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phenyibutarate (PBA), a modulator of endoplasmic ret
components (Plat, Ploy, sud Pai-1) sud matrix metalloproteinases (M
ring tissues containing the trabecul:

ity via an upregulation in matrix metalloproteinase (Mm
to determine whether tPA can re
replicates human juvenile open angle glaucoma, Cutflow facility was measured in Tg-MYOC mice foll
periccular sterold exposure and intrac
tive tPA, Eifects of {PA on cutflow facility were com

Tissue plasminogen activator ({PA) has been shown fo prevent steroid-induced reduction in agueous humor

) expression. The purpose of this study was

ility reduction in the Te-MYOCY7Y mouse model, which
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e outflow {a

wing:

lar protein treatment with enzymatically active or enzymatically inac-

ed to those of animals treated with topical sodium
ie expression of fibrinolytic pathway
2, -9, and -13) was determined in angle
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reduction {ollowing stercid exposure. Enzymatically a(,iwr and enzymatically inactive tPA were equally effective

in attenuating outflow facility reduction in Te-MYOo!
s {Mimp-9 and Mmp-
-MYQO
9 expression while tPA also upregul’

metalloprote

outflow facility rcdughon in 7
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wice and caused enhanced expression of matrix

tPA was equslly effective to topical PBA treatment in ameliorating

* mice. Both treatments were associated with an upregulation in Mmp-
fed Amp-13 expression. 1PA incr

ular matrix remodeling at the trabecular meshwork,

= expression of matrix metal-

which results in

reversal of outflow facility reduction in Tg-MY 0GB mice,

1. Introduction

Glaucoma is a group of optic neum}. athies leading to progressive
irreversible vision 1osx L\ §

At

waby o 14

2

 cause of blv ndness worldwide
wi Ll* primary OpC‘l angle plancoma (POAG)
comprising ﬂu, majority of cases (¥ 3}, The major modifiable
and specific risk factor associated with glau\.oma is an E'iﬂvat.on in
intraocular pressure JOP) (Waing 2014 : }
is determined by the balance between thc production of aguecus ht.mor
and its elimination. Since outflow through the classical cutflow path-
ways {that include the trabecular meshwork, the juxtacanalicalar tissue
and the inner wall of Schlemm’s canal) is pressure dcpcndf‘rt these

]

pathways cfiuuv oly ﬁct"tfﬂ ne IOP levels

“

Abbreviations: iPA, tissus

Tissue plasminagen activaior (tFAJisa “&’l‘; ne protease that catalyzes
the conversion of plasminogen to plasmin { i 213 1t has
also been shown to regulate transcription, as well as the pro"eolvtlc
activation, of matrix metalloproteinases (MMPs) to promote down~
stream extraceliular matrix (ECM) turnover (& :
. AWETIR S g tPA reduces steroid- 1;1\.u('(‘d o) (‘iava—

a0

L, A0 ahd omﬂow

Mmp (nfimp 2, Mmp ) and Mrp- i 41 expla::sn ¥
More recently, we have shown that outflow facility is sxgnmc
reduced in mice deficient in tPA expression (PlatKO) (3w
This finding suggests that tPA may play a larger role in the regu-amon of
outflow facility. To investigate whether that is the case, we studied
anirnpals that carry a mutant human myocilin transgene.
Defects in the myeocilin (MYOC) gene ave the first described (3

plasmincgen activator; NE-tPA, enzymatically inactive tPA; BBA, sodium phenylbutyrate; Mmp, matrix metalloproteinase gene; POAG,

primary open angle glaucoma; TM, trabecular meshx Ivom, [0P, intraocular pressure.
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and most comrmon {53

14} genetic cause linked to glancoma. lncy also
approximately 8% of hu“nan Juvenile glancoma and ave ass
high 10Ps (W while the function of the wildtype
myccilin protein is u'\k“xown mutant myocilin accumulates m‘hm the
endoplasmic reticulum {(ER) of TM cells (Jacot . :
), leading to their ma.iumuon k1 d"ld JLLsequgrt
apoptosis (e Vi 207). The final effect is a
reduction in aguecus humer cutflow hf'ihty and increase in [OP
(Mad N ). The Tyr437His {Y437H) mutation in exon 3 of
MYOC is assoclated with one of the most severe disease phenctypes

e st N
s B R

A transgenic mouse model having the human MYOC gene modified
to contain the Y437H mutation (Tz-MYOCY™ 7Y displays several glau-
coma phenotype characteristic mdudmg ICP elevation and glavcom-
atous neurcdegeneration (Jodl 1). However, these mice do
not display any structural abnormalitie ; at the iridocorneal angle -

i ¢ , 20T Alleviation of ER stress
y improves aguecus humor outflow (¢

Ne utilized this animal model to determine whether {PA can improve
outflow facility independent of its effect on steroid-induced outflow
facility reduction and compared this eﬁ‘e 't to that of ER stress modulator
sodivm phenylbutarate (PRA) : ), We also tested
whether steroids further reduce outflow facility in these animals,
Finally, we determined whether tPA affects Mmp expression levels in
ic—lwm"'””" vice

