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Abstract
Glucocorticoid treatment can lead to the development of glaucomatous ocular hypertension and a
secondary open-angle glaucoma due to increased aqueous humor outflow resistance that is associated
with morphological and biochemical changes in the trabecular meshwork (TM). The cellular
responses of glucocorticoids are achieved by binding to the glucocorticoid receptor α (GRα), a ligand-
activated transcription factor. An alternatively spliced variant, glucocorticoid receptor β (GRβ), has
dominant negative activity on GRα and has been implicated in a variety of steroid-resistant diseases.
We previously showed that GRβ can block dexamethasone (DEX) responsiveness in TM cells. TM
cells are actively phagocytic and function in the removal of debris, pigment and other materials from
the aqueous outflow drainage pathway. A decrease in phagocytic activity has been proposed in the
pathogenesis of glaucoma and glucocorticoid-induced glaucoma. In this study, we investigated the
effect of DEX and GRβ on phagocytosis in normal and glaucomatous TM cells. Human transformed
normal NTM-5 and primary normal NTM174-00 cells, which express relatively high amounts of
GRβ, and transformed glaucomatous GTM-3 and primary glaucomatous GTM520-05 cells, which
have lower GRβ expression, were treated with 100 nM DEX or vehicle control for 24 hours. NTM
cells also were transfected with a control or GRβ expression plasmid to examine the effect of GRβ
on phagocytic activity. The cells were incubated with Alexa 488 conjugated Straphylococcus
aureus bioparticles opsonized with rabbit IgG for one hour, followed by fixation and incubation with
Alexa 633 conjugated goat anti-rabbit IgG to distinguish ingested from extracellular bioparticles.
DAPI nuclear staining was used to quantify cell numbers. Cells and bioparticles were visualized by
confocal microscopy. We found that NTM-5 cells ingested more bioparticles than GTM-3 cells. DEX
treatment significantly decreased the phagocytosis of bioparticles in NTM-5 and GTM-3 cells, while
GTM-3 cells were more responsive to DEX, compared to NTM-5 cells. In primary cell culture,
NTM174-00 also engulfed more bioparticles than GTM520-05 cells. DEX treatment significantly
decreased the phagocytic activity in GTM 520-05, but not in NTM174-00 cells.Transient transfection
of pCMX-hGRβ plasmid increased the expression of GRβ and consequently maintained the
phagocytotic activity of NTM-5 cells in the presence of DEX. Our data demonstrated that the
expression level of GRβ in TM cells can regulate DEX-induced suppression of phagocytotic activity.
The lower expression of GRβ in glaucomatous TM cells may contribute to the altered phagocytic
function of TM cells, and may lead to the increased aqueous humor outflow resistance mediated by
glucocorticoids.
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Introduction
Glucocorticoid (GC) therapy can lead to the development of glaucomatous ocular hypertension
and secondary open-angle glaucoma that is clinically similar to primary open-angle glaucoma
(POAG) (Clark and Morrison, 2002). The elevated intraocular pressure (IOP) is due to
increased aqueous humor outflow resistance and is associated with morphological and
biochemic changes in the trabecular meshwork (TM) (Wordinger and Clark, 1999). These
changes are associated with increased deposition of extracellular matrix material in the outflow
pathway, which may be due, in part, to a decrease in TM phagocytosis. Most of the effects of
GCs on TM cells and tissues are likely due to GC-mediated TM cell gene expression, including
the induction of myocilin, fibronection and other genes (Steely et al., 1992, Nguyen et al.,
1998, Ishibashi et al., 2002, Lo et al., 2003) (Rozsa et al., 2006). It is currently unclear which
of these effects or combinations of effects accounts for GC-induced ocular hypertension.

