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1. Renoprotective properties of pirfenidone in subtotally nephrectomized rats

5/6
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3. Antiproteinuric effect of pirfenidone in a rat model of anti-glomerular basement membrane 

glomerulonephritis
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European Journal of Pharmacology Vol. 737, p.106-116, 2014
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-SMA: -smooth muscle actin

BUN: blood urea nitrogen

bp: base pair

CCL2: chemokine (C-C motif) ligand 2

Ccr: creatinine clearance

CKD chronic kidney disease

CT: computed tomography

CTGF connective tissue growth factor

DMEM: Dulbecco’s modified Eagle’s medium

DNA: deoxyribonucleic acid

ECM: extracellular matrix

EDTA: ethylene diamine tetra acetic acid

EGTA: ethylene glycol tetra acetic

ELISA: enzyme-linked immunosorbent assay

EMT: epithelial-mesenchymal trangision

ERK: extracellular signal-regulated kinase

ESRD end stage of renal disease

FBS: fetal bovine serum

GAPDH: glyceraldehyde 3-phosphate dehydrogenase

GBM: glomerular basement membrane

HE: hematoxylin and eosin
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HRP: horseradish peroxidase

IPF idiopathic pulmonary fibrosis

JNK: Jun N-terminus kinase

MCP-1: monocyte chemotactic protein-1

mRNA: messenger ribonucleic acid

MAPK: mitogen activated protein kinase

MEK: MAPK/ERK kinase

MRI: magnetic resonance imaging

NAG: N-acetyl- -D-glycosaminidase

PAGE: polyacrylamide gel electrophoresis

PAI-1 plasminogen activator inhibitor 1

PAS: Periodic acid-Schiff

PFD: pirfenidone

PCR polymerase chain reaction

p.o.: per os

PDGF: platelet derived growth factor

pCr: plasma creatinine concentration

PVDF: polyvinyl difluoride membranes

RAS: renin-angiotensin system

SBP: systolic blood pressure

SDS: sodium dodesyl sulfate

TGF- : transforming growth factor-

TNF- : tumor necrosis factor-

UPE: urinary protein excretion

UPCR: urinary protein creatinine ratio
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UV: urinary volume

UUO: unilateral ureteral obstruction

WT-1: Wilms’ tumor-1
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Figure 2.

4

chronic kidney disease, CKD
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GFR 60 mL/ /1.73 m2
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CKD 1300

CKD 2012

end stage of renal disease ESRD

2014 31 3 8000



11

1

2014 8 12000

7 UNOS: United Network for Organ Sharing

CKD

CKD angiotensin 

converting enzyme inhibitor: ACEI angiotensin

type receptor blocker: ARB 2 renin/angiotensin RAS

CKD

CKD

RAS CKD

CKD

CKD

2012

Figure 3
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Figure 3. CKD

CKD

CKD Eddy, 2005; Boor et al., 2010

CKD Negri, 2004;

Decl ves and Sharma, 2010; Yanagita, 2012 CKD

CKD

CKD

CKD

CKD

pirfenidone pirfenidone

idiopathic pulmonary fibrosis, IPF Pirespa
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2008 2011 Esbriet InterMune

Maher et al., 2010 pirfenidone

185.22 Figure 4

Figure 4. pirfenidone

IPF

5/6

unilateral ureteral obstruction; UUO

Shimizu et al. 1997 and 1998

RamachandraRao et al., 

2009

focal segmental glomerulosclerosis; FSGS

Cho et al., 2007; Sharma et al., 2011
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pirfenidone

CKD 5/6

pirfenidone

-smooth muscle actin -SMA
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GBM glomerular basement membrane pirfenidone

in vivo pirfenidone
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2

5/6 pirfenidone

1

pirfenidone CKD 5/6

5/6 5/6

1/6

CKD

RAS

pirfenidone

pirfenidone

CKD

pirfenidone

2

2.1.

pirfenidone angiotensin 

II converting enzyme ACE enalapril

enalapril Sigma enalapril maleate salt, E6888 enalapril
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2.2.

6 wistar SLC 200 250g

7 30 19 30 12

CE-2 pirfenidone 1%

pirfenidone CE-2

2.3. 5/6

5/6 2/3

1 50 mg/kg/mL

1.5~2 cm

2/3

1

50 mg/kg/mL

4 0

5/6 sham

2.4.

Figure 5

Figure 5 5/6
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5/6 2 24

urinary protein excretion; UPE

13 pirfenidone 13 enalapril

8 sham 8 pirfenidone CE-2

1% pirfenidone

700 mg/kg/day enalapril 0.5%

5 mg/kg/day 1 1 pirfenidone

0.5% 1 1 2

10 10

10%

mRNA 80

2.5

1 UPE pCr

BUN 2 10

UPE Protein assay Bradford Bio-Rad pCr BUN

7250 L CRE

L UN 9
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Softron, BP-98

2.6.

