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HE : BM WA N-myc T#ATF AR (NDRG) SR RE@IIE I 122 2B Ha, FFoTHR
P, Tk RINERABMIE L R MZ—3262 406, St A Gt BAL( IR BAF R AL 2 ) | pcDNA-
NC 28 ( %0 feL 3% 4 pcDNA-NC) . pcDNA-NDRG1 41( 48 . 4% # pcDNA-NDRG1) | i@ B4 40 [ 4 4
pcDNA NDRG1 /G NAERIEH 1 mmol/L BEISNLEL 3-8 (PI3K) iB¥&#EH bpv ag3ddnik ]; KA EHR
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The role of NDRGT1 in the proliferation, invasion and migration of
pancreatic cancer cells and its mechanisms

Yang Bai', Hong-Xing Zhou’, Yu Jiang’, Yong-min Yan'
(1. Medical College of Jiangsu University, Zhenjiang, Jiangsu 212013, China, 2. Department of Clinical
Laboratory, Changzhou Second People's Hospital Affiliated to Nanjing Medical University,
Changzhou, Jiangsu 213004, China)

Abstract: Objective To investigate the role of N-Myc downstream-regulated gene 1 (NDRG1) in the
proliferation, invasion and migration of pancreatic cancer (PC) cells, and to analyze the potential mechanisms.
Methods The human PC MZ-3262 cells were cultured in vitro and divided into control group (no special treatment),
pcDNA-NC group (transfected with pcDNA-NC), pcDNA-NDRGI1 group (transfected with pcDNA-NDRG1) and
pathway activation group (transfected with pcDNA-NDRGI and cultured in the medium containing 1 mmol/L of
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phosphatidylinositol 3-kinase (PI3K) pathway activator bpv). The mRNA expression level of NDRG1 was measured
via quantitative real-time polymerase chain reaction (QRT-PCR). The cell survival was detected via CCK-8, and the
migration and invasion abilities of the cells were detected via scratch assay and transwell assay. The protein levels of
NDRGI, molecules associated with proliferation, invasion and migration including proliferating cell nuclear antigen
(PCNA), E-cadherin, N-cadherin and vimentin, and those associated with Akt/STAT3 pathway including PI3K, p-
PI3K, Akt, p-Akt, and STAT3, were detected via Western blotting. Results The mRNA expression of NDRG1 and
protein expressions of NDRG1 and E-Cadherin in MZ-3262 cells were higher in the pcDNA-NDRG1 and pathway
activation group than those in the control group and pcDNA-NC group (P < 0.05). The cell survival rate, the number
of invasive cells, the rate of gap closure, the protein expressions of PCNA, N-cadherin, and vimentin, and the relative
expressions of P-PI3K/PI3K, p-Akt/Akt, and p-STAT3/STAT3 were lower in the pcDNA-NDRG1 and the pathway
activation group than those in the control group and pcDNA-NC group (P < 0.05). However, mRNA expression of
NDRG! and protein expressions of NDRG1 and E-cadherin in MZ-3262 cells were lower in the pathway activation
group compared with those in the pcDNA-NDRG!1 group (P < 0.05). Besides, the cell survival rate, the number of
invasive cells, the rate of gap closure, the protein expressions of PCNA, N-cadherin, and vimentin, and the relative
expressions of P-PI3K/PI3K, p-Akt/Akt, and p-STAT3/STAT3 were higher in the pathway activation group than
those in the pcDNA-NDRGI group (P < 0.05). Conclusions Overexpression of NDRG1 may inhibit the
proliferation, invasion and migration of MZ-3262 cells by attenuating the activation of PI3K/Akt/STAT3 pathway.
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PI3K/AKT/STAT3 pathway
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1.1 4HpaskiR

NI 2R MZ-3262, MZ-3674, MZ-3355,
MZ-3353 4 L0 11 7 5 W S A W R A R A WD
1.2 FERKFSMNEE
12,1 F=%&XA RPMI 1640 85 35 3t (iU EE 8L R

