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Figure 3. Macrophages differentiated in the presence of high iron levels are unable to support IRI. Mice were injected with 200 pul
liposomes containing PBS or clodronate 48 hours before surgery. Animals were then subjected to 40 minutes of bilateral ischemia or
sham operated. At 1 hour of reperfusion, BMMs differentiated in the presence of 60 uM iron (Fe-BMM) or control BMMs were ad-
ministrated by intravenous injection, and mice were euthanized at 24 hours of reperfusion. Blood samples were collected, and kidneys
were removed for histologic analysis. (A) F4/80 labeling of tissue sections. Quantifications are shown. (B) Serum creatinine and (C) BUN
levels in control and reconstituted mice (n=6-8 mice). Values are means*=SEM. *P<0.05; **P<0.01; ***P<0.001. (D) Representative
morphology (Masson trichrome staining) of the cortical-medullary junction from sham or IRl mice.

were divided into two groups according to their baseline serum ferritin
levels being in the fourth quartile (high-ferritin group) or the first,
second, and third quartiles (low-ferritin group). The hemoglobin values
before transplantation were not found to be different according to the
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quartile of ferritinemia (12.58+1.41, 11.87*+1.70, 11.9%1.35, and
12.34+1.9 for quartiles 14, respectively; P=0.35; ANOVA test). EPO
was administered during dialysis before transplantation and was not
measured in the circulation.
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Recipient demographic (date of birth, date of transplantation, cause
of ESRD, ethnicity, sex, and dialysis modality) and biologic data (serum
iron, ferritin, transferrin, TSAT, TIBC, serum creatinine, cell blood
count, and C-reactive protein) were collected on the day of transplan-
tation and again on the seventh day after renal transplantation for serum
creatinine levels. Characteristics of donors (living or brain-dead donor,
donor age and sex, presence of reversible cardiac arrest, and dual kidney
transplantation) and transplantation (combined transplants including
kidney, delayed graft function, and acute graft rejection before discharge)
were collected from the clinical charts of eligible patients.

eGFR on the seventh day after transplant was calculated with the
eGFRyprp. MGFR was determined by renal clearance of *'Cr-EDTA
12 months after transplantation. Briefly, renal clearance of > Cr-EDTA was
determined after a single intravenous bolus injection of >'Cr-EDTA. After
allowing 1 hour for distribution of the tracer in the extracellular fluid,
renal >'Cr-EDTA clearance was determined on six consecutive 30-minute
clearance periods. When timed urine samples could not be obtained or
mean urine flow was below 1 ml/min, plasma clearance of SICr-EDTA was
calculated using monoexponential analysis with the Brochner—-Mortensen
correction. mGFR was normalized to body surface area, which was cal-
culated with the Mosteller formula.

Mice

All experiments were conducted using male mice. C57BL/6 (7-12
weeks old; 20-25 g) were from Charles River Laboratories. C57BL/
6Ly5.1 congenic mice (B6.SJL-Ptprca Pep3b/BoyOrl) were from
TAAM-CNRS Orleans USP44. eril ~ mice (12—-14 weeks old) are
in a C57B16/129Sv mixed background. The WT (Hfe"'") mice are
littermate controls. N2~/ mice generated by Masayuki Yamamoto
(Tohoku University Graduate School of Medicine, Sendai, Japan)
were obtained from RIKEN Bioresource Center.

Surgical Protocol
Animals were anesthetized by an intraperitoneal injection of ketamine:

xylazine (100:10 mg/kg) solution. Animals (maintained at 37°C) were
subjected to median incision, and both renal pedicles were crossclamped
for 40 (C57BL/6 background) or 45 (129/sv background) minutes. This
time difference was chosen due to differences in the sensitivity of the two
genetic backgrounds to IRI. After the clamps were removed, the flank
incision was closed with 4-0 silk sutures. The animals received warm
saline instilled into the peritoneal cavity during the procedure. Mice were
returned to cages for 24 hours. After 24 hours of reperfusion, animals
were reanesthetized, blood was collected by retro-orbital bleeding, and
kidneys were removed for analyses.

Generation of Chimeric Mice
The bone marrow from the tibia and femur of donor mice (12 weeks

old; 23-25 g) was harvested. Bones were flushed under sterile condi-
tions with RPMI-1640 (Invitrogen) containing 10% FCS. Cells were
washed and resuspended in PBS containing 1% BSA, and viable cells
were counted. Recipient WT and Hfe /'~ animals (12 weeks old) were
sublethally irradiated (9 Gy). Reconstitution was performed 4 hours
after irradiation with 5X10° bone marrow cells. Chimeric mice were
used 10 weeks after bone marrow transfer. The origin of donor or
recipient cells was determined by congenic marker staining (Ly5.1
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versus Ly5.2). In our conditions, reconstitution efficiency was nearly
98%. Four groups of chimeric mice were generated:

