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Abstract

Bradykinin stimulation of B, kinin receptors has been shown to promote matrix metalloproteinase
(MMP) secretion from trabecular meshwork cells and to increase conventional outflow facility.
Because acute secretion of MMPs can be dependent on the activity of extracellular signal-
regulated MAP kinases (ERK1/2), experiments were performed to determine bradykinin effects on
ERKZ1/2 in cultured human trabecular meshwork cells and the relationship of these effects to
MMP-9 release. Treatment of cells with bradykinin produced a rapid 4-to 6-fold increase in
ERKZ1/2 phosphorylation. Stimulation of ERK1/2 activity peaked within 2 min and then declined
to control levels by 60 min. The response maximum occurred with 100 nM bradykinin and the
estimated ECgq was 0.7 nM. Treatment of cells with the B, kinin receptor agonist, Tyr8-
bradykinin, also stimulated ERK1/2 phosphorylation while the B1 agonist, Lys-[Des-Arg®]-
bradykinin had no significant effect. In addition, activation of ERK1/2 by bradykinin or Tyr8-
bradykinin was blocked by the selective B, receptor antagonist, Hoe-140. Inhibition of MAP
kinase kinase (MEK) with U0126 also blocked bradykinin-induced ERK1/2 phosphorylation.
Suppression of protein kinase C activity with the nonselective inhibitor, GF109203X, or by down-
regulation with phorbol ester, diminished, but did not eliminate, bradykinin activation of ERK1/2.
A similar decrease of ERK1/2 stimulation was observed when Src kinase was inhibited by 4-
amino-5-(4-chlorophenyl)-7-(t-butyl)pyrazolo[3,4-d]pyrimidine (PP2). Finally, blockade of
bradykinin-induced ERK1/2 activation substantially reduced the peptide's action to stimulate
MMP-9 release into the extracellular environment. The data demonstrate that bradykinin promotes
ERK1/2 activation in human trabecular meshwork cells. The effect is mediated by B, kinin
receptors, involves two different signaling pathways, and results in increased secretion of MMP-9.
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1. Introduction

The trabecular meshwork is a specialized region of the ocular anterior chamber consisting of
connective tissue beams, trabecular meshwork cells and extracellular matrix (Rohen and
Lutjen-Drecoll, 1989). The primary pathway for aqueous outflow from the anterior chamber
is through the trabecular meshwork into Schlemm's canal and the venous circulation. The
complex matrix and cellular network of the trabecular region provides the principal
resistance to the outflow of aqueous humor (Bill and Svedberg, 1972; Ethier et al., 1986)
and, consequently, is a major determinant of intraocular pressure. Tissue components for
production and inactivation of kinin peptides have been identified within the human anterior
segment and ciliary body (Ma et al., 1996; Wehb et al., 2009). Tissue kallikrein, a serine
protease, is the principal enzyme for kinin generation by local cells and tissues (Bhoola et
al., 1992). This enzyme has been shown to be expressed by the non-pigmented epithelium of
the ciliary body as well as by ciliary smooth muscle and trabecular meshwork cells. Each of
these cell types also express both B1 and By kinin receptors and represent targets for the
actions of locally generated peptide. In addition, both ciliary muscle and trabecular cells
possess kininases for rapid degradation and termination of kinin actions (Webb et al., 2009).
Kininogen, the substrate for tissue kallikrein, does not appear to be produced by tissues of
the anterior segment but is, nonetheless, present in aqueous humor (Chowdhury et al., 2010).
The protein, presumably, is delivered into the angle of the anterior chamber by a
documented pathway for diffusional movement of proteins from plasma into the aqueous
compartment (Barsotti et al., 1992; Bert et al., 2006). Such data support the concept that
kinins produced locally within the anterior segment may act in an autocrine/paracrine
fashion to influence multiple cell types and actively participate in the regulation of anterior
segment function.

