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Bcl3: a regulator of NF-κB inducible by TWEAK
in acute kidney injury with anti-inflammatory and
antiapoptotic properties in tubular cells

Jonay Poveda, Ana B Sanz, Susana Carrasco, Marta Ruiz-Ortega, Pablo Cannata-Ortiz, Maria D Sanchez-Niño1

and Alberto Ortiz1

Acute kidney injury (AKI) is characterized by tubular cell death and interstitial inflammation. TWEAK promotes experimental

kidney injury and activates the transcription factor NF-κB, a key regulator of genes involved in cell survival and inflammatory

response. In search of potential therapeutic targets for AKI, we compared a transcriptomics database of NF-κB-related genes

from murine AKI-kidneys with a transcriptomics database of TWEAK-stimulated cultured tubular cells. Four out of twenty-four

(17%) genes were significantly upregulated (false discovery rate, FDRo0.05), while nine out of twenty-four (37%) genes were

significantly upregulated at FDR o0.1 in both databases. Bcl3 was the top upregulated NF-κB-related gene in experimental AKI

and one of the most upregulated genes in TWEAK-stimulated tubular cells. Quantitative reverse transcription PCR (qRT-PCR),

western blot and immunohistochemistry confirmed Bcl3 upregulation in both experimental conditions and localized increased

Bcl3 expression to tubular cells in AKI. Transcriptomics database analysis revealed increased Bcl3 expression in numerous

experimental and human kidney conditions. Furthermore, systemic TWEAK administration increased kidney Bcl3 expression. In

cultured tubular cells, targeting Bcl3 by siRNA resulted in the magnification of TWEAK-induced NF-κB transcriptional activity,

chemokine upregulation and Klotho downregulation, and in the sensitization to cell death induced by TWEAK/TNFα/interferon-γ.
In contrast, Bcl3 overexpression decreased NF-κB transcriptional activity, inflammatory response and cell death while dampening

the decrease in Klotho expression. In conclusion, Bcl3 expressed in response to TWEAK stimulation decreases TWEAK-induced

inflammatory and lethal responses. Therefore, therapeutic upregulation of Bcl3 activity should be explored in kidney disease

because it has advantages over chemical inhibitors of NF-κB that are known to prevent inflammatory responses but can also

sensitize the cells to apoptosis.
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INTRODUCTION

Acute kidney injury (AKI) is characterized by an acute rise in
serum creatinine levels or a decrease in urine output and is
associated with the progression of chronic kidney disease
(CKD) and to an increase in short-term and long-term
mortality.1 There is no satisfactory treatment for this
condition.2 Recent consensus in definitions allows for the
recognition of AKI at earlier stages and thus even the
knowledge of incipient AKI has been advanced lately.3,4

This will hopefully facilitate clinical research examining early
management strategies of AKI. Correct understanding of the
pathophysiology of AKI will allow for the identification of
specific therapeutic agents and earlier biomarkers for clinical
practice.

The tumor necrosis factor (TNF) superfamily cytokine
TWEAK is a key promoter of acute and chronic kidney
injury.5–10 Neutralizing anti-TWEAK antibodies have gone to
clinical trials in lupus nephritis.10 The bulk of the renal cell
mass is composed of tubular cells, and it is the tubular cell
death or injury that is the main morphological feature of
AKI.11 In tubular cells, TWEAK induces inflammatory
responses, downregulates Klotho and, in presence of additional
inflammatory cytokines, promotes cell death.12–14 These
actions are thought to contribute to kidney injury and are
related to the activation of the transcription factor NF-κB.13
TWEAK promotes both the early canonical NF-κB pathway
activation characterized by nuclear translocation of RelA
and the prolonged activation of the non-canonical pathway
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characterized by increased DNA-binding activity of the
p52/RelB NF-κB complex.9,15 Parthenolide is an inhibitor
of the canonical pathway of NF-κB activation. TWEAK
induces the parthenolide-sensitive expression of monocyte
chemoattractant protein 1 (MCP-1)/CCL2 and RANTES/CCL5
chemokines13 and downregulation of Klotho expression.8

There is histological evidence of NF-κB activation in human
diabetic nephropathy, glomerular disease and AKI.15 NF-κB
was found to be activated in glomerular and tubular cells and
correlated with the parameters associated with severe renal
diseases, such as proteinuria or inflammation.16–20 In experi-
mental renal disease, NF-κB is activated in podocytes and
mesangial cells during glomerular injury and in tubular cells
during the course of proteinuria. It is also activated in primary
tubulointerstitial diseases, including ischemia/reperfusion
injury, urinary tract obstruction and septic or toxic
AKI.9,13,15,21–23 NF-κB activation promotes inflammation,
regulates fibrosis and may protect from cytokine-induced cell
death.15 However, there is little information on the contribu-
tion of individual NF-κB-regulatory proteins in these actions.
This knowledge is required to design better therapeutic
approaches. Hence, there has not yet been any approach
specifically targeting NF-κB in the clinic for kidney disease.

We recently showed that the NF-κB-regulatory protein
NFκBiz was decreased during AKI, despite having higher than
normal mRNA levels.24 Evidence from functional assessment
have shown that in kidney cells, NFκBiz downregulation
increased chemokine production, dampened TWEAK-
induced Klotho downregulation and rendered the cells more
resistant to inflammation-induced apoptosis. This suggests that
NFκBiz may have anti-inflammatory properties in tubular
epithelium. However, it can also result in cell death and
downregulation of the anti-aging and tissue-protective protein
Klotho. Overall, the properties of NFκBiz are thus not well
suited for therapeutic intervention, given its opposing effects
on inflammation and cell death. Here we have explored the
function of B-cell leukemia protein 3 (Bcl3) in kidney cells.
Bcl3 is yet another NF-κB regulator, and through a transcrip-
tomics analysis of kidney tissues, we have identified it for its
potential relevance in kidney injury.

