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Abstract
A senescent CD4+CD28− T cell subset develops with aging and in chronic inflammatory diseases
like rheumatoid arthritis, and is implicated in plaque rupture and myocardial infarctions. This subset
is pro-inflammatory, cytotoxic for endothelial cells, and aberrantly expresses genes like CD70,
perforin and killer-cell immunoglobulin-like receptor (KIR) genes. Why CD4+CD28− cells
overexpress these genes is unclear. We found that the CD70, perforin and KIR2DL4 promoters are
demethylated in CD4+CD28− T cells, and that DNA methyltransferase 1 (Dnmt1) and Dnmt3a levels
are decreased in this subset. siRNA “knockdown” of Dnmt1, but not Dnmt3a, in CD4+CD28+ T
cells caused similar demethylation and overexpression of KIR2DL4, perforin and CD70, while
simultaneous knockdown of Dnmt1 and Dnmt3a caused greater demethylation and overexpression
of these genes than Dnmt1 alone. We conclude that decreased Dnmt1 and Dnmt3a causes
demethylation and overexpression of these and perhaps other genes in CD4+CD28− cells, potentially
contributing to pathologic functions by this subset.
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INTRODUCTION
Chronic stimulation of CD4+ T cells results in the development of a “senescent” CD28− subset
in vitro, in chronic inflammatory diseases like rheumatoid arthritis (RA), and with aging [1;
2;3]. CD4+CD28− T cells aberrantly express genes not normally expressed by CD4+CD28+
T cells, such as members of the killer cell immunoglobulin-like receptor (KIR) gene family
and perforin [4;5], normally expressed by NK cells [6], and overexpress interferon–γ (IFNγ)
[7], LFA-1 [8] and CD70 [9]. The CD4+CD28− T cells acquire cytolytic activity, lysing
endothelial and other cells through mechanisms involving the aberrantly expressed KIR
molecules and self class I MHC molecules, and have been isolated from ruptured
atherosclerotic plaques of people dying from myocardial infarctions, implicating these
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cytotoxic and inflammatory functions in acute coronary events [4;6]. The mechanisms causing
aberrant overexpression of genes like KIR, perforin and CD70 in CD4+CD28− T cells are
incompletely understood.

Our group and others have found that some of the genes aberrantly overexpressed in CD4
+CD28− T cells, including KIR, perforin, IFNγ, LFA-1 and CD70, are suppressed in CD4+ T
cells from young healthy people by DNA methylation, and that demethylation of their
promoters is sufficient to increase their transcription in T cells [10;11;12;13]. Total genomic
T cell DNA is demethylated in RA and aging, although specific subsets have not been studied
[14;15]. Levels of T cell DNA methyltransferase 1 and 3a (Dnmt1 and Dnmt3a), which
maintain DNA methylation patterns during mitosis and DNA repair [16], also decrease with
aging [17], although again subsets have not been studied, the significance of the decreases has
not been established, and the relative roles of Dnmt1 and Dnmt3a in maintaining T cell DNA
methylation patterns during mitosis have not been determined.

We hypothesized that the aberrant expression of methylation sensitive genes in the CD4+CD28
− T cell subset is due to demethylation of crucial promoter sequences, caused by decreased
levels of Dnmt1 and/or Dnmt3a. We therefore compared expression as well as methylation
status of crucial regulatory regions of the CD70, perforin and KIR2DL4 promoters in CD4
+CD28+ and CD4+CD28− T cells, and compared the results with levels of Dnmt1 and Dnmt3a
in these subsets. We also used siRNA “knockdowns” to determine the consequences of
decreased Dnmt1 and Dnmt3a levels on the expression and methylation status of these genes
in T cells.

