Supplementary Table 1. List of primers used for real-time PCR analysis

Gene Symbol Forward (5" ->3") Reverse (5" ->37)
FGFRLI acacagccctccaagatgag geaggttcttcaggcetcagt
NDUFA4 agcttgatceecctetttgt ctggacgttecttettcage
GPR177 aggcatctatgggatgtgga ggaatatttcgaagegetga
LRPSL ctcaaagetgtgaacgtgga geggctetactggtgaagac
GAPDH gagtcaacggatttggtegt ttgattttggagggatctcg
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NADH—cywchmme b5 reductase (E

Suj ntary Table 2. The list represents 222 genes decreased by more than five-fold in miR-210-tansfected cells red with ncRNA-tansfected (vll.l‘
Gene Symbol ncRNA___|miR-210
IGHG3 lobulin heavy chain C gene segment [Source:IMGT/GENE-DB:Acc:IGHG3 ] 41

1.62.2) (B5R) (Diaphorase-1) (Cytochrome b3 reductase 3)
b5 reductase by bound form; NADH. b5 reductase

SWISSPROT:Acc:PO0387) 40)
39)
X 37|
Bone marrow stromal anfigen 2 precursor (BST-2) (CD3 17 antlgen) (VT 24 antigem).
BST2 Source:UniprovSWISSPROT:Ace:Q10589] 35 -5.13)
Oncomodalin (OM) (Parvalbumin beta). i VISSPROT:Ace:P32930] 35 -5.13)
POU domain, class 3, trnscription factor 1 (Dcuma\blndmg mmpnm [umr 6) (Oct-6) (POU
POU3FI SW] 35 1 -5.13]
Receplor-type tyrosine-protein phosphatase T precursor H‘ 3. | 338) (R I’I'P T) (RPTP-tho).
Source: UniprovSWISSPROT:Acc:014522] 34 1 -5.09]
ursor (Prominin-like protein 1) (Antigen AC133) (CD133 antigen).
Source: UniproySWISSPROT:Ace:043490] 33 i 504
i idase PILS) (F ive leucyl- specific ami i PILS-AP) (Type 1
tumor necrosis factor receptor shcdl.lmg ammupcpudu regulator).
ARTSI_HUMAN __|[Source:UniprovSWISSPROT:Acc:QINZ08| 29) 1 -486
Q96154 HUMAN _|- 28| 1 481
CALNT [ Calneuron-1 (Calcium-binding protein CaBP8). [Source:UniproVSWISSPROT:Acc-QIBXU9] 28 1 481
UDP-glucuronosyltransicrase 2B4 precursor (EC 2.4.1.17) (UDPGT) (Hyodeoxycholic acid)
UGT2B4 (HLUG25) (UDPGTh-1). | Source:Uniprot/ SWISSPROT: Acc:P06133] 1 475
Gamma-aminobutyric-acid receptor subunit beta-1 precursor (GABA(A) receplor subunit beta-1).
GABRBI [Source: UniproVSWISSPROT:Ace: P18505) 1 47
[DNA fragmentation factor subunit beta u-r, =) (DNA fragmentation factor 30 KDa subunit) (DFF-
40) (Caspase-activated ed DNAu) (CAD) (Caspa
DFFB nuclease) (CPAN). [Source: U mEr__mlsWHSPROT Ace:07607: 1 47,

Gamma-aminobutyric-acid receptor subuiit delta precursor ((‘ABA[A) Teceptor subunit delta).
Source: UniprotSWISSPROT:Ace:014764]

Menllnvpmuina.w inhibitor 4 precursor (TIMP-4) (Tissue inhibitor of metalloproteinases 4).
Source: Unipro SWISSPROT:Ace:099727)

\&PRUI'.A:

Hy-lnrumle bmdmg pmlﬂn) {Source: Uni UNW
of

|asso(1|led gene 7 pmm) g_qu 7). [Source:UniproVSWISSPROT:Acc:Q13007)

16 protein) (Melnnmm ifferentiation-

or :
Calcium/calmodulin-dependent 3 5-cyclic nucleotide phosphodiesterase 1B (EC 3.1.4.17) (Cam-PDE
). [Source: Unij 'SWISSPROT:Ace:Q01064]

Signal-induced profiferation-associated protein 1 (Sipa-1) (GT Pase- activating protein Spa-1) (p130
SPA-1) [Source: Uniprol SWISSPROT:Ace:Q96FS4|

[Source: Unlnml/SWISSPR(TI' Acc:QOULLL|

Astrotactin-1 precursor. [Source: Uniprot/SWISSPROT:Acc:014525)

ASTNT

/D) (
PSGI (CD66E antigen). [Source: UniproySWISSPROT:Acc:P11464]
|sLc6a20

Pregnancy-specific beta-I-glycoprotein 1 precursor (PSBG-1) (Pregnancy-specific beta-1 glycoprotein
beta-C/D) (Fetal liver non-specific cross-reactive antigen 1/2) (FL-NCA-1/2) (PSG95)

Sodium- and chioride-dependent transportcr XTRP3 (Solutc carricr family 6 member 20)
transporter rB21A homolog). [Souree: UniproVSWISSPROT:Acc-QONP91 |

LRRNI
IFT57

Leucine-rich repeat neuronal protein | precursor (Neuronal leucine- rich repeat protein 1) (NLRR-T).
Source:UniproVSWISSPROT:Ace:QSUXKS|
trogen-related receplor beta like 1 [Source:RefSeq_peptide:Acc:NP_060480]

LLI_HUMAN

TAF6L.

(QSNAW6_HUMAN

=
[CDNA FIJW fis, clone TST02888 (Hyplvllmlcﬂl protein FLJ25404).
13]

[CDNA F1J34651 fis, clone KIDNE2018167. | Source:UniprovSPTREMBL:Acc:QSNAW6|
TA]

F6-like RNA polymerase 1T p300/CBP-associated factor-associated factor 65 kDa subunit 6L
(PCAF-associated factor 65 alpha) (PAF6S- alpha). |Source: UniprovSWISSPROT:Acc:Q9Y6J9]

TMPRSS12

SLCI2A3

(QSNAT4_HUMAN

Source: Uni

transmembrane protease, serine |2 [Source:RefSeq_pey ldt.RcC NP_872365)
CDNA F1J34815 fis. clone NT2NE2007786.
Solute carricr family 12 member 3 (Thiazide-sen:
mner] [Source:Uni mt/SWISSPRUT.Ao: P§5OI7]

(.amm-' sarcoglycan (Gamma-SG) (35 kDa
SWISSPROT:Ace:Q13326

& sodium-<hioride cotransporter) (Na-CT

sm)phm associated glycoprotein) (ISDAG).

17] i -4.09

Source:UniprovSWISS

PROT:Acc:QIUHGO)

17 1 -4.09
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[Supplementary Table 2. The list represents 222 genes decreased by more than five-fold in miR-210-tansfected cell d with ncRNA- d cells
|Gene Symbol description ncRNA_ [miR-210 | Log,(ratio)|

Pancreas transcription factor 1 subunil alpha (Pancreas-specific franscripion factor 1a) (bHLH
iranscription factor p48) (p48 DNA- binding subunit of transcription factor PTF1) (PTFI-pd8).

