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I N T R O D U C T I O N

Glaucoma designates a group of chronic eye diseases
that are characterized by pro g ressive atrophy of the
optic nerve head and visual field loss and, in most cas-
es, by elevation of intraocular pre s s u re (IOP). The eti-
ology of glaucoma is still unknown but elevated IOP
and impaired perfusion of the optic nerve have been
suggested to be important risk factors. Current med-
ical treatment of glaucoma is focused on lowering IOP.
L a t a n o p rost, a pro s t a g l a n d i n F2α ( P G F2α) analogue, be-
longs to a new class of antiglaucoma drugs with IOP

lowering properties (1, 2). Dopaminergic drugs are an-
other class of compounds that lower IOP (3). In addi-
tion they can increase optic nerve blood flow (4) and
may there f o re be of particular value for the tre a t m e n t
of glaucoma (5-7). In some glaucoma patients who do
not respond well to conventional antiglaucoma drugs,
filtration surgery is an available alternative tre a t m e n t .
H o w e v e r, long-term topical medication with conven-
tional antiglaucoma drugs has been suggested to have
negative effects on the success of filtration surgery (8).
A possible reason is that long-term treatment with some
antiglaucoma drugs promotes the proliferation of fi-
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PU R P O S E. Proliferation of subconjunctival fibroblasts plays a critical role in scarring and fail-
u re of glaucoma filtering surgery. Long-term topical glaucoma medications appear to in-
c rease fibroblast proliferation. In this study, the effects of topical antiglaucoma drugs la-
tanoprost and GLC756, a novel dopamine D2 agonist and D1 antagonist, on cultured nor-
mal human dermal fibroblasts (NHDF) were examined. 
ME T H O D S. The NHDF cell line was incubated with latanoprost, prostaglandinF2α ( P G F2α), GLC756,
or 5-fluorouracil as a positive control at concentrations of 3 and 30 µM for 6, 18, and 24
hours. Fibroblast growth was measured by 5-bromodeoxyuridine (BrdU) uptake using laser
scanning cytometry. 
RE S U LT S. Latanoprost and PGF2α had a biphasic response on the number of cultured NHDF
positively stained with BrdU. A stimulating effect on proliferation occurred early, 6 hours
after incubation, and an inhibitory effect 18 to 24 hours after incubation. GLC756, in con-
trast, revealed only inhibitory effects on BrdU uptake 18 to 24 hours after incubation. The
p a t t e rn of GLC756 was similar to that of the positive control 5-fluorouracil.
CO N C L U S I O N S. Latanoprost seemed to have a biphasic response on the proliferation of culture d
N H D F. First there was a stimulating thereafter a secondary negative modulating effect. GLC756
had a fully antiproliferative effect on the NHDF, indicating an additional potential of novel
dopamine compounds for topical glaucoma medication. (Eur J Ophthalmol 2006; 16: 6 7- 7 2 )

KE Y WO R D S. D2 agonist, D1 antagonist, In vitro model, Latanoprost, Normal human derm a l
fibroblasts, Topical glaucoma medication 

Accepted: July 18, 2005



Latanoprost and GLC756 effects on human dermal fibroblasts

6 8

b roblasts and induces collagen deposition in the sub-
conjunctival space which may result in scar forma-
tion, the most common cause of filtering surgery fail-
u re (9-12). Clinical observations indicated an associ-
ation between decreased success rates for tra-
beculectomy and the duration of antiglaucoma med-
ications (13, 14). Furthermore, exposure of rabbit con-
junctival fibroblasts to timolol, epinephrine, or pilo-
carpine in vivo (15) was found to increase fibro b l a s t
cell count. Also an in vivo study demonstrated pro-
liferation of subconjunctival fibroblasts after topical
t reatment with 0.005% latanoprost or 0.2% brimoni-
dine (16). The direct effects of drugs used in the tre a t-
ment of glaucoma on fibroblast growth have been in-
vestigated in various in vitro studies (17-20). 

I n t e re s t i n g l y, dopaminergic compounds have been
reported to prevent proliferation of fibroblasts (21).
The objective of this study was there f o re to investi-
gate the effects of latanoprost and GLC756, a novel
d o p a m i n e rgic compound, on proliferation of normal
human dermal fibroblasts (NHDF) in vitro as well as
to explore whether the use of dopaminergic compounds
in glaucoma treatment may offer an advantage over
p resently used antiglaucoma drugs. 

