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BCL6 attenuates renal inflammation via negative
regulation of NLRP3 transcription

Dan Chen', Xiao-Qing Xiong', Ying-Hao Zang', Ying Tong', Bing Zhou', Qi Chen?, Yue-Hua Li?, Xing-Ya Gao', Yu-Ming Kang® and
Guo-Qing Zhu*'?

Renal inflammation contributes to the pathogeneses of hypertension. This study was designed to determine whether B-cell
lymphoma 6 (BCL6) attenuates renal NLRP3 inflammasome activation and inflammation and its underlying mechanism. Male
spontaneously hypertensive rats (SHR) and Wistar-Kyoto rats (WKY) were used in the present study. Angiotensin (Ang) Il or
lipopolysaccharides (LPS) was used to induce inflammation in HK-2 cells, a human renal tubular epithelial (RTE) cell line. NLRP3
inflammasome was activated and BCL6 was downregulated in the kidneys of SHR. Either Ang Il or LPS suppressed BCL6 expression
in HK-2 cells. BCL6 overexpression in HK-2 cells attenuated Ang ll-induced NLRP3 upregulation, inflammation and cell injury. The
inhibitory effects of BCL6 overexpression on NLRP3 expression and inflammation were also observed in LPS-treated HK-2 cells.
BCL6 inhibited the NLRP3 transcription via binding to the NLRP3 promoter. BCL6 knockdown with shRNA increased NLRP3 and
mature IL-15 expression levels in both PBS- or Ang II-treated HK-2 cells but had no significant effects on ASC, pro-caspase-1 and pro-
IL-15 expression levels. BCL6 overexpression caused by recombinant lentivirus expressing BCL6 reduced blood pressure in SHR.
BCL6 overexpression prevented the upregulation of NLRP3 and mature IL-15 expression levels in the renal cortex of SHR. The results
indicate that BCL6 attenuates Ang II- or LPS-induced inflammation in HK-2 cells via negative regulation of NLRP3 transcription. BCL6

overexpression in SHR reduced blood pressure, NLRP3 expression and inflammation in the renal cortex of SHR.
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Hypertension is now recognized as a chronic, low-grade
inflammatory disease in the kidneys and blood vessels." There
is a correlation between the intensity of the renal inflammation
and the severity of the blood pressure elevation in sponta-
neously hypertensive rats (SHR).? Intraperitoneal administra-
tion of interleukin (IL)-10, an anti-inflammatory cytokine,
normalized blood pressure in hypertensive pregnant rats.®
Melatonin reduces renal inflammation and attenuates hyperten-
sion in SHR.* Resveratrol ameliorates renal injury by inhibiting
renal inflammation in SHR.® Angiotensin (Ang) Il is a pro-
inflammatory cytokine, which is one of the main mechanisms
involved in hypertension-induced tissue damage.®” Renal
inflammation has an important role in the development of hyper-
tension and may be a target for attenuating hypertension.®~'°
Nucleotide-binding oligomerization domain-like receptor
protein 3 (NLRP3) inflammasome is a multi-protein complex
and is composed of NLRP3, apoptotic speck protein contain-
ing a caspase recruitment domain (ASC) and pro-caspase-
1." It can be triggered by exogenous and endogenous stimuli,
including pathogen-associated molecular patterns and
damage-associated molecular patterns, both of which belong
to pattern-recognition receptors (PRRs).'2 Once stimulated,
the NLRPS3 inflammasome is assembled, and caspase-1 is
activated, which processes pro-IL-18 into its mature form
IL-18, and thus triggers an inflammatory response.'’ Under
both physiological and pathological conditions, PRRs are
widely expressed in the kidney.'®'* NLRP3 inflammasome

promotes renal inflammation and contributes to chronic kidney
disease (CKD)."* NLRP3 deficiency ameliorated fructose-
induced renal injury by reducing renal inflammation, fibrosis,
albuminuria and hyperuricemia.'® Knockdown of LincRNA-
Gm4419 attenuates NLRP3 inflammasome-mediated inflam-
mation in diabetic nephropathy.'®

B-cell lymphoma 6 (BCL6) functions as a sequence-specific
transcriptional repressor and inhibits NF-«kB signaling by
inhibiting binding of BCL6 to NF-«B proteins and deregulating
the expression levels of NF-xB target genes, including IL."""®
BCL6-deficient mice develop severe and spontaneous T
helper type 2 (Th2) inflammation and BCL6-deficient Treg
cells are ineffective at controlling Th2 responses.'® BCL6 is
considered as a therapeutic target for autoimmune diseases
and cancer treatment.2® We hypothesized that BCL6 would
inhibit renal inflammation via negative regulation of NLRP3
transcription and would be beneficial in attenuating hyperten-
sion. The present study was designed to determine whether
BCL6 attenuates renal NLRP3 inflammasome activation and
inflammation and its underlying mechanism.

Results
Renal NLRP3 inflammasome activation and BCL6 down-

regulation in SHR. Expression levels of NLRP3, ASC and
pro-caspase-1, the components of NLRP3 inflammasome,
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Figure 1 NLRP3 inflammasome activation and BCL6 expression in renal cortex of WKY and SHR. (a) Expression levels of NLRP3, ASC, pro-caspase-1, pro-IL-1/3 and
mature IL-1 protein. (b) Immunohistochemistry for NLRP3 in the renal cortex. (c) Expression levels of Bclé mRNA and protein. (d) Immunohistochemistry for BCL6 in the renal

cortex. Values are mean + S.E.M. *P<0.05 versus WKY. n=6

were upregulated in the kidneys of SHR compared with those
of WKY. Pro-IL-18 and mature IL-13 protein contents in the
kidneys were also increased in SHR (Figure 1a). Immuno-
histochemistry analysis in the renal cortex showed that
NLRP3 expression in renal tubular epithelial (RTE) cells was
increased in SHR (Figure 1b). These results indicate NLRP3
inflammasome activation and inflammation response in the
kidneys of SHR. BCL6 mRNA and protein levels were
downregulated in the kidneys of SHR compared with those
of WKY (Figure 1c). Immunohistochemistry analysis in the
renal cortex showed that BCL6 expression in RTE cells was
reduced in SHR (Figure 1d). The results suggest a possibility
that the downregulation of BCL6 may contribute to the
NLRP3 inflammasome activation and inflammation response
in the kidneys of SHR.