10% 3 4 m

HE Azan -SMA

10%

-SMA DAKO

NICHIREI Bioscience , Histofine SAB-PO(M) hematoxylin

normal, score 0;

mild, score 1; moderate score 2; marked, score 3

2.7. mRNA

total RNA TRIzol Life Technology

PCR TaqMan ABI7900 Applied Biosystems

glyceraldehyde-3-phosphate dehydrogenase(GAPDH) 

2.8.

Dunnett

Kruskal-Wallis P<0.05

GraphPad Prism 5 MDF
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3

3.1.

Figure 6A 2 10

UPE 5/6 control UPE 10

sham 4 control

enalapril 4 10 UPE pirfenidone

control UPE

pCr 2 control sham

8 10 Figure 6B

enalapril control pCr

pirfenidone enalapril 8 10

pCr blood urea nitrogen; BUN pirfenidone

control BUN Figure 6C pirfenidone
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Figure 6.

A: urinary protein excretion

B: plasma creatinine concentration

C: blood urea nitrogen
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Figure 6. Time course for urinary protein excretion (A), plasma creatinine concentration (B) 

and blood urea nitrogen (C) in sham-operated (open diamond, n=8) and 5/6 nephrectomized rats 

[control (closed square n=13), enalapril-treated (closed triangle, n=10), and pirfenidone-treated 

(closed circle, n=13)]. Values are expressed as the mean±S.E.M., # P<0.05, ## P<0.01, ### P<0.001 

vs control group.

10 Table 1

9 control

sham enalapril

control

KW/BW sham control sham

enalapril pirfenidone

sham control 133 2.6 vs 168 5.3; 

P<0.001 enalapril sham 137 3.3; 

P<0.001 pirfenidone

153 3.7; P<0.05 N-acetyl- -D-glycosaminidase NAG

sham control

enalapril pirfenidone sham cleatinin clearance 

Ccr sham control 1.16 0.03 vs 0.41 0.06; P<0.001

enalapril pirfenidone
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3.2.

pirfenidone 10

hematoxylin-eosin HE Azan Figure 7

control

Figure 7B, F

enalapril

Figure 7C, G

pirfenidone Figure 

7D, H

Figure 8 control pirfenidone

pCr control r=0.90, enalapril r=0.36, pirfenidone 

r=0.85 enalapril pirfenidone

Table 1. Renal and systemic function at tenth week after 5/6 nephrectomy

Group n BW KW/BW SBP UV NAG Ccr
(g) (g/kg) (mm Hg) (mL) (IU) (L/day/100gBW)

sham 8 320 6 3.1 0.0 b 133 2.6 b 11.9 0.6 b 0.13 0.01 1.16 0.03 b

control 13 284 11 4.8 0.3 168 5.3 35.1 2.2 0.29 0.07 0.41 0.06
enalapril 8 287 9 4.0 0.2 137 3.3 b 29.8 1.5 0.14 0.01 0.54 0.06
pirfenidone 13 283 6 4.6 0.2 153 3.7 a 31.2 3.1 0.17 0.01 0.45 0.04

Results are expressed as mean S.E.M. Abbreviations are: BW, body weight; KW/BW, left kidney 
weight per body weight; SBP, systolic blood pressure; UV, urinary volume; NAG, 
N-acetyl- -D-glycosaminidase activity; Ccr, creatinine clearance. SBP was measured at ninth week.
a or b: P<0.05 or 0.001 vs control.
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Figure 7. HE A-D Azan E-H

AA B

C D

EE F

G H
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Figure 7. Representative light micrographs of renal tissues obtained from sham-operated 

(A and E) and 5/6 nephrectomized rats [control (B and F), enalapril-treated (C and G), 

and pirfenidone-treated (D and H)] 10 weeks after renal ablation. A through D is

representative of the hematoxylin and eosin staining results. E through H is representative of 

the Azan staining results.

Figure 8.

Figure 8. Correlation between plasma creatinine concentration (pCr) and fibrosis score.

Values of pCr were adopted at the 10th week. Fibrosis was assessed by using Azan staining.

No fibrosis, score 0; mild, score 1; moderate, score 2; marked, socore 3. Each symbol

represents the value for individual rats. Correlation was analyzed using Spearman's rank 

correlation coefficient.

