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Abstract Expressed on the cell surface of most of NK cells
and some T cells, CD161 has been shown to deliver inhibi-
tory signal in human NK cells. To determine whether the
CDl161-expressing cell quantities and the cell surface
expression levels of CD161 in NK and T cells were altered in
systemic lupus erythematosus (SLE) patients, we analyzed
the CD3, CD56 and CD161 expression patterns of peripheral
blood lymphocytes by flow cytometric analysis to identify
different NK and T cell subpopulations. The cell surface
expression levels of CD161 were estimated by the mean
florescence intensities (MFIs) of CD161. It was found that
SLE patients had lower frequencies of CD1614+CD56+
CD3— and CD161+CD56+CD3+ cells among the lym-
phocyte population than normal controls, whereas the fre-
quencies of CD161—-CD56+CD3— and CD1614+CD56—
CD3+ cells were not statistically different between two
groups. In addition, SLE patients also had decreased absolute
counts of all CD161-expressing NK cells and T cells and had
reduced frequencies of CD161+ cells in CD56+CD3—,
CD56+4CD3+ and CD56—CD3+ cell populations. More-
over, SLE patients had reduced MFIs of CD161 in
CD161+CD56+CD3+ and CD1614+CD56—CD3+, but
not CD1614+CD56+4-CD3—, cell populations. Our results
indicated that CD161-expressing cell frequency and the

P< Shih-Chang Lin
sclin@cgh.org.tw

Division of Rheumatology and Immunology, Department of
Internal Medicine, Cathay General Hospital, 280 Jen-Ai Rd
Section 4, Taipei, Taiwan

The Laboratory of Allergy and Immunology, Cathay Medical
Research Institute, New Taipei, Taiwan

Department of Medicine, College of Medicine, Fu Jen
Catholic University, New Taipei, Taiwan

CD161 expression levels were reduced in some NK and T
cell subpopulations of SLE patients, suggesting possible
important role of CD161 and CD161-expressing immune
cells in the SLE pathogenesis.
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Introduction

Systemic lupus erythematosus (SLE) is a human autoim-
mune disease characterized by lymphocyte hyperactivity,
autoantibody production and immune-mediated tissue
damages. Although the pathogenesis of SLE still remains
elusive, the possible contribution of natural killer (NK) cell
defect to the SLE pathogenesis has been evidenced in
several studies, showing that SLE patients had decreased
NK cell numbers in the peripheral blood, decreased NK
cell cytotoxicity function, impaired NK cell differentiation
and altered cytokine production from NK cells [1-10].
Since NK cells can modulate innate and adaptive immune
responses and are able to inhibit autoreactive Th17 cells, it
is possible that the NK cell defect may be related to reg-
ulating autoreactive lymphocyte activation and the devel-
opment of autoimmunity in SLE patients [11-13].

NK cells are traditionally defined as immune cells
expressing CD56, but not CD3, on the cell surface
(CD56+CD3—), although some CD3+ T cells also express
CD56 and are therefore referred to as (CD56+CD3+) NK T
cells in this study. In addition to CD56, several NK cell
surface receptors have been identified to deliver activating
and inhibitory signals for regulating NK cell functions.
CD161 isatype Il transmembrane C-type lectin glycoprotein
that appears to function as an inhibitory receptor in human
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NK cells. CD161 is also referred to as killer cell lectin-like
receptor subfamily B member 1 (KLRB1), NK cell receptor
protein 1A (NKR-P1A) or C-type lectin domain family 5
member B (CLEC5B) [14]. Although CD161 is expressed in
the majority of NK cells, it also has been shown to be
expressed on peripheral blood NK T cells, subsets of CD4+
and CD8+4 T cells predominantly with the effector/memory
phenotype and tissue-infiltrating T cells [15-17]. Recently,
CD161 was also found to be expressed on human Th17 cells
and IL-17-producing T cells at a high level and on FoxP3+ T
cells [18-20]. The ligand for human CD161 is lectin-like
transcript-1 molecule (LLT1) (also referred to as osteoclast
inhibitory lectin or CLEC2D) that can inhibit NK cell
cytotoxicity after interacting with CD161 [21, 22]. There-
fore, the interaction between LLT1 and CD161 may play an
important role in modulating the functions of NK cells and T
cells, especially Th17 cells.

