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Effects of polydatin on the cell proliferation, migration, invasion and tumor growth of AML
HUA Min, ZHANG Weili (Dept. of Blood Transfusion, Tengzhou Central People’ s Hospital, Shandong
Tengzhou 277599, China)

ABSTRACT OBJECTIVE To investigate the effects of polydatin (PD) on cell proliferation, migration, invasion and tumor
growth of acute myeloid leukemia (AML). METHODS Human AML cell KG-1 were divided into normal group, PD low-,
medium- and high-concentration groups (10, 30, 60 wmol/L PD), SQ22536 group [cyclic adenosine monophosphate (cAMP)
inhibitor, 100 wmol/L], high concentration of PD+SQ22536 group (60 umol/L PD+100 wmol/L SQ22536). The effects of PD on
cell activity, apoptotic rate, invasion and migration ability, cAMP level, the expression of epithelial-mesenchymal transition
(EMT) related proteins and protein kinase A (PKA) were investigated. Using BALB/c nude mice as subjects, a transplanted tumor
model of AML nude mice was induced by subcutaneous inoculation of KG-1 cell suspension and then divided into control group,
PD group, SQ22536 group and PD+SQ22536 group (with 6 mice in each group). The effects of PD on tumor volume and mass
were measured. RESULTS Compared with the normal group or control group, the cell viabilities, the number of migrating cells,
the number of invasive cells, the relative expressions of vimentin and Snail as well as the tumor volume and mass were decreased
significantly in PD groups, while the apoptotic rates, cAMP levels, the relative expressions of E-cadherin and PKA were
significantly increased, with a dose-dependent manner (P<<0.05). SQ22536 had opposite effects on cells and nude mice compared
to PD, and could significantly reverse the anti-tumor activity of PD (P<<0.05). CONCLUSIONS PD may inhibit the proliferation,
migration, invasion and EMT process of KG-1 cells, induce apoptosis, and inhibit tumor growth, by activating the cAMP/PKA
signaling pathway, thereby exerting anti-AML effects.
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S LR TR A AML 9 & J  AHLELARBIL A 17 R BB
| Jz - 18] 38 % %% 1k (epithelial mesenchymal transition,
EMT )48 |- 5 20 M58 o0 4 e 1 e i Ak oy AT [ JB e Y
FEOEZH AL AR sk AR SR R A5 LA R ) E A AL
il z—" EMT i B2 0 X ZMbn i A ARG BEE 3 ok
¥ Snail, I % #5%5 % (E-cadherin) fli I 2 1 (vimen-
tin) 2, FRWERR AR T (cyclic adenosine monophosphate,
cAMP)/ZE i A (protein kinase A, PKA )& AML 5T
STV UL IE B O IR 538 I RTA ] AML 4
W58, % AML BI6 97 BA BUCECR™ 5 I 4h , cAMP/
PKA {5 53 0 1] 2 54 EMT iE R, 456 30A 3C
ik, AT AUIE T EMT Ml cAMP/PKA {5 538 1, )45
157 PD X AML 4 a4 58 F 58 AR 22 A5 M0, 38 44
PRSI AY | AR N ZKF- 9122 S0iE PD (95T AML 1%
P, DUB AML IR 2590 227

1 ##
1.1 FE{UEE

AHIGE T B B AL FE iMark680 1 £ 1) GE i b
X . Gel Doc EZ #4 #E I W45 A ( 5% [¥] Bio-Rad 24 ] ) ,
FACS Calibur jit 2 4 Jfd 4% ( 52 [5] BD Biosciences 23 H ) ,
Eclipse Ti-S ZU8] & 2 5% ( H A< Nikon A w] ) 45
12 FEHRBSAF

