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ABSTRACT

HOXC6 mediated miR-188-5p suppresses
a FOXN2 tumor suppressor

SEHO-JEONG

Advisor : Prof. SANG-GUN AHN, Ph.D.
Department of Biodental Engineering
Graduate School of Chosun University

Homeobox C6 (HOXC6) is a transcription factor that plays a part in malignant
progression of various cancers. However, the roles of HOXC6 and its regulatory
mechanism remains unclear. In this study, we identified key regulatory interactions
responsible for HOXC6 mediated-cancer progression by miRNA regulatory networks.
In microarray profiling of miRNA, miRNAs, such as hsa-miR-188-5p, hsa-miR-8063,
and hsa-miR-8064 were significantly increased in HOXC6 overexpressed cells.
Higher positive expression rate of HOXC6 and mir-188-5p was observed in
malignant cancer. We also found that HOXCG6 significantly up-regulated mir-188-5p
expression. The underlying function of HOXC6 mediated mir-188-5p was predicted
through TargetsScan and MIRNA Database. The overexpressing mir-188-5p
downregulates the expression of FOXN2, a tumor suppressor gene. Furthermore, in
luciferase assay, mir-188-5p bind to the 3-UTR of FOXN2 and is mainly responsible
for the dysregulation of FOXN2. Silencing FOXN2 induced cell migration and the
effect of FOXN2 silencing was enhanced when the HOXCG6/mir-188-5p signaling
pathway was increased. These results suggest that HOXC6/mir-188-5p may induce
malignant progression in cancer through the inhibition of the activation of FOXN2
signaling pathway.
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l.INTRODUCTION

HOX =& Xt= homeo box REXNE 2S=totH 1990

S YHIUJUCHT]. HX |AX= Hiotel &, MZo HEHZ Ml =shxer otllct

]

melol vioh oA X

B

apoptosis, differentiation, motility, angiogenesis, S2 CIZ&H signalingsS

regulating ot O ZZsHCH?2]. @12v2] HOX gene Family= 4JH2| cluster2 LisE 39

el FEXIE SoHJASH 2 cluster & 91101 RAEXUZ LIECH HOX RE XS] D)

ZJ| =Itelo HHor Zd 2 XXl HHNEN FES = A2 SHOIZAUL
O

[3]. 22 =0 HIOA HOXA2H HOXB=2Sl SEX L& 0l SIt5HH HOXB5Sl B HIet Il
O

N

0

GOl £S5t HOXBO2 JIL0lAM ZSEICH S8, HXA92 &2tz OlLt TIEIZ Ol
LSO HOXAS-112] B2 22 ¥ Z= 2L0AM LSIJALH. HXBIE SFTAF2=Z
Lol = HioF YEUA SOtotH TE 2 220l HOXA102l &&0|l g8s F=
oz 2N JULH4]. 0122 ZES 0 SAE Y A2AECH HOXAlE 224
4 A LHOl 014t BSAS (Bosley-Salih-Alorainy syndrome)E 223|0{ HOXBle=
ME RELS, 434 otEH Otdl, AtAl S2f 281 H20] UCH. HOXC132 E2 ¢
BiZEol SHHOIE R 2 2 &S0 01883 SLEHC. HOXD4= OFRAMNA
dF0 HEs RYUSHH. OIME HX RAXSE 212te] YN 204 8HTH5]

Z 20 HOX |R&EXsE 20HA BLSCH ot EXHQ YUsHE2 THGH 20 =S4
£ ROSCHD LHATCH HX REX 2o AN Y, Y, ML,
S T2 20AH =eIZACH. HES HEZ0 M= HOXB6, HOXB8 HOXC8, HOXCOSl &
Ol EUEACH OIS L2 HESMIES CrYst stagell A cancer 2l development

=2
1]
=}
o
[

HOXB7= /n vitro W in vivolld CHELMZIELl proliferationit
tumorigenesis O 2043tH, cyclin DI1E upregulation StHLE p21€Pio|
downregulation2 S %Gt MAPK pathway®t PI3K pathwayE & &3t StCh. S8, e
HIEZZUH M= HOXAS0 2IoH apoptosisIt &% proliferation0l S HMI=CH. HOXB13
= SYAUAN WSSO estrogen receptorl EEAH IL-62 LEHKRETE Sol(
NEZSl EUssEgE SIHAIZICH 0oz MBHAUMAM= =Z HOXC4, HOXC5,
HOXC6, HOXC8JF =8t HOXC =&EXIJF MUS L, HOXC82 WLSHE M9
Invasiveness Lt MetastasisOl Z&8tCH[5]. OIHE HX SAEXZ2 LUHAM EF
target2l E& S XZEGINM cancerll developmentOil 2t048tCE.

£ol. HXCee dHEHY, =2, HIQUFY, MBANES, AT, Hl2A

Hel
=
02
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Ol HOXCeOll Slof =S mir-470801 MOR1Sl 2= XZEGIH LML

ZEBH

P2 22 AFAZNUE JIBLZ o0 = g70lle 2 Al

Ol Z0otd HOXCoOll 218t mir-RNA 188-5p2l & HstE &0lotdl, £,
188-5p2 MZ 2 target RENZ SLAMF LA FOXN2E 2CIGHAL.
g

[—

—

222 migrationg F<ole MZ2 JI8Z #YolRUALCE.

