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Abstract
Objective
To elucidate the potential role of CD3*CD56* NKT-like cells in the pathogenesis of primary Sjogren’s syndrome (pSS).

Methods
We enrolled pSS patients and healthy controls and examined the peripheral population, the surface chemokine receptors
and the proinflammatory cytokine production of NKT-like cells by flow cytometry. The infiltration of NKT-like cells in
the labial salivary gland (LSG) was examined by immunofluorescence. Serum and tissue levels of CX3CLI were detected
by Cytometric Bead Array and immunohistochemistry, respectively. The chemotaxis of NKT-like cells was examined by
transwell migration assay.

Results
Peripheral NKT-like cells from pSS patients were significantly lower than those from HC (3.09+2.35% vs. 5.37+4.06%,
p=0.0002), which was negatively correlated with European League Against Rheumatism Sjogren’s Syndrome Disease
Activity index. NKT-like cells infiltrated into the LSG of pSS patients. Serum and LSG epithelial CX3CLI levels were
higher in pSS patients than those in HC, which promoted the chemotaxis of the NKT-like cells. NKT-like cells from pSS
patients expressed a higher level of CD69, and secreted high level of TNF-a and IFN-y, which was promoted by
CX3CLI in vitro.

Conclusion
NKT-like cells decreased in peripheral and infiltrated into the LSG of the pSS patients, which could be driven by
CX3CLI-CX3CRI axis. NKT-like cells might be implicated in the pathogenesis of pSS.
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Introduction

Primary Sjogren’s syndrome (pSS) is a
common autoimmune disease charac-
terised by dry eyes and dry mouth. The
pathogenesis of pSS remains elusive,
however, accumulating evidence sug-
gest that abnormal immune response
orchestrated by the genetic factors and
environmental factors is the essential
mechanism for pSS (1, 2). The hall-
mark of pSS is the intensive infiltration
of mononuclear cells, mainly CD3*T
cells and CD20* B cells, in the exocrine
glands such as labial salivary gland
(LSG) and lacrimal glands (3, 4). More
than 75% salivary gland-infiltrating
lymphocytes were T cells, especially
CD4* T cells (5), which are correlated
with the labial infiltration grade and
biopsy focus score (6). More recently,
various T cell subsets (7), including
Th1 cells (8,9), Th17 cells (10, 11), as
well as follicular helper T (Tfh) cells
and follicular regulatory T (Tfr) cells
(12) , have been proved to play pivotal
role in the pathogenesis of pSS, medi-
ating B cell hyperactivity. Addition-
ally, CD16*CD56" natural killer (NK)
cells are involved in the pathogenesis
of pSS. Extensive accumulation of NK
cells in minor salivary gland is noted
in pSS patients and is correlated with
the severity of the sialadenitis. Further-
more, NK cells secrete a high level of
IFN-vy (13, 14), which implicates that
NK cells may promote inflammation in
LSG in pSS patients.

CD3*CD56* NKT-like cells are a dis-
tinct subpopulation of peripheral lym-
phocytes which express the markers
of both CD3* T cells and CD56* NK
cells (15, 16). NKT-like cells show the
potentials of both T cells and NK cells
(17), including potent TCR-mediated
and NK-like cytotoxicity, and produc-
ing abundant IFN-y and TNF-a (18-
20), and serve as a bridge of innate im-
mune and adaptive immune (15). NKT-
like cells are implicated in the autoim-
mune diseases. Matthew et al. observed
a lower frequency of peripheral NKT-
like cells in systemic lupus erythema-
tosus and was inversely correlated with
IgG level in the siblings of patients,
suggesting NKT-like cells may regulate
the immunoglobin production (21, 22).
Interestingly, RA patients also have de-

pleted peripheral NKT-like cells (23).
Additionally, activated NKT-like cells
are accumulated in the liver of patients
with primary biliary cholangitis (24).

The potential role of NKT-like cells
in the pathogenesis of pSS remains
unknown (25-27). To address this, we
examined the peripheral and LSG-
infiltrating NKT-like cells in pSS and
healthy controls (HC). We observed
that the NKT-like cells from pSS pa-
tients were significantly decreased in
peripheral and infiltrated to the LSG,
which may be driven by the increased
CX3CL1 level. We also found that
NKT-like cells from pSS patients were
activated and produced a high level of
IFN-y and TNF-a, which were poten-
tially further stimulated by CX3CL1.

