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Abstract

Aims: Inflammation-coupling tubular damage (ICTD) contributes to pathogenesis of
septic acute kidney injury (AKI), in which insulin-like growth factor-binding protein
7 (IGFBP-7) serves as a biomarker for risk stratification. The current study aims to
discern how IGFBP-7 signalling influences ICTD, the mechanisms that underlie this
process and whether blockade of the IGFBP-7-dependent ICTD might have
therapeutic value for septic AKI.

Materials and Methods: In vivo characterization was carried out in
B6/JGpt-1gfbp7¢™™%/Gpt mice subjected to cecal ligation and puncture (CLP).
Transmission electron microscopy, immunofluorescence, flow cytometry,
immunoblotting, ELISA, RT-qPCR and dual-luciferase reporte: assays were used to
determine mitochondrial functions, cell apoptosis, cytokir.~ se .retion and gene
transcription.

Key findings: ICTD augments the transcriptional activity and protein secretion of
tubular IGFBP-7, which enables an auto- and pai..~rir2 signalling via deactivation of
IGF-1 receptor (IGF-1R). Genetic knockout (¥C) of IGFBP-7 provides renal
protection, improves survival and resolves ir.f:arimation in murine models of cecal
ligation and puncture (CLP), while ad’an istering recombinant IGFBP-7 aggravates
ICTD and inflammatory invasion. IGF_ °-7 perpetuates ICTD in a
NIX/BNIP3-indispensable fashion «>rough dampening mitophagy that restricts redox
robustness and preserves mitock or.ai.al clearance programs. Adeno-associated viral
vector 9 (AAV9)-NIX short hairp:n RNA (shRNA) delivery ameliorates the
anti-septic AKI phenotypes ~f IGFBP-7 KO. Activation of BNIP3-mediated
mitophagy by mitochor.ic ac.d-5 (MA-5) effectively attenuates the
IGFBP-7-dependent (C1 D and septic AKI in CLP mice.

Significance: Our ti.1ings identify IGFBP-7 is an auto- and paracrine manipulator of
NIX-mediated mitopnagy for ICTD escalation and propose that targeting the
IGFBP-7-dependent ICTD represents a novel therapeutic strategy against septic AKI.

Key words: inflammation-coupling tubular damage, insulin-like growth
factor-binding protein 7, mitophagy, septic acute kidney injury
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1. Introduction

Acute kidney injury (AKI) initiated by sepsis is the leading cause of death among
patients with severe and persistent infection in intensive care unit (ICU) and intensive
rehabilitation care unit (IRCU). Despite recent advances in multimodality
management [1, 2], therapeutic options for patients with septic AKI are limited and
there is no satisfactory strategy in accelerating recovery. Generally, better
understanding of pathophysiological mechanisms of septic AKI would be a principal
paradigm shift in the potential treatment for this disorder.

Renal tubular epithelial cells (RTECs) simultaneously =xperience the
lipopolysaccharide (LPS)-inducible inflammatory response an.' death-associated
protein kinase 1 (DAPK1)-mediated apoptosis known as i.*flaramation-coupling
tubular damage (ICTD) during septic AKI, as reported in o Ir previous study [3].
Occurrence of ICTD requires intracellular activation ¥ DAPK1, the serine/threonine
kinase that could be dephosphorylated at Ser308 .nde. hypoxia for irreversible
tubular apoptosis in a LPS-dependent manner ! .ike DAPK1, secreted protein peptide
is also found to be a redox sensor associating ~i'n the LPS-inducible tubular
apoptosis [4], indicating that driver of «C 7D might not be always confined to the
tubular cell-intrinsic molecules but car "'e extended to extracellular cytokines,
especially the endocrine signalling.

Insulin-like growth factor-kirdi.g protein 7 (IGFBP-7) is a pleiotropic protein
that modulates pathogenesis «if a. ‘erse diseases including cancer, atherosclerosis,
dyspnea and pulmonary arw ‘ial nypertension (PAH) [5-8]. IGFBP-7 is expressed
ubiquitously and secretcd by cells of various tissue types (e.g., fibroblasts,
erythrocytes, vascule r an. epithelial cells). Earlier study demonstrate that IGFBP-7
deactivates IGF1 recontor (IGF1R) to trigger cell apoptosis [9]. IGFBP7 not only
exerts direct anti-phagocytotic effects but also has a by-stander activity [10].
Although the functional role of IGFBP-7 remains poorly understood, the linkage
between IGFBP-7 and prognosis or diagnosis of critically ill patients with AKI has
been documented in several literature [11-13]. IGFBP-7 can also serve as a biomarker
for risk stratification in septic AKI patients requiring renal replacement therapy [14].
Aberrant expression of IGFBP-7 has been associated with kidney dysfunction with
diverse pathological settings, including cisplatin-, kidney ischemia/reperfusion- and
lipopolysaccharide-induced AKI; IGFBP-7 inhibits tubular damage through blockade
of poly [ADP-ribose] polymerase 1 (PARP1) degradation mediated by ring finger
protein 4 (RNF4) [15]. However, the experimental significance of IGFBP-7 in
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polymicrobial sepsis-elicited AKI has not been investigated, and little data on the
reciprocity between IGFBP-7 and ICTD are available.

Here we establish that ICTD favors IGFBP-7 transcription and secretion, which
in turn orchestrate an auto- and paracrine signalling through deactivation of IGF1R.
Preclinical models demonstrate that genetic knockout (KO) of IGFBP-7 allows cecal
ligation and puncture (CLP) mice refractory to septic AKI and mortality, while
administration of recombinant IGFBP-7 aggravates ICTD and inflammatory invasion.
The auto- and paracrine IGFBP-7 signalling perpetuates ICTD mainly through
restraining the NIX/BCL2/adenovirus E1B 19 kDa protein-interacting protein 3
(BNIP3)-mediated mitophagy. Kidney-specific deletion of NIX in CLP mice using
adeno-associated viral vector serotype 9 (AAV9)-short hairnin R*NA (shRNA) impairs
the anti-septic AKI phenotypes of IGFBP-7 KO. Activaticn of BNIP3-mediated
mitophagy by mitochonic acid-5 (MA-5) prevents the GFt}P-7-dependent ICTD and
septic AKI. Our findings offer new insights into the rc'es and mechanisms of auto-
and paracrine IGFBP-7 signalling in ICTD and iuonti!y innovative strategy to
increase the therapeutic repertoires against sertic AKI.
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2. Materials and Methods

2.1. Human subjects and serum IGFBP7 quantification

Serum samples of 27 patients who met the clinical criteria of septic AKI were
collected from Intensive Care Unit (ICU) of Zhejiang Provincial People's Hospital for
IGFBP-7 measurement. The exclusion criteria included: pregnancy, human
immunodeficiency virus (HIV) infection, younger than 18 years, receiving
radio-chemotherapy and inability to provide informed consent. Clinical information of
these patients, including age, gender, Acute Physiology and Ci.vonic Health
Evaluation 1l [APACHE I1] score, Sequential Organ Failu.= A,sessment [SOFA] score
and Kidney Disease Improving Global Outcomes [KD GO stage, were listed in
Supplemental Table 1. A cohort of twenty-seven heai.>v donors in the medical
examination center of Zhejiang Provincial People ~ Hrspital were also recruited in
this study with individual data: 17 males and 10 .emales, and 11 persons > sixty years
old and 16 persons < sixty years old. Study' .- ~tr.col concerning human subjects was
approved by the Clinical Research Etrics Co.mmittee of Zhejiang Provincial People's
Hospital, Hangzhou Medical College, s:1dy number 2020KY011. The study was
conducted in accordance with the p. nciples of the Declaration-of-Helsinki and
written informed consent was ok te«n-d from all human subjects.

Serum IGFBP7 levels w2re \measured by Human IGFBP-rpl/IGFBP-7 DuoSet
ELISA Kit (R&D Systems .nc., cat#DY1334-05). The coefficient of variation was
less than 10% and samg'es v, 2re diluted 20- to 100-fold to ensure that the enzymatic
reaction was maintai 1ea vithin the linear range.

2.2. Reagents, constiucts and antibodies

Recombinant mouse IGFBP-7 (IGFBP-7, cat#2120-B7-025) and human IGFBP-7
(rhIGFBP-7, cat#10163-B7-050) were ordered from R&D Systems (Minneapolis,
MN). IGF1 (cat#sc-4590) was from Santa Cruz Biotechnology (Santa Cruz, CA).
OSI-906 (cat#S1091) was from Selleck Chemicals LLC (Houston, TX). Liensinine
(cat#HY-N0484), mitochonic acid-5 (cat#HY-111536), DAPK1 inhibitor
(cat#HY-15847), zZVAD-FMK (cat#HY-16658B) and necrostatin-1 (cat#HY-15760)
were purchased from Medchem Express (Monmouth Junction, New Jersey, USA).
Annexin V-FITC Apoptosis Detection Kit (cat#C1062L) was ordered from Beyotime
(Nanjing, China). DAPK1 shRNA and siRNA duplexes targeting PINK1 and PARK2
were as previously described [3, 16].
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Antibodies against COX IV (#SAB4503384), anti-PINK1 (#P0076) and
anti-PARK2 (#SAB2500749) were ordered from Sigma-Aldrich (St.Louis, MO).
Antibody against p-DAPK1_Ser308 (#PA5-105788) was from Thermo Fisher
Scientific (San Diego, CA). Antibodies against IGF1Rf (#9750),
phospho-IGF1RB Tyrl316 (#28897) and cleaved caspase-3 (#9661) were from Cell
Signaling Technology (Danvers, MA). Antibodies against DAPK1 (#25136-1-AP) and
HIF-1a (#66730-1-1g) were obtained from Proteintech Group, Inc. (Chicago, IL).
Antibodies against IGFBP-7 (#ab74169) was purchased from Abcam (Cambridge,
MA, USA). Antibody against TOMM20 (#NBP1-81556) was from Novus Biologicals
(Colorado, US, USA). IGFBP-7 neutralizing antibody (#M/AB21201) was purchased
from R&D Systems (Minneapolis, MN). Antibodies against N X (#bs-5798R) and
GAPDH (#bs-0755R) were from Biosynthesis (Beijing, Cina).