LRTM2

PTFIA Source: Uniprot/ SWISSPROT:Acc:Q7RTS3] 34 2 40
1GSFS IGSFS protein (Fragment). [Source: UniprotSPTREMBL:Acc:QINSIS| 17 1 4591
TECTA |Alphl tectorin precursor. [Source: Uniprot/SWISSPROT:Acc:075443 | 17] 1

Teucine-rich repeat and transmembrane domain-containing protein 2 precursor.
Source:UniprotS WISSPROT:Ace:

QUHSHE_HUMAN _|CDNA: F1123429 fis, clone HRC10S78. |Source: UniprotSPTREMBL:Acc:QIHSH6) 1
LIXT Protein limb expression 1 homolog. [Source:Uniprot SWISSPROT:Acc:Q8N485] 2 -4
FSTLS Follistatin-related protein 5 or (Follistatin-like 3). [Source: UniproUSWISSPROT:Acc:Q8N475]] 1 4
SEMG? Semenogelin-2 precursor (Semenogelin 11) (SGII). [Source:UniprovSWISSPROT:Acc: Q02383 15] 1 391
0166536 Source:RefSeq_peplide;Acc:NP_996536] 15 1 391
Q4VXH5 HUMAN | XAGE-4 protein (Fragment). [Source:Uniprot/SPT REMBL:Ace-QBWWMO) 15 1 391
SERPINA2 | Alpha- 1 -antitrypsin-related protein precursor. [Source:UniprotSWISSPROT;Acc:P20848] 15 1 391
GSDMDC! in domain-containing protein 1. [Source:UniproVSWISSPROT:Acc PS7764] 13 1 391
QI(THUS HUMAN_ |- 14] 1 381
ZNF83 Zin finger protein 83 (Zinc finger protein HPF1). [Source:UniproVSWISSPROT; 1522 14) 1 381

Lithostatiine T alpha precursor (Pancreatic stone protein) (PSP) ﬂ‘llmnnc thread pmm) PTP)

(Islet of Langerhans n 1 alp) cell
REGIA regeneration factor) (ICRF). [Source:Uni vswxssmmmc PDSdSl] 14) 1 381
GRIPI Source: UniproUSWISSPROT:Acc:Q9Y 3R0)

gen-bi (Te
binding globulin) (TeBG). [Source: UmmollSWlSSl’ll(’r.Acc PO4278)
ke (EF 5218) (Ple) (Rmmnsc) (C)clopb.lm-&?)

Regul:nnl synaptic membranc cxocynm: pm(ﬂn T(Rab3-interacting molecule 1) (RIM 1),

RIMS] iprot SWISSPROT:Acc:! 12 1
LAYN IA)|lm precursor. [Source:! Umnml@WISSPRUT.Au QOUX15] 12 1
ASBI7. IAvaynn repeat and SOCS box protein 17 (ASB-17). [Source: UniprovSWISSPROT: Acc:Q8WXJ9] 12] ]
RAD21LI Syntaphilin. [Source: UniprovSWISSPROT:Acc:015 12 1
Fibroblast grow th factor 23 precursor (FGF-23) (Tumor-derived hypophosphatemia-inducing factor).
Source:UniprotSWISSPROT:Ace:QIGZVI] 12 !
(CAMTAL Calmodulin-binding transcription activator 1. [Source: UniprovSWISSPROT:Acc:Q9Y6Y 1] 23 2

11 precursor (Apo-All) (ApoA-TT) [Contains: Apolipoprotein A-TI(1-76)]
WISSPROT:Ace:P02652

subunit 5 (EC 16.53) KEC 16.993)
(NADH-ubiquinone oxidoreductase 13 kDa-B subunit) (Complex I-13kD-B) (CI-13kD-B) (Complex |
subunit B13). [Source:UniprovSWISSPROT:Acc:Q16718]

D-aspartate oxidase (EC 14.3.1) (DASOX) (DDO). [Source: Uniprot/SWISSPROT:Acc:Q99489)

BCoR-like protein 2 (BCL6 corepressorlike protein 2). [Source: UniprovSWISSPROT:Acc: QSNSSS]
RG8

Yociea
- Uniprot’SWISSPROT:Ac:

2
ASIP. :Uniprov/ SWISSPROT:A« 1
AMPH ysin. [Source: Uniprot’SWISSPROT:Acc:P49418] 10] 1
FBXL2] |F-box and leucine-rich repeat protein 21 [Source:RefS tide;Ace:NP_036291] 10] 1
3

ANGPTL2 Source:Uniproy SWISSPROT:Acc:QIUKU9]
‘2‘)6[(74 HUMAN

C120rf50 protein (Fragment). [Source: Uniprov SPTREMBL:Acc:Q6P674]
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[se

lementary Table 2. ’l'hc list represents 222 genes decreased by more than five-fold in miR-210-tansfected
T

ith neRNA-tansfected cells.

Gene Symbol ncRNA 210 |Log.(ratio)
Beta-microseminoprotein precursor (Prostate secreted seminal plasma protein) (Prostate secretory
protein PSP94) (PSP-94) (Seminal plasma beta-inhibin) (Immunoglobulin-binding factor) (IGBF)

MSMB. (PN44). [S :UniprovSWISSPROT:Acc: POBI 18] 20 2
‘Krucppel-related zinc finger protein 2 (Protein HKR2) (Zin finger profein 30) (Zinc finger and SCAN

HKR2_HUMAN | domain-containing protein 22) (Fragment). |Source: Uniprov SWISSPROT: :Acc:P10073] 10} 1

HIVEPS [Source:RefS: tide;Ace:NP_078779] 19 2

GPR3S Probable G-protein coupled receptor 35. [Source:UniproVSWISSPROT:Acc:QIHC97] 19 2

Clorfi45 Clorf145 protein (Fragment). i REMBL:Acc:Q8N372] 19| 2
Chromobox protein homolog 6. [Source: UniprovS WISSPROT:Acc:095503] 28 3

Uncharacterized protein C11orf69. [Source:UniproV SWISSPROT:Acc:QBTAY 4]

niprovSWISSPROT:Ace:P13349]

“mitogenic oxidase subunit P63~
SWISSPROTACEQIV S8

| ke IOpernHde -L-10) (Anti- apoptotic protein NrH).
Source:Uniprot/ SWISSPROT:Acc: QHD36]

:Ace:NP_001009615]

) (hIGn6ST) (Gals /N
Source: Umml/SWlSSl"RO’ I'.Acc‘()9(:7$9]

SSPROT:Ace:QTHGH]
So

Neuralized-like protein 2. {Source:! UIIIEW/SWIS&I’KOT_ACA: BROY)

QIBRWL______
[Telomerase reiere wiccipise (FC 27.7.49) (Telomerase catalytic subunit) (HEST2) (Telomerase-
:UniprovSWISSPROT:Acc:014746|

A arginine ADP-ribosyltransfcrase | precursor ( 10
ribosyl transferase) (CD296 antigen). [ Source: UniprovSWISSPROT;Acc:| l’519(>l|

(ART]
INP_001001684.1 CDNA F1J4583 1 fis, clone NT2RPB007416. [Source: UniprovSPTREMBL:Acc:Q6Z.549)]

A-kinase anchor protein 3 (Protein kinase A-anchoring protein 3) (PRKA3) (A -kinase anchor protein
110 kDa) (AKAP 110) (Sperm oocyte- binding protein) (Fibrousheathin-1) (Fibrousheathin 1) (Fibrous|
(AKAP3 sheath protein of 95 kDa) (FSP95). [Source:UniprovSWISSPROT;Ace:

GTF2IRD2 GTF21I repeat domain containing 2

SPATAL6 rmatogenesis associated 16 [Source:RefSe

Eppin precursor (Epididymal protease inhibitor) R Seine proteass iibitor Tke Wil Kz nd WAP
|domains 1) (WAP four-disulfide core domain protein 7) (Protease inhibitor WAP7).
Source: Uniprov SWISSPROT:Ace:095925]

Tumor necrosis factor receptor !upen{nmnly ‘member EDAR precursor (Anhidrotic cctodysplasin
dysplasia receptor) (Downless|

2|

29|

fin-14, SourceUniproV SWISSPROTA 3

can (Zeta-SG) (ZSG1). [Source: lYmnﬂn/SWlSﬁl‘ROT AccQILD1] A

i iproVSWISSPROT:Acc:QINZF1 | 17,

1

UniproUSWISSPROT:Acc:060245] B

segs IGT/GENE-DB;AccTRAV 22, 1

| XPA binding protein 2 (HCNP protein). {Source:UniprovSWISSPROT:Acc:QIHCS7] 5|

{T£G Fe receptor IT-u) (Fe-gamma-Rila) (CD32 antigen) (CDw32).