PD X FE & (F1E5 20210407 , 46 B =98% ) W) 11 16 4
FEE 5 MR A BRA 71 5 cAMP il 7] SQ22536 Xif
il (L5 HY-100396 , 40 ¥ 98.41% ) I H 36 [E] MedChem-
Express 2\ 7 ; Annexin V -FITC/PT X4 41 fitg 95 T K6 11 3
F G [ RS A MR AR A PR A ] MTT 40
L N e A I ) A VP S N A R A
PN 7] 3 S vimentin . Snail . E-cadherin .PKA . H - 3-
T 1 1ot U ( GAPDH) B g BT A4 RIBRAR i S Ak ) il A
ic 1Y W B SR 1gG T (5245 4 G Dy ab92547
ab229701 ,ab40772,ab75991 . ab9485 . ab6721) 341l || P&
Abcam 2w ; cAMP i 5292 W FfHI % (ELISA) a5
&0 H R A YRR PR ] RPMI 1640 15 5%
F ECL Bk & A L R RHE A R A .
1.3 45K zh

N AML 41l KG-1 (1t 5 CL-0132) Wy [ 2734 58
Az A PR A BR S A 5 AR IE i 5 A% 41 i (bone
marrow mononuclear cells, BMMC;#tt5- 905810) i) H dt.
SN EE BRI A

SPF 2% Ifi £ BALB/c #i Bl (4~6 J& % , {4 5 18~20
g)24 W A IR L AW AR B A R A, shi At
FEVEATIE S o SCXK (482020 0006, FIF A7 sh# ¥ i 5
T 12 holG BB WG 528 VIR 18~23 °C  AH X IR FE
55%~65% HIPEE T, A AR oK. AR R A8k
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PN TT Hs R R B sh 48 B 2 B Al AL UE (45
2020-10-171)
2 FHik
2.1 ZHRESEIE
2.1.1 YRR

¥ BMMC F1 KG-1 4 i 53 Bl 40 T % 10% Jig 4= 1.
1# [ RPMI 1640 ¥5 55 £k vh | T 37 °C  5%CO. 5 T
g7
2.1.2 PD T ik

KA MTT 3K 5 BMMC filKG-1 41, 4%
1X10" 4~/mL & fL 100 pL R0 7E 96 fLtk L, K557 24 h
17 200 1 A 50 R VT, DA [) v B2 [0 (X AR ) L 10
30.60.90.120 wmol/L]#Y PD4kLE R 7% 24 h, Ak FE ik
oML, I E RN AL, WA, fERAL
HinA 5 mg/mL i MTT i 25 wL, 2R E 4 h )5, 0
A ZH IR (DMS0) 100 pL, 785398 % 5 , i FH iy
F 570 nm 1 K AR 5L A %% B (ODOE, T340
AELE 1[40 BEE 71 (%) = (OD sips — OD i )/ (OD sy —
OD 1) X 100%)], F-AR 415 AG: I 245 5K 7 1% J 252 5256 1Y PD
TR
2.1.3  ZHMr2H 5 ab R

TSRO EAE A T KG-1 4L, 23 Ry IE 8 A A v
W PD 41 (L-PD . M-PD .H-PD 41),SQ22536 41 , i i )&
PD H1SQ22536 1% JH2H (H-PD+SQ22536 4H ) , £ 241 1% & 6
ANE AL, 1EH A4 IE # B5 5% 24 h, L-PD \M-PD .H-PD
ZH 453591 ) 10,30 .60 wmol/L 114 PD (ki 2% A1 X S
BRUAT2.1.27 T 45 R 8 ) BE 57 24 h, SQ22536 41 4 fifd
L4100 pwmol/L i) cAMP 411 ill 51| SQ22536 (¥ i 2% #H 3¢
SCHERM ) 35 5% 24 h, H-PD+SQ22536 41 41 Jfd [7] i) L
60 wmol/L ft PD #1100 wmol/L f¥ SQ22536 557 24 h.,
2.1.4  PD X} KG-1 4G f1 (52 m %55

FHIMTT A B0 BCAE K010 KG-1 4, %
“2.1.37TU N ks AR ER B S AE 2,127 T A
252 A ) ODAEL, FH A /R HLTE 7
2.1.5  PD X} KG-1 4T 520 5

