
5111

Abstract. – OBJECTIVE: Parstatin, the N-ter-
minal 41-amino-acid peptide cleaved by thrombin 
from protease-activated-receptor 1, was shown to 
be highly effective in preventing ocular angiogene-
sis and as such it has potential therapeutic applica-
tions in ocular neovascular diseases. In the frame 
of a safety program in preclinical development, we 
investigated whether parstatin exerts any cytotoxic 
effect in critical ocular cell populations.  

MATERIALS AND METHODS: Human retinal 
pigment epithelium cell-19 line (ARPE-19) and the 
3‐(4,5‐dimethylthiazol‐2‐yl)‐2,5‐diphenyltetrazolium 
bromide (MTT) colorimetric assay were used to in-
vestigate parstatin’s effect in cell cultures. Parstatin 
24-41 was used as a control peptide which lacks the 
hydrophobic domain to demonstrate the specifici-
ty and the structure-dependent effect of parstatin. 
Both peptides were used at concentrations ranging 
from 0.1-30 μM for 24, 48 and 72 hours.

RESULTS: In the presence of parstatin the rate 
of ARPE-19 cell growth and viability were signifi-
cantly decreased in a concentration-dependent and 
time-dependent manner, with an IC50 of approxi-
mately 10 μM. When ARPE-19 cells were treated with 
parstatin 24-41 no inhibitory effect was observed at 
any concentration or exposure time used. 

CONCLUSIONS: Parstatin has a clear detri-
mental effect on the viability of ARPE-19 cells and 
raises concerns about its use in the eye because 
of its possible toxic effects. 

Key Words:
Parstatin, ARPE-19 cell, Angiogenesis, Anti-angio-

genic factors.

Introduction

The proteolytic activation of human prote-
ase-activating receptor 1 (PAR-1) by thrombin 
results in the release of parstatin, a peptide of 41 
amino acids length1. Parstatin has a regulatory 

function in angiogenesis2. It suppresses both ba-
sic angiogenesis and the one stimulated by basic 
fibroblast growth factor (bFGF) and vascular 
endothelial growth factor (VEGF) in the chick 
chorioallantoic membrane model, as well as, the 
rat aortic ring model, respectively. Parstatin also 
inhibits bFGF or VEGF-induced endothelial cell 
migration and capillary-like network formation 
on the Matrigel and fibrin angiogenesis models 
in vitro. In the presence of both growth factors, 
treatment of endothelial cells with this peptide 
results in inhibition of cell growth by inhibiting 
phosphorylation of extracellular signal-regulat-
ed kinases 1/2 (ERK1/2) and by promoting cell 
cycle arrest and apoptosis, through a mechanism 
involving activation of caspases. Furthermore, 
parstatin is a cell-penetrating peptide. Its inhib-
itory sequence is localized within the hydropho-
bic domain (first 1-23 amino acids). Accordingly, 
parstatin peptide 24-41 which represents the hy-
drophilic domain, exerts no effect in angiogenesis 
and endothelial cell functions2. 

In the established animal models used for the 
evaluation of new agents for neovascular ocular 
diseases, parstatin was found to be effective in 
preventing angiogenesis3. Intraocular injection 
strongly suppresses ischemia-induced retinal neo-
vascularization in neonatal mice at a dose of 10 
μg/eye. Similarly, its intravitreal or subconjunc-
tival administration inhibits choroidal neovascu-
larization in mice and potently delays the onset 
and progression of rat corneal neovascularization. 
Interestingly, parstatin suppresses ocular neovas-
cularization at least in part through inhibition of 
retinal inflammation. It was found that it potently 
reduces leukocyte influx into the retinas3.

