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Abstract In this study, we aim to determine the rela-

tionship between methylation level of an inflammatory-

related gene, SOCS-1 in serum samples of patients with

ankylosing spondylitis (AS) and their degree of inflam-

mation as well as serum cytokine level. Quantitative real

time methylation specific PCR was performed to examine

the promoter methylation of SOCS-1 in serum samples of

43 HLA-B27? AS patients and 6 B27? healthy controls.

Degree of inflammation was accessed by spondylopathy,

sacroiliitis as well as acute phase reactant, erythrocyte

sedimentation rate and C-reactive protein (CRP). Serum

IL-6 and TNF-a level was determined by ELISA assay.

SOCS-1 methylation can only be found in serums samples

from patients but not normal control. Methylation of

SOCS-1 significantly associated with severity of patient’s

spondylopathy (P \ 0.005), sacroiliitis (P \ 0.005) and

acute phase reactant CRP (P = 0.0278). AS patients also

exhibited higher serum IL-6 (P \ 0.001) and TNF-a level

(P \ 0.001). Importantly, patients with high serum IL-6 or

TNF-a level demonstrated a significantly higher SOCS-1

methylation (P \ 0.001). In conclusion, this proof-of-

principle study suggested that methylation of SOCS-1 can

be detected in serum of HLA-B27? AS patients but not in

B27? controls. The pathogenic potential of SOCS-1

methylation in AS deserves further investigation.

Keywords Ankylosing spondylitis � Epigenetics � SOCS-1

methylation

Introduction

Ankylosing spondylitis (AS) is a chronic systemic

inflammatory disorder that causes axial bony ankylosis,

enthesopathy and peripheral arthritis [1, 2]. The class I

major histocompatibility complex (MHC) gene HLA-B27

is strongly associated with this disease [3]. More than 90 %

of the AS patients are HLA-B27 positive, yet around

1–2 % of the B27 carriers will develop this disease. This

observation suggests that factors other than HLA-B27 may

be responsible for the development of AS [4].

Several reports demonstrated that increased expression

of several cytokines such as IL-6 and TNF-a are observed

in AS patients thus suggesting that activation of these

signaling pathways may be crucial in the activation of AS

[5–8]. Studies including ours have demonstrated that

aberrant activation of these signaling pathways can induce

epigenetic alterations of its downstream target in several

human diseases [9–11]. However, the role of epigenetic

alterations in AS have never been explored.

Epigenetic modifications such as DNA methylation play

a crucial role in controlling gene expression in the genome

[12]. DNA methylation which takes place at the 50 position

of cytosine of a CpG dinucleotide with the formation of
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5-methylcytosine is a well-recognized epigenetic modifi-

cation resulting in gene silencing [13]. Moreover, aberrant

gene promoter hypermethylation resulting in gene inacti-

vation has been linked to a number of human diseases [14,

15]. We along with the others have previously demon-

strated aberrant DNA hypermethylation of multiple tumor

suppressor genes in several human cancer [16–18]. This

aberrant DNA methylation in the form of free circulating

DNA can also be readily detected in serum samples of

cancer patients in which increased apoptotic or necrotic

tumor cells are observed [19–21]. Given such aberrant

DNA hypermethylation plays an important role in human

disease, it is of interest to examine if such aberrant DNA

methylation also plays a role in AS.

In this study, we examined promoter methylation of the

STAT3 target gene, SOCS-1 in serum samples of AS

patients. Our result showed that methylation of SOCS-1 is

associated with disease progression as well as cytokine

expression. This proof-of-principle study suggests that

epigenetic alteration may play a role in the pathogenesis of

AS.

Materials and methods

Patient samples

Forty-three HLA-B27 positive AS patients and six B27

positive healthy controls were included in the study. The

clinical-pathological data of these 43 AS patients is

summarized in Table 1. Patients were evaluated and

diagnosed according to the modified New York criteria.

Serum samples were obtained by the standard methods

from peripheral venous blood samples. Radiographs of

sacroiliac joint and T-L (thoracolumbar) spine were

examined independently by two radiologists blinded to

patient identification. The sacroiliac grade of joints was

determined as followed: grade I: cortex erosion with sub-

chondral sclerosis; grade II: pseudowidening; grade III:

fibrosis, calcification and interosseous bridging; grade IV:

complete bony ankylosis of sacroiliac joint. T and L-spine

lesion grade were determined as followed: grade I: osteitis

of vertebral corner; grade II: cortex erosion with squareal

vertebral body; grade III; bony bridges between vertebral

body; grade IV: total ossification with bamboo spine.

