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Abstract

Purpose—Diabetes leads to progressive complications such as diabetic retinopathy, which is the
leading cause of blindness within the working-age population worldwide. Interleukin (IL)-17A is a
cytokine that promotes and progresses diabetes. The objective of this study was to determine the
role of IL-17A in retinal capillary degeneration, and to identify the mechanism that induces retinal
endothelial cell death. These are clinically meaningful abnormalities that characterize early-stage
non-proliferative diabetic retinopathy.

Methods—Retinal capillary degeneration was examined /n vivo using the Streptozotocin (STZ)
diabetes murine model. Diabetic-hyperglycemia was sustained for an 8-month period in wild type
(C57BL/6) and IL-17A~/~ mice to elucidate the role of IL-17A in retinal capillary degeneration.
Further, ex vivo studies were performed in retinal endothelial cells to identify the IL-17A-
dependent mechanism that induces cell death.

Results—It was determined that diabetes-induced retinal capillary degeneration was significantly
lower in IL-17A~~ mice. Further, retinal endothelial cell death occurred through an IL-17A/
IL-17R —Act1l/FADD signaling cascade, which caused caspase-mediated apoptosis.
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Conclusion—These are the first findings that establish a pathologic role for IL-17A in retinal
capillary degeneration. Further, a novel 1L-17A-dependent apoptotic mechanism was discovered,
which identifies potential therapeutic targets for the early onset of diabetic retinopathy.

Keywords
Diabetic retinopathy; IL-17A; Actl; FADD; capillary degeneration

1. Introduction

Diabetic retinopathy is a diabetes-mediated retinal microvascular disease, and is the leading
cause of vision loss within the working-age population worldwidel. Gradual, asymptomatic
alterations in the retinal microvasculature can lead to capillary non-perfusion, which is one
of the earliest detectable symptoms of non-proliferative diabetic retinopathy23. In response
to this vasoregression, angiogenesis of retina vessels are induced, leading to proliferative
diabetic retinopathy and vision loss.

Circulating Th17 cells and IL-17A have been identified in the sera of Type | diabetic
patients, and have been correlated to the progression of diabetic complications®. Further,
autocrine IL-17A signaling in Muller glia has been shown to enhance early stage vascular
permeability in the blood retinal barrier of diabetic mice®>®. However, the extent to which
IL-17A contributes to retinal endothelial cell death and capillary degeneration, as well as the
precise mechanism by which IL-17A induces capillary non-perfusion is still not known.

In the current study, hyperglycemic conditions initiated IL-17A production in STZ-diabetic
mice, which was quantified in the sera and retina. Ablation of IL-17A production in IL-17A
~I= diabetic mice impaired retinal capillary degeneration. These observations were extended
to show that IL-17A induces retinal endothelial cell death through the Actl adaptor
molecule downstream of the IL-17A receptor. Finally, it was determined that Actl-
dependent FADD (Fas-Activated Death Domain) activates caspase 8 and 3 to initiate retinal
endothelial cell apoptosis. These are the first findings to establish a pathologic role for
IL-17A in retinal capillary nonperfusion, as well as identify a novel apoptotic mechanism
that impairs retinal endothelial cells.

2. Materials and Methods

2.1. Streptozotocin (STZ)-induced diabetic mice.

CWRU IACUC and LSVAMC ACORP approved the animal protocols employed in this
study. C57BL/6J and IL-17A~/~ mice were obtained from Jackson Laboratories. Diabetes
was induced in 8-10 week old male mice by intraperitoneal injections of streptozotocin (60
mg/kg) on 5 consecutive days, as previously described’~9. Alternatively, heterozygous and
homozygous B6.BKS(D)-Leprd®1J mice (db/db) were examined at 8-10 weeks of age,
during spontaneous diabetic onset for systemic IL-17A analysis. Diabetes was defined by
non-fasted blood glucose concentrations greater than 250 mg/dl, which was verified using
glucose-dehydrogenase-based strips on three consecutive occasions beginning 1 week after
the last STZ injection; hyperglycemia was also quantified by hemoglobin Alc levels using a

J Diabetes Complications. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lindstrom et al. Page 3

2.2.