2.3. Animals and in vivo procedures
B6/JGpt-1gfop7e™ ™ %%/Gpt mice (#T002861) we.= pr.rchased from GemPharmatech
Co. (Nanjing, China) and bred in the Laboratrrv Animal Center of Hangzhou Medical
College in a specific-pathogen-free facility (» ‘argzhou, China). C57BL/6J littermates
were served as the wild-type controls w, PR~ mice were as previously described
[3]. All animal experiments were conaw ‘ted in accordance with the National Institutes
of Health guide for the care and use ~f laboratory animals and were approved by the
Ethics Committee on Use and C i ¢7 Animals of Hangzhou Medical College.
Murine models of cecal iga.'on and puncture (CLP) were performed as
previously described [3, 16 18]. In brief, 2.0 cm of the cecum was mobilized and
ligated with a 4-0 silk s 'ture after midline laparotomy under ketamine (100 mg/kg)
anesthesia. The mob‘iize.' cecum was then punctured with a 22-gauge needle and
pressed to produce 1.~al material. Sham control animals underwent the same midline
incision in abdomern iollowed by isolation of the cecum without ligation or puncture.
All mice were received s.c. injection of imipenem/cilastatin (20 mg/kg) at the time of
CLP. For therapeutic evaluation, 80 mg/kg mitochonic acid-5 (MA-5) was
administered to CLP mice by oral gavage in combination with or without intravenous
(i.v.) injection of recombinant mouse IGFBP-7 (1.5 mg/kg) per day until serum and
kidneys were collected for analyses. Serum creatinine (Scr) was assessed using the
Creatinine Enzymatic Reagent Set based on the provided protocol (Pointe Scientific,
Canton, MI). BUN was measured using the QuantiChrom™ Urea Assay Kit
(#DIUR-100) as directed by the manufacturer (BioAssay Systems, Hayward, CA).
In interfering experiments, the ShRNA cassette targeting mouse NIX was subcloned
into adeno-associated virus 9 vector bearing the GFP-linked _ promoter.


Administrator
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The oligonucleotides of AAV9-sh.NIX was: 5-AGCTCGGCATCTATATT
GGAAAGTGAAGCCACAGATGTTTCCAATATAGATGCCGAGCG-3'. After
sequencing ensured accuracy of the vector, adeno-associated virus was packaged,
purified and titrated by Vigene Biosciences (Shandong, China). Under anesthesia,
mouse tail was swabbed with alcohol and injected intravenously with 100 pL of viral
particles (1 x 10'? copies) harboring either the NIX or the control sShRNA sequence. A
correct injection was verified by noting blanching of the vein. After two weeks, renal
tissues were harvested to evaluate the efficiency of delivery. The adeno-associated
viruses were injected once per week. All mice were challenged with CLP as indicated
or executed for further study.

To examine the effects of secreted IGFBP-7 in vivo, reco,binant mouse
IGFBP-7 (1.5 mg/kg, g.d) was administered to the IGFBF 7-V/T or -KO mice via tail
vein injection for 2 days after CLP challenge. The indi ~atet’ mice were sacrificed at
48 hours for sample collection and subsequent experi 2ents.

2.4. Cell culture and transfections

Human kidney proximal tubular epithelial H.”-2 cells derived from American Type
Culture Collection (ATCC®, Manassar,, \irgi.zia, USA) were cultured in Dulbecco’s
modified Eagle’s medium (Gibco, Cari.nad, USA) with 10% fetal bovine serum (FBS)
as described previously [3, 16]. Rer.~! tubular epithelial cells (RTECS) were isolated
from renal cortices of the indica.er 1 .ce using a procedure described in previous
publications [16, 19] and grevvn > DMEM/F12 (Gibco) on collagen type 1-coated
dishes at 37 °C in a humidi.*ad incubator containing 5% CO, and 95% air. For ICTD
induction, cells were exnose .. to Escherichia coli 0111: B4 LPS under either physical
hypoxia or 0.8 mmol L C2balt chloride (CoCl,) preconditioning as previously
reported [3].

For conditioneu IGFBP-7 secretion in response to ICTD, RTECs (1x10°) were
seeded in 6-well plates and infected with lentiviral plasmids expressing RFP or
RFP-IGFBP-7. The RFP- or RFP-IGFBP-7-expressed RTECs were next day
transfected with IGFBP-7 sg.RNA and media was collected 48 h later, spin down to
eliminate debris and used in subsequent experiments. Recipient RTECs were primed
with LPS plus either physical hypoxia or Cobalt chloride (CoCl,) for 8 h, after which
they were treated with conditioned media (CM) as indicated in the presence or
absence of recombinant mouse IGFBP-7 (25 ng/mL) addition. IGFBP-7 secretion was
determined by enzyme-linked immunosorbent assay (ELISA) assays.

For experiments using blocking antibodies, RTECs seeded in 6-well dish were
engineered to stably express RFP or RFP-IGFBP-7 and the secreted media was
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harvested. Recipient RTECs were costimulated with LPS plus either physical hypoxia
or Cobalt chloride (CoCl,) for 8 h and then divided into four groups. One group was
added with CM derived from RFP transfectants and 20 pug/mL anti-1gG antibody
(R&D Systems, #AF007), another group was added with CM derived from
RFP-IGFBP-7 transfectants and 20 pg/mL anti-1gG antibody. The third group was
added with CM derived from RFP transfectants and 20 pg/mL IGFBP-7-specific
neutralizing antibody, whereas the fourth group was added with CM derived from
RFP-IGFBP-7 transfectants and 20 pg/mL IGFBP-7-specific neutralizing antibody.
Recipient RTECs without LPS plus either physical hypoxia or Cobalt chloride (CoCl,)
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costimuli in all groups served as control.

11 Small-interfering RNA (siRNA) transfection was perforn,~d as previously

12 described [3, 16-18]. RTECs were cultured in 12-well pla.~s a'1d then transfected with
13 100 nmol/L small interfering RNA (siRNA) duplex oliont cleotides targeting NIX,
14  PINK1 and PARK2, respectively, and correspondina vnntrol vectors that were

15 constructed by the GenePharma company (Shang: 2i, '"hina) using Lipofectamine™
16  RNAIMAX (Thermo Fisher Scientific) accordiny to standard protocols. At 36 h post
17  transfection, cells were harvested for furthzr - xpariments.

18

19  2.5. Lentivirus packaging and CRISPk *as9 genome editing

20  Lentiviral plasmid coexpressing 1G."BP7 and red fluorescent protein (RFP) was

21 constructed by subcloning the fu!l 1e..gth mouse IGFBP7 cDNA into

22 pCDH-CMV-MCS-EF-1a-RF-P-"?A+puro vector (#CD516B-2, System Biosciences,
23 San Francisco, USA). Brie:!\v, 293T cells were co-transfected with

24  pCDH-CMV-MCS-EF-"a-kP-T2A+puro-RFP-IGFBP-7, PMD29, PRRK and

25 PRSV-REV in HEPE S buffered saline (HBS) containing CaCl, (10 mmol/L). Viral
26  supernatants were h."vested 72 h later and passed through a 0.45 pm filter. Collected
27  lentivirus was used w infect RTECs with addition of retronectin (Takara Bio Inc,

28  Japan) and the transduced cells were selected with 1 ug/mL puromycin (Sigma

29  Aldrich, St Louis, MO, USA).

30 For IGFBP-7 deletion by CRISPR-Cas9 technology, RTECs were cultured in

31  DMEM media at a density of 1x10*. Commercially available pCRISPR-LvSG03

32 lentiviral particles (Genecopoeia, Rockville, MD, #LPPMCP273701L03-1-200) were
33  added based on formulas provided by user guide. Twenty-four hours later, the media
34  containing lentiviral particles were removed and replaced with fresh medium. Next
35 day, the transduced RTECs were cultivated with puromycin-added medium (working
36 concentration 2 pg/mL) for selection. A small aliquot of cells was picked for deleting
37  validation by western-blotting or real-time quantitative PCR (RT-gPCR).
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2.6. Transmission electron microscopy

RTECs isolated from IGFBP-7-WT and -KO mice were exposed to 200 ng/mL
recombinant mouse IGFBP-7 in the LPS-primed cultures under hypoxia for 12 h prior
to fixation with 0.5 mol/L sodium cacodylate buffer (pH 7.4) containing 2%
glutaraldehyde and formaldehyde at 4 °C. RTECs were then washed in 0.1 mol/L
sodium cacodylate buffer, followed by secondary fixation with 1% osmium tetroxide
and 1.5% potassium ferrocyanide at 20 °C. Two hours later, RTECs were washed by
deionized water for five times and then incubated with 2% uranyl acetate in 0.1 mol/L
maleate buffer (pH 5.5) before being embedded in Quetol enoxy resin. Images were
taken on a Hitachi H7700 electron microscope. The mitochonc-ial fraction was
calculated by computing the mean ratio of all single mitochon Irial areas that fell
within a cell using ImageJ software.

2.7. Reactive oxygen species (ROS) assay
For intracellular ROS detection, the indicated RTECs were incubated with 10 mmol/L
DCFH-DA (Sigma-Aldrich, #D6883) at 37 < frr 30 min. Cells were then washed by
PBS thrice and lysed with 50% metha 0\ coi.taining 0.1 M NaOH. After stripping and
spinning at 4500 rpm for 5 min, the suy ‘rnatants were transferred and fluorescence
signal at 488/525 nm was detected ..’ a Multimode Reader (Synergy H1, BioTek).
Mitochondrial reactive oxy Jra species (MtROS) were measured using
MitoSOX™ (Thermo Fisher scietific, #M36008) as described in previous
publication [16]. IGFBP-7-'NT ur -KO RTECs were stimulated with LPS under
hypoxia for 8 h in the preser ce of 200 ng/mL recombinant mouse IGFBP-7 incubation
and then loaded with 5 n.mol/L MitoSOX for 30 min. After washing with PBS twice,
fluorescence intensi. ' was measured at 510/580 nm.

