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Fibrotic diseases 

• Fibrotic diseases contributes to as much as 45% 

of deaths in the industrialized world 

• Fibrotic diseases have been largely overlooked 

• The pathogenesis of fibrosis is characterized by 

activation/proliferiaton of myofibroblasts and 

accumulation of ECM in response to injury 

 

• Fibrotic diseases are becoming therapeutically 

tractable 
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Core features shared by pathologic fibrosis 

  among multiple organs 

• Recurrent or persistent epithelial injury is a core element 

that both initiates and sustains progressive fibrosis 

 

• Five responses to injury-induced functional or physical 

disruption of epithelial cells can provoke tissue fibrosis 

– Cell death 

– the dysregulation of metabolic pathways 

– Partial epithelial to-mesenchymal transition (EMT) via Twist- and 

Snail-driven cellular reprogramming 

– Interactions between integrins and TGFb. 

– Initiate both innate and adaptive immune responses 

 



Extracellular 

matrix 

Macrophages 

Trauma Toxins 
Inflammation Infection  

EMT  TGFβ 
Immune 

responses 

Cell stress 

ER stress 

ROS 

Cell death 

Myofibroblasts 

T cells 

Innate 

lymphoid 

cells Pro-fibrotic 

cytokines 

Mechanisms by which epithelial injury can lead  

   to organ fibrosis 



Resolution and regression of fibrosis 

 • Induce proteases, especially matrix metalloproteinases 

(MMPs) 

• Take up the cleaved matrix protein fragments by tissue 

phagocytes or fibroblasts 

• Reduce inflammation by macrophage phagocytosis of 

apoptotic epithelial cells  

• Induce and promote myofibroblast apoptosis 

• Reverse myofibroblasts to a more quiescent phenotype 

• Control sources of liver injury (i.e. antiviral therapies for viral 

hepatitis) 



Prevention and treatment of CKD 

 



Target group    Therapeutic targets and/or approach 
 

Renin–angiotensin–aldosterone system  ACE (ACEI), Ang II R 1 (ARB), aldosterone (aldosterone 
     antagonists), renin (renin inhibitors) 
 
ECM turnover   MMP-1, MMP-2, TIMPs-1, ADAM-19, ADAM-17,  
    tissue transglutaminase,  ILK, relaxin (relaxin),  
    trypsin+bromelain+rutosid, pirfenidone 
  
Cytokines     IL-1 (IL-1 receptor antagonist), IL-4, IL-8, IL-10 (anti-IL-10 Ab), 
     IFN-γ (IFN-γ), IFN-α(IFN-α), TNF-α (anti-TNF-α-Ab) 
 
Chemokines    MCP-1/CCR2, RANTES/CCR1, M-CSF, osteopontin, CX3CR1, 
SLC/CCR7 (chemokine    receptor antagonists) 
 
TGF-β signaling    TGF-β, Smad-7, Smad-3 (halofuginone), Snail, Ski, SnoN, ALK5,  
                            BMP-7, CTGF 
 
Growth factor receptors   PDGFR , VEGFR (anti-VEGFR-Ab), EGFR (anti-EGFR-Ab) 

 

Intracellular transduction cascades:   NF-κB (curcumin), Rho/ROCK (Rho inhibitors), p38 MAPK (p38 
    inhibitors), JNK, PKC-β, PI3Kγ (PI3Kγ inhibitors),  
    Notch, various tyrosin kinase inhibitors 
 
Various     stem cells, mast cells, B-cells, AGEs, AOPPs, PPARγ  
    (glitazones), vitamin D, paracalcitol, G2/M cell cycle, HDAC. 

Potential therapeutic targetes in renal fibrosis (1) 



Potential therapeutic targetes in renal fibrosis (2) 



Pirfenidone: Mechanism of action  

• Pirfenidone has both anti-inflammatory and anti-fibrotic 

effects 

 

• Its actions is associated with its inhibition of both 

production and activity of TGF-b1 

 

• It has been studied in multiple models of CKD including 

glomerulosclerosis (remnant kidney, unilateral ureteral 

obstruction, FGS/Kist mouse, diabetes (streptozotocin 

rats) and db/db mice) 

 



Pirfenidone: Clinical efficacy 

• A single-center, open-label pilot study to evaluate if 

pirfenidone can slow the GFR decline in adult patients with 

biopsy-proven idiopathic and post-adaptive FSGS 

• 21 patients were enrolled, eGFR of 26± 9.4 ml/min/1.73m2 

and median baseline proteinuria of 2.8 g/d 

• 800 mg, three times daily for 12 months 

• The monthly eGFR decline rate: from −0.61 to −0.45 

ml/min/1.73m2 , no effect on proteinuria 

• Pirfenidone slows renal function decline in patients with 

FSGS 

• The lack of placebo control, a larger, randomized, placebo-

controlled trial is needed 

 

 Cho et al., Clin J Am Soc Nephrol; 2(5):906-13 

 



Pirfenidone for diabetic nephropathy 

• A randomized, double-blind, placebo-controlled study in 

77 subjects with diabetic nephropathy 

• Elevated albuminuria and reduced estimated GFR 

(eGFR) (20 to 75 ml/min per 1.73 m²) 

• 26 subjects assigned to placebo, 26 to pirfenidone at 

1200 mg/d, and 25 to pirfenidone at 2400 mg/d. 

