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ABSTRACT

Aim: Our previous studies have shown that NOD-like receptor protein (NALP3) inflammasome
activation is importantly involved in podocyte dysfunction and glomerular sclerosis induced by
hyperhomocysteinemia (hHcys). The present study was designed to test whether NADPH
oxidase-mediated redox signaling contributes to homocysteine (Hcys)-induced activation of
NALP3 inflammasomes, an intracellular inflammatory machinery in podocytes in vitro and in
vivo. Results: In vitro confocal microscopy and size exclusion chromatography revealed that
upon NADPH oxidase inhibition by gp91P" siRNA, gp91ds-tat peptide, diphenyleneiodonium
(DPI) or apocynin, aggregation of inflammasome proteins NALP3, apoptosis-associated speck-
like protein (ASC), and caspase-1 was significantly attenuated in mouse podocytes. This
NADPH oxidase inhibition also resulted in diminished Hcys-induced inflammasome activation,
evidenced by reduced caspase-1 activity and interleukin-1p (IL-1pB) production. Similar findings
were observed in vivo where gp91”"*" mice and mice receiving a gp9lds-tat treatment
exhibited markedly reduced inflammasome formation and activation. Furthermore, in vivo
NADPH oxidase inhibition protected the glomeruli and podocytes from hHcys-induced injury as
shown by attenuated proteinuria, alouminuria and glomerular sclerotic changes. This might be
attributed to the fact that gp91”"> "~ and gp91ds-tat-treated mice had abolished infiltration of
macrophages and T cells into the glomeruli during hHcys. Innovation: Our study for the first
time links NADPH oxidase to the formation and activation of NALP3 inflammasomes in
podocytes. Conclusion: Hcys-induced NADPH oxidase activation is importantly involved in the
switching on of NALP3 inflammasomes within podocytes, which leads to the downstream

recruitment of immune cells, ultimately resulting in glomerular injury and sclerosis.
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INTRODUCTION

Hyperhomocysteinemia (hHcys) has been regarded as an important independent risk factor for
many degenerative diseases and pathological processes, including end-stage cardiovascular,
neurological and renal diseases (1,9,19). Studies from our laboratory and by others have
demonstrated that hHcys induces glomerular injury, affecting glomerular endothelial cells,
mesangial cells, and podocytes (27-28,34). hHcys also induces glomerular damage by inhibition
of extracellular matrix degradation and production of local oxidative stress, contributing to the
sclerotic process and eventually leading to the loss of renal function (21,30). Despite extensive
studies, the early mechanisms triggering the pathogenic actions of hHcys are not yet fully

understood.

More recently, we demonstrated that hHcys may generate its detrimental effects by activation of
NALP3-centered inflammasomes, an intracellular inflammatory machinery in podocytes. This
proteolytic, high molecular weight complex is primarily comprised of NALP3, the adaptor
protein ASC, and caspase-1, where each component is necessary for inflammasome assembly
and release of active caspase-1 (16). The activation of these inflammasomes during hHcys turns
on local inflammatory response, inducing kidney senescence and progressive degenerative
glomerular dysfunction and sclerosis, where active caspase-1 promotes maturation of IL-1p to
induce decreases in nephrin expression in podocytes (33). However, it remains to be determined
how the NALP3 inflammasomes are formed and activated during hHcys and how this induces

glomerular degenerative pathology, ultimately leading to end-stage renal disease.
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In this regard, several mechanisms underlying inflammasome activation have been reported
including lysosome rupture, ion channel gating, and reactive oxygen species (ROS) activation
(23). Activation of the NALP3 inflammasome by increased ROS, the most widely accepted and
considered to be the most plausible mechanism, suggests that this inflammasome is a general
sensor for changes in cellular oxidative stress. ROS activation of inflammasomes within
podocytes may be an early initiating mechanism of glomerular injury during hHcys, because the
production of ROS has been considered to be one of the major early factors mediating hHcys-
induced glomerular injury (24,31). In the kidney, there are many enzymatic systems that
contribute to the production of ROS, including the mitochondria, xanthine/xanthine oxidase, and
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase. However, NADPH oxidase has
been considered as the major source of superoxide in the kidney, and its action relies on an
enzymatic complex with five subunits including gp91P"™, p47 " p67P"* and Rac1/2, all being
reported to be expressed in the kidney (6). Furthermore, we have demonstrated the importance of
NADPH oxidase in the pathogenesis of hHcys-induced glomerular sclerosis by showing that
inhibition of NADPH oxidase and its subunits can attenuate glomerular damage and restore
normal renal function (35). Similarly, antioxidants have been shown to ameliorate Hcys-
induced toxicity (14). On the other hand, there are reports that hHcys-induced renal injury or
other organ damages are also associated with local inflammatory response and corresponding
pathological actions (8,20). It is possible that NADPH oxidase activation at the early stage of
hHcys triggers the formation of inflammasomes, resulting in a downstream local inflammatory

response.
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The present study hypothesized that NADPH oxidase-mediated redox signaling may play an
essential role in triggering hHcys-induced inflammasome activation within podocytes, thereby
inducing glomerular inflammatory injury such as immune cell infiltration and consequently
leading to glomerular sclerosis. To test this hypothesis, we first used cultured murine podocytes
to examine whether inhibition of NADPH oxidase attenuates Hcys-induced NALP3
inflammasome formation and activation and also addressed the functional relevance of this early
inflammatory event. Using pharmacological inhibitors or mice lacking gp91”"* gene, we also
tested the in vivo role of NADPH oxidase activation in hHcys-induced NALP3 inflammasome
formation and activation, glomerular inflammatory pathology and glomerular sclerosis compared

with wild-type littermates.
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RESULTS

Inhibition of NADPH oxidase attenuated Hcys-induced inflammasome formation

As shown in Figure 1A, confocal microscopic analysis demonstrated that Hcys induced the
colocalization of inflammasome markers (NALP3 with ASC and NALP3 with caspase-1) in
podocytes compared to control cells. Pretreatment of podocytes with NADPH oxidase inhibitors
DPI or gp91lds-tat peptide significantly abolished the Hcys-induced aggregation of NALP3 with
ASC and NALP3 with caspase-1, suggesting blockade of inflammasome formation in these cells.
Furthermore, small interfering RNA against ASC and gp91”"* also blocked Hcys-induced
inflammasome formation. The Pearson correlation coefficient was calculated for each of the
groups and summarized in Figure 1B. In addition, co-immunoprecipitation experiments
demonstrated that Hcys significantly increased the binding of NALP3 and caspase-1 together
with ASC compared to control cells, which is attenuated in the presence of apocynin and gp91ds-
tat peptide (Supplementary Figure S1). Together, these results suggest that inhibition of NADPH

oxidase or silencing ASC gene attenuates Hcys-induced inflammasome formation in podocytes.

