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Abstract

In diabetes, matrix metalloproteinase-9 (MMP-9) is activated, which damages mitochondria,
resulting in accelerated capillary cell apoptosis. Regulation of MMP-9is controlled by multiple
transcription factors including nuclear factor-4B (NF-4B) and activator protein-1 (AP-1). Binding
of these transcription factors, however, can be regulated by poly(ADP-ribose) polymerase-1
(PARP-1), which forms a strong initiation complex at the promoter region and facilitates multiple
rounds of gene transcription. This complex formation with the transcription factors is regulated by
posttranslational acetylation of PARP-1, and in diabetes, the deacetylating enzyme, Sirtl, is
inhibited. Our aim was to understand the role of PARP-1 in transcriptional regulation of MMP-9in
the development of diabetic retinopathy. Using human retinal endothelial cells, the effect of
PARP-1 inhibition (pharmacologically by PJ34, 1uM; or genetically by its sSiRNA) on MMP-9
expression was investigated. The effect of PARP-1 acetylation on its binding at the MMP-9
promoter, and with NF-AB/AP-1, was investigated in the cells transfected with Sirt1. /In vitro
results were validated in the retinal microvessels from diabetic mice either administered PJ34, or
overexpressing Sirt. Inhibition of PARP-1 ameliorated hyperglycemia-induced increase in the
binding of NF-AB/AP-1 at the MMP-9 promoter, decreased MMP-9expression and ameliorated
mitochondrial damage. Overexpression of Sirt1 attenuated diabetes-induced increase in PARP-1
binding at MMP-9 promoter or with NF-AB/AP-1. Thus, PARP-1, via manipulating the binding of
NF-AB/AP-1 at the MMP-9 promoter, regulates MMP-9 expression, which helps maintain
mitochondrial homeostasis.

Graphical abstract

Increased retinal PARP-1 in diabetes increases its complex formation with the transcription factors
at the MMP-9 promoter, subsequently increasing MMP-9 expression. Inhibition of PARP-1,
inhibits, diabetes-induced increase in MMP-9, mitochondrial damage and capillary cell apoptosis.
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Introduction

Diabetic retinopathy is one of the most serious ocular complications, and remains the
leading cause of acquired blindness in working aged adults in developed countries [1, 2]. We
have shown that diabetes activates matrix metalloproteinases -2 and -9 (MMP-2 and
MMP-9) in the retina and its capillary cells. MMP-9 activation is associated with increased
capillary cell apoptosis, and the enzyme remains active at duration of diabetes in rodents,
which is associated with the development of histopathology characteristic of diabetic
retinopathy. [3-6]. MMP-9 is secreted as a proenzyme, and on activation by proteolytic
cleavage, it is capable of degrading extracellular matrix components. However, in diabetes,
MMP-9 also accumulates inside the mitochondria and activated MMP-9 damages the
mitochondrial membrane releasing cytochrome c into the cytosol, which activates the
apoptotic machinery [4]. Diabetic MMP-9knockout mice have normal retinal mitochondrial
homeostasis, and are protected from histopathological characteristics observed in
retinopathy [4].

Regulation of MMP-9transcription is controlled by its promoter region, which has binding
sites for a number of transcription factors including nuclear factor kappa B (NF-4B),
activator protein 1 (AP-1) and specific protein 1 [7]. MMP-9 promoter has two AP-1 binding
sites, a proximal site and a distal site [8, 9], and we have shown that in diabetes, expression
of MMP-9in the retina is closely associated with the binding of both NF-AB and AP-1 [10,
11]. Even though NF-4B and AP-1 transcription factors are regulated by different
mechanisms, they can be activated simultaneously by the oxidative stress [12-14]. In
response to stress stimulus, MMP-9 requires concomitant activation of NF-4B and AP-1.
Activation of NF-AB and AP-1, however, may also require cofactors, and poly(ADP-ribose)
polymerase-1 (PARP-1), a nuclear chromatin-associated protein, considered as one of the
coactivators for both transcriptional factors [15-18]. The activity of PARP-1 and its
interaction with NF-4B are increased in the retina of diabetic rats, and pharmacological
inhibition of PARP-1 inhibits capillary cell apoptosis and the development of early lesions of
diabetic retinopathy [19, 20].

