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ntisynthetase syndrome (aSS) is an autoimmune disease
characterized by the presence of autoantibodies directed
against different aminoacyl–tRNA synthetases, of which
hystidyl–tRNA synthetase (Jo-1) is the most common target (1).
The aSS spectrum mainly consists of interstitial lung disease
(ILD) and inflammatory myopathy (2, 3). The prognosis of aSS is
closely linked to ILD, which can progress to severe lung fibrosis
and pulmonary hypertension (4), even with the use of immunosuppressive drugs (5). Although aSS pathogenesis remains largely
unknown, there is increasing evidence of an involvement of both
innate and adaptive immunity: the disease could start in the lungs,
where Jo-1 is expressed in a specific structural conformation (6).
Under the influence of proteolytic enzymes (granzymes), Jo-1 is
cleaved and becomes immunogenic (7). Mouse models have

A

demonstrated that a Jo-1 peptide induces the activation of
innate immune cells through the signaling pathways of both
TLR2 and TLR4 (8). Furthermore, these Jo-1 peptides act as
chemoattractants, inducing the migration of immune cells into the
lung and the production of specific autoantibodies (7). To date,
however, the specific contribution of NK cells to the aSS pathogenesis has not been studied.
It has generally been assumed that NK cells provide surveillance
in the early defense against viruses and tumor cells (9). Heterogeneous subsets of NK cells differ in their proliferative potential,
homing characteristics, and functional properties. They can be
divided into two major subsets, based on the density of CD56 cell
surface expression. Both subsets play relatively distinct and important roles in the immune response (10). CD56dim NK cells are
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Antisynthetase syndrome (aSS) is characterized by the association of interstitial lung disease and myositis with anti–tRNA
synthetase autoantibodies. Immune mechanisms leading to aSS could be initiated in the lungs, but the role of NK cells has not
yet been studied. Both extensive NK cell phenotype and functions were compared between 33 patients and 26 controls. Direct and
redirected polyfunctionality assays (degranulation and intracellular production of TNF-a and IFN-g) were performed spontaneously or after IL-12 plus IL-18 stimulation in the presence of K562 or P815 target cells, respectively. NK cells from inactive
patients showed normal phenotype, whereas active aSS revealed a differentiated NK cell profile, as indicated by increased CD57
and Ig-like transcript 2 and an inability to produce IFN-g (p = 0.002) compared with controls. Importantly, active aSS was more
specifically associated with a significant NKp30 decrease (p = 0.009), although levels of mRNA and intracellular protein were
similar in aSS and healthy controls. This NKp30 decrease was strongly correlated with reduced NK cell polyfunctionality in both
direct and redirected killing assays with anti-NKp30 Abs (p = 0.009 and p = 0.03, respectively), confirming its important impact in
aSS. Histological studies revealed massive infiltrations of NK cells inside the lungs of aSS patients (148 versus 11/mm2). Taken
together, these data suggest that NK cells and NKp30 could play a role in aSS pathogenesis. The Journal of Immunology, 2016,
197: 1621–1630.
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Materials and Methods
Patients and controls
This study was approved by the hospital Ethics Committee (CPP-IDF-VI,
June 26, 2012) and was conducted in accordance with French law; anonymously reported patients gave their consent. Thirty-three patients were
included between 2012 and 2016. All patients were diagnosed with aSS
based on the following association of clinical manifestations: myositis, ILD,
and/or rheumatic symptoms and serologic features (two consecutive positive tests for aminoacyl–tRNA synthetases [Luminex, Austin, TX] and
immunodot assays [Euroimmun, L€ubeck, Germany]). Patients (6 men/
27 women; median age, 48 y; age range, 19–77 y) were divided into inactive and active groups (Table I). They were classified as active in case of 1)
active myositis (myalgia or muscle weakness and creatine kinase level
higher than twice the normal range), 2) arthritis (slight pain and swollen
joints), and/or 3) appearance or deterioration of interstitial lung disease
(.10% decrease in lung vital capacity or .15% decrease in CO lung
diffusion capacity). At inclusion, specific treatments were as low as possible and prescribed at a stable dose for at least 1 mo. As shown in Table I,
there were neither demographic (median age, 51 versus 47 y, p = 0.91) nor
therapeutic differences between active (n = 13) and inactive (n = 20) aSS
patients (the number of steroid-free patients was similar in both groups
[4 of 20 versus 6 of 13, p = 0.14], as was the median dose of steroids [5.5 versus
2.5 mg/d, p = 0.52]). Phenotyping analyses of NK cells from patients with
aSS were compared with 26 healthy controls (21 women, 5 men, aged
between 22 and 58 y), whereas NK cell functional analyses as well as serum
cytokine measurements were compared with 10 other controls.

