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Original Article

Tunicamycin-induced Endoplasmic Reticulum Stress Upregulates the 
Expression of Pentraxin 3 in Human Retinal Pigment Epithelial Cells

Narae Hwang1, Min-Young Kwon1, Jae Bong Cha2, Su Wol Chung1, Je Moon Woo2

1School of Biological Sciences, College of Natural Sciences, University of Ulsan, Ulsan, Korea
2Department of Ophthalmology, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, Korea

Purpose: To investigate the production of long pentraxin 3 (PTX3) in response to tunicamycin-induced endo-

plasmic reticulum (ER) stress and its role in ER stress-associated cell death, PTX3 expression was evaluated 

in the human retinal pigment epithelial cell line, ARPE-19.

Methods: PTX3 production in ARPE-19 cells was analyzed in the absence or presence of tunicamycin treatment 

by enzyme-linked immunosorbent assay. PTX3 protein and mRNA levels were estimated using western blot 

analysis and real-time reverse transcription-polymerase chain reaction, respectively. Protein and mRNA levels 

of CCAAT-enhancer-binding protein homologous protein (CHOP) and ARPE-19 cell viability were measured 

in the presence of tunicamycin-induced ER stress in control or PTX3 small hairpin RNA (shRNA)-transfected 

ARPE-19 cells.

Results: The protein and mRNA levels of PTX3 were found to be significantly increased by tunicamycin treat-

ment. PTX3 production was significantly decreased in inositol-requiring enzyme 1α shRNA-transfected ARPE-

19 cells compared to control shRNA-transfected cells. Furthermore, pretreatment with the NF-kB inhibitor 

abolished tunicamycin-induced PTX3 production. Decreased cell viability and prolonged protein and mRNA 

expression of CHOP were observed under tunicamycin-induced ER stress in PTX3 shRNA transfected ARPE-

19 cells. 

Conclusions: These results suggest that PTX3 production increased in the presence of tunicamycin-induced 

ER stress. Therefore, PTX3 could be an important protector of ER stress-induced cell death in human retinal 

pigment epithelial cells. Inositol-requiring enzyme 1α and the NF-kB signaling pathway may serve as potential 

targets for regulation of PTX3 expression in the retina. Therefore, their role in PTX3 expression needs to be 

further investigated.
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Pentraxin 3

Pentraxins are a superfamily of conserved proteins that are characterized by a cyclic multimeric structure and a 
conserved C-terminal domain. Classic pentraxins such as 
C-reactive protein and serum amyloid P are acute-phase 
proteins made in the liver, that are rapidly activated in re-
sponse to inflammation [1]. Pentraxin 3 (PTX3, also called 
TNF-stimulated gene) is the prototypic long pentraxin. It is 
rapidly produced and released by several cell types, includ-
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ing endothelial cells, fibroblasts, retinal pigment epithelial 
cells, and particularly mononuclear phagocytes in response 
to either inflammatory or atheroprotective signals [2-5].

PTX3 levels are very low in the serum and tissues of 
normal subjects; however, its expression rapidly increases 
in response to inflammatory stimulation in a wide range of 
diseases, including infectious, autoimmune, and degenera-
tive disorders [6-8]. Specifically, PTX3 acts as a soluble 
pathogen recognition receptor with an essential role in re-
sistance against selected pathogens [5,8,9]. Several studies 
have demonstrated that PTX3 is involved in the removal of 
apoptotic cells during immune response [10-12]. PTX3 
siRNA knockdown was also shown to promoted cell death, 
characterized as apoptosis and necrosis, in the presence of 
proinflammatory cytokines such as IL-1b and TNF-a in 
conjunctivochalasis fibroblasts [13].

The endoplasmic reticulum (ER) is a key site in the cell 
for protein folding and trafficking and is central to many 
cellular functions. Failure of the homeostatic capacity of 
the ER results in activation of the unfolded protein re-
sponse (UPR), which leads to the elevated expression of 
ER chaperones and genes involved in ER expansion, as 
well as molecules affecting ER and cellular functions. Ac-
tivation of the UPR generally reflects a loss of ER homeo-
stasis, a condition referred to as ER stress. ER stress plays 
a fundamental role in the pathogenesis of several diseases 
such as diabetes, cancer, and neurodegenerative diseases. 
In ophthalmology, diseases such as glaucoma, diabetic ret-
inopathy, and age-related macular degeneration (ARMD) 
display features characteristic of ER stress.