3.3. Azan fibronectin

Azan

Figure 9A pirfenidone

fibronectin Figure 9B-C

pCr (mg/dL)

fib
ro
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e

0 1 2 3 4 5

0

1

2

3

control (r=0.90, n=13)
enalapril (r=0.36, n=10)
pirfenidone (r=0.85, n=13)
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Figure 9. Azan fibronectin

A.

B.                                         C.

Figure 9. Regulatory effects of pirfenidone on interstitial fibrosis. A) The renal fibrotic area was 

assessed using Azan staining and measured using an NIH scion image analyzer; B) show the mRNA 

expression of -actin in the renal tissue; C) fibronectin 

expression was examined using western blotting, and the bands were quantified using densitometry. 

The closed circles represent values for individual animals, and the horizontal bar represents the 
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median value. # P<0.05, ## P<0.01, ### P<0.001 vs control group.

3.4. -SMA

HE Azan

-SMA sham

-SMA Figure 10A control

-SMA Figure 10B

-SMA

Figure 10C -SMA

Figure 10B enalapril -SMA

Figure 10D pirfenidone

-SMA

Figure 10E-F pirfenidone

-SMA
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Figure 10. -SMA

Figure 10 -SMA in sham-operated (A) and 5/6 nephrectomized rat 

kidney [control (B and C), enalapril-treated (D), and pirfenidone-treated (E and F)]. Arrow heads 

indicated myofibroblastic transdifferentiated cells. Arrows indicated blood vessels. Scale size: 100 

m.

AA
100 

B
100 

C
100 

D
100 

E
100 

F
100 
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4

CKD 5/6

pirfenidone pirfenidone

pirfenidone 700 

mg/kg/day

300 mg/kg/day Oku et al., 2008

pirfenidone

pirfenidone enalapril

enalapril

pirfenidone

pirfenidone

enalapril

pirfenidone pirfenidone

pirfenidone

CKD Neilson, 

2006; Strutz and Zeisberg 2006; Burns et al., 2007

epithelial mesenchymal transition (EMT) E-cadherin
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Fan et al., 1999; Burns et al., 2007; Liu, 2010 -SMA vimentin

Jinde et al., 2001; Rastaldi et al., 

2002 EMT

E-cadherin

Kim et al., 2013

E-cadherin -SMA

-SMA

Shimizu et al., 2006 5/6

-SMA pirfenidone

pirfenidoen pirfenidone

CKD enalapril RAS RAS

5/6

angiotensin

CKD

RAS

CKD
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3

pirfenidone

1

CKD

GBM

GBM glomerular basement membrane pirfenidone

GBM

CKD

CKD

Neale et al., 1982, Shirato et al., 1996; Zhou et al., 

2010 RAS

CKD

KDIGO, 2012

pirfenidone

Shimizu et al., 1998; Shimizu et al., 1997; 

RamanchandraRao et al., 2009 5/6 pirfenidone

prfenidone

podocyte
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Mathieson, 2012; Greka et al., 2012

nephrin podocin

Wilms’

tumor-1 WT-1

Figure 11. podocyte

2

2.1.

pirfenidone GBM

nephrin

podocin Sigma -Actin Cell Signaling 

Technology houseradish peroxidase HRP IgG

MEDICAL & BIOLOGICAL LABORATORIES CD68 ED-1

Serotec Wilms’ tumor-1 WT-1 Santa Cruz Biotech

2.2.

200 g 8 WKY
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WKY WKY

GBM

24

AAALAC International

2.3.

GBM 0.3 mL

16

8 GBM 4

pirfenidone 100 mg/kg 1 3 2

0.5 % SM-400; ) 1 3 2

GBM 2 12

urinary 

protein-creatinine ratio; UPCR 6 GBM

4 pirfenidone 100 mg/kg

1 3 2 0.5 % 

SM-400; ) 1 3 2

2.4.

urinary protein-creatinine ratio; UPCR microTP-AR2/PM

Wako Pure Chemical Industries plasma creatinine;

pCr blood urea nitrogen; BUN Determina-L CRE
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Determina-L UN Kyowa Medics plasma chemokine (C-C motif) ligand 2 CCL2

MCP-1 mouse/rat CCL2/JE/MCP-1 Quantikine ELISA kit R&D Systems

UPCR pCr BUN creatinine clearance; Ccr

1 BP-98; Softron

2 4

10%

mRNA western blotting 80

2.5.

