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PURPOSE. To determine the impact of substratum compliance
and latrunculin-B (Lat-B), both alone and together, on funda-
mental human trabecular meshwork (HTM) cell behavior. Lat-B
is a reversible actin cytoskeleton disruptor that decreases re-
sistance to aqueous humor outflow and decreases intraocular
pressure.

METHODS. HTM cells were cultured on polyacrylamide hydro-
gels possessing values for compliance that mimic those re-
ported for normal and glaucomatous HTM, or tissue culture
plastic (TCP). Cells were treated with 0.2 �M or 2.0 �M Lat-B
in dimethyl sulfoxide (DMSO) or DMSO alone. The impact of
substratum compliance and/or Lat-B treatment on cell attach-
ment, proliferation, surface area, aspect ratio, and migration
were investigated.

RESULTS. HTM cells had profoundly decreased attachment and
proliferation rates when cultured on hydrogels possessing
compliance values that mimic those found for healthy HTM.
The effect of Lat-B treatment on HTM cell surface area was less
for cells cultured on more compliant hydrogels compared with
TCP. HTM cell migration was increased on stiffer hydrogels
that mimic the compliance of glaucomatous HTM and on TCP
in comparison with more compliant hydrogels. Lat-B treatment
decreased cellular migration on all surfaces for at least 7 hours
after treatment.

CONCLUSIONS. Substratum compliance profoundly influenced
HTM cell behaviors and modulated the response of HTM cells
to Lat-B. The inclusion of substratum compliance that reflects
healthy or glaucomatous HTM results in cell behaviors and
responses to therapeutic agents in vitro that may more accu-
rately reflect in vivo conditions. (Invest Ophthalmol Vis Sci.
2011;52:9298–9303) DOI:10.1167/iovs.11-7857

Glaucoma is a common cause of blindness worldwide that
is predicted to affect 79.6 million people by 2020.1 Al-

though multiple factors have been identified that contribute to
the onset of glaucoma, the primary risk factor is increased

intraocular pressure (IOP).2 IOP is thought to be elevated
because of a pathologic increase in resistance to aqueous
outflow in the human trabecular meshwork (HTM).2–4 The
HTM is a complex, three-dimensional structure comprised of
interwoven beams of extracellular matrix and associated tra-
becular meshwork cells as well as a layer of cells adjacent to
the inner wall of Schlemm’s canal.5 It has been recently dem-
onstrated that the compliance of the HTM is markedly de-
creased (becomes stiffer) in patients with glaucoma.4 Poly-
acrylamide hydrogels mimicking the recently published
compliance of normal and glaucomatous HTM have been
shown to markedly alter cytoskeletal dynamics, cell compli-
ance, and the cellular response to latrunculin-B (Lat-B).3,4 In a
variety of cell types, substratum compliance has been shown to
modulate a variety of fundamental cell behaviors including cell
morphology, migration, proliferation, and differentiation.6–10

Despite the expanding database demonstrating the fundamen-
tal importance of biophysical cues associated with the extra-
cellular matrix, studies of HTM cell behavior are typically
performed on flat, rigid substrates such as glass or plastic with
elastic moduli in the giga-Pascal (GPa) range.11–14

The only clinically validated treatments for glaucoma are
aimed at lowering IOP by decreasing aqueous humor production
or decreasing the resistance to aqueous humor outflow.15 Lat-B,
an actin cytoskeletal disruptor, decreases IOP by decreasing the
resistance to aqueous humor outflow through the HTM and is
currently in human clinical trials as a novel glaucoma treatment
directed specifically at the trabecular meshwork.16–20 Recently, it
has been demonstrated that HTM cells adhered to more rigid
substrates had an altered response in actin fiber assembly after
withdrawal of the drug suggesting that the effects of Lat-B treat-
ment would be most pronounced in glaucomatous eyes with a
stiffer HTM.3 However, the effect of substratum compliance on
the fundamental behavior and morphology of HTM cells during
and after Lat-B exposure has not been investigated. The purpose
of this investigation was to determine the effect of Lat-B treatment
in the context of substratum compliance on HTM cell morphol-
ogy and fundamental behaviors including adhesion, proliferation,
and migration. A better understanding of the effect that clinically
relevant substratum compliance has on fundamental HTM cell
behavior and their response to Lat-B treatment will inform the
design of improved in vitro testing methodologies. Additionally, it
will provide insight into how substratum compliance modulates
HTM cell response with disease onset, progression, and treat-
ment.

