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Stem cell-like tumor cells are reported to be the main reason for tumor recurrence and metastasis.
As one of the new approaches to overcome cancer, studies are emerging to inhibit the expressions
of stem cell transcriptional factors (Oct4, Sox2, Kif-4, and Lin28) in cancer cells. MicroRNAs are
master genetic regulators that can control development and differentiation of stem cells. In this
study using various ovarian tumors (Skov3, Ovcar3, Tov112D, Tov21G, PA-1 and Hsc832(c)T), we
examined the expressions of stem cell-related transcription factors, and the biological changes in
cell survival and growth by m/R-726that targets stem cell transcriptional factors. We observed that
treatment of /m/R-726 induced the morphological changes and cell suspension in most cells. In
addition, m/R-1726 induced gradual regression of cell division except Skov3 cells, especially
significant time-dependent reduction in Tov112D, Tov21G and PA-1. When we examined the
expression of stem cell transcriptional factors, Sox2 was shown to be down-regulated after
miR-126. Our results demonstrate that /77/R-726treatment can provide the reversible environment
to regulate cell division and to induce cell death of ovarian tumors, suggesting the molecular
biological clues for clinical usage.
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o] S Boldom AT 4= QlrhWilliams 5 2008;
Eulalio &, 2009). &4k o}y 2} target mRNAS] HA(degrada-
tion) -FE3to] ol mRNAZS-E| Tl 9Hd-S A3l & AL
5 GAAFEFS oA (post-transcriptional gene silencing)7] S
Fl AT E 2o Tofdle], Eoleh A B AFE 5o A
W A2 Fefo] §44 Il 2" EAEA o] F o 83 =AY
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o] B A HTE 2H3M= (K (Crawford %, 2008), %]
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Table 2. Transfection of microRNA and scramble (negative control)
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ZF o ke A FPANET 6 (S 15, O 5=+t

F AR ST EA L AR E 2o vroK(Table
D 94 23 & A5 AASEL, A3 AlEE Dulbecco’s
Modified Eagle’s medium (DMEM), 10% fetal bovine serum
(FBS), 1% antibiotic/antimycotic solution®f ‘g¢] F-7-3F > T75
Zetago] Beek AEE Wil 5% CO7tF 37%%E 37°C in-
cubatorol| A Bl sttt tha e Al RS IHESA] A3 B
=9] )& 79 phosphate-buffered saline (PBS)Z A5t 1L,
M| e FHE 2 ~3Y ol oF A% AT 7} FUA| 7T St

2719] 80% & W7HA] wioFet F Avlef o getoich

2. microRNA2| &&! 2|

A E Yol microRNA-126& AG3sl7] 93] 34 F9 £8&
(microRNA-126+ PBS + G-Fectin)& ZH|3}¢lch 2982 10
B Ao A H-g-S G Eahieh whe-H PAFQ] LotEe 7t
wellg 4x 10* 0.2 Bzg] Ui Zopy o] X2kt Micro-

RNA-126sequencer (Genolution Pharmaceuticals Co., Seoul,

Korea)2} G-Fectin (Genolution Pharmaceuticals Co., Seoul,
Korea)& AHg-oto] 24151 tHTable 2).

w

LBISI0| A M|E S 2

WA A 3£ scrambled} microRNA-126& A 23t &3
3} 799 CK2 1A 1173 (Olympus Co., Tokyo, Japan)< ©]
§5to] 100X A s FUAEL] Fefeha] B4 =25kt
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Table 1. Culture of various ovarian tumor cells

NO Cell line name Cancer type

1 HSC832(A)T Benign ovary cyst, endometriosis
2 OVCAR3 Ovarian adenocarcinoma cell lines
3 Tov21G Ovary clear cell carcinoma