Stimulation of B;, kinin receptors by bradykinin has been shown to activate multiple
signaling events in both human and bovine trabecular meshwork cells (Sharif and Xu, 1996;
Llobet et al., 1999; Webb et al., 2003), and also to promote secretion of the constitutively-
expressed matrix metalloproteinase, MMP-9 (Webb et al., 2006). Further, stimulation of
MMP secretion by bradykinin has been associated with an action to enhance conventional
outflow facility in perfused anterior segments (Webb et al., 2006). Secretion and activation
of constitutively-expressed MMPs such as MMP-2 and MMP-9 is commonly regulated in a
variety of cell types through signaling pathways involving mitogen activated protein (MAP)
kinases (Shearer and Crosson, 2002; Liu et al., 2002; Husain et al., 2005; Okada et al.,
2010). Consequently, experiments were performed in the present study to determine the
effects of bradykinin on MAP kinase activities in human trabecular meshwork cells, and to
evaluate the relationship of such effects to the secretion of MMP-9. Bradykinin was found to
act on By kinin receptors in trabecular cells to rapidly and selectively promote ERK1/2
activation. Promotion of ERK1/2 activity by bradykinin utilized at least two different
upstream signaling pathways and was a requirement for kinin-induced MMP-9 release.

2. Materials and methods

2.1. Reagents

Dulbecco's modified Eagle's medium (DMEM) was purchased from GIBCO-BRL (Grand
Island, NY, USA) and fetal bovine serum from Invitrogen (Carlsbad, CA, USA). Penicillin,
streptomycin, and trypsin were acquired from Mediatech, Inc (Manassas, VA, USA).
Bradykinin, Hoe-140, GF109203X, and phorbol 12-myristate 13-acetate (PMA) were from
Sigma (St. Louis, MO, USA). Lys-[Des-Arg®]-bradykinin and [Tyr8]-bradykinin were
obtained from American Peptide (Vista, CA, USA). U0126 and PP2 were purchased from
Calbiochem (San Diego, CA, USA). Polyclonal antibodies to ERK 1/2 and phospho ERK
1/2 and p38 MAP kinases were obtained from Cell Signaling Technologies (Danvers, MA).

Exp Eye Res. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Webb et al.

Page 3

Antibodies to JNK were from Promega (Madison, WI, USA) and polyclonal anti-MMP-9
antibodies were purchased from Fitzgerald (Concord, MA, USA).

2.2. Cell culture

Human tissue was handled in accordance with the Declaration of Helsinki. Experiments
were performed with primary cultures of trabecular meshwork cells isolated from normal
human eyes. Human eyes were obtained from the National Disease Research Interchange
(Philadelphia, PA, USA) and Life-Point Ocular Tissue Division (Storm Eye Institute;
MUSC, Charleston, SC, USA). The donor age averaged 57 + 6 years. Primary cultures of
trabecular meshwork cells were isolated as performed previously (Webb et al., 2003). Once
established in culture, cells were maintained on polypropylene cell culture plates in
Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal calf serum, 100 U/mL
penicillin and 0.1 mg/mL streptomycin in a humidified atmosphere of 5% CO> in air at
37°C. The medium was routinely changed every 48 hr and cells were subcultured weekly
after detachment with 0.05% trypsin in phosphate-buffered saline. Cells from passages 3
through 6 were used for studies. At least 2 different cell populations were evaluated in each
series of experiments.

