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DNA Methylation in Osteoarthritis
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Abstract: Osteoarthritis (OA) is a prevalent disease of articular joints and primarily characterized by
degradation and calcification of articular cartilage. Presently, no effective treatment other than pain re-
lief exists and patients ultimately need to undergo replacement surgery of the affected joint. During
disease progression articular chondrocytes, the single cell type present in articular cartilage, show al-
tered transcriptional profiles and undergo phenotypic changes that resemble the terminal differentia-
tion route apparent in growth plate chondrocytes. Hence, given its prominent function in both regulat-
ing gene expression and maintaining cellular phenotypes, DNA methylation of CpG dinucleotides is
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intensively studied in the context of OA. An increasing number of studies have been published that

employed a targeted approach on genes known to play a role in OA pathophysiology. As of such, it has become clear that
OA responsive DNA methylation changes seem to mediate disease associated aberrant gene expression. Furthermore, es-
tablished OA susceptibility alleles such as GDF5 and DIO2 appear to confer OA risk via DNA methylation and respective
pathophysiological expression changes. In more recent years, genome wide profiling of DNA methylation in OA affected
articular cartilage has emerged as a powerful tool to address the epigenetic changes in their entirety, which has resulted in
the identification of putative patient subgroups as well as generic OA associated pathways.
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INTRODUCTION

Osteoarthritis (OA) is currently the most prevalent ar-
thritic disease among the elderly population [1]. Patients are
subject to impaired mobility, joint stiffness, pain and a sig-
nificant decrease in quality of life. Presently, no cure exists
and patients with end-stage disease ultimately need to un-
dergo a joint replacement surgery of the affected joint. Sub-
sequently, as disease incidence is increasing with the ongo-
ing ageing population, the societal burden both in terms of
disabling patients and economic concerns will continue to
rise [2]. Pathophysiologically, the disease is primarily char-
acterized by progressive degradation and calcification of
cartilage in the articular joints, although in recent years it has
become apparent that other tissues such as subchondral bone
[3-5] and synovium [6-8] play substantial roles in OA pa-
thology as well. The articular cartilage contains a hyaline
type extracellular matrix (ECM) made up of collagens, pro-
teoglycans and other structural proteins [9]. Articular chon-
drocytes, the single cell type present in articular cartilage,
reside here and maintain tissue homeostasis by remodelling
the ECM upon stresses and microtraumas [10]. To ensure
cartilage integrity and cope with the challenges throughout
life, the maturational arrested articular chondrocytes need to
continuously employ, possibly error prone, adaptions to
changes in the environment [11]. In order to facilitate these
adaptations, articular chondrocytes are required to dynami-
cally adjust expression of the appropriate genes, while
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maintaining their specific cellular phenotype [11]. In this
regard, articular chondrocytes present in OA affected carti-
lage however, show increased expression of catabolic en-
zymes [12-14] and have seemingly lost their maturational
arrested state [15-17], as they proliferate and regain growth-
plate morphology [17], while degrading and calcifying the
ECM of the articular cartilage [18, 19].

A substantial number of mechanisms are known that
regulate gene expression [20] and cell fate persistence [21-
23], commonly referred to as epigenetics. While there exists
a considerable number of epigenetic layers, such as histone
modifications, microRNAs and long non-coding RNAs, the
most studied in OA is decidedly DNA methylation. Partly
due to its seemingly, relatively stable epigenetic mark on
gene expression and partly due to the readily available tech-
niques to measure it. DNA methylation is the phenomenon in
which the cytosine nucleotide that is located in cytosine-
guanine (CpG) residue pairs gets methylated. Whether CpGs
get methylated depend on the local genetic sequence [24],
the cellular requirements [21] and environmental factors
such the putative pathophysiological state of the respective
tissue [24, 25]. The presence of methyl groups on CpGs is
believed to interfere with binding of proteins to the DNA and
subsequently affects transcription [26], which is marked by
the correlation between the fraction of CpG methylation and
gene expression [27], commonly referred to as expression
quantitative trait methylation (eQTM) [24, 27]. As of such,
tissue specific methylation profiles are assumed to maintain
the respective transcriptional character and identity of dis-
tinct cell types. Interestingly, disease associated single nu-
cleotide polymorphisms (SNPs) that influence aberrant ex-
pression, so called expression quantitative trait loci (eQTL),
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frequently seem to modulate their transcriptomic properties
via DNA methylation quantitative trait loci (mQTL) [28,
29].

