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Amelioration of Lipopolysaccharide-Induced Nephrotic
Proteinuria by NFATS Depletion Involves Suppressed NF-«xB
Activity

Shubo Zhai,' Meina Li,” Baichao Sun,' and Yanyan Han’*

Abstract— Idiopathic nephrotic syndrome (INS) is characterized by proteinuria, in which
podocyte dysfunction associated with NF-kB-mediated inflammation plays an important role.
The nuclear factor of activated T cells 5 (NFATS) has been shown to enhance NF-«B activity.
However, whether NFATS is associated with proteinuria remains uncharacterized. NFATS is
upregulated in the glomeruli in lipopolysaccharide (LPS)-induced mouse nephrotic protein-
uria, as well as in LPS-treated podocytes in vitro. In addition, NFATS depletion improves
filtration barrier function of LPS-treated podocytes in vitro. Mechanistically, NFATS deple-
tion suppresses NF-kB activation and downstream proinflammatory reaction in LPS-treated
podocytes, and moreover, NF-kB inhibition improves filtration barrier function of LPS-
treated podocytes, suggesting that the suppressed NF-«kB activity at least partly accounts
for NFATS depletion-improved filtration barrier function. Furthermore, in vivo, depletion of
NFATS suppresses NF-kB activity and ameliorates nephrotic proteinuria in LPS-treated mice.
These findings suggest a protective role of NFATS depletion against LPS-induced nephrotic

proteinuria and relate it to the suppression of NF-kB activity.
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INTRODUCTION

Proteinuria is commonly caused by the dysfunction of
kidney glomerulus, a highly organized structure with spe-
cialized function that selectively controls the ultrafiltration
of plasma so as to prevent the leakage of essential proteins
from the blood [1]. Proteinuria is a major risk factor for
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both renal and extrarenal diseases, including idiopathic
nephrotic syndrome (INS), a disorder predominantly oc-
curring in children and imposing significant clinical chal-
lenges due to frequent relapse [2]. Podocytes are special-
ized epithelial cells lining the glomerulus that play a crucial
role in the maintenance of the glomerular filtration barrier
(GFB) in the kidney, and accordingly, injury to these
podocytes inevitably leads to the dysfunction of GFB and
occurrence of proteinuria in human and experimental ani-
mal models [3, 4].

Transcription factors of nuclear factor-xB (NF-
kB) family are central regulators of inflammatory re-
sponses in almost all mammalian cells [5]. Under
unstimulated condition, NF-kB resides in the cytosol
in the form of an inactive dimer which binds to inhib-
itory protein IkB, whereas, upon stimulation such as
lipopolysaccharide (LPS) treatment, IkB is
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phosphorylated and then degraded in a proteasomal-
dependent manner, whereby releasing NF-«B from IkB
constraint and permitting its translocation into the nu-
cleus for initiating transcription of target genes, like
cytokines, chemokines, and adhesion molecules [6].
Previous studies have shown that NF-kB is activated
in podocytes of patients with INS and rats with passive
Heymann nephritis [7, 8]. Furthermore, systemic ad-
ministration of NF-kB inhibitors was found to amelio-
rate proteinuria in animal models, which suggests that
targeting the activated NF-«kB in podocytes could be a
potential therapeutic option for treating proteinuria [9,
10]. The nuclear factor of activated T cells 5 (NFATS),
belonging to the NFAT/Rel family of transcription fac-
tors, is related to NF-kB and activated by osmotic
stress [11]. Recently, NFAT5 was reported to enhance
NF-kB transcriptional activity through associating with
p65-containing complexes [12]. The association be-
tween NFATS and p65 was also observed in HLE-B3
cells upon exposure to ultraviolet B [13]. In addition,
NFATS silencing reduces NF-kB activation in NR8383
alveolar macrophage cells [14]. These studies suggest
that NFATS could serve as a positive regulator of NF-
kB activity.

LPS is composed of lipid A and oligosaccharide from
the cell wall of gram-negative bacteria, and its treatment is
known to induce podocyte injury in vitro and transient
proteinuria in animal model [15-17]. In the current study,
by utilizing models of LPS-induced injury in the immor-
talized mouse podocytes and proteinuria in mice, we in-
vestigated the possible role of NFATS5 involved in podocyte
function and proteinuria.