In view of the above findings, parstatin was 
proposed as a novel effective anti-angiogenic agent 
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for the treatment of neovascular ocular diseases. 
However, its safety must be assessed before oph-
thalmologic applications. Ocular safety studies of 
parstatin are limited. Huang et al3 showed that its 
application in adult animal eyes was well tolerat-
ed, without detectable immunoresponses or tox-
icity in the cornea and retina. On the other hand, 
in an ischemia-induced retinal neovascularization 
model in neonatal mice, parstatin exhibited con-
siderable toxicity at a concentration greater than 
10 μg3. Therefore, more consistent experimental 
studies are needed to evaluate the short-term and 
long-term results, as well as, the safety of parstatin 
in treatment of ocular diseases. 

In the present study, the effect of full-length 
parstatin peptide on viability of human retinal 
pigment epithelium cell-19 line (ARPE-19) was 
investigated. This cytotoxicity study is critical 
to explore undesirable side effects of parstatin in 
retinal cells and thus in ophthalmic tissue. The re-
sults should be considered in view of its potential 
therapeutic applications.

Materials and Methods

Parstatin Peptides
The two synthesized peptides used were as 

follows: a) human parstatin which corresponds to 
1-41 amino acids cleaved N-terminal fragment of 
human PAR1. Sequence: MGPRRLLLVAACFSL-
CGPLLSARTRARRPESKATNATLDPR, and 
b) human parstatin 24-41 which corresponds to 
amino acids 24-41 of human PAR1. Sequence: 
TRARRPESKATNATLDPR (Biosynthesis Inc., 
Lewisville, TX, USA). Both peptides were recon-
stituted in water and dosing solutions were pre-
pared in serum-free culture media. The study pro-
tocol was approved by the Ethics Committee of 
School of Medicine, University of Patras, Greece.

ARPE-19 Cell Culture
Human retinal pigment epithelial (ARPE-19) 

cells are a spontaneously arising RPE cell line de-
rived in 1986 by Amy Aotaki-Keen from the nor-
mal eyes of a 19-year-old male who died in a motor 
vehicle accident from head trauma. The ARPE-19 
cell line was established using the cuboidal basal 
cell layer cultured in specific culture media and 
was kindly provided by Prof. Demetrios Vavvas 
(Ocular Regenerative Medical Institute, MEEI 
and MGH, Boston, MA, USA). The cells were 
maintained in Dulbecco’s Modified Eagle’s Me-
dium/F-12 (1:1) supplemented with 10% (v/v) fetal 

bovine serum (FBS), 100 U/mL penicillin, and 
100 μg/mL streptomycin. Before plating the cells 
in serum-free media for incubation with parstatin 
peptides, serum concentration was halved every 
2-3 days. The cells were cultured at 37°C in a hu-
midified 5% CO2 atmosphere. All media and com-
ponents were obtained from Gibco (Thermo Fisher 
Scientific, Waltham, MA, USA). Approximately, 
1x104 cells per well on 96-well plates were seeded.

MTT Assay
To assess the cytotoxicity of full-length parsta-

tin peptide 1-41 and 24-41 on ARPE-19 cells, the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) colorimetric assay (Sig-
ma-Aldrich, St Louis, MO, USA) was used to 
determine their viability. Briefly, 1x104 cells per 
well were seeded on 96-well plates. Twenty-four 
hours post-plating, different concentrations of ei-
ther peptide were added for 24, 48, and 72 h in se-
rum-free media. On the day of each experiment, 
0.5 mg/mL MTT in serum-free media was added 
to the cells and incubated for another 3 hours at 
37°C. MTT formazan crystals were solubilized 
in dimethyl sulfoxide (DMSO). Optical density 
was measured at 550 nm with an OPTImax ab-
sorbance micro-plate reader (Molecular Devices, 
San Jose, CA, USA). Values were corrected for 
non-specific background by subtracting the opti-
cal density at 650 nm. Absorbance of wells with 
media was only used as a blank and subtracted 
from corrected values. A minimum of three wells 
were assayed per experimental condition. Absor-
bance values obtained from three independent ex-
periments were converted to percentage viability 
of the control and were used to perform a Stu-
dent’s t-test for statistical significance. 