Flow cytometry analyses
Nine-color flow cytometry analyses (Gallios, Beckman Coulter) were
performed on freshly isolated blood cells. NK cells were analyzed after
staining with the appropriate Ab cocktails (Supplemental Table I). At least
20,000 lymphocytes were recorded and data were analyzed using FlowJo
software version 10 (Tree Star).

NK cell degranulation assays and cellular production of
cytokines
Polyfunctionality assays simultaneously detected degranulation assays and
intracellular production of TNF-a and IFN-g (12). Direct killing assays, as
well as cross-linking assays, were performed using K562 target cells with
and without anti–NKp30 mAb (R&D Systems) or a mouse IgG2a isotype
control (R&D Systems) coated at 2.5 mg/ml onto flat-bottom 96-well
MaxiSorp plates (Nunc) (13). Redirected killing assays were performed in

similar conditions, with P815 target cells. Freshly isolated PBMCs were
incubated overnight with and without IL-12 (10 ng/ml) and IL-18 (100 ng/ml)
(R&D Systems) to stimulate cytokine production. To test the pathogenic
role of anti–Jo-1 autoantibodies, PBMCs were incubated with IgG purified
from two active patients’ sera (1 mg/ml) and one healthy donor, as a
control, using a Melon gel IgG purification kit (Pierce) and buffer was
exchanged using Amicon Ultra 30,000 normal molecular weight limit
centrifugal filters (Merck Millipore). Data were analyzed with FlowJo, and
the fraction of NK cells that were positive for up to three functions was
defined using the software’s Boolean gate algorithm.

Serum cytokine assays
Serum samples from patients and healthy controls were processed immediately after being collected and stored at 280˚C. IFN-g was quantified in
duplicate using human IFN-g, IL-2, and IL-15 Quantikine ELISA kits
(R&D Systems), and the IFN-a concentration was determined using an
antiviral IFN-a cytopathic bioassay (14).

Relative NCR3 mRNA quantification
Total RNA was extracted from 200,000 CD32CD56+-sorted NK cells
(S3e cell sorter; Bio-Rad) with TRIzol reagent (Ambion/Life Technologies) and quantified using the NanoVue Plus spectrophotometer
(GE Healthcare). First-strand cDNA was synthesized using SuperScript IV
reverse transcriptase (Invitrogen) with both random hexamers and deoxythymidine nucleotide as primers. Real-time quantitative PCR (qPCR) assays were performed in duplicate in a 20-ml reaction mixture, with 25 ng
of cDNA as a template using TaqMan gene expression assays (Applied
Biosystems) to specifically detect human ACTB (Hs99999903_m1) and
NKp30/NCR3 (Hs01553309_g1) transcripts. qPCR reactions were run on
an ABI 7300 real-time PCR system (Applied Biosystems), according to the
manufacturer’s instructions, and analyzed with the sequence detection
software SDS version 1.1 (Applied Biosystems). For each cDNA sample,
relative transcript quantities were calculated as DCT values with ACTB as
the endogenous gene reference.

Immunohistochemistry
Paraffin-embedded explanted lung samples were retrieved from three other
patients with severe and end-stage aSS-related usual interstitial pneumonia:
two women and one man, 50–55 y old, with anti–Jo-1 (n = 2) or anti-PL12
(n = 1) autoantibodies and with a disease duration ranging from 2 to 9 y.
These pathological studies were compared with lung biopsies from three
controls. Serial 7-mm tissue sections were deparaffinized, rehydrated, and
pretreated in 10 mM Tris/1 mM EDTA buffer (pH 9) for Ag retrieval and
then treated to visualize the appropriate markers (15).
Frozen muscle biopsies of five independent patients with an aSS-related
myositis were also studied in parallel. Cryostat-cut sections (7 mm) were
stained with H&E (16).
The immunohistochemical demonstration of NK cells in lungs and
muscles was performed using anti–NKp46 mAb (clone 195314; R&D
Systems) (15, 17). The characterization of both T and B cells was performed using anti-CD3 and anti-CD20 mAbs (clones F7.2.38 and L26,
respectively; Dako) or CD79a mAbs (clone JCB117; Dako).
Granzyme B expression in lung NK cells was shown by an NKp46 plus
granzyme B double staining, using anti-NKp46 and anti–granzyme B (clone
GrB-7; Dako). Similarly, myeloid dendritic cells (DCs) were stained by
anti-CD3 plus anti–DC-LAMP mAbs (clone 1010E1.01; Dendritics), as
previously described (18).
In all cases, appropriate biotinylated secondary Abs were coupled with
streptavidin-peroxidase and the peroxidase activity was revealed using
either 3-amino-9-ethylcarbazole substrate (lung) and/or 3,39-diaminobenzidine
(lung, muscles). NK cell count was performed using NDP view 2
(Hamamatsu).

