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PURPOSE. To investigate the expression, activation, and func-
tional involvement of caspase-5 in human retinal pigment epi-
thelial (hRPE) cells.

METHODS. Expression and activation of caspase-5 in primary
cultured hRPE cells, telomerase-immortalized hTERT-RPE1
cells (hTERT-RPE1), or both, were measured after stimulation
with proinflammatory agents IL-1�, TNF-�, lipopolysaccharide
(LPS), interferon-�, monocyte coculture, adenosine triphos-
phate (ATP), or endoplasmic reticulum (ER) stress inducers.
Immunomodulating agents dexamethasone (Dex), IL-10, and
triamcinolone acetonide (TA) were used to antagonize proin-
flammatory stimulation. Cell death ELISA and TUNEL staining
assays were used to assess apoptosis.

RESULTS. Caspase-5 mRNA expression and protein activation
were induced by LPS and monocyte-hRPE coculture. Caspase-5
activation appeared as early as 2 hours after challenge by LPS
and consistently increased to 24 hours. Meanwhile, caspase-1
expression and protein activation were induced by LPS. Acti-
vation of caspase-5 was blocked or reduced by Dex, IL-10, and
TA. Activation of caspase-5 and -1 was also enhanced by ATP
and ER stress inducers. Expression and activation of caspase-5
were inhibited by a caspase-1–specific inhibitor. Caspase-5
knockdown reduced caspase-1 protein expression and activa-
tion and inhibited TNF-�–induced IL-8 and MCP-1. In contrast
to caspase-4, the contribution of caspase-5 to stress-induced
apoptosis was moderate.

CONCLUSIONS. Caspase-5 mRNA synthesis, protein expression,
and catalytic activation were highly regulated in response to
various proinflammatory stimuli, ATP, and ER stress inducers.
Mutual activation between caspase-5 and -1 suggests caspase-5
may work predominantly in concert with caspase-1 in modu-
lating hRPE inflammatory responses. (Invest Ophthalmol Vis
Sci. 2011;52:8646–8656) DOI:10.1167/iovs.11-7570

Caspase-5 was originally cloned from human THP-1 cells
and placenta tissue and was named ICErelIII and TY,

respectively.1,2 Caspase-5 has high amino acid sequence ho-
mology with caspase-1 (51%) and caspase-4 (74%). As with

caspase-1 and -4, the overexpression of caspase-5 in HeLa and
COS cells induces apoptotic cell death. In contrast to the
ubiquitous distribution of caspase-4 in tissues, caspase-5 is
expressed only in a restricted manner with its detection in
placenta, lung, liver, spleen, small intestine, colon, and periph-
eral blood lymphocytes.1,3 There are six splice variants of
caspase-5, assigned as variants a to f, that encode 447 (f), 434
(a), 376 (b), 292 (c), 108 (e), and 24 (d) amino acids.4 These
splice variants result from alternative splicing and with differ-
ent start sites for translation.

Caspase-5 belongs to a family of cytosolic, aspartate-spe-
cific, cysteine proteases involved in apoptosis, inflammation,
proliferation, and differentiation.5–8 At least 17 members of the
caspase family have been identified, of which 13 are found in
humans.9 Chromosomal mapping reveals that the human
caspase-5 gene is colocalized within a cluster of functionally
related genes (caspase-1, -4, and -12) and caspase-1 pseudo-
genes (ICEBERG, COP, and INCA) in chromosome 11q22–
23.10,11 Phylogenetic analysis assigns caspase-5, together with
caspase-1, -4, and -12, to an inflammatory caspase subfamily
(group 1 caspases).8 The functional roles of group 1 caspases
are represented by the well-characterized caspase-1, which
plays a crucial role in processing the proinflammatory cyto-
kines IL-1�, IL-18, and IL-33.5,8,12 The chromosomal colocaliza-
tion of caspase-5 with inflammatory caspases implies that these
caspases evolved from a common ancestor through multiplica-
tion of a mouse caspase-11-like gene and that they may share
common functions in innate immunity and inflammation.13

As is the case with murine caspase-11, human caspase-5 is a
poorly characterized member of the human caspase-1 subfam-
ily.5 Like murine caspase-11, caspase-5 has been known to be
regulated by the proinflammatory agents lipopolysaccharide
(LPS) and interferon (IFN)-�, suggesting that caspase-5 may
play roles in inflammation and innate immune responses.3 In
addition, experiments with immunoprecipitation demonstrate
that caspase-5 and -1 are coimmunoprecipitated with several
other proteins, forming a protein complex called inflam-
masome NALP1. Evidence shows that caspase-5 also partici-
pates in IL-1� processing, because pro-IL-1� processing occurs
most efficiently when both caspase-1 and caspase-5 are coacti-
vated in a cell-free system.12

Human RPE is clinically involved in many ocular inflamma-
tory diseases. RPE cells and infiltrating leukocytes produce
inflammatory cytokines that are essential mediators of the in-
nate immune response within the ocular microenvironment.
Because hRPE cells are believed to actively participate in prop-
agating many retinal diseases with inflammatory components
by secreting cytokines, caspase-mediated inflammatory and ap-
optotic pathways may be important mechanisms by which
hRPE cells function in these diseases. The functional roles of
caspase-5 in ocular inflammatory diseases are essentially un-
known. Thus far, there has been only a single report on
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caspase-5 existence in eye tissues.14 In this report, the authors
examined the protein profile in the mixtures of spent media
from hRPE cultures that were isolated from age-related macular
degeneration (AMD) patients. Caspase-5 protein was the one of
proteins detected in the samples. Our previous studies have
demonstrated that in most human populations, caspase-12 is
truncated and catalytically deficient but still regulated by pro-
inflammatory stimuli.15 Caspase-4 is involved in both proin-
flammatory and endoplasmic reticulum (ER) stress-induced ap-
optotic hRPE responses.16 We now examine the functional
roles of caspase-5 in hRPE cells. In this study, we provide
evidence that caspase-5 functionally differs from caspase-4 by
only moderate involvement in ER stress-induced apoptosis.
Caspase-5 is involved in proinflammatory agent–induced IL-8
and MCP-1. Caspase-5 appears to interplay with caspase-1 in
inflammatory responses in hRPE cells.

