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Summary

Approximately 10% of the patients diagnosed with type 2 diabetes (T2D) have
detectable serum levels of glutamic acid decarboxylase 65 autoantibodies
(GADA). These patients usually progress to insulin dependency within a few
years, and are classified as being latent autoimmune diabetes in adults
(LADA). A decrease in the frequency of peripheral blood natural killer (NK)
cells has been reported recently in recent-onset T1D and in high-risk indi-
viduals prior to the clinical onset. As NK cells in LADA patients have been
investigated scarcely, the aim of this study was to use multicolour flow cytom-
etry to define possible deficiencies or abnormalities in the frequency or acti-
vation state of NK cells in LADA patients prior to insulin dependency. All
patients were GADA-positive and metabolically compensated, but none were
insulin-dependent at the time blood samples were taken. LADA patients
exhibited a significant decrease in NK cell frequency in peripheral blood
compared to healthy individuals (P = 0·0018), as reported previously for
recent-onset T1D patients. Interestingly, NKG2D expression was increased
significantly (P < 0·0001), whereas killer cell immunoglobulin-like receptor
(KIR)3DL1 expression was decreased (P < 0·0001) within the NK cell
population. These observations highlight a defect in both frequency and acti-
vation status of NK cells in LADA patients and suggest that this immunologi-
cal alteration may contribute to the development of autoimmune diabetes by
affecting peripheral tolerance. Indeed, recent evidence has demonstrated a
regulatory function for NK cells in autoimmunity. Moreover, the decrease in
NK cell number concords with observations obtained in recent-onset T1D,
implying that similar immunological dysfunctions may contribute to the pro-
gression of both LADA and T1D.
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Introduction

Type 1 diabetes (T1D) is a multifactorial autoimmune
disease affecting up to 1% of the general population that
develops most often at an early age. The disease evolves due
to T cell-mediated destruction of the pancreatic islet beta-
cells which leads to partial or total loss of insulin production,
although the mechanism(s) underlying disease development
are not understood fully [1].

In the last decade a subgroup of T1D denoted latent
autoimmune diabetes in adults (LADA), or as suggested
more recently autoimmune diabetes of the adult (ADA),
have been described in humans. While patients with LADA
are diagnosed initially with type 2 diabetes (T2D) they

exhibit clear signs of b cell autoimmunity [2]. Several studies
have reported previously that about 10% of the patients
diagnosed with type 2 diabetes have circulating autoantibod-
ies against islet cell cytoplasmic antigens [3,4] or glutamic
acid decarboxylase (GAD) [2,5–9] in their blood. Thus, even
though these patients share the same insulin resistance as
individuals with T2D, the presence of autoantibodies char-
acterizes their disease as being autoimmune, as is the case in
T1D. These findings indicate that LADA shares features with
both T1D and T2D patients. Interestingly, LADA patients
display a more severe defect in stimulated b cell capacity
compared with T2D patients [10]. Another interesting dif-
ference is that LADA is usually diagnosed in adulthood at the
age of 35 years or older [9], while T1D is diagnosed most
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often during childhood and T2D most probably affects indi-
viduals older than 40 years.

During the early phase of disease, individuals with LADA
retain good metabolic control through diet alone or by
taking oral hypoglycaemic drugs, and this state can last for
months to years. However, 70% of LADA patients may
progress towards insulin dependency within a few years,
indicating that in contrast to T1D, LADA involves a slow and
progressive loss of b cells. These patients might therefore be
instructive in elucidating the initial phase of autoimmune
diabetes as well as progression towards insulin deficiency.