DNA METHYLATION IN OSTEOARTHRITIS

The involvement of DNA methylation in OA patho-
physiology is becoming increasingly evident, reflected by
the growing body of literature on the subject [13, 28-40].
However, given the cross-sectional nature of the reports that
studied DNA methylation in OA affected articular cartilage,
it is currently unclear whether the observed epigenetic dif-
ferences precede disease onset or are merely consequence of
the environmental changes that articular chondrocytes are
subject to in OA. As of such, we here discuss two hypothe-
ses that have been proposed to attribute distinct roles of epi-
genetics in OA pathophysiology.

Firstly, it is hypothesized that individuals with unfavour-
able epigenetic profiles will be more prone to develop OA
and/or progress faster [41, 42]. As the local genetic sequence
significantly influences the DNA methylation state of CpGs,
these putative profiles likely arise due to the presence of OA
susceptibility SNPs [43]. This would be in concordance with
the identification of susceptibility genes in complex diseases
such as OA, which not uncommonly assert their susceptibil-
ity via altered DNA methylation, depending on the presence
of associated risk alleles [28, 29]. For example, OA risk al-
leles of SNPs in DIO2 and GDF5 appear to generate OA
predisposing epigenetic profiles and modulate disease asso-
ciated, epigenetically associated gene expression. The OA
risk allele C of the rs225014 T>C SNP, which has been iden-
tified in a combined genome wide linkage and association
study by our own group [44], marked not only allele specific
expression of DIO2 [45], it additionally mediated epigenetic
regulation of the gene [29]. More specifically, carriers of the
risk allele showed increased transcriptional activity upon
hypermethylation at a CpG located in a distal regulatory
element. The risk allele T of the rs143383 C>T SNP [46-48],
located in the 5° untranslated region of GDF5, disrupts a
CpG dinucleotide, of which has been shown that it modu-
lates absolute GDF5 expression in articular cartilage [28].
Furthermore, the reported allele specific expression of GDF5
in heterozygous carriers marked by the rs143383 alleles [49]
is affected by the extent of methylation of the respective
CpG. Although increasing additional evidence is reported
about OA susceptibility alleles, the exact biological mecha-
nisms that confer OA susceptibility is unclear. More specifi-
cally, it is unclear whether epigenetic regulation of aberrant
gene expression brought about by genetic variation is in-
volved in disease aetiology or disease progression. We can
however, conclude that epigenetic regulation of gene expres-
sion modulates OA susceptibility, at least at the DIO2 and
GDFs5 loci.

Alternatively, it has been suggested that age-related loss
of epigenetic control [50] mediates the loss of the articular
chondrocyte’s phenotype with ongoing OA, as life-long
stresses and adaptations are expected to leave their mark on
the epigenome [11]. Furthermore, given the altered cellular
phenotype chondrocytes acquire in OA and given the role
DNA methylation fulfils in maintaining cellular phenotypes,
we advocate here that loss of epigenetic control causes
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reactivation of developmental pathways among articular
chondrocytes that are subject to OA and subsequently medi-
ate the morphological changes that are associated with af-
fected articular chondrocytes.

EPIGENETIC
TEOARTHRITIS

CHANGES ACCOMPANY  OS-

A growing body of literature reports on altered DNA
methylation at specific genes involved in the OA disease
process, commonly at precise CpG sites located in regulatory
elements near the respective genes (Table 1). Frequently, a
cross-sectional study design is utilized to study OA associ-
ated methylation differences, either between healthy and
affected or pairwise between preserved and macroscopically
lesioned articular cartilage. Among others, catabolic and
developmentally associated genes like MMP13, GDF5,
SOX9, DIO2 and ADAMTS4 were shown to be differentially
expressed between control and affected tissue, presumably
mediated by differences in DNA methylation [13, 28-34].
Although it is not quite clear to what extent DNA methyla-
tion changes in OA development contribute to disease onset
or progression, a growing number of studies investigates the
mechanism by which such changes may affect chondrocyte
function.