Collection @ chosun

= H1= HOXC6 == mir-RNA 188-5pJt S M K& Xl FOXN22| €& S AMIGHA,



Il. MATERIAL AND METHODS

2.1 Cell culture

FaDu, HEK-293 2 NIZ== DMEM 10% FBS 2t 100 ug/ml HILI& &l
AEHEDOIA O &R HHXIOMAM BHSEEZIARSO, BHLDS] &&F2 37T &
5%2 MM BHSZIACEH. 80~90 %2 densitylllA MEE AMSotA2H
MEBZE 1mLe EgalES 0l23at0 2 mLe Complete DMEMSZ
SSHAIZ 20 1000 rpm, 220 |AZ2IoHH  Jtetete& MEE ChAl Fresh
DMEM22Z resuspension ot Hi 26U CE.
2.2 Cell transfection

FaDu cell £ HEK 293 cell2 seeding & 24AI12F S0l M BHXIZ Z0tE =
ANEGIF M 220 AN et 1) == HOXC6 vector, 2) U=zt
SIFOXN2, 3) CHE== I} mir-188-5p vector 4) HEZ, mir—-188-5p mimic, 1t
mir—188-5p inhibitor2 Al&5ISCH st O &&= mir—188-5p
mimic(5’CAUCCCUUGCAUGGUGGAGGG3’), mir-188-5p
inhibitor(5’CCCUCCACCAUGAAGGGAUG) (genepharma),
SiIFOXN2(GAGAUGAUGUGCCAUCCUU) (bioneer), pCONA4.1-hoxc6-his-Myc,
psuper—-mir—188-5p( mimic vector), psuper control vectorJb AFZ25HS L.
plasmid2l Z < optiMEM (gibco) BHXI2t transfection regnantZ Fugene 6
(promega)E AIZ0lIFCH = ZZ2E2S [t A8 S 48A12t £ ME

UCH E8t siRNASl 22 lipofectamin RNAimax

(thermofisher)& AIE6IA 20 lipofectamin RNAimax 2& Z2E£20( et

SELES AMGHAL
2

i

.3 Micro array analysis
HOXC6 2| Z& 0l E miRNA 2l HatE EItot)| ®Iot Fabu cell Ol
HOXC6 2| MEHES SEotU2MH control 21 HOXCE DS BIE N 2t

MiRNA & & 2 affmertrix miRNA Expression Microarray Analysis £ Al&4oHM

fob

FOIGHRILH. 21 & OIOIEE Cluster analysis—Hierarchical clustering heat map,

J

Scatter plot of expression level, Bar plot-significant & ZAICZ = Z
HEGIACE O HIOIEHE JIgteE E&8 miRNAE HdE3IR 20 targetscan,

mirwalk, mirDB £ 0|35t miRNA target = E 0I5 L.
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2.4 RNA extraction, reverse transcription, and quantitative realtime
polymerase chain reaction

FaDu 2 HEK293 MIZ= PBSZ washing & RNA isoplus (Takaka)S S350
2L AJ2M chloroformE& S8t 22l = isopropanol & 2 70 % ethanol2
=0 mMRBNAE F=0IUCE. quantitative realtime polymerase chain reaction2
analyjenaAtll g tower 2.28 AI206l0{ +=&oIRA2MH, =2
GoTag® 1-Step RT-gPCR System kitE AIE0t0 E& ZZ2EZ20 2Ioh
TOLEIACH. mRNA & &01o] A< M-MLV Reverse Transcriptase (promega),
oligo dT (promega)E AtE56t0{ 2t= cDNAZS 0|256+0 & QlotRACH 229
primer= GAPDH (5° CCAAGGTCATCCATGACACTTTG, 3
GCATTGCTGATGATCTTGAGGCTG) FOXN2(5" CCAGGTCTAGCGTGTCTTCC, 3’
AGCCACTGTCTCCAAGAGGA ) HOXC6(5" CAGATCTACTCGCGGTACCAG, 3’
TCCTCTTCTGTCTCTTCCCGC) mir-188-5p (5GCAGCATCCCTTGCATGGTG, 3’

FOXAO dgalaze

HH _J

GTCCAGTTTTTTTTTTTTTTTCCCTCCAC)It AFEERUCEH 95 C, 5min -95 T,
30sec — 58 C, 30sec — 72 T, 30sec —-32 cycle, 72 T, 5 min =222 PCR
ot A L.

2.5 Western blot analysis

NIZE2 PBS washing & harvest ol%CH MIZ EXE=S2 RIPA buffer 0f
l_|- H XI I{aH:HO.“ [:[:l. |.

=2 o

Z0ol &l 01, bio—rad protein assay dye reagent £ 0/&8t H

£ EOIRMCEH 10 well 10 % SDS-PAGE (20ug/well)0l sample £ loading &
MBS MASIR2MH 01=F PVDF membrane £ ALE5HN transfer SHALCH 5%
skim milk 0l 2 Al2t blocking & TBST 2 3 ¥ washing ot HC 4c 0IAM 1 Xt
&M (HOXCB, FOXN2, b-actin ) (santacruz) O.N 6t0f 2= = 33 TBST &
washing GOtRACH 2 Xt &XME RTUHA 1 Al2ZF & = 33| TBST 2 washing £
LAS-1000 plus(Fuji film) 21J1E 0l8dt0 &2 =&AL

2.6 The Kaplan—Meier plotter
HNSCCOHIA mRNA & miRNASl /&d Hil= LU0l & LAMUOIHE

I &tol= Kaplan—Meier plotter (www.kmplot.com)S AF=Z0t0 HOIoIHLCH &
SRS HZF JIXl EIIE 2ol &A B2 |SEXS 23 et & e
5