Effects of BCL6 overexpression in Ang ll-treated HK-2
cells. Ang Il is a vaso-constrictive peptide that regulates
blood pressure homeostasis and can cause inflammation in
RTE cells.®” In this study, Ang Il was used to induce
inflammation in HK-2 cells, a human RTE cell line, to mimic
the renal inflammation in hypertension in vitro. Effects of
BCL6 were examined after the HK-2 cells were treated with
the BCL6 plasmid for 48 h to induce BCL6 overexpression,
followed by treatment with Ang Il for 12 h. Ang Il reduced
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BCL6 expression in HK-2 cells. BCL6 plasmid significantly
increased the BCL6 expression in both PBS- or Ang ll-treated
HK-2 cells, confirming the efficiency of the BCL6 over-
expression protocol in the present study (Figure 2a). Ang I
increased not only pro-inflammatory cytokines IL-13, TNF-a
and IL-6 mRNA levels but also chemokines CCL2 and
CXCL2 mRNA levels, which were repressed by BCL6
overexpression in HK-2 cells (Figure 2b). The roles of BCL6
overexpression in attenuating inflammation were further
confirmed by the facts that BCL6 overexpression reduced
the NLRP3 and mature IL-18 protein expression levels in Ang
lI-treated HK-2 cells (Figure 2c). It is noted that BCL6
overexpression only reduced NLRP3 expression rather than
the expression levels of other two components of NLRP3
inflammasome, ASC and pro-caspase-1 (Figure 2c), sug-
gesting that the roles of BCL6 in preventing NLRP3
inflammasome activation and inflammation may depend on
NLRP3 downregulation. NGAL, kim-1, cystatin C and IL-18
are generally used as markers of renal injury.2' Ang Il
increased NGAL, kim-1, cystatin C and IL-18 protein
expression levels in HK-2 cells, which were prevented by
BCL6 overexpression (Figure 2d), indicating that BCL6
attenuated Ang ll-induced HK-2 cell injury. Ang ll-induced
phosphorylation of IkB and its subsequent degradation were
prevented by BCL6 overexpression (Supplementary
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Figure 2 Effects of BCL6 overexpression (OE) on NLRP3 inflammasome activation in Ang Il-treated HK-2 cells. The cells were treated with empty plasmid or BCL6 plasmid
(1 ug/ml) for 48 h followed by treatment with PBS or Ang Il (1 M) for 12 h. (a) Expression of BCL6 protein. (b) IL-14, IL-6, TNF-&, CCL2 and CXCL2 mRNA levels. (c) Expression
levels of NLRP3, ASC, pro-caspase-1 and mature IL-13 protein. (d) Expression levels of NGAL, Kim-1, Cystatin C and IL-18 protein. Values are mean + S.E.M. *P< 0.05 versus

PBS; TP<0.05 versus Ctrl. n=6

Figure 1). Moreover, BCL6 overexpression inhibited Ang II-
induced NF-kB nuclear translocation in HK-2 cells
(Supplementary Figure 2).

Effects of BCL6 knockdown in Ang ll-treated HK-2
cells. Knockdown of BCL6 with short-hairpin RNA (shRNA)
reduced the BCL6 mRNA and protein levels in both PBS- and
Ang ll-treated HK-2 cells, indicating the efficiency of the shRNA
targeting BCL6 in the present study (Figure 3a). The BCL6
knockdown increased the NLRP3 expression at both protein and
mRNA levels in PBS- or Ang lI-treated HK-2 cells (Figure 3b) but
had no significant effects on ASC, pro-caspase-1 and pro-IL-18
protein expression levels (Figure 3c). Furthermore, mature IL-18
protein was upregulated by the BCL6 knockdown in both PBS-
and Ang ll-treated HK-2 cells (Figure 3d).

Effects of BCL6 overexpression in LPS-treated HK-2
cells. An interesting question is whether BCL6 could inhibit
the inflammation induced by other inflammatory agents.
Lipopolysaccharide (LPS) is known to increase the release
of inflammatory mediators, such as IL-18.222* It has been
found that LPS activates NLRP3 inflammasome in mouse
lung vascular endothelial cells.?® Thus the effects of BCL6 on
LPS-induced inflammation and NLRP3 expression were

examined in vitro. LPS reduced BCL6 expression in HK-2
cells. BCL6 overexpression repressed the LPS-induced
upregulation of NLRP3 and mature IL-18 rather than that of
pro-IL-18 in HK-2 cells (Figure 4).

BCL6 binds to NLRP3 promoter and inhibits NLRP3
transcription. Based on the finding that BCL6 represses
targeted genes by binding the response element in the
promoter region,?® we further investigated whether BCL6
could inhibit the NLRP3 expression at the transcription level.
Dual luciferase report assay showed that BCL6 overexpres-
sion in 293ET cells inhibited NLRP3 transcription in both
baseline state and LPS-treated state (Figure 5a and
Supplementary Figure 3), while BCL6 knockdown in HK-2
cells promoted NLRP3 transcription in both baseline state
and LPS-treated state (Figure 5b). Bioinformatics analysis
(http://jaspar.binf.ku.dk/) predicted three potential BCL6
binding sites (+283/+296, +1076/+1089 and +1583/+1596)
in human NLRP3 promoter. Two binding sites (+1076/+1089,
+1583/+1596) were meaningless because their strands were
—1 (Figure 5c¢). So we focused on the potential BCL6 binding
site (+283/+296) in the promoter region. Electrophoretic
mobility shift assay (EMSA) was used to analyze BCL6-
binding site (+283/+296) in the nuclear extract from HK-2
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Figure 3 Effects of BCL6 knockdown on inflammasome activation in Ang II-treated HK-2 cells. The cells were treated with PBS (Ctrl), Scr-shRNA (scrambled shRNA) or
BCL6-shRNA (1 ug/ml) for 48 h followed by treatment with PBS or Ang Il (1 zM) for 12 h. (a) Expression levels of BCL6 mRNA and protein. (b) Expression levels of NLRP3
mRNA and protein. (c) Expression levels of ASC, pro-caspase-1 and pro-IL-14. (d) Expression of mature IL-14 protein. Values are mean + S.E.M. *P<0.05 versus PBS;