Source:Uniprot/SWISSPROT:Acc:P12318] 3|

SECI4LS - 3
0 iz¢d protein C100r{53_|Source:UniproVSWISSPROT:Acc-Q8N6VA] 21 3 281
L0CT29516 - i i 21 3| 281
SLENLI schiafen-like | [Source:RefSeq_peptide:Acc:NP_659427) 14 2 281
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page 4.

Lecithin retinol (EC23.1.135) (P

Source: Uniprot/ SWISSPROT:Acc:095237)

ADAMTS- 13 precursor (EC 3.4.24.-) (A disintegrin and metalloproteinase with thrombospondin
motifs 13) (ADAM-TS 13) (ADAM-TS13) (von Willehrand factor-cleaving protease) (vWF-cleaving
protease) (vWF-CP). [Source:Uniprot/ SWISSPROT:Acc:Q76LX8| -2.75]
hed domain containing 1 [Source:Ri ide:Ace:NP_775766] 274
acid phosphatase-like 2 [Source:RefSeq ﬁmdt.Au NP_001032249 -274|
iption factor EC isoform b |Source:RefSe de:Acc:NP_001018068] 272
in pI8) (pp17) (Prosol in) (Protein Pr22).
STMNT Source: UniprovSWISSPROT:Acc: P16949] 271
QSWYRS_HUMAN _| Tumor rejection antigen. |Source: Uniprot' SPTREMBL:Acc:Q8WYRS] 271
QSNHTO_HUMAN _|MGC3280S protein. |Source: Uniprot/SPTREMBL:Acc:QS8NHT0] 27
C2001/39 UPFO338 protein C200rf39. [Source:UniproV SWISSPROT:Acc:QIHTV2] 2.7
Pregnancy-specific beta-1-glycoprotcin 10 precursor (PSBG-10) (PSBG- 12).
[Source: Uniprot/SWISSPROT:Acc-Q1 5235 13 2 27
Gap junction alpha-5 protein (Connexin-40) (Cx40). |Source: UniprotS WISSPROT:Acc:P36382. 13 2 27
POTIS_HUMAN _||Source:UniprovS WISSPROT:Acc:Q6S5H4] 13 2 27
NP_001008784.1 | CD200 cell surface glycoprotein receptor isoform 2 [Source: RefSeq_peptide:Acc:NP_001008784] 13 2 27
Period circadian protein homolog 3 (Circadian clock protein PERIOD 3) (WPER3).
PERS Source:UniproVSWISSPROT:Ace:PS6645] 45, 7 -2.68]
TEDDM! ive membranc protein HE9 [Source-RefSeq_peptide:Ace:NP_ 7419971 4] 7! 265
| Dedicator of cytokinesis ml:|n4 [Source:Uniprov SWISSPROT:A« 25 4] -2.64)
Regulating synaptic membrane exocylosis protein 3 (Nim3) (Rab-3- mlencnng ‘molecule 3) (RIM 3)
(RIM3 gamma). [Source: Uniprot/ SWISSPROT-Ace: QIUID] 43 7 262
Fe receptor-like 3 precursor [Source:RefSeq_peptide:Acc:NP_443171] 29) 8| 261
GCKR Glucokinase regulatory protein (Glucokinase regulator). [Source:Uniproy SWISSPROT:Ace:Q14397) 6| 1 -2.58]
NP_631912.2 Na+/Hs exchanger like domain containing [Source: RefSeq_peptide:Acc:NP_631912] 24| 4 -2.58]
CDNA FLJ25369 fis, clone TSTOI830 (Hypothetical prolein FLI25369) (Chromosome 2 open reading|
Corf51 frame 51). |Source:UniprovSPTREMBL:Ace:Q961M6 a8 8| 258
EN2 Homeobox protein engrailed-2 (Hu-En-2). [Source:Uniprot SWISSPROT;Acc:P19622] 30) 3] -2.58
REPLI Ret finger protein-like 1 (RING finger protein 78)_ -UniproVSWISSPROT: Ace:075677) 30) 5| 258
GDF3 Growth/differentiation factor 3 precursor (GDF-3). [Source:UniproVSWISSPROT:Acc:QINR23] 36 6| 258
CDNA FLI37357 fis, clone BRAMY 2023060 (FLJ37357 protein) (Hypothelical protein FLI37357).
NP_775916.1 Source: UniproVSPTREMBL:Acc:QSN1W6] 30) S| -2.58]
[1sx intestine-specific homeobox [Source:R ide:Ace:NP_001008494) 24 4 -2.58]
chemokine receptor T (C-X3-C CKR-1) (CX3CR1) (Fractalkine receptor) (G-protein coupled
receptor 13) (st) (Beta chemokine receptor-like 1) (CMK-BRL-1) (CMKBLR1),
CX3CRI WISSPROT:Acc:P49238] 2% 4) -2.58]
MiAZ Melnnoml mhnbtlcq activity protein 2 precursor. [Source:UniproVSWISSPROT:Acc-Q96PCS] 18 3 258
0i0D4_HUMAN _|Olfactory receptor 10D4. |Source:UniproVSWISSPROT 18 3 -2.58]
Offactory receptor 7G2 (Olfactory recepior 19-13) (OR19-13) (OST260).
OR7G2 Source:UniprovSWISSPROT:Ace: Q8NG99] 18] 3 258
Cow-density lipoprotein receptor-related protein 2 precursor (Megalin) (Glycoprotein 330) (gp330).
1RP2 Source: UniprotSWISSPROT:Acc: P98 164) 12 2 -2.58]
Q6ZMT9_HUMAN _||Source:UniprovSPTREMBL:Acc:Q6 6} 1
Complement C1q tumor necrosis factor-related proein 2 precursor.
CIQTINF2 Smm.‘e'l]nlnmIISWlSSI’ROT;Act.(EBXJ [J 1
SERHL2 Serine hydrolase-like protein 2 (EC 3.1.-.-). [Source:! UniprovSWISSPROT;Acc:QOHAI 64] 11
[USHIC-binding protein 1 (Usher syndrome type-1C protein-binding protein 1) (MCC-: 2) (AIE-75-
usHBP1 binding protein). [Source: UniprovSWISSPROT:A ce:QBN6Y 0] 29] S|
VSTM2 [Source:UniproVSWISSPROT:Acc:Q8TAGS] zj 4
sulfate profeoglycan core protein 1) [Contains: Aggrecan core protein 2J.
AGC! Source:UniprotSWISSPROT:Ace:P16112] 3 4 252
BPY2C Source: UniproV SWISSPROT:Acc:014399] 2| 4 252
Dofichyl-di i ide--p 38 KDa subunit precursor (EC
z4| 119) (Ol sferase 48 kDa subuni DST 48 kDa subunit).
DDOST -UniproySWISSPROT:Acc:P39636] 2238 391 252
s homeodomain profein TRX-1 (Troquors homeabox protein 1) (Homeodomain protein
IRX1 IRXAD) [Source-UniprouSWISSPROT Ace:P78414] 34) 6| 25
[T-cell surface glycoprotein CD3 precursor (T-cell surface anfigen T-#1.cu-3).
@] Source:UniproU SWISSPROT:Ace:PO1730] 17, 3 -25)
QSNAHS_HUMAN _|CDNA FLI35343 fis. clone PROST20135932. [Source:UniproUSPTREMBL:Ace:Q8NAHS3) 17 3 25
THBS! [Thrombospondin-1 precursor. [Source: UniprovSWISSPROT:Acc:P07996] 206 37 -248
ANKRD20A3 | Ankyrin repeat domain-containing protein 20A3. [Source:UniproVSWISSPROT:Acc:QSVURT] | 22 A 246
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page 5.

