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Effects of High Glucose and Dexamethasone on the Permeability in
Trabecular Meshwork Cells
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Purpose: To investigate the effects of high glucose (HG) and dexamethasone (DEX) on the survival and permeability of tra-
becular meshwork cells (HTMC), and associated changes in tight junctions.

Methods: Primary cultured HTMC were exposed to 5 mM low glucose (LG) or 25 mM HG with or without 1.0 uM DEX for 3 days.
The permeability of the HTMC monolayer was assessed using carboxyfluorescein or transendothelial electrical resistance
(TEER). Gene and protein expressions of claudin-5 and occludin were assessed with reverse transcription polymerase chain re-
action (RT-PCR) and Western blot, respectively.

Results: HG was significantly associated with greater HTMC monolayer permeability compared to LG by both the carboxy-
fluorescein permeability test and TEER (p = 0.022, 0.028). HG also decreased claudin-5 and occludin mRNA expression, re-
spectively (7.5%, 12.9%). DEX abolished HG-induced increased permeability, and increased the protein expression of claudin-5
and occludin, respectively (p = 0.015, 0.012).

Conclusions: In HTMCs, DEX reversed HG-induced permeability increase. DEX increased tight junction molecules claudin-5
and occludin. Thus, DEX-induced changes in junctional proteins could be another mechanism of increased resistance through
the trabecular meshwork and may result in steroid-induced glaucoma.
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Al BAdS fdstel 24 754 HekE
doA o= st oAM= WS L
= Aow AYA Yok HeFAzel A zs
o]-§3t gk Aol A DEXE A7I7F =AY A i
NEZE B3 42)d %% (hydraulic conductivity)o] T3k
Aol F7tEm ojuf MEZZAF | oidt= zonula oc-

cluldens-1 (ZO-1)
e
AlZ7E "2k (tight junction, TJ) THH-& occludin,
claudin 12]31 Alzzut Z{ekd Fo] ql=d, Alxat 7
S-¢hl-2 zonular occludens (ZO) E= cingulin} -2 A
29 1 B9k Aste] 2 Rk Faeld
E9o| A9 FH TJ WL occludini} claudin-50]1 o]
2 wle] Z7l0] walalol HEAEEC] Rl 24
stol HGo| ofs wpetol g E3a Betoha) A Eao)
£} vslohe 02 R4 Uk et g
M2l A fole HGol| =EHd HArradSHESe] &
Ao FFE v 5 low, TIE 7|s4 ez 45t
whil o] occludin®} claudin-52] Wdof kS = 7=
o] Qlen} ofof thafjA= oA ApAIE] AGE A QT
B ATolAE Afge] ASEAIEE Qo] HG
=E3A oy ARl BT FakEo] njX]e
S Yol 0|9} EHlste] TJ ©@hol occludini}
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Mz Hfdat 2k= X 2|

2 A= e g a Y oshae|d o9
(institutional review board, IRB)2| 4912 Weti(5QIH
T: CR-17-013) &47] Ado] wet A= ik Qht-
ol AL AT 6A17F ol o] HEg AkTo] ghupzto)
A A5 BAWol E22ko]A(Sigma, St. Louis, MO,
UsA)ez A3t wigFdAlol &11 & FAA(Gibeo,
Invitrogen, Carlsbad, CA, USA)Q} 15% S$-ejo}dH
(Hyclone, Thermoscientific, Carlsbad, CA, USA)o| 33}
% Dulbecco’s modified Eagle’s medium Hj X(DMEM,
Gibco, Invitrogen, Carlsbad, CA, USA)E A3} 5%
CO, HjeF7lolA Zofufefstalel. AF-FAl227E oA
247 2912 AE AL AT T HiF2H9] of
AlES AASHL v Al&stal e Al27E ujFd Al
ZH A 10% $-eflo}& #(Gibeo, Invitrogen, Carlsbad,

CA, USA)S 33t WiA 2 1:39] BHl&2 EZA(Sigma,
St. Louis, MO, USA) x| 2|3}o] A tfuljoFslict.