2. Methods

2.3. Amimals and reatiments

8- to 1 Z-week-old male and female mice were used for this study. The
animals were housed and bred at the State University of New York
{(SUNY) Downstate Health Sciences University Division of Comparative
Medicine {Brooklyn, NY) under a 12-h light/12-h dark cycle and were
fed ad libitum. A Te-MYOCY™ T mouse colony was established from
antmals provided by Dr. Gulab Zode (.
contain the transgenic human M YO(, gene, with a Tyr437His mutation,
on a BOSJL backgrownd (¥ ). Prior to transfer to SUNY
Bownstate Health Sciences University, thc mice had been backcrossed
into the BG background for at least 7 generations. Protocols were
approved by the SUNY Downstate Institutional Animal Care and Use
Committee, and experiments were performed according to the ARVO
Statement for the Use of Animals in Ophthalmic and Vision Research.

To investigate whether corticostercids affect cutflow facility in Tg-
MYOCTH7H gice, animals recetved bilateral injections (20 pl} with
either triamcinolone acetonide (TA) (40 mg/ml, Kenalog-40; Bristel
Myers Squibb, NY, USA) suspension or phosphate-buffered saline {(PBS)
{Gibeo, T hx,rmoh»hx,r Scientific, Waltham, MA, USA) subconjunctivally
using a 100 pl Hamilton syringe with a 26-gauge needle (Precision Glide,
Becton Dickinson & CC, Franklin Lakes, NJ, USA). They were eatha-
nized one week later for outflow facility measarement,

'i'o investigate whether tPA can affect outilow facility in TgMYO-
M mice, and determine whether (A enzymatic action is necessary
for such an of.‘.(:r intraviteeal inje a 10 pl
Hamilton syringe with 36-gauge stainless steel needles (WPI Inc, Sar-
asota, FL, USA). Animals received unilateral intravitreal injections (2 pl,
5 pg/pl) of either tissue plasminogen activator ({PA) {Actilyse; Boeh-
ringer Ingelheim, Ingelheim am Rheln, Germany) or enzymatically
inactive rissue plasminogen activator (NE-{PA/S478A~PA} (Innovative
Research, Novi, ML, USA} while the contralateral eye received bovipe
serum albumin (BSA) (2 1 of 5 pg/pli Gold Biotechnology, St Louds, MO,
(15A). Animals were sacrificed either two or five davs after intravitreal
injections for outflow facility measurement. All injections were per-
formed under isoflurane inhalation anesthesia and topical anesthesia

}. These mice

("
(&3
\

jons were performed using a

(7}
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with 0.5% proparacaine.

To compare the efficacy of (PPA to that of sodivm phenylbutarare
{(PBA} (MilliporeSigma, Burlington, MA, J8A), PBA was dissolved in
sterile PBS to make a 0.29 solution. Fresh solution was made weekly
and stored at room temperature, Tg-MYOC 7 mice received bilateral
tapical ceular PBA twice daily for five days prior to euthanasia. A single
drop of 50 pl PBA solution was instilled into each eye under isoflurane
inhalation anesthesia for each drop administration,

(M
s
B

2.2, IOF megsurement

{OP was measured with a rebound tonowmeter after application of
{3.5% proparacaine topical anesthesia while m;mals‘ were rcs‘rmmt }dina
custom-made device : 13}, Five
castirements were aver 3ged per cach eve. P/-Las‘lremmt were made
between 10 am, and 12 p.m., to minimize the effect of dinrnal IOF
variation.

2.3. Qutflow facility determination

Mouse eyes were enucleated immediately after euthanasia. Outflow
facility was determined using a microfluidic flow sensor (0.07-1.5 pl/
min, MFS1; Elveflow, Paris, France} and constant pressure method, as
previcusly described (i .‘~‘~\~) low rates were piot‘cd at u'uqu\<
pressure levels and the slope of
the outilow facility for each eve. A"xy eyes thgt d% e.ongd visible leaks or
that had pressure-flow correfations with R® 0.9 were excluded from
analysis but were used for RNA quantification.