WTrys 2> WTrys 1 WTys 1> WTys 2,
erLiy/siz —-WTyys.1, and WTyys _)erL;; 5 -

Peritonitis Model
Mice were injected daily (intraperitoneally) with 4.5 mg/kg Venofer

(iron sucrose solution) or vehicle (i.e., sodium hydroxide at pH 10.5—
11) for 10 days. Peritonitis was induced by intraperitoneal injection of
LPS (7.5 mg/kg) 2 hours after the last treatment. Animals were eu-
thanized 12 hours later. Mice received 10 ml PBS containing 0.5%
BSA and 2 mM EDTA into the peritoneal cavity. After injection, cells
were dislodged by gentle massage of the abdomen. Peritoneal fluids
were collected using a 21-gauge needle attached to a 10-ml syringe,
and cells were washed.

In Vivo Depletion of Monocytes/Macrophages and

Adoptive Transfer
Clodronate liposomes were purchased from Nico van Rooijen (Vrije Uni-

versity, Amsterdam, The Netherlands; http://www.clodronateliposomes.
org). After warming and resuspension of liposomes, a dose of 200 ul was
administered intravenously by retro-orbital injection to induce monocyte/
macrophage depletion. The control group was injected with liposomes
containing PBS. BMMs (5X 10° cells per animal) were administered intra-
venously by retro-orbital injection at 1 hour after reperfusion.

Serum Iron and Kidney Function Parameters
Mouse serum iron, transferrin, ferritin, urea, and creatinine levels

were measured using the AU400 chemistry analyzer (Olympus). TSAT
was calculated by dividing serum iron concentration by TIBC.

Histology and Immunohistochemistry
Paraffin-embedded kidney sections (4 wm in thickness) were stained by

Masson trichrome. Morphologic blind assessment was performed by an
experienced renal pathologist (M.E). Tubular necrosis score was estab-
lished for each animal by assessing the intensity of tubular lesions (null,
mild, or important) in ten randomly chosen fields in the corticomedul-
lary junction. Global tubular injury scores were expressed in percentages.
For immunohistochemistry, frozen kidney sections were incu-
bated with anti-mouse CD11b biotinylated antibody (clone M1/70;
BD Biosciences) for 1 hour at room temperature and anti-mouse F4/
80 (clone Cl:A3-1; Bio-Rad, Hercules, CA) or anti-mouse GR1 an-
tibody (clone RB6—8C5; BD Biosciences) overnight at 4°C followed
by incubation with biotinylated anti-rat IgG (SouthernBiotech) for 1
hour at room temperature. These were followed by incubation with
streptavidin-HRP for 30 minutes (Vectastain; ABC kit; Vector Labo-
ratories), which was revealed by immunoperoxidase reaction (Dako;
Carpinteria). Slides were mounted with the Eukitt mounting me-
dium (Electron Microscopy Sciences) and observed under an upright
microscope (DM2000; Leica) using the IM50 software (Leica).

Culture of BMMs

BMMs were grown from myeloid precursors obtained from the fe-
murs and tibias of 6- to 8-week-old C57BL/6 mice. Bone marrow cells
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were cultured for 7 or 8 days at 37°C at 2 10° cells per 1 ml in RPMI-
1640 medium (Invitrogen) containing 10% FCS (Biowest), penicillin/
streptomycin, and 15% (vol/vol) supernatant of L929 cells as a source of
M-CSF in the presence or absence of FeCl;-nitrilotriacetate (FeCls-
NTA; 10-60 uM as indicated). In some conditions, LPS (150 ng/ml;
Sigma-Aldrich), peptidoglycan (15 wg/ml), and Poly-IC (50 ug/ml;
Cayla-Invivogen, Toulouse, France) were added 12 hours before
BMM analysis on day 8.

Leukocyte Counts
Blood samples from mice were collected in EDTA-coated tubes and

analyzed for leukocyte count in an MS9-5 Blood Analyzer (Melet
Schloesing Laboratories) according to the manufacturer’s instructions.

