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Summary

There is a progressive increase in cardiovascular disease with declining

renal function, unexplained by traditional risk factors. A CD4+ T-cell sub-

population (CD4+ CD28�), activated by human heat-shock protein 60

(hHSP 60), expands in patients with acute coronary syndrome and is

associated with vascular damage. These cells exhibit cytotoxicity via

expression of activating killer cell-immunoglobulin-like receptor KIR2DS2,

mainly in the absence of inhibitory KIR2DL3. We investigated expansion

of these cells and the pathogenic role of the KIR in non-dialysis-depen-

dent chronic kidney disease (NDD-CKD) and end-stage haemodialysis-

dependent renal disease (HD-ESRD) patients. CD4+ CD28� cells were

present in 27% of the NDD-CKD and HD-ESRD patients (8–11% and

10–11% of CD4+ compartment, respectively). CD4+ CD28� cells were

phenotyped for KIR and DAP12 expression. Cytotoxicity was assessed by

perforin and pro-inflammatory function by interferon-c expression on

CD4+ CD28� clones (NDD-CKD n = 97, HD-ESRD n = 262). Thirty-four

per cent of the CD4+ CD28� cells from NDD-CKD expressed KIR2DS2

compared with 56% in HD-ESRD patients (P = 0�03). However, 20% of

clones expressed KIR2DL3 in NDD-CKD compared with 7% in HD-ESRD

patients (P = 0�004). DAP12 expression in CD28� 2DS2+ clones was

more prevalent in HD-ESRD than NDD-CKD (92% versus 60%;

P < 0�001). Only 2DS2+ 2DL3� DAP12+ clones were cytotoxic in

response to hHSP 60. CD4+ CD28� cells exhibited increased KIR2DS2,

reduced KIR2DL3 and increased DAP12 expression in HD-ESRD com-

pared with NDD-CKD patients. These findings suggest a gradual loss of

expression, functionality and protective role of inhibitory KIR2DL3 as

well as increased cytotoxic potential of CD4+ C28� cells with progressive

renal impairment. Clonal expansion of these T cells may contribute to

heightened cardiovascular events in HD-ESRD.

Keywords: CD4+ CD28� T cells; chronic kidney disease; killer cell immu-

noglobulin receptors.

Introduction

A population of CD4+ T lymphocytes that lack the CD28

co-stimulatory marker, CD4+ CD28� T cells, was first

identified in patients with acute coronary syndrome

(ACS) by Liuzzo et al. in 1999.1 These cells were reported

to be present in unstable coronary artery plaques as well

as in the peripheral blood of patients with ACS.2,3

CD4+ CD28� T cells are phenotypically and functionally

separate from classic CD4+ cells. They express killer cell

immunoglobulin-like receptors (KIRs), a characteristic of

natural killer cells, and have significant pro-inflammatory

and cytotoxic function, releasing interferon-c (IFN-c) and
perforin upon activation.4 Recent studies have shown that

patients with end-stage renal disease (ESRD) also have

increased numbers of circulating CD4+ CD28� T cells

and the presence of these cells is independently associated

with atherosclerotic disease in these patients.5–7
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Studies carried out in our laboratories have shown that