2.3.

2.4,

2.5.

2.6.

2.7.

Bio Rad D-10 analyzer. Insulin (0-0.2 U) was administered as needed to maintain proper
body weight.

ELISA analysis.

Sera or retinal protein lysates were collected from db/db or C57BL/6 mice, and analyzed
using 2-site ELISA according to the manufacturer’s directions (R&D Biosciences).

Flow cytometry.

For apoptosis analysis, Annexin V (eBioscience), Caspase 8 (active) FITC, and Caspase 3
(active) Red Staining detection kits (Abcam) were used according to manufacturer’s
instructions. Cells were analyzed using a C6 Accuri flow cytometer (BD); gates were set to
isotype controls, and compensated using FlowJo software.

Quantitative PCR.

RNA was extracted, cDNA generated, and gPCR was performed using SYBR green with
Actl (GeneBank ID# NM_001130518, NM_021532) and Actb (GeneBank ID#
NM_001243262, NM_171846) primers. Qualitative images are PCR products run on a 2%
agarose gel and visualized using ethidium bromide.

Capillary degeneration.

Acellular capillaries were quantified in the retinal vasculature as previously described?:3.7:8,
Eyes were fixed with 10% formalin. Retinas were incubated in elastase for 2h followed by
acidic buffer overnight. Retinal vasculature was stained with hematoxylin and periodic acid-
Schiff. Acellular capillaries were quantified in 7 field areas between the optic nerve and the
periphery (200X magnification).

Human retinal endothelial cells.

Human retinal endothelial cells of the microvasculature (RREC) were purchased from Cell
Systems, and stimulated with 100 ng/ml of recombinant IL-17A (optimal concentration for
apoptosis within the /n vitro life span of the retinal endothelial cells (Supplemental Fig.
S1A-B)). For Actl and FADD knockdown experiments, cells were transfected with Actl,
FADD, or scrambled control shRNA lentiviral particles according to manufacturer’s
instructions (Santa Cruz). Gene silencing was confirmed by RT-PCR using manufacturer’s
primers (Sc-29634-PR (Actl) and Sc-35352-PR (FADD), Santa Cruz).

Murine retinal endothelial cells.

Murine retinal endothelial cells (mREC) originally were a kind gift of Dr. Nader Sheibani
and isolated from the retinas of C57BL/6 mice as previously described0. Retinas were
digested in collaganase and mREC were purified using magnetic beads coated with
endothelial cell adhesion molecule-1, bound VE-Cadherin positive cells were isolated, and
mREC purity was confirmed to be >99% pure.
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2.8. Viability assays.

3 x 10° human and murine retinal endothelial cells per well were stimulated with 100ng/ml
riL-17A (R&D), and either: 1) incubated with CellBrite cytoplasmic membrane stain and
1003bcpg/ml Propidium lodide and imaged using a Leica DMI 600B inverted microscope,
2) stained with 0.25ug/tube 7-AAD (BD Bioscience) for quantification of cell viability®, or
3) incubated with Annexin V (eBioscience), active Caspase 8 or 3 (Abcam) antibodies for
apoptosis analysis per manufacturer’s directions.

2.9. Immunoblot analysis.

Protein was isolated from cells using RIPA buffer (Thermo Scientific), denatured at 95°C in
Laemmli buffer (Bio-Rad), separated on a 4-15% gel (Mini-Protean TGX, Bio-rad), and
transferred to PVDF membrane (Immobilon Millipore). Blots were probed with anti-Actl
(WWW-18, Santa Cruz), anti-FADD (NBP1-4552, Novus Biologicals), and anti-B-actin
(8229, Abcam) primary antibodies, followed by Li-Cor secondary antibodies for protein
analysis using Li-Cor Odyssey Fc Infrared Imaging System.

2.10. Statistical analysis.

Statistical analysis was performed using a two-way ANOVA analysis and an unpaired t-test
with Tukey’s post-hoc analysis (Prism, GraphPad Software). A p-value <0.05 was
considered significant.