M E T H O D S

Drug preparation 

L a t a n o p rost was commercially available from Cay-
man Chemical (Ann Arbor, MI, USA) as a solution in
methyl acetate, purity ≥98%. The compound was used
as a solution in ethanol after evaporation of the methyl
acetate under a stream of nitrogen. PGF2α, as a so-
lution in ethanol, was purchased from Fluka, Switzer-
land; purity 99%. GLC756, as a powder, received fro m
Novartis Pharma AG (Switzerland), was reported to
be 100% pure by certificate of analysis. The drug was
dissolved in DMSO (Sigma, Switzerland). 5-fluo-
rouracil (5-FU) was purchased from ICN Pharmaceu-
ticals, Switzerland, in 5 mL ampoules of 250 mg each
and dissolved in the Fibroblast Growth Medium-2
B u l l e k i t® (FGM, Bio Whittaker, Belgium). 

NHDF cell culture and tre a t m e n t

NHDF were obtained from Bio Whittaker (Belgium)
and cultured in 75 mL flasks (T-75, Costar) in FGM.
B e f o re each experiment, medium was discarded fro m

Fig. 1 - BrdU uptake (% of control)
of cultured normal human derm a l
fibroblasts incubated with latano-
prost ( A ), PGF2α ( B ), GLC 756 ( C ),
or 5-fluorouraci l ( D ) for 6 to 24
hours. Each column is a mean of
t h ree values and the bars indicate
SD. Each time point had a corre-
sponding control group which was
regarded as 100%. Values were
c o n s i d e red significantly differe n t
from control at *p<0.05.
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the cultures, and cells were washed with HEPES buff e re d
saline solution (ReagentPack™, Bio Whittaker, Bel-
gium), incubated in trypsin/EDTA solution (Reagent-
Pack™) for 1.5 minutes at room temperature, cen-
trifuged at 1300 rpm for 5 minutes after addition of
FGM, resuspended in trypsin neutralizing solution
(ReagentPack™), and recentrifuged. The supern a t a n t
was discarded and cells were resuspended in FGM.
Cells were incubated in chamber slides (treated glass
slides, Becton Dickinson, Switzerland) and the com-
pounds were added at concentrations of 3 and 30 µM
for 6, 18, and 24 hours. 

To reach the end concentrations serial dilutions of
each drug were carried out. The same cell line with
the same number of passages under identical exper-
imental conditions was used in three independent as-
says. The control group received culture medium or
c u l t u re medium plus corresponding vehicle DMSO or
ethanol at 0.1%.

Cell proliferation assay

Cell proliferation was quantified by 5-bro m o d e o x y u r i-
dine (BrdU) uptake into DNA. BrdU (In situ Cell Pro l i f e r-
ation Kit, FLUOS; Roche, Switzerland) was added at 1/1000
to the medium 1.5 hours before the end of treatment. At
the end of the incubation time, medium was re m o v e d
and slides were allowed to dry and were kept at –70°C
until immunofluorescence staining and analysis. 

Detection of BrdU incorporation 
by immunofluore s c e n c e

Detection of BrdU was performed as follows: cells
w e re fixed with 70% ethanol for 10 minutes, incu-
bated with HCl 4N for 20 minutes at room tempera-
t u re, washed once in distilled water, neutralized in
sodium tetraborate (Merck, Switzerland) 0.1 M for 1 m i n u t e
and finally washed once for 5 minutes in phosphate-
b u ff e redsaline (PBS, Gibco, Switzerland). The slides
w e re then incubated with Alexa 488-conjugated an-
t i - B rdU antibody (Molecular Probes, Switzerland)  at
1/100 in the buffer from the in situ p roliferation kit (I n
s i t u Cell Proliferation Kit, FLUOS; Roche, Switzerland)
for 2 hours at room temperature. After two washing
steps in PBS, propidium iodide (PI; Sigma, Switzer-
land) at 10 µg/mL in PBS was added for 30 minutes
at room temperature. The slides were then briefly washed

in PBS and coverslips were applied using GelMount
(Biomeda, Switzerland), followed by analysis using Laser
Scanning Cytometry (LSC).

