP73 i F ik #iA | il
it Lipofectamine 2000 12 7] & (Invitrogen) FH 25 2 Al
i e R AR e R AN, B U 24 b JE YA A
WL, A 4% UL A R AT HAE . TP73 /N TR IA T
7 SR BE BRI LI 350 W] pBabe—U6 B
HAE shRNA Jii f7 3 i5 2% 1K , 2k H Lipofectamine
RNAiMAX (Invitrogen ) if il & 4% 44 , #5045 7E 4745
fEo 1 RIKFH  E 10 5149 5'~-CCGGAATTCCCAT-
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GGCAGCGCTGCGCT-3"; 2 [m] 514 5'-CGGGATCC—
TTAGCCGGACTGGCTGCCAAGC-3", THEF41 .5’
~GCGTGGAAGGCAATAATCTCT-3',

1.11 %% 3£ T iE (co-immunoprecipitation, Co—
IP) MY & #5ic APS, % ] EZ-Link ™ Biotin—
L.C—Hydrazide (Thermo Scientific) i 7 & , /™ #% % 1
UL B AT ERAE . B AR R BRIC B APS £ 3 4H
BB, 555 24 h s B O IR 4R, YA (1) PBS
VRV 2 UK, W5 PBS; LA T0¥2 1) RIPA Buffer, H i
4 1) A4t 8 45 &4t A DA 355 % L B3 0, 4
BIRFERL R 1.5 mL EP A 4 CAKF-FE IR ZE 12 8l
15 min;4 °C .11 000 r-min™" 0> 15 min, 37 BB 3
WL RE BB B0 A T . HE£S Protein A agarose, H
PBS Pk 2 i B WK , 1] PBS fic il i 50% 1k %
1 mL 225 FHH A 100 wL Protein A Zi i A £k
(50%) ,4 “CH£ 5 10 min;4 °C .12 000 r-min™' & .0> 15
min, B [ 7E WL 20 B0 48 1, Z2BR Protein A
TN BE 5 i VE B 1 bn ol 2, 00 B R B, AU
HCRF B ARG RE 10 A%, In A — R F S bt 2 500
pL B E AT, B PURTUAE G .4 CEK
2R 2 h A 100 L Protein A By i 0 2R 2% 12 4%
3,4 Cit R ZE R 1 h; 14 000 r-min BERFES 05 s,
W B IEWESR - BU R BT IA S G 0 , 25 VW, v
) RIPA buffer P& ¥ 3 3k ; FH 60 pL x2 _FFEZ% vy
Bindiegii 37 SR AN RN RE /P VIR LN A Y o=
FEAAE S min, DA BSPUR BUIAR BARREER , B0 B
IEWGEAT K, MR T AR IR R

1.12 ZE B ®EENE (Western blotting)  FHHR LY
A5 s 20 2R B B R, i A RIPA 24 £ % (75 PMSF A0l
B B 1 7] cocktail ) 783 24 fF 4141 54 °C L 13 000
remin” B0 20 min, B FIEREATA Y 1.5 mL &
O R EAT MR R I 5 BB 1 30 wg/fL, 100 °C,
10 min, 10% 1 4 A R 408 2R TR s T e 58 Mt v
¥k (sodium dodecyl sulfate polyacrylamide gelelectro-
phoresis, SDS-PAGE ) /77 & B H B EHEBEER
I — 38 £ ¥ (polyvinylidene fluoride, PVDF) I, 5%
At B 2F 052 IR B AT 1 h, TBST 67 3 YK X5 min; 3%
BSA —HiH BRI % 1: (1000 ~ 2000) Fi BE—471 , 4 C
M 7 ; —H0(1:1000)F 1 h, ECL B {4,

1.13  5E B % 3¢ & & PCR (qRT-PCR) f#i
TRIzol ik ] (Takara, H 4% ) MAEA H 2 HUE RNA |, #
VR B8 ™ A e BRI A3 2R 47 5 S % SR A — 4% cDNA
G i FH PrimeScript™ RT i 7] & (Takara, H 4% ) ;
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qRT-PCR JZ W & R FIFEF 2% TB Green Premix Ex
Taq Il (Takara, H 4<) 46 W] 45, {f FHAX 2% 24 CFX96
Real-Time system (Bio—Rad, 3 [ ) , ] F 27"y i
B B FE A X R IE K. 514 i P S
TR A BRA R A B, TP73 IE 1514 5'-GGT-
CACTTTCCAGCAGTCCA=3", I [} 51 ¥ 5'-GGGTG-
GACACCTTGATCTGG-3' ; FBXW7 1F [a] 5| #) 5’
~ACCGCTTCTTCCTCAGTTCC-3" , & [ 51 ¥ 5’
~CTTCAGAGTCGAGCGGTGG-3';Ki67 1E A 54 5
~CCAGCTGCCTGTAGTGTCAA-3" , I Ia] 5] ¥ 5’
~CCATGTCTCAGCCTCACAGG-3"; Bel-2 IE [A] 5| ¥
5'-GCGTCAACAGGGAGATGTCA-3", JZ [a1 51 4 5’
~GCATGCTGGGGCCATATAGT-3',,

114 SitE 5 R SPSS 23.0 48 it 2 4 %t
BAR AT 0T o T TR BB AR o 25 () K
7N PREH ST AEAS LU R H e K 3 s Z R AR 5 L

A

XfFEZH

1 2E

(il eigE 2

BRI B R T7 229307 3 LA P<0.05 R 22 5 A Ge i 25
B .. FrfA LRy A 3K, H GraphPad
Prism 81E&] .