Bcl3 is a member of the IκB family of NF-κB regulatory
proteins that was first identified as a candidate proto-oncogene
in patients with chronic lymphocytic leukemia.25 However,
Bcl3 may have different functions in different cell types. Unlike
other IκBs, Bcl3 is a predominantly nuclear protein containing
a trans-activation domain, and it can be recruited to
NF-κB-responsive promoters, resulting in transcriptional
activation or repression depending on the subunit composition
of NF-κB complexes.26–29 Thus, Bcl3 specifically inhibits the
DNA binding of homodimeric p50 or p52.28 By blocking
ubiquitination of p50, Bcl3 stabilizes the p50 complex that
inhibits gene transcription. Moreover, Bcl3 can also act as a
co-activator for p50 and p52 dimers.27 It associates tightly with
p52 homodimers, forming a ternary complex with DNA at κB
sites. Tethering of Bcl3 to DNA via the p52 homodimer allows
Bcl3 to trans-activate directly, which is not possible for p52

homodimers alone.27 In addition, Bcl3 can interact with other
transcriptional regulators, including the AP-1 transcription
factors c-Jun and c-fos,30 STAT131 and PPARγ.32 Because of
these properties, elevated Bcl3 expression has been shown to
promote increased cell proliferation, survival and malignant
potential in breast cancer cell lines.33

To date, there are no data on Bcl3 expression or function
in kidney cells. However, Bcl3 was the top upregulated
NF-κB-related gene found in experimental AKI, and one of
the most upregulated genes in TWEAK-stimulated tubular
cells. In this study, we explored the regulation of Bcl3
expression and Bcl3 function in kidney tubular cells. We found
that inflammatory stimuli induce Bcl3 expression and, in turn,
Bcl3 contributes to block inflammatory and lethal responses
to inflammatory stimuli in tubular cells. Thus, Bcl3 over-
expression could have advantages over chemical inhibitors of
NF-κB which, despite being able to prevent inflammatory
responses, also sensitize the cells to apoptosis.8,13,34

MATERIALS AND METHODS

Cells and reagents
Mouse cortical tubule cells (MCT) murine tubular epithelial cells were
grown in Roswell Park Memorial Institute (RPMI) 1640 (Life
Technologies, Grand Island, NY, USA) medium with 10% heat
inactivated fetal bovine serum, 2 mM glutamine, 100 Uml− 1 penicillin,
100 μg ml− 1 streptomycin, in 5% carbon dioxide at 37 °C.35 For
experiments, the cells were rested in serum-free media for 24 h prior
to the addition of stimuli. Two hundred thousand cells were seeded in
60-mm-coated plates (Costar, Sigma-Aldrich, St Louis, MO, USA) for
RNA extraction and western blot or in 12-well plates (Costar, Sigma-
Aldrich) for flow cytometry experiments. Cells were stimulated with
TWEAK (Millipore, Bedford, MA, USA), interferon-γ (INFγ) and
TNFα (PeproTech, Rocky Hill, NJ, USA). The concentrations of
TWEAK, TNFα and INFγ used were derived from prior detailed dose–
response studies.12,13 Unless otherwise specified, TWEAK was used at
100 ng ml− 1 based on these past studies and dose–response studies of
the effect on Bcl3 expression.

Transfection of small interfering RNA
Cells were grown in six-well plates (Costar, Cambridge, MA, USA)
and transfected with a mixture of 35 nmol ml− 1 Bcl3 siRNA (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), Opti-MEM I Reduced
Serum Medium and Lipofectamine RNAiMAX Transfection Reagent
(Invitrogen, Paisley, UK; Life Technologies). After 18 h, the cells were
washed and cultured in complete medium for 24 h and serum-
depleted for 24 h before stimulation. A scrambled siRNA construct
(Ambion, Applied Biosystems, Foster City, CA, USA) was used as the
control. Cells were silenced for Bcl3 and 48 h later stimulated with
TWEAK for 24 h.

Bcl3 transfection
Cells were grown in six-well plates (Costar) and transfected with a
mixture of 0.5 μg Bcl3 overexpressing plasmid in the pCMV6 vector
(OriGene, Rockville, MD, USA), Opti-MEM I Reduced Serum
Medium and Lipofectamine 3000 transfection reagent (Invitrogen)
following the manufacturer’s instructions. The transfected cells were
selected with neomycin.
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Cell death
Morphological characterization of apoptosis was assessed by fixation of
cells with formalin and staining of nuclei with 4′,6-diamidino-2-
phenylindole (Sigma-Aldrich) to observe the typical morphological
changes as previously described.12 For assessment of apoptosis by flow
cytometry, cells were silenced using Bcl3 or scrambled siRNA, rested
in serum-free media for 24 h and then stimulated for 24 h with a lethal
cytokine cocktail (100 ng ml− 1 TWEAK, 30 ng ml− 1 TNFα and
30 UI ml− 1 interferon-γ (IFNγ)) for 24 h.12 The adherent cells were
pooled with the spontaneously detached cells and incubated in
propidium iodide (PI) 100 μg ml− 1, NP-40 0.05%, RNAse A
10 μg ml− 1 in phosphate-buffered saline at 4 °C for 43 h. This assay
permeabilized the cells, allowing PI to stain both live and dead cells.
The percentage of apoptotic cells with decreased DNA staining
(hypodiploid cells) was quantified by flow cytometry using BD
CellQuest Software (BD Biosciences, San Jose, CA, USA).

RNA extraction and real-time polymerase chain reaction
Total RNA was extracted from tissues and cells by the TRI Reagent
method (Roche, Mannheim, Germany) and 1 or 4 μg RNA was
reverse-transcribed with High-Capacity cDNA Archive Kit (Applied
Biosystems). Pre-developed primers and probe assays (PDAR) were
acquired from Applied Biosystems. Quantitative PCR was performed
on an ABI Prism 7500 sequence detection PCR system (Applied
Biosystems) according to the manufacturer’s protocol using the ΔΔCt
method. Expression levels are given as ratios to GAPDH.

Western blot
Western blots were performed as previously described.36 The
membranes were incubated overnight at 4 °C with rabbit polyclonal
anti-Bcl3 antibody (1:500, Santa Cruz Biotechnology), caspase-3
(1:1000, Cell Signaling, Danvers, MA, USA), PCNA (1:1000, Cell
Signaling), Klotho (1:1000, Calbiochem, San Diego, CA, USA) or
mouse anti-tubulin monoclonal antibody (1:10 000, Sigma-Aldrich)
followed by incubation with horseradish peroxidase-conjugated sec-
ondary antibody (1:2000, Amersham, Aylesbury, UK). The blots were
developed with the enhanced chemiluminescence method (ECL)
following the manufacturer’s instructions (Amersham).

Enzyme-linked immunosorbent assay
Cells were stimulated with TWEAK at 100 ng ml− 1 for 3 h. The
concentration of murine MCP-1 in the cell culture supernatants was
determined by enzyme-linked immunosorbent assay following the
manufacturer’s instructions (R&D Systems, Minneapolis, MN, USA).

