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Supplementary Methods

For the ADR-induced nephritis model, BALB/c mice were given a single injection of

Adriamycin (ADR,10 mg/kg) via retro-orbital injection. BALB/c mice were obtained from

CLEA, Inc. (Tokyo, Japan). Metformin (5 mg/ml in drinking water) or vehicle was orally given

to the ADR nephritis mice from day 1 after ADR injection until day 28. Metformin was

purchased from Wako Pure Chemical Industries (Tokyo, Japan) and ADR was purchased from

Sigma-Aldrich (St Louis, MO, USA).
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Supplementary Figure S1. Metformin did not affect the body weight, water intake and urine

volume

(a) Body weight, (b) water intake and (c) urine volume were measured every four weeks. Urine

volume was measured using metabolic cages for 24 hr. Bars indicate the mean ± S.E. (n=8-9).
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Supplementary Figure S2 

Supplementary Figure S2. Metformin did not affect the blood glucose and serum

lactate levels

(a) Blood glucose level was measured at 8 weeks of treatment with ACCU-CHEK Compact

(Roche Diagnostic, Mannheim, Germany). (b) Serum lactate level was measured at 10

weeks of treatment using L-Lactate Assay kit (Ab65331, Abcam). Bars indicate the mean

± S.E. (n = 4 per group).

n.s.

n.s.
n.s. n.s.

n.s.

n.s.



F2r

Tubb5

Vim

Serping1

Muc1

Flna1

Rtn4

Pik3r1

Anxa5

Cxxl16

Nox4

Gstt2

Eps8

Mtor

Grb7

Serpinf2

Proc

Pdk2

Cfn

Cd74

Sparc

Spp1

Col1a2

Col1a1

Fn1

C7

Egr1

Col3a1

C3

Ccl21a

Pros1

Anxa2

Myc

Irf1

Jun

Gadd45a

Sh3bgrl

F3

Cxcl14

Ddx58

Ets1

S100a10

Prkch

Prkx

Nfkbla

Lyn

Fhl2

Nfkb1

Arhgdlb

F13b

Ar

Irs2

Lrp1

Pip4k2a

Ifit3

Pik3r3

Cx3cl1

Ifngr2

Anxa6

Stmn1

Chst15

Map3k1

Cd58

Tax1bp3

Akt1

Tgfbr2

Arpc1b

Stat3

Cmtm3

Cybb

Tgfb1

Plat1

Tnbs1

Pdgfrb

Rras

Blrc3

Ripk3

Rac3

Tnfsf13b

Tlr1

Ncf2

Ccl5

Itgb2

Ankrd6

Fos

Pik3cg

Il7r

Nfkble

Numbl

Adcy7

Fgb

Ccna2

Ccl12

Sfrp4

Itgam

Cd14

Racgap1

Sox4

Ptgds

Ccl17

Tyrobp

Pik3ap1

Vav1

Vcan

Edn1

Ncf4

Casp1

Ptpn22

Rac2

Nckap1l

Cxcl13

Elmo1

Il1rn

Ccl8

C6

C4a

Sh2b2

Trem2

Rgs16

Selp

Tnf

Ifna1

CCl21c

Rhob

Cdkn1a

Akt3

Ednra

Arhgef6

Csnk1s

Grk5

Thbd

Il1r1

Zeb2

Pdgfb

Fcer1g

Tnfalp3

Anxa3

Lbp

Inpp5d

Anxa1

C1qa

Cd68

Sox9
S100a6
Cxcl10
Bcl3
Plm1
Ccl6
Ptger1
Sh3kbp1
Col4a1
Ccl21a
Cd72
Cd53
Pla2g4a
Icam1
Gbp3
Ccl2
Cd44
C1qb
Tlr7
Mmp12
C1qc
Hspb1
Hcls1
Ccl8
Tlr2
Mapt
Irak2
Fzd5
Ptk2b
Irs1
F5
Cradd
Plas4
Klkb1
Serpine1
Dock2
Atf3
Unc118
Homer3
Dapp1
Plaur
Evl
Oasl2
Fcgr1
Gm4951
Xaf1
Ncf1
Hlp1
Cx3cr1
Nfam1
Sla
Pld2
C3ar1
Sllt3
Ccr2
Prkcb
Cfl
Arrb2
Cd52
Nfkb2
Junb
Lamc2
Tlfa
Fyn
Tnfrsf1b
Alox5ap
Nfkblz
Fzd2
Btg2
Lfng
Irf7
Cxcl9
Syk
Irf9

