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MicroRNA—124 controls proliferation
and migration of human RPE cells by
targeting RHOG
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MicroRNA—124 controls proliferation
and migration of human RPE cells by
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1. k‘]i

T

kAl 24 53) A 3E (retinal pigment epithelial cell) & #<=8(light absorption),
24 4% (epithelial transport), A2z} 3 & ZH(visual cycle), &2 =&
(phagocytosis), T2 Hu] @ W xd 28 5o &8 F=3sts= 5o
2 4 k. o]y g WA AMES] o) T4 olFe YA L
2 53aAddeAde(1), S Sy AW Q), SAFHAYHE S
BT 2 AES Adste de d3e] ®HEgd 7o dol #AUA

qes o= dom dHA 3
H oF 22709 wEH LEfe]l=2 FA % small non-coding RNAS! v}
o] L =RNA(micro RNA, miRNA)+= w&4d #4259 A & =4 34A

of ¥t Aew HIHol F&H wu Qv 53] wo]A=RNAE

Aoz stol AA THF FAA oF 0% Pre] WAL 2sed F
FH0 4T s Qo AATGH. £F A TP Yy =
of welstu] AARS YAE YA 4L = 40T nuHW
A Hey walel FE T Atk s rd sl MesA sde) #ag
slol AZRNAS] 24 7)ae] tig ATE v mulste] HEAXE vho]
SZRNAS) o8 B sy g Aeetd, e 2del ug o

= A9 olFoAaL A F AA ot

WA o2 miRNA-124= HzHo] 433 FHsiA wdsol 3o
o

defA Ao 539 %A@ﬂ@ S GG EE TFAE
5ol Axed FdaA Aol ZdeA Hed A2 HAAF
e g Tl = 7 Weld 2@ = o] ARRNASY] ZRud 24
S %3l we A A9l A miRNA-1247F FdES gelgozA o &
[ez]
%

of
=
=

=
—_
N}
W~
N
—_
[40
~
o

A 7 vk (neural retina)odl &= F 23

Igh= 7Hd e Ale 5 AATHTY).
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A small GTPase Ras Homolog(RHO) family= A3 actin cytoskeleton
o ZAHAEA 2 dHA ded WA FFF F Axo] AMEY o]
T B3 AEREE £ 243 E Aoz Iy A Ay RHO GTPases+=
) o =

< 24 2 9" A7 ol T3 4EE s AlE

MiR-1247h RHOGE EAsigozd wal Axe ®ae 24 dvhs
AT Azke olv GeiA QEU(0) ALY AL S 5L B
Aste /BA A5s AAUFE FelA QA @A, Bk B AT
o M= utA AT A A miR-124 =¥ 1o wel RHOGY] ¢ &
AsNGons ATPESH F4 L FAAfe] 27 A

YAE S Age] AsA Ao G E Algstaa g



AR L Py

21 AIZF 2 AX v

2 ATddE APH SR ol e B QXF WA A EF
¢l ARPE-19 Al3¥E American Type Culture Collection(ATCC, Manassas,
VA, USA)ol A +938te] AFg3tdth 2 AEE 1% penicillin/streptomycin
7 10%°] Feral bovine serum(FBS)E 3233 Dulbecco’s Modified
Eagle s Medium¥ Nutrient Mixture F127} 1 : &3t"Y DMEM/F12 =