Size-exclusion chromatography (SEC) was employed to further determine the role of NADPH
oxidase in the process of Hcys-induced inflammasome complex formation. A representative
chromatogram is shown in Figure 2A, illustrating the peaks produced from both a standard and
typical protein sample when run and separated by the Sepharose 6 column. As depicted in Figure
2B, under control conditions the specific bands for NALP3 and ASC were located in the low
molecular weight fractions (18-22). Upon stimulation with Hcys for 24 hours, the NALP3 and
ASC bands markedly shifted to high molecular weight fractions (3-7), termed the inflammasome

fractions due to complex formation. However, when NADPH oxidase was inhibited in podocytes
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by treatment with gp9lds-tat or DPI prior to the addition of Hcys, a clear decrease in
inflammasome protein complex aggregation was observed in the high-molecular weight fractions.

The intensity of these bands were quantified by ImageJ software and summarized in Figure 2C.

Inhibition of NADPH oxidase blocked inflammasome functionality by suppressing
caspase-1 activity and IL-1§ secretion

We further tested whether inhibition of NADPH oxidase also attenuates Hcys-induced caspase-1
activity and IL-1p production in podocytes. As shown in Figure 3A, the increase in caspase-1
activity caused by Hcys was markedly inhibited by the NADPH inhibitors apocynin, DPI,
gp9lds-tat, and gp91”"* siRNA, implicating an important role for NADPH oxidase in
inflammasome activation. ASC siRNA also produced a similar significant decrease in caspase-1
activity. Figure 3B demonstrated that these decreases in caspase-1 activity also resulted in less
IL-1P being converted from the pro-inflammatory cytokine form to the active form during the

simultaneous treatment of Hcys with either NADPH oxidase or inflammasome inhibitors.

Inhibition of the inflammasome failed to inhibit Hcys-induced superoxide production

To determine whether NADPH oxidase-derived superoxide plays a role in inflammasome
activation, superoxide levels were measured in podocytes pretreated with NADPH oxidase or
inflammasome inhibitors in the presence of Hcys. As expected, treatment of podocytes with DPI,
gp9lds-tat, or gp91”"** siRNA produced a distinct decrease in superoxide production when
compared to Hcys alone (Figure 3C). Additionally apocynin or gp9lds-tat peptide also
significantly attenuated the Hcys-induced O, production in the plasma membranes of podocytes

(Figure 3D). However, ASC siRNA or caspase-1 inhibition could not prevent the Hcys-induced



) _ . Antioxidants & Redox Signaling o ) ] ]
ering of |nflammasome Activation in Mouse Podocytes and Glomeruli during Hyperhomocysteinemia (doi; 10.1089/ars.2012.4666)

This article has been peer-reviewed a%g accepted for publication, but has yet to undergo copyediting and proof correction. ThefinaP/ published version may differ from this proof.

NADPH Oxidase-Mediated Tri

8

increase in superoxide. This suggests that NADPH oxidase activation by Hcys and subsequent
production of superoxide is upstream of inflammasome activation, given that inhibition of the

inflammasome did not affect the levels of NADPH oxidase-derived superoxide.

Attenuation of Hcys-induced podocyte injury by inhibition of NADPH oxidase or
inflammasomes

As shown in Figure 4A, immunofluorescent analysis demonstrated that Hcys stimulation increased
desmin expression in podocytes compared to untreated cells. Prior treatment with gp91P"*
SIRNA, ASC siRNA, gp91ds-tat, apocynin, DPI, or WEHD decreased this Hcys-induced desmin
expression in podocytes. Another podocyte marker, podocin, was markedly reduced upon Hcys
stimulation in podocytes, and prior treatment with the same inhibitors almost completely
attenuated the decrease in podocin expression. Positive cells were counted and summarized in
Figure 4B. These results signify the importance of both NADPH oxidase and inflammasome
functionality in this injurious process of podocytes when exposed to Hcys. Using rhodamine-
phalloidin to stain F-actin, the control condition exhibited well-defined F-actin fibers which run
along the longitudinal axis of these podocytes, and as demonstrated by the obvious lack of
distinct fibers, Hcys resulted in a significant loss of these longitudinal fibers as they reorganize to
the cell border. A classic and specific inducer of podocyte injury, puromycin aminonucleoside
(PAN) (12), served as a positive control (Figure 4C). However, inhibition of NADPH oxidase or
inflammasomes hindered Hcys-induced decrease and rearrangement of F-actin. These changes

in F-actin staining were summarized in Figure 4D.
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Blockade of hHcys-induced glomerular inflammasome formation and activation in
glomeruli of gp91”**~" and gp91ds-tat-treated mice

To further confirm the role of NADPH activation in vivo in experimental hHcys mice, double
fluorescent-immunostaining of kidney slides was performed. As shown in Figure 5A, under
control condition NALP3, ASC and caspase-1 were expressed at low levels within the glomeruli,
and very few colocalizations of these inflammasome molecules could be detected by confocal

microscopy. In gp91P"o**+*

mice, the colocalization of NALP3 with ASC or caspase-1 markedly
increased in glomeruli of FF diet-fed hHcys mice. However, the increased colocalization of
NALP3 with ASC or caspase-1 was suppressed in glomeruli of hyperhomocysteinemic
gp917"**~ and gp91ds-tat-treated mice. The summarized data were shown in Figure 5B and 5C.
In addition, using podocin and desmin as podocyte markers we showed that hHcys-induced
inflammasome activation in glomeruli was mostly located in podocytes, as demonstrated by the
colocalization of podocin with NALP3 or caspase-1 and desmin with NALP3 or caspase-1. This

colocalization was substantially blocked in hyperhomocysteinemic gp91°"™ "~

mice and gp91ds-
tat-treated mice (Figure 5A and Supplementary Figure S3). The summarized data were shown in

Figure 5D and 5E.

Consistent with decreased aggregation of inflammasome components in the glomeruli, hHcys-
enhanced caspase-1 activity and IL-1B production were markedly attenuated in glomeruli of
gp917"*~ and gp9lds-tat-treated mice (Figure 6A and 6B). In addition, hHcys-induced
glomerular superoxide production was significantly attenuated in gp9lds-tat-treated and
gp917"*~ mice compared to their wild-type littermates (Figure 6C). The plasma Hcys

concentration was similar in gp91°"™** gp91P"*”" and gp91ds-tat-treated mice on the normal
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diet. However, the folate-free (FF) diet significantly increased the plasma Hcys concentration in
all three groups compared to normal diet fed mice (gp91”"*** mice: 12.6 +2.0 versus 4.1 +0.41
UM of control; gp91P"*”" mice: 13.0 + 1.6 versus 4.0 + 0.8 uM of control; gp91ds-tat mice: 11.6

+ 1.0 versus 5.1 + 0.41 uM of control).