Patients were well explained and informed consents were

obtained before the study. All human experiments con-

ducted were in accordance with the ethical standards of the

Institution Review Board (IRB) at Buddhist Dalin Tzu Chi

General Hospital and with the Helsinki Declaration of

1975, as revised in 2000.

DNA extraction and bisulphite modification

DNA was extracted from 0.5 ml of serum samples by the

QIAamp DNA blood mini kit (Qiagen, Valenica, CA) and

bisulphite-modified using the EZ DNA methylation Kit

(Zymo research, Orange, CA) which converts all genomic

DNA with unmethylated cytosine into uracil, whereas

methylated cytosine remains unaltered. These differential

changes in nucleotide sequences enable the use of PCR-

based methods to detect gene promoter methylation [22]. In

brief, genomic DNA was denatured by sodium hydroxide

and then chemically modified by sodium bisulfite for 16 h.

Modified DNA was resuspended in 50 ll of TE buffer

(10 mM Tris, 1 mM EDTA pH 7.5) [20].

Methylation detection of serum SOCS-1

To quantify the methylation of SOCS-1 gene in serum

samples, bisulphite-modified DNA was subjected to real

time quantitative methylation specific PCR with Taqman

technology in ABI Stepone real time PCR system as pre-

viously described [20, 23]. The primers and probe

sequences were listed in Table 2. Each reaction contained

12.5 ll universal PCR master mix (without UNG), 1.5 ll

of 10 lM forward and reverse primers, and 4 ll of DNA

template in a total volume of 25 ll. The amount of meth-

ylated DNA was determined by the threshold cycle number

(Ct) for each sample against a standard curve generated by

SssI-treated DNA (Chemicon, Temecula, CA, USA) and

expressed as the amount of methylated DNA/0.5 ml of

serum.

Table 1 Summary of clinico-pathological data of 43 HLA-B27? AS

patients

AS patient (n = 43)

Sex (male:female) 31:12

Age at diagnosis (years)

Median 58

Range 36–80

SOCS-1 methylation%

Spondylopathya

0–I (n = 21) 7.6 ± 13.51b

II (n = 5) 14.2 ± 5.34

III (n = 7) 17.7 ± 13.93

IV (n = 7) 17.5 ± 13.72

Sacroiliitis

0–I (n = 14) 5.2 ± 8.51

II (n = 4) 11.8 ± 4.92

III (n = 8) 11.2 ± 8.88

IV (n = 17) 25.0 ± 55.97

a Three cases have missing data
b Mean ± SD
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Bisulphite pyrosequencing

Bisulphite-modified DNA was subjected to PCR amplifi-

cation strategy using a tailed reverse primer in combination

with a biotin-labeled universal primer as described [24].

PCR and sequencing primers were designed using Pyro-

Mark Assay Design 2.0 (Qiagen GmbH, Hilden, Germany).

SOCS-1 promoter (?690 to ?954) was PCR-amplified in a

25 ll reaction containing 12.5 ll of 29 RBC Sensizyme

Hotstart Taq premix (RBC Bioscience, Taiwan) 0.5 lM of

each primer and 6.8 ll (around 35 ng) of bisulphite-mod-

ified DNA for 95 �C for 5 min followed by 50 cycles of

95 �C for 30 s, 62 �C for 1 min, and 72 �C for 45 s and a

final extension at 72 �C for 7 min. 1.5 ll of each PCR

reaction were analysed on a 1 % agarose gel before py-

rosequencing. Pyrosequencing was performed on the Py-

roMark Q24 (Qiagen) using the Pyro Gold Reagents

(Qiagen) according to the manufacturer’s protocol. The

methylation level of eleven CpG sites from ?884 to ?935

with respective to transcriptional start site (TSS) was

measured. The methylation percentage of each cytosine

was determined by the light intensity of cytosines divided

by the sum of light intensity of cytosines and thymines at

each CpG site. In-vitro methylated DNA (Millipore) was

included as positive control for pyrosequencing. All primer

sequences were listed in Table 2.