Methods

Patients and healthy controls

A total of 110 pSS patients fulfilled the
European-American consensus  crite-
ria for SS (28) were enrolled from Pe-
king Union Medical College Hospital
(PUMCH) between December 2015 and
May 2017. Additionally, 83 healthy con-
trols (HC) served as controls. First, NKT-
like cell population was examined in 71
patients and 64 controls; second, serum
chemokines were detected in 49 pSS pa-
tients and 40 controls, including 31 pa-
tients whom were previously analysed;
third, immune phenotypes of NKT-like
cells were measured in 14 patients and 14
controls; finally, chemotaxis and stimula-
tion of CX3CL1 to NKT-like cells were
evaluated in 7 patients and controls. Fur-
thermore, labial salivary gland (LSG)
samples were collected from 15 of 110
pSS patients and 7 non-pSS sicca con-
trols, who presented with sicca symp-
toms but did not meet the classification
criteria of pSS. Patients with other con-
nective tissue diseases, recent infection
or malignancy were excluded.

The study was approved by the Insti-
tutional Review Board of PUMCH
(S-225), and written informed consent
was obtained from all participants. The
clinical characteristics of pSS patients
were listed in Supplementary Table 1.

Flow cytometry

Fresh PBMCs were incubated with flu-
orescence-conjugated monoclonal anti-
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HC pss

bodies at 4°C for 30 minutes, then were
analysed by BD Accuri C6 flow cytome-
ter. The following antibodies were used:
FITC-conjugated anti-CD3 (HIT3a),
APC-conjugated anti-CD56 (HCDS56),
PE-conjugated anti-CX3CR1 (2A9-1),
PE-conjugated anti-CD69 (FN50), PE-
conjugated anti-CCR7 (3D12) and PE-
conjugated anti-CXCR4 (12G5). Data
were processed using FlowJo vX (Tree
Star).

Intracellular cytokines staining
PBMCs (10° cells/ml) were incubated
in complete RPMI medium supple-
mented with 50 ng/ml PMA (Sigma),
1 pg/ml ionomycin (Sigma) and 1 pg/
ml Golgiplug (BioLegend) at 37°C in
5% CO, for 3 hours. Then cells were
washed with PBS and stained with
FITC-conjugated anti-CD3 (HIT3a)
and PE/APC-conjugated anti-CD56
(HCD56) antibodies, permeabilised
with permeabilisation buffer (BD)
and subsequently incubated with anti-
bodies against PE-conjugated TNF-a
(MAB11), APC-conjugated IFN-y
(B27) and PE-conjugated IL-17A
(SCPL1362) at 4°C for 45 minutes. The
cells were analysed by flow cytometry
within 3 days.

CFSE proliferation assay

Fresh PBMCs were labelled with 1pM
CFSE (BD) and were incubated in 96-
well plates coated with 1pg/ml anti-CD3
antibodies (OKT3) in complete RPMI-
1640 medium supplemented with 1pg/
ml CD28 (CD28.2) in the dark. After
4 days, cells were collected, washed
with PBS and stained with Percp-cy5.5-
conjugated anti-CD3 (OKT3) and
APC-conjugated anti-CD56 (HCD56)
antibodies. Cells were immediately ana-
lysed by flow cytometry.

Apoptosis assay

Fresh PBMC were stained with FITC-
conjugated anti-CD3 (HIT3a) and PE-
conjugated anti-CD56 (HCDS56) an-
tibodies and washed with Annexin V
Binding Buffer (BioLegend). Then cells
were incubated with APC-conjugated
Annexin V (BioLegend) and 7-AAD
(BD) for 15 min at room temperature in
the dark. Cells were immediately ana-
lysed by flow cytometry.
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Fig. 1. CD3*CD56* NKT-like cells from pSS patients are depleted in peripheral blood.

Fresh PBMCs from pSS patients (pSS) and Healthy Controls (HC) were stained with anti-CD3 and
anti-CD56 antibodies and were analysed with flow cytometry.

(A) Representative FACS plots and (B) summary graph demonstrating the peripheral CD3*CD56*
NKT-like cell population from pSS (n=71) and HC (n=64).