METHODS

Mice and LPS-Induced Nephrotic Proteinuria

Male BALB/c mice were used for establishing exper-
imental nephrotic proteinuria. Eight-week-old mice were
injected intraperitoneally with 300 pug LPS (Sigma, diluted
in 200 pl volume) for inducing proteinuria. Mice in parallel
group were injected with equivalent volume of vehicle.
Each group includes seven mice. After 36 h of injection,
mice were sacrificed and the kidneys of each mouse were
collected. All animal experiments were performed in ac-
cordance with the protocols approved by Institutional An-
imal Care and Use Committees of The First Hospital of
Jilin University.
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Isolation of Glomeruli

The glomeruli were isolated as described previous-
ly [18]. In brief, after sacrifice, the mouse kidneys were
removed and decapsulated. Then, the cortex was isolat-
ed, minced, and pushed through a 150-um mesh,
followed by pipetted through a 106-pum sieve. The ob-
tained homogenates were pipetted onto a 75-um sieve,
and then the filtrates were pushed through a 53-pum
sieve. The glomeruli were rinsed from both the 75-pum
and 53-um sieves. The isolated glomeruli were used for
further biochemical analyses.

Cell Culture, Treatment, and Transfection

The proliferative maintenance and differentiation in-
duction of immortalized mouse podocyte clone JR07 were
performed as described previously [19]. Briefly, podocytes
were maintained at 33 °C for expansion in complete RPMI
1640 media containing 10% FBS, 100 U/ml penicillin/
streptomycin, and 10 U/ml murine interferon-y. The differ-
entiation of podocytes was induced by removing murine
interferon-y and cultured for 10 days at 37 °C. For treat-
ment, different concentrations of LPS (Sigma-Aldrich,
L2630, dissolved in sterile saline) were added into the media
and podocytes were cultured for 24 h with or without 10 uM
Bay 11-7082. siRNA-mediated NFATS depletion was con-
ducted 2 days before LPS treatment. The transfection was
performed with Lipofectamine RNAimax Reagent
(ThermoFisher Scientific) according to the manufacturer’s
instructions. siRNAs were synthesized by GenePharma
(Shanghai, China). The final concentration of 20 nM
siRNAs was used. The sequences of siRNAs are listed as
follows: siNFAT5 SS sequence 5'-
CAGUUACUGUUACAAGUUACA-3"; siNFATS AS se-
quence 5'-sequence UAACUUGUAACAGUAACUGGG-
3'; siCtrl SS sequence 5'-CUUACGCUGAGUACUUCGA-
3"; and siCtrl AS sequence 5'-sequence
UCGAAGUACUCAGCGUAAG-3".

qRT-PCR Analysis

The total RNA was extracted from the isolated
glomeruli and podocytes using TRIzol Reagent Kit
(ThermoFisher Scientific), and then the complimentary
cDNA was prepared from 2 pg total RNA using
SuperScrip IV First-Strand Synthesis System
(ThermoFisher Scientific) according to the manufac-
turer’s instructions. The determination of mRNA levels
of targets was performed using SYBR Green qPCR
Master Mix (MedChemExpress) and a 7700 PCR
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Detection Instrument (Applied Biosystems). The cy-
cling condition was set as the following: 95 °C for
10 min, 40 cycles of 95 °C for 15 s, and 60 °C for
60 s, followed by a hold at 4 °C. Actb was used as an
endogenous control. The primers are listed below:
Nfat5 forward, 5-TCAACCCATGTCACCCCTAC-3',
reverse, 5'-TACAAAGGCTCTGTCGCTGA-3"; 1l1b
forward, 5'-TCAGGCAGGCAGTATCACTC-3', re-
verse, 5'-AGCTCATATGGGTCCGACAG-3'; Tnf for-
ward, 5'-AAGTCAACCTCCTCTCTGCC-3', reverse,
5'-TGGATGAACACCCATTCCCT-3'; and Actb for-
ward, 5-TCTTTGCAGCTCCTTCGTTG-3', reverse,
S5-TCCTTCTGACCCATTCCCAC-3'". Results were
analyzed by an automatic cycle threshold (Ct) setting
for assigning baseline and threshold for Ct
determination.