Statistical analyses
The quantitative data were described as median values. The nonparametric
Mann–Whitney U, Kruskal–Wallis, and Wilcoxon tests were used appropriately for comparison of continuous variables between groups. Correlations between variables were calculated using the nonparametric Spearman
rank-order test. Principal component analysis was used to graphically assess the separation between active and inactive patients, with regards to the
following variables: CD69, CD57, ILT2, NKp30, and the NK cell functions. A logistic model was built to predict the probability of having an
active disease. For each value of the prediction equation, defined by a
combination of the variables of interest (i.e., NKp30, CD57, and ILT2),
sensitivity and specificity were calculated and represented by a receiver
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present in the periphery and produce relatively low levels of cytokine but can spontaneously lyse susceptible target cells through
the perforin/granzyme pathways. Conversely, CD56bright NK cells
(11) produce a wide range of cytokines (including IFN-g and
TNF-a) and chemokines, but their ability to kill target cells spontaneously is weak (11).
The activity of NK cells is controlled by a dynamic signal
balance between a vast network of activating and inhibitory receptors, which are triggered upon interaction with their cognate
ligands to detect their cellular targets while sparing normal cells
(9). Under normal circumstances NK cells express inhibitory receptors, such as killer cell Ig-like receptors, Ig-like transcript
2 (ILT2/CD85j), and CD94/NKG2A receptors, which recognize some self-molecules of the HLA-I repertoire, constitutively
expressed on host cells. NK cells will only mount an efficient
response when signaling exceeds a critical threshold, specifically
when receptor activation exceeds the counterbalancing influence of inhibitory receptors. These activating receptors include
NKG2D, FCgRIIIA (CD16a), and the natural cytotoxic receptors
NKp46 and NKp30.
The aim of this study is to provide the first extensive phenotypic
and functional characterization of NK cells in patients with aSS.
This study therefore focused on circulating NK cells from peripheral blood as well as NK cell infiltrates within the lung and
muscle target tissues to establish their involvement in the aSS
pathogenesis.

NK CELLS IN ANTISYNTHETASE SYNDROME
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Table I. Patient characteristics and treatments
Patient

Gender

ARS

51
57
57
44
67
41
45
67
77
29
48
31
60
60
40
27
41
31
51
23
42
48
60
46
19
37
25
53
72
72
28
53
51

F
F
F
F
F
F
F
F
M
F
F
F
M
F
F
M
F
M
F
F
F
F
F
F
F
F
F
F
M
F
M
F
F

Jo-1
Jo-1
Jo-1
Jo-1
PL12
Jo-1
PL12
PL12
Jo-1
OJ
Jo-1
Jo-1
Jo-1
EJ
PL12
Jo-1
Jo-1
Jo-1
Jo-1
Jo-1
PL7
Jo-1
Jo-1
Jo-1
PL12
Jo-1
PL12
PL7
Jo-1
PL7
Jo-1
Jo-1
Jo-1

Other Autoantibodies

Sm
Ro/SSA-52
Ro/SSA-52
Not determined
Ro/SSA-60, La/SSB
Ro/SSA-52, DNAa
RNP, Ro/SSA-52, Ro/SSA-60
Ro/SSA-60
Ro/SSA-52, Ro/SSA-60
Ro/SSA-60
Ro/SSA-60
Ro/SSA-52
Ro/SSA-52
Ro/SSA-52
Ro/SSA-52
Ro/SSA-52
Ro/SSA-52
Ro/SSA-52

Disease Activity

Treatments

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes, muscle
Yes, ILD
Yes, muscle
Yes, muscle
Yes, muscle
Yes, muscle
Yes, muscle and ILD
Yes, muscle and joints
Yes, muscle
Yes, muscle
Yes, muscle
Yes, muscle and joints
Yes, ILD, joints, and skin