To explore the possible important role of CD161 in the
SLE pathogenesis, in this study, we performed flow cyto-
metric analysis to evaluate the absolute counts and frequen-
cies of CD161-expressing cells in the peripheral blood NK
cell and T cell populations for SLE patients and normal
controls. The CD161 expression levels were also determined
by the mean florescence intensities in the flow cytometric
analysis. The data from SLE patients were statistically
compared with those from normal controls to determine
whether SLE patients had any abnormality in the quantities of
CD161-expressing cells and/or the CD161 expression levels.

Materials and methods
Patients and normal controls

SLE patients (n = 20) and normal control individuals
(n = 16) were recruited into this study from Cathay Gen-
eral Hospital, Taipei, Taiwan. The classification criteria of
American College of Rheumatology were used for the
diagnosis of SLE [23]. The disease activities of SLE
patients were determined using the systemic lupus erythe-
matosus disease activity index (SLEDAI) scoring method
[24]. Only SLE patients with positive antinuclear and anti-
ds DNA antibodies and with the active disease activity
(SLEDALI score more than 3) were recruited into this study.
This study was approved by the institutional review board
for research ethics at Cathay General Hospital, Taiwan.
Informed consent was provided from all blood donors.

Preparation of peripheral blood mononuclear cells
(PBMCs)

Heparinized whole blood was obtained from each study
individual, and PBMC preparation was conducted within
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4 h after blood samples were collected. PBMCs were iso-
lated by Ficoll-Hypaque density gradient centrifugation.

Flow cytometric analysis

To analyze different NK cell and T cell subpopulations by
flow cytometric analysis, PBMCs isolated from each of
normal individuals and SLE patients were incubated with
FITC-conjugated anti-CD3 antibody (BD Biosciences, San
Jose, CA, USA), PE-conjugated anti-CD56 antibody (BD
Biosciences, San Jose, CA, USA) and PE-Cy5-conjugated
anti-CD161 antibody (Beckman Coulter, Fullerton, CA,
USA). Then, cells were washed with phosphate-buffered
saline twice and were then immediately analyzed by a
Becton Dickinson FACScan analyzer. In the flow cyto-
metric analysis, the lymphocyte population was gated first
to identify CD3-positive and CD3-negative lymphocyte
populations, and then, the CD3-positive or CD3-negative
lymphocyte population was gated for the subsequent
analysis of the expression patterns of CD56 and CD161.
The mean fluorescence intensities (MFIs) in the flow
cytometric analysis for different cell subpopulations were
used to estimate the expression levels of CD56 and
CD161.

Statistical analysis

The nonparametric Mann—Whitney rank sum test was used
to test the significance of the difference in the cell popu-
lation frequencies and mean florescence intensities
between SLE patient and normal control groups. P-values
were calculated and considered significant if less than 0.05.

Results

Profiling the flow cytometric patterns of CD161
expression in the peripheral blood NK cells and T
cell populations

The patterns of CD161 expression in CD56+CD3— NK
cell, CD56+CD3+ NK T cell and CD56—CD3+ T cell
populations were analyzed by flow cytometric analysis,
using florescence-labeled anti-CD3, anti-CD56 and anti-
CD161 antibodies to stain peripheral blood mononuclear
cells. As shown in Fig. 1, the CD161 expression was
detected in NK cells, NK T cells as well as in T cells. The
majority of NK cells and NK T cells expressed CD161,
whereas only small portion of T cells expressed CD161.
More importantly, SLE patient and normal control seemed
to have the distinct flow cytometric patterns of CD161 and
CD56 expression in CD3-positive and CD3-negative lym-
phocyte populations (Fig. 1).
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Fig. 1 Flow cytometric analysis to identify various CD161-express-
ing NK cell, NK T cell and T cell subpopulations in the peripheral
blood. Shown is the representative flow cytometric analysis for the

Quantifying the frequencies and absolute counts
of peripheral blood NK and T cell subpopulations

By using CD161, CD56 and CD3 as cell lineage markers in
flow cytometric analysis of lymphocyte population, we
were able to identify four NK and NK T cell subpopula-
tions, CD1614+CD56+CD3—, CD161-CD56+CD3—,
CD161+CD56+CD3+ and CD161—-CD564-CD3+ cells,
and two T cell subpopulations, CD161+CD56—CD3+ and
CD161-CD56—CD3+ cells. To evaluate whether SLE
patients have altered frequency of any one of these NK and
T cell subpopulations among lymphocytes, the frequency
of each cell subpopulation among lymphocytes was
determined by the flow cytometric analysis for each of SLE
patient and normal control groups. Then, the frequencies of
each cell subpopulation in SLE patient group were statis-
tically compared with those in normal control group. It was
found that the frequencies of CD1614+CD56+CD3— and
CD1614+CD56+CD3+ cells among the lymphocyte pop-
ulation in SLE patients were lower than those in normal
controls, as shown in Fig. 2, whereas SLE patients and
normal controls did not have statistically significant dif-
ference in the frequencies of CD161—-CD56+4CD3—,
CD161-CD56+CD3+ and CD1614+CD56—CD3+ cell
subpopulations, although SLE patients seemed to have
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expression patterns of CD56 and CD161 in CD3-positive and CD3-