R FH I 220 AR ARG 0 RO 5 A 4 1 KG-1 4
M, #2137 0T ik e Ab PR, ARSI, TE
TR LA 1 000X g B0 5 min, ¥ 1 B % £h 28 v
(PBS) 1% 3K, 15-H Annexin V 454G 2% i 500 pL &
B TROGHEE R, A Annexin V -FITC,PLIX#| 4% 5
wL, G {4 15 min, fdf FH 970 2 20 i 1SRG S0 4% 26 400 it 1) 93
2%,
2.1.6  PDXJKG-14}i{z28 iTFEHE 12N 5¢

K H Transwell 325 K0 . FH b %8 5 A L IR 1Y
Transwell /NE PTAl KG-1 91722 R/E 1, FH =R IR
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JE Y Transwell /NZE PEAS KG-1 Al iR RE 71, B
RERAEATT < RSB A A 0T KG-1 4l , HIAS 25 I 1Y
RPMI 1640 15 77 3 8 8 2 4 X 10°4~/mL; B 40 i &
100 pL & T Transwell [ %, [FFREE & 10% G4 037G
Y RPMI 1640 1% 3% 3£ 600 pL & F Transwell | %, T
37T°CHMFHE 24 ho 4 L)ZAMMIF 2.1.3" W R Jik 4 .
AR W SR, LA 4% 22 B R 8 I, TR
0.05% &5 fb LY gL 52 ho il FH 0 R0 L2 4% 2 i g
11258 TERAE LI IC AR ZE RS A AL

2.1.7 PDXJKG-1 4}l 35 cAMP 7KF-H 5200 5 42

K ELISA B ARG o RO B0 K 301 B9 KG-1 4 i
FE“2. 13" R 5ol AbFE . AN, FH PBS
PR 3 UK, DL 1 500 X g B0 10 min, B F I8 Uk , {6 B A
AT 450 nm P KA cAMP 7K, EARIRAE 4% 2
HECRE R 55 1 B A3 T o
2.1.8  PD X} KG-1 Ziiffi EMT A& 75 14 Al PKA & £ 35
) SE e 7 4%

K H Western blot 3K I HOA i A= 309 7 KG-1
A, 4% “2.1.3" 0 R Jrikar ] Kb a4l i,
PBS VT 2 1K, LB B40% , #T 4 °C R LA 12 000X g
B30 10 min, WA 1 IE W, A 2R 11 B AR A
ROER L BRUASPERR T, AT 10% T+ e B R AN - B TN M
BR e RS LTk 5, R RS 2 R M R O L, T =
18T DL 5% AR WA 3 P41 1 hg VeSS , A E-cadherin
vimentin . Snail ., PKA . GAPDH —4¢ (Fi B H 49143 31 o 1
2000.1:2000,1:1000,1:1000.1:2000),F 4 °C T
B VRIS, I AR 4T R B il A 1:4 000)
T TS 2 h, /] ECL B ik & N5, TEER L
AU B A% . fdiFH Image J 1.8.0 40 45 2K L B K &
{8, I8 B B A AR F s s [ B 08 AT %
kit = H R R4 K BEE/WN 2S5 1 (GAPDH) Y 4%
HKEAE]

22 BHYELE

B A K010 KG-1 4, LA PB'S e il 4 i
BB, 451X 1074 AR T4 B MRS B T
PRI S 15 d, 6 24 HERER 40 X HEZH (PD 41 . SQ22536
ZH . PD+SQ22536 4H , £ 4 6 H . PD 4 # B JBs 7 5t 5
mg/kg Y PD (L 0.1%DMSO A& 7 , 7] 2 % HH 56 3¢
MR B ), SQ22536 41 #R I i T AT 3.2 mg/ke 1Y
SQ22536 (LA 0.19%DMSO k5 7 , 1] 1 225 A 5 SCHk™
W H ), PD+SQ22536 4 # BRI & 14 4 5 mg/kg 19 PD Fl
3.2 mgkg MY SQ22536, XF M 41 # W M B 4 5
0.1%DMSO, fF K LI, iELE A8 . KIRG LR H i
R R ZE BRI S5 AL AT , B R PR TPk o, ] B SR A
PRFR TR AR = g B X e 5 B X IR 581 /2) o

TEZD; 20244555 35 555 6 ]