In vivo inhibition of NADPH oxidase prevented hHcys-induced glomerular inflammation
and injury
As shown in Figure 7, immunohistochemical analysis demonstrated that Hcys stimulation

induced macrophage (F4/80+) and T-cell (CD43+) infiltration in the glomeruli of hHcys

1phox+/+ 1phox—/—

mice. However, the glomeruli of gp9 and gp91lds-tat-treated mice had

gp9

1P+ * mice on the

significantly less macrophage and T-cell recruitment when compared to gp9
FF diet (Figure 7). The summarized data were shown in Figure 7B and 7D. These results suggest
that normal NADPH oxidase gene expression and activity are required for inflammasome
activation and consequent inflammatory response, which includes macrophage and T-cell
recruitment and aggregation in glomeruli of mice during hHcys.

phox

Next, we tested whether gp91™™" contributes to hHcys-induced glomerular injury. As shown in

1P+ mice

Figure 8, hHcys significantly increased the urinary protein and albumin in gp9
compared to normal diet-fed mice. Mice treated with gp9lds-tat and gp91°"*”" mice had
significantly attenuated hHcys-enhanced urinary protein and albumin excretion in FF diet-fed
mice, but had no effect in normal diet-fed mice (Figure 8A and 8B). Morphological examinations

revealed a typical pathological change in glomerular sclerotic damage indicated by capillary

collapse, fibrosis, cellular proliferation and mesangial cell expansion in glomeruli of hHcys

10
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1phox+/+

gp9 mice (Figure 8C). The average glomerular damage index was significantly higher in

1ph0x+/+ 1phox—/—

glomeruli of hHcys gp9 mice compared to normal diet-fed mice. However, in gp9
or gp9lds-tat-treated mice, hHcys-induced glomerular injuries were significantly inhibited

(Figure 8D).
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DISCUSSION

The primary goal of the present study is to reveal whether NADPH oxidase-mediated redox
signaling contributes to Hcys-induced inflammasome formation or activation and consequent
glomerular injury. In vitro studies using cultured podocytes and an in vivo animal model of
hHcys demonstrated that NADPH oxidase is necessary for the formation and activation of
NALP3 inflammasomes in podocytes upon Hcys stimulation, thereby leading to podocyte
dysfunction, glomerular immune cell recruitment, and ultimately glomerular injury and sclerosis.
These results for the first time demonstrate Hcys-induced redox activation of podocyte NALP3

inflammasomes as an early mechanism switching on local inflammatory responses in glomeruli.

hHcys has been known to directly cause deleterious effects in the kidney, promoting a vicious
cycle responsible for chronic renal disease, where hHcys decreases renal function and leads to
further increased plasma Hcys levels due to decreases in Hcys excretion in the kidney (29). In
the human condition, a plasma Hcys concentration <10uM is considered to be within the normal
range, 10-16 uM is clinically defined as mild hHcys, 16-30 uM as moderate hHcys, 30-100 uM
as intermediate hHcys, and >100uM as severe hHcys (29). For mice, it has been extensively
studied that similarly to humans, genetic background and strain of the mice plays an important
role in the levels of plasma Hcys concentration, along with gender, diet, and parental effects (5).
However, our most recent work demonstrated thorough concentration and time dependent studies
that in an in vitro setting, a 40 uM treatment for 24 hours in cultured podocytes is sufficient to
activate an inflammasome-stimulating response, verifying the effect we see in vivo (33). Indeed,

1 phox+/+

the present study showed significant glomerular damage observed in gp9 mice fed a FF

diet for 4 weeks. Coinciding with this glomerular damage characterized by our report and others

12
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to include mesangial cell expansion, overall cell proliferation, and capillary collapse (7,35),
hHcys caused a significant increase in proteinuria and albuminuria, indicative of an impaired
glomerular filtration membrane. In previous studies, these damaging effects of hHcys have been
well correlated with its ability to stimulate the inflammatory response. Proinflammatory
mediators, like MCP-1, NF-kB, interleukin-8, and adhesion molecules VCAM-1 and E-selectin,
have been demonstrated to be upregulated during hHcys (2,25). Furthermore, it has been shown
that hHcys results in the recruitment of lymphocytes (18). However, it remains unknown how
hHcys or Hcys in vitro activates this response of the innate immune system in glomeruli. We
have recently reported that Hcys can activate NALP3 inflammasomes in podocytes, an
intracellular molecular switch of inflammation (33). Inflammasome activation has also been
implicated in a number of inflammatory and metabolic diseases, including obesity, gout,
hypersensitivity, silicosis, and diabetes, where inhibition of the inflammasome proteins NALP3,
ASC, or caspase-1 significantly attenuates the downstream inflammatory reaction produced
under these conditions (3,17,26,36). Similarly, our report showed that inhibition of either ASC
or caspase-1 could prevent podocyte and glomerular damage induced by hHcys, improving renal
structural and functional integrity (33), suggesting an important role for inflammasome

activation in mediating the deleterious effects of hHcys.

The present study further explored the mechanism by which NALP3 inflammasomes are
activated in podocytes in vitro by Hcys and in vivo by experimental hHcys. It has been reported
that many endogenous and exogenous danger signals activate the inflammasome, and it has been
of great interest as to how all of these very diverse signals can activate the same molecular

machinery to turn on inflammation. Of the proposed models of inflammasome activation, the

13
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ROS model provides a unifying link, utilizing the common aspect that all these danger signals
produce changes in oxidative stress, making NALP3 a more general sensor detecting these
changes in oxidative stress (23). Interestingly, we and others have found the damaging effects of
hHcys to be strongly associated with increased local oxidative stress, majorly through NADPH
oxidase (4,14,31). With reports of gp91P"®/Nox2 being the predominant isoform found in
podocytes, our laboratory has also demonstrated that this NADPH oxidase isoform and its
activity are essential for hHcys to induce glomerular injury, since knockout of the gp91°"™ gene
in mice protected podocytes and glomeruli from hHcys-induced glomerular sclerosis (35).
Therefore, we hypothesized that redox signaling associated with NADPH oxidase in podocytes
may be critical in triggering NALP3 inflammasome formation and activation upon Hcys

stimulation.