MATERIALS AND METHODS

Materials

Recombinant human IL-1�, TNF-�, IFN-�, and IL-10 were purchased
from R&D Systems (Minneapolis, MN). Dexamethasone, puromycin,
polybrene, and tunicamycin were purchased from Sigma-Aldrich (St.
Louis, MO). The caspase-1 inhibitor Z-YVAD-FMK and the caspase-5
and -1 inhibitor Z-WEHD-fmk and caspase-5 colorimetric assay kit were
from Clontech (Mountain View, CA) and BioVision (Mountain View,
CA), respectively. Rabbit polyclonal antibody against caspase-1 was
from Abcam (Cambridge, MA). Goat active polyclonal antibody against
caspase-5 was from BioVision. Plasmid (EndoFree Maxi Kit), homoge-
nization (QIAshredder), and mini (RNeasy) kits were purchased from
Qiagen (Valencia, CA). Reverse transcription system and transfection
buffer (OPTI-MEM) were obtained from Invitrogen (Carlsbad, CA).
Transfection reagent (Fugene 6) was purchased from Roche Molecular
Biochemicals (Indianapolis, IN). All other reagents were obtained from
Sigma-Aldrich and Fisher Scientific (Pittsburgh, PA). Mission nontarget
shRNA control vector and mission shRNA bacterial glycerol stock
specific for caspase-5 were purchased from Sigma-Aldrich.

Cell Isolation and Culture

The hRPE cells were isolated within 24 hours of death from the donor
eyes, as previously described, in accordance with the Declaration of
Helsinki.17–19 In brief, the sensory retina tissue was separated gently
from the hRPE monolayer, and the hRPE cells were removed from
Bruch’s membrane with papain (5 U/mL). hRPE cells were cultured in
Dulbecco’s modified Eagle’s/Ham’s F12 nutrient mixture medium
(DMEM/Ham’s F12), containing 15% fetal bovine serum, penicillin G
(100 U/mL), streptomycin sulfate (100 �g/mL), and amphotericin B
(0.25 �g/mL) in culture plates (Falcon Primaria; BD Biosciences, Frank-
lin Lakes, NJ) to inhibit fibroblast growth. The hRPE monolayers
exhibited uniform immunohistochemical staining for cytokeratin 8/18,
fibronectin, laminin, and type IV collagen in the chicken-wire distribu-
tion characteristic of these epithelial cells. Cells were subcultured,
grown to confluence, and exposed to the same medium but contained
reduced serum (5%) for further experiments. The hTERT-RPE1 cell line
is a human retinal pigment epithelial cell line that stably expresses the
human telomerase reverse transcriptase (hTERT) subunit, which does
not induce changes associated with a transformed phenotype.

Monocyte Isolation and hRPE-Monocyte Coculture

Human monocytes were freshly isolated from the peripheral blood of
healthy volunteers, as described previously, in accordance with the
Declaration of Helsinki.19 In brief, peripheral blood was drawn into a
heparinized syringe and 1:1 diluted in 0.9% saline. Mononuclear cells
were separated by density gradient centrifugation. The cells were
washed and then layered onto density-gradient monocytes (1.068
g/mL; Fico[b]-Lite[b], Atlanta Biologicals, Norcross, GA) for the enrich-

ment of monocytes. The isolated cells were then washed, cytospun
onto a glass slide, stained (Diff-Quick; Baxter Healthcare, Deerfield, IL),
and differentially counted. The purity of the cell was �97%. For hRPE
cells, monocyte coculture and enriched monocyte populations (3 �
105) were overlaid onto near-confluent hRPE cultures (2 � 105) for 6
hours. After coculture, the monocytes were removed as previously
described,19 and hRPE cells were subjected to further analyses.

RNA Isolation and Reverse Transcription-
Polymerase Chain Reaction
Total cellular RNA was isolated from hRPE cells (QIAshredder and
RNeasy mini kit; Qiagen) according to the manufacturer’s protocol.
cDNA synthesis was set up according to the protocol for a reverse
transcription system. Briefly, 5 �g RNA was added to the reaction
mixture with reverse transcriptase (Superscript III, 200 U/�L; Invitro-
gen) and 1 �L oligo d(T)20 (0.5 �g/�L) in a total volume of 20 �L. The
linear range of �-actin PCR reaction was predetermined by using a
series of cycles (15–35 cycles). The midlinear portion of the response
curve was selected as the condition for semiquantitative PCR. The
primer and conditions for caspase-5 PCR were as described by Lin et
al.3 and were confirmed by first examining three cycles (15, 25, and
35), and then cycle 32 was selected. The reaction was initiated by the
addition of 0.15 �L Taq DNA polymerase (5 U/�L) to a final volume of
20 �L. Resultant cDNAs were amplified though 32 and 20 cycles for
caspase-5 and �-actin, respectively. Primer sequences for human
caspase-5 genes were 5�-TAGACTCTTTGCGAAAGAATCGCGTGGCT-
CAT-3� (forward) and 5�-CACCTCTGCAGGCCTGGACAATG ATGAC-3�
(reverse). To ensure that an equal amount of template was used in each
amplification reaction, human �-actin sense (5�-GTGGGGCGCCCCAG-
GCACCA-3�) and antisense (5�-GCTCGGCCGTGGTGGTGAAGC-3�)
primers were used in parallel. The following conditions were used in
RT-PCR reaction for caspase-5 and �-actin: denaturation at 95°C for 45
seconds (caspase-5) or 1 minute (�-actin), annealing at 65°C for 1
minute (caspase-5) or at 62°C (�-actin) for 1 minute, and extension at
72°C for 1 minute (caspase-5) or 2 minutes (�-actin) for 32 (caspase-4)
or 20 (�-actin) cycles. RT-PCR products were analyzed by electropho-
resis on a 2% agarose gel and stained with ethidium bromide.

ELISA
The levels of immunoreactive IL-8 and MCP-1 in the hRPE supernatants
were determined by modification of a double-ligand ELISA method, as
previously described.20 Briefly, diluted supernatants from hRPE or
HTERT-RPE 1 (50 �L) were added and incubated for 1 hour. The plates
were then subjected to sequential incubations with biotinylated rabbit
anti–IL-8 or anti–MCP-1 and streptavidin-peroxidase conjugate. Chro-
mogen substrate (OPD) was added, the plates were incubated to
desired extinction, and the reaction was terminated with 3M H2SO4.
Absorbance for each well at 490 nm was read. Standards included
half-log dilution of corresponding chemokines at concentrations from
1 pg to 100 ng/well. This ELISA method consistently detected chemo-
kine concentrations greater than 10 pg/mL in a linear fashion.

Western Blot Analysis
Cellular extracts from hRPE cells were processed for Western blot
analysis according to the manufacturer’s procedure (Sigma-Aldrich).
Then, 20 to 50 �g protein/sample was analyzed by SDS-PAGE. Protein
was electrotransferred to nitrocellulose membrane, blocked with a
solution of TBS containing 5% nonfat milk and 0.1% Tween-20 (TBST)
for 1 hour, and probed with primary antibodies overnight, followed by
washing three times with TBST. Next, the membranes were incubated
with horseradish peroxidase-conjugated secondary antibody for 1 hour
at room temperature and were washed three additional times with
TBST. The membrane was then visualized using an enhanced chemi-
luminescence technique.