Natural killer (NK) cells are an important component of
the innate immune system and may be involved in the
complex process of autoimmunity due to their ability to
both directly kill target cells and to interact with antigen-
presenting cells as well as with T cells [11–13]. NK cell func-
tion is regulated by a delicate balance between activating and
inhibitory signals generated by a diverse array of surface
receptors. Human leucocyte antigen (HLA) class I molecules
on target cells bind normally to inhibitory receptors
expressed by NK cells, and an inhibitory signal that prevents
the NK cell from killing a healthy target cell is generated
(reviewed in [14,15]). The HLA class I-specific inhibitory
receptors expressed on human NK cells include killer cell
immunoglobulin-like receptors (KIR)s such as KIR3DL1
(NKB1) and the lectin-like CD94-NKG2A receptors [16,17].

NK cells also express different activating receptors, such as
the activating killer cell lectin-like receptor NKG2D. This
receptor plays a crucial role in NK cell-mediated immuno-
surveillance by recognizing different ligands that are
expressed on target cells in pathological situations, such as
during stress and infection (reviewed in [18]). The NKG2D
receptor has thus evolved to function as a sensory receptor
that alerts the immune system in the presence of stress, infec-
tion or tumour growth. In addition, NK cells also participate
in immune regulation via cytokine secretion (reviewed in
[19]). Overall, several reports support the idea that a delicate
balance between NK cell frequency and function seems nec-
essary to avoid T1D and possibly other autoimmune condi-
tions as well (reviewed in [13]).

Data investigating NK cell numbers and activity in human
T1D have been scarce, and published results are conflicting
[20–25]. Interestingly, some studies have shown a deficiency
in the numbers and/or abnormal function of NK cells in
peripheral blood of T1D patients [20,23,26]. Permanent
abnormalities in numbers and function were observed in
some of these studies [22,25], while in others the stage of the
disease was associated with transitory cellular differences
[20,26]. A significant decrease in NK cell numbers in recent-
onset T1D patients was reported recently supporting an
important role for NK cell number and function in the
autoimmune process [27].

The aim of this study was to characterize a homogeneous
group of patients diagnosed with LADA without insulin
requirement that may represent an early stage of the

autoimmune process. Our main focus was to investigate the
frequency and phenotype of NK cells in peripheral blood
of LADA patients and to identify possible deficiencies that
might be associated with the onset of diabetes. We report
that these pre-insulin-dependent patients had a significant
decrease in the frequency of NK cells in peripheral blood
compared to healthy individuals.

Materials and methods

Subjects

Blood samples were collected from a total of 20 healthy
volunteers (n = 20) and from 46 patients newly diagnosed
with LADA (n = 46). These patients were selected based on
the following criteria: (i) male or female patients between 30
and 70 years of age; (ii) diagnosis of T2D within the previous
5 years; (iii) presence of glutamic acid decarboxylase 65
autoantibodies (GADA); (iv) requiring diabetes treatment
only with diet and oral hypoglycaemic agents; and (v) having
no indications of serious diseases or conditions which would
exclude them from the trial in the opinion of the
investigator. The following parameters were determined
after their visit: immunological markers, diabetic status,
fasting lipids, haematological and biochemical parameters,
physical examinations and reporting of concomitant
medication. In addition, values of fasting glucose, fasting and
2-h Sustacal stimulated C-peptide and long-term metabolic
control assessed by haemoglobin A1c (HbA1c) was taken
into consideration when the diabetes status of each patient
was determined. The following data were also recorded for
the clinical characterization of these subjects: age, body mass
index (BMI), thyroid-stimulating hormone (s-TSH), free
triiodothyronine (fT3), free thyroxine (fT4), fB-glucose,
fS-insulin and insulin resistance. Our laboratory is number
156 in the Diabetes Antibody Standardization Program
(DASP) for GADA and IA-2A measurement, thus the con-
centration of these autoantibodies was assessed in the serum
of each patient. Blood samples were collected into ethylene-
diamine tetraacetic acid (EDTA) tubes at Malmö University
Hospital and processed within 24 h. The study was approved
by the Lund University Research Ethics Committee and
informed consent was obtained from the participants.

