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ABSTRACT
Objectives: Antigen-specific CD4+ T cells
epigenetically modified with DNA methylation inhibitors
overexpress genes normally suppressed by this
mechanism, including CD11a, CD70, CD40L and the
KIR gene family. The altered cells become autoreactive,
losing restriction for nominal antigen and responding
to self-class II major histocompatibility complex (MHC)
molecules without added antigen, and are sufficient to
cause a lupus-like disease in syngeneic mice. T cells
overexpressing the same genes are found in patients
with active lupus. Whether these genes are co-
overexpressed on the same or different cells is
unknown. The goal of this study was to determine
whether these genes are overexpressed on the same or
different T cells and whether this subset of CD4+ T
cells is also present in patients with lupus and other
rheumatic diseases.
Methods: Multicolour flow cytometry was used to
compare CD11a, CD70, CD40L and KIR expression on
CD3+CD4+CD28+ T cells to their expression on
experimentally demethylated CD3+CD4+CD28+ T cells
and CD3+CD4+CD28+ T cells from patients with active
lupus and other autoimmune diseases.
Results: Experimentally demethylated CD4+ T cells
and T cells from patients with active lupus have a
CD3+CD4+CD28+CD11ahiCD70+CD40LhiKIR+ subset,
and the subset size is proportional to lupus flare
severity. A similar subset is found in patients with
other rheumatic diseases including rheumatoid
arthritis, systemic sclerosis and Sjögren’s syndrome
but not retroperitoneal fibrosis.
Conclusions: Patients with active autoimmune
rheumatic diseases have a previously undescribed
CD3+CD4+CD28+CD11ahiCD70+CD40LhiKIR+ T cell
subset. This subset may play an important role in flares
of lupus and related autoimmune rheumatic diseases,
provide a biomarker for disease activity and serve as a
novel therapeutic target for the treatment of lupus flares.

INTRODUCTION
Epigenetically altered CD4+ T cells play a
crucial role in human lupus flares. Reports

that lupus goes into remission as CD4+ T cell
numbers decline in patients with AIDS,1 2

and that anti-CD4 antibodies treat lupus in
NZB/W and MRL/lpr mice,3 4 indicate that
CD4+ T cells are necessary for lupus disease
activity. Our group reported that treating
human or mouse CD4+ T cells with the DNA
methylation inhibitor 5-azacytidine (5-azaC)
alters gene expression and makes the cells
autoreactive,5 and that the epigenetically
modified murine T cells are sufficient to
cause a lupus-like disease with anti-DNA anti-
bodies and an immune complex glomerulo-
nephritis when injected into syngeneic
mice.6

Genes such as the KIR gene family, CD11a,
CD70 and CD40L, overexpressed by experi-
mentally demethylated CD4+ T cells are also
demethylated and overexpressed by CD4+ T
cells from patients with active lupus.7 The
number of T cells overexpressing these genes
is directly related to lupus disease activity as
measured by the systemic lupus erythemato-
sus disease activity index (SLEDAI).7 8

However, whether KIR, CD11a, CD70 and
CD40L are aberrantly overexpressed on the
same CD4+ T cell, or on different T cells, is
unknown. This is important to determine
because coexpression on the same cell would
lead to the development of new and safer
treatments directed at eliminating this patho-
genic subset.
A growing body of evidence has established

that two or more of the related autoimmune
rheumatic diseases, including systemic lupus
erythematosus (SLE), rheumatoid arthritis
(RA), systemic sclerosis (SSc) and Sjögren’s
syndrome can develop both within the
same person and within families at higher
rates than expected by chance.9–11

Characterisation of commonalities across
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these autoimmune diseases may yield important insights
into their pathogenesis and treatment, and elucidation
of the pleiotropic genetic and environmental risk factors
for autoimmunity is an active area of investigation.12–14

