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[ Abstract ] Background and purpose: Breast cancer is one of the most common malignant diseases in women
and its malignant proliferation is the major cause of death. To investigate the effects of N-myc downstream regulated
gene 2 (NDRG?2) on proliferation of breast cancer cells by using two parallel cell lines (MCF-7 and LM-MCF-7) with
different metastatic abilities. Methods: The expression level of NDRG2 in breast cancer cells was detected by Western
blot. The effects of overexpressing (or down-regulating) NDRG2 on proliferation of breast cancer cells were investigat-
ed by flow cytometry. The expression and location of -catenin were detected by Western blot and immunofluorescence
respectively. NDRG2 blocking the transcription activity of B-catenin was investigated via co-transfecting MCF-7 cells
with NDRG2 siRNA and pCMV-Tefd (lacking the portion responsible for the protein binding to DNA). Results: The
expression level of NDRG2 was negatively related to the proliferation ability of breast cancer cells. Over-expressing
NDRG2 (or down-regulating) via transfecting LM-MCF-7 (or MCF-7) cells with pPCMV-NDRG2 (or NDRG2 siRNA)
could inhibit (or promote) cell proliferation. Interestingly, the results of Western blot, immunofluorescence and flow
cytometry revealed that down-regulation of NDRG?2 resulted from the down-regulation of B-catenin and blocking its

nuclear translocation, which led to losing control of the proliferation of breast cancer cells. Conclusion: NDRG2 inhibit
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the proliferation of breast cancer cells via down-regulating the expression of B-catenin and blocking its nuclear translo-

cation, which is significant for exploring the molecular mechanism of proliferation of breast cancer cells.

[ Key words ] Breast neoplasms; N-myc downstream regulated gene 2; B-catenin; Cell proliferation
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Fig. 1 The proliferation of breast cancer cells was inhibited by over-expressing NDRG?2

A: The expression levels of NDRG2 were detected by Western blot. B: pPCMV-NDRG2 was digested by EcoR 1 /Sal 1 (1: pPCMV-NDRG2
digested by EcoR | /Sal 1 ; 2: pCMV-NDRG?2 plasmid). C: The expression levels of NDRG2 in MCF-7 transfected with siRNA and in LM-MCF-7
transfected with pCMV-NDRG2 were detected by Western blot. D: The proliferation rate of MCF-7 cells transfected siRNA, and LM-MCF-7
transfected pCMV-NDRG2 was detected by flow cytometry
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Fig. 2 NDRG?2 regulated the expression and phosphorylation of B-catenin

A: The expression level of B-catenin and phosphorylation level of B-catenin in MCF-7 cells transfected NDRG2 siRNA were detected by Western
blot. B: The expression level of B-catenin and phosphorylation level of f-catenin in LM-MCF-7 cells transfected pPCMV-NDRG were detected by

Western blot
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Fig.3 Translocation of B-catenin into the nucleus was inhibited by NDRG2

A: The cellular localization of B-catenin in MCF-7 cells transfected NDRG2 siRNA and LM-MCF-7 cells transfected pPCMV-NDRG was detected
by immunofluorescence. B: The proliferation ability of MCF-7 cells co-transfected with NDRG2 siRNA and pCMV-Tcfd was examined by flow

cytometry
34 ik

21 Jf 348 A N S R PR R R A L K
JE 1 FEAE TR ORI J 20 M %) 14 R 45 AL A
XJJihgeE a2 W fn iR Y oA LR L. H Ar
FEAES, NDRG2BRS 5 IEH MM A K |
AR VA BN R N AN, RS Mg kA Kk
JEFN LA B I . IR LU NDRG2 33k
i E AR TR 55 MR W A8, 3k KT Fifi fif e
TN M3 30384 0 0 P 3 084 i A 2 o AR
FER - EAT AR ) 5t A% 1 (0 HA AN [F) 3 4 e
(L 40 B ZAMCF -7 HILM-MCF-7 " 451
NDRG2TE P ZU R 2n B s s b VR, 2 81
NDR G2 235 /K -5 ZL -9 40 A 0%) 34 5 R
A, EENDRG2HYF KK Al i Em

