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Introduction 
End-stage renal disease (ESRD) patients have been continuous 

markedly increased morbidity and mortality worldwide despite the 
development in renal replacement therapy [1]. In Egypt, the prevalence 
of ESRD in 2008 was 483 per million population [2] and this prevalence 
is presumed to be increasing [3].

It is well established that ESRD is a state of chronic systemic 
inflammation [4], which is attributed to both dialysis-related and 
dialysis-unrelated factors [5]. ESRD patients have high cytokine’s 
concentrations due to both increased production and decreased renal 
clearance [6].

The difference between individuals in the progression to ESRD 
may be due to differences in the genetic susceptibility [7]. Moreover, 
the prevalence of inflammation in patients with chronic kidney disease 
(CKD) varies significantly between ethnic groups, suggesting that 
genetic factors may be a major contributory factor for the development 
of systemic inflammation [8].

Epigenetics refer to heritable changes of gene expression and gene 
function without changing the DNA sequence [9]. DNA methylation is 
a major epigenetic modification of the genome that has attracted a lot 
of interest due to the relative ease by which it can be studied, and having 
the potential to silence gene expression [10]. Differences in DNA 
methylation were associated with predisposition and/or treatment in 
ESRD patients [11].

It is of interest that inflammation may also promote aberrant DNA 
methylation, where inflammatory cytokine might exert an impact on 
epigenetic changes in cells via regulation of a DNA methyltransferase 
gene [12]. Additionally, aberrant DNA hypermethylation was associated 
with inflammation and poor outcome in CKD stage five patients [13].

Interferon gamma (IFN-γ) is a typical pro-inflammatory cytokine 

[14] involved in several inflammatory diseases such as gangrenous
appendicitis [15], inflammatory bowel disease [16], rheumatoid
arthritis [17] and ESRD [18].

The gene coded for human IFN-γ is mapped on chromosome 
12q14 [19]. Increased IFN-γ gene transcription has been correlated 
with hypomethylation of the promoter region in various inflammatory 
diseases as inflammatory bowel disease [20], periodontitis and 
gingivitis [21].

The suppressor of cytokine signaling (SOCS) family consists of eight 

Their expressions are induced by various cytokines or growth factors. 
They act via a negative feedback loop to inhibit the Janus kinase (JAK)/
signal transducers and activators of the transcription (STAT) mediated 
cytokine signaling initiated by that cytokine or by other cytokines [22].

Among eight SOCS proteins, the most potent ones are SOCS1 and 
SOCS3 [23]. SOCS1 acts by binding directly to JAK proteins, while 
SOCS3 inhibits signaling by binding to phosphorylated tyrosine sites 
on the cytoplasmic domain of the activated cytokine receptor [24]. The 
human SOCS1 gene is located on chromosome 16p13.1 [25], whereas 
human SOCS3 gene is mapped to chromosome 17q25.3 [26].
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Abstract
End-stage renal disease (ESRD) is a state of chronic inflammation. DNA methylation is a major epigenetic 

modification that has the potential to silence gene expression. IFN-γ and suppressor of cytokine signaling (SOCS) are 
essential modulators of inflammation. The current study aimed to determine the methylation status of IFN-γ, SOCS1 
and SOCS3 promoter regions in DNA isolated from peripheral blood of ESRD patients and controls, in order to correlate 
this methylation status with the clinical features of ESRD. Ninety six ESRD patients and 96 healthy ethnically, age and 
gender matched controls were included in the study. The promoter methylation of the studied genes was assessed 
using the methylation-specific polymerase chain reaction (MSP). Most of our samples were positive for IFN-γ promoter 
methylation. Full unmethylation was observed only in the ESRD group (7.3%), and statistical difference was observed 
among groups (P=0.02). IFN-γ unmethylation was associated to a decrease in estimated glomerular filtration rate 
(eGFR) and an increase in both serum creatinine and total cholesterol levels. For SOCS1 promoter methylation, partial 
and full methylation were observed only in ESRD patients (5.2% and 2.1%, respectively); however no methylation was 
detected in controls (P=0.014). SOCS3 promoter methylation was not detected in either the patient or control group. In 
conclusion, the methylation profile of IFN-γ and SOCS1 promoter regions play an important role in the pathogenesis of 
ESRD. The present study highlights the role of epigenetics in disease progression.