3. Results

3.1. Diabetes induces IL-17A production.

Diabetes-mediated hyperglycemia was sustained throughout an 8-month period in
streptozotocin (STZ) diabetic mice (n=10 mice/group). The severity of hyperglycemia was
similar among diabetic wild type (C57BL/6) and IL17A™~ mice (Fig. 1A-B).

Sera were evaluated in non-diabetic and STZ-diabetic C57BL/6, and non-diabetic
(heterozygous B6.BKS(D)-Leprd®1J) and spontaneous diabetic (homozygous B6.BKS(D)-
Leprd®13) db/db mice (Fig. 1C). IL-17A was detected in all (n=5) of the diabetic mice but not
in any of the non-diabetic mice, substantiating that IL-17A is induced by diabetes. Further,
protein lysates were collected from the retinas of non-diabetic and STZ-diabetic mice (n=6)
to quantify IL-17A. Approximately 200 pg/ml of IL-17A was detected in the retinas of
diabetic, but not non-diabetic mice 8- months post-diabetes (Fig. 1D). Similar results were
detected in two separate experiments (data not shown). These results confirm that diabetes
induces IL-17A production, which is detectable in diabetic retinas.

3.2. Systemic neutralization of IL-17A decreases capillary degeneration and retinal
endothelial cell death.

In early stages of diabetic retinopathy and in this 8-month murine model, endothelial cells
can die in the retinal capillaries, resulting in acellular and degenerative capillaries that leads
to capillary non-perfusion1=312 To ascertain if there is a role for IL-17A in retinal capillary
degeneration, we isolated retinas (n=8/group) from non-diabetic and diabetic C57BL/6 and
IL17A~"~ mice 8-months after diabetes and quantified the number of acellular capillaries
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(representative example is circled in Fig. 2A). The number of acellular capillaries in the
retinas of diabetic mice was significantly higher than in non-diabetic mice (Fig. 2B), but was
significantly lower in the retinas of diabetic IL17A™~ than C57BL/6 mice (Fig. 2B-C).
These results are representative of two separate experiments with similar results.

To determine if IL-17A regulates cell death in retinal endothelial cells, we co-cultured
murine retinal endothelial cells (MREC) with bone marrow cells from non-diabetic and
diabetic C57BL/6 and IL-17A~~ mice (Fig. 3A). After 18h of stimulation, there was a
significant increase in retinal endothelial cell death (CD144*/7-AAD™) in mREC co-cultured
with diabetic than non-diabetic bone marrow cells; as previously reported!l. However, there
was a significant decrease in retinal endothelial cell death in mREC co-cultured with bone
marrow cells of diabetic-1L17A™~ mice than diabetic-C57BL/6 mice (Fig. 3A). Next, we
stimulated human retinal endothelial cells with 100 ng/ml of recombinant (r)IL-17A for 18h,
and then quantified 7-AAD™ (dead) hREC by flow cytometry. As shown in Fig. 3B, there
were ~300 dead cells in the unstimulated samples but >18,000 dead hREC in all samples
stimulated with rIL-17A. Further, we stimulated retinal endothelial cells with rIL-17A, then
stained the cells with cytoplasmic membrane dye (green viable cells) and Propidium iodide
((P1) which is a red indicator for membrane permeability seen in dead cells), and then
acquired live cell images. After 48h, most of the IL-17A stimulated hREC (Fig. 3C) and
MREC (Supplemental Fig. S1C) were dead, whereas the unstimulated hREC and mREC
remained viable. Flow cytometry showed 81.6% of the IL-17A stimulated hREC were Pl
positive compared with 1.1% of the unstimulated (Fig. 3D), similar results were detected in
the mREC (Supplemental Fig. S1D). Taken together, this indicates that IL-17A plays a role
in capillary degeneration and retinal endothelial cell death, which are the hallmarks for
capillary non-perfusion and the onset of non-proliferative diabetic retinopathy.