Expression of genes can be regulated by posttranslational modification of associated
transcription factors by regulating their DNA binding efficiency. Acetylation is one of the
common modifications that regulate the activities of NF-AB and AP-1 [10, 11]; while
acetylation is considered active, deacetylation results in the loss of their DNA binding
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activity. Sirtuin 1 (Sirtl), a class 11l histone deacetylase, plays an important role in the
deacetylation of transcriptional factors. We have shown that in diabetes, Sirt1 is inhibited,
and NF-4B and AP-1 are acetylated and their binding at the MAMP-9promoter is increased
[10, 11]. PARP-1, in the presence of a histone acetyl transferase, p300, can act as a
coactivator of NF-AB by promoting rapid formation of pre-initiation complexes at the
transcription factor binding regions on the gene promoter [21]. In contrast, Sirt1 deacetylates
PARP-1, blocks its activity and binding with other transcription factors [22]. However, the
role of PARP-1 and its acetylation in the regulation of retinal MAMP-9transcription in
diabetes remains elusive.

The aim of this study was to examine the role of PARP-1 in the regulation of transcription
factor binding at the retinal MMP-9promoter in diabetes. Using retinal endothelial cells, we
have investigated the effect of high glucose on PARP-1 binding at the MMP-9 promoter, and
how PARP-1 inhibition regulates the binding of transcription factors and expression of
MMP-9. \We have also examined the role of Sirtl-mediated PARP-1 binding with NF-4B,
AP-1, and at MMP-9promoter. The results are confirmed in the retinal microvessels from
diabetic mice.

Retinal endothelial cells, isolated from non-diabetic human retina, with no documented
ocular pathologies [23], were cultured in Dulbecco’s modified Eagle medium (DMEM)-F12
(HyClone, Waltham, MA, USA) containing 10% heat inactivated fetal bovine serum (Sigma-
Aldrich St. Louis, MO, USA), 50ug/ml heparin (Sigma-Aldrich), 15ug/ml endothelial cell
growth supplement (BD Bioscience, San Jose, CA, USA), 1% insulin transferrin selenium
(Sigma-Aldrich), 1% Glutamax (Gibco-ThermoFisher Scientific, Waltham, MA) and
antibiotic/antimycotic mixture (Sigma-Aldrich) as described previously [23]. Cells from 4th—
7t passage (~80% confluency) were incubated in normal (5mM) or high (20mM) glucose
for 4 days in DMEM-F12 containing 1% heat inactivated fetal bovine serum and low
(5.0ug/ml) endothelial cell growth supplement in the presence or absence of PARP-1
inhibitor, PJ34 (1uM, PARP inhibitor VIII; Calbiochem/EMD Chemicals Inc., Gibbstown,
NJ). A batch of cells from 4—6!" passage was transfected with 2ARP-1 siRNA (sc-29437,
Santa Cruz Biotechnology, Santa Cruz, CA) or with Sirt plasmids (SirtZ cDNA,

RC227720; OriGene, Rockville, MD) using the methods described previously [10, 24-26].
After transfection, the cells were incubated in 5mM or 20mM glucose media for 4 additional
days. Controls included cells transfected with a non-targeting scrambled siRNA (sc-37007,
Santa Cruz Biotechnology) or reagent alone (transfection controls). Each incubation had
osmaotic controls, where the cells were incubated in 20mM mannitol instead of 20mM
glucose.

Wild-type C57BL/6J and Sirt1 overexpressing (St, C57BL/6-Actbtm3.1 (Sirtl) Npa/J) mice,
obtained from the Jackson Laboratory (Bar Harbor, ME), were made diabetic by
streptozotocin injection (55 mg/kg BW) for 4 consecutive days. Mice with blood glucose
>250 mg/dl after two days of the last injection were considered diabetic, and were
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maintained in the experiment for six months [10, 27]. Glycated hemoglobin values (GHb,
measured using a kit from Helena Laboratories, Beaumont, TX) were similar in C57BL/6J
and Sirtl overexpressing diabetic mice (GHb >10%), and these values were significantly
higher compared to their respective non-diabetic controls (GHb ~6%).