TP<0.05 versus Ctrl or Scr-shRNA. n=6
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Figure 4 Effects of BCL6 overexpression (OE) on BCL6, NLRP3, pro-IL-1/3 and mature IL-1/3 expression levels in LPS-treated HK-2 cells. The cells were treated with empty
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cells (Figure 5d). BCL6 protein was bound to the labeled
probe (lanes 2 and 3), and the binding was reduced with the
unlabeled probe competition (lane 4). Importantly, incubation
with BCL6 antibody supershifted the protein-DNA complex
(lane 5), indicating the specificity of BCL6 binding. The
results indicate that BCL6 binding to the promoter regions of
NLRP3 gene in HK-2 cells were at position +283/+296 of the
transcription start site. Chromatin immunoprecipitation (ChlIP)
assays were performed to confirm whether BCL6 occupies
the promoter site at +283 / +296 in vivo. It confirmed the
enrichment of BCL6 on NLRP3 promoter where BCL6
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exerted its effect following BCL6 overexpression
(Figure 5d). BCL6 knockdown reduced the occupation of
BCL6 at the promoter site of NLRP3 (Figure 5e). These
results indicate that BCL6 binds to the NLRP3 promoter and
negatively regulates the NLRP3 expression.

Effects of BCL6 overexpression in WKY and SHR. BCL6
overexpression was induced by recombinant lentivirus-
expressing BCL6 in WKY and SHR. The BCL6 overexpres-
sion had no significant effects on systolic blood pressure
(SBP) and mean arterial pressure (MAP) in WKY but caused
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Figure 5 BCL6 binds to NLRP3 promoter and inhibits NLRP3 transcription. (a) Effects of BCL6 overexpression (1 ug/ml) on luciferase activities in 293ET cells without or with
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a persistent reduction in SBP (-19.5+4.1 mm Hg) and MAP
(—23.3£3.9 mm Hg) in SHR, reaching their maximal effects
at about 3 weeks (Figure 6a). The efficiency of BCL6
overexpression was confirmed by the upregulation of BCL6
expression in the renal cortex of both WKY and SHR
(Figure 6b). BCL6 overexpression prevented the upregulation
of NLRP3 and mature IL-18 expression levels but had no
significant effects on the upregulation of ASC, pro-caspase-1
and pro-IL-18 expression levels in the renal cortex of WKY
and SHR (Figure 6b). Immunohistochemistry analysis in the
renal cortex showed that recombinant lentivirus-expressing
BCLS6 effectively increased the BCL6 expression, primarily in
RTE cells, in both WKY and SHR (Figure 6c), and that the
upregulation of NLRP3 expression in the renal cortex of SHR
was prevented by the BCL6 overexpression (Figure 6d).
Serum creatinine (SCr) level was increased in SHR, which
was reduced by BCL6 overexpression (Table 1).

Discussion

Renal inflammation has an important role in the development
of hypertension.?~'° BCL6 gene encodes a protein containing
six C-terminal zinc-finger motifs and an N-terminal POZ
domain, and the BCL6 protein acts as a sequence-specific
transcriptional repressor.?® BCL6 negatively regulates
NF-kB expression and thereby inhibits NF-«kB-mediated
inflammation.'” NLRP3 inflammasome activation is involved
in several inflammatory diseases.?”2® However, it is unknown

whether BCL6 would contribute to the NLRP3-mediated
inflammation. The major novel findings in the present study
are that BCL6 binds to the promoter region of NLRP3 and
negatively regulates NLRP3 expression, BCL6 overexpres-
sion inhibits Ang Il- or LPS-induced NLRP3 upregulation and
inflammation and BCL6 knockdown exacerbates Ang II-
induced NLRP3 upregulation and inflammation in HK-2 cells.
More importantly, BCL6 expression in the renal cortex is
downregulated in SHR, and BCL6 overexpression in SHR
reduces blood pressure, inhibits the NLRP3 upregulation and
inflammation in renal cortex of SHR.

BCL6 downregulation and NLRP3 inflammasome activation
were found in the renal cortex of SHR, suggesting a possibility
that BCL6 might inhibit the NLRP3 inflammasome activation.
To test the hypothesis, effects of BCL6 on NLRP3 inflamma-
some and inflammation were examined in vitro and in vivo.
Ang Il has a crucial role in the pathogenesis of hypertension
and related end-organ damage®®*° and is involved in the
pathogenesis of renal disease.®' Ang ll-induced hypertension
is a commonly used animal model of hypertension.®234 It has
been found that Ang Il induces hypertensive renal inflamma-
tion in rat RTE cells.® Thus Ang Il-induced inflammation model
in HK-2 cells was used to examine the effects of BCL6 in vitro.
We found that BCL6 overexpression in HK-2 cells attenuated
Ang ll-induced inflammation evidenced by the reduction in the
expression levels of pro-inflammatory cytokines (IL-18, TNF-a,
IL-6) as well as chemokines (CCL2 and CXCL2). Interestingly,
BCL6 overexpression only prevented the Ang ll-induced

Cell Death and Disease
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Table 1 Effects of BCL6 overexpression in WKY and SHR

WKY SHR

Ctrl BCL6 OE Ctrl BCL6 OE
BW, g 354.3+7.6 349.1+7.2 323.8+6.8" 329.2+6.9"
HW, mg 1003 + 39 973 +29 1142 + 25% 1054 +28*1
KW, mg 2475 + 81 2499 + 83 237979 2373 +92
HW/BW, mg/g 2.83+0.08 2.79+0.06 3.54+0.12* 3.21+0.08*"
KW/BW, mg/g 6.98+0.14 7.16+0.21 7.36+0.27 72+0.18
Serum BUN, mM 5.99+0.48 5.47+0.48 11.98+1.12* 10.16 +1.26*
Serum Cr, uM 778+5.4 87.4+4.1 140.5+10.3" 110.3+8.3*T