3.3. IL-17A activates Caspase-3 and Caspase-8 in retinal endothelial cells.

To determine if IL-17A induces apoptosis in retinal endothelial cells, we stimulated the cells
for 6 hours with 100 ng/ml of rIL17A, and quantified apoptotic cysteine proteases, cleaved-
active caspase 8 and caspase 3. Compared with unstimulated hREC, 59.7% and 31.5% of the
IL-17A stimulated hREC had active caspase 8 and 3 (Fig. 3E—F) respectively.

We also analyzed early stage apoptosis in IL-17A stimulated hREC through Annexin V
analysis. We found that 37.4% of IL-17A stimulated hREC were Annexin V positive
compared to 1.3% of unstimulated hREC (Fig. 3G). Similar results were discovered in
IL-17A-stimulated mREC (Supplemental Fig. SIE-F). This indicates that programmed
IL-17A-dependent retinal endothelial cell death is caspase mediated.

3.4. Silencing Actl in retinal endothelial cells inhibits IL-17A dependent cell death.

The receptors for IL-17A can signal through the Actl adaptor!3.14, therefore we examined if
retinal endothelial cells express Actl. Constitutive gene expression of ActZ in hREC (Fig.
4A) and in mREC (Supplemental Fig. S2A) were detected by qPCR. Similarly, Actl protein
in unstimulated and rIL-17A stimulated hREC (Fig. 4B) and mREC (Supplemental Fig.
S2B) were detected by immunoblot analysis. Additionally, Actl protein was detected in the
retinas of non-diabetic mice, which increased in the retinas of diabetic mice (Fig. 4C).
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Because IL-17A stimulation induces apoptosis in retinal endothelial cells, we investigated
whether this was Actl mediated. Unstimulated hREC were transfected with lentiviral
particles containing a scrambled sequence that did not interfere in Actl expression (ctrl) or
an Actl sequence that silenced Actl (siActl) expression. After gene silencing of Actl was
confirmed (Fig. 4D), we stimulated the control and siActl hREC with rIL-17A, stained the
cells with Propidium iodide (PI), and examined membrane permeability. We found that
~82% of the control hREC were Pl positive. In contrast, <1% of the siActl hREC had died
(Fig. 4E-G). An average of 63% and 31% of the Actl-expressing hREC (ctrl) exhibited
active caspase 8 and 3 positivity respectively, but there was no active caspase 8 or 3 detected
in the siActl hREC (Fig. 4H-1). Finally, ~38% of all control hREC were Annexin V* that
was significantly lowered in the siActl hREC (Fig. 4J). Similar results were found in siActl
MREC (Supplemental Fig. S2C—H). This suggests that IL-17A initiates apoptosis in retinal
endothelial cells through Actl.

3.5. Actl mediates FADD dependent apoptosis in retinal endothelial cells.

In previous studies of EAE, it was discovered that Actl interacted with FADD to induce
apoptosis in glial cells4. To examine Act1-FADD interactions in retinal endothelial cells,
FADD protein was analyzed in control hREC or mREC or siActl knockdown hREC or
mREC cells by immunoblot analysis. As shown in Fig. 5A, FADD was detected in IL-17A
stimulated hREC when Actl is expressed (ctrl), but was barely detected following Actl
knockdown (siActl).

To examine the role of FADD in IL-17A-dependent endothelial cell death, hREC were
transfected with lentiviral particles containing a silencing FADD sequence or a scrambled
control sequence (FADD expressing). Knockdown of FADD was confirmed by RT-PCR
(Fig. 5B). Cells were then stimulated with 100 ng/ml of rIL-17A, stained with Propidium
iodide (PI), and imaged 48h after stimulation. Control hREC were PI positive, but IL-17A
stimulated siFADD hREC were viable (Fig. 5C-D). Additionally, an average of ~65%
caspase 8 and ~30% caspase 3 were detected in the IL-17A-stimulated control hREC, while
~2% of active caspase 8 and 3 were detected in the siFADD hREC (Fig. 5E-F). Annexin V
was also significantly decreased in siFADD hREC (Fig. 5G). FADD expression was also
required for apoptotic signaling and cell death to occur in murine retinal endothelial cells
(Supplemental Fig. S3). Overall these data provide evidence that IL-17A-mediated apoptosis
in retinal endothelial cells occurs through an Act1-FADD signaling pathway.