In higher eukaryotes, UPR signaling is initiated by three 
ER transmembrane sensors: inositol-requiring enzyme 1α 
(IRE1α), pancreatic ER kinase-like ER kinase (PERK), 
and activating transcription factor 6 [14,15]. If proper pro-
tein folding capacity in the ER cannot be restored, the 
UPR upregulates genes such as CCAAT-enhancer-binding 
protein homologous protein (CHOP), which activates apop-
totic pathways [16].

ARMD is a multi-factorial disease and a leading cause 
of visual impairment in the elderly. Recent studies suggest 
that production of reactive oxygen species and chronic oxi-
dative stress may play a pivotal role in the development of 
this disease. The retina, especially the retinal pigment epi-
thelium (RPE), is exposed to high levels of oxidative and 
photo-oxidative damage over a lifetime. Oxidative stress 
can inactivate chaperones, promote aberrant disulfide bond 

formation, promote stabilization of undesirable intermedi-
ates, and inhibit degradation of misfolded proteins, which 
together cause ER stress. However, recent genetic studies 
suggest a role in the immune response, particularly abnor-
malities in the innate immune system, in the pathogenesis 
and severity of ARMD.

The RPE plays an important role in establishing the im-
mune privilege of the eye by secreting immunosuppressive 
factors [17,18]. With these complex and varied roles, the 
RPE is essential for visual function. Failure in any one of 
its functions can lead to degeneration of the retina, loss of 
visual function, and blindness. The RPE, which is the ma-
jor target cell of ARMD, may be a site for crosstalk be-
tween cellular oxidative ER stress and immune signaling. 
PTX3 produced in RPE cells may play an important pro-
tective role in retinal injury against proapoptotic stimuli 
such as ER stress. In this study, we examined whether 
PTX3 is regulated by tunicamycin-induced ER stress. We 
also investigated the role of PTX3 in ER stress-associated 
cell death in the human retinal pigment epithelial cell line, 
ARPE-19.

Materials and Methods

Cell culture

ARPE-19 cells (Fig. 1A and 1B), a human retinal pig-
ment epithelial cell line, were purchased from the Ameri-
can Type Culture Collection (ATCC, Manassas, VA, USA). 
They were cultured in T-75 flasks with Dulbecco’s modi-
fied Eagle’s medium (Invitrogen, Gibco, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine serum (Sig-
ma-Aldrich, St. Louis, MO, USA) and 100 U/mL penicillin 
and streptomycin (Gibco-BRL, Gaithersburg, MD, USA). 
During incubation, the culture medium was changed every 
2 days. All cultures were maintained at 37ºC under 5% 
CO2 with 95% relative humidity.

Antibodies and reagents

Protein kinase inhibitors such as NF-kB inhibitor (Bay 
11-7085) and a c-Jun NH2-terminal kinase (JNK) MAP ki-
nase inhibitor (SP600125; Enzo Life Sciences, Montgom-
ery County, PA, USA), human TNF-α (R&D Systems, 
Minneapolis, MN, USA), human IL-1b (Abcam, Cam-
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bridge, MA, USA), and human IFN-g (PeproTech, Rocky 
Hill, NJ, USA) were used. Human PTX3 monoclonal anti-
body (Novus Biologicals, Littleton, CO, USA) and β-actin 
polyclonal antibody (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA) were used for western blot analysis. All 
signaling antibodies were purchased from Cell Signaling 
Technology (Danvers, MA, USA).