Western Blotting Analysis

Protein samples were obtained by lysing the iso-
lated glomeruli and podocytes in RIPA lysis buffer
(Solarbio, R0010). The preparation of nuclei and cyto-
plasmic extracts from podocytes was conducted with
the Nuclear/Cytosol Fractionation Kit (Biovision,
K266-25) according to the manufacturer’s instructions.
A mount of 30 pg proteins in each sample were sep-
arated by SDS-PAGE and then transferred onto PVDF
membrane. Membrane was blocked with 5% skim milk
diluted in TBST (0.05 M Tris, 0.138 M NaCl, 2.7 uM
KCl, 0.2% Tween 20, pH 8.0) prior to incubation
overnight with primary antibodies at 4 °C. The primary
antibodies were obtained from the following sources:
anti-NFATS (abcam, ab3446), [3-Actin (Santa Cruz, sc-
47778), p-IkBax (Cell Signaling, 2859), IkBax (Cell
Signaling, 4814), NF-kB p65 (Cell Signaling, 8242),
and histone 3 (Cell Signaling, 14269). After rinse with
TBST, membrane was incubated with goat anti-mouse
IgG-HRP (Santa Cruz, sc-2031) or goat anti-rabbit
IgG-HRP (Santa Cruz, sc-2030) secondary antibodies
for 1 h at room temperature. Membrane was washed
with TBST, and the protein bands were visualized with
ECL substrate (Pierce) according to the manufacturer’s
instructions. The protein band was analyzed by
Imagel.

Transwell Permeability Assay

Transwell permeability assay for albumin influx
was performed as previously described [20]. In brief,
podocytes were plated on the transwell filter (3 pum
size pore, Corning) of the top chamber. When podocyte
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monolayer reached complete confluency, podocytes
were serum starved overnight and treated with different
concentrations of LPS for 24 h in the presence or
absence of 10 uM Bay 11-7082. After treatment, the
media was removed and washed two times with
1 mmol/L MgCl, and 1 mmol/L CaCl,. Fresh normal
culture media were replenished in the top chamber,
whereas the culture media supplemented with
40 mg/ml bovine serum albumin were added into the
bottom chamber. Podocytes were cultured at 37 °C for
4 h, and then the media in the top chamber was
collected for quantifying albumin concentration with
the Bicinchoninic Acid Kit (Sigma) according to the
manufacturer’s instructions.

Proteinuria and Creatinine Quantification

After treatment, all mice were maintained in metabol-
ic cages with free access to chow and water. The urine was
collected for 24 h. The level of urine protein and creatinine
was quantified individually by using a Detergent Compat-
ible Protein Kit (Bio-Rad) and Creatinine Assay Kit (Cay-
man Chemical) according to manufacturer’s instructions.
The final result of proteinuria was normalized to creatinine
excretion. The serum creatinine level from the blood sam-
ple of mice was also measured using the Creatinine Assay
Kit.

Statistics

Data are presented as mean + standard deviation
(S.D.). The statistical significance between two groups
was calculated by the Student ¢ test. One-way ANOVA
followed by the Tukey post hoc test was used to compare
data among more than two groups. P value less than 0.05 is
considered to be significant.

RESULTS

NFATS Expression Is Upregulated in the Glomeruli of
Mice and Podocytes Treated with LPS

To explore whether NFATS is involved in proteinuria
and podocyte function, we first monitored its expression in
the glomeruli of a mouse model with nephrotic proteinuria
that was induced by LPS injection, which has been dem-
onstrated to be a valuable tool to study this sort of subject
[21]. gRT-PCR analysis showed that compared with vehi-
cle control, the mRNA level of NFATS5 was induced in the
glomeruli of LPS-treated mice (Fig. 1a). Likewise, the
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Fig. 1. NFATS5 expression is upregulated in the glomeruli of LPS-treated mice and LPS-treated podocytes. a—¢ Male BALB/c mice were injected
intraperitoneally with 300 pg LPS for inducing proteinuria. Equal volume of vehicle was injected as negative control (7 =7). After 36 h of injection, the
mRNA level of NFATS (a) in the glomeruli was determined by qRT-PCR analysis. The expression level was normalized to 3-Actin and expressed as relative to
vehicle control. b The NFATS protein level in the glomeruli was determined by westem blotting. The representative images are depicted. ¢ The expression of
NFATS was detected on renal specimens by immunohistochemistry. The representative images are shown. Scale bar, 50 pm. d, e Immortalized mouse
podocyte clone JRO7 was cultured in vitro and treated with increasing concentrations of LPS as indicated for 24 h. The mRNA level (d) and protein level (e)
of NFAT5 was determined. The expression level was normalized to §-Actin and expressed as relative to vehicle control (sterile saline, referred as 0 pg/ml
LPS). The representative images (left) and quantification of band intensity (right) are shown. Data are mean + S.D. Student ¢ test (a); one-way ANOVA
followed by Tukey post-hoc test (d, e). **P<0.01.