METHODS

HTM Cell Isolation and Culture

Primary HTM cells were isolated as previously described from corneal
buttons deemed not suitable for transplant from donors with no prior
history of ocular disease.21 All experiments complied with the tenets of
the Declaration of Helsinki. Isolated cells were cultured in DME/F-12
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medium containing 2.5 mM L-glutamine and 15 mM HEPES buffer
(Hyclone, Fisher Scientific, Waltham, MA) that was supplemented with
10% fetal bovine serum (Atlanta Biologicals, Lawrence, GA), and 1%
penicillin-streptomycin with amphotericin b (Lonza, Walkerville, MD).
All primary cultures were incubated for 4 days with 0.1 �M dexameth-
asone, and only cultures with increased myocilin expression were
selected for use in this study. All studies were conducted using cells
before the seventh passage.

Hydrogel Fabrication

Polyacrylamide (PA) hydrogels that mimic normal (homeomimetic, 4
kPa) and the range of glaucomatous (pathomimetic, 25, 50, 75, and 90
kPa) HTM compliances that have been previously documented4 were
prepared by varying the cross-linker density as previously de-
scribed.3,22 In brief, all hydrogels were sterilized with ultraviolet light
and rinsed every 24 hours for at least 48 hours in PBS to fully hydrate
the hydrogels and to ensure that no monomeric acrylamide remained.
Free acrylamide has been previously shown to disrupt cytoskeletal
structure.23 After hydration, the hydrogels were adhered to tissue
culture plastic (TCP) via electrostatic and hydrophobic interactions,
stored in HTM cell medium for 24 hours, and coated with a fibronec-
tin/collagen (FNC) (AthenaES, Baltimore, MD) mixture for 15 minutes.
TCP control samples were also treated with FNC before all experi-
ments as well. Protein extraction of FNC coated hydrogels with 50 �L
of mammalian protein extraction reagent (M-PER; ThermoScientific,
Rockford, IL) followed by quantitation with a spectrophotometer (ND-
1000; ThermoScientific) was performed. Protein extractions from five
hydrogel substrates per compliance value as well as five TCP samples
were analyzed. Atomic force microscopy was used to validate the
compliance (Young’s modulus) of the fully hydrated hydrogels.24

Latrunculin B Treatment

Lyophilized Lat-B (Cal Biochem, La Jolla, CA) was resuspended to a final
concentration of 2.5 mM in dimethyl sulfoxide (DMSO) (Fisher, Pitts-
burg, PA). Fresh solutions of 0.2 or 2.0 �M Lat-B were prepared in
serum free DME/F-12 with 2.5 mM L-glutamine or 15 mM HEPES buffer
(Lonza) medium supplemented with 1% pennicillin/streptomycin with
amphotericin b (Lonza, Walkerville, MD) for all experiments. Control
samples were treated with an equivalent concentration of DMSO in
serum free DME/F-12 or 15 mM HEPES buffer. After 30 minutes of
exposure to Lat-B or DMSO, all samples were rinsed twice with serum-
containing medium to neutralize the Lat-B25 and placed in 3 to 5 mL of
DME/F-12 with 10% serum as above.

Microscopy

Phase contrast imaging was performed with an inverted microscope
(Zeiss Axiovert 200M inverted microscope with a 10�/0.4 NA objec-
tive; Carl Zeiss Inc, New York, NY) and a camera (AxioCam HRm; Carl
Zeiss Inc.) for studies related to cell attachment, area, proliferation, and
migration. A migration tracking package (Axiovision ver. 4.8; Carl Zeiss
Inc.) was used for migration analysis. For immunofluorescent imaging,
HTM cells were labeled with an actin binding agent (phalloidin-568;
Invitrogen, Carlsbad, CA) and nuclear label (DAPI; BioGenex, Fremont,
CA) and fixed before, during, and after Lat-B treatment on homeomi-
metic and pathomimetic hydrogels as well as TCP. The cells were then
imaged with an upright microscope (Zeiss Axio Scope.A1) and camera
with a 10�/0.3 NA or 20�/0.5 NA objective (AxioCam HRc camera;
Carl Zeiss Inc.).