There are differences in steroid sensitivity among the population. Topical ocular administration
of GCs produces measurable increases in IOP in a greater percentage of patients with POAG
and their descendants compared with normal individuals (Armaly, 1963, Becker and Hahn,
1964, Armaly and Becker, 1965). The molecular basis of the increase in IOP experienced by
patients with glaucoma and subjects receiving GCs is not well understood. Cellular effects of
GCs are achieved by binding to glucocorticoid receptor α (GRα), which functions as a ligand-
activated transcription factor (Evans, 1988). Interestingly, the alternative splicing variant,
human glucocorticoid receptor β (GRβ), has been shown to have a dominant negative activity
on GRα (Bamberger et al., 1995, Oakley et al., 1996, Oakley et al., 1999, Hauk et al., 2002,
Zhang et al., 2005). In addition, GRβ has been implicated in a variety of steroid-resistant
diseases, including rheumatoid arthritis, asthma, and inflammatory bowel diseases (Sousa et
al., 2000, Derijk et al., 2001, Orii et al., 2002, Goleva et al., 2005). Recently, we reported that
GRβ regulates GC responsiveness in TM cells, with glaucomatous TM cells having lower
levels of GRβ (Zhang et al., 2005).

TM cells have well-established phagocytic properties, which has been implicated as an
essential function to eliminate debris and in maintaining the aqueous outflow pathway in both
normal and disease states (Bill, 1975, Johnson et al., 1989, Buller et al., 1990, Murphy et al.,
1992, Schlotzer-Schrehardt and Naumann, 1995). Clinically, TM cells phagocytose
autogenous blood (Grierson and Lee, 1973), melanin granules (Richardson et al., 1977), and
photocoagulation debris from the iris (Grierson and Chisholm, 1978). Under experimental
conditions, TM cells are reported to avidly ingest a variety of substances, such as India ink,
colloidal gold, mercuric sulfide (Rohen and van der Zypen, 1968), sickled red blood cells
(Goldberg and Tso, 1978), pigment (Epstein et al., 1986), zymosan particles (Sherwood and
Richardson, 1988), and latex spheres (Johnson et al., 1989). This property of phagocytosis can
be demonstrated in cultured TM cells, trabeculectomy specimens, and organ culture systems.
Failure to phagocytose could give rise to abnormalities in the clearance mechanism and at least
in part, may contribute to a number of pathological conditions including POAG, pigmentary
glaucoma, exfloliation glaucoma, and GC-induced glaucoma. TM cell phagocytosis is also
involved in the turnover of extracellular matrix (Acott, 1994), and any alteration in the turnover
of the extracellular matrix may be involved in the increased outflow resistance seen in POAG.

Corticosteroids inhibit phagocytosis in cultured TM cells (Li and Zhang, 2004) and in organ
cultures (Matsumoto and Johnson, 1997a). Previously, we reported that glaucomatous TM cells
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had a relatively lower expression of GRβ and had increased responsiveness to DEX (Zhang et
al., 2005). Increased expression of GRβ blocked the DEX induction of myocilin and fibronectin
in cultured human TM cell lines. In this study, we further investigated the effect of GRβ on
the regulation of phagocytosis and the action of DEX treatment in normal and glaucomatous
TM cells.

Materials and methods
Cell Culture

Normal primary TM (NTM174-00) and glaucomatous primary GTM520-05 cells were
generated and characterized as previously described (Steely et al., 1992; Clark et al., 1994). In
addition to these cell lines, transformed normal NTM-5 and and glaucomatous GTM-3 cells
(Pang et al., 1994) were cultured in 37°C and 5% CO2 in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum, penicillin and streptomycin, and
glutamate (Invitrogen-Gibco, Grand Island, NY, USA). Cells were cultured on cover-slides in
6 well plates in 5% FBS DMEM with vehicle (0.1% ethanol) or 100 nM DEX (Sigma Chemical,
St Louis, MO, USA) for 24 hours prior to phagocytosis.

