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Regulation of Matrix Metalloproteinase 2 Expression by an Adenosine A1
Agonist in Trabecular Meshwork Cells
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Department of Ophthalmology, Daegu Catholic University School of Medicine, Daegu, Korea

Purpose: We investigated the extent of adenosine A1 agonist-induced expression and regulation of matrix metalloproteinase 2
(MMP-2) synthesis in human trabecular meshwork cells (HTMC).

Methods: Primary HTMC cultures were exposed to 0.1 or 1.0 yM N6-cyclohexyladenosine (CHA) for 2 h in the presence or ab-
sence of an inhibitor thereof, 8-cyclopentyl-1,3-dimethylxanthine (CPT). The expression level of mMRNA encoding MMP-2 was
assessed via reverse transcription-polymerase chain reaction, and the levels of tissue inhibitor of metalloproteinase 2 (TIMP2)
and membrane-type-1 MMP (MT1-MMP) measured by Western blotting. The permeability of the HTMC monolayer was as-
sessed with the aid of carboxyfluorescein.

Results: CHA at 1.0 uM increased the permeability of the HTMC monolayer (p = 0.003) and CHA at both 0.1 and 1.0 uM sig-
nificantly increased MMP-2 mRNA expression, which was inhibited by co-exposure to CPT (all p < 0.05). CHA increased MMP-2
activity, decreased that of TIMP2, and increased that of MT1-MMP (all p < 0.05).

Conclusions: CHA increased the permeability of the HTMC monolayer and increased MMP-2 activity, decreased TIMP2 activity,
and increased MT1-MMP activity. Thus, regulation of TIMP2 and MT1-MMP expression may be involved in the adenosine A1 ag-
onist-induced increase in MMP-2 activity.
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MMP-2)9] 20|12 Z71A)7]= 245 Urepdct? oo} 2
ROCK AJsfjAll= Al29] 7|8l #ojsh= MMP-29] & o]
£ ot AL uAA gron] Aele] ¢ MMP-2e]
Ao WAL FFS He Ao HuHYn
oidlleAl Al DA 2§ 71419 stz MMP-29| &
e Z7M7E AeR HaEo] gloy® MMP-29] &
A ZAof Tds}= tissue inhibitor of matrix proteinase 2
(TIMP2) 2} membrane-type-1 matrix metalloproteinase (MT1-
MMP)2] 240l 13 2912 of wal A A ek o
ehi] 3 AToIAI Ale] HRFAEE Aaporsie] of
g4l Al AAIE AGFaSA 259 ke n]A]=
FFe A e f29 Ao vAe 9= 1
Hog dolr i, ol Al Al ZYA|7} TIMP22} MTI1-
MMPS| EHg0] ul A AR dokmiat stk

CHatnt S

MIZH It k=R 2

2 A= dEE st oshae i o9 Hel
(institutional review board, IRB)2] %912 ®QF(5QUH
5o CR-17-043) A7 A0 wet A= ik Qb3
oA & ARE 6A1ZE ool AE3]E ko] Aol A
AFE AW WA &2 = FAA(Gibeo,
Invitrogen, Carlsbad, CA, USA)Q} 15% $-Efjo}& % (Hyclone,
Thermoscientific, Carlsbad, CA, USA)©] 3£3}F= Dulbecco’s
modified Eagle’s medium HJX|(DMEM, Gibco, Invitrogen,
Carlsbad, CA, USA)E A3 5% CO, vjdF7|o| A z4j
sopslct. 6AIE) ol A8 24 7912 Aehte
A% AT F HRFEAY oAHS AA%T ATt
v Aol SR A 1:39] vle= Afuiedstaict. o
ekt AGTAl2E s Ale] E55k] AlxE F2t
A7 o @3 o] EFHEA] %2 DMEM HjA| S ©o]-&-5}od
247171 vjoFEt ok oAl A1 AFHAIQL 0.1 uM, 1 uM
N6-cyclohexyladenosine (CHA) (Sigma, St. Louis, MO,
USA)ell 2417t 5¢F e E AT offf oftf|=4l Al =84
Z8jA| 21 8-cyclopentyl-1,3-dimethylxanthine (CPT) (Sigma,
St. Louis, MO, USA) 10 uME 302 Ao Z*|x]3}4ch

ME yZo| =3

MOl AEL 3[4, 5-dimethylthiazol-2-yl]-2, 5-diphe-
nyltetrazolium bromide (MTT) assay (Sigma, St. Louis, MO,
USA)E o] gstlon Ao AE s AdY =
S R O ES S NERI R ER TR
ek giet?