Supplementary T-hk 2. TM ‘genes decreased by more than five-fold in miR-210-tansfected cell red with neRNA-tansfected cells
Gene Symbol ncRNA__|miR-210 | Log,(ratio)
Fomun hmdlng protein T-Tike (Transducer of Cdc32-dependent actin assembly proten 1) (Toca ).
FNBPIL [Source:UniproV SWISSPROT:Ace:QSTONS 3 6 240
Hemoglobin subunit beta (Hemoglobin beta chain) (Beta-globin).
Source:Uniprov SWISSPROT:Ace: P68871 | 2 4| 2ag
PIWILS Piwi-like protein 3. [Source:UniprovSWISSPROT:Ace:Q7Z3Z3) 22 4 -2.46)
MAGEALI ]Mcllnoma associated antigen 11 (MAGE-11 antigen). [ Source:UniprovSWISSPROT:Acc:P43364] 22 4] -2.46)
Potassium voltage-gated channel subfamily G member [ (Voltage-gated potassium channel subumt
KCNGI Ky6.1) (kH2). [Source:UniproUSWISSPROT:Ace:QOU 1x4| 1 2| 2.46)
Alpha-1A adrenergic receplor (AIpha 1A ) (Alp ) (Alpha- 1C
ADRAIA adrenergic receptor) (Alpha adrenergic receptor Ic). |smm l’mm{_S\MSSl’ROT.Acc P35348 il 2| 246
MGC27121 gene (MGC27121). mRNA | Source:RefSeq_dna:Ace:NM_001001343] 38] YT
NMB precursor ( in HGFIN).
prot SWISSPROT:Ace:Q14956] 54/ 10} =243
27 5] -2.43]
Larg lin N (NmN- : Neuromedin N
{Souree-Un U SWISSPROT:Ace-P30990 27 s| 2]
XK-related protcin 4. | Source:UniprovSWISSPROT:Ace:QSGH76] 16/ 3 242
C1201[59 [C120rf39 protein. [Source:Uniprot'SPTREMBL:Acc QIKMGY) 159) 0 241
Specific-processing protease 29) (Deubiquitinating enzyme 29)
usP29 Source:UniproV SWISSPROT:Acc:QOHBI7| 21 4] 239)
[acythydrolase) (LDL-associated ipase AZ) (LDL-PLA(D)) (Z-acenyI-1-
3 i (1-alkyl 3 inc esterase)
PLA2GT i Source:Uniprot'SWISSPROT:Ace-Q130931 2 4
NP_(01006656.1 IMSTP119. |S: Jnij /SPTREMBL:Acc:Q722: 21 4
CEECAMI cerebral endothelial cell adhesion molecule | [Souree] ide:AceNP_057258] 21 3
Putative palmitoyltransferase ZDHHC22 (FC 2.3.1.-) (Zine linger DHAC domain-containing protein
ZDHHC22 22) (DHHC-22). [Source:UniprotSWISSPROT: Acc:Q8N9G6| 21 4
ZNFI01 Zinc finger protein 101 (Zine finger protein HZF12). [Source: UniproUSWISSPROTAcc:Q81ZCT] 47 9
Alpha-1B adrencrgic receptor (Alpha 1B-adrenoceptor) (Alpha 1B- adrenorecepton).
ADRAIB urce: Uniprot SWISSPROT:Ace: P35368| 26 5
Acyl-coenzyme A ovidase 3. peroxisomal (EC 13.3.6) (PristanoyT-CoA ox/dase) (Branched-chain
ACOX3 acy1-CoA oxidase) (BRCACox). [Source:Uniprot/SWI ROT:Acc:015254) 3 6)
QSN750_HUMAN _|CDNA FLI0424 fis. clone TESTI2039026, [Source: UniprovSPTREMBL:Acc: 31 3
Phosphorylase b Kinase gamma catalyfic chain, skeletal muscle isoform (EC 2.7.11.19) (Phosphorylase|
PHKG] kinase subunit gamma 1). | Source:UniproV SWISSPROT:Acc:Q16816] 31 6
[LRPSL low density lipoprotcin related protein 3-like [Source] ACCNP. 67 [
"AP2-associated protein kinase | (EC 2.7.11.1) (Adaplor-associated kinase 1)
AAK] |Source: Uniprot SWISSPROT:Ace: Q2M218] 21 3

Uncharacterized protein C6orf122. [ Source: Unij rOUSWISSPROT Ace: QSTOM2)
ELKS RABG6-interacting/CAST family member | (RAB6-interacting protein 2) (ERC protein 1)
Source: UniprotSWISSPROT:Acc:QRIUD) 20 4)

ERCI
Ubiquitin carboxyl-terminal hydrolase 6 (EC 3.1.2.13) (Ubiquitin thioesterase 6) (Ubiquitin-specific-
processing protease 6) (D it enzyme 6) ( gene TRE-2)
UsP6 Source:UniproV SWISSPROT:Ace:P35125 20| 4
Growth Tactor recepior-bound protcin 14 (GRB13 adapier protein).
15] 3
15) 3
USWISSPROTAcc:P11277) 15 3
niprovSWISSPROT:Acc:Q16381 1 10) 2
ydroxytryptamine 2C receptor (5-[T-2C) (Serotonin receptor 2) (3 HT2C) (3-HTR2C) (1T
ree: Uniprov SWISSPROT:Ace: P28335] 10]
095724 HUMAN _|Reverse ranseriptase (Fragment).|Source-UniprotSPTREMBL Ace:095721] 5 1

The fifteen genes predicted as a miR-210 target gene by microCosm, TargetScan or PicTar were highlighted in gray.

23

1102 ‘94 Arenuer uo ‘Ausiaaiun 0104y 1 510°0a] MMM WOy papeojumoq



page 1.

ABCCT Cl0orj122 GIT2
ABCC6P2 Cllorf2 GIA7
ABCDI Cllorf38 GLII
ABCDY Cllorfs9 GLISI
ABID2 Cllorfs3 GLS2
ABL2 Cl2orf34 GNAIS
ABTBI Cl20rf48 GNAT!
AC006273.1 CliorfI48 GNG3
AC008772.1 ClSorfi3 GNGS
AC008898.1 ClSorf52 GOLGAI
AC009967.5 ClSorf62 GOLGA2LY!
AC020916.6 Clborf35 GOLPH3
AC0409772 Clforf70 7 GPDIL
AC109322.1 Cl7orfs7 CHESI ENSA GPRIS3
ACII4498.5 Cl7orfo4 CHNI EPBYILI GPRIT
ACI33485.1 Cl7orf83 CHRDLI EPGN GPRI77
ACI41586.2 Clorf10 CHRM3 EPHA2 GPRI9
AC226119.1 Cl8orf34 CHRNBI EPHB? GPR39
ACPI Cl90rfl6 CHRNG EPSIS GPRS]
ACTAI Cl9orf34 CHSTI ERP27 GRIA2
ACTCI Cl90rf59 CHSTI2 EVL GRIK2
ACTGI Clorf102 CHUK EVPL GRIN3B
ACTL7A Clorf110 CIRBP EXOSCI0 GRINLIA
ADA Clorflll CLDNIS FIIR GRMS
ADAMTS? Clorfi2 CLECIIA F7 GRMS6
ADCY7 Clorfll6 CLECI9A FAHDI GsC
AGPAT2 Clorfi28 CNGBI FAMI0SB GSTAI
AGTRAP Clorf133 COLI6AI FAMIOSAL GSTA2
AGTRLI Clorfl67 COLAA2 FAMI0SA2 GSTTP2
AGXT212 Clorfist COLAA3 FAMIIGA GsTz1
AHRR Clorfs6 COL6A2 FAMI20A H2AFY
AIFM3 Clorfss COLIA3 HAAO
AKAP7 CIQTINF4 COMMDA HASI
AKAPY cis COX10 HCN4
AKRICL2 C200rf103 CPNE2 HDLBP
ALI32661.1 C2001f195 CRI HEATR782
ALI616622 C2orf32 CREB3L3 HELZ
ALDH3AI C20rf46 CRHBP HHIP
ALDHIAL Ciorf2l CRLF3 HIF3A
ALKBH3 Clorf30 CRYBAY HIRIP3
ALLC Ciorf23 cs HISTIHIB
AMBN Cborf125 cspPi HISTIH2AK
ANAPC7 Chorfl45 CST3 HK3