Immunolabeling of Alexa Flour 488 conjugated S. aureus Bioparticles
Alexa 488 conjugated Straphylococcus aureus bioparticles (heat- or chemically killed)
(Molecular Probes, Eugene, OR, USA) were incubated with S. aureus bioparticle opsonizing
reagent (purified rabbit polyclonal IgG antibodies) (Molecular Probes, Eugene, OR, USA) at
37°C for 1 hr, followed by a PBS wash to remove excess antibody from bioparticles according
to the manufacturer's protocol. This opsonizing reagent is derived from purified rabbit
polyclonal IgG antibodies that are specific for the S. aureus particles and is used for enhancing
the uptake of these particles. After this incubation, the opsonized bioparticles (bioparticles
coated with antibody) were immunoreacted with secondary antibody Alexa Flour 633 goat
anti-rabbit IgG for 1hr at room temperature and placed on a glass slide under a cover slide,
followed by confocal scanning laser microscopy (model LSM-410; Carl Zeiss Meditec, Inc.,
Thornwood, NY) using double fluorescence (excitation wavelengths 488 nm and 633 nM) to
examine the color differences. For phagocytosis, opsonized bioparticles were incubated with
TM cells cultured on coverslides for 1 hour, followed by fixation and incubation of Alexa Flour
633 goat anti-rabbit IgG. The purposes of this opsonization and secondary antibody incubation
were to enhance the cellular uptake of bioparticles and to allow differentiation of intracellular
bioparticles from bioadherent extracellular bioparticles that were not internalized. Ingested
bioparticles were protected from secondary antibody and showed green fluorescence under
double fluorescent microscopy. The secondary antibody binds to the extracellular bioparticles
opsonized with rabbit IgG, and the bioparticles fluoresce both green and red, which in overlay
becomes orange or yellow.

Phagocytosis Assay
Typically, human neutrophils incubated with fluorescein-labelled bacteria become saturated
after a phagocytic challenge of 1 hour (Oben and Foreman, 1988). Many studies have shown
that 30 minutes to 1hour incubation time is needed to obtain maximal uptake of bioparticles,
including S. aureus, E. coli, or Zymosan by immune cells (Cantinieaux et al., 1989, Wan et
al., 1993, Zhu et al., 1995, Mold et al., 2001). Individual TM cells can complete the entire
sequence of phagocytic events by 1 hour (Sherwood and Richardson, 1988), and TM cells also
actively metabolize foreign particles via lysosomes (Polansky et al., 1984, Yue et al., 1987).
We therefore used a 1 hour incubation time for our phagocytic studies. TM cells were cultured
on cover-slides in 6-well plates. After vehicle (ethanol) or DEX treatment for 24 hours, TM
cells were shifted to serum-free medium and then incubated with rabbit IgG opsonized Alexa
488 conjugated S. aureus bioparticles at a ratio of 50 bioparticles per cell at 37°C for 1 hr
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according to the manufacturer's protocol. After incubation, cover-slides were washed with PBS
three times to remove free bioparticles and cells were fixed with a 4% paraformaldehyde
solution for 30 minutes. After blocking with 5% Albumin + 5% goat pre-immune serum for
30 minutes, cells were incubated with Alexa Flour 633 goat anti-rabbit IgG secondary antibody
for 1 hour. The extra secondary antibody was removed by a PBS wash. To determine the
number of cells used in the experiment, cells were incubated with DAPI for 10 minutes to stain
nuclei. Cover-slides were mounted and cellular phagocytosis of bioparticles, DAPI nuclear
staining and cellular morphology were visualized and imaged with a confocal scanning laser
microscope system (model LSM-410; Carl Zeiss Meditec, Inc., Thornwood, NY) using double
fluorescence (excitation wavelengths 488 nm and 633 nm), UV light (wavelength 343) and
transmission light, respectively. The number of phagocytic bioparticles was quantified by
counting individual TM cells (DAPI stained nuclei) and total bioparticles ingested by these
TM cells (# bioparticles/100 cells).

Transfection of Human GRβ Vector
A pCMX-hGRβ expression vector was generated as described previously (Zhang et al.,
2005). NTM-5 cells were seeded into 6-well cover-slides overnight, then transfected with the
control pCMX or pCMX-hGRβ expression vectors using lipofectamine (BD Biosciences. San
Jose, CA) in serum-free medium when cells were about 60% confluent. 1 μg of vector and 1.5
μl of lipofectamine per coverslide was used and cells were transfected for 9 hours, followed
by a post-transfection incubation in serum medium for 24 hours. Cells were either fixed for
GRβ immunofluorescence staining or switched to serum free medium and treated with vehicle
or 100 nM DEX for another 24 hours. Phagocytosis assays were conducted as described above.