MMF, steroids (15 mg)
AZA, steroids (5 mg)
MTX, steroids (5 mg)
HCQ
MTX, IV Ig, steroids (5 mg)
HCQ, MMF, steroids (15 mg)
Steroids (5 mg)
Steroids (10 mg)
None
Steroids (5 mg)
MTX, steroids (8 mg)
MTX, IV Ig, steroids (25 mg)
MMF, steroids (6 mg)
None
MMF, steroids (10 mg)
None
HCQ, MTX, steroids (6 mg)
MTX, steroids (7 mg)
MTX, steroids (5 mg)
MTX, steroids (8 mg)
HCQ, steroids (10 mg)
MMF, steroids (10 mg)
Steroids (20 mg)
None
None
MMF, steroids (15 mg)
None
Steroids (7 mg)
MMF, steroids (20 mg)
None
MTX, steroids (15 mg)
None
None

ARS, anti–tRNA synthetase Ab (12 mg), daily dose of steroids (mg); AZA, azathioprine; HCQ, hydroxychloroquine; IV Ig, i.v. Igs; MMF, mycophenolate mofetil; MTX,
methotrexate.
a
By Luminex/FIDIS technique.

operating characteristic (ROC) curve. A p value ,0.05 was considered
significant. Analyses were performed using SAS (version 9.3; SAS Institute) or Prism (version 5.0; GraphPad Software).

Results
Phenotypic repertoire of NK cells from aSS patients
The percentages and the absolute count of circulating CD32CD56+
NK cells remained similar in patients with active aSS (13%,
[5–19]) or inactive aSS (14%, [1–31]), and controls (9% [5–20])
(Fig. 1A). The percentages of CD56bright and CD56dim NK cell
subsets were equivalent in aSS and healthy donors (Fig. 1B).
To better characterize NK cells from aSS patients, we performed
an extensive analysis of cell surface receptors. CD56+ NK cells
from patients with aSS were indistinguishable from those of the
healthy controls, in terms of cell surface expression of a large
panel of NK receptors, including cell activation CD69, HLA-DR,
and NKp44, and also CD16/FCgRIIIA, CD8a, NKG2D, killer cell
Ig-related receptors, NKG2A, NKG2C, as well as the chemokine
receptors CX3CR1 and CCR7 (Fig. 1C and data not shown). Additionally, the CD62-L expression was similar in patients and
controls (19, 20). In contrast, NK cells from active aSS patients
expressed lower levels of NKp30 compared with both controls
(59 [22–88] versus 81% [45–98], p = 0.006; Fig. 1C) and inactive
patients (90% [23–97], p = 0.009). Of note, in patients tested twice
longitudinally (n = 6), the variation of NKp30 persisted over
time (3–6 mo) despite treatment modulations (68%, p = 0.53).
ILT2/CD85j was also specifically and significantly increased in
active aSS patients as compared with controls (63 [16–92] versus 41% [11–69], p = 0.02) and inactive patients (40% [10–83],

p = 0.04). CD57, another receptor associated with NK cell differentiation, was modulated in active aSS patients versus controls
and inactive patients (55 [26–93] versus 47% [27–57], p = 0.02
and 37% [22–89], p = 0.03, respectively).
Importantly, the percentage of NK cells expressing NKp30 in
aSS patients was inversely correlated with both CD57 (r = 20.60;
p = 0.002) and ILT2 (r = 20.39; p = 0.025) (Fig. 1D). These data
were strengthened by the calculation of a prediction equation
combining the CD57, ILT2, and NKp30 variables and are represented as an ROC curve, which showed significant diagnosis accuracy in predicting the aSS activity (area under the curve = 0.77
compared with 0.5, p = 0.01) (Fig. 1E).
Collectively, these findings suggest that NK cells from aSS
patients are more differentiated than are those from healthy donors.
Importantly, the decreased NKp30 expression is more pronounced
in patients with active aSS compared with inactive aSS.
NK cell functions of aSS patients
To determine the functional significance of these findings, we
further examined the overall functional ability of NK cells of aSS
patients: the cytolytic activity of NK cells is mediated by death
receptor activation as well as by the release from cytotoxic granules
of perforin together with granzymes A and B, which are specifically
involved in aSS pathogenesis (6).
The percentages of NK cells expressing granzyme A, and to a
lesser extent granzyme B, were significantly higher in aSS patients
(n = 17) as compared with the controls (n = 13) (98 [89299] versus
92% [78293], p = 0.001, and 89 [70299] versus 76% [65294],
p = 0.007, respectively). The percentage of granulysin+ NK cells
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FIGURE 1. Quantitative and phenotypic characteristics of NK cells from aSS patients. (A) Percentage and absolute count of blood CD32CD56+ NK cells
within the CD45+ lymphocyte gate. (B) Percentage of CD56bright NK cells among blood CD32CD56+ NK cells. (C) Percentage of CD32CD56+ NK cells
expressing different surface markers among the blood NK cells. Data from 26 healthy donors (open boxes), 20 inactive aSS patients (gray boxes), and 13
active aSS patients (black boxes) are shown as a box plot (25th–75th percentiles). Lines outside the boxes represent the minimum and maximum values, and
lines inside the boxes represent the median value. *p , 0.05, **p , 0.01. (D) Correlation between NKp30 and CD57 or ILT2 expression on CD32CD56+
NK cells from aSS patients.d, Active aSS patients; s, inactive aSS patients. (E) ROC curve representing the sensitivity and the specificity of a test
(combining the NKp30, CD57, and ILT2 values) in predicting disease activity.

