Supplementary Material
Complete Methods
UNX

Mice were anesthetized with ketamine/xylazine and body temperature was maintained with a
warmed operation table (Féhr Medical Instruments, Germany), infrared light during recovery
and warmed solutions. After deep anaesthesia a left sided flank incision was made. The
vasculature of the left kidney was ligated with Mersilene 3-0 (Ethicon, Germany) and the
kidney removed. The wound was closed with Vicryl 5-0 (Ethicon, Germany). After regaining
consciousness adequate pain relief was given. The explanted kidney was perfused with

magnetic beads and used for podocyte isolation.
Bone marrow transplantation

Recipient mT/mG wild type mice were lethally irradiated with 900 cGy in two doses given 5 h
apart. Bone marrow cells were isolated from femura and tibiae of donor mG mice and
injected intravenously (5x10° cells in 100 pl sterile PBS). After irradiation, mice were
maintained on antibiotic water containing Enrofloxacin (10 mg/l, Bayer, Germany) for 4
weeks. For the determination of chimerism, peripheral blood cells were stained with Alexa
Fluor 647 anti-mouse CD45 (clone 30-F11, BioLegend) and the ratio of mT/mG positive cells

was determined via flow cytometry (CyAn ADP, Beckman Coulter).
Genotyping

Tail biopsies were incubated at 95°C in an alkaline lysis reagent (25 mM NaOH, 0,2 mM
EDTA), neutralized with 40 mM TrisHCI and subsequently used for PCR with the following

primers:

NPHS2.rtTA forward CGC ACT TCA GTT ACT TCA GGT CC TC and reverse GCT TAT
GCC TGA TGT TGA TGA TGC; pPEC.rTA forward AAT CGA GAT GCT GGA CAG GCA

TCA TAC CCA and reverse GGC ATA GAA TCG GTG GTA GGT GTC TCT CTT; TetOCre



forward GCA TAA CCA GTG AAA CAG CAT TGC TG and reverse GGA CAT GTT CAG
GGA TCG CCA GGC G; mT/mG forward (common) CTC TGC TGC CTC CTG GCT TCT
and reverse (mutant) TCA ATG GGC GGG GGT CGT T and (wild type) CGA GGC GGA
TCA CAA GCA ATA,; IDTR forward (common) AAA GTC GCT CTG AGT TGT TAT and
reverse (mutant) CAT CAA GGA AAC CCT GGA CTA CTG and (wild type) GGA GCG GGA

GAA ATG GAT ATG.

Urinary and serum measurements

Urinary albumin and creatinine were measured with a Microflural Microalbumin Test kit
(Progen) and an enzymatic Creatinine PAP kit (Labortechnik) following the manufacturer’s

instructions. Albumin-to-creatinine ratio is given as mg albumin/mg creatinine.

Immunofluorescence staining of kidney sections

mT/mG mouse kidneys were perfused and incubated with 4 % PFA in PB at 4 °C for 3 hours.
Kidneys were immersed in 15 % sucrose in PBS for 2 h and 30% sucrose overnight, then
frozen in OCT compound and sectioned at 6 um (Leica Kryostat). The sections were
counterstained with Hoechst 33342 (Invitrogen). For paraffin embedding, the kidneys were
incubated in 4 % PFA for 24 hours and then dehydrated in ethanol. PAS staining was done
with 3 um sections. Antigen retrieval was performed on 6 um sections with citrate buffer (pH
6.0) for 30 min. Images were taken with a Zeiss fluorescence microscope with Apotome
mode or a Zeiss laser scan microscope equipped with a 63x water immersion objective. To
determine podocyte cell number WT1-positive cells were counted in >30 glomerular sections

per mouse and the mean value of each animal used for statistical analysis.

Immunohistochemical staining of kidney sections

Kidneys were fixed in 4% paraformaldehyde in PBS, embedded in paraffin and sectioned at
4 um (Leica Microtome). After deparaffinization, rehydration and antigen retrieval in 10mM
sodium citrate buffer, sections were blocked with 2% BSA in PBS and incubated overnight

with primary antibodies as indicated, followed by peroxidase blocking in 3% H,O, for 10



minutes and incubation with HRP conjugated secondary antibodies (Dako) for 1 hour. DAB

(Dako) was applied for 6 minutes. Sections were counterstained with hematoxylin.

Antibodies

The following antibodies were used: rabbit anti-active caspase 3 (AF835, R&D), mouse anti-
PCNA (M08979, Dako), guinea pig anti-nephrin (GP-N2, Progen), rabbit anti-WT1 (ab15249,
Abcam), mouse anti-desmin (M0760, Dako), rabbit anti-podocin (P0372, Sigma), rabbit anti-
GFP (MBL-598, Biozol), rabbit anti-nitrotyrosine (AB5411, Millipore) and guinea pig anti-p62
(GP62-C, Progen). Fluorophore-conjugated secondary antibodies and nuclear staining

reagent (To-Pro-3 T3605, Hoechst 33342) were obtained from LifeTechnologies.

Isolation of podocytes

Glomeruli were isolated by Dynabead perfusion as recently described in detail (19, 26). After
subsequent digestion to single cells, the cells were fixed in 4% PFA, permeabilized with 0.5%
Triton and stained with anti-podocin antibody (P0372, Sigma) labeled with Alexa Fluor 647

(Zenon labeling kit, Invitrogen).