2.8. ATP, NAD*/NADH, A4ym and cytosolic mtDNA measurement

RTECs grown in the LPS-supplemented medium under physical hypoxia in the
presence or absence of 200 ng/mL recombinant mouse IGFBP-7 exposure were
trypsinized and lysed to release ATP, the amounts of which were determined by ATP
Detection Assay Kit (Cayman Chemical, #700410) according to the manufacturer’s
instructions.

NAD*/NADH ratio was measured using NAD*/NADH Cell-Based Assay kit
(Cayman Chemical, #600480) according to the manufacturer’s recommendation. In
brief, RTECs bearing NIX siRNA were treated by CM as indicated under LPS plus
physical hypoxia costimuli. Twelve hours later, RTECs were lysed and centrifuged.
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Supernatants were then incubated in reaction solution for 1 h and absorbance was
measured at 450 nm using FilterMax® plate reader.

Aym was measured by TMRE Mitochondrial Membrane Potential Assay Kit
(Biovision, #K238) as previously described [16]. Briefly, HK-2 cells costimulated
with LPS plus physical hypoxia in the presence or absence of rhIGFBP-7 treatment
were stained with 200 nmol/L TMRE for 30 min at room temperature. After washing
with PBS, fluorescence intensity at 535/587 nm was determined by a FilterMax® plate
reader.

Cytosolic mtDNA was analyzed as described previously [16]. In brief, DNA was
purified from the cytosolic fractions of IGFBP-7-WT or -KD RTECs and
mitochondrial DNA encoding cytochrome c oxidase 1 (COX1, ‘vas quantified by
real-time quantitative PCR (RT-gPCR) with the following nririer sequences:
Forward: 5-GCCCCAGATATAGCATTCCC-3'

Reward: 5-GTTCATCCTGTTCCTGCTCC-3'.
Nuclear DNA (evaluated by 18S ribosomal RNA, was used for normalization.

2.9. Mitochondrial isolation and western-tlc: iny
Isolation of mitochondrial fractions frm verc! tissues and RTECs was performed
using Mitochondria Isolation Kits (The. no Fisher Scientific, #89801 and #89874)
according to the manufacturer’s gui'=lines, respectively. The mitochondria-enriched
fractions were lysed in radioimn:u.icurecipitation assay (RIPA) buffer (Cwbiotech,
Beijing, China) supplementer wi." phosphatase inhibitors and protease inhibitors and
were sonicated for 3 minuic- at 4 °C to shear contaminating genomic DNA before
being loaded on sodiun doa.cyl sulfate (SDS)-polyacrylimide gel (PAGE).
Western-blottin‘( wes carried out on fractions from renal tissues and RTECs as
previously describeu 16, 19-21]. In brief, lysates were centrifuged at 15, 000 g for 10
min at 4 °C and prowcin concentrations were determined using the Pierce BCA Assay
(Thermo Scientific). Lysates were then mixed with 5x sample buffer containing 0.05%
bromophenol blue, 0.5 mol/L dithiothreitol (DTT), 0.3 mol/L Tris-HCI (pH 6.8) and
50% glycerol for heat-denaturation at 95 °C, and fractionated on 10% SDS-PAGE
electrophoresis, followed by transferring to the Immobilon™ PVDF Transfer
Membranes (Millipore Corporation, Billerica, MA). Membranes were blocked for 45
min with 5% bovine serum albumin (BSA), probed with primary antibodies as
indicated at 4 °C overnight and then incubated with the horseradish peroxidase
(HRP)-conjugated secondary antibodies at room temperature. Signals were visualized
by Western Chemiluminscent HRP Substrate Kit (PPLYGEN, Beijing, China).
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2.10. Immunofluorescence

Procedures for immunocytochemistry (ICC) and immunohistofluorescence were as
previously described [3, 16]. For ICC, the indicated RTECs were fixed with 4%
paraformaldehyde in PBS for 30 min at 4 °C and blocked with 2% bovine serum
albumin (BSA) in PBS. Incubation with the anti-cleaved Caspase-3 antibody (1:200)
was carried out for 1 h at 20 °C, followed by incubation with secondary antibody
conjugated to Alexa Fluor® 488 or 647 (Abcam) for 1 h at 20 °C. Images were
captured on a fluorescent microscope (I1X71; Olympus, Japan). To detect MitoTracker
staining, RTECs were cultured overnight on glass coverslips, stained with 500 nmol/L
MitoTracker™ Green (Thermo Fisher Scientific, #M7514) for 30 min at 37 °C, and
washed twice with PBS. Cells were then fixed with 4% parafo,maldehyde in PBS for
15 min and permeabilized with 0.2% Triton X-100. After .locing with 5% BSA,
cells were incubated with primary antibodies overnigh at « °C. Twenty-four hours
later, RTECs were washed by PBS with Tween 20 (FCST) and incubated with
secondary antibodies for 1 h at room temperature >nd .hen mounted with 4°,
6-Diamidino-2-phenylindole (DAPI) in PBS far 15 min. For
immunohistofluorescence, renal sections ve: = n~.rmeabilized with 0.1% Triton X-100
for 15 min and blocked with 1% BSA an.' 0.2% Tween-20 in PBS for 1 hour at room
temperature. Sections were then incuba: >d with primary antibodies at 4 °C overnight.
After extensive washing by 0.25% T*iton X-100 in PBS, the Alexa Fluor® 647
secondary antibody was added to tae wlocking solution and incubated for 2 h. Sections
were stained with DAPI and imay~d on a Carl Zeiss (Oberkochen, Germany)
Axioimager Z1 microscope.

2.11. Flow cytometry

Flow cytometry witi. Annexin V staining was carried out using Annexin V-FITC
Apoptosis Detection Kit as previously described [18, 22]. In brief, the indicated
RTECs were harvested, washed and resuspended in ice-cold binding buffer containing
25 pg/mL Annexin V-FITC. The mixture was incubated for 15 min at room
temperature in the dark and then subjected to Fluorescence Activating Cell Sorter
(FACS) analysis.

2.12. Cell viability assay

Cell viability was assessed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide reduction (MTT) assay as described in previous
publications [18, 22]. Briefly, RTECs or HK-2 cells were seeded in 96-well plates at a
density of 1x10* per well with the indicated treatment. Before the end of experiments,
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20 uL MTT (5 mg/mL) was added and the plates were incubated at 37 °C for 4 h.
Dimethyl sulfoxide was then added to dissolve formazan and the absorbance was
measured at 570 nm by spectrometer (Wellscan MK3; Labsystems Dragon).

2.13. Enzyme-linked immunosorbent assay (ELISA)

IGFBP-7 concentrations of RTECs were determined by the colorimetric,
sandwich-based RayBio® ELISA Kit (#Q61581, Shanghai, China) according to the
manufacturer’s instructions. HMGB1 (#ARG81310, Arigo), TNF (#ARG80206,
Arigo), IL-17 (#M1700, R&D Systems) and IL-1p3 (#ARG80196, Arigo) were
measured using commercially available enzyme-linked immunosorbent assay kits as
indicated.

2.14. Real-time quantitative PCR (RT-qPCR)

RT-gPCR was performed according to previous protocnls [3, 16-18]. In brief, the
indicated kidney homogenates or RTECs were ly.~d a2.d total RNA was extracted
using RNeasy Plus Mini Kit (Qiagen, Hilden Sermany). Complementary DNA was
synthesized using PrimeScript® RT Reagert 't / Takana, Dalian, China) and real-time
gPCR was carried out on an Applied Fiio. ysiems 7900HT cycler using Takana
SYBR® Premix Ex Taqg™ Kit (Takana, vith the primers listed in Supplemental Table
2.

2.15. Dual-luciferase reporte - (L R) assay

DLR assay was carried out v a Dual-Luciferase Reporter Assay System Kit
(Promega, Madison, W'\ foir.owing the manufacturer’s instructions as previously
described [3, 18]. In Jriel RTECs were seeded in 96-well plates for 24 h and then
transfected with LOu ~g of firefly luciferase reporter plasmids containing IGFBP-7
gene promoter or non-promoter region and 1 ng of pRL-TK Renilla plasmids using
Lipofectamine 3000 reagent (Invitrogen). Forty-eight hours later, the luciferase
activities were measured by a Synergy 4 microplate reader (BioTek). The primers
used for DLR in the current study were:

promoter (forward): 5'-CGAGCTACTGCTAAATATCCTAAAGAAAC-3’
promoter (reverse): 5'-CCCCGGGCAGAGAAGACCATTTAGAG-3'.
non-promoter (forward): 5'-CGAGCTACCTCATCTGGAACAAGGTA-3’
non-promoter (reverse): 5'-CCCCGGGAGCGTCCTCCTTACTTAG-3'.

2.16. Gene Set Enrichment Analysis (GSEA)
For GSEA, gene expression dataset from GSE102453 were downloaded from Gene
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Expression Omnibus (GEO) and incorporated into BROAD javaGSEA standalone
version (http://www.broadinstitute.org/gsea/downloads.jsp) to examine the correlation
of IGFBP-7 with mitophagy-related gene signature. The metric for ranking genes in
GSEA was set as ‘Pearson’ and the other parameters were set to their default values.

2.17. Immunohistochemistry (IHC) and TdT-mediated dUTP nick end labelling
(TUNEL) staining

IHC and TUNEL staining were conducted as described previously [3, 16, 18, 19].
Renal sections were fixed in 10% neutral buffered formalin and embedded in paraffin,
followed by standard procedures with de-paraffinization and rehydratation. Antigen
retrieval was performed in citrate buffer (pH 6.0) for 5 minite. in a pressure cooker.
The endogenous peroxidase activity was quenched by incchat'on in 3% H,0; in
TBST for 15 min, followed by rinsing in water and blc <kin ) in 5% bovine serum
albumin (BSA) in TBST. Immunohistochemical stair.ng was performed using Dako
ChemMateTM Envision™ Detetcion Kit (DaKo, =loctrup, Denmark) after sections
were probed with primary antibodies and inci*ha.ed with horseradish
peroxidase-conjugated secondary antibodirs. muges were obtained with a AxioVision
Rel.4.6 computerized image-analysis ©ys.2m {Carl Zeiss). TUNEL assay was
performed with In Situ Cell Death Dete tion Kit from Roche Applied Science
(Indianapolis, IN).