Caspase-5 Activity Assay
A commercially available caspase-5 assay kit (BioVision; Qiagen) was
used for analysis. In accordance with the manufacturer’s protocol, 200
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�g protein was used for each assay. The activity of caspase-5 was
determined by the colorimetric method based on spectrophotometric
detection of the chromophore p-nitroaniline (pNA) after cleavage from
the labeled substrate WEHD-pNA. Absorbance was read at 405 nm.

Knockdown of Caspase-5 in hTERT-RPE1 Cells

Because of the low transfection efficiency in primary hRPE cells, the
hTERT-RPE1 cell line was selected as a replacement for primary cul-
tures. This cell line is a human RPE cell line that stably expresses
human telomerase reverse transcriptase (hTERT) and is a useful tool for
biochemical and physiological studies (Clontech, Mountain View, CA).
For lentivirus packaging of shRNA expression vector specific for
caspase-5, human embryonic kidney (HEK) 293T cells were grown in
DMEM. The hTERT-RPE1 cells were grown in DMEM/F-12 medium.
Both media were supplemented with 10% heat-inactivated fetal bovine
serum, penicillin, and streptomycin at 37°C in a humidified atmo-
sphere with 5% CO2.

Mission shRNA is represented by5 multiple vector constructs
targeting different regions of the gene sequence. Each shRNA is
cloned into the pLKO.1 lentiviral vector, and each construct is
sequence verified to ensure a match to the target gene. The follow-
ing mission shRNA was selected in this study: #3554, CCGGCAC-
CATAGAACG AGCAACCTTCTCGAGAAGGTTGCTCGTTCTATGGT-
GTTTTT; #3555, CCGGCA CTTCTCAATATGGACCAAACTCGAG-
TTTGGTCCATATTGAGAAGTGTTTTT; #3556, CCGGTCATTACG-
GAACTCATCACATCTCGAGATGTGATGAGTTCCGTAATGATTTTT

First, high-copy of transfection-grade plasmid DNA was made using
a plasmid maxi kit (EndoFree; Qiagen). Transient transfection was
performed in HEK293T or hTERT-RPE1 cells by using transfection
reagent (Fugene 6; Roche) according to the manufacturer’s protocol.
Western blot analysis was performed to assess the expression of shRNA
clones and to test the efficiency of caspase-5 knockdown in the
HEK293 cell line.

For long-term caspase-5 knockdown, we used a two-component
viral packaging system (Lentiviral expression vector/PVSV) and se-
lected shRNA clones in HEK293 packaging cells. The packaging was
prepared with PVSV, PMD26 Lenti, and caspase-5 shRNA or a scram-
bled shRNA, and then the supernatants with shRNA Lentiviral particles
were collected and transfected to hTERT-RPE1 cells at 30% to 40%
confluence with polybrene (10 �g/mL). hTERT-RPE1 cells were also
transiently transfected with shRNA clones and transfection reagent
(Fugene 6; Roche) according to the manufacturer’s protocol as de-
scribed.

Apoptosis Assay

Cell death detection ELISA was performed according to the manufac-
turer’s protocol. Briefly, hRPE cells were seeded and grown in 96-well
plates until the cells were 90% confluent. After treating the cells with
or without inducers or inhibitors for 24, 48, or 72 hours, apoptosis was
quantified by using a cell death detection ELISA kit. Cultures were
lysed with the lysis buffer, and then the cytoplasmic fraction was
transferred into the wells coated by streptavidin for further analysis.
Next, the immune-reagent was added to each well, which contained
anti–histone-biotin and anti–DNA-peroxidase. The immune-reagents
bonded to or reacted with the histone and DNA portion of the mono-
nucleosomes and oligonucleosomes released from cells undergoing
apoptosis. After removal of the unbound components with wash, the
substrate 2, 2�-azino-di-[3-ethylbenzthiazoline sulfonate (ABTS) was
added to determine peroxidase activity based on the absorbance dif-
ference between A405nm and A490nM in an ELISA reader.

TUNEL Staining

The cells were stained with TdT-mediated dUTP nick-end labeling
(TUNEL) according to the manufacturer’s protocol. Briefly, hRPE
cells were fixed and incubated with TUNEL mixtures for 1 hour at
37°C. The incorporated fluorescein was detected by sheep anti–
fluorescein antibody conjugated with horseradish peroxidase using

the substrate diaminobenzidine. hRPE cells were distinguished by
subsequent labeling with anti–vimentin antibody, alkaline phospha-
tase-labeled polymer, and permanent red substrate (EnVision G/2
system; Dako, Carpinteria, CA). The stained cells were analyzed by
light microscopy. Apoptotic cells in the cultures were quantified by
counting the number of TUNEL-positive cells in five random micro-
scopic fields.

Statistical Analysis

Each experiment was confirmed by testing samples from three
independent hRPE cell lines and monocyte donors; thus, results
were representative of three independent experiments. For ELISA
and functional assays, the results shown are representative of three
independent experiments with similar results, with each data point
performed in triplicate. All data were analyzed using statistics soft-
ware (StatView; SAS Institute Inc., Cary, NC). Data were first eval-
uated by ANOVA F-test and were followed by post hoc analyses as
follows: for Western blot and PCR, analyses were performed using
the Tukey-Kramer method comparing various treatments with con-
trol or stimulated without inhibitor; for caspase-5, ELISA, and apo-
ptosis assays, Student’s two-tailed t-test was used to compare two
preselected conditions in which one experimental condition (stim-
ulation) was compared with another (unstimulated or stimulated
inhibitor), either control or stimulated, without inhibitor; for
caspase knockdown studies, the Student’s two-tailed t-test was used
for comparisons of two conditions. P � 0.05 was considered statis-
tically significant. For ELISA and functional assays, the values rep-
resented mean � SEM. For Western blot analysis and RT-PCR, a
representative experiment was selected for illustration.