Statistical Analysis
Each experiment was independently repeated 

at least three times. Absorbance values obtained 
from three independent experiments were con-
verted to percentage (%) viability by means of the 
following equation:

It contains ARPE-19 cells treated with parsta-
tin peptide 1-41 or parstatin peptide 24-41, where-
as, control sample contains untreated ARPE-19.

Data are expressed as the mean ± standard error 
(mean ± SE) of % cell viability (Table I). All er-
ror bars displayed in graphs represent SE of mean 
(Figure 1). Analyses were carried out using SPSS 
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for Windows software (ver. 17.0; SPSS Inc, Chi-
cago, IL, USA). Statistical significance was deter-
mined using t-tests. Data producing a p-value at ≤ 
0.05 were considered statistically significant.

Results

The retinal pigment epithelial cell line ARPE-
19 was used in order to study the in vitro effect 
of parstatin on cell’s viability. This cell type is a 
principal mediator of retinal angiogenesis by ex-
pressing both anti-angiogenic and pro-angiogenic 
factors.

Cells were treated with the full-length parsta-
tin peptide (amino acids 1-41), as well as, with a 
truncated version of parstatin (amino acids 24-41) 
in order to compare and assess whether the dif-
ferent peptide domains exert distinct functions 
in terms of angiogenic properties. The range of 
either peptide concentration used was from 0.1 to 
30 µM. After 24, 48, and 72 h of incubation at 
37°C, the MTT assay was applied to measure the 
level of metabolic activity of cells as an indicator 
of viability (Figure 1).

Experiments showed a clear inhibitory effect of 
the full-length parstatin peptide 1-41 on the prolif-
eration rate of the ARPE-19 cells, which appears to 
be dose-dependent and time-dependent. Concen-
trations of 0.1 µM, 0.3 µM, 1 µM and 3 µM had 

no significant effect on cell growth. There were no 
statistically significant differences between control 
and 0.1 μM, 0.3 μM, 1 μM, 3 μM and 10 μM con-
centrations at 24 h of treatment. However, a substan-
tial decrease in viability was observed with 10 µM 
of parstatin peptide 1-41 after 48 and 72 h (average 
viabilities of 80.8% and 55.5%, respectively), as 
compared to untreated cells. This effect was even 
more pronounced when cells were treated with 30 
µM. More specifically only 49.4% of the cells were 
viable after 24 h, 12.9% at 48 h and less than 10% at 
72 h of incubation. There was a statistically signif-
icant decrease between control with 10 μM and 30 
μM concentrations after 48 and 72 h of treatment. 
In contrast, no effect on the viability of the ARPE-
19 cells was observed after treatment with the trun-
cated parstatin peptide 24-41 at any concentration 
tested or length of time tested. In addition, parstatin 
peptide 24-41 seems to increase cell survival after 
72 h of treatment as compared to non-treated cells.

Discussion

In various retinal vascular disorders, such as 
neovascular age-related macular degeneration, 
retinopathy of prematurity, diabetes or retinal vas-
cular occlusion, the angiogenic cascade is believed 
to be initiated due to hypoxia with consequent re-
lease of VEGF, bFGF, and other growth factors4-7. 

Table I. (A) parstatin peptide 1-41 (P 1-41) and (B) parstatin peptide 24-41 (P 24-41) at different concentration and incubation 
times.

A Concentration  P1-41 Viability (%) ± Standard Error
        (μM)
  24 h 48 h 72 h

 0.1 108.9 ± 10.06      124.1 ± 22.6 100.3 ± 8.63
 0.3 107.4 ± 10.43 104.2 ± 14.02 96.4 ± 7.25
 1 115.1 ± 7.28 101.1 ± 5.84 101.2 ± 12.01
 3 103.1 ± 19.80 100.5 ± 24.49  112.1 ± 33.37
 10 100.9 ± 11.16  80.8 ± 14.55 55.5 ± 8.40
 30 49.4 ± 24.36 12.9 ± 1.70 8.40 ± 3.73