10% 3~4 m

hematoxylin and eosin HE periodic acid-schiff PAS Azan

CD68 ED-1 WT-1

10%

ED-1 WT-1

normal, score 0; minimal, score 1;

mild, score 2; moderate, score 3; severe, score 4 Azan DP72

OLYMPUS

MetaMorph Molecular Devices

2.6. mRNA

total RNA RNeasy Mini Kit Qiagen mRNA

TaqMan ABI9700 Sequence Detection System Power SYBR Green Applied

Biosystems PCR

-actin PCR primer
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Nephrin forward 5’-CCCAGGTACACAGAGCACAG-3’

reverse 5’-CTTATGCTGACAACCTTCAG-3’

Podocin forward 5’-TTCTTCTAAGCAGTCTAGCTCATGTGT-3’

reverse 5’-GTGCCAAGAGGCGCTTCAT-3’

Podocalyxin forward 5’-ATCGTCTGCATGGCATCCTT-3’

reverse 5’-TGTGAGTCGTTGTTGGTCCTTC-3’

CCL2 (MCP-1) forward 5’-ATGCAGTTAATGCCCCACTC-3’

reverse 5’-TTCCTTATTGGGGTCAGCAC-3’

TNF- forward 5’-GGATCTCAAAGACAACCAACTGG-3’

reverse 5’-CTGGGAGTAGATAAGGTACAGCCC-3’

Interleukin-12 p40 

(IL-12b)

forward 5’-CGTGGAGTCATAGGCTCTGGA-3’

reverse 5’-TCTGTGGCAGGTGTATTGGC-3’

2.7. western blotting

137 mM 

NaCl 5 mM ethylene diamine tetra acetic acid EDTA , 1 mM ethylene glycol tetra acetic 

acid EGTA , 20 mM Tris-Cl pH 7.9 1% Triton-X100 protease inhibitor cocktail 

Boehringer Mannheim Laemmli sample buffer Bio-Rad 

Laboratories sodium dodecyl sulfate-polyacrylamide gel electrophoresis

SDS-PAGE polyvinyl difluoride membranes PVDF

4

HRP Amersham 

ECL plus GE Healthcare ImageJ
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National Institutes of Health

2.8.

±

Dunnett Kruskal-Wallis

P 5% GraphPad 

Prism 5 MDF

3

3.1.

pirfenidone GBM 2

Figure 12 GBM

pirfenidone GBM 2

pirfenidone 2

mRNA

Figure 12. GBM

Figure 12. Experimental protocols. Pirfenidone treatment from immediately after antiserum 

injection until the second week (prophylactic regimen), or from the second week after 

anti-rat GBM serum injection
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antiserum injection until the fourth week (therapeutic regimen).

3.2.

GBM 2 UPCR

30 P<0.001 pirfenidone

35% P<0.05, Figure 13

pCr BUN 2 Ccr

pirfenidone Figure

13, Table 2

pCr vs UPCR; R = 0.95, P<0.001 pirdfenidone SBP

UV Table 2 pirfenidone

Figure 13. UPCR A Ccr B

Figure 13. Time course for urinary protein: creatinine ratio (UPCR) (A) and creatinine 
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clearance (B). (A) Urinary protein-creatinine ratio in normal rats (open circle, n=4), nephritis 

control rats (closed square, n=8) and nephritis pirfenidone-treated rats (closed triangle, n=8) in 

the prophylactic regimen. (B) Creatinine clearance at the second week in normal rats (white 

column, n=4), nephritis control rats (black column, n=8) and nephritis pirfenidone-treated rats 

(gray column, n=8). Values are expressed as the mean ± S.E.M., ### P<0.001 vs. nephritis 

control group.

Table 2. Renal and systemic function at second week of prophylactic regimen

group n BW (g)
SBP

(mmHg)

UV

(mL)

pCr 

(mg/dL)

Ccr 

(L/day)

BUN 

(mg/dL)

normal 4 265.5±3.9 136.2±4.7 15.4±1.5 0.19±0.01b 7.0±0.26b 18.0±0.6a

control 8 256.4±2.2 137.1±2.4 20.3±1.2 0.33±0.03 3.6±0.30 28.5±2.6

pirfenidone 8 259.3±2.5 130.2±3.3 17.4±0.7 0.23±0.01a 5.5±0.34b 20.0±1.3a

BW, body weight; SBP, systolic blood pressure; UV, urinary volume; pCr, plasma creatinine; 

Ccr, creatinine clearance; BUN, blood urea nitrogen.

a or b: P 0.01 or 0.001 vs. control by Dunnett’s test

Results are expressed as mean ± standard error of mean.