Attachment

Cells from a total of 6 donors were used in these experiments. To
measure cell attachment, 100,000 HTM cells were seeded onto 4, 25,
50, and 75 kPa hydrogels as well as tissue culture polystyrene (�1 GPa)
substrates. Each hydrogel substrate was approximately 0.75 inch in
diameter. Four fields from each substrate were obtained by phase
contrast with a 10 � objective. The total number of cells was averaged

for each substrate. From each of these donors, six replicates were
performed for substrates of each compliance value (24 fields per donor
and compliance value). Results from each donor were normalized to
TCP within each experimental run to account for variation between
donors. To determine the effects of Lat-B treatment, cells from three
donors were seeded as describe above. HTM cells (100,000/substrate)
were seeded onto 4 kPa and 25 kPa substrates and incubated at least 24
hours before Lat-B treatment. After Lat-B treatment for 30 minutes, the
cells were rinsed and allowed to recover for 60 minutes before phase
contrast imaging. HTM cell attachment after Lat-B treatment was then
quantitated as described above.

Proliferation

Approximately 100,000 HTM cells per well from three donors were
cultured for five days on 4, 25, 50, and 75 kPa hydrogels as well as TCP.
The same 10 � objective fields were imaged (four fields per surface)
on Day 1 and again on Day 5. The percentage increase in cell number
after five days of incubation was determined by dividing the sum of the
cells in the four images per well on Day 5 by the sum from the same
images taken on Day 1 (e.g., Day 5/Day 1). A total of six wells (24
fields) for each compliant substrate or TCP were measured from at
least three donors (72 fields per compliant substrate or TCP) for
percent increase. The percent increase measurements were then nor-
malized to the TCP control samples for each donor to account for
donor variation, and the mean percent increase was determined for
each condition. Normalization was performed by defining the control
TCP condition as a value of one and calculating all other values as ratios
of this value. Three donors were analyzed to determine the effect of
Lat-B treatment on proliferation using 4 kPa, 25 kPa, and TCP sub-
strates. Images were taken 24 hours after Lat-B treatment and analyzed
as described above. These results were then normalized to TCP within
each experiment.

Area and Aspect Ratio

To measure cell area and aspect ratio, 100,000 HTM cells were seeded
onto 4 and 25 kPa hydrogels, as well as TCP 24 hours before imaging.
Phase contrast images were taken before Lat-B treatment, after 30
minutes of Lat-B treatment, 60 minutes after removal of Lat-B, and 7
hours after removal of Lat-B of the same cells on each plate. The
perimeters of the cells from three donors per substrate and treatment
were traced using software developed by Wayne Rasband, National
Institutes of Health, Bethesda, MD; ImageJ version1.42q; available at
http://rsb.info.nih.gov/ij/index.html). At least 30 cells per donor for
each substrate and treatment were traced and analyzed for total area
and the aspect ratio (long axis/short axis) using the fitted ellipse model
in the software. HTM cells from all donors were measured separately
and to account for donor variation, cell area was normalized to the TCP
control samples within each experiment.

Migration

Using a migration tracking module (Zeiss), individual cells were tracked at
20-minute intervals for 6 hours before Lat-B treatment, at 10-minute inter-
vals during 30 minutes of Lat-B treatment, and at 20-minute intervals for
420 minutes after Lat-B removal. Only cells that remained in the field of
view during the entire treatment course were analyzed. At least 29 cells
for a given compliance value from each of three donors were tracked. The
total distance traveled during each period was divided by the total time
elapsed to determine the net migration rate.

Statistical Analysis

Data were analyzed using commercially available software (Sigma Plot
11; Systat Software, Chicago, IL). Analysis of variance (ANOVA) was
used to determine significance within treatment groups with the
Tukey post hoc test or Kruskal-Wallis ANOVA on rank tests used
depending on the results of the normality test. Among the treatment
groups with statistical significance, Mann-Whitney rank sum tests were
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used to determine the P value. All levels of significance are defined as
***P � 0.001. This stringent value was chosen to minimize the proba-
bility that the variability inherent in the use of primary cells from
different donors would lead to erroneous conclusions.

RESULTS

Adsorption of FNC to hydrogels

Protein extraction of FNC coated substrates yielded similar
results on all substrates regardless of compliance value with no
significant differences being detected in the amount of FNC
adsorbed to any of the hydrogel or TCP substrates (Fig. 1).

Impact of Compliance and Lat-B Treatment on
HTM Cell Attachment

Similar numbers of HTM cells adhered to the 25, 50, and 75 kPa
substrates and to TCP (Fig. 2A). In contrast, 65% to 75% fewer

cells adhered to 4 kPa substrates (P � 0.001). Lat-B had no
effect on cell attachment. With Lat-B treatment, HTM cells had
not detached l hour after 2 �M Lat-B treatment on any substrate
evaluated (Fig. 2B) with similar results obtained when employ-
ing 0.2 �M Lat-B (data not shown) (Fig. 2).