LSC evaluation

The fluorescence emission of the stained cells was
m e a s u red on the laser scanning cytometer interfaced
to a Compaq computer equipped with the WinCyte
3.6 software (Compucyte, Cambridge, MA, USA). A
detailed description of the LSC methodology has been
p reviously published (22). The scan area was adjust-
ed to the entire coverslip area and all cells in each
chamber were acquired. Slides were scanned using
a 20x objective. For the purpose of this study, the
contouring parameter was PI f l u o rescence and cells
e x p ressing BrdU were gated on green max pixel flu-
o rescence. Overlapping nuclei were automatically ex-
cluded from counting by special statistical filters.

Statistical analysis

Log-transformed data were analyzed with one-way
analysis of variance. The control group, which re c e i v e d
only culture medium or culture medium plus corre-
sponding vehicle DMSO or ethanol, was re g a rded as
100%. Each group was compared to the control gro u p
using linear contrasts. Values were considered sig-
nificantly diff e rent from control at p<0.05, with no cor-
rection for multiplicity.

R E S U LT S

NHDF incubated either with DMSO at 0.1% in FGM
or ethanol at 0.1% in FGM showed a BrdU uptake
similar to that of NHDF cultured in FGM alone for 6
to 24 hours (not shown). Furthermore, there was no
cytotoxicity seen on NHDF at any concentration with
any compound tested in this study. 

L a t a n o p rost induced a marked dose-related incre a s e
of the BrdU uptake at 3 and 30 µM already 6 hours
after incubation when compared to the vehicle con-
t rol ethanol, which reached statistical significance at
the high-dose level. After 18 hours of incubation, the
early increase in the BrdU uptake changed into a dose-
related statistical ly signif icant decrease at 3 and
30 µM. At 24 hours, a decrease, statistically signifi-



Latanoprost and GLC756 effects on human dermal fibroblasts

7 0

cant, of the BrdU uptake could still be observed at
the 30 µM concentration (Fig. 1A).

P G F2α had a pattern in the BrdU uptake similar to
that of latanoprost. For both concentrations there was
also an early dose-related increase in the BrdU up-
take, 6 hours after incubation, which also re a c h e d
statistical significance at the high-dose level. As was
the case for latanoprost, there was as well a statisti-
cally significant drop below the vehicle contro l
ethanol after 18 hours of incubation at 3 and 30 µM.
After 24 hours, a statistically significant decrease in
the BrdU uptake was still present at 30 µM, where a s
at 3 µM a BrdU uptake could be measured similar to
that of the corresponding control (Fig. 1B). 

GLC756 revealed a statistically significant de-
c rease of the BrdU uptake 18 and 24 hours after in-
cubation at a concentration of 30 µM. In comparison,
at 3 µM BrdU uptake was similar to that of the vehi-
cle control DMSO. At the early time point of 6 h o u r s ,
both the low and high concentration of GLC756 showed
no diff e rence in BrdU uptake compared to that of the
c o r responding control (Fig. 1C).

The positive control 5-FU exhibited a pattern of Br-
dU uptake similar to that of GLC756 at 6 to 24 hours.
T h e re was also a statistically significant decrease of
the BrdU uptake 18 and 24 hours after incubation on-
ly at the high concentration of 30 µM. At the early
time point of 6 hours, there was also no diff e rence in
B rdU uptake for the low and high dose of 5-FU com-
p a red to the corresponding control (Fig. 1D). 

D I S C U S S I O N

P revious in vivo and in vitro studies suggested that
conventional glaucoma medication increases the
number of fibroblasts in the subconjunctival space
(16, 20). In addition, increased numbers of inflammatory
cells were found in humans who have been tre a t e d
with antiglaucoma drugs (8, 23, 24). Both effects may
contribute to the failure of glaucoma filtering surg e r y
(8). It is unclear whether the proliferation of the fi-
b roblasts is a direct effect of the medication, or me-
diated by mediators of inflammatory response (16).
To address this question, we performed an in vitro
study with NHDF. 

In this study, latanoprost, PGF2α, and GLC756, a
novel dopamine D2 receptor agonist and D1 re c e p t o r

antagonist, were assessed for their direct effect on
the growth of NHDF. BrdU was used as an indicator
of proliferating fibroblast cells (25). The effects of the
antiglaucoma drugs were compared to the antipro l i f-
erative effect of 5-FU, a cytostatic drug that has been
used as an adjunctive treatment to improve the re-
sults of glaucoma filtering surgery (26, 27).