23 FitEFHIE

K HI SPSS 25.0 B X B #E A T G850 Hr . il LA
X T s R, SN CBCR AR R R 7 25007, i — 20
ZH 0] Fe R FH SNK-g K56, K48 7K fE =0.05,
3 H#HR
3.1 HREKIGEER
3.1.1 PD Tl ks

10.30.60,90.,120 pmol/L i PD Xf BMMC I /14
Jo ki 25 (P>0.05) , % W XT 12 40 i T I dnb 2 1 o
5% R ZH 1A, 10.30.60,90 . 120 mol/L (%) PD ¥ 1] i
FRAR KG-1 4035 77 (P<<0.05) , H X KG-1 40 gAY
B S B (1Cs0) 353 60 umol/L, R I 45 10,30
60 wmol/L 1E 0 J& 2L 52 45 PD 1y T Tl ik B . 45 R
DL T,

150 5 -8- BMMC

- KG-14f

o
S

b
I

M S1/%

o
=)
1

0 1 1 1 1 1 1

OCXAE) 20 40 60 80 100 120
PD i J&/(umol/L)

a: HXHR4 A, P<<0.05,

E1l PDFHIRERIZMITEE (x+s,n=06)
3.1.2 PDX} KG-1 413 Jy A1y v 12

EFIEH 4L A, PD 4% B 2H 41 %) OD {44 (. 2% 1
I, PR TR 0 2 T, 3 R B RO P (P<<0.05) 517
SQ22536 £ 41 il () OD it & TH =i , P8 7= 3R i 3 A%
(P<<0.05). 5 H-PD 4] %, H-PD+SQ22536 £H 4fl ifd (1)
ODH b E Ty, PAT- 3 . FH IR (P<<0.05), 45 IL%E
1.F2,

F1 VBAKG-14EODEFATERILE (x+s,n=6)

413 ODff v || A ODff %
F¥4 0884009 14765162 || HPDH 0345003 2948+3.16*
L-PD# 072008 18514191 || $Q25364 0994015 1004£127
MPDAL 0515006 23954252 || H-PD+SQ53641 083007 1768%1.79°

a: SIFW4LLLE, P<<0.05;b: 5L-PD4] L4, P<<0.05;c: 5M-PD
ZH 48, P<<0.05;d: 5H-PDZH L4, P<<0.05,

3.1.3  PD X} KG-14ffiiE#% A2 72520

5IE R 4 A, PD 9K E AL T RS (R 284N 4
R, B Sk AR M (P<<0.05) 5 1 SQ22536 £H 1)
T8 AR 2RI A 2 e (P<<0.05) . 5 H-PD4iLL
3, H-PD+SQ22536 41 (1iE#% 1= 25 20 I 5035 Wk 35 T
(P<<0.05), Z5HILKE 3. 352,
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= =
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Annexin V-FITC Annexin V-FITC
E. SQ22536 41 F. H-PD+SQ22536 £

B2 FAKG-1HAMATHERNRE

3.1.4  PD X} KG-1 20l 35 & ' cAMP 7K P~ Fi 4 g b
PKA B AR50

SIEH 4, PD AU A 4N B35 h cAMP /K
SN PKA R A ek B2 i 3 Ty, S8 Rk
HEAPE (P<<0.05) ; T SQ22536 4H cAMP 7K °F- #l PKA &
AT 23k B 44 B AR (P<<0.05) . 5 H-PD 41 b4,
H-PD+5Q22536 4 iR F8 b5 1 i 3 P AL (P<<0.05) . 4%
RWFR3 E 4,
3.1.5  PDX}KG-1 40 EMT MOGHE [ A 50

5IER A S, PD 4 vk B2 4 4t ff v E-cadherin 25 [
BUAHXT A Y i 2 T 5, vimentin , Snail &5 (4 BYAHXT
kg B 3 AR, B Rk RO 1 (P<<0.05) ; i
SQ22536 £H 41}l 1 E-cadherin 2 [ f{AH X 22 ik 1 i
1% , vimentin , Snail £ [ [ A X} 22 3k 2 34 10 2 T (P<
0.05) ., 5 H-PD 4 [t %% , H-PD+SQ22536 41 41 Jifi ' E-
cadherin & H A X 32 34 5 B 2E FRAIK , vimentin . Snail &
P Y AF O 2% Gk i 2 3 T (P<<0.05) o A5 AL DLER
4.5,
3.2 EHYIKBLER