RNA isolation and real-time reverse transcription-poly-
merase chain reaction 

Total RNA from ARPE-19 cells was isolated using a 
reagent (Invitrogen), and reverse transcription was per-
formed using Moloney murine leukemia virus reverse 
transcriptase (Invitrogen). The amplification of cDNA 
by polymerase chain reaction was performed using 
human PTX3-specific primers and the AccuPower PCR 
PreMix kit (Bioneer, Daejeon, Korea). β-actin mRNA 
expression served as a control. Primers were designed 

using the Primer Express 1.5 software (Applied Biosys-
tems, Carlsbad, CA, USA) and synthesized by Bioneer. 
The primer sequences were as follows: human PTX3 
forward primer, 5′-AATGCATCTCCTTGCGATTC-3′; 
reverse primer, 5′-TGAAGTGCTTGTCCCATTCC-3′; 
IRE1α forward primer, 5′-CACAGTGAC GCTTCCT-
GAAAC-3′; reverse primer, 5′-GCCATCATTAG-
GATCTGGGAGA-3′; CHOP for ward pr imer, 
5′-CCGTTTCCTGGTTCTCCCTTGG-3′; reverse prim-
er, 5′-TGCTTCTCT GGCTTGGCTGAC-3′, and β-actin 
forward primer, 5′- ATGGTGCGTGACATTAAG-
GAGAAG-3′; reverse primer, 5′-AGGAAGGAAGGCT-
GGAAGAGTG-3′. Amplification of cDNA started with 
10 minutes at 95°C, followed by 40 cycles of 15 seconds 
at 95°C and 1 minute at 59°C. Reverse transcrip-
tion-polymerase chain reaction for PTX3 ; IRE1α, 
CHOP, and β-actin was conducted using iQ SYBR 
Green Supermix (Bio-Rad, Hercules, CA, USA).

Fig. 1. (A) ARPE-19 cells, a human retinal pigment epithelial cell line, that show morphologic retinal pigment epithelium (RPE). The im-
age was obtained using an optical microscope at 100× magnification without staining. (B) Real-time polymerase chain reaction analysis 
at sequential time points for the expression of key genes in RPE differentiation and development. Undifferentiated HT29 cells (human 
colon carcinoma cell line) were used as a negative control. Expression of paired box protein 6, microphthalmia-associated transcription 
factor, and orthodenticle homeobox 2 were higher in human retinal pigment epithelium (hRPE) compared to HT29 cells. hPAX6 = hu-
man paired box protein 6; hMITF = human microphthalmia-associated transcription factor; hOTX2 = human orthodenticle homeobox 2. 

HT29

hR
PE (ce

ll li
nes

)

Fo
ld 

ind
uc

tio
n

(h
PA

X6
 / 

ß-
ac

tin
)

40
20
0

60
80

100
120
140
160
180

100× 

hRPE (cell lines) morphology

100× 

HT29

hR
PE (ce

ll li
nes

)

Fo
ld 

ind
uc

tio
n

(h
PA

X2
 / 

ß-
ac

tin
)

10
5
0

15
20
25
30
35
40
45

HT29

hR
PE (ce

ll li
nes

)

Fo
ld 

ind
uc

tio
n

(h
M

IT
F 

/ ß
-a

cti
n)

0

5

10

15

20

25

A

B



471

N Hwang, et al. Production and Role of PTX3 in ER Stress Inducer

Western blot analysis

Western blot analyses were performed as previously de-
scribed [19]. Briefly, the cells were harvested using RIPA 
buffer (Sigma-Aldrich) containing protease inhibitors 
(Roche Applied Science, Mannheim, Germany). Protein 
concentrations were determined using the Pierce BCA 
protein assay kit (Thermo Scientific, Rockford, IL, USA). 
Samples were resolved by 12% SDS-PAGE gels and trans-
ferred to PVDF membranes (Bio-Rad) overnight (120 
mA). The transferred membranes were hybridized with 
various primary antibodies (diluted 1 : 1000, Cell Signal-
ing Technology) overnight at 4°C, followed by incubation 
with secondary HRP-conjugated IgG antibodies and visu-
alized with SuperSignal West Pico Chemiluminescent 
Substrate (Thermo Scientific).