Reagents

For flow cytometric analysis, fluorescence activated cell
sorter (FACS) buffer was used containing phosphate-
buffered saline (PBS) pH 7·2 (Life Technologies, Paisley,
Scotland, UK), supplemented with 2% bovine serum
albumin (BSA) (ICN Biomedicals Inc., Aurora, OH, USA)
and 2 mM EDTA (Sigma-Aldrich, St Louis, MO, USA). FACS
Lysing Solution 2 (BD Biosciences, San Jose, CA, USA) was
used to lyse the erythrocytes before analysis. For freezing of
peripheral blood mononuclear cells (PBMC), 90% human
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serum from clotted male whole blood (Sigma-Aldrich) was
mixed with 10% dimethylsulphoxide (DMSO) (Sigma-
Aldrich). For thawing PBMC, complete RPMI-1640 medium
(C-RPMI) was used (Life Technologies) supplemented with
5% v/v pooled human serum from clotted male whole blood
(Sigma-Aldrich), 1% sodium pyruvate (Life Technologies),
7·5% sodium bicarbonate (Life Technologies), L-glutamine
(ICN Biomedicals Inc.), penicillin–streptomycin–neomycin
(PSN) antibiotic mixture (100¥; Life Technologies),
b-mercaptoethanol (ICN Biomedicals Inc.) and non-
essential amino acids (MEM, 100¥; Life Technologies).

Whole blood

A small aliquot of blood was analysed using an AC900 Auto-
Counter (Swelab Instrument AB, Stockholm, Sweden) to
determine the absolute numbers of lymphocytes in each
sample. In addition, human peripheral blood samples were
stained with various monoclonal antibodies to determine
the percentage of lymphocyte subsets in each individual
using flow cytometry. Briefly, 100 ml of blood was used for
each staining and the samples were incubated for 20–30 min
at room temperature. Erythrocytes were lysed using BD
FACS lysing Solution 2 (BD Bioscience) and the samples
were washed with FACS buffer. Cells were resuspended in
300 ml FACS buffer and stored overnight at 4°C until flow
cytometric analysis was performed using a FACSCalibur
(Becton Dickinson).

PBMC were separated from whole blood using Lymphop-
rep (Axis-Shield PoC AS, Oslo, Norway) or Vacutainer Cell
Preparation Tubes (Becton Dickinson, NJ, USA). The iso-
lated lymphocytes were washed with PBS and frozen in
freezing media containing 90% human serum (Sigma-
Aldrich) and 10% DMSO (Sigma-Aldrich), which was added
dropwise to the cells before they were frozen and stored in
liquid nitrogen.

Frozen samples

Staining of PBMC was performed according to the manu-
facturer’s protocol (eBioscience). Briefly, samples were
thawed in complete RPMI-1640 medium, washed with stain-
ing buffer containing 5% human serum, 0·01% sodium azide
in PBS pH 7·2 and stained thereafter with various combina-
tions of anti-human monoclonal antibodies. Following
20 min of incubation at 4°C the cells were washed with stain-
ing buffer and analysed using four-colour flow cytometry
(FACS Calibur; Becton Dickinson).

Monoclonal antibodies

The following monoclonal anti-human antibodies were used
in various combinations for flow cytometric analysis of whole
blood: fluorescein isothiocyanate (FITC)-conjugated CD3
and CD25; phycoerythrin (PE)-conjugated CD19 and CD8;

peridinin chlorophyll protein (PerCP)-conjugated CD4;
CD3/CD16+CD56 Stimultest (FITC/PE) (all from BD Bio-
science). The following monoclonal anti-human antibodies
were used in various combinations for flow cytometric analy-
sis of PBMC: FITC-conjugated CD56 (ImmunoTools,
Friesoythe, Germany); PE-conjugated CD16 (Immuno-
Tools), PerCP-conjugated CD3 (BD Pharmingen), biotin-
conjugated KIR3DL1 (CD158e1) (BioLegend, San Diego, CA,
USA), allophycocyanin (APC)-conjugated NKG2D (BD
Pharmingen), CD3/CD16+CD56 Stimultest (FITC/PE) (BD
Bioscience). The biotin-conjugated antibody was revealed in
a second step using streptavidin (SA)-conjugated PerCP
(BD Pharmingen).