2.4, Tissue collection, RNA isolation and quantitative real time PCR

fiyes were flash frozen in liquid nitrogen after outflow factlity
determination and subsequently dissected on ice to obtain the angle ri
containing the T, as previcusly described 3 1
Dissected TM tissues were immersed in RNAlater solution {Invitrogen,
Waltham, MA, USA) and then snap-frozen and stored at —80 °C until
RNA extraction. Tissue collected was pooled (four eyes) and homoge-
nized in TRIzol reagent for RNA isolation, per manufacturer’s in-
structions (Life Technologies, Carlsbad, CA, USA). RNA ¢
was determined with a Nanodrop NDR-1600 Spectrophotometer (Thermo
Scientific, Wilmington, DE, USA). cDNA was synthesized by using
High-Capacity c¢DNA Reverse Transcription Kit {Applied Biosystems,
Waltham, MA, USA} according to manufacturer’s protocol. Quantitative
real-time PCR (¢RT-PCR) was performed by using Green-2-Go ¢PCR
Mastermix-ROX {Bio Basic, Amherst, NY, USA) on a QuaniStudio 6 Flex
thermal cyeler (Applied Blosystems, Carlsbad, CA, USA),

mBENA expression of Plat, Plaw, Pai-1, Mmp-2, Mmp-9, and Mmp-13 in
angle ring tissues was determined; sample size (@) values indicate the
total number of eyes rcu treatment group. Primers were designed by
ising Prim Y :

oncentration

admeih e

PO
LT

¥

guences are listed in . Primer specificity w
agarose gel electrophoresis and multiple-sized amplification products
were absent on inspection of melting curves. Target mBNA expression
values were normalized fo the expression levels of 8psI] (ribosomal
protein $11). The relative told change was caleulated by using the AACE
method (fu = Cutliers identified via the Thompson Tau test
were "emovad ffom analysis.

3. Results

1

3.1 Qutflow fa ili'y and expression of fibrinolytic pathway componerts
YESFH .
in TeM oG mice

The mean + standard deviation outflow facility (pl/min/mmHg) was
317 #1077 in TeMYOCY 7 (0 = 10) mice and 132+ 17.2 x 107

v‘l
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Table 1
Primer sequences of genes analyveed by gRT-PCR.

Number Gene Seguence (57- 3}

1 Elar FP: COAAAGCTCGACGTGGGAATA
EP: GTOTCGAGUTGATGTCTGTGTAG

2 Plau FP: GCGCCTTGGTGGTGAAAAAC
RP: GACACGCATACACCTCIGTT

3 Pai-1 FP: ATGATGGUTCAGAGCAACAAG
RP: CATTGTCTGATGAGTTCAGCATC

4 Mmp-2 FP: AL‘A\JFG/\CA’“ o) AC TGACAA

5 Mmp-@

6 Mmp-i3

7 Rosii

P, forward primer; RP, reverse primer.

in wildtype (W1} littermate mice {(n == ¢}. The Te- MYoe 7 mouse eve
had a significantly (~529) lower cutflow facility compared to WT
littermate eves {p < 0.0001, T- tesﬂ { 1A} IOP was also <'i<r1iﬁcantiy
(~47%) elevated in lgl—MYug‘ B mouse eves compared to WT eves {p
0.05, T-test; data not shown). There were no significant differences in
the expression of Plat (¥, 18), Plau 1) and Pai-1 (¢ 1) inangle
ring tissue of eyes from T MYOCT ¥ H {1 = 30) and WT littermate {n =
16) mice {p > 0.05, T-test}. The mean + standard deviation expression of
Plat, Play and Pai-] in angle ring tissues fram Te-MYOC ™™ mice was
1.25 + 0.43, 1.02 + 0.28 and 0.69 + 0.31, respectively. While the mean
standard deviation expression of Pletg, Plau and Pai-7 in angle ring
iissues from WT Littermares was 0,96 + (.18, 1.12 + 0.21 and 0.94 +
0.36, respectively. However, TgMYOCT™H mice (n = ?O) had signifi-
Cantlv lower angle ring tissue expression of Mmp-2 and Mmp- )
) campared to that of WT (nn = 16) littermates LD < f) 05 and p <
test respectively). There was no significant difference in Mrgp-1 3
2C) expression (p > 0.05, T-test) between T2-MYOCT ™ mice and