4. Discussion

Diabetic retinopathy is associated with chronic, low-grade retinal inflammation°-16,
Inhibition of multiple inflammatory processes in animal models have been shown to
decrease retinal pathologies that lead to diabetic retinopathyl/:18. Although there is
extensive evidence that inflammatory mediators and cytokines play a pivotal role in the
development of diabetic retinopathy, the signaling pathways involved in initiating capillary
non-perfusion in the early stages of diabetic retinopathy are still unclear. In the current study
several notable observations emerged. First, the pathologic role of IL-17A in the
development of capillary non-perfusion was determined. Also, a novel mechanistic pathway
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by which IL-17A induces retinal endothelial cell death, capillary degeneration, and the onset
of non-proliferative diabetic retinopathy was identified.

IL-17A has been identified as an important cytokine in the promotion of diabetes and the
progression of diabetic complications*19:20, Further, previous studies have demonstrated a
role for IL-17A in retinal neural cell pathogenesis at the 3-month time point in diabetic
mice. It was determined that diabetic conditions induced Muller glia to produce IL-17A. In
addition to stimulating IL-17A production, hyperglycemia also enhanced the expression of
the IL-17RA subunit of the IL-17A receptor in Muller glia. Muller glia were determined to
enhance neuronal apoptosis, vascular leukostasis, and vascular permeability in the retina
through an autocrine signaling cascade in Muller glia>®. These findings identified an 1L-17-
dependent mechanism of diabetic macular oedema during diabetic retinopathy in short-term
diabetic murine models. However, the role of IL-17A in the vasoregressive process of retinal
capillary degeneration was still unknown. Thus, this is the first study to examine the role of
IL-17A in long-term diabetic murine models; wherein capillary cell death, degeneration, and
non-perfusion associated with clinical ischaemic maculopathy of non-proliferative diabetic
retinopathy could be observed. Additionally, the IL-17A-dependent apoptotic signaling
cascade in retinal endothelial cells was examined, whereas a novel IL-17A/IL-17R —Actl/
FADD signaling pathway that initiates caspase-mediated apoptosis in vascular retinal
endothelial cells was discovered. These data provide evidence that diabetes-mediated
IL-17A enhances capillary degeneration and nonperfusion in the retina.

After IL-17A initiates receptor signaling, constitutively expressed Actl adaptor on the
retinal endothelial cells recruits the Fas-activated death domain (FADD). IL-17A-induced
Act1-FADD interactions then direct the activation of caspase 8 and caspase 3, whereas
apoptosis of the vascular endothelial cells elicit capillary degeneration. However, the
development of diabetic retinopathy in patients develops much slower than displayed in our
ex vivo studies, we speculate that the acute responses observed were due to increased
IL-17A concentrations required to examine the apoptotic signaling pathways within the life
span of the cells studied /n vitro. Still, we established that capillary cell death and
degeneration was significantly decreased in IL17A~~ diabetic mice, and the deletion of
Actl and FADD was sufficient to inhibit apoptosis in retinal endothelial cells. Hence, we
conclude that the IL-17A-dependent apoptotic signaling pathway identified /n vitro, is the
diabetes-mediated IL-17A-signaling mechanism that enhances capillary cell death and
degeneration observed /n vivo. Taken together, these studies provide evidence that IL-17A is
involved in capillary degeneration through this apoptotic-signaling pathway in endothelial
cells that quite possibly occurs throughout the systemic vasculature. Future studies are
required to determine the role of IL-17A in other diabetic complications, like neuropathy,
nephropathy, and heart disease.