protein expression of NFATS was also upregulated
(Fig. 1b). Moreover, this tendency of NFATS expression
change was further confirmed by immunohistochemistry
analysis, showing enhanced NFATS staining on mouse
renal specimens and podocytes in the LPS-treated group
(Fig. 1c). To verify whether NFATS is upregulated in
podocytes when treated with LPS, a mouse podocyte
clone JRO7 was cultured in vitro [19] and then treated
with increasing concentrations of LPS. Indeed, LPS treat-
ment dose-dependently caused an elevated expression of
NFATS in podocytes in both mRNA (Fig. 1d) and protein
levels (Fig. le), as compared with the vehicle treatment.
Taken together, these results show that NFATS expression
is induced in mouse glomeruli and podocytes under the
treatment of LPS.

NFATS Depletion Improves Filtration Barrier
Function of LPS-Treated Podocytes

The upregulation of NFATS in the glomeruli of
mice with LPS-induced nephrotic proteinuria suggests
that it may play a role in disease pathogenesis. The
maintenance of glomerular filter function of podocytes
is crucial for preventing nephrotic proteinuria [22]. To
test whether NFATS affects filtration barrier function
of podocytes, we performed a well-established
paracellular albumin permeability experiment [23]
(Fig. 2a) and depleted NFATS expression in LPS-
treated podocytes via siRNA transfection (Fig. 2b).
Consistent with previous studies [24, 25], LPS treat-
ment increased albumin permeability across podocyte
monolayer; however, this effect was substantially
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Fig. 2. Depletion of NFAT5 improves filtration barrier function of LPS-treated podocytes. a The schema of the paracellular albumin permeability
experiment. Podocyte monolayer was plated onto the collagen-coated transwell filters (3 um pore) and cultured with media in the upper chamber. The
albumin solution was in the bottom chamber, and the albumin was allowed to transfer to the upper chamber. The amount of the albumin present in the upper
chamber was then quantified. b The podocytes were transfected with siRNA targeting control (siCtrl) or NFATS (siNFATS). After 48 h of transfection,
podocytes were treated with 0 or 25 pg/ml LPS for another 24 h. The protein level of NFATS was determined by western blotting. ¢ The podocytes transfected
with siCtrl or siNFATS were further treated with increasing concentrations of LPS as indicated for 24 h. The results of albumin influx across the podocyte
monolayer (mg/ml) are shown. Each column represents the mean value from five replicates. Data as mean +S.D. Student ¢ test. **P <0.01; NS, not

significant.

attenuated in NFAT5-depleted podocytes (Fig. 2c),
suggesting an ameliorating effect of NFAT5 knock-
down on filtration barrier function of LPS-treated
podocytes.

NFATS Depletion Suppresses NF-kB Activity, and NF-
kB Inhibition Improves Filtration Barrier Function of
LPS-Treated Podocytes

To gain insight into the molecular mechanism by
which NFATS influences podocyte function, we focused
on NF-kB pathway, a proinflammatory pathway that can
be activated by LPS and its activation has connection with
proteinuria progression [26, 27]. Besides, one study has
also shown that NFATS5 modulates NF-kB activity in
mCCD,;; and HepG2 cells [12]. We found that NFAT5
depletion in podocytes suppressed the NF-kB activity in-
duced by LPS treatment, as evidenced by decreased cyto-
plasmic p-IkBo and nuclear translocation of p65, as well
as recovered level of cytoplasmic IkBe (Fig. 3a). In accor-
dance with this result, the expression of downstream tar-
gets of NF-kB, including IL-13 (Fig. 3b) and TNF-«
(Fig. 3c), was significantly minimized when NFATS was
depleted. Collectively, these data suggest that NFATS
knockdown suppresses NF-«kB activity and downstream
proinflammatory reaction in LPS-treated podocytes.