3.3.

pirfenidone HE PAS

ED-1 Figure 14
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pirfenidone

pirfenidone GBM
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Figure 14.
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Figure 14. Representative light micrographs of renal tissues obtained from normal rats 

(A-C), nephritis control rats (D-F) and pirfenidone-treated rats (G-I) 2 weeks after 

antiserum injection in the prophylactic regimen. (A), (D), and (G) are representative of the 

hematoxylin and eosin staining results. (B), (E), and (H) are representative of the PAS staining 

results obtained in this study. (C), (F), and (I) are representative of ED-1 immunostaining 

results. Scale size: 100 m. (J) Glomerular injury or (K) tubulointerstitial disorder was assessed 

by semi-quantitative grading using HE and PAS staining results. Grades are as follows: 1,

none; 2, mild; 3, moderate; or 4, severe change. (L) Infiltration of ED-1-positive-staining cells 

into glomeruli or tubular interstitium was assessed by semi-quantitative grading using ED-1

immunostaining results. Grades are as follows: 1, none; 2, mild; 3, moderate; or 4, severe 

infiltration. Values are expressed as the mean ± S.E.M., normal n=4, nephritis control n=8, 

pirfenidone n=8, ### P<0.001 by Kruskal-Wallis test.

3.4.

mRNA GBM

type 1 collagen, fibronectin tissue inhibitor of 

metalloproteinase (TIMP)-1, PAI-1 pirfenidone

(Figure 15A-D) MCP-1 TNF- IL-12b

pirfenidone Figure 15E-G

MCP-1 pirfenidone Figure 15H

pirfenidone
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Figure 15 mRNA

Figure 15. Regulatory effects of pirfenidone on renal cortical mRNA expression or serum 

MCP-1 levels in the prophylactic regimen. mRNA expression at the second week of (A)

collagen 1a1, (B) fibronectin, (C) TIMP-1, (D) PAI-1 (E) MCP-1, (F) TNF- or (G) IL-12b, 

was assessed via qualitative PCR. -actin levels were used as a reference. (H) The 
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concentration of serum MCP-1 in the second week as determined by ELISA. Values are

expressed as the mean ± S.E.M., normal n=4, nephritis control n=8, pirfenidone n=8. ## or 

### is P<0.01 or 0.001 by Dunnett’s t-test..

3.5.

GBM

(Thorner et al., 2008) pirfenidone

nephrin podocin podocalyxin mRNA

pirfenidone

Figure 16A-C

pirfenidone WT-1

(Figure 16D) WT-1

WT-1

WT-1

pirfenidone WT-1 HE Azan

nephrin mRNA

Figure.17A R= 0.84, P<0.001 R2=0.70

fibronectin collagen

(Figure. 17C,D) pirfenidone nephrin

podocin Figure. 18

pirfenidone
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Figure 16.

Figure 16. Regulatory effects of pirfenidone on expression of podocyte-related molecules 

in the prophylactic regimen. mRNA expression at the second week of (A) nephrin, (B)

podocalyxin, or (C) podocin was assessed via qualitative PCR. -actin levels were used as a 

reference. Values are expressed as the mean ± S.E.M., normal n=4, nephritis control n=8, 

pirfenidone n=8. #, ## or ### is P<0.05, 0.01 or 0.001 by Dunnett’s test vs control.

Immunohistological staining against WT-1 is shown in (D). Arrowheads indicate the positivity 

for WT-1 expression. Scale size: 100 m.
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Figure 17.

Figure 17. Correlation between urine protein: creatinine ratio (UPCR) and mRNA 

expression of (A) nephrin, (B) podocalyxin, (C) fibronectin, or (D) collagen 1a1 in the 

prophylactic regimen. Values of UPCR were adopted at the second week, and mRNA values 

used are from Figure 16 in both nephritis control (closed circles, n=8) and pirfenidone-treated 

(closed triangles, n=8) rats. Each symbol represents the value for individual rats. Correlation 

coefficient was analyzed using Pearson's product-moment correlation coefficient.
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Figure 18. nephrin podocin

A.

Figure 18. Effect of pirfenidone on nephrin or podocin expression in the prophylactic 

regimen. (A) Aliquots of renal cortex lysate in normal, nephritis control, or nephritis 

pirfenidone-treated rats were subjected to western blot analysis. -actin levels were used as a 

reference. Bands for nephrin, podocin, or -actin were quantified using ImageJ 

gel-densitometry analyzer, and the mean ± S.E.M. values for (B) nephrin or (C) podocin are 

expressed relative to -actin. normal n=3, nephritis control n=4, pirfenidone n=4. #: P<0.05 by 

Dunnett’s test vs nephritis control.
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3.6.

pirfenidone 2 4

Figure 12 2 4

UPCR 34.6 47.4 mg/mg P<0.001

pirfenidone UPCR Figure 19A

4

pirfenidone Figure19B Table 3

pirfenidone UPCR

pCr vs. proteinuria; R=0.01, P=0.98 pirfenidone

pirfenidone
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Figure 19. UPCR Ccr