MATERIALS AND METHODS
Subjects

Patients with RA were recruited from the outpatient rheumatology clinics at the University of
Michigan. Older subjects (ages 50–85) were recruited from the Human Subjects Core of the
University of Michigan Claude D. Pepper Older Americans Independence Center. Young
healthy controls (ages 18–30) were recruited by advertising. All RA patients fulfilled the
American College of Rheumatology criteria for the diagnosis of RA [18]. This protocol was
approved by the University of Michigan Institutional Review Board. A small blood sample
was obtained from each subject at the time of their initial recruitment and tested for the presence
of CD4+CD28− T cells. Those with ≥ 10% CD4+CD28− T cells were invited back for a larger
blood draw. In all 60 subjects were screened for the subset, and 27 (21 RA patients and 6 older
subjects) met entry criteria. Clinical information regarding these subjects is shown in Table 1.
No differences in methylation sensitive gene expression were observed between CD4+CD28
− T cells isolated from the RA patients and the 6 elderly non-RA subjects, and no relationship
was seen between medications received and gene expression in the RA subjects, as reported
by others [19].

Flow cytometric analysis
PBMC were isolated from peripheral blood then stained with fluorochrome conjugated
monoclonal antibodies, fixed, and analyzed using a FACSCalibur flow cytometer (BD
Biosciences, Franklin Lakes, NJ) as previously described [10]. The following monoclonal
antibodies were used: FITC-anti-CD3, FITC-anti-CD4, PE-anti-CD4, PE-anti-CD70, PE-anti-
perforin, PE-mouse IgG1 and FITC-mouse-IgG1, PE-mouse-IgG2b and PE-mouse-IgG3 (all
from BD PharMingen, San Diego, CA). Anti-CD158d-PE (anti-KIR2DL4) was obtained from
R&D Systems. For CD28 staining, PE-conjugated anti-CD28 or a PE-conjugated isotype
control and FITC-anti-CD4 (BD PharMingen) were used.
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Cell separation
PBMC were isolated by density gradient centrifugation and CD4+ cells isolated using CD4
microbeads (Miltenyi, Auburn, CA) as previously described [10]. CD28+ cells were then
isolated either by staining with FITC-conjugated anti-CD28 (BD Biosciences, Franklin Lakes,
NJ) followed by depletion with anti-FITC MicroBeads (Miltenyi Biotech), or by using a CD28
MicroBead kit (Miltenyi Biotech). Purity is typically 95–98% by flow cytometry.

T cell siRNA transfection and culture
PBMC from young healthy donors were isolated by density gradient centrifugation and total
T cells purified using a Pan T cell isolation kit II (Miltenyi). T cells were typically > 94%
CD3+. The T cells were then cultured in RPMI 1640 (Thermo) containing 10% fetal bovine
serum and 1% penicillin/streptomycin. T cells were transfected with 1.4 μg siRNA-DNMT1
and/or siRNA-DNMT3a (QIAGEN) on days one and two using the Amaxa (Gaithersburg,
MD) human T cell nucleofector kit and program U-014. Controls included a nonspecific siRNA
provided by the manufacturer. 6 hours after transfection the cells were stimulated with PHA,
and 24 hours later Dnmt transcripts were measured relative to β-actin using real time RT-PCR,
while methylation and expression of methylation sensitive genes was measured 72 hours after
PHA stimulation. Where indicated, T cells were experimentally demethylated by stimulating
PBMC with PHA for 16 hours then treating with 5 μM 5-azaC for another 72 hours [10].

Real-time quantitative RT-PCR
Total RNA was isolated using the RNeasy Mini Kit (QIAGEN, Valencia, CA). The primers
were as previously described for CD70 [20], perforin and β-actin [10], and KIR2DL4 by
Uhrberg et al [21]. The Dnmt1, Dnmt3a and Dnmt3b primers were also as described [22]. Real-
time RT-PCR was carried out using a Rotor-Gene 3000 (Corbett Robotics, San Francisco, CA)
and a QuantiTect SYBR Green RT-PCR kit (QIAGEN) according to the manufacturer’s
instructions. cDNAs synthesized from T cells were used to generate standard curves for β-
actin, Dnmt1, Dnmt3a, Dnmt3b, CD70, perforin and KIR2DL4 transcripts. Each assay was
repeated at least twice.