Collection @ chosun



DS EZ USRUCH Kaplan—Meier plotter & 246 S
mir—-188-5p2 GI=E EIIGIUCH ME XS 2U2H, HIIM FE ==
el EX OtcHol EAIEIRUCH 95 % &2 F2t2l 27 =9 p- & & fIE HIE
(HR)OI AHIAFEIOf HZ Ol HEAISIRACE.
2.7 Plasmid vector construction

miRNA expression vector 2! pSUPER plasmid 0l hsa—-mir-188-5p £
cloning otJ1 ?lo hsa—-mir—-188-5p primer & &6t L. Forward:
GATCCCCCATCCCTTGCATGGTGGAGGGTTCAAGAGACCCTCCACCATGCAAGGG
ATGTTTTTA.hsa—mir-188-5p primer
Reverse:AGCTTTAAAAACATCCCTTGCATGGTGGAGGGTCTCTTGAACCCTCCACC
ATGCAAGGGATGGGGG. (Macrogen, Korea). PCR =212 95CHAM 3 22t
denaturation, 95 T 20 &, 35~55 C 20 &, 72 T 20 =, 35 cycle, 72 CUHl A
5272t extension & Soff €2 PCR Mat== Bglll @ Hindlll 2 digestion otX
pSUPER basic vector 0l ligation atCH. FOXN2 3'-UTR = pMIR luciferase
report vector 0l cloning at21 flal FOXN2 3'-UTR wild type 2 &4adl0d
AMESHRLCH FOXN2 3'-UTR,Forward:
CCCAAGCTTGGGCAGGCATGATCCTAACAGCAATTG,
Reverse:ACTAGTTCCACCTTGCTGGAATTCGT € 0l&0st 95 C, 5 min, 95 TC,
30 sec — 56 C, 30 sec — 72 C, 1 min =30 cycle, 72 T, 5 min ZH2=Z
PCR GtALCH. FOXN2 3'-UTR wild type £ luciferase vector (Ambion)0il cloning

ot plasmid € HI& 6L

2.8 DualHuciferase reporter assay

12 well plate 0l 2.5*10°cell/well 2 seeding &t FaDu & HEK293 Al ZZOfl
PMIR-REPORT™ Luciferase (ambion)0ll FONX2 3'UTR 41-55 ¥IXIE Z& 5}
254 bp HHEHZ &B vector & mir—-188-5p 2 FOXN2 mRNA 3'UTR £ 22
ZES Eolot)| oM 4I02( tH==2, vector , vector + mir—188-5p inhibitor,
vector+ mir-188-5p mimic) A& S LIFU2MH 48 Al2H0] XL =
dual-luciferase reporter assay kit (promega) 2| protocol 2 0/&3dt0 DTX
880 71712 450 nm E&E =HGI0 activity E SEHGIAH 2

H2Fgto 2 L0 normalization o+ L.

rr

C}YH &I
[ 1

Collection @ chosun



2.9 Wound healing Assay
MXE= 6 Well dish 0l 2Zrwell & 6*10° el MEZES
control 21t siFOXN2, control @13t mir—

inhibitor @222 LIH O transfection 2

St

22 Wound € MH3IULE. PBS = 2 ¥ washing & BIXIE WXGHACH A=
B2 S0IZ22 &KX 222 MAIZS EIOU2H 24 Al2H0l Xt = HEIFSHH
S AR 2tol A X 2I=E EHOIoHL. A4Xe 3=SE2 image | E SotH SE
=S 5 HE 23 XUE HESZ LIEUWULCH
2.10 Statistical analysis

SHE OOIHE= EXCELS 7l HFEBXIE F&8 = & 18 262 HE=
student t. test Z2& S S0t & EHUALH 01 P2 SHSHE K9 =F2
*p<0.05; ** p<0.005; *** p<0.001.0|0 Ol= SHEL=Z =20t

Collection @ chosun
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lIl. RESULTS

3.1. HOXC6 & MU A2 micro RNA expression microarray
analysis

2HIANM= HOXC6S LEHREI miRNA ZEHE HEAH PHSIAIII=X &1t
Jl 2ol FaDu AMIZ=0 pcDNA 4.1-HOXC6, 2t pcDNA 412 g&HAE2 ot¢
Affymertrix miRNA Expression Microarray Analysis 2 &0t miRNA ZHSIE &
QIoIRUCEH O = ZWE Cluster analysis—Hierarchical clustering heat map2 & H &t
StALH. (Fig. 1A) Scatter plot of expression level HIOIHE UHAA2MH (Fig. 1B) 2
B Ol&2 RoOM U= LS HHI= 129001 &IEIRUCt. Bar plot-significant e
£ 0I80l0d 22FoIALD, Ol = LS HSE0l 280 0l4 SItst 3= 38IM0IH
Oi==2 Oidl ZEEb Olael &S0l Zadte 22 91MIULCE (Fig. 1C). Rele UOS
A2 foiM 38 =3t 910 ZO0IM S Bset |KRAHZS EOQIGHH mir-
188-5p, mir-1281, mir—8063, mir-8064 & 412 FE2=2=2 & FSIULH
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Figure 1. Comparison of miRNA profiles. FaDu cells were transfected
with  HOXC6 expression plasmid for 48 hours before subjected for
human miRNA Microarray. (A) Heat map of differential expressed miRNA
between control and HOXC6 transfected FaDu cells. Differential expression were
demonstrated by the color. Red: up-regulated; Green: down regulated (B)
Scatter plot version of the heat map from (A), highlighting the statistical
significant difference between control and HOXC6-overexpressed cell (fold
change > 2). (C). Number of significant differentially expressed miRNAs in