Consequently, various experimental set ups have been
applied to confirm the mechanistic relation between DNA
methylation and gene expression in the chondrocyte (Table
1). A commonly applied experiment that aims to validate
observed eQTM loci, as has our own group, is the addition
of 5-aza-2’-deoxycytidine (AZA) to the medium of cultured
chondrocytes, either using immortalized cell lines or primary
chondrocyte cultures [28-30, 32, 35]. AZA is a chemical
agent that interferes with the addition of methyl groups on a
genome wide scale to newly formed DNA strands during
replication. Although valuable information can be gained
from such experiments in a global sense, negative outcomes
should not per se be considered as experimental falsifications
of the earlier observed correlation between DNA methylation
and expression, which is likely cell type and locus specific.
As of such, not being able to validate earlier observed eQTM
loci can very well arise from the fact that the entire genome
gets demethylated upon prolonged AZA treatment, of which
the transcriptomic consequences potentially overshadow the
locus specific relation. Additionally, culturing cells in-vitro
forces the cells to adapt to an artificial environment, which
possibly only resembles the original tissues in a broad sense
and subsequently disrupts the regulatory properties of cell
type specific eQTM loci.

Another type of validation experiment being applied is
cloning the genomic sequence, in which differential methyla-
tion was observed, into a CpG-free vector [51] containing a
luciferase gene downstream of the multiple cloning site [30,
31, 34, 52]. Next, the vector is methylated in-vitro only at
the cloned region and transfected into chondrocyte like cell-
lines. Luciferase activity now depends on the transcriptional
activity of the cloned region, which in turn depends on the
methylated state of that respective region. Although using a
CpG-free vector has great advantages over AZA treatment,
as it does not induce genome-wide altered methylation, the
technique will potentially only work for proximal promotors,
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Table 1. Overview of gene targeted DNA methylation studies in osteoarthritic articular cartilage.
Gene Methylation in OA | Expressionin OA | Sample Size (OA, Control) Joint AZA CpG Vector Reference
CoL9 Increased Down 12,10 Hip yes Yes [31]
GDF5 Decreased Up 24,19 Knee and hip yes Yes [28]
DIO2 Increased Up 52,52 Knee and hip yes No [29]
IL1p Decreased Up 18,12 Hip yes Yes [30]
MMP13 Decreased Up 17,12 Hip yes Yes [30]
iNOS Decreased Up 13,15 Hip no Yes [34]
SOX9 Increased Down 9,9 Hip yes No [32]
ADAMTS4 Decreased Up 4,1 Hip no No [33]
ADAMTS4 Decreased Up 16, 10 Hip no No [13]
MMP13 Decreased Up 16, 10 Hip no No [13]
MMP3 Decreased Up 16, 10 Hip no No [13]
MMP9 Decreased Up 16, 10 Hip no No [13]

as long-distance three dimensional genomic structures,
which are often seen in gene expression regulation [53-55],
depend on the complex interplay of the distant and proximal
regulatory elements of genes. Again, as cell culturing is re-
quired to apply the technique, measuring promoter activity
using a CpG free vector might be influenced by cellular ad-
aptations to the artificial environment.

STRATIFICATION OF OSTEOARTHRITIS PA-
TIENTS BY GENOME WIDE DNA METHYLATION
PROFILING

In more recent years, multiple studies have reported on
genome wide DNA methylation profiles of articular cartilage
in the context of OA (Table 2), not least due to development
of affordable genome wide DNA methylation arrays, such as
the Illumina Infinium HumanMethylation450k BeadChip
array. Genome wide profiling of DNA methylation in OA
affected cartilage has revealed the presence of multiple OA
patient strata, which are characterized by their respective
methylation profiles. Firstly, Rushton et al. [37] and our
group [38] have reported on the distinct genome wide DNA
methylation profiles of knee and hip articular cartilage. Sec-
ondly, Rushton et al. [37] and Fernandez-Tajes et al. [36]
have reported on a subgroup of patients defined by altered
DNA methylation at inflammatory related genes.