4 Tov112D Endometrioid carcinoma

5 Skov3 Ovary serous adenocarcinoma

6 PA-1 Ovary teratocarcinoma

No SiRNA miRNA name

Duplex sequence

Molecular weight  Distilled water

1 Negative control Sense 5’ACGUGACACGUUCGGAGAAUU 3 6736.2 500 pL
Antisense 5 UUCUCCGAACGUGUCACGUUU 3 6587.2

2 hsa-microRNA-126 Sense 5 UCGUACCGUGAGUAAUAAUGCG 3 7042.4 500 pL
Antisense 5’ CGCAUUAUUACUCACGGUACGA 3 6962.4
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4. HIZ 2853 24(CCK8)

A ZoFN Eof| scramblet microRNA-126 X % 7} 72,
96, 1203} 144A17F CCK8 A|ZA 5= 71E(Dojindo Co., Tokyo,
Japan)= o]-8-5to] Al £ EA5= SAISII SUAE v
w2l & PRSE H|A8lal CCKS [tetrazolium salt (WST-8[2-< 2-
methoxy-4-nitrophenyl >-3-(4-nitrophenyl)-5-(2,4-

disulfophenyl)-2H-tetrazolium, monosodium saltl< control
media] 1:202.5 St 3 7 vijef Fehasto] AeletAe. oF
1AIZE 52 37°C, 5% CO00 ¥t - Enzyme-linked immuno-
sorbent assay reader 680 (Bio-rad Co., Califonia, USA)E o]-&
Sto] 450 nmellAl 24313t

5. Z57|MIZ FAQIX et 2A(RT-PCR)

Al%of| o]-8-4 total cellular RNAE TRIzol® Reagent (In-
vitrogen Co., Carlsbad, CA, USA) & ARg-8}o] A|Lof| 4] Hels}
Atk TRIzol 1 mLE E a1 420 A 1027t A ]2t 3 chloroform
(Sigma, St. Louis, MO, USA) 0.2 mLE A713to] 1527+ T&
= 31087 ALof Batstoict, 4°CollA f41EE] (12,000 rpm,
1553t 3 AR08 X ] 3}o] isopropyl alcohol (Sigma Co., St.
Louis, USA) 0.5 mLE 7Fste] RNAS A A1 Z{th 4°Col A 4
£2](12,000 rpm, 1012)8ko] A5HE AIATAL 75% ofehE 1
mLE %71t RNA 43 AlA sk 4°Coll 4] 4d#-21(10,000
rpm, 51)3t0] A5 A A AT e A # DEPC
(diethyl pyrocarbonate) treated water (Bioline Co., London,
UK)el RNA HHE-E t50] —70°Col| B3st9iT}. cDNAE total
RNA 3 pug< 75°Col| A 557 1442 A1 ¥ 5 X reaction buffer,
MMLYV reverse transcriptase, RNAsin Ribonuclease inhibitor
(Promega Co., Madison, W1, USA), 50 uM oligo-dT (Invitrogen
Co., Carlsbad, CA, USA), 2.5 mM dNTP (Takara Co., Tokyo,
Japan)E AHE-8te] 37°COlA] 9083 GHAL HH-g-S ot
A HES- 0 &2 T/ cDNACA] B3} HARIAL A& ot
H7] 3l primer sequence E A& ¥ reverse transcription
polymerase chain reaction (RT-PCR)}& AA|S} EH(Table 3).

Table 3. List of stem cell makers

Premix Taq (Takara Co., Tokyo, Japan)2] TaKaRa TagTM 1.25
units/25 pL, dNTP 1.6 mM, pH 8.3 Tris-HCL 20 mM, KCL 100
mM, MgCl, 3 mM3} primer 20pM, cDNA 2 pg< 92 334 =
FE o]8sto] ¥ Fu)7t 20 pL7t H| %5 Skl T professional
thermocycler (Biometra Co., Gattingen, Germany)= 53 5131
t}, 432 ethidium bromide (EtBr)7} 23 1.5% agarose
geloll A 235 Zelskeit.