/'\

-

A HROED
z
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Normalized Plra smRNA
pspression fold ciange

Fig. 1. {A) Cutflow facility in Te-MYQCY*7H
MYQCYRTH eyes (n = 10} compared with wildtvpe (WT} it
were normalized {(mean

8D} to values in WT littermate eves.
angle ring tissues (n = 16} {p > 0.05, ANOVA].

and wildtype hittermate mouse eyes. Outflow
ate aeyes {n = 6) (¥**¥p < 0.0001, T-test). Gene expr
Expression was not significantly different be

25}
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WT littermates. The mean + standard deviation expression of Muip-2,
Mmp-9 and Mmp-13 in angle ring tissues from TgMYOC® YI5H mice was
0.71 + 0.20, 0.72 + 0.24 and 1.04 + (.63, vespectively. While the mean
+ standard deviation expression of Mmp-2, Mmp-9 and Mmp-13 in angle
ring tissues from WT littermates was 0.96 + (.19, 1.08 + (.44 and 1.04
+ 0.46, respectively.

3.2. Effect of steroids onTg-MY O mouse outflow facility
Outflow facility (mean + standard deviation) in Tg-—M YO-
CY 7B mouse eyes treated with TA (n = 7) was 61 + 20 x 107> pl/min/

mumHg while that in Te-MYOC ™ ™ mouse eves treated with PBS (1 =
10) was 60 + 17 « 107° pi/min/mmHg. Outflow facility was not
significantly different between TA and P8BS treated groups (p > 0.05, T~

test) (Vg 3

P

3.3, Effect of engymuatically active ond engymatically inactive tissue
plasminogen acrivator on outflow facility in TeMYOCT™H mice

Y4374

in Tg-MYU eves 2 days after treatment with the respective
protein injection, the mean + standard deviation cutflow facility {(pi/
mm/m-n:{g) was 57.4 4+ 16.8 x 107" in BSA-treated { (n=17),75+ 13.7
% 107% in tPA-treated {n = 10} and 78.6 4 156 x 1075 E-tPA-
treated ( n o= 8) groups {p < 0.0001, ANOVA), Treatment with (PA or
NE-PA s1gmﬁ\.antly enhanced outflow facility compared to BSA treai-
ment {p < 0.05 and p < 0.01, respectively, Tukey-Kramer post hoc
analysis), but did not improve cutflow facnht}, to that of WT littermate
nouse eves (132 + 17.2) {n = 6). There was no significant difference
between (PA and NE-tPA treatments (p > 0,05, Tukey-Kramer post hoc
analysis) (g 4A)

Significant du’ferenf'es in the expression (mean + standard deviation)
Mmp-9 and Mmip-13 between WT, BSA, tPA and NE-PA
groups were detected {ANOVA, p < 0.0001, p <« 0.01, and p <
0.0001, respectivaly). NE-tPA treated Tg-MYC JCVITH ¢ eves {£.95 + 0.30)

of Mmp-3,

B Plar

< ¥
P
&%
A E
25
& 4
T2
=
5 &
i E ]
o i
TeMYOT

D Pai-1

t -

S -

6

Normadieed Pui-7 mRNA
expression fald ebange

TeMYOC

facility {mnean & SD pl/win/mmHg) was significantly reduced in Tg-

ssion changes in Plar (B), Plau {C), and Pai-7 ()
Y V437 -

tweenTg-MYOC” o7 angle ring tissues (n = 20} and WT
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Fig. 2. Mmp gene expression changes in Te-MYOC™ ™ angle rin

/1) littermate eyes. Group means were
and Mmp-9 expression {p < .05 and p <

{mean + 8D} to values in wildtype (¥
tissues {n = 16) for Mmp-2 expression a
> 08, T-test),

Ouflow Facifity (ubminaumliz)

Qe |

%
w
73

H

Fig. 3. Te-MYOCY®H mice do not have stercid-induced cutflow facility

faciiity (mean - SD pl/min/mmHg} was not Further reduced

reduction. Cutflow
in TA treated Te-MYOCY™F oyes (n = 7) compared with PBS treated 7z
MYOCYP™ eyes (n = 10) (p > .05,

T-test).