Correlations between peripheral NKT-like cell population and (C) ESSDAI (n=59), (D) RF titre

(n=68), (E) ANA titre (n=71), respectively.
Results are presented as mean +£SD.

“p<0.001 determined by Student’s t-test. Correlations are calculated using Spearman correlation

analysis.

FACS: fluorescence activated cell sorting; ESSDAI: European League Against Rheumatism (EULAR)
Sjogren’s syndrome disease activity index; RF: rheumatoid factor; ANA: antinuclear antibody.

Chemokine measurement

CX3CL1 were measured by Cyto-
metric Bead Array (R&D Systems).
CCL21 and CXCL12 were measured
by Enzyme-Linked Immunosorbent As-
say (ELISA) (RayBiotech). Procedures
were performed according to the manu-
facturer’s protocol.

Immunohistochemistry assay
Paraffin-embedded tissues were rou-
tinely processed after antigen retrieval.
After exhaustion of endogenous peroxi-
dase with 3% H,0, solution, slides were
blocked with 3% BSA, incubated with
anti-CX3CL1 antibody (10108-2-AP)
overnight at 4°C, and then incubated with
HRP-conjugated secondary antibody at
room temperature for 50 minutes.

Immunofluorescence staining

Paraffin-embedded tissues were rou-
tinely processed after antigen retrieval.
Non-specific background was blocked
with 10% normal goat serum. Rabbit
anti-human CD3 (Ab16669) and mouse
anti-human CD56 (ab75813) were
served as primary antibodies in serial
staining, respectively. Goat anti-rabbit/
mouse HRP-conjugated secondary an-
tibody was used as secondary antibody.

The combined antibodies were detected
with different fluorescent TSA rea-
gents. The digital image was acquired
with a Zeiss fluorescence microscope
(Carl Zeiss, Germany) and mean im-
munofluorescent intensity was calcu-
lated with Image J (National Institutes
of Health, USA).

NKT-like cells isolation

NKT-like cells were isolated from fresh
PBMCs with human CD3*CD56*"NKT
cell isolation kit according to manufac-
turer’s protocol (Miltenyi Biotec). The
purity of CD3*CD56* NKT-like cells
was more than 90% by flow cytometry.

Chemotaxis assays

Chemotaxis assays were performed in
triplicate in a 24-well Micro Chemotax-
is Boyden chamber (Corning, Sum) in-
cubated in 5% CO2 at 37°C for 2 hours.
Aliquots of 600ul of X-VIVO medium
supplemented with rhCX3CL1 (0—
50ng/ml) (R&D systems) were loaded
in the lower chamber, and 10° NKT-like
cells were seeded in the upper chamber.
Migrated cells adhering to the lower
chamber were counted in 5 random-
selected high-power fields/well with a
light microscope (Shpf; x400).
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Fig. 2. NKT-like cells infiltrate in the labial gland of pSS patients.
A: Overview of labial salivary gland (LSG) with hematoxylin/eosin staining (X50) from pSS (n=15) and non-sicca control (n=7). Rectangle area depicted
the inflammatory infiltrate of LSG from pSS furtherly shown in the subsequent immunofluorescence staining.

B: Representative immunofluorescence staining (X400) of CD3 (green), CD56 (red) and DAPI (blue) of LSG from pSS (n=15) and controls (n=7). Arrows

denoted CD3*CD56*"NKT-like cells (yellow).

Apoptosis rate (%)

C: Mean immunofluorescent intensity (MFI) of NKT-like cells (yellow) in LSG of pSS (n=15) and control (n=7).
CFSE-labelled fresh PBMCs were stimulated with anti-CD3 and anti-CD28 antibodies for 4 days.
D: Representative FACS plots and (E) summary graph demonstrating the proliferation of CD3*CD56* NKT-like cells from pSS (n=8) and HC (n=8).
Fresh PBMCs were stained with anti-CD3 antibody, anti-CD56 antibody, Annexin V and 7AAD, and apoptotic cells were defined as Annexin V+ and 7AAD =+.
F: Representative FACS plots and (G) summary graph demonstrating the apoptosis of CD3*CD56* NKT-like cells from pSS (n=27) and HC (n=27).