RESULTS

Expression and Activation of Caspase-5 and -1 in
Response to Proinflammatory Stimulation

Various microbial agents such as LPS are known to induce
the activation of caspase-1.5 To determine the involvement
of caspase-5 and -1 in proinflammatory responses by hRPE
cells, in addition to the two previously reported caspase-5
inducers (namely LPS and IFN-�), a group of known proin-
flammatory agents or conditions was selected for this study,
including IL-1�, TNF-�, and RPE-monocyte coculture. The
hRPE cells were incubated with IL-1� (2 ng/mL), TNF-� (20
ng/mL), LPS (1000 ng/mL), IFN-� (500 U/mL), and mono-
cytes to maximally induce proinflammatory re-
sponses.17,19,21,22 After treating hRPE cells with above
agents for 0, 2, 4, 6 or 8 hours, the total cellular mRNA was
isolated and subjected to RT-PCR analysis. This primer pair
is able to detect all three larger caspase-5 variants (a, b, and
f), yielding a single PCR product of 505 bp on agarose gels.
These three variants are the only caspase-5 variants that
code for both the large prodomain and the catalytic do-
main.4 To compare caspase-5 mRNA levels, expression of
the housekeeping gene �-actin was used to monitor gel
loading. As shown in Figure 1A, treatment of hRPE cells with
IL-1�, TNF-�, LPS, IFN-�, and RPE-monocyte coculture in-
creased caspase-5 mRNA synthesis by 1.5-, 2.2-, 6.2-, 2.5-,
and 4.0-fold, respectively. Stimulation of caspase-5 mRNA
synthesis by IL-1�, TNF-�, LPS, and RPE-monocyte coculture
from independent experiments was statistically significant,
with average fold increases of 2.7 � 0.3 (P � 0.01), 2.2 �
0.2 (P � 0.01), 4.5 � 1.0 (P � 0.05), and 3.8 � 0.8 (P �
0.05), respectively. However, stimulation by IFN-� did not
produce a statistically significant increase (2.0 � 0.5; P �
0.05). The LPS-induced caspase-5 mRNA expression was
time dependent and appeared as early as 4 hours after
stimulation (Fig. 1B). Expression of caspase-5 mRNA peaked
at 6 hours with a 6.4 � 0.1 fold increase (P � 0.001),
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compared with 0 hours, and declined by 8 hours after the
induction.

To determine caspase-5 and caspase-1 activation, whole cell
lysates from the hRPE cells treated under the same conditions
as described for 24 hours were subjected to Western blot
analysis. Activation of pro-caspase-5 protein was evident by the
appearance of cleaved caspase-5 products (Fig. 1C). Although

IL-1�, TNF-�, LPS and IFN-� increased caspase-5 protein pro-
duction by 2.0-, 2.0-, 2.3-, and 1.9-fold, activation of the
caspase-5 protein was also enhanced by 2.2-, 2.6-, 5.4-, and
4.1-fold, respectively. The fold increases induced by IL-1�,
TNF-�, LPS, and IFN-� from independent experiments were
2.3 � 0.1 (P � 0.001), 2.6 � 0.4 (P � 0.05), 2.2 � 0.2 (P �
0.01), and 1.8 � 0.1 (P � 0.001) for caspase-5 protein produc-
tion and 2.3 � 0.0 (P � 0.001), 2.1 � 0.0 (P � 0.05), 3.9 � 0.7
(P � 0.01), and 3.1 � 0.4 (P � 0.01) for caspase-5 protein
activation, respectively. Similar to the results for caspase-5, LPS
increased caspase-1 protein production and activation by 2.5-
and 2.0-fold, respectively (Fig. 1D); the average fold increases
from independent experiments were 2.4 � 0.2 (P � 0.01) and
1.9 � 0.1 (P � 0.01), respectively.

To further determine the effects of proinflammatory and
anti-inflammatory agents on caspase-5 protein function,
caspase-5 catalytic activity was assessed using a caspase-5 assay
kit. Human RPE cells were stimulated by LPS (1000 ng/mL) for
0, 1, 2, 7, and 24 hours with or without caspase-1 inhibitor
Z-YVAD-fmk (2 �M). By comparing the results from treated
samples with untreated control or 0-hour treatment, the fold
increases in caspase-5 activity were calculated (Fig. 2). The
time course of induction showed that the stimulated activation
began as early as 2 hours after challenge with LPS and consis-
tently increased from 7 to 24 hours by 2.0- to 2.5-fold. The
caspase-5 activity after 24-hour stimulation by LPS increased by
2.0-fold and was significantly reduced with the caspase-1 spe-
cific inhibitor by 36%.

FIGURE 1. Stimulation of caspase-5 mRNA synthesis (A, B) and
caspase-5 and -1 protein cleavage (C, D) in hRPE cells. The hRPE cells
were cultured either without (untreated; Ctl) or with IL-1� (IL-1, 2
ng/mL), TNF-� (TNF, 20 ng/mL), LPS (1000 ng/mL), IFN-� (500 U/mL),
or overlaid monocytes (RM) and were incubated for 6 hours (A), 0, 2,
4, 6, and 8 hours (B), or 24 hours (C, D). The data shown represent
results from a typical experiment. (A, B) The steady state caspase-5
mRNA levels determined by RT-PCR. (C, D) Western blot analysis of
caspase-5 protein. The fold changes were calculated by normalization
against �-actin and comparison with untreated control (A) or with
treated control at 0 hours (B) of mRNA levels in RT-PCR, or by
normalization against actin and making a comparison with untreated
control levels of caspase-5 in Western blot analysis (C, D). The bands
at approximately 30 kDa (C) are presumably either nonspecific bands
or intermediately cleaved caspase-5 protein.

FIGURE 2. Induction of caspase-5 catalytic activity by LPS. The hRPE
cells were stimulated by LPS (1000 ng/mL, A, B) for 0, 1, 2, 7 (A), and
24 (A, B) hours, with or without caspase -1 inhibitor Z-YVAD-fm (2
�M) or Dex (10�6 M). Two hundred micrograms of protein from the
hRPE cell lysate was analyzed in each assay using a caspase-5 assay kit.
The data are representative of three independent experiments with
similar results, as shown by fold increases in caspase-5 activity. Values
represent mean � SEM. *P � 0.05; ***P � 0.001.
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Expression and Activation of Caspase-5 and
Caspase-1 in Response to ATP and ER Stress

Extracellular ATP is an inflammatory mediator that is released
by stressed or infected eukaryotic cells.23 It has been shown
that LPS priming can increase the efficiency of ATP-mediated
caspase-1 activation.24 To determine whether stimulation with
ATP may also result in the activation of caspase-5 and caspase-1
in hRPE cells, hRPE cells were primed by LPS (1000 ng/mL) for
4 hours and then cultured with either ATP at 3 mM or BzATP,
an agonist of nucleotide receptor P2X7, at 300 �M for various
times. Treating the cells with ATP for 5, 10, 30, 60, and 180
minutes increased caspase-5 activation by 3.9-, 4.8-, 4.0-, 2.7-,
and 2.7-fold and caspase-1 activation for 5, 10, and 30 minutes
by 4.1-, 3.7-, and 2.5-fold, respectively (Fig. 3A); no difference
in caspase-1 activation for 60 and 180 minutes was tested.