Aapuf kRt AFFAlEE wFg Al B - 244
7 &% wiEr)ol Wol AlxE RAA ok wjAE Al
AstaL VhA ) e o] AlszufefollA &3] Ao 5
mM low glucose (LG) (Gibco, Invitrogen, Carlsbad, CA,
USA)9] H]3l 25 mM HG (Gibco, Invitrogen, Carlsbad,
CA, USA)7} o] x| 93FS ool 11z} 37t zhzh &
AlA ofg o] A9e Akt 3 LGofl =EAIX] 4
S5 7|22 HGo| 93k #isto] dfs DEX7} v|A|=
3 dolr 7] €3te] 1.0 uM DEX (Sigma, St Louis,
MO, USA)I| &= w=EA|A H]w3}4ich

3—[4, 5 —dimethylthiazol-2—yl]-2, 5—diphenyltetrazolium
bromide (MTT) assay

Alzz o] AEo] gt a5 dopi 7] ffsf Alo] A&
3} SAE AAR ol §EI3 i WAZAe] el MTT
assay (Sigma, St Louis, MO, USA)& ol st} 7 &
Lo 2o 3U7E APt A|2of viA| o] MTTE 2t
welld 100 pLA EO:WP 4N 7F ZoF AujeFst the
drgaaog Aol & dimethylsulfoxideE 2} welld
0.5 mLA Hol 108 o4} EE T12 96-well vjepgAlo]
200 uLA %A EBWEA(FLUOstar OPTIMA, BMG
labtech, Offenburg, Germany)= 570 nmoj|A] &4 =5 =74
stoick olu] Alze] BE Fr= AELY S =AY
= ob7) 9o fzze) 2 o] WEgR el

o AFFAIEE E-RAL H2e F 12-well
9] Transwell (Commg, No.3460, Tewksbury, MA, USA)2] U
Z chamber (insert diameter 12 mm,
2x10* cells/mL9] =2 7} wello]] 27 AZS B33}
1006 SefolEAE Barer oAz wjesHAel ™ ofpla
HuFo HEFARI BEOR FUH ATk AS o
gk 5 @Rl kR T o] ke wiAlel] $iet
o 1% SEjoFERS et ujx 2 wegt o LG, HG,
DEXo] 3917} 242} w37 F =abe AARES ARt

2 chambero]| AF2}al Q)= A|3ZE phosphated buffered sal-
ine (PBS)Z 33] AJA3E th2 50 mM carboxyfluorescein
(Sigma-Aldrich, MO, USA)S w=ZAAth =3 2470 &
transwell & £5}10] 9= chamber= F3}% carboxyfluorescein
9] F& 532 nmof|A] Spectrofluorometer (Fluostar Optima,
BMG Labtech, Offenburg, Germany)= Z=%3s}o] WES T

ek elet:

mm, pore size 0.4 mm)Oﬂ
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Transendothelial Electrical Resistance (TEER)Q| &H

HeFasdzse EREg 2457 9% E o2
Ho2 TEERS 24aloth lAle] AerAzs 12
well9] transwell inserto] Z+z} 2x10" E & B8} oo
opste] FUSIA Mol AlEE SRl ., 2] xug
7} DEXo] 397t k=&A]7Zl & epithelial voltohmmeter
(EVOMZ, World Precision Instruments, Sarasota, FL, USA)
S olg3te] TEER g+ S43HAck™” 549 TEER gt
3} plate®] WAL o] §3fo] ) WAT TEER HQ cm)
& A,