D1 iAol A 37 T, 5% CO.9l o= wjFaldth

2. et ARTAFEY WAA miRNA-12423 9 Ao A

WA A A e vt "ol wE WA miR-1249 oA e
T=L xA1E7] Y8 ARPE-19 Al £E 6-well plateo] sjkstgdch A2
A wieke § zb7b 24, 48, 72, 96A1%to] mle] A ZRNAE FEF3HaL wle]
A2ZRNA AA7F AHAH FdF2AH93(real-time quantitative PCR,
aPCR)EA S stk 2k AlF oA A<l RhoG & & kel 4
= #8 @A FAel FEeto] A wF viAlE AAG H, Al
X E phosphate buffered saline(PBS)Z 33 Al&3tal QIAzol(Qiagen,
Hilden, Germany) &3l A& AF&3le] total RNAE FZ3F T MiScript
II Reverse Transcriptase(Qiagen, Hilden, Germany)Z A}&3Fo] total
RNA® 1 pg aliquot& @A AIATh QPCRE QuantiTect® SYBRY
Green PCR Master Mix(Qiagen, Hilden, Germany) % Bio-Rad CFX96
Real-Time PCR #H% A|2#®(Bio-Rad Laboratories, Hercules, CA, USA)
S AbgEte] S E AT MiR-1249] wae 27T iRl e ALgsle] iz



7 RNU6 RNA %+ miR-169] @3 o g Aqts}t o3l

23 @ud By BA:

¢

APRE-19 Al¥o A @l dS FZ317] fef 2dEE A8 A7t 98
H AEE PBSE 33] A&t lysis buffers H7Fste] 308 %<F &a)A
Z1 % 13000 x g& 4 CollA 15%7F 94 #elste] Axw A& 5= A
ARtk @A F%= Bradford® S ©]&3 protein assay kit(Bio-Rad
Laboratories, Hercules, CA, USA)E o] &3l A=k sFAth 10 pge o9
A& 8-15% SDS-polyacrylamide(Bio-Rad Laboratories, Hercules, CA,
USA) A5 o]&3te] 1005EA 6021t 7] 455 AASEATE 7] <
ToR Eed didE FAIA wh-& &eolskAl 871 $lal nitrocellulose
membrane©. = transferst A th. ¥ o] o]FH membrane> 5% skim
milk® blocking 3ttt L&} A= 1 0 100002 3435te] 16A]7F FoF
4 ColA WAzl F Tris-buffered saline Tween-20(TBST)(Amresco,
Solon, OH, USA)&E 33], 7} 53k AlH &) oz FAE 1 @ 30008 =
B4 ste] 243F Eot A2elA whg Al $ TBST= 33|, ZF 53 Al
kAt Al#o] EY membrane Enhanced chemiluminescent detection
kitE ©]&3te] ChemiDoc™ MP System(Bio-Rad Laboratories, Hercules,
CA, USA)olA @ud dadzks Slsiqivt. w4l ol dhgd gfo] gt
Agx B8 Image] ZZ1¥(National Institutes of Health, Bethesda,
MD, USA)& o]&3ste] z wuld wi=9 5 GAPDHO 2@ oz 1

4549

04, AT AEFY D 24 BA:

ARPE-194 £ & 96-well plateo] Z}Z3dtiL 24A17F 3 Lipofectamine™
RNAIMAX(Thermo Fisher Scientific, Waltham, MA, USA)A] ¢FS- o] 83} o]



vlo] Z2RNA mimic negative control(miR-NC)(Thermo Fisher Scientific,
Waltham, MA, USA)¢} mirVana™ miR-124 mimic(miR-124)(Thermo
Fisher Scientific, Waltham, MA, USA)Z 37 T4 &% 5% CO, X7}
A E = QlFtHlol Bl A 6A17FEt FE FAAFT A 79 2447 Fo
ME2] A& B3 5-bromo-2'-deoxyuridine(BrdU) &% #4& A3 3
o AlEZ AAELS CCK-8 4202 3715 %lal enzyme-linked immunosorbent
assay(ELISA) kit(Roche Diagnostics, Basel, Switzerland)E& ©]-&3}%1
HieF WA S Al Astar PBS® 3W AlH g $o 90 pLe] FE7 wiA ¢ 10
uLe] CCK-8 Al2Fe &33te] 96-well plateo] F7FsFit} 4A17F vl 5
microplate reader(VersaMax, Molecular Devices, Sunnyvale, CA, USA)<
AbE3ste]l 450 nm 3] FRERE WA HAES Fd8AY. BrdU £ &
A2 ek wiAE A ASH PBSE 33 AlH s & BrdU by Alefks )

iAol H7bekar 241%F Fob wj st 241§ wiek wiA S A A St
A, HAES Aldstal anti-BrdU 3 & A tholA| &