proteins: cytokine-inducible SH2 protein (CIS) and SOCS1-SOCS7. 
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Negative feedback regulation of the inflammatory pathways by 
SOCS was very important for the immune and inflammatory regulation 
[27]. Therefore, the loss of this regulation could have a vital role in disease 
progression. SOCS1 has been suggested in preventing inflammation by 
restricting the cytokine signals [28]. Moreover, dysregulation of SOCS3 
is involved in inflammatory diseases in the gastrointestinal tract [29] 
and joints [30].

SOCS1 or SOCS3 hypermethylation can activate the JAK/STAT 
signaling pathway [31] and this signaling pathway has increasingly 
been implicated in the pathophysiology of renal disease [32] and in the 
development of renal interstitial fibrosis [33] and diabetic nephropathy 
[34].

The DNA methylation of IFN-γ [20], SOCS1 [35] and SOCS3 
[36] genes were previously studied in several inflammatory diseases. 
However, no epigenetic study was done regarding the relationship of 
DNA methylation in these genes with ESRD disease. Therefore, the aim 
of the present study is to explore the possible role of IFN-γ, SOCS1 and 
SOCS3 genes promoter methylation in the pathogenesis of ESRD.

Materials and Methods
Subjects

A total of 192 Egyptian individuals, including 96 cases of ESRD 
patients and 96 age, sex and ethnically matched healthy controls 
were enrolled in the present study. Patients were selected from the 
Department of Nephrology, a super specially center at El-Arish and 
Beer El-Abd in Nroth Sinai. The study was initiated in July 2012. The 
inclusion criterion in patient selection was constantly elevated serum 
creatinine level>4.0 mg/dL or glomerular filtration rate (GFR) <15 
mL/min/1.73 m2 estimated by Modification of Diet in Renal Disease 
(MDRD) formula [37]. All the patients selected for the present study 
were on regular hemodialysis for at least three months and dialyzed 
three times a week for 3-4 h. A full medical history was obtained from 
an interview of each subject at the time of enrollment into the study. 
The current study was approved by the Human Ethics Committee of 
the Faculty of Pharmacy Suez Canal University, and a written informed 
consent was obtained from each participant.

Laboratory investigations

Venous blood samples were collected after a 12 hours fast (for 
patients, the blood collected under predialysis conditions). The serum 
creatinine was estimated using the Jaffé reaction (VITRO SCIENT, 
EGYPT) while, the serum urea, total cholesterol, triglyceride and 
HDL-C were measured by the enzymatic colorimetric method 
(BIODIAGNOSTIC, EGYPT). Low-density lipoprotein-cholesterol 
(LDL-C) level was calculated using the Friedwald formula [38].

Methylation analysis of IFN-γ, SOCS1 and SOCS3 genes

DNA was extracted from peripheral blood using Wizard Genomic 
DNA purification kit (PROMEGA Cat No.A1120) according to the 
manufacturer’s instruction. Extracted DNA (two µg) was bisulfite 
converted according to EpiTect® Bisulfite conversion kit (QIAGEN). 
MSP was carried out as initially described by Herman et al. [39] and 
modified DNA was subjected to two separate PCR reactions using either 
a methylated (M) or unmethylated primer (U) pair. PCR amplification 
for IFN-γ [40], SOCS1 [41] and SOCS3 [42] promoter regions was 
performed under conditions as previously described. The sequences 
of the methylated and unmethylated primer pairs used and the PCR 
products size are listed in Table 1.