Thus, to determine whether the epigenetically altered T
cell subset is unique to SLE or has broader implications
for these related forms of autoimmunity, we extended
our studies to include RA, Sjögren’s syndrome and SSc,
as well as retroperitoneal fibrosis (RPF), a fibroinflam-
matory disease that can exist as an idiopathic process, as
part of an IgG4-related (IgG4-RD) inflammatory disease,
or in association with underlying disease such as malig-
nancy or connective tissue disease including SLE and
anti-neutrophil cytoplasmic antibody-associated vascu-
litis.15 16 RPF is not associated with antinuclear antibody
production.
The present study uses multicolour flow cytometry to

determine whether CD11a, CD40L, CD70 and the KIR
genes are co-overexpressed on the same or different
CD3+CD4+CD28+ T cells using T cells experimentally
demethylated with 5-azaC and T cells from patients with
active lupus. We also determined whether the size of the
epigenetically altered T cell subset is related to lupus
disease activity and whether the subset is present in
patients with these related autoimmune rheumatic
diseases.

METHODS
Subjects
Patients with SLE, RA, SSc, Sjögren’s syndrome and RPF
were recruited from the rheumatology and nephrology
outpatient clinics at the University of Michigan. Healthy
controls, ages 23–64 years, were recruited by advertising.
Study subjects’ information is shown in online supple-
mentary table S1. A total of 54 patients, 19 with SLE, 9
with RA, 12 with SSc, 8 with RPF and 6 with Sjögren’s
were recruited. In addition, five healthy control subjects
were recruited for the present study. Patients with
Sjögren’s syndrome met criteria for the classification of
primary Sjögren’s syndrome,17 and disease activity was
determined using the European League Against
Rheumatism (EULAR) Sjögren’s syndrome disease activ-
ity index.18 Patients with lupus met the American
College of Rheumatology classification criteria for
SLE,19 20 and disease activity was determined by
SLEDAI.8 Patients with RA met the 2010 criteria for the
classification of RA.21 RA disease activity was assessed on
a qualitative 0–4 scale with 1 point given for each of the
following criteria: (1) provider added an immunosup-
pressant or increased the dose of a currently prescribed
immunosuppressant during the visit, (2) patient
reported morning stiffness >30 min, (3) provider docu-
mented synovitis was present on exam, and (4) ESR or
C-reactive protein (CRP) above normal or increased
from prior visit when judged to be inactive.
Patients receiving cyclophosphamide were excluded

because of effects on T cell surface marker expression.22

Patients with SSc were further classified as sine sclero-
derma (no skin involvement), limited cutaneous SSc or
diffuse cutaneous SSc based on skin examination and
extent of involvement assessed using the modified
Rodnan skin score (MRSS).23 Only subjects with
idiopathic RPF were recruited. However, following the
conclusion of the study, one patient was found to have
IgG4-RD and a positive biopsy. The remaining seven
patients were still deemed to have idiopathic RPF
without IgG4-RD. The RPF diagnosis was confirmed by
expert opinion of study rheumatologist (WM) and
nephrologist (RS) as no standardised classification cri-
teria for RPF currently exists. The diagnosis is suspected
by clinical presentation with back pain and ureteral
obstruction associated with characteristic imaging abnor-
malities, elevated in inflammatory markers, and tissue
revealing fibrotic and non-specific lymphocytic infiltrates
negative for malignancy.24 The majority of patients
with RPF had characteristic CT imaging and ureteral
obstruction.

T cell isolation and culture
Peripheral blood mononuclear cells (PBMCs) were iso-
lated from the venous blood of patients or healthy con-
trols by Ficoll density gradient separation
(Histopaque-1077, Sigma Aldrich, St Louis, Missouri,
USA). Where indicated, PBMCs from healthy female
donors were stimulated with 1 µg/mL phytohemagglu-
tinin (Remel, Lenexa, Kansas, USA) for 18–24 h at 37°C
in a 5% CO2/balanced air environment, followed by
treatment with 2.5 µM 5-azaC (Sigma Chemical Co, St
Louis, Missouri, USA) for 3 days as previously
described.25