To test this hypothesis, we first performed a series of experiments in cultured podocytes. It was
found that pharmacological and genetic interventions to inhibit NADPH oxidase resulted in
significant attenuation of NALP3 inflammasome formation, as shown by less aggregation of
inflammasome molecules detected by confocal microscopy and SEC. Coinciding with the
prevention of inflammasome formation, inhibition of NADPH oxidase gene expression or
activity also prevented increases in caspase-1 activity as well as IL-1p production, signifying that
NADPH oxidase is necessary for NALP3 inflammasome activation in response to Hcys. In
contrast, inhibition of NALP3 inflammasome activation by either ASC siRNA or WEHD, a
specific caspase-1 inhibitor, did not affect the ability of NADPH oxidase to produce superoxide,
strongly indicating that NADPH oxidase-mediated redox signaling is an upstream event that

activates NALP3 inflammasome in podocytes. Although there are reports that NALP3

14
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inflammasomes can be activated by ROS in different cells or tissues (11,23,36), to our
knowledge, our results for the first time link NADPH oxidase to the formation and activation of
these inflammasomes in podocytes, where Hcys-induced NADPH oxidase activation produces
superoxide to conduct redox signaling that triggers the formation of NALP3 inflammasomes and

production of inflammatory cytokines like IL-1f3.

Next, we tested the in vivo triggering action of NADPH oxidase activation in the formation of
NALP3 inflammasomes using mice lacking gp91°" gene and in mice treated with NADPH
oxidase inhibitory peptide, gp9lds-tat. Although the strategies used to genetically and
pharmacologically inhibit NADPH oxidase in mice were not podocyte-specific, confocal results
demonstrated that this inhibition prevented hHcys-induced NALP3 inflammasome formation as
shown by less colocalization of NALP3 with ASC and NALP3 with caspase-1, which mainly
occurred in podocytes given the increased colocalization of NALP3 molecules with podocin and
desmin within glomeruli. Correspondingly, both interventions also inhibited hHcys-induced
activation of NALP3 inflammasomes, confirmed by decreased caspase-1 activity and IL-1p
production. The inflammatory response in glomeruli during hHcys, indicated by recruitment of
macrophages and T-cells, was also significantly suppressed by both genetic and pharmacological
inhibition of NADPH oxidase. These results from in vivo animal experiments further support the
view that NADPH oxidase-mediated redox signaling promotes the formation and activation of
NALP3 inflammasomes in podocytes during hHcys. Again, to our knowledge, these findings
represent the first in vivo experimental evidence that triggering of NALP3 inflammasomes is
attributed to NADPH oxidase-mediated redox signaling, which results in local inflammation in

glomeruli during hHcys.
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We also performed in vitro and in vivo experiments to address the functional relevance of
NADPH oxidase-mediated triggering of NALP3 inflammasomes on Hcys-stimulated podocyte
and glomerular injury. Podocytes, the epithelial cells lining the outermost layer of the glomeruli,
are essential for proper filtration, and injury to podocytes is indicative of impaired glomerular
filtration, in time leading to glomerular sclerosis (13,15). Foot process effacement, considered as
the hallmark sign of podocyte injury, is usually accompanied by the destruction of the actin
cytoskeleton, increased expression of slit diaphragm molecule and podocyte injury factor desmin,
and reduction of the slit diaphragm molecule podocin which is important for cell polarity and
survival. In the presence of Hcys, inhibition, gene deletion or silencing of either inflammasome
component ASC or NADPH oxidase subunit gp91P"** was able to preserve the morphological
structure of podocytes by keeping the distinct arrangement of the F-actin fibers intact and was
functionally able to maintain podocin expression and prevent desmin expression. In vivo studies

showed that gp91°"™*"~

and gp91lds-tat-treated mice had less hHcys-induced podocyte injury
indicated by the preservation of podocin staining and podocyte number compared to
hyperhomocysteinemic gp91°"** mice. Although such protection of podocytes observed in in
vivo experiments may be due to a suppressed inflammatory response (Figure 7), it is interesting
to note that in in vitro experiments the direct effects of suppressed inflammasome or NADPH
oxidase also protect the functional and structural integrity of podocytes, even before a typical
inflammatory response is instigated. This non-inflammatory effect or direct action on podocytes
has been reported to be associated with IL-1pB-induced podocyte dysfunction (22). In addition to

the detrimental actions of hHcys-induced inflammatory response, the early effect of activated

inflammasome products, like IL-1p, directly on podocytes may also importantly contribute to
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podocyte injury. If triggering of such inflammasomes by NADPH oxidase-derived ROS is
blocked, both direct and indirect effects of inflammasome activation in the induction of

podocytes injury may be blocked, as shown in our results.

Corresponding to protection of podocytes from Hcys-induced injury, inhibition of inflammasome
activation by deletion of gp91°" gene or inhibition of NADPH oxidase activity significantly
ameliorated hHcys-induced glomerular injury in mice, as shown by improved proteinuria and
albuminuria and decreased sclerotic changes in morphology of glomeruli from mice with hHcys.
Inhibition of this inflammasome-triggering mechanism not only protects podocytes from injury,
but also prevents glomerular sclerosis, which may be due to decreased podocyte injury as well as
suppressed local glomerular inflammatory response. This NADPH oxidase-derived ROS may act
as redox signaling messengers to activate the inflammasome, which serves as the bridging and
amplifying mechanism leading to a robust inflammatory response that eventually progresses to
glomerular sclerosis. These findings provide evidence that either targeting the inflammasomes
directly or targeting the mechanisms leading to their activation may be an effective therapeutic
strategy for the prevention and early treatment of glomerular sclerosis and other end-stage organ

damage resulted from hHcys.

In summary, the present study demonstrated that in the very early stages of glomerular damage,
Hcys in vitro or hHcys in vivo stimulated the formation and activation of the NALP3
inflammasome, which initiated early injurious events in podocytes and glomeruli, leading to
more serious glomerular injury and ultimate sclerosis. This NALP3 inflammasome activation,

podocyte injury, and the glomerular pathology induced by hHcys could be substantially

17
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suppressed by inhibition of NADPH oxidase. These results may establish a new concept that
NADPH oxidase-derived ROS upon Hcys stimulation trigger the formation and activation of
NALP3 inflammasomes and thereby produce IL-1B and other factors, leading to podocyte and

glomerular injury, potentially progressing into glomerular sclerosis.