Flow Cytometry

Cells from cell cultures or mouse tissues were suspended in PBS and
incubated with anti-FcyR mAb 2.4G2 to block IgG receptors before
cell staining for specific surface markers. Cells (1X10°) were then
stained at 4°C in PBS containing 1% BSA with antibodies against
mouse CD11b (M1/70; BioLegend), F4/80 (BMS8; eBioscience),
CD86 (GL-1; BioLegend), Ly6G (1A8; BD Biosciences), and Ly6C
(HK1.4; BioLegend). Macrophages were CD11b"* F4/80 " Ly6G ™~ cells.
For NRF2 analysis, BMMs were differentiated in the absence or
presence of iron (FeCl;-NTA at 10, 20, or 60 uM). On culture day 7,
cells (1X10°) were washed, permeabilized with the Foxp3 Fixation/
Permeabilization Concentrate and Diluent Kit (eBioscience), and
stained with anti-NRF2 purified antibody at 4°C for 30 minutes. Mac-
rophages were then incubated with secondary Alexa488-conjugated
anti-rabbit IgG at 4°C and stained for 5 minutes with 1 uM Draq5
(as a nuclear stain) at room temperature before analysis. Image acqui-
sition was performed with the ImageStream multispectral imaging flow
cytometer, and acquired images were analyzed with the IDEAS software.
Cytoplasmic to nuclear translocation of NRF2 transcription factor was
measured using the similarity score, which simply quantifies the inten-
sity values of the nuclear and cytoplasmic NRF2 protein image pixels.

Cytokine Production
Kidney tissues were homogenized in 300 ul RIPA buffer supplement-

ed with phosphatase and protease inhibitor cocktail (Sigma-Aldrich)
for 30 seconds. Samples were cooled on ice for 30 minutes. Lysates
were centrifuged at 10,000Xg at 4°C. IL-6, TNF-«, MCP-1, IL-10,
and IL-12 were measured simultaneously by cytometric bead array
using the mouse inflammation kit according to the manufacturer’s
instructions (BD Biosciences). Results were analyzed using FCAP
array software. Proteins were quantified in supernatants by the bicin-
choninic acid method according to the manufacturer’s instructions
(Pierce). Cytokine concentrations were normalized to total protein
and expressed as picograms per milligram total tissue proteins.

GeneChip Microarrays
To examine gene expression, total RNA (100 ng) extracted from BMM

stimulated or not with LPS was quality controlled, processed following
Affimetrix recommendations, and hybridized to the mouse GeneChip
array (Affymetrix 430 v2.0). Signals were normalized for each array,
and samples were compared.
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Quantitative Real-Time RT-PCR
Total RNA was extracted from BMMs (RNeasyPlus Mini Kit; Qiagen)

and quantified with a Nanodrop system. RNA quality was assessed by
OD reading at the 260-to-280-nm ratio and by agarose gel electro-
phoresis. Reverse transcription was carried out from 500 ng total
RNA using the iScript reverse transcription Supermix (Bio-Rad).
Real-time PCR was performed using SsoFast EvaGreen Supermix
(Bio-Rad). The following sequences of primers obtained from Euro-
fins MWG Operon (Ebersberg, Germany) were used: IL-6: (forward)
5'-CCACGGCCTTCCCTACTTCA-3', (reverse) 5'-GCCATTGCA-
CAACTCTTTTCTCAT-3'; TNF-a: (forward) 5'-GTAGCC-
CACGTCGTAGCAAACCACC-3', (reverse) 5 -TGGGGCAGGGGCTCTT-
GACG-3'; B-actin: (forward) 5-GGCTGTATTCCCCTCCATCG-3/,
(reverse) 5'-CCAGTTGGTAACAATGCCATGT-3'; and GAPDH:
(forward) 5'-ACGGCAAATTCAACGGCACAGTCA-3’, (reverse)
5'-TGGGGGCATCGGCAGAAGG-3'. Gene quantification was per-
formed in duplicate using the CFX96 PCR System (Bio-Rad). Data
were normalized to GAPDH and $-actin values in a combined way.

ROS Assessment
BMMs were stimulated by LPS (150 ng/ml) to induce ROS production.

After 3 hours, BMMs were washed with PBS, and 5 uM dichlorodi-
hydrofluorescein-diacetate was added and incubated for 20 minutes
at 37°C. Cells were washed again and taken to the flow cytometer for
ROS analysis. FeCl;-NTA was used as mentioned before, and NaOH
was used as the vehicle.

Statistical Analyses
For human studies, Fisher exact or chi-squared tests were used to

analyze categorical data. Mann—Whitney or unpaired ¢ tests were used
to analyze continuous numerical data, Pearson tests were used to
study correlation between eGFRyprp and ferritin levels, and multi-
ple regression analysis was used to compare determinants of kidney
allograft outcome according to maximum likelihood criteria. An ar-
bitrary cutoff value of 45 ml/min per 1.73 m?, corresponding to the
threshold value below which stage 3b of chronic renal disease is de-
fined according to KDIGO 2013, was used to define either good or
bad kidney graft function outcome. Moreover, this value is close to
the median value of GFR in the transplanted population, leading to an
equal distribution of patients on both sides of this threshold. Survival
was studied through plotting of Kaplan—Meier curves and log rank
test. All analyses were performed with SAS9.1 software (SAS Institute,
Cary, NC).

For experimental studies, statistical analyses were performed with
GraphPad Prism (version 5.0; GraphPad Software); t tests were used
for all comparisons. A P value <0.05 was considered significant.
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