PCR reactions were performed in a final volume of 25 µl containing 
2 µl ofbisulfite treated DNA, 200 nmol/leach of forward and reverse 
primer, 200 µM of each dNTPs, 1X PCR buffer, 1.5 mM MgCl2 and 

products were separated on 2.5% agarose gel, stained with ethidium 
bromide. We used completely methylated and unmethylated human 
genomic DNA (EPITECT® PCR CONTROL DNA, QIAGEN) as 
positive and negative controls for the methylated gene respectively.

Statistical analysis

The chi-square test was used to compare categorical variables 
such as gender, while the fisher’s exact test was used to investigate the 
differences in the methylation status of the studied genes between ESRD 
and control groups. The Mann-Whitney test was used to determine 
the differences in clinical and biochemical characteristics between 
patients and controls. The correlation of IFN-γ and SOCS1 promoter 
methylation with different parameters in ESRD patients was estimated 
using the Kruskal-Wallis test. P-values of less than 0.05 were considered 
statistically significant. All statistical tests were done using SPSS version 
16.0. All data were presented as a median (range).

Results 
Clinical and biochemical characteristics of ESRD patients 
and controls

We screened 96 ESRD patients and 96 controls with a median age 
of 50 and 46 years, respectively (range: 30-70 years)] for IFN-γ, SOCS1 
and SOCS3 promoter methylation. The clinical and biochemical 
characteristics of ESRD patients and controls are summarized in Table 
2. The male to the female ratio for each group was (59.38:40.62% in 
patients, as compared to 62.5:37.5% in controls). Both groups were age 
and sex matched. The ESRD patients maintained on hemodialysis with 
a median duration of 35.5 months (range: 7:108 months). The median 
(range) value of estimated glomerular filtration rate (eGFR) in patients 
was 7.007 ml/min/1.73 m2 (2.86-14.09) which was significantly lower 
than the control group (p<0.001). 

The two most important renal functional parameters, i.e., serum 
creatinine and serum urea levels were significantly increased among the 
patients as compared with the controls. Patients had significant higher 

Gene Primer pair sequence Annealing 
temperature
(cycle)

Product 
size

IFN-γ MF: 5’- AAGAGTTAATATTTTATTAGGGCGA-3’ 52°C (35) 151 bp
MR: 5’-TAAACTCCTTAAATCCTTTAACGAT-3’
UF: 5’-TGAAGAGTTAATATTTTATTAGGGTGA -3’ 52°C (35) 154 bp
UR: 5’-TAAACTCCTTAAATCCTTTAACAAT -3’

SOCS1 MF: 5’-TTGTTCGGAGGTCGGATTT-3’ 65°C (35) 218 bp
MR: 5’-ACTAAAACGCTACGAAACCG-3’
UF: 5’-TTTTTTGGTGTTGTTTGGAGGTTG-
GATTTT-3’

60°C (35) 243 bp

UR:5’-AAAACAAAACAATAAACTAAAACACTA-
CAAAA CCA-3’

SOCS3 MF: 5’-GGAGATTTTAGGTTTTCGGAATATTTC -3’ 60°C (30) 142 bp
MR: 5’- CCCCCGAAACTACCTAAACGCCG -3’
UF: 5’-GTTGGAGATTTTAGGTTTTTG-
GAATATTTT-3’

60°C (30) 151 bp

UR: 5’-AAACCCCCAAAACTACCTAAACACCA -3’

M: Methylated; U: Unmethylated; F: Forward; R: Reverse. 
Table 1: Primer sequences for MSP analysis of IFN-γ, SOCS1 and SOCS3 
promoter regions.

1.25 U of HotStarTaq DNA Polymerase (QIAGEN). The amplification 
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levels of serum triglyceride and VLDL-C than controls. However, serum 
HDL-C level was significantly lower in the patient group comparing 
to the normal subjects. On the other hand, no significant differences 
in total cholesterol and LDL-C levels were detected between the two 
groups (p=0.15 and 0.087, respectively). Furthermore, there was a 
significant increase in both of systolic and diastolic blood pressure in 
the patients in comparison to the controls (p<0.001).