Serum level of IL-6 and TNF-a

Serum level of IL-6 and TNF-a were measured with sen-

sitive ELISA Quantikine HS Immunoassay Kits (R&D

Systems, Minneapolis, MN) in accordance with the man-

ufacturer’s instructions. Briefly, 100 ll (IL-6) or 200 ll

(TNF-a) of serum samples were incubated with specific

antibody for 2 h (IL-6) or 3 h (TNF-a) at room tempera-

ture. After several wash steps, the plates were incubated

with secondary antibody for 2 h at room temperature. The

plates were finally incubated with 50 ll of amplifier

solution and incubated for 30 min at room temperature.

The cytokine level was assessed by using a MRXII 96-well

ELISA plate reader (Dynex Technologies, Chantilly, Vir-

ginia) at 490 nm.

Statistical analysis

Mann–Whitney U test was used to compare parameters of

different groups. All statistical calculations were done

using statistical package SPSS version 13.0 for windows

(SPSS, Inc., Chicago, IL). P \ 0.05 was considered

significant.

Results

SOCS-1 methylation can be found in the serum samples

of AS patients

To examine if epigenetic modifications play any role in

AS, we analyzed promoter methylation of an inflammation-

related gene, SOCS-1 in the serum samples of forty-three

AS patients as well as six HLA-B27 positive healthy

controls. By using quantitative real time methylation spe-

cific PCR (qMSP), the samples from healthy controls did

not detect any SOCS-1 methylation. In contrast, AS

patients showed various level of SOCS-1 methylation

which was significantly higher than that of normal

(Fig. 1a). Bisulphite pyrosequencing of selected samples

also confirmed these results. To exclude the possibility that

the undetectable level of SOCS-1 methylation obtained

from normal control is not due to the absence of DNA, we

performed gel-based MSP analysis on a house-keeping

gene COL2A1 using bisulphite-converted DNA extracted

from serum sample (Fig. 1b). Both samples from patients

and normal healthy controls demonstrated the presence of

COL2A1 MSP products in the serum samples thus con-

firming that normal healthy control is devoid of SOCS-1

methylation.

Table 2 Primer sequences

a Primer sequence of the 50

tailed universal primer

(UNIVR) is shown as lower

case

Sequence (50–30)

qMSP

SOCS-1 MF ACGTCGATTATCGGCGTATTAC

SOCS-1 MR CGCTCAAAAACCCCCAAT

Probe 6FAM-TTTGGACGTTTGCGGATTT-TAMRA

Bisulphite pyrosequencing

SOCS-1_Pyro_F- UNIVRa gaacgccagcacatggacagcGGTTTTTTTTG

TAGGATGGTAGT

SOCS-1_Pyro_R ACACCCTCAAAAACCCCCAATAAAATC

SOCS-1_Pyro_Seq AAAACCCCCAATAAAATC
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Methylation of SOCS-1 associates with the degree

of inflammation in AS patients

Having demonstrated that AS patients have higher meth-

ylation of SOCS-1, it is of interest to investigate if the

methylation of SOCS-1 associates with the degree of

inflammation in AS. We therefore analyze the correlation

between methylation of SOCS-1 and the degree of

inflammation in terms of spondylopathy, sacroiliitis, as

well as the amount of acute phase reactant, erythrocyte

sedimentation rate (ESR) and C-reactive protein (CRP).

Significant higher methylation of SOCS-1 was observed in

patients with higher spondylopathy (P \ 0.005, Fig. 2a)

and sacroiliitis (P \ 0.005, Fig. 2b). For acute phase

reactant, a positive trend between the level of SOCS-1

methylation and ESR (R2 = 0.08054, P = 0.0652, Fig. 2c)

Fig. 1 Methylation of SOCS-1 in serum samples of 43 HLA-B27?

AS patients and 6 B27? normal healthy controls. a Methylation of

SOCS-1 was quantified by real time quantitative MSP analysis.

Values in dot plot represented amount of copy number of methylated

SOCS-1 DNA in 0.5 ml of serum samples. AS patients have

significantly higher level of methylated SOCS-1 than normal control.

The horizontal line represented median value. b Bisulphite pyrose-

quencing result from selected patients samples and normal control.