Confocal microscopy
Cells were fixed in 4% paraformaldehyde and permeabilized in 0.2%
Triton X-100 in phosphate-buffered saline for 10 min, washed in
phosphate-buffered saline and incubated overnight at 4 °C with rabbit
polyclonal anti-Bcl3 (1:50, Santa Cruz Biotechnology), followed by
1 h incubation with the appropriate FITC secondary antibody (1:300,
Sigma-Aldrich). Filamentous actin was stained with phalloidin
(1:1000) and cell nuclei were counterstained with 4′,6-diamidino-2-
phenylindole. After washing, the cells were mounted in ProLong Gold
Antifade Reagent (Life Technologies), and analyzed with a DM-IRB
confocal microscope (Leica DM, Bannockburn, IL, USA).

NF-κB luciferase reporter gene assay
The silenced cells or cells overexpressing Bcl3 were transfected
with Lipofectamine 3000 transfection reagent (Invitrogen, Life

Technologies) according to the manufacturer’s instructions.
pNF-κB-Luc (Stratagene, La Jolla, CA, USA) and pRLTK vectors,
containing the luciferase gene Renilla (Promega, Madison, WI, USA),
were used in a ratio of 10:1. The medium was replaced with RPMI
without serum 6 h after transfection. The following day, the cells were
treated with 100 ng ml− 1 TWEAK for 3 h. Luciferase activity was
determined by a luciferase assay system (Promega) and a luminometer
(Berthold, Nashua, NH, USA) and normalized to Renilla activity to
control for differences in transfection efficiency. TNF-α was used as a
control.

Electrophoretic mobility shift assay
Cells were resuspended in buffer A (10 mmol l− 1 HEPES, pH 7.8,
15 mmol l− 1 KCl, 2 mmol l− 1 MgCl2, 1 mmol l− 1 PMSF,
0.1 mmol l− 1 EDTA and 1 mmol l− 1 DDT) and homogenized. Nuclei
and cytosolic fractions were separated by centrifugation at 1000 g for
10 min. The nuclei (pellet) were washed twice in buffer A and
resuspended in the same buffer, with a final concentration of
0.39 mol l− 1 KCl. Nuclear proteins were extracted for 1 h at 4 °C
and centrifuged at 100 000 g for 30 min. Supernatants containing the
nuclear proteins were dialyzed in buffer C (50 mmol l− 1 HEPES,
pH 7.8, 50 mmol l− 1 KCl, 10% glycerol, 1 mmol l− 1 PMSF,
0.1 mmol l− 1 EDTA and 1 mmol l− 1 DDT) and then cleared by
centrifugation and stored at − 80 °C. The protein concentration
was determined by the bicinchoninic acid method. Electrophoretic
mobility shift assay was carried out as previously described.13

Animal models
These studies were approved by the IIS-FJD animal ethics committee
and followed Directive 2010/63/EU on the protection of animals used
for scientific purposes.
For experimental AKI, 12- to 14-week-old female WT or FN14 KO

C57/BL6 mice37 received a single intraperitoneal (i.p.) injection of
folic acid (Sigma-Aldrich) at 250 mg kg− 1 in 0.3 mol l− 1 sodium
bicarbonate (AKI) or vehicle alone (controls) and were killed 1, 2, 3, 7
and 14 days later as previously described.9,38 C57/BL6 mice (12- to
14-week old) received a single i.p. injection of 20 mg kg− 1 cisplatin
(Sigma-Aldrich) or saline (controls) and were killed 3 days later (n= 5
per group). In addition, healthy 12- to 14-week-old mice were killed
48 or 72 h after a single i.p. injection of either 0.5 μg per mouse
TWEAK (Alexis, Läufelfingen, Switzerland) or vehicle (200 μl 0.9%
NaCl).39 The dose of TWEAK was estimated from cell culture
dose–response studies, adjusted for the estimated extracellular volume
of mice and validated as promoting TWEAK-induced signaling in the
kidneys in vivo.
The mouse kidneys were perfused with cold saline in situ before

removal. One kidney from each mouse was fixed in buffered formalin,
embedded in paraffin and stained with hematoxylin–eosin or used for
immunohistochemistry. The other kidney was snap-frozen in liquid
nitrogen for protein and RNA studies.

Immunohistochemistry and immunofluorescence
Immunohistochemistry was carried out in 3-μm-thick paraffin-
embedded tissue sections as previously described.37 The samples were
incubated with primary anti-Bcl3 (1:100 Santa Cruz Biotechnology)
antibody overnight at 4 °C. Secondary horseradish peroxidase-
conjugated antibody was applied on the samples for 1 h. The sections
were counterstained with Carazzi’s hematoxylin. The samples
were dehydrated and mounted in Depex. Images were analyzed with
Image-Pro Plus software (Media Cybernetics, Silver Spring, MD, USA).
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For immunofluorescence, the samples were incubated with anti-
Bcl3 (1:100 Santa Cruz Biotechnology) overnight at 4 °C, followed by a
secondary Alexa Fluor 488- or 633-conjugated antibodies for 1 h. Cell
nuclei were counterstained with 4′,6-diamidino-2-phenylindole. After
washing, the cells were mounted in ProLong Gold Antifade Reagent
(Life Technologies) and analyzed. Some sections were subsequently
incubated with the proximal tubule marker, fluorescein-conjugated
tetragonolobus lotus lectin (1:33, Sigma-Aldrich).40

Six human kidney tissue samples were obtained from the
IIS-FJD biobank (age 65–80 years, three males, serum creatinine
0.73–3.1 mg dl− 1) with or without AKI. AKI was defined by a serum
creatinine increase of 0.3 mg dl− 1 within 48 h or by histological
evidence of AKI.

AKI transcriptomics
Affymetrix transcriptomic arrays of kidney tissue were analyzed at
Unidad Genómica Moncloa, Fundación Parque Científico de Madrid,

Madrid, Spain, following the manufacturer’s protocol.7 Image files
were initially obtained through the Affymetrix GeneChip Command
Console Software. Subsequently, Robust Multichip Analysis was
performed using the Affymetrix Expression Console Software. Starting
from the normalized Robust Multichip Analysis, the Significance
Analysis of Microarrays was performed using the limma package
(Babelomics, http://www.babelomics.org), using a false discovery rate
(FDR) of 5% to identify genes that were significantly differentially
regulated between the analyzed groups. Transcriptomic analysis was
performed in cultured MCT cells exposed to 100 ng ml− 1 TWEAK or
vehicle for 6 h and in kidney samples from mice 24 h after being
injected with folic acid (AKI) or vehicle.

