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1. ¥R

1.1 ER#BEE

IRERITAME, BEK, M, BRI, KR OS> 572 DRIIRES & 7R, AT
RS> & 72 D ERHRES . M O & 0 BB D B SVMEE 2 7 © T SRR S % (Figure
1A) U, MO FRREEIHAL > O H 7o AR ME TR FLE TR - THARR & 72 0 | X
it COOMUBRIRIC = Y | AR EEE O BB X (RREEF) (2135 (Figure 1B), € Ol
IRERf AR & L CHRMR, s, SMRAG. JBE. IREERH D,

(A) (B)

SHBIE K

¥R

Figure 1 £ b OEREKETEEKXR KR SRR

(A) MRERZHERLT 2 F oz R Uiz, IRERIZAIIRES (AL, Ak, I, BERK, K
KRR ONERR) &R IRER (R, MR, ARMENR) . R OVEIE CHERL S 11D, (B) HRERD & i
ICELBRBALERE () 2707 MSD~==27 /L Fu7=xyvi a Al 17. IRE
BB RRARRRR R X 0 S ) . MR DAL, B A o TRMICE L, R &
725,



1.2 RE&EE

REMLAIRIEA L LT, A%, ABRXKIE, ABIRE., ARLER4E, Kk, AW
fiZe EART OND, £o, BIREKBIZIIS E I EE (IE, BREROIREEICEL S
RIEVELR B OKIR) | FkPFE, BEPRIFHEIEGE, Nl sa B2 M, MEEAREMIER E03H 5,
Figure 2 (25 & HARD PREIFIRNZ R Lz, R OFRIIAFKRO 51%% [N
85 2, HNFRIZKRTT 2 HEENEEIEIIHE. SN TE LT, KA ERELTIRANL > X%
AT 2 ANBEFRMA I ThIL D, BKSSHARTIXIANEFRRDNA H X Liz7z
AR XD KRINEME L 72 b 0D, Frlo R LE e S IRFHE SR AN AR 2 0 [E ik ¢
IARTZANRRIC X D KANZ ZHMI 220, — T, BARTIEHIREIFIE O — (L Tk RE
THY KD 25.5%% Hd D 3, FENEIZ X D2 HEREEFIL 1988 4F0 5 15 AR OIC 1.47
FRIZHIM LT L OFEBRERH Y . SHBENT 52 LB TRIND 9,

R oFiEKBEE
e

21%
B AR
51%
ERBEEE 1%
FZa—-= 3%
g2u 3y
e BAOHEAHEE
WMEHRDKRE 4%
BERES 4% Gk
MHENESE 5% Z Dft 25.5%
29.5%
BAE 8%
b EBI

4.2%
BHAME 4.5%
SERER 6.5%
REEEEHE 8.8%

&R R ARIRE
21.0%

Figure 2 t#RARUBHAD S &EKLRARE
R OPIREPFFER OF—IIANET, BIED 51%% 505, —F, HAD KPR &
L CIERENREN R B £ < . &IRD 25.5% & 725, 5 HSCHR 2) % TN 3) L v 1B L 7=,



1.3 BR#TIS

R OERAIREEEO TSI, 2016 4TI 270 & KL TH Y | 2020 FI2iE 313 B R
JUZIELT2 5.0, ZD 5 HOK 10%% HAN ., 2020 40 A AROIREHEEISIE A AMIC
LT 8,100 BMICDIFE o7z, HEHEBNTILD & | FkNRE, MEEEK DR Z A4 7 A OIEHFEHFD
TR OIREHEETHS OK 70%% 58, 2016 £ TIEENZEI 23%, 33% KN 1% TH -7, &
EEITRE, BRSO BB 1IN L TR 0 A% LIRS R T2 L &%
%ﬂ%ﬁ@ PRBFEIRIC L o TR R EN A+ Th o, £io, B L - TREHEO
EWREREDENDR D720 | HHETORBKEREE 720 T574 L, HHROER=
—RFZHE LTS, IRBHERICIE, 29 LEEREBERORERE=—X (T A v k-
AT 4 Hv e =—R) (xS LT FRIEREZ B L, B35 O Quality of life (QOL) &
Quality of vision (QOV) D[h LIZEHBRT 5 Z Lk BTV D

1.4 EXSRRARORE

=S OBFFERAFEITIE 10 FELL EORWHIRI A LB L T2 5 2, RABREMAD 1015, B
AROGIEAZERTF 10 #1TITFERPEIIFIEEAFEE Y 1,617 (5 T, x5 LEb#iT 18.6%I
HOIED (BFEFEFENT 8.39%) 0, FAUTHE b LT, B OMIERIT 2.2 1145
D 1 LD TR, BEICKIEL Siv, AR L ZRMEITENT AR 2 X F TR
BIFET 2 Z &%, AL E CHROERICERT 27DICEE L 8D,

=38 5L OAF TR B ORI Y 7= D PREBIFFRIC IV T H |, A CRAFS R Th = o @ IER
X =7y ORISR b, Lo, Mila% o7z in vitro ERSS8MET VA5 T
in vivo EBR T, & N TOHEDOKIGZE TRTDITIEIRAR S 5, 207, b MMEENS
WV, D FE Y ERRIEREE T+ A:ﬁﬁbtﬂﬁ%i RS OB L ®D D 9 2 TRNT
ZENRTERY, o, BHEROEAIT, B CHEEZRITIERTHDL I L b,
= IS BHR OB LICEE TH 5,

Fio, BERIHEOAIHIZIE, ZHE TRIEEOF L & 7e o> TE RS FEEMTZT TR,
PURESE S, FREEIEL, BRI, MRS 2 EOFT-eAlEEE 4 ) 7 ¢ ICR0 e 2
EHLEETH D, T, RO L5 | BB IR O AR Bl 2 FFo A
= T TREOBENNANLL, ARTHRROBEINOBE N2 5, FLWEX U T ¢
~OPERIT, ERDEI CIIBRTERDSTZT VAV s AF 4 b =— Rk L T
BEHTIR R AR AT D 2 LI Y | EEROE O LICERTE 5,



1.5 FAME
1.5.1 MELHAE

MR XARER O N & D AHA% T JElilifi 2 A LTI sET 2 EmEREE 24 5, IREK
PIRIZS & RNEE SR, sfdidlafe i, At fiiiiia)E . AR . PNERRLIE . SR E . SRR
NS, A OREERE e ORI AR ER D 10 @572 % (Figure 3) V9, fiiiiefE 1%
AR I AE (Retinal ganglion cell ; RGC) 7o H7-8hiZ2 12 L 0 ARk S 41, Z OBhEEN
BIARRE BRI SRS U CHRERER /5 CHREREEZ B L. I~ 5, SIARepLEaI AR IRAR & i
LD HMERRAES =2 7 — 7 U TR SN D AL O/ Z A L, ARREHEIL Z O FL %
I 5,

SR LA D M (BEARHIRD & O AAEIL) TRk v, PUMIfE, AFEHIl, 7~
7V AT ORI AR, AR ETRIICRE S N D, EO%, MRRERHEZ R Y | (A
RIZED, Eo, EEIZIINEEFIE DAERIEORZ D) 2 2 T —Mla L FEIn D 7
U7 HIBAY S 0 . RGC OJEFICITRID 77 ) 7l T 2 2R (7 A hathA ~) 2
FIET %,

’ - PERE [

v __‘_ 4,——7
- TR
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B EE—
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Figure 3 #BIEDE:E&

ML 10 8 CTHERR S, AT (Photoreceptor ; PR) . /KM (Horizontal cell ; H) .
MAGHINE (Bipolarcell ; B), 7~ 7 U »Hild (Amacrinecell ; A), ##HiHilE (Ganglion
cell; G). X =7 —#ifg (Millercell ; M) 72 E%2HT 5,



1.5.2 HBNEOEFERUVKE

PRI IL A AR FIREAFROFE (L TH Y 39, BEEKIL 465 T A LHESND 9, %A
i, FAESR Z OB BRSO D Z & O TE W RN & o B H 2 R &
o THEUDBRMEICHEIND 10, X562, JFERMEIIBKEARENE (Primary open-
angle glaucoma ; POAG) & JFUREPAZERM kNS (Acute primary angle closure ; APAC))
WZRB S dL, — e kklE & L TIE POAG Z 457, FkP PR O ARR I3 T D HES Ak
FEELR OB R CTH D | EARMIZITIER W TH S (Figured) 1, HNEIZEEOBAR
RUICIR A ICPEFENEIT T 5 2 &0 RIS R & FIIVERRIZ X 2 BEE OMETTHmH] 25 gl
DHEFFIZ L o THEL 2D,

s

Figure 4 #MIEEREDHREFRIE
PR RE OREBA LG RARER WEBEOHRTA A —Y WER LI, BFERTIEY
Ty NERORIEERDBELOND P, FENEEFEIR CILR BT 12 D FURFE 7o BLEF K

PRI O FEAE & HEATIZIIFE 2 DR TS EHECE 53 5 L S, REMNRERKE T D—>
& LTIREROANE, $7RbbIRERZET b s W, IREZ, ARSI OR @15FE) zii
THEAKRDREIZL > THIE S 15, FBARITBRETRELS S, ALY O SIS 2 ik
i ZE-> T, TS E B (RSB, BARIR, 1) Lo oditisn s (Figure
5), WHE 1LFEAKDEEL & P S AIREIE—E ISR D D3 FBAKTEER D/ T A DI
N5 EIREEFZ2 & 729, IRIED BRI 2 LERRIRETT ITRAL - ZTE 572, kAL
Z IS DR IR SN TRREE 2T 5, 2, REDNEFRFHE THLICHH
Db P RN BEIER RS 2 29 0 EFIRERNEERA TH ., IREAMREET O A
D—=DTHHEZEZDLNTND,
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Figure 5 BRIE & B/KIEIR
IRIEIZEKEIZ L > THIEI S D, BAKEAEKR CEKRIEH O T > ZARERICTIRIED L&
T 5 &, ERRRDZE L CHRMREZ Il LEEZ & 7277,

ok N B O R 72 TR RERY 284k & LT, LR FLEH D10 1% 50 D 3E AL & MR K23 & 2
(Figure 6) 19, #@EEET R & U CIdf@BEmiti#tE (Retinal nerve fiber layer ; RNFL) @
KA WL PRSI ZE A S LoD (Figure 7). 2L HIREFAIZIITIRRE DIETT
FEIZBIME L CRE® Hav, MRS IT AR O M IR T o 5 ML Ei e (Retinal
Ganglion Cell ; RGC) DOHMIRFEMNKE Z » THREFRENAET S (Figure 8) 19,

@ ER A=

Figure 6 f#ZFLERDBZARDIEFE(L & FMALIPEK
Ak FRIR TR ALEDA BRI S 38 L L, IRIEMg (B ) THMReLEasMG & FLeknalM
SO (U L) 23k 2% W, £lo, SMREAHOMINER PSR 5D (FEFRTT),
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Figure 7 AR EMHEREDORE
RN BE Tl R #EE (Retinal nerve fiber layer ; RNFL) OXKIER R S, JHERT
— U METe 2o RNFL 28535 32 19),
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Figure 8 #REfEsiZEi 1D MIE DR
JRENETT U CHLEP KRB I 54 2 RN R AR CramaEaemit fifie  (Retinal ganglion cell ;
RGC) DAaER BT L EEZLND 19,

1.5.3 HREDARE

HUE SENFEOIRIRE L LT, T 5 v RS MR EIZIRE TR CTH 5 10,
HRIE FRIAREORIRIE & L. AIRIKIC X 0 FRAKPEE 2 il ULk B 25 % 3K
W, BAHERER S~ L —F —IRIHC X 0 BRI 2 KT 5 L— W —ia%, BLA T
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T £ 0 BRI Z TR 2 FIRERA & 5, B OFRHIRE, BEAEEZIT T, #%
FHAHST e 7 7V ADMHBE L ClEUIZRIERIEZ &R L2 IR 50,

RN FEDARE FRIERIL, EARRITITIAIREZ AW 16R 0 bR S5, IRE TRAIEH
ZRORIREIL, Tu 252 7T D BEEE TR R K BRI E ., o o R,
Rho FF—EHEFI, o K, 14 F v VB A3, EARRANEE, B AR ]
N EHEn T2 (Figure9), Bl zIE. a2 HIIEETH D7V €= A MRS IRIK
(3R AKEE AN R K EERED —SOE 2R S, RIRKG-BRMH% 4 I TF 7 BRI
xf LA EZRIRE TR E 7T Z LB MER SN TWD (Figure 10) 19, mHRIEZE HW 2R
JE FRIEHRE Tl EBARICIZEANSR 2170 IR A 081328 20019 %5, L
L. HREE FREFEICITRIE Y LoL F—ofE R Fe i, A1 B IR R ILEEORIER A
WESNTEBY ., ZHEZHEHTLIHEEDY 27N EmESH (Table 1) 10, S50, —HE
FHEINTHRBERENEIET L2 L3 AIRBFICK Y +0RRETREZG O EET
B 4.4%1F 7 FRORIEBLEE ORI RE- MR LI DO ENSEIT L 2 Ll S
(Figure 11) 10, L7223 T, HRE FRERICHESWIIREO 2 TIEENEOEITHHENI L5y
LITFE AR,

TORRT 5T BHER )i
a ERTEE o, HEEE RhoF F—EHER
RRAMBRIBE SIS RRINEE B
AFF e 2RO AR

v

=

ERIE  [BENE KR o pERE
REBKEREEE

Figure 9 BERIE FIEZE

BAE B S TOWDIRE TSI, BEARYERRENE R AT EKEAMGERIC XV IRET
Bz RT, TDIH e il TH D7V T =V EaBEE S IRIEIE 7 OV 2 F9
%
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-O- 77 (2B n=41. 48 n=42)
@ 7 UE=Y> (28HE n=43. 48%E n=43)

2
S — 350 e w0
7V EZY VB AREE %
NH N H OH E -2
(;I\ J . _,COzH fml
N ﬂ N HO.C £ -4 *
Br H OH ﬁ?(
H .
= ~
TE T IT R
-8
B 5FBH SR2E%E SiR4aAE

* : P<0.05 (Dunnetti&®)

Figure 10 T E=ZP UBAERIEAREDIRE TE/ER
7=V Ul ARRESIRKE, SIREGEIEE 4 BT 7RIk LA RIRE TR
B2k d, FIHSCHR 15) L D /ER L 7=,

Table 1 ERETREDENMER

ZERE | pEmE | ofENE | oEWE | omyE | DESR %,;% gi ;é; a':};u 2%: * 5;%;

I=rREIVER

- I e e B + TR R YA RN
®BmIEn ++ | /= | +/= | /= | +/- — R T . ++
mmrgmEE | +/— | +/— | +/— | +/— | +/— | +/= | +/= | /= | +/- | +/-
R % + + + - + - - - + ++
o - - - - - ++ - - - -
BESE - - - - — — ++ | +/- — —
ERERER - - - - - - + - - -
£5E1ER

- - + + - - - - - - -
nEET - + + +/- + - - - - -
RERIRIE - ettt |+ ++ - - + - - - -
MR - + + - - - - - - -

12
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Figure 11 ERETRRFAEEE DFZNEMEREZEES DOET

FENECIE - BEE SN REENEE T Z L1320 E STy, BRICLY o7k
IRIE TREEZSONIZBETH, 4.4%1F 7 FERORBBIZE O MICHEBE-CH AR ILIE O FEE A
#7325 16,

1.5.4 #AERELR

AR, IRFE TRRVEHE & IT R DB 7205 RE L LT, MRS ER ST d,

NI 31T 2 RGCMIIASEIZ T R h—3 A THDH L RBENTND Z Lk 1018 TR
F— RO D TN S VEBERRIR, IS AF v kv, BB LA R LA, —R{LEHE
BRBERDIRIR S —7 >y Fe ST 5 19, 5T, FkNFEIROBSRE TITMD & DRk
KA T OB FEIATEIE D LE SN D Z L b, M TOMRRSRER 7 O BN 20>
TIRRIEBER STV D,

Bl ZIX, RETHEETHDL 7Y E=U U BAREIT, MRRER T Th % Brain-derived
neurotrophic factor (BDNF) OFEEIHEN 20, 7R h— AN 5 Bel-2 KO Bel-
xL DFEBLHN 20 N- Methyl-D-Aspartate (NMDA) B 7L & I U sz 53R O R BLIN I 22
LOT R = ZAFBEIZED D CaZOMaN R A DOIH 2OEH A2 FF>Z L AE ST
BY, ZNHDEMA T =X LI L0 MR IREN R 2 R RS R STV %, BRIRT
X, 7V =D AR AR & IRE TR 2 T 2B, BEMETH L TE
0 —/b= LA R SRR & IR TR RIARE CTh oI b b b3, SlEpHER2h R
FENEVEWZ LS SN (Figure 12) 29, LsL, 7 U E = Ui A ERE ARG
DHFRRRFEN R DON T, EDOIRERNIR &l O FEFNTBIRE LTI,
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Figure 12 JYEZCVBRABRIEARAZRE FEO—ILY LA VEIE RER&ED LLE
TIVE=V U HABERIRIRE BRI TH LT E T — L~ LA VIR RIRIE X, IRIET
Beh IR Th D2, HEMERSIRIIT Y =Y AR IR MEN D Z L AR
SNz,

—J7. NMDA B 7 V2 I Vs RS HIEECTH 5 A~ v F U AR, YL ofk
NEEE T /LT RGC O 28 L7212 b 2303 59 (Figure 13) 29, BEFRER ©idfike
RAEIKIT 2/ A RS e oTe 1920, Z OB ClX, FENBEICRBW T L I v
BRI E T LT R C DR P ORER T — U TG 2 0B TR &
TRV D FERERIF SR OFRIEDS o2 - 72,

AT F o AaEE ) o0,

NH;

0.75 4

- HCI
CH,

0.50
\ CH, /
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Figure 13 * < > F UIEMIE SIRBRO MR RENR
A= o F R SR YL L — Y —FE Rk NEEE T 12T RGC M o) 2 i
L7z29, UL, BB TII A~ F U EBE S IRE O AR S ho Tz,
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1.6 AELEES
1.6.1 AIE

RIS B O A R AT S & CREBEICE R T 2 EE 2 7 6 R IR IR DO 3 43
D 2% 5D% 8, AEIIIEORVEHEETH Y | MRFRIIEREN S AR ERE,
AU~ UM, ARFEERE, 7 A AR, AENKEEO 5 I bns (Figure 14) 27, %
DS HAE ERIEIE 5~6 Erbe b, FELREME, B, EEMRAFEET S,
AN R TEL ML 23 73 R U CRfa 23 85 L, RIBERE W i35, 2O ¥ — A — " —%
1~2 HE TR IRIND,

ANE LR D EERERRO—DIC, N THEND D, A LR OREMIEOMRIBEC X
Tight junction 23fF/E L, 5RE 2NV T ZERT 5, ZHICED | HIESCERE R & DREGL)>
SAEESEY | AREFEE~OKDRAZE S Z LN TE S, BRI S AR B REN R
DL N THEREDHE L CORMBFEENICIAT S Z & CHREEZEL £ 5, £/2. f
e FR2IE, RIEMIIA SIS 5 2 & CRAMRC & o CTE A BENE M2 R 28
BEZ I, TOLOAKERNKET S EHNE T2 E 727,

P—— —Epithelium
arEeT SWATR Y S Tl o
: - — —=—Bowman’s layer

=TS - ] ~ Stroma

Mbemmet’s layer
Endothelium
Figure 14 AIEDH#EE

L B AE (Epithelium) . AR 7~ V5 (Bowman’s layer) . fl<EEE (Stroma) .
7 A A (Descemet’s layer) M OVA BN f2fla)E (Endothelium) @ 5 JgIZ531F Hiv5 27,

1.6.2 R&

FRITIE, KB, AT VO 3 BIEEN SR KO NT U ARMERF S D Z &
WX VRE LRRB RIS (Figure 15) V8, M ITRIKOREEIZH Y | FRIK O
ZRI<HEE 2RO, HBIZa VAT o — V2TV Uy 7 AT ATV, GiEE7R & TRERR
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SH, A R—LRNOWSN D, KBITFER»HAW S, RAZE-> Tt s,
ATFUSBIINES XD B ERSr T D AT U DNAREE ERBARICAE S L8 T AR
EROREITFEREZRET 2B E 42T 2, £lo. AF VTIKBITRE Y 200w L7
BT D, RRIE, ABEOFERN S ORGE, RMOPEH. ARA~DOREFERE O BREE
N K 2 BAEMDRASLREG D T, thx ol & 25,

I 4— lipid layer

o) =
0% ~ e
-
% =
P4 @ <«— aqueous layer
® W
0 .