Inflammation

WT

Alport 

Vehicle

Supplementary Figure S3 

(Continue to the next page)

a

WT

Alport 

Vehicle WT

Alport 

Vehicle



Thbs1

Pdgfrb

Intga3

Timp2

Csf1

Vim

F2r

Itgb5

Ctgf

Akt1

Pik3r1

Ar

Irs2

Mtor

Itgb1

Mt2

Egf

Spp1

Mmp19

Rac2

Sfn

Itga2

Epha2

Mmp3

Col5a2

Ccl5

Itgb2

Pi3k3cg

Il7r

Fgf2

Tnn

Edn1

Grem1

Itgam

Tnf

Actn1

Lama2

Col4a2

Itga9

Pik3r3

Gys2

Pik3c2g

Irs1

Fgfr3

Col1a2

Tnc

Col1a1

Col3a1

Fn1

Akt3

Pdgfb

Lpar1

Col4a1

Eln

Figf

Osmr

Pdgfra

Col6a2

Fyn

Hgf

Lamc2

Obfc2

Ccr2

Mmp14

Tnbs2

Mmp2

Mmp12

Timp1

Pdk2

G6pc

Aadat

Fah

Haao

Mccc1

Dgat2

Gpx6

Asl

Acox2

Cyp51

Afmid

Cyp24a1

Dmgdh

Ppara

Lpin1

Ddc

Auh

Irs2

Ucp2

Pik3r1

Cd36

Papss2

Inmt

Sardh

Dhcr24

Pcx

Gcdn

Prodh

Aldh7a1

Mut

Lpl

Shmt2

Cbs

Gss

Acyl1

Ctn

Aspa

Acox3

Por

Ak4

Agps

Cyp4a12a

Bmp1

Adcy7

Pik3cg

Fos

Lif

Sfrp4

Tnf

Plin1

Ucp1

Rrm1

Aldh1a1

RhoJ

Jun

Klf7

Gadd45

Egr2

Aldh1a2

Gys2

Pik3c2g

Pgam2

Irs1

Mpst

Hibch

Serpine1

Rrm2

Cebpd

Mthfd2

Rrad

Arg2

Gdf10

Pygd

Maoa

Sgk2

Cyp4a32

Gnmt

Fhit

Klf15

Pde9a

Rnf25

Tgfb1

Abca1

Akt1

Acsl5

Ampd3

Acsl4

Stat3

Scd2

Cyp4a14

Egr1

Pltp

Tgf1

Map3k1

Ehd2

Ak1

Prkch

Pik3r3

Lrp1

Klf6

Cyp1b1

Entpd1

Pde3b

WT

Alport 

Vehicle WT

Alport 

Vehicle

Matrix Metabolism

Mki67

Cdkn1a

Fyn

Ple1

Ptpro

Plaur

Myh9

Pcna

Itgb1

Dag1

Synpo

Cldn1

Itga3

Agrn

Scarb2

Nphs2

Akt1

Tgfb1

Vim

WT

Alport 

Vehicle

FSGS

(Continue to the next page)

WT

Alport 

Vehicle



Lif

Ccl17

Sfrp2

Masp2

Klkb1

Birc5

Il7r

C6

Selp

Sfrp4

F5

Pias4

Kcnq1

Ptk2b

Cish

Irak2

Dtx4

Sh3kbp1

Ccl9

Gng2

C1qc

Ccl21a

Tlr4

Ccl2

Lbp

Cd44

Ccl21c

S100a6

Anxa1

Sox9

Mmp2

Hspa1a

Hspa1b

Map4k4

Ccl21a

Arrb1

Pip4k2a

Lrp1

Prkch

Hmgn1

C7

Cmtm3

Anxa2

Col1a1

Col1a2

Egr1

Irs2

Prkcz

Pdgfrb

Tgfb1

Fn1

Csf1

Col3a1

Sparc

Cfh

Egf

Nox4

Serpinf2

Vim

Serping1

Flna

Lamc3

Hgf

Gng2

Rptor

Il7r

Vim

Flna

Egf

Col1a2

Tnc

Col1a1

Thbs2

Mmp14

Actn1

Lama2

Mmp2

Fn

Timp2

Col3a1

Pdgfrb

Tgfb1

Ctgf

Csf1

Irs2

Hmgcr

Klkb1

Lif

Sfrp4

Mpst

Entpd6

Gucy1b3

Gdf10

Mthfd2

Cebpd

Rrad

Rhoj

Map4k4

Aldh1a1

Egr2

Dhcr7

Pklr

P4ha2

Abca1

Tgfb1

Rbp1

Gucy1a3

Aldh1a2

Prkch

Cyp1b1

Sgk1

Lrp1

Pltp

Ehd2

Egr1

Aqle

Hmgcr

Cyp4a32

Sgk2

Idi1

Acox2

Afmid

Prkcz

Cyp51

Irs2

Aqp7

Dmgdh

Pck1

G6pc

Apoe

Khk

Cyp4a31

Cd36

Pcx

Gcdh

Sdhs

Gss

Acox3

Csad

Haao

Por

Ndufv2

Agps

Cyp7ba

Slc2a5

Alport 

Vehicle

Alport 

Metformin

Alport 

Vehicle

Alport 

Metformin

Alport 

Vehicle

Alport 

Metformin

Inflammation Matrix Metabolism

Vim

Tgfb1

Mki67

Tlr4

Alport

CON

Alport 

Metformin

FSGS

b

(Continue to the next page)