{n == 8} showed significantly higher Mrrg:'-“‘ expression compared to BSA
wreated eyes (0.50 4 0.24) (n = 16) {p < 0,05, Tukey-Kramer post hoc
analysis) S0, tPA (3.33 4+ 1.13) (n = 8) and NE-tPA {2.90 + 0.78)
{n = 8) treated Tg-MYOC o eyes showed significantly higher Mmp-13
expression compared to BSA treated eyes (118 £ 041} (n = 16} (p <
0.01 and p < 0.01, respectively, Tukey-Kramer post hoc analysis). There
was no significant difference in Mmp-2 ( 1B} expression when

g tissue. Gene expregsion chan

nificantly different in Tg-MYO
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o

Minp-9

bsd

expressint Sold change

Novmatized 3p-9 WRNA

2

and Mmp-12 {C} were normalized
anglﬁ ring tissues {n = 20} and WT angle ring

in Mmp-2 {(A), Mmp-9 (B},
C{di/H

nges

- 0.05, T-test). Group means were not significantly different for Mmp-13 expression {p

5N

P

comparing NE4PA (0,35 + 0.11) (n = 8) and tPA (048 4+ 0.19) (0 = &)
treated eyes to BSA {0.43 i 0.17} (1 = 16) treated eyes {p > 0.05, Tukey-
Kramer post hoe analysis). Mmp-2 expression remained decreased in
BSA, tPA and NE-tPA groups compaved to that in WT littermate mice (p
< 0.0001, p < 0.01, p < 0.0001, respectively, Tukey-Kramer post hoce
analysis).

<

effectiveness of Hssue plasminogen activaior and
Y4RTH

Comparison of the
sodium phenylbutarate in improving outflow facility in Tg-MYOC
mice

Y437 — . . . P
In Tg-MYOC ™7 eyes 5 days after treatment with intravitreal pro-
tein, the mean + xt:md ard deviation cutflow facility (;JMmm/mmHg

was 85.4 4+ 28.8 » 1077 in PA- treated (n = 13) and 54 + 8.3 x 1078
- Y4, PRSI PO
BSA-treated (n = 15} eves. In Tg-MYQC TA37H eves treated with topxcai

0.2%6 PBA, the mean + s-.andard deviation outflow facility was 105 +
37.8 x 107 (n = 14) {p < 0.0001, ANOVA). Treatment with either
intravitreal tPA or topical PBA signiﬁcan"lv enhanced outflow facility
compared to BSA treated eyes (p < 0.05 and p < 0.0001,
Tukey-Kramer post hoc analysis), There was no xibmﬁwm differe
between tPA and PBA treated eyes (p > 0 Tukey-Kramer post
anﬂyslx) A).

The (mean + standard deviation) expression of Mmp-Z, Mmp-9 and
Mmp-13 was significantly different between WT, BSA, tPA and PBA
groups (ANOVA, p < 8.0001, p < 0.001 and p < 0.0001, respectively).
Although, Mmp-2 expression was lower in BSA, tPA and PBA groups
compared to WT littermates {p < 0.0001, p < §.0001, p < 0.0001,
regpectively, Tukey-Kramer post hoe analysis) there was no significant
difference in Mmp-2 expression wheun comparing (PPA (8.16 + Q.08 {n =
83 and PBA {0.11 + 0.07) {n = 8} treated eves to B84 {0.12 4 0.08) {(n
8) treated eyes \p > .05, Tukey-Kramer post hoo analysis) (¢
Both (PA (0,68 + 0.38) (n = B} and PBA (0.48 + 0.19) (n = 8) treat

1S
05,
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o Y4371
Fig. 4. (A) Outfiow facility in protein treated Tg-MYOC® 7 mouse e eyes. Outflow facility (mean + SD pl/min/minHg)

with 1PA {n = 10) and NE-PA (n = 8) compared with those treated with BSA {n =
ity of naive {nof treated h protein) wildtype {(WT) littermate

different from the outflow fa

=+ 5D to values in WT littermate &
tba f‘y“S (n = 8) and NE-tPA eves (n =
smalysis, *p < 0.08, **p < 0.01, **

B < 0.601 *%%p < D.0001.

eyes had higher Mmp-9 expression (Fig. 5C) compared to BSA treated
: (0.40 + 0.35) {n = 8) {p < 0.05 and p < 0.001, respectively, Tukey-
Kramer post hoc analysis). iPA-treated Te-MYOC ™ ™ eyes (6,37 4
2.64) (n = 8) showed a significantly higher M’mp—" 3 expression
compared 1o BSA treated eyes (2.06 + 0,61} {n = 8) and PBA treated
eves (1.40 + 0.54) {n = 8) (p < 0.0001 and p < U.OOL-l respectively,
Tukey-Kramer post hoe analysis) { A0}, PRA treated e 83 did
not show any difference in Mmp-13 expression from that of BS3A-treated
and WT eyes {p > 0.05, Tukey-Kramer post boc analysis) (¥