Occludin mRNA2} Claudin—5 mRNAZQ| &5 =X
Z} oFEo) WEAI7] A A] Trizol (Invitrogen,
Carlsbad, CA, USA)S o]-83}o] RNAS B3t & Hejg
RNAOA] occludin mRNAS} claudin-5 mRNAS] 23S
reverse transcription polymerase chain reaction (RT-PCR)
= ol&s stk AfFAlEolA 223t RNAS}
Oligo dT primer, Nuclease-free water (Invitrogen, Carlsbad,
CA, USA)Z &3}5le] THE RNA denaturation mixZ 70C
of 5E7F HAA]7| 2L E2of 557 & t}2 Prime RT pre-
mix (Genet bio, Seoul, Korea)2} 31510 42°Cof| A 1A]7E,
70°Col A 1023t WH-E-AI# cDNAR Hdstqict. /gt
cDNA9]| 2X GoTaq Green Master Mix (Promega,
Fitchburg, WI, USA)¢} 10 pM2] primer (claudin-5; for-
ward primer, GCC ACC GCT TTT TGC CAG A, 139 bp;
reverse primer TCC CAG CAC TGT CTC TCT CAT, 139
bp, and occludin; forward primer, AAG GTT CCA TCC
GAA GCA GG, 252 bp; reverse primer, GGG AGT GTA
GGT GTG GTG TG, 252 bp)E& ZZ &£%ste] DNA
Engine cycler (Bio-Rad, Hercules, CA, USA)E A&-3}o]

94 Col| A 58, 94C 30%, 54°C 30%, 72°C 3022 % 30
cyclesE A3t T 57°Cof|A] 5E7F whEA|ATh =25

polymerase chain reaction (PCR) AFHE-Z 1% agarose gelof|
7] 953}l DNA bandE multi Gauge v2.02 (Fujifilm,
Tokyo, Japan)& o]§ato] zkzb EA8t¢ict o] B-actin
2 internal standard2 ARS-5}9ICH

Western blotting
Thil 2 Z=Zof = RIPA buffer (Thermoscientific, Carlsbad,
CA, USA)E ARE3}4t) Cell lifter (Corning, Acton, MA,
USA)Z A5 Ho} 4°CojlA] 1,200 rpm 2 108 F<9F
ato] AF5oS mot -80°Cof Raahqic Tl geke
BCA protein assay reagent kit (Thermoscientific, Carlsbad,
CA, USA)E AREsto] S4sH3th
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Aot MES 72 9F S 2 NuPAGE 4-12% Bis-Tris gel
(Invitrogen, Carlsbad, CA, USA)°| Z7]4%53t & Xcell
Surelock (Invitrogen, Carlsbad, CA, USA)S ©]-&3te] Y
EZAEZE QA diInvitrogen, Carlsbad, CA, USA)o] 14]
7t transferd}Qith. Transfer’} 24 UEZAESZ 0 A 2hS:
A& &, 9 2k 8-9(Invitrogen, Carlsbad, CA, USA)
oA IAIZF EoF Axujekstsict. Fu]E gto) claudin-5
(Santacruz, Dallas, TX, USA)2} occludin (Santacruz, Dallas,
TX, USA)S Z}Z} vt xjet -g-9l(Invitrogen, Carlsbad, CA,
USA)e] 1:1,00002 3]Asle] A 2|3}l 4oCo)| A 2447k
HES-A17] % A|Z35}al Goat Anti-rabbit horseradish perox-
idase (HRP)-conjugated®l ©|x} &}A|(Santacruz, Dallas, TX,
USA)Z 1} e} gollo]| 1:3,0000.8 3]Aalo] Za)slar Ae
of| A 1AIZE BEGAIFTE BAIE ¥RSAIZ] 92 SuperSignal
West Pico Chemiluminescent Substrate (Thermoscientific,
Carlsbad, CA, USA)E ©o]&3}o] Gel Doc XR+ (Bio-rad,
Hercules, CA, USA) S 2 i o] diagke: 31051 9it) o|uj
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)E in-
ternal standard= ARE-SFQICH