Database search
The following databases were searched for Bcl3 expression in kidney
disease: GEO profiles (http://www.ncbi.nlm.nih.gov/geoprofiles/?
term= bcl3+kidney), Kidney & Urinary Pathway Knowledge Base

Table 1 NF-κB-related genes in AKI kidney and TWEAK-stimulated tubular cell transcriptomics

AKI vs control kidney TWEAK vs control in cultured cells

Official

name Other names

Mean fold-change

(AKI and TWEAK)

Fold

change P-value

Adj. P-value

(FDR)

Fold

change P-value

Adj. P-value

(FDR)

Bcl3 BCL4 2.71 3.15 0.0000 0.0049 2.27 0.0047 0.0941
Nfkbie RP1-302G2.2, IKBE 2.585 1.62 0.0001 0.0068 3.55 0.0000 0.0175
Nfkbid IkappaBNS 2.11 1.36 0.0014 0.022 2.86 0.0000 0.0205
Nfkb2 NF-kB2, p105, p52 2.055 1.94 0.0000 0.0057 2.17 0.0000 0.0168
Map3k14 Nik, aly 1.925 1.57 0.0015 0.023 2.28 0.0000 0.0153
Relb I-REL, IREL, REL-B 1.78 1.58 0.0003 0.012 1.98 0.0005 0.0592
Nfkbiz IKBZ, INAP, MAIL 1.745 2.54 0.0001 0.0068 0.95 0.9765 0.9917
Nfkbia ikB-alpha, IKBA, MAD-3, NFKBI 1.625 1.22 0.045 0.18 2.03 0.0028 0.0827
Ikbke IKK-E, IKK-i, IKKE, IKKI 1.475 1.17 0.09 0.3 1.78 0.0025 0.0811
Nfkb1 NF-kB1, NF-kappaB, NFKB-p105,

NFKB-p50, NFkappaB, p105, p50
1.465 1.57 0.0062 0.050 1.36 0.0047 0.0940

Tnfaip3 A20, OTUD7C, TNFA1P2 1.455 1.32 0.0064 0.051 1.59 0.0002 0.0504
Rela NFKB3, p65 1.405 1.46 0.0022 0.028 1.35 0.0010 0.0668
Nfkbib ikB-beta, IKBB, TRIP9 1.355 1.14 0.097 0.3 1.57 0.0002 0.0553
TONSL Tonsoku-like, DNA repair protein, Nfkbil2 1.25 1.55 0.0010 0.019 0.95 0.4412 0.7158
Ikbkap DYS, ELP1, FD, IKAP, IKI3, TOT1 1.135 1.21 0.1 0.3 1.06 0.4318 0.7092
Rel C-Rel 1.13 1.54 0.0075 0.056 0.72 0.0279 0.1903
Ikbkb IKK-beta, IKK2, IKKB, NFKBIKB 1.11 1.14 0.047 0.2 1.08 0.2034 0.5095
Ikbkg AMCBX1, FIP-3, FIP3, Fip3p,

IKK-gamma, IP, IP1, IP2, IPD2, NEMO
1.08 1.12 0.2 0.5 1.04 0.5315 0.7779

Nfkbil1 IKBL, LST1, NFKBIL, Def-7 1.04 0.96 0.6 0.8 1.12 0.2063 0.5111
Nfrkb INO80G, NA-binding protein R kappa-B;

nuclear factor related to kappa-B-binding
protein

1.03 1.01 0.8 0.9 1.05 0.2670 0.5751

Otud7b CEZANNE, ZA20D1 0.955 1.12 0.2 0.5 0.79 0.0070 0.1064
Ikbip IKIP 0.95 1.24 0.0075 0.056 0.66 0.0090 0.1159
Cyld HSPC057, BRSS, CDMT, CYLD1, CYLDI,

EAC, MFT, MFT1, SBS, TEM, USPL2
0.775 1.02 0.8 0.9 0.53 0.0079 0.1110

Chuk IKBKA, IKK-alpha, IKK1, IKKA,
NFKBIKA, TCF16

0.685 0.85 0.02 0.12 0.52 0.0009 0.0652

Fold-change in expression from folic acid-treated mouse kidneys (AKI) vs vehicle-treated mouse kidneys at 24 h and from tubular cells cultured in the presence of
100 ng ml−1 TWEAK vs vehicle for 6 h are shown. Bold fonts denote genes that are significantly (FDRo0.05) upregulated in both experimental conditions. Within each
experimental condition, fold-changes in bold fonts denote genes that are significantly (FDRo0.05) upregulated in that condition. Genes are ranked by the mean fold-
change from both experimental conditions used to find TWEAK regulated NF-κB-related genes that are of potential interest for AKI. Increased Bcl3 expression in both
models was validated by qRT-PCR and western blot.
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(kupkb at http://www.kupkb.org/) and Nephromine (http://www.
nephromine.org/).

Statistics
Statistical analyses were performed using SPSS 17.0 statistical software.
The results are expressed as the mean± s.e.m. Significance at the
Po0.05 level was assessed by Student’s t-test for two groups and
analysis of variance for three or more groups of data.

RESULTS

Bcl3 expression is increased in AKI
TWEAK targeting protects from experimental AKI induced by
a folic acid overdose or ischemia/reperfusion13,41 as well as
from other experimental nephropathies.10 TWEAK promotes
the activation of NF-κB.15 To search for potential mediators of
TWEAK effects during AKI, we performed a transcriptomics
analysis of NF-κB-related genes in a model of folic acid-
induced AKI and in cultured murine renal tubular cells
stimulated with 100 ngml− 1 TWEAK for 6 h. This analysis
disclosed that 4/24 (17%) NF-κB-related genes were signifi-
cantly upregulated (FDRo0.05) while 9/24 (37%) genes were
upregulated at FDRo0.1 in both databases. No gene was
downregulated at FDRo0.05 in both databases simultaneously.
When assessing the mean fold-change in upregulated genes in
both databases, Bcl3 topped the list (Table 1). Bcl3 was
upregulated in kidney tissue during AKI (Figure 1a) where
expression of Bcl3 mRNA correlated with that of Fn14
(TWEAK receptor) mRNA (Figure 1b). Bcl3 was also
upregulated in cultured tubular cells exposed to TWEAK
(Figure 1c) qRT-PCR confirmed an increased in Bcl3 mRNA
expression in whole kidneys from day 1 through day 7 after
AKI induction, with partial recovery by day 14 (Figure 2a). By
contrast, serum creatinine, a marker of renal dysfunction,
peaked at days 1–3 and returned to normal values by day 7.8

Western blot assessment of Bcl3 protein expression confirmed
its upregulation during AKI (Figure 2b). Immunohistochem-
istry revealed that Bcl3 was localized in the nuclei of tubular
cells (Figure 2c), supporting the hypothesis that tubular cells
may be targets of TWEAK during kidney injury. Lectin staining
further revealed that Bcl3 was expressed in the nuclei of
proximal as well as non-proximal tubular cells (Figure 2d).
Tubular Bcl3 expression was also increased in human AKI
(Supplementary Figure 1) and in a cisplatin-induced AKI
model (Supplementary Figure 2).