With respect to the first bifurcation of OA patients, the
two types of joint specific articular cartilage are distin-
guished by large differentially methylated regions (DMRs),
primarily at genes involved in development and cellular dif-
ferentiation. Notably, over 10% of DMRs were observed in
the four canonical homeobox (HOX) clusters while the spa-
tiotemporal pattern present at the HOX clusters during de-
velopment was absent, indicating that joint specific DMRs
likely bear distinct functionality in adult articular cartilage
[38]. Both studies that compared knee and hip articular carti-

lage reported on joint specific methylation patterns at the
four HOX clusters and several homeotic cofactors, such as
IRX3, SIX1, MEIS2, and DLX5. By analysis of transcrip-
tomic data our group subsequently revealed that joint spe-
cific DMRs potentially mediate distinctive regenerative ca-
pacities of articular chondrocytes residing in different joints,
given the developmental and regenerative nature of joint
specific expression of genes located in the developmentally
associated DMRs [38]. Although reports on joint specific
methylation profiles might not reveal loci that are directly
relevant for OA onset or progression, they undeniably ex-
pose the heterogeneity of the disease. These joint specific
DNA methylation and associated transcriptomic profiles are
concurrent with the reports of joint specific genetic OA sus-
ceptibility loci [57]. Henceforth, we can conclude that al-
though a substantial amount of common features are present
between knee and hip OA, the disease process and subse-
quent mode of action of putative therapeutic interventions
might be different between the two joints.

With respect to the second, another dichotomy is ob-
served by cluster analysis of genome wide DNA methylation
profiles of osteoarthritic articular cartilage [36, 37]. More
specifically, putative patient subgroups have been defined by
DNA methylation profiles of the affected cartilage that are
enriched for differentially methylated CpGs located in or
near genes involved in inflammation. The study of Fernan-
dez-Tajes et al. used a sparse methylation array and a rela-
tively small sample size consisting of only knee OA patients,
which possibly explains why Rushton et al. observed sub-
stantially more differentially methylated CpGs (1,357 vs.
5,769) that separated the inflammatory cluster of patients in
both knee and hip articular cartilage. While enrichment
analysis of both studies revealed broadly similar enriched
GO terms, being the inflammatory response and cytokine
production, in the study of Fernandez-Tajes et al. this was
only apparent among the hypomethylated CpGs and not
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Table2. Overview of current genome wide DNA methylation experiments in osteoarthritic articular cartilage.
Sample Size (OA, Control) Joint Platform OA Associated Pathways Reference
20,25 Knee Illumina 27K Inflammation, transcriptional regulation, ECM homeostasis [36]
21,96 Knee and hip Illumina 450k ECM homeostasis, ossification, inflammation, angiogenesis [37]
24,24 Hip Illumina 450k Development, angiogenesis, inflammation [39]
16, 16 Knee Agilent 244k Development, catalytic activity [40]
31,31 Hip and knee Illumina 450k [38]
31,31 Hip and knee Illumina 450k Development, ECM homeostasis [56]

among hypermethylated CpGs. Among the consistent in-
flammatory signals identified by the two studies among knee
OA patients were multiple interleukin genes such as IL10,
IL16 and IL19, but also developmental and ECM related
genes such as RUNX2, FGFR1, COL6A3 and COL18Al.
Noteworthy, in the study of Rushton et al. stratification by
the inflammatory profile, using both hypo- and hypermethy-
lated CpGs, of both knee and hip OA patients is observed,
presumably mediated by overlapping pathways, albeit that
only 3,496 out of 15,239 (23%) differentially methylated
CpGs that separated OA hip patients overlapped with differ-
entially methylated CpGs that separated OA knee patients
[37]. Very recently, the group of Rushton et al. has further
investigated the hypomethylated genes that are apparent
among the inflammatory profiles in their hip OA patient co-
hort and report on specific zinc reporter genes that poten-
tially mediate the patient stratification [58].