A group of C57BL/6J mice, soon after induction of diabetes, were administered PJ34
(15mgkg~1day 1, Intraperitoneal) for 4 weeks [28]. Age-matched normal mice were used as
controls. The treatment of the animals conformed to the Association for Research in Vision
and Ophthalmology Resolution on the Use of Animals in Research. Retinal microvessels
were prepared by hypotonic shock method, as described previously [29, 30]. Retina (4-6
samples) was incubated at 37°C in 5-6 ml de-ionized water for 60 minutes in a shaking
water bath. At the end of the incubation, nonvascular tissue was gently removed under the
microscope, and the microvessel preparation was utilized for analyses.

Gene expression was quantified by SYBR green based qPCR using species and gene-
specific primers (Table 1). Denaturation at 95 °C for 10 minutes was followed by 40 cycles
of denaturation at 95 °C for 15 seconds, and annealing and extension at 60 °C for 60
seconds. This was followed by 95 °C for 15 seconds, 60 °C for 60 seconds, 95 °C for 15
seconds, and 60 °C for 15 seconds. Product specificity was confirmed by SYBR green single
melting curve analysis and by agarose gel electrophoresis. The results were normalized to
the expression of B-actinor 18SrRNA, and the relative fold change in the expression was
calculated using the delta delta Ct method [10, 27].

Nuclear localization of PARP-1 was investigated in retinal endothelial cells by
immunofluorescence technique using PARP-1 primary antibody (Catalog No: sc-7150, Santa
Cruz Biotechnology) and Alexa Fluor-488 conjugated anti-rabbit secondary antibody (green;
Molecular Probes-Life Technologies, Grand Island, NE). Immuno-labelled cells were
mounted using DAPI-containing (blue) Vectashield mounting medium (Vector Laboratories,
Burlingame, CA, USA). The slides were imaged under a Zeiss ApoTome fluorescence
microscope using 40X magnification (Carl Zeiss Inc., Chicago, IL) [25, 30, 31].

Chromatin immunoprecipitation (ChIP) was performed by immunoprecipitating 100-120ug
crosslinked protein-DNA complex with antibodies against NF-AB (p65 subunit; ab7970,
Abcam, Cambridge, MA), or AP-1 (c-Jun subunit; ab31419, Abcam), or PARP-1 (sc-7150,
Santa Cruz Biotechnology). Phenol-chloroform-isoamyl isolated DNA was precipitated with
ethanol and re-suspended in water, and the binding of NF-4B, AP-1 or PARP-1 at the
MMP-9 promoter was quantified by SYBR green based gPCR. The controls included DNA
from the input (internal control) and crosslinked sample precipitated with normal rabbit 1gG
(antibody control) [10, 11, 30].

PARP-1 acetylation and its interaction with NF-AB/AP-1 were performed by
immunoprecipitating PARP-1, followed by incubation with Protein A/G Plus agarose beads
(suspended in the lysis buffer). After washing the beads, the proteins were separated on a
SDS-PAGE and were immunoblotted either with an antibody specific to acetyl-lysine
(Catalog No: ab22550, Abcam) or with anti-NF-AB (p65 subunit) or AP-1 (c-Jun subunit)
following standard procedures routinely used in the laboratory [5, 32].
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Cell apoptosis was determined by Cell Death Detection ELISAPLUS kit from Roche
Diagnostics (Indianapolis, IN) using monoclonal antibodies that can detect DNA and
histones. Oligonucleosome formed in the cytoplasmic fraction was quantified by using
monoclonal antibodies, followed by incubation with peroxidase conjugated anti-DNA and
biotin-labeled anti-histone. The samples were then incubated with 2,2”-azino-di-[3-
ethylbenzthiazoline sulfonate] diammonium salt, and the absorbance was measured at 405
and 490 nm [24, 25].

Statistical analysis was performed using Sigma Stat software. For multiple group
comparison, one-way ANOVA followed by Student-Newman-Keuls test was used for data
with normal distribution, while Kruskal-Wallis one-way analysis followed by Dunn’s test
was performed for data that did not present normal distribution. Data are expressed as mean
+ standard deviation, and a £ < 0.05 was considered statistically significant.

