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ABSTRACT Objective: To investigate the function and mechanism of NDRG2 in hyperthermia (HT) induced heat stress retards
invasion of hepatocellular carcainoma cells. Methods: We established the stable cell lines with NDRG2 overexpression or NDRG2
knockdown. Matrigel invasion assay and Western-blot were performed to evaluate the effect of heat stress on invasion of cells. We further
established mouse xenograft model. H&E and immunohistochemical staining examined the anti-invasion potential. Results: In NDRG2
over expressing cells, HT at 45 'C reduced the invasive potential significantly, compared with HepG-2 cells treated by HT alone. We next
detected the expression of MMP-2 and MMP-9. Western-blot revealed that expression of MMP-2 and MMP-9 decreased in NDRG2
overexpressing HepG-2 cells and even lower after the cells were treated by HT. Malignant tumors slightly invaded into nearby tissues in
HT treated mouse model. In contrast, suppression of NDRG2 facilitate invasion of tumor nodules and reversed anti-invasive effect of HT
in HepG-2 cells with significant destruction of the muscle layer as well as alleviated the repression of MMP-2 and MMP-9 expression by
HT. To elucidate the molecular mechanism of NDRG2 mediated the anti-invasion effect of HT. We examined the expression of HSPs and
MAPKSs in HepG?2 cells of control and overexpression of NDRG2 at different time points after cells were subjected to HT at 45 C for 30
min. HSP70 expression was induced at 6h and kept at high levels after HT. However, the expression pattern of HSP70 was the same
between these two groups. The phosphorylation of ERK1/2 declined after heat treatment. Moreover, overexpression of NDRG2 abrogated
the intrinsic and HT induced activation of ERK1/2 pathway. The ERK1/2 inhibitor (PD98059) treatment could significantly enhance the
anti-invasive effect of HT. Conclusions: The expression of NDRG2 and cell invasion ability are negative correlation. In addition, NDRG2
mediates the anti-invasion effect of hyperthermia via inhibition of the ERK1/2 signaling pathway.
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Fig.1 Expression level of NDRG2 was determined by Western-blot in the stable cell lines
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Fig.2-1 Invasive effect was determined by Transwell assay in different groups( *P<0.05 vs Cherry-37 C , **P<0.01 vs Cherry-37 C )
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Fig.2-2 Expression levels of NDRG2, MMP-2 and MMP-9 were
determined by Western-blot in different groups
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Fig.3-2 Expression levels of NDRG2, MMP-2 and MMP-9 were determined by immunohistochemical staining in different groups (magnification 400x )
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Fig.5-1 Expression levels of ERK1/2, P38MAPK and JNK were determined by Western-blot in different groups ( *P<0.05 vs Cherry )
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Fig.5-2 Invasive effect was determined by Transwell assay in different groups( *P<0.05 vs HT+shNDRG2 )
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Fig.5-3 Expression levels of MMP-2 and MMP-9 were determined by Western-blot in different groups
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RIS, M A0 R 2 BN R G FET U , QA s
B AHEEE Y AR RS  HSPs R SR EE, Sk,
HSPs 78 i AiiE it 2 B R 2R RRES , JF B HSPs ik K5
HEVE A RANFE B R E AR 2 R HAT AOG . Bk, 384T
I 45 °C AFAE RN S5 i — 20 i) B 28 76 T i 4 i
RT3k HSP27 #1HSPIO, I , FeAi 115 H1 4518 NDRG2
FAT BE HSPs 25 28 SO ST AR 28 i i it