18
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INNOVATION

hHcys stimulates the formation and activation of a novel intracellular inflammatory machinery,
termed the inflammasomes, leading to podocyte injury and eventual glomerular sclerosis. The
present study for the first time demonstrates that hHcys-induced activation of inflammasomes in
podocytes is attributed to NADPH oxidase-mediated redox signaling, where the production of
ROS may not only be involved in inflammation-induced tissue injury by oxidative damage, but
may also serve as signaling molecules to regulate this very early activation of the

inflammasomes.
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MATERIALS AND METHODS

Animals

1phox+/+ lphox—/—

Eight-week old, male gp9 and gp9 mice (Jackson Laboratories, Bar Harbor, ME,
USA) were uninephrectomized to accelerate renal injury, as described previously (32). After
allowing a week for recovery after surgery, gp91""*"* and gp91°"* " mice were fed either a
normal diet or a folate-free (FF) diet for 4 weeks to induce hHcys (34). Another group of

1P"™ mice were injected intraperitoneally with gp91ds-tat or scrambled gp91ds-tat at a

gp9
dose of 5 mg/kg every day, while being maintained on the FF diet for 4 weeks (10). This custom
gp91lds-tat peptide constructed with a tat sequence to enable cell membrane penetration and
inhibition of NADPH oxidase, was synthesized by RS Synthesis (Louisville, KY) with the
following amino acid sequence: YGRKKRRQRRRCSTRIRRQL. gp91P"™** gp91P"™*"~ and
gp91lds-tat mice were placed in metabolic cages and urine samples were collected for 24 hours
before collecting blood samples, sacrificing, and harvesting tissues for analysis. All protocols

were approved by the Institutional Animal Care and Use Committee of Virginia Commonwealth

University.

Confocal microscopic detection of inflammasome proteins

Indirect immunofluorescent staining was used to determine the colocalization of inflammasome
proteins in both podocytes and in glomeruli of the mouse kidney. Detailed double
immunofluorescent staining detection methods are presented in the online supplementary

materials.

20
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Size-exclusion chromatography: SEC was performed in podocytes as described previously (33).

The detailed SEC method was presented in the online supplementary materials.

All other methods are described in the online supplementary materials.
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LIST OF ABBREVIATIONS

APO: apocynin; ASC: apoptosis associated speck-like protein; ASCsi: ASC siRNA; Ctrl:
Control; DPI: diphenyleneiodonium; FF: folate-free diet; gp91pep: gp91lds-tat; gp91lsi: gp91P"™
SIRNA; Hcys: homocysteine; hHcys: hyperhomocysteinemia; IL-1p: interleukin-1p; NALP3:
NOD-like receptor protein; ND: Normal Diet; PAN: puromycin aminonucleoside; ROS: reactive

oxygen species; Scram: Scramble siRNA; SEC: size-exclusion chromatography; Vehl: Vehicle.
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FIGURE LEGENDS

Figure 1. NADPH oxidase inhibition attenuates inflammasome formation induced by
hHcys in podocytes. A. Confocal images representing the colocalization of NALP3 (green)
with ASC (red) and NALP3 (green) with caspase-1 (red) in podocytes. B. Summarized data
showing the fold change of PCC for the colocalization of NALP3 with ASC and NALP3 with
caspase-1. (n=6-7). Ctrl: Control; Vehl: Vehicle; gp9lpep: gp9lds-tat; DPI:
diphenyleneiodonium; Scram: Scramble siRNA; ASCsi: ASC siRNA; gp91si: gp91”"™ siRNA.

* P<0.05 vs. Control; # P<0.05 vs. Hcys.

Figure 2. Distribution of inflammasome components after size-exclusion chromatography
of podocytes. A. Elution profile of proteins from both a standard and podocyte samples at an
absorbance of 280 nm. Molecular mass of the samples were determined by comparison to a gel
filtration standard. B. Western blot analysis of protein fractions obtained from untreated, Hcys-
treated, and gp91lds-tat-treated podocytes probed with anti-NALP3 and ASC antibodies. C.
Summarized data showing the band intensities measured from the inflammasome complex
fractions (fractions 3-7) of NALP3 and ASC (n=4-6). Ctrl: Control; Vehl: Vehicle; gp91pep:
gp91ds-tat; DPI: diphenyleneiodonium; gp91sh: gp91”"™* shRNA, APO: apocynin. * P<0.05 vs.

Control; # P<0.05 vs. Hcys.

Figure 3. Effects of NADPH oxidase inhibition and ASC silencing on Hcys-induced
Caspase-1 activity, IL-1p secretion, and superoxide production in podocytes. A. Caspase-1
activity in groups treated with Hcys in the presence of various genetic and pharmacologic

inhibitors of NADPH oxidase and the inflammasome (n=6). B. IL-1p production in podocytes
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treated with Hcys in the presence of various genetic and pharmacologic inhibitors of NADPH
oxidase and the inflammasome (n=6). C. Hcys-induced O, production decreased with treatment
of NADPH oxidase inhibitors, but not genetic or pharmacologic inhibitors of the inflammasome
(n=5). D. Hcys induced superoxide production in microsomes isolated from cultured podocytes,
which was prevented by pharmacological NADPH oxidase inhibitors APO and gp91pep (n=4-5).
Ctrl: Control; Vehl: Vehicle; gp91pep: gp91lds-tat; DPI: diphenyleneiodonium; Scram: Scramble
SiRNA; ASCsi: ASC siRNA; gp91si: gp91P"* siRNA; APO: apocynin. * P<0.05 vs. Control; #

P<0.05 vs. Heys.

Figure 4. Amelioration of Hcys-induced podocyte dysfunction by NADPH oxidase and
inflammasome inhibitors. A. Immunofluorescence staining showed that inhibition of NADPH
oxidase activation by gp91°"™* siRNA, gp9lds-tat, apocynin and DPI, or inflammasome
inhibition by ASC siRNA or WEHD rescued Hcys-induced expression of podocyte marker
podocin (original magnification, x400). Inhibition of NADPH oxidase or inflammasome
activation also resulted in suppressed expression of podocyte injury marker desmin. B.
Summarized data shows the percentage of podocyte cells positive for podocin and desmin. C.
Microscopic images of F-actin by rhodamine-phalloidin staining (original magnification, x400).
PAN treatment served as a positive control. D. Summarized data from counting the cells with
distinct, longitudinal F-actin fibers. Scoring was determined from 100 podocyte cells on each
slide (n=5-6). Ctrl: Control; Vehl: Vehicle; gp91lpep: gp9lds-tat; DPI: diphenyleneiodonium;
Scram: Scramble siRNA; ASCsi: ASC siRNA; gp91si: gp91”"™ siRNA. * P<0.05 vs. Control; #

P<0.05 vs. Hcys.
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Figure 5. Attenuation of Hcys-induced inflammasome activation in the glomeruli of
gp917"**™~ and gp9lds-tat-treated mice on a FF diet. A. Colocalization of NALP3 (green)

with ASC (red), NALP3 (green) with caspase-1 (red), and NALP3 (green) with podocyte marker

1phox+/+ lphox—/—

podocin (red) in the mouse glomeruli of gp9 , gp91ds-tat, and gp9 mice fed a
normal or FF diet. B and C. Summarized data showing the correlation coefficient between
NALP3 with ASC and NALP3 with caspase-1 (n=7). D and E. Summarized data showing the
correlation coefficient between NALP3 with podocin and caspase-1 with podocin (n=4-5).