2.3. Extracellular signal-regulated kinase (ERK1/2)

2.4, MMP-9

Cells were cultured in serum-free medium for 16 hr before the addition of any test agent.
Unless otherwise noted, cells were treated with bradykinin or bradykinin analogues for 2
min. In experiments evaluating effects of the B, kinin receptor antagonist, Hoe-140 (100
nM), the protein kinase C inhibitor, GF109203X (1 uM), the MEK inhibitor, U0126 (1 uM),
or the Src tyrosine kinase inhibitor, PP2 (15 puM), cells were pretreated for 30 min with
inhibitor prior to the addition of bradykinin. In experiments evaluating the effects of protein
kinase C down-regulation, cells were pretreated with phorbol 12-myristate 13-acetate (PMA,
1 uM) for 24 hr before bradykinin treatment. At the end of the incubation periods, cells were
rinsed with ice-cold phosphate-buffered saline and lysed by the addition of lysis buffer (50
mM Tris-HCI buffer, pH 8.0, containing 100 mM NaCl, 1 mM EDTA, 1% Nonidet P-40,
0.1% SDS, 0.5% deoxycholate, 50 mM NaF, 1 mM Na3zVOy, 5 mM phenylmethylsulfonyl
fluoride, 10 pug/ml leupeptin, and 50 pug/ml aprotinin) for 20 min on ice. To determine the
level of ERK1/2 activation (phosphorylation), equivalent amounts of protein (15 ug) were
loaded onto 10% SDS-polyacrylamide gels, and proteins were separated according to
molecular weight using standard SDS-polyacrylamide gel electrophoresis protocols and
transferred to a nitrocellulose membrane. The membranes were then probed with anti-
phospho-ERK1/2 antibodies overnight at 4°C. Bands were visualized by the addition of anti-
rabbit HRP-conjugated secondary antibodies (at 1:3000) and ECL reagents. Blots were then
stripped by incubation in stripping buffer (62.5 mM Tris-HCI, pH 6.7, 100 mM p-
mercaptoethanol, and 2% SDS) for 30 min at 50°C, and total ERK levels (phosphorylated
and nonphosphorylated forms) were determined by immunoblot techniques using polyclonal
anti-ERK1/2 antibodies. Band densities were quantified with a BioRad Versa Doc Imaging
System (Bio-Rad Laboratories). To determine effects of bradykinin on other MAP kinases,
cell lysates were prepared as described above, subjected to gel electrophoresis and probed
with antibodies to JINK or p38 MAP kinase.

For experiments on acute regulation of MMP-9 secretion, equal numbers of human
trabecular meshwork cells were grow to confluence in 100 mm culture dishes. Confluent
cultures were then maintained in serum-free medium for 16 hr prior to initiation of the
experiments. Cells were treated with bradykinin (100 nM) or U0126 (1 pM), alone and in
combination, for 2 hr. Control cells received vehicle only. At the end of the 2-hr
experimental period, the media was collected, concentrated to a standard volume (200 pl)
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using a Centricon concentrator (Millipore, Corp., Bedford, MA), and equal volumes of
concentrate analyzed for MMP-9 by Western blotting. In each experiment, culture plates
were evaluated to determine if the treatment induced any changes in cell attachment or
morphology. Equivalent volumes of concentrate were loaded onto 10% SDS-polyacrylamide
gels, and proteins were separated according to molecular weight using standard SDS-
polyacrylamide gel electrophoresis protocols and transferred to a nitrocellulose membrane.
The membranes were then probed with anti-MMP-9 antibodies overnight at 4°C as
performed previously (Webb et al., 2006). Bands were visualized by the addition of anti-
mouse HRP-conjugated secondary antibodies (at 1:3000) and ECL reagents. The band
intensities were quantified by densitometry as described above. Purified MMP-9 was run in
parallel as a positive control to identify the MMP-9 band.

2.5. Data Analysis

3. Results

Data are presented as means + S.E. and were analyzed using analysis of variance followed
by Neuman-Keuls multiple comparison test for detecting differences, with P < 0.05
considered as significant. The number of observations reported represents the number of
individual experiments conducted.