B Concentration  P24-41 Viability (%) ± Standard Error
        (μM)
  24 h 48 h 72 h

 0.1 104.0 ± 13.35 112.4 ± 14.12 115.0 ± 4.24
 0.3 106.7 ± 9.23 121.5 ± 7.63 113.8 ± 12.03
 1 102.6 ± 6.66 128.9 ± 17.03 99.0 ± 10.81
 3 119.9 ± 28.08 133.5 ± 32.58  102.8 ± 10.79
 10 102.9 ± 14.38 120.3 ± 24.41 112.5 ± 3.50
 30 113.1 ± 18.93 135.5 ± 18.38 107.7 ± 12.06
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Figure 1. Effect of the full length parstatin peptide 1-41 (P 1-41) and parstatin peptide 24-41 (P 24-41) on ARPE-19 cell 
viability. ARPE-19 cells were incubated with either the full length human parstatin peptide 1-41 or the short human parstatin 
peptide 24-41 (A) for 24, (B) 48 and (C) 72 h in serum-free media. Control cells were incubated with serum-free medium 
alone without parstatin. Graphs are showing combined data from three experimental sets. Results are shown as mean ± SE. 
Statistically significant differences compared to the control (untreated cells) are denoted with asterisks (*p-value < 0.05, ** 
p-value < 0.001).

A

B
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VEGF and bFGF appear strongly linked to nor-
mal vascular development, but also to pathologi-
cal neovascularization and vascular permeability, 
which are hallmarks of ocular neovascular dis-
eases8,9. VEGF is the primary mediator of ocular 
neovascularization. Intravitreal injection of an-
ti-VEGF drugs has been used with a tremendous 
success in the treatment of intraocular neovascu-
larization. Indications for their application include 
neovascular age-related macular degeneration, 
diabetic macular edema, retinal vein occlusions, 
myopic choroidal neovascularization, retinopathy 
of prematurity, and a plethora of neovascular oc-
ular diseases10-13.

Parstatin is a cell-permeable peptide cleaved 
from protease-activated receptor 1 upon activa-
tion, shown to inhibit VEGF and bFGF2,3. It po-
tently inhibits choroidal neovascularization with 
an IC50 of approximately 3 μg and a maximum in-
hibition of 59% at a dose of 10 μg. Parstatin also 
suppresses retinal neovascularization with a max-
imum inhibition of 60% at a dose of 3 μg. 

Subconjunctival administration inhibits cor-
neal neovascularization with 200 μg being the 
most effective dose (59% inhibition). In addition, 
parstatin significantly inhibits corneal inflamma-
tion and VEGF-induced retinal leukostasis. In all 
models tested, scrambled parstatin was without 
any significant effect3. 

Retinal pigment epithelial cells are a critical 
component in the blood-retinal barrier, essential 
to maintaining the eye as privileged site for nor-
mal visual function14. Moreover, dysfunction of 
these cells plays a critical role in a variety of reti-
nal diseases and maintenance of photoreceptors15. 
The use of parstatin as potential anti-VEGF and 
anti-bFGF agent for treatment of neovascular eye 
diseases is important to evaluate the possible tox-
icity of this peptide on RPE cells. Therefore, we 
investigated the effect of 24, 48 and 72 h parstatin 
administration on the viability of cultured ARPE-
19 cells. As far as we know this is the first study 
that investigates the effects of parstatin on ARPE-
19 cells in vitro.