ANKI Cborf184 cr8P2 HLXBY
ANKRD24 CborfI91 CUEDC? HMG20B
ANKRDYT Cborfs7 cuLy HOXA3
ANKS3 c9 CYBSR2 HPCA
APO003SS 2 C0rf129 CYGB HPCALI

A . CYorf134 CYPIIBI HRH2
APOBEC3G CYorf78 CYP2F1 HSDI7BI
ARFRPI COorf85 DABI HSDI7B7
ARHGAPI7 COorfS6 DARC HSPAS
ARHGEF17 C0rf93 DBNI HSPBAPI
ARMCI CACNA2D2 DCHSI HTATSF1
ARMCH CALCOCOT DCINI HIRAL
ARSD CAMK2G DDX24 HYALI
ASCCI CAPNIO DDX51 2
ASCLI CAPN9 DEAFI IGFIR
ASL CARDY DECI IGHA2
ATGID cASQI DEFBIIS IGHV3-13
ATNI ccar? DGKA IGHV3-16
ATPI2A cCDCl46 DGKG IGHV3-23
ATPIBI ccncrr DHRS3 IGHV3-35
ATP2B3 ccne DHXS8 IGHV3-38
ATPOVOC CCDC28A DIMTIL FMOI IGHV347
Ave ccpe2ss DNAHII FNTA IGHV3-66
AVPRIB CCDCS3 DNAICI6 FOXD2 IGKV4-1
BIGALTS €CDC9s DNAICH FOXP3 1GLCT
BAGALTS ccney? DNAICS FRAPI 1GLL3
B4GALT7 CCKBR DPEP2 FRY 1GSF21
BAIAP3 CCNBIIPI DPYSLS FISI2 1HPK2
BCAS2 DRDS ruTS IHPK3
BCL2LI2 ccr3 DIX] Gos2 IKBKG
BDNF cp1so DUOXAT GAK ILIIRA MEGF6
BICDI cn22 DUSPI2 GARNLI ILITRC MEISI
BRP44L co276 DUSP28 GAS6 I8 MFAPS
BTBDIO CD3I00LD E2F3 GBGTI IL3RA MFSD4
BX324178.1 cDss EBF3 GDAPILI ILVBL MIDIIPI
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Se mentary Table 3. The list rej nts 811 ne by microCosm, n and PicTar
MINA PCP4 RP4-565E6.1 WNTYB
MLL2 PCSK7 RPS27 XCRI
MPVITL PDCL RSCIAI XKRS
MRPL36 PDE3A RUFY1 XRRAI
MRPS30 PDLIM3 RUVBL2 YIPF3
MS4ASB PDX1 SACMIL Yyl
Mr4 PDZD4 SAMDI3 2971802
MUCY PEXI10 SAP30L ZBTBI2
MX1] PEXI3 SARNP TBCIDI6 ZCCHC
MXD4 PEXSL SCGBICI TBCID28 ZDHHCI2
MYHII PHFI15 SCNIB TBCIDS ZDHHC4
MYOI5B PHF23 SCNIA TCF712 ZFPM1
MYOHDI PHKG2 scoc TCHP ZHX2
MYTIL PHTF1 SCRTI TFAP2A ZMAT4
NATI4 PHEKAP2 SCYL! TFCP2 ZMIZ2
NDUFA4 PIK3RS SDCCAGS TGFBRAPI ZMYM2
NEFM PIK4CA SDF2 THOCS ZMYM6
NEK3 PKNOX2 SDHALP! TIAMI ZNF227
NEUROD2 PLAIA SDHALP2 TIGD2 ZNF274
NEUROG3 PLCB3 SEC24C TIGDS ZNF397
NFIB PLCD3 SEHIL TIMMITB ZNF403
NFIL3 PLKI SENPS TIMPI ZNF418
NKX2-5 PLXNCT SEPTI2 TLX1 ZNF45
NKX2-8 PODN SERPINAI2 TMEMI42A ZNF462
NoMO1 POFIB SERPINA3 TMEMI16B ZNF467
NOMO3 POLR2! SETD2 TMEMI6D ZNF583
NOX4 POU2AF] SF3B1 TMEMI94B ZNF585B
NP_660343.1 PPAP2A SF3B4 TMEM195 ZNF720
NP_683701.2 PPIE SF3BS TMEM204 ZNF827
NPHP4 PPPICC SH2D7 TMEM208 ZRANB3
NPM3 PPPIRI2C SH3BGR TMEM40 ZSCAN20
NPRI PPPIRI6A SH3BGRL TNFRSF13C

NPSRI PPP3RI SHIKBPI TNIPI
NPTX1 PRHOXNB SHC3 TNIP3

NQO2 PRICKLEA SHCBPI TNPO3

NR6AT PRIMAIL SIDT2 TOMIL2

NRG4 PRMT2 SIL! TORIA
NRGN PRPF38B SIN3B TPS3TG3

NSDHL PRRII SIPAIL3 TPSTI
NSUNS PRRG2 Sixi TRAFDI

NT5CIB PRSS16 SLCI2A8 TRAV4

NTSDCI PSG2 SLCISA1 TRIMI4

NTNG PSME3 SLC16A14 TRIMI7

NUDT6 PTAFR SLC20A1 TSEN2
NUPI133 PTCHD3 SLC25A28 TSNAXIPI

NUPL2 PTGES2 SLC26A3 TSPANIO
NUPRI PTS SLC2A1 TSPAN14

NYX PYDCI SLC37A1

OAF PYY SLC38AS TICcl3

OBSCN Q6ZRP6_HUMAN ~ SLC43A1 TTC24

ODF3 Q9BZU2_HUMAN SLC4AlT TIcd

opz2 Q9HBRS_HUMAN SLC6A19 TTF!