& Q&%

R
ST

A
o}, A= vpz 7R 2 microplate readerol A WA HES A3

2

5. WA A Ay Al X9 Transwell migration £4:

ARPE-19M X E 353 & miR-NCEE miR-1242 77 6A]7F&9F 3
d FAAN 5, AEE plateo] A Egdto] FEH Ao L=2A AHF
ok G5 Ao mlo]AZRNAVE 84 F4E AEXE FFska 10%
FBSE &rdhes wWiAE 7+ welle] sh5- AWl H7pskltt 37 Tof 29
5% COys =7k A% = datHlolEol A 12413bsqt widh 5, 8 um pore
9] polycarbonate membrane insertS & 33stA] % AXE0] A= AH A
ol A=mS "Hyrd HE o7 ol al polycarbonate membrane BFEF
o7 o]&3dt MXEE 4% paraformaldehyded] 5%3F 314 3}3 haematoxylin
o7 AAEAT. 9 v A (CKX53, Olympus, Tokyo, Japan)S AR&



sho] wAlm AAH 3] Pl AEFE AFAA
6. HEAARI ALY AR 2§ BA:

ARPE-19 A2 12-well platec] o] 100% C== 3t 247
miR-NC¢ miR-124% Jd FJAZ 5, ARG G FAol F4o o
FA AFE A7) $18] 50 pg/mL mitomycin-CE 1A17Hs<F A& &)
Atk o] F PBS®E 33 A3 3 200 pL ¥3 §S o] &3t 7 welld] T
Ao Ay gAE wrEQld PBSE 3H A3l BelE AEE Al
3 H 1% FBS7F 38 iAol A 4841 7FE <k vl sttt A E wHE Z
S-9F 24z} 16A1%F, 24X, 48AI 3ROl 913 AF dAn e o] &8t A
dAe & A=E 7|Fsdd. 24 AlA
2O ol &sto] Holds e WA

Baho] Al @ stgl o,

Ol

2.7. Phalloidin |94 R WA X33 AH:

ARPE-19 A¥XE 4-well AMX ¥Y¢ <So]=(SPL Life Sciences,
Pocheon, Korea)oll 3}&3stAth AlEZ vl 2443 & v Eefo]l= ) H
2k Al WA o] 50%-60% ¢l E%"tﬁ% o, miR-NC ®+ miR-1245 32
T AT PBS® 33 A& 3% & 4% paraformaldehyde® 30%7F 114 A
Atk oA 29 Ao Filamentous H¥ES ##37] 9dl HNEE
Alexa Fluor™ 488 Phalloidin(Thermo Fisher Scientific, Waltham, MA,
USA)3} Hoechast 33342(Life Technologies, Carlsbad, CA, USA) Ao &2
AT o] F AEE 04%(v/v) Triton™ X-100(Sigma-Aldrich,
StLouis, MO, USA)°o = 1587+ wjgst = 1%(w/v) bovine serum
albumin® 2 15%%F  blockingdt1al  0.1%(v/v) Tween-20°] %
PBS-TZ 30&-&<t AHsdt). Ki-67(1 : 200)(Abcam, Cambridge, UK)

