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Abnormal Histone Modification Patterns in Lupus
CD4+ T Cells
NAN HU, XIANGNING QIU, YONGQI LUO, JUNYUAN, YAPING LI, WENZHI LEI, GUIYING ZHANG,
YING ZHOU, YUWEN SU, and QIANJIN LU

ABSTRACT. Objective. To investigate alterations in histone modifications in patients with systemic lupus erythe-
matosus (SLE).
Methods. Global histone H3/H4 acetylation and H3K4/H3K9 methylation in CD4+ T cells from 20
SLE patients and 10 healthy control subjects were assayed using the EpiQuikTM global histone
H3/H4 acetylation and H3K4/H3K9 methylation assay kits. mRNA levels of 12 members of 3 class-
es of chromatin modifier genes were measured by real-time quantitative polymerase chain reaction.
Results. Global histone H3 and H4 hypoacetylation was observed in active lupus CD4+ T cells com-
pared with controls (p = 0.002 and p = 0.009, respectively). The degree of histone H3 acetylation
correlated negatively with increased disease activity in lupus patients as measured by SLEDAI (r =
–0.889, p = 0.044).We found global histone H3K9 hypomethylation in both active and inactive lupus
CD4+ T cells, compared with controls (p = 0.001, p = 0.003, respectively). However, global levels
of H3K4 methylation were not different between patients and controls. SIRT1 mRNA levels were
significantly increased in active lupus CD4+ T cells compared with controls (p < 0.001), while
mRNA levels of CREBBP, P300, HDAC2, HDAC7, SUV39H2, and EZH2 were significantly down-
regulated in patients with active lupus (p < 0.001, p < 0.001, p = 0.01, p < 0.001, p = 0.003,
p = 0.001, respectively).
Conclusion. Histone modifications appear abnormal in CD4+ T cells in SLE. (First Release April 1
2008; J Rheumatol 2008;35:804–10)
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Systemic lupus erythematosus (SLE) is a chronic and poten-
tially fatal autoimmune disorder, characterized by autoanti-
body overproduction. Multiple studies have demonstrated
the role of epigenetic alterations in SLE. A growing body of
literature indicates that failure to maintain DNA methylation
levels and patterns in mature T cells may contribute to the
development of SLE1. Changes in DNA methylation and
histone modifications are a hallmark of genes undergoing
epigenetic deregulation in disease. Since DNA is compacted
into a highly condensed and ordered structure, considerable

interest has focused on chromatin modifications, such as
reversible acetylation and methylation of histone tails.
However, limited information exists on the global pattern of
histone modifications in SLE. Global site-specific hyperme-
thylation (except H3K4 methylation) and hypoacetylation in
histone H3 and H4 has been observed in MRL-lpr/lpr mice
compared with control MRL/MPJ mice2. MRL-lpr/lpr mice
treated with histone deactylase (HDAC) inhibitors (HDI),
such as trichostatin (TSA), demonstrate an increased accu-
mulation of acetylated histone H3 and H4 in the total cellu-
lar chromatin2,3. However, there are no reports in humans on
alterations in histone H3/H4 methylation/acetylation status,
or the interplay between DNA methylation and histone
acetylation in patients with SLE, and how these modifica-
tions affect the chromatin structure.
We investigated the alterations in global histone H3/H4

methylation/acetylation status and the expression of 12
members of 3 classes of chromatin modifier genes in SLE
CD4+ T cells, including the histone acetyltransferases
(HAT) P300, CREBBP, and PCAF; the histone deacetylases
(HDAC) HDAC1, HDAC2, HDAC4, HDAC5, HDAC7A,
and SIRT1; and the histone methyltransferases (HMT)
SUV39H1, SUV39H2, and EZH24. We assessed the pres-
ence of aberrant global post-translational modifications of
histones in patients with SLE.
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MATERIALS AND METHODS
Patients. Twenty SLE patients (age 26 ± 12 yrs) were recruited from out-
patient clinics in the Second Xiangya Hospital, Central South University.
All patients fulfilled at least 4 of the SLE classification criteria of the
American College of Rheumatology5; disease activity was assessed using
the SLE Disease Activity Index (SLEDAI)6. Ten healthy controls (age 27 ±
8 yrs) were recruited from medical staff at the Second Xiangya Hospital.
The study was approved by the human ethics committee of the Central
South University Xiangya Medical School.