«J;

yes l”l —

4. Discussion

1) Howevm, osmt an apparent strong
com po*mnt few inr’mdaaf genes have a direct causative role for
e. One of these genes is MYOC which encodes for the myocilin
protein. Mutations or polymarphisms in the myocilin gene account for
~4% of the cases of POAG and appear to often cause an ag«“ess-ve
disease that is Lbaractﬂlzed by IOP elevation early in life :

o

genetic
£ edisea.>

myocilin protein was initiaily described in trabecular meshwork
1] culture following glucocorticoid stimulation (¥
i ) but is ubig m‘romlv Cxpms‘xec in most '3065/ tissues (i

s not only cause an L-pl(‘ ul

ation
expresxi-*n bLt alsoits beLrAtlor in the TM (Mgus B

animals

n =

res. Group means were significantly different for A
8 {ANGVA, Mimp-Z, p < Q.0001, Mmp-8, p < O
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Mmp-2

mRNA

<
expressian fold chamge

Nevmalized dng-2

Mmp-13

orasdieed Hinp-13 5N
exgression (ol ehunge

was significantly increased in eves treated

sn

173 (F%%%p < 0.0001, ANOVA with Tukey-Kramer post hoc analysis). The outflow

&) are included for comparison purposes. The outflow facility in these eves is

ility in BSA, tPA and NE-{PA treated eves. Gene expression changes in Mmp-2 (B}, Mmp-9 (), and Mmp-13 (D) were normalized (mean

Mimp-2, Mimp-9 and Mmp-13 expression in W1 eyes (n =
01, Mmp-13, p < 0.0001). Asterisks

16), BSA eves (n == 16),
indicate differences on Tukey-Kramer post

Various mutations in the myocilin molecule cause disease of variable
The majority of glavcoma-associated MYOC mutations oceur
wi thn exon 3, which encodes the oli c"omedin—iikA domain { s
W), Swr‘mA of

severit V.

t} ese mutations prevent _;rotcolym cleavage at this myocilin domain,
oudophsm; RS

within the

reticulum (ER) (
14), wi
into the a ’lth‘OU" humor (

function nd ret.u('mg ph"qocytig dumb

removal (¥
of the lﬂ"at.on early in life is the
Y437H mutation ( : _.) Ihxs missense mutation has been
shown to prevent proper protein folding within thc ER, whxch hmdc

progression through the secretory pathway (Cat

Gesbed et sl
Cutflow rcsmtamc is highly dependent on the e
{ECM} deposited by TM cells § ; &
). Along with the intracellular ramiﬁ( ations of mutant nwocd n,
there are also changes to the extracellular environment of the outflow
pathways. Since wildtype myocilin normally forms a dvnamic network
with several ccmponents of the -M ECM, such as hbnl}m, faminin,
Loliagen and fibronectin (3t . &
: A0}, mutations in myocilin cause an mﬂ)alan in this network
and promote TM structural abnormalities (G MYOC
mutations have alsc been linked to ultrastructural TM changes in human

ISR
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REED

cility (bamisvnunilyy

Vi tiow 17

Mop-9

expression {old change

Savialieed Mmp-9aliNA

Fig. 5. (A) Outflow facility in protein and PBA treated T2-MYOCY 7H mouse eves.

treated with tPA (n = 13) and PBA {n
uttlow facility of
different fro

= 14} compared with those treate

1 the outflow facility in BSA and tPA treated eyes. Gene expressic
values in WT littermate eyes. Group means were significantls
= 8) and PBA eves (n =

- 8) {ANOVA, Mmp-2, p < (.0001, Mnip-9, p

*p < D05, FFp < 0.01, FFp < 0,001 FHp < 00001,
tissaes, including th-Ll\qud basement membranes and apoptotic TM
cells Rka 3. In addition, mutant myoctlin is associated

with a reducdon in the activity of matrix metalloproteinases (MMP-2
and MMP-9) in cultured TM cells as well as an accumulation of ECM
components in the TM of Tg-MYOCT 7 mice {Rase {£). The
death of TM cells in the presence of over- accumula tionn of mutant
myocilin in their ER likely exacerbates the ECM turnover deficiency.
Steroid-vinduced 10"3 eleva ion is another condition associated with