*P<0.05 vs. gp91°"™*** on Normal Diet; # P<0.05 vs. gp91°">** on FF Diet.

Figure 6. In vivo effect of NADPH oxidase inhibition on Hcys-induced caspase-1 activity,
IL-1p secretion, and superoxide production. A. Caspase-1 activity in gp91°"*"* gp91ds-tat,
and gp91P"*" mice with hHcys induced by the FF diet (n=6). B. IL-1B production induced by
hHcys was inhibited in both the mice treated with gp91ds-tat and in gp91°"™"" mice (n=6). C.

1phox—/—

Hcys-induced superoxide production was attenuated in the gp91ds-tat and gp9 groups

(n=5). * P<0.05 vs. gp91°"**** on Normal Diet; # P<0.05 vs. gp91°"**"* on FF Diet.

Figure 7. Inhibition of NADPH oxidase expression and activity prevented hHcys-induced
infiltration of macrophages and T-cells into the glomeruli. A. gp9lds-tat and gp91P"™"
mice prevented the increased expression and staining of macrophage marker F4/80 that is seen in

1P"™ on FF Diet. B. Summarized counts of F4/80 positive glomeruli (n=6). C. gp91ds-tat

gp9
and gp91°"™" mice prevented the increased expression and staining of T-cell marker CD43 that
is seen in gp91P"™*"* on FF Diet. D. Summarized counts of CD43 positive glomeruli (n=6). *

P<0.05 vs. gp91P"™** on Normal Diet; # P<0.05 vs. gp91°"** on FF Diet.
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Figure 8. Inhibition of NADPH oxidase expression and activity protected glomerular

1 phox+/+

function from hHcys-induced injury. A. Hyperhomocysteinemic gp9 mice produced

proteinuria, which was alleviated in the gp91°"™ or in the gp91ds-tat-treated mice (n=6). B.

X+/+

Hyperhomocysteinemic gp91""*"* mice produced albuminuria, where blockade of NADPH

oxidase in gp91P"*"~

mice or in gp91ds-tat-treated mice prevented this glomerular damage (n=6).
C. Glomerular morphological examination by PAS staining demonstrated that gp9lds-tat
administration or gp91°"~~ mice prevented capillary collapse, fibrosis, cellular proliferation and
expansion induced by hHcys (n=4-6). D. Glomerular damage index (GDI) was assessed by a

standard semiquantitative analysis to determine severity of glomerular sclerosis. * P<0.05 vs.

gp91P"*™* on Normal Diet; # P<0.05 vs. gp91""™*"* on FF Diet.
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NADPH Oxidase-Mediated Triggering of Inflammasome Activation in Mouse

Podocytes and Glomeruli during Hyperhomocysteinemia

Justine M. Abais*, Chun Zhang*, Min Xia®, Qinglian Liu? Todd W. B. Gehr®, Krishna M. Boini*

and Pin-Lan Li*

Departments of ‘Pharmacology and Toxicology, 2Physiology and Biophysics, and ®Internal
Medicine, Medical College of Virginia, Virginia Commonwealth University,
Richmond, VA 23298, USA

ONLINE SUPPLEMENTARY MATERIALS

MATERIALS AND METHODS

Cell culture

A conditionally immortalized mouse podocyte cell line, graciously provided by Dr. Paul E.
Klotman (Division of Nephrology, Department of Medicine, Mount Sinai School of Medicine,
New York, USA), was constructed with a temperature-sensitive variant of the simian virus
(SV40) containing a large T antigen (tsSA58) inducible by interferon-y at 33°C, allowing for
cellular proliferation. These cells were cultured and maintained on collagen-coated flasks in
RPMI 1640 medium supplemented with 10% fetal bovine serum, 10 U/ml recombinant mouse
interferon-y, 100 U/ml penicillin and 100 mg/ml streptomycin. The podocytes were then

passaged and allowed to differentiate at 37<C for two weeks without interferon-y before use in
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the experiments stated below. Podocytes were treated with L-Hcys, which is considered to be
the pathogenic form of Hcys, at a concentration of 40 uM for 24 hours, a dose and treatment time

chosen based on previous studies (5).

Confocal microscopic detection of inflammasome proteins

Indirect immunofluorescent staining was used to determine colocalization of the inflammasome
proteins in both podocytes and in glomeruli of the mouse kidney. For the colocalization in
podocytes, cells were seeded on poly-L-lysine-coated chambers and pre-treated with various
NADPH oxidase and inflammasome inhibitors before incubation with 40 uM L-Hcys for 24
hours. Pharmacological NADPH oxidase inhibitors apocynin (100 uM), diphenyleneiodonium
(10 uM), and gp91ds-tat peptide (5 uM) were added to the cells 1 hour prior to Heys treatment.
Cells were fixed with 4% PFA for 15 minutes, washed with PBS, blocked with 1% BSA in PBS,
and incubated overnight at 4<C with the following primary antibodies: goat anti-NALP3 (1:200;
Abcam, Cambridge, MA) with rabbit anti-ASC (1:50; Enzo, Plymouth Meeting, PA), or goat
anti-NALP3 (1:200) with mouse anti-caspase-1 (1:100; Abcam, Cambridge, MA). For the
colocalization in the mouse glomeruli, frozen slides were fixed in acetone then incubated
overnight at 4<C with goat anti-NALP3 (1:200) and rabbit anti-ASC (1:50), or goat anti-NALP3
(1:200) and mouse anti-caspase-1 (1:100). To further confirm the presence of the
inflammasomes specifically in the podocytes of the mouse glomeruli, NALP3 or caspase-1 was
co incubated with a podocin antibody (1:400; Sigma, St. Louis, MO). Double
immunofluorescent staining was achieved by incubating with either Alexa-488 or Alexa-555-
labeled secondary antibodies for 1 hour at room temperature. After washing, slides were

mounted with a DAPI-containing mounting solution, and then observed with a confocal laser
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scanning microscope (Fluoview FV1000, Olympus, Japan). As previously described, images
were analyzed by the Image Pro Plus 6.0 software (Media Cybernetics, Bethesda, MD), where

colocalization was measured and expressed as the Pearson Correlation Coefficient.