Bisulfite conversion and pyrosequencing
Genomic DNA was isolated from T cells using the DNeasy blood & tissue kit (QIAGEN), then
bisulfite treated using the EZ DNA Methylation-Gold kit (ZYMO Research). The
pyrosequencing primers used are shown in Table 2, and were designed and produced by
EpigenDx (Worcester, MA). PCR was performed using HotStar Taq (QIAGEN) and the
following conditions: initial incubation 95° C for 15 min, then 45 cycles of 95° C for 30 s, 60°
C for 30 s and 72° C for 30 s for the CD70 promoter; 45 cycles of 95° C for 30 s, 53° C and
56° C for 30 s and 72° C for 30 s for the perforin promoter; and 45 cycles of 95° C for 30 s,
60° C for 30 s and 72° C for 30 s for the KIR2DL4 promoter. The PCR product of each gene
was then used for the individual sequencing reactions (Table 2). Biotinylated PCR products
were immobilized on streptavidin-coated sepharose beads (GE Healthcare Bio-Sciences AB,
Uppsala, Sweden). 40 μl of binding buffer including 2 μl streptavidin-coated sepharose beads
was added to 40 μl of PCR product and mixed using a shaker, incubating at room temperature
for 10 minutes while agitating constantly to keep the beads dispersed. The biotinylated
amplicon was purified and denatured using a PyroMark Vacuum Prep Workstation (Biotage,
Uppsala, Sweden). The DNA was resuspended in 12 μl annealing buffer including 0.5 μm
sequencing primer in a 96-well PSQ96 plate (Biotage). The sequencing primers were allowed
to anneal on a heat plate set to 85° C for 2 minutes then the samples were cooled to room
temperature. After completion of primer annealing, sequencing was running on the Pyro Mark
MD system (Biotage) with Pyro Gold Reagents (Biotage) according to the manufacturer’s
instructions. Data were analyzed using Pyro Q-CpG Software (Biotage).
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Statistical analysis was performed using Student’s t-test.

RESULTS
Methylation sensitive gene overexpression in CD4+CD28− T cells

Initial studies confirmed overexpression of the methylation sensitive genes CD70, perforin and
KIR2DL4 on CD4+CD28− T cells using flow cytometry. Figures 1a–d show representative
histograms of CD70, perforin and KIR2DL4 in CD4+CD28+ and CD4+CD28− T cells from
a patient with RA. Figure 1B shows the mean±SD of 3 independent experiments similarly
comparing CD70, perforin and KIR2DL4 levels on CD4+CD28+ and CD4+CD28− subsets
from 3 RA patients. Expression of all 3 proteins is significantly higher on the CD4+CD28−
subset (p<0.001 for all genes).

These results were confirmed at the mRNA level. CD4+CD28+ and CD4+CD28− subsets were
purified from the peripheral blood of 5 additional subjects (3 RA and 2 OA), and KIR2DL4,
perforin and CD70 transcripts measured relative to β-actin. Figure 1C shows that KIR2DL4,
perforin and CD70 mRNA levels are significantly (p<0.001) higher in CD4+CD28− T cells
than in CD4+CD28+ T cells, and that KIR2DL4 is barely detectable in CD28+ T cells. No
significant differences were seen in methylation sensitive T cell gene expression between RA
patients and healthy elderly subjects with the CD4+CD28− subset.