HOXC6-overexpressed FaDu cells.
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3.2. HOXC6 =<0l & 44 2=2 quantitve RT-qPCR

micro array 42 SoilM 42 miBNA 22 (mir-188-5, mir-1281, mir
8063, mir-8064) £ S &SIRUCE. 01X S| micro array GIOIEID} in vitro HHIAE S
tOIGtD| ?Ioil FaDu cell0fl pcDNA-3.1 HOXC6E transfection
ot 1) 48AI2F = harvest ot HOXC62 Z&= =QIoHALCE. HOXC62l s
RT-PCR1 WB Sot SCITIA2M, 4J42] miRNALl Z€& 2 Quantitative Real-Time
PCRZ =QIotALt. 11 Z1 HOXC62 E&2 H&EME & Fabu MZOIM HEZ O
bl 2F 3UH2l mRNA2l Z& 0| SII6tRAULE. (Fig. 2A) HHE L2
A BICE. (Fig. 2B) HOXC6 &0 HE miRNASl Z& e #Hgt
ol Quantitative—realtime PCRES AtE0ot0H A&EE 412 miRNAS £ =S &elotA2
O (Fig. 2C) mir-188-5p= Ui== CHHl < 1581 SIIE B0 mir-12812 < &
Bt 0|ot2 24 mir-8063= 3HH mir-8064= < 28 &2 SIIE 2L 010

2t micro array A2 22 St F=ME 20/ K240l =2 mir-188-5pE =

o
3
=
Jo

10

Collection @ chosun



pcDNA3A-
pcDNA3T HOXCE

B Hoxcs
-

GAPDH

Mo

=9

mRENA expression
[normalized GAPDH)

Con HOXCE

Relative miRNA expression
(normalized GAPDH)
ke
=

i, i, i 3
7 7, 8, )
‘9&% ey 98, Y8

Figure 2. Overexpression of HOXC6 induces the expression of several
miRNAs in FaDu cells. (A—B) Overexpression of HOXC6 in FaDu cells.

FaDu cells were transfected with HOXC6 overexpression vector for 48 hours prior
isolation of total mRNA and protein. HOXC6 mRNA expression were measured by
RT-PCR and gRT-PCR. HOXCG6 protein expression were measured by Western
Blot. (C) Expression of several miRNAs were measured by gRT-PCR. * p<0.05

11
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3.3 HOCX6 2 mir-188-5p 2| & £d A& 22,

miRNA2l Jts&dES EIIot)| <ol SEFRL0AM mir-188-5p L& ULl AIHES
public databaseE O0|&otd "It} LCH A2l AYE OOIH= Kaplan—-Meier
Plotter (https://kmplot.com/ )l CIOIHE O0IE5t0 =HQIGIASH FHFLUAS
mir—-188-5p2t HOXC6It JtXl= fI8&8= XZAGIICH 1 Z23 HOXC6= HR:1.65,
long rank p= 5e-040|0 1 0l4&t9 HRS JIXIH HOXC6EIF & &8g= 2 Ul =
H LEE= 20M =0 X 22 A= =QIGHACH. L8, mir-188-5p2 &<
HR:1.43 long rank p= 0.029 mir-188-5% Ot&JIXIZ 1
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HOXCE hsa-mir-188

-] & 1
— HR = 1.65 (1.24 - 2.18) - \ HR = 1.43 (1,03 - 1.99) |
logrank P = Sa-04 logrank P = 0,029 |
= o
=]

Probability

a6 0
Probability

0.6

b \\ uas =t
o * o . T
r . * ™ bl
o | Expression B o | Expression
low o fow +
=] high = high
2 L q, - - - i [ =T - g. L . - 1}
a 50 100 150 200 ] 50 100 150 200
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Nurbeer aF ik Myrsier of 1k
Jow 213 ] 10 8 0 w132 3] 2 o 0

Figure 3 The prognostic value of HOXC6 and mir-188-5p in head and

neck squamous cell carcinomas patients.
Kaplan—Meier survival curves illustrate the survival probability of Head and neck
squamous cell carcinomas patients (n=523). Figures were generated from the

Kaplan—Meier plotter database (http://kmplot.com/analysis/)
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3.4 FaDu cellllAd HOXC6 mir-188-5p ==0I & FOXN22
gt

g

r

£

HOXC62t mir-188-5pJt O[HEt HES Sol 2AMES SH0 &S NX=AX
SHolgH)| fIoHA mir—-188-5p2| targetE = QIGHACE. HM mir-188-5p2| targetE &
Jl ?loh public database(mirDB, mirwalk, targetscan)E Ol&3dt0f 22 GIOIEHIOIA
O &2 2000 2 =& ==T= targets EFoI¥LD =H
Iz LHAE SEX 5EZ2(FOXN2, RASA1, CTNNBIP1, NF2, DPYSLS3
2t RS LEE2 HOXC6It RTE MEHONAM EOIGHALE target A X2
target2l UTR sequence®t mir-188-5p2te| Z &0l LMSIAS M ZA0tH
E FOXN22| 2sor0l ZAotACH ek HOXCe % HOXCeol 2fdH
mir-188-5pJt FOXN22| Z& 0 Za= ==X =0elot)| i FabDu cellofl HOXC6
2 mir-188-5p2 E8s | OtACH SN FaDu celldf
HOXC6 RHEXE REolU2H 48A12F = HOXC62 Z€a2 WB, RT-PCRZ &Q2laot
ACH mir-188-529| &&E quantitative real time PCR2 Eol &€&
transfection2 Sofl &Cl=E HOXC62 A &g 2 IAH It o
HOXC6 &0l [HE mir-188-5p2 Za2 2 2481 ==2 |24 U
S RAUACH (Fig. 4B). L8, mir-188-5p2 ZIt= target SHBHEIOI FOXN22 23S
Hote g2 sttt JtEoi D, JtEel HE2 9ol HOXCeE S&&t ¢
sample®l Al FOXN2 2SS EOIoEC 1 Z1 HOXCeIF s 20
FOXN22l Z&2 AN 2Adts N2=Z EHOIGULCH (Fig. 4C) L&t A &S
&0k OtLiet mRNASl HIZUIAel B3E =215t 2o HOXC6 & mir-188-5

ot F 2 25 FOXN22l A& Ol 10% =& 2=z I
ol A2 EQIC/UCEH (Fig. 4D) & HOXC62 21 &I OFel mir—188-5pdil