Intriguingly, when we performed GO term analysis on
the genes that separated hip and knee OA patients consis-
tently in the initial study of Rushton et al. and Fernandez-
Tajes et al., we observed significant enrichment for ECM
maintenance pathways (data not shown). Thus, while one of
the reported clusters of OA patients is presumably character-
ized by an epigenetic inflammatory profile, a common un-
derlying mechanisms appears defined by epigenetic regula-
tion of ECM related genes, such as COL6A3, RUNX2,
MMP13 and ADAMTSS. This proposition is additionally
reflected by the fact that all studies report on the enrichment
of ECM related pathways (Table 2) and by the analysis Fer-
nandez-Tajes et al. performed on solely the hypermethylated
CpGs, in which they also observe enrichment among ECM
maintenance pathways. Finally, the study of Fernandez-Tajes
et al. grossly compared methylation and additionally expres-
sion profiles between the OA subgroups. However, it is evi-
dent that the transcriptional consequences of these profiles
need to be precisely elucidated, as modulating unfavourable
epigenetic but subsequent transcriptomic profiles specifically
can potentially attenuate disease onset or progression and
might therefor serve as valuable therapeutic targets for the
putative subtypes of OA. It should, however, be noted that of
the five published genome wide DNA methylation studies in
OA, only Fernandez-Tajes et al. and Rushton et al. have
observed separate clustering of OA patients, while Jeffries et
al. [39], Moazedi-Fuerst et al. [40] and our group [56] have
not, warranting further research hereinto. Furthermore, not
only discovery driven epigenomic profiling of articular carti-

lage is required to understand possible OA patient heteroge-
neity. In light of proposed OA subtypes in the literature, epi-
genetic interrogation of specific pathways by means of bur-
den analyses in pathways such as those in estrogenic sensi-
tivity [59] or apoptosis [60], might be a more powerful ap-
proach in the context of the large number of differentially
methylated loci in OA reported by increasingly larger stud-
ies. In parallel, genome wide DNA methylation profiles of
other joint tissues might additionally confer the proposed
different OA subtypes.

CONSISTENT DNA METHYLATION DIFFERENCES
BETWEEN OSTEOARTHRITIS AFFECTED AND
CONTROL ARTICULAR CARTILAGE

Despite the putative segregation of distinct methylation
profiles among OA affected joints [37, 38] and OA patients
[36, 37], major communalities have been observed across the
different genome wide studies (Table 2). Specifically, con-
sistent enrichment of differential methylation among genes
involved in development, as well as in collagen synthesis
and other ECM maintenance pathways is reported by all
studies, particularly among genes from the RUNX, COL and
MMP families. Developmental processes thus appear entan-
gled with OA associated degradation and calcification of
articular cartilage during disease progression. Although our
group has shown that the majority of differentially methy-
lated CpGs do not associate in-cis with gene expression, en-
richment analysis of OA responsive CpGs that did correlate
with gene expression (87 CpGs, 70 genes) also revealed en-
richment for ECM maintenance and developmental path-
ways, consisting of genes such as ROR2, WLS, VIT and
SPP1 [56]. Nonetheless, genome wide DNA methylation
profiles and the inherent differences between OA and control
tissue need thus be interpreted with cause and preferably
coupled with additional molecular measurements, such as
gene expression data, to clarify the biological consequence.
The 76% of genes of which expression did not correlate with
in-cis DNA methylation could be regulated additionally by
other epigenetic mechanisms, such as histon modifications or
miRNA mediated silencing or alternatively, might possibly
reflect remnants of early developmental or past wound heal-
ing processes.