Immunocytochemistry Assay
TM cells were fixed in 4% paraformaldehyde for 30 min, permeabilized in 0.2% Triton X-100
for 15 min, incubated in 0.2M glycine for 30 min, and blocked with 5% bovine serum albumin
+ 5% normal goat serum for 30 min. The cells were incubated overnight at 4°C with anti-
GRβ antibody (PA3–514, Affinity Bioreagents, Golden, CO, USA) and subsequently
incubated with Alexa 633 goat anti-rabbit IgG (Molecular Probe, Eugene, Oregon, USA) for
1 hour. Coverslides were mounted and visualized with a confocal scanning laser microscope
system.

Statistical Analysis
Phagocytic values were determined by counting total DAPI stained nuclei (assuming that one
nucleus represents one cell) and ingested bioparticles by these cells. The phagocytic index was
expressed as number of particles per 100 cells. All values are listed as means ± SEM. The data
were analyzed with analysis of variance with One-way ANOVA and Student-Newman-Keuls
multiple comparison test for comparing many groups or with t-test for comparing two groups.
Significance was set at p < 0.05.

Results
Immunolabeling of Alexa Flour 488 conjugated S. aureus Bioparticles to distinguish
intracellular vs extracellular bioparticles

In order to differentiate ingested particles from extracellular ones, two immunofluorescence
color plots, which have been utilized previously for trabecular meshwork cell phagocytosis
assays (Barak et al., 1988, Matsumoto and Johnson, 1997a, Matsumoto and Johnson, 1997b),
were used in this study. Initially, we verified the color difference of S. aureus bioparticles alone
with or without incubation of opsonizing reagent (rabbit IgG), followed by incubation with
secondary antibody Alexa Flour 633 conjugated goat anti-rabbit IgG. As shown in Fig. 1A and
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1B, the S. aureus bioparticles without incubation with opsonizing reagent were green (Fig. 1A)
as the Alexa Flour 488 is inherent in the S. aureus bioparticles at the time of manufacture.
However, after incubation with opsonizing reagent and secondary antibody Alexa Flour 633
conjugated goat anti-rabbit IgG, these bioparticles appeared yellow (Fig. 1B), because of the
overlay of green and red colors. In order to use this method to distinguish extracellular versus
intracellular bioparticles, experiments were conducted using a sparse cultured NTM-5 cells at
about 30% confluency challenged with the fluorescent bioparticles, followed by visualization
with confocal double fluorescence microscopy. As illustrated in Fig. 1 C and high
magnification images E and G, cultured NTM-5 cells actively ingested bioparticles, and the
green intracellular and yellow or orange extracellular bioparticles were easily discriminated
from each other. By counting DAPI stained nuclei (Fig. 1 D, F and H) and green bioparticles,
we could determine the total ingested bioparticles by these cells, expressed as number of
particles per 100 cells.

Effects of Dexamethasone on Phagocytotic Activity in Normal NTM-5 and Glaucomatous
GTM-3 cells

Previously we reported that glaucomatous GTM-3 cells expressed lower levels of GRβ
compared to normal NTM-5 cells, and the expression level of GRβ regulated the cellular
responsiveness to glucocorticoids by decreasing targeted glucocorticoid gene expression
(Zhang et al., 2005). DEX treatment has been shown to inhibit the phagocytotic capability in
TM cells (Matsumoto and Johnson, 1997a, Li and Zhang, 2004). In our study, we determined
whether DEX would also inhibit phagocytosis in GTM-3 and HTM-5 cells and further
investigated whether altered expression of GRβ could differentially influence DEX-reduced
phagocytosis of normal versus glaucomatous TM cells. In three independent experiments, we
showed that both normal and glaucomatous TM cells were able to phagocytose these
bioparticles with most of the bioparticles inside the cell (green) and only a few bioparticles
outside the cells (yellow) (Fig. 2. A-D). DEX treatment decreased phagocytotic activity in both
NTM-5 and GTM-3 cells (Fig. 2 B, D, and E). DEX-treated NTM-5 cells ingested significantly
fewer bioparticles than controls (51 ± 5 bioparticles/ 100 cells following DEX treatment versus
81 ± 8 bioparticles/ 100 cells in controls; mean ± SEM, p< 0.05 by One-way ANOVA) resulting
in a 37% reduction in ingested bioparticles. Compared to NTM-5 cells, GTM-3 cells ingested
significantly less bioparticles under control conditions (p< 0.05 by One-way ANOVA), and
DEX treatment further decreased this phagocytosis (16 ± 2 bioparticles/ 100 cells in DEX
treated cells versus 44 ± 4 bioparticles/ 100 cells in controls; mean ± SEM, p< 0.05 by One-
way ANOVA). DEX treatment resulted in a 64% reduction in ingested bioparticles.