3.1. Bradykinin activation of ERK1/2 in cultured human trabecular meshwork cells

Incubation of human trabecular meshwork cells with bradykinin produced a rapid activation
of ERK1/2 as measured by increased levels of phosphorylated products (Fig. 1). Erk1/2
phosphorylation was increased four to six-fold relative to basal activity by bradykinin (10
nM) treatment. Activation of ERK1/2 peaked within 2 to 10 min of kinin exposure, and then
declined to control levels by 60 min. For most experiments, trabecular meshwork cells were
treated with peptide for 2 min. Bradykinin activation of ERK1/2 occurred in a
concentration-dependent manner (Fig. 2). The response maximum was achieved with 100
nM bradykinin and the ECg for the effect was approximately 0.7 nM. To determine the
subtype of kinin receptor that mediated stimulation of ERK1/2 activity, cells were treated
with the selective B, receptor agonist, Tyr8-bradykinin, or the B, agonist, Lys-[Des-Arg?]-
bradykinin. Incubation of cells with Tyr8-bradykinin produced a rapid increase in
phosphorylated ERK1/2 that was equivalent in magnitude to that observed for bradykinin
(Fig. 3). In comparison, Lys-[Des-Arg®]-bradykinin failed to promote ERK1/2 activation.
Further, pretreatment of trabecular meshwork cells with the selective B, receptor antagonist,
Hoe-140, inhibited ERK1/2 activation by both bradykinin and Tyr8-bradykinin (Fig. 3). In
comparable experiments, treatment of human trabecular cells with bradykinin was found to
have no effect on phosphorylation of either JNK or p38 MAP kinase (data not shown).

3.2. Role of protein kinases in bradykinin activation of ERK1/2

To determine if MAP kinase kinase (MEK) was involved in the signaling pathway for
bradykinin activation of ERK1/2, trabecular meshwork cells were treated with the MEK
inhibitor, U0126. In this series of experiments, bradykinin treatment increased
phosphorylated ERK 1/2 by 380 + 44 % above control. Pretreatment of cells for 30 min with
U0126 (1 uM) reduced basal levels of phosphorylated ERK1/2 by approximately 90 %, and
completely blocked activation of ERK1/2 by bradykinin (Fig. 4).

To test the possibility that protein kinase C (PKC) had a role in the pathway for ERK1/2
stimulation, cells were either treated with the PKC inhibitor, GF109203X, or PKC was
down-regulated by stimulation of cells for 24 hr with the phorbol ester, PMA (1uM), prior to
incubation with bradykinin. With each approach, the effect of bradykinin to promote
ERKZ1/2 activation was diminished, but not completely inhibited, by modification of PKC
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activity. In experiments in which trabecular cells were pretreated for 30 min with GF
109203X (1 uM), bradykinin alone increased phosphorylated ERK1/2 by 394 + 8 % while
bradykinin in the presence of PKC inhibitor increased phosphorylated ERK1/2 by only 252
+ 36%, a 36% reduction in response (P< 0.05 compared to bradykinin alone) (Fig. 5).
Down-regulation of PKC with PMA had a similar effect. In this series, BK increased
phosphorylated ERK1/2 by 633 + 20% in control cells and 256 + 23% in cells pretreated
with PMA, a reduction in effect of 60% (P< 0.05 compared to bradykinin alone)(Fig. 6).
Neither GF109203X nor PMA treatment significantly modified basal levels of
phosphorylated ERK1/2.

An alternative mechanism for ERK1/2 activation through the MEK stimulation pathway is
promotion of Src tyrosine kinase activity (Della-Rocca et al., 1997; Goldsmith and
Dhanasekaran, 2007). Moreover, activation of Src tyrosine kinase activity has been
associated with increased secretion of MMP-9 from some cell types (Cortes-Reynosa et al.,
2008). To determine if Src kinase was involved in bradykinin actions in the human
trabecular meshwork cell, cells were treated with the Src tyrosine kinase inhibitor, PP2. In
these studies, bradykinin alone increased phosphorylated ERK1/2 496 + 34 % in control
cells. Pretreatment of trabecular cells with PP2 (15 uM) for 30 min appeared to lower basal
levels of activated ERK1/2 but the effect was not statistically significant. However,
bradykinin stimulation of phosphorylated ERK1/2 was diminished approximately 50%
following PP2 to a value 263 + 18% above the control level (P< 0.05 compared to
bradykinin alone) (Fig. 7).