Retinal endothelial cells

PARP-1 is an important co-factor in modulating the binding of transcription factors to
regulate the subsequent gene expression [17, 33—-35]; the role of PARP-1 in regulation of
MMP-9transcription was investigated using both pharmacological and genetic approaches.
Inhibition of PARP-1 by PJ34 prevented glucose-induced increase in MMP-9expression; the
values obtained from the cells incubated in high glucose in the presence of PJ34 were
significantly lower than without PJ34, and were not different from those obtained from cells
in normal glucose (Figure 1a). Similarly, transfection of cells with PARP-1 siRNA, but not
with scrambled siRNA, also ameliorated increase in MMP-9seen under high glucose
conditions (Figure 1a). In the same cell preparations, as expected, high glucose also
increased PARP-1 expression by almost 2-fold compared to the cells in normal glucose
(Figure 1b). Incubation of cells with 20mM mannitol, instead of 20mM glucose did not
increase MMP-9and PARP-1 expressions.

Since the binding of the transcription factors mainly occurs in the nucleus, the effect of high
glucose on PARP-1 translocation into the nucleus was determined by immunofluorescence
technique. As shown in figure 1c, nuclear localization of PARP-1 was significantly increased
in cells exposed to high glucose compared to the cells in normal glucose. The accompanying
histogram shows the mean fluorescent intensity of PARP-1 in the nucleus. Our recent work
has shown that both NF-4B and AP-1 play important roles in the increased MMP-9 levels
seen in hyperglycemic milieu [10, 11]. To evaluate the role of PARP-1 in the binding of
these transcription factors at the MMP-9 promoter, the effect of regulation of PARP-1 on its
binding with NF-AB and with AP-1, regions of the MMP-9 promoter was investigated. As
expected, glucose increased binding of both NF-4B and AP-1 at the MMP-9 promoter
(Figure 2a&b), and inhibition of PARP-1 with PJ34 or PARP-1 siRNA significantly
ameliorated binding of these transcriptional factors at the proximal regions on the MMP-9
promoter (Figure 2a&b). However, cells transfected with scrambled siRNA had no effect on
glucose-induced increased binding of either NF-AB or AP-1. The values obtained from 1gG
antibody control were less than 1% of the values obtained from the target genes.
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Since activated MMP-9 is implicated in mitochondrial damage and accelerated apoptosis
[4], the effect of inhibition of PARP-1 on mitochondrial damage was investigated by
quantifying the gene transcripts of mtDNA-encoded Cytochrome b (Cytb). Figure 3a shows
that the inhibition of PARP-1 by PJ34 or its specific sSiRNA ameliorated glucose-induced
decrease in Cytb expression. However, the values obtained from cells incubated in high
glucose, with or without the scrambled siRNA, had similar decrease in Cytb expression. The
values from the cells in 20mM mannitol were not different from those obtained from cells in
5mM glucose (Figure 3a). In the same cell preparation, PJ34 addition also ameliorated
glucose-induced increase in cell apoptosis (Figure 3b).

To further confirm the role of PARP-1 in MMP-9regulation, effect of high glucose on
PARP-1 bindings at both NF-AB and AP-1 regions of the MMP-9 promoter were

determined. Incubation of cells in high glucose increased PARP-1 binding at the NF-AB
region by ~80% compared to the cells in normal glucose. Similarly, PARP-1 binding was
also increased by ~2 fold at the both proximal and the distal AP-1 binding regions of the
MMP-9 promoter (Figures 4a&b). In addition to increased binding of PARP-1 at the MMP-9
promoter, high glucose also increased its binding with NF-4B and with AP-1 by ~2 folds
(Figures 4c).

PARP-1 regulates transcription by forming complex with other transcription factors, and this
is regulated by its posttranslational modifications [17]. The role of acetylation of PARP-1 in
forming complex with the transcription factors was investigated in the cells overexpressing
Sirtl. As shown in figure 4, Sirt1 overexpression inhibited glucose-induced increase in
PARP-1 binding at both NF-AB and AP-1 regions of the MMP-9 promoter. The values
obtained from Sirt1 transfected cells incubated in high glucose were not significantly
different from the cells incubated with normal glucose. In contrast, transfection of cells with
reagent alone had no effect on glucose-induced increase in PARP-1 binding. In the same
cells, Sirt1 overexpression prevented increased PARP-1 acetylation and its subsequent
binding with NF-AB and AP-1 transcription factors (Figure 4).