A



A2 FAE 4 CollM 124753 vl FE F Alexa Fluor® 594(Molecular
Probes, Eugene, OR, USA) ©|x} &A|& Ao 2417 w3t} o] =
PBS-TZ 5&7F 33 A#H3g Fo 4’ 6-diamidino-2-phenylindole(DAPI) 7}
&-5-% Vectashield® mounting solution(Vector Laboratories, Burlingame,
CA, USA)e= Asdd. Z+ Egtel=v Ay 3 Av A (Zeiss,
Cologne, Germany)2o. = ¥#zslal oln 2= AxioVision SE64 W7 49.1.0
A E o] (Zeiss, Cologne, Germany)E AF&3le] AT Ki-6744 A2
o] = FASNR A4 7] g AAANA AFska Ki-67/DAPI ¥4

MEE R g 2 AXsEA
2.8. T 2v= P& 7Y ¥ Luciferase Reporter ¥4:

FA49 E luciferase Eeh~m|= B RHOG mRNA 3’ H ®9 <49
(untranslated region, UTR) Z#t~Aw]=% LightSwitch™(SwitchGear
Genomics, Menlo Park, CA, USA)olA F43tdth AlEE 96-well plateoll
&5t 7, 24412k AF g plate WF-S FAE AxE WAl oF 70%
TgdS o, Lipofectamine™ 3000(Thermo fisher Scientific, Waltham,
MA, USA) AleFS AFEste] 29 iz == RHOG mRNA 3 UTR
luciferase F&t~r= 2 miR-124 =% miR-NC2 6A17F &<t 3% I4
FUAA v 2473 Ft widsid. dd FdE AExE 4T 71E &
Aoz FIAAHTE 30 &k gt o, Zb well?] luciferase €4S
luminometer(Berthold Technologies, Bad Wildbad, Germany)Z A}-& 3}

Az BE 49e 33 W Adag



3.4 4

3.1, FHAALAI M EZAA miR-1249 RhoGEY W<
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FA Fd T 24ANTAN Ki-679] WA XIS AP S o
miR-124¢] & FYJ& Ki-679 AEH W S FosA #ZAAAT
(198 2C&D).

3.3. MiR-1249] F2-Fo] o3 WHAMLYIAELY FA

7

o
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WE,
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o
o

A EY A AFE FoeA FAAFHTHTHE 3A&B). E3F transwell
migration A& miR-124¢] #}i3d-& 9ol 8 ym poreS E 3= AlXE
o] & o8t BARAATHE 3C&D). MiR-1249] #bdol ok AlxE
o 54 Fxol WA= IS skl 918 phalloidin F4s F 30
filamentous 4 ¥le] W3S HIFsEAT MiR-1249] d2 F=4 A, A2 74
Al H- lamelipodia®l o] FolstA FHastdth e AE AAFE
ARl §5S SRR st 724 WIyl fREHJATH2E 3E). whd
Zol WA miR-124%d S 23 st=% HAAE miR-

As Fd FAAES W 16, 24 Z 48AZF wj ¢ o] Wbt
o] AA AfreHe AA FEEAARTH 4A&B). =7, miR-124
A= transwell migration #2414 WS I A EL] o]lFS A F7F

tH1¥ 4C&D).
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TargetScan XZ=Z 13 (WA 6.2)(http://www.targetscan.org/vert_61/)= A}
&3 AlEdeld B4S Adste] miR-1249] FHREAALE S A=
RHOGE= AlZolA lamelipodium® A 2 243 #AE FHAEH oln
2 defA 9lomn Iz RHOGO 3UTRS #AMAS wf miR-1240] <4

w48 9 5 Qe B4 A9 FARAHIY 5A).
3.5. MiR-124% RPEAI X |4 RHOG 3’ UTRS AR EH:

RHOG 3’ UTReo| WA Ee A miR-124¢] %4l d Ao=

o =3 Al EdolAd B4 7¥te 2 RHOG 3' UTR reporter = 2h2~1]
= AESs AgstAth #2329 tE reporter ZEAvE FAH FYd A=

miR-NC =+ miR-1249] 32 F9 o] luciferase?] Ao <3S n XX
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2 RhoGe]

miR-124

ki3
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90UBNUOD (8D

P
A

et
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Q v O 1w o w o
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Buiye|d Jaye Junood |80 anjosqy