‘lf ‘ '4‘ ‘ // 4— mucus layer
eooeo <+— corneal epithelium

Figure 15 Ri&EBDHEE
FRIXimE (lipid layer) . /K& (aqueouslayar). A5 & (mucuslayer) @ 3 @5 IE
S AL D 29,

1.6.3 AR LEKREE

R R BRI, FIRRE ORI RS TAUIRE B A BE, ARRONS A K O BRI
S END (Figure 16) 8, sk )& AIUE CIXR BN LI E O %2 KHE L,
Bz 2B X 2 ABERDIFIR & 72 5, AEONS A CIRFREMIN 2 & Te A ER 2k 4 K
BT 5, B E L TUMERLa L Z7 LU XEE, RIA4T A, AV A bu 7 ¢ HHlH
P ERFIT DD, S DI AR R < foc D AR E TRANB LS L fAlEE
GEL %, AR, ME, BEE, ~ SRR SIS K D RRYE L BRI SO R R
CIZRDIBGMED L DR B D,
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Figure 16 AELREZEDH$E
A ERREEIL, RREEABIE, AR AR OCABIRIGIC oINS 9,

1.6.4 AR LEREEDRERE

PN bR ORI, HAIRe a2 Z 7 b L XOBBANRKRTH B A, £ DRK%E
PR32 2 & bhhED 9, o, ARRZERE T L2558 FRBIT~DAT 11 Nigh|
JEGME DB TR EM 2 b D mIRFEC IR S TIBR 2 B 2, 2D BT, Al RO
REICE Y | AIEEEIREL BIE L7cieR 2D 5, Al B R#ERE L X, e 7 v
iz h U v A (Hyaluronic acid sodium salt ; HA) % Fsy & Lz mlBiE2 Eish T
%o HA mBRIEITR & AN EIZOREF T 2 72 O A B DR & IRIICAE I TH Y (Figure
17) 29 MR OWEEMREIC L 2 AEIREIREN R 2RO Z L bl ST % (Figure 18)
30, UL, Al EREEICIE, BOREKRETH D Sjogren JIEMERER &, BEfFO HFIETIX
RN EE 2 BRG] S AFAE L 3D, £ DGAIXFINIC X 228 UTERIT A 72 A IR AE S 2 &
2%, BEIZEL o TARBAEIL, FINICK 25K - ez 5.2 2 2 12, fEi
FOSHIEDRIEN A C DA 01D 5,
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Figure 17 E7J)LAVEEF U DL (HA) 2L REREDR

t MZEBWT, 77 BRI HA OSIRITIREE DOEA (Tear film thickness ; TFT) %
BINEE5 29,

750

500 |-

250

Epithelial migration {gm)

Hours in cuiture

Figure 18 E7I/I B UEEF R DL (HA) 12Xk 2AELERMENEERESRE
7'Z7EAR (O) IZH~HA (@) 1%, UV FEEABE/ OMEE ERGMaEE % Btk =82

30)
)

1.6.5 microRNA

microRNA (miRNA) (% 18~25 S DBEE WA FFz/2\ /) a3 —F 1 7 RNA T,
1) &35 mRNA O F o _ 7 BRIER Z HH 9%, 2 E TS, 84 Mg aa-ora s,
TR M=V R RERE REREWFEN T 0 IG5 2 EAURSN T E - 3239,
E5HIC, B hOBEEFD 30%LL ES miRNA ([ZHEBAEZHE SN TWD EHE TSN Z
& 39 miRNA [FEMOIEFE T ICB W TERERKEZ RI-TELDND,
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miRNA OFEAEICEBNT, FTENTRNAKRY A7 —FMIZL Y miRNA BIa 72 RE
SN, T B UG E o —REREPEY) (primary miRNA ; pri-miRNA) 34 U % (Figure
19) 30, iz, BN T Drosha & DGCr8/Pasha 7> 5 72 28 A1AIZ & - T pri-miRNA 34]
WrEiv, HEEYTH D 60~T70 HIELDOA~T L% L7 miRNA Ailk{K (precursor
miRNA ; pre-miRNA) MFEEEiLD, Pre-miRNA X Exportin-5/Ran-GTP |2 L D &6
A (28 S, RNaselll T 5 Dicer I LD & 572 UM 252 1) T~22 D A8
RNA (miRNA/miRNA duplex) &7¢5, Z® " A${ RNA % Argonaute 2 (Ago2) ZF&
FAFEI, A R (R miRNA) OH23% - T RNA i8Ry Lo o v 73R

(RNA-induced silencing complex ; RISC) Zk7 %, RISC IZHY A F 7= s
miRNA 237 A K& 72 TERF mRNA 554 L, Ago2 12X > T mRNA O L4 > 8
7 EREROM 3 72 S %, miRNA 1 Z—#AYIC, miRNA & 5Kl 2~8 % H @ seed ##
WL IR D EYIC, A L 45 mRNA @ 3R AIFERIEREIE (3’ untranslated region ;
3’ UTR) %Rk L CTHEE T 5 32:30.39, miRNA @ seed fHIITE < . & HICIFEN mRNA
EERFHI R FAREIE DA TREAT 5 Z Evh, 1 20 miRNA 135D mRNA 278k L. <
KT 12D mRNA IF#HE O miRNA IZ L > TS s & E 2 5TV 5 35,

gene

SMIR _‘,L RNA polymerase Il

5'Cap
“mmichmmrD pri-miRNA

AAAAAAS
l Drosha

mmfImmr)  Pre-miRNA

Exportin 5/Ran-GTP

)
— | oicer
MIRNA/miRNA* Tt
SMIR
,l, l RISC + miRNA
FITTTTITITITIITTIN ﬁ

Mimic miRNA D — l S—

3'UTR

Figure 19 miRNA 2 & %1815 FHl EH#4E

miRNA B FIINTRNA R Y A7 —PIIC LY —KEEBEEY (pri-miRNA) ~ & #55

S, & 512 Drosha (2 X 0 9 &1 T miRNA BiBRA (pre-miRNA) 2EA S5, Pre-

miRNA [T B4 ~# 26 X v, Dicer ([Z XV 57250 W %% 17 T A RNA
(miRNA/miRNA*) L7225, “AHD I BHA REOZM RNA GFERY A Lo 7

A& (RISC) #JEE L. mRNA #[ET 5,
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1.6.6 mIRNA DHELREE~DOEE

T AN BRI Ok, HEHE, ISR L, miRNA 23592 2 LG ST
723940, Lin Hi%, ~ 7 APMRAE LEZMRICA 7 7 v FIc X pEEL 525 L& miRNA
(miR) -205 OFBINEEINT 52 L 2/R L7240, X512, b MK LM T miR-205 %
SRIFIFEE S 5 & MG EDMEHE S 71U, miR-205 DOFHZLET S L M E S 1 S h
52 EbRENT, £72.An Bt~ T R EZ T, A R 2EFEER oA G IETE T,
AIE ERZ O miR-204 OB IR MBI SN Z & 2R Lz 9, RIELE b AR L
AAEIZ miR-204 Z{EFH SH 5 &, M OHEFE & OEE 2380 <47z (Figure 20), ZiuH
DFIRNG . W< O2 D miRNA (AR EREFEOAGIREIZE G 5 ReERE 2 bh
2o UL, A EEEEICE 595 miRNA OHE1TD0 72 < . TOERA D =X N3+
IR ST,

(A) (B)

4340

aoNC

i if )
2 BmiR-204 &
E L
2 % . =
T 06 |
(3]
2 o4}
E - miR-204
& o2} &

. ;o o

Oh

Figure 20 miR-204 IZ& % & AR R HERE D15 K& U EHNHI/E A
REEfbe MARE EEZMEIZ miR-204 RifR(AEZ N T A7 27 a2 A X AT«
72y hr—u (NC) (Z S o3 A BB S (A) | MifiEEA E S (B)

41)
o

20



1.7 RO EHW

FAROEY | FENFEIT B AROFREHAFRNOE L TH Y, HFRICBOTHIRFHERN
RIEFERHZ RN TR DEAFE & 72> T 5, SERRED ARSI TR REE T dh
HIZH b BT BED & Z AIRERIEITIRE TR DN 38R U IARHRIE D T
b5, IRETREEETIIRENETT 260 H 0 . FRNREIC X 2 0LEREE 2 B TR Tk
DEAFERRD BTN D, HERESLARRE R A BRI - 2 MR RS DO BIFE 23 D 5T
WDHHDOD, HRIEFENRIVRENTORVOREIRTH S, MR OBIS 210
%9 2T, PENBEDIRRE A 1 = X LCRIEARPREN LN ENEREL 725 TN D, FkN
B BE O BRAR O 72 DI TR I 1T 2 50 7 A B = X LA ORISR AR IZ08, WF5E
ZRENIE B DIRZ WD 2 LIRS TlERW=, R e L < flgE L 72 36308
WEE D, EHIT, BNRERIEE I B U723 R 2 W CRERSE O 2 2 35l 5
52 EiX, BRCORMNEE THIT2MHELZEDD Z L2 EE T 5, SNREEOTEREM
HED | MR RO D BH IR Y — 7y MR R L, ZORE #7225l T
RRET 5 2 & T, FENROMRIRGERR A EBTE 5 L& 2 5,

T, AREEEEIXI L Z 7 FLU AR R T AT A BYUES % FIK &3 2 i &
IERIREER TH D B, BIE LGA XA IR 2K C 5z QOL/QOV OIR N IZ B3
%, Flo, AR A hu 7 1R Sjogren JEGERER & TSR FIFE L L T 55501 H
D, BFEOHIKRN - A NE v, L L, A ORISR A B L2k
WIRIT D7 <L IR R IE L+ CRWERE S 25, 207D, AR ERAGETHEZR
R EOETIE ORI TERIRAE RS R E VN, T, ZERZRAIFEEAE IR 2 Bl L 72077858 38
WHED HAv, ARy FEEMIZT TR FURESEMS, BRRERMN, B FIER. MIaiEw
EWV o T RkA RABEE XY 7 4 ZTEH L2 BN EEI TETW5, miRNA &
2000 FELE D HEE % IRBFTERE BN S bBD | EROEE MR EE e 2 72T b
DELTHBESNTND, ZOLERENR X I S, IEFETIEAAS v ——
RRER & LCERRISHZ B Lot bt T 5, A ERZEEIZ S miRNA 23
BIGT2 2 LARBENTEY, FRBBEEX Y T4 L LTAHNTHLTRMENEZZ D
o, HHEX Y7 4 OIERICRY | TEROEKS TR RN Ty T H RIS — 5
RETDHZENTE, TUoAY I« AT 4NV« ==X TR Z DNDHERKN 2R TE 5
LIRS 2,

LLEDZ &t ARBFFECIE, SENBEOREBARRIEE I L i, FillsmkEE 7 v
DFESL & Z DIRREMFIE A ATV, PRRRGERBAR OB A AT 52 L2 B S L, &
7o, Al R EEICRH L TiE, AR EMaoEEMICBE P 5 mIRNA Z#E%E L, £OfE
MO Z D 2 2 LT, FiiRARY —7y eI Z &2 B LT,
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2. BERHEFEROMBERIAICLSS Y MEMEREETILOH
3 R URRE AR AT

21 ®#E

FEPFE T, IREARTIZ X0 BRRARDS EAE S, MR O lhaR 2 Mol 42 = L1
X0 EhREENL D, FAROMAAKTH D RGC OMENELD LB LN TWD
W, 2L, BRI OZER )5 RGC HIIESEIZE DREM7R A 1 = X LAPBER -, XIXZF D
RERIROB I & 2722 > TORVENZ W, £72. RGC ITTRESA M OFERERIAF I L v
WL ONDOHTHZ A AT, BRI LICEEIRST WV RGC 3R D &N D
42,4840, RGC DY 7 % A T ORI U7 REFFHANC K 0 | FeNFEZ RN T i
FERBRRE SN OD0H 50, ANECTHEE 221707V RGC 087 % A IR -
TRV, Ak, FENFE TOMIRIR#EZL B 15 L7 BiBlE R ORI, BRI OO Ok
BEIVEDBFEDTZOITIE, FAEIRED S G2 AR RO HILD,

FENBEIRREDMEI O 7= DIZ1E, FEARIFREA I < Sk U, bRl A I CIRRB O RAE D> & i
ITaRBLT LM ET VOFENEE LI D, THE, YL 94D Ty 4950 <17 X 55
87 KOk & B A VT, FRMICIRIEZ ER- S8 5 2 &L ThRNBEREZZFHET 5
B EIREE T ABRE STV D, BIESIREET L TIIEKEERE A RET 52 &
WCEVIRE EFZFELTRBY, TOHEE UCTRMEFER, ESRIsERIR SO X IR k9
L —HF—NEEE, e 7 va U A 7 a E—XORIBENASOEANT L DA (BRHEAH
AHLE LA N O O, FIREEERIROBEN F 7213855, BRI IR~ &
SRAEFIEHIR OB 512 X DR HE ST\ D,

P id, IR DRI FRORFECC, AR R R ORI TE R OFEN e R EFHE LTS 2
ED, BMETLVELTERHTHD, LrL, 2 A MBEL, FEMEBROND 2 &
O, i U TNV T D Z ERREETH D, F o BT = 2 R 3 < HUY 4R
WREGTHY , L oBEERIEETANRES N TS, Ll RIEEFRORESE
Hox HIFITHREICL o TRV | SIREERO - IRk B Om 72 Hlf & 2 b
THETNANREN, Fx XN ETIZ, BERIZH - TT v MEMERIEET L OMEH &7
T & o, RIRIEEIR A BER SO THREERIC K 0 i&H S8 5 FUE T, % ICE N Bl 4 2
72O+ 7 IRE EANEZ HehhoTz, BT R VEERC~Y A 7 v BE—XDRIFENFEANTIL,
HEARFOIRHO IO+ DICEAZAEIEL 2 LN TE T, BEMCRIREZE R TE 2
Mo lo, Eiz, BIREEIRE O s IRO L — —EEE TIRIRE EF R R b5 b on—
WHTHY, 3 HIEE CEFROIRFMIZER L-, 2o ko, BIEREDOH L2 TR L -
T, Frfil7e @R E 22 E U CTENTE R, BEEIRIEE T LV OFHEBEE L,

2014 4, Fujishiro 52XV #1OT7 = Ly & H0 @ EIREE 7 LV OERUGTED
WESNE 9, ZOEFEFIATIE, 7= by FOFIENICRZRE D & BB U7 f5 5
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MEZERIIE 2 V2N T D8 7o 70 FIEDE A ST, BRIRICI W T NIRRT IS _E Rffa s
IRERPNICIR AL CIRIN BRI 2 5 & 2 U, SRAERT 2 PAJE T 5 2 & TRk & RAET
WG d5, 7=y NETAVOEIBEFERIZZ OFHIZESNTE Y | AiENIZIEAS
T AB BRI S IR PN CHEZE L. R L CHEMA 2 PA%ET 5 = & CTHKPEHIRRE 2 @i
L7of R, IRE EARBIEEZ&ND, ZOEF /ATl 13 BT 7z 2 B0 7 m iR E A
TEH &, HIRREATL 13 I IXHRAR FLEE O MaMYER & AR AR D ME & W o T2 BRR
TOMNBRREICELL T 2T AR5 & Z &b 2 L AVR S, Fujishiro HOFEITER
RTRONDBIEZHML TNDZ Enb, ZoFETERINZBEEIREET LA H
W5 L THAMRIEEORAERT O I LR 5HNMRCE L, —F T, 7= by MIL
ERBRICIVAMEDMEL | FENBERFRICB W T BT — 2 N2 LW E W I BN H 5,

Z ZCAMFE T, Fujishiro DO FEEZ 7 » MM U CHIHOEMEREIRIEE T L % fif
NTHZEEBENE L, 7y MIHRIEKa A N CHRBEMEICHER LS < B EREE
i %% < OWFEHEETERHE TE ., EHIZEL ORNEFRICHN LN TE/272dE 7T
—EZRERBINTND LW ) AT, NEFFEOEZBRAMELE L TERL WS, RIFEDOT »
NET VORI ERGET 5720, @IREEH ORI, @miREHERIRH, RGC Mlust=R,
K ONEIRIEIC A 9 e & it L7z,

BT, 7y METATRLNDFENFERBORR 22 A2 B 5 2 & T, AED
JRHER T — 2 & OFEUMEAMRGE LT-, £/, 2 E TIClE Sh-EREIRET T LTI,
IRIEZS 50 mmHg #B2 5@REZ2T2ZE08H Y, ZOEA, MIEEMIZEE S ik
EERRIET D AREENRB Z DN D, Z ORI, SUWERNRRIE L b REE 5 Sk P %
BEAAEENEE (APAC) ZA6HE L TR Y | BT O ARIE 2 £F 5 — A7k NBE & 1355
HEMNEIR 5, FDT-6, KL T, T v METF AL OMBEOMRRICFHIZE( & IRE S0
FEE OBMRZTRA L, BRRIHE & OFRBINE 23 L 72,
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22 M LA
221 B9

Sprague-Dawley (SD) 7 b (8~9 Mfn, KM ZHAF ¥ —/L A « UN—=nH AF
L7z, B3R 23°C£3°C, 1 556%+10%, 12 K¢ AT (8:00~20:00) (ZFXE L 7= fil
BENT, SIET O —VIINELTEHE Lz, fkbe U CEBEE (ZAMR A Ny 7,
AARBEETI) &, #oke L TRIN Al E 2 Liziik (RS 2 8 HICERS
W, KRR THEMT 58P IL 4 T, Association for Research in Vision and
Ophthalmology (ARVO) 2 E®H7- [Statement for the Use of Animals in Ophthalmic and
Visual Research | & O® Institute for Laboratory Animal Research 23 & & 7= [the guidelines
for laboratory animal experiments] ##&5F L CHUY bz, 7o, AR THREIED
i) EER O E N2 BT HBUEITHE, B EREB S OKGR AT THEM L. OKRE
No. 20150116-01),

2.2.2 FEIEHRHESF RGO 2N

5 JEOENM ) & G AR 2 BREL L. 0.2% dispase® II (Roche) % & ¢¢ Dulbecco’s
Minimum Essential Medium (DMEM, Invitrogen) (ZiZi& L C 1 K], 37CTA v F =
NR— k U7z, fEREE BRI 2 B s bR L, 780 Offk % /0% LT 0.1% collagenase A

(Roche) (&0 —HWt, 37°CTiHIL L7c, HEES V7o REIERIHE S M 2 28 28 s . (10% fetal
bovine serum (FBS) K TN 1% penicillin/streptomycin (VY941 % Invitrogen) % & ¢ DMEM)
THEE L, @% &M (5% COz, 37°C, IR T) THZE L7z, FEHGHEFHE 2 70%~90%
aryI7aEy b :iﬁ%f) FOHPE S, MR LT,

213ﬁﬁﬁﬁ§mm®MEWEl

#90% =1 > 7L MIZEE L TR SHRAE Al 2. TrypLE™ Express (Invitrogen) T
FIEE L, SRR TR L C 0.3X 107, 1.5X107 2 % 3.0 X 107 cells/mL Ol ik ik &
FHEL U 72, B 06% o BB S R 05%7 ==L 7 U R EIRE (2 RV oP IR
R, ZRMER) & SR Ukl S 8728, 7% 2 U iEghE (72 77— LefhiEA 500 mg,
=TT =) KOFR TV ERK (BT 7 2 — 2% K, S V) 2%
NEX 100 mg/kg RE & O 10 mg/kg IRE & 725 L 5 BEENE G L Cau mERE e Lz,

0.4% WA T 7 T a A HlIRIE (R F—Ao80RKE 0.4%, B RKEER) 2 /APRAL
R (REREETY) C10 AN L7 b O CIRFBATMERZ L, 0.3% 7 F 7 v x4 AR
K (HF 7 v SRk 0.3%, THME) CUEIRZHIRE Lz, FEAEBEMETT T, 34G O
HEEE L L-~vA 70 ) U EHAWT, 5 ul OMIRRRETR Z R IENIC 2~3 50T T
S>< Y EFEALZ (n=71), Control #& LT, HOEBWORIFENIZ 5 nl OREHHIZ 1T
A U7z (n=38) , Ml S LRAREE O AT IRIT R U T3 L, ROFIRIT ML E (TEFR)
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L L7z, BIEWNIEAEL, 0.3%4 7 X3 URIE (XU By ROIRIE, & KEEE) Tl
BIREZPIE L, BT FRIAY =L (T oFHoe AAELKTIE) % 1mgkg KEL
% &0 HElE Pﬁ%&ﬁ?‘é & CTHBHMER 24591 L. RERAE LT,

2.2.4 RRERIE

RIENIEARTH UTEH (R—=R2F 1), b WNIHIBENEAR 3, 7. 14, 21 XK' 28

W2y IREREZ LT OEY Ffi Uiz, Bt R 70T v (BR 70T W ANRBYE T~
AT, wA T UBEK) FRASHE, EHRIE L7, WAMEE T CEMW) 2 REMLIC &
EOMHe T e T NY U LASRIE (74 73T U AREHRKE 0.1%) 1T L0 ARER DRz
ZRHWTEARIE T 5 sy T ERIE L CIRREMAE 2 2 E S 72, TonoLab® rebound tonometer
(Icare Finland) #HAWCHIROIREZBE L7, 1 RH7- 0k LT 3 BHEEL, ¥
2 B UCEEE S U, IRBRE IS X 2 IRIEE A~ Z [FHiET 5 72 ARERE IS
M8 AR 10 S LINICSE T &/ 70, F2, — ﬁT%T/)XA@EEFfﬁ’\@E?%%Eﬁ?‘
L7, IREMET 9~12 RRCHEM L7, MIEAROSRRICBIT 5 X—2A T 1 7 b
DIREZEAEIZ DN T, BIFEIC LY dhi# TiHfE (Area under the curve ; AUC) ZHH L
7

225 Ry FS5 Y FIT &k ZRTRBEHRE

ATEWNTEARTA 72 5 ONZHTENTEARE 3. 7. 14, 21 X O'28 BIZ, 8% 0.5% o &l
I R05%7 ==L 7 ) UERBEARK CHESE, RV vy hF7 07 (F7ay) 2T
AR 2 B2 LT,

2.2.6 HREBRERHR

BIEWNTEARL 3. 7. 14 LN 28 HICLL T B2 L2HIE X, IRERZEI L7, @)
WA Y TNT o (T — L AR, TRy R x o y) ZRASE, BHREEA
MEU7o, BHRE. BEM U COMdD b AR ER Z S5 R L CHILEBSE S 7%, 4%/37 K
VAT VT R - 0 AERKEE (PFA, B+ 7 (L AFDEMEK) 2253 Lz, miREkE
i L. 4% PFA \Z—WBRi2iE L CHREE LT,

2.2.7 RGC fHifa D Et Al

R R o> 4 5w & ZRaE S D [ 4 A4 Im 5812 7 > CHIBH L. AR QUK s IR % & Zo iR &b
ZUIBR LTz, Oy R OIRER ) S A4 BLEE L . SRR FLBRIC M2~ THUIRIS 4 % Frd)
ViABE NI, WIET7 T b~Dy MERZIER L. (Figure21), 1 kUL L Tv TR
Pt BRN3A /& (Mouse anti-Brn-3a monoclonal antibody. Millipore) % . 2 IFifkE L
THOEFR S N7 Pi~ 7 A IgG Hifk (Alexa Fluor® 488 Goat Anti Mouse IgG_F(ab)2.,

25



Invitrogen) %M\ T RGC Z & it L7, BRN3A (FAFREGHIAL O NI R BAYIZIEBL
OGRS T, RGC O~—A—L 72D, MO 4 ZRIZHONT, HARFRALENS 1 KW
2 mm OfENK (0.4 mm?2) ZEOEHHEE (BX51, A4V /3R) TR#E L7, BRN3A [hilt
RGC oififatz witg gt 7 + v =7 (Image-Pro®Plus, AA®—/3—) TEHAIL/, 1
DOOMMEIC-DE 8 fHlkd RGC Mifludica Fh) L, EIRE & L7z, Control FEIZ x4 2 it
AFED RGC Ml D ZDR G %, RGCHEARLE L TR LT,