Diabetic mice

To confirm the role of PARP-1 in the regulation of MAMP-9in an in vivo model, retinal
microvessels from streptozotocin-induced diabetic mice were analyzed. Consistent with the
results from isolated cells, administration of PJ34 prevented diabetes-induced increase in
NF-4B binding at the MMP-9 promoter; the values obtained from diabetic mice receiving
PJ34 were not different from those obtained from nondiabetic mice without any treatment
(Figure 5a). In the same microvessels preparation, 1gG control values were <1% of the
values obtained from the target gene. Similarly, PJ34 also inhibited diabetes-induced
increased AP-1 binding at the proximal region of the MMP-9 promoter (Figure 5b),
however, AP-1 binding at the distal region though slightly higher in diabetes, was not
affected. In the same retinal microvessels, diabetes-induced increase in MMP-9 gene
transcripts was also ameliorated (Figure 5c¢). Interestingly, in our /n vivo model, AP-1
binding at the MMP-9 promoter and MMP-9 expression were significantly higher compared
to the cells incubated in high glucose; the possibility that these could be due to the
complexity of diabetes and/or of the retinal structure, cannot be ruled out.
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To investigate the role of posttranslational modification in PARP-1 mediated increased
transcription factor binding at the MMP-9 promoter, retinal microvessels from diabetic mice
overexpressing SirtZ were analyzed. As shown in figure 6a, diabetes increased PARP-1
binding at NF-AB region of the MAP-9 promoter, which was ameliorated by SirtZ
overexpression; the values obtained from SirtZ overexpressing diabetic mice were not
different from those obtained from nondiabetic SirtZ overexpressing or wildtype control
mice. Consistent with NF-AB binding, PARP-1 binding at both the distal and proximal
regions of the AP-1 binding sites of the MMP-9 promoter was also significantly decreased in
diabetic mice overexpressing SirtZ compared to those from age-matched wild type diabetic
mice (Figures 6b). In the same Sirt1 overexpressing diabetic mice, increase in the binding of
both NF-4B and of AP-1 with PARP-1 was also prevented; and the values obtained from
wildtype non-diabetic mice and SirtZ overexpressing mice (non-diabetic or diabetic) were
not different from each other (Figures 6c¢).

Discussion

In diabetes, the expression of retinal MMP-9is increased and mitochondria are damaged.
We have shown that, MMP-9 is transported into the mitochondria with the help of cytosolic
heat shock (Hsp70/Hsp60) and mitochondrial membrane transporter proteins [4]. Once
inside the mitochondria, MMP-9 damages mitochondrial membrane to help release of
cytochrome ¢ and initiate capillary cell apoptosis, a phenomenon, which precedes the
development of diabetic retinopathy [36—39]. Expression of MMP-9is regulated by multiple
transcription factors, and in the development of diabetic retinopathy, increase in the binding
of NF-4B and AP-1 transcription factors at the MMP-9 promoter induces its expression [10,
11]. Binding of these transcription factors are delimited by other co-factors including,
PARP-1, and the activity of PARP-1 is increased in diabetes [19, 20]. Here, using /n vivo and
in vitro models, we show that in the hyperglycemic milieu, the binding of PARP-1 at NF-4B/
AP-1 transcription factor binding regions of the MMP-9 promoter is increased, and
inhibition of PARP-1 consequently inhibits this binding and ameliorates MMP-9 expression.
Additionally, the study also highlights that due to decreased SirtZ in diabetes, PARP-1 is
acetylated, and this further facilitates the binding of the transcription factors at the MMP-9
promoter. Overexpression of Sirt1 prevents PARP-1 acetylation and its subsequent binding
with the transcription factors. Thus, this study marks an important observation that the
activation of transcription factor binding at MMP-9is mediated through the active
participation of PARP-1.