il LR S A M 58 s AR, RNAIUTERNDRG2
FkIE, ANMEEAERE D AR, BB A £
WU ST UESE , NDRG27E FL R i es v ke 3140 8
FERMPER, 38 2 B HL B0 2L AR
AR AN R R R . TE LRI AN i SK -
BR-3MIMCF-7 3 335 NDR G2 HE 1% 31 1 41 fifd
HEAE, TR A A N F VEGFATHIF-1 «
) 2% 308 I 400 o LA R A, A A R RS A
iR ) ZEMDA-MB-23 140 i it 3k
NDRG?2, REWEIIEBMP—43d %, I3 i 31
MM P-O3% YL 40 4222 200 L Kim% 21 BF
FERIN, FEFLIRIE A0 M id FRIKNDRG2HEW
PIHINF—«B{5 530 I 10 30% , 6 F HCcoX-2
FEIk, P bR 40 e 3T AL FR 28 . NDRG2ik
Al G p38 MAPKRAS, 4 40 K 115
5 A R OB R Ak, I T A 20 44



(¥ BEAER L) 20164E82685 12

987

FERs 22, 7ESLIRE 40 M0 it FIANDRG2
Al ESESAPKFIINKHEFR AL, A2 0% i 78 440 ft 97
T2 BRI AN, NDRG2X 4 Rl /4=
Koo MR an i ag s s . A iR 28 HAT A
Mo TERBEESWO204 e, FIFINDRG23Rik
Al B AR e —Jun B R AL KT, 855 e S 98 75 1R+
AP-1361E, FEmifHleyelinD1 33k, 41 40 il
W . FENFEARML, NDRG2iE Al i b
P p3SWARR A /K V- bl 40 s g 2 5 s T 4
CD24MFIRIMFN A BE R . TR ARZE >,
NDRG2i4& v i ok i i 4 A Wl % i SR FIGLUT1
e fige SEL VBT P 3 4 e e AT, 900 Bk gge
K 1200 5 3ANDRG2 AT HE GSK -3 B 151k
fEESnail [F MR, SR I E-cadherini il B Jgg
AMMfRZE 77 . NDRG23A Al i i i MMP2 Al
laminin33215 51 % I R A IR ho GTPaself
P, IR TGFBIA S AR iR 22 > .
B—catenini &/ T Wntf5 T 1% T/ e
o, ARG N A A K UL Wntf5
S R R R, LR kR KR
AR R R B-cateninfE 4l it
WK P32 2 ™ kg 45, HGSK-3B. Axin )
APCZ BN A R REHS ([ —cateninB iRk, If
HEATZ B R AL . S BEIR AL WM
B-cateninfE 41 il 5T R A I A A A%, TE
B Tef/LEF/B-catenin® 54, H¢ 5715 3h A1k
SR L A oS IR N | T O ¢ N
4l i IHNDRG 27K V-] i i B-catenin B iR
b, TIAIME AN B-cateninZKF-; RPN A
B, NDRG2W] #1140 fifd 5t i) B—catenin ¥ 5 A
¥, BHASH & 5 SR MR A . 4 ok 2 10
M T RS2, LRI 9 & 4 5 B-catenin
RIRFHEA K, B—cateninﬁ@%\%ﬂj%{?ﬁmi
SeyclinD 1383k, JF 1M A 2 I 908 40 Jifd 5 &% 38
B Comyc RN R BT A Tet4s A0 5,
B—catenin/TCFE & Y v e s HEL PRI SR IA, AT
SRR A s L PR A R A £
WA 12 5 P79 B—catenin, WIPinl#E HTE80%
ML S ER, Pinl BERSIIHIAPCE A/E
HI, i B4 B-cateninkh T F ik K Y,

PTENZER 1) F e Ko 55 06 Ak A RE IS 4T
B—catenin, 7IASFLARE 0G0 L PR 4
it R p5 3% 1 fE % 38 a1 GSK =3B i Pk A1 Siah i
FE AL FE A B—cateninZe ik, A 1k filsd 41 1
B SRR RIS R IR, 7 FLI I 4
furp, BOEBIMLCK-ERK 1/21F 5 54050
TR B—catening F38 ME R AK, PG cyclin
DIFISurvivinge 1k, HERRFL 5 40 A 2 34 78 A 5
TRARES L TEME AN, B-cateninfE H1E
ST Z RN L FME Sd v, X g0 i
B A AR E R

Zi BTk, NDRG2AE AR smdil A+, 1
A L g 200 L 0 v e A EE L I P AR
NDRG2Ii| B-catenin ik, PHAFHALF AR K
PR e SR 0 4 P 2 L s 200 R AR A v 1
Al R B s e e L E ety e O] I o B
BRI 2 W RNA YT PRt T SR

(& % X #k]

[1] CHEN X, DUAN N, ZHANG C, et al. Survivin and
tumorigenesis: molecular mechanisms and therapeutic
strategies [J] .] Cancer, 2016, 7(3): 314-323.