2.18. Statistical Analysis

Results were subjected to s tistical analysis using SPSS 20.0 software (SPSS Inc,
Chicago, IL, USA) and ~ons.Jered statistically significant if the P value was < 0.05.
Survival curves were ana'‘yzed using the Kaplan-Meier method and P value was
calculated by the loy rank test. Two-tailed student’s t-test has been used for
comparisons of two yroups. Two-sided ANOVA with Bonferroni procedure was
applied for multiple comparisons.
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3. Results

3.1. Auto- and paracrine IGFBP-7 signalling is boosted by ICTD during septic AKI
Our recent study demonstrated that renal tubular epithelial cells (RTECs) experience
the LPS-inducible, DAPK1-mediated apoptosis known as ICTD in pathogenesis of
septic acute kidney injury (AKI) [3]. To clarify the relationship between
IGFBP-7/IGF1R axis and ICTD, we assessed the abundance of IGFBP-7 and IGF-1R
in RTECs harvested from murine models of cecal ligation and puncture (CLP), which
provides important insights into biological processes of polvni..~robial sepsis [23]. We
found that levels of IGFBP-7, but not IGF1R, were increa.ad 'ime-dependently after
CLP challenge (Fig. 1A). To determine if the observed difti rences of IGFBP-7
abundance in RTECs could be recapitulated in vivo v~ performed dichromatic
immunofluorescence staining of IGFBP-7 and IG.>1R in renal sections of CLP mice.
Although IGF-1R" staining intensities were crmparabie in all sections tested, the
proportion of IGFBP-7" staining was signi€ic nt'y higher in sections from CLP mice
than in sections from control mice (Fiy. .8). These data implicate that IGFBP-7
signalling is boosted in tubular cells the. experience ICTD during septic AKI.

We noticed that IGF-1R" immunostaining can be seen in both IGFBP-7" and
adjacent IGFBP-7 cells. In fact, 15. £ 5.4% of cells in renal sections from CLP mice
co-stained for IGFBP-7 and ! 5F-2R (Fig. 1B, right panel), raising the possibility that
an auto- and paracrine IGF_'P-7 signalling might occur in response to ICTD. To test
this possibility, we enrc'led .. previously established cell model that mirrors ICTD in
vitro [3]. In this conf gui tion, RTECs were stimulated with LPS in the presence of
either physical hypo.-ia or cobalt chloride (CoCl,), and their IGFBP-7 mMRNA
expression and prornwter activity were then measured by real-time quantitative PCR
(RT-gPCR) and dual-luciferase reporter (DLR) assays, respectively. LPS stimuli
pronouncedly upregulated IGFBP-7 mRNA levels without alterations of IGF1R
expression under hypoxic circumstances (Supplemental Fig. 1A), along with a higher
IGFBP-7 gene promoter activity (Supplemental Fig. 1B). Given transcriptional
activation of IGFBP-7 gene is required for protein secretion out of cells, we measured
release of IGFBP-7 protein in the same inflammatory/hypoxic media using
enzyme-linked immunosorbent assay (ELISA) and found that IGFBP-7 release of
RTECs with LPS plus hypoxia costimuli was ~2-fold higher than that of the parental
cells without (Fig. 1C). These data together suggest that ICTD stimulates tubular
IGFBP-7 secretion.
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To directly interrogate the connection of auto- and paracrine IGFBP-7 signalling
with ICTD, we exposed the LPS-stimulated RTECs to hypoxia, treated them with
recombinant mouse IGFBP-7 protein (IGFBP-7) and then measured IGFBP-7
secretion. Treatment with IGFBP-7, which dose-dependently blocked the
IGF1-inducible IGF-1R activation, increased IGFBP-7 release (Fig. 1D and
Supplemental Fig. 1C), demonstrating that IGFBP-7 can induce its own secretion in
response to ICTD. Deactivation of IGF-1R by OSI-906 also enhanced tubular
IGFBP-7 secretion upon LPS plus hypoxia costimuli, but to a lesser degree than
IGFBP-7 (Supplemental Fig. 1D). Given that pharmacological inhibitor may have
off-target effects, we used a specific IGF-1R siRNA. Silencing IGF-1R in the LPS
plus hypoxia-costimulated RTECs increased IGFBP-7 secretiu.” as efficiently as
OSI-906 did (Supplemental Fig. 1E). IGF1 tended to abroate the LPS plus
hypoxia-costimulated secretion of IGFBP-7 despite su *h ai rogation did not reach
statistical significance (Supplemental Fig. 1F). These esults indicate that IGFBP-7
exerts an auto- and paracrine role on tubular cells, in v/hich IGF-1R deactivation
might be instrumental for the ICTD-stimulated secretion of its blocking ligand.

Activation of the auto- and paracrine 'G"-R"-7 signalling upon ICTD was further
revealed by treating RTECs with conc:acn n.2dium (CM) derived from the
red-fluorescent protein (RFP)-tagged 1 ~BP-7-transfected RTECs, which resulted in
more IGFBP-7 secretion under the . PS plus hypoxia-costimulated circumstances in
comparison to CM derived from tre ..on-transfected or RFP-transfected RTECs (Fig.
1E-G). When ablating IGFBF-7 1> the RFP-IGFBP-7-transfected RTECs with small
guide RNA (sg.RNA) (Fig. G, right panel), their CM displayed less efficiency to
increase IGFBP-7 secretion. ;{owever, this defect could be rescued by addition of
IGFBP-7 (Fig. 1F). Tnhus, ICTD orchestrates an auto- and paracrine IGFBP-7
signalling that geneictes a positive feedback loop via IGFBP-7 secretion.

We next evaluawed the relevance of our animal and cell findings to human
pathology. To this end, we used serum from healthy donors or patients with septic
AKI to treat human kidney proximal tubular epithelial HK-2 cells that were primed
with LPS plus hypoxia (Fig. 1H and Supplemental Table 1). Septic AKI
patient-derived serum had higher levels of IGFBP-7 and induced more IGFBP-7
secretion compared to the healthy donor-derived serum (Fig. 11 and Supplemental Fig.
1G). Thus, septic AKI patient-derived IGFBP-7 induces the ICTD-dependent
IGFBP-7 secretion, which is equivalent to the effect as seen in RTECs.

To determine whether the serum IGFBP-7 is sufficient to orchestrate an auto-
and paracrine signalling in kidney in vivo, we i.v. administered mice with recombinant
mouse IGFBP-7 (1.5 mg/kg) once every day for consecutive five days. Compared to



O 00 N o uu b W N

[EY
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

vehicle, administration of IGFBP-7 markedly increased both blood and renal
IGFBP-7 levels, reminiscent of CLP challenge (Supplemental Fig. 2A and 2B). Sera
of these mice were then collected and intraperitoneal (i.p.) injected at dose of 200 pL
into recipient mice, after which IGFBP-7 abundance in kidney samples was
determined by RT-gPCR and enzyme-linked immunosorbent assay (ELISA),
respectively. While the mRNA expression of IGFBP-7 in mice with sera injection did
not differ significantly from those in mice without injection (Supplemental Fig. 2C),
administering the IGFBP-7-replete sera led to higher IGFBP-7 secretion in kidney
homogenate (Supplemental Fig. 2D), reinforcing the notion that systemic IGFBP-7
can orchestrate an auto- and paracrine signalling in kidney to promote secretion of
itself.

3.2. Auto- and paracrine IGFBP-7 signalling aggrevates ICTD and inflammatory
invasion during septic AKI
The auto- and paracrine IGFBP-7 signalling boos.~d f y ICTD during septic AKI
prompted us to investigate its role in ICTD. F~r tnis purpose, the IGFBP-7-knockout
(KO) mice and their wild-type (WT) littermac: :s *.vere subjected to CLP, followed by
histopathological examination of rena’ se stiv.1s using hematoxylin and eosin (H&E)
staining, which showed that IGFBP-7-."/T mice developed AKI after CLP challenge,
characterized by tubulotoxic pheno.,mes including loss of epithelial brush border,
tubular vacuolization and desquc.mauun, whereas IGFBP-7-KO mice did these to a
much lesser extent (Fig. 2A) In i.ne with these findings, the percentage of cells
positive for TdT-mediated o' JTF nick end labelling (TUNEL) were reduced in renal
sections of IGFBP-7-K" mi .2 subjected to CLP (Fig. 2B). IGFBP-7 KO made CLP
mice refractory to mortai'ty, yet there were no significant differences in survival
duration between IG=BP-7-WT and -KO mice at healthy status (Fig. 2C). Upon CLP
challenge, the levels uf serum creatinine (Scr) and blood urea nitrogen (BUN) in
IGFBP-7-KO mice were much lower than those in IGFBP-7-WT littermates (Fig. 2D).
These data suggest that septic AKI could be alleviated in CLP mice lacking IGFBP-7.
To dissect whether IGFBP-7 deficiency modulates production of
proinflammatory cytokines, we measured levels of interleukin-17 (IL-17), high
mobility group box 1 (HMGBL1), tumor necrosis factor (TNF) and interleukin-13
(IL-1B) in whole renal tissues of the IGFBP-7-KO and -WT mice subjected to CLP
using enzyme-linked immunosorbent assay (ELISA). We observed that basal levels of
the four proinflammatory cytokines in KO mice were comparable to those in WT mice,
and their levels in WT mice were all elevated after CLP challenge. In contrast, only
the production of HMGBL1, but not that of IL-17, TNF and IL-1p, was profoundly
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elevated in KO mice with CLP (Fig. 2E). Renal tissues of IGFBP-7-KO mice also had
lower mRNA levels of MCP-1, IL-6, KIM-1 and BIM than those of IGFBP-7-WT
mice upon CLP challenge (Fig. 2F). These data suggest that IGFBP-7 deficiency
constrains inflammatory invasion during septic AKI.

We then evaluated the role of secreted IGFBP-7 in septic AKI by administering
intravenously (i.v.) recombinant mouse IGFBP-7 into CLP mice for two days.
Administering IGFBP-7 led to worsened tubulotoxicity and apoptosis in renal sections
of CLP mice (Fig. 3A and B). CLP mice receiving IGFBP-7 administration had higher
levels of Scr and BUN than the control CLP mice, accompanied by the increased
production of renal IL-17, TNF and IL-1p (Fig. 3C and D). To delineate whether the
inhibitory effects of IGFBP-7 deficiency against septic AKI iri.alve an
IGFBP-7-dependent mechanism, we administered IGFBP 7 tc the IGFBP-7-KO mice
that were subjected to CLP. The worsened effects of 1CFBt -7 on tubulotoxicity and
apoptosis were abolished in KO mice (Fig. 3Aand B,.