OIXl Eolgt)| <ol f2l= mir-188-5p mimic2 01236t mir—-188-5p2

FSO0 OIh mir-188-5p& &2 <2 306§ Jit0l SItotF 2™
(Fig. 4E) 0l 2 FOXN22l 232 50%Ite 2oL (Fig. 4F) Sz 2d
Cst AN 2ASHUCH (Fig. 4G) Ol0l MetM FaDu cellol M HOXCe2l &&e

mir-188-5p2| WSS Set FOXN22| ZAE FHE &= UULL

X
g
ng ok
e @ 40
m Aorn Ko
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FOXNZ

C HOXCS 185-5p T HOXce s
- 1z
- B [woe  §
E sctin E ] - FORNE g,
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- e
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Con HOXCE
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o
mir-155-58 3 FOXNZ o {@'
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a
g w E 0z [E—_—— 1
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=T =
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] ™

=

] ol .
F, o o, .g;"'}'.
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Figure 4. HOXC6-induced mir—188-5p upregulation inhibits FOXN2
expression in FaDu cells. (A-D) Overexpression of HOXC6 induce the

downregulation of FOXN2. FaDu cells were transfected with HOXC6
overexpression vector for 48 hours prior isolation of total mRNA and protein. (A)
HOXC6 protein expression were confirmed by Western Blot. (B) Mir-188-5p
expression were confirmed by gRT-PCR. (C-D) Western Blot and gRT-PCR were
conducted to analyze the protein and mRNA expression of FOXN2. (E-G)
mir—188-5p mimics inhibits FOXN2 expression. FaDu cells were transfected with
miR—188-5p mimic for 48 hours prior isolation of total mRNA and protein. (E)
Mir—-188-5p expression were confirmed by gRT-PCR. (F-G). Western Blot and
gRT-PCR were conducted to analyze the protein and mRBNA expression of
FOXN2. * p<0.05; *** p<0.001.
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3.5 HEK293 0OlAd HOXC61 mir-188-5p =<0l IIE FOXN22l Y& H
gt

A22EOE OtLliet CHE YBUME 22 mechanism@ 2 & &6t=Xl &0I5tD| 2l
HEK293 MIZ0 St AEHS AGIACH. HAM HEK293 celldil HOXC62l WUSHS
SEotJl o HOXC6E transfection GHRULCH 48A12F = HOXC62l Zd=2 WB it
RT-PCRZ mir-188-5p2l Z€& & quantitative realtime PCREZ Z&
2 HOXCB2l CHHA A &2 N ZBIte A2z HOIZJU2H (Fig. 5A)
HOXC6 S =0l [E mir-188-5p2 &2 < 28 =& RoA4 U= B =0l
S AUCH (Fig. 5B) £&t <212 0l200 <

FOXN22l 2 S ARMct=

0l HOXC6E R %8t sample=2 JIHAl 20 HOXC6It ute
2 ZOAS FOXN22| &8 2 30% =22 AN 2AotULC (Fig. 5C) St CheH
Z B0l OfLlict mRNASl HIZolMel ZHes =elst 20, HOXC6 &= FOXN22
82 dAH ZAAZCH SHEHA 2S L5 quantitative realtime PCR2 Z2 12t S AL
StAl HOXC6 S Eotol 2 246t 2852 2BALH (Fig. 50,E) £&t 0 2ot &
& HOXC62l It 0tIt Otel mir-188-5p0 2o Y HLt= Lol =0l

2le= mir-188-5p mimic (inducer)E 0|26t mir-188-5p2 MWL S SEoHYAUL.
1 20 mir-188-5p2l & E 2 2061 JiNt0l SItotA D (Fig. 5F) FOXN22| &
2 50%Ite AR 2H (Fig. 5G) SHHMA & £ AN 2ASHALCH (Fig. 5H).
0l2 SotH <2l= HOXCE2 mir-188-5pJt THE MEF0UAE 201 FOXN2&
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293 cells
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Figure 5. HOXC6-induced mir—188-5p upregulation inhibits FOXN2
expression in HEK293 cells. (A—E) Overexpression of HOXC6 induce

the downregulation of FOXN2. HEK293 cells were transfected with HONC6

overexpression vector for 48 hours prior isolation of total mMRNA and protein. (A).
HOXC6 overexpression was confirmed by Western Blot. (B). HOXC6-induced
miR—188-5p upregulation was confirmed by gRT-PCR. (C-E). RT-PCR, gRT-PCR
and Western Blot was conducted to evaluate the mRNA and protein expression
of FOXN2. (F-H) miR-188-5p mics inhibits FOXN2 expression. HEK293 cells
were transfected with miR—188-5p mimic for 48 hours prior isolation of total
mRNA and protein. (F) Mir-188-5p expression were confirmed by gRT-PCR.
(G-H). Western Blot and gRT-PCR were conducted to analyze the protein and
mRBNA expression of FOXN2. * p<0.05
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3.6 mir-188-5p2 WL FOXN2 3" -UTRI ASHE

e
o

MiRNA= =2 & mRNASl 3prime-UTR sequencelll Z&olH &&
CtD 2™ QUCH target geneldt Z2& 20 8 OIS O public database
FOI EOIBIALCH mir-188-5pJt FOXN2 Ol & & Z&otd &S Nolot=Al &
s