was also higher in aSS patients than in controls (Supplemental
Fig. 1), whereas the proportion of NK cells expressing intracellular perforin was equivalent in all samples.

To obtain further insight into NK cell functions, the degranulation capacity of NK cells was assessed in the presence of K562
target cells; although slightly decreased in active aSS patients, the
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FIGURE 2. NK cell functionality. (A) Representative profile of NK cell functions by flow cytometry after a 5-h polyfunctional assay in the presence of
K562 target cells (at a 1:1 E:T ratio). NK cell degranulation (CD107a) and intracellular production of IFN-g and TNF-a were measured by gating on CD32CD56+
NK cells. (B) Degranulation and intracellular cytokine production in NK cells from freshly isolated PBMCs, either nonstimulated (left panel) or stimulated
overnight (right panel) by IL-12 plus IL-18. Data from 10 controls (open boxes), 10 inactive patients (gray boxes), and 10 active aSS patients (black boxes)
are shown as a box plot (25th–75th percentiles). Outside lines represent minimum and maximum values, and inside lines represent the median value.
(C) Polyfunctional assays of resting or IL-12 plus IL-18–stimulating NK cells from 10 controls, 10 inactive patients, and 10 active aSS patients were tested
against K562 target cells. The mean values were analyzed with a Boolean gate algorithm (FlowJo; Tree Star). Pie and arc charts were generated using
SPICE software (National Institute of Allergy and Infectious Diseases freeware). Pies represent the frequency of NK cells positive for up to three responses
(to CD107a, IFN-g, and TNF-a). Arcs depict the frequency of positive cells for CD107a, IFN-g, and TNF-a. The proportion of NK cells performing three
functions was compared between groups. *p , 0.05, **p , 0.01, ***p , 0.001.

level of CD107a was statistically similar in aSS patients and
controls (34 [17–66], 31 [11–39] and 24% [9–59] in controls, active
patients, and inactive patients, respectively, p = 0.25). Similar data

were obtained after overnight stimulation with IL-12 and IL-18
(51 [32–77], 46 [14–62], and 29% [12–83] in controls, active
patients, and inactive patients, respectively, p = 0.19; Fig. 2A, 2B).
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Functional correlations with NKp30 in aSS patients

FIGURE 3. Functional correlations with NKp30. (A) Significant correlations between NKp30 and the NK cell functions, that is, degranulation
(CD107a) and cytokine production in different experimental conditions,
are shown. (B) Principal component analysis graphically shows the statistical proximity between the different variables that were tested, as well
as the distribution of the patients according to the differential expression of
these variables. d, Active aSS patients; s, inactive aSS patients. (C) Polyfunctional assays of resting or IL-12 plus IL-18–stimulated NK cells from
four controls and five aSS patients were tested against P815 target cells in
the presence of activating anti–NKp30 Abs (R&D Systems). Data were
analyzed with Boolean gate algorithm (FlowJo; Tree Star). Pie and arc charts
were generated using SPICE software (National Institute of Allergy and
Infectious Diseases freeware). Pies represent the frequency of NK cells
positive for up to three responses (to CD107a, IFN-g, and TNF-a). Arcs
depict the frequency of positive cells for CD107a, IFN-g, and TNF-a. The
proportion of NK cells performing two or more functions was compared
between groups. *p , 0.05.

In contrast, NK cells from patients with active and inactive aSS
displayed a significant decrease in their capacity to produce IFN-g
following overnight stimulation with IL-12 and IL-18. When
compared with healthy controls, active aSS patients showed a
dramatic decrease in IFN-g production both spontaneously (2 [1–8]
versus 18% [2–36], p = 0.0017) and in the presence of K562 target