Experiments showed a clear inhibitory effect 
of full-length parstatin peptide on the viability 
of ARPE-19 cells, which appears to be dose-and 
time dependent. Based on our data, concentra-
tions of 0.1 μM, 0.3 μM, 1 μM, and 3 μM do not 
exhibit any cytotoxic effect on cells after 24, 48 
and 72 h of exposure. In addition, at a dose of 10 
μM, it did not reduce cell viability after 24 h ex-
posure as compared to untreated cells. However, 
cell viability was reduced to 80.8% and 55.5% af-

ter 48 and 72 h, respectively. This effect was even 
more pronounced when cells were treated with 30 
μM of parstatin. More specifically, only 49.4% of 
the cells were viable at 24 h, 12.9% after 48 h and 
less than 10% after 72 h of incubation. These re-
sults indicate that 10 μM is detrimental to cell vi-
ability after 48 h of exposure, whereas, at 30 μM 
dose the same effect is observed as early as 24 h. 

Full length parstatin peptide has a prominent 
hydrophobic domain (residues 1-23) followed by a 
more hydrophilic domain (residues 24-41). It has 
been shown that parstatin peptide 1-26 is more 
potent and efficacious than the full length one 
as an effective agent for cardioprotection during 
ischemia and reperfusion of the rat myocardium. 
More specifically, it is six times more potent and 
contains the putative signal sequence of PAR1. 
This hydrophobic fragment most likely allows it 
to penetrate cell membranes more effectively than 
full-length parstatin, which not only contains the 
hydrophobic sequences but also a hydrophilic C 
terminus. On the other hand, the synthetic hydro-
philic parstatin fragment 24-41 is not functional 
in the same model, indicating that parstatin func-
tions are mediated by the signal peptide alone16. 
In addition, parstatin peptide 24-41 was shown to 
be fully inactive in all angiogenesis assays tested 
(in vitro and in vivo)2. These findings are consis-
tent with our results, which also demonstrate no 
decrease in cell viability as compared to controls 
at various concentrations tested, indicating that 
the first 23 amino acids of the peptide (the hydro-
phobic N terminus) are important for the biologic 
activity of parstatin on ARPE-19 cells.

However, more recent preliminary studies 
provide evidence that parstatin peptide 24-41 ex-
hibits activity, but in different doses. Intravitreal 
or subconjunctival administration of higher doses 
of peptide 24-41 inhibited choroidal and retinal 
neovascularization in mice and potently delayed 
the onset and progression of rat corneal neovas-
cularization by 87% and 76%, respectively. Also, 
parstatin peptide 1-26 suppressed corneal neovas-
cularization with maximum inhibition of 47% at a 
dose of 200 μg, whereas, parstatin 24-41 contains 
the hydrophilic domain exhibits maximum inhi-
bition of 73% at the same dose17. In addition, ex-
posure of human coronary artery endothelial cells 
(HCEAC) to low concentrations (up to 10 μM) of 
parstatin peptide 24-41 appeared to increase sur-
vival, after 48 h of treatment as compared to un-
treated cells. However, at higher concentrations 
there was no effect on the viability of HCEAC18. 

Consistently, in our study, there is an indication of 
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a slight proliferative effect of the parstatin peptide 
24-41, however, this remains to be further exam-
ined. Further studies are planned to investigate the 
degree of cytotoxicity of parstatin peptide 24-41 on 
ARPE-19 cells based on a different range of doses.

In conclusion, the detrimental effect of parsta-
tin peptide 1-41 on ARPE-19 cells after long-term 
exposure of different concentrations and incuba-
tion times has been established within the present 
study. On the contrary, parstatin peptide 24-41 
did not exhibit any inhibitory detrimental activity 
for all concentrations employed. For the first time, 
cytotoxicity of parstatin peptide was analyzed in 
ARPE-19 cells. The promising results may give 
the opportunity to plan further research studies 
that will assist in the therapeutic application of 
parstatin towards ocular neovascularization inhi-
bition and therefore ocular neoangiogenesis-relat-
ed disease treatment, such as, age-related macular 
degeneration, diabetic macular edema, secondary 
macular edema to retinal vein occlusion and many 
other cornea and retinovascular diseases.

Conclusions

This study shows the detrimental effect of 
parstatin peptide 1-41 on ARPE-cells after long-
term exposure for different concentrations and 
incubation times. 
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