• eGFR was increased in the pirfenidone 1200-mg/d group 

(+3.3 ±  8.5 ml/min per 1.73 m²) whereas the mean 

eGFR decreased in the placebo group (-2.2 ±  4.8 

ml/min per 1.73 m 

• This study suggests that pirfenidone is a promising agent 

for individuals with overt diabetic nephropathy 

Sharma  et al., J Am Soc Nephrol. 2011;22(6):1144-51 



BARDOXOLONE: Mechanism of Action  

•  Bardoxolone methyl induces the transcription factor 

Nrf2, which increases the production of antioxidant and 

reductive molecules (NQO1, HO-1, SOD1, γ-GCS) and 

inhibits the production of reactive oxygen species (ROS) 

and other pro-oxidant and pro-inflammatory molecules 

(iNOS, COX2, TNF-α).  

 

• Induction of Nrf2 also reduces the pro-inflammatory 

activity of the IKKβ/NF-κB complex. Through these 

mechanisms, bardoxolone methyl reverts cells to a non-

inflammatory state and thereby limits tissue damage to 

the host.  



Bardoxolone methyl in type 2 diabetes and 

stage 4 chronic kidney disease 

• 2185 patients with type 2 diabetes mellitus and stage 4 

CKD  

• eGFR15 to <30 ml per minute per 1.73 m(2) to 

bardoxolone methyl, at a daily dose of 20 mg, or placebo 

• A total of 69 of 1088 patients (6%) assigned to 

bardoxolone methyl and 69 of 1097 (6%) assigned to 

placebo 

• The trial was terminated due to a higher rate of 

cardiovascular events with bardoxolone methyl 

• Bardoxolone methyl did not reduce the risk of ESRD or 

death from cardiovascular causes 

• Bardoxolone  has been approved to treat idiopathic 

pulmonary fibrosis by the FDA 

 

 

de Zeeuw et al., N Engl J Med. 2013;369(26):2492-503 



Efficacy and safety of nintedanib in idiopathic 

pulmonary fibrosis (N Engl J Med. 2014 May 29;370(22):2071-82) 

• Nintedanib (BIBF 1120, Ingelheim) is a small-molecule, 

broadly active tyrosine kinase inhibitor that inhibits 

PDGFR, FGFR, and VEGFR 

• A phase 3 trials, 52-week, randomized, double-blind to 

evaluate the efficacy and safety of BIBF 1120 in patients 

with idiopathic pulmonary fibrosis 

•  A total of 1066 patients, 150 mg of BIBF 1120, twice 

daily, as compared with placebo 

• The primary end point is the annual rate of decline in 

forced vital capacity (FVC) 

• The decline in FVC was reduced in BIBF 1120–treated 

group  

• BIBF 1120 is able to slow disease progression, leading 

to a historic approval by the FDA 

 

 

 



Target group    Therapeutic targets and/or approach 
 

Renin–angiotensin–aldosterone system  ACE (ACEI), Ang II R 1 (ARB), aldosterone (aldosterone 
     antagonists), renin (renin inhibitors) 
 
ECM turnover   MMP-1, MMP-2, TIMPs-1, ADAM-19, ADAM-17,  
    tissue transglutaminase,  ILK, relaxin (relaxin),  
    trypsin+bromelain+rutosid, pirfenidone 
  
Cytokines     IL-1 (IL-1 receptor antagonist), IL-4, IL-8, IL-10 (anti-IL-10 Ab), 
     IFN-γ (IFN-γ), IFN-α(IFN-α), TNF-α (anti-TNF-α-Ab) 
 
Chemokines    MCP-1/CCR2, RANTES/CCR1, M-CSF, osteopontin, CX3CR1, 
SLC/CCR7 (chemokine    receptor antagonists) 
 
TGF-β signaling    TGF-β, Smad-7, Smad-3 (halofuginone), Snail, Ski, SnoN, ALK5,  
                            BMP-7, CTGF 
 
Growth factor receptors   PDGFR , VEGFR (anti-VEGFR-Ab), EGFR (anti-EGFR-Ab) 

 

Intracellular transduction cascades:   NF-κB (curcumin), Rho/ROCK (Rho inhibitors), p38 MAPK (p38 
    inhibitors), JNK, PKC-β, PI3Kγ (PI3Kγ inhibitors),  
    Notch, various tyrosin kinase inhibitors 
 
Various     stem cells, mast cells, B-cells, AGEs, AOPPs, PPARγ  
    (glitazones), vitamin D, paracalcitol, G2/M cell cycle, HDAC. 