[

Ll
) m) | O0Oe01O

[
[

Figure 21 #BIET7S v by MERIA A=

[ i 1% DRRER A . A4 IR & AREE O COIBH L, AL ORI 2 & TRl & Bk L7,
71 AR OIRER D> O A HEE L, AR ELERIC A0 > THURIRIC 4 % Tl 0 AR % Ad
770 1 GBRIZHO S HAARFLEAES 1 X 2mm D 2 8 (1 >OMEEIC-> & 8 fElk) DHE
PEMREE 5 2 B L. RGC Mk & 33 L7=,

2.2.8 {AEIFRYET
IREKZ /X 7 4 L, 3um O/3T7 7 ¢ LU A/ER U7, U, IRERZ Sk AR D)
RAERAEMER (7 42— T v27 OCT.arv UV R, BT T77 40T 97 Py
V) TEML, 8um OWFETI A ZER L7z, IR 2~~~ FX ) U RO F Vv
(HE) Zufa U7z, AifARED, MR K O FLEARG M DWW T, dRBmeE h— A1 v
U HEEEMEE BZ-X700, F—T 2 R) AW THREELZE LT,

2.2.9 SEMRBRTRIRTE

8 um OHFETIF Z/ER L, 10 mM Y AMREEAF &EK (PBS) ITRIE L7z, #kL)
Ra7nvxr 2 (5% 7 i 7 /v 7 2 > (Sigma) MO 0.1% Triton X-100 %z &
10 mM PBS) (ZiE{E L, iR T 20 01 v F 2X— b9 5 Z & CHRFRAORMEA ZE L
72o 1 RBUAR L LT %41 Glial fibrillary acidic protein (GFAP) $if& (FLEX Polyclonal
Rabbit Anti-Glial Fibrillary Acidic Protein, Dako) %. 2 KHifk & LTl S -5
79X IgG Hifk (Alexa Fluor® 546 goat anti-rabbit IgG) % FWCHRARYI A %2 et L
7co GFAP (37U T HIRADOTEMAL~ — 1 — T 1 | SRk CTHRRFEE 2N 2 2 & FBL0EIN
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THIENHLILTND, Y3 TE D 4',6-diamidino-2-phenylindole (DAPI) % &ie
HAHA (Vectashield® Mounting Media with DAPI, Vector Laboratories) TG % &t
AL, Mz E B EE (A — A U aRBEEE BZ-X700) THREE L7,

2.210 TUNELZEICK B 7R EF—L RADEH
IR ER @ WA 9) 7 2 Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) Ei12& 9 %t L (Click-iT® TUNEL Alexa Fluor® 488 Imaging Assay.
Invitrogen) . 77K h— ZDiafE TR 5415 DNA OWi F{b & L7=, DAPI Z& ekt A
FICHMEI 2B AL, M2 SO (G — A U EDEBMEE BZ-X700) T
L7zs TUNEL{EDOKR YT 472y hua—/ bt LT, #iY) 7% DNasel THLEL L T DNA
b S 72 b D& vz,

2.2.11 #REHFROMRAT

IREfE K N RGC A OEAE L 0 | #EZ & OFEE LR Z R 7=, &R O
IREME & RGC Mifadi oz £z >\, MifldiE AR E Control AR & D74 Student’s ¢
e (WAl A EKYE 5%) 2 W THRSGHRIT L7c, IR D & IR L7z RGC Mifadk (H
RLTERRIZ %9 2 i ABR O RGC Ml oEla) & IRE AUC O 0B % . Pearson @
FHRAGRE A W =R EIRIC K 0 fEHT LT (B EKYE 5%)
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23 BRRUER
2.3.1 #iEFAEDRE

XU DI, MfEAEE L TEE (1.5X104cells/eye) M OVE & (1.5X 105 cells/eye) %
BatLiz (n=2), EKERETE, 1IGIRE EFRAORT, &9 1 ILTMREA% 14 A
TIREEANAONTZ b OO, FEAK 28 FICIZEFREMICK 7= (Figure 22), —J7,
EEMECITEAR 3 H XX 7 H CIRIE EF2RS I, A% 28 HE TIEFRIE X Y @R

JEEDHERF STz, ZOMEND, mEOMBEANC LY GIREEZEETE L LEX N
. E RO MR 2 RS 2 I ITM S B BN L ME L 2D | BRAx R TIET D
BRI AR Th o 72,

T, MREARL I ChEmIREEZERE CE 20 matTo2 L& Lz (n=
5~6), mEMEDENTHT=D T E (7.5X 104 cellsleye) DOMIEIEANIC LY FEAE 3 T
7 B D 6 Ll CIRIE EF AR 517~ (Figure 23), D9 H 4 JUlIiEA% 28 HE T
IRIEZMERF L, 250 @0 2CI3EA% 21 HECRIREAZ R LIz, —J, BT 6 LY 2
VCIXERED ERET, IREEFZ2R L4080 5 5 2 PLiTiEA% 14 X 21 H CIEHFIRIE
BIZR -7, £, PEEITEERICHAS IREE(MESREWEHm N H -7, BLEXD
AIEARE E LTHENRE CTH D & L, LB Tl &ML X0 18
EIREET VAR LT,

60
— Control

50 — Low amount cell
— High amount cell

N
o

IOP (mmHg)
S &

—
© o

0 3 7 14 21 28

Days after injection
Figure 22 EERUSECHIARDIRETOI 7L
AN LRSS ORI A 28 AMOIRE Y 77 7 A V&R Lz (n=2), MK

FEE, IRE EFAR SN0, T @2 RE EROA PR Gz, Ml &S, Mg
EATL 3 LT BICIRE EF BN RO, EATR 28 HIZH7 Y mIREAFke L7,
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70 — Control
60 N — Medium amount cell

M\ — High amount cell
I~

IOP (mmHg)

-1 3 7 14 21 28
Days after injection

Figure 23 HERUEENHEIAZORET OO 7ML
ARSI R BRI ORTENEAL 28 A OIRET 1 7 7 A V%7~ L7z (Control : n =5,
AFREARE - n=6), M &L, 6 IL2f CIRE EAN A4, A% 21 H XX 28 H
FCEIREZHMER Lic, MlamERE, 6 ILH 4L TIRE EFARENTZHDOD, 2D 55
2 PLiTEA 14 T 21 BICIERIREMHICR - 72,

2.3.2 REAIE

ARFFE T, IREENAR—2F 4 50 10 mmHg UL EEWHEEIRE LR L A7 L,
AR EH 2 7R & 7e o T BRI T — Z T s B RS LTz, Figure 24 (ZHEfEE AT 28 HH
DIRIET 0 7 7 A VR LTz, HEA% 3 HOIRIEEHEIL, Control CRER:HIEA) B (n
=8) IZH~, MIEARE (n=11) THIFFHICARICE -7 (27.14219.1 mmHg vs.
12.2+2.0 mmHg. p=0.04, #ifl] Student’s t#T), HIEARL 7 BIZIXIRE FIMHE I A
RIEIZ#EL (39.7£13.3 mmHg) ., IRJE EFIXEA® 28 HE CTHEFFS Lz (26.9+
10.5 mmHg),

IRE EAZ7R L7z 11 R0 5 6. 8 BRIZHESH FIZ 50 mmHg K W ARWIREMEZ R~ L

(Under-50 #) . 7% 9 © 3 IRIFREHE 72 < &b 111X 50 mmHg 8% 2 REA &
L7z (Over-50 ), Under-50 FEDIRE M IT2EIROIREFEIE & FRE TH - 7=D
1Zxf L, Over-50 B CILmEAL R~ L, MAEAR 3, 7. 14, 21 KT 28 H OIREFEHEIL
40.7+27.3, 49.7+12.7, 44.9+t3.9, 26.6+12.0 %} 33.2+4.2 mmHg Th o7, A%
ERTIE, PTEOMBIEAZ L 55 RO 5 H 70.9%I2H7- 5 39 IR CTHRIE EF 2 /R &N,
D16 IR (29.1%) TIXIREN EF Loz, IRIEEFHA/RLZ 39RO S 6, 11 R

(28.2%) 1% 50 mmHg % # 2 HRE EA B A 6T,

HMINEAR 14 KO 28 H CTOIREA#R FHEfE (AUC) 1%, Under-50 #f TiZZ 1€ 200.9
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+174.0 mmHg/day (n=3) }& 0 331.6+259.4 mmHg/day (n=9) T. Over-50 ZTIL%*
EI 380.56+46.4 mmHg/day (n=3) &Y 768.1£225.1 mmHg/day (n=3) Th o7z,
O ENDL, IRIEAUC OIS IREWVE OO, Under-50 #£1ZE~T Over-50 AT
R WIREDRFHRAICAR SILTWD Z LRSI,

70 - —=Control (n=8)
—o—Cell/ Total (n=11)
60 - —& -Cell/ Under-50 (n=8)
--#- Cell/ Over-50 (n=3)
— 90 -
)
I
£ 40 -
E
o 30 -
o
20 -
10 -
0

-1 3 7 14 21 28

Days after injection

Figure 24 #HRE;EAE R U Control HEDOERE 7O 774 L

AREAN (Cell) #ETIE, HEA% 3 HOIRE EANA G, 28 HE TR L7, MifaiE
Atz 3. 7. 14, 21 KO 28 H OHREEHMEIX, 24 27.1+219.1, 39.7£13.3, 38.3=*
8.5, 27.7+8.9 %11 26.9+10.5 mmHg TH-7= (n=11), MEARED S B 8 IL Tk
mREAESY 50 mmHg X ¥ X< (Under-50) . 3 PLTIE 50 mmHg X Y & 722> 72 (Over-50),
T — A R E M 2R (mmHg) CTRL7Z (F: p<0.05. **: p<0.01 (Control
B (n=8) & kbik, il Student’s tFRTE) .,

2.3.3 RGC # D&t

RS DR A~ — B — T & 5 BRN3A OFifk% AV TRyt L, BRN3A ik
RGC fifutkz 5+l L7z (Figure 25), Under-50 #f TILREEHIIC RGC MRS B LTz,
—J7. Over-50 #£ Tix, RGC M TAifuE AL 14 B LARRICERE 2RV UTe, MR AL
3. 7. 14 XU 28 H® RGC #DF¥IE, HIFEARERAR TIZZN LN 2790336, 2211
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+286, 1361743 & 998+764 cells/ mm2 (n=5~9) TH-o7- (Figure 26A), —J7,
Control B TlE., ZhFh 3128+240, 2798+170, 2803+ 160 K (X 2677+ 110 cells/ mm?2

(n=5~6) Th o7z, MHifuFEAIRD RGC MifafiL, HEA% 7. 14 X128 AT, Control
BB E R 2R L (MR A% 7 H : p=0.0013, 14 H : p=0.0012, 28 H :
p =0.0009, #iffl] Student’s 1), Control £ & Hk L 7= Mk ARED RGC B =R 1%,
AL 3. 7. 14 L TF 28 H TENZEIL 10.8%, 21.0%. 51.4% KN 62.7% Th -7,

HIREARED 5 5. Under-50 # 0 RGC MlaEITIEARL 3, 7, 14 K28 A TENEN
2846+330,2158+=306,1719+419 KT 1673166 cells/ mm2 TH - 7= (n=2~7) (Figure
26B), — 77, Over-50 B TlXZ 241 2455,2395+57, 1123896 2 1 323 +248 cells/ mm?2
Tho7- (n=1~3), MEIEAR% 28 H TiL, Over-50 #:D RGC Hila%ix Under-50 #iZ
EARFEICED Lz (p<0.01, il Student’s ¢ #7E) , MIMEEAR 3, 7, 14 K28 HD
RGC B/ #1%, Under-50 B TZEH 9.0%, 22.9%, 38.7%% O} 37.5%C, Over-50 #£ T
ZNEHN 21.5%, 14.4%., 59.9% K% 88.0% Th-7=, LLEOFER LY Under-50 £ Tl
AREAL 14 B CRGC AR &7V | HEA 28 H TIXZLL ED RGC B RS
N2V DIZRE L, Over-50 BETIZIEAT 14 A25 Under-50 £t L D RGC A3 89~ 5611
DR O, EA% 28 HTITEER RGCEADBEZ 5 Z ErnEnT,

3 days 7 days 14 days 28 days

v

Control

Cell
Under-50

Over-50

Figure 25 #EZ7 S v b< o2 FDOBEMEEER (KEH)
FAFREALEAZN D 1 mm OMEEEREEEZ R L7, M~ 7 v b~ vk B2, BRN3A 5% RGC
R LTc, A —/Ls3— 1100 pm,
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(A) (B)

g 4000 OControl | g 4% Cell/ Under-50
g 3500 - W Cell g 3.500 - W Cell/ Over-50
» 3.000 - % 3.000 - [
* %

8 2500 .. 8 2500 |
X 5000 - . X 2000 - [
2 1,500 - o 1,500 - I
2 3
2 1,000 | £ 1,000 s
= 4 =] i
3 500 3 500

0 0

3 | 7 | 14 | 28 3 | 7 | 14 | 28
Days after injection Days after injection

Figure 26 RGC #fa%tmEtH

(A) MRTEARERARTIZ, HEAK 3, 7. 14 L1028 H® RGC Mila%n’ Control #EIZ L~
10.8%. 21.0%. 51.4%MK X 62.7%H/) L7z (n=5~9), (B) Under-50 #£ & Over-50 BEIC
4307 T RGC Mk 230 L7z, AR 28 H T, Over-50 £ Under-50 BEIZ L~ EIC
RGC 2 Lz (n=1~7), 7—#1X RGC HIfask > ¥l HHEHERE TR L2 ((A)
**: p<0.01 (Control #f & Oktir), (B) ##: p<0.01 (Under-50 £f & O#E) . Wit
mifill Student’s ¢ E) o

2.3.4 RGC #{fifa# L ERIEED BRI 2 47

RGC #fa oy & IREME & OFERE % . Under-50 & O Over-50 OFN-ENDEEIZ DN T
5iHT L7z (Pearson DAHBIREZ W oM IENR) . AT Tldk, RGC Mtk ok 2E4% %5
JE L, AR D LT HEALE T h D RR (EHIR) (S 2 Ml AR RGC Mo lE&
ZHE M LT RGC Ml b L, 7o, R miIREARIC X 5 RGC Milati~o
AN T 572 T A —& — & U CEHlig S COIREZ Lo s N iEfg (IRE AUC)
Z AWz, g A% 14 H CTiE. Under-50 #: & O Over-50 #£ & 4. RGC Afas iR+
AUC L EDOMBEZ R AN RS- (Under-50 £ : n =3, r= -0.8359, p=0.3699 ;
Over-50 #f : n=3, r= -0.9473, p=0.2076) (Figure 27A), #ifaiE A% 28 H Tix, Under-
50 £ RGC #ifa%k & IRE AUC & ORISRV AOHBEN R b7 (n =9, r=-0.9308,
»<0.001) (Figure 27B), —J7. Over-50 B Tix. RGC flilak & iRJT AUC (2B OFHBII
BT, RGCHIEEIIE LB Lz (n=3, r=0.5278, p=0.6460), LLEXY,
Over-50 #f CTlI— %72k NI BE T & 2 1BMER 22 MBRIE IR TE L 72 RGC MRSt 72 1 Tz
<. HEEDO RGC Mtz 5 XL Z T RARHFENSIZH I SN TVD Z EDVRBEINT,
L72ido T, fNFEET /L & L CORBMAT O 7=, LIBEOASETIE Under-50 #AHH L
7=
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(A) (B)

Day 14 Day 28
120
<‘> <> Under-50 é <> Under-50
& Over-50 100

100 \ 4 Over-50

120

(o]
o
&5

(o]
o

()]
o
D
o
<

IS
o
IS
o

3
*

N
o

S ’___,_30

; * :
300 600 900 1,200

Number of RGCs (% of normal)
<&
Number of RGCs (% of normal)

o
o

200 400 600

o
o

AUC of IOP change AUC of IOP change

Figure 27 RGC #iia%i &k ERIE AUC DABRE 7 4

R Lz, BECTH DR GEFIR) x4 2#lai AIRO RGC Mg o4 &,
BAHIERE R TOR—=2 T A 925 OIREZRKE AUC (IRE AUC) = ~7'm v k L7z, [Hl@5y
HriZlX Pearson OFHEAMRE A W72, (A) MEfEIEATL 14 H TiX, Under-50 £ & Of Over-
50 #£ T RGC #ifask & IR+ AUC ICE OB R o AR (Under-50 #f : n
=3. r= -0.8359. p=0.3699 ; Over-50 £ : n=3, r= -0.9473. p=0.2076), (B) #Hjiu
A% 28 H TiX. Under-50 # T RGC flifufi & IRIE AUC ICBWEOHBENR R b7z (n
=9, r= -0.9308, p<0.001), Over-50 & Tix RGC #ifintk & IRE AUC & ORicA DR
RO T, LW RGC Mo AR 67 (n=3, r=0.5278, p=0.6460),

2.3.5 ERERODMEFROFEI

Under-50 BEOMM AT 21T o7 (n=2~3), AU v M7 7BERICLY | MAEAR
3 HMND 28 HIZHTIz» T, HEALTANADMABENE~DOER L | L% 0O A IR 3 HERE
Si7z (Figure 28), Control #t & OMEALE T & 2 IR TIEEFEFT RIZ R bz o 7z,
fi IR ER D A IRB1LEE S ONRERFEAR U 0 HE Yoo L0 MIREAR 7 B DIk~ IZIRER
JERMBlEL S 7o (Figure 29), MIRRIEARL 3 HEARRIC, AN AIEICHAS L CHRA DN ER
(ZPAZES L (Figure 30), HAAREFLEAOMAMAMER L7z (Figure 31), #f@{EA#L 7 AT
1. MRERMEE (Nerve fiber layer ; NFL) M O'WHEIRE (Inner plexiform layer ; IPL)
DOIEFHEALDR A S, HEA% 14 H RO 28 H CIENPERLE (Inner nuclear layer ; INL) &
S AR (Outer nuclear layer ; ONL) % & D 7= O EELNBRFICA STz

(Figure 32),
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Figure 28 BIERERDR YU v b5 v TEEE (RERHD)

(A) AR, (B) Control #f (FEAf 28 H), (C) MIIEAREDRY v T TEBIZG %
R L7z, Control FECIZEFEHTIZR bR o7, MIREARETIZ, EA% 3 H2vb 28
FIZH72 D IEARBEO AN ~OER & | MR O A RS 23807z, A7 —//3—

5 mm,
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Figure 29 MRERD AR KR VIRBEMBLYI A D HE 264

(A) Control £, (B) MMREAREORHIREKOT V4 L A FIC X 2 HFEE. KO (C)
#EALEIR, (D) Control #f (JEAfL 28 H). (E) Myt AR HE Y447~ L7z, Control
IR ClE 28 HIFTIRERY A XIZZALR A LRV DIZKR L, MIEARETITEAZ 7T HD
WAAZIRER SR Lz, A7 — 8= bmm (FYXH A F) it 1 mm (HE §e
%),
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Figure 30 FRAFTR (HE #8&)

(A) fEALER, (B) Control #f (JEA# 28 H)., (C) MIEAREOMEA Z/R LT, HALE
IR OY Control B CIEXMEA MBI L TWD DT L, MlaEARETITEAL 3 HLARRICIT
EINABRICHES L CREaMARER RGN, C: A, 1: 1%, CB: BE, 27—
JL23— 1200 pm,

wRBG () ®)

Figure 31 fR###ZFL3EFTR (HE 2&8)
(A) fELEiR, (B) Control #f (JEAfL 28 H). (C) MR AREOMEMRILIEEZ R LT,
HERLVEARE CTITEA 3 B DARRICHARRRFLIAD MM S YER Lz, A —/bs3— 1 200 pm,
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(A) (B)

R
. NFL NFL
GCL .,I S T e GCL &
IPL IPL
INL & INL
OPL fa x OPL |
ONL

ONL §

7 days 14 days 28 days

Figure 32 #IEFTR (HE %)

(A) fEAuER, (B) Control #f (JEA#% 28 H), (C) Ml AREOMNE (FHAFFRILIAD &
2mm OFEK) A L7, MIREARECIE, A% 7 BICHEHEAEE (NFL) &K OWHREIRE
(IPL) ®3EHA LA R S FEA 14 H X128 H CIINEKLE (INL) & Ok E (ONL)
Za e E OE A RIFIICI Uiz, NFL: #iitifeE . GCL: #hREi i, IPL:
PHERIE . INL © WNYERZE, OPL : shiEdkfE. ONL : SMEkIE, A/ —/b 38— : 100 pm,

2.3.6 #IETO GFAP DREHLE

ok PN B A AR R 75 oD BB B 7255 28 C o 2 AR E A IR DT L A MR HH 3 2 7 od . Ml
A% OMIES D 7 ) 7 R ER I & o3 7 'E (Glial fibrillary acidic protein ; GFAP)
DIEBIEAL % TN L7=, Control iR TlE, GFAP IZEKBHME (7 A hatA ) BFET
LRk EiaE (GCL) IZ/RTE L7 (Figure 33A), —J, M= AR T, A% 7 HIZ
% GCL 2»b Nk E (IPL) ROWHERE (INL) (2725 X = 7 —Hilud—# T GFAP
B LT- (Figure 33B), A% 14 AIZ1X GFAP ORI IR K E 720 . GCL 54+
YEkifE (ONL) OMEEIEIZH7-2 I 2 7 —HildSIK T, GFAP OB MHR SN, L
ML, A% 28 HTIL, A% 14 HIZH R GFAP OZB58E 355 L, BEEAIEI =
7 —fifDO—EIZE £ o7,
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(A)