In parallel, as reflected by OA risk alleles that affect
DNA methylation mediated gene expression [28, 29] and the
influential role of the genomic sequence on DNA methyla-



DNA Methylation in Osteoarthritis

tion, partly reflected by the 40% of OA associated CpGs that
are affected by the alleles of proximal SNPs [56], it is not
unlikely that the total combination of minor genetic variants
among OA patient contributes to putative unfavourable epi-
genomic and subsequent transcriptomic profiles. In this re-
spect, the putative OA inflammatory subtype and the tissue
specific mQTLs reported by our own group, could be the
consequence of an inherent unfavourable epigenomic profile
preceding disease onset. In line with the observed lack of
heritability explained by traditional GWA approaches, these
putative minor genetic variants might make up for the larger
part of heritability in OA.

CONCLUSION

Genome wide DNA methylation profiling of OA affected
articular cartilage has revealed widespread differences be-
tween OA and control tissues. Although the majority of
CpGs do not associate with gene expression, CpGs of which
we can consequently not conclude whether they play an ac-
tive role in disease progression, reactivation of developmen-
tal pathways due to changes in epigenetic landscape is ap-
parent in OA affected joints. Thus, we hypothesize here that
to maintain healthy articular cartilage homeostasis through-
out life, the respective chondrocytes utilize epigenetic
mechanisms to transcriptomically adapt to the changing en-
vironment. Furthermore, the fact that gene expression
changes occur via both hyper- and hypomethylation in OA
affected articular cartilage, indicates that disease associated
differential methylation is unlikely to be the product of a
solely passive process. Lifelong adjustment of regulatory
mechanisms, such as DNA methylation, is likely subject to
stochastic error and subsequent accumulation of epigenetic
modifications at developmental pathways, either via inaccu-
rate restoration of the chondrocytes’ steady state or via an
increasing number of epigenetic adaptations, seem to force
chondrocytes towards terminal differentiation (Fig. 1). This
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proposition is additionally reflected by the morphological
changes that occur in articular cartilage with ongoing OA, as
reflected by degradation and calcification, mechanisms also
observed among growth plate chondrocytes during develop-
ment.

In conclusion, studying genome wide DNA methylation
in OA has proven to serve as an excellent proxy to probe the
underlying pathological cellular processes in OA. In light of
the inherent genetically and consequent epigenetically com-
plex nature of OA pathology, the genome wide efforts of
recent years that have reported on the DNA methylation
landscape of OA affected articular cartilage have delivered
valuable insight, insight that would not have become appar-
ent by mere gene targeted approaches.

FUTURE PROSPECTS
TEOARTHRITIS

OF EPIGENETICS IN OS-

Given that differences in the methylome of OA affected
compared to healthy or preserved articular cartilage do not
imply downstream effects, reflected by the relatively small
number of in-cis eQTM loci reported by our group, stresses
the need for integration of DNA methylation data with other
types of molecular profiling. It is of great interest to the field
that the disease relevant, tissue specific epigenomic and tran-
scriptomic QTL profiles are characterised, as they might
reveal the predisposing, complex genetic architecture that
underlies OA susceptibility. Our own group has undertaken
the first step herein and has reported on the effects of SNPs
on OA associated DNA methylation and transcriptional dif-
ferences, as well as on the direct relation between methyla-
tion and expression on a genome wide scale [56]. Moreover,
the reported genetic variants will potentiate the power of
GWA studies, as the multiple testing penalty is substantially
reduced when only the functional SNPs, in terms of regula-
tion of transcription, are addressed as opposed to the entire

Fig. (1). Schematic overview of the proposed loss of epigenetic control among articular chondrocytes. Articular cartilage is subject to life-
long challenges which requires the respective chondrocytes to dynamically adapt gene expression in order to return to and maintain homeo-
stasis and subsequent tissue integrity. This is seemingly accomplished by using epigenetic modifications, reflected by OA associated DNA
methylation differences, which are likely not reversed flawlessly upon returning to a steady state. We propose that accumulation of these
epigenetic adaptations will eventually lead to altered cellular phenotypes which are unable to return to a healthy, steady state chondrocyte. In
parallel, articular chondrocytes of OA patients might already bear an unfavorable epigenomic profile preceding disease onset, which implies
that these chondrocytes are more prone to enter the active ECM remodeling state and/or might be less able to return to a steady state. Finally,
independent of OA associated epigenetic changes in articular chondrocytes, joint and patient specific epigenomic profiles seem to modulate