Figure 19. Time course for urinary protein: creatinine ratio (UPCR) (A) and creatinine 

clearance (B). (A) Time course for urinary protein: creatinine ratio in normal rats (open circle,

n=6), nephritis control rats (closed square, n=6), and nephritis pirfenidone-treated rats (closed 

triangle, n=6) in the therapeutic regimen. (B) Creatinine clearance at the third or fourth week 

in normal rats (white column, n=6), nephritis control rats (black column, n=6), and nephritis 

pirfenidone-treated rats (gray column, n=6). Values are expressed as the mean ± S.E.M., #, ## 

or ### P<0.001 vs. control group by Dunnett’s test.
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Table 3. Renal and systemic function at fourth week of therapeutic regimen

group n BW (g)
SBP

(mmHg)

UV

(mL)

pCr

(mg/dL)

Ccr

(L/day)

BUN

(mg/dL)

normal 6 283.0±3.6 139.8±6.8 18.6±0.7 0.23±0.01c 4.1±0.16 c 19.2±0.8 c

control 6 258.3±5.6a 138.4±5.0 23.7±1.0 0.51±0.03 1.6±0.12 43.7±2.3

pirfenidone 6 261.2±5.8 146.5±5.9 27.0±3.1 0.36±0.02c 2.3±0.13b 37.7±2.8 a

BW, body weight; SBP, systolic blood pressure; UV, urinary volume; pCr, plasma creatinine; 

Ccr, creatinine clearance; BUN, blood urea nitrogen.

a, b or c P 0.05, 0.01 or 0.001 vs. control by Dunnett’s t-test

Results are expressed as mean ± standard error of mean.

3.7.

pirfenidone HE PAS Azan

Figure 20 4

2

pirfenidone

Azan pirfenidone

P<0.001, Figure 20j

Ccr

Figure 20k, R=-.0.87 pirfenidone
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Figure 20.
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Figure 20. Representative light micrographs of renal tissues obtained from normal rats 

(a, b, and c), nephritis control rats (d, e, and f), and pirfenidone-treated rats (g, h, and i)

4 weeks after antiserum injection in the therapeutic regimen. (a), (d), and (g) are 

representative of the hematoxylin and eosin staining results obtained in this study. (b), (e), and 

(h) are representative of the PAS staining results obtained in this study. (c), (f), and (i) are 

representative of Azan staining results obtained in this study. Scale size: 100 m. The renal 

fibrotic area was assessed using Azan staining, measured using the MetaMorph image analyzer, 

and depicted in the (j) column graph. Values are expressed as the mean ± S.E.M., normal n=6, 

nephritis control n=6, pirdfenidone n=6. # or ###; P<0.05 or 0.001 by Dunnett’s test. (k) 

Correlation between Azan staining area and the values of Ccr at 4 weeks. Correlation 

coefficient was analyzed using Pearson's product-moment correlation coefficient.
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nephrin podocin

pirfenidone

nephrin mRNA

pirfenidone

2

0 2

10 2 4

2 pirfenidone

Okada et al., 1996; Eddy, 

2000; Nangaku et al., 2008 Azan

pirfenidone

Azan

RAS

cyclosporin A cyclophosphamide
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pirfenidone

CKD
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4

pirfenidone

1

5/6 GBM pirfenidone

CKD

pirfenidone

in vivo

GBM pirfenidone

pirfenidone

Hewitson et al., 2001

pirfenidone -SMA connective 

tissue growth factor CTGF

pirfenidone

extracellular 

matrix; ECM Liu, 2011

/

/

transforming growth factor- TGF- ECM

Sharma and Ziyadeh, 

1994; Gagliardini and Benigni, 2007 ECM TGF-
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plasminogen activator inhibitor type 1 PAI-1 CTGF tissue inhibitor of metalloprotease

TIMP Mar and Fogo, 2009; Eddy, 2009 TGF-

epithelial-mesenchymal 

transition; EMT Fan et al., 1999; Burn er al., 2007; Liu 2010

TGF- Figure 20 TGF- 1 2

3 3 isoform TGF- 1

Fan et al., 1999; Burns et al., 2007; Liu, 2010

TGF- 1

Figure 21. TGF-

TGF- platelet derived growth factor (PDGF) ECM

Floege et al., 2008; Ostendorf et al., 2001

PDGF-B PDGF-D
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Ostendorf et al., 2011 PDGF-B TGF-

EMT Yamate, 2005

PDGF-B

pirfenidone ECM ECM

Osman et al., 2006 Nakazato et al., 

2002 collagen 1a1

fibronectin PAI-1 CTGF

-SMA vimentin Jinde 

et al., 2001; Rastaldi et al., 2002

2

2.1.

pirfenidone

NRK-52E American Type Culture Collection (ATCC)

TGF- 1 PDGF-BB R&D Systems -SMA

DAKO Fibronectin CHEMICON horseradish peroxidase

HRP IgG Medical & Biological Laboratories

2.2.