Database search
Our database search disclosed that Bcl3 is also
upregulated in a variety of experimental and human
nephropathies, both acute and chronic (Table 2). Thus,
understanding the role of Bcl3 in tubular cells may be
relevant for nephropathies beyond AKI in both humans and
experimental animals.

TWEAK increases Bcl3 expression in tubular cells in vitro
and in vivo
On the basis of the transcriptomics data that showed
upregulation of Bcl3 expression in cultured proximal tubular
cells and immunohistochemistry data that showed upregulation
of nuclear Bcl3 levels in tubular cells during AKI,
further studies were conducted in cultured tubular cells. In
cultured tubular cells, 100 ng ml− 1 TWEAK increased Bcl3
mRNA expression in dose-dependent (Figure 3a) and
time-dependent manners (Figure 3b). TWEAK also increased
Bcl3 protein expression assessed by western blot (Figure 3c).

Figure 1 Kidney Bcl3 expression is increased during AKI
and TWEAK increases Bcl3 in cultured tubular cells.
(a) Transcriptomics analysis of Bcl3 expression in kidney samples
from experimental AKI, expressed as the mean± s.e.m. Mice were
injected with folic acid or vehicle 24 h before killing. Control values
were considered to be 100%. N=3, *Po0.01. (b) Transcriptomics
show a positive correlation between Bcl3 and TWEAK receptor
Fn14 mRNA in AKI. (c) Transcriptomics of murine renal tubular
cells showed increased Bcl3 mRNA expression upon stimulation
with TWEAK at 100 ng ml−1 for 6 h (N=3, *Po0.001).
Mean± s.e.m. from three independent experiments.
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In addition, immunofluorescence showed that TWEAK pro-
moted Bcl3 translocation to the nucleus (Figure 3d). To study
the effects of TWEAK on Bcl3 in vivo, healthy mice received a
single TWEAK injection intraperitoneally. Both Bcl3 mRNA
and protein expression increased in kidneys from TWEAK-
injected mice in a time-dependent manner (Figure 4a and b).

To further confirm the effect of TWEAK on Bcl3 expression,
we explored the effect of Fn14 deficiency on Bcl3 expression in
AKI in mice. Both Bcl3 mRNA and protein expressions were
lower in kidneys from mice deficient in the TWEAK receptor
Fn14 than in wild-type controls after induction of AKI with
folic acid (Figure 4c and d).

Figure 2 Increased kidney Bcl3 expression in AKI is localized to tubular cells. Mice were injected with folic acid and killed at days 1, 2,
3, 7 and 14 (5 mice per group). Serum creatinine, a marker of renal dysfunction, peaked at days 1–3 and returned to normal values by
day 7.8 (a) Kidney Bcl3 mRNA levels. Quantitative PCR with reverse transcription (qRT-PCR). Mean± s.e.m. *Po0.004, #Po0.02 vs
control. (b) Bcl3 protein assessed by western blot. Mean± s.e.m., *Po0.002 vs control. (c) Bcl3 protein immunohistochemistry. Note
nuclear Bcl3 staining in AKI tubules (arrowheads). (d) Bcl3 protein immunofluorescence. Tetragonolobus lotus lectin stains of proximal
tubular cells. Note nuclear Bcl3 staining in AKI proximal and non-proximal tubules.
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Bcl3 silencing results in increased inflammatory gene
expression in response to TWEAK
In tubular cells, TWEAK activates NF-κB as assessed by
increased DNA-binding activity and reporter gene transcription
(Supplementary Figures 3 and 4). To investigate the function
of Bcl3 in tubular cells, Bcl3 expression was downregulated
with a specific siRNA (Figure 5a and b). Then, the cells
were stimulated with 100 ngml− 1 TWEAK for 24 h. Bcl3
downregulation did not significantly modify the proliferation
or apoptosis rates, neither serum-deprived nor in TWEAK-
treated cells (Figure 5c and d). Because TWEAK upregulates
the expression of inflammatory genes in tubular cells in an
NF-κB-dependent manner,13 we tested the impact of Bcl3
silencing on TWEAK-induced expression of these inflamma-
tory genes. Bcl3 targeting increased the inflammatory response
to TWEAK, increasing MCP-1, CXCL10 and RANTES mRNA

levels assessed by quantitative PCR with reverse transcription
(Figure 5e,g and h) and protein expression of the chemokine
MCP-1 (Figure 5f). NF-κB transcriptional activity, assayed
with an NF-κB reporter construct, was higher in Bcl3-silenced
cells treated with TWEAK than in non-silenced cells
(Supplementary Figure 4).

Bcl3 silencing increases apoptosis in cultured tubular cells
exposed to an inflammatory milieu
To determine the role of Bcl3 in apoptosis, tubular cells were
exposed to a lethal cytokine cocktail composed of TWEAK–
TNFα–IFNγ that upregulated Bcl3 expression, and this was
inhibited by parthenolide (Figure 6a). Because we had pre-
viously characterized parthenolide as an inhibitor of NF-κB in
this system,8 these data indicated that the Bcl3 upregulation
was NF-κB-dependent. TWEAK–TNFα–IFNγ increased both

Table 2 Bcl3 mRNA expression in kidney disease according to transcriptomics databases

Condition Comparator Species Fold-change P-value Database Reference

Brain death tubulointerstitium Cadaveric vs Living donor Human 1.45 0.057 Nephromine 53

Brain death tubulointerstitium Cadaveric vs Living donor Human 1.69 0.001 Nephromine 54

Hypertension tubulointerstitium Hypertension vs Living donor Human 1.12 0.009 Nephromine 54