Size-exclusion chromatography

Cultured podocytes were treated with or without Hcys and various inhibitors according to the
methods mentioned above. Protein was extracted from the homogenized cells with the following
protein extraction buffer: 20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid-KOH (ph
7.5), 10 mM KCI, 1.5 mM Na-EDTA, 1 mM Na-EGTA, and 1x protease inhibitor cocktail
(Roche Applied Science, Indianapolis, IN). Samples were ultracentrifuged at 18,0009 for 10
minutes at 4<C, protein concentration of the supernatant was measured, and 1 mg of protein was
run on a Superose 6 10/300 GL Column connected to an AKTAprime plus chromatography
system (GE Healthscience, Uppsala, Sweden). Fractions (600 ul) were collected starting at the
void time and analyzed by western blot. 5x loading buffer was added directly to the samples,
heated at 95<C for 5 minutes, run on a SDS-polyacrylamide gel, and transferred to a PVDF
membrane. After blocking, the membrane was probed with anti-NALP3 (1:300, Abcam) and
anti-ASC (1:1000, Enzo) overnight at 4<C, followed by incubation with horseradish peroxidase-
labeled 1gG (1:3000). The bands were detected by chemiluminescence, visualized on Kodak

Omat X-ray films, and band density analyzed by the ImageJ software (NIH, Bethesda, MD).
ASC and gp91°"* siRNA transfection

Both ASC and gp91°" siRNA were purchased from Qiagen (Valencia, CA) and confirmed by

the company to effectively silence the ASC and gp91""™ genes. A nonsilencing, double-stranded

44
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RNA (Qiagen) was used as a negative control. Briefly, podocytes were incubated with serum-

free medium for 15 minutes prior to ASC, gp91°"™

, or scrambled siRNA transfection using the
siLentFect Lipid Reagent (Bio-Rad, Hercules, CA) according to the manufacturer’s instructions.
After 18 hours of incubation at 37<C, the medium was changed, and cells were treated with 40

uM Hcys for 24 hours.

Caspase-1 activity, IL-1p production, and albumin excretion

Caspase-1 activity was measured by a commercially available colorimetric assay kit (Biovision,
Mountain View, CA). IL-1p production was measured by a commercially available ELISA kit
(R&D System, Minneapolis, MN), according to the manufacturer’s instructions. Urinary
albumin excretion was also measured using a commercially available mouse albumin ELISA kit

(Bethyl Laboratories, Montgomery, TX).

Electromagnetic spin resonance (ESR) analysis of superoxide production

Protein from cultured podocytes was extracted using a sucrose buffer, and then prepared for
analysis by resuspension in a modified Krebs-Hepes buffer containing deferoximine (100 uM;
Sigma, St. Louis, MO, USA) and diethyldithiocarbamate (5 uM; Sigma). To measure NADPH
oxidase-dependent superoxide production, | mM NADPH substrate was added to 50 pg protein,
and each sample was read twice and examined in the presence or absence of superoxide
dismutase  (SOD, 200 U/ml;  Sigma). 1-hydroxy-3-methoxycarbonyl-2,2,5,5-
tetramethylpyrrolidine (CMH, 1mM), a superoxide specific spin trapping compound, was added
to the sample before being loaded into a glass capillary, and analyzed in an ESR spectrometer for

10 minutes (1). Results were obtained by taking the difference between the total CMH signal
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without SOD and the SOD-specific signal, and all values were expressed as the fold changes of

the control.

Indirect immunofluorescent staining

Cells cultured in 8-well chambers were fixed in 4% paraformaldehyde (PFA) for 15 min. After
rinsing with phosphate-buffered saline, cells were incubated overnight in 4<with rabbit anti-
podocin (1:200, Sigma) or mouse anti-desmin (1: 200, BD Pharmingen, San Jose, CA)
antibodies. After washing, the slides were incubated with Alexa 488-labeled secondary
antibodies for 1 h at room temperature. After being mounted with DAPI-containing mounting
solution, the slides were observed under a fluorescence microscope, and photos were taken and
analyzed (1). For each chamber, at least 50 cells in 4 nonover lapping fields were counted for
podocin and desmin positive cells, and calculated as the percentage of the total number of cells

counted.

F-actin staining

To determine the role of NADPH oxidase and inflammasome activation in Hcys-induced
cytoskeleton changes, podocytes were cultured in 8-well chambers. After pretreatment with
different inhibitors for 30 min, the cells were treated with L-Hcys (40 uM) or puromycin
aminonucleoside (PAN, 100 pg/mL, Sigma, St. Louis, MO) for 24 h. After washing with PBS,
the cells were fixed in 4% PFA for 15 min at room temperature, permeabilized with 0.1% Triton
X-100, and blocked with 3% bovine serum albumin. F-actin was stained with rhodamine—
phalloidin (Invitrogen, Carlsbad, CA) for 15 min at room temperature. After mounting, the slides

were examined by a confocal laser scanning microscope (Fluoview FVV1000, Olympus, Japan).
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Cells with distinct F-actin fibers were counted as described previously (4). Scoring was obtained

from 100 podocytes on each slide in different groups.

Immunohistochemistry

Kidneys were embedded with paraffin and 5 um sections were cut from the embedded blocks.
After heat-induced antigen retrieval, CD43 staining of T cells and WT-1 staining of podocytes
required citrate buffer antigen retrieval, while F4/80 staining of macrophages required Proteinase
K antigen retrieval. After a 20 min wash with 3% H,0O, and 30 min blocking with serum, slides
were incubated with primary antibodies diluted in phosphate-buffered saline (PBS) with 4%
serum. Anti-CD43 (1:50; Santa Cruz Biotechnology, Santa Cruz, CA), anti-F4/80 (1:50; AbD
Serotec, Raleigh, NC), and anti-WT-1 (1:50; Abcam, Cambridge, MA) antibodies were used in
this study. After incubation with each of these primary antibodies overnight, the sections were
washed in PBS and incubated with biotinylated 1gG (1:200) for 1 h and then with streptavidin-
HRP for 30 min at room temperature. 50 pul of DAB was added to each kidney section and
stained for 1 min. After washing, the slides were counterstained with hematoxylin for 5 min. The
slides were then mounted and observed under a microscope in which photos were taken. All of

the glomeruli in the cortical fields were counted and used for analysis in each slide (2).