2 H#R

21 APSXZARBIVERMZN B AH IR 40
5, BB 1 UL iR A R O, T iR A K &2 ]
D RN, BB 1 R I sk — R (BT 1A) s Bl
& I RIHERS |, 25 20 AR ERLAA PN i g 4 B 4 K,
rh s 6 B2 i AR K e Rl I B APS ZH IR
Z i APS 21 U4 R 5 70 £ APS 2 g AR
R BB WG (E 1B ) 5 EA 4 A7) APS4H |
PR3 APS 4 F i 751 B APS ZHL 4R B A IR R 40 Ry
46.36% .28.52% .36.89% .69.81% (& 1C) , #£ 7~ APS
e84 ] 8 R p B, LR R S A3 A
T CRYE

Jigi A 9 1 - I
- I 2
N Sl aicE A
> R L
- S EEEZE
R
XN ™Y /™
SRR Ak X NN
e W W i éﬁ’@,&
a
Cc
cd
T
g % F B
N
,éjﬂ %j‘ﬂ ,éjﬂ

%é‘
&S
S

A (AFARRABREHI;(B)EARAMEERKESEH (OFARANMEERUTE, FRASFHET A4 ERLFE(P<0.05).

Note: (A) The tumor formation in nude mice; (B) The tumor growth trend; (C) The tumor inhibition rate. Different lowercase letters indicate signifi-

cant differences between groups (P<0.05).

K1 APSxH# R AREHNEH

Fig. 1

22 APSHEEEMAMEBESATHAEER
ARWFFE 25 F N, KPR A2 IR 5R) i APS 4H |

The effects of APS on tumor formation in nude mice

rh 3 APS 4 S R & APS 214 9 41 EJU BH
P #4351k 89.59% . 40.81% . 80.33% . 51.38% H
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31.79% ( &1 2) 5 S W1 4 ji bk ) 43 51 24 31.01% .

12.20% .29.48% . 22.85% F1 11.44% ; BrdU BHE % 4
M 35.10% .23.10% . 30.52% . 26.17% F1122.30% ; 4
JIE U8 T 3R 4 591 A 25.82% ,40.18% . 28.29% . 35.92%

A DAPI EdU

X HEZH

it 4

iR B

TR R 2 HA

iR HEA

M145.43% (K 3) ., Labgs R0, APS il f il & 45
I 210 O SR B A R A A R T, ELAE T SR B
APS 71 2 i B4 i i g i

o}

EduPA 400 5 55 b

F:(A)EAUZE;(B) EdU 4B E 4t FRANE FHEERE A AL E 27 (P0.05),

Note: (A) EdU staining results; (B) The percentage of EdU positive cells. Different lowercase letters indicate significant differences between groups

(P<0.05).
E2 EdU#&

APS 3} £ 47

% 4 L3 A6

Fig. 2 The effects of APS on cell proliferation detected by EdU staining
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Al REATESS G REER . i — IR A R R,
TP73 .FBXW7 i) mRNA FIZE [ F35 f Fli 75 APS e J&
B 184 010 17 1400, Ki67 . Bel—-2 8 22 3515 10 ) 5 2 AH
¥ APS AR Ednidfs , SR EARE
25 SR E AR C I REER BT IS A 1 8 1, S5 1 R
TP73 fiEfs 5 APS 454 (1 4) .

24 TPB3WNEEEMAMEESATHIE 7FA
ARG FR I R A0 M o3 ) A T TP73 (&
5A) . AMEHEAEAE R s, i kxR L Rk
TP73 2 4L X} BG4 A48 TP73 41 EdU BHME R 4y
K 82.22% ., 27.01% ., 83.05% #i1 90.37% ( ¥l 5B,
5C) . A Nas R Won , ok KRR | ok Rk
TP73 2 T xt B4 48 TP73 41 Fl s 5 £ APS+
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T 40 i L B 4 ) R 25.40% . 40.04% . 28.06% .
15.00% F121.61% (&l 6) . 5 T4 TP73 414 It ,
APS+T-4E TP73 41 S I 41 A 43 b AN Brd U FH 1 40 At
H A LRG0 25 S oGt 122 L (P>0.05) 5 1 4
LU T D) d S (P<0.05) . DA &5 SRR, TP73
A0 e A L ) B A LR T, APS TT AR
—EFERE IR TP73 X 45 i A0 IR VR FH AR .
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1 0 01 &@%@W&%&
200 400 600 200 400 600 200 400 600 200 400 600 200 400 600 LS
PIPE - A (x10% PIPE - A (x10%) PIPE - A (x10%) PIPE - A (x10% PIPE-A (<109 B (P
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30 cod iy be
£ 200 £200] H d
2 2 E20
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S S 2
100 100 ] Z10
0

