
Effect of nitric oxide on 
proliferation of human 
retina pigment 
epithelial cells 

Abstract 

Purpose To investigate the effects of 

exogenous and endogenous nitric oxide (NO) 

on the proliferation of human retina pigment 

epithelial (RPE) cells. 

Methods We stimulated cultured human RPE 

cells with 3-morphosydnonimine (SIN-I) to 

analyse the effect of exogenous NO. 

Incubation with a cytokine cocktail 

(interleukin I-I) + interferon 'Y + tumour 

necrosis factor u) plus lipopolysaccharide 

(LPS) induced cells to synthesise NO 

endogenously. The cultures were then 

incubated for 48 h, after which the cells were 

stained with crystal violet and absorbance at 

550 nm was measured spectrophotometrically. 

Results SIN-I inhibited human RPE cell 

proliferation, while haemoglobin, an NO 

inhibitor, almost completely blocked the 

inhibitory effect. On the other hand, treatment 

with the cytokine cocktail plus LPS did not 

inhibit RPE cell proliferation. 

Conclusion These findings confirm that 

exogenous NO inhibits human RPE cell 

proliferation, while endogenous NO has no 

such blocking effect. 
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Nitric oxide (NO) is a free radical that is 
synthesised from L-arginine by the enzyme NO 
synthase. 1 NO is a double-edged sword.2 
Produced by mammalian cells at an appropriate 
magnitude and tempo, it is not only a key 
signalling molecule in physiological processes 
but also plays roles in host defence, neural 
communication and vascular regulation.1-S On 

the other hand, NO is a causal factor in, or 
contributor to, vascular shock,6,7 stroke,2 
diabetes,8,9 neurodegeneration,2 arthritis,10 
infiammationll,12 and uveitis.13 This agent also 
inhibits mitogenesis and halts the proliferation 
of mesangial}4 vascular smooth muscle,IS glial6 
and tumour cells.17 Furthermore, NO has been 
proven to have an inhibitory effect on the 
proliferation of bovine retina pigment epithelial 
(RPE) cells.18 RPE cells play a pivotal role in the 
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pathogenesis of proliferative 
vitreoretinopathy19 and autoimmune 
uveoretinitis20 in addition to carrying out other 
functions. 

In this study we investigated the effects of 
exogenous and endogenous NO on the 
proliferation of human RPE cells. Cultured 
human RPE cells were stimulated with the NO
releasing agent 3-morphosydnonimine 
(exogenous NO) and were also induced to 
produce NO through treatment with a cytokine 
cocktail plus lipopolysaccharide (endogenous 
NO). Changes in cell proliferation were then 
analysed. 

Materials and methods 

Materials 

3-Morphosydnonimine (SIN-I), haemoglobin 
(Hb), Nw-nitro-L-arginine-methyl-ester 
(L-Name) and lipopolysaccharide (LPS) from 
Salmonella typhimurium were purchased from 
Sigma (St Louis, MO). Human recombinant 
interleukin I-I) (IL-I-I)), interferon 'Y (IFN 'Y), 
and tumour necrosis factor u (TNFu) were 
obtained from Boehringer Mannheim 
(Mannheim, Germany). 

Cell cultures and method 

Human RPE cells were acquired from 
keratoplasty donor eyes and were cultured in 
minimal essential medium (MEM D-Val, Sigma) 
containing 10% fetal calf serum and antibiotics, 
as previously described?1 Cells were used 
between the second and sixth passage. 
Subcultured human RPE cells were transferred 
into 96-well plates at 104 cells per well. After 
24 h, the original medium was discarded and 
various concentrations of SIN-l with and 
without haemoglobin were added. In another 
set of experiments, a cytokine cocktail (IL-I-I) + 
IFN 'Y + TNFu) plus LPS, with and without 
L-Name, was added to the RPE cell cultures. 
The cultures were then incubated for 48 h, after 
which the cells were stained with crystal violet 
and absorbance at 550 nm was measured 
spectrophotometrically. 
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Nitrite fonnation 

Cells were treated with cytokine cocktail plus LPS at the 

indicated concentration in MEM. After 48 h, the amount 

of nitrite in cell-free culture supernatants was measured 

using the spectrophotometric method, based on the 

Griess reaction.22 Briefly, samples were reacted with 1% 

sulphanilarnide and 0.1% naphthyl-ethylenediamine at 

room temperature. The nitrite concentration was then 

determined from a comparison of absorbance at 550 nm 

with that of standard solutions of sodium nitrite in MEM. 