Methylation status of IFN-γ, SOCS1 and SOCS3 promoter 
regions

The methylation-specific polymerase chain reaction (MSP) results 
of the studied genes promoters are shown in Table 3. The majority of 
the samples in controls (100%) and ESRD (92.7%) patients showed a 
positive methylation for IFN-γ promoter region. In the control group, 
36.46% (n=35) of the samples showed total methylation (positive only 
for the methylated sequence of the gene), and 63.54% (n=61) showed 
partial methylation (positive for both methylated and unmethylated 
sequences). Unmethylated samples (amplification only with the 
unmethylated primers) were observed only in the patient group. In 
the ESRD group, 31.2% (n=30) of the samples were totally methylated, 
61.5% (n=59) of the samples were partially methylated and 7.3% 
(n=7) were totally unmenthylated. The difference between groups was 
statistically significant (P=0.02).

As regards SOCS1, its promoter methylation was detected in 
seven of 96 ESRD patients (total methylation 2.1% [n=2] and partial 
methylation5.2% [n=5]), but it was not present in any of the control 
samples. While total unmethylation was detected in 92.7% (n=89) of 
ESRD patients and 100% of controls. The difference between groups 
was statistically significant (P=0.014). However, neither ESRD patients 
nor controls demonstrated any aberrant methylation within the SOCS3 
promoter region (Figure 1).

Correlation of IFN-γ and SOCS1promoter methylation with 
clinical and biochemical characteristics in ESRD patients

As summarized in Table 4, we compared several clinical and 
biochemical characteristics with methylation status within the IFN-γ 
and SOCS1 promoter regions in ESRD patients. For IFN-γ, compared 
with totally and partially methylated, totally unmetylated group 
showed a significantly lower eGFR, higher serum creatinineand serum 
total cholesterol levels (P=0.018, 0.012 and 0.041, respectively), while 
the other parameters did not significantly differ between the groups. 
However, the methylation of the SOCS1 promoter region had no 
apparent associations with any of the studied parameters in ESRD 
patients.

Discussion
Inflammation is common in CKD and worsens as the disease 

progresses towards ESRD [6], where the overproduced pro-
inflammatory cytokines may play a significant role in renal injury [43]. 
DNA methylation is an important epigenetic modification that can 
play a critical regulatory role in both normal and pathological cellular 
processes [44]. DNA methylation, particularly in the promoter region 
of genes, is involved in down regulation of gene expression [45]. The 
differences in DNA methylation were associated with susceptibilityto 
ESRD [11]. The current study aimed to determine the methylation 
status of the IFN-γ, SOCS1 and SOCS3 promoter regions using DNA 
isolated from peripheral blood of ESRD patients and controls and 
the correlation of this methylation with the clinical and biochemical 
characteristics of these patients.

showed a high frequency of total and partial methylation of IFN-γ 
promoter region. This indicates that the methylation of IFN-γ gene 
is a frequent event in the peripheral blood [20,40]. However, total 
unmethylation was observed only in the ESRD group (7.3%), and 
statistical difference was observed among groups (P=0.02). Previous 
study linked hypomethylated profile within IFN-γ promoter with other 
chronic inflammatory disease as chronic periodontitis [21].

Variables Control 
(n=96)

ESRD
 (n=96)

P

Age (Years) 46 
(30-70)

50 
(30-70)

0.4a

Sex (M/F), n (%) 60/36 
(62.5/37.5%)

57/39 
(59.38/40.62%)

0.657b

Hemodialysis 
Duration (Months)

NA 35.50 
(7-108)

—

eGFR 
(ml/min/1.73 m2)

99.8 
(90.01-129.04)

7.007 
(2.86-14.09)

˂0.001a

Creatinine (mg/dl) 0.8 (0.6-1) 7.69 
(4.2-14.5)

˂0.001a*

Urea (mg/dl) 22.80 
(15.4-39.22)

104.77 
(51.14-186.9) 

˂0.001a*

Total Cholesterol (mg/dl) 167.2838 
(117.0-210)

154.83 
(103.23-332)

0.150a

Triglyceride (mg/dl) 125.50  
(62.86-152)