MAPKs 27776 T A0MI N 19— 28 2 8% / 75 % R & i
fiti . H W& B, MAPK {5538 B AE A T RS, B RE

AYE SAL B I 2 P B R AR 2 —  HORDRE AR SN
e T M R Y, IR S R AN AR Y2 ROV, TR R A Rk
P R AR o 7EMFL 2R A AT RIS Tk =%
47 MAPKSs {5 53 % : p38MAPK JNK L) & ERK1/2 {55
T KBTI B, MAPK 5% HY INK K p38MAPK F% 2%
5 SRAR R RAE 5 A0 M I TR A IR I ERK/2 A5 0
TS UM BT o VAR P e R PR
EEHE RGN, AR, R A BIMAPK
FRRIL DL 1 #8 FR3K T S 22 Rl IR (9 1R 28 e RS i o
MAPKSs {5538 % () 7% T #4758 MMPs \VEGF %4 ) £ ik
2RI 5 R 1R 5 R 1, e IS E A 4iE , MAPK
FRAE AN R b K 4 R AR )~ IR IR A AR %
P, 7EATE HepG-2 4fi i 7 th NDRG2 %I MAPKSs 2% 2 11 1
TR T EARRImYE 7 FRATAIZR R, 45 C HNLEOTE
BT INK B3, XA ZR USSR 7E MDA-MB-231 4 ]
L ORI, [R]E, B AT BT T ERK1/2 Fil
p38MAPK i fk, NDRG2 #yid Fik W M| 1~ ERK1/2 {5
T IE BR A o TELLZ AT ABFSEGE P, FeAT % B NDRG2 Af
Wil p38MAPK @R {E 7% HepG-2 Mg rp 1, AEAWIFE
NDRG2 #1354 % p38SMAPK, FRATHEN , p38MAPK fY
TRAL ERERT 5 A BRI OO 1) T B Y /KF, Tl NDRG2
M RIEE N EAREERIMEMIEM . o T — P RIEX &
B, FA150 5305 ERK1/2, p38MAPK 1 INK. =il 19477 7
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PUIR 284 5 R, 22 PD980S9 (ERK1/2 # 1 il 71 ) &b 3/
NDRG2 T #3354 i ] L) B4 &5 38 3 B I MMP-2 1 MMP-9
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INK 050 b B 104 40 I 1 50 RE RS 1 2 1410 1 e 4 0 194
ZZ2 R MMP-2 MMP-9 B 103515
25 L ARiR ,NDRG2 2 5 1 FA e AT 40 e 1) = 22 4 1
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T RH S 5 78RR ST 4 22 00 A v, i
0 NDRG2-ERK1/2 {5553 [ 1M SR
% # 3¢ #k(References )
[1] A, #0R%, BHA. R EBMRAIL 2 AL IE]. F
A Yl S F 4 &, 2009, 22(2): 196-200
Mao Ying-jia, Zheng Yuan-qgiang, Shi Yan-chun. Progress in study on
lentiviral vectors and their application[J]. Chinese Journal of Biologic-
als, 2009, 22(2): 196-200
(2] F 2, K5, ik, 5. 12mE - KRS OGENRSAK 0] 5%
5106 JRAF 5, 2006, 14(6): 366-371
Luo Wang, Zhang Hong, Xu Miao, et al. Lentiviral-potential new
gene transfer vectors [J]. JiangSu Pharmacertical and Clinical Resear-
ch, 2006, 14(6): 366-371
[3] Elbashir S M, Harborth J, Lendeckel W, et al. Duplexes of
21-nucleotide RNAs mediate RNA interference in cultured
mammalian cells[J]. Nature, 2001, 411(6836): 494-498
[4] Bos T J, De Bruyne E, Heirman C, et al. In search of the most suitable
lentiviral sShRNA system[J]. Curr Gene Ther, 2009, 9(3): 192-211
(455 2892 T )



+ 2892 -

IREYES#E wwwshengwuyixue.com Progressin Modern Biomedicine Vol14 NO.15 MAY.2014

left ventricular systolic dysfunction[J]. International Journal of Cardi-
ology, 2010, 142(1): 97-100

[10] Liu Xiao-fang, Liu Zhen-bing. Effect of prognosis in patients with
chronic congestive heart failure factors and intervention[J]. Journal of
cardiovascular and pulmonary diseases, 2006, L4(2): 166-168

[11] Jurkovitz C, Abramson J, McClellan wM. Anemia and cardiovascular
and kidney disease[J]. Curr Opin Nephrol Hypertens, 2012, 15(2):
117-122

[12] Hillege HI, Nitsch D, Pfeffer MA, et al. Renal function as a predictor
of outcome in a broad spectrum of patients with heart failure[J]. Cir-
culation, 2012, 113(5): 677-678

[13] Pedersen C T, Metra M, Charlesworth A, et al. Effects of metoprol
and carvedilol on pre-existing and new onset diabetes in patients with
chronic heart failure: data from the Carvedilol Or Metoprolol Euro-
pean Trial(COMET)[J]. Heart, 2012, 93(8): 968-973

[14] Huang Shi-yu, Peng Jun-zhu, Luo Yun-hai, et al. Analysis of spirono-
lactone, effect of carvedilol in treatment of chronic heart failure[J].