the CD4+ CD28� T cells present in patients with ACS are

specifically reactive to the ubiquitously expressed intracel-

lular chaperone protein, human heat-shock protein 60

(hHSP 60).8 Because of their ability to produce high lev-

els of IFN-c involved in monocyte and macrophage acti-

vation, CD4+ CD28� cells are thought to play an

important pathogenic role in the progression of athero-

sclerotic disease.3 Activated macrophages induce expres-

sion of matrix metalloproteinases, which are implicated

in degradation of the atherosclerotic plaque cap leading

to thrombus formation.3 Perforin release, on the other

hand, causes direct lysis of smooth muscle cell and the

endothelial cell component of plaques leading to destabi-

lization and rupture.9 Although CD4+ CD28� T cells are

rare in healthy individuals, in patients with ACS these T

cells can comprise more than 50% of the total CD4+

T-cell repertoire and have been shown to increase pro-

gressively with subsequent coronary artery events.2 Our

previous studies have also confirmed that CD4+ CD28�

cells from healthy individuals are phenotypically and

functionally different to those found in chronic inflam-

matory conditions and constitute a non-pathogenic T-cell

population.8,10 Recent studies have shown that prevalence

of circulating CD4+ CD28� T cells is associated with early

atherosclerotic damage in patients with ESRD.7

We have also demonstrated that CD4+ CD28� cells in

ACS patients exhibit selective effector function upon

interaction of the activating KIR2DS2 receptor with

hHSP 60 and may contribute to progressive atheroscle-

rotic disease.10 The cytotoxic drive of CD4+ CD28� cells

has been shown to be mediated by the expression of the

adaptor molecule DAP12 on these cells.10 The pro-

inflammatory function of CD4+ CD28� cells, on the

other hand, has been demonstrated to be T-cell-receptor-

mediated and in the context of MHC class II presentation

of the antigen.4 Although recent data suggest that cyto-

megalovirus (CMV) infection may be strongly associated

with the emergence of the CD4+ CD28� cells, in patients

with ACS these cells are hHSP 60 specific and do not

respond to CMV antigens presented by MHC II or MHC

I and no cytotoxic response is observed in this cell popu-

lation when exposed to CMV antigen-expressing autolo-

gous cells.8,11

Chronic kidney disease (CKD) represents a heightened

inflammatory state and is associated with a progressive

increase in cardiovascular mortality as the renal function

declines.12,13 The highest mortality rates are observed in

patients with ESRD on dialysis. Traditional risk factors

only partially explain this disproportionate increase in

cardiovascular risk.14 Heat-shock proteins, because of

their ability to stimulate directly a T-cell-mediated

immune response, have been implicated in vascular injury

and atherosclerosis.15,16 Renal failure may trigger a heat-

shock protein response as a consequence of stress, ischae-

mia and oxidative injury. Indeed, heat-shock protein

expression is up-regulated in patients on haemodialysis

and in non-dialysis-dependent CKD.17–19 The aim of this

study was to further characterize the antigen specificity as

well as pro-inflammatory and KIR-mediated cytotoxic

function of these cells. Non-dialysis-dependent CKD

(NDD-CKD) patients were compared with haemodialysis-

dependent ESRD (HD-ESRD) patients to explore the pos-

sible changes in CD4+ CD28� T-cell functionality with

worsening kidney failure.

Methods

Patient population

Fifteen NDD-CKD patients (mean estimated glomerular

filtration rate 30 � 15 ml/min/1�73 m2) and 15 mainte-

nance HD-ESRD patients aged between 18 and 75 years

were recruited for the study from the general nephrology

clinics and haemodialysis unit at St George’s Hospital.

Patients with active inflammation, history of autoimmune

disease, malignancy, heart failure and those with acute

coronary syndrome (diagnosed with a Troponin-T rise

> 0�05 ng/ml) within the last 3 months were excluded.

Ten healthy volunteers were included in the study as con-

trols. The study was approved by the local research ethics

committee (REC No: 054/Q0803/185) and conforms to

the Declaration of Helsinki.

Peripheral blood mononuclear cell separation and T-cell
isolation

Peripheral blood mononuclear cells were separated from

peripheral blood by Lymphoprep (Axis-Shield, Oslo,

Norway). CD4+ CD28� cells were then separated magnet-

ically using MACS LS and MS columns and the CD4+

T-cell isolation kit according to the manufacturer’s

instruction and as described previously (Miltenyi Biotec,

Surrey, UK).10

CD4+ CD28� cell cloning

Cloning was performed at a dilution of 0�5 cell/well of

96-well plates using Iscove’s modified Dulbecco’s medium

(Life Technologies, Paisley, UK) and irradiated allogeneic

feeder cells as described previously.10,20 Cultures were

incubated at 37° for 4 days then supplemented with fresh

medium and single clones were identified on day 12.

Phenotyping of CD4+ CD28� cell clones

CD4+ CD28� cell clones were phenotyped for the expres-

sion of activating and inhibitory receptors KIR2DS2,

KIR2DL2, KIR2DL3 and the adaptor molecule DAP12.

Using the Trizol reagent, RNA was extracted from each
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clone and cDNA synthesis was carried out using Super-

script II reverse transcriptase and random hexamers (Life

Technologies) according to our previously published

methodology.8

Amplification of the receptor transcripts was performed

using the primers and conditions as previously

described.10

CD4+ CD28� T-cell responses to antigen stimulation

Autologous monocyte-derived target cells were prepared

from peripheral blood mononuclear cells using a previously

described methodology.10,20 Target cells were pulsed with

5 lg/ml hHSP 60 at 37° overnight and reseeded into 96-

well plates at a density of 3 9 104 cells/well. T-cell clones

expressing different receptors were added to target cells at

an effector to target cell ratio of 30 : 1 in 100 ll final vol-
umes.10 After 5 hr of incubation at 37°, perforin and IFN-c
mRNA transcriptions were assessed for each well using RT-

PCR. Each well containing the same number of target and

effector cells was used for RNA extraction and cDNA syn-

thesis, which were carried out as described above. The

amplification of the activation markers, IFN-c and perforin

was performed using 100 ng of cDNA and AmpliTaq Gold

polymerase.8 The positive and negative controls included

phytohaemagglutinin-stimulated (10 lg/ml) and unstimu-

lated (no hHSP 60) target cells.

