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Ultraviolet A radiation induces cortistatin overexpression
and activation of somatostatin receptors in ARPE-19 cells
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Abstract. Long-term exposure to ultraviolet (UV) radiation is
associated with pathological alterations of the retinal pigment
epithelium (RPE). It has been indicated that Cortistatin (CST)
and somatostatin (SST) are able to inhibit the neurodegenera-
tion of the RPE associated with diabetic retinopathy and retinal
ischemia via activation of SST receptors (SSTRs). To the best
of our knowledge, the present study indicated for the first time
that treatment with UV-A (30 and 60 min) causes an increase
of CST expression, rather than SST, which was linked with
the upregulation of STTR; 45 subtype receptor gene expression
levels. The study revealed that: i) SST and CST mRNA expres-
sion were both detected under basal conditions in a human
retinal pigment epithelial cell line (Arpe-19); ii) SST expression
remained constant from baseline to 1 h of UV-A treatment;
iii) CST mRNA expression levels were 80 times increased
compared with time O and after 30 min of exposition to ultra-
violet irradiation; iv) SSTR,, SSTR, mRNA and low levels of
SSTR, were expressed in basal conditions, whereas SSTR3 and
SSTR5 mRNA were not detected under the same conditions;
and v) only SSTR;, SSTR, and SSTR; were overexpressed after
UV-A treatment, although in a different way. In conclusion,
the findings provide reasonable evidence to support the patho-
physiological role of the CST/SST/SSTRs system in the adaptive
response of the RPE exposed to UV-A radiation.

Introduction

Cortistatin (CST) is a endogenous neuropeptide cloned from
human, rat and mouse tissues, which exhibits a remarkable

Correspondence to: Dr Giuseppe Tringali, Institute of
Pharmacology, Catholic University School of Medicine, Largo F.
Vito 1, I-00168 Rome, Italy

E-mail: giuseppe.tringali@unicatt.it

Key words: cortistatin, somatostatin, somatostatin receptors, retinal
pigment epithelium, ultraviolet A radiation exposure, ARPE-19 cell
line, neuropeptides

structural and functional resemblance with somatostatin
(SST) (1,2). Both peptides share the ability to bind and activate
all five cloned SST receptors (SSTR, 5), with similar efficacy
and potency (3). Despite these analogies, the profile of CST
is not simply redundant but shows unique and even opposite
actions from those exerted by SST, especially in immune
and central nervous system (4-9). However, the mechanisms
underlying these biological differences are still unknown.

It is currently known that CST and SST have a wide
distribution in many organs (10), including the retina (11,12).
However, if on one hand there are numerous experimental
evidences on the expression, receptors and signalling mecha-
nisms of SST that are involved in the physio-pathology of the
retina (13), on the other hand there is a paucity of published
data about CST and retina.

CST is expressed in human retina: more in the Retinal
Pigment Epithelium (RPE) than in the neuroretina. Low levels of
neuropeptide gene expression have been associated with apop-
tosis and glial activation, supporting the neuroprotective role of
CST in diabetic retinopathy (12) and other retinal disorders (14).
RPE cells, a monolayer of cells between the neuroretina and
the choroid, play an important role in the maintenance of retina
homeostasis. These cells can be exposed to various extracel-
lular stimuli that promote their death and consequently to be
the trigger of several eye diseases. Exposure to solar ultraviolet
(UV) radiation is an external stressor, which may induce in
these cells the production of reactive oxygen species (ROS),
mitochondrial dysfunction, DNA damage, increase of apoptotic
activity, leading to irreversible cellular necrosis (15-17).

To aid in our understanding on the pathophysiological role
of CST in RPE, we investigated the modulation of neuropep-
tide gene expression. In fact, our finds display that: i) SST and
CST mRNA expression are both detected in basal conditions
in a human retinal pigment epithelial cell line (Arpe-19) after
UV-A radiation exposure. Moreover we assessed the relation-
ship among CST, SST and its receptor subtypes (SSTR, ) in
the same experimental paradigm.