We further identified FADD, an adaptor protein that contains a death domain, as a critical
component to IL-17A-IL-17R-Actl mediated apoptosis. FADD has been previously shown
to interact with the IL-17E and IL-17R-Actl SEFIR domain to activate caspase-mediated
apoptosis in glial and cancer cells}421, Consistent with these findings, IL-17A stimulation of
retinal endothelial cells induced proteolytic cleavage of caspase 8 and 3 that mediated
apoptosis, and this was negated in Actl and FADD deficient cells. Moreover, FADD
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expression in IL-17A stimulated retinal endothelial cells was abrogated in Actl deficient
cells. This IL-17A signaling pathway establishes a novel IL-17A-dependent mechanism that
is involved in retinal vascular impairment, which leads to the onset of non-proliferative
diabetic retinopathy.

Here it was determined that IL-17A has a pro-apoptotic affect on retinal endothelial cells,
which induce vasoregression. In response to this vasoregression, angiogenesis of retina
vessels can be later elicited12:2223 This suggests that IL-17A plays an indirect role in the
angiogensis of retina vessels. However, it has been previously shown that IL-17A plays a
direct role in angiogenesis of cancer cells, glia, and astrocytes by enhancing VEGF
production?4:25, Additionally, IL-17A enhanced VEGF production in retinal microglia,
Muller glia, and ganglion cells in oxygen-induced retinopathy28. Since Muller glia have
been identified as a predominant source of VEGF during diabetic retinopathy23:27 it is
possible that IL-17A induces Muller glia to produce elevated levels of VEGF during early
stage diabetic retinopathy. This potential IL-17A-dependent VEGF will be examined in
future studies.

Collectively, our findings indicate a crucial link between Actl, FADD, and caspase-mediated
apoptosis that implicates the IL-17R-Act1-FADD axis as the 1L-17A-dependent pathway for
microvascular retinal endothelial cell death and capillary degeneration in the retina during
diabetes. Notably, these are two clinically meaningful abnormalities that characterize
diabetic retinopathy in patients, and these novel findings may provide new therapeutic
targets for non-proliferative diabetic retinopathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Diabetes induces IL-17A production that can be detected in the retina
. IL-17A enhances retinal capillary degeneration
. IL-17A induces retinal endothelial cell death in an Actl dependent manner
. Actl mediates FADD dependent apoptosis in retinal endothelial cells
. IL-17A-Actl-FADD dependent apoptosis in retinal endothelial cells induce

retinal capillary degeneration and the onset of non-proliferative diabetic
retinopathy
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Figure 1. Analysis of diabetes and IL-17A production in mice.
Assessment of Non-Fasting Blood Glucose (A) and Glycated Hemoglobin A (B) in non-

diabetic (black) and STZ-injected diabetic (white) mice throughout the 8-month duration to
confirm diabetes in C57BL/6 and 1L-17~/~ mice (n=10 mice/group). C) Protein levels of
IL-17A in serum of non-diabetic (grey) and spontaneous diabetic (black) db/db mice, and
non-diabetic (grey) and STZ-induced diabetic (black) mice. Sera samples (n=5/group) were
collected 2-months or 8-months after diabetic conditions were confirmed in db/db and STZ-
diabetic mice respectively. D) Quantification of IL-17A in retinas (n=6) of non-diabetic
(grey) and diabetic (black) mice, 8-months after diabetic conditions was confirmed. * =
p<0.01 per unpaired student’s t-test. Data are representative of three separate experiments.
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Figure 2. IL-17A elicits capillary cell death and degeneration in the retina.
A) Representative images of acellular capillaries and degeneration in retinal capillary beds

of C57BL/6 and IL17A~"~ non-diabetic and diabetic mice (scale bars of all images = 75 pm).
Circled area highlights an acellular capillary. B) Quantification of acellular capillaries within
a 1.10 mm? area of each retina of non-diabetic (ND) and diabetic (DB) C57BL/6 (square
black data point) and IL17A™~(grey circle data point) mice. Each data point represents an
individual retina from 8 different mice. p-value was first equated by two-way ANOVA
analysis and then an unpaired t-test with Tukey’s post-hoc analysis. C) Mean quantifications
of acellular capillary degeneration in retinas (n=8) of diabetic C57BL/6 (black) and IL17A
== (grey) mice normalized to non-diabetic controls. All samples were collected 8 months
after diabetic conditions were confirmed. All data is representative of two separate
experiments with similar results.
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Figure 3. IL-17A elicits apoptosis in human retinal endothelial cells.
Quantification of flow cytometry analysis (n=6) of retinal endothelial cell death (CD144*/7-