GCL
[PL

INL
OPL

ONL

(B)
3 days 7 days 14 days 28 days

GCL
IPL
INL

OPL

ONL

Figure 33 #E~H D GFAP 33{

(A) Control B (JEA 28 H), (B) MIAEAREOMEE (FATRILIA D 2 mm OFEIE)
> GFAP e tafg 7~ L72, Control #£TlX GFAP (JR) 1% GCL OA CTHREN AL
723 MIBEE AR CIXEA%L 7 B GFAP O3 B#IF 2 GCL 7>5 ONL (22> > TIAA
DG, FEAE 14 AIZRBURE TR ARIE LTz, A% 28 A Tk GFAP ORBUIT L
7. % DAPI (F) TYta L7z, GCL: fhixEiMfafg, IPL: AMEkE, INL: WNERE,
OPL : shffR)E, ONL: shjEkE, A7 —/L/3— : 100 pm,

2.3.7 4T TUNEL &6

MR E A X 5 RGC Ml oD OMF 2 52 &+ 5720, TUNELEIZ LY 7K b
— 3 AR R 72 DNA OWr (b 2 /@I TRt L7z, Ml A% 14 B2 #8EO GCL,
INL }% " ONL T TUNEL B Mifa38lgz iz (Figure 34), LU, EA% 28 HIZIX
TUNEL [ ARS8 Lz,
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(A) (B)

ONL

GCL
GeL IPL
IPL

INL INL

OPL oPL

ONL ONL
(C)

3 days 7 days 14 days 28 days

GCL
IPL
INL
OPL

Figure 34 #8fEH® TUNEL &

(A) Bttt (B) Control # (EAT 28 H). (C) MMRIEAREOMEM (BAPREILIAD D
2 mm OfEIK) © TUNELEIC LAYl zr L, MlaiEA% 14 A2 GCL, INL KO
ONL J& ¢ TUNEL Fthnd i &z ay (REH) . A% 28 HIZiZ TUNEL A8 L,
DNase I C DNA WrA{b 2358 U 7ol & e xt i & L7z, % DAPL () CTY@ L7,
GCL : #hxEifiafg. TPL . AMERE,. INL: kg, OPL: s @dk/E. ONL: ShEk:
J&. A5 —/1/3— 1100 pm,
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2.4 #FE

TBPERRIEE T I 2 2B FE CRIR S TR Y . FRCT v MIRBIFRIZE VT
VIV EERLT VW EDLIESEHENR TV, Ty MEMEFIREET L THWLND
FHE LT, RHRIEFHIROBE IR B 49750 HHEA T ST i IEFR AR & Ovm il ik L —
Wtk 5052 EREERIR~O iR AR OEA 3, v 4 7 n B — XDOHIFENEA
IR ERETFEND, Lol Zb0EMEEIREE TV CIIRE ER2EET 2 2 L2
WICREE RS E R B 5, o, BEEIREETT L OREOREELZB > 2 RiT b
ZDTD, KR TITFHO 7 v MEMEEIREET VAL, EHIZZOET LVORIEID
DUNTRRRFEA L Z AT L7z,

AWFZETliL, Fujishiro 5137 = L FCTHENL L7ZBESIRIEET LV E2 T v MG LT
59) FEBSIRHESE IR A2 7 » N ORITEMNICIEAT S Z &1LV | Mgk A% 3 H T Control IR
ICHARTHERIRTE LANFE S N, MIREAR 7 BIZEIRE EF8RRICEL, 20
#% 28 HMSE CERIREARHE Lz, AT/ CIHMEEAC X D IRIE LR o R Dh=1X
70.9%TH v | BHEEIREET VEALREMNIERTE 2 Z L3RS NT,

2V b T TBEIZ LY | AN~ ORISR K UM O M4 IR A 25 ME A% 3
A b SNz, 7=, IRERYIT O HE Y Tl ADENAIRICHES T 5 2 LI L DA
DOFEEGHAENEZ D Z EWRENTZ, 2O L5, A LTRSS g L O
AR L, WY — AR S L CHEANEE LR, BAROMEAEE SN2 &
WX TRIE EAPEEINT-EEZX LN,

BYEEREET BN T, IRIE LA ORE AU RS Z & THEDO 2 Th D, Fx
DOETNTY, IREN 50 mmHg 2 2 B3 RE EAIRD 9 5 28.2% TR b7z, AW
FE Tl KRIREMEDY 50 mmHg £ Y KW (Under-50) & @&V EE (Over-50) @ RGC fifia
PR A bl U7z, FERE AT ORGSR, MifuFE A% 14 H TiX, Over-50 #f % U Under-50 #f &
H1Z RGC OB IR R AFC R Z 572, L L, EATL 28 H ClIiift TR
% RGC [EENRY — N E. 67, Under-50 #Cid RGC OfilaEsi - 13 IR) EKAF1IZ 5]
TEZIh, XV, Fx 0T MVXEENLEIREOKEIZLY . RIEMEIZG T
RGC #ifaEERNFE S, TOME L LT POAG OBFEFIEEZ I LTl 2R L2
EWRE ST, —J7 T, Over-50 BETIL, MIEIEA 28 H ORERTIE, IRIEMICKFL
7RV O RGC MiflafEH A5 X = &7z, 50 mmHg ## % 2 IRE L2327 v k
THEEIND &, TR ILEEO BTN R S 7=tk MR HEE B O (K T oMl & £ O/
DROND LG STV 5 6062, [FEOZMIFIREAZEMALE (APAC) T, IRENZAM
I EFHS 2 2 LT, R BE R E L R AR E N X &, IR CEE
OFRMREENFEZR I ND 0, ZNHDOZ LD, KRETATHIREN 50 mmHg %
M2 7235 aE, MRS X DR EEENE Z 0 . EE O RGC MR IcE N >7- b D
LEZ BN, T~ WER R R AR (POAG) %15 L 7218 & iR
JEET VLT R D Z LD 6965 RKETI/VOFREMATIZIZ Under-50 B2 E-H L7z,

40



PR U, IRE _EFC X 0 BRI DSBS E 10 ST L7 R, Sl & @i 3%
MR AE ST S, KEBET D EBZX LN TND 6067, Z 35 R & O iR
FHIZEAGITE BARRRFLEA DR ML RO D JER LA = 5 & S d, Fex DET /LT
b, HARRRFLEEOMAMYER (FFEAL 3 LK) OMEEOIE#(L (EA%L 7T HEARE) &uvvolz
TR R 2R TR RE A AL MBI STz, 2O 2 2 RET IV TIERE & [FBkIC,
IRE B K 28 CHAR LB Il Sy, RSN G & 2 S mTREMED & 2
Lz, —J5 T, MlEE AR DORRERY 1 X1 Control BRICH ALK U722 &b MEEK
ZEWEDB D00 | RERDMBR LI Z ER PRI, Z07H, RET AT, HHR%
FLEEOFEBZ ALK~ D HARRRBE E 721 Tle < | MR~ ORI 812 X DA b
HE SN AREMENZ 2 DLz, XV | Fox OFT /T 72 BRI AR A S LT
BROWRbLHDHEFZ D,

NP EE R~ OEMEEIREET VORI TIX, GFAP OBl EFIZFES T 6 b
7'V T AR OIEMEALDY FL 5 A 506870 FRINEEIZ 35U TREH 0 27 U 7 AR O TE Mk ik
fEED~v—T—EEZEX BN TS, Fx DET/LTIL, Control iR Tld GFAP OFRBLLT A
rat A RBRFIET D GCL OAIZIRE S vz I E AR CIdiEA%Z 7 H X W GFAP @
FELUL Miller MO JHIEIZIR > TIRA Y FEA%L 14 BICIEREREILE— 27 I1T#E L T
GCL 2°5 ONL %1 L CRELA R Sz, F72, Kerrigan HIZ LV | HNERE OMEE T
TUNEL BEHEMRREINT 2 2 E Rl S, 7R P—v ABRFEEIND Z EBRBEE
T3 W, FxOEFLTIE, MIEAEA% 14 HIZ. GCL, INL %0 ONL T TUNEL %
PEMIfES R o7z 2 Evh . RGC ORIBBANE T AR b — AU X HMREETH H 2 & 0or
BENTe, LEDZ D KRET VTR TR O D RNEEOFREELERTHZ L
DR ST, — 5T, MIIEEARL 28 A T2 S OIS E X T IR LT,

Yu &iF, REBEFIROMEE T T L CIEEREFHEZ D O RRFIZ RGC Mo o) 53
Ao, ar be—URIZE L TR 32%0 RGC fMiiastz x L Tibid, &572% RGC #l
JaBOBPITR NN LA Lz 50, KET /L TIE, Under-50 FEOMIIEATE 14
H® RGC AL 38.7% TH Y, A% 28 HTH 37.5% &, I HLARLFITR LT,
Yu b 0#EE b —H LTz, AFRORFIFREREAEDED & KET /L TIHMEAEARL 3 H
TAHIZHADPAZE U CTIRED B U, R FLEAD M MIIE RS 7 S 7o iR iR s s
INb, A% 7 HIZAD DMBEIEREA R O 4, MR oMk S ISE SN TEME L S
%o ZOEIZIFN 20% 0 RGC BB R 65, HENEARRE o Mo RIS TR E A% 14
BZAIZRKRERY . #40%D RGC CTHRINLIEA FHE S 7=tk AR EISE I XME59 5,
LLEDZ &t | RET/TIRE LA KT Rk OFIERI A & LT Ml ok
FICEDHET, WHERREEFEE LR E % 28 HEI THIEITE TWA EE2 605 (Figure
35).

AHFGETHESL L2 7 v MEMEEIRIEE T L CIEEIRIEO BRI 7R 2 U, BRIEAE
50 mmHg %555t & LT POAG & APAC @ 2 SOMOfFNIEREY 245 Z LA RBEN
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7z IREMEAY 50 mmHg %8 2 70V MER T, —A722FkNEE Cod 5 POAG % 155 L 7= 14
I e S 42 292 2 LB B L o7z, 2RI POAG 7 VOB Z RS 2720
I, EAMIECOEAGTEORFHC LV IRE EFOREL a2 hr—35 2 LS
L%, BUE, RET NV EZAWT, FRNBEOFRIE & EITICED 2 531 A T = X L O IZER
DA TND, RETITANEIRZ OGN D% E TE 28 HREITHELTETWAH I &
DB ARETIVOMET OB TR A MREARE 7. 14 KO 28 H CREFEMIIZIRIT
L. SNEOKIFH CORER T2 RHT I LN TED LB TN D, 4%, MRS
BT D RREMEDN D D 2 — 5y FMATFZEH L, Zivb O RGC MRSt x3 5 EH %M
AES D 2 LT, MRROREVE D o 2 kN R IE L DO BRI BT 72,

RAEANER 3
238 0 3 7 14 28 =

L]
HIAREE~ DA R
PEAEIZE

MRIEEA
HIESROGFAPFIRIEM
WEFROTRF—2 R

Figure 35 AETILIZHIT B FZAEREELT

RET LT, MIREA%L 3 A A0 DMIRSERET 2 2 & CHRADHZE L TIRIEN E5-
L. MR FLIAOMMYER S R S5, A% 7 A Z A0 DRABGEHL L & 4, Mk
DO FISEPEVE L S, MBI O 7 R b= AR 5, ZORSE TN 20%0
RGC BN R 65, MO MRS S ITMIEAR 14 HZAICRKRERD . K
40% D RGC B0 Akl S etk MlakEERE I3+ 5,
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3. R&ICHEEEYZ microRNADRIE & T DAKELEEMRICHT 54E

FRDfZA

31 #E

W< DO miRNA VL, MO HIBORE IS5 LRI ELT 5 2 L ShTn s, fi
ZAE, miR-122 |3, miR-124 [TMMIZFRRAYIZ B 5 ™70, X 512, miRNA D¥E
Bl & — U 3E CHE Ch > THIRIEIER, EITEICL - TRRD Z e bRES LT
%o b NOEMEENER TIX miR-21 &' miR-193a O TORINEEIM L, miR-23b &
O miR-26a OFHILNAD T2 Ot L, 2R REE CTld miR-21, miR-24 & T miR-146a
DOFELEINT 2D ™, ZH6DZ Lhb, MM L1287 5 mIRNA 23 EAS L,
FRRERRLIN 72, & D WIRBRF AR ER 213 2 & T RO MEFERERIC % 59 5 AlEE
MEREZ DND, DDA BRSO T H R 72 miRNA 23F7E L, THHE
MEFFICEHEBERERZ R 2 B THREIND,

I, miRNA (X, PEA SNTCHIRN THRET 27210 T2 <, =27 YV Y — L7 EOF/NMa
RIZE AN TR & 2RI I3 S, BRI~ IAE L CTHERET 5 2 & ¢, flfafH
DIFMISIZEZH D Z LR INTND 8D, ZHETIZ, Mk, R, MERE O 2K
KT miRNA OFINHRE I LTS 8280, Weber 13 12 FEIEOKIEH miRNA DOF
B b U AR OFEEEIC X - TIFFET D miRNA ORERCIREN R e D 2 & 2R L7287,
ZOWETIE, B FOREERTICH 320 FEEHO miRNA NFEET S Z ERER SN, TRk
HCHBLEN 2\ EAZ 20 FEFHO miRNA @ 9 5, miR-335%, miR-515-3p. miR-509-5p.
miR-873 & miR-616*13072< &b 9 FMHOMOKIKT THEmWREIREZRL, ZAbD
miRNA 35RO REEZ F5o 2 &0, 28 CHEBOMEZ FF>Z L 8B 2 b, —J7 . miR-
637 LR OAH THREDHER S NITZZ L5, miR-637 (XHRAHRIC A BRI 7 RE & FFo
ATREVEAVRIR STz, TR O miRNA (2B 2 @S I3 b H 578 89929 Wb 7 v
YA~ =i, H . Sjogren SEMERE, FEIRPIHEBIECREAR 2 £, FrE OFRE TOFEEH T
HY | EFINS, B DVITEBMAYICIEE L TV 5 miRNA oE#I3 20, £7-. kT o
miRNA OHEEE R A3 20,

Z ZCAMZETIE, YL ORE T miRNA ORI T 1 7 7 A VA MRHT L CIRIEIC R
72 miRNA Z[EE L. ZOMRELZMIA+TA 22BN E L, MoOIRMEEE By | Al
TIXMAE AL L 22N T2 IR HIEROREBR EOMEMRGEZT 5, D02 eh
5. IR O miRNA 1%, AN, FrlCiRIK & il d 2 A0 B ofE MR R < B 55
D AMREMERNE 2 HiLTo, ARBFETIE. RIRICRHE) 72 miIRNA O AL O A FF~D
WEEHGEL, TOAIN=ALEERE LT,
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3.2 MM EAE
3.2 RERRUEY VT
71 =27 A ¥V (Macaca fascicularis) (WERES 4 V8) DK Z & ORI & ONIIE % A 73

AT A= ANBAF LT, FRIRIL, 500l QAR CRERIETYE) 2 IR0 &4
LV AIRL, sRibE SE72RICHM LY EIN L7, AR A 28K 600 uL £ 725 £ T
bR 2 22 CEIN Z# 0 K U7z, Mg, KRERFEIRZ HEEL 7249 2 nl D2 & 558 L
72o AWML T T 281134 C. Association for Research in Vision and Ophthalmology

(ARVO) M 7E 8 7= [Statement for the Use of Animals in Ophthalmic and Visual Research |
& O Institute for Laboratory Animal Research 237 E® 7= [the guidelines for laboratory
animal experiments| % #&5F L CHUY fbiic,

3.22 RERUVIED mRNATA -/ OF LA

300 L. DR K& LG 2 3,000 g T 15 ZofiliE L L2tk EifzREI L, ¥ 7 miciA
U7zfila e QS 2R E L=, &P 7 unn s Total RNA Al L, RNA 6000 Pico kit

(Agilent Technologies) % fl\>C Agilent 2100 Bioanalyzer (Agilent Technologies) |Z
£ b Total RNA D E & &% 7l L 72, Total RNA #® miRNA {Z miRCURY LNA Array
miR labeling kit (Exiqon) % M\ T Hyb5 %% L. 3D-Gene Human miRNA Oligo chip
V16.1.0.0 (ELV) ETAA TV E A= a VRISEETZ, 20 miRNA F v 7121% 1212
FEORIAAY X7 LAF RPBEEIILTW5D, 7 F /0% 3D-Gene Scanner (B L)
TR Lz, WEED S B, Ny 7 7T 0 MEDE)E + 2 #EEERZZLL_E O RIEE 2 £ 1
L. ZNHEMAT —ZIZoW TRy 7 770 v REOEAEAZ A L, 4% L7 (Grobal
normalization) , E{EH @ miRNA 70 7 7 A V& MEF O S O & g U7z, R & QNG
FEhzEn 27V afER L, 237 E B TE 7 miRNA Z T ic v,

3.23 mIRNAD U7 IIL%E A4 LER PCR

300 pl. OFEE KL RMIEN S, QIAzol (QIAGEN) KT miRNeasy Serum/Plasma Kit
(QIAGEN) % T Total RNA Z i L7z (n=4~6), A/ XM 7 A4 ar bra—t LT
0.01 fmol M &% cel-miR-39-3p (QIAGEN) % QIAzol fshiiicishnL., EBREIDOIIE 5>
E OMIEIZ AW, filitt L7z Total RNA (2, 73 % < 72912 RNase [HEA] (SUPERase-
In, Thermo Fisher Scientific) % 1 2. 72, RNA O i/& K& & % NanoVue™ (GE Healthcare)
TR L7z, 1.12 puL @ Total RNA % miRCURY LNA RT Kit (QIAGEN) (2 XY iilin’5:
L. miRCURY LNA SYBR Green PCR Kit (QIAGEN) ZMHW\WTVU 7% A A PCR %#1T
572, AV (mature) miRNA O FRp¥ )72 Forward primer & L C. hsa_miR-184
miRCURY LNA miRNA PCR Assay. hsa_miR-3616-3p miRCURY LNA miRNA PCR
Assay, hsa_miR-3610 miRCURY LNA miRNA PCR Assay. hsa_miR-203a-3p miRCURY
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LNA miRNAPCR Assay (W77 H QIAGEN) Z{#H L7z, fH#ilii) DNA (complementary
DNA :cDNA) O Hig K O 1%, 7500 Real Time PCR system (Thermo Fisher Scientific)
ZRWTLLFOSRMCFEM Uiz, MEHREIC XD BEELZFH L, 4 miRNA BHE% cel-
miR-39-3p DI THIE L 72,

(BN 95C, 158 )
l

YA ZVRIOEEM: : 95°C, 165y = < 7=—VU 2 :55C, 30 > X40H% 1 7L
l

 MENIEG: 70C, 358

3.2.4 miRNA mimic, inhibitor & U siRNA

miRNA QLA (mimic) & L T 582 ROEK 2 A8 miRNA (miScript miRNA Mimic:
Syn-hsa-miR-184 & T Syn-hsa-miR-203a-3p (\"\ 741 % 22-bp, QIAGEN) %, miRNA ®
PHZEHK] (inhibitor) & LT, 2-0-AXAF AL ENT-ZEHEMN T v FR o A4 IX 7 b
ZF K (miScript miRNA Inhibitor : Anti-hsa-miR-184 % T} Anti-hsa-miR-203a-3p (V9"
b 22-mer. QIAGEN) Zffif L7, miRNA mimic %O inhibitor ® % 7 4 7 2> k
r—/LE LT, &2TO miRNA H5WET v F A4 Y IX 7 LAT K EfHFRIMEZ R
72 ECH (AllStars Negative Control siRNA K T miScript Inhibitor Negative Control

(QIAGEN)) Z{lif L7-, IGFBP5 KX () NUCKS1 @ siRNA, K ONENSLDRHT 47 2
v ke —LZiZ Silencer® Select siRNAs (Thermo Fisher Scientific) Z{#/H L 7=,

3.25 MRRUFSRT7zIvaYy

¥ e MR ERAE (Human corneal epithelial (HCE-T) cell) (3307 17EE A
k= A nEHEERERE  (Japan Community Health care Organization : JCHO) £ =%
Y B =D r RED LB ATF Lz, HCE-T #ifiil Short Tandem Repeat (STR) fi#
Bric X0 R AT LU, AR DSFRRES N7 b D2 L7c, HCE-T #llfia 2 e 55 Hy

(5% FBS. 5 pg/mL insulin (& £ 7 ¢ /L AFDEHIZE), 10 ng/mL human recombinant
epidermal growth factor (EGF, Invitrogen) /& F 40 pg/mL gentamycin (Invitrogen)
%47 DMEM/F12 1 (Invitrogen)) T, @4 (5% CO2. 37°C. MG TF) TH:%
L7z, $#190% 2> 7Ly MIEL%, TrypLE™ Express CHIBE L CHES, & L <1
Jea ki 2 R B L 7

AR ETRIE. 5% FBS & T 40 pg/mL gentamycin % &t DMEM/F12 £5#CHiilfid 2 75
IRV L CHASL L 7=, Water-soluble tetrazolium salt (WST) 7 vt A Tl 96 vV = /L7 L —
MZ 1.0X103cells/ well, T =27 WV 72T —FBLR—F—T vEA T2 V=L T L
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— T 4.0X104 cells/ well, RNAfiliti TiZ 6 7 = /L7 L— [T 9.0 X104 cells/ well & 72 %
£ O Ml A RERE L7, @G0T 18 IFM RS2 L7, B4 fyEis . (DMEM/F12)
W2 L7z, miRNA mimic (&R 20 nM) XE miRNA inhibitor (&R 50 &Y
100 nM) % . HiPerFect Transfection Reagent (QIAGEN) &IEA L CHIZIZHIML .,
R TH®RTHZETh I AT7 2 a2 Lz, siRNA (50nM) O F TV AT 27 v
a2 121X, Lipofectamine® RNAIMAX (Invitrogen) % H\ 7z,

3.2.6 Water-soluble tetrazolium salt (WST) 7yt 4

miR-184 &% ' miR-203 mimic & N inhibitor # 7 > A7 =7 > 2 > LT 48 FE#T41C,
WST-8 (Cell Counting Kit-8 reagent, [R{_ALFMFIERT) Z 7 = /VICTHIINL THFSRMAET 1
el A o F 2 X— b L7z, 450nm OWNEE~ A 7 u 7 L— ) —4&— (BioTek) (XY
HIE L7z, WST-8 IRIRDHDERNJEHR /N 7 7T RE L TEREM SWHE Lz,
miRNA mimic X% miRNA inhibitor 2 s > A7 =7 ¥ a > LIZHROHEIEMEIZ OV T,
AHT 473y br— T AR L MR 0E GlAEFR) 2Rk, 1
B OSBRI triplicate THEfE L, 2~3 AV K L7,