ZEgH|ot 7| HHH R EA 2~

Moz xE EFA AEst & 12-well®] Transwell
(No.3460, Corning, Tewksbury, MA, USA)%] U= cham-
ber (insert diameter 12 mm, pore size 0.4 mm)o] 2x10*
cellssmLQ] == =2 ZF wello]] 124 A|EE BEF5to] 10%
Seford e Zegt A2 ks o aE ]
Bom ATt deor FRbeHA ARt A eIt
< dAof 2ohe oA FO] gk wiAIsh] flske] 1%
SHjoFE S TR iR = Wkt ok ZF ofAlof 244]
T eE3A & B HARE Atk WS chamber
o] A}gtal 1= A|EZE phosphated buffered saline® 33]
Al A5 TS 50 mM carboxyfluorescein (Sigma-Aldrich, St.
Louis, MO, USA)S =ZAFTE =2 2417 & transwell
< 53} ¢]= chamber2 F3}E carboxyfluorescein®] 5
5 532 nmoJ|A] spectrofluorometerer (Fluostar Optima,
BMG Labtech, Offenburg, Germany)= Z=7]3}o] Wl &2
UeR ot

MMP-2 mRNAQ| & =X

Trizol (Invitrogen, Carlsbad, CA, USA)& ©o]-8-3}o] A
FAZA RNAE &3 & Z2fE RNAYA MMP-2
mRNA 9] W42 reverse transcription-polymerase chain re-
action&: 0|43 SHelssich. Aol A Helst RNA
¢} Oligo dT primer, Nuclease-free waterS &3§}5}o] TH=
RNA denaturation mixZ 70°Ceo]| 557} denaturation A|7]
I gL 587 & thS Prime RT premix (Genet bio,
Seoul, Korea)?} &3ts}o] 42°Cof|A] 1A]7E, 70°C 10E-7) vt
SA|A cDNAZR AT §H4d3% ¢cDNAof 2XGoTaq
Green Master Mix (Promega, Fitchburg, WI, USA)2} 10
pM&] primer (MMP-2; forward primer, ctc gtg cct tcct aag
tct gg, 251 bp, reverse primer, ggc gtt ccc ata ctt cac ac,
251 bp)E Z}Z £33slo] DNA Engine cycler (Bio-Rad,
Hercules, CA, USA)S A}8-5lo] 94°Col|A] 55, 94C 30%,
54°C 30%, 72°C 3022 & 30 cyclesS A|3§3F & 57°Co|
A 58 WHSAIRTE 525 PCR productE 1% agarose
gelo] #7]9538o] DNA bandE multi Gauge v2.02
(Fuiifilm, Tokyo, Japan)& o|-45}0] 2zt RAakic}. of
o] B-actionS internal standard® A}E-3}%iTh.

TIMP29} MT1-MMPQ| &M =X

TIMP2S} MT1-MMPS| 2Ho] 1|3t gae etofis]
$fsto] THE 3} o] Westemn blot o] 4s}o] Thug 27
3l Tl FZFof= RIPA buffer (Thermoscientific,
Carlsbad, CA, USA)E A3}t Cell lifter (Corning,
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Acton, MA, USA)Z A5 o} 4°Co|A] 1,200 rpm o=
1042 52t ¢4 Eelste] AS5HS mol -80°Cell Husgick
THNRIEES BCA protein assay reagent kit (Thermoscientific,
Carlsbad, CA, USA)E AR&sto] 4513t A&t &
S 72 9Fo 2 NuPAGE 4-12% Bis-Tris gel (Invitrogen,
Carlsbad, CA, USA)o| #7]9E3t & Xcell Surelock
(Invitrogen, Carlsbad, CA, USA)& ©o]&3lo] UERMEZ
9 2~ "(Invitrogen, Carlsbad, CA, USA)o] 1A]7} transfers}
Atk Transfer’t ¢ YEZHEZ O A ubs A3 3,
o 2tk g-9l(Invitrogen, Carlsbad, CA, USA)o|A 1A]7F
=ol Ax|ujakstaict. a2k Sol(Invitrogen)o] 1:1,000
o2 s|4sko] Helska 4ColH 2447 WA F AH
3}11 Goat Anti-rabbit horseradish peroxidase-conjugatedl
o]z} &H|(Santacruz, Dallas, TX, USA)S 9 X}t 8o
1:3,0002.= 3}Asto] A2jstaL Aol 1A HESAIZIC: &
AE ¥FSA]Z] 912 SuperSignal West Pico Chemiluminescent
Substrate (Thermoscientific, Carlsbad, CA, USA)E ©]-83}
o] Gel Doc XR+ (Bio-rad, Hercules, CA, USA)Z Tl o]
WE ok 3Folsl STt o|uff glyceraldehyde 3-phosphate de-