R A R A ), CCK-8 35 & (i A1k
BB R 2y 7)) |, Lipofectamine™ 2000 %% Y& iR 57 & (b
HFEFRHEA BRTTE A R, NDRG1 i 3K Tk 2 fAk
pcDNA-NDRG1 . A 7 NDRG1 f4 25 1 5 b peDNA-NC
H b 9 ST AR W R R BR A w8, Fh R A
FE R R S (bpy T8 2590 (1 24 1 5% H43021020,
i) g 1 ) 25 S B AT BR A R, S A NDRG
g o 3% 5 A7 5 B P R (proliferating cell nuclear
antigen, PCNA ) | E- %5 % fff £ F (E-cadherin) . N- %5
R it 25 1 (N—-cadherin) | #% J& & F1 (Vimentin) | % g
WL 3— B4 ( phosphatidylinositol 3—kinase, PI3K) | p—
PI3K 25 [ 184 B ( protein kinase B, Akt) ,p—Akt ikt
R F 3 (signal transducer and activator of
transcription 3, STAT3) . B-actin £ 5 FEHUIR | 1L 4T
B HRP — 5t (DB B2 RHCA R A A o

122 EE&MZE  CCL-050A-8 % 4 fLfK CO, 1%
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3355, MZ-3353 4Uiafif vk A 0w, BT 10% K
JE6 4= I3 (fetal bovine serum, FBS) +100 u/mL & % % +
100 we/mL % 55 % i RPMI 1640 55 F: W, 1E 37°C .
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1.3.2 F R KT TR R ( quantitative real— 655 ( optic density, OD ME, TTEMIEEE R, £

time polymerase chain reaction, qRT—PCR ) # | & %
i, 72 NDRG1T mRNA #9 %% $EHUA 40 &R B RNA
FR v B2, DL RNA SRy 58 A 306 4% 5 A2 B eDNA, - D
cDNA Jy ¥ Mg 17 qRT-PCR. 2 I & % 20 pL:
ULtraSYBR mixture 10 wL., ¢DNA 2.0 wL. 1E 5[ 5]
P45 2.0 pL. H,0,4.0 pL; RV 95°CAEM 15 s,
65°CIR K 625, HLA0NTEI; MHiFIhZ: 60CE
95°C, 415 #FHE 0.3°C. NDRGI1 L) B-actin N Z:,
K 27844 NDRG1 mRNA XT3k 8, 519
R R A R A A (R D).

%1 qRT-PCR3|#1F 75|
A ikl SR bp
1FM]: 5'-CTCCTGCAAGAGTTTGATGTCC=3"
NDRGI1 327
K2 J] . 5'-TCATGCCGATGTCATGGTAGG-3'
1EM[]: 5'-CTCCATCCTGGCCTCGCTGT-3'
B-actin 3454
2] : 5'-GCTGTCACCTTCACCGTTCC-3'
133 ekt iE 4 A o i 1.3.2 0k MZ-

3262 4 il 4y B 5T A0 . HOXT £ AR K T Y MZ-3262
YA, e 1.3 x 10° A~/FL Y %5 B e Fh 1 48 FL AR, fil
A % 80% Ih, H 4G FBS () RPMI 1640 15 323 . Kt
YA 4>k 4 4. MZ-3262 2 i A fcRe ik Ak B R 25
X HEEH 5 4K H Lipofectamine ™ 2000 4% Y& 57 &5 15 BH
45, Sk fE AR Lipofectamine ™ 2000 43 51 5 i kL 2,
& pcDNA-NDRG1. pcDNA-NC #% 8 pL : 4 pg 7E
250 wL Opti-MEM T #5 BE, TR 2) 5 I A KE 732 W %
Yu A L, 4 S AE A peDNA-NC 26 ( BH P XF B 2 ) |
pcDNA-NDRG1 41 (i % i NDRG1) 5 % %t peDNA-
NDRG1 J5 , il A % PI3K il # # 1% 7 bpv 1 mmol/
L RG IR0, 55 9% MZ-3262 411 i /E Sy 388 [ 3415 1
Ho U EASHMTFBS 3R M Ak S 15 57 24 he B4
WE6NESL, LEHEH 3K,

1.3.4  qRT-PCR # | &20 NDRG1 mRNA # & &
43 9 4 A 4 B R % Y i) MZ-3262 41 il 2 RNA JF:
Wk 2, 2 MR1.3.2 77 30 2 45 241 MZ-3262 4 Jifd
NDRG1 mRNA Xt ik i .

