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Systemic lupus erythematosus (SLE), a
chronic autoimmune disease character-
ized by overproduction of autoantibo-
dies against a series of nuclear antigens,
causes widespread tissue damage.
Although multiple genes take part in
determining the predisposition to SLE,
environmental factors, largely reflected
by epigenetic alterations, DNA methyla-
tion changes in particular, have been
demonstrated to be crucial for the
pathogenesis of SLE. DNA methylation
is a most widely studied epigenetic
mark that is stable, inheritable, and
reversible. Gene transcription can be
repressed through hypermethylation of
active promoter regions associated with
CpG-rich sequences. In contrast to gene
hypermethylation, DNA hypomethyla-
tion facilitates transcription factor bind-
ing to promoter regions, thereby
promoting gene expression.
Accumulating evidence indicates that
DNA hypomethylation in CD4" T cells
contributes to the onset and develop-
ment of drug-induced and idiopathic
lupus (Lu, 2013; Liu et al.,, 2013a; Liu
et al, 2013b). An array of genes,
sensitive to DNA methylation status in
their promoter regions, is overexpressed
in T cells from lupus patients, and these
gene expression levels parallel SLE
disease activity. Among the identified
targets undergoing demethylation are
genes involved in autoreactivity (ITGAL),
osmotic lysis and apoptosis (PRF1), and
B-cell/T-cell interaction (CD70 and
CD40LG). ITGAL (CD11a) has a core
role in cellular adhesion and co-stimu-
latory signaling. The CD11a overex-

pression in T-cell clones contributes to
the development of T-cell autoreactivity
in vitro, and adoptive transfer of CD11a-
overexpressed, autoreactive T cells can
induce a lupus-like disease in mice
(Richardson et al., 1994; Yung et al.,
1996). Our team has demonstrated
the increased expression of CDT1a in
T cells from patients with active lupus
due to the hypomethylation of specific
sequences flanking the promoter of
ITGAL, the gene encoding CDT11a
(Lu et al., 2002). The hypomethylated
CD4*T cells were also found in
patients with subacute cutaneous lupus
erythematosus (SCLE), a less severe form
of lupus, with inversely elevated CD11a
mRNA (Luo et al., 2008). Perforin,
encoded by the PRF1 gene, was
observed to be overexpressed in
CD4™"T cells from patients with active
lupus as well as SCLE (Zhang et al.,
2013). The overexpression is related to
demethylation of the perforin promoter
region (Lu et al., 2003; Luo et al., 2009).
Another example of functional con-
sequence of relevant DNA hypomethy-
lation in T cells from SLE patients is the
overexpression of CD70, a cellular
ligand expressed by T cells for the TNF
receptor family member CD27 on B
cells, resulting in autologous B-cell
stimulation and 1gG production (Lu
et al., 2005). Similar to CD70, CD40
ligand (CD40L) is also a B cell-
costimulatory molecule but is encoded
on the X chromosome. Epigenetic reg-
ulation, particularly DNA methylation,
has a key role in CD40L expression in
women. We previously reported that

CD40L gene is unmethylated in normal
men, while one copy of this X-chromo-
some gene is methylated and the other
is unmethylated in normal women.
Compared with normal controls, CD40L
is hypomethylated and overexpressed in
CD4*T cells from female but not male
lupus patients. With 5-azaC treatment,
the expression of CD40L doubled in
CD4*T cells from normal women but
not from men. Taken together, our
studies demonstrate that overexpression
of CD40L contributes to the pathogen-
esis of SLE in females. This is partially a
result of demethylated regulatory seq-
uences on the inactive X chromosome
in T cells (Lu et al., 2007; Zhang et al.,
2013). Besides those well-characterized
methylation-sensitive genes mentioned
above, other genes such as PP2Aca
(Sunahori et al., 2011), HRES-1 (Fali
et al., 2013), the KIR gene family (Liu
et al., 2009), LINE-1 (Sukapan et al.,
2014), and some cytokines (Mi and Zeng,
2008) are also emerging as instigators
of SLE due to abnormal methylation
patterns.