Impact of Compliance and Lat-B on HTM
Cell Proliferation

The number of cells on the 4 kPa hydrogels did increase during
the 5-day incubation but the rate of proliferation was signifi-
cantly lower (P � 0.001) than on the other substrates (Fig. 3).
HTM cell proliferation did not vary significantly on 25, 50, or
75 kPa hydrogels compared with TCP (Fig. 3A). The most rapid
proliferation rate of 13.6-fold was measured on TCP in cells
from a 62-year-old donor while the slowest TCP proliferation
rate was 3.2-fold and was measured in cells from a 69-year-old
donor. Once normalized to their respective TCP controls, the
data for all cells had similar trends and could be directly
compared. HTM cell proliferation after recovery from Lat-B
exposure was not affected regardless of concentration on any
of the substrates examined (Fig. 3B).

Impact of Compliance and Lat-B on HTM
Cell Morphology

Substratum compliance dramatically impacted actin fiber for-
mation and reassembly after Lat-B treatment. Stress fiber for-
mation was observed before Lat-B treatment and after recovery
only in HTM cells on TCP substrates. In contrast, HTM cells on
softer substrates (4 to 25 kPa) did not exhibit actin stress fibers
before or after Lat-B treatment (Fig. 4). Substratum compliance
and Lat-B treatment dramatically altered HTM cell area and
elongation on the softest surfaces (Fig. 5). Before Lat-B treat-
ment, HTM cells on 4 kPa hydrogels had a smaller area than
HTM cells on TCP (Fig. 5A). Lat-B treatment reduced the area
of cells on TCP to the point that cells on 4 kPa hydrogels were

FIGURE 1. FNC evenly adsorbs to the surfaces of hydrogels and TCP.
Protein extraction and quantification of FNC coated hydrogels and TCP
demonstrated that similar amounts of FNC were present on all surfaces
tested.

FIGURE 2. Substratum compliance affected HTM cell attachment.
Fewer HTM cells adhere to 4 kPa substrates compared with TCP.
Treatment with 2 �M Lat-B did not result in HTM cell detachment (A).
HTM cell attachment did not vary across pathomimetic, 25 to 75 kPa
substrates (B). All data are reported as mean � SEM (***P � 0.001).

FIGURE 3. Substratum compliance affects HTM cell proliferation.
HTM cell proliferation was reduced on 4 kPa substrates compared with
25 kPa and TCP substrates. Treatment with 2 �M Lat-B did not affect
HTM cell proliferation on any of the tested substrates (A). HTM cell
proliferation rates did not vary across pathomimetic, 25 to 75 kPa
substrates (B). All data are reported as mean � SEM (***P � 0.001).
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slightly larger than cells on TCP. The variation between cell
area on the 4 kPa after Lat-B removal hydrogels and the TCP
returned to 20% and 40% at 1 hour and 7 hours, respectively.
With the exception of 25 kPa surfaces, Lat-B treatment did not
induce a statistically significant change in total cell area though
cells trended toward being smaller during treatment and larger

during recovery. In contrast, HTM cells on 25 kPa surfaces
were significantly (P � 0.001) smaller after 30 minutes of Lat-B
treatment compared with pretreatment levels. On TCP sur-
faces, HTM cells trended toward being more elongated before
Lat-B treatment but this difference was not statistically signifi-
cant (Fig. 5B).

Effect of Substratum Compliance and Lat-B on
HTM Cell Migration

HTM cell migration on 25 and 90 kPa hydrogels as well as TCP
(�1 GPa) surfaces was significantly faster than on 4 kPa sur-
faces (P � 0.001). Cell migration on 25 kPa, 90 kPa, and TCP
surfaces averaged 1.45, 1.72, and 1.08 �m/minute, respec-
tively, compared with 0.37 �m/minute on 4 kPa surfaces. In
the second through seventh hours after recovery from Lat-B
treatment, HTM cell migration decreased significantly (P �
0.001) to 0.20–0.63 �m/minute on all hydrogels and TCP
(0.35 �m/minute). HTM cell migration rates did not approxi-
mate pre-Lat-B treatment values on any of the substrates exam-
ined during the course of our studies (at least 7 hours) (Fig. 6).
Overall, HTM cell migration rate decreased 46% on 4 kPa, 66%
on 25 kPa, and 63% on the 90 kPa hydrogels compared with a
68% decrease on TCP at 7 hours after Lat-B treatment.