BW, body weight; BUN, blood urea nitrogen; Cr, creatinine; KW, kidney weight. Values are mean + S.E.M. *P<0.05 versus WKY; 1P<0.05 versus Ctrl. n=6 for

each group.
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upregulation of NLRP3 but had no significant effects on the
upregulation of other components of NLRP3 inflammasome
(ASC and pro-caspase-1). These findings indicate that BCL6
attenuates Ang ll-induced NLRP3 inflammasome activation
and inflammation via reducing NLRP3 expression in HK-2
cells. The effects of BCL6 on NLRP3 expression was
confirmed by that findings of dual luciferase activity assay,
EMSA and ChlP, which indicate BCL6 binds to the NLRP3
promoter and negatively regulates NLRP3 expression. On the
other hand, renal inflammation is known to be a crucial factor
for renal injury.® Inhibiting renal inflammation attenuates renal
injury in SHR.® There seems every reason to believe that the
protective role of BCL6 in attenuating the Ang Il-induced HK-2
cell injury may at least partially attribute to the attenuation of
NLRP3 inflammasome activation and inflammation. It is noted
that BCL6 also repressed the LPS-induced upregulation of
NLRP3 and mature IL-18 in HK-2 cells, suggesting that the
anti-inflammation effect of BCL6 is not limited to the Ang II-
induced inflammation.

NFkB, an inflammatory transcription factor, has an impor-
tant role in the pathogenesis of hypertensive nephropathy.®®:%6
NFkB activation is triggered by IkB phosphorylation and
subsequent degradation, which causes NFkB translocation
to the nucleus and subsequent transcription of several target
genes.®” The activation of NFkB is closely linked to the
physiological immunity and pathological inflammation.®® BCL6
is known to repress NFkB activity in diffuse large B-cell
lymphomas.3® NFkB can directly binds to the promoter DNA
sequences of NLRP3 and regulate NLRP3 expression in
murine macrophages.*® NLRP3 inflammasome expression is
driven by NF«B in hepatocytes.*' Various stimuli that activate
NFkB can induce the assembly of NLRP3 inflammasome and
then generate IL-18 secretion.?® In the present study, Ang Il
reduced BCL6 expression and increased IkBa phosphoryla-
tion and p65-NFkB nuclear translocation, which were pre-
vented by BCL6 overexpression in HK-2 cells. These results
indicate that BCL6 reduces p65 nuclear translocation and
subsequent NLRP3 expression.

Knockdown of BCL6 increased NLRP3 and mature IL-18
expression levels but had no significant effects on ASC, pro-
caspase-1 and pro-IL-18 in both PBS- and Ang lI-treated HK-2
cells. The findings indicate that endogenous BCL6 is an
inhibitor of NLRP3 inflammasome activation and inflammation
via inhibiting the NLRP3 transcription in both physiological
state and Ang ll-induced inflammatory state. Thus the reduced
BCL6 expression in the renal cortex of SHR may contribute to
the renal inflammation in SHR. To confirm the important roles
of BCL6 in NLRP3 inflammasome activation and inflammation
in the renal cortex of SHR, we examined the therapeutical
effects of BCL6 overexpression in vivo. Just as expected,
BCL6 overexpression attenuated NLRP3 expression and
inflammation in the renal cortex of SHR. More interestingly,
BCL6 overexpression caused a slow and persistent reduction
in blood pressure in SHR. The anti-inflammation effect of
BCL6 in the renal cortex may partially attribute to its slow
depressor effect in SHR. It is known that chronic vascular
inflammation is involved in the pathogenesis of
hypertension.*?*3 The effect of BCL6 in vascular inflammation
needs further investigation in hypertension.
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In summary, BCL6 inhibits NLRP3 expression and inflam-
mation in Ang Il- or LPS-treated human RTE cells via inhibiting
NLRPS3 transcription. BCL6 overexpression attenuates hyper-
tension and inflammation in the renal cortex of SHR. BCL6
may be a potential target in the intervention of hypertensive
renal inflammation.

Methods

Animals. Male SHR and WKY aged 13 weeks were obtained from Vital River
Laboratory Animal Technology Co. Ltd (Beijing, China). Experiments were approved
by the Experimental Animal Care and Use Committee of Nanjing Medical University,
and the Guide for the Care and Use of Laboratory Animal published by the US
National Institutes of Health (NIH publication, Eighth edition, 2011). The rats were
housed in a temperature-controlled room with a 12-h light/dark cycle and a free
access to standard chow and tap water.

HK-2 cell culture. HK-2 cells were purchased from American Type Culture
Collection (Rockville, MD, USA). The cells were cultured in medium consisting of
DMEM/F12 (Wisent Inc., Montreal, Canada) supplemented with 10% FBS and
antibiotics (100 units/ml penicillin and 100 mg/ml streptomycin) under a condition at
37 °C in a humidified air containing 5% CO,. The cells were continuously passaged
at intervals of 2-3 days.***°

Inflammation models in HK-2 cells. Either Ang Il or LPS is commonly
used to induce inflammation in vitro. The concentration of Ang Il or LPS was
selected according to previous studies. In Ang Il-induced inflammation model, HK-2
cells were treated with 1M of Ang Il or PBS for 12h.*#*® In LPS-induced

inflammation model, HK-2 cells were treated with 5 ug/ml of LPS or PBS for
8 h.47'48

BCL6 overexpression in HK-2 cells. For plasmid construction, the BCL6-
gene cDNA cloned by PCR was inserted into CMV-MCS-T2A-EGFP vectors
(Hanbio Biotechnology Co., Ltd., Shanghai, China) and the plasmid was verified by
sequencing. HK-2 cells were seeded in the six-well plates at a density of 1x10°
cells/ml. After 80% confluent, the HK-2 cells were transfected with BCL6
overexpression plasmid or pcDNA3.1 plasmid (1 xg/ml) using lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA). The transfected HK-2 cells were grown in 5% CO,
incubator at 37 °C for 48 h before administration of Ang Il or LPS to induce
inflammation.

