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INTRODUCTION AND AIMS: The endogenous repair process of the mammalian
kidney allows rapid recovery after acute kidney injury (AKI) through robust prolifera-
tion of tubular epithelial cells. There is currently limited understanding of which tran-
scriptional regulators activate these repair programs and how transcriptional
deregulation leads to maladaptive repair. Here we investigate the existence of enhancer
dynamics in the regenerating mouse kidney.

METHODS: RNA-Seq and CHIP-Seq (H3K27ac, H3K4m3, BRD4, MED1, POL2)
were performed on samples from repairing kidney cortex 4 hours and 2 days after ische-
mia/reperfusion injury (IRI) to identify activated genes, transcription factors, enhancer
and super-enhancers associated with kidney repair. Further we investigated the role of
super-enhancer activation in kidney repair through pharmacological BET inhibition
via the small chemical compound JQ1 in vitro and in three kidney injury models in
vivo.

RESULTS: We have established the enhancer and super-enhancer landscape associated
with kidney injury and repair. Furthermore, we identify key transcription factors,
which cooperate with BRD4 at enhancer sites, likely activating repair programs in tubu-
lar epithelial cells. Loss of BRD4 function before injury by BET inhibitor JQ1 (50 mg/
kg/day) leads to increased kidney failure between days 2 and 3 after the insult. By con-
trast, inhibition of prolonged transcriptional responses after injury, through blockade
of Brd4 at enhancer sites with JQ1 from day 2 to day 7 after the initiation of injury,
ameliorates interstitial fibrosis in unilateral ureter obstruction (UUO), unilateral IRI
and aristolochic acid (AA) kidney injury models at day 10 and day 21, respectively.

CONCLUSIONS: These results are the first demonstration of BRD4 enhancer and
super-enhancer function in the repairing kidney, providing a critical link between AKI
and CKD. In addition, our data call attention to potential caveats for use of small mole-
cule inhibitors of BET proteins that are already being tested in clinical trials in cancer
patients who are at risk for AKI. Our comprehensive analysis of epigenetic changes after
kidney injury in vivo has the potential to identify new targets for therapeutic
intervention.
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INTRODUCTION AND AIMS: Intrarenal crystal formation can cause acute kidney
injury (AKI) but the molecular mechanisms of crystal-induced necroinflammation
remain obscure. We recently described a role of the NLRP3 inflammasome (Mulay, JCI
2013) and RIPK3/MLKL-driven necroptosis (Mulay, Nat Commun 2016) in calcium
oxalate (CaOx) crystal-induced AKI. Here, we speculated on an additional role of
cyclophilin D (CYPD)-mediated regulated necrosis, also named mitochondrial perme-
ability transition-related cell necrosis (MPT-RN), in this context.

METHODS: Human Kidney (HK)-2 & murine L929 cells were used in various in-vitro
studies employing crystals of CaOx, monosodium urate, calcium pyrophosphate dehy-
drate. AKI was induced in wildtype and various knockout mice of C57BL/6 strain by a
single i.p. injection of sodium oxalate (NaOx) (100mg/kg) and 3% NaOx in drinking
water for 24hr before sacrifice.

RESULTS: We found that in in-vitro studies all crystals induced cell death, which was
blocked by either pretreatment with CYPD inhibitor the cyclosporine A (CyA) or
siRNA knockdown of CYPD, but not by a pan-caspase inhibitor, zVAD-FMK. These
data suggested that crystal-induced caspase-independent cell death involved MPT-RN.
Further, transmission electron microscopy (TEM) analysis revealed significant