Demethylation of CD70, perforin and KIR promoters in CD4+CD28− T cells
We next compared the methylation status of KIR2DL4, perforin and CD70 promoter regulatory
elements in CD4+CD28− and CD4+CD28+ T cells from 3 RA patients using Pyrosequencing
of bisulfite treated DNA. The sequences analyzed were previously reported to undergo
transcriptionally relevant demethylation following treatment with 5-azacytidine, and included
11 CG pairs (−515 to −384) flanking the ITGAL (CD70) promoter [20], 9 CG pairs in the
KIR2DL4 promoter (−250 to the transcription start site) [13], and 12 CG pairs in the PRF1
promoter and upstream enhancer [10]. Figure 2A shows that the promoters of these genes are
significantly (p<0.001 for all) hypomethylated in CD4+CD28− T cells relative to CD4+CD28
+ T cells. For reference, PBMC from 3 young healthy individuals were stimulated with PHA,
treated with 5-azaC and 72 hours later ITGAL, KIR2DL4 and PRF1 promoter methylation was
similarly compared in untreated and 5-azaC treated T cells by Pyrosequencing. Fig 2B shows
a similar but slightly greater decrease in the methylation of the same sequences in these 5-azaC
treated cells (p<0.001 for all 3 genes, untreated vs treated).

DNA methyltransferase levels in CD4+CD28+ and CD4+CD28− T cells
Mechanisms potentially causing demethylation of these sequences were addressed by
comparing Dnmt1, Dnmt3a and Dnmt3b transcripts in CD4+CD28− and CD4+CD28+ T cells
from 5 subjects with the subset (3 RA and 2 healthy elderly subjects), using unstimulated and
PHA stimulated cells. CD4+CD28+ and CD4+CD28− T cells were isolated from the peripheral
blood of the subjects, and Dnmt 1, 3a and 3b transcripts measured relative to β-actin. Figure
2C shows that both Dnmt1 and Dnmt3a transcripts are significantly decreased in the CD4
+CD28− subset (p<0.002). There was no appreciable difference between T cells from the RA
patients and elderly subjects as before. As reported previously by our group [17], Dnmt3b
levels were significantly lower than Dnmt1 and Dnmt3a in T cells, and no difference in Dnmt3b
levels were seen between the CD4+CD28+ and CD4+CD28− subsets (not shown). Since T
cell Dnmt levels increase following stimulation [23], PBMC from 3 additional RA patients
were isolated, stimulated with PHA for 18 hours, then CD4+CD28+ and CD4+CD28− subsets
purified and Dnmt transcripts similarly compared (Fig. 2D). Again, Dnmt1 and Dnmt3a
transcripts are significantly lower in the CD28- subset.
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Effects of Dnmt suppression on methylation sensitive T cell gene expression
The functional significance of decreased Dnmt1 and Dnmt3a in CD4+CD28− cells was tested
using siRNA transfection to “knock down” the transcripts in primary human T cells. Flow
cytometric analysis confirmed that CD4+CD28− T cells are a minor subset of total CD4+ T
cells in young healthy individuals (ages 18–30) (1.03±0.23%, mean±SEM, n=9). In initial
studies, purified T cells from 4 healthy young individuals were transfected with Dnmt1 siRNA
once, or two times on consecutive days. The cells were cultured for 6 hours following the final
transfection, stimulated with PHA, and Dnmt1 transcripts measured in the cells 24 hours after
the PHA stimulation. In cells transfected once, Dnmt1 levels decreased by 54±12% (mean±SD,
n=4) relative to cells transfected without siRNA (“mock transfected”). However, a 70±2%
decrease was observed when the cells were transfected twice with the Dnmt1 siRNA. This
protocol was therefore used in subsequent studies.