Knockdown of BCL6 in HK-2 cells. BCL6 was knockdown with BCL6
shRNA in HK-2 cells. The sequence used to silence BCL6 was 5'-
AGTGAAGCAGAGATGGTTT-3'. Scramble-shRNA was used as control (Ctrl) and
its sequence was 5'-TTCTCCGAACGTGTCACGT-3'. (GeneChem, Shanghai,
China) HK-2 cells were transfected with BCL6-shRNA or scramble-shRNA when
grown to 80% confluence. The transfected HK-2 cells were grown in 5% CO,
incubator at 37 °C for 48 h before administration of Ang Il to induce inflammation.

BCL6 overexpression in WKY and SHR. BCL6 overexpression lentivirus
vector and enhanced red fluorescent protein (ERFP) lentivirus vector were
constructed by Obio Technology (Shanghai) Corp., Ltd. (Shanghai, China). The
induction of the lentivirus was performed as previously reported.**° Simply, WKY
and SHR aged 13 weeks were anaesthetized with pentobarbital sodium (50 mg/kg,
i.p.). The left kidney was exposed via flank incision in aseptic manipulation, and
recombinant lentivirus-expressing BCL6 or ERFP (2x10° TU/mlI, 50 ul) were
injected into different sites on the dorsal part of the left renal cortex via a 30-G
needle. The abdomen was then closed. After 2 weeks, intravenous injection of
recombinant lentivirus-expressing BCL6 or ERFP (2 x 10° TU/mI, 50 ) was carried
out via tail vein to ensure the adequate upregulation of BCL6 in kidneys. Acute
experiments were carried out 4 weeks after the lentivirus induction.

EMSA analyses. EMSA experiments were performed as previously
described.>" Simply, HK-2 cells (1x 10°%) were seeded into six-well plates before
nuclear protein extraction. Nuclear extracts were prepared using the Nuclear and
Cytoplasmic Extraction Kit (KeyGEN BioTECH, Nanjing, China).The sequences of
the oligonucleotides used were 5'-CCTTTTTCTGGAGAATGGGG-3' (+283/+296),
and the oligonucleotide probes were labeled with biotin. In competitive binding
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assays, unlabeled oligonucleotides were added at 100-fold molar excess. For
supershift assay, 2 ug anti-BCL6 antibody was added.

Real-time PCR. Total RNA was separated with Trizol reagent (Life
Technologies, Gaithersburg, MD, USA) according to the manufacturer’s instruction.
Reverse transcriptase reactions were performed using the PrimeScript RT reagent
Kits. RT-PCR was performed using Quantitative PCR with SYBR Premix Ex Tag TM
(Takara, Otsu, Shiga, Japan) and ABI PRISM 7500 sequence detection PCR
system (Applied Biosystems, Foster City, CA, USA).%® The expression of mRNA was
calculated using the comparative cycle threshold (Ct) method where the relative
quantization of target transcript levels was determined by subtracting Ct values of
target genes from Ct values of GAPDH. The sequences of primers are listed in
Supplementary Tables S1 and S2).

Western blotting analysis. Samples were homogenized in lysis buffer, and
the supernatant was extracted for measurement of total protein with a Protein Assay
Kit (BCA; Pierce, Santa Cruz, CA, USA). Equal amounts of total protein were
separated in SDS-PAGE and transferred to PVDF membranes in Trisglycine
methanol buffer. The bands were visualized using the enhanced chemilumines-
cence. GADPH was developed as a loading control to normalize the data. The
antibodies against NLRP3, ASC, pro-caspase-1, IL-14, Kim-1 and IL-18 were
purchased from Abcam (Cambridge, MA, USA). Antibody against BCL6 was
obtained from Cell Signaling Technology (Beverly, MA, USA). Antibodies against
NGAL and Cystatin C were purchased from Bioworld Technology, Ltd (Nanjing,
Jiangsu, China). Antibody against GAPDH was obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA).

Immunohistochemistry of the kidney in rats. Immunohistochemistry
for kidney was carried out as previously reported.>*55 Simply, the left kidney was cut
in half transversely, fixed in 10% formalin and embedded in paraffin. The kidney
sections (5 um) were deparaffinized, rehydrated, blocked with 3% BSA and
incubated with anti-BCL6 antibody (GeneTex Inc., Irvine, CA, USA) or anti-NLRP3
antibody (Novus Biologicals, Littleton, CO, USA). Then biotinylated secondary
antibodies were used and followed by 3,3-diaminobenzidine (DAB) solution to
detect the avidin-biotin complex signal. Counterstaining was then performed before
examination under a light microscope (DP70, Olympus, Tokyo, Japan).

Luciferase activity assay. 293ET cells were cultured on 96-well plate in
DMEM with FBS (10%), penicillin (100 units/ml) and streptomycin (100 mg/ml) at
37 °C in a 5% CO, humidified incubator. Then the cells were co-transfected with
1 ug/ml NLRP3 promoter plasmid or pGL3-basic vehicle vector, 1 ug/ml BCL6
overexpression plasmid or pcDNA3.1 for 24 h. Luciferase activities were measured
and normalized to that of Renilla luciferase.

Chromatin immunoprecipitation. ChIP assay were performed as
previously described.?® Simply, HK-2 cells were transfected with BCL6 over-
expression plasmid or pcDNA3.1 for 48 h and then they were crosslinked with 1%
paraformaldehyde for 10 min before stopped with 125 mM glycine. After that, the
samples were washed, lysed with cold PBS/protease inhibitor and collected.
Chromatin was sheared by 10 s of sonication interposed with 10 s pauses, repeated
15 times. Immunoprecipitation was performed overnight at 4 °C, via 5 ug of anti-
BCLS6 antibodies or immunoglobulin G (Santa Cruz Biotechnology). The precipitated
DNA fragments were amplified by PCR. The following primers were used for NLRP3
Chip PCR, forward: 5-TCTCCATTGTGTCTTCTTGGTG-3'; reverse: 5-CTGGGTG
ACAAGAGCAAGACT-3'.

Measurement of serum blood urea nitrogen and creatinine. Blood
samples were obtained from aorta. Serum blood urea nitrogen and SCr
concentrations were examined with the Urea Assay Kits and Creatinine Assay Kit
following the manufacturer's instructions (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China).

Blood pressure measurement. Blood pressure of tail artery was measured
in conscious state using a noninvasive computerized tail-cuff system (ADInstru-
ments, Sydney, New South Wales, Australia) as previously reported.”” The average
value of six measurements was calculated as the blood pressure of each rat.