Perforin responses of 2DS2+ DAP12� and
2DS2+ DAP12� T-cell clones

CytoTox96 Cytotoxicity Assay kit (Promega, Southamp-

ton, UK) was used to assess the cytotoxic function of

CD4+ CD28� clones. The kit measures the amount of

lactate dehydrogenase released in the culture medium

upon lysis of the target cells. Hence, assessment of lactate

dehydrogenase release reflects target cell lysis levels as a

measure of T-cell cytotoxicity. Replicas of 2DS2+ DAP12+

and 2DS2+ DAP12� clones that were used for the mea-

surement of perforin mRNA were analysed for their cyto-

toxic responses against monocytes pulsed with 5 lg/ml

hHSP 60. The procedures employed for the preparation

of effector and target cells, as well as the antigen pulsing,

were as described in the previous section.10 The Cyto-

Tox96 assay protocol was then followed according to the

manufacturer’s instruction (Promega) and as previously

described.10 After exposure of target to effector T cells for

5 hr, the absorbance values were recorded at 492 nm and

cytotoxicity was calculated using the formula provided in

the manufacturer’s manual (Promega).

IFN-c responses of 2DS2+ and 2DS2� T-cell clones

The RayBio� Human IFN-c ELISA kit (RayBiotech, Nor-

cross, GA) was used to detect the amount of IFN-c

released in culture supernatant of 2DS2+ and 2DS2� T-

cell clones upon antigen stimulation. This kit provides a

quantitative measurement of human IFN-c using a spe-

cific antibody immobilized on a 96-well plate. Replicas of

2DS2+ and 2DS2� clones that were used for the measure-

ment of IFN-c mRNA were tested for their IFN-c release

against monocytes pulsed with 5 lg/ml hHSP 60. The

protocols for the preparation of effector and target cells,

as well as the antigen pulsing, were as described in the

previous section.10

T-cell clones were stimulated with hHSP 60 and super-

natants were separately transferred into the wells of the

assay plate. The ELISA was then completed according to

the manufacturer’s instructions (RayBio) after addition of

biotinylated anti-human IFN-c and horseradish peroxi-

dase-conjugated streptavidin followed by the substrate

solution. The absorbance values were recorded at 450 nm

and the amount of IFN-c bound was calculated from the

calibration curve. The detection limit for IFN-c was

15 pg/ml.

Statistical analyses

All continuous normally distributed variables are

expressed as mean � 1SD. Non-parametric variables are

expressed as median � interquartile range. Categorical

variables are expressed as n (%). Independent sample t-

test was used to test statistical significance for parametric

continuous variables, whereas the Mann–Whitney U-test

was used to test statistical significance for non-paramet-

ric continuous variables. A v2-test was used to test sta-

tistical significance for categorical variables. A two-sided

P-value of < 0�05 was considered for statistical signifi-

cance.

Results

The demographic and clinical characteristics of patients

are summarized in Table 1. The NDD-CKD (n = 15) and

HD-ESRD patients (n = 15) were similar in age (55 � 12

versus 57 � 13 years, P = 0�70), gender (60% males in

both groups) and ethnicity. No significant differences

were observed for presence of hypertension defined as

blood pressure ≥ 130/80 mmHg or on antihypertensive

medication. All other parameters evaluated, including

antihypertensive treatments, statin therapy, anti-platelet

therapy, diabetes status, hypercholesterolaemia, previous

vascular disease, current smokers, and high sensitivity C-

reactive protein levels (hsCRP) were comparable in the

two groups.