Antibodies and flow cytometric analyses
The following antibodies were used: Phycoerytherin
(PE)-anti-Kir2DL4/CD158D (clone 181703; R&D Systems,
Minneapolis, Minnesota, USA), anti-CD40L-biotin (clone
hCD40L-M91) and avidin-PECy7, PE-Cy7-anti-CD8 (clone
RPA-T8), anti-CD11a-APC (clone HI111), Pacific
Blue-anti-CD3 (clone UCHT1), PECy5-anti-CD28 (clone
CD28.2), FITC-anti-CD70 (clone Ki-24) and APC-Cy7-
anti-CD4 (clone RPA-T4) (Becton Dickinson, Franklin
Lakes, New Jersey, USA). PE-anti-CD158b (clone CH-L),
PE-anti-CD158i (clone FES172), PE-anti-CD158b1/b2,
j (clone GL183) and PE-anti-CD158a,h (clone EB6B) were
from Beckman Coulter (Brea, California, USA).
All antibodies were titrated to determine their optimal
concentrations prior to use.
PBMC from patients with autoimmune diseases or

from cultures of 5-azaC-treated PBMC from healthy
donors were incubated in phosphate-buffered saline
(PBS)/0.001% azide containing 10% horse serum at 4°
C for 30 min to block non-specific binding. All staining
procedures were performed at 4°C in the dark. The
cells were then washed, incubated for 60 min, with a
single or mixture of fluorochrome-conjugated anti-
bodies. Biotin-CD40L-stained cells were further washed
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and incubated for 30 min with a 1:1000 dilution of
avidin-PE-Cy7, fixed with 4% paraformaldehyde and
stored in PBS/0.001% azide in the dark at 4°C until ana-
lysed. Controls included isotype and fluorochrome
matched antibodies, single antibodies and ‘full minus
one’ (FMO) staining controls in which one of each of
the fluorochrome-conjugated antibodies was serially
omitted while retaining the rest.
Fluorescence-activated cell sorting (FACS) analyses

were performed using a FACS ARIA IIIU flow cytometer
and FACSDiva software V.6.1.3 (Becton Dickinson, New
Jersey, USA) or an iCyte Synergy (Sony Biotechnology,
San Jose California, USA) and WINLIST V.8 (Verty
Software House, http://www.vsh.com) software. The
fluorescent antibody conjugates, laser emission wave-
lengths and filter sets used are shown in online supple-
mentary table S2.

Statistical analysis
The difference between two means was evaluated with
Student’s t test, and between subset size and disease
activity by regression analysis using GraphPad Prism V.6
software. The median and SD of populations identified
by flow cytometry were calculated using the statistical
functions within the FlowJo software (FlowJo, Ashland
Oregon, USA).

RESULTS
We first analysed the expression of methylation-sensitive
genes in 5-azaC-treated cells from healthy subjects.
PBMCs from a healthy woman were stimulated with
phytohemagglutinin (PHA), then cultured with or
without 5-azaC. Seventy-two hours later, the cells were
washed, stained with fluorochrome-conjugated anti-
bodies to CD3, CD4, CD28, CD11a, CD70 and CD40L
with and without a ‘cocktail’ of PE conjugated anti-
bodies to five distinct KIR proteins, then analysed by
flow cytometry as outlined in figure 1. An example of
the gating strategy used to select the T cell subsets and
establish negative and positive staining for each antibody
is shown in the online supplementary figure. Doublets
were excluded based on forward and side scatter
(panels A–C), thus assuring analysis of single cells.
Greater than 95% of CD3+CD4+ T cells from healthy
donors were CD28+ (panel E), a value typical for young
healthy donors, although this per cent declines some-
what with age.26 Panel F shows CD11a and KIR expres-
sion on the CD3+CD4+CD28+ T cells selected in panel
E. CD3+CD4+CD28+ KIR+ T cells were heterogeneous in
their KIR expression. Since a cocktail of five antibodies
directed to different KIR gene products was used to
provide the broadest coverage of KIR expression, the
heterogeneity observed may reflect different clones, dif-
ferent amounts of a given KIR isotype on the cells or
heterogeneity in the assortment of KIR genes inherited
by any given person.27

Figure 2 shows an example of KIR and CD11a expres-
sion by PHA-stimulated untreated and 5-azaC-treated T
cells from healthy subjects. In the absence of treatment
with the demethylating agent 5-azaC, very few KIR+ cells
were observed (figure 2A). The small number of KIR+

cells observed in the peripheral blood of healthy people
varies and increases somewhat with age.28 Treatment
with 5-azaC increases the numbers of KIR+ cells
(figure 2B), as previously described by our group.29