AAD™) 18h after murine retinal endothelial cells were co-cultured with bone marrow cells
from non-diabetic (ND) and diabetic (DB) C57BL/6 (black) or IL17A™~ (grey) mice (A), or
of human retinal endothelial cells stimulated with recombinant human IL-17A (B). C)
Representative microscopy of unstimulated (top) and IL-17A stimulated (bottom) human
retinal endothelial cells (hREC) 48h after incubation; dead red cells are Propidium iodide
(PI) positive and viable green cells retain the FITC cytoplasmic membrane stain (scale bars
of all images = 450um). D) PI quantification of flow cytometry analysis of 6 separate
unstimulated (grey) and IL-17 stimulated (black) hREC samples. Representative flow
cytometry analysis of unstimulated (black) and IL-17A stimulated (red) hRECs, as well as
the quantified percent of apoptotic cells using Active Caspase 8 (E), Active Caspase 3 (F),
and Annexin V assays (G) 6h after stimulation. Numbers above overlay peaks represent
percent positive cells of 30,000 events, and the graph displays the percentage of Caspase 8
or 3, and Annexin V positive cells in six separate samples. *=p<0.01 per unpaired student’s
t-test. Data are representative of three separate experiments with similar results.
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Figure 4. Actl dependent retinal endothelial cell death.
A) Qualitative gPCR analysis of ActI expression in mMRNA of unstimulated and IL-17A

stimulated hREC. Actb was used as a loading control. Immunoblot analysis of Actl in
protein lysates of unstimulated (un) or IL-17A stimulated (stm) hREC cultures (B), and non-
diabetic (ND) and diabetic (DB) C57BL/6 mouse retinas (C); protein was collected 2-
months post-diabetes or 6h post-stimulation. B-actin was used as a loading control. D) Act1
analysis by RT-PCR verifying ActZ gene silencing (siActl) in hREC cultures; ctrl samples
were transfected with scrambled sequences. E) Representative images of IL-17A stimulated
control and siActl hREC viability; 48h after stimulation. Dead cells were examined using
Propidium lodide (P1) and Phase (Merge (Pl + Phase)) microscopy analysis (scale bars for
all images = 250 um). Representative overlay of Pl flow cytometry analysis in scrambled
control (red) and siActl (black) hREC (F), and percentage of scramble control (grey) and
siActl (black) PI* cells (G). Representative flow cytometry analysis (left) and quantification
(right) of 6 separate samples of active Caspase 8 (H) and active Caspase 3 (I) in IL-17A
stimulated control and siActl hREC cultures 6h after incubation. Numbers represent percent
positive cells of 30,000 events. J) Percentage of apoptotic Annexin V positive cells per flow
cytometry analysis of 6 samples/group. *=p<0.01 per unpaired student’s t-test. Data are
representative of two separate experiments with similar results.
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Figure 5. Act1-FADD dependent retinal endothelial cell death.
A) Immunoblot analysis of FADD expression in protein lysates of IL-17A stimulated

scrambled control (Actl expressing (ctrl)) or siActl (Actl gene silenced) hREC cultures;
protein was collected 6h post-stimulation. B-actin was used as a loading control. B) FADD
expression by RT-PCR verifying gene silencing (SiFADD) in hREC cultures; ctrl samples
were transfected with scrambled sequences. Representative images of cellular death in
IL-17A stimulated control (FADD expressing) and siFADD (FADD knockdown) hREC
(scale bars of all images = 450um) examined by microscopy (C) and quantified by flow
cytometry (D) using Propidium lodide (PI). Quantification of percent positive cells per flow
cytometry analysis (n=6) of active Caspase 8 (E), Caspase 3 (F), and Annexin V (G) in
IL-17A stimulated control (grey) and IL-17A stimulated siFADD (black) hREC cultures 6h
after incubation. *=p<0.01 per unpaired student’s t-test. Data are representative of two
separate experiments with similar results.
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