Our extensive phenotypic study of NK cells from aSS patients
reveals a significant decrease in NKp30 frequency on the NK cell
surface of aSS patients, which correlates with their maturation
state. As shown in Fig. 3A, the frequency of NKp30+ NK cells is
strongly correlated with NK cell degranulation and IFN-g production obtained spontaneously or after overnight stimulation with
IL-12 and IL-18. Similar data were obtained both in the absence
and presence of K562 target cells (Fig. 3A).
The principal component analysis graphically confirmed that
NKp30 was associated with the different functional parameters
(degranulation and cytokine productions) (Fig. 3B). Furthermore,
the other cell surface markers (CD69, ILT2, and CD57) that are
modulated in aSS patients clustered together, suggesting that they
are closely linked. According to these different variables, this multivariate analysis also showed that active and inactive aSS patients
form a relatively distinct group (Fig. 3B).
These data were reinforced by cross-linking assays performed in
the presence of coated activating anti–NKp30 Abs: IFN-g–producing
NK cells were significantly decreased in aSS patients as compared
with the controls (2 [0.7–5] versus 9% [3.5–15], p = 0.03) after
overnight stimulation with IL-12 and IL-18.
To better assess the functional role of NKp30 in modulating NK
cell functions in aSS, redirected killing assays were also performed
with P815 target cells with and without activating anti–NKp30 Abs.
Fig. 3C shows that the induction of NK cell polyfunctionality by
anti–NKp30 Abs was significantly decreased in aSS patients as
compared with the controls. This was mainly due to a significant
decrease of IFN-g–producing NK cells following overnight stimulation with IL-12 and IL-18 in aSS patients as compared with healthy
controls (6 [1.5–9] versus 16% [10–22], p = 0.02). As a control, a
similar level of IFN-g was observed in the presence of mouse IgG2a
isotype control (3 [0.3–12] versus 7% [1–14], p = 0.71).
In aSS, modulations of NK cell functions are clearly linked to
abnormal NKp30 expression.
To further understand the mechanisms of NKp30 cell surface
decrease, we quantified by qPCR the relative NKp30 mRNA in
purified NK cells from patients (n = 6) and controls (n = 3). Fig. 4A
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cells (7% [1–20] versus 36% [9–49], p , 0.001) (Fig. 2B). However, the intracellular production of TNF-a was similar in inactive
and active aSS patients as well as in healthy controls, regardless of
the culture conditions (Fig. 2B).
Note that serum concentrations of IFN-g, IFN-a, and IL-2 titers
were below their detection thresholds in all patients and controls.
IL-15 serum concentration was similar in controls and aSS patients.
These data were then confirmed by a polyfunctionality analysis
in which NK cells from the different samples were investigated
for multiple functional responses in the presence of K562 target
cells. NK cells from aSS patients are less polyfunctional than those
of healthy donors (Fig. 2C): the percentage of fully functional NK
cells capable of performing three functions (degranulation and
production of both IFN-g and TNF-a) was significantly decreased
in aSS patients as compared with controls (1% [0.1–5] versus 12%
[1–19], p = 0.003). In the absence of stimulation, this effect was
only significant for NK cells from active aSS patients, whereas
after an overnight stimulation with IL-12 and IL-18, a decrease in
polyfunctional activity was observed both in inactive and active
aSS patients, but more significantly in active aSS patients
(Fig. 2C).
NK cells from aSS patients have abnormal functions, which
correlate with the disease activity: IFN-g production is dramatically impaired, whereas proteolytic enzymes and their degranulation remain unchanged.
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FIGURE 4. Modulation of NKp30 expression in aSS patients. (A) Relative NKp30 mRNA quantification in sorted CD3–CD56+ NK cells from patients
(according to the cell surface NKp30 expression) and healthy controls. (B) Examples of cell surface (Mb) and intracellular (IC) expression of NKp30 by
flow cytometry stainings. (C) Percentages of cell surface (Mb) and intracellular (IC) NKp30+ NK cells in controls, active patients, and inactive aSS
patients. (D) Percentage of cell-surface NKp30+ NK cells after 12-h cultures with medium alone or treated with purified IgG from anti–Jo-1+ patient sera
(Jo-1 Ab) or purified IgG from controls (HD IgG). Experiments were performed in three controls, five inactive patients, and two active aSS patients. (E)
Polyfunctional assays of resting or anti–Jo-1-stimulated NK cells from three controls, five inactive patients, and two active aSS patients. Assays were
performed in the presence of K562 target cells. The mean values were analyzed with a Boolean gate algorithm (FlowJo; Tree Star). Pie and arc charts
were generated using SPICE software (National Institute of Allergy and Infectious Diseases freeware). Pies represent the frequency of NK cells positive
for up to three responses (to CD107a, IFN-g, and TNF-a). Arcs depict the frequency of positive cells for CD107a, IFN-g, and TNF-a. None of the
results was statistically significant.
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NK cell infiltration of the target tissues
In addition to the study of circulating NK cells, immunohistological
analyses in target tissues were also performed. As expected, the
histological analyses of different muscle biopsy specimens showed
myopathic changes, including predominant perifascicular atrophy
as well as inflammatory infiltrates within both the perimysium
and endomysium. Based on immunohistochemistry analyses, cells
infiltrating the endomysium were distributed as follows: CD3+
T cells . CD79a+ B cells. Interestingly, the presence of rare NK
cells (1.1/mm2 [0–1.5]), which represented ,2% of the total immune cells, was observed both in proximity to the myofibers and
within the perimysial cellular infiltrate (Supplemental Fig. 2).
Histological features of aSS patient lungs were consistent with
severe and diffuse fibrotic lesions, characteristic of usual interstitial
pneumonia. Cellular infiltrates were intense and diffuse, especially
in the most fibrotic zones. The characterization of the lymphoid cells
by immunohistochemistry showed the presence of CD3+ T cells and
CD20+ B cells. Importantly, very high and significantly increased
numbers of NK cells were observed in the lungs of aSS patients as
compared with the controls (148/mm2 [0–1.5] versus 11/mm2
[10–11], Fig. 5E). CD3+ T cells, CD20+ B cells, and DC-LAMP+
DCs are grouped in tertiary lymphoid structures, whereas NK
cells were distributed throughout the areas showing fibrosis
(Fig. 5B–D, Supplemental Fig. 3). Importantly, in lung biopsies
NKp46+ NK cells were positive for granzyme B (Fig. 5F).
Taken together, the presence of NK cells in target tissue suggests
their involvement in aSS pathogenesis.