Journal of XiangNan University (Medicine Edition), 2010, 10(1): 5-6

[15] Liang Wei-ji, Xian Hong-guang, Chen Lei. Effects of spironolactone
on chronic heart failure patients neurohumoral and left ventricular
function[J]. Journal of Chinese physician, 2011, 18(9): 167-168

[16] Lu Yi-huo. Clinical observation on the therapeutic effect of spirono-
lactone in the treatment of heart failure in patients with hypertension
[J]. Chinese community physician (medical), 2010, 17(4): 84-85

[17] Zhou Fei-xia, Xue Ying, Zhang Lei, et al. Perindopril combined with
spironolactone in the treatment of elderly patients with chronic con-
gestive heart failure curative effect observation of[J]. Sichuan medicine,
2010, 14(4): 201-202

[18] Cai Chunmei, Wen Ye snow, Guo Chunhua, et al. The reason of poor
medication compliance of patients with senile diabetic[J]. Contempo-
rary nurse (Academic Edition), 2011, 11(1): 109-110

[19] Tan Qiu-zhen. Elderly diabetic patients with poor compliance reasons
and Countermeasures[J]. Foreign medical, 2012, 31(4): 43-44

[20] Zhou Hong-ling. Hospital health education on the compliance of pa-
tients with diabetes magazine[J]. Chronic diseases, 2010, 12(3):
213-214

(#2807 TT)

[5] Brummelkamp T R, Bernards R, Agami R. A system for stable
expression of short interfering RNAs in mammalian cells[J]. Science,
2002, 296(5567): 550-553

[6] Didelot C, Schmitt E, Brunet M, et al. Heat shock proteins: ndogenous
modulators of apoptotic cell death [J]. Handb Exp Pharmacol, 2006
(172): 171-198

[7]1 Dremina E S, Sharov V S, Schoneich C. Heat-shock proteins attenuate
SERCA inactivation by the anti-apoptotic protein Bcl-2: possible
implications for the ER Ca*-mediated apoptosis[J]. Biochem J, 2012,
444(1): 127-139

[8] Ravagnan L, Gurbuxani S, Susin S A, et al. Heat-shock protein 70
antagonizes apoptosis-inducing factor [J]. Nat Cell Biol, 2001, 3(9):
839-843

[9] Deng H, Ravikumar T S, Yang W L. Bone morphogenetic protein-4
inhibits heat-induced apoptosis by modulating MAPK pathways in
human colon cancer HCT116 cells [J]. Cancer Lett, 2007, 256 (2):
207-217

[10] Okayama T, Kokura S, Ishikawa T, et al. Antitumor effect of
pretreatment for colon cancer cells with hyperthermia plus geranylge-
ranylacetone in experimental metastasis models and a subcutaneous
tumor model of colon cancer in mice[J]. Int J Hyperthermia, 2009, 25
(2): 141-149

[11] Cuevas B D, Abell A N, Johnson G L. Role of mitogen-activated

protein kinase kinase kinases in signal integration [J]. Oncogene,
2007, 26(22): 3159-3171

[12] Airoldi M, Gabriele P, Brossa P C, et al. Serum thyroid hormone
changes in head and neck cancer patients treated with microwave
hyperthermia on lymph node metastasis [J]. Cancer, 1990, 65 (4):
901-907

[13] Langlois B, Perrot G, Schneider C, et al. LRP-1 promotes cancer cell
invasion by supporting ERK and inhibiting JNK signaling pathways
[J]. PLoS One, 2010, 5(7): 11584

[14] Kumar B, Koul S, Petersen J, et al. p38 mitogen-activated protein
kinase-driven MAPKAPK?2 regulates invasion of bladder cancer by
modulation of MMP-2 and MMP-9 activity [J]. Cancer Res, 2010, 70
(2): 832-841

[15] Inamoto T, Azuma H, Sakamoto T, et al. Invasive ability of human
renal cell carcinoma cell line Caki-2 is accelerated by gamma-
aminobutyric acid, via sustained activation of ERKI/2 inducible
matrix metalloproteinases[J]. Cancer Invest, 2007, 25(7): 574-583

[16] Moon E J, Sonveaux P, Porporato P E, et al. NADPH oxidase-
mediated reactive oxygen species production activates hypoxia-
inducible factor-1 (HIF-1) via the ERK pathway after hyperthermia
treatment[J]. Proc Natl Acad Sci U S A, 2010, 107(47): 20477-20482

[17] Liu X, Niu T, Liu X, et al. Microarray profiling of HepG2 cells
ectopically expressing NDRG2[J]. Gene, 2012, 503(1): 48-55