Enzyme-linked immunosorbent assay 

Human PTX3 released into the culture medium was mea-
sured using an enzyme-linked immunosorbent assay (ELI-
SA) kit (human PTX3/TSG-14) from R&D Systems, accord-
ing to the manufacturer’s instructions. Briefly, ELISA plates 
(BD Biosciences, San Jose, CA, USA) were coated with a 
monoclonal anti-human PTX3 antibody (2 μg/mL) in coat-
ing buffer (1% BSA in PBS, pH 7.2 to 7.4) overnight at 
room temperature. The plates were then blocked with coat-
ing buffer for 2 hours at room temperature and incubated 
with either recombinant human PTX3 standards or sam-
ples collected in quadruplicate (100 μL/well) for another 2 
hours. The plates were then incubated with a biotinylated 
human PTX3 antibody (150 ng/mL) for 2 hours and subse-
quently incubated with freshly diluted streptavidin-HRP 
for 20 minutes in the dark. After each step, the plates were 
washed three times with washing buffer. A chromogenic 
substrate tetramethylbenzidine (100 μL/well) (eBioscience, 
San Diego, CA, USA) was added and incubated for 5 min-
utes in the dark. The reaction was stopped by adding 2 N 
H2SO4 (50 μL/well), and the plates were read at 450 nm us-
ing an automatic ELISA reader (Merck Sensident Scan, 
Helsinki, Finland)

Cell viability assay

Cell viability was determined by the MTS assay using the 
CellTiter 96 AQueous one solution cell proliferation assay kit 
(Promega, Madison, WI, USA). Cells were seeded at 0.7 × 104 

cells per well in 96-well plates. After reagent treatment, 20 
µL of MTS solution was added to each well, and plates were 
incubated for an additional 2 to 4 hours at 37ºC. Absorbance 
was then measured at 490 nm using a SpectraMax M2 mi-
croplate reader (Molecular Devices, Sunnyvale, CA, USA) to 
calculate cell survival percentages.

Nuclear staining

Cells were seeded on 12-well plates containing glass 
coverslips and treated the following day with tunicamycin 
(1 μM) for 48 hours. Nuclear counterstaining was per-
formed by staining with a solution of 1 μg/mL Hoechst 
33258 for 5 minutes and mounting on a slide using fluores-
cence mounting medium (Dako, Glostrup, Denmark). Cell 
viability was assessed using a fluorescence microscope.

Small hairpin RNA knockdown of IRE1α and PTX3

ARPE-19 cells stably transfected with the pM-
SCV-LMP retro-puro vector carrying specific small 
hairpin RNA (shRNA) targeting nucleotides to PTX3 
(PTX3 shRNA) or IRE1α (IRE1α shRNA) were gener-
ated according to the manufacturer’s instructions 
(OPEN Biosystems, Lafayette, CO, USA). Briefly, the 
PTX3 shRNA oligo (5′-TGCTGTTGACAGTGAGCGC-
CCATCAACCTCTCTTCTGTATAGTGAAGCCA-
CAGATGTATACAGAAGAGAGGTTGATGGGTG-
CCTACTGCCTCGGA-3′) and IRE1α shRNA oligo 
(5′-TGCTGTTGACAGTGAGCGCAGTGCATA-
ATAGGAACACTTTAGTGAAGCCACAGATGTA-
AAGTGTTCCTATTATGCACTGTGCCTACTG-
CCTCGGA-3′) were synthesized and amplified using 
m i R 30  com mon  p r i me r s  (f o r wa rd  p r i me r : 
5′-CAGAAGGCTCGAGAAGGTATATTGCTGTTGA-
CAGTGAGCG-3′, reverse primer: 5′-CTAAAGTAGC-
CCCTTGAATTCCGAGGCAGTAGGCA-3′). The 
polymerase chain reaction products were digested 
with EcoRI and XhoI and ligated into pMSCV-LMP 
retro-puro (OPEN Biosystems). Transfected cells were 
selected in media containing 2 μg/mL puromycin (Life 
technologies, Carlsbad, CA, USA).

Statistical analysis

Data are represented as mean ± standard deviation. For 
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comparisons between two groups, we used the Student’s 
two-tailed unpaired t-test. For comparisons of timed series 
experiments, we performed Student’s paired t-tests. Statis-
tically significant differences were designated at p < 0.05.