Cellular presence of PARP-1 is critically important for maintaining chromatin dynamics and
transcriptional regulation of genes; PARP-1 deficiency alters transcription of p53 targets in
mouse embryonic fibroblasts [40] and regulates heat shock factor 1 activity and its response
in murine fibroblasts [41]. Efficiency of transcriptional regulation of genes is governed by
the potency of the transcription factor binding and the formation of strong initiation
complexes at the gene promoter. PARP-1 has an important function during assembly of the
pre-initiation complex, where it facilitates the regulation of transcription factor binding [17,
33-35]. It efficiently interacts with NF-AB and AP-1 [15-18], and plays a
pathophysiological role in the number of inflammatory disorders [33]. Additionally, several
gene-specific and genomic studies have also demonstrates that PARP-1 efficiently binds to
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the promoter region of many genes and regulates their expression [42]. In diabetes, PARP-1
expression and activity are increased in the retina, and inhibition of PARP-1 activity inhibits
development of diabetic complications including neuropathy, nephropathy and retinopathy
[20, 43-45]. Here, we show that the inhibition of PARP-1 ameliorates diabetes-induced
increase in MMP-9, suggesting an important role of PARP-1 in regulation of MMP-9
transcription. In a recent study, we have shown that the binding of NF-4AB and AP-1 is
increased at retinal MMP-9 promoter in diabetes, and here our result shows that PARP-1
binding at the NF-AB and AP-1 binding regions on the MMP-9promoter is also significantly
increased in the retinal vasculature. The integral role of PARP-1 in the regulation of
transcription factor binding and development of diabetic retinopathy was further confirmed
by manipulating the levels of PARP-1 pharmacologically or genetically in /n vitroand in
vivo model systems. Incubation of retinal endothelial cells with PJ34 or PARP-1siRNA, or
administration of PJ34 /n vivo significantly inhibited the binding of NF-4B and AP-1 at the
MMP-9 promoter, suggesting an important role of PARP-1 in promoting transcription
initiation complex formation at the MMP-9 promoter. This is in agreement with a previous
observation where PARP-1 deletion is shown to contribute to a defective activation of
transcription factors critical in tumor development [46, 47]

PARP-1 is shown to be required for specific NF-AB transcriptional activation /in vivo, NF-kB
and PARP-1 form a stable immunoprecipitable nuclear complex and this interaction is
required for NF-AB-DNA binding [34, 48]. Here, our study show that PARP-1 physically
interacts with both NF-4B, and AP-1, and their binding is increased at the MMP-9 promoter.
These results imply that in diabetes, PARP-1 assists the binding of the transcription factors
at the MMP-9promoter resulting in its increased expression.

Acetylation regulates the transcription process by changing the protein-DNA interaction
activity, and acetylation of PARP-1 is required for its NF-AB coactivator activity [17, 33].
We show that in diabetes, PARP-1 acetylation is not only important for its binding with NF-
kB, but also regulates its binding with AP-1. In support, others have shown that acetylation
of PARP-1 increases its activity and its deacetylation by Sirt1, suppresses PARP-1-mediated
gene activation [17, 22, 49]. In addition, increase in PARP-1 acetylation is also shown in
hearts of SirtZ knockout mice further, demonstrating that the activity of PARP-1 is regulated
by Sirtl, [22]. The activity of Sirtl is decreased in the retina and its microvasculature in
diabetes, and regulation of Sirtl by its pharmacological activator attenuates glucose-induced
activation of MMP-9[4, 5, 10]. Here our results demonstrate a strong correlation between
Sirtl regulation and PARP-1 acetylation along with its binding at the MAMP-9 promoter and
with transcription factors; overexpression of Sirt reduces PARP-1 binding at the MMP-9
promoter, and with NF-4B/AP-1 transcription factors, which ultimately decreases MMP-9
expression. Thus, Sirtl appears to have a direct effect on PARP-1 binding, which, in turn,
affects NF-kB/AP-1 binding at the MMP-9 promoter.