Potential therapeutic targtes in renal fibrosis 



Growth factor receptors mediates renal fibrosis  
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Liu et al., J Am Soc Nephrol. 2011;22:1064-75 

 

Suramin:  

• A FDA approved drug for prostate cancer 

•  Inhibits the interaction of multiple  

   cytokines/growth factors with their receptors   
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 J Am Soc Nephrol. Mar 18, E public., 2015 
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Clinical trials in CKD 

• CKD active clinic trials: 3122 

• Questions: Lack of approved surrogate endpoints for 

kidney disease progression 

    old: doubling of the serum creatinine level 

    2012 FDA and the National Kidney Foundation: 30-40% 

decline in eGFR 

 



Current anti-fibrotic clinical trials 



Some clinical trials for treatment of CKD 

• GC1008 (Genzyme) is a humanized antibody that binds 

and blocks the function of TGFb1, -2, and -3 

 

• LY2382770 (Lilly) is a humanized antibody that 

selectively binds and blocks the TGFb1 cytokine 

 

• STX-100 (Biogen Idec) is a humanized antiavb6 

    antibody 

 

• BMS-986202 (Bristol-Myers Squibb) is a small-molecule 

antagonist of the LPA1 receptor 

 

• GS-6624 (Gilead) is a noncompetitive allosteric antibody 

inhibitor of LoxL2  

 

 



Obstacles to translation in developing antifibrotics 

 



Principles for designing anti-fbrotic therapies 

• Avoid targeting the conserved, or core, pathways of fibrosis 

for therapy 

 

• Pinpoint targets that are unique to diseased tissue or are 

only expressed in a specific organ (i.e. PDGFb) 

 

• Fibrosis-specific targets confined to fibrogenic cells in 

injured tissues 

 

• Cell surface molecules are appealing targets because of 

their accessibility to therapeutic antagonists 



Narrowing the translational gap for antifibrotic 

therapy development 

Use biomarkers in proof-of-concept treatment trials 

Identify key pathogenic determinants 

Develop animal models 

Uncover early biomarkers 

Develop simple methods to measure biomarkers 

A more efficient path to antifibrotic drug discovery 



Future directions  

• We need more insight into both shared and unique 

molecular pathways that drive fibrotic disease in various 

organs 

• We need more clarity on guidelines for proper diagnosis 

    of fibrotic diseases and a clearer understanding of rates 

of disease progression and how to monitor these 

changes 

• We need to test therapeutic targets for which there is 

strong supporting scientific rationale in well-designed 

clinical trials with meaningful biomarker and functional 

    endpoints 



We need newer and better 

therapies 

30 
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Epigenetic regulation is associated with 

progression of CKD 

http://upload.wikimedia.org/wikipedia/commons/f/ff/Pyridoxamine.png


Epigenetic therapies for renal fibrosis 
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What is EZH2? 

• EZH2 (Enhancer of Zeste Homolog 2) is a 

methyltransferase that induces histone H3 lysine 

27 trimethylation (H3K27me3) 

• H3K27me3 is a transcriptionally repressive 

epigenetic marker 

•  H3K27me3 has been associated with suppression 

of multiple tumor suppressor genes 

• EZH2 is overexpressed in many aggressive tumors 

with poor outcomes 

 

 

EZH2 



Regulation and function of histone modifications  

 

EZH2 



Epigenetic drugs in clinical applications and  

  current research status  
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http://www.cancernetwork.com/oncology-journal/epigenetics-cancer-whats-future


3-DZNeP attenuates development of renal 

 fibrosis in obstructed kidneys 
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3-DZNep treatment induces degradation of EZH2 and 

histone demethylation in obstructed kidney 

Sham UUO 

E
Z

H
2

/T
u

b
li
n

 (
%

 c
o

n
tr

o
l)

 

- + - + 3-DZNeP H
3
K

2
7

m
e
3
/T

u
b

li
n

 (
%

 c
o

n
tr

o
l)

 

- + - + 3-DZNeP 
0 

200 

400 

600 

800 

a 
b 

c 

a 

H3K27me3 

EZH2 

Tubulin 

3-DZNeP - - - + - - - + + + + + 

0 

500 

1000 

1500 

2000 

2500 

a a 

b 

c 

Sham UUO Sham UUO 

Zhou et al, JASN, in press 



EZH2 在UUO损伤肾脏成纤维细胞和小管 

上皮细胞的表达 
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Blocking EZH2 suppresses Smad-3 activation, but enhances 

Smad-7 expression in renal interstitial fibroblasts 
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Blocking EZH2 inhibits phosphorylation of EGFR and 

PDGFRb and up-regulation of PTEN in obstructed kidneys 
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Mechanisms of EZH2-mediated renal fibrosis 
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Clinical trials in CKD 