3.3. Bradykinin activation of ERK1/2 and MMP-9 release from trabecular meshwork cells

Acute secretion of constitutively expressed MMPs from trabecular meshwork cells has been
observed with agonists that promote ERK1/2 activation (Shearer and Crosson, 2002; Liu et
al., 2002; Husain et al., 2005; Okada et al., 2010) and bradykinin has been previously shown
to stimulate MMP-9 release from bovine trabecular cells (Webb et al., 2006). Therefore,
experiments were conducted to determine if bradykinin promotes MMP-9 secretion in
association with ERK1/2 activation in human trabecular meshwork cells. For these studies,
bradykinin effects on MMP-9 release into the extracellular media over 2 hr was examined in
control cells and in cells pretreated for 30 min with the U0126 (1uM), which blocks ERK1/2
activation (Fig. 4). Treatment of cells with bradykinin produced almost a 6-fold increase in
MMP-9 release into the extracellular environment in control human trabecular cells, and this
increase in MMP-9 secretion was substantially reduced in cells treated with U0126 (Fig. 8).
While there was a trend toward increased MMP-9 release in cells treated with U0126 alone,
the value did not differ significantly from control levels in the 6 experiments performed.
Most importantly, MMP-9 protein released in response to bradykinin in cells treated with
U0126 did not differ from that released by cells treated with U0126 alone (Fig. 8).

4. Discussion

This study examined effects of bradykinin on the activity of extracellular-regulated MAP
kinases (ERK1/2) in trabecular meshwork cells cultured from human anterior segment.
Incubation of trabecular meshwork cells with bradykinin produced a rapid increase in the
levels of phosphorylated ERK1/2 with peak effect observed within 2 min. The ECsg for the
bradykinin response was approximately 0.7 nM, a concentration consistent with a
physiological role for kinins in the modulation of ERK1/2 activity (Campbell, 2000).
Interestingly, the effect of bradykinin to promote ERK1/2 activation in the human trabecular
meshwork cell was relatively selective as bradykinin treatment did not stimulate either the
JNK or p38 kinase pathways in the present study.
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Generally, the principal physiological actions of kinins are mediated by the B, subtype of
kinin receptor, while the Bq receptor is believed to be of importance only when induced
during certain pathophysiological states and responds preferentially to the desArg?
metabolites of kinin peptides (Bhoola et al., 1992; Blais et al., 2000). In evaluating Kinin
actions in the present study, the B, kinin receptor agonist, Tyr8- bradykinin, was found to be
equivalent to bradykinin in stimulating ERK1/2 phosphorylation in trabecular meshwork
cells while the selective B; receptor agonist, Lys-Des-Arg?- bradykinin, failed to promote
ERKZ1/2 activation. In addition, bradykinin stimulation of ERK1/2 activity was blocked by
pretreatment of cells with the selective B, receptor antagonist, Hoe-140. These results
clearly establish a role for the B, kinin receptor in mediating bradykinin activation of
ERKZ1/2 in the human trabecular meshwork cell. Such a conclusion is consistent with prior
studies of bradykinin actions in ocular tissues where effects to stimulate phospoinosotide
metabolism and increase Ca* mobilization in trabecular meshwork cells have been
attributed to B, receptor stimulation (Sharif and Xu, 1996; Llobet et al., 1999; Webb et al.,
2003) as have the effects of bradykinin to promote outflow facility in perfused anterior
segments (Webb et al., 2006).