Antibody measurement

Autoantibodies against GAD65 or IA-2 in plasma were
analysed using a radio-binding assay as described previously
[28,29].

HLA typing

HLA typing for the HLA-DQB1*0302 T1D risk allele was
performed as described previously [30,31]. We used dried
blood spot punch-out samples in a 96-well format and con-
ducted polymerase chain reaction (PCR) directly from the
filters using biotinylated primers for DQB1, streptavidin-
coated 96-well plates and lanthanide-labelled probes for the
hybridization, as described previously [30,31]. All reagents
were from Wallac Oy, Perkin Elmer Life Science (Turku,
Finland).

Genotyping of HLA-Bw locus in LADA patients was per-
formed using allele-specific PCR for HLA-Bw4 and HLA-
Bw6. Genomic DNA was extracted from frozen PBMC using
MoleStrips™ DNA blood kit (Mole Genetics AS, Lysaker,
Norway), according to the manufacturer’s recommendation.
The HLA-B-specific exon-2 PCR was carried out using the
forward primer 5′-GACGACACGCTGTTCGTGA-3′ com-
bined with either the HLA-Bw4-specific primer 5′-GCTC
TGGTTGTAGTAGCGGA-3′ or the HLA-Bw6-specific
primer 5′-CTCTGGTTGTAGTAGCCGC-3′, as described
[32]. PCR products were analysed by electrophoresis on a 2%
agarose gel containing 0·5¥ Tris–borate–EDTA (TBE buffer).
The amplified product sizes were 180 base pairs (bp).

Flow cytometric analysis

Data were analysed using the CellQuest software (Becton
Dickinson) and are presented as representative dot plots or
diagrams. The median value is indicated in each diagram.

Statistical analysis

Continuous distributions were summarized as medians
(range). To assess clinical measurements of LADA patients in
relation to their respective NK lymphocyte expression levels,
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the LADA patients were divided into two groups. Patients
with percentage lymphocyte expression levels above the
median were defined as having high expression levels and the
remaining LADA patients were defined as having low expres-
sion levels. Clinical distributions were then compared
between patients with high and low lymphocyte expression
levels. The same analyses were conducted for clinical mea-
surements of LADA patients in relation to their interferon
(IFN)-g production levels in CD3+ and CD3- populations.
Non-parametric Mann–Whitney U-tests were used to test
for differences in distribution between two groups.

Graphs of distributions were drawn using statistical
program Prism 4 (GraphPad Software, San Diego, CA, USA).
Statistical analysis was performed using spss version 14 for
windows (http://www.spss.com). Statistical significant dif-
ference * at P < 0·05 and ** at P < 0·01.

Results

LADA patients in relation to T1D characteristics

Of the 46 LADA patients studied, 21 of 46 (46%) were posi-
tive for the T1D high-risk HLA-DQB1*0302 allele. The clini-
cal characteristics of all LADA patients stratified based on
HLA-DQB1*0302 are presented in Table 1. Fasting glucose,
fasting and stimulated C-peptide, HbA1c, BMI or GADA
levels were not significantly different between LADA patients
who had the high-risk T1D HLA allele and patients who did
not. However, LADA patients with HLA-DQB1*0302 were
noted to be younger (P < 0·01) compared to other patients
(Table 1).

Altered NK cell frequency in LADA patients

We first investigated possible differences in the frequency of
NK cells in LADA patients in an attempt to determine if NK
cells are involved in the establishment of disease. A signifi-
cant decrease in the percentage and absolute numbers of NK
cells, defined as CD3-CD16+CD56+ cells, were observed in
LADA patients compared with age-matched healthy control
individuals (Fig. 1a,b and Table 2). We did not observe any
changes among other major lymphocyte subsets, such as B
and T cells (Table 2). No association was determined
between the decreased frequency of NK cells and any of the
clinical parameters that were documented for each patient.
However, these observations suggest that a reduction in cir-
culating NK cells in LADA patients is already apparent prior
to insulin deficiency.