Statistical analysis

Student’s t-test and Mann-Whitney
test were used to compare differences
between the two groups. Correlations
were calculated using Spearman cor-
relation analysis. A two-sided p-value
<0.05 was considered statistically sig-
nificant. All statistical analysis was
performed using GraphPad Prism v. 6
(GraphPad Software).

Results

Peripheral CD3*CD56* NKT-like

cells from pSS patients are decreased
and are inversely correlated with
disease activity

We first compared the peripheral NKT-
like cells from pSS and HC. We found
that the NKT-like cells from pSS pa-
tients were significantly decreased
in peripheral blood (3.09+2.35% vs.
5.37+4.06%, p=0.0002) (Fig. 1A-B).
Furthermore, the peripheral NKT-like
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cell population from pSS patients was
negatively correlated with ESSDAI (r=-
0411, p=0.001) (Fig. 1C) and RF titre
(r=-0.280, p=0.021) (Fig. 1D), but not
correlated with ANA titre (r=-0.021,
p=0.865) (Fig. 1E), IgG (r=0.124,
p=0.305),1gM (r=-0.144, p=0.234), IgA
(r=-0.048, p=0.691), CRP (r=-0.064,
p=0.629), ESR (r=-0.021, p=0.860) or
age (r=-0.082, p=0.497) (Suppl. Fig.
1A-F). Thus, these data implicated that
peripheral NKT-like cells were depleted
in pSS patients and closely correlated
with disease activity, suggesting a po-
tential role in the pathogenesis.

NKT-like cells infiltrate

to the labial gland of pSS

We then investigated the underlying
mechanism of depleted peripheral NKT-
like cells in pSS patients. We examined
the NKT-like cells infiltrating into the
LSG in pSS and control by immunofluo-

rescence. NKT-like cells were identified
in the labial gland in pSS patients but
were scarcely observed in those in HC
(Fig. 2A-C). Considering NKT-like cell
population is relatively the minority of
lymphocytes, absence of dramatic accu-
mulation of NKT-like cells in the LSG
seems to be reasonable. Furthermore,
no significant difference of proliferation
rate (35.1+10.69% vs. 36.4+10.75%,
p=0.812) (Fig. 2D-E) or apoptosis rate
(13.0+12.15% vs.12.5+£5.28%,p=0.832)
(Fig. 2F-G) were observed between pSS
and HC. Therefore, the peripheral deple-
tion of NKT-like cells from pSS did not
resulted from aberrant proliferation or
apoptosis capacity but may be driven by
infiltration into tissues such as the labial
gland, as well as other exocrine glands.

Abnormally infiltrated NKT-like cells

are driven by elevated CX3CLI level
We further elucidated the mechanism of

101



CD3*CD56*NKT-like cells in pSS / L. Zhao et al.

abnormal chemotaxis of NKT-like cells
to the labial gland in pSS. We focused on
three paired chemokine-chemokine re-
ceptors which were reported in pSS (29,
30), i.e. CX3CL1-CX3CR1, CCL21-
CCR7 and CXCL12-CXCR4 (Suppl.
Fig. 2A-D). We found serum CX3CL]1
level was significantly higher in pSS pa-
tients than that in HC (936.79+108.92
vs. 887.80+82.77pg/ml, p=0.015) (Fig.
3A). Furthermore, the CX3CL1 level in
the labial gland was also higher in pSS
than in HC (Fig. 3B), suggesting ele-
vated serum level and tissue gradient of
CX3CL1 potentially attracted periph-
eral NKT-like cells to the target tissues.
Although the expression of CX3CRI,
the unique receptor for CX3CL1, were
both highly expressed on NKT-like
cells from pSS and HC (68.25+22.38%
vs. 70.06+£17.34%, p=0.777) (Fig. 3C),
we showed CX3CLI indeed promoted
NKT-like cells chemotaxis in a dose-
dependent manner with transwell mi-
gration test (Fig. 3D). Therefore, these
data suggested that both circulating and
tissue level of CX3CL1 were elevated
in pSS, which subsequently promoted
NKT-like cells to infiltrate into the la-
bial gland.