oDz3 RAB26 SLITRKS TTLLI

0GG1 RAB27B SMARCA4 TXNLS

OLFML2A RABGAPIL SMCHDI UBASH3A

OLIG3 RADS2 SORBS2 UBE20

ORIOGS RALGDS sox21 UBN2

OR2TS RANBPS SOX30 UBQLNI

OR2V2 RASAL2 SPACAZ UMoDLI

OR4KI4 RASSFI SPACAY UNC45A

OR4PIP RASSF6 SPOII UNCSA

ORSMI13P RBM3 SPRR2F URMI1

0SBPL2 RBMYIC SPTB UROS

o108 RBPIL SQLE use21

orp RC3H1 SREBF1 USPONL

oTUB! RECK SRMS 2

P2RX] RETN SRPX VRK1

P2RYI0 RGIMTDI STIGAL3 VSIG6

P2RY1I RGS4 ST6GALNAC6 VWASBI

P4HA3 RIBC2 STABI WDFY2

PABPCIL RIN3 STARD3INL WDR20

PADI. RNF207 STAT6 WDR22

PANX3 RNF208 STIPI WDR3S8

PAOX RNF212 ST13B WDRSB

PARK2 RPI-163G9.1 sTX1 WDR6

PBXI RPII-181G12.1 STX1B2 WDR64

PCBPY RPI1-191L9.1 STXBPS WDR66

PCDH2I RPI1-397P14.1 SUMO3 WISP2
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MicroRNA-141 confers resistance to cisplatin-induced
apoptosis by targeting YAPI in human esophageal

squamous cell carcinoma

Yukako Imanaka', Soken Tsuchiya?, Fumiaki Sato?, Yutaka Shimada®, Kazuharu Shimizu? and

Gozoh Tsujimoto!

are

non-coding RNAs that function as negative

of gene

in miRNA expression have been shown to affect tumor growth and response to chemotherapy. In this study, we explored the

possible role of miRNAs in cisplatin resi in

cell

(ESCC). First we assessed the sensitivity

of nine human ESCC cell lines (KYSE series) to cisplatin using an in vitro cell viability assay, and then we compared the miRNA
profiles of the cisplatin-sensitive and -resistant cell lines by miRNA microarray analysis. The two groups showed markedly
different miRNA expression profiles, and 10 miRNAs were found to be regulated differentially between the two gmups When

miR-141, which was the most highly miRNA in the

plati

cisplatin-sensitive cell lines, cell viability after cisplatin

istant ceVI IInas, was expressed ectopically in the

we found that

miR-141 directly targeted the 3’-untranslated reglon o' YAPI whwh is known to have a crucual role in apoptosis induced

by DNA-damaging agents, and thus

miR-141 in the of cisplatin in ESCC.

ion. Our study hi P role for

Journal of Human Genetics advance online publication, 3 February 2011; doi:10.1038/jhg.2011.1

cisplatin

INTRODUCTION
MicroRNAs (miRNAs) are a class of small (~ 22 bp) endogenous non-
coding RNAs that are well conserved, and function as negative
regulators of gene expression. miRNAs bind to complementary
sequences in the 3'-untranslated region (UTR) of target

; YAPI

Esophageal cancer is the eighth most common cancer and the sixth
most common cause of cancer deaths worldwide.'® In spite of

hensive available treatment, including ch py, surgery
and r:;dm!hempy‘ the overall 5-year survival rate for patients with
cell i (ESCC), the most common form

RNAs and regulate their expression by cleavage and/or translational
inhibition.! miRNAs are predicted to regulate the expression of
up to one-third of human protein-coding genes,>> and they have
been shown to have crucial roles in diverse biological processes,
including development, differentiation, apoptosis and prolifera-
tion.># A growing number of studies have provided strong evidence
that aberrant miRNA expression is involved in the genesis and
progression of cancer,’ and that miRNAs might function as a novel
class of oncogenes or tumor-suppressor genes.'®? Altered expression
of miRNAs in primary human cancers has been used for tumor
diagnosis, classification, staging and prognosis.' Furthermore, the
involvement of miRNAs in the response of tumor cells to chemo-
therapeutic agents has also been confirmed,'>'7 which suggests that
miRNAs could have a broad effect on the response of cancer cells to
chemotherapy.

of esophageal cancer, remains low, at 10-40%, because of advanced
disease, metastasis and resistance of the tumor to chemotherapy and
radiotherapy.'”?! Cisplatin is the most frequently used chemo-
therapeutic agent for ESCC. Howevu. given that resistance to cisplatin
limits the success of treatment, ion of the isms that
regulate cisplatin resistance in ESCC is urgently needed. In the present
study, we studied the biological function of miRNAs in the develop-
ment of cisplatin resistance in ESCC using the KYSE series of ESCC
cell lines as a model, and focused, in particular, on the regulation of
apoptosis.

MATERIALS AND METHODS

Cell lines and cultures

Human KYSE cell lines that had been established from primary tumors
at our institution as described previously were cultured in RPMI 1640
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(Life Technologies, Gaithersburg, MD, USA) and Ham's F12 (Nissui Pharma-
ceutical, Tokyo, Japan) with 5% fetal bovine serum.” HEK293 cells were
cultured in Dulbecco’s modified Eagle's medium (Sigma-Aldrich, St Louis, MO,
USA) supplemented with 10% fetal bovine serum. Cells were cultured at 37°C
with 5% CO,.

In vitro cell viability assay
KYSE cell lines were seeded in 96-well plates and incubated for 24h. The
medium was then removed and replaced with fresh medium that contained
cisplatin (Calbiochem, San Diego, CA, USA) or Dimethyl sulfoxide (DMSO)
(vehicle control) and the cells were incubated for a further 48h. Cell
viability was examined using the 2-(4-lodophenyl)-3-(4-nitrophenyl)-5-
(2.4-disulfophenyl)-2H- i jum salt (WST-1) assay.

miRNA mi analysis

Total RNA was isolated from the KYSE cell lines with IsoGen lysis buffer
(Nippon Gene, Toyama, Japan) followed by precipitation with isopropanol,
and the size of the miRNA fractions was confirmed using an Agilent 2100
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). The miRNAs were
then labeled with Hy5 using a miRCURY LNA microRNA Power Labeling Kit
(Exiqon, Wobum, MA, USA) and hybridized with a Human miRNA Oligo chip
(Toray, Tokyo, Japan). Arrays were scanned using a ProScanArray laser scanning
system (Perkin-Elmer, Waltham, MA, USA), and processed and analyzed with
Genepix Pro 4.0 sofiware (Axon Instruments, Sunnyvale, CA, USA). The GEO
database accession code of the miRNA microarray data is GSE25464,

TagMan RT-PCR for miRNA quantification

Expression levels of mature miRNAs were analyzed by real-time PCR using the
TagMan microRNA assay kit (Applied Biosystems, Foster City, CA, USA).
Reactions were performed using an Applied Biosystems 7300 instrument with
an initial denaturation at 95°C for 10 min, followed by 40 cycles at 95°C for 155
and 60°C for 1 min.

In vitro drug sensitivity assay

KYSE960 cells (1.7 10" per well) were seeded in 96-well plates and transfected
with either Pre-miR miR-141 precursor or Pre-miR miRNA Precursor-Negative
Control #1 (AM17110) (Ambion, Austin, TX, USA) using the HiPerFect
Transfection Reagent (Qiagen, Valencia, CA, USA) following the manufac-
turer’s instructions. At 24h after transfection, cells were treated with cisplatin
(75,15, 30, 60 or 120 kM) or DMSO for a further 48h and then collected for
analysis. Cell viability was assessed by the WST-1 assay.

Trypan blue dye exclusion assay

At 24h after transfection, cells were treated with cisplatin (30 iM) or DMSO
and collected for analysis afier 0, 24, 48 and 72h. An equal volume of 04%
Trypan Blue Stain (Invitrogen, Carlsbad, CA, USA) was added to the cell
suspensions, which were then allowed to stand for 5 min at room temperature.
Stained cells (10 ul) were placed in a hemocytometer and the number of viable
{unstained) cells was counted for each individual time point.