Statistical analysis of results from three independent experi-
ments showed significant, transient increases of caspase-5 pro-
tein activation by 3.6 � 0.6 (P � 0.01), 4.4 � 0.4 (P � 0.05),
4.2 � 0.2 (P � 0.01), 2.4 � 0.3 (P � 0.05), and 2.4 � 0.3 (P �
0.05) fold after treating cells with ATP for 5, 10, 30, 60, and 180
minutes, respectively. The transient increases in caspase-1 pro-
tein activation were 4.2 � 0.1 (P � 0.001), 4.0 � 0.3 (P �
0.001), and 2.4 � 0.4 (P � 0.05) fold after ATP treatment for
5, 10, and 30 minutes, respectively. Similar results were ob-
served for BzATP. BzATP treatment for 30 minutes caused a
2.5-fold increase in caspase-5 activation and a 2.2-fold increase
in caspase-1 activation (Fig. 3B). Statistical analysis confirmed
that the increase in caspase-5 and -1 protein activation at 30
minutes after BzATP stimulation was significant; the average
fold changes at 30 minutes from independent experiments
were 2.4 � 0.2 (P � 0.01) for activation of caspase-5 protein
and 2.4 � 0.2 (P � 0.05) for activation of caspase-1 protein.
The induction peak was reached in 5 to 30 minutes after ATP
treatment and approximately 30 minutes for BzATP. The levels
of activation by ATP were higher than those by BzATP. Acti-
vation of caspase-5 or caspase-1 in response to ATP or BzATP
was not observed without LPS treatment in hRPE cells (data not
shown).

Sequence comparison among inflammatory caspases reveals
that both caspase-4 and caspase-5 probably originated from
duplication of a caspase-11 ancestor gene.13 Our previous
study has shown that ER stress causes the activation of caspase-
4.16 We thus predicted that ER stress might also enhance the
activation of caspase-5. Tunicamycin and thapsigargin are two
well-known ER stress inducers that act, respectively, by block-
ing N-glycosylation of newly synthesized proteins and inhibit-
ing Ca2�-ATPase, which is responsible for maintaining Ca2�

homeostasis in the ER. Similar to the results described in our
caspase-4 study,16 tunicamycin (3 �M) increased caspase-5
mRNA expression by 2.2-fold, and thapsigargin (25 ng/mL) did
not cause significant change (Fig. 3C). Independent experi-
ments showed that tunicamycin induced a 2.5 � 0.4-fold (P �
0.05) average increase in caspase-5 mRNA synthesis. Tunica-
mycin at 10 �M induced caspase-5 protein production and
cleavage as early as 24 hours after stimulation, and activation
persisted up to 48 hours (Fig. 3D). At 24 and 48 hours after
stimulation, caspase-5 protein production was enhanced by
3.2- and 4.9-fold, and caspase-5 activation was moderately by
2.2- and 2.7-fold, respectively. Analysis of three independent
experiments showed the average fold increases in caspase-5
protein production at 24 and 48 hours after tunicamycin stim-
ulation to be 3.8 � 0.6 (P � 0.05) and 5.9 � 1.0 (P � 0.05);
increases in activation of caspase-5 protein were 2.2 � 0.1
(P � 0.05) and 2.6 � 0.1 (P � 0.05), respectively.

Inhibition of Induced Activation of Caspase-5 by
Dex, IL-10, and Triamcinolone Acetonide

Given that Dex and triamcinolone acetonide (TA) have been
widely used in various ocular conditions, we wanted to know
whether proinflammatory agent-induced hRPE caspase-5 ex-
pression and activation may be counteracted by these two
drugs and anti-inflammatory IL-10. As expected, treatment with
Dex (10�6 M) and IL-10 (100 U/mL) totally blocked IL-1�–
induced caspase-5 production and reduced the induced cleav-
age of pro-caspase-5 by 63% and 100%, respectively (Fig. 4A).
Inhibitions by Dex and IL-10 were statistically significant. The
average fold changes from three independent experiments
with IL-1�, IL-1� � Dex, and IL-1� � IL-10 were 2.3 � 0.5,
0.9 � 0.2 (P � 0.05), and 1.2 � 0.3 (P � 0.05) in caspase-5
protein production and 2.7 � 0.3, 1.5 � 0.2 (P � 0.05), and
0.7 � 0.1 (P � 0.05) in caspase-5 activation, respectively.
Inhibition by Dex on LPS-induced caspase-5 expression and

FIGURE 3. Stimulation of human RPE caspase-5 mRNA synthesis (C)
and protein maturation (A, B, D) by ATP and ER stress. hRPE cells were
pretreated with LPS (1000 ng/mL, A, B) for 4 hours and cultured either
with ATP (3 mM) or BzATP (300 �M) for 0, 5, 10, 30, 60, and 100
minutes, tunicamycin (10 �M), or thapsigargin (25 ng/mL) for 6 (C), 0,
24, and 48 hours (D). The data shown represent results from a typical
experiment. (C) Steady state caspase-5 mRNA, as determined by RT-
PCR. The fold changes were calculated by normalization against �-actin
and comparison with control cells without the treatment. (A, B, D)
Western blot analysis of caspase-5, caspase-1, and actin proteins. (D)
The bands at approximately 30 kDa are presumably either nonspecific
bands or intermediately cleaved caspase-5 protein.
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activity was dose dependent at the concentrations ranging
from 10�8 to 10� M (Fig. 4B). Dex (10�6 M) treatment reduced
LPS-induced caspase-5 production and caspase-5 activation by
71% and 64%, respectively. From three independent experi-
ments, the average fold change for caspase-5 protein produc-
tion was reduced from 4.2 � 0.7 by LPS alone to 1.2 � 0.2 (P �
0.05) by LPS�Dex (10�6 M), whereas caspase-5 activation was
reduced from 4.5 � 0.5 to 1.6 � 0.5 (P � 0.05). Inhibition by
Dex was also confirmed using a caspase-5 functional assay. In
the presence of Dex, LPS-induced caspase-5 enzyme activity
was reduced by 32% (Fig. 2).