Further, CD11a expression on the majority (>70%) of
the KIR+CD3+CD4+CD28+ cells treated with 5-azaC
(figure 2B, rectangle) was nearly twice that of the corre-
sponding KIR− T cells (figure 2B, circle) from the same
cultures (median fluorescence intensity 2298±748 SD vs
1394±572, respectively, n=9, analysed in seven different
experiments, p<0.001). We therefore referred to the
KIR+ subset as CD3+CD4+CD28+CD11ahiKIR+. While all
CD4+ T cells express CD11a, overexpression of CD11a

Figure 1 Flow cytometric analysis strategy. Peripheral blood

mononuclear cell (PBMC) from patients with systemic

autoimmune rheumatic diseases or PHA stimulated,

5-azacytidine-treated PBMC from healthy subjects were

stained with fluorochrome-conjugated antibodies to CD3,

CD4, CD28, CD11a, CD70, CD40L and the KIR gene family,

then analysed by gating on CD3+CD4+CD28+ cells and

comparing the levels of KIR and CD11a, then CD40L and

CD70 on the cells.
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confers autoreactivity on CD4+ T cells.11 Single antibody
(PE-KIRs) and FMO (full staining minus PE-KIRs) stain-
ing demonstrated that the KIR staining was specific
(figure 2C, D respectively).

Epigenetically altered T cells in autoimmune diseases
We next tested whether patients with active lupus had a
similar CD3+CD4+CD28+CD11ahiKIR+ subset. Figure 3A
shows an example of CD11a and KIR expression
on CD3+CD4+CD28+ T cells from one of six patients
with inactive SLE. Less than 1% of CD3+CD4+CD28+

cells were also KIR+ (rectangle). However, the per
cent of CD3+CD4+CD28+KIR+ cells increased with
SLE disease activity (figure 3B, C). The KIR+ T cells
also overexpressed CD11a. Evidence for the
CD3+CD4+CD28+CD11ahiKIR+ T cell subset in other sys-
temic autoimmune rheumatic diseases was tested in nine
patients with active and inactive RA and 12 patients with
SSc. Controls included T cells from patients with RPF, an
idiopathic inflammatory fibrosing disorder30 and
healthy age-matched donors. Background levels of
CD3+CD4+CD28+CD11ahiKIR+ T cells were observed in
patients with RA and SSc with inactive RA or sine/limited
SSc (figure 3D, F). As in the patients with SLE, the size of
the KIR+ subset was larger in patients with active RA
(figure 3E) and more extensive SSc (figure 3G) and
appeared to express more CD11a protein than the
KIR− cells. In contrast, the size of the KIR+ subset in
patients with RPF was comparable to that of the
CD3+CD4+CD28+KIR+ subset in healthy controls and did
not increase with disease activity (figure 3H, I).
The significance of the relationship between the size

of the epigenetically altered T cell subset and disease
activity was investigated. Figure 4 shows there was a
direct relationship between the subset size and the
SLEDAI (n=19, p=0.0004, R2=0.52 by linear regression,
figure 4A). Similarly, the relationship between the size of
the KIR+ subset and RA and SSc disease activity was sig-
nificant (figure 4B, C). The subset was seen in two of
the six patients with Sjögren’s syndrome (not shown);
however, four of these subjects had a EULAR Sjögren’s
syndrome disease activity index31 of 0 and two had a
score of 1, with no relation of the score to subset size.
Four of these subjects were positive for Sjogren’s
Syndrome antigen A (SSA) and Sjogren’s Syndrome
antigen B (SSB), and of the other two, one was positive
for rheumatoid factor and the other for anti-DNA anti-
bodies. Further studies of the KIR+ subset in Sjögren’s
patients with more active disease are underway. The
subset was not seen in eight patients with RPF, two of
whom were judged to have active disease as determined
by the clinical criteria described by Swartz.24

Coexpression of other methylation-sensitive genes
The data above show that the CD4+ T cells from patients
with active lupus-related autoimmune diseases as well as