Effects of Dexamethasone on Phagocytotic Activity in Primary Normal NTM174-00 and
Primary Glaucomatous GTM520-05 cells

In primary cultured TM cell lines, we showed that primary NTM174-00 expressed relatively
high amount of GRβ in their nucleus, compared to GTM520-05 (Fig. 3. A and D). This is
consistent with the previous report that normal TM cells had a higher GRβ expression compared
to glaucomatous TM cells did (Zhang et al., 2005). In general, primary cultured TM cells
appeared to phagocytose more bioparticles than transformed TM cells. The larger cell size, flat
shape, and larger surface area of primary TM cells may contribute to this difference. In
NTM174-00 cells, there was a non-significant decrease of phagocytic bioparticles between
control and DEX treatment (Fig. 3. B-C and G: 499 ± 97 bioparticles/ 100 cells following DEX
treatment versus 597 ± 90 bioparticles/ 100 cells in controls; mean ± SEM, p>0.05 by One-
way ANOVA and t-test). GTM520-05 cells ingested significantly less bioparticles than
NTM174-00 under control conditions (Fig. 3. B, E and G: p<0.05, by One-way ANOVA and
t-test) and DEX treatment further decreased this phagocytosis in GTM520-05 cells (Fig. 3. E-
G: 132 ± 11 bioparticles/ 100 cells in DEX treated cells versus 245 ± 26 bioparticles/ 100 cells
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in controls; mean ± SEM, p< 0.05 by t-test), with DEX treatment resulting in a 46% reduction
in ingested bioparticles.

Effects of GRβ Overexpression on DEX-induced decrease in Phagocytosis of NTM-5 cells
In order to determine whether GRβ expression can alter DEX effects on TM cell phagocytosis,
NTM-5 cells were transfected with control or GRβ expression vectors and then incubated with
or without DEX prior to the phagocytosis assay. Immunohistochemical GRβ protein expression
was increased in pCMX-hGRβ-transfected NTM-5 cells compared with NTM-5 cells
transfected with a pCMX empty vector (Fig. 4A and 4D). In the empty vector pCMX-
transfected NTM-5 cells, DEX treatment significantly decreased phagocytosis (13 ± 1
bioparticles/ 100 cells with DEX treatment versus 24 ± 3 bioparticles/ 100 cells in controls;
(mean ± SEM, p< 0.05 by t-test) (Fig. 4B, C and G). In pCMX-hGRβ-transfected NTM-5 cells,
there was no significant difference in ingested bioparticles between DEX and control
treatments (27 ± 4 bioparticles/ 100 cells with DEX treatment versus 24 ± 2 bioparticles/ 100
cells in controls) (Fig. 4E, F, and G). Overexpression of GRβ blocked DEX mediated effects
on TM cell phagocytotic activity.