Table 2 shows the demographic and clinical character-

istics of patients and controls. The patients and controls

were age, gender and ethnicity matched. NDD-CKD and

HD-ESRD patients had a higher proportion of hyperten-

sion (P < 0�001) compared with healthy volunteers.
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Assessment of the CD4+ CD28� cell expansion

Four NDD-CKD patients had increased numbers of

CD4+ CD28� cells that constituted 8–11% of the CD4+

compartment. There was no difference in age and hsCRP

levels in patients with CD4+ CD28� cells compared with

those without. Expanded levels of pathogenic

CD4+ CD28� cells were also detected in four ESRD

patients on haemodialysis, which represented 10–11% of

the CD4+ population. Compared with the rest of the

dialysis patients they had similar hsCRP and total CD4+ cell

count, but were older (70 � 3�5 versus 59�9 � 8�7 years,

P = 0�045). Low level presence of non-pathogenic

CD4+ CD28� cells was detected in six of the 10 healthy

controls constituting 1% of the CD4+ compartment.

Assessment of KIRs and DAP12 distribution

KIR2DS2 is the predominant receptor mediating

CD4+ CD28� cell cytotoxicity.10 We therefore determined

Table 1. Characteristics of patients with non-dialysis-dependent chronic kidney disease and haemodialysis patients

Variables

Non-dialysis-dependent

CKD (n = 15)

Haemodialysis

(n = 15) P-value

Age 55 � 12 57 � 13 0�70
Gender (males) (%) 9 (60) 9 (60) 1�00
Ethnicity (%)

Caucasian 5 (33) 5 (33)

0�67

Afro Caribbean 4 (27) 6 (40)

South Asian 6 (40) 4 (27)

Hypertension (%) 14 (93) 12 (80) 0�59
Diabetes mellitus (%) 0 3 (20) 0�22
Hypercholesterolaemia (%) 8 (53) 5 (33) 0�26
Current smokers (%) 2 (13) 1 (6) 1�00
History of vascular disease (%) 1 (7) 4 (27) 0�33
hsCRP (mg/l) 4 � 3�15 6�9 � 8�7 0�38
Systolic BP (mmHg) 133 � 12 129 � 22 0�54
Diastolic BP (mmHg) 81 � 7 76 � 13 0�24
ACE inhibitor or ARB therapy (%) 12 (80) 7 (47) 0�055
Statin therapy (%) 9 (60) 6 (40) 0�27
Anti-platelet therapy (%) 3 (20) 2 (13) 1�00
Calcium channel blockers (%) 10 (67) 7 (47) 0�26
b-blockers (%) 3 (20) 4 (27) 1�00

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BP, blood pressure; CKD, chronic

kidney disease; hsCRP, high-sensitivity C-reactive protein.

Hypertension defined as BP ≥ 130/80 mmHg or on anti-hypertensives. Hypercholesterolaemia defined as total cholesterol > 5 mmol/l or on sta-

tin therapy. History of vascular disease defined as presence of ischaemic heart disease, peripheral vascular disease or previous cerebrovascular

event.

Table 2. Comparison of demographic and clinical characteristics between patients and controls

Variables

Patients

NDD-CKD, n = 15 and

HD-ESRD, n = 15

Controls

Healthy volunteers

(n = 10) P-value

Age (years) 56 � 13 51 � 12 0�31
Gender (males) (%) 18 (60) 5 (50) 0�58
Ethnicity (%)

Caucasian 10 (33) 5 (50)

0�59

Afro Caribbean 10 (33) 2 (20)

Asian 10 (33) 3 (30)

Diabetes (%) 3 (10) 0 (0) 0�29
Hypertension (%) 26 (87) 0 (0) < 0�001*

Abbreviations: HD-ESRD, end-stage haemodialysis-dependent renal disease; NDD-CKD, non-dialysis-dependent chronic kidney disease.

Hypertension defined as blood pressure ≥ 130/80 mmHg or on antihypertensive medications.

*Denotes a significant difference in proportion of hypertension between healthy subjects and chronic kidney disease patients.
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the expression of KIR2DS2 and its corresponding inhibi-

tory receptors, KIR2DL2 and KIR2DL3, on individual T-

cell clones from patients and control groups. Analysis of

97 T-cell clones established from three NDD-CKD

patients revealed the presence of KIR2DS2 in 36 (35%),

41 (40%) and 29 (28%) clones. In comparison, investiga-

tion of the 262 clones from four HD-ESRD patients

showed expression of KIR2DS2 in 107 (41%), 238 (91%),

134 (51%) and 113 (43%) clones (P = 0�03). The

co-expression of the inhibitory KIR2DL3 was present in

20%, 25% and 17% compared with only 10%, 3%, 6%

and 9% of the 2DS2+ CD4+ CD28� cell clones in NDD-

CKD and HD-ESRD patients, respectively (P = 0�004).
DAP12 adaptor molecule is an essential component of

2DS2-mediated effector function. Screening for the pres-

ence of DAP12 showed lower expression of the corre-

sponding mRNA in CD28� 2DS2+ cells from NDD-CKD

patients compared with HD-ESRD patients (62�5%, 55%

and 62�5% versus 87%, 95%, 94% and 93%, P < 0�001).
The inhibitory receptor KIR2DL2 was not detected on the

clones from either group. The prevalence of 2DS2+ clones

in healthy individuals was 24%, but its expression largely

coincided with the presence of the inhibitory receptors

(92%) and complete absence of DAP12 expression.