Apart from those classic methylation-
sensitive autoimmunity-related genes in
lupus CD4 7T cells, the genome-wide
methylation pattern has also been
explored recently, providing us a more
full-scale picture of the abnormal
methylation patterns in SLE. Absher
et al. (2013) performed genome-wide
DNA methylation analysis with Illumina
Methylation 450 microarrays to assess
DNA methylation status in CD4%
T cells, CD19" B cells, and CD14™"
monocytes from SLE patients. They
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Table 1. Mechanisms underlying DNA demethylation in lupus T cells

Expression
Mechanisms Examples level Contribution to lupus pathogenesis Refs
microRNAs miRNA-21, miRNA-126, i Downregulate DNMT1 expression leading to (Pan et al., 2010;
miRNA-148a elevated hypomethylation in CD4 +T cells from lupus patients ~ Zhao et al., 2011)
Transcription factors RFX1 ! Recruit less DNMTT to the promoter regions of (Zhao et al., 2010)

specific genes, such as CDT7a and CD70

Pathway signaling MAPK pathway ! Reduce DNMTT1 expression in lupus T cells (Deng et al., 2001;
Deng et al., 2003)
Global demethylator Gadd45a 1 Act as a global demethylator in CD4 +T cells (Li et al., 2010)
from patients with SLE
Other DNA modifications DNA hydroxymethylation 1 Demethylation intermediate (Zhang et al., 2013)

Abbreviations: ERK, extracellular signal-regulated kinase; Gadd45a, growth arrest and DNA damage-induced 450; MAPK, mitogen-activated protein kinase;

RFX1, regulatory factor X 1.

found that 166 CpGs in B cells, 97
CpGs in monocytes, and 1,033 CpGs
in T cells showed significantly altered
DNA methylation status, and that genes
involved in interferon signaling (type I)
were persistently hypomethylated. Genes
involved in cell division and MAPK
signaling in CD4 ™" T cells also showed
methylation changes but with a lower
amplitude shift (Absher et al., 2013).
Coit et al. (2013) also performed a
genome-wide DNA methylation study
to decipher the DNA methylome in
naive CD4"% T cells in lupus. This
study quantified DNA methylation for
over 485,000 methylation sites across
the genome, and 86 differentially
methylated CG sites in 47 genes were
identified and replicated. Significant
hypomethylation in interferon-regulated
genes was observed in naive CD4" T
cells from lupus patients, but the hypo-
methylation was not associated with
lupus activity . However, the results of
these two studies suggest DNA methy-
lation as a mechanism for type-l inter-
feron hyper-responsiveness in lupus
T cells.

Certain miRNAs (Pan et al.,, 2010;
Zhao et al.,, 2011), such as miRNA-
126, regulatory factor X 1 (RFX1)
(Zhao et al., 2010), defective ERK path-
way signaling (Deng et al., 2003), the
growth arrest and DNA damage-
induced 450 (Gadd45a) protein (Li
et al, 2010, and DNA hydroxy-
methylation (Zhang et al, 2013) have
been proposed as potential mechanisms
leading to DNA demethylation in lupus
(Table 1). In the case of DNA

hydroxymethylation, ~ 5-methylcytosine
(5-mC) can be converted to 5-hydroxy-
methylcytosine (5-hmC) by the ten-ele-
ven translocation (TET) family proteins,
and 5-hmC can be further oxidized into
5-formylcytosine (5fC) and 5-cyboxycy-
tosine (5caC) to achieve active DNA
demethylation (Sun et al., 2014). High
levels of TET1, TET2, and 5 hmC
were observed in CD4*T cells from
SLE patients compared with healthy
controls (Zhang et al., 2013).

A comprehensive understanding of
DNA demethylation contributing to
SLE may lead to the development of
new therapeutic agents and strategies
that target the dysregulated genes or
correct the altered methylation patterns.

CONFLICT OF INTEREST
The author states no conflict of interest.

ACKNOWLEDGMENTS

This work was supported by the National Natural
Science Foundation of China (No. 81210308042,
No. 81220108017 and No. 30972745).

REFERENCES

Absher DM, Li X, Waite LL et al. (2013) Genome-
wide DNA methylation analysis of systemic
lupus erythematosus reveals persistent hypo-
methylation of interferon genes and composi-
tional changes to CD4+ T-cell populations.
PLoS Genet 9:e1003678

Coit P, Jeffries M, Altorok N et al. (2013) Genome-
wide DNA methylation study suggests epige-
netic accessibility and transcriptional poising
of interferon-regulated genes in naive CD4 +
T cells from lupus patients. / Autoimmun
43:78-84

Deng C, Kaplan MJ, Yang ] et al. (2001) Decreased
Ras-mitogen-activated protein kinase signal-
ing may cause DNA hypomethylation in

T lymphocytes from lupus patients. Arthritis
Rheum 44:397-407

Deng C, Lu Q, Zhang Z et al. (2003) Hydralazine
may induce autoimmunity by inhibiting extra-
cellular signal-regulated kinase pathway sig-
naling. Arthritis Rheum 48:746-56

Fali T, Le Dantec C, Thabet Y et al. (2013) DNA
methylation modulates HRES1/p28 expression
in B cells from patients with Lupus. Autoim-
munity 47:265-71