[2] HU W, FAN C, JIANG P, et al. Emerging role of N-myc
downstream—-regulated gene 2 (NDRG2) in cancer [ ] ] .
Oncotarget, 2016, 7(1): 209-223.

[3] GOLESTAN A M, MOJTAHEDI Z P, GHALAMFARSA
G P, et al. The effects of NDRG2 overexpression on cell
proliferation and invasiveness of SW48 colorectal cancer cell
line [ J ] . Iran J Med Sei, 2015, 40(5): 430-439.

[4] PIEPOLI A, COTUGNO R, MERLA G, et al. Promoter
methylation correlates with reduced NDRG2 expression in
advanced colon tumour [ J ] . BMC Med Genomics, 2009, 2:
1.

[5] FENG L, XIE Y, ZHANG H, et al. Down-regulation of
NDRG?2 gene expression in human colorectal cancer involves
promoter methylation and microRNA-650 [J] . Biochem
Biophys Res Commun, 2011, 406(4): 534-538.

[6] LORENTZEN A, LEWINSKY R H, BORNHOLDT J, et al.
Expression profile of the N-myc downstream regulated gene 2
(NDRG?2) in human cancers with focus on breast cancer [1].
BMC Cancer, 2011, 11: 14.

[7] MORDALSKA A, LATEK J, FERENC T, et al. Evaluation
of NDRG?2 gene expression in primary papillary thyroid
carcinoma and in metastases of this neoplasm to regional
lymph nodes [ J ] . Thyroid Res, 2010, 3(1): 6.

[8] PARKMY,CHOISC,LEEHS, etal. A quantitative analysis
of N-myc downstream regulated gene 2 (NDRG2) in human



988

JEEEE, 4. NDRG2E 4 P-cateninde ik Fl AN 45 L N6 20 o 3

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

tissues and cell lysates by reverse—phase protein microarray
[J] . Clin Chim Acta, 2008, 387(1-2): 84-89.
SHI H, LI N, LI S, et al. Expression of NDRG?2 in esophageal
squamous cell carcinoma [ J ] . Cancer Sci, 2010, 101(5):
1292-1299.
SKIRIUTE D, TAMASAUSKAS S, ASMONIENE V, et al.
Tumor grade-related NDRG2 gene expression in primary and
recurrent intracranial meningiomas [T . T Neurooncol, 2011,
102(1): 89-94.
DING Y, SU S, TANG W, et al. Enrichment of the beta—
catenin—TCF complex at the S and G, phases ensures cell
survival and cell cycle progression [J].7JCell Sei, 2014,
127(Pt 22): 4833-4845.
NAGAHATA T, SHIMADA T, HARADA A, et al.
Amplification, up—regulation and over—expression of DVL-1,
the human counterpart of the drosophila disheveled gene, in
primary breast cancers [ J ] . Cancer Sci, 2003, 94(6): 515
518.
UGOLINI F, CHARAFE-JAUFFRET E, BARDOU V ], et al.
WNT pathway and mammary carcinogenesis: loss of expression
of candidate tumor suppressor gene SFRP1 in most invasive
carcinomas except of the medullary type [ J ] . Oncogene,
2001, 20(41): 5810-5817.
HATSELL S, ROWLANDS T, HIREMATH M, et al. Beta—
catenin and Tefs in mammary development and cancer [J].
J Mammary Gland Biol Neoplasia, 2003, 8(2): 145-158.
ZHOU X, LIU Y, YOU J, et al. Myosin light—chain kinase
contributes to the proliferation and migration of breast cancer
cells through cross—talk with activated ERK1/2 [J]. Cancer
Lett, 2008, 270(2): 312-327.
ZHOU X L, QIN X R, ZHANG X D, et al. Downregulation
of Dickkopf-1 is responsible for high proliferation of breast
cancer cells via losing control of Wnt/beta—catenin signaling
[J] . Acta Pharmacol Sin, 2010, 31(2): 202-210.
CUELLO-CARRION F D, SHORTREDE J E, ALVAREZ-
OLMEDO D, et al. HER2 and beta—catenin protein location:
importance in the prognosis of breast cancer patients and their
correlation when breast cancer cells suffer stressful situations
[J].Clin Exp Metastasis, 2015, 32(2): 151-168.
R, 2R, T 4E, 2. NDRG2XFFL I 41 i i 58 (52
Wi [J] . BE2E4H, 2009, 30(11): 961-963.
MA J, LIU W, YAN X, et al. Inhibition of endothelial cell
proliferation and tumor angiogenesis by up-regulating NDRG?2
expression in breast cancer cells [ J ] . PLoS One, 2012, 7(2):
€32368.
SHON S K, KIM A, KIM ] Y, et al. Bone morphogenetic
protein—4 induced by NDRG2 expression inhibits MMP-9