Background absorbance was measured using the 

medium alone, and was subtracted from all values. Also 

the amount of nitrite produced in response to the 

addition of different concentrations of SIN-1 was 

measured. 

Statistical analysis 

Data was analysed using the Student's t-test and p values 

< 0.05 were considered significant. Results are expressed 

as mean ± SEM. 

Results 

Effect of SIN-l on RPE cell proliferation 

We tested the effect of SIN-I, a compound known to 

spotaneously release NO in media that contain RPE cells, 

on cultured human RPE cells. The ability of Hb to inhibit 

NO activity has already been demonstrated,l so we 

compared the effects of SIN-1 alone and in combination 

with Hb. When applied on its own, SIN-1 inhibited cell 

proliferation in a dose-dependent manner, but 

combination with Hb almost completely reversed this 

inhibitory effect. This proved that NO was responsible 
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Fig. 1. Concentration-dependent effect of SIN-l on human RPE cell 
proliferation. 104 human RPE cells were adhered to 96-well plates for 
24 h. They were subsequently exposed to varying concentrations of 
SIN-l alone (open bars) and in combination with Hb (grey bars) for 
48 h. Cell survival was assessed under crystal violet staining. Data are 
expressed as mean percentage survival compared with untreated 
cultures. Results are listed as the mean:!:: SEM of three separate 
experiments, each of which was performed in triplicate. 
*p < 0.05. 
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Fig. 2. Effect of a cytokine cocktail plus LPS on NO production by 
human RPE cells. RPE cells were incubated with the indicated 
combinations ofIL-l-f3100 U/ml + IFNy 200 U/ml + TNFct 200 U/ml 
plus LPS 10 f1/ml, with L-Name (black bar) and without (open bar). 
After 48 h, the nitrite level in culture supernatants was measured 
using Griess reagent. Values are listed as mean:!:: SEM for three 
experiments, each carried out in triplicate. 

for the anti-proliferative effect (Fig. 1). As Fig. 1 

illustrates, exogenous NO inhibited RPE cell proliferation 

over 5 X 10-5 M concentrations. The nitrite levels 

corresponding the SIN-1 concentrations of 10-3 M, 5 X 
10-4 M, 10-4, 5 X 10-5 and 10-5 M were 37.5 J.LM, 33.2 J.LM, 

18.3 J.LM, 5.6 J.LM and 0.2 J.LM, respectively. In other words 

RPE cell proliferation was inhibited over at least 5.6 J.LM 

nitrite levels. 

Effect of the cytokine cocktail + LPS 

Cultured human RPE cells have been shown to produce 

NO after treatment with a cytokine cocktai1.23•24 

Production levels are highest when a mixture of cocktail 

c::::J Cytokines+LPS 
_ Cytoklnes+LPS+L-NAME(1mM) 

100 

80 

e 
E 
8 60 
'0 
� 
iii 40 
> 

.� 
:l 

rJ) 

20 

O....L...---......L..-----'--

Fig. 3. Effect of cytokines plus LPS on human RPE cell proliferation. 
A total of 104 human RPE cells were adhered to 96-well plates for 24 h. 
These were then incubated for 48 h with combinations of IL-l-f3 100 U/ 
ml + IFN'I 200 U/ml + TNFct 200 U/ml plus LPS 10 f1/ml with 
L-Name (black bar) and without (open bar). Cell survival was assessed 
under crystal violet staining. Data are expressed as mean percentage 
survival compared with untreated cultures. Results are listed as the 
mean :!:: SEM of three separate experiments, each done in triplicate. 