Results

ER stress is linked to several pathological conditions, in-
cluding ARMD [20-22]. To verify the cellular effects of 
the ER stress inducer, tunicamycin, ARPE-19 cells were 
exposed to 1 μg/mL tunicamycin or the vehicle control (1% 
DMSO) for 48 hours. The cells were harvested and nuclei 
stained using Hoechst 33342 (Fig. 2A). Live cells were 
counted and are represented as a graph in Fig. 2B and 2C. 
Tunicamycin-induced ER stress accelerated the death of 
ARPE-19 cells. To verify these results, we assessed ER 
stress-induced cell death in the absence or presence of tu-
nicamycin using the CellTiter AQueous one solution assay 
kit (Promega, Leiden, The Netherlands). The viability of 
ARPE-19 cells decreased with 1 μg/mL tunicamycin treat-
ment (24.2%) compared to vehicle (100%). These results 

indicate that excessive ER stress induces cell death in 
ARPE-19 cells [22,23].

To investigate the effects of ER stress on PTX3 produc-
tion, PTX3 expression was measured from supernatants 
after 48-hour treatment with the vehicle or tunicamycin 
(0.01, 0.1, and 1 μg/mL) (Fig. 3A). Tunicamycin induced 
PTX3 production in a dose-dependent manner. Further-
more, a time course analysis in which ARPE-19 cells were 
treated with 1 μg/mL tunicamycin for 6, 12, 24, 36, and 48 
hours demonstrated that PTX3 production began to in-
crease by 12 hours, and a more striking increase in PTX3 
was evident after 36 hours of tunicamycin treatment (Fig. 
3B). PTX3 production by tunicamycin treatment was sig-
nificantly enhanced by 48 hours. These results suggest that 
tunicamycin induced ER stress can enhance the produc-
tion of PTX3 in human retinal pigment epithelial cells in 
both a dose and time dependent manner.

To ascertain the effect of tunicamycin induced ER stress 
on PTX3 mRNA levels in ARPE-19 cells, total RNA was 
isolated 24 hours after treatment with increasing doses of 
tunicamycin (0.01, 0.1, and 1 μg/mL) and at different time 
points (3, 6, 12, 24, 36, and 48 hours) using 0.1 μg/mL of 

Fig. 3. Pentraxin 3 (PTX3) production is enhanced by tunica-
mycin (TM)-induced endoplasmic reticulum stress in ARPE-
19 cells. (A) ARPE-19 cells were stimulated with increasing 
concentrations of TM (0.01, 0.1, and 1 μg/mL). After 48 hours, 
supernatants were harvested and assessed for PTX3 production. 
(B) ARPE-19 cells were incubated for various time-periods in the 
absence or presence of TM (0.1 μg/mL). Supernatants were har-
vested and measured for PTX3 production at the indicated time 
points. Values are mean ± standard deviation, n = 10. *p < 0.05 vs. 
vehicle.
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tunicamycin (Fig. 4A and 4B). PTX3 mRNA levels in-
creased with increasing tunicamycin concentration (Fig. 
4A). Furthermore, PTX3 mRNA began to increase by 6 
hours, and a more striking increase was observed after 36 
hours of tunicamycin treatment (Fig. 4B). Taken together, 
these results suggest that tunicamycin-induced ER stress 
increased PTX3 production at the transcriptional level.

In order to verify which signaling pathway could be re-

sponsible for the stimulation of PTX3 production by tuni-
camycin-induced ER stress, we used a specific NF-kB in-
hibitor (Bay 11-7085) and a JNK MAP kinase inhibitor 
(SP600125). ARPE-19 cells were treated with Bay 11-7085 
(10 μM) and SP600125 (10 μM) in the presence of tunica-
mycin, and supernatants were harvested 48 hours after 
treatment. Bay 11-7085 blocked the stimulation of PTX3 
production by tunicamycin (Fig. 5A); however, SP600125 
had no effect on PTX3 production in the presence of tuni-
camycin (Fig. 5A). These data suggest that the NF-kB sig-
naling pathway may facilitate increased PTX3 production 
during ER stress in human retinal pigment epithelial cells.