T cells from 3 young healthy controls were then transfected with siRNA specific for Dnmt1,
Dnmt3a or both on days one and two, and 6 hours later stimulated with PHA. Controls included
mock transfected T cells and T cells transfected with a nonspecific siRNA provided by the
manufacturer. Twenty-four hours later Dnmt1 and Dnmt3a transcripts were measured relative
to β-actin using real time RT-PCR. Changes in the methylation and expression of methylation
sensitive genes (CD70, perforin and KIR2DL4) were measured 72 hours following the PHA
stimulation. Figure 3 shows that Dnmt1 transcripts were suppressed by transfection with
Dnmt1 with or without Dnmt3a siRNA, but not affected by Dnmt3a siRNA or the mock and
no siRNA control transfections. Similarly Dnmt3a transcripts were suppressed by transfection
with Dnmt3a siRNA with or without Dnmt1 siRNA, but not by Dnmt1 siRNA alone or the
controls. These experiments confirm specificity of the siRNA’s for Dnmt1 and Dnmt3a. Figure
3 also shows that transfection with Dnmt1 siRNA increased levels of CD70, perforin and
KIR2DL4 transcripts, and a further increase was seen with cotransfection of the Dnmt1 and
Dnmt3a siRNAs. However, no effect was seen when the cells were transfected with the Dnmt3a
siRNA alone, or with the control transfections.

These results were confirmed at the protein level using flow cytometry. T cells from 3
additional young healthy controls were similarly transfected with siRNA specific for Dnmt1,
Dnmt3a or both, and controls again included mock transfected T cells and T cells transfected
with a nonspecific siRNA. Figure 4A shows a representative histogram comparing CD70
expression on mock transfected cells, cells transfected with Dnmt1 siRNA alone, or cells
transfected with Dnmt1 and Dnmt3a siRNA, standardized to CD3 expression. Dnmt1
suppression causes an increase in CD70, and co-transfection with siRNA for Dnmt1 and
Dnmt3a show a further increase. Controls confirmed no effect of the transfections on CD3
expression (not shown). Similar increases are seen in the expression of perforin (Fig. 4B) and
KIR2DL4 (Fig. 4C). Figure 4D shows the mean±SD of the 3 experiments. As was seen at the
RNA level, Dnmt1 suppression increases expression of all 3 proteins, and suppression of
Dnmt1 and Dnmt3a gives a further increase. In contrast, methylation sensitive gene expression
is the same in cells transfected with the controls and the Dnmt3a siRNA. These results closely
parallel those observed at the mRNA level shown in fig 3.

Effects of Dnmt suppression on T cell gene methylation
These results suggest that Dnmt1 is the enzyme primarily responsible for maintaining DNA
methylation patterns, and that Dnmt3a may have an additive effect, but suppression of Dnmt3a
is not sufficient to demethylate these genes. We therefore compared methylation of the CD70,
perforin and KIR2DL4 promoters in T cells from 3 young healthy control subjects transfected
with siRNA specific for Dnmt1, Dnmt3a or both using the same protocols as before. Controls
again included mock transfected T cells and T cells transfected with a nonspecific siRNA.
DNA was then isolated and methylation of the CD70, perforin and KIR2DL4 promoters
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compared by Pyrosequencing of bisulfite treated DNA as in figure 2. Figure 5 shows that
Dnmt1 suppression demethylates the promoters of all 3 genes, and suppression of both Dnmt1
and Dnmt3a has a small additive effect, paralleling the effects on gene expression shown in
figs 3 and 4. Again, transfection with the Dnmt3a siRNA or controls had no effect on promoter
methylation. Taken together, our data strongly suggest that Dnmt1 plays a key role in the human
T cell DNA methylation, and Dnmt3a may act as an accessory to support the function of Dnmt1.
The results also suggest that decreases in Dnmt1, and possibly Dnmt3a, contribute to the
aberrant overexpression of some genes in the CD4+CD28− subset.

DISCUSSION
T cells undergoing replicative stress in RA, aging and chronic infections [1;2;3;24] become
senescent. Characteristic changes include altered secretion of a variety of molecules including
proteases, cytokines and growth factors, telomere shortening with eventual proliferative arrest,
and resistance to apoptosis [25;26]. The mechanisms causing senescence are multiple, and
include oxidative damage [27;28], decreased clearance of aberrant proteins [29], and changes
in DNA including telomere shortening, translocations, deletions and mutations [30]. Why
senescent CD4+ T cells aberrantly express genes like perforin and KIR, normally confined to
cytotoxic lymphocytes, is not explained by these mechanisms. However, since these cells are
implicated in plaque rupture and myocardial infarctions understanding the mechanisms
involved may lead to ways to prevent these complications associated with T cell senescence.