Inactive disease was defined as a SLEDAI score ≤ 4 (n = 10, 8 women
and 2 men), and active disease as a SLEDAI score ≥ 5 (n = 10, 9 women
and 1 man). Treatment regimens in the active SLE group were: prednisone
(Pred) alone (n = 2), hydroxychloroquine + tripterygium glycosides (TG; n
= 1), TG + Pred (n = 1), and untreated patients (n = 6); in the inactive SLE
group: dexamethasone alone (n = 1), Pred alone (n = 7), TG + Pred (n = 1),
and untreated patients (n = 1). Because of the low number of T cells in most
SLE patients and limitations in the amount of blood collected per patient,
not all experiments could be conducted in each individual patient. However,
there were no differences in the durations of disease, SLEDAI scores, or
medication between the subgroups tested in the different assays. Patients
and controls were matched for age and sex in all experiments.

Cell preparation. Peripheral blood mononuclear cells were isolated by
Ficoll-Hypaque density gradient centrifugation (Shanghai Hengxin
Chemical Reagent Co., Ltd., Shanghai, China) and CD4+ T cells were iso-
lated by negative selection using magnetic beads, according to the protocol
of the manufacturer (Miltenyi, Germany). Purity of the CD4+ T cells was
checked by flow cytometry and was typically > 94%.

RNA and cDNA synthesis. Total RNA was isolated from CD4+ T cells using
the RNeasy mini kit (Qiagen, The Netherlands) according to the manufac-
turer’s instructions, and stored at –80°C. First-strand cDNA synthesis was
performed using the RevertAidTM First Strand cDNA synthesis kit
(Fermentas, Glen Burnie, MD, USA). Random hexamer primers were used
to initiate cDNA synthesis of 0.5 µg total RNA per 20 µl reaction.

Real-time RT-PCR. Real-time semiquantitative reverse transcriptase-poly-
merase chain reaction (RT-PCR) was performed with Sybr Green master
mix using FluoScan 9700 (Amplly, China). A series of 5 dilutions of 1 RNA
sample were included to generate a standard curve, and this was used to
obtain relative concentrations of the transcript of interest in each of the
RNA samples. B-actin was used as an endogenous control to normalize for
differences in the amount of total RNA present in each sample. Primers of
12 members of 3 classes of chromatin modifier genes were used, including
the histone acetyltransferases (HAT) P300, CREBBP, and PCAF; the his-
tone deacetylases (HDAC) HDAC1, HDAC2, HDAC4, HDAC5, HDAC7A,
and SIRT1; the histone methyltransferases (HMT) SUV39H1, SUV39H2,
and EZH2, and ß-actin (Table 1)7.

Detection of global histone H3/H4 acetylation and global H3K4/H3K9
methylation. Histone extraction and detection of global histone H3/H4
acetylation and global H3K4/H3K9 methylation were performed using the
EpiQuikTM global histone H3/H4 acetylation and H3K4/H3K9 methylation
assay kits, according to the manufacturer’s instructions (Epigentek,
Brooklyn, NY, USA). Briefly, histone proteins (1 µg) were stably spotted
on the strip wells. Acetylated histone H3/H4 and methylated histone
H3K4/H3K9 were detected with a high-affinity antibody and the ratios and
amounts of acetylated histone H3/H4 and methylated H3K4/H3K9 were
quantified with a horseradish peroxidase-conjugated secondary antibody
color development system. Color was measured by absorbance at 450 nm.
Histone protein concentration was measured with the BCATM Protein
Assay Kit (Pierce, Rockford, IL, USA).

Statistical analysis. Data were presented as the mean ± standard deviation
(SD) and analyzed using SPSS 11.5 software (SPSS Inc., Chicago, IL,
USA). Real-time PCR data were analyzed using the SDS software on the
FluoScan 9700. Group variables were compared by Student t test for con-
tinuous variables or Mann-Whitney U-test for non-normally distributed
data. Correlation was determined by Pearson’s rank order and Spearman’s

rank order correlation, depending on the normality of the data. P values <
0.05 were considered significant.