In higher eukaryotes, there are three major ER stress 
sensors, IRE1α, PERK, and activating transcription factor 
6 [24,25]. These three ER stress response branches control 
the expression of specific transcription factors and signal-
ing events that modulate a variety of downstream ER 
stress responses, which orchestrate adaptation to ER stress. 
In addition to upregulating UPR target genes, mammalian 
IRE1α signals through additional pathways include NF-kB 
and JNK [26]. To determine whether IRE1α  is involved in 
the upregulation of PTX3 during ER stress, we generated 
control and IRE1α shRNA transfected ARPE-19 cells. Re-
al-time reverse transcription-polymerase chain reaction 
analyses were performed to assess the degree of IRE1α si-
lencing (Fig. 5B). IRE1α, shRNA transfected ARPE-19 
cells abrogated tunicamycin-induced PTX3 production 
(Fig. 5C). These data suggest that IRE1α is an important 

Fig. 4. Pentraxin 3 (PTX3) mRNA expression is increased by tu-
nicamycin (TM)-induced endoplasmic reticulum stress in ARPE-
19 cells. (A) Total RNA was extracted from ARPE-19 cells after 
24-hour treatment with various doses of TM. (B) ARPE-19 cells 
were incubated for various time-periods in the absence or pres-
ence of TM (0.1 μg/mL). PTX3 mRNA expression levels were 
assessed by real-time reverse transcription-polymerase chain re-
action analysis. Three independent experiments were performed. 
PTX3 expression values were divided by the expression of the 
control gene, β-actin, and represented as fold increase relative to 
the vehicle control. *p < 0.05 vs. vehicle. For the real-time poly-
merase chain reaction experiments, values are presented as mean 
± standard deviation, n = 3.
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mediator of PTX3 production by the ER stress inducer, tu-
nicamycin.

To investigate whether PTX3 production altered cell via-
bility during ER stress, we generated control and PTX3 
shRNA-transfected ARPE-19 cells. Western blot analyses 
were performed to assess the degree of PTX3 silencing 
(Fig. 6A). The cell viability of PTX3 shRNA transfected 
ARPE-19 cells decreased with tunicamycin treatment (1 
μg/mL, 30.8%), as compared to the vehicle-treated control 
(55.4%) (Fig. 6B). These data suggest that PTX3 promotes 
cell survival during ER stress induced by tunicamycin in 
ARPE-19 cells.

During physiological ER stress, transient CHOP expres-
sion is beneficial. However, in pathologically chronic ER 
stress, prolonged CHOP expression promotes cell death, 
and it has been implicated in a number of diseases, includ-
ing ARMD, neurodegenerative diseases, atherosclerosis, 
diabetes, and renal disease [27-30]. To investigate the ef-
fects of PTX3 knockdown on CHOP expression, we treat-

ed control and PTX3 shRNA transfected ARPE-19 cells 
with tunicamycin (1 μg/mL) and harvested RNA and pro-
tein at 6, 12, 24, and 48 hours after treatment. CHOP 
mRNA and protein levels increased after 6 hours and de-

Fig. 6. Cell viability is decreased in pentraxin 3 (PTX3) knock-
down ARPE-19 cells. (A) ARPE-19 cells were transfected with a 
control (CON) vector or with PTX3 small hairpin RNA (shRNA). 
Western blot analyses for PTX3 expression were also performed 
to assess the degree of PTX3 silencing. (B) Cell viability of CON 
shRNA or PTX3 shRNA stable cells was measured 48 hours 
after vehicle or tunicamycin (TM, 0.5 and 1 μg/mL) treatment us-
ing the Ez-Cytox Cell Viability Assay Kit (Itsbio, Seoul, Korea). 
*p < 0.05: decreased cell viability of PTX3 shRNA cells vs. CON 
shRNA cells. Values are shown as mean ± standard deviation, n 
= 12. 
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n = 3. (B) CON shRNA and PTX3 shRNA transfected cells were 
incubated for various time periods in the absence or presence of 
tunicamycin (0.1 μg/mL). Total protein was harvested and protein 
levels of CHOP were analyzed by western blot analysis using a 
human anti-CHOP polyclonal antibody. Results are representative 
of three independent experiments. (C) The fold change of signal 
intensity of protein expression was calculated and corrected for 
loading in vehicle treated cells. *p < 0.05: enhanced CHOP pro-
tein levels vs. CON shRNA; †p < 0.05: decreased CHOP protein 
levels vs. CON shRNA. Values are shown as mean ± SD, n = 3.
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clined at 12 hours in the control shRNA transfected 
ARPE-19 cells (Fig. 7A and 7B, respectively). However, 
CHOP mRNA and protein levels increased after 6 hours, 
and they were prolonged until 48 hours (mRNA) or 24 
hours (protein) in PTX3 shRNA-transfected ARPE-19 
cells (Fig. 7A and 7B, respectively). Fold changes in the 
signal intensity of protein expression were calculated in 
comparison to the control in control shRNA transfected 
cells (black) or PTX3 shRNA transfected cells (white) (Fig. 
7C). Taken together, these results indicate that ER stress 
stimulates PTX3 production via an IRE1α-dependent sig-
naling pathway that promotes cell survival in response to 
ER stress-induced cell death in ARPE-19 cells.