ofm
iy m

AH A2

2= AHE 3ANA SA] Afelo] AlxEE

I R FEAPE B4 (2 w2 SRtk A2
AEY ke, TEERS Bt £ #2242 Yefhfo] un-
paired ttestE ARSI F-JAS vl o Fol4=
o 5%z Rtk

o851

UEATTY

2o TLARE HaFzol ofAld 29z 4
FAEAL A2k o] Aztelgon HeaAEel ¥
& AE5o] Yol D% PAs) ALE Aol

o7}
M BT mors) 597
EXERREE
Az BYH YPPYOR Blshgirk >

deFMzel 420 Xl S

32 7& LG, HG, DEXO] :=EA17] & AJZ9| AfEof| 1]
2= ngg Z243517] 93] AJYsE MTT assayol| A LGoj|
=S 9ol vlsh HGol| Z=EA1Z] A9 Al2o] A&
0] 92.8 + 2.1%§ 201517 71-/\6}3'11:}(19 0.023) (Fig. 1).
LG, HG®|| DEXE 7}et -5 AlaLo] o] f-o3k 2}



o|F Ho|A| gkgLem(p>0.05), DEXO] FAlo] =&AIX]
749-5 vlue] 2 LGet &7 =EAlZ] ol w8 HG
of T =EAIX] A MEL AEo] FSHA A5k
TH(p=0.018).

HARFTHIMES Eote Mo o[xls E
LGo| k=& -l Hlg} HGo| =EAIX] 75 car-
boxyfluorescein®] A-FFHEAM|x50 Ear=7) 8.81 +
32% A UERL folat AolE e ori(po0.022)
(Fig. 2). T3k LG9} HGO|| DEXE FAlo =EAZ] 75
LGS} HGAA Afeiaal 30 Exbiesl 242t 9499
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Figure 1. Effects of low glucose (5 mM, LG) and high glucose
(25 mM, HG) with or without co-exposure of dexamethasone
(1.0 uM, DEX) on the survival of trabecular meshwork cells.
HG showed decreased the cellular survival significantly com-
pared to LG. With co-exposure to DEX, HG also decreased
the cellular survival compared to LG (*,**; p < 0.05).
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Figure 2. Effects of low glucose (5 mM, LG) and high glucose
(25 mM, HG) with or without co-exposure of dexamethasone
(1.0 uM, DEX) on the permeability of carboxyfluorescin
through the trabecular meshwork cell monolayer. Exposure to
HG showed a greater permeability of carboxyfluorescin sig-
nificantly compared with LG (*p = (.022). The permeability
of LG and HG was significantly decreased when co-exposed to
DEX, respectively ("p = 0.023, 0.048). Carboxyfluorescin
intensity of outer chamber normalized to the mean value ob-
tained using non-exposed control (permeability 100%).

+ 1.7%2} 95.73 + 1.9%= 931 ZHA Uehgo
(»=0.023, 0.048), HGo| DEXE ¥ :=EA17]l A $-ol=
LGol| DEXE &7 =2A1%1 7390l vlal LGL} HG Ztoll
= gt ZpolE HolA| ehSITh(p=0.068).

LGO] =ZA]7] 2% TEERS 38.56 + 4.8 Q cm™ 32
™, HGYl| ®=2A]7] A$0= 3475 £ 23 Q em’ & 59
Al A7t 2 YERGTHp=0. 028) (Fig. 3). 18U}
LG9} HG|| DEXE §Alol| k=EAIXl 2 $-oll= LG T
o7 LEAX 7ol vlste] 2zt %46l kol HER
2| 9FFTH(p=0.529, 0.668). 3+H HGE TH=0 = -ZA]

21 75l Bls] HGSF DEXE §Alo] eEA] A5 A%
44
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v 38
2 36
34
32 I
30
LG+DEX HG+DEX