Discussion
With the exception of aSS, involvement of NK cells has been observed in various inflammatory and autoimmune diseases (13, 14, 21–
23), including those characterized by pulmonary manifestations (24).
Importantly, note that NK cells have been attributed both a harmful
and a beneficial role (21, 24).
By extensively studying blood and tissue NK cells in aSS patients, the present study suggests that these innate immune cells
could play a role in the aSS pathogenesis. Indeed, the current
staining of target tissue sections revealed, to our knowledge for the
first time (17), the presence of rare NK cells in the muscles and,
more importantly, a massive infiltration of NK cells inside the lungs
of aSS patients.
Among the large panel of NK cell markers that were studied, our
in-depth analysis reveals that the natural cytotoxicity-activating
NKp30 NK cell receptor is the main circulating NK cell surface

receptor involved in aSS: cell surface NKp30 expression was
dramatically decreased and specifically associated with aSS activity. NKp30 was strongly correlated with a loss of NK cell
function and more specifically with a decrease in IFN-g production,
especially after the gold standard IL-12 plus IL-18 stimulation.
Collectively, these data indicate that peripheral blood NK cells
could play an inhibitory role in the disease.
With regard to NKp30 expression, our data are therefore consistent with those previously reported in a small series of patients
with systemic sclerosis (24), another autoimmune disease also
characterized by interstitial lung disease, a manifestation shared
with aSS.
The mechanisms leading to cell surface NKp30 decrease remain
unclear. However, regardless of the phenotypic and functional
direct and redirected killing assays, the data from aSS patients are
consistent with a dramatic downmodulation of NKp30 expression
rather than qualitative abnormalities (25). NKp30 mRNA and
intracellular levels of NKp30 within NK cells are similar in aSS
patients and controls, which clearly suggests that NKp30 modulations could be associated with posttraductional events. Because
we demonstrated that anti–Jo-1 autoantibodies had no impact on
NKp30 modulation in vitro, we hypothesize that the mechanisms
leading to NKp30 decrease take place prior to autoantibody production. However, no danger signal has been identified yet. Thus,
NKp30 downmodulation was not related to a systemic effect of
proinflammatory cytokines, such as IL-2 and IL-15 or type I IFN.
NKp30 represents a surrogate marker for NK cell functions in
humans (26) and is involved to a significant extent in both DC
killing and maturation (27, 28). DCs are in turn involved in the
reciprocal activation of NK cells (29), which also implies IL-12
plus IL-18 signaling pathways. That DCs and NK cells are not
confined to the lungs in aSS patients suggests that NK cell–DC
cross-talk could be at play in secondary lymphoid organs, rather
than in target tissues. However, the significant phenotypic and
functional changes of blood NK cells reported in the present
study are consistent with the modulation of NK cell differentiation, previously described in humans (19, 30–32): NK cells from
active aSS patients displayed a differentiated phenotype with low
levels of NKp30, associated with high expressions of CD57 and
ILT2. These results are further supported by the accuracy of the
equation combining these three variables in predicting the activity of aSS.
Although peripheral blood NK cells from active aSS harbor an
inhibitory regulatory phenotype, their terminal differentiation
status is also consistent with their inability to efficiently produce
IFN-g and their strong capacity to express proteolytic enzymes,
including granzymes A and B, as previously described (19).
Furthermore, such differentiated NK cells, which are massively
present in the lung, could thus play a role in directly promoting the
aSS in the target tissues. Importantly, immune events occurring
in the lung have been shown to be the primary trigger of aSS
(7): it has been hypothesized that the cleavage of the Jo-1 by
granzyme B, a serine protease, could recruit and stimulate immune cells, such as monocyte/DC lineage cells (8). We show in
the present study that NK cells positive for granzyme B are more
prevalent in peripheral blood and present in the lungs of patients.