To directly explore whether ICTD contribute to .he exacerbated effects of
IGFBP-7 in septic AKI, we employed immun~histochemistry (IHC) to detect DAPK1
Ser308 phosphorylation in renal sections cf C« P mice receiving IGFBP-7
administration, which displayed reduc:a Jroportion of areas positive for staining as
compared to those without administrau. n (Fig. 3E). We also addressed whether ICTD
influenced the extent of IGFBP-7 n. septic AKI. In this setting, tubular damage was
assessed by cleaved Caspase-3 (:CASP3) quantification using IHC. Administration of
IGFBP-7 readily elevated cC.ASr?" staining intensity and such elevation was partially
attenuated by DAPK1 inhiv.tion (Fig. 3F). Thus, during septic AKI, the auto- and
paracrine IGFBP-7 sigr.allin , perpetuates ICTD in which DAPKZ1 activation is a
generalizable princig (e.

3.3. Auto- and paraui ine IGFBP-7 signalling perpetuates ICTD in vitro

To verify the translation of auto- and paracrine IGFBP-7 signalling for aggravation of
septic AKI to cell models, we examined the impact of IGFBP-7 on ICTD in vitro.
IGFBP-7 increased death of RTECs with LPS plus either hypoxia or CoCl, costimuli,
as reflected by flow cytometry (FCM) of Annexin-V staining analyses showing that
the percentage of Annexin-V" dying cells was greatly increased following
recombinant mouse IGFBP-7 exposure (Fig. 4A). Preincubation with the pan caspase
inhibitor benzyloxycarbonyl-Val-Ala-Aspfluoromethylketone (zZVAD-FMK), but not
the necrosis inhibitor necrostatin-1, attenuated the IGFBP-7-increased cell death in
the presence of LPS plus either hypoxia or CoCl;, costimuli. These results indicate that
IGFBP-7 perpetuates ICTD mediated by caspase activation.
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To further characterize whether cell-derived IGFBP-7 perpetuates the
caspase-mediated ICTD, we stimulated the RFP-IGFBP-7-transfected RTECs with
LPS plus hypoxia or CoCl, and subjected these transfectants to immunocytochemistry
(ICC) for apoptosis detection using cCASP3 staining (Supplemental Fig. 3A). A
significantly larger number of cells underwent apoptosis after RFP-IGFBP-7
introduction. Of note, apoptosis not only occurred in the RFP-positive transfectants
but also in neighboring cells that did not express RFP (Fig. 4B). To decipher whether
secreted IGFBP-7 is functionally active, the LPS plus hypoxia- or CoCl,-costimulated
RTECs were treated with CM prepared from RFP-IGFBP-7 transfectants (Fig. 4C).
As shown in Fig. 4D, CM from RFP-IGFBP-7 transfectants, but not that from RFP
transfectants, increased apoptosis in RTECs with LPS plus hy.~xia or CoCl,
costimuli but not in those without. Nonetheless, neutralize‘ion of IGFBP-7 using a
specific antibody (Ab) abrogated the apoptosis-inducil le ei fect of CM from
RFP-IGFBP-7 transfectants. The neutralizing IGFRF-7 Ab barely influenced survival
of the LPS plus hypoxia- or CoCl,-costimulated + TE(.s when incubating them with
CM from RFP control transfectants. Thus, the auco- and paracrine IGFBP-7 signalling
serves an important intermediate to perpetr:a. ICTD.

In concert with the aforemention-.a \'ata that IGFBP-7 administration favors
DAPK1 activation in renal sections ot C (_P mice, examination of DAPK1_Ser308
phosphorylation identified a promn.~nt decrease in the LPS plus hypoxia- or
CoCl,-costimulated RTECs afte. 151" 3P-7 exposure (Fig. 4E). Similar results were
observed in human kidney proxn. al tubular epithelial HK-2 cells that were exposed to
recombinant human IGFBF 7 (mIGFBP-7) under the LPS-stimulated hypoxia
circumstances (Supplerrente. Fig. 3B). However, IGFBP-7 increased death of
DAPK1 7 RTECs to an «quivalent degree as did in the DAPK1-intact RTECs
(Supplemental Fig. 27). The short hairpin RNA (shRNA)-mediated depletion of
DAPK1 compromised death of HK-2 cells induced by LPS plus hypoxia, while it was
unable to do so in the presence of rhIGFBP-7 exposure (Supplemental Fig. 3D).
DAPK1 7 RTECs exhibited normal upregulation of IGFBP-7 following LPS plus
hypoxia costimuli (Supplemental Fig. 3E). These results implicate that the auto- and
paracrine IGFBP-7 signalling perpetuates ICTD not mainly through activation of
DAPK1.

To validate whether IGF1R deactivation is responsible for the observed ICTD
perpetuation by IGFBP-7, we assessed cell viability of the LPS plus
hypoxia-costimulated RTECs following IGF1 preincubation and found that RTECs
with IGF1 preincubation had increased survival (Supplemental Fig. 3F). By contrary,
OSI-906 treatment increased the LPS plus hypoxia-inducible cytotoxicity



O 00 N o uu b W N

[EY
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

(Supplemental Fig. 3G). Building on these observations, we exposed the
IGF1R-silenced RTECs to IGFBP-7 to see if cytotoxicity could become less
susceptible. Although silencing of IGF1R seems to abolish cell death following
low-dose IGFBP-7 exposure, IGFBP-7 at higher concentration led to great
cytotoxicity irrespective of IGF1R status upon LPS plus hypoxia costimuli
(Supplemental Fig. 3H), suggesting that alternative mechanisms might be involved in
the perpetuating role of auto- and paracrine IGFBP-7 signalling in ICTD.

3.4. NIX-mediated mitophagy compromises ICTD perpetuated by IGFBP-7

We next sought to surmise the predominant mechanism whereby IGFBP-7 perpetuates
ICTD. The IGFBP-7-deficient RTECs experienced much less (=ath in comparison to
the IGFBP-7-proficient RTECs after being exposed to 1G1'BP- 7 under the
LPS-stimulated hypoxia conditions (Supplemental Fig 4A and B), suggesting that
intracellular IGFBP-7 is essential for the perpetuating vole of auto- and paracrine
IGFBP-7 signalling in ICTD. We thus decided to .xplre the role of endogenous
IGFBP-7 in ICTD perpetuated by the auto- arA paracrine IGFBP-7 signalling using
RTECs from IGFBP-7-KO mice (Fig. 5A) \.» roserved that IGFBP-7-KO RTECs
were refractory to the IGFBP-7-induc’uie ap.ptosis upon LPS plus hypoxia costimuli
(Supplemental Fig. 4C-E), which kinew ally correlated with the declined levels of
cytoplasmic and mitochondrial reac:ive oxygen species (ROS) (Fig. 5B) as judged by
DCF-DA and MitoSOX fluoresczar.c ...tensity, respectively. Alongside the diminished
cytoplasmic and mitochondrial k2S, examination of RTECs from IGFBP-7-KO mice
subjected to CLP using trai."mission electron microscopy (TEM) confirmed a great
reduction in the mitochondn.l fraction upon IGFBP-7 exposure (Fig. 5C and E).
RTECs from IGFBP 7-K2 mice with CLP also displayed significantly weaker
MitoTracker Green .*aining than those from IGFBP-7-WT littermates with CLP in the
presence of IGFBP-. exposure (Fig. 5F), implying a diminution in mitochondrial
mass.

Mitochondrial mass is determined by mitophagy, the evolutionarily conserved
biological process through which cells selectively eradicate damaged mitochondria
[24]. Mitophagy plays a principal role in mitochondrial homeostasis for tubular
protection under stressful circumstances [25]. Consistent with its role in apoptosis
inhibition, mitophagy is hallmarked by loss of mitochondrial membrane potential
(wm), reduction in mitochondrial reactive oxygen species (mtROS) and release of
fragmented mtDNA to cytosol as well as elevation of intracellular adenosine
triphosphate (ATP) [26, 27]. In mammalian cells, adenosine monophosphate-activated
protein kinase (AMPK) provokes mitophagy via inducing phosphorylation of ULK1
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at Ser555 [28]. Both PTEN-induced kinase 1 (PINK1) and parkin RBR E3 ubiquitin
protein ligase (PARK2) have been previously shown to counteract septic AKI via
mitophagy—the effect that could also recapitulate in the setting of persistent
activation of NIX/BCL2 and adenovirus E1B 19-kDa-interacting protein 3 (BNIP3)
pathway [29, 30]. Based on these hints and evidence, we investigated if mitophagy is
involved in the IGFBP-7-perpetuated ICTD. To this end, RTECs were pretreated with
the mitophagy inhibitor liensinine and then exposed to IGFBP-7 in the presence of
LPS plus hypoxia costimuli. IGFBP-7 remarkably increased cytotoxicity of RTECs
but could no longer to do so when these cells were pretreated with liensinine (Fig. 5G).
Notably and in accordance with these results, blockade of mitophagy through small
interfering RNA (siRNA)-directed silencing of NIX, but nor u.7t of PINK1 or PARK2,
yielded comparable results (Fig. 5H and I), underscoring . inaibitory role of
NIX-mediated mitophagy in the IGFBP-7-perpetuated |CT D.