B5 kinin receptors couple through the heterotrimeric G protein, Gq, to activate
phospholipase C. Consequently, bradykinin stimulation of trabecular meshwork cells yields
diacylglycerol (DAG) and also inositol trisphosphate (IP3), which then promotes the
mobilization of intracellular free CaZ*. With this combination of second messengers,
ERKZ1/2 activation can then proceed through a DAG-PKC (Ueda et al., 1996; Schonwasser
et al., 1998) mechanism or, alternatively, through an 1P3-Ca%*- dependent mechanism,
which commonly involves Src kinase as an intermediate (Lev et al., 1995; Dikic et al.,
1996). The dominant mechanism for ERK1/2 activation in this setting of signaling pathways
varies with cell type (Hawes et al., 1995; Dikic et al., 1996), though, in some cells, both
pathways have been shown to contribute significantly (Della-Rocca et al., 1997). This latter
possibility appears to be the case for bradykinin activation of ERK1/2 in the human
trabecular meshwork cell. In the present study, inhibition of PKC with the nonselective
inhibitor, GF109203X, or down-regulation of PKC activity by persistent stimulation with
phorbol ester blunted bradykinin stimulation of ERK1/2, but neither intervention abolished
the response. Similarly, inhibition of Src kinase activity with PP2 reduced bradykinin
activation of ERK1/2, but by only 50 %. These results indicate that at least two signaling
pathways can contribute to bradykinin -induced ERK1/2 phosphorylation in trabecular
meshwork cells, and it seems likely that the contribution of a particular pathway will vary
with physiological or pharmacological conditions. Regardless of the upstream events,
however, a common final step in ERK1/2 activation by a variety of signaling cascades is
phosphorylation of ERK1/2 by MAP kinase kinase (MEK) (Goldsmith and Dhanasekaran,
2007). This was also determined to be a key component in the action of bradykinin in
trabecular meshwork cells as inhibition of MEK with U0126 completely blocked bradykinin
stimulation of ERK1/2 activity.

Trabecular meshwork cells have been shown to express tissue kallikrein, the primary
enzyme for kinin production within tissues, and also to possess kininase activity for
termination of peptide effects (Webb et al., 2009). Consequently, kinins generated locally
within the trabecular meshwork may participate in the regulation of anterior segment
function, an idea supported by the finding that activation of B, kinin receptors by bradykinin
results in increased outflow facility in perfused bovine anterior segments (Webb et al.,
2006). However, while stimulation of signaling by bradykinin in trabecular meshwork cells
occurs in minutes as observed for ERK1/2 activation in the present study, functional effects
of the peptide on outflow facility are much slower to develop. Indeed, bradykinin's effect to
increase outflow facility in perfused anterior segments was only evident after one hr of
treatment and required 4 hr for the peak response to be achieved. This suggests that to alter
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facility in the conventional pathway bradykinin stimulation of signaling in trabecular cells
must initiate a cellular response with the potential to only gradually diminish resistance to
aqueous flow through the trabecular meshwork. An action to increase MMP levels is one
potential mechanism as elevated MMPs in the extracellular environment are known to
promote matrix degradation and have been shown to enhance outflow through the
conventional pathway (Bradley et al., 1998; Bradley et al., 2001). Moreover, this possibility
is supported by the finding that bradykinin's action to stimulate outflow facility in perfused
anterior segments was blocked when MMP activity was inhibited (Webb et al., 2006).

Trabecular meshwork cells are a source of multiple MMP isozymes (Alexander et al., 1998;
Zhou et al., 1998; 2001 Shearer and Crosson, 2002). Expression and activation of these
enzymes is generally regulated at a transcriptional level, which is a process that occurs over
days. However, MMP-2 and MMP-9 are constitutively expressed by trabecular meshwork
cells (Shearer and Crosson, 2002; Webb et al., 2006) as well as other cell types, and the
level of these MMPs in the extracellular environment is regulated primarily by acute
changes in secretion from the cell. Moreover, activation of ERK1/2 is a common signaling
mechanism for regulating MMP secretion (Shearer and Crosson, 2002; Liu et al., 2002;
Husain et al., 2005; Okada et al., 2010). Since we had previously demonstrated that
bradykinin stimulation of B, kinin receptors increased MMP-9 secretion from cultured
bovine trabecular meshwork cells (Webb et al., 2006), it was of interest in the present study
to determine if bradykinin promoted MMP-9 release from the human cell, and if this effect
was linked to the activation of ERK1/2. Bradykinin stimulation was observed to increase
MMP-9 release from human trabecular cells into the extracellular media over a 2-hr
treatment period, consistent with the prior finding in bovine cells. Further, pretreatment of
cells with the MEK inhibitor, U1026, to block ERK1/2 activation substantially blunted
bradykinin stimulation of MMP-9 secretion. There was no attempt in these experiments to
assess MMP activity. The data from this group of experiments establish an action of
bradykinin to promote MMP-9 release from human trabecular meshwork cells and suggest
that the effect results from stimulation of ERK1/2 activity.