negative lymphocyte populations from a normal control and an SLE
patient

slightly lower frequencies of CD161—-CD56+4-CD3+ and
CD161+CD56—CD3+ cell subpopulations (Fig. 2). When
we calculated the absolute cell counts (per microliter) of
each cell subpopulation for SLE patients and normal con-
trols, we found that SLE patients had decreased absolute
cell counts of all NK and T cell subpopulations (Fig. 3).
We then calculated the percentage of CD161+ cells in
CD56+CD3—, CD56+CD34 and CD56—CD34 cell
subpopulations for each individual of SLE patients and
normal controls for the subsequent statistical comparison
of these two study groups. We found that SLE patients had
lower percentages of CDI1614 cells in CD56+CD3—,
CD56+4-CD3+4 and CD56—CD3+ cell subpopulations than
normal controls (Fig. 4). Thus, our data indicated that SLE
patients had defect in NK cells and T cells, but the defect
was more prominent for CD161+ cells.

Evaluating the expression levels of CD161 in NK
and T cell subpopulations

We then evaluated whether SLE patients had altered
expression levels of CD161 in different NK and T cell
subpopulations, CD161+CD56+CD3—, CD1614+CD56+
CD3+ and CD161+CD56—CD3+ cells, by using the
mean fluorescence intensities (MFIs) of CD161 in flow
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Fig. 2 Frequencies of different NK cell, NK T cell and T cell
subpopulations among the lymphocyte population. The frequencies of
CD1614+CD56+CD3— and CD161-CD56+-CD3— NK cell subpop-
ulations, CD1614+-CD56+CD3+ and CD161-CD56+CD3+ NK T
cell subpopulations, and CD1614+CD56—CD3+ T cells were
obtained from flow cytometric analysis for each individual of SLE

cytometric analysis to represent the CD161 expression
levels. The MFIs of CD161 in the CD161—-CD56—CD3—
cell subpopulation of SLE patients and normal controls
were used to normalize the MFIs of CD161 in different NK
and T cell subpopulations, and calculated MFIs of CD161
in SLE group were statistically compared with those in
normal control group. As shown in Fig. 5, SLE group
exhibited lower MFIs of CD161 in CD1614+CD56+CD3+
and CDI161+ CD56—CD3+ cell subpopulations than
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and normal control groups. The data of SLE group (n = 20) and
normal control group (n = 16) were shown as box plots with the 25th
to 75th percentiles for each cell subpopulation. The p values of the
statistical comparisons between SLE and control groups for different
cell subpopulations were indicated

normal controls with the statistical significance, whereas
both study groups had comparable MFIs of CD161 in
CD1614+CD56+CD3— cell subpopulation. The data indi-
cated that SLE patients had decreased CD161 expression in
NK T cells and in T cells. To determine whether this
alteration in SLE patients is specific to CD161, we also
analyzed the CD56 expression levels by using flow cyto-
metric MFIs of CD56 in the CD161—-CD56—CD3— cell
population to normalize and calculate MFIs of CD56 in
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Fig. 3 Absolute counts of different NK cell, NK T cell and T cell
subpopulations in the peripheral blood. The absolute counts of
CD1614+CD56+CD3—, CD161-CD56+CD3—, CDI161+CD56+
CD3+, CD161-CD56+CD3+, CD1614+CD56—CD3+ and CD161
—CD56—CD3+ cell subpopulations were calculated from cell
frequencies in the flow cytometric analysis for each individual of

CD161+CD56+CD3—, CD161-CD56+CD3—, CD161+
CD56+CD3+ and CD161—-CD56+CD3+ cell subpopu-
lations of SLE patients and normal controls for the sub-
sequent statistical comparison. It was found that SLE group
exhibited higher MFIs of CD56 in CD1614+-CD56+CD3—
and CD161—-CD56+4CD3— cell subpopulations than nor-
mal control group, whereas both groups had comparable
MFIs of CD56 in CD161+CD56+CD3+4 and CD161—
CD56+CD3+ cell populations, indicating that CD56
expression was increased in NK cells, but not NK T cells,
of SLE patients (Fig. 6). Our results demonstrated the

SLE and normal control groups. The data of SLE and normal control
groups were shown as box plots with the 25th to 75th percentiles for
each cell subpopulation. The p values of the statistical comparisons
between SLE and control groups for different cell subpopulations
were indicated

differential alteration in the CD161 and CD56 expression
on NK and T cell subpopulations of SLE patients.