Glomerular morphological examination

Renal tissues were fixed with a 10% formalin solution, paraffin-embedded, and stained with
periodic acid-Schiff (PAS). Renal morphology was observed using a light microscope, and
glomerular sclerosis was assessed semiquantitatively and expressed as glomerular damage index

(GDI) (3). Fifty glomeruli per slide were counted and scored as 0, 1, 2, 3, or 4, according to O,
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<25, 25-50, 51-75, or >75% sclerotic changes, respectively, across a longitudinal kidney section.
The GDI for each mouse was calculated by the formula ((N1 ><1) + (N2 >x2) + (N3 ><3) + (N4
>4))/n, where N1, N2, N3, and N4 represent the numbers of glomeruli exhibiting grades 1, 2, 3,

and 4, respectively, and n is the total number of glomeruli scored.

Co-immunoprecipitation (Co-1P)

Control and Hcys-treated podocytes were scraped in PBS, pelleted by centrifugation, and
resuspended in IP lysis buffer (30 mM Tris-HCI, 150 mM NaCl, 2 mM EDTA, 1% Triton X-100,
10% glycerol, 1x Protease Inhibitor). After a 10 minute incubation and aspiration through a 22
gauge needle, the lysate supernatant was precleared by incubation with Protein A/G PLUS-
Agarose Beads (Santa Cruz, sc-2003) in 4< Precleared supernatant was incubated with 2|g
antibody against ASC (Enzo, Plymouth Meeting, PA) for 4 hours on a rocker in 4< Beads were
added for an additional 1 hour, immunoprecipitates collected by centrifugation at 1,000g for 5
minutes and then washed three times with IP lysis buffer with centrifugation after each wash.
Pellet was resuspended in 2x sample buffer, boiled, and analyzed for NALP3 or caspase-1

protein expression by SDS-PAGE and Western blotting.

Microsome isolation

Podocyte cell lysate was subject to centrifugation at 1000g for 10 minutes at 4°to remove the
nuclear fraction. The collected supernatant was then centrifuged at 10000g for 20 minutes at 4°
to remove the granular fraction. The resulting supernatant was assayed for protein concentration
to normalize protein loading across all samples, and subject to a final centrifugation at 1000009

for 90 minutes at 4 °to separate the microsomes (pellet) and cytosolic fraction (supernatant). The
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isolated pellet was then immediately assayed by electromagnetic spin resonance analysis as

described above.

Statistical analysis
All results are expressed as mean = SEM, and significance was determined by using one-way
ANOVA followed by the Tukey-Kramer post hoc test. x*test was used to determine significance

of ratio and percentage data. P<0.05 was considered statistically significant.
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RESULTS

Scrambled gp91lds-tat peptide had no effect on hHcys-induced inflammasome formation

We performed additional in vitro and in vivo experiments using a scrambled gp91ds-tat peptide
to serve as a control. Confocal microscopic analysis demonstrated that scrambled gp9lds-tat
peptide did not influence inflammasome formation during either control or Hcys treatment in
cultured podocytes (Supplementary Figure S2A).  Furthermore, electron spin resonance
experiments showed that the scrambled gp91ds-tat peptide also did not affect NADPH oxidase-

derived O, production in podocytes (Supplementary Figure S2B).

To further confirm the effect of scrambled gp91ds-tat peptide in vivo in experimental hHcys
mice, using confocal microscopy we determined the colocalization of NALP3 with ASC or
caspase-1 in glomeruli of hyperhomocysteinemic mice with or without scrambled gp91ds-tat
peptide treatment. Consistent with in vitro studies, scrambled gp91ds-tat peptide had no effect on

inflammasome formation in control or hyperhomocysteinemic mice (Supplementary Figure S2C).

gp91lds-tat peptide administration blocked Hcys-induced loss of podocyte number

To further demonstrate the presence of podocyte injury, we performed immunohistochemical
staining of WT-1, a podocyte specific marker, to demonstrate the diminished number of
podocytes within the glomeruli of hyperhomocysteinemic mice. It was found that hHcys induced
a significant decrease in podocyte number compared to control mice and this effect was

substantially blocked in those receiving the gp91ds-tat peptide (Supplementary Figure S3).
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FIGURE LEGENDS

Figure S1. NADPH oxidase inhibition attenuated Hcys-induced immunoprecipitation of
inflammasome proteins. A. Immunoprecipitation and Western blot analysis of the interaction
of NALP3 and caspase-1 with ASC in lysates of Hcys-treated podocytes. B and C. Summarized
data of the Western blot intensities of NALP3-coimmunoprecipitated with ASC (B) and caspase-

1-coimmunoprecipitated with ASC (C) (n=5). * P<0.05 vs. Control; # P<0.05 vs. Hcys.

Figure S2. Scrambled gp91ds-tat peptide had no effect on hHcys-induced inflammasome
formation in vitro and in vivo. A. Colocalization of NALP3 (green) with ASC (red) and
NALP3 (green) with caspase-1 (red) in cultured podocytes (n=4). B. Scrambled gp91ds-tat
peptide did not influence NADPH oxidase-derived O," production in either control or Hcys-
treated podocytes (n=3). C. Scrambled gp9lds-tat peptide did not affect hHcys-induced
inflammasome formation and colocalization between NALP3 (green) with ASC (red) and
NALP3 (green) with caspase-1 (red) in glomeruli of mice (n=3). Ctrl: Control; Vehl: Vehicle;

Scrmds-tat: Scrambled gp91ds-tat peptide. * P<0.05 vs. Control; # P<0.05 vs. Hcys.

Figure S3. Amelioration of Hcys-induced podocyte injury by inhibition of NADPH oxidase
expression and activity in mice fed a FF diet. Colocalization of NALP3 (green) with podocyte
marker, desmin (red) and caspase-1 (green) with desmin (red) in the mouse glomeruli of

gp91P"** gp91ds-tat, and gp91P"™”" mice fed a normal or FF diet (n=4).

Figure S4. Attenuation of podocyte loss in the glomeruli of gp91ds-tat peptide-treated mice.

A. Representative images of WT-1-stained glomeruli in control and gp91ds-tat peptide mice on
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4-5). * P<0.05 vs. gp91""™*™* on Normal Diet; #
53

numbers per glomerulus in each group (n

either normal or FF diet (Original magnification, x400). B. Summarized data showing podocyte
P<0.05 vs. gp91P"™*** on FF Diet.
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