Serum samples from patients with high (5, 6) and low (8, 19) level of

methylated SOCS-1 as well as from normal control (C54, C55) were

selected for bisulphite pyrosequencing. The methylation level of each

CpG sites are depicted in a blue color scale. The genomic location for

pyrosequencing and qMSP analysis was indicated in the schematic

diagram above. c Representative gel electrophoresis image of

COL2A1 MSP result from serum samples of AS and normal control.

IVD (in vitro methylated DNA) was used as positive control for

methylation and water (H2O) was used as PCR control. COL2A1 can

be amplified from all the samples. Sample numbers were also

indicated. **Denotes P \ 0.01 by Mann–Whitney U. (Color figure

online)
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Fig. 2 Association between

SOCS-1 methylation and degree

of inflammation in 43 AS

patients. Dot plot showing

increased SOCS-1 methylation

with a spondylopathy or

b Sacroiliitis. Values in dot plot

represented amount of copy

number of methylated SOCS-1

DNA in 0.5 ml of serum

samples. Scatter plot showing

the association between SOCS-1

methylation and c erythrocyte

sedimentation rate (ESR) or

d C-reactive protein (CRP). The

horizontal line represented

median value. **Denotes

P \ 0.01 by Mann–Whitney U

Fig. 3 Cytokine level in 43 AS

and 6 normal serum samples.

Dot plot showing the amount of

a IL-6 and b TNF-a in serum

samples of AS patient or normal

healthy control. Values in dot

plot represented the amount of

cytokine in pg/ml. The

horizontal line represented

median value. **Denotes

P \ 0.01 by Mann–Whitney

U. c Scatter plot of serum IL-6

and TNF-a level in AS patients.

The cytokine level correlates

with each other (P = 0.0023).

The regression line is also

indicated
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or CRP (R2 = 0.1127, P = 0.0278, Fig. 2d) was observed.

These result suggested that SOCS-1 methylation correlates

with the degree of inflammation in AS.

Methylation of SOCS-1 associates with serum cytokine

level in AS patients

Previously studies demonstrated that AS is associated with

increased serum level of IL-6 and TNF-a [25]. To further

examine if there is any relationship between these serum

cytokines and SOCS-1 methylation, we first examined

serum IL-6 and TNF-a level in our patients cohort as well

as control. As expected, AS patients demonstrated signifi-

cantly higher serum IL-6 and TNF-a level than that of

healthy control (P \ 0.001, Fig. 3a, b). Serum IL-6 level

significantly correlated with that of TNF-a in AS patients

(R2 = 0.2052, P = 0.0023, Fig. 3c) which is in accordance

to the previous study that IL-6 is one of the target of the

TNF-a signaling pathway [26]. Interestingly, the patients

with serum IL-6 above median showed a significantly

higher SOCS-1 methylation than the patients with serum

IL-6 below median (P \ 0.001, Fig. 4a). Similar results

can also be observed in the patients with serum TNF-a
above median (P \ 0.001, Fig. 4b).

Discussion

In the present study, we examined the methylation of an

inflammatory-related gene, SOCS-1 in serum samples of

HLA-B27? AS patients and B27? normal healthy control.

Methylation of SOCS-1 can only be detected in the serum

samples of HLA-B27? AS patients but not any of the B27?

healthy controls. Furthermore, significant association

between methylation of SOCS-1 and degree of inflammation

was also observed.

Aberrant DNA methylation plays an important role in

several human diseases. Previous reports demonstrated that

aberrant DNA methylation can be observed in chronic

inflammatory [27, 28] and autoimmune rheumatic diseases

[29]. This is the first report showing that aberrant DNA

methylation can also be observed in AS thus further sup-

porting the notion that aberrant DNA methylation is asso-

ciated with chronic inflammatory disease. Recently, we

have demonstrated that promoter methylation of SOCS-1

can be observed in the serum samples of chronic hepatitis

C (CHC) patients and that CHC patients with higher serum

SOCS-1 methylation level had better sustained virologic

response [23]. Although the cellular source of methylated

SOCS-1 in serum is currently unknown, we suspect that it

is released from the cells undergoing inflammation which

has increased rate of apoptosis [23, 30]. This hypothesis is

supported by the observation that the amount of methylated

SOCS-1 DNA is significantly associated with the degree of

inflammation in AS patients. However, further experiments

need to be performed to investigate the source as well as

the mechanism of how the methylated DNA gets into

systematic circulation.