A
=

>
o

e

O
ol

Ir
Jon

o I

9

otJl fIoHl targetscan, miwalk, mirDBE 0|&3dl0 UH=&= Z8 R/E Ot RALCH.
(Fig. 6 schematic) 012 ol FOXN2 mRNAS| 3 UTR 44-51bp ERE L& 6}
254bp HEZ pMIR-reporter vector®l subcloning ot0 dual luciferase assayE %
St Z=HI ofRUCH 2 A&EE& FaDu celldt HEK293 cell0l CONTROL, reporter vector,
reporter vector2 mir-188-5p2 e s &S XAHS Il AgsS JAGHRUCH 1O
Z 1t luciferase activity= ®IEEH X2l& = CHHI mir-188-5p HHMHE HMelst =0l
M luciferase activitydl CH== CHHl 1082 ZSJtot= 20l HRE/U2H, Ol=
luciferase0il &&E FOXN2 3°UTR 29It mir-188-5p2 MoHZ Qldi UTR 222k

Jon

rr

ol

Z80| 24 DO luciferasell 2£&0| Sllots 242 JIEE £ JAUJUCH mir-188-5p
o 322 REst B Mol Meltidl & 40%0Kz L0l dA0te AE &g =
UALCH Ol2M P2 MEZF0HAM mir—-188-5pJt FOXN22l 3'UTR 292t Z&dtH
LS F&S F= S EHOIoIUCHFig. 6A). 0l= mir-188-5pJF FOXN22l 3'UTR
S22 2ot luciferasell €3S Mol S22 oA=Lt 8 HEK293 cellOll =
22 2t TE=EH=X A2 otR2n, 012 Fabu A& |AGHI X2,

reporter vector, SMA X2, mir—-188-5p2 3= KT8 = 412 2= AE6ITS
0 O 2 Fabu MIEZ0 SAletH Dld2l 20& luciferase activitydl &KMol QU
O M, mir-188-5p inhibitor®ll 2ol Xol=l MIZZ0& HA 2SOl 2 18HH2 It

2 ZII =I5 mir-188-5p inducer &M M2lold mir-188-5p2 &= 3
SAIZ2I 22 Mo MOl 2o mir—-188-5pJt MolE MIE CHEl 582 ZAE =g 5
UA 220 =

CH(Fig. 6B). 212t 22 AE2E mir-188-5pJt FOXN22 mRNA UTR

FEot FOXN22l &3 Mot HE 2EE = UL

12}
I
12 0

18

Collection @ chosun



&

.F/)I Luc |—|FOXN23’-UTR|'\=@1
&

Postbion 44-51 of FOXNZ : J-UTR wi §- CACUUAAUUCULDUACALGGE AU -7

FUTR mi: §- gouesggouagggeess o J

A B
_nu =
£% W % 55
EE g Ba
LB @
28 & ]
aE |
ZE 4 =E ¢
=2 1 2
= . i
Con - - - - Con - -
FOXNI-Z-UTR - + + + FOXNZ-¥-UTR - + + +
miR-155-5p Inhibitor - + + miR-188-5p Inhibttor - + ¥
MER-155-5 mimic + miR-158-5p +

Figure 6. miR-188-5 targets the 3"UTR of FOXNZ2.

Schematic of FOXN2 3'-UTR-luciferase reporter vector and the
predicted binding site of mir-188-5p on FOXN2 3’UTR.

(A) HEK293 was co transfected with FOXN2 3'-UTR-luciferase reporter vector
and mir-188-5p inhibitor, or mir-188-5p mimics, or combination of both: then the
luciferase activity were measured. (B) FaDu was co transfected with FOXN2
3'-UTR-luciferase reporter vector and mir-188-5p inhibitor, or mir-188-5p mimics,

or combination of both; then the luciferase activity were measured. * p < 0.05.
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3.7 mir-188-5p2t FOXN22| &30l [HE M2 Olsd Hal

OlMe AEUHAN R2le= mir-188-5p2 WSO 22 BX2 LHO0| AILYED
ozt e NS =HQIGHALCE E£8F, HOXCH0ll 2o mir-188-5pJt RE&= 2AE =0l
Ot LCH HOXCB0ll 2ol S =& mir-188-5p= Hdd LB0AM tumorll SEH4E S 06H
KIGH OFE RZA0UAML Jls2 =T X A/UCH £8H, FOXN22l B mir-188-5p
O] targetOl0d mir—-188-5pLt HOXC6 |= Al Z4dl= A0 2 AEsS Sol &el
CIRAUACH oSIXI2H 2L L0 A2 JIs2 & XX 22 Aei0ICH. R2leE mir-188-5p

b RLLUAM HEe Jls2 ot=Al 2215t foh L LMEZ0 mir-188-5pE 2
LdHS TEOIH mir-188-5p2 2220
FaDu MIES2 Ols4d = EIIoHE L. wound scratch assay= control, mimic, inhibitor
el 2oz UHAN AUl FEHAME 24
washing ot0 BHXIE LHMHE & S& AlIZ2I0ICH S01Z 2 0I1&0t0 AIXIE 29
F.. O Z3F mir-188-5p mimic(induce)20lA & MHIE =
F[2M inhibitor X2l @22 < WX Yl 3AH 2I=E
= mir-188-5p2| L& 0| Fabu MIXE2l Olsd0l &=
Ct. (Fig. 7A) mir-188-5p2l target®! FOXN2 L&t 249 £4
FOXN22 &2 &0AM2 Jis=S &elot)] foil FOXN22 &&
OtRALCE sSIFOXN2E 01830t FOXN22l Mool E olsd
(200pmol)otdil 24A12F i & A XHE HSF 33 washing £ BHXIE LS &01&
=2 2AF AZIOICH AIKE EZE =