Statistical analysis. Comparisons between two groups were made by
Student’s ttest. One-way or two-way ANOVA followed by post hoc Bonferroni test
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was used when multiple comparisons were made. All data were expressed as
mean + S.E.M. A value of P<0.05 was considered statistically significant.

Conflict of Interest
The authors declare no conflict of interest.

Acknowledgements. We thank the generous support of the Collaborative
Innovation Center for Cardiovascular Disease Translational Medicine. This study was
supported by National Natural Science Foundation of China (91639105, 31571167
and 91439120).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

. Rodriguez-lturbe B, Pons H, Johnson RJ. Role of the immune system in hypertension.
Physiol Rev 2017; 97: 1127-1164.

. Rodriguez-lturbe B, Zhan CD, Quiroz Y, Sindhu RK, Vaziri ND. Antioxidant-rich diet relieves
hypertension and reduces renal immune infiltration in spontaneously hypertensive rats.
Hypertension 2003; 41: 341-346.

. Tinsley JH, South S, Chiasson VL, Mitchell BM. Interleukin-10 reduces inflammation,
endothelial dysfunction, and blood pressure in hypertensive pregnant rats. Am J Physiol
Regul Integr Comp Physiol 2010; 298: R713-R719.

. Nava M, Quiroz Y, Vaziri N, Rodriguez-lturbe B. Melatonin reduces renal interstitial
inflammation and improves hypertension in spontaneously hypertensive rats. Am J Physiol
Renal Physiol 2003; 284: FA47-FA454.

. Xue HY, Yuan L, Cao YJ, Fan YP, Chen XL, Huang XZ. Resveratrol ameliorates renal injury
in spontaneously hypertensive rats by inhibiting renal micro-inflammation. Biosci Rep 2016;
36: €00339.

. Nair AR, Ebenezer PJ, Saini Y, Francis J. Angiotensin Il-induced hypertensive renal
inflammation is mediated through HMGB1-TLR4 signaling in rat tubulo-epithelial cells. Exp
Cell Res 2015; 335: 238-247.

. Ruiz-Ortega M, Esteban V, Ruperez M, Sanchez-Lopez E, Rodriquez-Vita J, Carvajal G et
al. Renal and vascular hypertension-induced inflammation: role of angiotensin II. Curr Opin
Nephrol Hypertens 2006; 15: 159-166.

. Wenzel U, Turner JE, Krebs C, Kurts C, Harrison DG, Ehmke H. Immune mechanisms in
arterial hypertension. J Am Soc Nephrol 2016; 27: 677-686.

. Solak Y, Afsar B, Vaziri ND, Aslan G, Yalcin CE, Covic A et al. Hypertension as an
autoimmune and inflammatory disease. Hypertens Res 2016; 39: 567-573.

10. Mennuni S, Rubattu S, Pierelli G, Tocci G, Fofi C, Volpe M. Hypertension and kidneys:
unraveling complex molecular mechanisms underlying hypertensive renal damage. J Hum
Hypertens 2014; 28: 74-79.

11. Huai W, Zhao R, Song H, Zhao J, Zhang L, Zhang L et al. Aryl hydrocarbon receptor
negatively regulates NLRP3 inflammasome activity by inhibiting NLRP3 transcription. Nat
Commun 2014; 5: 4738.

12. Weigt SS, Palchevskiy V, Belperio JA. Inflammasomes and IL-1 biology in the pathogenesis
of allograft dysfunction. J Clin Invest 2017; 127: 2022-2029.

13. Leemans JC, Kors L, Anders HJ, Florquin S. Pattern recognition receptors and the
inflammasome in kidney disease. Nat Rev Nephrol 2014; 10: 398-414.

14. Masood H, Che R, Zhang A. Inflammasomes in the pathophysiology of kidney diseases.
Kidney Dis (Basel) 2015; 1: 187-193.

15. Bakker PJ, Butter LM, Kors L, Teske GJ, Aten J, Sutterwala FS et al. NIrp3 is a key modulator
of diet-induced nephropathy and renal cholesterol accumulation. Kidney Int 2014; 85:
1112-1122.

16. Yi H, Peng R, Zhang LY, Sun Y, Peng HM, Liu HD et al. LincRNA-Gm4419 knockdown
ameliorates NF-kappaB/NLRP3 inflammasome-mediated inflammation in diabetic nephro-
pathy. Cell Death Dis 2017; 8: 2583.

17. Barish GD, Yu RT, Karunasiri M, Ocampo CB, Dixon J, Benner C et al. Bcl-6 and NF-kB
cistromes mediate opposing regulation of the innate immune response. Genes Dev 2010; 24:
2760-2765.

18. Takeda N, Arima M, Tsuruoka N, Okada S, Hatano M, Sakamoto A et al. Bcl6 is a
transcriptional repressor for the IL-18 gene. J Immunol 2003; 171: 426-431.

19. Sawant DV, Wu H, Yao W, Sehra S, Kaplan MH, Dent AL. The transcriptional repressor Bcl6
controls the stability of regulatory T cells by intrinsic and extrinsic pathways. Immunology
2015; 145: 11-23.

20. Kamada Y, Sakai N, Sogabe S, Ida K, Oki H, Sakamoto K et al. Discovery of a B-cell

lymphoma 6 protein-protein interaction inhibitor by a biophysics-driven fragment-based

approach. J Med Chem 2017; 60: 4358-4368.

Bonventre JV. Diagnosis of acute kidney injury: from classic parameters to new biomarkers.

Contrib Nephrol 2007; 156: 213-219.

n

w

~

o

[=2]

-

©

©

21.

e



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

He A, Shao J, Zhang Y, Lu H, Wu Z, Xu Y. CD200Fc reduces LPS-induced IL-1beta
activation in human cervical cancer cells by modulating TLR4-NF-kappaB and NLRP3
inflammasome pathway. Oncotarget 2017; 8: 33214-33224.