NKT-like cells from pSS patients

are activated and produce
pro-inflammatory cytokines

Finally, we examined the immune phe-
notype of NKT-like cells from pSS.
Comparing with those cells from HC,
NKT-like cells from pSS expressed a
higher level of T cell activation marker
CD69 (10.97+6.75% vs. 2.69+1.82%,
p<0.0001) (Fig. 4A-B), which implicat-
ed NKT-like cells are highly activated in
vivo. We also examined the proinflam-
matory cytokines secreted by peripher-
al NKT-like cells. NKT-like cells from
both pSS and HC released a high level
of IFN-y (Fig. 4C-D) and TNF-a (Sup-
pl. Fig. 3A-B), suggesting a Th1 pheno-
type. Furthermore, a trace amount of IL-
17 (Suppl. Fig. 3C-D) was also released
by NKT-like cells. However, no signifi-
cant difference was observed in IFN-y
(6242+16.66% vs. 64.34+14.50%,
p=0.759) and TNF-a (70.29+22.74%
vs. 81.32+10.76%, p=0.137). Given tis-
sue level of CX3CL1 was much higher
in pSS patients than those in HC, and
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Fig. 3. CX3CL1 promotes NKT-like cells chemotaxis to labial gland.
A: Serum level of CX3CL1 from pSS (n=49) and HC (n=40).
B: Representative immunohistological staining (X400) of CX3CL1 on small labial gland of pSS (n=3)

and HC (n=3).

C: The surface expression of chemokine receptor CX3CR1 on NKT-like cells from pSS (n=20) and

HC (n=20).

D: Fresh CD3*CD56* NKT-like cells from pSS (n=3) were loaded into the upper chamber, and
X-VIVO supplemented with thCX3CL1 (0-50ng/ml) were loaded into the lower chamber in transwell
invasion model. The number of NKT-like cells in the lower chamber was calculated from five ran-

domly selected high-power fields per well.

*p<0.05, **p<0.01, **p<0.001, ****p<0.0001 determined by Student’s #-test.

CX3CL1 promotes NK cells to produce
IFN-y (31), we also explored whether
CX3CL1 stimulated NKT-like cells to
produce proinflammatory cytokines. As
expected, CX3CL1 indeed promoted
NKT-like cells to produce IFN-y (Fig.
4E-F). Together, we found that NKT-
like cells produced a large amount of
IFN-v, which was potentially further
promoted by a high concentration of
CX3CLI. Thus, the CX3CL1-CX3CR1
- NKT-like cells axis might play a role
in the pathogenesis of pSS.

Discussion

In this study, we showed that periph-
eral NKT-like cells from pSS patients
were significantly lower and infiltrated
into the labial gland, which was medi-
ated by CX3CL1-CX3CRI1 chemotaxis
axis. Furthermore, NKT-like cells pro-
duced a high level of proinflammatory
cytokines and potentially contributed to
the pathogenesis of pSS.

We observed that the peripheral NKT-
like cells from pSS patients were de-
pleted, which has remained controver-
sial. Szodoray et al. have reported that
the NKT-like cells from pSS patients
were higher than those from HC (pSS

5.2% vs. HC 1.6%) (25). However, both
Sudzius et al. and Richard et al. find a
significantly lower absolute count of
NKT-like cell in pSS patients (27, 32).
The discrepancies among these studies
were potentially caused by the differ-
ence in race, age, disease activity, and
background therapy. Notably, the mean
percentage of NKT-like cells popu-
lation from HC in Szodoray’s study
is much lower than those in the other
studies (1.6% vs. 6.79%) (27). Further-
more, the prevalence of extraglandular
manifestations in Szodoray’s study is
lower than those in the other studies,
suggesting low disease activities in pa-
tients and negatively-correlated higher
NKT-like cells in circulation. Addition-
ally, all pSS patients were treatment-
naive in Szodoray’s study, while some
patients received hydroxychloroquine
and glucocorticoid in the other stud-
ies, which potentially regulated NKT-
like cells. Nevertheless, we confirmed
a smaller population of NKT-like cells
from pSS patients (3.09% vs. 537%).
Importantly, we also found that the pe-
ripheral NKT-like cell was negatively
correlated with pSS disease activity.