0 24 48 72 96
Elapsed time after plating (h)
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(C) 2447wt}
miR-1249] L& %

JEL e

Q1. 24-48A] kA ol

»

w

N

-

(normalized by 2-AAC'T method)

Relative expression of miR-124 per RNU6
o

24 48 72 96
Elapsed time after plating (h)

v uk Ay i/}},\ﬂ /\ﬂ i

) A ol A RNU62 =3
S Yed agz AEE 9E T 43X A H
A& 7EAske] 96AI A o 244 1A 2] 50% =

24 48 72 96
E——
El—= |
[ rrre=

Cyclwn D3

GAPDH (Bt

%77 A7 % RhoGo
SRE

(h)

21kDa
33kDa
36 kDa
31 kDa

37 kDa

= 2=
ag 5

do

MN

= daw.
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miR-124 |42 4o a3

ki3

<t
N
0
=
=
<

e
<
[N
T
~

S

ol mj |

Cell viability

2
o
=4
[sa]

o

e o e o
N
-

Hun Ay (WwuQsy)
Aysuap jeando anneey

o o o o
284
1

nun Aleagly(wugLg)
Aysuap |eando annesy

BrdU 243 CCK-8

F=090
i 0 =2

3} 4

94

B) Al

MiR-124¢] &4

2 =4,

(continued). * p < 0.05, =x* p < 0.001.
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Absolute cell count

C —
—1 40 5
E <+MOCK -
5 *miR-NC
S 5 Jl*miR124 *xx __.+
-~ -
: *kk .+'“F
= T
E oy
8 204 {*
et o
8 e
o 19 -
e
Q
w
o
< Platng ~__0h Z4n n

Time elapse after TF
(C) MiR-1242 g4 F4 5 Azt w& gy Alxe] Ao AX
T 2YZ miR-1249 FHE FALS ol Bl FoskA 24X A H

Ad) MxFo F7HE A === p < 0.001.

-

miR-NC MOCK

miR-124

(D) MiR-1242 & # i ' 57
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variance, ANOVA)9j|

2EE F3 #AE

E 100 -
£ 80 4 NS
E5 g -
8 <
& E: kK
& 20 A
o A
Y T
OO'?‘ ’R’Vo 4{’97
S 7H BE AlEZAA UERY Ki-67 ¢ AlEZ e
T2 3l miR-124 FYPwolA FAHE] TAHE. d
HAHSD)E YeERAY, ©dE BAREA (Analysis of
o]o] ¥ 7]9] honestly significant difference(-ISD) E|
o]E 9. not significant(NS) p > 0.05, *** p < 0.001.
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a9 3 YA LG AE EEAdl i miR-124 F2 Fde Zt

miR-NC miR-124

(A) B LG AEZE 6-well plated] wiFste] & FFE °olE F

A% 4AE NI MFE AFe WE ovA. miR-1249 FA FYL
whgS

B
H iR-NC
[ ] miR-124

120

- -~

c =

g = 100

: 3 _* (p=0.026)

= a0

8%

[L=% *% (p=0.002)

'5 @ 0 —

n o

B o

=g

© 3 20

=

Qe

xr =

Oh 16h 24h 48h
(B) MiR—NCQ‘r miR-124¢] & T F ko AAY A 499 A
L 2AAZE o F5E EASoR folahl miR-1249) BF FY¥

%94 Zro] A g o] YA S(continued). * p < 0.05, = p < 0.01.
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=)
o *%
c Q 50,
£ 400
=
5
300 -
8
= 20 A
[
g 10
S o
k=, o D,
S %, R,
(@ eq

(CO)&(MD) MiR-124 & F 24A 7+ & b LA T A E 9] transwell
migrations 2213 A S W] miR-1249] & F¢ o] miR-NCeol| v&] #9
o

SHA| transwell migration® M| X7} 405, Bar, 200 pym. ** p < 0.01.