RESULTS
Abnormal histone acetylation and methylation. Histone
acetylation and methylation were measured in 5 patients
with active and 5 with inactive lupus, and 5 healthy controls.
Global histone H3/H4 acetylation was reduced in active
lupus CD4+ T cells compared with controls (p = 0.002 for
H3, p = 0.007 for H4; Figure 1). There was no difference in
the global histone H3/H4 acetylation between patients with
active and inactive lupus (p > 0.05). The degree of histone
H3 acetylation was negatively correlated with increased dis-
ease activity in lupus patients as measured by SLEDAI (r =
–0.889, p = 0.044; Figure 2), while there was no correlation
between the degree of histone H4 acetylation and the
patient’s SLEDAI score. In addition, we identified global
histone H3K9 hypomethylation in both active and inactive
lupus CD4+ T cells, compared with the controls (p = 0.001
and p = 0.003, respectively). However, there was no differ-
ence in the global level of H3K4 methylation between
patients and controls (p > 0.05).
Of 5 patients with active lupus, 2 had used drugs such as

corticosteroids, antimalarials, and immunosuppressive
agents. To investigate whether the alterations observed in
active lupus could be ascribed chiefly to drug treatment, we
compared the 3 drug-free patients with active lupus with the

Table 1. Primer sequences used in real-time PCR.

Primers Sequence

P300/F CTG TAT GTG CTC CAG AAC
P300/R GAC AAA AAG GCA GTT CC
CREBBP/F CTG CAC ACG ACA TGA CT
CREBBP/R GAA GTG GCA TTC TGT TG
PCAF/F ATG AAT ATG CAA TTG GAT AC
PCAF/R CTC CTT CAT AAT CCT TGA TA
HDAC1/F CAA GCT CCA CAT CAG TCC TTC C
HDAC1/R TGC GGC AGC ATT CTA AGG TT
HDAC2/F AGT CAA GGA GGC GGC AAA A
HDAC2/R TGC GGA TTC TAT GAG GCT TCA
HDAC4/F AAG GAG TGG ACA TTG CT
HDAC4/R GAT TCA GCA GCT CCA CT
HDAC5/F TCA CTG TCA CCA ACT CAC
HDAC5/R CAG GAA TAG AGG ATG TGC
HDAC7/F CTT CTC CAC AAG GAC AAG
HDAC7R CTC CAG GGT TCT GTA GG
SIRT1/F TAC CGA GAT AAC CTT CTG
SIRT1/R TCC AGT CAC TAG AGC TTG
SUV39H1/F AAG AAG ATC CGC GAA CAG GAA
SUV39H1/R GGA AGT GCT TGA GGA TAC GCA C
SUV39H2/F ATC CCA CCT GGT ACT CCC ATC T
SUV39H2/R GCA AAG CGA ATA CTG TGT GCC
EZH2/F ACA TCC TGA CTT CTG TGA G
EZH2/R GGA GAC CAA GAA TAC ATT A
ß-ACTIN/F GCA CCA CAC CTT CTA CAA TGA GC
ß-ACTIN/R GGA TAG CAC AGC CTG GAT AGC AAC
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controls. We found global histone H3/H4 hypoacetylation
and H3K9 hypomethylation in active lupus CD4+ T cells
compared with controls (p = 0.001, p = 0.035, p = 0.012;
Figure 3).

Differential expression of histone modifier genes. mRNA
expression of the 12 chromatin modifier genes was analyzed
using quantitative real-time PCR in CD4+ T cells from 10
active and 10 inactive lupus patients and 10 controls.
Expression of ß-actin was used as an endogenous control to
normalize for differences in the amount of total RNA pres-