L a t a n o p rost induced a dose-related increase of pro-
liferation of the cultured fibroblasts already 6 hours
after incubation. After 6 hours, the mean perc e n t a g e
of cells stained with BrdU was about 34% and 58%
higher for the 3 and 30 µM concentrations, re s p e c-
t i v e l y. The increase was statistically significant at the
high-dose level of 30 µM, re p resenting a drug con-
centration about four times lower than in commer-
cially available 0.005% latanoprost eye drops. The
same effect was confirmed with P G F2α, where a mean
i n c rease of BrdU positive cells of about 38% and 54%
for the 3 and 30 µM concentrations, re s p e c t i v e l y, was
observed 6 hours after incubation when compared to
the control. The increase was also statistically sig-
nificant at the high-dose level of 30 µM. This stimu-
lating effect on fibroblasts after exposure to latanopro s t
might explain the results of an in vivo study in rab-
bits where topical treatment of 0.005% latanopro s t ,
twice daily, caused a proliferation of subconjunctival
f i b roblasts during a relatively short treatment period
of 10 weeks (16). 

Based on this in vivo finding, it might be of no re l-
evance for the in vivo situation that latanoprost had
after the initial proliferating effect a relatively high in-
hibitory effect on BrdU uptake as shown in our study.
T h e re f o re, it seems that the histopathologic manifestation
observed in the in vivo study might be due to an ini-
tial proliferating effect of latanoprost on fibro b l a s t s .
A positive and negative modulation of fibroblast pro-
liferation can be seen during wound healing and might
be due, in part, to the high prostaglandin concentra-
tion of the inflammatory exudates (28). Generally, it
was described that prostaglandins exert in vitro a bal-
anced effect on fibroblast growth with a stimulatory
action of P G F2α (29) and a negative action of P G E2

(30, 31). Various types of fibroblasts secrete in vitro
d i ff e rent prostaglandins (32, 33). It was also described
that exogenous addition of P G F2α significantly enhanced
the production of P G E2 (28). There f o re, in the pre s e n t
s t u d y, one can assume that the exogenous addition
of P G F2α has a primary stimulating effect on fibro b-
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last proliferation and that an induction of endogenous
p rostaglandin synthesis (e.g., P G E2, at least in part)
may lead to a secondary negative modulation of the
f i b roblast proliferation. In addition to the induction of
f i b roblast proliferation, latanoprost is suggested to play
a role in the stimulation of inflammatory cells and path-
ways (16). In fact, there is evidence linking uveitis and
cystoid macular edema to latanoprost exposure (34). 

GLC756, a novel dopamine D2 agonist and D1 a n-
tagonist, appears to exert an antiproliferative eff e c t
on NHDF growth. 

A clear dose relationship was observed and the sta-
tistically significant effect occurred after 18 and
2 4 hours of incubation. In contrast to latanoprost, GLC756
had no stimulating effect on fibroblast growth at the ear-
ly phase of incubation. The results obtained in this study
a re in accordance with previous findings (21) where an-
t i p roliferative effects were detected when cultured hu-
man tendon fibroblast cells were treated with several
dopamine antagonists such as domperidone, haloperi-
dol, moperone, and loxapine and the dopamine agonist
b romocriptine. However, the mechanism of action of these
d o p a m i n e rgic effects is, to our knowledge, unknown.

It is of interest to compare the antiproliferative ef-
fect obtained after GLC756 treatment with that ob-
tained using 5-FU, an antimetabolic drug which has
been used to minimize scarring of filtering blebs by
inhibiting the proliferation of wound fibroblast cells

(35, 36). In the present study, 5-FU showed in gen-
eral a similar pattern on fibroblast growth during the
incubation periods of 6 to 24 hours, however, with a
higher antiproliferative effect at 18 and 24 hours. 

In summary, in our in vitro study on cultured NHDF,
l a t a n o p rost seemed to have a biphasic response on
p roliferation of fibroblasts. 

First there was a direct stimulating, thereafter a neg-
ative modulating effect on fibroblast growth. GLC756,
a novel dopaminergic compound, showed only an-
t i p roliferative effect on fibroblast growth, indicating an
additional potential of novel dopamine compounds for
topical glaucoma medication. 
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