-PVO"Jt,d in dbllufl‘ﬂd- JJ\/[ du osition in ngrmd-meLcd glaveoma ar‘d

have uncovered a critical role for tPA in ECM turnover regulation.
lmperiantly, we have shown that absence of {PA leads to a decrease in
cutilow facility in mice in the ahsence of steroids {ffu =i ol 2019), This
implies that tPA (and potentially other fibrinclytic enzymes} may have a
farger role in outflow facility regulation in glavcoma. To answer this
question we utilized a mouse model of DAG that closely mirrors the well
characterized haman “myocilin” glaucoma, Th mouse
model containing the human MYOC gene modified with the Y437H
mutation (Fg-MyoCTP7Hy ¢ S . 1 displays several glauc
phenotypes, including: 10P elevation, re ganglion cell death and
optic nerve axon degeneration . i) We confirmed that
JOP is elevated in these animals early in llte and that this is related to a
significant reduction in ouiflow facility.

We initially explored whether fibrinolytic enzyme expression in Tg-
MYQSTO™ mice is reduced, Despite expectations to the contrary,
expression of both tPA, uPA and their inhibitor (PAL-1) were not
affected. This finding suggests that at least early in life, TM cells do not

€ iransgen ic

cma

inal

with BSA {(n
ve {not treated with protein or PBA) wildtype {WT) animals {n = &} are in
changes in My

P < 0.001, Mmp-13, p
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B Mmp-2

Novmlized Afnp-2 ENA
expvesyiuss Told classpe

Normualices Wnp- £1mIRINA
exprorsion Sold chsssex

Cutflow facility (mean + SD pl/min/mimi{g) was significantly increased in eyes
{Rp < §.0001, ANOVA with Tukey-Kramer post hoc analysis). The
ded for comparison purposes. The outflow facility in these eyes is
SPhi o

== 15}

-2 (B3, Mimp-9 (C), and Mmp-13 (D) were normalized {mean +

different for Mnw-2, Mrmp-9 and Mmp-13 expression in WT eyes {n = 16}, B5A eyes (n = 8), tPA eves (n

< 0.0001]. Asterisks indicate differences on Tukey-Kramer post hoe analysis,

experience feedback inhibition on fibrinolytic enzyme transcription.
However since activation of Loth tPA .il‘d uFA (Jaret < e,

¢ ; g 2} requires processing
within the ER it is p _;asabic that thr:' acti 1ty is decreased. We did not
check activity of fibrinolytic enzymes in Tg-MYQCT#7H

ange

enzymatic
WMOUse &y

Despite a seemingly unaffected fitrinolytic svstem in the outflow
tissues of TgMYOCTHH
and

28,

mice, significantly lower expression of Mmp-2
Minp-$ was detected, Lower expression of Mrmps could explain the

redur‘i‘fn in agueous bu"nor outflow in these mice by disrupting ECM

V4375 .
W(‘ then aftcmptcd o ﬁct"tfﬂ ne whether Te-MYOC™®™ mice
develop stercid-induced ocutflow facility reduction. Stercid-induced 10P
ﬂlcthmh oceurs in a very high percentage of patients with OAG {

‘1. The model TA administration via subconjunctival injection
has ‘Dsen shown to cause significant cutflow facility até

tenuation in

wildtype animals (Sumar ot ol ). Similarly, dexamethasone sub-
conjunctival administration has been shown to be effective in decreasing

7). Thus adminis-
tration of periocular corticosteroids al ows ef futb at the eye to be
maximized while ”mmml?mg tozicity, which is seen in models using

systemic steroid administra

en
outflow facility and increasing 10P (f-

tion that requires doses close to the median

].e*. hal dose (& al 13). Contrary o our expectations, we did
. . ra vOc 74371 .
not detec any farther outflow facility reduction in Te-MYOC ™ mice

expased to stercids. It is unclear why this is the case as mice show a

robust steroid-induced effect on outilow facility {Kur aal, 201E) A
possible explanation may involve the already reduced lmehne Mmp
expression in the transgenic mice as prior studies have shown
steroid-induced T™  changes due to MMP expression