TA is a synthetic crystalline corticosteroid with potent anti-
inflammatory properties. This drug has recently been used as

an effective therapeutic agent in various retinal vascular and
inflammatory diseases. We therefore investigated the effect of
TA on caspase-5 expression and activity. TA significantly re-
duced the production and activation of caspase-5 by 55% � 4%
(P � 0.05) and 52% � 1% (P � 0.05) at a TA concentration of
0.1 mg/mL and by 32% � 9% (P � 0.05) and 35% � 1% (P �
0.05) at 0.01 mg/mL, respectively.

Mutual Inhibition of Gene Expression between
Caspase-5 and -1

Previous reports have shown that caspase-1 and -5 coexist in
one type of inflammasome, NALP1, suggesting their close as-
sociation in cellular inflammatory responses. To examine the
effect of caspase-1 on caspase-5 gene expression and protein
activation, the caspase-1 inhibitor Z-YVAD-fmk and the
caspase-1 and -5 inhibitor Z-WEHD-fmk were used. Treatment
with Z-YVAD-fmk (2 �M) and Z-WEHD-fmk (2 �M) reduced
LPS-induced production of caspase-5 by 74% and 64% and
LPS-induced cleavage of pro-caspase-5 by 83% and 64%, respec-
tively (Fig. 5A). The average fold reductions from three inde-
pendent experiments with LPS, LPS�caspase-1 inhibitor Z-
YVAD-fmk, and LPS�caspase-1 and -5 inhibitor Z-WEHD-fmk
were 2.2 � 0.2, 0.9 � 0.3 (P � 0.05), and 0.8 � 0.0 (P � 0.05)
for caspase-5 protein production, and 4.2 � 0.6, 1.8 � 0.2 (P �
0.05), and 1.7 � 0.3 (P � 0.05) for caspase-5 activation,
respectively.

Conversely, to show the role of caspase-5 on caspase-1
expression, we used shRNA-mediated suppression of
caspase-5 in hTERT-RPE1 cells. We selected three caspase-
5–specific shRNA constructs—shRNA3554, shRNA3555,
and shRNA3556 —to transfect hTERT-RPE1 cells. Scrambled
shRNA (shRNA002) was used as the control. Because
shRNA3554 showed the highest blockade of caspase-5 expres-
sion, we determined that using it with shRNA002 as the con-
trol was best for further studies.

To determine the effects of caspase-5 knockdown, we first
investigated caspase-5 expression and maturation in shRNA
transiently transfected hTERT-RPE 1 cells. In hTERT-RPE 1
cells, transient transfection with shRNA3554, shRNA3555, and
shRNA3556 reduced the expression of caspase-5 by 60%, 30%,
and 40% and caspase-5 activation by 70%, 60%, and 60%,
respectively (Fig. 5B). The average fold inhibitions from three
independent experiments by shRNA002 (scrambled shRNA
control)—caspase-5 knockdown shRNA3554, shRNA3555, and
shRNA3556—were from 0.98 � 0.0 to 0.4 � 0.0 (P � 0.001),
0.7 � 0.1 (P � 0.05), and 0.7 � 0.1 (P � 0.05) for caspase-5
protein production and from 0.9 � 0.1 to 0.3 � 0.1 (P � 0.05),
0.4 � 0.0 (P � 0.05), and 0.5 � 0.1 (P � 0.05) for caspase-5
protein activation, respectively.

Interestingly, the stable knockdown of caspase-5 by
shRNA3554 also eliminated endogenous caspase-1 expression
(Fig. 5C). Compared with scrambled shRNA control, the aver-
age fold reductions by LPS for caspase-5 and caspase-1 protein
production in shRNA3554 cells were 0.3 � 0.1 (P � 0.05) and
0.4 � 0.1 (P � 0.01), respectively, and reductions for activa-
tion of caspase-5 and caspase-1 protein were 0.3 � 0.1 (P �
0.05) and 0.5 � 0.1 (P � 0.01), respectively.

Functional Role of Caspase-5 and -1 on hRPE IL-8
and MCP-1 Secretion

To determine the functional role of caspase-5 and -1 in hRPE
chemokine secretion, human RPE cells were challenged with
IL-1� (2 ng/mL), TNF-� (20 ng/mL), or LPS (1000 ng/mL) in the
presence or absence of caspase-1 inhibitor Z-YVAD-fmk (2
�M), pan-caspase inhibitor Z-VAD-fmk, or caspase-5 and -1
inhibitor Z-WEHD-fmk (2 �M). The media were harvested after
24 hours of stimulation. As shown in Figure 6A, Z-WEHD-fmk

FIGURE 4. The effect of Dex, IL-10, and TA on caspase-5 protein
production and maturation by IL-1� (A) and LPS (B, C) in hRPE cells.
hRPE cells were pretreated with Dex (10�8 or 10�7 to 10�6 M), IL-10
(100 U/mL), or TA (0.1 or 0.01 mg/mL) for 30 minutes and then
coincubated with IL-1� (2 ng/mL) or LPS (1000 ng/mL) for an addi-
tional 24 hours. Proteins from the whole hRPE cell lysates were
detected by anti–caspase-5 antibody specific for pro-caspase-5 and
cleaved caspase-5. Fold changes of the cleaved caspase-5 were calcu-
lated by relative density between treated and untreated samples, as
determined by densitometry after normalization with actin protein.
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reduced IL-1�, TNF-�, and LPS-induced IL-8 secretion by 37%,
22%, and 28%, respectively. Similar results were observed in
MCP-1 secretion (Fig. 6B). In this case, Z-WEHD-fmk reduced
IL-1�, TNF-�, and LPS-induced MCP-1 secretion by 36%, 38%,
and 32%, respectively.

To further differentiate the contribution of caspase-5 from
that of caspase-1 to hRPE chemokine induction, the secretion
of IL-8 and MCP-1 was examined in hTERT-RPE-1 cells by
shRNA knockdown of caspase-5 (Figs. 6C, 6D). Compared with
scrambled shRNA (shRNA002), TNF-�–stimulated IL-8 secre-
tion and MCP-1 secretion were reduced by 56% and 35%,
respectively.

To determine caspase-1 contribution to the induced chemo-
kine secretion, we then stimulated hRPE cells with TNF-� (20
ng/mL) or LPS (1000 ng/mL) and in the presence or absence of
caspase-1 inhibitor Z-YVAD-fmk or pan-caspases inhibitor Z-
VAD-fmk. HRPE IL-8 and MCP-1 induction by TNF-� was only
weakly inhibited by Z-YVAD-fmk, whereas that by Z-VAD-fmk
was reduced by 37% and 26%, respectively (Figs. 6E, 6F). In
contrast to the weak effect of Z-YVAD-fmk on TNF-�–induced
IL-8 and MCP-1 production, Z-YVAD-fmk inhibited LPS-induced
IL-8 and MCP-1 production more significantly by 30% and 20%,
respectively.