Discussion

SLE patients have been shown to have decreased amounts
of peripheral blood CD56+CD3— NK cells. In this study,
we used CD161 as a surface marker to determine whether
SLE patients particularly had the defect in CD161-ex-
pressing NK and NK T cells, and it was found that SLE
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Fig. 4 Frequencies (percentages) of CD161-expressing cells among
peripheral blood NK cell, NK T cell and T cell populations. The
frequencies of CD161-expressing cells among CD56+CD3— NK
cells, CD56+CD3+ NK T cells and CD56—CD3+ T cells were
determined by flow cytometric analysis for each individual of SLE
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Fig. 5 CD161 protein expression levels in peripheral blood NK cells,
NK T cells and T cells. The mean florescence intensities (MFIs) of
CD161 in flow cytometric analysis were normalized and used to
represent  the  CDI161 protein  expression  levels  in
CD1614+CD56+CD3— NK cells, CD1614+CD56+CD3+ NK T cells

patients have decreased cell frequencies of CDI161+
CD56+CD3— and CD1614CD56+CD3+4, but not
CD161—-CD56+CD3— or CD161—-CD56+CD3+, NK or
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and CD1614CD56—CD3+ T cells of SLE patients and normal
controls. The CD161 MFIs of SLE and normal control groups were
shown as box plots with the 25th to 75th percentiles for each cell
population. The p values of the statistical comparisons between SLE
and control groups for different cell populations were indicated

NK T cell subpopulations among peripheral blood lym-
phocytes. These data suggest that the SLE patients have
relatively selective defect in quantities of CDI161-
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expressing cells in NK cells and NK T cells, although the
absolute counts of all NK cell and NK T cell subpopula-
tions were found decreased in SLE patients.

CD161 is expressed in subsets of human CD4+ and
CDS8+ T cells. In this study, we found that SLE patients
had decreased absolute counts of CD1614-CD56—CD34 T
cells and decreased cell frequencies of CD161-expressing
cells among CD56—CD3+ T cells, suggesting that SLE
patients may have selective decrease in CD161-expressing
T cells in the peripheral blood, although lymphopenia is a
general phenomenon in SLE patients. Our results appear to
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be in agreement with the finding that SLE patients had
decreased CD161+CD8+ T cells [25]. Indeed,
CD161+CD4+ T cell deficiency also has been found in
patients with rheumatoid arthritis, another human autoim-
mune disease [26]. Therefore, it remains to be determined
whether SLE patients also have defect in CD1614+CD4+ T
cells.

SLE patients had been reported to have the aberrant
expression of certain NK cell receptors, including NKG2A,
NKG2D, DNAM-1, CD16, CD69 and CD158 [8, 9, 27, 28].
CD161 is an NK cell receptor that can deliver inhibitory
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signal for the cytotoxicity function of human NK cells. In this
study, we demonstrated that the CD161 expression on
CD56+4CD3— NK cells was not affected in SLE patients, but
NK cells of SLE patients exhibited higher expression levels
of CD56, another NK cell surface protein which is also
known as neural cell adhesion molecule (NCAM) and may
be involved in cell adhesion function. This finding seems to
be concordant with the previous report that SLE patients
have increased CD56°"€" NK cell proportion [29]. In con-
trast, the CD161 expression was found to be down-regulated
in CD56+CD3+ NK T cells and T cells of SLE patients. It is
possible that the aberrant expression of CD161 and CD56
may contribute to the functional abnormality in NK, NK T
and T cells of SLE patients. In addition, it will be interesting
to determine whether SLE patients have aberrant CD161
expression in Th17 cells, since CD161 is also expressed on
Th17 cells, a T cell lineage linked to some human inflam-
matory and autoimmune disorders [30].

Taken together, our results showed that CD161-ex-
pressing cell frequency and the CD161 expression levels
were reduced in some NK and T cell subpopulations of
SLE patients. This evidence supports the possibility that
CD161 and CDI161-expressing immune cells may con-
tribute to the SLE pathogenesis.
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