The present studies demonstrate that the aberrant overexpression of KIR, perforin, and CD70
in CD4+CD28− T cells is associated with demethylation of regulatory regions and decreased
levels of Dnmt1 and Dnmt3a relative to CD4+CD28+ T cells, and the siRNA studies indicate
that decreases in Dnmt1 and Dnmt3a are likely responsible. KIR genes are typically expressed
by NK cells, and perforin by cytotoxic CD8+ T cells and NK cells, but neither gene is normally
expressed by CD4+ T cells [6]. Similarly, CD70 is expressed on some but not all CD4+ T cells
[31]. We previously reported that pharmacologic inhibition of DNA methylation in CD4+ T
cells is sufficient to demethylate the same regulatory regions of KIR2DL4, perforin and CD70
found to be demethylated in CD4+CD28− cells, causes overexpression of all three genes, and
that methylation of the relevant regulatory sequences in reporter constructs suppresses
promoter function [10;13;20]. This suggests that the requisite transcription factors are present
in CD4+ T cells, and that KIR, perforin and CD70 expression is suppressed primarily by DNA
methylation and a repressive chromatin configuration. These experiments also exclude
unanticipated effects of the pharmacologic agents used previously. It should be noted that
others have very recently reported that the KIR2DL4 promoter is partially demethylated in
CD4+CD28− T cells [32], although transformed lines were primarily studied in this report,
and transformed lines are characterized by abnormal DNA methylation [33] limiting
interpretation of the results.

The present studies also demonstrate that CD4+CD28− T cells express lower levels of Dnmt1
and Dnmt3a than CD4+CD28+ T cells. Dnmt1 preferentially methylates hemimethylated DNA
and is primarily involved in maintaining DNA methylation patterns, while Dnmt3a and
Dnmt3b can methylate unmethylated as well as hemimethylated DNA, and can function as de
novo as well as maintenance methyltransferases [34]. Complete inhibition of DNA methylation
in human, but not necessarily mouse, cells requires suppression of both maintenance and de
novo DNA methyltransferases [35]. We have previously reported that Dnmt1 and Dnmt3a
levels decrease with age in unfractionated T cells, and that T cells express little if any Dnmt3b
[17]. The present studies confirm the low levels of Dnmt3b in T cells, and indicate that the
decreases in Dnmt1 and Dnmt3a are greater in CD4+CD28− than in CD4+CD28+ T cells.
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The relative contributions of Dnmt1 and Dnmt3a to maintenance T cell DNA methylation has
not been established previously. The present results demonstrate that decreasing Dnmt1 levels
alone is sufficient to cause demethylation and overexpression of the three methylation sensitive
genes studied in CD4+CD28+ T cells, while decreasing Dnmt3a levels alone has no effect,
and suppression of both methyltransferases had an additive effect beyond that of Dnmt1 alone.
Since CD4+CD28− T cells have lower levels of these transcripts, it is reasonable to propose
that the decreases in the methyltransferases are responsible for the DNA demethylation
observed in the CD28- subset. This is consistent with observations that inhibition of both
maintenance and de novo DNA methylation is required to demethylate CpG islands in
transformed cells. However, these reports indicate a more prominent role for Dnmt3b than
Dnmt3a [35;36]. Why T cells preferentially express Dnmt3a rather than Dnmt3b is unclear.