151.76  
(91.06-366.6) 

˂0.001a*

HDL-C (mg/dl) 41.17 
(27.94-62)

32.58 
(20.59-60.20) 

˂0.001a*

VLDL-C (mg/dl) 25.10 
(12.57-30.40)

30.3532 
(18.21-73.33) 

˂0.001a*

LDL-C (mg/dl) 105.006 
(33.8-152.2)

84.21 
(21.26-255.1)

0.087a

Systolic BP (mm Hg) 120  
(90-135)

150 
(110-190) 

˂0.001a*

Diastolic BP (mm Hg) 70 
(55-85)

90 
(65-100) 

˂0.001a*

Data are presented as median (range).
aMann-Whitney test.
bChi-square test.
*Statistically significant compared with control at P<0.05.
eGFR estimated glomerular filtration rate.
NA Not applicable. 
Table 2: Clinical and biochemical characteristics of ESRD patients and controls.

Gene Methylation status Total P
U U/M M

IFN-γ Control n (%) 0 
(0%)

61 
(63.54%)

35 
(36.46%)

96 0.02*

ESRD n (%) 7
(7.3%)

59 
(61.5%)

30 
(31.2%)

96

SOCS1 Control n (%) 96 
(100%)

0 
(0%)

0 
(0%)

96 0.014*

ESRD n (%) 89 
(92.7%)

5 
(5.2%)

2 
(2.1%)

96

SOCS3 Control n (%) 96 
(100%)

0 
(0%)

0 
(0%)

96

ESRD n (%) 96 
(100%)

0 
(0%)

0 
(0%)

96

U Total unmethylation (only the unmethylated allele)
U/M Partial methylation (both unmethylated and methylated alleles)
M  Total methylation (only the methylated allele)
The P-value represents Fisher’s exact test results of ESRD patients compared 
with control group.
*Statistically significant at P<0.05.
Table 3: IFN-γ , SOCS1 and SOCS3 promoter methylation in peripheral blood of 
ESRD patients and controls.

Our data demonstrated that both the ESRD and the control groups 
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IFN-γ methylation status SOCS1 methylation status
Variables U (n=7) U/M (n=59) M (n=30) P U (n=89) U/M (n=5) M (n=2) P
Age  
(Years)

40 
(30-61)

48 
(30-70)

50.5 
(30-70)

0.49a 50 
(30-70)

44 
(30-65)

47.5 
(35-60)

0.957a

Sex 
(M/F), n%

¾ 
(42.9/5.1%)

35/24
(59.3/40.7%)

19/11 
(63.3/36.7%)

0.61b 54/35 
(60.7/39.3%)

3/2 
(60/40%)

0/2 
(0/100%)

0.225b

Creatinine 
(mg/dl)

9.1 
(5.2-11.6)

8.57 
(5-14.5)

6.3 
(4.2-14.33)

0.012a* 7.66 
(4.2-14.5)

9 (5.2-11) 9.3 (7-11.6) 0.733a

eGFR 
(ml/min/1.73 m2)

6.36 
(3.96-9.79)

6.68 
(2.86-13.91)

8.12 
(3.46-14.09)

0.018a* 7.03 
(2.86-14.09)

7.29 
(5.04-9.74)

5.16 
(3.96-3.36)

0.366a

Hemodialysis 
Duration (Months)

24 
(12-48)

36 
(7-108)

24
 (7-108)

0.62a 36 
(7-108)

24 (12-36) 30 
(24-36)

0.431a

Urea 
(mg/dl)

105 
(62-144.32)

104.54 
(54.5-186.9)

109.76 
(51.1-184.5)

0.89a 105 
(51.1-186.9)

95.45 
(89.7-120.4)

99.77 
(79.5-120)

0.947a

Total 
Cholesterol (mg/dl)

225.80 
(122.5-264.5)

161.29 
(103.2-332)

148.4 
(103.23-310)

0.041a* 154.83 
(103.23-332)

220 
(141.9-258.06)

174.19 
(122.6-225.8)