Tian L, Li W, Wang T. Therapeutic effects of silibinin on LPS-induced acute lung injury by
inhibiting NLRP3 and NF-kappaB signaling pathways. Microb Pathog 2017; 108: 104-108.
Lebeaupin C, Proics E, de Bieville CH, Rousseau D, Bonnafous S, Patouraux S et al. ER
stress induces NLRP3 inflammasome activation and hepatocyte death. Cell Death Dis 2015;
6: e1879.

Yang J, Zhao Y, Zhang P, Li Y, Yang Y, Yang Y et al. Hemorrhagic shock primes for lung
vascular endothelial cell pyroptosis: role in pulmonary inflammation following LPS. Cell
Death Dis 2016; 7: 2363.

Chang CC, Ye BH, Chaganti RS, la-Favera R. BCL-6, a POZ/zinc-finger protein, is a
sequence-specific transcriptional repressor. Proc Natl Acad Sci USA 1996; 93: 6947-6952.
Abderrazak A, Syrovets T, Couchie D, El HK, Friguet B, Simmet T et al. NLRP3
inflammasome: from a danger signal sensor to a regulatory node of oxidative stress and
inflammatory diseases. Redox Biol 2015; 4: 296-307.

Shao BZ, Xu ZQ, Han BZ, Su DF, Liu C. NLRP3 inflammasome and its inhibitors: a review.
Front Pharmacol 2015; 6: 262.

Munoz-Durango N, Fuentes CA, Castillo AE, Gonzalez-Gomez LM, Vecchiola A, Fardella CE
et al. Role of the renin-angiotensin-aldosterone system beyond blood pressure regulation:
molecular and cellular mechanisms involved in end-organ damage during arterial
hypertension. Int J Mol Sci 2016; 17: 797.

Te RL, van Esch JH, Roks AJ, van den Meiracker AH, Danser AH. Hypertension: renin-
angiotensin-aldosterone system alterations. Circ Res 2015; 116: 960-975.

Ruiz-Ortega M, Lorenzo O, Suzuki Y, Ruperez M, Egido J. Proinflammatory actions of
angiotensins. Curr Opin Nephrol Hypertens 2001; 10: 321-329.

Polichnowski AJ, Griffin KA, Picken MM, Licea-Vargas H, Long J, Wiliamson GA et al.
Hemodynamic basis for the limited renal injury in rats with angiotensin Il-induced
hypertension. Am J Physiol Renal Physiol 2015; 308: F252-F260.

Peng K, Lu X, Wang F, Nau A, Chen R, Zhou SF et al. Collecting duct (pro)renin receptor
targets ENaC to mediate angiotensin Il-induced hypertension. Am J Physiol Renal Physiol
2017; 312: F245-F253.

Crowley SD, Gurley SB, Herrera MJ, Ruiz P, Griffiths R, Kumar AP et al. Angiotensin Il
causes hypertension and cardiac hypertrophy through its receptors in the kidney. Proc Natl
Acad Sci USA 2006; 103: 17985-17990.

Zhu P, Lin H, Sun C, Lin F, Yu H, Zhuo X et al. Synergistic effects of telmisartan and
pyridoxamine on early renal damage in spontaneously hypertensive rats. Mol Med Rep 2012;
5: 655-662.

Ozawa Y, Kobori H. Crucial role of Rho-nuclear factor-kappaB axis in angiotensin Il-induced
renal injury. Am J Physiol Renal Physiol 2007; 293: F100-F109.

Karin M, Lin A. NF-kappaB at the crossroads of life and death. Nat Immunol 2002; 3:
221-227.

Ghosh S, Hayden MS. New regulators of NF-kappaB in inflammation. Nat Rev Immunol
2008; 8: 837-848.

Perez-Rosado A, Artiga M, Vargiu P, Sanchez-Aguilera A, varez-Barrientos A, Piris M. BCL6
represses NFkappaB activity in diffuse large B-cell lymphomas. J Pathol 2008; 214:
498-507.

Qiao Y, Wang P, Qi J, Zhang L, Gao C. TLR-induced NF-kB activation regulates NLRP3
expression in murine macrophages. FEBS Lett 2012; 586: 1022—1026.

Boaru SG, Borkham-Kamphorst E, Van de LE, Lehnen E, Liedtke C, Weiskirchen R. NLRP3
inflammasome expression is driven by NF-kappaB in cultured hepatocytes. Biochem
Biophys Res Commun 2015; 458: 700-706.

Schiffrin EL. Vascular remodeling in hypertension: mechanisms and treatment. Hypertension
2012; 59: 367-374.

Caillon A, Schiffrin EL. Role of inflammation and immunity in hypertension: recent
epidemiological, laboratory, and clinical evidence. Curr Hypertens Rep 2016; 18: 21.

BCL6 inhibits NLRP3 transcription
D Chen et al

44,
45.

46.

48.

49.
50.

51.

53.

54.
55.
56.

57.

Fujimura K, Wakino S, Minakuchi H, Hasegawa K, Hosoya K, Komatsu M et al. Ghrelin
protects against renal damages induced by angiotensin-Il via an antioxidative stress
mechanism in mice. PLoS ONE 2014; 9: 94373.

Wong DW, Yiu WH, Wu HJ, Li RX, Liu Y, Chan KW et al. Downregulation of renal tubular
Wht/beta-catenin signaling by Dickkopf-3 induces tubular cell death in proteinuric
nephropathy. Cell Death Dis 2016; 7: €2155.

Wang QZ, Gao HQ, Liang Y, Zhang J, Wang J, Qiu J. Cofilin1 is involved in hypertension-
induced renal damage via the regulation of NF-kappaB in renal tubular epithelial cells.
J Transl Med 2015; 13: 323.

. Huang W, Lan X, Li X, Wang D, Sun'Y, Wang Q et al. Long non-coding RNA PVT1 promote

LPS-induced septic acute kidney injury by regulating TNFa and JNK/NF-kB pathways in
HK-2 cells. Int Immunopharmacol 2017; 47: 134-140.

Li C, Wu J, Li Y, Xing G. Cytoprotective effect of heat shock protein 27 against
lipopolysaccharide-induced apoptosis of renal epithelial HK-2 cells. Cell Physiol Biochem
2017; 41: 2211-2220.

