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Objective: The purpose of this study was to determine if there is a signifi-
cant difference in methylation levels between whole blood and CD4+ T
cells.
Methods: A panel of twelve (12) genes selected on the basis of their in-
volvement in inflammation, autoimmunity and/or fibrosis was analyzed
for methylation in whole blood and CD4+ T cells using EpiTect Methyl
PCR Arrays technology.
Results and conclusion: Even though the methylation levels remain the
same in both CD4+ T cells and whole blood, methylation is significantly
elevated in whole blood, implying presence of methylated status of these
genes in cells other than CD4+ T cells.
 2012 Trade Science Inc. - INDIA

INTRODUCTION

Literature is very much variable with regard to the
source of DNA used in methylation studies using hu-
man peripheral blood. Many studies use genomic/leu-
kocyte DNA while an equal number use either total
lymphocyte DNA or a specific lymphocyte cell type
DNA. Thus given the cellular and population heteroge-
neity of blood and depending on whether cell purifica-
tion is employed in the study care should be taken in
interpreting results.

In most studies DNA is acquired from total white
blood cells (WBC) isolated by simple centrifugation

of whole blood and collection of the buffy coat, since
it is the easiest method and provides a concentrated
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source of DNA[1,2]. However when one looks closely,
the centrifugation of blood over a density gradient al-
lows the separation of the more abundant granulo-
cytes (~85% of total WBC) from the smaller mono-
nuclear cell fraction, which is comprised of mono-
cytes and lymphocytes[1,2]. Many publications refer
to the mononuclear cell fraction as lymphocytes even
though they contain ~15% monocytes. The isolation
of pure lymphocytes or specific lymphocyte sub-

populations requires additional steps, such as flow
cytometric separation using cell surface receptor an-
tibody binding or magnetic bead separation, and if a

richer cell harvest is required both methods require
an additional enrichment step[3,4].

Another important factor to consider is the well
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known fact that there are differences in total WBC
counts in healthy individuals, (ranging from 5,000�
10,000/ìl), which are to some extent controlled by
certain host and lifestyle characteristics such as age,
gender and alcohol drinking[5,6]. There are also signifi-
cant differences in blood cell populations observed due
to differences in gender, race/ethnicity, as well as dur-
ing periods of stress, acute infections or inflammation,
and even exercise has impact on specific cell types[6].
All these complicate investigating DNA methylation in
WBC and need to be considered in designing investi-
gations aimed at identifying associations between DNA
methylation and health outcomes.

Many epigenetic studies concerned with autoim-
mune rheumatic disease have focused mostly on sys-
temic erythematosus lupus (SLE) and rheumatoid ar-
thritis (RA), and have successfully identified both glo-
bal and sequence-specific methylation and expression
changes of some key genes involved in immune func-
tion[7]. It is now known that the immune deregulation in
SLE involves both B and T lymphocytes, cytokine pro-
duction, clearance of complexes and apoptosis[8,9], how-
ever for many years, most of the DNA methylation analy-
ses in SLE focused on the study of CD4+ T cells. For
example, there are many studies reporting on T-cell DNA
hypomethylation in SLE and other connective tissue
diseases, such as systemic sclerosis (SSc) and dermato-
myositis[10,11].

The central role of B cells in the pathogenesis of

autoimmune diseases includes the presentation of

autoantigens, activation of CD4+ and CD8+ cells and
secretion of proinflammatory cytokines (12), and it is
therefore relevant to investigate epigenetic deregulation
in this cell type as well. As a matter of fact, several
studies have shown that B cells also display alterations
in the DNA methylation status of certain genes in
SLE[9,11]. For example; the study of methylation pat-
terns in CD19 (+) B lymphocytes in a group of asth-
matics shows an epigenomic dysregulation of the
CYP26A1 gene[13]. Similarly, CD5+ B cells have been
found to be hypomethylated in lupus. Early B cell fac-
tor 1 (EBF1) has also proven to be an important regu-
lator of signalling pathways in B cells that facilitates the
demethylation of DNA, though the underlying mecha-
nisms are yet to be revealed[14]. For example, block-
ade of the interleukin-6 autocrine loop in SLE B cells
restores DNA methylation status, thus opening new

perspectives for therapy[15].
We do not yet know the complete hierarchical or-

der of epigenetic modifications and the differential
mechanisms that are involved in different white blood
cell types, but one important issue is that the epige-
netic deregulation affects both B and T lympho-
cytes[15,16]. So while not all is yet known about epige-
netic deregulation of T cell-specific genes, future in-
vestigations should also address the role of B cell-
specific set of epigenetic changes resulting in the
pathogenesis of autoimmune rheumatic disease. De-