0.165a

Triglyceride 
(mg/dl)

166.66 
(136.6-266.7)

166.66 
(91.1-366.7)

145.32 (106.2-
244.4)

0.20a 151.76 
(91.1-327.8)

177.14 
(151.7-366.67)

201.62 
(136.6-266.7)

0.268a

HDL-C 
(mg/dl)

35.29 
(30.88-39)

32.81 
(20.59-60.2)

30.88 
(21.88-47.06)

0.28a 32.35 
(20.59-60.2)

32.35 
(31-39.71)

35.14
(35-35.29)

0.790a

VLDL-C 
(mg/dl)

33.33 
(27.32-53.33)

33.33 
(18.21-73.3)

29.06 
(21.25-48.9)

0.204a 30.35 
(18.2-65.56)

35.42 
(30.35-73.3)

40.32 
(27.32-53.33)

0.268a

LDL-C 
(mg/dl)

149.11 (60.26-200.3) 92.13 
(21.3-255.1)

80.58 
(41.8-236.3)

0.103a 83.48 
(21.3-255.1)

152.37 
(74.8-190.56)

98.72 
(60.3-137.2)

0.237a

Systolic BP 
(mm Hg)

180 
(120-180)

150 
(110-185)

140 
(110-190)

0.26a 150 
(110-190)

130 
(120-180)

150 
(120-180)

0.644a

Diastolic BP 
(mm Hg)

95
(70-100)

90 
(65-100)

90 
(70-100)

0.14a 90 
(65-100)

80 
(70-100)

92.5 
(85-100)

0.453a

Data are presented as median (range).
U Total unmethylation (only the unmethylated allele)
U/M Partial methylation (both unmethylated and methylated alleles)
M Total methylation (only the methylated allele)
aKruskal-Wallis test.
bChi-square test.
*Statistically significant compared at P<0.05.
eGFR estimated glomerular filtration rate. 

Table 4: Correlation of IFN-γ and SOCS1promoter methylation with clinical and biochemical characteristics in ESRD patients.

Figure 1: Representative data showing the methylation status of IFN-γ, SOCS1 and SOCS3 genes promoter. U unmethylated DNA, M methylated DNA, 
L 50 bp DNA ladder, +ve: positive control (universal methylated DNA), -ve: negative control (universal unmethylated DNA). (a) IFN-γ promoter was totally 
methylated in samples 1, partially methylated in samples 2 and 4 but totally unmethylated in sample3 and 5. Methylated PCR products are shown as a 151-bp 
band in Lane M, whereas unmethylated PCR products are shown as a 154-bp band in Lane U (b) SOCS1 promoter was totally methylated in samples 2 and 
4, partially methylated in samples 1 and 3 but totally unmethylated in sample 5. Methylated PCR products are shown as a 218 bp band in Lane M, whereas 
unmethylated PCR products are shown as a 243bp band in Lane U (c) SOCS3 promoter was fully unmethylated in all samples. Methylated PCR products 
are shown as a 142 bp band in Lane M, whereas unmethylated PCR products are shown as a 151bp band in Lane U.
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The current study investigated the correlation of several clinical 
and biochemical characteristics with the IFN-γ promoter methylation 
in ESRD patients. From all studied parameters, only the eGFR, 
serum creatinine and serum total cholesterol levels, were significantly 
different between the totally methylated, partially methylated and 
totally unmethylated groups. The patients with the totally unmetylated 
IFN-γ promoter region had significantly lower eGFR and significantly 
higher serum creatinine than the totally and the partially methylated 
groups. This finding could be attributed to IFN-γ role as a macrophage 
activating cytokine, where macrophages are responsible for renal injury 
and glomerulonephritis [46]. Additionally, Marko et al. [47] found that 
IFN-γ receptor deficiency reduced inflammation and tubulointerstitial 
damage and improved glomerular filtration rate in IFN-γ receptor 
knockout mice. 