Figure 2 Example of 5-azacytidine (5-azaC) treatment of

PHA-stimulated peripheral blood mononuclear cell (PBMC)

induces the expression of KIR proteins on a subset of

CD4+CD28+CD11ahi T cells. PBMCs from a healthy female

donor were stimulated for 18–24 h with PHA followed by

treatment with 2.5 µM 5-azacytidine or saline for 72 h. The

cells were then stained with fluorochrome-conjugated

antibodies to methylation-sensitive gene products, fixed and

analysed by flow cytometry as described in ‘Methods’. Gating

was established to select CD3+CD4+CD28+ T cells. The

CD3+CD4+CD28+ T cells were then analysed for CD11a and

KIR using a cocktail of five PE-conjugated anti-KIR antibodies

and imaged on a FACS Synergy flow cytometer. (A)

Untreated T cells. (B) 5-azaC-treated T cells. (C)

5-azaC-treated PBMC stained only with the cocktail of

anti-KIR antibodies. (D) 5-azaC-treated T cells stained with

antibodies to CD3, CD4, CD28, CD11a, CD70 and CD40L but

not KIR. The figure shown is representative of nine separate

cultures.

4 Strickland FM, Patel D, Khanna D, et al. Lupus Science & Medicine 2016;3:e000147. doi:10.1136/lupus-2016-000147

Lupus Science & Medicine

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2016-000147 on 4 A
pril 2016. D

ow
nloaded from

 

http://lupus.bmj.com/


patients with Sjögren’s syndrome express elevated levels
of CD11a and KIR and that the per cent of the KIR+

cells correlates with disease activity in patients with SLE,
RA and SSc. We next asked whether the methylation-
sensitive genes CD70 and CD40L were also expressed on
the KIR+ T cells and to what level they were coexpressed
on KIR− T cells. All studies of CD40L activation were
confined to women because CD40L is encoded on the
X chromosome, one of which is inactivated by DNA
methylation in women, so female CD4+ T cells demethy-
lated with 5-azaC or in women with active SLE overex-
press CD40L while CD40L expression is not affected in
male T cells.32 Examples of coexpression in
5azaC-treated T cells from a healthy woman and PBMC
from a woman with active SLE are shown in figure 5.

Nearly all CD4+ T cells also express CD40L (figure 5B,
C, E, F, dotted line). However, with experimentally
induced DNA demethylation and in patients with active
SLE, CD40L expression is elevated in Kir+ T cells32

(figure 5B, E, G) compared with Kir− counterparts
(figure 5C, F, G). In women with active SLE (SLEDAI 4–
8), the majority of the CD4+CD28+CD11ahi

KIR+ CD40Lhi cells were also CD70+ (figure 5G,
geometric mean 71±8% SEM, range 45–95%, n=5,
p=0.001 vs Kir−). In women with active RA, 69±8% SEM
(n=5, range 55–94%, p=0.004) of their
CD4+CD28+CD11ahiKIR+CD40Lhi T cells also overex-
pressed CD70. Similar results (64%±10%, n=5, p=0.007)
were observed in women with diffuse/MRSS >9 SSc). In
contrast, 3% or less of the CD4+CD28+CD11a+KIR− T

Figure 3 CD3+CD4+CD28+CD11ahiKIR+ T cells in patients with rheumatic autoimmune diseases. The selected examples are

representative of 4–7 patients for each level of disease activity. (A) Inactive systemic lupus erythematosus (systemic lupus

erythematosus disease activity index (SLEDAI) 0–2, n=6). (B) Mildly active lupus (SLEDAI 4–5, n=7). (C) Active lupus (SLEDAI

≥6 , n=6). (D) Inactive rheumatoid arthritis (RA) (n=5). (E) Active RA (n=4). (F) Diffuse/limited systemic sclerosis (n=4). (G)

Diffuse systemic sclerosis (n=8). Retroperitoneal fibrosis (n=8) served as a control. Disease activity was clinically determined as

described in the ‘Methods’. Gating was established based on single antibody and full minus one controls for each experiment.

The rectangles indicate KIR+ cells selected in quadrant 2. Numbers above the rectangles are the per cent of total cells. MRSS,

modified Rodnan skin score.
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cells from 5azaC-treated healthy controls or patients
with SLE, RA or SSc overexpressed CD40L and only
10% of expressed CD70 protein. A small number (<3%)
of CD4+CD28+CD11a+KIR− cells expressed CD70 but did
not exhibit elevated levels of CD40L (figure 5F).