Materials and methods

Cell lines. Human RPE cells (ARPE-19 cell line, originally
obtained from the American Type Cell Culture-CRL-2302- and
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kindly provided by Professor Stefano Cacchione, University
of Rome ‘La Sapienza’) were used. The cell line was verified
by the BMR Genomics S.r.l. Cell Line Authentication Service
(Padova, Italy; ref. Nr 130264) using short tandem repeat
analysis and an amelogenin gender-determining locus. Percent
match between the submitted sample and the database profile
was 100% (17). The cells were used between passages 5 and 8
and grown in 50/50 Ham's F12/Dulbecco's modified Eagle's
Medium (Gibco; Thermo Fisher Scientific, Inc., Walthan, MA,
Usa), supplemented with 15% (vol/vol) fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc., Waltham, M A, Usa) and
100 U/ml penicillin/streptomycin in a humidified incubator at
37°C, 5% CO, and 95% O,. The cells were plated into 6 cm of
diameters cell culture dishes (1x10° cells) for the experiments.
UV exposure was produced by UV lamp (Vilber Lourmat
VL-62C Power 6W) in a custom designed UV irradiation unit
at 37°C with 5% CO,. The UV-A exposure of cells (at 365 nm)
were performed at 10 cm from the source for 30 or 60 min, with
an intensity of approximately 0.06 J/cm?/sec. Following UV-A
treatment the cells were incubated for 24 h and successively
used for different experimental procedures (17).

Cell viability. Cell viability was evaluated by MTS reduc-
tion assay, 24 h afterwards UV-treatments. The intracellular
soluble ‘formazan’ produced by cellular reduction of the
MTS was determined by recording the absorbance using an
automatic microplate photometer at a wavelength of 490 nm;
cell viability was expressed as a percentage of surviving
cell (18).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was isolated from the cells using
PureLink® RNA Mini Kit and the elimination of any genomic
DNA was performed by on-column DNAse treatment (Life
technology; Thermo Fisher Scientific, Inc., Walthan, MA,
USA). RNA concentration was evaluated by spectrophoto-
metric reading at 280 and 260 nm. Total RNA was used for
first strand cDNA synthesis with SCRIPT cDNA Synthesis Kit
and Oligo-dT, as random primer (Jena Bioscience GmbH, Jena,
Germany). The PCR was performed with about 150 ng cDNA
using PCRBio Classic Taq (PCR Biosystems Ltd; London
Bioscience Innovation Centre, London, NW1 ONH, United
Kingdom). Experimental protocols for semiquantitative PCR
reactions were: Denaturation, 95°C for 3 min; followed by
40 cycles of denaturation at 95°C for 15 sec. Sequences of
primers and temperature of annealing used for PCR analysis
are reported in Table I. PCR products were then analysed by
1.5% agarose gels electrophoresis in TBE 1X Buffer. Image
acquisition and product analysis was made by Bio-Rad
imaging systems with Quantity One® 1-D analysis software.
The density of the PCR bands were divided by that of the
housekeeping gene (GAPDH) and expressed as a percentage
of the control band density.

Statistical analysis. Data were analysed by one-way ANOVA,
followed by post-hoc Dunnett's test for comparing all treatment
with control or by post hoc Newman-Keuls for comparisons
between group means, when appropriate, using a PrismTM
computer program (GraphPad, San Diego, CA, USA). All
results was presented as the mean = SEM of at least three
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different experiments, unless otherwise specified. Differences
were considered statistically significant if P<0.05.

Results

ARPE-19 cell viability following exposure to ultraviolet UV-A
irradiation. Preliminary experiments were carried out to
investigate the modulation of CST and SST gene expression
in ARPE-19 cells after 30 min and 1 h of UV-A exposure. The
cells showed no signs of alteration nor cellular degeneration
after UV radiation exposure compared to control group not
exposed, as also demonstrated by experiments of cell vitality
[Cell viability (%) n=6: Control, 100; 30' radiation, 97.28+2.0;
60' radiation, 96.52+2 4]. These data confirm what was previ-
ously seen from our group: treatment with UV-A radiation
caused a reduction in cell viability from 2 h onwards as a result
of apoptotic events that were manifested after 30-60 min of
exposure (17).

SST and CST gene expression levels in ARPE-19 cells
exposed to ultraviolet UV-A irradiation. SST and CST
mRNA expression were both detected in basal conditions,
although CST levels were significantly lower compared
with those of SST. After 30 and 60 min of UV-A radiation
exposure, the SST mRNA levels remained constant with a
slight tendency to grow (but not in a significant manner)
after an hour of treatment (Fig. 1). On the contrary the CST,
slightly expressed in basal conditions, was significantly
over-expressed already after 30 min of UV-A treatment. In
fact, after half an hour, the CST mRNA levels were 80 times
more higher, compared to time 0, and they remained constant
in subsequent 30 min (Fig. 1).

SSTR,, SSTR,, SSTR;, SSTR, and SSTR s gene expression levels
in ARPE-19 cells exposed to ultraviolet UV-A irradiation.
A second series of experiments were performed in order to
ascertain whether CST and SST gene expression variations,
observed after UV-A exposure, were linked to a modulation of
SST receptors (SSTR, ;). PCR analysis showed the presence of
SSTR,, SSTR, mRNA and low but detectable levels of SSTR,
in basal condition. On the contrary SSTR; and SSTR; mRNA
were not detected under same conditions (Figs. 2 and 3).