In conclusion, bradykinin was observed to act on human trabecular meshwork cells to
rapidly activate the extracellular signal-regulated MAP kinases, ERK1/2. This effect was
mediated by B, kinin receptors and involved 2 different signaling pathways, each of which
utilized MEK activity to enhance ERK1/2 phosphorylation. ERK1/2 activation, in turn,
promoted release of MMP-9 from the human trabecular cell. These events, viewed together,
provide a cellular basis for bradykinin's functional effect to increase outflow facility in the
anterior segment by a MMP-dependent mechanism. In this context, bradykinin stimulation
of B, receptors on the trabecular meshwork cell leads to ERK1/2 activation and subsequent
secretion of constitutively-expressed MMP-9, which, over a period of hours, alters the
extracellular matrix and decreases resistance to aqueous flow through the conventional
pathway.
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Fig. 1.

Time-course of bradykinin activation of ERK1/2 in cultured human trabecular meshwork
cells. Serum-deprived trabecular meshwork cells were incubated with bradykinin (10 nM)
for varying time periods. At the end of incubation, cell lysates were analyzed for
phosphorylated ERK1/2 (Phos-ERK1/2) and total ERK1/2 by immunoblot using antibodies
to phosphorylated ERK1/2 and total ERK1/2, respectively. A, values represent means + S.
E. of densitometry measurements from phosphorylation data in 5 to 8 experiments. * Differs
from 0 time control at P< 0.05. B, representative immunoblot of phosphorylated and total
ERK1/2 from trabecular meshwork cells incubated with bradykinin (10 nM) for varying
time periods.
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Fig. 2.

Concentration-dependent activation of ERK1/2 by bradykinin in cultured human trabecular
meshwork cells. Serum-deprived trabecular meshwork cells were incubated with varying
concentrations of bradykinin for 2 min. At the end of incubation, cell lysates were analyzed
for phosphorylated ERK1/2 by immunoblot using antibodies to phosphorylated ERK1/2.
Values represent means = S. E. of densitometry measurements from phosphorylation data in
4 to 7 experiments.

Exp Eye Res. Author manuscript; available in PMC 2012 June 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Webb et al.

Page 12

800+

600

400+

200+

ERK /2 Phosphorylation
(Percent of control)

Con Bk TyrBk LysBk Bk+  TyrBK+
Hoe Hoe

Phos-ERK1/2 D QI - T ——
Total ERK1/2 - . et — —

Con Bk TyrBk LysBk  Con  Bk+ TyrBK+
Hoe Hoe

Fig. 3.

Effects of receptor-selective kinin agonists and antagonist on ERK1/2 activation in cultured
human trabecular meshwork cells. Serum-deprived trabecular meshwork cells were
incubated for 2 min with 10 nM bradykinin (BK), Tyré-bradykinin (TyrBk), or Lys-[Des-
Arg®]-bradykinin (LysBk) alone or in combination with 100 nM Hoe-140 (Hoe). In
experiments with Hoe-140, cells were pretreated with the antagonist for 30 min prior to
addition of kinin agonist. At the end of incubation, cell lysates were analyzed for
phosphorylated ERK1/2 (Phos-ERK1/2) and total ERK1/2 by immunoblot using antibodies
to phosphorylated ERK1/2 and total ERK1/2, respectively. A, values represent means + S.
E. of densitometry measurements from phosphorylation data in 6 to 8 experiments. * Differs
from control at P< 0.05. B, representative immunoblot of phosphorylated and total ERK1/2
from trabecular meshwork cells incubated with test agonist alone or in combination with the
antagonist Hoe-140.
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Fig. 4.