hydrogenaseE internal standard= ARME-S}ATH
SAX X2

= AR 3A oA SATY Ato]&] A|2E o] 853l
2a-2 FEAEE oFA] 2 o= Gt Ao A
23 BREL Ba BEodE uehjglon, A%z
29| B| 3l unpaired -testE AHE-5HO] w-r4 4L vl
AT RolEe %z Hoisich

Z4 J_-'-l'

MIZHHf

2o} 10UARE H95z1e] oA F92 4%
AT At hor] ARBHEON HGTAES BHole
NS0l WA B WAk AZE Aol 1A%
ol A& Agshy ot dokst meFe] AlZAE 7HA =
AT mope] B4 el Pk AgFzAe) of

h = A=Y
4 Z2ol4 PR Ahte HaFATe 5

ZYH Mozt dRFMZL EEo

2k 2} 5o opAlo] A7 F AZY AR
o mlAE G S| SIs) AT MIT assayolA
CHAS} CPTE: OFEo] 1we&|4] gk tjzzol ujs) A=

of &gl §oIF oS LrEhiA] eitTHp=0.05)
otH|=Al A1
0jxl= g

ofAlof mEEA] oS tfztol Hlste] 1.0 uM CHA=
carboxyfluorescein®| 4-F-FHEA|EZ2 Bt g 795t
Al Z7HAH 01 (p<0.05), CPT= ths 1= CHAQ} 549
LEH AF 2R Ao E2EHA] & txatol| H]sh]
B E AAAFHTHEE p<0.05) (Fig. 1). 10 uM CPToj|
SAl =EAI7] 75 0.1, 10 uyM CHA R0l 4 CHAS]
H=o2 eEAYl Aol Hste]l HFFTEAESe] 7
W7t 8951 745k THp=0.001, 0.001).

YA HRFHEMESY

o

ot .= Al Al
= g

0.1 pM, 1.0 pM CHAL = = CPTE SA]0) =&
A7 S BEFofl A ti gt Hste] 22 MMP-2 mRNA
o] ko] Z7F8FtH T p<0.05) (Fig. 2). E3F 10 uM
CPTo] SAo] :=EAIZ] A9 CHAS| d=C2 lEAlX]
Z20f v|ato] 0.1, 10 uM CHA RFo||A] zFzF MMP-2
mRNA2] ¥Halo] 0|3 7+AsITHp=0.001, 0.001).

ZSHH|17F MMP—=2 mRNAS| +30f O|X|

OtHl=4l AT ZEH|7F MMP—2 CHal 2bsiof| 0|X|= Gt
0.1 yM, 1.0 yM CHAE 9= T CPT9} B4 =%
A7 S Bl A izt Hske] 22 MMP-29] 24
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Figure 1. Exposure to 1.0 uM N6-cyclohexyladenosine (CHA)
increased the permeability of carboxyfluorescin significantly
compared to control. Exposure to the 10 uM 8-cyclopentyl-
1,3-dimethylxanthine (CPT) decreased permeability significantly
when co-exposed to 0.1 or 1.0 uM CHA (*). When co-exposed to
CPT, 0.1 or 1.0 uM CHA decreased permeability significantly
compared with exposure to CHA alone (**). Carboxyfluorescin
intensity of outer chamber normalized to the mean value obtained
using non-exposed control (permeability 100%). *’**p < 0.05.
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S ZIMAOH(RE p<0.05), CPT THE Fojl= §oJ3t
ZpolS UER A ¢Fkthp=0.315) (Fig. 3). 3HH 10 uM
CPTof| FAlol =&EA7] 79 CHAS| H5o= wEA17]
790 u]5ke] 0.1, 10 uM CHA H50]lA] ZF2F MMP-22)
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Figure 2. Exposure to 0.1, 1.0 uM N6-cyclohexyladenosine
(CHA) increased significantly the expression of matrix metal-
loproteinase 2 (MMP2) mRNA with or without co-exposure to
10 pM 8-cyclopentyl-1,3-dimethylxanthine (CPT) compared to
control. Co-exposure to the 10 uM CPT with 0.1 or 1.0 uM
CHA decreased the expression of MMP2 mRNA compared to
exposure to CHA alone, respectively. B-actin used as internal
standard. *p < 0.05.
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Figure 3. Exposure to 0.1, 1.0 uM N6-cyclohexyladenosine
(CHA) increased significantly the activity of matrix metal-
loproteinase 2 with or without co-exposure to 10 uM 8-cyclo-
pentyl-1,3-dimethylxanthine (CPT) compared to control. GAPDH
used as internal standard. *p < 0.05.