The SSTR, and SSTR, mRNA levels did not differ after
30 or 60 min UV-A radiation exposure (Fig. 2). In contrast
SSTR;, SSTR, and SSTR; were over-expressed already
after 30 min of UV-A treatment (Fig. 3). SSTR3 was most
over-expressed with mRNA levels that were 6 times higher
after only 30 min of treatment compared to control not
irradiated (Fig. 3a). SSTR, expression doubled after 30 min
of UV-A radiations and remained constant until the end of
the experiment (Fig. 3b). Finally, SSTR; was overexpressed
in a time-dependent manner; indeed the SSTR5 mRNA
levels doubled approximately at each experimental time
point (Fig. 3¢).

Discussion
The findings of the present study show for the first time that

one-hour of continuous exposition to UV-A radiations causes
in ARPE-19 cells an increase of CST mRNA levels, rather than
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Table I. Primer sequences used for the PCR studies.

Gene Primers Ta (°C) Product size (bp) Cycles

GAPDH F 5'-AACGGATTTGGTCGTATTG-3' 58 208 40
R 5'-GGAAGATGGTGATGGGATT-3'

SST F 5'-GGCTGCGCTGTCCATCGTC-3' 59 285 40
R 5'-CAGCCAGCTTTGCGTTCTCG-3'

CST F 5'-CTCCAGTCAGCCCACAAGAT-3' 63 173 40
R 5'-CAAGCGAGGAAAGTCAGGAG-3'

SSTR, F 5'-CGCTGGCTGGTGGGCTTCGTGTTG-3' 62 481 40
R 5'-GCCGCCGGACTCCAGGTTCTCAG-3'

SSTR, F 5'-ACAGCTGTGCCAACCCTATC-3' 55 358 40
R 5'-AGCTGACTCAAACACCGTTCT-3'

SSTR, F 5'-GCGAGCCGGCTTCATCATCTACAC-3' 65 517 40
R 5'-GACCCGGCCGTTCATCTCCTTC-3'

SSTR, F 5'-TGGTCGGCAGTCTTCGTGGTCTAC-3' 62 516 40
R 5'-CTTGCGGCCGGGTTCTGGT-3'

SSTR; F 5'-GCGGCCTGGGTCCTGTCTCT-3' 65 627 40

R 5-CCCCCGCCTGCACTCTCAC-3'

GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SST, somatostatin; CST, cortistatin; SSTR,, somatostatin receptor 1; SSTR,, Somatostatin
Receptor 2; SSTR;, Somatostatin Receptor 3; SSTR,, somatostatin receptor 4; SSTR;, somatostatin receptor 5; Ta, annealing temperature;
F, forward; R, reverse.
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Figure 1. SST and CST expression gene in ARPE-19 cells exposed to ultraviolet UV-A irradiation (30 and 60 min). Panel A: Agarose gels representing mRNA
expression levels of (a) glyceraldehide 3-phosphate dehydrogenase (GAPDH), (b) Somatostatin (SST) and (c) Cortistatin (CST). Unmarked lane contains the
DNA ladder (50 bp). Panel B: SST (a) and CST (b) densitometric analysis of the gels in panel A. The density of the gel bands were divided by the GAPDH
(housekeeping gene) and results were expressed as a percentage of the control band density. Results are from three independent experiments performed in
single. ““P<0.01 vs. control. A representative gel for each experimental condition is shown in the panel A.

SST. The increase of CST mRNA is also associated with an  increase in ROS levels, which after one hour led to activation
increase of gene expression of SST receptor subtypes, putative  of apoptotic events (activation of apoptotic genes, Bax and
CST receptors. Recently, we demonstrated that UV-A radiation ~ Caspase-3, and decrease of anti-apoptotic gene, Bcl-2) that in
for five consecutive hours induced in ARPE-19 cells a rapid  turn contributing to irreversible cell necrosis subsequent (17).
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Figure 2. SSTR, and SSTR, expression gene in ARPE-19 cells exposed to ultraviolet UV-A irradiation (30 and 60 min.). Panel A: Agarose gels representing
mRNA expression levels of (a) SSTR, and (b) SSTR,. Unmarked lane contains the DNA ladder (100 bp). Panel B: SSTR, (a) and SSTR, (b) densitometric
analysis of the gels in panel A. The density of the gel bands were divided by the GAPDH (housekeeping gene) and results were expressed as a percentage of
the control band density. Results are from three independent experiments performed in single. A representative gel for each experimental condition is shown
in the panel A. Data are presented as means = SEM.
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Figure 3. SSTR;, SSTR, and SSTR; expression gene in ARPE-19 cells exposed to ultraviolet UV-A irradiation (30 and 60 min.). Panel A: Agarose gels
representing mRNA expression levels of (a) SSTR), (b) SSTR, and (c) SSTR;. Unmarked lane contains the DNA ladder (50 bp). Panel B: SSTR; (a), SSTR, (b)
and SSTR; (c) densitometric analysis of the gels in panel A. The density of the gel bands were divided by the GAPDH (housekeeping gene) and results were
expressed as a percentage of the control band density. Results are from three independent experiments performed in single. A representative gel for each
experimental condition is shown in the panel A. Data are presented as means = SEM. “P<0.01 and “"P<0.001 vs. time 0, respectively. “"P<0.001 vs. time
30 min.