3.2.7 HCE-T#IlE®O DNAT AV A7 LA RU Y7L S A LFEE PCR
miR-203 mimic &% (N inhibitor Z 5 > 2 7 =7 3 5 > LT 48 Bf#% (2, Total RNA
% TRIzol® Reagent (Invitrogen) K " RNeasy Mini kit Z V" CHitH L7z, Agilent
2100 Bioanalyzer (Agilent Technologies) T RNA O/WE & &% iR L. Genechip
(Affymetrix) ZHW\T~A 27 a7 LAIEIZ L D8E FREBMNT 235t L7 (n=3),
~A a7 VAEC L DN 2, VT AE A LAEREPCRICKVRRFEELTZ, 300 ng @
Total RNA % PrimeScript® RT Master Mix (Perfect Real Time) Kit (Takara Bio) %
FAWTCHERE L, TagMan™ Gene Expression Master Mix % W TV 7V % A LAE&E
PCR #%Efi L7=, 77 A ~—IZIZLL F D TagMan™ Gene Expression Assay % AV 7= :
Hs00181213_m1 (Insulin-like growth factor binding protein 5 (IGFBP5)) .
Hs05054673_s1 (nuclear casein kinase and cyclin dependent kinase substrate 1
(NUCKS1)) KON Hs02786624_g1 (glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)), GAPDH ZNfEME= Y b —r b UTHY, BEIEIC L D X7 388
EAREM LT,

3.2.8 miRNA DS —47 v FFifl

DNA ~A 7 a7 LA THRIEZEN A 57 mRNA 25V T, miR203 @ mRNA #5418
Ik (2~8nt) 1Zxf9 2% IRMmMMIEFIFRGEIE (3’ untranslated region ; 3 UTR) HNOFHA{HY
LA OA AL miRNA O % —57y hFROTZODF T A 7 —4%~—2 (miRDB ;
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http!//www.mirdb.org/) 2 X V& L7,

329 TFa7ZiLi7z5—ELR—E—FvtA
50 ng ®t k IGFBP5 ® 3 UIR # a7 =7 —BLR—F—FFAIF
(HmiT100927-MT06. Genecopoeia) X% pEZX-MT06 X7 X —pD = b —/L7F A3
K (CmiT000001-MT06, Genecopoeia) %. 50 nM ® miR-203 mimic XXX H T 1 7 2
>~ hr—/ L Lipofectamine 2000 (Invitrogen) % VT HCE-T MIfRIZFIFFZ kZ &
Tz ar iz, 48 B, RANAY T 2T =B R RUI A XN T 2T —ED
&M% Luc-Pair™ Duo-Luciferase Assay Kit 2.0 (Genecopoeia) # AW THIE L=, 72
ARV T =2 TF—PIENEE I, REZNVLY T 25— B OB RIEEEZ B LT,

3.2.10 HEETFRIRRNT

VITNHEALEEZPCRWST 7 v A RDPT 2T MV T2 T7—BLR—4—7 vtA
DT —=ZIZONWT, FHE AR FEAEZFH Lz, BEfO72E% Student’s ¢ BE CHEaHEHT
L7z (WAl AEKYE 5%),
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33 BRRUBE
331 ¥4 907 LA EICK B RBERVMFERD miRNA O RREH
NAFTTFITAFIZEKY | RIRLOMIED G @ESHEO RNA Al S Z & 2/ LT
(Figure 36), fifit} X172 RNA (213 200 nt LA T small RNA OAB™E £, 18 SH D
UM 28 S ribosomal RNA (1874 nt & A ME 4718 nt) 1XE TN W2 ERFER SN,
ZOZE XD s S RNA ISR ko RNA X & 3, R 28R+ 25 RNA
DIEPNEEND Z EDBRINT,
~A 70T L AR X B TRET R OMLE T OBISEIMEN TlX, TNZEh 483 KT 492
FEFEO miRNA 2 Sz, b o H 5| 367 FFHO miRNA IERIE & QNLTE O i )7 ¢
DOFBNHER SN T-, 367 P, 314 FMEHO miRNA 1, K TIIHICH A 2 {220 Emn
FEEN R ST, MLIE 12 EE~TRE TR E VO miRNA o _BA7 20 fE%H % Table 2 12R% L 7=,
Z®HHO L 5 fEEIL, miR-184, miR-3616-3p, miR-720, miR-3610 } * miR-203 T
Y| FERTOMIFIT T 5 R-BELEIZZNZEH 83.7, 35.6, 33.3, 30.1 L1 28.8{5Th

277,

(A) (B)
§ Tear  Serum
S o o#2 o o#2 #1 " ‘ #2
[nt] I S I N
2I5 I51I)0 I I 40‘00 [nt] 2'5 ISE)O I I 40I00 [nt]
4,000
2,000 (C)
1,000 =
500 — | R #1 " #2
200 — | 1. I/
25 —--=w— ;5 Teoo |+ 4000 I s s 4000 [t

Figure 36 /N F 7+ 54 HIZ &k S#itH RNA O B RER

(A) BXKENVZ 8L (B) RIELED (C) MiED Y 7T ADHERE R Lz, RIERED
Mg 2 S L7z RNA IZIEW 340 200 nt LA FO small RNA OARE £ 5 Z & D3 s
STz,
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Table 2 MRNAZA /07 LA #HER (MFITHENRETHEBENS LA 20 ., n = 2)

Intensities
Name of Fold change
Average (individual)
miRNA (Tear/ Serum)
Tear Serum

hsa-miR-184 1616.7 (1173.4, 2060.0) 19.3 (21.6, 17.1) 83.7
hsa-miR-3616-3p 1123.3 (775.1, 1471.6) 31.5 (40.1, 23.0) 35.6
hsa-miR-720" 7077.6 (3950.5, 10204.6) 212.3 (262.3, 162.3) 33.3
hsa-miR-3610 471.3 (562.2, 380.4) 15.7 (16.1, 15.3) 30.1
hsa-miR-203 587.3 (184.4, 990.1) 20.4 (22.1,18.7) 28.8
hsa-miR-518c* 715.7 (1003.4, 428.1) 28.1 (35.2, 21.0) 25.5
hsa-miR-3918 896.7 (455.7, 1337.6) 37.5(52.5,224) 23.9
hsa-miR-583 351.8 (299.1, 404.4) 15.3 (13.4,17.2) 23.0
hsa-miR-1246 5825.8 (3261.9, 8389.7) 255.4 (379.0, 131.7) 22.8
hsa-miR-3197 16785.3 (30306.9, 3263.7) 849.2 (999.8, 698.7) 19.8
hsa-miR-3679-5p 1570.5 (952.5, 2188.5) 84.2 (110.9, 57.5) 18.7
hsa-miR-1254 287.7 (338.1, 237.2) 15.4 (16.2, 14.7) 18.6
hsa-miR-3122 353.5 (334.6, 372.4) 19.0 (22.7, 15.3) 18.6
hsa-miR-4257 1411.5 (770.0, 2052.9) 77.5(80.2, 74.9) 18.2
hsa-miR-491-5p 330.8 (411.2, 250.4) 18.4 (18.4, 0.0) 18.0
hsa-miR-3936 289.3 (404.6, 174.0) 16.1 (13.1, 19.2) 17.9
hsa-miR-614 447.6 (707.5, 187.7) 25.0 (30.1, 19.9) 17.9
hsa-miR-1908 20012.9 (15340.5, 24685.4) 1188.5 (1519.8, 857.2) 16.8
hsa-miR-4299 261.9 (302.2, 221.6) 15.6 (14.7, 16.6) 16.7
hsa-miR-3678-3p 447.7 (475.1, 420.2) 26.8 (26.8, 0.0) 16.7

TThe sequence annotated as miR-720 is likely to be a fragment of a transfer RNA, and it has been removed

from the miRBase (https://www.mirbase.org/).



332 YZILE A LEE PCRZEICK HRBERVMESD miRNA R E D REE
MF I A~ TR E W AL 5 FEEE O miRNA @ 9 B miR-720 % transfer RNA @
Wl Td 5 LA X, miRNA OF — & ~X—Z (miRBase ; https:// www. mirba se. org/)
DOHHIBREINTND Z LD RFFRORNT SRS LTz, 37725 miR-184, miR-3616-
3p. miR-3610 }2 T* miR-203 (22T, {RIK & IiF & OFBLELZ U 7 V& A AE R PCR
EIZEVRRGE L7, 4 FEFED 5 B miR-184 & X miR-203 @ Ct fEIFIEHK T 21.3 LT 25.5,
Mg T 35.6 X1 33.2 Th -7 (Figure37A), —7J, miR-3610 @ Ct fEIFIRIK K QNIiLE &
H12 35 LA BT, K & MiFICAERAZITR 5T, miR-8616-3p 1ZRIR &K OMILTE & H IR
Haheho>72, miR-184 &1 miR-203 OiRIK TORBLEITMIFICH~AFEICE S, £
i 165,542.8 TN 567.8 5 Th 7= (p<0.05, il Student’s £#E) (Figure 37B),

(A) 40 40
35 Em 35
0 30 | o 30 | **
225 225
2 20 > 20
© 15 © 15
10 10
5 5
0 L 0
Tear Serum| Tear Serum Tear Serum‘ Tear Serum
hsa-miR-184 | cel-miR-39-3p hsa-miR-203 ‘cel-miR~39-3p
40
35
30
S 25
g 20
& 15
10
5
0 N.D. N.D.
Tear Serum| Tear Serum| Tear Serum
hsa-miR-3610 hsa-miR cel-miR-39-3p
-3616-3p
(B) miR-184 miR-203
o 4 ]
i . E_F .
§& 3 §o 3
n o ‘m O
3 (] m o
5K 2 5x 2
s E 5 E
281 281
s 5=
K 0 2 0
Tear Serum Tear Serum

Figure 37 1) 7ILA A4 LEE PCREIZK HRBERUMESD miRNA FIREDIKREE
(A) miR-184. miR-3610, miR-203 % O* cel-miR-39-3p ® Ct f % /<9, miR-3610 @ Ct
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IR & MG CHEZRZITR 5T, miR-3616-3p 1HIFK & OULIE & b ICRH S 7eh
-7 (N.D. ; Notdetected), (B) J&#ZH D miR-184 & miR-203 i, IfiLiEFIZL~HE
WZEWIEBLZ R LTc, 7 — 2 3MIE IR 2 RIE T O A7 miRNA JEEL & O E +
EHRFEATRLE M=4~6, **: p<0.01. *: p<0.05 (| Student’s tFE)),

3.3.3 £ FAE LI I 5 mIRNA OEADREE

I35 P EE AR T CREAE D 2 FEEEO miRNA (miR-184 & Y miR-203) DHRAL#H
X HHEE AR T 5720, b M R (HCE-T) #MAZIZ 2405 miRNA % 5l R 8L
MITFBIAE SE 2 GA OMIAEFHE%2 WST 7 v A 1280 Ffi L7z, miR-203 DM
& (mimic) % HCE-T#IfIC b T A7 =7 a3 5L, 48 Bl O AFERIZ R A
T4 73y ha— LA 0.8 5 L7z (p<0.05, Wifill Student’s ¢/ E) (Figure
38A), 72, miR-203 OLEA] (inhibitor) (2L Y . HCE-TMliZ AT+ 72 hu—
JUAZEE~H 1.2 5 O A =R 207 LT (p<0.05. ififil] Student’s ¢ #:E) (Figure 38B),
—J7. miR-184 ® mimic & " inhibitor |, W9 & HCE-T Ml OfifaEFR 4 2L S &
7o 7= (Figure 39),

(A) (B)
1.6 1.6 . *
© 14 © 14 - T
S 12 512
z23 * 20
59 1 8o
T2 o8 SZ 08
> g . = g 0.6
% o 0.6 20V
=z
&) % 04 O - 04
~ O ~ 0 1 ! |
Negative | miR-203 Negative | miR-203 [ Negative | miR-203
Control | mimic Control | inhibitor | Control | inhibitor
20nM 50nM 100nM

Figure 38 miR-203 MK KRR IEHKIRAEFIC & 5 HCE-T MDD EFE~ADFEE

(A) miR-203 @ mimic # HCE-THifl@lzc N 7> A7 =7 3 > LT 48 Kl tk OAIRALT
RiX, AT 47 a2y b —VZH_XEEICED L7 (n=6), (B) miR-203 @ inhibitor
Z HCE-THIZ h T v A7 =7 23 > LT 48 Bl OfEAEFERIX, x0T 472 b
B WIHARFBEIZEM L 0=9), 7 —XIE3x T 4 72y ha—/LIZk9 % mimic X
I3 inhibitor O AHHH 72 MR A= A7 3R O -l AR HE(R 72 TR L7z (*: p< 0.05 (Wiffl] Student’s
tRRTE)) o
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14

Cell Viability
(% of Negative Control)

Mimic | miR-184 | Inhibitor | miR-184
Negative | mimic |Negative | inhibitor
Control Control

20 nM 50 nM

Figure 39 miR-184 M i&HI R (FFRIRAEFIC & 5 HCE-T MlaDEFE~ADEE
miR-184 ® mimic X|Z inhibitor Z HCE-T fifiC h T A7 =2 a Lzt 25, 48
BEE# OMIIAEFRIIA T T 4 7 ar ba—)L EERR LN -7- =9), T—HIEIx
HTF 473y ha—sxtd % mimic X3 inhibitor OFE 7M1 0 AL + 2
el TR LTz,

3.3.4 miR-203 MAKREXIFRFEFIC & 5 HCE-THRICH 1+ 5 BIEFRE
FILDEN

miR-203 12 & ¥ HCE-T Mld THRHALHIH S 2 mRNA Z[FET 572, miR-203 ©
mimic X% inhibitor Z h 7 > A7 =27 v a L7zt O HCE-THRTO N Z A7 V7 K
— Ui, DNA ~A 7 a7 LAEIZL Y Ei L7z, mimic & inhibitor ® k7 > A7
=7 a % 48 KfE T, HCE-T Mifd CORIENZE(LT S mRNA @95 mimic &
inhibitor (2 X 2 RHE(L 3K L7z 10 FifEZ [RE L= (Table 3, » > hAT7fE : X AT
4 73y hr— xS 5B E A 1.3 £%), IGFBP5, GNAO1, CDKN2B, NUCKS1,
FRAS1, TLL1 } OV ARID5B (% miR-203 @ mimic (2 & VD ZH 238 L. inhibitor 2 XD
FELNEEM LT, —F5. AREG. PSTPIP2 } U NFATC2 (% miR-203 @ mimic (Z & ¥ 3§51
SHEANL . inhibitor (2 & VW FEHAEAD Uiz, UIEXY . EFE 10 %O mRNA FEEH 2
WV FIEEAYIC miR-203 (2 & 0 BELNET 5 Z LAVRIR ST,
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Table 3 miR-203 mimic & U inhibitor IZ& Y RIRAZL LT 2EEF (n=3)

Intensity Fold Intensity Fold
Gene
symbol miR-203  Mimic change  ,ir.203 Inhibitor  change
Mimic NC (/NC)  |phibitor NC (/NC)
IGFBP5 36.76 63.56 -1.72 80.45 48.50 1.66
GNAO1 38.85 72.00 -1.85 67.18 46.85 1.44
CDKN2B 58.08 95.01 -1.64 105.42 68.59 1.54
NUCKS1 48.84 83.29 -1.7 98.36 72.50 1.36
FRAS1 70.52 112.99 -1.6 126.24 90.51 1.4
TLLA 199.47 278.20 -1.39 254.23 184.82 1.37
ARID5B 120.26 160.90 -1.34 170.07 128.89 1.32
AREG 44.02 32.45 1.36 33.59 44.63 -1.33
PSTPIP2 310.83 215.27 1.45 177.29 238.86 -1.35
NFATC2 106.15 54.95 1.94 4525 62.25 1.38

NC: Negative control, IGFBP5: Insulin-like growth factor-binding protein 5, GNAO1: G protein subunit alpha
01, CDKN2B: Cyclin dependent kinase inhibitor 2B, NUCKS1: Nuclear casein kinase and cyclin-dependent
kinase substrate 1, FRAS1: Fraser extracellular matrix complex subunit 1, TLL1: Tolloid like 1, ARID5B: AT-
rich interaction domain 5B, AREG: Amphiregulin, PSTPIP2: Proline-serine-threonine phosphatase

interacting protein 2, NFATC2: Nuclear factor of activated T cells 2

3.3.5 miR-203 M2 —*%"y k mRNA DREE

il DNA ~ A 7 a7 LA EORER S, HCE-T #ild Tix, miR-203 2LV E#EH D
VW RIEERYIZ 10 FE%E (IGFBP5. GNAO1, CDKN2B, NUCKS1, FRAS1, TLL1, ARID5B,
AREG. PSTPIP2 }; X NFATC2) ® mRNA OFHNE(T D ENHLMNE 25T, K
2. 2415 10 fifHO mRNA (X, miR-203 NEERES L TEORALHIET 22 —7 v b
mRNA LR 0L E, AT, T =2 =2 % FWCHE L, 10 BEOGERY —7
v & mRNA @95 5, IGFBP5 &8 NUCKS1 X, £hFh 3 KRIEMIEFREL (3
untranslated region ; 3’ UTR) WIZ, miR-203 ® 5Kl L W 2~8 nt & OB %
2 BETEREF L T /= (Figure 40),
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(A) Position 73-94 | ., 87 93 ,

RN
3" GAUCACCAGGAUUUGUAAAGUG &'

Position 3943-3964 | _, 3957 3963 :
et hee 3 ura | B+ GTATATAGTTTAGTCATTTCAC - 3

NERREN
3" GAUCACCAGGAUUUGUAAAGUG 5

(B) [ Position 1679-1700 | _, 1693 1699
of NUCKS1 3" UTR | & - CACAGTGGCAGAGTCATTTCAC -+ 3

NENEEN
3’ GAUCACCAGGAUUUGUAAAGUG 5

Position 2817-2838 | -, 2831 2837 ,
of NUCKS1 3 UTR | @ =" CTAAAACATCTCCTCATTTCAT -+~ 3

RERREN
3" GAUCACCAGGAUUUGUAAAGUG &’

Figure 40 miR-203 & &S —747 v k mRNA & DFEE EBELDAEHT

(A) IGFBP5 @ 3 UTR @ 87~93bp &) 3957~3963 bp. (B) NUCKS1 ® 1693~1699
bp K& T* 2831~2837bp (L. miR-203 @ 5Kl 2~8nt & FHMRIZRELSITH D Z L AVRS
7z (miRDB ; http!//www.mirdb.org/) .
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miR-203 mimic & ¥ inhibitor ® s Z A7 =7 v 3 2k 5 HCE-T #ifa+ o IGFBP5
KOYNUCKS1 0382 bE, VI AZ A LEEPCRICEVfT LIz, NT AT =0
3 1% 24 FF#ICIE. miR-203 mimic (CX Y 26 2 R FOFBEIIX T T 4 7 a2 b
72— U L. miR-203 inhibitor |2 L Y BB &IFTEIM L 72 (Figure 41), F 7 A
7 =7 v a stk 48 FEfETCIE, miR-203 mimic } OF inhibitor (2 & % 85 R B b &I
55 L7z (F—Z IR .
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Figure 41 miR-203 mimic R U inhibitor ® F 5> X 27 x93 vIZ& b IGFBP5S RU
NUCKS1 OHEZE1L

(A) IGFBP5 ¢ (B) NUCKS1 @ HCE-T #ifa+ d 5 El &3, miR-203 mimic (2 XV
IAT 473y b a—/UIHAFEICHEA L. miR-203 inhibitor (2 X 0 A EIZHN L
Teo T—RIEXHT 47 a2 b —Zxd % mimic X3 inhibitor ORI 72 B 15
BHEOVHM I IEEFATRLE (n=4, **: p<0.01, *: p<0.05 (@] Student’s ¢
BE) ),
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Wiz, HCE-T #fifia T IGFBP5 ), () NUCKS1 % / v 7 X7 o LT 8E O A 73~
DB L7z, IGFBP5-siRNAD T A7 =7 v 34280, HCE-T i dfifa
HBAERIIRATT 4 72y be— G EICED Lz (Figure 42), —J ., NUCKS1-
siRNA [ THIfa EFRICHERZE M E T b S ko Tz,

'TE]_‘ 1.2 ’TE_; 1.2
T 11 < 1.1
28 1 * 28 1 [
82 g3
> ® 09 > ® 09
33 3 3
OZ 038 O=Z038
ks ke
° 07 ° 0.7
0.6 0.6
Negative IGFBPS Negative NUCKS1
Control siRNA Control siRNA

Figure 42 IGFBP5 RU'NUCKS1 M/ v U #oIZ&k % HCE-T HilBDMlREFERDE(L
IGFBP5-siRNA O k7 v A7 =7 v 3 12k 0 HCE-T filaofiaEFRII x0T 4 7
gy e — U HARE B Lz, —F. NUCKS1-siRNA (T X 2 Ml EfF R0 28 bix
Ronhotz, T—XEFRAT 47 3y ha— U7 54 siRNA O 72 /a4
FROVHEFEERZTR LT (=6, *: p<0.05 (il Student’s t#2E)).
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ZZ T, HCETHifa COFT 2T NNy 7 2T —VLR—Z—7 vk A2k v, IGFBP5
2 miR-203 DEHED X —7 v MEE T THDHMERIELT, & b IGFBP5 ® 3 UTR % &
ey 727 —EBLR—%—77 A R% miR-203 mimic L [AIFIC T VA7 =27 v 3
YLESE, Vo7 27— B LR —Z —{EMIE mimic DR HT 4 T Ay hr— /Ul HAA
B LTz (Figure 43), ZdZ & 275, miR-203 1% IGFBP5 @ 3 UTR (ZE A
L. ZORBEZHET D2 LIRS,