Western blotting

At 72h after transfection, total protein was extracted from the cells using RIPA
Iysis buffer (50mu Tris-HQl pH 7.5, 150 my NaCl, 0.1% SDS, 1% Nonidet
P-40, 0.5% sodium deoxycholate, protease inhibitor cocktail). Equivalent
amounts of total protein extract were separated on 8% SDS-PAGE gels and
transferred to polyvinylidene fluoride membranes. The blots were probed for
1h at room temperature with antibodies against YAP] (sc-15407, Santa Cruz,
Santa Cruz, CA, USA; 1:2200) or f-actin (Sigma-Aldrich; 1:1000), which
was used as an internal control for protein loading. The protein bands
were visualized using Western Lightning Chemiluminescence Reagent Plus
(Perkin-Elmer).

Quantitative RT-PCR
In parallel, total RNA was isolated from transfected cells as described above.
Total RNA (3p1g) was exposed briefly to RNase-frec DNase 1, and reverse
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transcribed to cDNA using random primers and SuperScriptl] Reverse Tran-
scriptase (Invitrogen). Subsequently, real-time PCR was performed in triplicate
using the SYBR Premix Fx Taq IT reagent (TAKARA BIO, Shiga, Japan) and
a DNA Engine Opticon 2 System (Bio-Rad, Hercules, CA, USA). The PCR
primers used for YAPI were 5-GTAGCCAGTTACCAACACIG-3 and
5"-CTGTTCAGGAAGTCATCTGG-3". The housckeeping gene GAPDH was
used as an endogenous control for RNA normalization, The following PCR
conditions were used: initial denaturation at 95°C for 10 min, followed by 40
cycles of denaturation at 95°C for 105, annealing at 58°C for 205 and extension
at72°C for 20s. PCR products were d by el is on 2% agarose
gels and visualized by ethidium bromide staining. All messenger RNA quanti-
fication data were normalized to GAPDH.

‘Target in vitro reporter assay

Constructs were generated in which the wild-type (pGL3-YAPI-3'UTRWT)
and mutated (pGL3-YAP1-3UTRmut) 3"-UTR of YAPI was inserted down-
stream of a huciferase reporter. The 3"-UTR of human YAPI, which contains a
putative target site of miR-141, was amplified by PCR from human genomic
DNA using the primers 5'-ATGGTTGATGGAGCACATTG-3 and 5-CCTAAC
ATATGAGCATGCTC-3', and inserted into the EcoRI site, immediately down-
stream of the luciferase gene in the pGL3-promoter vector (Promega, Madison,
WI, USA). Three point mutations in the miR-141 seed region of the YAPI
3-UTR were gencrated using the QuikChange Site-Directed Mutagenesis Kit
(Stratagene, La Jolla, CA, USA). The following primers were used for the
mutagenesis of the miRNA-binding site: 5-CAGAATTCATACCAATCTGAG
ATGAAACTCAAACATTGC-3  and  5"-GCAATGTTTGAGTTTCATCTCAG
ATTGGTATGAATTCTG-3'. Wild-type and mutant inserts were verified by
DNA sequencing. HEK293 cells (2x 10° per well) were co-transfected in 24-well
plates with 1 g of the firefly luciferase reporter vector and 100ng of pRL-TK
(a control vector that contains Renilla luciferase; Promega), as well as with
5pmol of miR-141 or a control precursor (Ambion) or with 25 pmol of miR-
141 or a control inhibitor (Dharmacon, Lafayette, CO, USA) using Lipofecta-
‘mine 2000 (Invi according 1o the i ons. Luciferase
activity was measured at 24h afier transfection using the Dual-Luciferase
Reporter Assay System (Promega). For cach well, firefly luciferase activity was
normalized to Renilla luciferase activity.

Apoptosis assay

At 24 after transfection, cells were treated with cisplatin (30 jim) or DMSO for
a further 48h and then collected for analysis. Apoptosis was assayed using a
FITC Annexin V Apoptosis Detection Kit 1 (BD Biosciences, San Jose, CA,
USA) according to the manufacturer’s protocol and analyzed using a FACSCa-
libur flow cytometer (BD Biosciences). Apoptotic cells were indicated by high
levels of Annexin V-conjugated FITC fluorescence and low levels of propidium
iodide fluorescence.

Statistical analysis

Statistical significance was assessed using an unpaired Student’s t-test. P<0.05
was considered to be statistically significant. Data were expressed as
mean £ s..m.

RESULTS

Cisplatin-sensitive and -resistant human ESCC cell lines

To classify the ESCC cell lines (KYSE series) into cisplatin-sensitive
and -resistant cell lines, the cell viability of nine KYSE cell lines in the
presence of cisplatin was analyzed using the WST-1 assay (Figure 1).
Cisplatin treatment (66.7 M, 48h) resulted in a decrease in cell
viability of 0-80%, as compared with cells treated with the vehicle
DMSO. Among the cell lines examined, KYSE890 and KYSE960
showed the highest sensitivity to cisplatin treatment (~20% cell
viability), whereas KYSE450 and KYSE520 showed the lowest
sensitivity to cisplatin treatment (~80-100% cell viability). We
consequently designated the cell lines KYSE890 and KYSE960 as
cisplatin sensitive and KYSE450 and KYSE520 cell lines as cisplatin
resistant.
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miR-141 is highly expressed in cisplatin-resistant ESCC cell lines
We then compared the expression of miRNAs in cisplatin-sensitive
and -resistant KYSE cell lines using miRNA microarray analysis. Total
RNA was isolated from the KYSE cell lines and hybridized to a custom
miRNA microarray platform that contained 849 miRNAs. The global
miRNA expression analyses (hierarchical clustering and principal
component analysis) showed that the expression profiles of the
miRNAs differed between the cisplatin-sensitive and -resistant cell
lines (Figure 2), and expression levels of 45 miRNAs were changed by
more than fourfold in cisplatin-sensitive cell lines as compared with
cisplatin-resistant cell lines ( y Table 1).

the expression levels of the 10 miRNAs that were selected according to
the miRNA microarray data and literature search®-* were validated
by reverse ion-PCR. This d that miR-
141, miR-21, miR-19b, miR-200a, miR-19a, miR-27a, miR-20a and
miR-20b were expressed at significantly higher levels in the cisplatin-
resistant lines, and miR-205 and miR-224 at significantly lower levels
than in the cisplatin-sensitive cell lines (P<0.05) (Table 1). Notably,
miR-141 was upregulated the most in the cisplatin-resistant lines
as in contrast with the cisplatin-sensitive lines (87-fold, P=0.01)
(Figure 3).

04 0

cisplatin-sensitive cisplatin-resistant

principal component 2

Figure 2 Global miRNA expression analysis of ESCC cell lines, Hierarchical clustering (a) and principal component analysis (b) of global miRNA expression
in ESCC cell lines. These analyses reveal different miRNA expression profiles between cisplatin-sensitive and -resistant cell lines.

Table 1 List of miRNAs that were expressed differentially in cisplatin-sensitive and cisplatin-resistant cell lines

Expression level of miRNA (mean + s.e.m.)