In summary, using /in vivo and in vitro models of diabetic retinopathy, we have demonstrated
a novel mechanism for transcriptional regulation of retinal MMP-9. We show that PARP-1
has an important role in binding of the transcription factors at the MMP-9 promoter and its
transcription. Activation of PARP-1 in diabetes increases transcription factor binding, and
acetylation of PARP-1 appears to be an important posttranslational modification for its
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regulation and the formation of transcription factor complex. Due to inhibition of Sirtl in
diabetes, PARP-1 remains acetylated, and this enables their binding at the MMP-9 promoter,
resulting in increased binding of the transcription factors. Taken together, present study
suggests that PARP-1 is an essential positive cofactor of NF-AB and AP-1 in the regulation
of retinal MMP-9expression in diabetes. These results also provide a fresh insight into the
mechanism associated with the reduced function of Sirt1 during pathological processes in
diabetic retinopathy.
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Highlights
. PARP-1 augments NF-4B/AP-1 binding at MMP-9 promoter and induces its
expression.
. Sirtl overexpression reduces PARP-1 and NF-AB/AP-1 complex formation.

. PARP-1 inhibition prevents NF-4B/AP-1 binding at MMP-9 promoter.
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Figure 1.
Effect of PARP-1 on the glucose- induced MMP-9 expression: Gene transcripts of (a)

MMP-9and (b) PARP-1 were quantified in the cells incubated in normal or high glucose in
the presence of PJ34 or PARP-1siRNA or scrambled siRNA by gPCR. S-actin was used as
the housekeeping gene. (c) Nuclear localization of PARP-1 was determined by
immunofluorescence using Alexa-Flour 488 (green) conjugated secondary antibody. The
cover slips were mounted using DAPI-containing mounting medium (blue). Each
measurement was made in duplicate in 4-5 samples in each group, and the values are
represented as mean + SD. 5mM and 20mM = cells in 5mM or 20mM glucose; Mann =
20mM mannitol; 20+PJ34, si-Pand C = cells incubated with PJ34, PARP-1 siRNA, or
scrambled siRNA respectively, and incubated in 20mM glucose. *P<0.05 versus 5mM
glucose and #P<0.05 versus 20mM glucose.
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Figure 2.

Regulation of PARP-1 and binding of NF-AB and AP-1 at the MMP-9promoter: Endothelial
cells incubated with PJ34 or PARP-1 siRNA, were analyzed for binding of (a) NF-4B, and
(b) AP-1 at the proximal and the distal regions of MMP-9promoter by ChIP technique. 1gG
was used as an antibody control (indicated as *). Each measurement was made in duplicate
in 3—4 samples/group. 5mM and 20mM=cells in 5mM or 20mM glucose; Mann = 20mM
mannitol; 20+PJ34, si-Pand C = cells incubated in 20mM glucose in the presence of PJ34,
PARP-1 siRNA, and scrambled siRNA control respectively. *£<0.05 versus 5mM glucose

and #P<0.05 versus 20mM glucose.
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Figure 3.
Regulation of PARP-1 and its effect on mtDNA damage and cell apoptosis: Effect of

PARP-1 regulation on (a) mtDNA-encoded Cytb expression was measured by gPCR using
B-actin as the housekeeping gene, and (b) apoptosis by an ELISA kit for histone-associated-
DNA-fragments in the cells incubated with PJ34 or PARP-1siRNA, or scrambled siRNA
control. The values are represented as mean = SD from 3-4 samples/group. 5mM and
20mM=cells in 5mM or 20mM glucose; Mann = 20mM mannitol; 20+PJ34, si-Pand C =
cells incubated in 20mM glucose in the presence of PJ34, PARP-1 siRNA and scrambled
siRNA control, respectively. *£<0.05 versus 5mM glucose and #/<0.05 versus 20mM
glucose.
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Effect of Sirtl regulation on PARP-1 binding: Endothelial cells transfected with SirtZ cDNA
and incubated in 20mM glucose, were analyzed for the binding of PARP-1 at (a) NF-AB and
(b) AP-1 binding regions of the MMP-9 promoter by ChIP technique. 1gG was used as an
antibody control (indicated as *). (c) PARP-1 acetylation and its effect on the binding of NF-
KkB/AP-1 with PARP-1 were determined by immunoprecipitating total proteins using
PARP-1 antibody, followed by western blotting for NF-AB/AP-1. The values are represented
as mean + SD from 3-4 samples/group. 5mM and 20mM = cells in 5mM or 20mM glucose;
Mann = 20mM mannitol; 20+Stand 20+R = cells transfected with Sirtl plasmids or
transfection reagent alone respectively, and incubated in 20mM glucose. * A<0.05 versus

