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Mitochondrial Fission 1 Protein(FIS1) Promotes the Migration and Invasion of

Hepatocellular Carcinoma by inducing Epithelial-mesenchymal Transition*
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ABSTRACT Objective: To investigate the effects and underlying mechanisms of mitochondrial fission protein FIS1 on the
migration and invasion of hepatocellular carcinoma (HCC) cells. Methods: Immunohistochemistry analysis was used for evaluating the
expression levels of FIS1 in 10 cases of primary tissues and paired metastatic lesions of HCC to analyze the correlation of expression of
FIS1 with the metastasis of HCC. Transwell assays was used to detect the changes of migration and invasion capability of HCC cells after
FIS1 was knocked down by RNA interference. In addition, expressions of Epithelial-Mesenchymal Transition (EMT) markers of
E-cadherin, ZO-1, N-cadherin and Vimentin were detected by qPCR and Western blot after FIS1 was knocked down by RNA
interference. Results: FIS1 was highly expressed in the primary tissues of HCC compared to the paired metastatic lesions. Knockdown of
FIS1 inhibited the migration and invasion of HCC cells. In addition, knockdown of FIS1 repressed the expressions of epithelial markers
of E-cadherin and ZO-1, while activated the expressions of mesenchymal markers of N-cadherin and Vimentin in HCC cells.
Conclusions: Mitochondrial fission protein FIS1 was highly expressed in the metastatic tissues of HCC and promoted the migration and
invasion of HCC cells mainly through inducing the epithelial-mesenchymal transition.
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Fig. 1 Expression of FIS1 in Primary and Metastatic tumor tissues of HCC.
A. Representative IHC staining of FIS1 in tumor tissues of HCC.
B. Comparison of FIS1 staining intensity between primary and metastatic

tumor tissues of HCC(N=10)
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Fig. 3 Analysis for effects of FIS1 knockdown on mitochondrial fission by Mito-Tracker staining
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Fig. 4 The effects of FIS1 konckdown on cell migration (A) and invasion (B) of HCC cells
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Fig. 5 The effects of FIS1 konckdown on the expression levels of Epithelial-mesenchymal transition(EMT)markers
A. The mRNA levels of EMT markers were analysised after knockdown of FIS1.

B. The protein levels of EMT markers were analysised after knockdown of FIS1.

Z R 2B AT PR SO R A A 1Y 2 A 5 1 JE 235 AR OGP
UTARARMITTE AR LR Rl 15 73 8 e 7 Mg 2 o o TR e 4

R PEBEAEIT , 2RI A Th ok PR > RS Rl A A
SR P A B I AR R T, SR A BE AR AR KM, H
BT, 98 U N 22 A WEFEUE SIS , i 24345 440 L 2R v 4o 1k
S I I SR 0 A VT AR P B 490 o 00 0 2 R



- 6246 -

DREYES#HE wwwshengwuyixue.com Progressin Modern Biomedicine Vol17 NO.32 NOV.2017

M, Huang SERFSTIESE , R rh G 5R 19 SRR 43 24 7] 3 ok
HOG AL ROS KTl AKT {5 % ME#E Mg A5, Zhan 45
PSR 1 5 Z A A5 SR, b A1 2 SRR S5 S48 4 S
43 DRP1 ALl 4% p53 5 NF-k B A9 BAE R 2 o T8
BEFE S A KO, Ak, Wang 25 & IR 2215 40 rh 2 K
il SRS ¥ MFN2 AR, MEN2 4 51 SOk (4 il & ] i
T A5G 5 Hy PR BT P 3 [ R AR T 75 SRR 4 R 7219, Zhou
k25 K B MicroRNA-761 15 ik I BUM s 21 405 41
o MEN2 3855 R IR 4 2R, AR/ N7l m ) Mi-
croRNA-7611 AJ_Eif MFN2 3%, i il A A= . £
RIFEEEY IR E RN FERRE R Z —, Kim SFF 58 IESE
e 2 1 3 3 37 S PR 400 PR 2k 2 1 30 1 - 40
PAT00, Kim SE7E 5 BIFSE Sk — 20 & IR 8 T 48 9 22 )
AR T S S VAT ST 2 I R A 23 TG A B T, 1 T S8
5 I B M RS 0 & A 5 1k e v R A R,