5 B LR, PD 2R BRI T8 A AR B o i 1
EREAR (P<<0.05) , T SQ22536 £H 4 il i 98 14 14 FH %
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B.L-PD4

D. H-PD 4 C.M-PD4

E. SQ22536 41

B.L-PD4H

D.H-PD 4

C.M-PD4

F. H-PD+SQ22536 41

E. SQ22536 41

I.{2%&
&3 %ﬁKG-léﬁﬂ@ﬁf?%@%}Rﬁ@iﬁ(%%?ﬁ
)
B E TR (P<0.05) ; 5 PD 4 4%, PD+SQ22536 41
5 B AR) PR A AR R o i ¥ 3 T (P<<0.05) . S5 AR IAL
K6. %5,
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K2 BHAKG-1AMTRNERZER LR (x+s,n=6)

R5 HHBERBERERRRERE (xts,n=6)

43 SRR’ HikREg || 0 BB kTR

4l R R || 4 i 2 o <
X4 280430 14428 || HPDA TEFE 3THeS
L-PD4l 142116 W71 || 8033640 B W5
M-PDA 13412 T8t || HPDSSQUSNH  lelfl8' 10911

a: GIEH 41 AL, P<<0.05;b: 5L-PD4 4, P<<0.05;c: 5M-PD
ZH %8, P<<0.05;d: S5H-PD4H L4, P<<0.05,
#*3 HBHEKG-14M EiFER&SH cAMP 7K - F0 48 B i
PKA EBHEXMRIZELE (x£5,n=6)

415 cAMP/(pmolimL) ~ PKA/GAPDH || 1}l cAMP/(pmolimL) PKA/GAPDH
F¥4 0.70+0.06 0434005 || HPDH ISIE0IT™  123+0.15%
L-PD4l 0.93+0.09° 0644007 || SQ8364 0374002 0214002
MPDA 1224013 0854007 || HPD+SQR5364 0851009 0.52£0.06°

a: 5IEH A, P<0.05;b: SL-PDA 4, P<0.05;c: 5M-PD
2 4, P<0.05;d: 5H-PDZH L4, P<<0.05,

PKA  — S G s a— 50 kDo
Garpir WS G SEE S ;0

E#4l  L-PD4l  M-PD4l H-PDZ] SQ2253641 H-PD+

$Q22536 41

E4 KAKG-14HF PKAEZRRIENEKRE
R4 BAKG-1MEPEMTHAZAEMNRIESILR

(x+s,n=6)
413 E-cadherin/GAPDH vimentin/GAPDH Snail/GAPDH
&S 0.34+0.04 09520.15 09520.13
L-PD4 0631007 0.73£0.09° 0.76£0.09°
M-PD4 091£0.11® 0.54£0.06" 0.53£007*
H-PD4L 1.25£0.14* 0.25£0.03* 0.32£0.02*
Q2253641 0.13£0.02 127£0.13* 13240.15°
H-PD+5Q22536 4 0484005 0.88£0.09° 0.87£0.09°

a: HIEWA A, P<0.05;b: 5L-PDA 4, P<<0.05;c: 5M-PD
ZH 48, P<<0.05;d: 5 H-PD4H H %8, P<<0.05,

E-cadherin —— — - - — -,

vimentin - — — - - 550
Snail ------ 28KkDa

E#4l  L-PD4l  M-PD4l  H-PDZl SQ2253641 H-PD+
SQ22536 2

B5 KAKG-1HMAMEMTHEXEQRIEHEKE

PD4l . e v ‘ ¢ o

PDOe @ s
...‘-

i L
E6 HHRBRBEET

SQ2253641

PD+SQ2253641

TEZD; 20244555 35 555 6 ]

WRE 31333513657 0542007 || Q225364 468014535 0.82£009"

PD4 130.69% 1527 026£003 || PD+SQUS36A 306592557  045+004°
a: 5XTIE S, P<<0.05;b: 5PD4L b4, P<<0.05.