Altered expression of the surface receptors NKG2D and
KIR3DL1 in LADA patients

NKG2D expression on peripheral lymphocytes was investi-
gated using flow cytometry in LADA patients (n = 37) and

Table 1. Clinical characteristics of latent autoimmune diabetes in

adults (LADA) patients with the human leucocyte antigen (HLA)-

DQB1*0302 Type 1 diabetes risk allele and patients without the HLA-

DQB1*0302 allele.

Type 1 diabetes risk

HLA*DQB1*0302

Variables Yes No

n 21 25

Age (years) 52 (30–65) 59 (43–69)

Males (n) 19 19

GADA (U/ml) 97 (32–4487) 56 (38–296 997)

IA-2A positive (n) 5 1

IAA 1 1

BMI (kg/m2) 26 (20–34) 28 (21–39)

HbA1c% 6·5 (5·1–10·9) 5·9 (4·6–9·9)

P-glucose (mmol/l) pre-Sustacal 8·5 (5·5–15·8) 8·0 (5·9–17·4)

P c-peptide (nmol/l) pre-Sustacal 0·6 (0·3–1·6) 0·7 (0·3–1·8)

P c-peptide (nmol/l) post-Sustacal 1·4 (0·5–3·9) 1·6 (0·8–5·1)

BMI, body mass index; GADA, glutamic acid decarboxylase 65

autoantibodies; HbA1c, haemoglobin A1c; IAA, insulin autoantibodies.

Table 2. Median and maximum/minimum values of the total number/ml blood and percentage of T cells, B cells, natural killer (NK) cells and T cells

expressing NK markers in healthy individuals and latent autoimmune diabetes in adults (LADA) patients.

Cells

Total cell number ¥ 106 Percentage

Control n LADA n P-value Control n LADA n P-value

T cells 1·383 20 1·318 46 0·7430 68·82 20 73·79 46 0·0533

Max 2·445 Max 2·391 Max 87·10 Max 6·83

Min 0·7821 Min 0·5790 Min 60·16 Min 48·81

B cells 0·1789 20 0·2148 46 0·6106 11·22 20 12·65 46 0·1629

Max 0·4644 Max 0·6969 Max 16·17 Max 4·92

Min 0·1026 Min 0·0298 Min 5·130 Min 1·570

NK cells 0·2647 20 0·1856 46 0·0019** 13·94 20 9·850 46 0·0018**

Max 0·6443 Max 0·5082 Max 24·78 Max 9·87

Min 0·1070 Min 0·0227 Min 5·350 Min 1·080

T cells exp. NK 0·06095 20 0·07895 46 0·0927 3·425 20 6·245 46 0·0596

Max 0·1286 Max 0·5286 Max 15·23 Max 33·4

Min 0·0067 Min 0·0029 Min 0·370 Min 0·280

**P < 0·01.

Altered NK cell frequency in LADA

51© 2010 British Society for Immunology, Clinical and Experimental Immunology, 161: 48–56



healthy individuals (n = 20) for whom frozen PBMC were
available. A significant increase in the frequency of NKG2D
positive cells was observed in both total lymphocyte and
NK cell populations (Fig. 2b). In addition, we found a clear
significant increase of the NKG2D receptor expression on
total lymphocyte and on NK cell population measured by
the mean fluorescence intensity (MFI) (Fig. 2c).