NRK-52E 5% fetal bovine serum FBS Dulbecco’s modified Eagle’s

medium (DMEM) 5% CO2 37 12well plate

semiconfluent 0.5% FBS DMEM 24 TGF-

3 ng/mL PDGF-BB 5 ng/mL 24 mRNA

48

fibronectin -SMA 72
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TGF- 1 PDGF-BB 30 pirfenidone

80 mRNA enzyme-linked immunosorbent assay (ELISA)

western blotting

2.3. mRNA

12well plate QIAGEN RNeasy mini 

kit RNA Applied Biosystems High Capacity cDNA Reverse 

Transcription Kit DNA PCR

Applied Biosystems Power SYBR Green PCR master mix Applied Biosystems

TaqMan ABI 7900 -actin

primer

plasminogen activator inhibitor -1

(PAI-1)

forward 5’-GACAATGGAAGAGCAACATG-3’

reverse 5’-ACCTCGATCTTGACCTTTTG-3’

connective tissue growth factor 

(CTGF)

forward 5’-TCTTCGGTGGGTCCGTGT-3’

reverse 5’-TGGTATTTGCAACTGCTTTGGA-3’

fibronectin forward 5’-CATGGCTTTAGGCGAACCAC-3’

reverse 5’-ATCTACATTCGGCAGGTATGGTC-3’

type I collagen 1 forward 5’-CAACAATTCCTGGCGTTACCTT-3’

reverse 5’-AAGCCCTGTATTCCGTCTCCTT-3’

- -SMA) forward 5’-CGACATGGAAAAGATCTGGC-3’

reverse 5’-GGATCTTCATGAGGTAGTCG-3’

vimentin forward 5’-GGGCGACCTCTACGAGGAG-3’

reverse 5’-TGTCATTGGTGAGCTGATCCA-3’

-actin forward 5’-TCTGTGTGGATTGGTGGCTCTA-3’,
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reverse 5’-CATCGTACTCCTGCTTGCTGATC-3’

2.4. PAI-1

PAI-1 Molecular Innovations rat PAI-1total antigen ELISA 

kit

2.5. western blotting

12well plate NRK-52E phosphate buffered saline (PBS)

lysis buffer 137 mM NaCl, 5 mM ethylene 

diamine tetra acetic acid (EDTA), 1 mM ethylene glycol tetra acetic acid (EGTA), 20 mM Tris-Cl

(pH 7.9), 1% Triton-X100, protease inhibitor cocktail (Boeringer Mannhein)

Laemmli sample buffer (Bio-Rad Laboratories) sodium dodesyl sulfate (SDS) 

polyacrylamide gel polyvinyl difluoride membranes (PVDF).

HRP Amersham ECL plus GE healthcare

ImageJ

2.6.

± Dunnett

P 5% GraphPad Prism 

5 MDF
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3

3.1. TGF- 1 pirfenidone

0.1 0.3 1 3 10 ng/mL TGF- 1 NRK-52E

mRNA 0.3 ng/mL PAI-1

type 1 collagen fibronectin CTGF 3 ng/mL data not 

shown 3 ng/mL TGF- 1 TGF- 1

0.1 1 mM pirdfenidone PAI-1 type 1 collagen fibronectin

CTGF Figure 22A-D PAI-1

1 mM 62% pirfenidone PAI-1

Figure 23; 1 mM 44% TGF- 1 -SMA

vimentin pirfenidone Figure 22.

E, F fibronectin -SMA pirfenidone

TGF- 1 fibronectin -SMA pirfenidone

fibronectin -SMA Figure 24

pirfenidone TGF- 1 PAI-1 fibronectn type 1 collagen CTGF

-SMA vimentin
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Figure 22. TGF- 1 mRNA pirfenidone

A. PAI-1                                  B. fibronectin

        

C. typeI collagen                            D. CTGF

           
E. -SMA                                 F. vimentin
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Figure 22 Effect of pirfenidone on TGF- 1-induced mRNA expression of PAI-1(A),

fibronectin(B), type I collagen 1(C), CTGF(D), -SMA(E), and vimentin(F) in 

NRK-52E cells. Cells were treated with TGF- 1 (3 ng/mL) for 24 h with or without 

pirfenidone (0.1-1 mM). Values are mean ± standard error of four independent experiments

(n=4). ## or ###; P<0.01 or 0.001 vs. TGF- 1-treated group.