We further observed that CD3*

Clinical and Experimental Rheumatology 2021
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CD56*NKT-like cells infiltrated the sal-
ivary gland. Consistently, Awada et al.
demonstrate that CDS56*lymphocytes
existed in the labial gland of pSS pa-
tients, which are possibly CD16*CD56*
NK cells or CD3*CD56" NKT-like cells
(14). Given most CD56* cells in LSG
were also CD3 positive, the infiltrated
CD56* lymphocytes were likely NKT-
like cells. In light of the comparable
proliferation and apoptosis potentials
between pSS and HC, the lower periph-
eral NKT-like cells population in pSS
was probably attributed to the abnormal
infiltration into the salivary gland such
as the labial gland.

Chemokines are a family of cytokines
inducing chemotaxis of nearby cells.
Growing studies have underlined the
key role of chemokines in autoimmune
diseases (33-36). We found that the se-
rum and tissue level of CX3CL1 were
higher in pSS than in HC. Lee et al.
report that the serum level of CX3CLI1
is positively correlated with proinflam-
matory cytokines, ANA and IgG in pSS
patients (30). CX3CL1 is a membrane-
bound chemokine promoting the strong
adhesion with leukocytes and chemo-
taxis of NK cells by interacting with
the chemokine receptor CX3CR1 (37).
CX3CL1 1is secreted by endothelial
cells (38), epithelial cells (39), smooth
muscle cells, dendritic cells, mac-
rophages and neurons (40), and epithe-
lial cells are the principal cells express-
ing CX3CL1 in the LSG (30, 41). Inter-
estingly, IFN-y promotes salivary gland
epithelial cell line to produce CX3CL]1
(30). Furthermore, IFN-y, IL-1p and
TNF-a up-regulate the transcription
of CX3CL1 through NF-xB signaling
(42). Therefore, the high level of CX-
3CL1 in the LSG of pSS patients might
be driven by the proinflammatory mi-
lieu in LSG. Moreover, NKT-like cells
showed a chemotactic response to CX-
3CL1, which suggested CX3CL1 did
play a role in the pathogenesis of pSS.

In addition to the chemotaxis capacity,
Yoneda et al. show that CX3CLI1 also
promote NK cells to produce IFN-y
(42). Similarly, CX3CL1 did promote
NKT-like cells to produce IFN-y.
Therefore, positive feedback between
CX3CL1 produced by the epithelial
cells and IFN-y produced by NKT-like

Clinical and Experimental Rheumatology 2021
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Fig. 4. NKT-like cells from pSS patients are activated and produce proinflammatory cytokines.
Fresh PBMCs from pSS (n=14) and HC (n=14) were stained with anti-CD3, anti-CD56 and anti-CD69
antibodies. (A) Representative FACS plots and (B) summary graph demonstrating the CD69 expres-
sion on CD3*CD56* NKT-like cells from pSS and HC.

Fresh PBMCs from pSS (n=14) and HC (n=12) were stimulated with PMA (50ng/ml) and ionomycin
(Tug/ml) for 3 hours, followed by staining with anti-CD3, anti-CD56 and (C-D) anti-IFN-y antibodies.
PBMCs from pSS (n=7) were incubated with indicated concentrations of plate-bound CX3CL1 for
60 hours, then were stimulated with PMA (5ng/ml) and ionomycin (1pg/ml) for 4 hours, followed by
staining with anti-CD3, anti-CD56 and (E-F) anti-IFN-y antibodies.

*p<0.05. ****p<0.0001 determined by Student’s t-test.

cells exacerbating the damage of LSG
was implicated. In pSS patients, the ep-
ithelial cells of LSG might be not only
a victim but also an active participant.
Breaking this feedback loop is a poten-
tial approach to alleviate pSS.

In summary, we demonstrated that NKT-
like cells from pSS patients were deplet-
ed in peripheral blood and infiltrated in
LSG. NKT-like cells from pSS patients
were activated and secreted a high level
of IFN-y and TNF-a, which was poten-
tially promoted by elevated CX3CL1
level in LSG. NKT-like cells might play
arole in the pathogenesis of pSS. Target-
ing NKT-like cells might be a potential
therapeutic approach for pSS.

Acknowledgements

We thank all the patients for their
participation in this study, and we ap-
preciate all the healthy volunteers for
their donation of blood.

References

1. RAMOS-CASALS M, BRITO-ZERON P, SISO-
ALMIRALL A, BOSCH X: Primary Sjogren
syndrome. BMJ 2012; 344: e3821.

2. WAHREN-HERLENIUS M, DORNER T: Immu-
nopathogenic mechanisms of systemic auto-
immune disease. Lancet 2013; 382: 819-831.