135 CCK-8:kE#mafefEEil WEHBE
YL ) MZ-3262 4t ,  JBeit i 1k J5 i 1.3 x 10°4>/4L
1) %5 3 4 b & 48 FL A, H5 5% 24 h )5 il A CKK-8 ik
M, AREEEEFE 2 h, AR AR 570 nm Ak £ L 241 Al

% %= (5L 41 0D fH/78 1% R 41 OD ff) x 100% .
AR ENE, LWEKEIK,
1.3.6 Transwell 52 B4 29 f0 4z 2 48 1 B
Matrigel HF (2.0 mg/mL, 50 pL) TF* Transwell /N3
2, 37°CEEE 30 min, HUA& 4H 40 M & &, #%
3.0x 10N /ALIM B EEM E/NE LR, FEMAE
10% FBS 600 wL 553238 MR 12 R RB A
M, 2R E 15 ming 0.2% %5 48 04 45,20 min, 7
Ve, BT B MM SibdniiR . B
WE6NES, LEHEH 3K,
137  XREZHAN @S s BRSHBER
YLy MZ-3262 40, JEE I 165 1% 1.3 x 10°~/4L 1Y
WA E 48 f LM, A 10 pL K AR SLRIJE, PBS
vk, FLPIIACTE FBS Y RPMI-1640 5 5% Wi 4k 25 £
FEYNAEL, T 0h, 24 h5 s FBOS, WEIF
B, DA LA IR B Aokt b, 00 200 R 0 B B 8 T 5
HMRPRIE B E . WIRESE (%) = (d),-d,,) /
dy, x 100%. HHEE6NEFL, LHAEE 3K,
1.3.8 Western blotting # ] NDRG1 3§ 70 B AZ % it
BANFEE G Akt/STATI BB G ML INERH
T B YU ) MZ-3262 4l , LA RIPA % fiff i 2 B
B EIFR IR B S Al B, A I 10 wg FRTK . R R
Ji5 T 3 45 (5% ) I W3t A 2 b, 23 A —$t NDRG1
(1:1000) ,PCNA(1:1000) ,E-Cadherin(1:1 000) .
N-Cadherin (1:1 000) . Vimentin(1:1 000) .PI3K (1:
1 000) ,p-PI3K(1:1000) ,Atk(1:1000) ,p-ATK (1 :
1 000) . p-STAT3(1:1 000) ,STAT3(1:1000) .B-
actin(1:1000) ,4°CHE &, il A HRPARiC I FHi e —
Pr(1:5000), FHEMH 1 h, B EH, LI B-actin
KNS R E AT R Rk
1.4 Sit=EFiE

BAESrHT R 1 SPSS 20.0 Ge it #cit: . R REORH
PP+ b (x = )30, HUERT2200MT, bW
PILLA ] SNK-q #6536, P<0.05 A2 A G0 X

#HR

YRR 2R 0 1
MZ-3262 . MZ-3674 . MZ-3355 . MZ-3353 4 il %
NDRG1 mRNA A %I 3 ik 43 i i (1.00 £ 0.16) |
(0.81+0.16) ,(0.76 £ 0.51) . (0.66 + 0.20) , 28 J7 2243¥T,
ERA G L (F=4.380,P=0.008) . FE—4&HH
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HLR a5 MZ-3262 41 il FL 5%, MZ-3674 MZ-3355 .
MZ-3353 4l Jifl NDRG1 mRNA X} & ik &L (P <
0.05) , A I e % MZ-3262 40 i 47 I 221 46 .
2.2 KAMANDRGT mRNAHEXN RILZ LR