The reason for the decrease in Dnmt1 and Dnmt3a in these cells is unknown, but important to
establish because correcting the abnormality may suggest ways to prevent or correct aberrant
gene expression in this subset. Dnmt1 is regulated by signals through the ERK and JNK
pathways [23;37;38], and Dnmt3a by signaling through the ERK pathway [23]. Others have
reported that signaling through these pathways is diminished in aged T cells [39;40]. Our group
has reported that inhibiting ERK pathway signaling with a MEK inhibitor is sufficient to cause
DNA demethylation and overexpression of CD70 in T cells [20], so decreased ERK pathway
signaling could contribute. This raises the possibility that decreased JNK signaling may have
an additive effect on methylation sensitive genes in CD4+CD28− T cells. These studies are in
progress.
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Figure 1. Methylation sensitive gene expression in CD4+CD28+ and CD4+CD28− T cells
A. PBMCs were isolated from RA patients with CD4+CD28− comprising ≥ 10% of the CD4
+ population, then the CD4+CD28+ (left column) and CD4+CD28− (right column) subsets
were separated and stained with a. Anti-CD28-PE, b. anti-CD70-PE, c. anti-perforin-PE or
d. anti-KIR2DL4-PE. Filled curves represent staining with an IgG isotype control and open
curves represent staining with the specific PE-conjugated antibodies. B. Mean+SD of three
serial experiments similarly measuring CD28, CD70, perforin and KIR2DL4 on purified CD4
+CD28+ (open bars) and CD4+CD28− (closed bars) cells (p<0.001, CD4+CD28+ vs
CD4+CD28− for all). C. CD4+CD28− and CD4+CD28+ T cells were isolated from 5 additional
subjects, then CD70, perforin and KIR2DL4 transcript levels measured relative to β-actin using
real-time RT-PCR. Open bars represent the mean+SD of transcripts from CD4+CD28+ T cells,
and closed bars the mean+SD of transcripts from CD4+CD28− T cells ( p<0.001,
CD4+CD28+ vs CD4+CD28− for all).
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Figure 2. Promoter methylation and DNA methyltransferase expression
A. PBMCs were isolated from 3 subjects with the CD4+CD28− subset then CD4+CD28+ and
CD4+CD28− T cells were isolated as in figs 1 and 2. DNA was isolated from the cells and
overall methylation of transcriptionally relevant promoter regions of the indicated genes
measured by Pyrosequencing of bisulfite treated DNA. Open bars represent the mean overall
methylation+SD of CD4+CD28+ T cells, and closed bars the mean+SD of CD4+CD28− T
cells (* p<0.001, CD4+CD28+ vs CD4+CD28−). B. Freshly isolated PBMC from young healthy
individuals were stimulated with PHA, treated or not with 5-azaC, and 72 hours later CD4+ T
cells were purified, DNA isolated, and methylation of the CD70, perforin and KIR2DL4
promoters measured as in panel A. Open bars represent the mean+SD of the 3 determinations
in untreated CD4+ T cells, and closed bars the mean+SD of the 5-azaC treated T cells (* p<
0.001). C. CD4+CD28+ (open bars) and CD4+CD28− (closed bars) T cells were isolated from
PBMCs of 5 subjects, then Dnmt 1 and 3a transcripts measured relative to β-actin using RT-
PCR. Results are presented as the mean+SD of the 5 determinations (* p<0.002,
CD4+CD28+ vs CD4+CD28−). D. PBMCs from 3 additional subjects were stimulated with
PHA for 18 hours, CD4+CD28+ (open bars) and CD4+CD28− (closed bars) subsets purified
and Dnmt transcripts measured as in panel C. Results represent the mean+SD of the 3
determinations († p < 0.004).
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Figure 3. Effect of Dnmt1 and Dnmt3a suppression on methylation sensitive T cell gene mRNA
levels
T cells were purified from the PBMC of 3 healthy subjects then transfected twice without
siRNA (mock transfected, black bars), a control siRNA (dark dotted bars), Dnmt1-siRNA
(open bars), Dnmt3a siRNA (crosshatched bars) or Dnmt1+Dnmt3a siRNA (light dotted bars).
Six hours later the cells were stimulated with PHA. Dnmt1 and Dnmt3a transcripts were
measured 24 hours after stimulation, and CD70, perforin and KIR2DL4 transcripts measured
72 hours after stimulation. Results are presented as the mean+SD of the three independent
experiments. (* p<0.01, siRNA-Dnmt1 vs mock or negative control, and # p<0.03, siRNA-
Dnmt1 vs siRNA-Dnmt1+Dnmt3a).
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Figure 4. Effect of Dnmt1 and Dnmt3a suppression on methylation sensitive T cell gene protein
levels
Panels A–C show representative histograms of T cells transfected twice without siRNA or
siRNA negative control (curve 1), with Dnmt1-siRNA (curve 2) or with Dnmt1-siRNA
+Dnmt3a-si-RNA (curve 3), stimulated with PHA, and 72 hours later stained with anti-CD70-
PE (A), anti-perforin-PE (B) or anti-KIR2DL4-PE (C). D. T cells from three healthy controls
were similarly transfected without siRNA (mock transfected, black bars), a control siRNA
(dark dotted bars), Dnmt1-siRNA (open bars), Dnmt3a siRNA (crosshatched bars) or Dnmt1
+Dnmt3a siRNA (light dotted bars) then stimulated with PHA as described in fig 3. 72 hours
later CD70, perforin and KIR2DL4 expression were measured relative to CD3 by flow
cytometry. Results are presented as the mean+SD of three independent experiments measuring
CD70-PE, perforin-PE or KIR2DL4-PE MFI relative to CD3-FITC MFI. (* p≤0.003, Mock
or negative control vs siRNA-Dnmt1, # p≤0.04, siRNA-Dnmt1 vs siRNA-Dnmt1+Dnmt3a).
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Figure 5. Effect of Dnmt1 and Dnmt3a suppression on CD70, perforin and KIR2DL4 promoter
methylation
T cells from three healthy controls were transfected without siRNA (mock transfected, black
bars), a control siRNA (dark dotted bars), Dnmt1-siRNA (open bars), Dnmt3a siRNA
(crosshatched bars) or Dnmt1+Dnmt3a siRNA (light dotted bars) then stimulated with PHA
as described in fig 4. 72 hours later CD70, perforin and KIR2DL4 promoter methylation were
measured by Pyrosequencing. The results represent the mean+SD of the three independent
experiments. (* p<0.001, mock or negative control vs siRNA-Dnmt1, and # p≤0.002, siRNA-
Dnmt1 vs siRNA-Dnmt1+Dnmt3a).
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Table 2
Primers