ZEgH|ot 7| HHH R EA 2~

AL trehglont BARH O R £
5= FtH(p=0.087, 0.062).

-

Ol = Al A1 ZSHH|IZF TIMP22F MT1-MMPQ| Thed dt
a0l O|xl= I

1.0 uM CHA= T E= CPT FAlof =EA17] 735
HFo A djzstol] Wsto] f-oJshA| TIMP29] 2/d< 4

A ZTthp=0.035, 0.037) (Fig. 4). E3F 10 uM CPTo|| FA4|
of leEAZ] 79 CHAO| @502 w=EA|7] 790 Hs}
0] 0.1, 10 uM CHA =I3=0)| 4] zFz} TIMP29] E4jo] -9
a1 27181 tHp=0.028, 0.024).

1.0 uM CHA= MT1-MMP&] 32 F7 A7 ©1(p=0.037),
CPTS} FAo] A7 A4S 0.1, 10 M CHA ELFo]|A]
djzzwte] Hsto] FOSHAl B/do] HAsHtHp=0.032,
0.025) (Fig. 5). E3t 10 uM CPTO]| FAlo| k=EAIZ] 75
CHAO| ©502 WAl 790l vlste] 0.1, 10 uM CHA
LFollAl ZHzE MT1-MMP] gHdo] {-oJatA] 4stglch
(p=0.006, 0.001).

23te] 4 22 AW F7HIYIE o
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Figure 4. Exposure to 1.0 uM N6-cyclohexyladenosine (CHA)
decreased significantly the activity of tissue inhibitor of metal-
loproteinase 2 (TIMP2) with or without co-exposure to 10 uM
8-cyclopentyl-1,3-dimethylxanthine (CPT) compared to control.
Exposure to the 10 uM CPT alone did not affect the activity of
TIMP2. GAPDH used as internal standard. *p < 0.05.
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Figure 5. Exposure to 1.0 uM N6-cyclohexyladenosine (CHA)
increased significantly the activity of membrane-type-1 matrix
metalloproteinase (MT1-MMP). Co-exposure to the 10 uM
8-cyclopentyl-1,3-dimethylxanthine (CPT) with 0.1 or 1.0 uM
CHA decreased the activity of MT1-MMP. GAPDH used as
internal standard. *p < 0.05.

950

HEZ AlEZe 7|dE 2dske MMP7F 52 A7
o] Fa%t A4S ke AR ojv] & dPA e

= ] +od3H= MT1-MMP$} TIMP2

A 3EL] AE /\ﬂie —14 H37F dojub=d] o|uf ofd
AL AL 23 e HaFA 2o MMP-22] W 57147
A9 MMP-32} MMP-99] 2H|o= J3FS nX]A] o= A
o7 ®ugo] glom® MMP-29] X3} oAl ztzt B
o3}= MT1-MMP¢} TIMP29] O3] -85 Yehd 7Hs4d
o] qlrt

olof whef APt 2 Aol AiteA CHA= MMP-2
mRNAS] W&y} MMP-2 thifo] B F7HAF o
CPTof| 93] A==t olelgt Aif= 7|9 et
ol 2|3tk E3F CHAE MMP-29] oAz 2 #Fg5h=
TIMP29] SH3& AatA 7o, Z791%2 2§54 MTI-
MMPe] S Z7kA At webh] CHAC] 93 MMP-2
o] F7H= MTI-MMPS} TIMP20]| 2Jaj4 2HHTh AL
oF % 9lek. E3 oAl Al ZFAE MMP3S} MMPY
o] Bulof o5t JFE 1A Yok AoR Hol
wutp fEol o3t JFG nAA Fe A0 A
Zge),