DISCUSSION

In many glaucomatous patients, increased resistance to out-
flow through the trabecular meshwork is the suspected cause
of increased IOP. A recent report documented that Young’s
moduli of trabecular meshwork from human glaucomatous
donors were increased,3,4 which could increase the resistance
to outflow. The results reported here demonstrate that changes
in substratum compliance in the range found for both healthy
and glaucomatous human meshwork profoundly influence fun-
damental behaviors and morphologies of HTM cells as well as
their response to Lat-B treatment.

“Homeomimetic” substrates approximating values for com-
pliance found for the normal meshwork (approximately 4 kPa)

FIGURE 4. Representative images demonstrate the effect of substra-
tum compliance and Lat-B treatment on HTM cell area. HTM cells on 4
kPa substrates were much smaller than cells on TCP both before and
after Lat-B treatment. Note the dense packing of actin fibers 1 hour
after Lat-B removal on TCP surfaces. This was consistent with an earlier
report of abnormal fiber patterns at 90 minutes after Lat-B removal.3

Scale bar, 50 �m.

FIGURE 5. Substratum compliance
affects HTM cell area and aspect ratio
before, during, and after Lat-B treat-
ment. During the course of Lat-B
treatment, HTM cells on 4 kPa and 90
kPa surfaces did not experience sig-
nificant changes in total area. In con-
trast, HTM cells on 25 kPa were signif-
icantly smaller during Lat-B treatment
compared with pretreatment and cell
TCP surfaces were significantly smaller
after 30 minutes of Lat-B treatment
than at any other time point measured.
One hour after Lat-B removal, HTM
cells on TCP surfaces had returned to
their pretreatment area compared
with softer hydrogels (4 to 25 kPa)
which took longer to recover (A). Data
trends on all surfaces demonstrate that
HTM cells are more elongated before
Lat-B treatment. During the course of
Lat-B treatment, all cells became less
elongated (B). All data are reported as
mean � SEM (***P � 0.001).
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had significantly fewer HTM cells attach compared with
“pathomimetic” stiffer substrates (25–75 kPa) that approxi-
mate the lower values for compliance (i.e., stiffer) found for
the glaucomatous meshwork. Importantly, Lat-B treatment at
the dose employed did not result in HTM cell detachment
under 4 kPa homeomimetic, 25 kPa pathomimetic, or TCP
conditions. This finding predicts that Lat-B should not alter the
attachment of HTM cells in either healthy or glaucomatous
trabecular meshwork.

Similar to HTM cell attachment, proliferation was signifi-
cantly diminished (P � 0.001) on homeomimetic (4 kPa) hy-
drogels before Lat-B exposure. These results correlate with in
vivo conditions where HTM cells have been shown to prolif-
erate slowly.26 In contrast, cells under pathomimetic condi-
tions (substrate compliance of 25 kPa or greater) proliferated at
a similar rate to cells on TCP. These findings are interesting
because in vivo the number of cells have been reported to be
to decreased on the trabecular beams from glaucomatous do-
nors.27,28 Previous reports suggest there is a stem cell popula-
tion of HTM cells26 and perhaps these stem cells proliferate but
cannot do so fast enough to prevent the net loss of HTM cells
with glaucoma. In aggregate, previous reports in combination
with these findings support the view that the proliferative
capacity of HTM cells in vivo is determined by multiple cellular
inputs including biophysical cues.

In addition to the absence of exogenous biophysical and
biochemical cues, cell density may have impacted the ob-
served proliferation results. Initial cell density is a function of
the number of cells seeded, the surface area being seeded, and
the attachment rate. We controlled for surface area and num-
ber of cells seeded and in our studies, the proliferation rate was
strongly correlated with the cell attachment assay. Cell density
has been shown to affect cell proliferation29 and it is possible
that some of the decreased proliferation response to the 4 kPa
hydrogels may be the result of the decreased initial cell density.
Besides biophysical cues, increased cell to cell contact may
also increase cell proliferation. It is also possible that some
level of protein absorption was occurring during our surface
treatments with FNC. If more FNC was absorbed deeper into
the hydrogels then less surface FNC would be present. Further
testing is needed in the future to address this possibility. Lat-B
treatment had no effect on HTM cell proliferation on any
substrate and these data support previous findings on the
relative safety of Lat-B treatment.19,26

