
PPARγ methylation Hepatitis B, NAFLD and Scleroderma cohort

Hypermethylation was detected at all three CpGs in ccfDNA in the cohorts of patients

suffering from cirrhosis caused by chronic HBV infection and NAFLD (Figure 2)
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The levels of hypermethylation in the HBV and NAFLD cohort resembled that found in

patients with cirrhotic NAFLD (CpG1: 86%; CpG2: 65%) and ALD in the original study by 

Hardy et al (1). 

To determine if hypermethylation is specific to fibrosis of liver origin, methylation in a

cohort of patients with limited and diffuse systemic sclerosis but no hepatic fibrosis (SSc) 

was quantified. All three CpG sites in SSc were relatively hypomethylated with similar

methylation densities between individual patients with SSc. (CpG1: 16%; CpG2: 9%;

CpG3:16%) (Figure 3)
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INTRODUCTION & AIMS
DNA methylation markers at the human PPARγ promoter are detectable in circulating cell-free

DNA (ccfDNA) that display differential methylation densities. In a recent study, PPARγ (an anti-

fibrotic gene) hypermethylation correlated with progression to cirrhosis in alcoholic liver disease

(ALD) and with specific stages of liver fibrosis in non-alcoholic fatty liver disease (NAFLD) (1).

These ccfDNA signatures can be traced back to the molecular pathology in fibrotic liver tissue,

providing a biomarker of the underlying pathological process and defining hepatocytes as the

source of hypermethylated DNA found in plasma (Figure 1).

Study objectives were to;

(1) Validate the hypothesis that hypermethylation at the PPARγ gene promoter is a marker for

fibrotic progression of chronic liver disease (viral, alcoholic and metabolic disease aetiologies)

(2) To investigate if the PPARγ hypermethylation signature specifically reflects a liver pathology

and is not is not generated in fibrosis occurring in other organs

METHODS
Clinical Cohorts Patients with fibrotic disease were recruited from clinics at the Freeman 

hospital (UK) (NAFLD), Florence Nightingale Hospital (Turkey) (HBV and control cohort) and 

University Hospital Erlangen (Germany) (Systemic Sclerosis SSc). Pyrosequencing was employed 

in a NAFLD (n=13), HBV (n=13) and scleroderma (n=30) cohort to quantitatively assess plasma 

cell-free circulating DNA methylation in the promoter region of PPARγ.

Cell free circulating DNA extraction Genomic DNA was extracted from plasma using QIAamp 

DNA Blood Mini Kit (Qiagen, Germany). Bisulfite modification was performed using the EZ 

DNA Methylation Gold TM Kit (Zymo Research, Irvine, CA, USA).

Pyrosequencing analysis Methylation of specific cytosines within CpG dinucleotides was 

quantified by pyrosequencing using a Pyromark Q96 ID (Qiagen) instrument and data was 

analysed by Pyro Q-CpG software 1.0.6

To determine if hypermethylation was characteristic of fibrosis of liver origin, methylation in a 

cohort of patients with limited and diffuse systemic sclerosis (SSc) was quantified. This cohort 

had various combinations of skin, lung and kidney fibrosis, but no hepatic fibrosis (n=30). Means 

were compared using the Mann-Whitney U test. All statistical analyses were performed using 

SPSS software version 24.0 (SPSS Inc, Chicago, USA).

RESULTS
Differential PPARγ promoter methylation as a biomarker for advanced liver fibrosis

Exploration beyond metabolic liver disease

The clinical and demographic details of the study cohorts are shown in table 1 and 2. 

Both groups were similar with regard to clinical characteristics.

CONCLUSIONS
Further investment is needed to make the translation of DNA methylation signatures from bench 

to bedside a reality. This study has provided insights into linking genomic information obtained 

from circulating DNA to its origin anatomy thus bridging the gap between molecular diagnostics 

and the traditional more organ-based medical practices.Uniform hypermethylation at the PPARγ

gene promoter confirms this as a potential methylation signature for advanced fibrosis in chronic 

liver disease independent of liver disease aetiology which is specific for liver fibrosis. This 

epigenetic signature has the potential to be developed as a blood-based liquid biomarker specific 

for hepatic fibrosis progression.
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Table 1 Age
(years)

Gender
% male

BMI
(kg/m2)

Diabetes
(%)

ALT (IU/L) AST (IU/L)

NAFLD cirrhotic Cohort
N=13

56 +/- 7 10/13
77%

29.8 +/- 3.2 69 33+/-23 54+/-36

Hepatitis B cirrhotic
cohort
N=13

51 +/- 7 10/13
77%

26.5 +/- 2.4 38 47 +/- 50 80 +/- 64

Data expressed as mean +/- SD, BMI = body mass index

Table 2: Systemic Sclerosis Cohort (n=30)

Age (years) 55 +/- 14

Gender (% male) 10/20 (50%)

BMI (kg/m2) 26 +/- 3.8

Diffuse cutaneous limited SSc 12 (40%)

Disease duration (years) 7.5 +/- 4

Heart involvement 2 (7%)

Lung involvement 11 (37%)

DLCO (%) 71.7 +/- 17

Anti-nuclear antibody positive 30 (100%)

Anti-centromere antibody positive 11 (37%)

Anti-topoisomerase I antibody positive 12 (40%)

Data expressed as mean +/- SD, BMI = body mass index

Figure 1 
Cell-free DNA can normally be detected in the circulation, of which the 
liver provides a proportion; aberrant epigenetic signatures associated 
with fibrosis are released into the circulation, potentially providing 
blood-based markers that could be used to aid diagnosis

Biopsy Tissue Peripheral Circulation

Diagnosis

Figure 2: Schematic representation of human PPARγ gene promoter 
showing the positions of the differentially methylated CpGs 1, 2 and 3

Figure 3:
Plasma cell-free DNA methylation as determined by pyrosequencing at (A) CpG1, 
(B) CpG2 and (C) CpG3 within the human PPARγ gene promoter from control
donors or patients with NAFLD, HBV or SSc. n, shows the number of individual
patients within each cohort.
DNA methylation was quantitatively measured and expressed as a percentage.
Error bars represent mean values±95% CI; *P<0.05, **P<0.01, ***P<0.001.
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