mitochondrial damage e.g. presence of swollen mitochondria with lucent matrix & loss
of cristae in cells exposed to crystals. This was associated with reduced TMRE signal,
suggesting loss of mitochondrial outer membrane potential, as well as increased
DCFDA signal, suggesting ROS production in cells exposed to crystals. Consequently,
pretreatment with several ROS inhibitorsprotected cells from crystal-induced necrosis.
To understand the upstream events, we pretreated cells with cytochalasin D &
CA074Me, which inhibited phagocytosis & cathepsin B, respectively. All treatments
protected cells from crystal-induced necrosis, suggesting that crystal phagocytosis and
lysosomal membrane permeabilization (LMP) mediated crystal cytotoxicity.
Furthermore, TEM and confocal microscopy using calcein & lysotracker co-staining
confirmed crystal phagocytosis and LMP, respectively. In addition, inhibitor of p53,
pifithrin, also protected cells from crystal cytotoxicity suggesting that cathepsin-p53
axis regulate MPT & mitochondrial ROS production during crystal-induced necrosis.
Consistent to these findings, we also observed significant mitochondrial damage in tub-
ular epithelial cells during acute oxalate nephropathy in-vivo. In addition, single genetic
deficiency of CYPD or MLKL, as well as inhibitors of respective pathways CyA or
necrostain-1s, partially prevented oxalate-induced renal tubule necrosis and AKI as
determined by preserved renal function (plasma creatinine), limited tubular damage
(injury score, renal KIM-1 & p-GST mRNA expression) and less dead cells despite simi-
lar crystal deposition. Dual deficiency or pharmaceutical blockade did not show addi-
tive effects. Of 90,500 diagnostic kidney biopsies, 1257 cases (1.4%) showed CaOx
crystal deposition, of which 555 (44%) cases were associated with AKI.
Immunostaining revealed that diffuse MLKL tubular positivity with occasional pMLKL
staining in single cells, whereas mitochondrial CYPD positivity got lost, probably due
to mitochondrial injury & cell loss.

CONCLUSIONS: We conclude that crystal-related tubular cell necrosis involves mito-
chondrial dysfunction and CYPD-mediated MPT related necrosis. Therefore, CYPD
inhibition represents a novel molecular target in crystal-related AKI.
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INTRODUCTION AND AIMS: Renal ischemia reperfusion injury (IRI) contributes to
acute kidney injury (AKI) and is a frequent complication after major surgery.
Complement activation happens rapidly and mediates the inflammatory response.
Little is known about the different roles of the two C5a receptors (C5aR1 versus
C5aR2). In this study C5aR1 and C5aR2 expression in renal IRI and progression to
CKD was characterized and their pathophysiological role was investigated by using
knock out mice.

METHODS: Unilateral IRI of 45 min was done in C5aR1, C5aR2 -/- and wild type mice
(WT). C5aR1 and C5aR2 expression was investigated by qPCR and by in situ hybridiza-
tion on renal sections. Renal morphology, inflammation, regeneration and renal fibro-
sis were investigated by immunohistochemistry and qPCR after IRI. In addition, bone
marrow macrophages were isolated and stimulated and investigated for macrophage
surface (CD86 and CD206) markers and HO-1 Expression.

RESULTS: C5aR1 and C5aR2 mRNA was up-regulated at d1, 7 and 21 in WT mice after
IRI which showed severe ongoing inflammation leding to fibrosis and chronic kidney
disease (CKD) at d21. By in situ hybridisaten on renal sections mRNA expression of
C5aR1 and C5aR2 was identified on infiltrating leukocytes and injured proximal tubuli.
C5aR -/- mice showed reduced inflammation and also markedly reduced fibrosis.
When comparing the two anaphylatoxin receptors C5aR2 -/- mice had the best regener-
ation potential and showed enhanced tubular proliferation (Ki-67þ cells) and AKT
expression. Renal function was markedly improved over WT. A new finding was
enhanced IL-10 expression at d1 and 7 in C5aR2-/- IRI kidneys. BM derived macro-
phages were identified as major source of IL-10 prduction. After stimulation of isolated
macrophages by LPS the anti-inflammatory macrophage phenotype was confirmed by
enhanced expression of CD86 / CD206. In addition, HO-1 protein expression was
upregulated in C5aR2-/- macrophages.

CONCLUSIONS: The anaphylatoxin receptors C5aR1 and C5aR2 have distinct roles in
mediating renal IRI. C5aR2 deficiency could be linked to anti-inflammatory macro-
phage phenotypes via enhanced IL-10 and consecutive HO-1 expression. Clinically,
this contributed to enhanced regeneration after IRI and resulted in less renal fibrosis.
C5aR2 targeted therapies might be promising in the prevention of IRI induced chronic
kidney disease. Further studies on unravelling the distinct roles of the two C5a receptors
are needed.
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