Guo F, Zhang Y, Wang Q, Ren L, Zhou Y, Ma X et al. Effects of FoxO1 on podocyte injury in
diabetic rats. Biochem Biophys Res Commun 2015; 466: 260-266.

Gusella GL, Fedorova E, Hanss B, Marras D, Klotman ME, Klotman PE. Lentiviral gene
transduction of kidney. Hum Gene Ther 2002; 13: 407-414.

Zhu L, Meng Q, Liang S, Ma Y, Li R, Li G et al. The transcription factor GFI1 negatively
regulates NLRP3 inflammasome activation in macrophages. FEBS Lett 2014; 588:
4513-4519.

. Zhao W, Wang L, Zhang M, Wang P, Zhang L, Yuan C et al. Peroxisome proliferator-

activated receptor gamma negatively regulates IFN-beta production in Toll-like receptor
(TLR) 3- and TLR4-stimulated macrophages by preventing interferon regulatory factor 3
binding to the IFN-beta promoter. J Biol Chem 2011; 286: 5519-5528.

Zhao MX, Zhou B, Ling L, Xiong XQ, Zhang F, Chen Q et al. Salusin-beta contributes to
oxidative stress and inflammation in diabetic cardiomyopathy. Cell Death Dis 2017; 8: €2690.
Krishnan SM, Dowling JK, Ling YH, Diep H, Chan CT, Ferens D et al. Inflammasome activity
is essential for one kidney/deoxycorticosterone acetate/salt-induced hypertension in mice.
Br J Pharmacol 2016; 173: 752-765.

Thomasova D, Ebrahim M, Fleckinger K, Li M, Molnar J, Popper B et al. MDM2 prevents
spontaneous tubular epithelial cell death and acute kidney injury. Cell Death Dis 2016; 7
€2482.

Sun HJ, Zhao MX, Ren XS, Liu TY, Chen Q, Li YH et al. Salusin-beta promotes vascular
smooth muscle cell migration and intimal hyperplasia after vascular injury via ROS/
NFkappaB/MMP-9 pathway. Antioxid Redox Signal 2016; 24: 1045-1057.

Chen AD, Zhang SJ, Yuan N, Xu Y, De W, Gao XY et al. AT, receptors in paraventricular
nucleus contribute to sympathetic activation and enhanced cardiac sympathetic afferent
reflex in renovascular hypertensive rats. Exp Physiol 2011; 96: 94-103.

Cell Death and Disease is an open-access journal
published by Nature Publishing Group. This work is

licensed under a Creative Commons Attribution 4.0 International
License. The images or other third party material in this article are
included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from
the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

©

The Author(s) 2017

Supplementary Information accompanies this paper on Cell Death and Disease website (http://www.nature.com/cddis)

Cell Death and Disease


http://creativecommons.org/licenses/by/4.0/

	title_link
	Results
	Renal NLRP3 inflammasome activation and BCL6 downregulation in SHR
	Effects of BCL6 overexpression in Ang II-treated HK�-�2 cells

	Figure 1 NLRP3 inflammasome activation and BCL6 expression in renal cortex of WKY and SHR.
	Effects of BCL6 knockdown in Ang II-treated HK�-�2 cells
	Effects of BCL6 overexpression in LPS-treated HK�-�2 cells
	BCL6 binds to NLRP3 promoter and inhibits NLRP3 transcription

	Figure 2 Effects of BCL6 overexpression (OE) on NLRP3 inflammasome activation in Ang II-treated HK�-�2 cells.
	Effects of BCL6 overexpression in WKY and SHR

	Figure 3 Effects of BCL6 knockdown on inflammasome activation in Ang II-treated HK�-�2 cells.
	Figure 4 Effects of BCL6 overexpression (OE) on BCL6, NLRP3, pro-IL�-�1&#x003B2; and mature IL�-�1&#x003B2; expression levels in LPS-treated HK�-�2 cells.
	Discussion
	Figure 5 BCL6 binds to NLRP3 promoter and inhibits NLRP3 transcription.
	Figure 6 Effects of BCL6 overexpression (BCL6 OE) in WKY and SHR.
	Table 1 Effects of BCL6 overexpression in WKY and SHR
	Methods
	Animals
	HK�-�2 cell culture
	Inflammation models in HK�-�2 cells
	BCL6 overexpression in HK�-�2 cells
	Knockdown of BCL6 in HK�-�2 cells
	BCL6 overexpression in WKY and SHR
	EMSA analyses
	Real-time PCR
	Western blotting analysis
	Immunohistochemistry of the kidney in rats
	Luciferase activity assay
	Chromatin immunoprecipitation
	Measurement of serum blood urea nitrogen and creatinine
	Blood pressure measurement
	Statistical analysis
	We thank the generous support of the Collaborative Innovation Center for Cardiovascular Disease Translational Medicine. This study was supported by National Natural Science Foundation of China (91639105, 31571167 and 91439120).Supplementary Information ac

	ACKNOWLEDGEMENTS
	Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.Rodriguez-Iturbe B, Pons H, Johnson RJ. Role of the immune system in hypertension. Physiol Rev 2017; 97: 1127&#x02013;1164.Rodriguez-Itur



 
    
       
          application/pdf
          
             
                BCL6 attenuates renal inflammation via negative regulation of NLRP3 transcription
            
         
          
             
                Cell Death and Disease ,  (2017). doi:10.1038/cddis.2017.567
            
         
          
             
                Dan Chen
                Xiao-Qing Xiong
                Ying-Hao Zang
                Ying Tong
                Bing Zhou
                Qi Chen
                Yue-Hua Li
                Xing-Ya Gao
                Yu-Ming Kang
                Guo-Qing Zhu
            
         
          doi:10.1038/cddis.2017.567
          
             
                Nature Publishing Group
            
         
          
             
                © 2017 Nature Publishing Group
            
         
      
       
          
      
       
          © 2017 Official journal of the Cell Death Differentiation Association
          10.1038/cddis.2017.567
          2041-4889
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/cddis.2017.567
            
         
      
       
          
          
          
             
                doi:10.1038/cddis.2017.567
            
         
          
             
                cddis ,  (2017). doi:10.1038/cddis.2017.567
            
         
          
          
      
       
       
          True
      
   