To better simulate many HTM cell behaviors observed in
glaucomatous tissue in vivo, incorporation of multiple biophys-
ical cues into in vitro experiments may be necessary. For
example, increased IOP leads to increased stress on the HTM
cells.28,30 Previous reports have shown that changes in the
stress response elements classically observed in relation to
cardiovascular endothelium also change in a similar fashion in
HTM cells from glaucomatous patients.30–34

The collapse of the actin cytoskeleton that leads to changes
in cell morphology as a result of Lat-B treatment is well docu-
mented.3,19,35,36 A recent report found substrate compliance
to modulate the impact of Lat-B on HTM cytoskeletal dynam-
ics.3 Data during treatment and after withdrawal of Lat-B in
conjunction with previous findings demonstrates that substra-
tum compliance affects HTM cell morphology as well as the
response to Lat-B. The decrease in area as a result of Lat-B
treatment was minimized in HTM cells on biologically relevant
(homeomimetic and pathomimetic) substrates compared with
TCP. This is consistent with the low density of actin stress
fibers observed for HTM cells on the hydrogel surfaces com-
pared with TCP and the dramatic loss of these fibers with Lat-B
treatment. However, HTM cells on 25 kPa substrates were also
significantly smaller during Lat-B treatment suggesting that
there may not be a linear relationship between substratum
compliance and HTM cell response to Lat-B. Further studies are
needed to fully elucidate this relationship. Overall, these data
reinforce that biomimetic substrates influence HTM cell re-
sponse to Lat-B treatment and their use may provide results
that are more predictive of the in vivo response of HTM cells
to actin-disrupting agents than the response of HTM cells on
TCP.

Our findings demonstrate that HTM cell migration is ex-
tremely slow on homeomimetic hydrogels. Interestingly, the
migration rate on pathomimetic substrates was increased com-
pared with TCP. While not statistically different from TCP,
these data trends suggest that a linear relationship between
substratum compliance and migration rate may not exist.
While increased HTM cell migration with the onset of glau-
coma has not been studied in vivo, decreased cellularity (cells/
unit area) has been documented.27,37 Furthermore, HTM cell
migration has been previously shown to be increased when
cells are stimulated by aqueous humor from glaucomatous
donors.37 The significantly increased migration rate on stiffer
hydrogels and TCP in combination with previous findings,37

suggests that the migration rate could be due to a combination
of biophysical and biochemical cues. Lat-B treatment signifi-
cantly diminished HTM cell migration on stiffer substrates.
Importantly, HTM cell migration was significantly slower on all
substrates 2 to 7 hours after Lat-B treatment demonstrating that
Lat-B continues to have a profound impact on HTM cell behav-
ior for several hours after HTM cell area and compliance are
known to recover.3

Overall, substratum compliance profoundly influences HTM
cell behaviors. We have previously reported that cell prolifer-
ation in four different types of vascular endothelial cells is
dramatically affected by substratum compliance and that re-
sponse was affected by the anatomic origin. In endothelial cells
from aorta, saphenous vein, and umbilical vein, hydrogels of all
tested compliances significantly downregulated proliferation
compared with TCP. In contrast to other endothelial cell types

FIGURE 6. Substratum compliance
and Lat-B treatment affects HTM
cell migration. Before Lat-B treat-
ment, HTM cells on 25 and 90 kPa
surfaces migrated at an average rate
of 1.45 and 1.72 �m/minute, re-
spectively. While not statistically
significant, both migration rates
were faster than the 1.08 �m/
minute measured on TCP surfaces.
Migration rates on all three surfaces
were significantly faster than the
0.37 �m/minute migration rate of
HTM cells on 4 kPa surfaces before

Lat-B treatment. HTM cell migration decreased significantly during Lat-B treatments and did not recover on any of the substrates tested
including the 4 kPa surfaces. All data are reported as mean � SEM (***P � 0.001).
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and in similarity with the HTM results, microvascular-dermal
endothelial cells were only downregulated on softer hydrogels
compared with TCP.22 The inclusion of biophysical character-
istics that reflect both healthy and glaucomatous HTM for in
vitro assays results in cell behaviors and responses to therapeu-
tic agents such as Lat-B that may more accurately reflect in vivo
conditions. Inclusion of these biophysical cues, such as sub-
stratum compliance, with in vitro studies will likely lead to a
greater understanding of HTM cell behaviors and their re-
sponse to therapeutic agents. By more closely modeling in vivo
HTM cell behavior, we can better understand the role of HTM
cells in the onset and progression of glaucoma as well as test
novel therapies for the treatment of the disease.
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