It is therefore possible that functional blood NK cells invade the
lungs of aSS patients, both initiating and sustaining the disease,
in which the autoantibody production persists over time (33).
Overall, these results strongly suggest that NK cells and their
differentiation process could play a key role in the development
and/or progression of aSS.
Additionally, the diffuse infiltration of NK cells within the lung is
also consistent with a specific involvement of NK cells in the lung
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showed no difference between controls and patients, regardless of
the cell surface level of NKp30. We then compared cell surface
and intracellular levels of NKp30 expression in eight patients
and three controls. The proportion of NKp30+ NK cells after
permeabilization was very high (98% [96–100]) in all samples,
irrespective of the NKp30 cell surface expression (Fig. 4B, 4C).
These combined result suggest that a decreased in NKp30 surface
expression could be associated with posttraductional events. We
therefore studied the putative role of anti–Jo-1 autoantibodies in
the modulation of NKp30 expression. The decrease in cell surface
NKp30 levels is not associated with a pathogenic role of anti–Jo-1
autoantibodies: in the presence of anti–Jo-1 aSS-specific autoantibodies, the percentage of NKp30+ NK cells remains similar after
12-h in vitro cultures of PBMCs (Fig. 4D). Autoantibody-stimulated
and unstimulated PBMCs from aSS patients expressed similar
levels of NKp30 (82 [53–96] versus 76% [56–94], p = 0.11), as did
the controls (94 [78–96] versus 92% [77–97], p = 0.75). Of note,
anti–Jo-1 autoantibodies had no effect on NK cel polyfunctionality
(Fig. 4E) or on CD14+ monocyte activation (data not shown).
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FIGURE 5. NK cell immunohistochemistry stainings in the lung. (A) Lung section: NKp46 staining (clone 195314; R&D Systems ) in a normal lung
(H&E-stained section). (B–D) Lung sections: NKp46 staining in three patients with aSS (H&E-stained section) showing usual interstitial pneumonia with
intense fibrosis. The distribution of NKp46+ NK cells is dense and diffuse. (E) NK cell count/mm2 in three aSS patients (n = 3) and three healthy controls
lung sections showing a dramatic increase density of NK cells in aSS patients. Each filled circle represents the patient NK cell count/mm2, and the open
circle represents the count of the control subject. (F) Lung sections (patients 2 and 3): examples of NKp46+ (red) and granzyme B+ (Dako, Clone GrB-7)
double staining (blue granulations). Original magnification is noted in the lower right-hand corner of each panel.

fibrosis. Note that the presence of NK cells in the explanted lungs of
aSS patients with a long and refractory disease history despite
immunosuppressive treatments suggested a persistent involvement
of NK cells. To date, the role of NK cells in the pathogenesis of
lung fibrosis remains unclear, and their involvement in this process in the context of autoimmune diseases, including aSS, is not
known. Some studies have reported reduced NK cell function in
diseases leading to idiopathic pulmonary fibrosis, through the lack

of interactions of NK cells with epithelial cells or collagenproducing cells (34, 35). Some animal models also suggested
that NK cells could prevent lung fibrosis, through the production
of IFN-g (36). Our results are consistent with these data, showing
a dramatically impaired IFN-g production in aSS patients, which
is at least in part due to a lower expression of NKp30.
With regard to our blood and tissue compartment results, we
suggest that NK cells could be implicated in the aSS pathogenesis.
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Further work is however needed to determine the exact role of NK
cells within the tissue. Additionally, our data also suggest a possible
involvement of the NKp30 pathway in the development and/or
progression of aSS. Whether NKp30 could be used as a biomarker predictive of aSS outcome and whether this pathway could
be drug targetable also remain to be determined.
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2007. Cigarette smoke impairs NK cell-dependent tumor immune surveillance.
J. Immunol. 178: 936–943.
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