Assessment of IFN-c and perforin responses of
CD4+ CD28� cells by RT-PCR

The analysis of the total CD4+ CD28� T-cell fractions

isolated from peripheral blood mononuclear cells showed

the antigen specificity of these T cells for hHSP 60 by up-

regulation of IFN-c and perforin transcription. We then

investigated the pro-inflammatory and cytotoxic

responses of the T-cell clones expressing KIR2DS2 by RT-

PCR. Assessment of T-cell clones established from both

groups of patients revealed that the cytotoxic response,

manifested by perforin transcription upon hHSP 60 expo-

sure, was dependent on expression of both KIR2DS2 and

the DAP12 molecule (Fig. 1). Clones lacking KIR2DS2

were also investigated and found to be non-reactive. The

pro-inflammatory IFN-c response was not, however,

dependent on the expression of either of these molecules

(Fig. 2). Perforin response always coincided with IFN-c
up-regulation, although in some clones the latter response

was present in the absence of the former. These data

demonstrate that IFN-c production by CD4+ CD28� cells

is independent of KIR expression and MHC class I path-

way confirming our previous findings that cytokine acti-

vation occurs in the context of MHC class II antigen

presentation.10

Analysis of CD4+ CD28� 2DS2+ clones from healthy

controls showed that these cells were non-reactive to

hHSP 60 by perforin or IFN-c responses. Our previous

work on CD4+ CD28� cell clones isolated from healthy

volunteers has also confirmed the non-responsiveness of

the T-cell clones to hHSP 60 stimulation.10 This agrees

with the published literature in confirming that these cells

constitute a non-pathogenic population of CD4+ cells and

their expansion is a result of age-related replicative senes-

cence.21

Pathological assessment of KIR2DS2 and its
inhibitory receptor KIR2DL3

KIR2DS2 is expressed on CD4+ CD28� cells largely in

the absence of the corresponding inhibitory receptors

KIR2DL2 and KIR2DL3. However, in patients with ACS

it has been shown that the presence of these inhibitory

receptors had no functional role in opposing the activa-

tion signals generated by KIR2DS2 upon antigen encoun-

ter.10

The inhibitory receptor present in the KIR2DS2-

expressing CD4+ CD28� cells in NDD-CKD and HD-

ESRD patients is KIR2DL3. Analysis of 10 CD4+ CD28�

clones co-expressing KIR2DS2 and KIR2DL3 in NDD-

CKD patients showed that KIR2DL3 expression in eight

clones inhibited the perforin response of the KIR2DS2.

Upon exposure to hHSP 60-pulsed autologous cells no

up-regulation of perforin transcription was noted by these

cells. Two KIR2DS2 and KIR2DL3 positive clones, how-

ever, responded to autologous hHSP60-expressing cells by

perforin response. A representative set of results is shown

in Fig. 3. Analysis of the clones expressing KIR2DS2 in

the absence of the KIR2DL3 showed that all the clones

(n = 10) reacted to antigen-pulsed target cells by up-reg-

ulation of perforin transcription. A representation of the

results is shown in Fig. 4. This suggests that unlike in

(a)

1 kb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

(b)
1 kb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Figure 1. Perforin reactivity of CD4+ CD28� 2DS2+ T-cell clones

against human heat-shock protein 60 (hHSP 60)-pulsed autologous

monocytic target cells. (a) Expression of perforin transcripts by T-

cell clones in the presence (wells 1, 3, 5, 7, 9 and 11) and absence

(wells 2, 4, 6, 8, 10 and 12) of antigen exposure. Each test was per-

formed using replica clones. Wells 15 and 16 represent

2DS2+ DAP12+ and 2DS2+ DAP12� clones stimulated with phyto-

haemagglutinin, respectively. (b) Expression of DAP12 in relation to

hHSP 60 reactivity of CD4+ CD28� 2DS2+ clones in (a).