Pyrosequencing Primers

Gene name Primer name Primer sequence 5′ -> 3′ 5′ mod PCR length

CD70 ADS320FP TGGATTATTTAAGGTTAGGAGTTTA 269 bp

ADS320RPB TATACCCCTCTCCTACATTTTTT biotin

Perforin-1 ADS432FP AGTTTTTGGTGAAGTTGGGATTA 320 bp

ADS432RPB AATCACACTTTAAAACTCATCCCTTAC biotin

Perforin-2 ADS433FP TGAGGTATAGTGAGGTTGAAGAAT 184 bp

ADS433RPT TAAACAAACCAACAAAACCATCTC tailed

KIR2DL4 ADS549FP GTGTAGGGGTAAGTGAGTTTGAGA 311 bp

ADS549RPB CACCAAAACATACCAAAATAATAACC biotin

Sequencing Primers

Gene name Primer name Primer sequence 5′ -> 3′ CpGs No.

CD70 ADS320FS1 AAATTAGTTAGGTATGGTGG 11

Perforin-1 ADS432FS2 TAGAAGAGGGTGGGGCTATTG 4

Perforin-2 ADS433FS GAATTTTATTAGTTTATATTG 7

KIR2DL4-1 ADS549FS1 GGGGTAAGTGAGTTTGAGAT 2

KIR2DL4-2 ADS549FS2 TGATTGATTTATTATTTGAA 1

KIR2DL4-3 ADS549FS3 TTTTATATGTTGTGGCTAATG 7
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