Moreover, our results indicated that total unmethylation of IFN-γ 
promoter region was associated with a significant increase in serum 
total cholesterol level. During hypercholesterolemia, IFN-γ causes 
the generation of superoxide from vascular NAD(P)H oxidase, which 
leads to an impairment of endothelium-dependent vasodilation [48]. 
On the other hand, in our population LDL-C level did not significantly 
differ between patients with the methylated and the unmethylated 

ESRD patients [49] because hypertriglyceridemia leads to the shift of 
LDL particle size toward a small, dense apo-B-rich LDL, which is more 
atherogenic [50].

The current study showed aberrant promoter methylation of 
SOCS1 gene (partial and total methylation were 5.2% and 2.1%, 
respectively) in the peripheral blood of ESRD patients. However, no 
methylation was detected in controls. This difference was statistically 
significant (P=0.014). The result from our study is considered reliable 
because it was consistent with Johan et al. [51] who discovered that 11% 
of the SOCS1 promoter region was methylated in the peripheral blood 
of myelodysplastic syndrome, and no methylation was detected in the 
healthy controls using the same primer sequences. 

Previous study proved that methylation of SOCS1 promoter region 
inactivated translation and diminished expression of SOCS1 mRNA in 
hepatocellular carcinoma [52]. SOCS1 downregulation leading to JAK/
STAT signaling pathway activation with a subsequent development of 
renal interstitial fibrosis [33] and diabetic nephropathy [34]. 

Furthermore, the current study did not find a correlation between 
SOCS1 methylation and any of the biochemical or clinical parameters 
in ESRD patients. This may be due to the presence of a small number 
of patients in the fully or partially methylated groups (2 and 5 patients, 
respectively).

The present results concerning IFN-γ and SOCS1 promoter 
methylation emphasized SOCS1 role in negative regulation of IFN-γ 
signaling. Where the previous study in experimental animal found that 
SOCS1 deficiency leads to over responsiveness to IFN-γ, while SOCS1 
over expression leads to IFN-γ reduced response [53].

Regarding SOCS3 promoter methylation, no methylation was 
detected in our patients or the control group. In contrary to our finding, 
previous study using the same primer sequence discovered aberrant 
methylation in primary malignant melanomas and melanocytic nevi cell 
lines [42]. The explanation of these conflicting results may be because 
our study assessed DNA metyhlation in peripheral blood samples 
and not in tissues, and SOCS3 promoter methylation may be tissue-
specific rather than disease-specific. In support of this explanation, 
Barrio et al. [54] didn’t discover any aberrant methylation at SOCS3 

gene in peripheral blood of patients with polycythemia vera, essential 
thrombocythemia or in healthy controls. Additionally Rastmanesh et 
al. [55] did not find any significant difference of SOCS3 expression in 
monocytes and lymphocytes of ESRD patients versus controls.

The current methylation status differences between SOCS1 and 
SOCS3 in our study indicated that SOCS3 has a less effective role in 
negative regulation of cytokine signaling in ESRD. This could be 
explained by the difference in timing response of SOCSs expression 
to the stimulating cytokine. SOCS3 synthesis was maximal at four 
hours and then decreased to baseline, whereas SOCS1 was expressed 
later and remained increased even after 24 hours. Therefore, SOCS3 
first modulates the inflammatory response, while SOCS1 regulates the 
activated pathways after longer exposition to the inflammatory stimuli 
[56]. Further studies regarding SOCS expression may be required to 
fully resolve the relevance of SOCS methylation.

In Conclusions the methylation profile of IFN-γ and SOCS1 
promoter regions in DNA isolated from peripheral blood plays 
an important role in the pathogenesis of ESRD. However, SOCS3 
methylation at the promoter region is not a key event in the 
pathogenesis of this disease. Therefore, the current study highlighted 
the role of epigenetic modification in disease progression. Our results 
should be completed with gene expression studies, in order to confirm 
its significance in the pathogenesis of ESRD. However, taking in 
consideration that there is a complex interplay of other factors affecting 
genes expression in ESRDsuch as polymorphism [57], uremia [58] and 
proteinuria [59].
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