2DS2+ DAP12� clones did not produce perforin mRNA in response

to hHSP 60-pulsed (well 13) and un-pulsed target cells (well 14) in

both panels. Transcript sizes for perforin and DAP12 are 589 bp and

236 bp, respectively.
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ACS, the inhibitory KIR2DL3 on the majority of

CD4+ CD28� cells from NDD-CKD patients are func-

tional and capable of opposing the KIR2DS2-mediated

reactivity to autologous antigens and the non-discrimi-

nate killing potential of these T cells.

We then addressed the protective role of KIR2DL3 in

patients on haemodialysis. Antigen stimulation of the 10

2DS2+ 2DL3+ clones revealed a reduction of the inhibi-

tory function by KIR2DL3 with only four 2DS2+ 2DL3+

clones being non-reactive, whereas the rest (60%) exhib-

ited an increased perforin transcription response. A repre-

sentative set of results is shown in Fig. 3. All the

2DS2+ 2DL3� clones (n = 10) reacted to hHSP 60-pulsed

cells by up-regulation of perforin mRNA. A representa-

tion of the results is shown in Fig. 4. The significance of

these findings is further addressed in the discussion.

Selective lysis of hHSP 60-pulsed monocytes by
2DS2+ DAP12+ clones

Following the assessment of the perforin response of

2DS2+ DAP12+ clones at the mRNA level, we conducted

further experiments to assess the cytolytic capability of

the same clones using the CytoTox96 assay (Promega).

This kit quantitatively measures lactate dehydrogenase

released upon cell lysis.10 Replicas of 2DS2+ DAP12+ and

2DS2+ DAP12� clones were investigated using hHSP 60-

pulsed monocytes as target cells (Fig. 5). A total of eight

T-cell clones, consisting of four 2DS2+ DAP12+ and four

2DS2+ DAP12� clones from NDD-CKD and HD-ESRD

patients were investigated. These represented the replicas

of the same clones that had already been used for the

measurement of perforin transcript levels following anti-

gen stimulation. The mean percentage cytotoxicity was

90�5% for 2DS2+ DAP12+ clones, calculated according to

the manufacturer’s instructions (Promega).

2DS2+ DAP12� clones and control wells containing

effector clones in the absence of antigen prompted no

cytotoxicity. Duplicate clones were tested to validate our

findings. These results support our mRNA data on the

cytotoxic capability of CD4+ CD28� T cells co-expressing

2DS2 and DAP12 receptors against hHSP 60 and dem-

onstrate that these T cells can induce an effector

response by releasing perforin granules. The results fur-

ther confirm that the cytotoxicity of

CD4+ CD28� 2DS2+ cells is dependent on the expression

of DAP12 by these T cells.

IFN-c secretion of 2DS2+ and 2DS2� T cells

To assess the capability of CD4+ CD28� 2DS2+ and

CD4+ CD28� 2DS2� T cells to secrete IFN-c and to con-

firm our earlier mRNA data, cytokine secretion was deter-

mined from the supernatant of 2DS2+ and 2DS2� clones

following hHSP 60 stimulation. The RayBio� Human

IFN-c ELISA was used for this purpose. Six clones, three

expressing the 2DS2 receptor and three lacking the expres-

sion of this receptor from NDD-CKD patients were analy-

sed. The results (Fig. 6) confirm our mRNA data and

further demonstrate that the pro-inflammatory function of

CD4+ CD28� T cells is present regardless of the expression

of KIR2DS2. No significant difference was observed

between 2DS2+ and 2DS2� responses in terms of IFN-c
secretion (Fig. 6). 2DS2+ clones exposed to target cells in

the absence of antigen prompted no IFN-c response. These
data are in line with our previous findings that differential

pathways govern the pro-inflammatory and cytotoxic func-

tion of these T cells.10

1 2 3 4 5 6 7 8 9 10 1 kb 11 12 13 14 15 16 17 18 19 20 21

Figure 2. Pro-inflammatory response of 2DS2+ 2DL3� DAP12+ and 2DS2� 2DL3� DAP12+ clones from non-dialysis-dependent chronic kidney

disease (NDD-CKD) patients. Panels 1–10 and 11–20 represent interferon-c (IFN-c) response from 2DS2+ 2DL3� DAP12+ and

2DS2� 2DL3� DAP12+ cells, respectively, against target cells pulsed with human heat-shock protein 60 (hHSP 60). The negative wells represent

replica clones exposed to target cells in the absence of the antigen. The data shows that the pro-inflammatory response of CD4+ CD28� cells is

present irrespective of KIR2DS2 expression. Well 21 represents a 2DS2+ 2DL3� DAP12+ clone stimulated with phytohaemagglutinin as a positive

control. Transcript size for IFN-c is 356 bp.