The effector function of NK cells is controlled by the
expression of various surface receptors of the KIR family.
Hence, the status of the NK cells was characterized further
by studying the expression of the NK-inhibitory receptor
KIR3DL1 (NKB1). A significant decrease in KIR3DL1-
positive cells was observed in all lymphocytes as well as in
the NK cell population when we compared LADA patients
with healthy control individuals (Fig. 2d). Because
KIR3DL1 recognize the HLA-Bw4 allele [33], we next
genotyped this locus in LADA patients. As shown in Fig. 3,
the HLA-Bw4/6 genotyping revealed that 22·9% and 57·1%
of the typed LADA patients were homozygous for Bw4 and
Bw6, respectively, while 20% were heterozygous. According
to the major histocompatibility complex (MHC) database
(http://www.ncbi.nlm.nih.gov/gv/mhc/), the Bw4 frequency
in Europeans is approximately 0·43. The frequency of
LADA patients carrying the Bw4 allele (homo- and het-
erozygous) were approximately 0·43, which correlates with
the European Bw4 frequency. There were no significant

differences or correlations between the HLA-Bw genotypes
and KIR3DL1 expression in either of the cell populations
analysed (data not shown).

NK cells and NKG2D or KIR3DL1 expression in
relation to clinical parameters

NK cell number and KIR3DL1 and NKG2D expression levels
were not associated with clinical parameters. However, the
percentage of NKG2D expression in all lymphocytes was
associated strongly with whether or not the patient had the
HLA-DQB1*0302 allele (Table 3). Patients with higher
NKG2D expression within the lymphocyte population were
more likely to have the DQB1*0302 allele (P < 0·01). HLA
was not associated significantly with NK cell number or
KIR3DL1 expression.

Discussion

NK cells have been implicated in peripheral tolerance and
immune regulation [34–36], as well as in T1D pathogenesis
[20,23,26]. The purpose of this study was to investigate the
frequency and phenotype of NK cells in LADA patients. The
major finding of our investigation was a specific alteration of
NK cell frequency, suggesting that these cells might be

Fig. 1. Flow cytometry analysis of natural killer

(NK) cells in whole blood. Representative dot

plots showing analysis of blood NK cells from

the lymphocyte fraction using CD3 and

CD16+CD56 as markers (a). The frequency of

CD3-CD16+CD56+ NK cells and CD3+

CD16+CD56+ T cells was investigated in blood

from latent autoimmune diabetes in adults

(LADA) (n = 46) and healthy control

individuals (n = 20) (b). Each dot represents a

different individual and median values for each

group is marked with a horizontal line. Using

the Mann–Whitney non-parametric test a

significant difference in NK cell frequency was

noted between LADA patients and healthy

controls (P = 0·0018).
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Fig. 2. Activating status of lymphocytes and

natural killer (NK) cells. (a) Representative dot

plots showing NKG2D expression of blood NK

cells from the lymphocyte fraction using CD3

and CD16+CD56 as markers in control and

latent autoimmune diabetes in adults (LADA)

patients. The activating status of blood

lymphocytes, especially NK cells, was

determined using the expression of the surface

markers NKG2D (b,c) and KIR3DL1 (d) from

LADA (n = 37) and control (n = 20) individuals

from which frozen peripheral blood

mononuclear cells (PBMCs) were saved from

the first visit. Each dot represents a different

individual and the median values for each

group is marked with a horizontal line. (b)

Using the Mann–Whitney non-parametric test a

significant difference in percentage of NKG2D

expression was noted between LADA patients

and healthy controls both in the total

lymphocyte population (b, left panel)

(P = 0·0235) and the NK cell population (b,

right panel) (P < 0·0001). (c) A significant

increase of NKG2D expression at single cell

level was observed in LADA patients using the

mean fluorescence intensity (MFI) both in the

total lymphocyte population (c, left panel)

(P < 0·0001) and the NK cell population (c,

right panel) (P < 0·0001). (d) A significant

difference in percentage of KIR3DL1 expression

was also noted between LADA patients and

healthy controls in the total lymphocyte

population (d, left panel) (P < 0·0001) and the

NK cell population (d, right panel)

(P < 0·0001).
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involved in the pathogenesis of autoimmune diabetes in
LADA patients.