Given NIX inhibits the IGFBP-7-perpetuated 1C 7D, we considered whether the
NIX-mediated mitophagy was reprogrammed in v"is sztting. Forced expression of
IGFBP-7 in the LPS plus hypoxia-costimulated [<TECs resulted in decreased mRNA
expression of NIX but not that of PINK1 ¢+ 1> ARPK2 (Supplemental Fig. 4F). Vice
versa, IGFBP-7 ablation increased NI'\ .ot ’n abundance in the mitochondrial
fraction, while this effect could be abru_ated by reconstituted expression of IGFBP-7
(Fig. 6A). The increased mitochonu.*al NIX was also detected in IGFBP-7-KO
RTECs costimulated with LPS anr. hvypoxia (Supplemental Fig. 4G), demonstrating an
engagement of IGFBP-7 in contic'ling NIX levels in response to ICTD. In echoing
this notion, we observed inceased NIX mRNA expression in RTECs from
IGFBP-7-KO mice in chmparison to those from IGFBP-7-WT mice upon CLP
challenge (Suppleme atar =ig. 4H), suggesting that the auto- and paracrine IGFBP-7
signalling represses ; 'lX of tubular cells during septic AKI. To address how NIX
expression varies in we progression of septic AKI, we examined NIX levels by IHC
in renal sections of CLP mice. Relative to normal tubules, NIX staining in AKI
lesions began to be detectable as early as 4 h following CLP challenge, peaked at 12 h
and became implicit at 24 h and 48 h, respectively (Fig. 6B). In sharp contrast, levels
of p-ULK1_Ser555 were not intensified until later timepoints, indicating that the
NIX-mediated mitophagy might be an early event distinct from that mediated by
AMPK-ULKT1 axis during septic AKI. In parallel, the mitochondrial fractions of a
series of renal samples derived from IGFBP-7-KO mice exhibited higher levels of
mitochondrial NIX protein than those derived from IGFBP-7-WT mice upon CLP
challenge (Fig. 6C).
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3.5. IGFBP-7 rewires NIX-mediated mitophagy in response to ICTD

Next, we attempted to persue how IGFBP-7 regulates mitophagy during ICTD. In this
effort, expression levels of translocase of outer mitochondrial membrane 20 homolog
(TOMM20) protein in the LPS plus hypoxia-costimulated RTECs were analyzed after
IGFBP-7 exposure. We observed that IGFBP-7 mitigated the LPS plus
hypoxia-costimulated degradation of TOMMZ20 protein irrespective of NIX status but
such mitigation could be further strengthened when PINK1 or PARK2 had been
silenced (Fig. 6D and Supplemental Fig. 5A). Exposure of the LPS plus
hypoxia-costimulated RTECs to IGFBP-7 robustly decreased intracellular ATP of
these cells (Fig. 6E), which is likely explanation accounting for the observed ICTD
perpetuation. Upon LPS and hypoxia costimuli, NAD*/NADH, -atio of the
NIX-silenced RTECs treated with CM from RFP-IGFBP- tra 1sfectants was
comparable to that of the silenced RTECs treating witt CN from control RFP
transfectants (Supplemental Fig. 5B). Together, these -2sults corroborate that
IGFBP-7 perpetuates ICTD via rewiring the NIX: mec iated mitophagy.

We extended our investigation with respe-t (o the rewiring role of IGFBP-7 in
mitophagy by analyzing the LPS plus hypcx.: -c4stimulated HK-2 cells, whose ym
magnitude was augmented after rhIGF ot -7 «xposure (Fig. 6F). In RTECs with LPS
plus hypoxia costimuli, IGFBP-7 KO .. ‘cumvented release of the fragmented mtDNA
to cytosol (Fig. 6G and H). These ooservations were in agreement with the
immunofluorescence analyses tt.af ev..opic expression of IGFBP-7 in the costimulated
RTECs substantially blunted he capacity of LPS and hypoxia to increase light chain 3
(LC3) puncta (Fig. 61-K). i renal sections of CLP mice, TOMM20 protein
accumulation was disruntea-- -possibly as a compensatory mechanism for RTECs to
adapt to the inflamm itor ,/hypoxic stress and acquire the ability to overcome ICTD.
IGFBP-7 KO resulte ™ 1n the most degradation of TOMMZ20 protein, whose levels had
been normalized after IGFBP-7 administration (Supplemental Fig. 5C), coincide with
our in vitro findings that the LPS plus hypoxia-costimulated degradation of TOMM20
protein became implicit following IGFBP-7 exposure. To interrogate whether
IGFBP-7 rewires mitophagy in response to ICTD on a genetic background, we
compared the transcriptional profile of IGFBP-7-KO and -WT RTECs with LPS plus
hypoxia costimuli and found that mitophagy pathway genes were predominantly
altered (Fig. 6L). Gene set enrichment analysis (GSEA) of a published expression
profile [31] revealed that IGFBP-7 was inversely correlated with transcriptomics that
reprogram the mitophagic signature around S1 tubules recently identified as
antibacterial defense and the capacity to prevent CLP-related AKI in the setting of
endotoxin preconditioning (Supplemental Fig. 5D). These results propose that the
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auto- and paracrine IGFBP-7 signalling rewires mitophagy associated with ICTD.

3.6. Suppression of NIX-mediated mitophagy is instrumental for ICTD perpetuated by
IGFBP-7 during septic AKI

Taken into account that silencing NIX renders resistance to ICTD perpetuated by
IGFBP-7, we sought to discern whether the NIX-mediated mitophagy is responsible
for septic AKI amelioration observed in IGFBP-7-KO mice. To approach this, we
conditionally deleted NIX in the kidneys of IGFBP-7-KO mice via tail-vein injection
of adeno-associated viral 9 (AAV9) harboring NIX shRNA (AAV9-sh.NIX) and
randomized them to CLP procedure at 14 days after deliver's. We confirmed that NIX
was deleted throughout renal compartment with expression rewined in other organs
(i.e., lung or liver) (Fig. 7A-C). Mice with AAV9 harborir. sc ambled sShRNA
(AAV9-sh.Scr) delivery developed progressive AKI during the course of CLP
experiments, unless IGFBP-7 was knocked out, in ra. of which tubulotoxicity was
deterred. Nevertheless, the AAV9-sh.NIX-deliver .1 rice exhibited persistent
tubulotoxicity even when IGFBP-7 was knocked out (rig. 7D and E). Compared with
WT mice, tubular apoptosis was arrested ir. 1 ~-FLP-7-KO mice with AAV9-sh.Scr
delivery upon CLP challenge, wherea< su:h «-end was not statistically significant in
KO mice with AAV9-sh.NIX delivery "-ig. 7D and E). Accordingly, levels of Scr and
BUN were declined in the AAV9-si..Scr-delivered IGFBP-7-KO mice but tended to
be rescued in the AAV9-sh.NIX: dv.11,ered KO mice upon CLP challenge (Fig. 7F).
Renal samples of IGFBP-7-KO 1.:ice subjected to CLP had comparable levels of
DAPKZ1 Ser308 phosphory.tion regardless of NIX deletion (Supplemental Fig. 6A),
suggesting that loss of !''IX .id not affect the inhibitory role of IGFBP-7 deficiency in
DAPK1 activation.

Mitochonic acic -5 (MA-5), an indole derivative that modulates mitochondrial
ATP synthesis and encits mitophagy, efficiently prevents apoptosis via the
BNIP3-mediated mitophagy [32, 33]. When CLP mice receiving IGFBP-7
administration possessed extensive AKI lesions and little disease-free tissues, CLP
mice receiving MA-5 single treatment or MA-5 plus IGFBP-7 cotreatment retained a
significantly larger fraction of normal renal tissues, demonstrating a delay in AKI
development (Fig. 7G and H). Despite severe apoptosis was observed in renal sections
of the IGFBP-7-administered CLP mice, renal sections of most MA-5 plus
IGFBP-7-cotreated CLP mice displayed only mild apoptosis (Fig. 7G and H). Tubular
protection conferred by MA-5 was associated with a drop of Scr and BUN levels in
CLP mice with or without IGFBP-7 administration as well (Fig. 71). Activation of the
BNIP3-mediated mitophagy using MA-5 largely abolished the pro-apoptotic effects of
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IGFBP-7 on the LPS plus hypoxia-costimulated RTECs (Supplemental Fig. 6B).

4. Discussion

ICTD is deemed to be a pivotal factor that governs septic AKI development. IGFBP-7
might become a potential therapeutic target for septic AKI as IGFBP-7 status has been
linked to AKI prediction in patients with sepsis [34]. Mounting studies suggest that
urinal IGFBP-7 serves as an independent diagnostic biomarker associated with AKI
progression for critically ill patients [35-37]. Despite emerging insights for individual
correlation of ICTD and IGFBP-7 with AKI, mechanisms underlying their interplay
remain undefined and little actions to guide novel therapy ave available. In the present
study, we uncover a perpetuating role of the auto- and paracrn.> IGFBP-7 signalling
in ICTD based on the following evidences: 1) IGFBP-7 a1 I(,F1R colocalize in AKI
lesions of CLP mice; 2) ICTD boosts IGFBP-7 transcr ntio and secretion; 3) The
ICTD-stimulated secretion of IGFBP-7 occurs in an 1>FBP-7-dependent manner,
which could be mediated by IGF1R deactivation, ") Exogenous introduction of
IGFBP-7 confers ICTD not only in IGFBP-7-~asitive out also in IGFBP-7-negative
transfectants within the same culture; 5) N2u: al’zation of IGFBP-7 perturbs the
ability of conditioned medium (CM) f-o1.> IC=BP-7 transfectants to perpetuate ICTD.
It noteworthy that urinary IGFBP-7 exc etion is increased in murine models of AKI
[38]. TGF-p/Smad4 signalling path. ‘ay is responsible for transcription of IGFBP-7,
and IGFBP-7 secretion contribu e t.. the BRAFY®*E-mediated apoptosis [39, 40]. In
this regard, IGFBP-7 could he¢ vicved as an endocrine intermediate that links ICTD to
septic AKI, and the possibi.tv triat septic AKI with increased IGFBP-7 secretion is
more sensitive to TGF-2/Sm...d4 or BRAF*°° antagonists can not be ruled out. Our
future work will aim (o a certain the precise molecular mechanism (s) of how ICTD
modulates the auto- cna paracrine IGFBP-7 signalling in tubules and dissect whether
constitutive blockaae of IGFBP-7 activity using small-molecule compound would be
a feasible approach for septic AKI therapy.