SR, LATEZRRLIR 3 2445 e v gt S 24 vp T LA Ji
ARG T 5 A K R VR HAE IR e 7% h i BT A
X Zhao T AL IR T E DR IR 2 5 FUBR R A K
A, SRR BT 1A AR Oh f T I 8 FL R R e A5
(21, Han XJ SE7EFL R T — DR 52, SOk 73 R BRI 2
LIRS ST I A AR AR ™, i, Che TF %%
FEAR/ N R T IR S5 3R K AR A Rl F 52 4k (epidermal growth
factor receptor, EGFR ) {55 FJ 3 i3 175 5 L A 1A 43 24 i 412 22k P e
IR 22 509, M Cecilia Caino %5 & IULE LLBENEIE LA
3- ¥4 ( phosphatidylinositol 3-kinase , PI3K ) Ay #1 5 (1) e 1697
rfr 2T A 2R AR A A TR LR AR KR A AT
IFBEHEME AL, DL BB R ORI 3 SUTE g i 7 o
RAFEGEANEN . (AFE R b SoRniR 73 245 1 Ve H]
KM ATERE . AR TE i e SE 2ok 1443 2G5 1
FIST fITA S 2L A Sy 24 m] (et e 4 ML 1R 22 S5 B

o NI IR T8 B 0 b S R AR, B T B Wk
FURE B MR SRR o, T B R AT AT N LA TG B Re T, i e
4 i 0 3 Ao 185 1115 A DG H [ e K I [ I 410 7l 400 . 5 o e 4
AAOCER LIRS A BATE SR ) (1 _F i e Ak hyiz
BN RE AR Y ] BT A A, P AR e SO b R BT 4t (epithe-
lial-mesenchymal transition, EMT), EMT kA= F b, Bk A= 40
MoE e EHESN, MR AN 2R EMT MG K F 541k
M2y F R Z K AEBUE, MEE2REHES AR EMT
ARG FFRIA MR IL R fE T EMT R A 141, EMT
2 HETA AR I 40 M SRA5 108 MR RE ) 1 - 2 #, A
W45 R B FIST A SRR 7 24T S0 i & A4
JEEBTiEAL (EMT), #2718 FIST A SLobifhsr24nT fkid i 1755
EMT A i it i A% 51228

LRI 43 NG A PRI B 2400 T ERn (AR Py I 5 4b
b 2 SRS I DR 8 B o ZRL AR G F2 B2 N TR S
PR LR LA Rl 25 11 1/2 (mitofusinl/2, MEN1/2) 5 i T2 ki {k
PN AL 2222 46T 2 1 (optic atrophy 1, OPAT)RYI{E . Zikr
PG4 F2 22 A TR b 93 I FEAR 1 DRPL (dynamin-re-
lated protein 1) 5 FAMIASME LKA 53248 1 FIS1(Fis-
sionl)7>F i+, DRP1 5 FIST A4 A hi A 3 240 HeA 1 72

N AT AU P R B I FEE 1 DRPL §E ARG, S22kl

REMEE T E L IERLR 3 84037 Fis1 BFRSE NI 4% o LRI A

I8 L TR RAALA, BE IS 35 DB [RDIE nUHIR 45 44 i i E 2k

KR Gp5%0, Zhao J S5 (EFLRE H RBEFEUESE DRPT /YL

WAy 20 5 5 R IR PR AT I T At HE SRR A0 e 75, 5

FATIDFTE LSRR — 2, SRR LRI 5324 T A2 e 240

s o HSZATFARLE , BATBERAAAE I T BARIR] 5 5, P

TR 64 P g 2 AN ] (LR 5 ) LU, PRIRBIE 5 A

LKA 2L 73T AR (DRPL 5 FIST), R, A SRR 7 2

ek e e R B BLIRI AN R (RO 2 5 EMT). [AI, Zhao T 4

MBI S AT T AL R A R A 2800 T i -

FRIZRL A 73 S AN TR 26 R AR P AR e B B LA T REAS ). R

2., 55 FIS1 AfiLL, DRP1 S-S ALk (R 3 RAE NP R RS P i

FEAES PR AR ? SORRBRA TR TR R Z —.
SRS R SR IRA YT AR BRY , B R VAT 2R WY

HEEE N, AR B RIESE T FIST A S8 Aoy 2448 )1

TR RS T AR TEAE T, T XS HALRIEAT TR R K o LASS

R 8 s ) B 162 7 B AT R

£ % 3L #f (References)

[1] Westermann B. Mitochondrial fusion and fission in cell life and death
[J]. Nature reviews Molecular cell biology, 2010, 11(12): 872-884

[2] GaoJ, Wang L, Liu J, et al. Abnormalities of Mitochondrial Dynamics
in Neurodegenerative Diseases[J]. Antioxidants, 2017, 6(2): 25