4 iFig

PD N HEE P BEATAEY) , & — R KRR R 2R
Wb &Y, A YU R0 NE U R S R R
JF AR 2 BUAE R, Wang 55" B, PD A]
T8 e A M BE T S SRR LR T, R I R X AML
HNEYTVET s E A 55 1 & 3, PD Al A 880 il A
S 6L P 10095 240 M THP-1 A9 385 8 , I 7T 388 3 B i 240 At ST 3
KFEFAMHE T, DX AMLE I MGEGEERH . AWF5E
Jl PD 4hFH BMMC,, 25 - 52775 , 10.30..60 .90 . 120 pmol/L
{19 PD X BMMC 1% o3 JC W W 52 0l , 2 B PD X 1 44 i
JCHA I FEE 5 1 AR B9 PD ATl KG-1 41 At g i 2
TR TR T, SRR AT 4 R AR —
WA, IR N SEEG 25 S 7, PD Al i 2 A AR FRUR A (AR AR
K i, UL B 45 3R PD Al BE A AML I8 TE 1R 9T
EL7/8

AR ey 4 L ELA v B A MR VR 2R M S R
2t AT 7% 4= 28 AT 40 1 g 2F ™ Zhang SR IR,
I AML 2 fitg i 7% 42 22 , W] LABH 1E AML 984k .
EMT J& I 5z 4t i 460 Ay 1) S5 40 B O R AE 3% Rl R 28 g
J1H) 3R, ¥ K E-cadherin . vimentin . Snail 2555 5 H .
Horr | E-cadherin & I 52 4 a2 FE 53+ , 76 EMT s f2 vp
FIRW N R 5 vimentin & —Fh ] 22 8 H, £ EMT i
I W 14 ; Snail A 5 Smad AH G 1 1 55 4+
454 E-cadherin 4 it 5 [X] Ji 51 3 i 19 E- boxJ?ﬁ'J M
M40k E-cadherin 7315 . |18 vimentin 235, 755 EMT
1 & 4 ; E-cadherin 28 35 i~ 98 A1 vimentin | Snail 3215 1Y
RS AR R 2R AR T B3GR AT O AR
KB, & PDALES LS R AR AN RS B D vi-
mentin , Snail £ [ ) 21534 i & T I, E-cadherin £ F1 (1)
Fik i #E A, KW PD AR IE o TH & KG-1 41 L E-
cadherin £ [ 1Y & 15 5 BELLE HCAR A5 R] 5T 2R A, 7 248 fifd 24
Fi b RAVRAE , ST 6 KG-1 40 A 1058 Flf 28

cAMP/PKA 15 & i J& = A il N & iR i 2 —
CAMP & 5 B A R 5 AR 1l R AR 54 e rh AL
A EEAE T, AT 5T Ui PKA K JH Y 45 A 5L R i
S, S5 Mg M A K B AR ZE 5 2 R A SR R
PR, WE ST AR L PO cAMP/PKA {5 5 38 [ n] 41 il
AML ZAHE R34 58, IF 75 S A T AW R R,
2 PD AL FJS , KG-1 4 35 W b cAMP /K- FI40 i o
PKA £ F A 23835 2 35 Th i, e PD al B8 1o 0
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CAMP/PKA {553 %2k KA Hi] AML & FERIMET . Sk
T DA S I, A B SE 43 51 LA cAMP 10 41 5
SQ22536 il PD+SQ22536 Ab P KG-1 4 g , 25 - & W,
SQ22536 M FIZCR 15 PD AR , 7 7T % 5% PD Xf KG-1
B A TS . X PD X KG-1 A A= 2%

A7 9 B4 A HT AT BE 2 18 i P cAMP/PKA 553 %

S

Zi BRI, PD AT RE I AL cAMP/PKA {5 538 %

AN KG-1 R 5E T AR2%, B4 o, 1

il EMT 8% S g AR 4G, AT & 4550 AMLAEH]

S
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