While a weakness of this study is that it lacks direct func-
tional investigation of NK cells in these patients, the observed
discrepancy in NK cells is still in concordance with a number
of previously reported studies demonstrating a significant
decrease of NK cells in peripheral blood from T1D patients
[22,25,27]. Furthermore, differences in NK cell numbers have
been reported in patients suffering from other autoimmune
syndromes, such as multiple sclerosis (MS) and systemic
lupus erythematosus (SLE) (reviewed in [12]), thereby sup-
porting the hypothesis that NK cells play a role in promoting
b cell destruction and loss of self-tolerance in autoimmune
diseases. As NK cells have been suggested to play an immu-
noregulatory role in the prevention of autoimmune disease
by cross-talking with dendritic cells (DCs) and by down-
regulation of T cell responses (reviewed in [19]), the observed
NK cell deficiency in both LADA and T1D could contribute to
the breakdown of self-tolerance that leads to b cell destruc-
tion. The observed decreased number of NK cells in periph-

eral blood of LADA patients might also indicate that a
proportion of NK cells have migrated from the blood to the
pancreas or the draining lymph nodes due to the inflamma-
tory response. In turn this would result in a decreased fre-
quency of NK cells in the blood and their accumulation in the
infiltrated islets. Unfortunately, the unavailability of pancre-
atic biopsies makes it impossible to test this hypothesis.

An interesting finding was the increase of the activating
receptor NKG2D expression as measured by MFI in
CD16+CD56+ NK cells as well as the frequency of NK cells
expressing NKG2D in LADA patients. Unexpectedly,
Rodacki et al. observed that T1D patients had a decreased
expression of NKG2D in NK cells irrespective of disease
duration [27], and Ogasawara et al. have demonstrated a
reduced NKG2D expression in non-obese diabetic (NOD)
mice [37]. Thus, the activating phenotype of NK cells in
LADA patients seems to be different compared to T1D
patients and NOD mice, and it could be speculated that it
might actually be a consequence and not a cause of the
disease. However, given the fact that in LADA patients the
increased frequency of NK cells expressing the NKG2D
receptor is coupled to a significant increase of receptor
density at the single cell level (Fig. 2c), we suggest that this
finding might represent a pathogenic factor and could there-
fore account for the slower progression to insulin-dependent
diabetes that is observed in these patients compared with
individuals who develop T1D.

The decreased expression of the inhibitory receptor
KIR3DL1 that is expressed by a proportion of NK cells was
also an intriguing finding in lymphocytes from LADA
patients. The interaction of KIR3DL1 with specific HLA-B
antigens (e.g. HLA-Bw4 allele) inhibits cytotoxicity and pre-
vents target cell lysis and death [33,38,39]. The absence of
KIR3DL1 expression but also KIR ligands may thus lower the
threshold for cell activation. Activating receptors can initiate
a response which is not balanced by inhibitory receptor
signals from KIR3DL1, resulting in increased inflammatory
responses and susceptibility to autoimmune diseases. Hence,
the observed increase in the activation receptor NKG2D
expression and decrease in the inhibitory receptor KIR3DL1
expression may indicate an alteration of the balance between
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Fig. 3. Frequency of human leucocyte antigen (HLA)-Bw alleles in

latent autoimmune diabetes in adults (LADA) patients. Genotyping of

HLA-Bw locus was performed using allele-specific polymerase chain

reaction, as described in Material and methods. The frequency of

HLA-Bw4 and HLA-Bw6 were in accordance to the major

histocompatibility complex (MHC) database for the European

population.

Table 3. Natural killer (NK), NKG2D and killer cell immunoglobulin-like receptor (KIR3)DL1 cells in relation to presence of the type 1 diabetes (T1D)

risk human leucocyte antigen (HLA)-DQB1*0302.