£

1. MicroRNA-1262 LIt AL LIE 7IZEICL

B A#of| o] &H microRNA-1260] 'F4 FUA o] v]X]
U 24 73S Bk ] e, AlEA GetolHE(sequence
alignment) -84 A|g HE Z7](http://www.microrna.org/
hsa-microRNA-126)& 83Tt 24 10~12701 F-4E
A}o] AX|(sequence alignment)= ® A GHA o] vHe-S =
L] AEAdo] Ert Wb microRNA-126% 'F4 EFA
KA MEF7] 2EARKCDK6, CDK4, p27), n1&-} AL
(Sox2, Lin28, Kif4, C-myQ2} A& T A2 BN PI3K, AKT2)
= microRNA-1269] A2lo] 44 T 24 7Hs/d Sl
4= Ith(Fig. 1.

rir

e
¢

i3

o
]
2 ok g

(]

ro

2. MicroRNA-1262 &7 M2 TAIRIXL Udig ZES 4 QLY.
S7IHIZ7L 7HA = vl AARIARS WA YA 7 A st
TAI, microRNA-126 4 2] Al & 8& 288k=A] FA31.
4 FFAEl S (Scramble)?t microRNA-126 (microRNA-
126) A 2] 69 Fof| 2714 A7 HEA e} v 3 & G-Ik %
8 AARIA}F Sox22} Lin28%) 'HAE RT-PCR o850 243}
ot 1 23 HSC832(t)c, Ovear3, PA-1, Tov21G, Tovl12DojA]
SoxZ2} Lin28°] Scramble Bt microRNA-126 Aol A 714
B A 2RI 4= et EoldhA| = Ovear3 @} Skov3= 2+
59 A A ALA 3 (serous adenocarcinoma cells)©]
A4 Skov3E Sox2 9t Lin282) Ha-& 21% 4= §l 2l chFig. 2).

No Transcription factors Duplex sequence Size Temperature
1 Sox2 Forward 5’-gcactcttccagecttecttee-3 515 50°C
Reverse 5’-tcaccttcaccgttccagttttt-3’
2 Lin28 Forward 5’-gcctgggegccgagtgga-3’ 443 66°C
Reverse 5’-gggcgagccgticatgtaggtctg-3
3 BActin Forward 5’-tgtaagtggttcaacgtgeg-3 419 55°C
Reverse 5’-ttcagcggacatgaggctac-3’
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Mir-126’ candidate targets
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beeer veeenn
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Fig. 1. MicroRNA-126 sequence align—
ment with cell cycle factor, cyclin
dependent kinase CDK6, CDK4 and
I p27; transcription factor Sox2, Lin 28,
KIf4 and C-myc; Survival pathway
PI3K and AKT2. The target genes
were also assessed RT-PCR to deter-
) mine the expression level of the in-
dicated stem cell markers.
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HSC832(T)C
72 hr 144 hr 72 hr

Scramble

miR-126

TOV112D

Scramble

miR-126

OVCAR3

144 hr 72 hr

TOV21G

Fig. 3. Morphology of various gynecological tumors. The cultured gynecological tumor cells were observed by optical microscopy for
Cell formation and shape on 72, 144 hours after scramble and microRNA-126 treatment at the 100 fold magnitude.

microRNA-126 A& 3t9<&
BAE elgh 4= QI

o} Ovcar39} 22 M2EE529
E3] PA-13} Ovcar3el| microRNA-126
A2 A T2 A 2ETH= T2 A AlZZAR] FEQ] A2 E-R-8430]
1A T Ik o] 3t HARS. A TR AL o] 7F sl A

'L'Z‘ 20
Thh QLxJake A0 2 424 9lrk. Tl 8AE Skovask Ovear3
L2 O Y AT AR, AR o4 e 2
35 013 5 91iek. oleld Ak HeHE BAelA HolE
W Aiet AT 421 4 YrkFig. 3
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S7IAZ7F ARSI Qe A3 A SRS AR

e FGA L A-8ol= A Eel F7IsHL Slek 2741 A

ARIZFE HAS= FAE(cancer stem cells T+ tumor

initiating cells)= LR Q1 F-FA| 220 v] &l A WA 9l Ao,
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2hA SFE7 A7 A S vlEek AARIAF oA 3l Eold
L 2 A= TP R nEoh BAe S Rt g o |
fFEote] A4 TAaY AEAMEE fEdittal & 4 gl
(McLean s, 2011). 1| HL& ARFA Q1 FFA| T A 71|12 A