> 16

jg 14

8 =12 N

$ = 10

2% ] 5 [

o 8

= SN

5% 6 |

oL 4

T 2

S o
Negative miR-203 | Negative miR-203
control mimic control mimic

IGFBP5 3' UTR Control vector

Figure 43 Ta7IWILYT7z5—€LR—E2—F7vtA

Ny T 27— UR—=F—{EME, 2T 47 a3 be—/LZH~ miR-203 mimic (2 &
DWAHEBIZHD Lz, 7—XIXUITA XNy T 2T =BT HHRA Ny T 2T —F
OFXEI RN T T 2T —FB— LR —F IO E T EREFETR LT (n=3, *: p<
0.05 (fiffl Student’s tH7E)) .
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3.4 4%

KR TIE, A 7B 7 LAEIC LY, VAOTFRKF T 483 FfE, Mg+ T 492 fFfED
miRNA Z i U7z, RIRITARRICERR R E 2 G L TEOEFE M Z R 5 DT L,
MRIT A 258 L Chkx Zean B OTERMEZHERFT 2% B 2 FFo, £ DD AR TIL, IR
RIS TA O E F MM CEE 72 miRNA ZFRET 5700, g L L TigS
® miRNA a7 7 A L Z iz, E& PCR EZHWZMIFZ LY . miR-184 & miR-
203 @ 2 >® miRNA IE, MIGIZHAFRR CEBEHT H 2 & s S,

miR-184 & O miR-203 O LM & OR#EZFHAE T 5720, b MK ERE (HCE-
T) M TEI D 2 BB E Lz, 220 miRNA @ 5 ©, miR-203 |£ HCE-
T MO EFZ /T2 Z &R E T, miR-203 OFfH|FEHIZ LY HCE-T fMild D EAF
FITA 0.8 5K T L, miR-203 OFBIPHFIC L 0 AT 1.2 51 mL e (R T7
4 7 ar hr—uth), R ke AR RCHIRRRR AR ER 70 8 AE R - 2 0 2 7o 56 D1
IRITH 155 THDH Z &5 9, miR-203 inhibitor (2 X 5 1.2 fFOAfFRE ML EFE
DHDHHDLEZ %D, HCE-T Ml 17 2R3 5 AT AN R AS IR R 2 R d
Z B 999 miR-203 inhibitor [E AN R ANEIC X LIRSV R Z R T rIEEED & 5,

miR-203 1 X7 IR+ & LT, £7z, KEME miRNA & LA Hbi, Hix7ail
B ZHId 5 2 & CHEfaEEAE, ME R ORBIC b 2 B R &R 2 o2 L mE S
TN D 9100 2BV TR, miR-203 (XMl OBEFEREZ JIHI+ 25 Z Lok v, Hifo
AR 2 B L CREOMEEREET D Z E RO E 2o TS 102,100 =D Z & h

5. miR-203 (AT b Z B3 2 2 & TObaHIE L, #E L o bosT o2
LD Z & CHEHEMHMERICH G LTV D aRERE 2 bz, LaL, i+ O miR-203
DIEBLL~JUITME & T 5 L @b OO, MOREH mRNA & g3 2 &g < idk
W, ZD72, miR-203 DABUIR T L EHEMIIAPTHY | HRDMENRLETH D,

AF5ETIE, HCE-T #ifid T miR-203 OB A M IIAEFET D5 2 L1280, 10 HEHO
BT REANEE TS L 2L Lz, miR-203 12X W REABAES NI ELETO D
5. IGFBP5 & NUCKS1 (%, ZhZh® 3 UTR IZ miR-203 O seed #88 (5Kl 2~
8FH) LHRIMZRESNEZFFOZ ERNynoTz, IHIL, TaT Wy 7T —FLR—
H—T A1V, IGFBP5 IX miR-203 DEHEO X —47 ~ MBI FTHDH I NI
7=, IGFBP5 %, AHfasgFE, #6E, IS ICEET5 2 Lt Sh T 109.106),
7=. IGFBP5 IZ Transforming growth factor-81 (TGF-81) (2 X 2 #HELIEHERERE K O
BMEOKREZILE T2 2 LT, IR LEMRORIGIEEZREST 2 Z L bREIATY
% 100, ARFFECIE, HCE-T #fICHT 25 IGFBP5 © / v 7 X7 /A2 k0| MlAAFRMN
KFT2Z &R LE, ZRHDZ ENDG, miR-203 13MA R ERZAEIZI T IGFBP5 ©
B A EAEHIET 5 2 & THIAATR A2 HIE9 5 2 AR STz,

—7J7, HCE-T fifaic31F7 %5 NUCKS1 @ / v 7 X0 M AR B Lo o Tz,
NUCKS1 (3H5 COMBEIHICBE DS Z ERMESNTND 18, 20— T, ~TAD
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FRET L ) FEEE T W T NUCKST OfHa FRRE 25 & A LR oA
IWRIAMEES LD 2 L b RSN TS 109, Zhe0 T ks, NUCKST M OFRES
BRERIC & o T, MARBEIIC 5 L 722 R 2 R T RIREMES B 2 Tz,

miR-203 LSt O FRIRIZFHE 72 miRNA Th 5 miR-184 1%, MHIZ 72K TOFBL
728 miR-203 LV mWMS b b 59, HCE-T M0 AFR 4L &2 -7, miR-
184 1%, AMED U 2 SR B AE & QML E T A & 3l 3 2 Ll S Tun g 1o, Zh b0
Z X0 RIEH O miR-184 IZIEESCMLAE B LIS 2 5 2 & TR
FHCw 57 2 ATReEN S 2 b,

ARFSETIE, EFIRIEOMIICK % miR-203 OEMZFEM L TH Y . JRHET TO/EM
TR TH %, Viticchie 51T, ~ 7 ZADRETANGDE Z 5 & miR-203 DO FEELH I S 4.
miR-203 (C L2 ¥ —5 y M OFBUMHIAMEER S D 2 & T, A LMl O B FE0WE A2 5
IR DOFRBLEEIM L . AIETREICIT 2 EOF LR bMetE s s Z L 260 e L
72109, 52 An B, v~V AOMIE EEAIGET LTI, AR ERMRIZEHT S miR-
203 OFRBPIHI SNHMENCH D Z 2R LI 4D, ZThHDZ Lnb, A EREEC
BT miR-203 ZfHHET 2 Z LT KV A TR LTz & 9 IAIE BRI A LE A i
S AV D FTREMEDS R S 47z,

ABFFEC L0 TR O miR-203 13485 Rz oo AE B M RE 2 I 15 5 BB R IA 1T
HDHZEEHLMZ LT, miR-203 inhibitor (25 2 MR AL OMIREAEFR O ML,
miR-203 D FEE AN 5 BB 5E O 72 Z2VBRE & 7 D ATREME A 3CFF L miRNA 23872 724l
WEXVT 4 LRV ENHFTE S, 4%, miR-203 inhibitor @ in vivo TOHL)
PEEMGET 5 2 £ LD, miR-203 FAEIC L AIBMIEORAEZIHMEcE 5 B2 5, &
HIZ, HIET O miRNA 138k % RIRBONA A~ — D —IZ2 0155 Z EBRHE SN TN D
UY-UD, EO7=H, FIRFPIFERC, & D5VITEEICEBT 5 miRNA [ZIREE DA 7
~—A—L LTHA»L LA, 4%, miR-203 D4tO miRNA (oW T, IRFLRKIC
BT HIERRCIRE R TORRE(L AR L2,
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4. $55R

AMFFETIE, FRPFE & AR R BEFIT 6 U, H 72 2RI OBRF IR T 2 72D DPRIRIN 72
W a B b7 7 —F TiTo 12, FAREICOWTIE, T v &2 AWEiz @i sl £t
FIVEMESL L, T OREE L OB Z R L, & BICARET VIIRNEOIREA T — 2%
BYPEROITAEE L TNV 2 & D, RHER T — D Z L ICEE NS AR F A RE T A 2 b
T, AR E OFECHEITIZ B D8 7 R 1A RAER & RN 5 2 L S HIfF C& 5,
A LR BEFEIZOW TR, RIRICRHEIICAAET 2 mIRNA Z[FE L, £0 5 H miR-203
I%. IGFBP5 OFBLA EEEMHIT 5 2 & CHMK LRI OAGFEGIEHT L Z L2 E
L 72, miR-203 inhibitor (Z & ¥ M LRI O AFMERE Sz 2 & 225, miR-203 DR
LA EREEORGIREICAH TH D ATREMERE X 55,

LtIE, AW HE & LT, RRNRE & AR LR R OTRRIEBAFS (C A T T R 2 D 5
FEPBE Tl feSz L7 B ERIRIEE 7 VA2 R U CREEH OB 5 73 B (L 2 fighTt L. Bz
A=y Ny F iR A, T D ORRNIEARRIRE T 2 2 EEd 5, MR LR pEE
TlE. miR-203 inhibitor DA FRZAMGIERI R Z . BET V& VW TRRGES 2, BLE
DX AN E S HICHBESE, BREHEEOT Ay b AT 4 b =—Xnx B
DRI A L, IRBHERICHEIRT 2 2 & 2 BT,
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of a new rat ocular hypertension
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" injection of conjunctival fibroblasts
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Ayumi Nakagawa?, Osamu Sakai?, Hideki Tokushige?, Takashi Fujishiro? & Makoto Aihara

. Glaucoma is a chronic optic neuropathy that leads to visual field loss. Elucidating the mechanisms

. underlying glaucoma is essential for developing new treatments, such as neuroprotective drugs. Various
. glaucoma models based on the induction of intraocular pressure (IOP) elevation have been established
: foruse in glaucoma studies. However, the time-dependent pathological changes accompanying IOP

. elevation have not been fully elucidated. In this study, rat conjunctival fibroblasts were injected into

. the anterior chamber of rat eyes, and IOP elevation was induced for 28 days. Glaucomatous signs such

. as optic nerve head cupping, retinal thinning, glial activation and apoptotic signaling in the retina were
. obviousin the cell-injected eyes on the 14th day after injection. The pattern of retinal ganglion cell

. (RGQ) loss differed by the magnitude of IOP elevation. The number of RGCs decreased by 37.5% in eyes
. with IOP lower than 50 mmHg (Under-50) and by 88.0% in those with IOP higher than 50 mmHg (Over-
© 50) 28 days after cell injection. The RGC counts were correlated with IOP in the Under-50 group but

. notin the Over-50 group. Our model may contribute to the investigation of pathogenic mechanisms of
. glaucoma and the development of new glaucoma treatments.

. Glaucoma is a chronic degenerative optic neuropathy characterized by retinal ganglion cell (RGC) dysfunction,
. and itis a leading cause of visual field loss and irreversible blindness. Multiple and complex risk factors influence
. the development and progression of glaucoma. Elevated intraocular pressure (IOP) is one of the critical risk
. factors for glaucomatous optic neuropathy, and currently, the only evidence-based treatment for glaucoma is
. the lowering of IOP by pharmacological and surgical therapies"?. IOP elevation causes optic nerve damage at
. the lamina cribrosa®, but the progression of optic nerve damage and the mechanism of RGC loss are not fully
. understood*. Thus, a chronic ocular hypertension (COH) model is essential for studying the pathophysiology of
. glaucoma®®. Moreover, COH models are required for identifying therapeutic targets for not only IOP-lowering
: drugs but also neuroprotective drugs, as well as for the evaluation of neuroprotective drugs’~’

: To date, various COH models have been established in monkeys!®-12, rats'® and mice!*"'” to investigate the
* molecular mechanisms underlying glaucomatous optic neuropathy progression. Monkey models of COH have
. particular advantages because the ocular anatomy is similar between monkeys and humans. However, preparing
. samples from a large number of monkeys is a challenging task. Although rodent models have some advantages
. over monkey models in experiments, some models require special devices or advanced techniques to induce
. IOP elevation. Therefore, establishing a new rodent model through a simple procedure would be helpful for the
. advancement of glaucoma research.

: We previously reported a method for developing a COH model in ferrets'®. In this model, conjunctival fibro-
. blasts obtained from ferrets were injected into the anterior chamber of ferret eyes. The injected conjunctival
. fibroblasts accumulated at the angle of the anterior chamber and occluded the outflow, resulting in IOP elevation
. followed by an increase in optic nerve head (ONH) cupping and degeneration of axon in the optic nerve. This
: damage in the ferret COH model resembles the clinical pathogenesis of glaucoma. However, ferrets are difficult
* to handle and house. Nevertheless, ferrets are often used for visual-pathway investigations because they have
. binocular vision. Rats are easy to use in preclinical studies and have been extensively employed in glaucoma
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Figure 1. IOP profiles in eyes after cell injection and in control eyes. IOP elevation was first observed 3 days
after cell injection and persisted for 28 days. The IOP values across all cell-injected eyes were 27.1 £ 19.1,
39.7£13.3,38.3£8.5,27.7 £ 8.9, and 26.9 & 10.5 mmHg on the 3rd, 7th, 14th, 21st, and 28th day, respectively,
after cell injection (n=11). IOP was lower than 50 mmHg (Under-50) in 8 and higher than 50 mmHg (Over-50)
in 3 of the 11 cell-injected eyes. Data are presented as the mean £ S.D. (mmHg). *p < 0.05, **p < 0.01 compared
with the control (medium-injected) group (n==8) (two-tailed Student’s t-test).

experiments®. In this study, we adapted the technique of intracameral fibroblast injection to rats and developed a
simple model of COH that mirrored the pathology in human glaucoma.

Few studies have reported the time-dependent pathological changes, particularly the initial response, in
glaucoma models. Thus, information regarding the time course of the neurological and morphological changes
accompanying IOP elevation is limited. Therefore, we studied multiple pathological changes in our rat model at
several time points. Furthermore, open angle glaucoma (OAG), which is the most common type of glaucoma, is
characterized by long-term optic nerve neuropathy with a slow rate of progression. Animal models that display
long-term IOP elevation but not abnormally high IOP are required to mimic the clinical pathology of OAG.
However, the pathology in some experimental COH models differs from that in COH patients because those
models are exposed to IOP values higher than 50 mmHg, leading to ischemic optic neuropathies such as acute
primary angle closure (APAC)Y. In this study, we also investigated the relationship between retinal morphologi-
cal changes and the magnitude of IOP elevation and evaluated the pathological similarity between our model and
glaucoma patients.

Results

Intraocular pressure (IOP). In this study, IOP was elevated in 39 of 55 eyes (70.9%) that were injected
with conjunctival fibroblasts (i.e., the IOP difference between baseline and post-injection was higher than
10 mmHg) but not elevated (IOP differences consistently lower than 10 mmHg) in the remaining 16 injected
eyes (29.1%). Animals without IOP elevation were excluded from the data analysis. Figure 1 shows IOP pro-
files for 28 days in the cell-injected eyes (n=11) and in the medium-injected control eyes (n =8). The mean
IOP values were significantly higher in the cell-injected eyes than in the control (medium-injected) eyes 3 days
after cell injection (27.1 £ 19.1 mmHg vs 12.2 +2.0 mmHg, p = 0.04, two-tailed Student’s t-test). The mean IOP
values in the injected eyes reached its maximum value (39.7 £ 13.3 mmHg) 7 days after cell injection and was
26.9 4+ 10.5 mmHg 28 days after injection. The IOP was lower than 50 mmHg in 8 of the 11 cell-injected eyes (the
“Under-50” group: eyes consistently showing IOP lower than 50 mmHg throughout the measurement period) and
higher than 50 mmHg in the remaining 3 eyes (the “Over-50” group: eyes showing IOP higher than 50 mmHg at
least once during the measurement period). The mean IOP values in the Under-50 group were similar to those in
the whole group of injected eyes. Conversely, the mean IOP values of eyes in the Over-50 group were 40.7 +27.3,
49.7+£12.7,44.9£3.9,26.6 £12.0, and 33.2 - 4.2 mmHg on the 3rd, 7th, 14th, 21st, and 28th day after cell injec-
tion, respectively. Overall, 11 eyes had an IOP higher than 50 mmHg on the 3rd or 7th day after cell injection, and
it constituted 28.2% of the total number of eyes (39 eyes) with elevated IOP. An IOP higher than 50 mmHg may
cause ischemic optic neuropathy, which differs from chronic glaucomatous optic neuropathy in OAG. Therefore,
we compared the number of RGCs between the Over- and Under-50 groups using the following tests.

Slit-lamp examination. Injected cells accumulated on the corneal endothelium and anterior synechiae
developed in eyes with elevated IOP. These observations were confirmed from 3 to 28 days after cell injection
(Fig. 2a). There were no abnormal findings in the control (medium-injected) eyes.

Histological analysis of eyeballs. To characterize the morphological changes after cell injection, we per-
formed histological analysis on some eyes from the Under-50 group (n = 2-3). The size of the eyes with elevated
IOP started to increase 7 days after cell injection (Fig. 2b). The angle was completely occluded due to the adhe-
sion of the iris to the cornea (Fig. 2c) and ONH cupping was increased (Fig. 2d) in the eyes with elevated IOP
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Figure 2. Histological analysis of the Under-50 group and the control group. Representative images of control
eyes and Under-50 eyes on the 14th day (a,b), the 3rd and 14th day (c), or the 3rd, 7th, 14th, and 28th day after
cell injection (d,e). (a) Slit-lamp examination of the anterior chamber of eyes under mydriasis. Cell accumulation
in the anterior chamber and anterior synechiae was observed in the injected eyes from the 3rd to the 28th day
after cell injection. Scale bars represent 5mm. (b) Histological micrographs of hematoxylin and eosin (HE)-
stained eyeballs. The cell-injected eyes gradually increased in size starting 7 days after the injection. Scale bars
represent 1 mm. (c) Angle closure and (d) increase in optic nerve head cupping were observed 3 days after cell
injection. Scale bars represent 200 um. (e) Histological micrographs of retinal sections located 2 mm away from
the optic nerve head. The retinal thickness in the Under-50 group decreased from 7 to 28 days after cell injection.
Scale bars represent 100 um. C, cornea; I, iris; CB, ciliary body; NFL, nerve fiber layer; GCL, ganglion cell layer;
IPL, inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer.

beginning 3 days after cell injection. Moreover, the thicknesses of the nerve fiber layer (NFL) and the inner plexi-
form layer (IPL) decreased 7 days after cell injection, and thinning of the retina, including the inner nuclear layer
(INL) and the outer nuclear layer (ONL), was observed 14 and 28 days after cell injection (Fig. 2e).
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Figure 3. Representative micrographs of RGCs in retinal field. Representative micrographs showing RGCs

located 1 mm away from the optic nerve head. BRN3A-positive RGCs were identified on flat-mounted retinae.
The number of RGCs decreased in the injected eyes. In the Over-50 group, the numbers of RGCs were notably
lower 14 and 28 days after cell injection than the numbers in the Under-50 group. Scale bars represent 100 um.

Quantitative analysis of RGCs. BRN3A is specifically expressed in the nuclei of ganglion cells; thus,
BRN3A-positive cells were counted as RGCs (Fig. 3). The number of BRN3A-positive cells decreased in a
time-dependent manner in the Under-50 group, whereas in the Over-50 group, the number of BRN3A-positive
cells markedly decreased from 14 days after cell injection onward. The overall mean number of RGCs on the
3rd, 7th, 14th, and 28th day after the induction of IOP elevation was 2790 + 336, 2211 4286, 1361 £ 743, and
998 + 764 cells/mm? (n = 5-9), respectively, in all eyes with elevated IOP, and 3128 + 240, 2798 4 170, 2803 + 160,
and 2677 £110 cells/mm? (n = 5-6), respectively, in control (medium-injected) eyes (Fig. 4a). The RGC counts
were significantly lower in the injected eyes at 7, 14, and 28 days after cell injection than those in the control eyes
(p=0.0013, 0.0012, and 0.0009, respectively, two-tailed Student’s t-test). The rates of RGC loss on the 3rd, 7th,
14th, and 28th day after cell injection were 10.8%, 21.0%, 51.4%, and 62.7%, respectively. RGC counts at 3, 7, 14,
and 28 days after cell injection were 2846 +330, 2158 306, 1719 £ 419, and 1673 & 166 cells/mm? (n=2-7) in
the Under-50 group and 2455, 2395+ 57, 1123 + 896, and 323 4248 cells/mm? (n = 1-3) in the Over-50 group,
respectively (Fig. 4b). Thus, the RGC numbers were significantly lower in the Over-50 group than in the Under-50
group at 28 days after cell injection (p < 0.01, two-tailed Student’s t-test). The rates of RGC loss on the 3rd, 7th,
14th, and 28th days after cell injection were 9.0%, 22.9%, 38.7%, and 37.5% in the Under-50 group and 21.5%,
14.4%, 59.9%, and 88.0% in the Over-50 group, respectively.

Correlation analysis between the number of RGCs and IOP change. RGC counts in the cell-injected
eyes were compared to those in the contralateral (noninjected) normal eyes for each animal and expressed as a
percentage of the RGC count of the cell-injected eyes. This percentage of RGCs showed a tendency toward a neg-
ative correlation with the area under the curve (AUC) of IOP change 14 days after cell injection (Under-50 group:
n=3,r=-0.8359, p=0.3699; Over-50 group: n=3, r = —0.9473, p=0.2076) (Fig. 5a). On the 28th day after cell
injection, there was an apparent negative correlation between the percentage of RGCs and the AUC of IOP in the
Under-50 group (n=9, r=—0.9308, p < 0.001) (Fig. 5b). In contrast, there was no negative correlation between
the percentage of RGCs and the AUC of IOP in the Over-50 group (n=3, r=0.5278, p =0.6460), and the number
of RGCs showed an obvious reduction.

TUNEL assay of retinal cells. TUNEL assays were performed to investigate how RGC loss was induced
after cell injection. TUNEL-positive cells were observed in the ganglion cell layer (GCL), INL, and ONL 14 days
after cell injection in the Under-50 group (Fig. 6a). However, the number of TUNEL-positive cells decreased by
28 days after cell injection.