E miR-NC miR-124

-y,
(E) Lamellipodium 37 2 filamentous ¥l 55 &<1st7] $13l phalloidin
AME A3 miR-1249] A Fo] 2] AE2 lamellipodium 3 A ©]
AAH I Aele] AE HA $Fo

T

dojd. dolH+= Hit + SDE YEY.

|
JHe SdEd 04 e2 &4, Bar, 20 um.

o
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a9 4 AL AE Aol tid miR-124 SAAl FE 594

miR inhibitor-NC__miR-124 inhibitor

(A) MiR inhibitor-NC X+ miR-124 inhibitorg ¥4 FYAIZ1

Ao ze) 4A A% 249 ANE wAFE dEA ofuA.

Il R inhibitor-NC
[ ]miR-124 inhibitor

-
N
o

%p=0.037
™ %% p=0.001

-
o
o

o
o

*% p=0.007
~—

[o}]
o

B
(=]

[~
(=]

Remained scratch wound
(measured area per 0 hour, %)

Oh 16h 24h 48h
(B) (29 4A)9] A EX(continued). * p < 0.05, ** p < 0.01.
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Cc

(C) MiR inhibitor-NC%} miR-124 inhibitor® &2 F4¥ o2 243 A

¥ Z AFE3 transwell migration®] thEZ <l o]u| ], Bar, 200 pm.

D _— *
Doa0q T
&
c
= 300 -
-
c
=
8 200
3
< 100 -
@
Q
o
o 0-
s P Py
Yy, %
o) ¥,
B B
%y, %,
°C .

(D) (2™ 40)9 FAIEA. dolH& Hir £ SDE YEldY, dHolHE &

WEE Ao R BAHAL « p < 0.05

o
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719 5. RHOG mRNA 3" UTRel Agtel= miR-124 #4].

100 200 300 0o s00

Gene
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MicroRNA-124 controls proliferation and migration of
human RPE cells by targeting RHOG

Son, Myeong Jin

Department of Ophthalmology
Graduate School

Keimyung University

(Supervised by Professor Jun, Jong Hwa)

(Abstract)

The proliferation and migration of retinal pigment epithelial cells plays
a major role in the pathology of various retinal diseases such as
epiretinal membrane, age-related macular degeneration, diabetic
retinopathy, and proliferative vitreoretinopathy. Small GTPase RHO is
known to regulate the proliferation and migration of retinal epithelial
cells, and among them, RHOG has been reported as a major target gene
of microRNA-124 (miR-124). Therefore, miR-124 has the potential to
regulate the proliferation and migration of retinal epithelial cells. After
transfection of miR-124 into cells, an enzyme immunoassay for WST-8
and BrdU was performed to quantitatively measure cell viability and
5-bromo-2’ deoxyuridine (BrdU) binding. After miR-124 was

overexpressed in cells, the expression ratio of Ki—-67 to the number of
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nuclear staining was calculated. Wound healing ability and cell migration

were analyzed under the action of miR-124 and miR-124 inhibitors, and

changes in cytoskeleton were confirmed by observation of filamentous

actin through phalloidin staining. After overexpression of miR-124, the

cell viability and proliferation of retinal pigment epithelial cells and the

ratio of Ki-67 expression/DAPI staining were significantly decreased.

Wound healing and cell mobility also exhibited effects on the

intracellular inhibitors of miR-124, which also significantly decreased. It

could be observed that lamellipodia significantly inhibited the motility

that can observe filamentous actin. In the target gene identification

assay, miR-124 and luciferase 3' UTR luciferase activity are drastically

reduced. Inhibition of RHOG by miR-124 reduces cell wviability and

proliferation, wound healing, and cell migration. Through the results of

this study, it was confirmed that miR-124 is involved in various

physiological regulation of retinal pigment epithelial cells.
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