1 kb1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Figure 3. The effect of KIR2DL3 expression on the cytotoxic response of CD4+ CD28� 2DS2+ DAP12+ clones from non-dialysis-dependent

chronic kidney disease (NDD-CKD) and end-stage haemodialysis-dependent renal disease (HD-ESRD) patients. Wells 1, 3, 5, 7 and 9 represent

the perforin response by the 2DL3+ clones from HD-ESRD patients against target cells pulsed with human heat-shock protein 60 (hHSP 60).

Wells 11, 13, 15, 17 and 19 represent this response by 2DL3+ clones from NDD-CKD patients. Replica clones exposed to target cells in the

absence of the antigen are included adjacent to each test sample and represent negative controls. Well 21 represents PHA-stimulated T cells as

positive control. The inhibitory function of 2DL3 was more pronounced in the NDD-CKD patients. Transcript size for perforin is 589 bp.
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Discussion

Patients with chronic inflammatory conditions often

experience an expansion of CD4+ CD28� cells. The emer-

gence of these cells is considered to be a consequence of

chronic antigen stimulation that induces the down-regu-

lation of CD28 in an attempt to re-establish tolerance.22

These T cells have been identified in patients with ACS,

rheumatoid arthritis and CKD patients on haemodialy-

sis.3,5,6,23–26 Our findings are consistent with the observa-

tions in ACS patients and suggest the presence of these

killer cells in CKD patients and their hHSP 60 reactivity

may have a pathogenic role in the development of cardio-

vascular disease in these patients.

In this study we investigated the expression of

KIR2DS2, KIR2DL3 and DAP12 molecules and evaluated

the functionality of 2DS2+ DAP12+ clones in the presence

or absence of the inhibitory KIR2DL3 using hHSP 60-

pulsed autologous monocyte-derived cells.27–29 Our data

from the pre-dialysis CKD patients showed up-regulation

of perforin mRNA upon antigen exposure in all of

2DS2+ 2DL3� DAP12+ clones investigated. However,

analysis of 2DS2+ 2DL3+ DAP12+ clones highlighted the

role of KIR2DL3 in opposing the activation pathway

generated by KIR2DS2 in most clones in which they were

expressed. This is an important finding in relation to our

previous data on the functionality of CD4+ CD28� 2DS2+

cells in ACS patients. Analysis of the inhibitory KIR2DS2

and 2DL3 in ACS patients revealed that these receptors

were unable to inhibit the activation signals generated by

KIR2DS2. These results suggest that the inhibitory KIR

receptors may exhibit a compromised function in ACS

patients, which is not observed in CKD.

When we investigated the functional role of KIR2DL3

on 2DS2+ DAP12+ clones in HD-ESRD patients, analysis

of 2DS2+ 2DL3+ DAP12+ clones revealed a different pic-

ture. Presence of KIR2DL3 did not inhibit the perforin

response in 60% of the clones. Taken together, this is an

interesting finding that may suggest a gradual loss of

expression level as well as functionality and protective

role of the inhibitory KIR2DL3 on CD4+ CD28� cells

with progressive renal disease; however, this may warrant

a larger study. This supports the notion that these recep-

tors may gradually acquire a compromised role in ongo-

ing inflammatory conditions.

Other co-factors that have been highlighted in previous

investigations are the KIR2DS2 receptors and their inter-

actions with HLA-C molecules as ligands. Any changes in

1 kb1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Figure 4. The cytotoxicity of CD4+ CD28� 2DS2+ DAP12+ clones lacking KIR2DL3 from end-stage haemodialysis-dependent renal disease (HD-

ESRD) and non-dialysis-dependent chronic kidney disease (NDD-CKD) patients. Wells 1–8 and 9–16 represent clones from HD-ESRD and

NDD-CKD patients, respectively. The data show all KIR2DL3� T cells exhibiting a perforin response against target cells pulsed with human heat-

shock protein 60 (hHSP 60). The negative wells represent replica clones exposed to target cells not pulsed with hHSP 60. Well 17 represents cells

stimulated by phytohaemagglutinin as positive control. Transcript size for perforin is 589 bp.
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Figure 5. Selective lysis of human heat-shock protein 60 (hHSP 60)-pulsed target cells by 2DS2+ DAP12+ clones. 2DS2+ DAP12+ (n = 4) and