Figure 23. TGF- 1 PAI-1 pirfenidone

Figure 23. Effect of pirfenidone on TGF- 1-induced PAI-1 production in NRK-52E cells.

Cells were treated with TGF- 1 (3 ng/mL) for 48 h with or without pirfenidone (0.1-1 mM). 

Values are mean ± standard error of four independent experiments (n=4). # or ###; P<0.05 or 

0.001 vs. TGF- 1-treated group.
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Figure 24. fibronectin -SMA pirfenidone

Figure 24. Effect of pirfenidone on the TGF- 1-induced expression of fibronectin or

-SMA in NRK-52E cells. After incubation of NRK-52E cells under different experimental 

conditions, aliquots of cell lysate were subjected to western blot analysis. pirfenidone was 

treateded 0.5 h before the addition of TGF- 1.

3.2. TGF- 1 PDGF-BB pirfenidone

NRK-52E PDGF-BB 5 ng/mL PAI-1 type I collagen

fibronectin CTGF -SMA vimentin

TGF- 1 3 ng/mL PDGF-BB 5 ng/mL PAI-1 mRNA

Figure 25A pirfenidone 0.5 mM

type I collagen CTGF TGF- PDGF-BB

pirfenidone Figure 25C, D

TGF- 1 PDGF-BB -SMA pirfenidone

Figure 25E vimentin TGF- PDGF-BB

pirfenidone Figure 25F
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Figure 25. TGF- 1 PDGF-BB

A. PAI-1                               B. fibronectin

C.type I collagen                        D. CTGF

E. -SMA                              F. vimentin

Figure 25. Effect of pirfenidone on TGF- 1 and PDGF-BB-induced mRNA expression of 

(A) PAI-1, (B) fibronectin, (C) type I collagen 1, (D) CTGF, (E) -SMA and (F) 
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vimentin in NRK-52E cells. Cells were treated with TGF- 1 (3 ng/mL) or PDGF-BB or both 

(5 ng/mL) for 24 h with or without pirfenidone (0.5 mM). Values are mean ± standard error of 

four independent experiments (n=4). ###; P<0.001 vs PDGF-BB, ***; P<0.001 vs TGF- ,

$ or $$$; P<0.05 or 0.001 vs TGF- + PDGF-BB by Dunnett‘s test.

4

NRK-52E pirfenidone

pirfenidone type I collagen fibronectin PAI-1 CTGF

-SMA vimentin

TGF- 1 type I collagen fibronectin PAI-1 CTGF

pirfenidone 0.5 2 mM

pirfenidone

0.3 1 mM Hewitson et al., 2001; 

Nakazato et al., 2002

THP-1 TGF- pirfenidone 10 g/mL

0.054 mM

100 g/mL 0.54 mM

600 mg

Cmax 10 g/mL 0.054 mM AUC0-24hr 80 g

hr/mL 33 mg/kg Cmax 18

g/mL 0.1 mM AUC0-6hr 7 g hr/mL

30 100 mg/kg Oku et al., 2008
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pirfenidone

pirfenidone

CKD

CKD GBM

pirfenidone

EMT

Liu 2010; García-Sánchez et al., 2010 EMT

-SMA vimentin

NRK-52E pirfenidone 5/6

-SMA pirfenidone

pirfenidone EMT NRK-52E

snail EMT

pirfenidone EMT EMT

pirfenidone NRK-52E collagen, fibronectin, PAI-1, CTGF

pirfenidone
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5

CKD

CKD

CKD

CKD

CKD

pirfenidone

CKD CKD

5/6

CKD

pirfenidone

pirfenidone

RAS

RAS CKD
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GBM

pirfenidone

Currie and Delles, 2014 CKD

GBM

ACE cyclosporin A

cyclophosphamide

CKD

MRI

Togao et al., 2010
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collagen type IV

Furumatsu et al., 2011; Morita et al., 2011 7S Inomata et al., 1996

CKD

CKD Lewis et 

al., 2001, Brenner et al., 2001 6 CT

pirfenidone gate 

indication

CKD

TGF-

TGF- 3

TGF- 1

TGF- 1 LY2382770 Eli Lilly

Clinical Trials gov.;

NCT01113801 CTGF TGF- Burns et al., 

2007 TGF-

TGF-
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integrin V 5 V 6 Hahm et al., 2007; Zhou

et al., 2010; Tatler and Jenkins, 2012. TGF-

CKD

CKD
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