Septic AKI is characterized by tubular damage as a result of systemic
inflammatory response syndrome (SIRS) and cytokine storm. As the functional roles
of the auto- and paracrine IGFBP-7 signalling in septic AKI could not fully be
explained by the ICTD models in vitro, we used the IGFBP-7-KO mice. Consistent
with the concept that secreted IGFBP-7 exaggerates inflammatory injury [41, 42], our
data show that loss of IGFBP-7 attenuates tubular damage and prolongs survival
duration of CLP mice. Intriguingly, renal production of IL-17, TNF and IL-1, as well
as MRNA expression of MCP-1, IL-6, KIM-1 and BIM, in CLP mice were reduced
after IGFBP-7 KO. On the other hand, the histopathological analyses demonstrate
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aggravated tubular damage in CLP mice receiving recombinant IGFBP-7
administration, which also boosts renal IL-17, TNF and IL-1 production as well as
DAPK1 activation, suggesting that IGFBP-7 might sustain ICTD and inflammatory
invasion during septic AKI.

The anti-septic effects of mitophagy have been studied like those of other types
of autophagy. Studies from receptor-interacting serine/threonine-protein kinase 3
(RIPK3) and PINK1/PARK?2 axis implicate that these pathways direct tubular
mitophagy against septic AKI [16, 43, 44]. We present evidence here that the auto-
and paracrine IGFBP-7 signalling can perpetuate ICTD by a previously unappreciated
means: rewiring mitophagy mediated by NIX/BNIP3. We dzmonstrate that treatment
with the mitophagy inhibitor liensinine or transfection with sirtNA targeting NIX
abrogates the IGFBP-7-perpetuated ICTD. IGFBP-7 loss «an r hannel tubular cells
away from oxidative stress and led to a shift towards c ~cre..sed mitochondrial mass
and an inhibition in apoptosis. IGFBP-7 abolishes mi.>chondrial NIX accumulation in
response to ICTD, with a corresponding restoraticn in TOMM?20 abundance, ATP
expenditure and ym magnitude—components nf clearance program of defective
mitochondria. Our results, together with st’iu: *s *eported previously, support the
notion that termination of the NIX-meulc‘ea mitophagy plays a principal role in ICTD
perpetuated by the auto- and paracrine : sFBP-7 signalling, which may be distinct
from that initiated by the RIPK3- 01 PINK1/PARK2-dependent mitophagy responses.

Results from murine models st CLP suggest that deletion of renal NIX by
AAV9-carrying sShRNA delivery .- generally considered to be effective in rescuing the
anti-septic AKI phenotypes ~f IGFBP-7 KO and spurs us to design further
experiments to evaluate the \.:ficacy of NIX/BNIP3 agonist in septic AKI. Our data
reveal that MA-5 is [ rete "entially to prevent the IGFBP-7-inducible ICTD in vivo and
in vitro. We also proyase that the anti-septic AKI efficacy of MA-5 would be tested in
combination with apuptosis inhibitors, established agents as well as continuous renal
replacement therapy (CRRT). Meanwhile, the optimal dose or therapeutic scheme of
MA-5 still needed to be defined. This is particularly relevant when implementing
combined studies with various treatments that are often managed over time.

There some limitations in our work. Although our study clearly demonstrate that
IGFBP-7 contributes to the ICTD-inducible IGFBP-7 secretion via deactivation of
IGF1R, this may not be the only mechanism because IGFBP-7 can also evoke other
signalling routes [45]. So the auto- and paracrine IGFBP7 signalling with respect to
septic AKI might be heterogeneous in cases of unknown IGFBP-7 receptors or
additional signalling molecules. Beside mitophagy, the role of chaperone-mediated
autophagy (CMA) in inflammatory diseases had also been studied due to the fact that
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it shares similar properties with mitophagy [46, 47], so the intrinsic nature by which
IGFBP-7 regulates CMA to perpetuate ICTD might be different. Herein, future
studies are needed to test whether the auto- and paracrine IGFBP7 signalling
perpetuates ICTD through rewiring CMA.
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5. Conclusion

In summary, our study identifies a principal role of auto- and paracrine IGFBP-7
signalling in rewiring NI1X-mediated mitophagy to perpetuate ICTD during septic AKI.
ICTD favors transcription and secretion of tubular IGFBP-7 for induction of the auto-
and paracrine signalling, which constrains the N1X-mediated mitophagy and thereby
perpetuates ICTD and exacerbates septic AKI. Genetic loss of IGFBP-7 enables mice
refractory to AKI and mortality launched by sepsis. Renal NIX deletion is sufficient to
thwart the anti-septic AKI phenotypes caused by IGFBP-7 reficiency, whereas
activation of NIX/BNIP3-mediated mitophagy prevents the (G-BP-7-perpetuated
ICTD. Our data unearth the mechanisms whereby the autc - an 1 paracrine IGFBP-7
signalling escalates ICTD and suggest that therapeutic targ: ting of the
IGFBP-7-dependent ICTD might be a promising straway for septic AKI management.
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Fig. 1. Auto- and paracrine IGFBP-7 ".ignalling is boosted by ICTD during septic
AKI. A: Western-blotting analyses “etecting levels of IGFBP-7 and IGF1Rf protein
in RTECs from sham and CLP nicc ~* the indicated times (n = 3 per group). B:
Representative immunofluorescence images and quantification of IGFBP-7" or
IGFBP-7"/IGF1R" staining in renal section from sham and CLP mice (n = 6 per
group). Scale bar = 100 um. <: ELISA assay of IGFBP-7 secretion in RTECs cultures
exposed to 150 ng/m” LS under either physical hypoxia or 0.8 mmol/L Cobalt
chloride (CoCl,) pirc~onwuitioning for 8 h (n = 5 per group). D, DMSO. L, LPS. D:
ELISA assay of IGFZP-7 secretion in RTECs cultures exposed to 150 ng/mL LPS
under either physical hypoxia or 0.8 mmol/L Cobalt chloride (CoCl,) preconditioning
in the presence or absence of recombinant mouse IGFBP-7 (IGFBP-7, 25 ng/mL)
treatment (n > 3 per group). E: Experimental scheme of RTECs treated with
conditioned medium (CM) from the indicated RTECs after being primed with LPS
and hypoxia. F: ELISA assay of IGFBP-7 secretion in RTECs cultures in the presence
of the indicated conditioned medium (CM) treatment with or without IGFBP-7
incubation after being primed with 150 ng/mL LPS under either physical hypoxia or
0.8 mmol/L Cobalt chloride (CoCl,) preconditioning (n > 4 per group). Ctrl, control.
sg.IGFBP-7, IGFBP-7 sgRNA. G: Left panel: western-blotting (WB) and coomassie
blue (CB) analyses detecting levels of IGFBP-7 protein in whole cell extraction



(WCE) or conditioned medium (CM) of RFP-tagged IGFBP-7-expressed RTECs.
Right panel: western-blotting (WB) analyses comparing levels of IGFBP-7 sgRNA
(sg.IGFBP-7)-transfected RTECs where IGFBP-7 was deleted from the genome by
CRISPR-Cas9 editing in the presence of RFP or RFP-IGFBP-7 overexpression. H:
Schematic showing IGFBP-7 measurement in HK-2 cells with serum from patients
with septic AKI and healthy volunteers upon LPS plus hypoxia costimuli. I: ELISA
assay of IGFBP-7 secretion in HK-2 cells exposed to 150 ng/mL LPS under either
physical hypoxia or 0.8 mmol/L Cobalt chloride (CoCl,) preconditioning in the
presence of sera from patients with septic AKI and healthy volunteers. Data are
expressed as mean + s.d. (B, C, D, F, ). Two-sided Student’s t test (B) and two-sided
ANOVA with Bonferroni post hoc t test correction (C, D, F 1) ~as used to calculate
the P value, respectively.
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Fig. 2. Genetic disruption of IGFBP-7 alleviates setic AKI. A: Representative
hematoxylin and eosin (H&E) images and quanti”ica.ion of renal sections from
IGFBP-7-WT or -KO mice with or without (1P :hallenge (n = 8 per group). Scale
bar = 100 um. B: Representative TUNF' 1,~ages and quantification of renal sections
from IGFBP-7-WT or -KO mice witi, or without CLP challenge (n = 6 per group).
Scale bar =50 um. C: Kaplan-Me:~r curves analyzing the survival of IGFBP-7-WT or
-KO mice with or without CLP ciie:'enge at the indicated times (n > 10 mice per
group). D: Serum creatinine (5" «.d blood urea nitrogen (BUN) of IGFBP-7-WT or
-KO mice with or without C.L+ ~hallenge (n = 8 per group). E: ELISA assays
measuring interleukin-17 (:' -17), high mobility group box 1 (HMGB1), tumor
necrosis factor (TNF w~a waterleukin-1f (IL-1B) production in kidney homogenate of
IGFBP-7-WT or "0 ice with or without CLP challenge (n = 6 per group). F:
RT-gPCR analysis coraparing mRNA levels of monocyte chemoattractant protein-1
(MCP-1), interleukin-6 (IL-6), kidney injury molecule-1 (KIM-1) and BIM in kidney
homogenate of IGFBP-7-WT or -KO mice with or without CLP challenge (n =5 per
group). Data are expressed as mean + s.d. (A, B, D, E, F). Log-rank t test (C) and
two-sided ANOVA with Bonferroni post hoc t test correction (A, B, D, E, F) was used
to calculate the P value, respectively.
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Fig. 3. IGFBP-7 aggravates IC7 D and inflammatory invasion during septic AKI.
A: Representative hematoxylin . ~osin (H&E) images and quantification of renal
sections from IGFBP-7-WT c. KC mice receiving injections of recombinant mouse
IGFBP-7 (1.5 mg/kg) for 2 day. after CLP challenge (n = 10 per group). Scale bar =
100 pum. B: Representative TUNEL images and quantification of renal sections from
IGFBP-7-WT or -KQ ..>ice receiving injections of recombinant mouse IGFBP-7 (1.5
mg/kg) for 2 day. . fte. ZLP challenge (n = 8 per group). Scale bar = 50 um. C: Serum
creatinine (Scr) and b'ood urea nitrogen (BUN) of CLP mice with or without injection
of recombinant mouse IGFBP-7 (n = 6 per group). D: ELISA assays comparing
interleukin-17 (I1L-17), tumor necrosis factor (TNF) and interleukin-1p (IL-1p)
production in kidney homogenate of CLP mice with or without injection of
recombinant mouse IGFBP-7 (n = 6 per group). E: Representative IHC images for
p-DAPK1_Ser308 staining of renal sections from CLP mice with or without injection
of recombinant mouse IGFBP-7 (n =5 per group). F: Representative IHC images for
cleaved Caspase-3 (CCASP3) staining of renal sections from CLP mice receiving
IGFBP-7 administration in the presence or absence of intraperitoneal (i.p.) injection
of DAPK1 inhibitor (1 mg/kg) (n =5 per group). Data are expressed as mean + s.d.
(A-F). Two-sided ANOVA with Bonferroni post hoc t test correction (A-F) was used



to calculate the P value.