25 XTI . peDNA-NC 41 . pcDNA-NDRG1 41 .
3 BTG ) 2 MZ-3262 ZHi il NDRG1 mRNA AH X} 3Rk
A (1.00+0.15) L (1.02+0.16) , (2.38 £0.51) |
(1.30+0.20) , &0 =04, ZRA G L (F =
45.749, P =0.000) . it —2L PP L 45 R —‘ﬁ%% X
W& 2 peDNA-NC 41 H%E , peDNA-NDRG 1 £ MZ-3262
40 s NDRG1 mRNA AH X} 3 ik & J+ & (P <0.05) ,
peDNA-NC 41 . pcDNA-NDRG 1 ZH 21 i s e e
2.3 KHAMZ-3672 AAETFEIHFR L

25 FIXTREZH \pcDNA-NC 41 .pcDNA-NDRG 1 41 il
P& O ) 2H MZ-3262 411 i A7 1% 22 53 57 24 (100.00 +
0.00)%.(99.12 + 0.78)%.(35.78 + 5.35)%.(63.12 + 9.51)%,
)5 22000 A gei s L(F =456.284, P=0.000) .
E— 2L W LA AL 525 FIXT BRAL . peDNA-NC 41 Lt
#,pcDNA-NDRG 1 21 3l 30 71 20 MZ-3262 21 £
TR FEAIK (P <0.05) 5 {H B30 77 2H MZ-3262 21 A7
52 peDNA-NDRG1 20 7} (P <0.05)
2.4 KHEMZ-3262 [REERENLE

25 AN BB 2 peDNA-NC £ . pcDNA-NDRG1 4 |
TS ) 41 MZ-3262 20 I 1R 28 40 i B4 B o
(316.52 +47.45) 4~ | (320.89 £48.15) 4~ . (112.26 +
16.85) 4. (210.15£31.53) 4, & Z 0t . 25 A
it 22 X (F =96.859, P =0.000) . 3#F— L W W L
AR 525 X IR peDNA-NC 41 HL 48, peDNA-
NDRG1 £H 38 BR80T 77) 2 MZ—-3262 2 Jifd 1= 2% 240 Jifd %
I/ (P <0.05) 5 H 8 [0 71 41 MZ-3262 4 i 17 2%
A% H peDNA-NDRG1 4{## £ (P <0.05). WL 1.
2.5 &HMZ-3262 MPEFEEE LR

2% 4 XF B2 peDNA-NC 4 . pcDNA-NDRG1 4 .
M BTG ) 41 MZ-3262 44 j R IR A A R4 0k
(26.79+4.11)% . (27.10+4.07)% . (10.03 + 1.51)% .
(19.35+£291)% , & J7 2500, ZRARITFEX
(F=89.544,P=0.000) . it —LWMHhisss R . 52
F 6 B ZH . peDNA-NC 4 L #5 , pcDNA-NDRG1 4 |38
% 5 20 MZ-3262 40 i R R A A R AL (P <
0.05) 5 {HL 3 B& B0 771 20 MZ-3262 41 i %) JE /i1 & % 1
pcDNA-NDRG1 4 5 (P <0.05) . WL 2.
2.6 #ZHMZ-3672 41 NDRG1 & B fAE 5 . &

3 7\-!‘

1 '-J-- .{é:

L a

‘v\ 1’{&( M\,it -&“ if"'.