PIPC5.5-A

01
10°

04
10°

SHB A

10° 10* 10° 10° 104 10° 10° 10° 10* 10° 10° 10° 10* 10° 10° 104 10° 10° OS]
FIPE-A FIPE-A FIPE-A FIPE-A FIPE-A =22 \\Lgij“ ”f’ &
NAVAN
R
BT 1077 107 107 60
2 a
< > < <. & ab be
«“ 10° 4 A o 10 a10%3 i 40
¥ “ v v w“ = d d
: g g g g E 50
S5 =1} 5 S
= 10° = z10 10 il
i o 10* 1o a 10° Joiwel__omaws| 100 ausasro| g6 auzesm ’ T
100 10° 10° 107 100 10° 10° 107 100 10° 10° 107 100 10° 10° 107 100 10° 10° 107 &"“@W‘f%’%@%@%‘%’”
Annexin VFITC-A Annexin VFITC-A Annexin VFITC-A Annexin VFITC-A Annexin VFITC-A ﬁ%’@ \\\‘,&%%@,&%@
S
R

HARANE FA R R AL £ 53 B E(P<0.05),

Note: Different lowercase letters indicate significant differences between groups (P <0.05).

K3
Fig. 3

— A FEENIEEY T, b B A
Fo . AR R, B R 2 — APS B
PR Bk R LR s ) A 2 Rk, ok
o S8 I R A gz AR . AR A
SR L, B R IO SR VRS APS AT B I i e
AT ACRAE TG i, X B A R B, APS 1] il
i FEAIR MRP F GST—7r %5 K 1 4% 15 386 5% EC109/DDP
i 2456 A 982 A0 A T T B i 25 Pk o X B E R 2 R
W1, APS A REAE B IGYT T InCE R A
ARBFTEEE R BoR , APS 18R P 30 0
P o REL TR P B A FH 5 AR A1 AT R AT £ 4 i 24 L
AT 28 AR IS TR R T2 0 Ki67 76 40l
JE I 0 JT A 3 B B B A A LR 0 IR s e T
£ P S GECR A, DRI A AN Ay 2 S5 e 8 24 L 5
TG IR FR" . Deng 557 Ht3H , Ki67 119 1 22 35 i it
TEE /NN 0 GRS . B D Y O B
7N, Ki67 Kk /KF-5 28 5 DDA OC , I 41 21
Ki67 @ R B LR ARG S AR, HERY)
IR B KR, Bel-2 & —F A AT %
A YRR P, T A e 0 B T TR AR e
M RA R . B AN FVREE APS b3
FEANMLS , Ki67 Fl Bel-2 By &k 152 2Hm ] , Ho &5

3 40 R AR I APS b8 A8 g 4 A 3 FE R B 1 Y B

The effects of APS on the proliferation and apoptosis of esophageal carcinoma cells detected by flow cytometry

i APS oA B i /E A

TP73 J& T TP53 B K , 5 TP53 BN 7
1 5 BEARRL, T AR TPS3 (A8 1% 1 L 51 4 4 e
JEL 30 5 i K A0 L 9 T, DT o ek R A 2R K A
G BCRPUMR IR T AR 22 TP73 8BE/ N AT &
A B LR R TP73 B M /E ™ . TP73 38
HARBETEM A MW T, 2 5 ER
J¥ P20 A8 T 1) Ik PR 3% B AN pS3 1 R R T R
IR 7 200 &1 300 9 55 I F p21 Al Bel-2 K 2 1A/
Noxa 2382, L LWFFEHE 7R T TP73 78 5 4 i A=
WAT A I N R LI, 4 APS 4b 3
&, BB A TP73 ik L. APSHEMS S TPT3
TR VMSE A, 1 335 TP73 T {21 455 4 i 7
0 ) 240 R 0 5 I =2, SRR TP 3 DU e £ 4 0 4N
(IR HE LA SR LA T AR as SRR, TP73
X B AN AR KA S B A IR E .
Hh ARBGEIE KB, 5 APS HAH EE , APS+ T4
TP73 41 S 140 Al BrdU BHYEANAR & 43 LL T+ L T
WD X1 L TP73 78— A B BT T APS Xif
£ AN M G A AN R TR . FBXW T 7E A4
JeL FE SRR | A0 A R A Ak b e P T A R T A
FH, FLi e n] 5 | RS R b s 240 B f 4 5 > . A
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TP73 | _— =3 s

4H 4

FBXW7|—-—-—-~'-| -
R AL
Ki67| P —— | B3 B 1 4 A
B R

BCL-2|b-——-—.-—‘|

B-actin | - s——— — |
TP73 FBXW7 Ki67 BCL-2 B-actin
C $ D 44
N ¥ =3 A
S ‘Q‘Q €] UI‘FH' MLz eL-
& & § o =3 Jii14E
® [ Ry e 2 il
— — 2 [T
R =) B s B AL
FEXW7 | - > B 7 B P
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