aceuy
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downregulation (&

(PA has been shows to pmvant and reverse steroid-induced outflow
facility "hang es in mice and to affect sheep in a similar way { 2
; A ). We have also shown that tPA reverses
’M’mp changes maucsd bv stercids (Himmay 2 W13}, We therefore
hypothesized that an upregulation in xvfhgz expression could enhance
outilow facility in Tg-MYOC ®7" mice. Our results demonstrate that
intraoccular administration of tPA can partially reverse outflow facility
veduction in Tg MYOCT ¥ Hgice, To determine whether this effect is
dependent on enzymatic activity or receptor-mediated transcriptional
upregulation, we alse tested the ability of Cn?vmaaca]w inactive tPA o
improve outflow facility in [g»MY()(‘Y“‘”H mice. Enzymatically inactive
PA (NE-PA/S478A-tFP A} maintains the cytokine functions of tPA while
Lorr'p letely agoluhng its enzymatic activity (W 3 Y Y1
. ). We have pxe\rmuslv bhOVv“l that both
enzymatically active and enzymatically inactive forms of iPA are equally
effective in reversing steroid-induced outflow facility reduction in
CS7BL/6J wmice (submitted) and that this effect is mediated through
transeriptional control of Mmp-9. This eoffect was replicated in
Te-MYOGT™7H mice, where both PA and NE-&A significantly improved
cutilow facility by ~31% and ~379%, respectively. The fact that outflow
facility did not improve n wildtype animals is under-
standable given the short duration of these experiments as well as the
fact that Mmp-9 dysregulation may not be the only change that affects
the outflow of the TgMYOC ™ mice,

1 is however telling that enzymatically inactive tPA (NE-tPA) caused
upregulation of both Mmp-9 and 8mp-13
cally active tPA treatment caused Mmp-13 expression upregulation
following a 2 day treatment regimen. Although we were unable to detect
increase in Mmp-9 expression 2 days after (PA adminis-
n, we were able to detect 1t 5 days post administration, suggesting
may also be present earlier albeit a

R ot
=3 et
S 1 AN
v !

ol

to levels seen in

t’.’}’pl’t’.’%\lUﬂ while enzymat) i-

a significant

that such expression increase
ower level,

Though tPA was successful in enhancing outflow facility, it is of
course unlikely that it significantly affects the wnderlying pathologic
events in the Tg-MYOC™ ™ mouse eyes. Since myocilin mutations ul-
timately lead to glascoma through a significant increase in 10P {and
concomitant reduction in outflow facility) it is important to compare the
efficacy in improving outflow facility by targeting a downstream event
vs, targeting a key pathophysiologic event.

ER stress moduimlon has been previously shown to result in lower
{OP and prevent optic nerve degeneration and votmﬂ anghm cell
de a‘h in this mouse uodel of “myuccilin” glavecoma (& A0

2l 3201 3). Phenylbutyric acid (PBA) has i"cc"\ used as it acts as a
chemical chaperonu reduce ER stress (
temmic { ) and topical 112} administration
were effective in reducing I0P in Tg- M&OC * mice. Topical appli-
cation twice daily resulted in measurable 10P changes within a period as
short as 1 week, We utilized whole eye cutflow facility as our metric
hecause it has been shown to be move sensitive for detection of changes

at the TM (X 3} and provides a more reliable view of AH
dynamics in human eyes (i ark ;
To compare the efficacy of tPA 'uimmlst red by intraocuiar injection
with that of topical PBA, we elected to measure outflow {acility 3 days
after initiation of treatment. We reascned that (PA effectiveness would
rogressively decrease as rrcd:cauon concentration declines following
olus intraceular administration { 2}. Conversely, the
effect from topical PBA wouls slowiy increase as cells function better
under a reduced ER stress. Thus, this time-point for measuring OF
appeared to be a reasonable compromise in obtaining an effect fram
bath tPA and PBA.

Asg expected, both PBA treaiment and tPA treatment resulted in an

improvement of outflow facility. It appears that both treatments were
omparable in their effectiveness at attenuating outflow facility reduc-
tion in Te-M YOS mice. Wt is interesting that while PRA primarily
functions by reducing ER stress, it alse caused an upregulation in Mmp-9

a3

k]

h

~1
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expression in treared eyes. Such an effect has bccn previously reported
when PBA was used in ostecarthritis (7 L 201 tPA caused a
similar increase in Mmp-¢ expression. Furthermore PA-treatment
resulted in a significant increase in Mmp-13 expression that surpassed
expression levels in both PBA treated eyes and naive wildtype eve

In summary, tPA expression is not reduced in Tg-MYGC 4375
and these mice do not show any appreciable stercid-induced outfiow
facility reduction, However, tPA is effective in improving outflow fa-
cility in this genetic POAG model, Purthermore, the tPA effect is
accomplished in a receptor-mediated fashion and does not rely on (PA
enzymatic activity. F%nal?y, PA appears to be equally effective with PBA
in improving outflow facility in these mice suggesting that it can have a
therapeutic potential in the freatment of OAG. This action seems to
involve upregulation of Mmps.

mice,
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