Discussion
In this study, we found different phagocytic abilities between cultured normal NTM and
glaucomatous GTM cells, with a reduced phagocytosis in GTM cells. Although only a few cell
lines were used in this study, our results support the hypothesis of reduced phagocytic activity
in glaucomatous TM cells (Bill, 1975). However, one study did not find any differences in TM
phagocytosis between perfusion cultured human glaucomatous and normal anterior segments
(Matsumoto & Johnson 1997b). Phagocytosis of TM cells is an important property that helps
maintain normal aqueous humor outflow (Grierson and Lee, 1973, Fink et al., 1978, Polansky
et al., 1984, Buller et al., 1990). Our data also supports the idea that glaucomatous TM cells
have a decreased phagocytic capability, and this phagocytosis abnormality by glaucomatous
TM cells might be related to the increased outflow resistance that occurs in POAG. We also
demonstrated that DEX treatment significantly decreased the phagocytosis of bioparticles in
NTM-5, GTM-3, and GTM520-05 cells. The glaucomatous cells (GTM-3 and GTM520-05)
were more responsive to DEX compared to normal TM cells. The inhibitory effect of DEX on
phagocytosis is consistent with results shown for TM cell monolayers in culture (Li and Zhang,
2004) and in TM from perfusion organ cultured anterior segments (Matsumoto and Johnson,
1997a). This increased responsiveness to DEX-induced phagocytosis inhibition in
glaucomatous TM cells could exacerbate the increased aqueous humor outflow resistance
present in glaucoma.

Previously, we reported that GTM-3 cells expressed relatively lower levels of GRβ and were
more responsive to DEX in the induction of fibronectin, myocilin, and a GRE-luciferase
reporter gene (Zhang et al., 2005). We showed that GRβ was a key regulator of this increased
responsiveness, and suggested that GRβ may modulate DEX mediated suppression of TM cell
phagocytosis. In order to further confirm the regulatory role of GRβ, we transienly transfected
cells with a pCMX-hGRβ plasmid to increase the expression level of GRβ. We found that the
empty vector treated NTM-5 cells responded to DEX with the typical decrease in phagocytosis,
while overexpression of GRβ decreased the DEX response and consequently these cells
retained their phagocytotic activity even following the DEX challenge. However, the overall
phagocytic activity of TM cells was decreased after transfection. Although the reason for this
decreased phagocytosis after transfection is not clear, it could involve lipofectamine induced
changes in the TM cell membrane properties, which may interfere with the cell's ability to
phagocytose. In addition, transfection itself requires the cell to ingest the lipid-plasmid
complex, which may reduce the phagocytic ability of cells prior to the phagocytic challenge
with S. aureus bioparticles. Overall, our data demonstrate that the expression level of GRβ in
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TM cells can regulate the cell's ability to respond to DEX, and thereby inhibit the DEX
suppression of phagocytic activity.

How GRβ regulates DEX effects on phagocytosis is not known. The actin cytoskeleton is
involved in phagocytosis, and disturbing or modifying the actin cytoskeletal organization can
alter TM cell phagocytosis (Tamura and Iwamoto, 1989, Park and Latina, 1993). DEX
treatment causes a progressive reorganization of microfilaments to form cross-linked actin
networks in cultured TM cells and tissues, which are associated with decreased proliferation
and migration and may be responsible for the DEX inhibition of phagocytosis (Clark et al.,
1994, Clark et al., 2005). Thus, the inhibition of DEX-decreased phagocytosis by
overexpression of GRβ results in the maintenance of the cytoskeletal integrity and prevents
the actin cytoskeketal reorganization mediated by DEX.