..}E _ 3‘#
-&-‘n.-&#’im‘ﬁ &" F gt = i
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£HEMZ-3262 AR ZEREST  (x 400)

A 25 X IEZE s B:peDNA-NC 41 ; C:pcDNA-NDRG141; D:iff
[ 2
&2

ZEEBHEXEABEMNRIEEILE

4 24 MZ-3262 4t i NDRG1. PCNA . E-Cadherin
Vimentin , N-Cadherin £ [ AH X 38 5 Fbik, &5 2247
Mr, 2258 Gt 2E 3 L (P <0.05) . FE— Wi H 4
% 525 %R . peDNA-NC £ H#2 , peDNA-NDRG 1

I 6 TS 7 20 MZ-3262 4l S PCNA . N—-Cadherin |
Vimentin £ [ A8 % 2 ik &t B (1% (P <0.05) , NDRG1 .
E-Cadherin 25 [F A7 XJ 35 & i (P <0.05) ; {H 38 #%
TG 7 2H MZ—-3262 411 Jifd PCNA . N—-Cadherin , Vimentin
T H A £ 357 5 T peDNA-NDRG1 41 (P <0.05) ,
NDRG1 , E-Cadherin £ [ A X 2 35 & {IK T peDNA-
NDRGI 4 (P <0.05), W2 HE 3,
2.7 &ZAMZ-3672 4 PIBK/AK/STAT3 i& i &
HEXRIEELE

4 7 MZ-3262 4 Ffl p-PI3K/PI3K . p-Akt/Akt . p—

FHMZ-3262 AT FEEEST  ( x 400)
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#z2 H/AMZ-36724HNDRG1 EARIEHE . BEIBEXEQEMREELE (rxs)

2151 NDRG1 % PCNAZE E—Cadherin [ N—Cadherin %5 [ Vimentin 45 [
25 X R 0.35 +0.06 1.30 £0.20 0.45 +0.07 1.22+0.19 1.26 +0.63
peDNA-NC 2 0.37 £ 0.06 132022 0.47 +0.08 1.25+0.20 1.28 + 0.65
peDNA-NDRG1 41 1.19 +0.187 0.56 + 0.09” 127 £0.197 0.58 £0.097 0.43 £0.07Y
T S 7R A 0.71 £0.11%? 0.85+0.13%2 0.72+0.119? 0.79 = 0.12%% 0.86 + 0.13V2
F1i 71.067 46.364 63.504 43.600 6.659
P 0.000 0.000 0.000 0.000 0.000

0 D52 N IEA  peDNA-NC AL HLH:, P<0.05; @5 peDNA-NDRG1 41 %5, P<0.05.,

A B C D

oG M

pona WD G S
E-Cadherin - - - -

N-Cadherin WIS S— -.-
Vimentin - G SN

A X IRLL; B:peDNA-NC 4 ; C:peDNA-NDRG14]; D: il
S SRl
E3 &KHMZ-3672 4 NDRG1 & H LA,
BEIBHEXEANFRIE

36 kD
124 kD
54 kD
124 kD

B-actin

42 kD

STAT3/STAT3 XTIk & WK, &6 5 225007, 22 % A
Giit2rm L (P <0.05) ., #E—LPIM SR . 52
Xt R 2 peDNA-NC 21 b %5 , peDNA-NDRG1 41 i
% 185 7% 77 4 MZ-3262 41 il p—PI3K/PI3K | p-Akt/Akt |
p—STAT3/STAT3 A X 2% ik 12t [ A% (P <0.05) , {H 3 #%
PTG ) 41 MZ-3262 4l ffd p-PI3K/PI3K | p~Akt/Akt , p—
STAT3/STAT3 AH Xf # ik & & T pcDNA-NDRGI ZH
(P<0.05), WaK3HME 4,

R3 KEMZ-3672 40k PIBK/AKY/STATIERER

HWRESELEE (rxs)
215 p-PI3K/PI3K  p-Aki/Akt  p-STAT3/STAT3
75 X HR AL 1.18 £0.18 1.31+0.19 1.40+0.21
peDNA-NC 2 1.20+0.19 1.32+0.20 1.41£022

pcDNA-NDRGEH  0.40+0.06° 0.55+0.08"  0.67+0.117
T G 2
FAE
Pl
H . O52 A A | peDNA-NC 4 L%, P <0.05; @15
pecDNA-NDRG1 41 b 44, P<0.05,

0.810.12"% 090+0.14"%  1.06+0.16"