2DS2+ DAP12� clones (n = 4) from non-dialysis-dependent chronic kidney disease (NDD-CKD) and end-stage haemodialysis-dependent renal

disease (HD-ESRD) patients were investigated for their cytotoxic function using hHSP 60-pulsed monocytes as target cells. Using the CytoTox96

assay kit (Promega), the mean percentage cytotoxicity, was calculated to be 90�5% for 2DS2+ DAP12+ clones. This represented a percentage cyto-

toxicity of 94%, 91�5%, 89�5% and 87% for individual clones tested. 2DS2+ DAP12� clones and control wells containing T-cell clones in the

absence of antigen prompted no cytotoxicity.
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HLA-C subtypes may prevent activatory or inhibitory

function of the CD4+ CD28� T cells.30 Studies in our

laboratories however, have shown no significant enrich-

ment of HLA-C variants in patients with ACS. Com-

monly KIR2D-recognized variants of HLA-C (*01, *03
and *07), as well as, *04 and *05 have been identified in

these patients.10 These data suggest that the HLA-C varia-

tion is not likely to be a contributory factor in the func-

tional differences observed in the CD4+ CD28� T cells.

Investigation of the pro-inflammatory and cytotoxic

function of CD4+ CD28� cells from both groups showed

a similar pattern of IFN-c response which was unaffected

by KIR expression and confirms our previous findings of

differential responses mediated by KIR and the T-cell

receptor.10 The co-expression of 2DS2/DAP12 molecules

on CD4+ CD28� cells was necessary for the cytotoxic

function of these T cells. The IFN-c ELISA data further

complemented the mRNA results in that the cytokine

response was independent of KIR2DS2 expression and

confirmed our previous findings that the cytotoxic and

pro-inflammatory activation pathways of CD4+ CD28�

cells are independent of each other.10

To our knowledge this is the first study to provide an

insight into the potential pathogenic role of hHSP 60-

reactive CD4+ CD28� 2DS2+ cells in NDD-CKD and

HD-ESRD patients on maintenance haemodialysis. These

cells in haemodialysis patients exhibited reduced expres-

sion of inhibitory KIR2DL3 and increased presence of

KIR2DS2 and the DAP12 molecule compared with the

NDD-CKD group. In addition, the expression of

KIR2DL3 in NDD-CKD patients was associated with sig-

nificant inhibition of the cytotoxic response compared

with HD-ESRD patients. Together, this may be responsi-

ble for the heightened cardiovascular event rate in

HD-ESRD patients compared to NDD-CKD patients.

This study is significant in highlighting a possible role of

these cells in the inflammation–atherosclerosis cascade

that characterizes patients with kidney disease. CKD

patients suffer from a low-grade systemic inflammation,

the cause of which is not clear. There is a low level rise

of CRP which worsens with advancing CKD and is asso-

ciated with endothelial dysfunction and atherosclerotic

changes.31 Our functional data suggest that CD4+ CD28�

cells may target endothelial cells expressing hHSP 60,

causing direct endothelial injury. Furthermore, oxidative

stress, a risk factor in patients on haemodialysis, may

result in an increased expression of hHSP 60 and activa-

tion of CD4+ CD28� cells.32

We are proposing an inflammatory mechanism outside

the traditional risk factors that may account for increased

cardiovascular mortality in CKD patients. Furthermore,

our data are important in explaining the specific antigen–
receptor interactions and pathways involved in the gener-

ation of pro-inflammatory and effector responses that

may lead to the development of cardiovascular complica-

tions in CKD. Our findings may have implications for

novel molecular and cellular therapeutic approaches to

the management of CKD. Further investigations on the

frequency of CD4+ CD28� cells and their receptor

expression may also help to provide new strategies for

monitoring CKD progression.
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Figure 6. Interferon-c (IFN-c) secretion of 2DS2+ and 2DS2� T-cell clones. Six clones, three expressing the 2DS2 receptor and three lacking the

expression of this receptor were established from non-dialysis-dependent chronic kidney disease (NDD-CKD) patients and assessed for their IFN-

c secretion upon exposure to human heat-shock protein 60 (hHSP60) -pulsed monocytes. Using The RayBio� Human IFN-c ELISA kit, cytokine

secretion was determined from the culture supernatant of 2DS2+ and 2DS2� clones following antigen exposure. The results show that the pro-

inflammatory function of CD4+ CD28� T cells is independent of KIR2DS2 expression. The IFN-c secreted in the culture medium of 2DS2+ and

2DS2� clones after antigen stimulation were 220 and 230 pg/ml, respectively.
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