=)
oft 0ISHO Hats HA ME Ul ZIHeYD o 2l ALK WOl ZAES solg

A2 Jls2 wound scratch assay <ol

A

(W
=
r
ol
0z
Pl
i
00
w
ton
0

9 oo &

932

<}
oy
-
Qj
sQ
O
=,
o
x
9 40
o

o
nrse

0
U

&= UARULCH (Fig. 7B) OI2M <cl= HOXCe0l 2ldh UL E mir-188-5pIt FOXN2
of LZAE Soll &2 0Isd0l Fets &l e sS =olg = UL
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miR1EE-sp |

-o8E3BEY

Wound close rate {3%)

oh MR 4Eh

miIR1E5-5p :'».-
Inhibdtor = %

H con
108 B sFOXNE

HEKZZS FaDu

Figure 7. Inhibition of FOXN2 reduces the migration in FaDu cells. (A).
FaDu cells were treated with either mir—188-5p mimics or inhibitor for 24 hours,
before scratching the cell monolayer by a P200 pipette. Picture were taken at 24
hour post-scratching to monitor the wound closure rate. (B). FaDu cells were
treated with siRNA for 24 hours, before scratching the cell monolayer by a P200
pipette. Picture were taken at 24 hours and 48 hours post—scratching to monitor
the wound closure rate. Wound closure rate were graphed. = p < 0.05.; »*x
p<0.005.
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HOXC6= MAL CIXt2 &AZ6HH, AT, HEY, MIMES, 722, S 6 Lol
6-16] SHXICH HOXC62l =&tut XA Ol
MZ2 2O0tH= 240l HOXC6 OHOH & A
oo =2 MEIIEO 222 216t non coding RNAQI miRNAGH 2toHAM &+
Aes otH, z2 AHF
UCH. HISX2E &

St AIDIM [26],

= 5
ot g2 AE XN, 84 E2HME o R

ZIE0AM mir-29Jt COK6 UTROI Z&otd Z& Xolot o=
mir-1552 MAPKE Mot «d Ol= = A
HOU A= mir-17-92Jt MLLS LSS ZHGIH MEE 2LStAIZICH27]. Rt 22 EN
&0 OtLlet solid tumoriM&E OISl HIZ&AXC LS 2o H2H0l UL
SO A mir-221/222J0t oestrogen-receptor2 &S X HSHL[17], mir-1452
TP532 MolictDd, mir-9= cadherin2 Zs=S ZZESCZMN &2 040
EICH19]. HIZOIA mir-312] 2SS LATS2Lt PPP2R2AE target2 2 ot

£ REOH 2t ME0 A= 00IT4 Lk mTORE EXCZ mir-221 0| & &SHCH20]. Xt
ZAWMHE mir-16 LF mir-15JF ST BMI-1= target@=2 ol MHIZo
proliferationt growthES XoHStCH[29]. EMEZO| HS HOXB7LI BWP4S targetl =
St= mir-196aJt & &8HCH30]. SA R B mir-3750, mir-423, mir-106b-25[21,
25]10F, FELS 22 mir-2101 MRl &=2S ZEGSIH 2o &S ZESIH[34]. +
220l A HOXCBOl 2o R mir-470801 MDR12l &S S ZTHGHH LMIES CHMLLA
£ ZZFSHC.

HOXC62t miRNA 2tel &= I 2ol A2 Al

0

0 09
a

Ol FaDu cel |l HOXC62l 1t
. miRNAS| &

#H3l= clustering heat map, scatter plot of expression level, bar

Qﬂ
29
[w]

=
TolH micro array analysisZ miRNAS| & HHFIE =0l

e
ﬂJIO

ol

analysisE Eoll FC> 2 0]ato]

1 ot
2 129012 2872 dEFCH. 0l = 3Bl ER £80 S
2 )

Jtotd 91JHel AR 2ASHLH(Fig. 1). 0IE2 |94 dazs J|I=o=z2 2Fol
D M 4ME HE6IH mir-188-5p, mir-1281, mir-8064, mir-8063, 442 =22
2 SHEMCH
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et Mg, 2t2H ) retinoblastoma, S SO M LS0HAM LE6tH 0=

o 20l UCH. ASUAS HIZSHC! mir-188-5p2 &&= PTENS HHME

o EH

E¢ 042 SIIHNE 20I0, retinoblastoma Ol 1042 A HE E& 0IsH2 =
2 SEsHCHE7]. R0 AIS RASAIES target@ 2 ol 24X NMEEsS 20
[38]. 8, BIZUAML SHMEBEHHNME =2 280| £EX 28 sz 23 AT

DO

|.

e
=}

[39, 40]. mir-12812 =]&, <
ULH. =2=FSUA mir-12812 Zal=2 MolklH USP39Sl Zels S&t TP53S

o
12
rU
1o
s
Hl
0
=
g
on
2
>x
10
=2
[0 Hon
to

FA

2 e o0z
ol
2

NIEZ 2| apoptosisE A HMISHCH47]. RALO0AM L£&t L0l AMEO GHCGE EXEo=
8 MES| AFZERE AMMZ HSEH0H48]. S LUAHS0A HE olsdgo 20
St [49] S 2 MHIEZ2 HDACAS A MGHH Ols&sS XZHSHCHS0]. mir-80642 2
BEY ZIINES self renewal2 7 &o6t= 00T4B12] 23S0l mir-8064/PLK12] =& 0|
Azt ACHS51]. CH2F mir-80632 JIs0l 28 A= Ot HAXIX LULH 0l =
S20 E0tol H2dES JiXLD AKX T EFES LIS RIof HOXC62l EEs =&
ol0d miRNASl &8 S quantitative real time PCR RHEQIGIZCH. HOXC62l &S O
2t mir-188-5p2 &0l IAAH SItotT{ 2, HOXCeS| LS I mir-188-5p & 2+2| At