Discussion

RPE cell absorb light energy focused on the retina by 
the lens, and contribute to the maintenance of photorecep-
tor excitability. Damage to any of the intricate structures 
of the retina can lead to visual impairment and blindness 
[31,32]. Apoptosis is a common form of cell death observed 
in RPE cells. It is also an important feature of ARMD, the 
most common cause of irreversible vision loss, particularly 
in individuals over 65 years of age [33]. Age-related alter-
ations in the RPE include a reduction in cell density, which 
can be caused by apoptosis resulting from accumulation of 
toxic substances [34]. Oxidative stress, hyperglycemia, mi-
tochondrial dysfunction, and ER stress are among the many 
studied pro-apoptotic factors in RPE cell lines [35-38]. Re-
cent studies suggest that the ER may also play an important 
role in response to oxidative stress-induced damage in neu-
ronal and epithelial cells [39-41]. ER stress has been identi-
fied in the tissues of patients with inherited macular degen-
eration. Therefore, ER stress in RPE could play an 
important role in the pathogenesis of choroidal neovascular-
ization complicating AMD [42,43].

Pentraxins are key components of the humoral arm of in-
nate immunity, which also include the complement system, 
collectins, and ficolins [1]. PTX3 is the first member of the 
long pentraxin subfamily and was identified in the early 
1990s as a new secreted protein rapidly induced by IL-1b in 
endothelial cells or by TNF in fibroblasts [44,45]. PTX3 
plays a non-redundant role in humoral innate immunity, as-
sisting in the resistance to selected pathogens by recogniz-
ing microbes, activating complement, and facilitating 

pathogen recognition by phagocytes. PTX3 is also essential 
in female fertility [4,46-49] and acts as a scavenger of cell 
debris, as well as an immunosuppressant. It specifically 
binds to late apoptotic cells and subsequently inhibits their 
uptake by dendritic cells, thus acting as an additional tool 
for maintaining immune tolerance [10,50]. PTX3 binds to 
complement factor H, a complement regulator protein 
whose main function is to inhibit activation of the alterna-
tive complement pathway. Its polymorphic variant, harbor-
ing a substitution of histidine for tyrosine at codon Y420H, 
has been shown to be strongly associated with ARMD [51].

We previously reported that human retinal pigment epi-
thelial cells are a major source for PTX3 production in the 
presence of the proinf lammatory cytokines IL-1b  and 
TNF-α, and they could be important mediators for host 
defense and inflammatory response in the retina [52]. We 
also showed that PTX3 concentration was significantly 
higher in neovascular ARMD patients and diabetic reti-
nopathy patients than in control patients [53,54]. These 
data suggest that PTX3 produced in RPE cells may play an 
important role in protection against inf lammation and 
proapoptotic factors, including ER stress, during retinal 
injury. Furthermore, Wu et al. [55] demonstrated that PTX-
3 secretion was regulated during thapsigargin-induced ER 
stress in cumulus-oocyte complexes.

In this study, we found that a human RPE cell line, 
ARPE-19, locally produced PTX3, and its expression and 
production were increased by tunicamycin-induced ER 
stress via an IRE1α-mediated NF-kB signaling pathway. 
As shown in Fig. 6, PTX3 shRNA transfected cells were 
more sensitive to tunicamycin-induced cell death. This was 
because of prolonged expression of CHOP, a mediator of 
apoptosis during ER stress (Fig. 7). These data suggest that 
PTX3 produced in RPE cells play an important protective 
role in retinal injury against proapoptotic stimuli such as 
ER stress. The role of PTX3 production in the presence of 
other pathological stimuli related to retinal degenerative 
and other eye diseases needs to be investigated.
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