IL-l-j3 + IFN 'Y + TNFa is used in combination with LPS, 
and the NO response is abolished by the nitric oxide 
synthase (NOS) inhibitor L-Name?3 We first tested the 
NO production response of RPE cells to cytokine cocktail 
+ LPS. The cells were incubated with this mixture and 
biosynthesis of NO was measured based on the 
accumulation of the stable end-product, nitrite. Nitrite 
levels were measured after 48 h using the Griess reaction, 
and were rechecked after incubation with L-Name. The 
nitrite levels are illustrated in Fig. 2. After confirming the 
synthesis of nitrite in certain wells, we measured the 
proliferation rate in these same wells with and without 
L-Name (Fig. 3). As shown in Fig. 3, there was no 
significant difference between these two groups, which 
proved that endogenous NO does not affect RPE cell 
proliferation. 

Trypan blue test 

To further investigate the cytostatic/cytotoxic effect of 
NO on RPE cells, we tested for Trypan blue dye 
exclusion in cells treated with SIN-l and cytokine 
cocktail, and compared these results with control data. 
The vast majority (> 95%) of the treated cells did not stain 
with Trypan blue. 

Discussion 

This study shows that exogenous NO inhibits human 
RPE cell proliferation, while endogenous NO has no such 
effect. The inhibitory effect was dose-dependent, and this 
may explain the results of endogenous NO application 
since the measured nitrite level in this case was below the 
effective critical concentration. 

In our investigation, the anti-mitogenic effect of SIN-l 
was reversed by the NO inhibitor Hb, which indicates 
that the impact of SIN-l was mediated by NO. Although 
the mechanism is unknown, it is unlikely that the anti
proliferative effect of NO is due to cell death since cells 
treated with SIN-l did not stain with Trypan blue. 

Goureau et al.18 defined an anti-proliferative role for 
NO through research which demonstrated that both the 
NO donor SIN-l and cytokines inhibited RPE cell 
proliferation in bovine cells. The present study indicates 
that human RPE cells differ from bovine RPE cells with 
regard to NO-producing agents. In contrast to bovine 
RPE cells, a cytokine cocktail plus LPS did not affect the 
proliferation of human RPE cells, despite the fact that 
this mixture induced NO production. Furthermore, 
exogenous NO inhibited the proliferation of human RPE 
cells in a dose-dependent fashion, while dose 
dependency has not been established in bovine cells. The 
difference in behaviour of human RPE cells versus 
bovine cells has been noted in some detail previously?3 
As opposed to bovine RPE cells, where IFN 'Y combined 
with either TNFa or LPS induces NO production,25 
human RPE cells require both IL-l-j3 and IFN 'Y in order 
to produce NO?3 In addition, regulation of NOS 
induction by growth factors is also different in bovine 
cells. Basic fibroblast growth factor prevents NO 

induction in bovine RPE cellsI8 but has no effect in their 
human counterparts?3,24 Moreover, transforming growth 
factor j3 markedly inhibits NO production in human RPE 
cells,23,24 while NO synthesis is only slightly increased by 
the same factor in bovine cells.18 All these differences 
could be explained by variance in cell response according 
to the different mediators of NO production for each 
cellular species. Our results also confirm that the effects 
of NO on RPE cell proliferation differ between species. 
To the best of our knowledge, ours is the first report to 
demonstrate the response of human RPE cells to NO 
during proliferation. Normally, human RPE cells are 
mitotically inactive; however, migration and 
proliferation of these cells has been shown to occur after 
retinal cryopexy,26 retinal laser treatrnent}7 penetrating 
trauma}8 subretinal neovascularisation29 and retinal 
degeneration?O Proliferation of RPE cells also takes place 
after retinal detachment, and is involved in the 
pathogenesis of proliferative vitreoretinopathy.19 It 
follows that a better understanding of the factors that 
control RPE cell proliferation may provide information 
that is relevant to normal and abnormal ocular wound 
healing. 

Our findings confirm that exogenous NO inhibits 
human RPE cell proliferation. This effect could be of 
major importance in the regulation of ocular responses. 
These results may provide insight relevant to normal and 
abnormal ocular wound healing, and could lead to new 
therapeutic approaches to retinal diseases and/or 
unwanted reactions. Still, our findings should be 
interpreted with caution relative to in vivo systems 
because the intraocular environment involves complex 
interactions. Further studies are necessary to determine 
the mechanism of action of endogenous and exogenous 
NO in the regulation of RPE cell proliferation. 
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