SHEHOl ASS BACH. (Fig. 2) SHXILH mir-12811t mir-8064, mir-80632 &<

micro array data%te €2l |240| Sl LS 2L

HOXCE 2 mir-188-5p2 &0l & ZAI|MU A2 AU AM2 FIZ2LS HItotl #
ol public database?! kmplot.com OlZot0d HOXC6U 2lof |RE%= mir-188-5p2t &
g Y AIYES ZMGHUCH. kmplot.com S6tH mir-188-5p2 IS EZAES EIoH|
£ oYL, RAXS LMo MESS Z4A6IRUCEH. Kaplan -Meier curve 4121t
HOXC6 2+ mir-188-5p2l Z& 0| SItotAS M SIte AILE N & LMo ASHAH

S ELCE. (Fig. 3)

miBNA= MXH W 44 bio processtl &&otH H& RAE XS] mBNA UTR sequence

of Z&dol LEMHMNE REELH. 2N AEHE Eot AFE mir-188-5p2 2R &S
o =

totOd PTENOILF RAP2CR?F Z&otH 2o =S4

=
=
S

ol &2 o] THESEICH. [36, 44] 2Rele &
LM BHONAML mir-188-5pIt HH KPS target2 =2 6t L&ES THGI=X #
0I15tJ1 <ol  miRNA  database (mirwalk, targetscan, mirDB)E OI25t0d
has—mir—-188-5p2| Ofl&t targetS ZAtS Z Dt FOXN2, CTNNBIP1, RASAT 42l 3 * -UTR
sequencelfl ZEE £ USS SHOIFCH. E6H, 0/S2 LSS HOXC6E |8t AEHS
MRNAOIL Al 282 SOIFCH. 1 20 FOXN2E Hst RAXe Lse Siist L&
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S0 FOXN28H 28 A3
FOXN2E &%, 34,
Aol B FOXA1, FOXDT,
SO0IstCH52]. FOXN22l B2 =2 HE, |2, 20, FHEL, S ARIt
F Aol HR FOXN22! Mol MZS OlSHS MalAIZIH 22U AMeE SA 0
‘%*HI@E}BS, 54]. HIZOIAM= RSK OHJH FOXN22| 240t &M LHAOILE
tH, SYLUM= SLUGY Y XTHES Sot0 MES Olsd & EMT
PO RUCHS5, 56]. Ol HE FOXN2= Ols&82 £ZEole &
. OFKIGH 2242t HOXCE & mir-188-5p2l H&HES Ot HRLIX LQUCEH
-188-5p == OtOIA Fabu cel lOILE HEK293 cel IOIA OS2l H2AdS &
2161 HOXC62F mir-188-5p2 &= A2 REotA 1D HOXCE2l SIH0 mir-188-
IOt mir-188-5p2 L& SO0l et FOXN22l && 0] 2ASHCH. (Fig. 4, 5
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Ol8o AY0AM 2= FOXN22l &0l mir-188-5p2 Z& 22 elof &2 4ote A
Ol

_IW"

£ quantitative-realtime PCRES Sot0d &QIMLCEH. miRNALl &S targetll UTRZE

& Fork head ®%& = otUtOICH. FOX
S

fol @E0l 2ol S

30
Mo

o
2o
o &

ne
02

U =
m oo
2 1 o

HOXC6

FOXN22} has—mir—188—5p§1+9| Z2& = E0l5t)| <ol targetscan2 0|25t Z2& 24

£ &0Ist & FOXN2 3° UTR= luciferase vectorOl sub cloning &t mir-188-5p
Ol HE2 FOXN22o| Higl&s Ch. 1 23 84 MIE OId] mir-188-5pJF 24

=
OlA Tuciferasell &4&0| SJlotH == F&8t ZUHAM= luciferasell &4

0|

Ol

—

1
o

st

4

—

Ol 50%

LHelz 2ACH. OIS S0t0 mir-188-5pJt FOXN22l 3 ‘UTR 210 Z &6t FOXN22

IS XEES =2 §I-O_I§ﬂ[:|-(|:ig. 6).

mir—-188-5p= AL D retinoblastoma OlAl ST 229 OlsHdd AH20| Y

Ch. AL0AE PTENS EXOZ ol AL MIEZO metastasisS promote &HCH36].

s, retinoblastomas 1042 Z &Sl WNT/b-catenin  signalings  Soll
retinoblastoma 2 EMTE S T&HCH37]. FOXN22l &3S 2t22l proliferationzt
invasionOif gets =00 BNEHUACH LY E8H, FOXN22l 2HA0F SLUGSl &E X
&HZ2 S0l migration, invasion, EMT RE&HTHD 20EACH 54, 56]. 0l E f12 =
HXES LHMES OlS4It 20| UCH. 0122 JIs0l 2L MEFUHME SL6t
H &Sol=Xl &0lstd| {6l wound healing assayES =oll FOXN2, mir—-188-5p2 &3
o e MIES 24 HIE Sl mir-188-5p2 SJt0fl et FaDuMIE2l 0ls
2 ZIot¥ D LS 240 = Fabull 0150 ZARMCEH. £, siFOXN2 EE2AEE &
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