Therefore, there seems to be a link between increased that overlaps with that of SST in our experimental paradigm
CST mRNA levels and early apoptotic events triggered by  because both peptides are expressed in basal conditions, even
treatment with UV-A, though the pathophysiological role of  if CST mRNA levels are significantly lower compared with
CST remains unclear. Certainly, CST plays a role only in part  those of SST, but only CST is significantly over-expressed
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after exposure to UV-A radiation. On the basis of these
findings, one may theorize a protective role for CST in the
adaptive response of the RPE exposed to UV-A radiation.
Hypothesis is also supported by several literature evidence:
i) apoptotic events induced by UV-A radiation coincide
temporally with the overexpression of CST observed in our
experimental model (17); ii) CST retinal levels are inversely
associated with apoptosis and degree of glial activation,
two of the characteristics of retinal neurodegeneration (12);
iii) CST protects the rat retina against the blockade of
oxidative phosphorylation and glycolysis in vitro (14) and
iv) CST shows antiangiogenic, neuroprotective, antioxidant,
anti-apoptotic and anti-inflammatory properties, in different
biological systems (9,19,20). However, further studies will be
necessary because we cannot completely exclude that CST
overexpression in our study is rather associated with the
beginning and support of the apoptosis and necrosis observed
in RPE after exposure to UV-A radiation.

CST shares with SST the ability to bind and activate all
five cloned SST receptors (SSTR, ), with similar efficacy and
potency (3). This analogy might explain the considerable over-
lapping between CST and SST on several biological actions,
including neuroprotective effects in the retina subjected to
chemical ischemia or in the diabetic retinopathy (11,12,14).
SSTR, 5 genes are widely expressed in normal human eye
tissues and in particular in retina. hRPE cells express mainly
SSTR-, and SSTR-, in basal condition as shown by RT-PCR
and immunohistochemical techniques(21,22), although all five
SST receptors have been also detected in D407 h-RPE cells
by western blot (17,23). In spite of growing interest about the
effects of the SST-receptors activation by SST in the retina,
surprisingly little is known on the functions correlated to bond
between CST and SST-receptors. Moreover, the role of SST
and of its receptors in the RPE is far more complex than that
experimental evidences suggest. In fact, an examination of
the current scientific literature gives only a sketchy and often
conflicting picture of the role of SST and its receptors (22-24).
In the present study, the comparison between gene expression
levels of SST-receptors and CST or SST shows that: i) SSTR,
and SSTR, gene expression are correlated to high levels of SST
mRNA rather than to CST, few expressed, in basal conditions;
i) mRNA levels of SSTR,, SSTR, and SSTR; are little or no
detectable in basal conditions and iii) the treatment with UV-A
radiations causes a significant increase both in mRNA levels
of SSTR;, SSTR,, SSTR; and CST, while it doesn't change the
SST and SST-R,, basal levels.

At this point in the study, it is important to point out that
profiles of the mRNA do not always correlate with the level
of protein expression. In fact, the transcript analysis gives us
an indication of what genes are active in a specified cell, but
nothing about the protein levels actually expressed. However,
studying the modulation of the expression of a gene means to
investigate in what tissue is expressed, under what conditions
it works and what is the effect of its expression. Therefore this
study, despite its limitations (evidence only at transcriptional
level), allows us to hypothesize that both CST and SSTRs
(most probably SSTR;, SSTR, and SSTRj) are involved in the
UV-A-induced adaptive response in the hRPE cells. Certainly,
the real physiological role of CST and the involvement of
SSTRs in RPE health and disease, require further investigation.

MOLECULAR MEDICINE REPORTS 17: 5538-5543, 2018

Anyhow these findings provide novel insights on pathophysi-
ological role of CST/SST/SSTRs system and encourage new
research avenues for the therapeutic potential of this system
in degenerative processes underlying exposure to UV radia-
tion and that are implicated in numerous ocular pathologies,
particularly macular degeneration.
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