Involvement of Caspase-5 in Tunicamycin-
Induced Apoptotic Cell Death

It has been proposed that caspase-5 may play functional roles
similar to that of caspase-4.5 Our previous study demonstrated
that casapse-4 is heavily involved in ER stress–mediated apo-
ptosis in hRPE cells16; thus, it is important to determine the
contribution of caspase-5 to ER stress–mediated apoptosis un-
der the same conditions. Cell death detection ELISA kits were
used to measure apoptotic cell death. At 72 hours after treat-
ment, tunicamycin (10 �M) induced substantial hRPE cell ap-
optotic death compared with the untreated control cells that
had undetectable levels of cell death. Using ELISA readings
after tunicamycin treatment as 100% cell death-positive con-
trol, the caspase-4 inhibitor Z-LEVD (2 �M) and caspase-5 and
-1 inhibitor Z-WEHD (2 �M) inhibited the induced hRPE apo-
ptosis by 59% and 32%, respectively (Fig. 7A).

To further confirm the role of caspase-5 in tunicamycin-
induced apoptosis, TUNEL staining was performed (Fig. 7C).
After treating hRPE cells with tunicamycin (10 �M) for 48
hours, 24% of the cells exhibited apoptotic cell death, as
detected by TUNEL counting the percentage of positive cells.
In the presence of the caspase-4 inhibitor Z-LEVD-fmk (2 �M),
tunicamycin-induced apoptotic cell death was reduced by 62%,
whereas dual inhibition of casapse-5 and caspase-1 only re-
sulted in 20% inhibition.

DISCUSSION

Human caspase-5 and -4 are the two most closely related
caspases. Similar to our previous results on caspase-4,16 the
present study demonstrates that caspase-5 mRNA expression,
protein production, activation, and catalytic activity were all
inducible by a variety of proinflammatory agents, such as IL-1�,
TNF-�, LPS, and monocyte coculture in addition to the previ-
ously reported, and here reconfirmed, agents LPS and IFN-�.
Expression of caspase-5 was subject to stimulation by the ER
stress inducers thapsigargin and tunicamycin. These results
were similar to those we previously reported for caspase-4 in
hRPE cells.16 However, the contribution to ER stress–induced
hRPE apoptosis by caspase-5 is much less than that of
caspase-4. Although caspase-4 inhibitor Z-LEVD-fmk blocked
59% of tunicamycin-induced hRPE cell death as detected by
DNA fragmentation and 62% reduction in TUNEL positivity,
capase-5 and -1 dual inhibitor Z-WEHD-fmk inhibited DNA
fragmentation by 32% and TUNEL positivity by 20%, suggesting
that the contribution of caspase-5 to ER stress–induced hRPE
cell death is much less than that of caspase-4.

FIGURE 5. Blockade of caspase-5 activation by caspase-1 inhibitors (A)
and caspase-5 and -1 activation by caspase-5 knockdown (B, C). (A)
hRPE cells were pretreated with caspase-1 inhibitor Z-YVAD-fmk or
caspase-1 and -5 inhibitor Z-WEHD-fmk for 30 minutes and then coin-
cubated with or without LPS (1000 ng/mL) for an additional 24 hours.
Proteins from the whole hRPE cell lysates were subjected to Western
blot analysis using anti–caspase-5 antibody. (B, C) Whole cell lysates
from stably knockdown hTERT-RPE 1 cells with caspase-5 shRNA and
control shRNA were detected by antibodies specific for pro-caspase-5
or cleaved caspase-5 or -1. Fold changes of cleaved caspase-5 and -1
were calculated by relative density between scrambled shRNA002 and
caspase-5–specific shRNA3554 using densitometry after normalization
to actin protein.
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Of note, Western blot analysis of caspase-5 consistently
showed an intermediate product with molecular weight of 30
kDa, consistent with previous observations.3,12 The nature of
the intermediate product is unclear. It could be the pro-large
subunit as described for caspase-5 closely related caspase-13.25

In addition, a 42-kDa band immediately below the 47-kDa
pro-caspase-5 band was observed, as previously reported.3 This
protein is likely produced from pro-caspase-5 variant b, which
has an expected molecular weight of 5 kDa less than pro-
caspase variant a. Variants a and b are both predominant
isoforms of human caspase-5.4

By using inhibitors and shRNA knockdown, we further
confirmed that caspase-5 was functionally involved in the reg-
ulation of hRPE IL-8 and MCP-1 chemokine expression. LPS-
induced IL-8 secretion and MCP-1 secretion were sensitive to
the inhibition by Z-WEHD-fmk, an inhibitor for caspase-5 and
-1. When caspase-5 was knocked down by shRNA, TNF-�–
induced IL-8 and MCP-1 production was markedly reduced by
56% and 35%, respectively. hRPE IL-8 and MCP-1 expression
were also inhibited by caspase-1 inhibitor Z-YVAD-fmk and
caspase pan inhibitor Z-VAD-fmk, although the inhibition by
Z-YVAD-fmk was more effective in LPS than TNF-� induction,
suggesting that the signaling pathways induced by TNF-� are
differentially regulated by caspase-5 and -1. We have shown
previously that the induction of hRPE IL-8 and MCP-1 produc-
tion in hRPE cells is mediated by multiple signaling pathways,
including the activation of NF-�B.22,26 Activation of NF-�B has
been reported by caspase-1 by a receptor interacting protein
2–dependent pathway8 or by interaction with the TRAIL-DR5
system.27 Therefore, one possible pathway for caspase-5– and
-1–mediated upregulation of IL-8 and MCP-1 expression could
be by the activation of NF-�B.

We demonstrated that caspase-5 and caspase-1 mutually
regulated each other in their protein expression and activation.
Regulating caspase-1 activation by the caspase-5 murine ho-

molog caspase-11 has been well documented,5,28 but there has
been no report on the regulation of human caspase-1 expres-
sion and activation by caspase-5. In this study, we showed that
shRNA knockdown of caspase-5 reduced not only caspase-5
but also caspase-1 expression and activation. Conversely, the
caspase-1 inhibitor Z-YVAD-fmk also inhibited the expression
and activation of caspase-5. The latter finding was consistent
with a previous study that showed caspase-1 to be required for
the complete maturation of caspase-5.12 Our results suggest
that caspase-5 and caspase-1 may work in concert in the in-
flammasome to modulate inflammation and immunity in hRPE
cells.