NK cell subset, NKG2D or

KIR3DL1 expression in high levels*

LADA patients with T1D risk HLA-DQB1*0302

P-value

Yes No

n (% of patients

with high levels)

n (% of patients

with high levels)

NK cells (% of total) 10 (52%) 14 (44%) 0·57

NKG2D cells (% of total) 12 (75%) 7 (32%) 0·009

NKG2D cells (% of NK cells) 10 (63%) 9 (41%) 0·19

KIR3DL cells (% of total) 6 (38%) 13 (59%) 0·19

KIR3DL cells (% of NK cells) 6 (38%) 13 (59%) 0·19

*Patients with high levels have percentages above median (see Fig. 2). LADA, latent autoimmune diabetes in adults.
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inhibitory and activating NK receptors, which in turn could
be involved in the loss of tolerance leading to b cell
destruction.

Our results also indicated that some LADA patients have
an increased number of T cells expressing NK markers
(CD16 and/or CD56) compared to healthy individuals. We
have no explanation for this, but it is tempting to speculate
that this may represent an active state of the disease when
effector autoreactive T cells are appearing with specific cyto-
toxicity towards pancreatic beta-cells. Further investigations
of T cells expressing NK markers in peripheral blood from
LADA patients are warranted to evaluate the importance of
these lymphocytes in disease development.

In mice, a deficiency of CD4+CD25+ regulatory T cells
correlates with an increase of NK cell numbers in secondary
lymphoid organs [40,41]. The presence of CD4+CD25+ regu-
latory T cells thus seems necessary and sufficient to repress
both NK cell recruitment, as well as their ability to kill NK
cells using direct cytotoxic activity via perforin and granzyme
B (reviewed in [42]). This is an interesting observation that
indicates a close interplay between NK cells and CD4+CD25+

regulatory T cells in modulating the outcome of immune
responses. It has been reported recently that the major effec-
tor molecule used by CD4+CD25+ regulatory T cells to sup-
press cell activity is membrane-bound transforming growth
factor (TGF)-b and that regulation of the NK cell activating
receptor NKG2D is a TGF-b-dependent process [43–45].
These results suggest that the observed increase in NKG2D
expression in NK cells from LADA patients might be due to an
alteration in the ability of CD4+CD25+ regulatory T cells to
inhibit NK cell activation and effector functions [43–48].

Interestingly, NK cells have also been implicated in
immune regulation, and the concept of regulatory NK cells
has emerged (reviewed in [49]). NK cells can, in fact, act as
regulatory cells and kill various other cell types such as DCs,
T cells, B cells and endothelial cells through cytotoxicity
(reviewed in [49]). Recently, Brillard et al. demonstrated that
NK cells activated by interleukin (IL)-2 could inhibit CD28-
mediated conversion of CD4+CD25- T cells into CD4+CD25+

forkhead box P3 (FoxP3+) regulatory T cells using an IFN-
g-dependent pathway [50]. This prevented the development
of CD4+CD25+ regulatory T cells and promoted immune
responses. Furthermore, NKG2D expressed on NK cells can
mediate the killing of activated CD4+CD25+ regulatory T
cells expressing the NKG2D ligand ULBP1 [51]. This obser-
vation indicates a central role for NK/CD4+CD25+ regulatory
T cell interaction in control of immune responses. Conse-
quently, a derangement of immunological interactions that
can occur between NK and CD4+CD25+ regulatory T cells
could contribute to the progression of b cell autoimmunity.
To test this suggestive hypothesis, the analysis of the pheno-
type and frequency of CD4+CD25+ regulatory T cells in
LADA patients is ongoing and will be reported elsewhere.
Nevertheless, our observation of a decrease in NK cells in
LADA is in accordance with previous data obtained in

recent-onset T1D patients [27], suggesting that these cells
may contribute to autoimmunity in both LADA and T1D.

In conclusion, the present study highlights an important
deviation in the cellular arm of the immune system in
patients diagnosed with LADA who have not progressed into
insulin-dependent diabetes, and suggests that NK cell alter-
ations may contribute to the development of autoimmune
diabetes by affecting peripheral tolerance.
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