[3] Marin-Garcia J, Akhmedov AT. Mitochondrial dynamics and cell
death in heart failure[J]. Heart failure reviews 2016, 21(2): 123-136

[4] Trotta AP, Chipuk JE. Mitochondrial dynamics as regulators of cancer
biology. Cellular and molecular life sciences [J]. Cell Mol Life Sci,
2017, 74(11): 1999-2017

[S] Huang Q, Zhan L, Cao H, et al. Increased mitochondrial fission
promotes autophagy and hepatocellular carcinoma cell survival
through the ROS-modulated coordinated regulation of the NFKB and
TP53 pathways[J]. Autophagy 2016, 12(6): 999-1014

[6] Tam WL, Weinberg RA. The epigenetics of epithelial-mesenchymal
plasticity in cancer[J]. Nature medicine 2013, 19(11): 1438-1449

[7]1 Zhan L, Cao H, Wang G, et al. Drpl-mediated mitochondrial fission
promotes cell proliferation through crosstalk of p53 and NF-kappaB
pathways in hepatocellular carcinoma [J]. Oncotarget 2016, 7 (40):
65001-65011

[8] Wang W, Xie Q, Zhou X, et al. Mitofusin-2 triggers mitochondria Ca*
influx from the endoplasmic reticulum to induce apoptosis in
hepatocellular carcinoma cells[J]. Cancer letters 2015, 358(1): 47-58

[9]1 Zhou X, Zhang L, Zheng B, et al. MicroRNA-761 is upregulated in
hepatocellular carcinoma and regulates tumorigenesis by targeting
Mitofusin-2[J]. Cancer science, 2016, 107(4): 424-432

[10] Kim SJ, Khan M, Quan J, et al. Hepatitis B virus disrupts
mitochondrial dynamics: induces fission and mitophagy to attenuate
apoptosis[J]. PLoS pathogens, 2013, 9(12): e1003722

[11] Kim SJ, Syed GH, Khan M, et al. Hepatitis C virus triggers
mitochondrial fission and attenuates apoptosis to promote viral
persistence [J]. Proceedings of the National Academy of Sciences of
the United States of America, 2014, 111(17): 6413-6418

(T#%¥ 6251 11)



IREYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll17 NO.32 NOV.2017

« 6251 -

(lactic-co-glycolic) acid composite bone cement: A viable tunable
drug delivery system[J]. Mater Sci Eng C Mater Biol Appl, 2016, 59:
92-101

[9] Guo Zhong-shang, Bi Long, YangMin, et al. Study on Cytotoxicity of
Vancomycin/Calcium Phosphate Cement Composite Materials [J].
Progress in Modern Biomedicine, 2015, 15(20): 3813-3816

[10] Leung AH, Hawthorn BR, Simpson AHRW. Suppl 1: M14: The
effectiveness of local antibiotics in treating chronic osteomyelitisin a
cohort of 50 patients with an average of 4years follow-up [J]. Open
Orthop J, 2015, 9: 372-378

[11] Kankilic B, Bilgic E, Korkusuz P, et al.Vancomycincontaining
PLLA/beta-TCP controls experimental osteomyelitisin vivo [J]. J
OrthopSurg Res, 2014, 9: 114

[12] Yang Di-cheng, Zhong Jian, Tao Liu, et al. Preparation of brushite
calcium phosphate cement for controlled drug delivery and its
property of drug loading [J]. Chinese Journal of Tissue Engineering
Research, 2015, 19(3): 427-433

[13] Edin M L, Miclau T, Lester G E, et al. Effect of cefazolin and
vancomycin on osteoblasts in vitro [J]. ClinOrthopRelat Res, 1996,
(333): 245-251

[14] Piazzolla A, De Giorgi G, Solarino G. Vertebral body recollapse
without trauma after kyphoplasty with calcium phosphate cement[J].
MusculoskeletSurg, 2011, 95(2): 141-145

[15] Masala S, Nano G, Marcia S, et al. Osteoporotic vertebral
compression fractures augmentation by injectable partly resorbable
ceramic bone substitute (Cerament?|SPINE SUPPORT): a prospective
nonrandomized study[J].Neuroradiology, 2012, 54(6): 589-596

[16] Kiaer S. Hip
ActaOrthopScand, 1952, 22(2): 126-140

[17] Haboush E J. A new operation for arthroplasty of the hip based on

arthroplasty with acrylic prosthesis [J].

biomechanics, photoelasticity, fast-setting dental acrylic, and other
considerations[J]. Bull Hosp Joint Dis, 1953, 14(2): 242-277