activity in breast cancer cells [J] . Biochem Biophys Res

[21]

[22]

[24]

[27]

[29]

[32]

Commun, 2009, 385(2): 198-203.
KIM M J, KIM H S, LEE S H, et al. NDRG2 controls COX-2/
PGE(2)-mediated breast cancer cell migration and invasion

[J]. Mol Cells, 2014, 37(10): 759-765.
PARK Y, SHON S K, KIM A, et al. SOCS1 induced by
NDRG?2 expression negatively regulates STAT3 activation in
breast cancer cells [ ] | . Biochem Biophys Res Commun,
2007, 363(2): 361-367.
KIM Y J, YOON SY, KIM J T, et al. NDRG?2 suppresses
cell proliferation through down-regulation of AP-1 activity
in human colon carcinoma cells [ J ] . Int J Cancer, 2009,
124(1): 7-15.
LIU X, NIU T, LIU X, et al. Microarray profiling of HepG2
cells ectopically expressing NDRG2 [ J ] . Gene, 2012,
503(1): 48-55.
ZHENG J, L1 Y, YANG J, et al. NDRG?2 inhibits
hepatocellular carcinoma adhesion, migration and invasion
by regulating CD24 expression [ J ] . BMC Cancer, 2011, 11:
251-259.
MA J, LIU W, GUO H, et al. N-myc downstream-regulated
gene 2 expression is associated with glucose transport and
correlated with prognosis in breast carcinoma [J] . Breast
Cancer Res, 2014, 16(2): R27.
KIM Y J, KANG H B, YIM H S, et al. NDRG?2 positively
regulates E—cadherin expression and prolongs overall survival
in colon cancer patients [ J ] . Oncol Rep, 2013, 30(4): 1890—
1898.
LEE D C, KANG Y K, KIM W H, et al. Functional and clinical
evidence for NDRG?2 as a candidate suppressor of liver cancer
metastasis [ J ] . Cancer Res, 2008, 68(11): 4210-4220.
JAMIESON C, SHARMA M, HENDERSON B R. Targeting
the beta—catenin nuclear transport pathway in cancer [ J | .
Semin Cancer Biol, 2014, 27: 20-29.
MORGAN R G, RIDSDALE J, TONKS A, et al. Factors
affecting the nuclear localization of beta—catenin in normal
and malignant tissue [ J ] . J Cell Biochem, 2014, 115(8):
1351-1361.
RYO A, NAKAMURA M, WULF G, et al. Pinl regulates
turnover and subcellular localization of beta—catenin by
inhibiting its interaction with APC [J] . Nat Cell Biol, 2001,
3(9): 793-801.
DEPOWSKI P L, ROSENTHAL S I, ROSS J S. Loss of
expression of the PTEN gene protein product is associated
with poor outcome in breast cancer [ J ] . Mod Pathol, 2001,
14(7): 672-676.
WANG D, WANG Y, KONG T, et al. Hypoxia—induced beta—
catenin downregulation involves p53—dependent activation of
Siah-1 [ J ] . Cancer Sei, 2011, 102(7): 1322-1328.

CHCRi HYT: 2016-04-25 &I HIYI: 2016-06-27)



	16-12_p21
	16-12_p22
	16-12_p23
	16-12_p24
	16-12_p25
	16-12_p26
	16-12_p27
	16-12_p28