53.334 52.300 46.173

0.000 0.000 0.000

A B C D
prisk | 2

A2 FAXTIRLL; B:peDNA-NC 4 ; C:peDNA-NDRG14]; D: i
R L
El4 £&EMZ-3672 4051 PISK/AK/STATIEKE ARFRIE

it

R 958 2 Ak R G e B R e B
R 25 SR I RE A, RZBURHF 2 22 ik
W7 H ORI R IR T AR T R TR R ik
IT BT AR T 15 i A R R 1 A8 A R R AU i
Jie 96 208 B %) T 24 P A AR 7 24 W B T 1 T BT AL
2 B —E BRI PR AR T8 By A A R AR A
e I AN B R TS B AR R

NDRG1 37 T A A4 et {4 8q24.2 , Ho 4 15 1 2 11
JEAAXT 4 F i R 43 000, BT 7R, NDRG1 5 ik
Ja R R BA Y, A NIE ST B, NDRG &
P17 1B R s 2 28 v S IR 3R K 5 R M e 0 R A G
AHIFFE M s Y MZ-3672 41 . 40 it 16 266 B £k T i
AR 32 SRR 1 e VA O R AN AR 28 B R I O
PCNA 25 [ /2 21 M 15 58 AH OC B R 8 1 . E-Cadherin
Ik R Gy 4l 40 i % A %% #% , N—Cadherin . Vimentin
1o 2 35 AR A 11 08 20 it R A (R 28 VI RE Y R E Y
R R, 52\ X 4 peDNA-NC 41 It %,
peDNA-NDRG1 2 MZ-3262 4l Jfil 77 1% 2 , 1= 22 40 i
¥, QIR A1 & %, PCNA . N-Cadherin . Vimentin 2& [ #H
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2 SR\

%} 35 T, NDRG1 E-Cadherin 25 [ A % % 1k &
A, UL I 2k NDRG1 AT RE 41 ] 156 iR 788 MZ-3262
AN IG5 2R SR

STAT3 J2& PI3K/Akt 3 % (1) T UiF B 4, PI3K 1 1k
;AR TE i PIP3, i — B R L Akt R 1Y
Thr308 137 15 , A2 ff Akt 3 fb I A A= Wl 8 b s i, A2 il
T L A STAT3 W IR Ak, 2 5 g Al i A= < 44k
& RN EIBESY R I STAT3 FE N 3K T4
Tl g M g A LY G, T A R A M T AR i R D
F 5% 7, ) Aky/STAT3 38 i 3 £k AT X i iR g 41
M3 TE AR 28R S R RIE R . AR SR
7R, A 3006 5, 5 peDNA-NDRG1 41 [ %5,
0 A% 3T ) 2L I SR MZ—-3262 40 MU A7 T5 R IR 28 4
M %, RI9E A4 2%, PCNA . N—Cadherin . Vimentin 25 [
AAXFF ik & F I, NDRG1 . E-Cadherin 25 F A % 335
%T%aﬂﬁ*aﬁﬁﬁpmmwcﬁmﬁ
peDNA-NDRG1 2 . 38 % i 771 41 MZ-3262 2 Jifl p-
PI3K/PI3K , p-Akt/Akt , p-STAT3/STAT3 £ 1 ~ 4 , {H
i B PTG R 4 MZ-3262 41 il p-PI3K/PI3K | p—Akt/
Akt p-STAT3/STAT3 # % pcDNA-NDRG1 21 |-,
Ut W 2 2% ik NDRG1 W] i 38 &2 410 il PI3K/Akt/STAT3
A 5 A, 30 0 R JEE MZ-3262 41 it 3 5l 1278
.

Zi b Fr b, b 98 NDRG1 3 3k ] GE 18 i # i
PI3K/Akt/STAT3 i [ 1% Ak, , #11 il MZ-3262 4t i 3% 5
fRB LRI . AT — DR AR 5 NDRG1 X PI3K/

Akt/STAT3 3 1% i) EARJE AR .
2 £ X W
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