[18] Koh BT, Tan JH, Ramruttun AK, et al. Effect of storage temperature
and equilibration time on polymethyl methacrylate (PMMA) bone

cement polymerization in joint replacement surgery[J]. J Orthop Surg
Res, 2015, 17(10): 178

[19] Chen C, Li D, Wang Z, et al. Safety and Efficacy Studies of
Vertebroplasty, Kyphoplasty, and Mesh-Container-Plasty for the
Treatment of Vertebral Compression Fractures: Preliminary Report
[J]. Plosone, 2016, 11(3): 151492

[20] SM Lim, AUJ Yap, CSL Loo, et al. Comparison of cytotoxicity test
models for evaluating resin-based composites [J]. Human and
Experimental Toxicology, 2016, 1-10

[21] Cimatti B, Santos MA, Brassesco MS, et al. Safety, osseointegration,
and bone ingrowth analysis of PMMA-based porous cement on
animal metaphyseal bone defect model [J]. J Biomed Mater Res B
Appl Biomater, 2017[Epub ahead of print]

[22] Kurt A, Erkose-Genc G, Uzun M, et al. The antifungal activity and
cytotoxicity of silver containing denture base material[J]. Niger J Clin
Pract, 2017, 20(3): 290-295

[23] Hoess A, LO pez A, Engqvist H, et al. Comparison of a
quasi-dynamic and a static extraction method for the cytotoxic
evaluation of acrylic bone cements [J]. Mater Sci Eng C Mater Biol
Appl, 2016, 62: 274-282

[24] R Dhivya, J Ranjani, PK Bowen, et al. Biocompatible curcumin
loaded PMMA-PEG/ZnO nanocomposite induce apoptosis and
cytotoxicity in human gastric cancer cells [J]. Materials Science and
Engineering: C, 2017, 80: 59-68

[25] Gupta P, SarkarS, DasB, et al. Biofilm, pathogenesis andprevention-a
journey to break the wall: a review[J]. Arch Microbiol, 2016, 198(1):
1-15

[26] Wentao Zhang, Guangyu Lei, Yang Liu, et al. Approach to
osteomyelitis treatment with antibiotic loaded PMMA [J]. Microbial
Pathogenesis, 2017, 102: 42-44

[27] Yilin Cao. Tissue engineering[M]. BeiJing: Science Press, 2008

[28] Zou Ying, Wang Wen-mei, Zhu Yan-an, et al. In vitro evaluation the
cytotoxicity of dental bonding agents through CCK-8 assay [J].
Journal of Oral Science Research, 2011, 27(8): 673-675

(_E$%E 6246 TT)

[12] Zhao J, Zhang J, Yu M, et al. Mitochondrial dynamics regulates
migration and invasion of breast cancer cells [J]. Oncogene, 2013, 32
(40): 4814-4824

[13] Han XJ, Yang ZJ, Jiang LP, et al. Mitochondrial dynamics regulates
hypoxia-induced migration and antineoplastic activity of cisplatin in
breast cancer cells [J]. International journal of oncology, 2015, 46(2):
691-700

[14] Che TF, Lin CW, Wu YY, et al. Mitochondrial translocation of
EGFR regulates mitochondria dynamics and promotes metastasis in
NSCLC[J]. Oncotarget, 2015, 6(35): 37349-37366

[15] Caino MC, Altieri DC. Cancer cells exploit adaptive mitochondrial
dynamics to increase tumor cell invasion[J]. Cell cycle, 2015, 14(20):
3242-3247

[16] Banyard J, Bielenberg DR. The role of EMT and MET in cancer

dissemination[J]. Connective tissue research, 2015, 56(5): 403-413

[17] Yeung KT, Yang J. Epithelial-mesenchymal transition in tumor
metastasis[J]. Molecular oncology, 2017, 11(1): 28-39

[18] Matysiak M, Kapka-Skrzypczak L, Jodlowska-Jedrych B, et al. EMT
promoting transcription factors as prognostic markers in human breast
cancer [J]. Archives of gynecology and obstetrics, 2017, 295 (4):
817-825

[19] Pasquier J, Abu-Kaoud N, Al Thani H, et al. Epithelial to
Mesenchymal Transition in a Clinical Perspective [J]. Journal of
oncology, 2015, 2015: 792182

[20] van der Bliek AM, Shen Q, Kawajiri S. Mechanisms of mitochondrial
fission and fusion [J]. Cold Spring Harbor perspectives in biology,
2013, 5(6)

[21] Valastyan S, Weinberg RA. Tumor metastasis: molecular insights and

evolving paradigms[J]. Cell, 2011, 147(2): 275-292