Immunostaining for glial fibrillary acidic protein (GFAP) in retinal cells.  To detect the activation
of glial cells, a typical sign of glaucomatous neuropathic damage, we evaluated the induction of GFAP expression
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Figure 4. Quantitative analysis of RGCs. (a) Overall, the number of RGCs in the cell-injected eyes decreased by
10.8%, 21.0%, 51.4%, and 62.7% of that in the control group 3, 7, 14, and 28 days after cell injection, respectively.
Data are presented as the mean +S.D. (n=5-9). **p < 0.01 compared with the control group (two-tailed
Student’s t-test). (b) The number of RGCs in the Over-50 group was significantly decreased relative to that in
the Under-50 group 28 days after cell injection. Data are presented as the mean+S.D. (n=1-7). *p < 0.01
compared with the Under-50 group (two-tailed Student’s t-test).
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Figure 5. The correlation between RGC loss and area under the curve (AUC) of IOP change. The number of
RGCs 14 days (a) and 28 days (b) after cell injection showed a negative correlation with the AUC of IOP change
from baseline, except in the Over-50 group 28 days after cell injection.

in retinae. Positive staining for GFAP was restricted to the GCL, co-localizing with astrocytes, in control eyes
(Fig. 6b), but GFAP was expressed in Miiller glial cells throughout the GCL, IPL, and INL in the injected eyes of
the Under-50 group 7 days after cell injection and was present in all retinal layers, reaching its highest level, 14
days after cell injection. GFAP expression was attenuated 28 days after cell injection.

Discussion
COH models have been developed in several animal species, and rat COH models, in particular, are widely
studied because rats are easy to use in large numbers of experiments in preclinical settings. The techniques
used in establishing these models include episcleral vein cauterization?® and ligation'*?', trabecular meshwork
laser photocoagulation®*?, episcleral and limbal vein laser photocoagulation?, hypertonic saline injection
into the episcleral vein?* and intracameral injection of microbeads®. In some cases, however, it is technically
difficult to induce IOP elevation. Furthermore, few reports have demonstrated the pathological changes in
their models sequentially. Thus, we developed a new COH model and performed a time-course analysis using
the model.

In this study, we developed a rat COH model using a method that we previously established in ferrets'®. The
idea of intracameral injection of conjunctival fibroblasts is based on the clinical occurrence of epithelial down-
growth into the anterior chamber, which has often been observed during invasive ocular surgery with a wide
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Figure 6. TUNEL and immunostaining for GFAP in retinal cells. Representative images of TUNEL-stained
and GFAP-immunostained retinal sections 2 mm away from the optic nerve head. (a) TUNEL positivity was
observed in the GCL, INL, and ONL of retinae in the injected eyes 14 days after cell injection (arrow heads)

but decreased by 28 days after the injection. Positive controls were treated with DNase I to induce DNA
fragmentation. Nuclei of cells were stained with DAPI (blue). Scale bars represent 100 um. (b) GFAP positivity
(red) was only observed in the GCL in control eyes. However, GFAP expression gradually extended throughout
the retina from the GCL to ONL starting on the 7th day after cell injection, and it reached a peak 14 days after
the injection. GFAP expression decreased by the 28th day after the injection. Nuclei of the cells were stained
with DAPI (blue). Scale bars represent 100 um. GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner
nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer.

corneal incision. Intracameral injection of conjunctival fibroblasts into the rat anterior chamber induced signifi-
cant IOP elevation, relative to that in control eyes, 3 days after cell injection. The peak IOP was reached on the 7th
day, and IOP remained at higher-than-normal levels until 28 days after cell injection. In our model, cell injection
succeeded in inducing high IOP in 70.9% of the cell-injected eyes. This result shows that long-term IOP elevation
could be stably induced in our rat model. In this model, slit-lamp examination revealed cell accumulation on the
corneal endothelium and anterior synechiae starting at 3 days after cell injection. These changes finally led to the
obstruction of the aqueous outflow, followed by IOP elevation. A longitudinal study is required to confirm the
appropriate model for OAG.

Maintaining IOP elevation at a desired level has been one of the problems with existing experimental COH
models. IOP elevations of higher than 50 mmHg were observed in 28.2% of the eyes with elevated IOP in this
study. It has been reported that abrupt increases in IOP values to higher than 50 mmHg in rats lead to ONH
degeneration, followed by a reduction in the retinal blood flow rate and diameter?*-2%. This finding suggests that
an IOP higher than 50 mmHg causes ischemic optic neuropathy identified in APAC and unlike COH models
that mimic primary open-angle glaucoma (POAG)?**. Therefore, we compared RGC degeneration between the
Over-50 group and the Under-50 group (Fig. 5). IOP-dependent RGC loss occurred 14 days after cell injection
in both groups. However, 28 days after cell injection, the pattern of RGC loss differed between the two groups.
In the Under-50 group, RGC loss increased in an IOP-dependent manner (Fig. 5b). This result indicates that
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chronic high IOP led to IOP-dependent cell death, mimicking the clinical pathology of POAG. Conversely, in
the Over-50 group, severe RGC loss occurred on the 28th day after cell injection without correlation with IOP
(Fig. 5b). In clinical APAC, abrupt elevation in IOP elicits ischemic optic neuropathy rather than glaucoma-
tous optic neuropathy with chronic deformation of the lamina cribrosa. This suggests that IOP values exceeding
50 mmHg in our model induced severe RGC loss by ischemic optic neuropathy; these cases can be classified as
having APAC. Therefore, the Over-50 group in this model may be useful for developing neuroprotective drugs
for APAC-induced optic neuropathy.

In the Under-50 group, characteristic features of glaucoma, such as thinning of the retina and increased
ONH cupping, were confirmed. Mechanical compression by IOP elevation leads to the deformation of the
lamina cribrosa in humans or the glial lamina in rats, and then compression of retinal nerve fibers results in
RGC dysfunction in glaucoma®*!. The histological and morphological changes leading to the development of
retinal thinning and increased ONH cupping were also observed in our model (Fig. 2d,e). These results sup-
port the claim that optic neuropathy is caused by ONH compression following IOP elevation in our model,
similar to the changes in POAG. Meanwhile, eyeballs with elevated IOP were enlarged, and it was predicted
that the entire posterior retina was exposed to high pressure. Thus, not only did optic neuropathy result
from ONH compression but retinal degeneration was also induced by mechanical compression of the reti-
nae in our model. Longitudinally, this eyeball expansion might continue because flexibility of the sclera in
young (9-week-old) rats could predispose their eyeballs to expansion by pressure’>*. Moreover, this global
expansion may compensate for the high IOP-induced focal stress on ONH. Thus, older rats may be ideal as
glaucoma models with severe ONH deformation because of lower induction of eyeball expansion, thereby
exposing the ONH to higher pressure.

TUNEL-positive cells were identified in the GCL, INL and ONL 14 days after cell injection. Kerrigan et al.
have reported that the retinae of glaucoma patients contain an increased number of TUNEL-positive cells*, and
our results corroborate these clinical observations. Glial activation, a marker of neurological disorder character-
ized by increased GFAP expression, is also observed in the retinae of glaucoma patients and various experimental
COH models*"*>-?’. In this study, GFAP expression was limited to the GCL, co-localizing with astrocytes, in con-
trol eyes but was observed in Miiller glial cells throughout the GCL extending to the ONL from the 7th day to a
peak expression on the 14th day after cell injection. These results suggest that our model exhibits the pathological
changes that occur in glaucoma and that the neurological disorder in our model progresses from approximately
the 7th day to the 14th day after cell injection.

There are several limitations in this study. First, we only examined changes in IOP and morphology until 28
days after cell injection. Analysis of the duration of elevated IOP should be extended beyond a month after cell
injection. Second, while long-lasting IOP elevation was achieved at a high rate, IOP values were difficult to con-
trol. It should be possible to control the degree of IOP elevation by varying the cell injection protocol. Third, the
main disadvantage of our model is that the view of the posterior chamber of the eye was continuously obstructed
by cell accumulation and iris adhesion at the front of the lens. We need to improve our method for producing
occlusion of the angle by restricting cell accumulation to the peripheral area of the anterior chamber. Fourth, the
possibility that an inflammatory response to injected cells occurred in the anterior segment cannot be excluded.
However, it is possible to select animals with limited anterior damage. Finally, as mentioned in a recent review
of glaucoma animal models®, rodents have only a glial lamina rather than a structured lamina cribrosa. Thus,
humans or primates may exhibit a different pathology of axon damage and pattern of progression. Nevertheless,
in contrast to models with a structured lamina cribrosa, our rat model may still be used to clarify the initial site
or mechanism of axon damage.

In this study, we developed a reproducible rat glaucoma model with sustained IOP elevation using intraca-
meral injection of conjunctival fibroblasts. In addition, our model was classified into two groups based on the
cut-off value of IOP, and each group displayed different types of RGC loss. One type of RGC loss represented
chronic optic neuropathy, which developed after an increase in ONH cupping and RGC dysfunction and mim-
icked the clinical pathology of POAG. The other type was severe RGC loss, mimicking APAC. Our model has
great potential for further investigation of the pathogenic mechanisms of glaucoma and may be useful in the
development of IOP-lowering drugs and neuroprotective drugs.

Methods

Animals. All animals used in this study were treated in accordance with the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research. The protocol was approved by the Institutional Animal Care and
Use Committee of Research Laboratories at Senju Pharmaceutical Co., Ltd. (No. 20150116-01). Nine-week-old
male Sprague-Dawley rats were obtained from Charles River Japan (Yokohama, Japan), housed at 23 °C with a
12-hour light/dark cycle, and fed ad libitum.

Preparation of conjunctival fibroblasts. Conjunctival tissues were excised from five rat eyes and
incubated in Dulbecco’s Minimum Essential Medium (DMEM, Invitrogen, Carlsbad, CA, USA) with 0.2%
dispase® II (Roche, Basel, Switzerland) for 1 hour at 37 °C. Epithelial cells were mechanically removed, and the
remaining tissue was minced and digested with 0.1% collagenase A (Roche) overnight at 37 °C. Conjunctival
fibroblasts in collagenase solution were then re-suspended in DMEM supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin (all from Invitrogen) and cultured under standard conditions
(humidified atmosphere of 5% CO, at 37 °C). Cultured conjunctival fibroblasts were repeatedly cultured after
achieving 70%-90% confluence.

Intracameral injection of conjunctival fibroblasts. After achieving approximately 90% conflu-
ence, conjunctival fibroblasts were dissociated with TrypLE™ Express (Invitrogen) and suspended in DMEM
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supplemented with 10% FBS and 1% penicillin/streptomycin (1.5 x 107 cells/mL). After topical adminis-
tration of 0.5% tropicamide and 0.5% phenylephrine mixed eye drops (Mydrin-P, Santen Pharmaceuticals,
Osaka, Japan), animals were anesthetized with intraperitoneal ketamine (100 mg/kg) and xylazine (10 mg/
kg). Then, topical 0.4% oxybuprocaine (Benoxyl, Santen Pharmaceuticals) diluted 10-fold and 0.3% gatiflox-
acin (Gatifro, Senju Pharmaceutical, Osaka, Japan) were applied to the corneal surface. Five microliters of
cell suspension was injected slowly over 2-3 minutes into the anterior chamber of one eye with a 34-gauge
needle (n =55), and the contralateral eye was left untreated. In addition, 5uL of culture medium was unilat-
erally injected into the anterior chamber of one eye in other rats as a control (n = 31). The contralateral eyes
of animals in both groups were untreated and regarded as normal eyes. After injection, the eyes were treated
with an ointment containing 0.3% ofloxacin (Tarivid, Santen Pharmaceuticals), and animals were given an
intraperitoneal injection of 1 mg/kg atipamezole (Antisedan, Nippon Zenyaku Kogyo, Fukushima, Japan) to
facilitate recovery from anesthesia.

Measurement of intraocular pressure (IOP).  After inducing anesthesia with sevoflurane, IOP was meas-
ured using a rebound TonoLab® (iCare, Helsinki, Finland) 1 day before (baseline) and 3, 7, 14, 21 and 28 days
after intracameral injection. IOP measurements were started 5 minutes after the induction of anesthesia and
completed within 5 minutes to circumvent the effect of anesthesia on IOP. All measurements were conducted
between 9:00 and 12:00. To avoid drying of the cornea, we administered 0.1% hyaluronic acid (Tearbalance, Senju
Pharmaceutical) during the maintenance of anesthesia. Three IOP values were obtained from each eye, and the
daily mean IOP values for each eye were calculated. The area under the curve (AUC) of IOP change from baseline
in each injected eye was calculated 3, 7, 14, and 28 days after cell injection.

Slit-lamp observation of the anterior chamber.  The anterior segments of eyes were examined with a
slit lamp (Topcon, Tokyo, Japan) at the same time as the IOP measurements were made.

Tissue preparation. Animals were deeply anaesthetized by inhalation of air-saturated isoflurane and per-
fused with cold saline followed by 4% paraformaldehyde (PFA) on the 3rd, 7th, 14th or 28th day after intracam-
eral injection. Eyes were enucleated and post-fixed with 4% PFA.

Histological analysis. Three-um paraffin-embedded sections and 8-um cryosections were prepared and
stained with hematoxylin and eosin. Changes in the anterior segment, retinal thickness, and ONH cupping were
examined using the bright-field mode of a fluorescence microscope.

RGC counting. After overnight fixation, retinae were flat-mounted and then incubated with a primary
antibody against BRN3A (Millipore, Billerica, MA, USA), a transcription factor specifically expressed in the
nuclei of ganglion cells. Then, retinae were incubated with a secondary antibody conjugated to Alexa Fluor® 488
(Invitrogen). Regions that were located 1 mm and 2 mm away from the ONH in each of four quadrants were pho-
tographed with a fluorescence microscope (Keyence, Osaka, Japan). BRN3A-positive RGCs were counted in fields
of 0.4 mm? using an image visualization software (Image-Pro Plus, Nippon Roper, Tokyo, Japan). The counts of
RGCs in 8 areas of each eye were averaged, and the mean numbers of RGCs for each group were calculated. The
rate of RGC loss was defined as the percentage decrease in the number of cells in the cell-injected eye relative to
the number of cells in the control (culture medium-injected) eye.

TUNEL assay. Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining of cryosec-
tions was carried out using the Click-iT® TUNEL Alexa Fluor® 488 Imaging Assay (Invitrogen) to detect DNA
degradation that occurs during apoptosis in situ. Sections were embedded with Vectashield® Mounting Media
with 4’,6-diamidino-2-phenylindole (DAPI) (Vector Laboratories, Burlingame, CA, USA) and examined under
a fluorescence microscope. Positive controls were prepared by treating sections with DNase I before TUNEL to
detect DNA fragmentation.

Immunohistochemical analysis. Eight-um-thick cryosections were cut and immersed in 10 mM
phosphate-buffered saline (PBS). The sections were incubated with a blocking solution containing 5% bovine
serum albumin/0.1% Triton X-100/10 mM PBS at room temperature for 20 minutes to eliminate non-specific
binding, incubated with primary antibodies against glial fibrillary acid protein (GFAP, Dako, Glostrup,
Denmark) at 4°C overnight, and washed with PBS. Then, they were incubated with secondary antibodies con-
jugated to Alexa Fluor® 546 (Invitrogen) at room temperature for 1 hour and embedded with Vectashield®
Mounting Media with DAPI (Vector Laboratories). Immunofluorescence images were acquired using fluores-
cence microscopy.

Statistical analysis. The IOP values and RGC counts are presented as the mean + standard deviation (S.D.).
The differences in IOP values and RGC counts between the injected eyes and the control eyes were statisti-
cally analyzed with two-tailed Student’s ¢-tests of data from each day after cell injection. Linear regressions with
Pearson’s correlation coefficients were performed between normalized RGC numbers and AUCs of the differ-
ential IOP from baseline in cell-injected eyes for the Under-50 and Over-50 groups. p < 0.05 was considered
statistically significant.

Data Availability
The datasets generated and/or analyzed during the current study are available from the corresponding author
upon reasonable request.
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Tear miRNA expression analysis reveals miR- @

203 as a potential reqgulator of corneal epithelial
cells

Ayumi Nakagawa', Takeshi Nakajima? and Mitsuyoshi Azuma®"

Abstract

Background: microRNAs (miRNAs) are small noncoding RNAs that negatively regulate gene expression. They are
found within cells and in body fluids. Extracellular miRNAs have been shown to associate with the surrounding tissues.
Therefore, we predicted that miRNAs in tears may contribute to regulate corneal epithelial cell function. However,
information on the miRNA expression profile of tears is limited and the specific functions of tear miRNAs for corneal
epithelial cells are still unknown. To study the role of tear miRNAs, we determined which miRNAs are highly expressed
in tears and examined the involvement of miRNAs in corneal epithelial cell viability.

Methods: miRNAs extracted from monkey tears and sera were subjected to microarray analysis. miRNAs of which
expression levels were higher in tears than in sera were selected, and their expression levels were quantified by
quantitative polymerase chain reaction (gPCR). To examine miRNA function, mimics and inhibitors of miRNAs were
transfected into human corneal epithelial (HCE-T) cells and incubated for 24 or 48 h. After transfection of miRNA mim-
ics and inhibitors, the viability of HCE-T cells was measured using the water soluble tetrazolium salt (WST) assay, and
microarray analysis and gPCR were performed using total RNA extracted from HCE-T cells. siRNAs of the candidate
targets for miR-203 were transfected into HCE-T cells and the WST assay was performed. To determine a direct target
gene for miR-203, a dual luciferase reporter assay was performed in HCE-T cells using a luciferase reporter plasmid
containing 3’-UTR of human IGFBP5.

Results: Microarray and gPCR analyses showed that miR-184 and miR-203 were expressed significantly more highly
in tears than in sera (165,542.8- and 567.8-fold, respectively, p < 0.05). Of these two miRNAs, transfection of a miR-203
mimic significantly reduced the viability of HCE-T cells (p < 0.05), while a miR-203 inhibitor significantly increased this
viability (p <0.05). miR-203 mimic downregulated insulin-like growth factor-binding protein 5 (IGFBP5) and nuclear
casein kinase and cyclin-dependent kinase substrate 1 (NUCKS1), while miR-203 inhibitor upregulated these two
genes. Transfection of IGFBP5-siRNA decreased the viability of HCE-T cells. miR-203 mimic significantly diminished the
luciferase reporter activity.

Conclusions: In this study, we identified miRNAs that are highly expressed in tears, and the inhibition of miR-203
increases the viability of corneal epithelial cells. Our results suggest that miR-203 contributes to regulating the
homeostasis of corneal epithelial cells.
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Background

The cornea, the anteriormost layer of the eye, is a trans-
parent tissue and mechanical barrier that limits the entry
of exogenous substances into the eye and protects the
ocular tissues [1]. Based on its transparent structure,
the cornea is the only part of the human body that has
no blood supply; it receives nutrition through tears and
aqueous humor, as well as oxygen from the air. The cor-
neal epithelium, which is the outermost layer of the cor-
nea, is replaced approximately every 2 weeks, and corneal
wound healing is a highly regulated process that requires
the proliferation and migration of epithelial cells. In tears,
various proteins such as growth factors are secreted by
the lacrimal gland and distributed over the cornea, where
they are involved in cellular proliferation, migration, and
survival. However, various chemical, physical, and patho-
logical factors injure the corneal epithelium, resulting in
corneal epithelium disorder. It is clinically important to
develop a new method for treating corneal epithelium
disorder.

MicroRNAs (miRNAs) are small noncoding RNAs
(~22 nucleotides) that regulate gene expression at the
post-transcriptional level by binding to the 3’-untrans-
lated region (3-UTR) of target messenger RNAs
(mRNAs) for translational repression or degradation [2,
3]. The interaction between miRNAs and their target
mRNAs requires only partial base-pairing of miRNAs,
occurring at a site called the seed region (nucleotides
2-8), which allows miRNAs to target multiple genes [4].
Several studies have revealed that miRNAs play impor-
tant regulatory roles in diverse cellular pathways includ-
ing differentiation, organogenesis, cell proliferation, and
apoptosis [5-7]. In addition, miRNAs have been reported
to contribute to human diseases including ocular dis-
eases such as glaucoma, cataract, and diabetic retinopa-
thy [8-10].

Recently, some of the functional miRNAs previously
identified in cells and tissues were found in extracellular
fluids such as plasma, serum, saliva, and urine, and also in
tears [11-17]. Although these studies showed the expres-
sion profile of miRNAs in patients such as Alzheimer’s
disease, cancer, Sjogren syndrome, diabetic retinopathy
and glaucoma, there is little information available on
miRNA which is constitutively and specifically expressed
in tears. miRNAs can be packaged in membrane vesicles
such as exosome, released into various extracellular flu-
ids, and transferred into cells to participate in cell-to-cell
communication [16, 18, 19]. The delivered miRNAs can
regulate other cells in new locations [19, 20]. Thus, we
hypothesized that miRNAs present in tears might func-
tion and play important roles in maintaining the homeo-
stasis of the ocular surface like growth factors. However,
many of the available miRNA expression profiles in tears
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are limited in a particular disease condition and the
functions of miRNAs detected in tears are not clearly
understood.

The first aim of this study was to identify the dominant
miRNAs in tears. We then investigated the contribution
of miRNAs highly expressed in tears to the viability of
corneal epithelial cells, and explored its target genes.

Methods

Sample collection

Tear and serum samples were collected from 4 male and
4 female cynomolgus monkeys (Macaca fascicularis). All
of the samples were individually obtained from EveBio-
science Co., Ltd. Fifty microliter of saline (Otsuka Phar-
maceutical, Japan) was instilled in the nasal side of one
eye by micropipette, and after a few blinking, diluted
tears were collected from the temporal side. Diluted tears
were repeatedly collected after an interval until suffi-
cient volume (approximately 600 L) was acquired. Sera
were separated from approximately 2mL blood sample
drawn from the femoral vein. Animal care and all experi-
mental procedures were performed in accordance with
the guidelines of the Association for Research in Vision
and Ophthalmology (ARVO) Statement for the Use of
Animals in Ophthalmic and Vision Research. The proto-
col was approved by the Animal Welfare Committee of
Research Laboratories at EveBioscience Co., Ltd.