To establish a causal link between suppressed NF-«B
activity and improved filtration barrier function of LPS-
treated podocytes by NFATS depletion, we inhibited NF-
kB activity in LPS-treated podocytes by a pharmacologic

NF-kB inhibitor, Bay 11-7082 [28]. Expectedly, Bay 11-
7082 treatment efficiently caused an inhibition of NF-«xB
activity in the presence of LPS stimulation, as shown by
the abrogated induction of expression of IL-1{3 (Fig. 3d)
and TNF-« (Fig. 3e). Keeping in line with the suppressed
NF-kB activity, Bay 11-7082 treatment starkly recovered
the increased albumin permeability across podocyte mono-
layer induced by LPS stimulation (Fig. 3f), indicating an
improved filtration barrier function of podocytes when NF-
kB activity is inhibited. This result suggests that the sup-
pressed NF-kB activity by NFATS depletion at least in part
accounts for its ameliorating effect on filtration barrier
function of LPS-treated podocytes.

NFATS Depletion Suppresses NF-kB Activity and
Ameliorates Nephrotic Proteinuria in LPS-Treated
Mice

To broaden our findings into in vivo setting, we per-
formed NFATS5 depletion in mice by transfecting NFATS
siRNA through the internal jugular vein. Western blotting
analysis showed an effective NFAT5 depletion in mouse
glomeruli (Fig. 4a). Consistent with in vitro results of
Fig. 3, LPS-induced NF-kB activity in mouse glomeruli
was significantly attenuated when NFATS was depleted, as
shown by decreased expression of IL-13 (Fig. 4b) and
TNF-o (Fig. 4c). More importantly, compared with the
siRNA control group injected with LPS, NFATS depletion
remarkably decreased LPS-induced proteinuria (Fig. 4d),
illustrating that NFATS depletion ameliorates nephrotic
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Fig. 3. Depletion of NFAT5 suppresses NF-kB activity and NF-kB inhibition improves filtration barrier function of LPS-treated podocytes. a—¢ The
podocytes were transfected with siCtrl or siNFATS. After 48 h of transfection, podocytes were treated with 0 or 25 pg/ml LPS for another 24 h. a The protein
level of p-IkBa, IkBe in the cytosol, and p65 in the nuclear was determined by western blotting. 3-Actin and H3 were used as loading controls, respectively.
b, ¢ The mRNA level of IL-13 (b) and TNF-« (¢) was determined by qRT-PCR analysis. The expression level was normalized to 3-Actin. (d—f) The
podocytes were treated with 0 or 25 pg/ml LPS for 24 h in the presence or absence of 10 uM Bay 11-7082. The mRNA level of IL-1(3 (d) and TNF-« (e) was
determined by qRT-PCR analysis. The expression level was normalized to 3-Actin. The results are expressed as relative to control. f The result of albumin
influx across the podocyte monolayer (mg/ml) is shown. Each column represents the mean value from five replicates. Data as mean + S.D. Student ¢ test.
**P<0.01.

proteinuria in LPS-treated mice, which may relate to the by various survival stresses and pathological stimuli [29].
suppressed NF-«B activity. But to date, the molecular mechanisms underlying
podocyte injury remain largely unclear, which may impede
the development of efficient therapeutic treatments. A

DISCUSSION growing body of evidence has pointed out that NF-xB
activity is activated during human and experimental kidney

Due to the central role involved in the proteinuric injury and exerts a vital role in orchestrating inflammatory
kidney diseases, the injury to podocytes has attracted much response by controlling the expression of numerous target
attention in recent researches, such as foot process efface- genes [27]. Moreover, inhibition NF-kB activity has been
ment, cytoplasmic vacuoles, blebs, disruption of organ- shown to ameliorate renal injury and proteinuria in animal

elles, plasma membrane, and cell death that can be caused models [10, 30]. These findings suggest that the
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Fig. 4. Depletion of NFATS5 suppresses the activity of NF-kB and ameliorates nephrotic proteinuria in LPS-treated mice. a—d Male BALB/c mice were
transfected with siCtrl or siNFAT5 (10 mg/kg) into the internal jugular vein using Invivofectamine (n =5). After 1 h after transfection, mice were injected
intraperitoneally with 300 pg LPS for inducing proteinuria. Equal volume of vehicle was injected as negative control. Glomeruli were harvested 36 h after
injection, and NFATS5 protein level (a) was determined by western blotting. The representative images (left) and quantification of band intensity (right) are
shown. 3-Actin was used a loading control. b, ¢ The mRNA level of IL-1 (b) and TNF-« (¢) in the glomeruli was determined by qRT-PCR analysis. The
expression level was normalized to 3-Actin, and the results are expressed as relative to control. Data are mean + S.D. Student 7 test. **P < 0.01. d Urine was
collected for 24 h. The proteinuria was quantified by urinary albumin/creatinine (mg/mg). Data are mean + S.D. Student ¢ test. **P < 0.01.