Diabetic nephropathy tubulointerstitium Diabetes vs minimal change disease Human 1.22 0.04 Nephromine 53

IgA nephropathy tubulointerstitium Nephrotic vs Sub-nephrotic proteinuria Human 1.18 0.039 Nephromine 55

Glomerulonephritis
Tubulointerstitium

Rapidly progressive glomerulonephritis
vs Healthy living donor

Human 1.18 0.043 Nephromine 54

Thin basement membrane disease
Tubulointerstitium

Thin basement membrane disease
vs Healthy living donor

Human 1.21 0.009 Nephromine 54

Minimal change glomeruli Minimal change vs Normal control Human 1.58 0.001 Nephromine 56

Membranous glomerulonephritis
Glomeruli

Membranous glomerulonephritis
vs Healthy living donor

Human 1.19 0.008 Nephromine 54

Thin basement membrane disease
Glomeruli

Thin basement membrane disease
vs Healthy living donor

Human 1.15 0.006 Nephromine 54

Diabetic nephropathy Glomeruli Diabetic nephropathy vs Healthy living donor Human 1.2 0.027 Nephromine 54

Lupus nephritis Glomeruli Lupus nephritis vs Healthy living donor Human 1.09 0.042 Nephromine 54

Kidney graft Nephrotoxicity, chronic allograft nephropathy
vs Normal kidney

Human 1.34 0.044 Nephromine 57

Kidney graft, living donor Kidney dysfunction vs Normal kidney Human 1.46 0.0004 Nephromine 58

Kidney graft, cadaveric donor Acute rejection vs No rejection Human 1.49 0.0004 Nephromine 58

Lupus nephritis Glomeruli MRLLpr vs Control Mouse 12.1 KUPKB 59

Lupus nephritis Proteinuria vs No proteinuria Mouse 2.46 0.000002 Nephromine 60

Aquaporin-11 deficiency effect on
the kidney

AQP11 null vs Control Mouse 3.15 0.001 GEO Profiles 61

Nephronophthisis GLIS2 mutant vs WT Mouse 1.58 0.002 GEO Profiles 62

Dent disease CLCN5 null vs WT Mouse 1.46 0.048 GEO Profiles 63

Hypertension Hypertension vs Normotension Mouse 1.13 0.024 GEO Profiles 64

Hypertension Hypotension vs Normotension Mouse 1.31 0.014 GEO Profiles 64

Methylmalonic acidemia-associated
renal disease

MMA mutant vs WT Mouse 1.28 0.005 GEO Profiles 65

Methylmalonic acidemia-associated
renal disease

MMA heterozygote vs WT Mouse 1.12 0.027 GEO Profiles 65

Cephaloridine effect on the kidney Cephaloridine vs Control Rat 2.5 0.009 GEO Profiles 66

Salt-sensitive hypertension Dahl vs Control Rat 2.12 0.007 GEO Profiles 67

Polycystic kidney disease Polycystic kidney disease vs Control Rat 1.41 0.0002 KUPKB 68

(GEO profiles (http://www.ncbi.nlm.nih.gov/geoprofiles/?term=bcl3+kidney), Kidney & Urinary Pathway Knowledge Base (kupkb at http://www.kupkb.org/) and
nephromine (http://www.nephromine.org/)).
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Bcl3 mRNA and protein expressions in a time-dependent
manner, which peaked at 3 h (Supplementary Figure 5a
and b). Bcl3 silencing rendered the cells more sensitive to
TWEAK–TNFα–IFNγ-induced apoptosis, confirmed by the
presence of both hypodiploid cells and the typical apoptotic,
pyknotic and fragmented nuclei from morphological assessment
(Figure 6b–d). This sensitivity to apoptosis due to Bcl3 silencing
may have been occurring through caspase activation, due to
the fact that Bcl3 silencing magnified the appearance of
cleaved (active) caspase-3 in response to TWEAK–TNFα–IFNγ
(Figure 6e).

Bcl3 overexpression prevents apoptosis in cultured tubular
cells exposed to an inflammatory milieu
To confirm the function of Bcl3 in tubular cells, Bcl3 was
overexpressed by means of a specific plasmid (Figure 7a). Bcl3
upregulation did not modify the baseline proliferation or
apoptosis rates (Figure 7a and e). However, in Bcl3-

overexpressing cells, the inflammatory response to TWEAK
was milder, with lower MCP-1, RANTES and CXCL10 mRNA
levels (Figure 7b–d). NF-κB transcriptional activity in response
to TWEAK was also milder in Bcl3-overexpressing cells than in
wild-type cells (Supplementary Figure 4). To confirm the role
of Bcl3 in apoptosis, tubular cells were exposed to the
lethal cytokine cocktail TWEAK–TNFα–IFNγ for 24 h. Bcl3
upregulation protected the cells from TWEAK–TNFα–IFNγ-
induced apoptosis (Figure 7e and f).

Bcl3 modulates Klotho expression in cultured tubular cells
Klotho, a kidney-expressed protein with anti-aging and
nephroprotective functions, is decreased by inflammatory
stimuli such as TWEAK.8,42–44 Bcl3 targeting reduced
Klotho mRNA and protein expression and magnified the
decrease in Klotho expression induced by TWEAK stimulation
(Figure 8a and b). In contrast, Bcl3 overexpression increased

Figure 3 TWEAK increases Bcl3 expression in dose-dependent and time-dependent manners in cultured tubular cells. (a) Tubular cells
were exposed to different concentrations of TWEAK for 1 h. Quantitative PCR with reverse transcription. Mean± s.e.m. of three
independent experiments, *Po0.02, #Po0.035 vs control. (b) Tubular cells were exposed to 100 ng ml−1 TWEAK for 1–24 h. N=3,
*Po0.001, #Po0.027 vs control. (c) Western blot shows that TWEAK at 100 ng ml−1 for 6 h increased nuclear Bcl3 protein in tubular
cells. Histone-3 was used as loading control. N=3, *Po0.004 vs control. (d) TWEAK at 100 ng ml−1 increased nuclear Bcl3 assessed by
immunofluorescence.
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Klotho expression and lessened TWEAK-induced Klotho
downregulation (Figure 8c).