Fig. 4. Auto- and paracrine IGFBP-7 signallinrj porpetuates ICTD in vitro. A:

Zebra plots and quantification of flow cytorr ety with Annexin-V staining in RTECs
exposed to LPS stimuli or LPS plus IGFB:'-7 (200 ng/mL) costimuli in the presence
or absence of 20 umol/L zZVAD-FMV (Z® and 10 pmol/L Necrostatin-1 (N) under
either physical hypoxia or 0.8 mmal/L Cunalt chloride (CoCly) preconditioning (n =3
per group). D, DMSO. L, LPS. B. RPep esentative immunfluorescence images and
quantification of cleaved casp~~e-2" (cCASP3") or RFP /cCASP3" staining in
RFP-tagged IGFBP-7-exprrsscd RTECs exposed to LPS stimuli under physical
hypoxia or 0.8 mmol/L Cc%ai. chloride (CoCly) preconditioning (n = 5 per group).
Scale bar = 100 um. C* E,~zerimental scheme of the LPS plus physical hypoxia- or
Cobalt chloride (~2C:-)-~ostimulated RTECs with conditioned medium (CM)
treatment from the RF 2-tagged IGFBP-7-expressed RTECs in the presence of
IGFBP-7 neutralizing antibody administration for Hoechst 33342 and Pl
double-staining assay. D: Representative images and quantification of Hoechst 33342
and PI1 double-staining in the LPS plus hypoxia-costimulated RTECs with conditioned
medium (CM) treatment from the RFP-tagged IGFBP-7-expressed RTECs in the
presence or absence of IGFBP-7 neutralizing antibody (20 pg/mL) incubation (n = 3
per group). Scale bar = 50 um. E: Western-blotting (WB) analyses determining
amount of DAPK1_Ser308 phosphorylation in RTECs with LPS plus hypoxia or 0.8
mmol/L Cobalt chloride (CoCl,) costimuli in the presence or absence of IGFBP-7
treatment. Data are expressed as mean = s.d. (A, B, D). Two-sided Student’s t test (B)
and two-sided ANOVA with Bonferroni post hoc t test correction (A, D) was used to



calculate the P value, respectively.
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Fig. 5. IGFBP-7 perpetuates ICTD in a NIX-dependent manner. A: Top panel:
experimental scheme of the LPS p»_< hypoxia-costimulated RTECs from
IGFBP-7-WT or -KO mice fo: o\iuplasmic and mitochondrial reactive oxygen
species (ROS) detection by DC™=-DA and MitoSOX staining upon IGFBP-7 exposure.
Bottom panel: western-blo.iny (WB) analyses examining levels of IGFBP-7 protein
in IGFBP-7-WT or -K.C ki cCs. B: Median fluorescent intensity (MFI) of
cytoplasmic and .1.:tourzndrial ROS in IGFBP-7-WT or -KO RTECs with LPS plus
hypoxia costimuli un~.n IGFBP-7 exposure (n =5 per group). C: Experimental
scheme of RTECs from IGFBP-7-WT or -KO mice with CLP challenge for
transmission electron microscopy (TEM) analyses and MitoTracker Green staining in
the presence of IGFBP-7. D and E: Representative images (D) and quantification (E)
of transmission electron microscopy (TEM) examining mitochondrial fraction of
RTECs from IGFBP-7-WT or -KO mice with CLP challenge in the presence of
IGFBP-7 exposure (n =5 per group). Scale bar = 0.5 um. F: Representative
MitoTracker Green images of RTECs from IGFBP-7-WT or -KO mice with CLP
challenge in the presence of IGFBP-7 exposure. Scale bar = 25 um. G: MTT assay
detecting cell viability of the LPS plus hypoxia-costimulated RTECs with or without
IGFBP-7 exposure in the presence or absence of 50 umol/L liensinine (Lien)



treatment (n = 3 per group). H: Western-blotting (WB) analyses evaluating levels of
NIX, PINK1 and PARK?2 protein in RTECs transfected with siRNA targeting NIX
(si.NIX), PINK1 (si.PINK1) or PARK2 (si.PARK?2). Si.Ctrl, control siRNA. I: MTT
assay detecting cell viability of the LPS plus hypoxia-costimulated RTECs with
IGFBP-7 exposure in the presence or absence of siRNA targeting N1X (si.N1X),
PINK1 (si.PINK1) or PARK2 (si.PARK?2) transfection (n = 3 per group). Data are
expressed as mean + s.d. (B, E, G, I). Two-sided Student’s t test (B, E) and two-sided
ANOVA with Bonferroni post hoc t test correction (G, 1) was used to calculate the P
value, respectively.
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Fig. 6. IGFBP-7 rewires NIX-m. lia.2d mitophagy in response to ICTD. A:
Western-blotting (WB) compe~ing '~vels of NIX protein in cytoplasmic and
mitochondrial fraction of sck. 'A (sg.IGFBP-7)-transduced RTECs with or without
RFP-tagged IGFBP-7 re-c.-nicssion in the presence of LPS plus hypoxia costimuli. B:
Representative pictures 0, *amunochemistry for NIX and p-ULK1_Ser555 staining in
renal sections of ~ice aftzr CLP challenge at the indicated timepoints. Scale bar = 100
um. C: Western-blotti ig (WB) determining levels of NIX protein in mitochondrial
fractions of kidney samples from IGFBP-7-WT or -KO mice with CLP. D:
Western-blotting (WB) determining levels of TOMMZ20 protein in the LPS plus
hypoxia-costimulated RTECs with IGFBP-7 treatment in the presence of sSiRNA
targeting NIX (si.NIX), PINK1 (si.PINK1) or PARK2 (si.PARK?2) transfection. E:
Intracellular ATP levels of the LPS plus hypoxia-costimulated RTECs with or without
IGFBP-7 treatment (n = 7 per group). F: Mitochondrial membrane potential (W¥m) of
the LPS plus hypoxia-costimulated HK-2 cells with or without rhIGFBP-7 treatment
(n =5 per group). G: Cytosolic release of mitochondrial COX-1 (mt-COX-1) in
IGFBP-7-WT or -KO RTECs with LPS plus hypoxia costimuli at the indicated
timepoints (n = 3 per group). H: Western-blotting (WB) evaluating levels of IGFBP-7



protein in IGFBP-7-WT or -KO RTECs. I: Western-blotting (WB) evaluating levels of
IGFBP-7 protein in RFP-tagged IGFBP-7-expressed RTECs. J and K:
Immunofluorescence (J) and quantification (K) of LC3-positive puncta in RFP-tagged
IGFBP-7-expressed RTECs with LPS plus hypoxia costimuli (n =5 per group). L:
Heat map of mitophagic gene expression in IGFBP-7-WT or -KO RTECs with LPS
plus hypoxia costimuli. Data are expressed as mean % s.d. (E, F, G, K). Two-sided
Student’s t test (E, F, L) and two-sided ANOVA with Bonferroni post hoc t test
correction (G, K) was used to calculate the P value, respectively.
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Fig. 7. Suppression of NIX-mediated mitophacy 1. instrumental for ICTD
perpetuated by IGFBP-7 during septic Akl A: Representative
immunofluorescence images of GFP* stai..ing In renal sections from IGFBP-7-WT or
-KO mice receiving injection of ader n-a<sociated viral 9 (AAV9) harboring
scrambled (AAV9-sh.Scr) or NIX shRNA (AAV9-sh.NIX). Scale bar = 100 um. B:
Representative IHC images for N:>7 swining of renal sections from IGFBP-7-WT or
-KO mice receiving injection ~f a/'=:10-associated viral 9 (AAV9) harboring
scrambled (AAV9-sh.Scr) cr 1'X shRNA (AAV9-sh.NIX). Scale bar = 100 um. C:
RT-gPCR analyses measu: ‘ng NIX mRNA expression in whole kidney, lung and liver
tissues from IGFBP-7-\\ T 2r -KO mice receiving injection of adeno-associated viral
9 (AAV9) harbor’.a v~ranbled (AAV9-sh.Scr) or NIX shRNA (AAV9-sh.NIX) (n =8
per group). D and E: |.epresentative hematoxylin and eosin (H&E) and TUNEL
images as well as quantification of renal sections from IGFBP-7-WT or -KO mice
receiving injection of adeno-associated viral 9 (AAV9) harboring scrambled
(AAV9-sh.Scr) or NIX shRNA (AAV9-sh.N1X) upon CLP challenge (n = 8 per group).
Scale bar = 100 and 50 um. F: Serum creatinine (Scr) and blood urea nitrogen (BUN)
of IGFBP-7-WT or -KO mice receiving injection of adeno-associated viral 9 (AAV9)
harboring scrambled (AAV9-sh.Scr) or NIX shRNA (AAV9-sh.NIX) upon CLP
challenge (n = 6 per group). G and H: Representative hematoxylin and eosin (H&E)
and TUNEL images as well as quantification of renal sections from CLP mice with or
without injection of recombinant mouse IGFBP-7 and/or oral gavage of MA-5 (80
mg/kg) (n = 6 per group). Scale bar = 100 and 50 um. I: Serum creatinine (Scr) and



blood urea nitrogen (BUN) of CLP mice with or without injection of recombinant

mouse IGFBP-7 and/or oral gavage of MA-5 (80 mg/kg) (n = 6 per group). Data are
expressed as mean % s.d. (C, E, F, H, I). Two-sided ANOVA with Bonferroni post hoc

t test correction (C, E, F, H, I) was used to calculate the P value.