DISCUSSION
Previous work from our group demonstrates that inhibit-
ing DNA methylation in human CD4+ T cells with the
Dnmt inhibitor 5-azaC causes demethylation and overex-
pression of genes including CD11a, CD70, CD40L, per-
forin and the KIR gene family, making the cells
autoreactive, cytotoxic and pro-inflammatory.6 33 We also
reported that CD4+ murine T cells treated with 5-azaC
overexpress similar genes and also become autoreactive,
and that the epigenetically altered murine T cells are
sufficient to cause a lupus-like disease when injected
into syngeneic recipients.34 CD4+ T cells from patients
with active lupus have hypomethylated DNA, overexpress
the same genes as those activated by DNA methylation
inhibitors and similarly become autoreactive,6 suggesting

that the demethylated T cells may contribute to flares of
human lupus as they do in the murine models.6 More
recently, we found that oxidative stress, such as that
caused by H2O2 and ONOO−, also causes T cell DNA
demethylation in vitro,35 and that CD4+ T cells treated
with these oxidisers also cause a lupus-like disease in
mice.36 Since lupus flares are characterised by oxidative
stress as evidenced by extensive protein nitration,37 our
observations suggest that antioxidants may help treat
lupus flares. This is supported by reports that the anti-
oxidant N-acetylcysteine decreases human lupus flare
severity.38

The present study extends these reports by demon-
strating that the genes activated in experimentally
demethylated T cells39 are all overexpressed on a previ-
ously undescribed CD4+CD28+ T cell subset found in
patients with active lupus, and that the size of this subset
is directly proportional to lupus disease activity as mea-
sured by the SLEDAI. Since experimentally demethy-
lated murine CD4+ T cells are sufficient to cause a
lupus-like disease in lupus-prone (SJL) mice,40 the epi-
genetically altered T cell subset described above may

Figure 4 Relationship between disease activity and size of the CD3+CD4+CD28+CD11ahiKIR+ T cell subset in patients with

rheumatic diseases. (A–C) The size of the CD3+CD4+CD28+CD11ahiKIR+ T cell subset in patients is plotted against their

disease activity/involvement scores. p Values shown were determined by linear regression. Demographic and disease

information for patients and controls analysed is shown in online supplementary table S1. (D) Size of the

CD3+CD4+CD28+CD11ahiKIR+ T cell subset from A to C. The numbers in the bars represent the number of subjects studied, and

results are presented as the mean±SEM. p Values shown were calculated using Student’s t test. Control, healthy subjects,

retroperitoneal fibrosis (RPF), systemic lupus erythematosus (SLE) and systemic lupus erythematosus disease activity index

(SLEDAI) scores 0–2, 4–5 and ≥6, inactive rheumatoid arthritis (RA(I)), active RA (RA(A)), sine/limited systemic sclerosis (SSc

(modified Rodnan skin score (MRSS) 0–2), diffuse systemic sclerosis (SSc (MRSS 9–26)) and Sjögren’s syndrome.
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similarly contribute to human lupus flares, making the
subset a therapeutic target for agents or antibodies
directed at gene products uniquely expressed by this
subset such as KIR proteins.
The human KIR gene locus encodes approximately 15

KIR genes. The KIR genes are expressed clonally on
natural killer (NK) cells, and the non-expressed genes
are silenced by DNA methylation. Treating NK cells with
DNA methylation inhibitors like 5-azaC activates expres-
sion of the KIR family.41 Normal T cells do not express
KIR genes. However, treating CD4+ T cells with 5-azaC

also activates expression of the KIR gene family.42 Since
KIR genes are expressed clonally on NK cells, but the
KIR gene family is expressed on experimentally
demethylated CD4+ T cells and CD4+ T cells from
patients with active lupus,29 39 antibodies to a single KIR
protein will deplete the epigenetically altered KIR+

subset in lupus patients, while only affecting a clone of
NK cells.
KIR is also expressed on ‘senescent’ CD4+CD28− T

cells that develop with ageing and in chronic inflamma-
tory diseases, and are implicated in atherosclerotic