ent in each sample. Figure 4 shows the differential expres-
sion of histone modifier genes. SIRT1 mRNA levels were
significantly increased in active lupus CD4+ T cells, com-
pared with controls (p < 0.001). CREBBP, P300, HDAC2,
HDAC7, SUV39H2, and EZH2 mRNA levels were signifi-
cantly downregulated in active lupus CD4+ T cells, com-
pared with controls (p < 0.001, p < 0.001, p = 0.01, p <
0.001, p = 0.003, p = 0.001, respectively). HDAC2, HDAC7,
SUV39H2, and EZH2 mRNA levels were also significantly
downregulated in inactive lupus CD4+ T cells, compared
with the controls (p = 0.009, p < 0.001, p = 0.04, p = 0.001,
respectively). There was no significant difference in the
expression of PCAF, HDAC1, HDAC4, HDAC5, and
SUV39H1 mRNA between active lupus patients and con-
trols (p > 0.05).
Further, a negative correlation was observed between the

expression of HDAC7 mRNA and disease activity (r =
–0.741, p = 0.014; Figure 5). Global histone H3K9 methy-
lation was positively correlated with the expression of
SUV39H2 (r = 0.930, p = 0.022; Figure 6).

DISCUSSION
Histone proteins and their accompanying post-translational
modifications have received much attention for their ability
to affect chromatin structure and regulate gene expression8.
This study demonstrates for the first time that the histone
code is aberrant in human lupus. Several novel observations
are described.
Previous studies showed that T cells from patients with

active lupus exhibited globally hypomethylated DNA9.

Figure 1. Global histone H3/H4 acetylation and H3K4/H3K9 methylation in CD4+ T cells
from 5 patients with active SLE (SLEa), 5 with inactive SLE (SLEi), and 5 healthy controls.
Results are presented as mean ± SD optical density (OD) units at 450 nm.

Figure 2. Optical density (OD) of global histone H3 acetylation for each
patient with active lupus (SLEDAI ≥ 5) was plotted against the patient’s
SLEDAI score, and analyzed by linear regression (r = –0.889, p = 0.044).
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Recently, direct functional links between DNA and histone
methylation have been revealed10-12. We have identified
global histone H3K9 hypomethylation in CD4+ T cells from
both active and inactive lupus, compared with controls.
These results contradict Garcia and coworkers’ findings that
MRL-lpr/lpr mice have global, site-specific hypermethyla-
tion (a roughly 2-fold increase in H3K9-dimethylation,
H3K9-trimethylation compared with control MRL/MRJ
mice)2, but confirm earlier observations in Neurospora and
Arabidopsis showing a positive correlation between DNA
and histone methylation11.
Some studies reveal that Su(var)3-9 mainly controls H3-

K9 dimethylation and trimethylation in the pericentric hete-
rochromatin. Suv39h1 and Suv39h2 are responsible for the
majority of H3K9 trimethylation, whereas all H3-K27
methylation is mediated by the Enhancer of zeste E(z) and
its mammalian homolog EZH213,14. In our studies,
SUV39H2 and EZH2 mRNA were significantly downregu-
lated in active lupus CD4+ T cells compared with the con-
trols, while there was no significant difference in SUV39H1
mRNA levels between lupus CD4+ T cells and controls. We
also found a positive relationship between the levels of
SUV39H2 mRNA and the levels of H3K9 methylation. A
recent study found that both H3K9 dimethylation and K27
trimethylation could be required together for the establish-
ment and maintenance of the inactive state of the X chro-
mosome15. Since one X chromosome is inactivated by
processes including DNA methylation in women, the com-
bined presence of H3K9 and H3K27 methylation may also
be necessary to recruit additional activities, such as DNA
methylation, that contribute to the stabilization of the inac-
tive state. We considered the possibility that downregulation
of H3K9 and H3K27 methylation may contribute to the

reactivation of the inactive X chromosome in T cells from
women with lupus; however, the underlying hypothesis
remains to be investigated. Recent reports showed that
increased methylation of lysine residue on H3K4 was asso-
ciated with an increased level of transcription16,17. H3K4
methylation has, however, also been implicated in gene
silencing18. In our studies, the global level of H3K4 methy-
lation did not differ between lupus patients, and controls and
the dualistic nature of the H3K4 methyl marker in lupus
remains unresolved.
We demonstrated global histone H3/H4 hypoacetylation