Li Y, Zhao M, Yin H et al. (2010) Overexpression
of the growth arrest and DNA damage-
induced 45alpha gene contributes to autoim-
munity by promoting DNA demethylation in
lupus T cells. Arthritis Rheum 62:1438-47

Liu Y, Kuick R, Hanash S et al. (2009) DNA
methylation inhibition increases T cell KIR
expression through effects on both promoter
methylation and transcription factors. Clin
Immunol 130:213-24

Liu Y, Li H, Xiao T et al. (2013a) Epigenetics in
immune-mediated pulmonary diseases. Clin
Rev Allergy Immunol 45:314-30

LiuY, Yin H, Zhao M et al. (2013b) TLR2 and TLR4
in autoimmune diseases: a comprehensive
review. Clin Rev Allergy Immunol 47:136-47

Lu Q (2013) The critical importance of epigenetics
in autoimmunity. J Autoimmun 41:1-5

Lu Q, Kaplan M, Ray D et al. (2002) Demethyla-
tion of ITGAL (CD11a) regulatory sequences
in systemic lupus erythematosus. Arthritis
Rheum 46:1282-91

Lu Q, Wu A, Ray D et al. (2003) DNA methylation
and chromatin structure regulate T cell
perforin gene expression. J Immunol 170:
5124-32

Lu Q, Wu A, Richardson BC (2005) Demethylation
of the same promoter sequence increases
CD70 expression in lupus T cells and T cells
treated with lupus-inducing drugs. J Immunol
174:6212-9

Lu Q, Wu A, Tesmer L et al. (2007) Demethylation
of CD40LG on the inactive X in T cells from
women with lupus. J Immunol 179:6352-8

Luo Y, Li Y, Su Y et al. (2008) Abnormal DNA
methylation in T cells from patients with

www jidonline.org

27


http://www.jidonline.org

28

Q Lu

Lupus: The Immunological Impact of Altered DNA Methylation

subacute cutaneous lupus erythematosus. Br J
Dermatol 159:827-33

Luo Y, Zhang X, Zhao M et al. (2009) DNA
demethylation of the perforin promoter in
CD4(+) T cells from patients with subacute
cutaneous lupus erythematosus. / Dermatol
Sci 56:33-6

Mi XB, Zeng FQ (2008) Hypomethylation of inter-
leukin-4 and -6 promoters in T cells from
systemic lupus erythematosus patients. Acta
Pharmacol Sinica 29:105-12

Pan W, Zhu S, Yuan M et al. (2010) MicroRNA-21
and microRNA-148a contribute to DNA
hypomethylation in lupus CD4+ T cells by
directly and indirectly targeting DNA methyl-
transferase 1. J Immunol 184:6773-81

Richardson B, Powers D, Hooper F et al. (1994)
Lymphocyte function-associated antigen 1

overexpression and T cell autoreactivity.
Arthritis Rheum 37:1363-72

Sukapan P, Promnarate P, Avihingsanon Y et al.
(2014) Types of DNA methylation status of the
interspersed repetitive sequences for LINE-T,
Alu, HERV-E and HERV-K in the neutrophils
from systemic lupus erythematosus patients
and healthy controls. | Hum Genet 59:178-88

Sun W, Guan M, Li X (2014) 5-hydroxymethylcyto-
sine-mediated DNA demethylation in stem cells
and development. Stem cell Dev 23:923-30

Sunahori K, Juang YT, Kyttaris VC et al. (2011)
Promoter  hypomethylation  results  in
increased expression of protein phosphatase
2A in T cells from patients with systemic
lupus erythematosus. / Immunol 186:4508-17

Yung R, Powers D, Johnson K et al. (1996)
Mechanisms of drug-induced lupus. II. T cells

The Journal of Investigative Dermatology Symposium (2015), Volume 17

overexpressing lymphocyte  function-asso-
ciated antigen 1 become autoreactive and
cause a lupuslike disease in syngeneic mice.
J Clin Invest 97:2866—71

Zhang Y, Zhao M, Sawalha AH et al. (2013)
Impaired DNA methylation and its mechan-
isms in CD4(+)T cells of systemic lupus
erythematosus. / Autoimmun 41:92-9

Zhao M, Sun'Y, Gao F et al. (2010) Epigenetics and
SLE: RFX1 downregulation causes CD11a and
CD70 overexpression by altering epigenetic
modifications in lupus CD4+ T cells.
J Autoimmun 35:58-69

Zhao S, Wang Y, Liang Y et al. (2011) MicroRNA-
126 regulates DNA methylation in CD4+ T
cells and contributes to systemic lupus erythe-
matosus by targeting DNA methyltransferase 1.
Arthritis Rheum 63:1376-86



	Lupus: The Immunological Impact of Altered DNA Methylation
	A1
	A2
	Table 1 