Figure 5 CD70/CD40L coexpression on KIR+ versus KIR−CD4+CD28+ T cells. The dotted line demarks positive from negative

CD40L staining. (A) Peripheral blood mononuclear cell (PBMC) from a healthy female donor were stimulated 18–24 h with PHA

followed by treatment with 5-azacytidine (5-azaC) for an additional 72 h as described in ‘Methods’. CD3+CD4+CD28+CD11a+Kir+

(rectangle) or Kir− (circle) cells were gated and analysed for their expression of CD70 and CD40L. PBMCs from one of the

female systemic lupus erythematosus (SLE) patients with active disease (systemic lupus erythematosus disease activity index 6)

shown in figure 4 were similarly gated and analysed for their CD70 and CD70 coexpression (D–F). (G) CD70 and CD40L

expression on Kir+ and Kir− cells as depicted in (B, C) and (E, F) above. Data are presented as the geometric mean± SEM per

cent expression of groups of six 5azaC, five SLE, five rheumatoid arthritis (RA) and five systemic sclerosis (SSc) patients. CD40L

overexpression (CD40Lhi) is calculated as the per cent values in (Q2+Q4) for Kir+ (B and E) and Kir− (C and F). Per cent

CD40Lhi that also expresses CD70 is calculated as (Q2/(Q2+Q3)) (C and F). *p=0.03–0.01; **p<0.01 Kir+ vs Kir− by

Student’s t test.
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plaque development and rupture.25 This suggests that
anti-KIR antibodies may also prevent atherosclerotic
plaque development in lupus patients as well as others
with CD4+CD28− T cells. These studies are the subject of
ongoing investigations (manuscript in preparation).
Interestingly, the same epigenetically altered

CD4+CD28+ T cell subset is also found in patients with
related autoimmune rheumatic diseases including RA,
SSc and possibly Sjögren’s syndrome, and the size of the
subset is similarly related to disease activity in RA and to
disease activity in SSc. The studies summarised above
focused primarily on lupus, so it is possible that the subset
may contribute to only the development of antinuclear
antibodies in these other diseases,43 and that inflamma-
tion generated by flares of RA or other autoimmune dis-
eases is responsible for the presence of the subset in these
patients. However, this epigenetically altered autoreactive
lupus T cell subset, which responds to self-class II MHC
molecules without added antigen,5 resembles the semi-
allogeneic T cells that respond to host class II MHC mole-
cules in the murine chronic graft-versus-host disease
model. In this model, semi-allogeneic T cells cause a spec-
trum of autoimmune diseases that resemble human RA,
lupus, Sjögren’s syndrome and SSc, depending on the
genetic background of the mice.44 Similarly, patients
receiving allogeneic bone transplants can develop
graft-versus-host disease resembling SSc, Sjögren’s syn-
drome or RA.45 Further, pristane, which stimulates oxida-
tive stress when injected into mice,46 causes a lupus-like
disease in lupus-prone SJL mice,47 but induces a T cell-
dependent inflammatory arthritis resembling human RA
in CBA mice48 and a disease with features of both RA and
lupus in Balb/c mice.49 Myeloperoxidase suppresses the
development of autoimmunity and renal disease in the
pristane-induced lupus model,50 supporting a role for oxi-
dative stress in this model. This suggests that the epigen-
etically altered T cell subset described above may
contribute to the pathogenesis of the other autoimmune
rheumatic diseases as well as overlap syndromes such as
‘rhupus’ (RA and lupus)51 and other overlapping con-
nective tissue diseases52 depending on the genetic
makeup of the host. This hypothesis is supported by a
recent report describing co-aggregation of systemic auto-
immune diseases including Sjögren’s syndrome, lupus,
RA, SSc and inflammatory myopathies, as well as others in
affected families.53

In summary, these studies define a novel, epigeneti-
cally modified CD4+ T cell subset that is found in
patients with active lupus and other autoimmune rheum-
atic diseases but not the idiopathic inflammatory disease
RPF. This subset may participate in the development of
these diseases and be a therapeutic target for the treat-
ment of human lupus and perhaps the related auto-
immune rheumatic diseases.
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