Flow cytometry

Isolated and stained glomerular cells were resuspended in FACS buffer (0.5% BSA, 5 mM

EDTA in PBS) and measured with FACS Calibur (BD).

Histological analyses

Quantitative stereological analyses of kidney sections were performed as described
previously (1). Briefly, the mean glomerular volume (mean v(Glom)) was determined from the
mean glomerular profile area (mean A(Glom)) of ~ 100 systematically sampled glomerular
profiles per animal (2),. The physical disector principle was applied for counting podocytes
(Q-) as described, using semithin sections (3, 4). The numerical density of podocytes in
glomeruli (NV(P/Glom)) was calculated as the quotient of the sum of Q- divided by the

disector volume. The number of podocytes per glomerulus (N(P,Glom)) was calculated



multiplying NV(P/Glom) and mean v(Glom). Six glomerular profiles were evaluated
(corresponding to 352-500 reference points). All results were corrected for embedding

shrinkage (1).
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Supplementary Figure 1:
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Supplementary Figure 1. PEC induction and diphtheria toxin mediated targeted
podocyte ablation

(A) Embryonically induced hPODXL.rTA;tetO.Cre;mT/mG kidney at day 1 after birth (P1)
Scale bar, 100 um. (B and C) 63x magnification of P1 kidney shows expression of mG in
parietal epithelial cells around mature glomeruli (arrow: mG-positive podocyte). Scale bar, 10
um. (D) Four weeks after 2 ng diphtheria toxin injection PAS, nephrin and PCNA staining is
indistinguishable from control litter mates, whereas WT1 staining shows reduced numbers of

podocytes. Scale bar, 100 um PAS, 10 um IF.
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S2. Unilateral nephrectomy

(A) Schematic of comparison of induction levels of the two kidneys of the same mouse. (B)
Comparison of induction levels between right and left kidney at the same time point shows
no significant directional differences (p=0.9082). (C) Schematic of UNx in
hNPHS2.rtTA;tetO.Cre;mT/mG mice. (D) Flow cytometry analysis of mG-labeled podocytes
12 weeks after nephrectomy compared to baseline values (p=0.0387). (E) The animals did
not develop proteinuria 3 months after nephrectomy (p=0.3207). Error bars, SEM. n.s., not
significant. (F) mean podocyte volume. n.s., not significant, p=0.057. (G) PCNA/WT1 staining
of kidney sections 2 days or 7 days after unilateral nephrectomy shows activation of PCNA in
parietal cells after 7 days (arrows), but no colocalization with WT1 at either time point. Scale

bar, 10 pm.
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S3. Physiological podocyte turnover during aging: podocytes and PECs

(A) Representative PAS stainings of the renal cortex of ANPHS2.1tTA;tetO.Cre;mT/mG mice
at 4 weeks and 12 months. Scale bar, 100 um (B) Flow cytometry analysis of
hPODXL.rTA;tetO.Cre;mT/mG mice showed no increase of mG-positive podocytes at 4
months, 8 months and 12 months compared to 4 weeks. Error bars, SEM. n.s., not significant
(4w vs. 12mo p= 0,6804). n=6 per group. (C) mT/mG fluorescent images of 4 months and 8
months points showed labeled parietal cells and rare mG podocytes (arrows). Scale bar, 10

pm.
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S4. Physiological podocyte turnover during aging: bone marrow cells

(A) Irradiated mT wild type mice received mG-labeled donor bone marrow. The kidneys were
analyzed 4 months and 7 month after irradiation. (B) After 4 weeks > 89 % of CD45-positive
peripheral blood mononuclear cells were mG-labeled. Error bar, SEM. (C) Tissue sections 11
days after bone marrow transplantation (BMT) showed mG-positive bone marrow and single
cells in the liver, kidney, lung, spleen and stomach lining. Scale bar, 50 um. After (D) 4 and
(E) 7 months mG-positive cells have increased in the kidney (scale bar 100 pum), but not in
the glomeruli (D', D”, E’ and E”, scale bar 10 um). (F) Staining of mG-positive cells in the
kidney 4 months or 7 months after bone marrow transplantation did not reveal colocalization
with podocyte marker nephrin or mesangial marker desmin. Scale bar, 10 pm. Arrows, mG-

labeled glomerular cells.
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S5. Accumulation of oxidized proteins and deposition of p62 aggregates in podocytes
are hallmarks of kidney aging.

(A) Accumulation of the oxidative stress marker nitrotyrosine in glomeruli of aging mice.
Scale bars, 20 pm. (B) Immunofluorescence staining of mouse kidney sections for p62 and
the podocyte marker protein podocin reveals accumulation of p62 positive protein
aggregates (arrows) in podocytes of aging mice. Scale bars, 5 um. (C) Significantly
increased albuminuria in 22 month old C57BL/6 wild type mice compared to 4 month old
C57BL/6 wild type mice (n>9, *** p=0.0003). (D) Significantly increased serum creatinine in
22 month old C57BL/6 wild type mice compared to 4 month old C57BL/6 wild type mice
(n>12, * p=0.020). (E) The number of podocytes per glomerular cross section at 4 and 22
months (** p=0.0052). Error bars, SEM. n23, respectively. (F) Glomerulosclerosis score at 4
and 22 months (*** p<0.0001). Error bars, SEM. n=3, respectively. (G) PAS stainings at 4

and 22 months. Scale bars, 20 um.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