In summary, we demonstrated that the expression level of GRβ can regulate the cellular
responsiveness to DEX not only in gene expression, as reported previously, but also in
regulating phagocytosis activity. The lower expression of GRβ in glaucomatous TM cells could
contribute to increased aqueous humor outflow resistance by exacerbating a steroid-induced
decrease in phagocytosis.
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Fig.1.
Phagocytosis of bioparticles by NTM-5 cells. A-B: Images were taken under 488 nm and
633 nm excitation wavelengths using confocal double fluorescence microscopy. Fluorescence
image of Alexa Flour 488 (green) conjugated S. aureus bioparticles without (A) and with (B)
incubation with oposonizing reagent rabbit IgG and secondary antibody Alexa Flour 633 (red)
conjugated goat anti-rabbit IgG. Green = ingested bioparticles. Yellow = extracellular adherent
bioparticles (green + red = yellow). C: Light microscopy of NTM-5 cells and confocal double
fluorescence image of bioparticles after phagocytosis. E and G: High magnification of two
areas in image C (indicated as two squares). D, F and H: DAPI nuclear staining. Opsonized
bioparticles were incubated with subconfluent NTM-5 cells at a ratio of 50:1 at 37°C for 1
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hour. Cells were then fixed and incubated with Alexa Flour 633 conjugated secondary antibody.
A representative experiment of three is shown.
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Fig. 2.
Effects of Dexamethsone on Phagocytosis in Normal NTM-5 and Glaucomatous GTM-3
cells. NTM-5 and GTM-3 cells were treated with 100 nM DEX for 24 hours. Opsonized
bioparticles were then incubated with TM cells at a ratio of 50:1 at 37°C for 1 hour. After
phagocytosis, cells were fixed and incubated with Alexa Flour 633 conjugated secondary
antibody. A-D: Light microscopy of TM cells and confocal double fluorescence microscopy
of bioparticles after phagocytosis. E: Phagocytosis was scored as the number of phagocytic
bioparticles per 100 cells. Results are expressed as the mean value of three independent
experiments. At least 1000 cells were examined in each experiment. * denotes statistical
significance of mean phagocytic index of GTM-3 versus that of NTM-5, ** denotes statistical
significance of mean phagocytic index of NTM-5 and GTM-3 from DEX treatment versus that

Zhang et al. Page 12

Exp Eye Res. Author manuscript; available in PMC 2008 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of control, and *** denotes statistical significance of mean phagocytic index of GTM-3 from
DEX treatment versus that of NTM-5 from DEX treatment as determined by One-way ANOVA
and Student-Newman-Keuls multiple comparison test at p<0.05.
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Fig. 3.
Effects of Dexamethasone on Phagocytosis in Primary Normal NTM174-00 and Primary
Glaucomatous GTM520-05 Cells. A and D: GRβ staining in NTM174-00 and GTM520-05
cells, respectively. B-C and E-F: NTM174-00 and GTM520-05 cells were treated with 100 nM
DEX for 24 hours. Opsonized bioparticles were then incubated with TM cells at a ratio of 50:1
at 37°C for 1 hour. After phagocytosis, cells were fixed and incubated with Alexa Flour 633
conjugated secondary antibody. B-C: Light microscopy of NTM174-00 cells and confocal
double fluorescence microscopy of bioparticles after phagocytosis. E-F: Light microscopy of
GTM520-05 cells and confocal double fluorescence microscopy of bioparticles after
phagocytosis. G: Phagocytosis was scored as the number of phagocytic bioparticles per 100
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cells. * denotes statistical significance of mean phagocytic index of GTM-520-05 versus that
of NTM174-00 as determined by One-way ANOVA and Student-Newman-Keuls multiple
comparison test at p<0.05, ** denotes statistical significance of mean phagocytic index of
GTM520-05 DEX versus that of GTM520-05 Con as determined by t-test at p<0.05 (n = 3).
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Fig. 4.
Effects of Overexpression of GRβ on DEX-decreased Phagocytosis in NTM-5 cells.
NTM-5 cells were transfected with control empty vector (A-C) or GRβ expression vector
pCMX-hGRβ (D-F). A and D: After transfection, cells were fixed and stained for GRβ. B-C
and E-F: After transfection, cells were treated with ethanol control or 100 nM DEX for 24
hours. Opsonized bioparticles were then incubated with cells at a ratio of 50:1 at 37°C for 1
hour. After phagocytosis, cells were fixed and incubated with Alexa Flour 633 conjugated
secondary antibody. Light microscopy of TM cells and confocal double fluorescence
microscopy of bioparticles were performed. G: Phagocytosis was scored as the number of
phagocytic bioparticles per 100 cells. Results are expressed as the mean value of three

Zhang et al. Page 16

Exp Eye Res. Author manuscript; available in PMC 2008 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



independent experiments. At least 1000 cells were examined in each experiment. * denotes
statistical significance of mean phagocytic index after DEX versus that after control treatment
in NTM-5 transfected with empty vector pCMX as determined by t-test at p< 0.05.
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