manipulation of NF-«kB activity may hold the potentiality
to interfere the disease progression of proteinuric kidney
diseases. Therefore, elucidating the regulatory pathway of
NF-kB activation in the context of podocyte injury is a task
of clinical significance. In the present study, we discovered
that NFATS was upregulated in the glomeruli of LPS-
treated mice and in LPS-treated podocytes, and function-
ally, NFATS5 depletion improved filtration barrier function
of LPS-treated podocytes. We further found that NFATS
depletion suppressed NF-kB activity and that NF-xB

inhibition improved filtration barrier function of LPS-
treated podocytes. At last, in the animal model with LPS-
induced nephrotic proteinuria, NFATS depletion was
shown to suppress the activity of NF-kB and ameliorate
disease symptom. Thus, these results connect the beneficial
role of NFATS knockdown in filtration barrier function of
podocytes and ameliorated proteinuria to the inhibited NF-
kB activation, underscoring the potentiality of targeting
NFATS5 and NF-«kB activity in interfering the disease pro-
gression of proteinuria.
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We first noticed that NFATS expression was upregu-
lated in the glomeruli of LPS-treated mice and in LPS-
treated podocytes at both transcript level and protein levels.
These results suggest that the transcription of NFATS in the
podocytes is induced upon the treatment of LPS. One pre-
vious study has reported that NFATS is expressed in
unstimulated macrophages and its expression is further in-
duced in an IKK 3-NF-kB-dependent manner upon toll-like
receptor (TLR) stimulation by LPS treatment [31]. When
activated, NFAT? acts as a transcriptional factor to regulate a
plethora of genes encoding cytokines, chemokines, proteins
that regulate nitric oxide production, cell cycle, proliferation,
and inflammation, for protecting cells from osmotic stress or
pathogen infection [31, 32]. It is possible that NFATS may
also be upregulated through IKK 3-NF-«B-dependent man-
ner under our experimental conditions; however, solid evi-
dence from future studies is needed to demonstrate whether
this is the case. If it is true, how NF-kB regulates the
transcription of NFATS is another intriguing subject deserv-
ing further investigation. Furthermore, the expression pat-
tern of NFATS in clinical nephrotic proteinuria samples is
still unknown, and clarifying this issue may help us to
understand whether NFATS is associated with nephrotic
proteinuria in clinical practice.

NFATS is conventionally considered to be regulated by
extracellular tonicity and plays an osmoprotective role by
regulating the expression of osmotic response element/TonE
elements of genes that participate in the activities against the
deleterious effects of cellular shrinkage [33]. Except for this
canonic function, enhancing NF-kB activity has also been
shown to contribute to the protective role of NFATS against
cell hypertonicity [12]. This finding seems to be in agreement
with our following results showing that NFATS knockdown
suppresses NF-kB activity in LPS-treated podocytes, as evi-
denced by decreased levels of p-IkB, nuclear translocation of
P65, and production of target genes, including IL-13, TNF-«,
and IkBa. In LPS-treated mice, NFAT5 knockdown in the
glomeruli also inhibits NF-kB activity, suggesting that the
mechanism of the positive regulation of NFATS5 on NF-«B
activity may be applied for both in vitro and in vivo condi-
tions. As far as we know, the role of NF-kB in the filtration
barrier function of podocytes has not yet been well
characterized.

CONCLUSIONS
We in the first time show that the inhibition of NF-«B by

Bay 11-7082 improves filtration barrier function of podocytes
treated with LPS in vitro, implying that the pro-inflammatory
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signaling eliciting by LPS through NF-«B is detrimental for the
maintenance of filtration barrier function of podocytes. This
notion may be supported by the evidence that the proinflam-
matory activity of NF-kB in podocytes aggravates injury to
podocytes and promotes proteinuria in an experimental mouse
glomerulonephritis [34]. Because NFATS deficiency causes
embryonic lethality in mice due to impaired cardiac develop-
ment and function [35], animal models specifically depleted of
podocyte NFATS may be a more useful tool to provide direct
clues to reveal the role of NFATS involved in podocyte injury
and proteinuria progression.
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