= 9] AGHY O R CHAS| o3 MMP-29] B4 =
Aol #odsl= MT1-MMP2} TIMP22] &2 XA =
], A=Azl A= oheFst MMP~°1 e e o
g} o]9] xHof Hofst= o 9| MT-MMP£} TIMP
ol AEAgEl H4E LA P AE 2ok P v
ol1e] eiFll] CHAZY MMPS 2 MMP9S] Wl 1}
A egkeh maEglou kst MT-MMPEo]
MMP-29] S-S GEdt 4 9lon], TIMP29] A¢ ot
TIMPo}= mim W En] 2= MMPo| tfs) o2k

22 ek 4= glonz® 3 olof Wt Kk AAIF A
:rL7]_ 938} 74 oz g7_, E]Eq ESF }\ﬂiuﬂoki o]Q.ﬁ]— X
Ao 2 AA YA WollAd dojuh= Aeld vh-ga
= AFH R Hwsh)= ofg]E Zolty. ZEXORE of
Al AlZ4gA= ARTE 53 FHEs 7R
A o §E5E ST, T 71O E MMP-22] £
2717} #osiy, o] MT1-MMPL} TIMP27} MMP-29]
2 2ol AT 7hsAdo] ok

g

o
o©
T

REFERENCES

1) Alvarado J, Murphy C, Juster R. Trabecular meshwork cellularity
in primary open-angle glaucoma and nonglaucomatous normals.
Ophthalmology 1984;91:564-79.

2) Rohen JW, Liitjen-drecoll E, Fliigel C, et al. Ultrastructure of the



—H#RIF 9| : ot

trabecular meshwork in untreated cases of primary open-angle
glaucoma (POAG). Exp Eye Res 1993;56:683-92.

3) Schmidl D, Schmetterer D, Garhofer G, Popa-Cherecheanu A.
Pharmacotherapy of glaucoma. J Ocul Pharmacol Ther 2015;31:
63-77.

4) Kopczynski CC, Epstein DL. Emerging trabecular outflow drugs. J
Ocul Pharmacol Ther 2015;30:85-7.

5) Zhong Y, Yang Z, Huang WC, Luo X. Adenosine, adenosine re-
ceptors and glaucoma: an updated overview. Biochimica et
Biophysica Acta 2013;1830:2882-90.

6) Sanka K, Maddala R, Epstein DL, Rao PV. Influence of actin cy-
toskeletal integrity on matrix metalloproteinase-2 activation in cul-
tured human trabecular meshwork cells. Invest Ophthalmol Vis Sci
2007;48:2105-14.

7) Shearer TW, Crosson CE. Adenosine A1l receptor modulation of
MMP-2 secretion by trabecular meshwork cells. Invest Ophthalmol
Vis Sci 2002;43:3016-20.

8) Kim JW. Comparative study of the effects of trabecular meshwork
outflow drugs on the permeability and nitric oxide production in
trabecular meshwork cells. Korean J Ophthalmol 2017;31:452-9.

9) Mosmann T. Rapid colorimetric assay for cellular growth and sur-
vival: application to proliferation and cytotoxicity assays. J
Immunol Methods 1983;65:55-63.

10) Song J, Deng PF, Stinnett SS, et al. Effects of cholesterol-lowering
statins on the aqueous humor outflow pathway. Invest Ophthalmol
Vis Sci 2005;46:2424-32.

11) Kameda T, Inoue T, Inatani M, et al. The effect of Rho-associated
protein kinase inhibitor on monkey Schlemm’s canal endothelial
cells. Invest Ophthalmol Vis Sci 2012;53:3092-103.

12) Polansky JR, Weinreb RN, Baxter JD, Alvarado J. Human tra-
becular cells. 1. Establishment in tissue culture and growth
characteristics. Invest Ophthalmol Vis Sci 1979;18:1043-9.

ZEgH|ot 7| HHH R EA 2~

13) Alvarado JA, Wood I, Polansky JR. Human trabecular cells. II.
Growth pattern and ultrastructural characteristics. Invest Ophthalmol
Vis Sci 1982;23:464-78.