our proposed mechanism.
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genome. Likely a larger number of SNPs are of relevance, as
we have not addressed long distance effects and larger sam-
ple sizes are possibly required to gain additional, robust un-
derstanding of the reported differences and associations, a
point also raised by others [61]. In order to test whether in-
deed loss of epigenetic control confers the pathophysiologi-
cal changes are apparent with OA progression, longitudinal
studies that address the contribution of ageing in altered
DNA methylation are required, preferably specifically at
genes of which transcriptional changes potentially modulate
the disease process. Confirmation of this hypothesis might
potentially reveal the genetic drivers of OA.

In light of the systemic, but not unidirectional differences
in DNA methylation on a genome wide scale that are appar-
ent with OA progression in affected cartilage, it seems that
systemically targeting DNA methylation for clinical pur-
poses in OA is farfetched. Moreover, the widespread epige-
netic differences that accompany OA suggestively affect
expression of genes primarily involved in developmental
processes, such as endochondral ossification. Aside from the
substantial scientific challenge to locus specifically modulate
DNA methylation, it seems more pragmatic to directly ad-
dress the mRNA or protein molecules of the respective genes
and pathways. While this is a difficult task on its own, spe-
cifically and locus specifically targeting DNA methylation in
our view will unlikely serve a clinical purpose for OA in the
near future.

However, aside from the putative limited role of epige-
netics in curing OA, it may serve as an important biomarker
when measured in clinically available tissues. As has also
been shown for a number of molecular markers in blood or
serum [62-64], it is apparent that transcriptomic data can
purposely be used to identify symptomatic OA patients using
mRNA extracted from peripheral blood mononuclear cells
[60]. For example, the blood transcriptomic profiles of OA
patients are enriched for genes involved in apoptosis, which
were subsequently shown to reflect the pathophysiological
state of the articular cartilage [60]. Hence, in light of the
responsiveness of the epigenome to environmental changes
and its relation with gene expression it is expected epigenet-
ics can fulfil a similar purpose. Moreover, hereby not only
clinical associations can be constructed, but also important
insight is given into the complex disease process. Prelimi-
nary results from our own group indicate that indeed DNA
methylation might serve as a powerful biomarker for OA
progression. More specifically, as little as four CpGs were
needed to distinguish fast progressing from non-progressing
OA patients with 76% accuracy [65].

It should be noted that we have here primarily discussed
DNA methylation in articular cartilage in the context of OA,
not in the last place due to the fact that degradation of articu-
lar cartilage is the primary feature of OA. However, it is
clear that other joint tissues are also involved in the disease
process as a whole. Other disease relevant tissues, such as
the synovium [66-68] and to some extent the subchondral
bone [69], have been addressed in light of other muscoskele-
tal or rheumatic pathologies and indicate compelling pros-
pects for OA research. In this regard, preliminary data from a
small study revealed DNA methylation differences between
subchondral bone adjacent to varying degrees of damaged
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articular cartilage of knee OA patients, indicating that epige-
netic regulation is likely involved in the pathophysiological
interplay between subchondral bone and articular cartilage
[69].

Considering the proposed subgroups of OA patients, the
initial genome wide DNA methylation studies discussed here
have reported on putative stratification of OA patients based
on inflammatory profiles present in articular cartilage only.
However, given the increasingly important role of secondary
tissues in OA, it is possible that subgroups of patients can be
defined by genome wide DNA methylation profiling of those
respective tissues. Consequently, the OA research field
might elucidate other proposed OA patient subgroups, such
as distinct differential estrogenic responses advocated by
Herrero-Beaumont et al. [59].

LIST OF ABBREVIATIONS

OA = Osteoarthritis

ECM = Extracellular matrix

CpG = Cytosine-guanine dinucleotide

SNP = Single nucleotide polymorphism

eQTM = Expression quantitative trait methylation
eQTL = Expression quantitative trait locus
mQTL = Methylation quantitative trait locus
AZA = 5-aza-2’-deoxycytidine

DMR = Differentially methylated region

HOX = Homeobox
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