DISCUSSION

For the first time, we have explored the regulation of the
expression and the function of Bcl3 in kidney tubular
epithelium. The main findings are that Bcl3 expression is
increased in the tubular epithelium during AKI and that in
tubular cells, Bcl3 is induced by pro-inflammatory stimuli. In
turn, Bcl3 contributes to the quenching of inflammatory
responses, which protects the cells from apoptosis and increases
the expression of the protective and anti-aging protein Klotho.
Bcl3 was found to be upregulated in numerous kidney
conditions both in humans and experimental animals,
suggesting that these results likely have an impact
beyond AKI.

Unlike other members of the IκB family, Bcl3 contains a
transactivation domain, and can be recruited to promoters,
resulting in transcriptional activation or repression, depending

on the transcriptional complex formed.45–47 We have observed
Bcl3 upregulation in AKI, a process characterized by release of
cytokines, inflammation and tubular cell death. Furthermore,
we have confirmed that Bcl3 is upregulated in tubular cells by
the pro-inflammatory cytokine TWEAK, a promoter of AKI,
and translocates to the nucleus where it regulates gene
expression. Bcl3 expression in tubules is also increased
in vivo and translocates to the nucleus upon TWEAK injection,
while Fn14 (TWEAK receptor) deficiency prevents Bcl3
upregulation in AKI. Thus, TWEAK is a key Bcl3 regulator
both in cell culture and in vivo in tubular cells.

Bcl3 silencing and overexpression studies have provided
some insights into the function of inducible Bcl3 in tubular
cells in response to cytokines. The results showed that except
for cell proliferation, Bcl3 targeting magnified all the cellular
responses that were studied, including increased chemokine
expression and cell death, and further decreased Klotho
expression, while Bcl3 overexpression had the opposite effect.

Figure 4 TWEAK increases Bcl3 expression in healthy kidneys in vivo and Fn14 targeting prevents Bcl3 upregulation in AKI. (a) Systemic
TWEAK administration increased kidney Bcl3 mRNA expression assessed by qRT-PCR. Mean± s.e.m. of five mice per group. *Po0.04,
**Po0.002, vs control. (b) Immunohistochemistry showed the increased Bcl3 protein levels in kidney in response to TWEAK localized to
tubular nuclei. (c) FN14 knockout (KO) and wild-type (WT) mice were injected with folic acid 24 or 72 h before killing. Bcl3 mRNA was
assessed by qRT-PCR. N=6 animals per group, mean± s.e.m., *Po0.02, #Po0.014 vs control. (d) FN14 KO and WT mice were injected
with folic acid 24 or 72 h before killing. Bcl3 protein expression was assessed by western blot. N=6 animals per group, mean± s.e.m.,
*Po0.013, #Po0.029 vs control.
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Figure 5 Bcl3 silencing results in an increased tubular cell inflammatory response to TWEAK. (a) Bcl3 siRNA silences Bcl3 protein
expression assessed by western blot. Tubular cells were transfected with Bcl3 or control siRNA for 18 h and then washed and collected at
24, 48 and 72 h. (b) Bcl3 siRNA silences Bcl3 mRNA expression. Tubular cells were transfected with Bcl3 or control siRNA. Bcl3 mRNA
expression was measured by qRT-PCR. N=3, *Po0.002. (c) Bcl3 downregulation did not modify the apoptosis rate in cells stimulated
with 100 ng ml−1 TWEAK for 24 h. N=3. (d) Bcl3 downregulation did not modify the proliferation rate in cells stimulated with
100 ng ml−1 TWEAK for 24 h. N=3. (e) In Bcl3-targeted cells, 100 ng ml−1 TWEAK increased MCP-1 mRNA expression at 3 h to a
greater extent than in control cells. N=3, *Po0.025. (f) In Bcl3-targeted cells, 100 ng ml−1 TWEAK increased supernatant MCP-1
protein at 3 h to a greater extent than in control cells. N=3, *Po0.025. (g) In Bcl3-targeted cells, 100 ng ml−1 TWEAK increased
CXCL10 mRNA expression at 3 h to a greater extent than in control cells. N=3, *Po0.001. (h) In Bcl3-targeted cells, 100 ng ml−1

TWEAK increased RANTES mRNA expression at 3 h to a greater extent than in control cells. N=3, *Po0.002.
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Upregulation of chemokine expression and downregulation of
Klotho expression are mediated by the classical NF-κB activa-
tion pathway in tubular cells.7,8,15 Induction of inflammation,
reduction of Klotho expression and promotion of tubular cell
death are all thought to contribute to the severity of AKI.
Secretion of inflammatory mediators by inflammatory cells

promotes further tubular cell injury. In addition, Klotho,
originally described as an anti-aging factor,48 also has nephro-
protective functions, including anti-inflammatory, pro-survival
and anti-fibrotic actions.14,42,49,50 Overall, these studies suggest
that in kidney cells, Bcl3 dampens the cellular responses to
inflammatory stress, and, thus, potentiating Bcl3 expression

Figure 6 Bcl3 expression is increased under pro-apoptotic conditions and Bcl3 has anti-apoptotic properties. (a) The lethal cytokine
cocktail 100 ng ml−1 TWEAK/30 ng ml−1 TNFα/30 UI ml−1 IFNγ (TTI) for 3 h increased Bcl3 protein levels in cultured tubular cells. This
increment was prevented by pretreatment with 2.5 μg ml−1 parthenolide. N=3, *Po0.009. (b) Bcl3-silenced cells were exposed to TTI
for 24 h and the number of hypodiploid cells was analyzed by flow cytometry. Representative flow cytometry results. (c) Apoptosis rate
assessed by the percentage of hypodiploid cells was increased in Bcl3-silenced cells exposed to TTI for 24 h. N=3, *Po0.002. (d) Cells
fixed with formalin were stained with 4′,6-diamidino-2-phenylindole (DAPI). Bcl3-silenced cells were more sensitive to apoptosis (nuclear
fragmentation and pyknotic nuclei) induced by TTI than control cells. (e) Caspase-3 cleavage was assessed by western blot. Bcl3 silencing
increased caspase-3 cleavage in response to TTI. Note the appearance of an additional fragment in TTI-treated cells which is magnified by
Bcl2 siRNA. N=3, *Po0.025.
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should be explored as a nephroprotective strategy. However,
Bcl3 did not antagonize all NF-κB-dependent responses
to TWEAK. Thus, no impact on TWEAK-induced cell
proliferation, an NF-κB-dependent process,39 was observed.
This argues for some selectivity of Bcl3 in the regulation
of TWEAK-induced, NF-κB-activated genes that should be
clarified in further detailed studies.