Inhibition of bradykinin (Bk) stimulation of ERK1/2 activation in cultured human trabecular
meshwork cells by the MAP kinase kinase inhibitor, U0126. Serum-deprived trabecular
meshwork cells were treated with 100 nM Bk, 1 uM U0126, or Bk + U0126. Cells were
pretreated with vehicle or U0126 for 30 min prior to incubation with Bk for 2 min. At the
end of incubation, cell lysates were analyzed for phosphorylated ERK1/2 (Phos-ERK1/2)
and total ERK1/2 by immunoblot using antibodies to phosphorylated ERK1/2 and total
ERK1/2, respectively. A, values represent means £ S. E. of densitometry measurements
from phosphorylation data in 4 experiments. * Differs from control at P< 0.05. B,
representative immunoblot of phosphorylated and total ERK1/2 from trabecular meshwork
cells treated with Bk, U0126, or Bk + U0126.
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Fig. 5.

Attenuation of bradykinin (BK) stimulation of ERK1/2 activation in cultured human
trabecular meshwork cells by the protein kinase C inhibitor, GF109203X. Serum-deprived
trabecular meshwork cells were treated with 100 nM Bk, 1 uM GF109203X, or Bk +
GF109203X. Cells were pretreated with vehicle or GF109203X for 30 min prior to
incubation with Bk for 2 min. At the end of incubation, cell lysates were analyzed for
phosphorylated ERK1/2 (Phos-ERK1/2) and total ERK1/2 by immunoblot using antibodies
to phosphorylated ERK1/2 and total ERK1/2, respectively. A, values represent means + S.
E. of densitometry measurements from phosphorylation data in 4 experiments. * Differs
from control at P< 0.05. B, representative immunoblot of phosphorylated and total ERK1/2
from trabecular meshwork cells treated with Bk, GF109203X, or Bk + GF109203X.
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Fig. 6.

Attenuation of bradykinin (Bk) stimulation of ERK1/2 activation in cultured human
trabecular meshwork cells by down-regulation of protein kinase C. Serum-deprived cells
were treated for 24 hours with 1 uM PMA or vehicle prior to incubation with 100 nM Bk for
2 min. At the end of incubation, cell lysates were analyzed for phosphorylated ERK1/2
(Phos-ERK1/2) and total ERK1/2 by immunoblot using antibodies to phosphorylated
ERK1/2 and total ERK1/2, respectively. A, values represent means £ S. E. of densitometry
measurements from phosphorylation data in 6 experiments. * Differs from control at P<
0.05. B, representative immunoblot of phosphorylated and total ERK1/2 from trabecular
meshwork cells treated with Bk, Bk following PMA treatment (Bk + PMA), or PMA alone.
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Attenuation of bradykinin (BK) stimulation of ERK1/2 activation in cultured human
trabecular meshwork cells by the Src tyrosine kinase inhibitor, PP2. Serum-deprived
trabecular meshwork cells were treated with 100 nM Bk, 15 uM PP2, or BK + PP2. Cells
were pretreated with vehicle or PP2 for 30 min prior to incubation with Bk for 2 min. At the
end of incubation, cell lysates were analyzed for phosphorylated ERK1/2 (Phos-ERK1/2)
and total ERK1/2 by immunablot using antibodies to phosphorylated ERK1/2 and total
ERK1/2, respectively. A, values represent means + S. E. of densitometry measurements
from phosphorylation data in 4 experiments. * Differs from control at P< 0.05. B,
representative immunoblot of phosphorylated and total ERK1/2 from trabecular meshwork
cells treated with Bk, Bk + PP2, or PP2 alone.
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Inhibition of bradykinin (Bk)-induced release of matrix metalloproteinase 9 (MMP-9) from
cultured human trabecular meshwork cells by the MAP kinase kinase inhibitor, U0126.
Serum-deprived trabecular meshwork cells were treated for 2 hr with 100 nM Bk, 1 uM
U0126, or Bk+ U0126. Cells incubated with U0126 were pretreated 30 min prior to the
addition of Bk and U0126 remained in the media for the duration of the experiment. At the
end of incubation, the media were collected, concentrated and analyzed for MMP-9 by
immunoblot. A, values represent means + S. E. of densitometry measurements of MMP-9
data in 6 experiments. * Differs from control at P< 0.05. B, representative immunoblot of
MMP-9 detected in media from vehicle-treated control cells, and from cells treated with BK,
Bk + U0126, or U0126 alone.
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