Ccna2

Lif

Ncf4

Casp1

Nckap1l

Ccl17

Plaur

Sox4

Racgap1

Tyrobp1

Adcy7

Itgam

C6

Trem2

Ncf2

Il7r

Ankrd6

Ccl5

Rgs16

Mmp3

Ccl12

Tnfsf13b

Sfrp4

Masp2

Cd52

Cxcl10

Dtx4

Sh3kbp1

Bcl3

Ptger1

Ccl21a

Cd53

Inpp5d

Zeb2

C1qb

S100a6

Sox9

Mmp2

Rhob

Pdgfb

Fcer1g

Tnfalp3

Anxa3

C1qa

Ccl2

Timp1

Mmp12

FS

Plas4

Sllt3

Ccl8

Ccnb2

Btg2

Tlr4

Junb

Prkcb

C1qc

Hcls1

Pld2

Hspb1

Tlr2

Ccl6

Icam1

Nfkb2

Serpine1

Sfrp2

Atf3

Cd14

Nfam1

Tnfrsf1b

Tlfa

Cxcl9

Sparc

Cfn

Cd74

Spp1

Sfrp2

Atf3

Cd14

Nfam1

Tnfrsf1b

Tlfa

Cxcl9

Sparc

Cfn

Cd74

Spp1

Cxcl14

Ednra

Ccl21c

Jun

Irf1

Map4k4

Gadd45a

Ccl21a

Pros1

Anxa1

Lbp

Cdkn1a

Mmp14

C4b

Cd44

Cd68

Col1a2

Egr1

Arhgdlb

Jag1

Ets1

Myc

Map3k1

Lrp1

Col1a1

Fn1

Csf1

Thbs1

Pdgfrb

C7

Blrc3

Rras

Cybb

Ifngr2

Stmn1

Cmtm3

Anxa2

F13b

Hnf4a

Serpinf2

Hsd3b3

Nox4

Egf

Eps8

Vcp

Tuba4a

Cyp2c44

Serping1

Muc1

Flna

Cxcl16

Tubb5

Anxa5

Vim

Timp2

Arpc1b

F2r

Tnfrsf1a

Fzd1

Tgfbr2

Tgfb1

H2-Eb1

Col3a1

Lyz2

C3

Alport 

Vehicle

Alport 

Losartan

Inflammation

(Continue to the next page)

c

Alport 

Vehicle

Alport 

Losartan



Abat

Cd36

Inmt

Papss2

Odc1

Apoe

Scd1

Ucp2

Pcx

Gcdh

Hsd3b3

Mut

Ak4

Por

Cyp7b1

Lpl

Acadm

Acy1

Nsdhl

Acox3

Bdhl

Cth

Aspa

Agps

Alc2a5

Cox15

Asl

Haao

Mccc1

Cyp4a12

Lif

Adcy7

Sfrp4

Mars2

Mpst

Rdh5

Mthfd2

Serpine1

Cebpd

Rrm2

Bmp1

Tgfb1

Abca1

Rbp1

Fzd1

Mogat1

Cyp51

Afmid

Nr1h4

F13

Sgk2

Idl1

Pcyt2

Nt5e

Dmgdh

Egr1

Igf1

Map3k1

Klf6

Lrp1

Gucy1a3

Cyp1b1

Pltp

Aldh1a2

Nt5c3

Gnmt

Dhcr7

Map4k4

Socs2

Rhoj

Jun

Gadd45a

Arg2

Gdf10

Egr2

Rhob

Pdgfb

Dsp

Osmr

Figf

Col6a2

Col5a2

Ccl5

Il7r

Grem1

Itgam

Flna

Mt2

Vim

F2r

Egf

Thbs1

Pdgfrb

Birc3

Fn1

Csf1

Ctgf

Tgfb1

Col3a1

Col4a1

Actn1

Itga9

Col1a2

Tnc

Igf1

Lama2

Jun

Thbs2

Cdkn1a

Col1a1

Tesk2

Spp1

Alport 

Vehicle

Alport 

Losartan

Alport 

Vehicle

Alport 

Losartan

Matrix Metabolism

Tgfb1

Agrm

Vim

Mth9

Plaur

Tlr4

Jag1

Cldn1

Mki67

Cdkn1a

Alport 

Vehicle

Alport 

Losartan

FSGS

Supplementary Figure S3. Transcriptome analysis of kidney revealed the comprehensive effects