The observed anti-inflammatory function of Bcl3 in tubular
cells is also consistent with observations in leukocytes. In these
cells, Bcl3 has been described as an essential negative regulator
of NF-κB during Toll-Like Receptor and TNF receptor signal-
ing in macrophages. Deletion of Bcl3 in macrophages results in

an increase in NF-κB p50 ubiquitination and proteasomal
degradation, and increased inflammatory gene expression after
lipopolysaccharide exposure.46,47 In RAW cells, Bcl3 acts as an
IL-10-inducible molecule that suppresses lipopolysaccharide-
induced TNF-α production.51 Furthermore, Bcl3 silencing
increased mRNA expression and secretion of pro-inflammatory
cytokines IL-8 and IL-17 in cutaneous T-cell lymphoma cells.33

Unfortunately, we were unable to study the role of Bcl3 in
AKI in vivo. However, the results reported here identifying Bcl3
as a negative regulator of deleterious cellular responses suggest
that the therapeutic utility of Bcl3 in kidney injury appears to
lie in identifying mechanisms to further increase its expression

Figure 7 Bcl3 overexpression results in a reduced tubular cell inflammatory response to TWEAK and protection against apoptosis. (a) Bcl3
plasmid transfection increased Bcl3 protein expression without modulating proliferation, as showed by PCNA protein expression assessed
by western blot. (b–d) In Bcl3-transfected cells, 100 ng ml−1 TWEAK increased MCP-1, RANTES and CXCL10 mRNA expression at 3 h to
a lesser extent than in control cells. (b) MCP-1 mRNA expression. N=3, *Po0.001. (c) RANTES mRNA expression. N=3, *Po0.001.
(d) CXCL10 mRNA expression. N=3, *Po0.001. (e) Bcl3-transfected cells were exposed to 100 ng ml−1 TWEAK/30 ng ml−1 TNFα/
30 UI ml−1 IFNγ (TTI) for 24 h and the number of hypodiploid cells was analyzed by flow cytometry. Representative flow cytometry results.
(f) The apoptosis rate assessed as percentage of hypodiploid cells was reduced in Bcl3-transfected cells exposed to TTI for 24 h. N=4,
*Po0.001.
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or mimic its activation to protect the cells from death or stress
responses. Strategies aimed at increasing Bcl3 activity should
therefore be developed. These may include cell-permeable Bcl3
agonist peptides or small molecule activators. In this regard,
the role of Bcl3 in attenuating its own expression in a
TNFα-induced manner has been recently characterized to be
dependent on an incoherent feed-forward loop. In this
regulatory loop, TNFα-induced NF-κB signaling activates the
expression of both the TNFα and Bcl3 genes, but with distinct
temporal expression profiles, which allows the modulation
of expression dynamics and inflammatory responses while
minimizing the risk of pathological hyper-inflammation.52

Inhibitors of NF-κB have been shown to prevent expression
of inflammatory molecules and downregulation of Klotho in
response to inflammatory cytokines of the TNF superfamily.8,13

However, they also promote apoptosis when the cells are
exposed to TNF superfamily cytokines.34 By contrast, Bcl3
protects the cells from apoptosis, inflammation upregulation
and Klotho downregulation. Thus, the therapeutic upregulation
of Bcl3 activity may have advantages over small-molecule
inhibitors of NF-κB.

Characterizing the role of Bcl3 in kidney cell NF-κB
signaling is a further step toward the goal of therapeutically
manipulating this transcription factor. In this regard, we
recently observed that the NFκBiz protein is decreased in
tubular cells during AKI and that targeting NFκBiz increased

Figure 8 Bcl3 dampens TWEAK downregulation of Klotho
expression. (a) Klotho mRNA was assessed by qRT-PCR in control
or Bcl3-silenced cells treated with 100 ng ml−1 TWEAK for 24 h.
N=3, *Po0.003 vs the respective scrambled siRNA control. (b)
Klotho protein was assessed by western blot in Bcl3-silenced cells
exposed to TWEAK for 24 h. Representative western blot. N=3,
*Po0.005 vs the respective scrambled siRNA control. The
exaggerated response to TWEAK in terms of Klotho downregulation
when endogenous Bcl3 is silenced is consistent with the role of
Bcl3 in dampening TWEAK signaling, possibly by downregulating
NF-κB activation, due to the fact that proinflammatory gene
expression and Klotho downregulation are NF-κB-dependent
responses. (c) Enforced Bcl3 overexpression dampened TWEAK
downregulation of Klotho expression. N=3, *Po0.025 vs control.

Table 3 Similarities and differences between the functions of NFκBiz and Bcl3 in tubular cells in response to inflammatory

stimuli

NFκBiz targeting24
Bcl3 targeting

(present manuscript)

Bcl3 overexpression

(present manuscript)

Chemokine production induced by TWEAK More severe than TWEAK alone More severe than TWEAK alone Prevents chemokine production
Klotho downregulation induced by TWEAK Prevents Klotho downregulation More severe than TWEAK alone Prevents Klotho downregulation
Apoptosis induced by inflammatory cytokines Prevents cell death Sensitizes to cell death Prevents cell death

Figure 9 Bcl3 regulation of tubular cell biology in response to
inflammatory cytokines. TWEAK alone promotes tubular cell
proliferation, upregulation of chemokine expression and
downregulation of Klotho expression in an NF-κB-dependent,
parthenolide-sensitive manner. In the presence of additional
inflammatory cytokines such as TNFα and IFNγ, TWEAK promotes
cell death. However, inducible Bcl3 expression does not modulate
cell proliferation in response to inflammatory stimuli but prevents
downregulation of Klotho gene expression while dampening the
upregulation of the chemokine genes. Furthermore, Bcl3 prevents
tubular cell death in an inflammatory milieu.
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chemokine production and dampened Klotho downregulation
induced by TWEAK without modulating cell proliferation.24

NFκBiz targeting also rendered cells more resistant to apoptosis
induced by inflammatory cytokines. Thus, there are similarities
but also differences between the roles of NFκBiz and Bcl3 in
the modulation of cell responses elicited by pro-inflammatory
stimuli (Table 3).

In conclusion, Bcl3 is a regulator of NF-κB that is inducible
during kidney injury by inflammatory stimuli such as TWEAK.
In kidney cells, Bcl3 limits pro-inflammatory and lethal
responses induced by TWEAK and other cytokines
(Figure 9). Thus, therapeutic strategies aimed at increasing
Bcl3 expression or activity should be explored as potential
approaches for kidney disease.
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