SOCS-1 is an important negative regulator in JAK/

STAT signaling pathway [31]. Although the mechanism

leading to epigenetic silencing of SOCS-1 is currently

unknown, it is plausible to originate from highly inflam-

matory cell with persistent cytokine signaling. Recent

hypothesis suggest that persistent activation of signaling

may lead to epigenetic silencing of its down-stream target

[32]. For example, SHP-1 phosphatase which is a STAT3

target and negative regulator of intracellular signaling is

found to be epigenetically silenced by promoter methyla-

tion in T cell lymphomas with persistent STAT3 activation

Fig. 4 Correlation between cytokine level and SOCS-1 methylation

in 43 AS patient. Dot plot showing patients with serum a IL-6 or

b TNF-a above median (high) demonstrated a significantly higher

SOCS-1 methylation than that with serum cytokine below median

(low). Values in dot plot represented amount of copy number of

methylated SOCS-1 DNA in 0.5 ml of serum samples. The horizontal

line represented median value. **Denotes P \ 0.01 by Mann–

Whitney U
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[33]. Knock-down of STAT3 in the malignant T- cell

induced DNA demethylation and re-expression of SHP-1.

Moreover, we have previously observed promoter meth-

ylation of SOCS-1 in a gastric cancer cell line with per-

sistent STAT3 activation [34]. Further, previous study

demonstrated that TNF-a can lead to overexpression of IL-

6 through activation of NF-jB and JAK/STAT signaling

[26, 35]. Taken together, we propose that abnormal

expression of TNF-a in AS patients [36] would activate

these signalings thus leading to subsequent over-expression

of IL-6. The activation of JAK/STAT signaling may result

in the epigenetic silencing of SOCS-1, a STAT3 target and

negative regulator of JAK/STAT signaling. This epigenetic

event may further intensify the JAK/STAT signaling and

subsequent expression of IL-6 thus perpetuating a vicious

cycle.

NSAIDs have been considered as the standard treatment

for AS patients for a long time [37]. Moreover, the effec-

tiveness of TNF blockers [38] and monoclonal antibody

against IL-6 receptor [39] in AS patients had been well

demonstrated. Recently, the use of epigenetic modifiers in

the treatment of autoimmune disease had been investigated

[40, 41]. Whether modulation of SOCS-1 by hypomethy-

lating agent alone or together with TNF blockers are

effective in disease control deserves further investigation.

Another intriguing hypothesis is that patients with AS or

other autoimmune rheumatic diseases may have increased

incidence of malignancies [42]. Previous epidemiological

observation suggested that AS patients had increased risk

of acute leukemia [43]. This phenomenon may be

explained by the fact that chronic inflammation-induced

promoter methylation such as SOCS-1 tumor suppressor

may contribute to carcinogenesis in the affected cell. In this

regards, we surveyed the cancer incidence among all AS

patients in our locality. Among 529 AS patients from

rheumatology out-patient clinic at Dalin Tzu Chi General

hospital, seven of them (1.3 %) have malignant tumor

which is about 5 fold higher than the age-standardized

cancer incidence in Taiwan [44].

As a preliminary observation, the correlation between

SOCS-1 methylation and disease status of AS such as

BASDAI (Bath Ankylosing Spondylitis Disease Activity

Index), BASFI (Bath Ankylosing Spondylitis Functional

Activity) and HAQ-S (Health Assessment Questionnaire-

Spondylitis) were not determined in the current study. In

assessment of disease severity and efficacy of treatment in

AS, the ASAS (Assessment of SpondyloArthritis interna-

tional Society) was formed and established a cure set of

domain and individual instruments for evaluation of AS

[45]. The potential of SOCS-1 methylation in AS assess-

ment requires further investigations.

In conclusion, we have demonstrated that methylation of

SOCS-1 can be detected in serum of HLA-B27? AS patients.

Methylation level of SOCS-1 correlated with the degree of

inflammation as well as cytokine level. The prognostic

potential of SOCS-1 methylation in predicting clinical out-

come in AS patients deserves further investigation.
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