Fold change P-value
miRNAS Cisplatin-sensitive cell lines Cisplatin-resistant cell lines Resistant/sensitive Resistant vs sensitive
miR-141 189.67+24.95 16587.80£4145.71 87.45 0.0108
miR-21 64.57+10.62 3167.66+511.71 49.90 0.0018
miR-19b 1717.654526.16 59800.56 £ 5297 46 34.82 0.0001
miR-200a 161.26 445,91 2024.54+ 105,95 1255 0.0001
miR-19a 3839249589 27437614 1074.00 71.47 0.0001
miR-272 84.33+19.15 2313.07+278.58 27.43 0.0005
miR-20a 1620.13+435.78 79664.13+15638.85 49.17 0.0041
miR-20b 57.90+18.89 1063.99+225.53 18.38 0.0065
miR-205 22770.74£3752.22 2360.90623.31 0.10 0.0026
miR-224 1680.99+131.29 44479+ 283.08 0.26 0.0054

Abbreviation: miRNA, microRNA.
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Figure 3 miR-141 is highly expressed in cisplatin-resistant KYSE cell lines. (@) miRNA microarray analysis. The data shown present the signal intensity
of miR-141 relative to the signal intensity of miR-141 in KYSE890, which was set as 1. (b) Quantitative reverse transcription-PCR analysis of miR-141 was
carried out to validate the microarray results. The data shown present levels of miR-141 relative to that in KYSEB90, which was set as 1.
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Figure 4 Ectopic expression of miR-141 induces cisplatin resistance in KYSE960 cell lines. (a) Ectopic expression of miR-141. KYSE960 cell lines, which
express relatively low levels of endogenous miR-141, were transfected with the miR-141 or control precursor. Quantitative reverse transcription-PCR was
used to analyze the expression of miR-141 (top) and RNU6B (bottom) in these cells. (b) Cell viability was assessed by the WST-1 assay. The WST-1 activity
of cells treated with DMSO was taken as 1. (c) Trypan blue dye exclusion assay. The time at which the cells were treated with cisplatin was considered to be
time 0. The number of viable cells at the respective time points is shown. *P<0.05, between miR-141 precursor-transfected cells and control precursor-

transfected cells.

Ectopic expression of miR-141 confers cisplatin resistance in
cisplatin-sensitive cell lines

To investigate whether miR-141 is involved directly in the development
of cisplatin resistance, we examined the effects of miR-141
on cisplatin sensitivity. We expressed the miR-141 precursor ectopically
in the cisplatin-sensitive cell lines, because they express relatively low
levels of endogenous miR-141, and examines whether miR-141 expres-
sion rendered the cells resistant to cisplatin-induced cell death. Follow-
ing transfection of the miR-141 precursor, the cells were collected and
ectopic expression of miR-141 was confirmed by quantitative reverse
transcription-PCR (Figure 4a). Cells transfected with the control
precursor were used as controls. The results of the WST-1 assay
showed that the KYSE960 cells that had been transfected with the
miR-141 precursor exhibited a markedly reduced sensitivity to varying
concentrations of cisplatin (7.5, 15, 30, 60 or 120 ) (Figure 4b).
Similar findings were obtained with KYSE890 cells (data not shown).
Moreover, the trypan blue dye exclusion assay revealed that the
proportion of KYSE960 cells, which remained viable after treatment
with cisplatin (30 pm), was significantly (P<0.05) elevated at each time
point in cells that overexpressed miR-141: 18, 68 and 48% at 24, 48 and
72h after cisplatin treatment, respectively (Figure 4c). These results
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indicated that ectopic expression of miR-141 could confer cisplatin
resistance in KYSE cell lines by enhancing their growth and viability.

miR-141 represses YAPI expression post transcriptionally

In an effort to elucidate the mechanism of induction of cisplatin
resistance by miR-141, we searched for potential target(s) of miR-
141 using the database (http: org)).
Among the predicted 429 candidate genes, we studied the func-
tional role of human Yes-Associated Protein (YAPI) (NM_006106)
further, because it has been reported to be a cisplatin-induced
p is-related gene.* First, we investigated the effects of trans-
fection of the miR-141 precursor on YAPI expression in cisplatin-
sensitive KYSE cell lines. The quantitative reverse transcription-
PCR and western blotting analyses revealed that expression levels of
YAP1 messenger RNA and protein were decreased in miR-141
prec fected cells as d with control p

transfected cells (Figure 5a), which indicated that the expression of
YAPI was inhibited by miR-141. Furthermore, a significant
(P<0.01) decrease in relative luciferase activity was noted when
the miR-141 precursor was co-transfected with the wild-type, but
not with the mutant, YAP1-3-UTR reporter (Figures 5b and ¢).
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In contrast, when the wild-type reporter was co-transfected with
the miR-141 inhibitor, the relative luciferase activity of the reporter
was significantly (P<0.05) enhanced (Figure 5d). These results
show that miR-141 interacts directly with the predicted target
sequence in YAPI.

miR-141 exerts an anti-apoptotic effect that confers cisplatin
resistance in ESCC cell lines

Given that one of the target genes of miR-141 is YAP, which is a
transcriptional factor that promotes the expression of proapoptotic
genes during apoptosis induced by DNA-damaging agents, we
explorcd the regulatory mechanism by which miR-141 inhibits cs-

resistant to cisplatin-induced apoptosis. KYSE960 and KYSEB90 cell lines
were transfected with the miR-141 or control precursor. After 24 h, cisplatin
was added in fresh medium and the cells were incubated for a further 48h.
The cells were then labeled with FITC-Annexin V and propidium iodide, and
apoptosis was analyzed by flow cytometry. The percentage of apoptotic cells
is shown. **P<0.01, *P<0.05, between miR-141 precursor-transfected
cells and control precursor-transfected cells.

ediated apoptosis further. The Annexin V/propidium iodide
assay showed that apoptosis of the cisplatin-sensitive ESCC cell lines
(KYSE960 and KYSE890) in response to cisplatin was enhanced
markedly compared with that of the cisplatin-resistant cells
(data not shown). In both KYSE960 and KYSE890 cells, transfection
of the miR-141 precursor, but not the control precursor, significantly
decreased the percentage of cisplatin-induced apoptotic cells
(Figure 6). Taken collectively, these results show that the anti--
apoptotic effect of miR-141, perhaps through inhibition of YAPI,
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Supplementary Table 1. The Tist represents signal values of miRNA microarray analysis.
i KYSE450 KYSE520 [KYSE890 KYSE960
41 16 3 142
65 43 439 137
9] 04 25 86,
3 80 21 lm_‘
78 84 7 79
86 88 3 61
5 58 5 541
52 73 66 76,
7 5 42'
57 73 4 60
63 63 40
3 46 55 88 6
hsa-miR-1296 82 123 53 114
hsa-miR-120¢ 57 9 81 135
i 54 1 77 63
40 60 67 73
86 62 37 67
ﬁ 3 75 55
52 i 101 27|
57 40 63 67,
hsa-miR-13 54 4 54 26|
hsa-miR-130( 58 74 48 78
87 56| 123 130
57 53 72 54
2 45 90| 9 88
2 7. 41 65 73
3 9 94/ 92 39
303 54| 49 62 129]
M 101 77 65 53|
E 51 1 67 68]
5 53 1 9 70
T 5 69 - 7t 0,
| )6 120] 1 53 107,
MIMAT 306 83 14 56 56
MIMAT 307 78 2 5 92
M I 307 102 67 M 88,
MIMA' 308 964 993 34 494/
MIMA 08 1057 091 5 480
MIMA] 30a 504 917 47 77
MIMAT( 0a 585 954 22 7_4|
MIMAT 12. 98 69 09
MIMA] 93 106] 85 22_'
MIMA 149] 493 148 10
MIMA 135 477 120 78
MIMAT 41 93 0
MIMAI )9 1 77 96,
MIMATY hsa- 86 )4 18 4
MIMAT0000426 hsa-miR-132 100} 1 86, 66,
MIMAT0004594 hsa-miR-132* 75] 0) 81 72
( hsa-miR-132* 96] 72 74 109]
hsa-miR-132 61 9_gr 96 60
hsa-miR-132 41 87 70 92
-miR-132 52 61] 57 66,
i 78 86, 66 68,
60 98 96| 98
68 118 70
74 2 46 64
% ]
60! 1 73
50] 54 92
79, 1 50,
6. 9] 34 103
3 3 57 70
hsa-miR-134 7 o[ 83 52|
hsa-miR-135a 92 121 83 34
hsa-miR-135a 7 27, 9 68
hsa-miR-135a* 83 1 66| 74
hsa-miR-135a* 88 60) 142] 55]