Microarray analysis of miRNAs

Three hundred microliter of tears and sera were centri-
fuged for the removal of cellular components, and their
aqueous phases were gently collected. Total RNAs were
extracted from each sample in accordance with the man-
ufacturer’s protocol. The quality and quantity of total
RNAs were confirmed by an Agilent 2100 Bioanalyzer
(Agilent Technologies Inc., Santa Clara, CA) with an
RNA 6000 Pico kit. The miRNAs extracted from monkey
tears and sera were labeled with Hy5 using the miRCURY
LNA Array miR labeling kit (Exiqon, Vedbaek, Denmark)
and hybridized onto 3D-Gene Human miRNA Oligo
chip V16.1.0.0 (Toray Industries, Tokyo, Japan), on which
1212 oligonucleotides are spotted. Hybridization signals
were scanned using a 3D-Gene Scanner (Toray Indus-
tries). The raw data above a level corresponding to the
average of the background plus two standard deviations
were selected, and selected miRNAs were processed by
background subtraction and global normalization. The
miRNA profile of tears was compared with that of sera
(n=2 for each of tear and serum). The miRNAs which
were detected in two samples were included in the
analysis.
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Quantitative real-time PCR of miRNAs

Total RNAs were extracted from 4 ~ 6 samples for each of
tears and sera (300 uL) using QIAzol (QIAGEN, Hilden,
Germany) and miRNeasy Serum/Plasma Kit (Qiagen). To
normalize for technical variation, 0.01 fmol of synthetic
cel-miR-39-3p (QIAGEN) was spiked into each tear and
serum sample after addition of denaturing solution. Total
RNAs were treated with SUPERase-In (Thermo Fisher
Scientific, Waltham, MA), and the quality and quantity
of the extracted miRNAs were assessed using a spectro-
photometer (NanoVue ; GE Healthcare, Little Chalfont,
UK).

Four miRNAs, expressed at high levels in microarrays,
were measured by quantitative polymerase chain reac-
tion (qPCR) following the manufacturer’s instructions.
Briefly, 1.12uL of template RNAs were reverse-tran-
scribed using miRCURY LNA RT Kit (QIAGEN), then
real-time PCR was performed using miRCURY LNA
SYBR Green PCR Kit (QIAGEN). The following prim-
ers were used: hsa_miR-184 miRCURY LNA miRNA
PCR Assay, hsa_miR-3616-3p miRCURY LNA miRNA
PCR Assay, hsa_miR-3610 miRCURY LNA miRNA PCR
Assay, hsa_miR-203a-3p miRCURY LNA miRNA PCR
Assay (QIAGEN). Fluorescence was monitored on a 7500
Real Time PCR system (Thermo Fisher Scientific). Rela-
tive expression levels were normalized to cel-miR-39-3p
and calculated using standard curve method.

miRNA mimics, inhibitors and siRNAs

The synthesized double-stranded full-length miRNA
(22-bp) and the fully 2’-O-methylated complementary
antisense oligonucleotide (22-mer) were purchased from
QIAGEN (miScript miRNA Mimic: Syn-hsa-miR-184
and Syn-hsa-miR-203a-3p, miScript miRNA Inhibitor:
Anti-hsa-miR-184 and Anti-hsa-miR-203a-3p, respec-
tively). miRNA without any homology and 2’-O-methyl-
ated antisense oligonucleotides without any homology
were purchased from QIAGEN (AllStars Negative Con-
trol siRNA and miScript Inhibitor Negative Control,
respectively) as negative controls. siRNAs of IGFBP5,
NUCKS1 and negative control were purchased from
Thermo Fisher Scientific (Silencer® Select siRNAs).

Cell cultures and transfection

Cultured immortalized human corneal epithelial (HCE-
T) cells were obtained from Dr. Kaoru Sasaki at JCHO
Hoshigaoka Medical Center. The cell line was authenti-
cated with short tandem repeat (STR) analysis. The STR
results showed that the DNA of the cell line completely
matched HCE-T. These cells were cultured with DMEM/
F12 (Invitrogen, Carlsbad, CA) supplemented with 5%
fetal bovine serum (FBS, Invitrogen), 5pg/mL insulin
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(Wako, Japan), 10ng/mL human recombinant epider-
mal growth factor (EGE, Invitrogen), 40 ug/mL gentamy-
cin (Invitrogen), and 100U/mL penicillin/streptomycin
(Invitrogen) at 37°C and 5% CO,. Cells were seeded at
1.0 x 10% cells/well in 96-well culture plates for water-
soluble tetrazolium (WST) assay, 4.0 x 10* cells/well in
24-well culture plates for dual luciferase reporter assay,
and 9.0 x 10* cells/well in 6-well culture plates for RNA
extraction in DMEM/F12 medium containing 5% FBS
and 40 pg/mL gentamycin on the day before transfection.
At 18h post-plating, the culture medium was replaced
with DMEM/F12 medium. Transfection of miRNA mim-
ics/ inhibitors and siRNAs was performed according to
the manufacturer’s recommendations. The miRNA mim-
ics (20nM) and inhibitors (50 to 100nM) were trans-
fected into HCE-T cells with HiPerFect Transfection
Reagent (QIAGEN). The 50nM of siRNAs were trans-
fected with Lipofectamine® RNAIMAX (Invitrogen).

To examine the baseline expression level of miR-184
and miR-203 in HCE-T cells, total RNAs were extracted
from cultured cells using QIAzol and miRNeasy Mini
Kit (QIAGEN) followed by reverse transcription PCR.
qPCR was performed with specific primers using RNU6B
(endogenous control).

Water-soluble tetrazolium salt (WST) assay

The cell viability was determined by WST assay [21].
Forty-eight hours after transfection, WST-8 (Cell Count-
ing Kit-8 reagent; Dojindo Laboratories, Kumamoto,
Japan) was added to each well, followed by incubation
in a 37°C, 5% CO, incubator for 1h. The absorbance
was measured at 450nm in a microplate reader (BioTek,
Winooski, VT). The background (WST-8 reagent absorb-
ance) was subtracted from the data for each well. Relative
changes of miRNA mimic- or inhibitor-treated cells were
calculated comparing with negative control-treated cells.
All assays were performed in triplicate and repeated two
or three times.

Microarray analysis and qPCR of genes

Forty-eight hours after transfection of miR-203 mimic
and inhibitor, total RNA was extracted from HCE-T cells
using TRIzol® Reagent (Invitrogen) and RNeasy Mini kit
(QIAGEN). Subsequently, microarray analysis was per-
formed using Genechip (Affymetrix, Santa Clara, CA).
The relative expression levels of genes after transfection
of mimic or inhibitor compare with their negative control
were calculated (n=3).

To validate the expression levels of insulin-like
growth factor binding protein 5 (IGFBP5), nuclear
casein kinase and cyclin dependent kinase substrate 1
(NUCKS1) and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) mRNAs, 300ng of template RNAs were
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reverse-transcribed using PrimeScript® RT Master Mix
(Perfect Real Time) Kit (Takara Bio, Shiga, Japan), and
real-time PCR was performed using TagMan" Gene
Expression Master Mix (Thermo Fisher Scientific). The
assay ID of TagMan® Gene Expression Assays used as
primers were following: Hs00181213_m1 (for /GFBPS5),
Hs05054673_s1 (for NUCKS1) and Hs02786624_g1 (for
GAPDH). GAPDH was used as an internal control. Rela-
tive expression levels were calculated using standard
curve method.

miRNA target prediction

Potential target genes of miR-203 and the target sites on
their 3/-UTR were predicted by miRDB (http://mirdb.
org/), an online database for miRNA target prediction
[22].

Dual luciferase reporter assay

Fifty nanogram of luciferase reporter plasmid containing
3’-UTR of human IGFBP5 (HmiT100927-MT06, Gene-
copoeia, Rockville, MD) or pEZX-MTO06 control plasmid
(CmiT000001-MT06, Genecopoeia) were co-transfected
with 50nM of miR-203 mimic or negative control into
HCE-T cells by Lipofectamine 2000 (Invitrogen) in
24-well culture plates. At 48 h after incubation, the firefly
and Renilla luciferase activities were measured using the
Luc-Pair" Duo-Luciferase Assay kit 2.0 (Genecopoeia).
Relative luciferase activities were calculated by normali-
zation of firefly luciferase activities based on those of
Renilla luciferase.

Statistical analysis

All data of qPCR, WST assays and dual luciferase
reporter assay are expressed as meanzstandard devia-
tion (SD). Differences in these assays between groups
were assessed using Student’s ¢-test. A p value of <0.05
was considered statistically significant.

Results
miRNA expressions in tears and sera
High-quality total RNAs from tears and sera were con-
firmed with the bioanalyzer (Fig. 1). There were only
RNAs shorter than 200nt and no ribosomal RNA, sug-
gesting that the purified total RNAs did not contain
RNAs derived from cells but contained RNAs circulating
in fluids. The yields of total RNAs were 4 to 18 ng.
Microarray analysis detected 483 and 492 miRNAs in
monkey tears and sera, respectively (Additional file 2).
Of these, 367 were confirmed to be expressed in both
tears and sera. Among these 367 miRNAs, 314 exhibited
expression that was at least twice as high in tears as that
in sera. Table 1 shows top miRNAs with higher expres-
sion in tears than in sera among these 314 miRNAs.
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Fig. 1 Quality validation of purified total RNAs from teas and sera.
The quality of purified total RNAs obtained from tears and sera was
validated using an Agilent 2100 Bioanalyzer. The gel image shows
that only RNAs shorter than 200 nt were contained in each fluid
(n=2)

Table 1 Top 5 miRNAs with higher expression in tears than in

sera

miRNA name Averages of intensities Fold change
(individual value) (Tears/ Sera)
Tears Sera

miR-184 1616.7 193 83.7
(1173.4,2060.0) (21.6,17.1)

miR-3616-3p 11233 31.5(40.1,23.0) 356
(775.1,1471.6)

miR-720° 7077.6 2123(2623,162.3) 333
(3950.5,10,204.6)

miR-3610 4713 15.7(16.1,15.3) 30.1
(562.2,380.4)

miR-203 5873 204 (22.1,187) 288
(184.4,990.1)

2The sequence annotated as miR-720 is likely to be a fragment of a transfer RNA,
and it has been removed from the miRBase (https://www.mirbase.org/)

On the other hand, the top miRNAs expressed higher
in tears were shown in Table 2. There were few differ-

ences in the expression level between tears and sera
(Additional file 2).
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Table 2 Top 5 miRNAs with the higher expression in tears

miRNA name

Averages of intensities
(individual value)

miR-2861
miR-4294
miR-1908
miR-3665
miR-762

22,8884 (14,951.8,30,825.0)

22,274.8 (4206.8,40,342.8)

20,0129 (15,340.5, 24,685.4)

18,755.7 (15,602.1,21,909.3)
(

18,2479 (13,612.1,22,883.6)
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Validation of microarray analysis by qPCR

miR-720, which is likely to be a fragment of a transfer
RNA, has now been removed from the miRNA data-
base (miRBase; https://www.mirbase.org/). Therefore,
the expression levels of the top 4 miRNAs, miR-184,
miR-3616-3p, miR-3610, and miR-203, were validated by
qPCR. The average threshold cycles (Ct values) of miR-
184 and miR-203 in tears were 21.3 and 25.5, respec-
tively, and those in sera were 35.6 and 33.2, respectively
(Fig. 2A). The Ct value of miR-3610 was higher than 35

Fig. 2 gPCR analysis of miRNAs differentially expressed between tears and sera. The average threshold cycles (Ct values) were obtained for miR-184,
miR-203, miR-3610 and cel-miR-39-3p (spike-in control) (A). There was no significant difference in Ct value of miR-3610 between tears and sera.
miR-3616-3p was not detected by qPCR in both tears and sera. miR-184 and miR-203 showed significantly higher expression in tears than in sera (B).
Data are mean£SD (n=4~6). **p<0.01, *p <0.05 relative to sera (two-sided Student’s t-test)
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in both tears and sera, and there was no significant dif-
ference between them. miR-3616-3p was not detected
by qPCR in both tears and sera. Two of the four miR-
NAs, miR-184 and miR-203, showed significantly higher
expression in tears than in sera (Fig. 2B, 165,542.8- and
567.8-fold, respectively, p<0.05). Thus, two dominant
miRNAs in tears, miR-184 and miR-203, were selected to
identify their effects on HCE-T cells.

Contribution of miRNA to the viability of HCE-T cells

We next studied the contributions of the two relatively
highly expressed miRNAs in tears, miR-184 and miR-
203, to regulating the viability of corneal epithelial cells.
The baseline expression levels of miR-184 and miR-203
compared with that of RNU6B (endogenous control)
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were 0.56 and 0.15, respectively (Fig. 3A). The cell viabil-
ity was significantly decreased to 0.8-fold by the miR-203
mimic (p<0.05) and was significantly enhanced 1.2-fold
by miR-203 inhibitor (»<0.05) comparing with these of
the negative controls (Fig. 3B and C). In contrast, mimic
and inhibitor of miR-184 did not change the cell viability
(Fig. 3D).

Transcripts in HCE-T cells changed by miR-203 mimic

and inhibitor

To identify target mRNAs for miR-203 in HCE-T cells,
we confirmed the identity of the transcripts altered after
transfection of miR-203 mimic and inhibitor in HCE-T
cells by microarray analysis (Table 3). At 48h after
transfection, seven genes, IGFBP5, GNAO1, CDKN2B,
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Fig. 3 Contribution of miR-203 and miR-184 to the viability of corneal epithelial cells. The baseline expression level of miRNAs (A). The viability of
HCE-T cells was significantly decreased by the miR-203 mimic (B) and was significantly increased by the miR-203 inhibitor (C). The viability of HCE-T
cells was not changed by the mimic and inhibitor of miR-184 (D). Data are mean = SD (n =6 for miR-203 mimic, n=9 for miR-203 inhibitor, and
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Table 3 Gene transcripts changed by miR-203 mimic and inhibitor
Gene symbol Intensity Fold change Intensity Fold
(/NC) change
miR-203 Mimic Mimic NC miR-203 Inhibitor Inhibitor NC (/ NC)
IGFBP5 36.76 63.56 -172 8045 4850 1.66
GNAO1 38.85 72.00 —1.85 67.18 46.85 1.44
CDKN2B 58.08 95.01 —1.64 105.42 68.59 1.54
NUCKS1 48.84 83.29 1.7 98.36 72.50 1.36
FRAST 70.52 112.99 —-16 126.24 90.51 14
TLL 19947 27820 —139 254.23 184.82 1.37
ARID5B 120.26 160.90 —1.34 170.07 128.89 132
AREG 44.02 3245 1.36 33.59 44.63 —133
PSTPIP2 310.83 215.27 145 177.29 238.86 —1.35
NFATC2 106.15 54.95 1.94 45.25 62.25 —1.38

NC Negative control, IGFBP5 Insulin-like growth factor-binding protein 5, GNAOT G protein subunit alpha o1, CDKN2B Cyclin dependent kinase inhibitor 2B, NUCKS1
Nuclear casein kinase and cyclin-dependent kinase substrate 1, FRAS1 Fraser extracellular matrix complex subunit 1, TLLT Tolloid like 1, ARID5B AT-rich interaction
domain 5B, AREG Amphiregulin, PSTPIP2 Proline-serine-threonine phosphatase interacting protein 2, NFATC2 Nuclear factor of activated T cells 2

NUCKS]1, FRASI, TLL1, and ARID5B, were downregu-
lated by miR-203 mimic and upregulated by miR-203
inhibitor (cut-off: >1.3-fold). In contrast, three genes
AREG, PSTPIP2, and NFATC2, were upregulated by
miR-203 mimic and downregulated by miR-203 inhibitor
(cut-off: >1.3-fold).

Identification a direct target gene for miR-203

To screen the target genes of miR-203 among 10 genes
which was identified by microarray analysis, miR-203
target sites were identified by an in silico miRNA tar-
get prediction search. IGFBP5 and NUCKS1 mRNA
had two putative target sites in their 3’-UTR (Fig. 4A).
In order to validate the change of expression level of
IGFBP5 and NUCKS] in microarray analysis, we then
performed qPCR analysis for these two genes 24h and
48h after transfection of miR-203 mimic and inhibitor
into HCE-T cells. At 24h, the expression of IGFBP5 and
NUCKS1 were significantly downregulated by the miR-
203 mimic (p<0.01) and were significantly upregulated
by the miR-203 inhibitor (p<0.01) comparing with the
negative controls (Fig. 4B and C). The effects induced by
miR-203 mimic and inhibitor were reduced at 48h (data
not shown).

The effect of IGFBP5 and NUCKSI1 silencing on the
viability of HCE-T cells was determined using siRNAs
of these genes. IGFBP5-siRNA significantly decreased
the cell viability of HCE-T comparing with the negative
control (Fig. 4D, p <0.05). In contrast, NUCKS1-siRNA
had no significantly effect on the cell viability. To further
determine whether IGFBP5 is a direct target gene for
miR-203, a dual luciferase reporter assay was performed
in HCE-T cells. The luciferase reporter activity was

significantly diminished after the transfection of miR-203
mimic compared with transfection of negative control of
miRNA (Fig. 4E). These results demonstrated that miR-
203 negatively regulates the proliferation of HCE-T cells
by targeting IGFBP5.

Discussion

Several miRNAs have been reported to be specific to
individual organs, tissues, or cell types. For example,
miR-122 and miR-124 are specifically expressed in liver
and brain, respectively [23-27]. In addition, Weber et al.
reported that the composition and concentrations of
miRNAs differ among several body fluid types [11]. These
results demonstrate that specific miRNAs are generated
at each cell and secreted into body fluids to act in the
specific site. Therefore, we hypothesized that miRNAs
express higher in tear than in other body fluid may play
key roles in the homeostasis of ocular surfaces such as
corneal epithelial cells.

In this study, we characterized the miRNA expression
profiles of two body fluids, tears and sera. Several stud-
ies on miRNA expression in tears have been reported
[12-17]. Although these studies showed the difference of
miRNAs expression between patients and healthy con-
trols, little information is currently available on miRNA
which is constitutively and specifically expressed in
tears. Blood circulates throughout the body and main-
tains the homeostasis of various organs, while tears
supply oxygen and nutrition to the ocular surface and
maintain its homeostasis. For this reason, sera fraction-
ated from blood were used as a control body fluid to
determine miRNAs specific for tears. Dufourd T et al.
reported that there were differences of miRNA quality,
content and profile between plasma and serum in rat
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while no differences were found between them in human
because of its large blood volume. Therefore, monkey
serum and plasma also might not show important dif-
ferences in miRNA profile because of their comparably
large blood volume similar to human [28]. We analyzed
the miRNA expression profiles in tears of monkey using
human probes because the majority of monkey miR-
NAs have been well conserved in the human genome
[29]. We revealed that miR-203 expressed higher in tears
than sera. The viability of HCE-T cells was significantly
increased 1.2-fold by miR-203 inhibitor compared with
negative control (Fig. 3). In the immortalized HCE cell

line, the proliferation was promoted approximately 1.5-
fold even by standard growth supplements [30], indicat-
ing the effect of miR-203 inhibitor was significant for the
viability of HCE-T cells. Several studies demonstrated
that the effect of the drug on the viability of HCE-T cells
can be linked to the effect on the corneal wound healing
[31-34]. Taken together, miR-203 inhibitor may have a
therapeutic potential in corneal epithelial wound healing.

miR-203 is widely known as a tumor suppressor and
skin-related miRNA, and plays important roles in cell
proliferation, differentiation, and metastasis by control-
ling various genes [35—41]. In the skin, miR-203 represses
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stemness and promote epidermal differentiation by
restricting proliferative potential [36, 37]. miR-203 may
also control corneal differentiation by inhibiting its pro-
liferation to balance between them and maintain its
homeostasis.

Our microarray analysis and qPCR analysis revealed
that miR-203 mimic downregulates IGFBP5 and
NUCKS]1, and miR-203 inhibitor upregulates this gene
(Table 3 and Fig. 4B). In silico analysis demonstrated that
miR-203 directly recognizes the 3'-UTR of the IGFBP5
and NUCKS1 mRNAs by its positions 2 to 8 (Fig. 4A).
Luciferase reporter assay demonstrated that IGFBP-5
is a direct target gene for miR-203 (Fig. 4E). IGFBP5
have been reported to be involved in cell prolifera-
tion, migration and/or adhesion [42, 43]. Another study
demonstrated that IGFBP5 enhances wound closure of
mammary epithelial cells during injury by inhibiting
the pro-fibrotic/pro-metastatic actions of transforming
growth factor-B1 (TGF-p1) [44]. In this study, we also
revealed that silencing of IGFBP5 resulted in decreasing
the cell viability of HCE-T cells. These findings support
that miR-203 directory regulates IGFBP5 expression to
control the viability of corneal epithelial cells, and inhib-
iting miR-203 enhanced its viability. In contrast, the
silencing of NUCKS1 had no significantly effect on the
cell viability of HCE-T cells. Previous studies demon-
strated that NUCKS1 associates with cell proliferation
in tumor [45], while the silencing of NUCKS] facilitates
corneal wound healing following alkali injury [46]. Taken
together, these and our results indicated that NUCKS1
may have a different effect on the cell proliferation in dif-
ferent cells or conditions.

miR-184, other highly expressed miRNA in tears, did
not show an association with any change in the viability
of HCE-T cells. However, miR-184, which showed the
highest relative expression level in tears compared with
that in sera, has been reported to negatively regulate cor-
neal lymphangiogenesis and angiogenesis [47-49]. These
findings indicate that miR-184 in tears may be important
for maintaining corneal homeostasis to prevent inflam-
mation and neovascularization.

A limitation of this study is that we confirmed the func-
tion of miR-203 in the steady state cell culture, not in the
disease condition. Viticchie et al. reported that miR-203
was downregulated to increase the expression of its tar-
gets which are necessary for cell proliferation and migra-
tion in keratinocytes of mouse skin epidermis during
injury [38]. They demonstrated that miR-203 repression
could mediate the skin re-epithelialization during wound
healing. Furthermore, An ] et al reported that miR-203
was downregulated in mouse corneal epithelium dur-
ing corneal epithelial injury [50]. Their study suggested
the possibility that inhibiting of miR-203 during corneal
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epithelial injury might increase the viability of corneal
epithelial cells as shown in this study. Further studies are
needed to understand the function of miR-203 in corneal
epithelial disease. Moreover, the circulating miRNA can
reportedly be a biomarker for several diseases [51-55].
Thus, the specific and/or abundant miRNAs in tears
might have the potential to be valuable biomarkers for
ocular diseases.

Conclusion

The abundant miRNAs in tears would play important
roles to maintain the homeostasis of ocular surface. In
particular, our study provides evidence that miR-203 in
tears is an important factor in controlling the physiology
of corneal epithelial cells. The effect of inhibiting miR-
203 on enhancing corneal epithelial cell viability supports
its potential as a therapeutic role in corneal epithelial
wound healing.
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