of metformin on CKD in Col4a5 G5X-Alport syndrome mice

Heat map shows the fluctuated genes associated with inflammation, matrix, metabolism and FSGS in

three comparisons (a: WT vs Alport vehicle, b: Alport vehicle vs Alport metformin, c: Alport vehicle

vs Alport losartan)
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a

Supplementary Figure S4. Metformin-specific altered genes in

kidney of Col4a5 G5X-Alport syndrome mice

(a) Pathway analysis of metformin-specific altered genes. (b) Heat map

shows the altered genes in Alport metformin group compared with

Alport vehicle (<-2, 2<, P value < 0.05) which did not change in Alport

losartan group.
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Supplementary Figure S5. Losartan-specific altered genes in kidney of Col4a5 G5X-

Alport syndrome mice

(a) Pathway analysis of metformin-specific altered genes. (b) Heat map shows the altered

genes in Alport losartan group compared with Alport vehicle (<-2, 2<, P value < 0.05)

which did not change in Alport metformin group.
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Supplementary Figure S6. Transcriptome analysis revealed the comprehensive effects of

metformin on glomerular nephritis in glomerulus of Col4a5 G5X-Alport syndrome mice

Heat map shows the fluctuated genes in the comparisons (WT vs Alport Vehicle).
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Supplementary Figure S7. Metformin-specific altered genes in the glomerulus of Col4a5

G5X-Alport syndrome mice

(a) Pathway analysis of metformin-specific altered genes. (b) Heat map shows the altered genes in

Alport metformin group compared with Alport vehicle (<-2, 2<, P value < 0.05) which did not

change in Alport losartan group.
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Supplementary Figure S8. Losartan-specific altered genes in the glomerulus of Col4a5 G5X-
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(a) Pathway analysis of losartan-specific altered genes. (b) Heat map shows the altered genes in

Alport losartan group compared with Alport vehicle (<-2, 2<, P value < 0.05) which did not

change in Alport metformin group.
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Supplementary Figure S9
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Supplementary Figure S9. Scheme of the treatments in mice for the survival study

(a) Col4a5 G5X-Alport syndrome mice were treated with the indicated dose of losartan or

metformin until all mice died. (b) Col4a3-/- Alport syndrome mice were treated with the indicated

dose of losartan and/or metformin until all mice died. The images were drawn by S.K.
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Supplementary Figure S10. Metformin protects against ADR-induced glomerulosclerosis

(a) Proteinuria score was calculated based on urinary protein and creatinine concentrations. Metformin

reduced proteinuria in ADR nephropathy model. (b) Staining of renal sections was performed using

PAS. Scale bar, 50 m. (c) Glomerular injury scores were assigned based on the PAS-stained sections.

Metformin ameliorated the severity of glomerulosclerosis in ADR nephropathy. Data are expressed as

the means ± S.E. in control mice (n = 4), non-treated ADR, and metformin-treated ADR mice (n = 10

per group), P values were assessed by Dunnett’s test (#P < 0.05, ##P < 0.01 vs CON, *P < 0.05, **P <

0.01 vs ADR). (d) Whole kidney lysates were analyzed by immunoblotting. The full-length blots are

presented in Supplementary Fig. S13. (e-g) The relative amount of proteins was quantified. Metformin

increased the level of (e) phospho-AMPK and (g) Nrf2. Metformin decreased the level of (f) phospho-

STAT3. Data are expressed as the means ± S.E. (n = 4 per group). P values were assessed by Student’s t

test (*P < 0.05, **P < 0.01 vs ADR).
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Supplementary Figure S11. Full length blots for Figure 2m

The full-length blots for Figure 2m with the indicated antibodies. Vinculin was used as loading

control. Samples were derived from the same experiment, and gels/blots were processed in parallel.
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Figure S12. Full length blots for Figure 3a

The full-length blots for Figure 3a with the indicated antibodies. Vinculin was used as loading control.

Samples were derived from the same experiment, and gels/blots were processed in parallel.
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Supplementary Figure S13. Full length blots for Supplementary Figure S10d

The full-length blots for Supplementary Fig. 10d with the indicated antibodies. Vinculin was used as

loading control. Samples were derived from the same experiment, and gels/blots were processed in

parallel.
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