in active lupus CD4+ T cells, compared with controls.
Further, the degree of histone H3 acetylation was negatively
correlated with increased disease activity in lupus patients as
measured by SLEDAI. This is in agreement with previous
data demonstrating aberrant global hypoacetylation in the
H3 and H4 histones isolated from splenocytes of MRL-
lpr/lpr mice2. Garcia, et al also showed that correcting the
histone hypoacetylation of H3 and H4 with a histone
deacetylase inhibitor (trichostatin A) resulted in improve-
ment in the kidney disease of these mice. IL-6 and IL-10
may be useful biomarkers for disease activity in SLE19.
Earlier reports showed lupus T cells exhibited increased
expression of CD154, spontaneously overproduced IL-10,
but underproduced IFN-γ, which was partly a result of an
imbalance of histone acetylation; trichostatin A can
simultaneously reverse the condition20. Histone modifica-
tions may thus play a role in the pathogenesis of lupus. Our
results also show that P300 and CREBBP mRNA is signifi-
cantly decreased in active lupus CD4+ T cells, compared
with controls. P300 and CREBBP are capable of acetylating
all 4 histones in vitro and possibly in vivo21. The decrease in
the levels of these HAT possibly explains the dramatic

Figure 3. Global histone H3/H4 acetylation and H3K9 methylation in CD4+ T cells from
3 drug-free patients with active lupus (SLEa) and 3 controls.
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reduction in total histone H3 and H4 acetylation we
observed in the CD4+ T cells from lupus patients. P300 and
CREBBP are also highly homologous coactivators that pro-
mote gene transcription by bridging between DNA-binding
transcription factors and the basal transcription machinery,
by providing a scaffold for integrating transcription factors,
and by modifying transcription factors and chromatin
through acetylation22,23. However, recent evidence suggests
that coactivator acetyltransferases such as P300/CREBBP
may also serve to disrupt activator and repressor complex-
es24. Thus, the relationship between global histone
hypoacetylation and increased levels of transcription
remains to be established.
Human SIRT1 controls various physiological responses

including cell fate, stress, and aging via deacetylation of its

specific substrate protein25. SIRT1 is also capable of pro-
tecting cells from p53-induced apoptosis26,27, although
recent research provides evidence that SIRT1 activity aug-
ments apoptosis, mediated by the nuclear factor, NF-κB.
SIRT1 impairs NF-κB transactivation and sensitizes cells to
tumor necrosis factor-α-dependent cell death via increased
apoptosis, as well as a possible decrease in inflammation28.
A similar mechanism may contribute to T cell apoptosis in
SLE.
HDAC7 plays an important role in the control of central

immune tolerance by regulating Nur77 and apoptosis in
developing thymocytes29. We observed that HDAC7 mRNA
expression decreased significantly in patients with active
and inactive lupus compared with controls, which may
result in T cell apoptosis as well as the promotion of promis-

Figure 4. Expression of 12 chromatin modifier genes. A. The histone acetyltransferases (HAT). B and C. The histone deacetylases (HDAC). D. The histone
methyltransferases (HMT), analyzed by quantitative real-time PCR. Results are presented as the ratio of modifier gene to ß-actin; values are mean ± SD.
SLEa: active SLE, SLEi: inactive SLE.
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cuously-killing autologous macrophages and overstimulated
B cells.
HDAC2-mediated deacetylation of the glucocorticoid

receptor enables suppression of NF-κB. Glucocorticoid
receptor recruits histone deacetylase-2 (HDAC2) to the acti-
vated inflammatory gene to switch off transcription30,31. We
showed that HDAC2 mRNA levels were significantly
decreased in active lupus CD4+ T cells, compared with con-
trols. This may contribute to the activation of the inflamma-
tory gene in lupus T cells.
In our study, patients with active and inactive lupus

showed similar variations, perhaps due to limitations in col-

lecting enough samples. HAT and HDAC are antagonistic,
and again, the global histone H3/H4 acetylation level is the
result of the balance between HAT including CREBBP and
P300 and HDAC such as HDAC2, HDAC7, and others,
rather than their individual levels.
Our results demonstrate abnormal histone modifications

in lupus CD4+ T cells. These findings will assist us to elu-
cidate the epigenetic pathogenesis of SLE and the potential
reversibility of these epigenetic abnormalities. We need to
ascertain what triggers the abnormal histone codes in
patients with lupus, as these may represent a novel target for
therapeutic intervention in SLE.
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