14) Crosson CE. Adenosine receptor activation modulates intraocular
pressure in rabbits. J Pharmacol Exp Ther 1995;273:320-6.

15) Crosson CE. Intraocular pressure responses to the adenosine ago-
nist cyclohexyladenosine: evidence for a dual mechanism of
action. Invest Ophthalmol Vis Sci 2001;42:1837-40.

16) Tian B, Gabelt BT, Crosson CE, Kaufman PL. Effects of adenosine
agonists on intraocular pressure and aqueous humor dynamics in
cynomolgus monkeys. Exp Eye Res 1997;64:979-89.

17) Husain S, Shearer TW, Crosson CE. Mechanisms linking ad-
enosine Al receptors and extracellular signal-regulated kinase 1/2
activation in human trabecular meshwork cells. J Phamacol Exp
Ther 2007;320:258-65.

18) Fleischhauer JC, Mitchell CH, Stamer WD, et al. Common actions
of adenosine receptor agonists in modulating human trabecular
meshwork cell transport. ] Membrane Biol 2003;193:121-36.

19) Keller KE, Aga M, Bradley JM, et al. Extracellular matrix turnover
and outflow resistance. Exp Eye Res 2009;88:676-82.

20) Bradley JM, Vranka J, Colvis CM, et al. Effect of matrix metal-
loproteinases activity on outflow in perfused human organ culture.
Invest Ophthalmol Vis Sci 1998;39:2649-58.

21) Pang IH, Helberg PE, Fleenor DL, et al. Expression of matrix met-
alloproteinases and their inhibitors in human trabecular meshwork
cells. Invest Ophthalmol Vis Sci 2003;44:3485-93.

22) Jones CB, Sane DC, Herrington DM. Matrix metalloproteinases: a
review of their structure and role in acute coronary syndrome.
Cardiovasc Res 2003:59:812-23.

23) Loftek S, Schilling O, Franzke CW. Series "matrix metalloproteinases
in lung health and disease": biological role of matrix metal-
loproteinases: a critical balance. Eur Respir J 2011;38:191-208.

951



- istottstg|x| 2018 A 59 ® M 10 & -

I
Hl
MO
il
I
I

HARTMEZOM oAl A1 Z2dH|ol 2fet

A MMM otdl=Al At (adenosine A1) ZESH|7| & HEHT|RE5H S A(matrix metalloproteinase 2, MMP—2) 2] &t

OlXl= G0l Chste] Lot X} SHACY

Abp HEH: AL o] MREMEE YRS = ofdl=4 AT Z&EK[R1 0.1, 1.0 uM N6—cyclohexyladenosine (CHA)O| 2A|Zt =S A
POl A AT 282X HaliMIQI 8—cyclopentyl—1,3—dimethylxanthine (CPT)E& XX X|GILCE S&HET|EEH S A(MMP-2)

mRNAS| &5l M- E ZHGIH M, tissue inhibitor of metalloproteinase 2 (TIMP2)2} membrane—type—1 (MT1)-MMPQ| T kM

ZH5IACt, Et carboxyfluoreseing 0|&5t0 HRFHEMZEL FNH=E SR

k1.0 uM CHAE MRFHBMEES Eute g =0 Hl2ste F2 skl S7FAZI2H(p=0.003), 0l= CPTOl| 2Jeh X% AL,

T uM, 1.0 UM CHAE MMP—2 mRNAS| EH51E& SIIAIZIC, 0|28t S7t= CPTO| 9ol AN T ACHESE p<0.05). CHAE MMP—2

2ES B7HAIZICH, TIMP2o| 2ME A6t MTI-MMP 24E S7HAZCHZES p<0.05),

ZE: CHAS MRF SIS Z7HAZLL CHAS MMP-29) 28t EMS ZJHAIZIO0 TIMP2O| ZHS AR[SIHD MTI-MMP

2dg S7HAZIDL matd otdledl AT ZEX|e] ZEZol M TIMP22t MTI-MMP2| 24 H3t7F MMP—29| 2t 20| g A=

Ct

[l
-
o
=
=
r o

S my njo

[¢]

BHOIZE / Min Ju Baek

77HE2 st oJTithst otastmal
Department of Ophthalmology, Daegu
Catholic University School of Medicine

952