Figure 3. Effects of low glucose (5 mM, LG) and high glucose
(25 mM, HG) with or without co-exposure of dexamethasone
(1.0 uM, DEX) on the transepithelial electrical resistance of
the trabecular meshwork cell monolayer. HG showed a small-
er resistance significantly compared to LG (*p = 0.028).
Co-exposure to HG with DEX showed a greater resistance
significantly compared to HG (**p = 0.045).
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Figure 4. Effects of low glucose (5 mM, LG) and high glucose
(25 mM, HG) with or without co-exposure of dexamethasone
(1.0 uM, DEX) on the expression of claudin-5 mRNA in tra-
becular meshwork cells. Exposure to HG showed a smaller ex-
pression of claudin-5 mRNA compared to LG. Expression of
occludin mRNA was increased significantly by adding to DEX
to LG (‘p < 0.05). P-actin was used as internal standard.
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%7} 37.88 £ 1.4 Q em’& EA| YR} 908 2ol 2 1}
EF $1Th(p=0.045).

Claudin—52} occludin® mRNA 230 O/X|= I&F
LGo|| ==% 7499} v ud}o] claudin-5 mRNAS] W&l

2 HGo| k&4 #% 7.5% © oo LGo| DEXE &
A =2AF] A= LG s 22X claudin-5 mRNA2]
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Figure 5. Effects of low glucose (5 mM, LG) and high glucose
(25 mM, HG) with or without co-exposure of dexamethasone
(1.0 uM, DEX) on the expression of occludin mRNA in tra-
becular meshwork cells. Exposure to HG showed a smaller
expression of occludin mRNA significantly compared to LG.
Expression of occludin mRNA was increased significantly by
adding to DEX to LG (p < 0.05). B-actin was used as in-
ternal standard.
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Figure 6. Effects of low glucose (5 mM, LG) and high glucose
(25 mM, HG) with or without co-exposure of dexamethasone
(1.0 uM, DEX) on the expression of claudin-5 in trabecular
meshwork cells by wetern blot. Exposure to HG showed a
smaller expression of claudin-5 compared to LG significantly.
In both LG or HG, addition of DEX increased claudin-5 ex-
pression significantly (p < 0.05). GAPDH was used as in-
ternal standard.
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aho] 9.7% ] Z7}5l9tkp=0.041, Fig. 4). 121t HG
GEo @ wZF 709} H|wsle] DEXS} HGol| Ao =
SR Bolle 73t ZolE HERhAl ekkthp=0475).

Occludin mRNAE HGoJ| ==
AOHT 12.9% T e WS Bl o (p=0.013), DEX
9? LGo Al =EAIX] Ffole LG @5l s =5
oo} u]mato] 8.58%2 WHo] SojalA| o Z71e}3l
D}(p:o 041) (Fig. 5). 12U} DEX9} HGol| E-A0] 124
71 9ol LG 9508 w2H %99} vlasto] 2.89%
o] o skl ou 93t atols yEhA] ghsktt
(»=0.391).

7850l LG =z

Claudin—5%} occludin®| HHel 2S0f 0|X|= G&t

LG 2% 729} vlwste] claudin-5 THie] W2 HG
of k= A5 12.65% B AA Uepth(p=0.002) (Fig. 6).
LGe} HGOl| DEXE sAl0 =&AIX] Z$ofl= LG TS
2 &% 7o} v|udle] zHzF 7.83%, 6.51%%] BE &
o5 wrslo| o =715tk (p=0.016, 0.015). Occudin T+
w0 2 LG, HGF §7 DEXE FAlo =EAXl 7
- LG ¥5o=2 =&%H 79 vlaste] 217 6.79%,
8.55%% J-9l31A Wdlo| t Z718Fth(p=0.037, 0.012)
(Fig. 7).
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Figure 7. Effects of low glucose (5 mM, LG) and high glucose
(25 mM, HG) with or without co-exposure of dexamethasones
(1.0 uM, DEX) on the expression of occludin in trabecular
meshwork cells by wetern blot. In both LG or HG, addition of
DEX increased occludin expression significantly (p < 0.05).
GAPDH was used as internal standard.
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