spite the obvious fact that each cell type has a distinct
role in the pathogenesis of each disease, it is also worth
noting that there are complex interactions between the
different immune cell types in autoimmune rheumatic
diseases. As an example, it has been found that pa-
tients with SLE, myositis, RA and SSc share activa-
tion of a common type I interferon pathway[11,17]. So
in order to develop an epigenomic signature of genes
involved in the pathogenesis of these diseases both T
and B lymphocyte biology have to be investigated from
all angles, and this holds potential to help identify pa-
tients likely to respond to therapies that target this
cohort of genes.

This study assessed whether methylation levels of
genomic DNA are different from that of CD4+ T cells
in healthy individuals. Using The EpiTect Methyl qPCR
Arrays we analyzed the promoter hypermethylation
pattern of 12 genes previously reported to exhibit
epigenomic dysregulation in cancer and various autoim-
mune rheumatic diseases.

MATERIALS AND METHODS

Study population and ethics

This study was approved by the Ethics Committee
for Research on Human Subjects of both the Univer-
sity of the Witwatersrand (Johannesburg, South Africa)
and the South African National Blood Transfusion Ser-
vices (SANBS). The individuals investigated in this study
were volunteer blood donors recruited during a blood
drive by the SANBS. These 30 individuals were ran-
domly selected to represent both sexes and the various
races found within South Africa.

Sample collection and DNA preparation

After obtaining written informed consent from
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blood donors 5ml samples of peripheral blood were
collected in EDTA tubes. Whole blood CD4+ T cells
were isolated from peripheral blood using MACS
magnetic cell sorting technique (Miltenyi Biotec). Ge-
nomic DNA (gDNA) from both whole blood and from
CD4+ T cells was isolated using GenElute mammalian
DNA extraction kit (Sigma-Aldrich). The isolated DNA
was quantified using the Nanodrop 2000C spectro-
photometer (Thermoscientific) and thereafter stored
at -20oC until use.

DNA methylation analysis

The panel of genes profiled consisted of twelve[12]

genes, which were selected on the basis of their in-
volvement in many collagen (especially autoimmune
rheumatic) diseases, whose common characteristics in-
clude inflammation, autoimmunity and/or fibrosis. PCR
Array analysis was performed using the EpiTect Me-
thyl PCR Arrays technology (SABiosciences) on a 7300
Applied Biosystems real-time PCR instrument.

Data analysis

The methylation qPCR Array data was analyzed
using an integrated Excel-based template provided by
the MethylScreen� technology (SABiosciences). Simi-

larly, graphical representation (heat map) of the qPCR
array data was obtained using the MethylScreen� tech-

nology.

RESULTS AND DISCUSSION

From the graphical data analysis the following ob-
servations can be made;
1. The majority of analyzed genes are intermediately

methylated (about 50% hypermethylated) as op-
posed to hypermethylated in both whole blood and
CD4+ T cells, which somehow makes sense since
these are healthy individuals and the opposite is to
be expected in diseased condition.

2. In all instances, whole blood appears to significantly
exhibit higher levels of methylation than CD4+ cells,
which may indicate that these genes are also avail-
able on other cells besides CD4+ T cells.
Overall the methylation pattern, which indicates in-

termediate methylation of all 12 genes analyzed, remains
the same in both CD4+ T cells as in whole blood.

Figure 1 : (a) A bar chart showing hypermethylation
percentage of the genes analyzed from peripheral blood of
the 30 healthy individuals. (b) A heatmap showing distribution
of hypermethylation among the 12 genes analyzed in (i) whole
blood and (ii) CD4+ T cells.

(a)

(b)(i)

(b)(ii)

CONCLUSION

There is growing evidence for a role for epigenetic
mechanisms in the development of autoimmune dis-
eases. Accumulating evidence indicates that epigenetic
alterations contribute to exacerbated activation or de-
regulation of the mechanisms that maintain tolerance to
self-antigens in patients with autoimmune conditions[18].
Significant evidence has also shown that there is het-
erogeneity in the characteristics of vasculopathies un-
derlying different autoimmune diseases[19]. The data
presented in this study further indicate that epigenetic
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changes seen on human T cells are just a portion of the
entire mechanisms that influence the phenotypic char-
acteristics both in health and disease. Hence the need
for further investigation into the other white blood cell
subtypes.
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