ARRIAFHFE £ FFo] A E ofsffolal X wdh= Favt X #7HE
<= Qltk(Viswanathan 5, 2009; Hamano &, 2012).

ol Lof| o] 8- Sox2(SRY sex-determining region Y-box
2)%} Lin288- &7\ M| o] sl 153 AARIALE A7t &
A, EoA 9 B3kl tigh AR A & vk ok AR AL
L= chSchoenhals &, 2009; Adachi &, 2013). waba] & oF
+ TR A FEA A E7IAIE AARIAY Sox 22} Lin28°)
HFH -2 ohold} 1l IS %A 3= microRNA-126% 0|85
Sox29}t Lin289) HHXHE T1S = ]It} £9| microRNA-
126= Sox22} PI3K-AKT pathway= A3 14 o0 24 S84
FO B A APE S ok A0 R UefA ik kot
U} cpeket g7 9] ol A Sox 22t Lin28o) I E A= 5%
58E 7= Ao & BUE N QItHOtsubo 5, 2011; Ma 5,
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Fig. 4. Cell proliferation analysis using CCK8 after scramble and microRNA-126 treatment on various gyneological tumors. Various Ovariar
Tumors were transfected with scramble, microRNA-126 and then cultured for 72, 96, 120 and 144 hours. At each time point, cell
proliferation capacity was evaluated by measuring the optical density at 450 nm using CCK-8 assay. Statistical analysis was performed
using the Student t test of Sigmaplot 2001 (Aspire International Software, Ashburn, Va). Pvalues of less than 0.05 were regarded as

statistically significant.

2015? Liu 5, 2014; Li &, 2015).
EAF BAL0 M| E37] ZH AR Ecell cycle depen-
dent kinases)gl Sge vt Ao g Z7| M AR 2 E
2 THAIE N EZE-F 55 2H3k= Z(Becker &, 2006; Xu &,
2009; Lin &, 2012) ¥4k ofU] 2} A SR A 1A= A 0] AIGE
(primordial follicle) A3 &3} 24 of] Hofsh=Z 02 B E o] §
Ch(Park 5, 2006; Park %5, 2008). £3] &7 H| o)A o] £
(symmetric and asymmetric division)2 27| 4| 2] AF7 A A 2}
B3R 9 B3l & (differentiation lineage)oll 21202
oJth= 7 0. & B alE|o] 9ltiAdachi &, 2010; Ma 5, 2013). 7|
=714 2 w23 Aol A wlEol HARRIRLS I 28 o] 42
A7 2R, W 24 of ok mH 02 A w|is} A
& A= SYE7 N Z R A 7S RHgsk= A o8
TE| 1 QlcKSales 5, 2007). I EE microRNA- 1262 ]85t
o] 23} AARIZK Sox2, Lin282] Td T TYAE EE5HE
/] okg_ ) Ea].Oﬂ S Ao7 /lﬂ71—o]— 2 O‘E]{Clmadamore g
2013; Chien 5, 2015; Zhang 5, 2015).
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FAAEAL A 27 gl o mRteh ohA] el o] 23t d/d
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B2 A7} Qith= Aol I3 B8 microRNA-126'= Skov3ol
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2 A= TEH 0= A7 B W) microRNA-126= Skov3 s
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and Lin28-< AAoto] TF& A Roke A-E0] S/t Qlt.
2 AL o] 23}t HARIARE 24(2 ) Sk= microRNA-126&
ol-g3to] WAFIMEE(GF: HSC832(te, Ovear3, Skov3,
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