5mM glucose and #£<0.05 versus 20mM glucose.
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Figure 5.
Effect of PARP-1 on diabetes-induced NF-AB/AP-1 binding at MMP-9 promoter in retinal

microvessels: Binding of (a) NF-AB, and (b) AP-1 at MMP-9 promoter was measured in
retinal microvessels using NF-4B and AP-1 antibodies. IgG was used as an antibody control
(indicated as ). (c) Retinal microvasculature from diabetic mice receiving PJ34 was
quantified for MMP-9expression by gPCR using 18S as the housekeeping gene. The values
are represented as mean £ SD from 4—6 mice/group. Nor and Dia = C57BL/6J mice normal
and diabetic respectively, and Dia+PJ34 = C57BL/6J diabetic mice administered with PJ34.
*P<0.05 compared to Nor and #/<0.05 compared to diabetes.
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Diabetes-induced PARP-1 binding at MMP-9 promoter in retinal microvessels, and its
regulation by Sirtl: DNA isolated from crosslinked retinal microvessels from Sirt1
overexpressing mice was analyzed for the binding of PARP-1 at (a) NF-4B and (b) AP-1
binding regions of the MMP-9 promoter by ChIP technique. IgG was used as an antibody
control (indicated as *). (c) Effect of acetylation on the binding of NF-AB and of AP-1 with
PARP-1 was determined by immunoprecipitating total proteins using PARP-1 antibody,
followed by western blotting for NF-AB (p65) and of AP-1 (c-Jun). The values are
represented as mean + SD from 4-5 samples/group. Nor and Dia = C57BL/6J mice normal
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and diabetic respectively, and StNor and St-Dia = Sirtl overexpressing mice normal and
diabetic respectively. *£<0.05 compared to Nor and #/<0.05 compared to diabetes.
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Primer sequence

Table 1

Gene

Sequence

Human

MMP-9 promoter, NF-AB binding site

5'-GATTCAGCCTGCGGAAGACAGGG-3’

5’-CCAAACCCCTCCCCACACTCCA-3’

MMP-9 promoter, AP-1 proximal site

5 -GAGTCAGCACTTGCCTGTCA-3’

5 -CTGCTGTTGTGGGGGCTTTA-3’

MMP-9 promoter, AP-1 distal site

5’-CTTGCCTAGCAGAGCCCATT-3’

5 -TTTTTCCCTCCCTGACAGCC-3’

PARP-1 5 -GCTTCAGCCTCCTTGCTACA-3’

5 -TTCGCCACTTCATCCACTCC-3’
MMP-9 5-CACTGTCCACCCCTCAGAGC-3’

5 -GCCACTTGTCGGCGATAAGG-3’
Cyth 5 -TCACCAGACGCCTCAACCGC-3’

5 -GCCTCGCCCGATGTGTAGGA-3’
B-Actin 5 -AGCCTCGCCTTTGCCGATCCG-3’

5 -TCTCTTGCTCTGGGCCTCGTCG-3’
Mouse

MMP-9 promoter, NF-AB binding site

5’-GCCCCATGGAATTCCCCAAA-3’

5’-CCGCCCCCTGATAGAGTCTT-3

MMP-9 promoter, AP-1 proximal site

5-CAGGGCCTCGTCTTTCTTTC-3’

5 -CCATGGTTTGGTGTTGCTGTT-3’

MNMP-9promoter, AP-1 distal site

5 -AGCGCCAGTTCTGTTAGCAT-3’

5’-TAGACGTCCACGAGTCTGGG-3’

MMP-9 5 -GGGGTTTGCCCCATGGAAT-3’
5’-GAGCCCATCCCCACACTGTA-3’
185 5 -GCCCTGTAATTGGAATGAGTCCACTT-3’

5’-CTCCCCAAGATCCAACTACGAGCTTT-3’
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