There have been no reports about the effects of anti-inflam-
matory medicines on caspase-5 expression and activation. As
shown in this study, proinflammatory agent-induced caspase-5
expression was mitigated by adding anti-inflammatory agents.
Dex has numerous anti-inflammatory effects, which include
the suppression of cytokine-mediated responses. Intraocular
Dex concentrations achieved clinically through systemic and
topical delivery range from 10�8 to 10�6 M.29 A few re-
ports30–32 demonstrate that Dex reduces caspase-1 activation
in a variety of cell types. In addition to Dex, IL-10 has been
reported to relieve inflammation, improve cell survival, and
inhibit caspase-1 activation in human monocytes.33 Another
study showed that IL-10 reduced caspase-1 expression in rat
cortical astrocytes.34 The results presented here showed that
both Dex and IL-10 strongly reduce the simulated expression
and activation of caspase-5; thus, IL-10 could also be a valuable
therapeutic agent in ocular inflammation. In our previous
study,16 neither Dex (10 �M) nor IL-10 (100 U/mL) induced
noticeable apoptosis under the same conditions. Our results
may indicate a new potential role of these drugs in ocular
therapy. TA is a synthetic crystalline corticosteroid with
potent anti-inflammatory properties. Recently, TA was deliv-
ered by intravitreal injection for the treatment of posterior

FIGURE 6. Inhibition of human RPE IL-8 and MCP-1 production by caspase inhibitors (A, B, E, F) and caspase-5 shRNA knockdown (C, D). hRPE
cells (A, B, E, F) were pretreated with caspase-5 and -1 inhibitor Z-WEHD-fmk (2 �M), caspase-1 inhibitor Z-YVAD-fmk (2 �M), or pan-caspase
inhibitor Z-VAD-fmk (50 �M) and were costimulated with IL-1� (2 ng/mL), TNF-� (20 ng/mL), or LPS (1000 ng/mL) for 24 hours. (C, D) hTERT-RPE
1 cells were transfected with scrambled shRNA002 or caspase-5–specific shRNA3554. Secretion of IL-8 and MCP-1 was determined by ELISA. Values
represent mean � SEM (n � 3). Statistical analysis was carried out for all values with inhibitor versus the corresponding control without inhibitor
(A, B, E, F) or for all values with scrambled shRNA versus caspase-5–specific shRNA. Data are representative of three independent experiments
with similar results. Ctrl, untreated; IL-1, IL-1�; TNF, TNF-�.
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ocular diseases, such as AMD,35sympathetic ophthalmia,36

retinal vein occlusion,37 diabetic macular edema,38 and pro-
liferative vitreoretinopathy.39 After intraocular injections of
20 to 25 mg TA in patients, the average concentrations of TA
in aqueous humor are lower than 0.01 mg/mL during the
first 12 months of injections, while the measured levels of
serum TA are negligible within 4 to 92 days.40,41 In contrast
to more water-soluble Dex, which is only weakly cytotoxic
in hRPE cells, some studies indicate that significant TA
toxicity of ARPE19 cells can be observed at a 1.0-mg/mL
concentration,42 possibly because of oxidative injury.43– 45

However, TA at 0.1 mg/mL, the maximal amount used in this
study, has been shown to have minimal toxicity.43 Further-
more, TA at a concentration 10 times lower (0.01 mg/mL)
already exhibited a significant inhibitory effect on caspase-5
activation. Thus, our results support the clinical use of TA,

which has the advantage of being delivered in a sustained-
release crystalline form.

The data presented here demonstrated that in LPS-primed
hRPE cells, ATP and its analog, BzATP, caused time-dependent,
transient increases in caspase-5 and -1 activation. ATP is pres-
ent in millimolar concentrations in the cytosol of all eukaryotic
cell types, and the extracellular levels are maintained at ex-
tremely low levels by ubiquitous ecto-ATPases and ecto-phos-
phatases in physiologic conditions.46 Extracellular ATP ubiqui-
tously functions as an important mediator for cell-cell
communication. Under pathologic conditions, such as inflam-
mation, ATP concentrations may increase substantially by its
release from damaged cells. RPE cells have a functional ATP
P2X7 receptor that directly induces apoptosis and releases ATP
into the subretinal space in response to chemical ischemia, cell
swelling, osmotic stress, growth factors, glutamate, and other
stimuli.47,48 Human RPE cells are also capable of degrading
extracellular ATP, which may be released by leukocytes and
RPE cells in retinal diseases. Recent evidence suggests that
extracellular ATP accumulation at the sites of inflammation is
considered to be a danger signal that alerts the immune system
by binding to the P2X7 purinoreceptor, thereby activating
NALP3 and caspase-1.24 Therefore, the current finding of in-
volvement of caspase-5 and -1 in hRPE response to ATP may be
clinically relevant.

The pathologic significance of caspase-5 has become more
evident by a series of pathogenetic investigations.49–52 A poly-
adenosine repeat A(10) in the caspase-5 coding sequence is
often mutated, causing a frame shift in various microsatellite
instability–positive cancers, including leukemia and gastroin-
testinal, endometrial, breast, and lung carcinomas. In addition,
a polymorphism of caspase-5 has also been linked to ovarian
cancer53 and aging.54 The A(10) repeat does not exist in
caspase-4. These studies suggest the clinical importance of
caspase-5, for example, in tumorigenesis, perhaps related to a
proapoptotic function. Our data show that caspase-5 is not as
potent as caspase-4 in ER stress-induced apoptosis. Whether
the proinflammatory role of caspase-5 is related to these re-
duced function mutations is unknown.

Human RPE cells, located at the blood-retina burrier, are
putative important immunoregulatory cells that play important
key roles in innate and adaptive immunity in a variety of retinal
pathologic processes. Many reports have shown RPE cells to be
ideal targets for infectious agents.55–58 Pathogen replication
and elaboration of toxin by these agents can induce RPE cell
death,55,58 which remains a potential risk factor for AMD
pathogenesis.59 Inflammatory processes are also implicated in
many diseases in which innate immunity contributes to patho-
genesis. For example, in diabetic retinopathy, upregulation of
IL-1� and caspase-1 activity occurs in retinal capillary cells.60,61

Research results up to now are just beginning to reveal how
caspase-5 and caspase-1 may be involved in retinal diseases.
The functional roles of caspase-5 remain poorly characterized
in hRPE cells. In other cell types, NOD2, NLR protein NALP1,
and caspase-1 form a complex mediating innate immune re-
sponses.62 Because caspase-5 is known to be associated with
caspase-1 in NALP1 inflammasome,5 it is reasonable to propose
that caspase-5 is also a downstream effector of the hRPE NLR–
mediated innate immune response. The involvement of
caspase-5 and the NLR signal system in retinal diseases war-
rants further investigation.
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