3. BOTH T, DALM VA, VAN HAGEN PM, VAN
DAELE PL: Reviewing primary Sjogren’s
syndrome: beyond the dryness - From patho-
physiology to diagnosis and treatment. Int J
Med Sci 2017; 14: 191-200.

4. WANG Y, CHEN S, CHEN J et al.: Germline
genetic patterns underlying across familial
rheumatoid arthritis, systemic lupus erythe-
matosus and primary Sjogren’s syndrome
highlight T cell-initiated autoimmunity. Ann
Rheum Dis 2020; 79: 268-75.

5. FOX RI, ADAMSON TC, 3rRD, FONG S, YOUNG
C, HOWELL FV: Characterization of the
phenotype and function of lymphocytes in-
filtrating the salivary gland in patients with
primary Sjogren syndrome. Diagn Immunol
1983; 1: 233-239.

6. CHRISTODOULOU MI, KAPSOGEORGOU EK,
MOUTSOPOULOS HM: Characteristics of the
minor salivary gland infiltrates in Sjogren’s
syndrome. J Autoimmun 2010; 34: 400-7.

7. CAFARO G, CROIA C, ARGYROPOULOU OD

103



CD3*CD56*NKT-like cells in pSS / L. Zhao et al.

10.

11.

12.

13.

14.

16.

18.

19.

et al.: One year in review 2019: Sjogren’s
syndrome. Clin Exp Rheumatol 2019; 37
(Suppl. 118): S3-15.

. ROESCHER N, TAK PP, ILLEI GG: Cytokines

in Sjogren’s syndrome. Oral Dis 2009; 15:
519-26.

. KANG EH, LEE YJ, HYON JY, YUN PY, SONG

YW: Salivary cytokine profiles in primary
Sjogren’s syndrome differ from those in non-
Sjogren sicca in terms of TNF-alpha levels
and Th-1/Th-2 ratios. Clin Exp Rheumatol
2011; 29: 970-6.

NGUYEN CQ,HU MH, L1Y, STEWART C,PECK
AB: Salivary gland tissue expression of in-
terleukin-23 and interleukin-17 in Sjogren’s
syndrome: findings in humans and mice.
Arthritis Rheum 2008; 58: 734-743.

SAKAI A, SUGAWARA Y, KUROISHI T, SASA-
NO T, SUGAWARA S: Identification of IL-18
and Th17 cells in salivary glands of patients
with Sjogren’s syndrome, and amplification
of IL-17-mediated secretion of inflammatory
cytokines from salivary gland cells by IL-18.
J Immunol 2008; 181: 2898-906.

KIM JW, LEE J, HONG SM, LEE J, CHO ML,
PARK SH: Circulating CCR7(lo)PD-1(hi) fol-
licular helper T cells indicate disease activity
and glandular inflammation in patients with
primary Sjogren’s syndrome. Immune Netw
2019; 19: e26.

RUSAKIEWICZ S, NOCTURNE G, LAZURE T
et al.: NCR3/NKp30 contributes to patho-
genesis in primary Sjogren’s syndrome. Sci
Transl Med 2013; 5: 195ra196.

AWADA A, NICAISE C, ENA S et al.: Potential
involvement of the IL-33-ST2 axis in the
pathogenesis of primary Sjogren’s syndrome.
Ann Rheum Dis 2014; 73: 1259-63.

. GODFREY DI, MACDONALD HR, KRONEN-

BERG M, SMYTH MJ, VAN KAER L: NKT cells:
what’s in a name? Nat Rev Immunol 2004; 4:
231-7.

KRONENBERG M: Toward an understanding
of NKT cell biology: progress and paradox-
es. Annu Rev Immunol 2005; 23: 877-900.

. GOLDEN-MASON L, CASTELBLANCO N,

O’FARRELLY C, ROSEN HR: Phenotypic and
functional changes of cytotoxic CD56pos
natural T cells determine outcome of acute
hepatitis C virus infection. J Virol 2007; 81:
9292-8.

MENDES R, BROMELOW KV, WESTBY M
et al.: Flow cytometric visualisation of cy-
tokine production by CD3-CD56* NK cells
and CD3*CD56* NK-T cells in whole blood.
Cytometry 2000; 39: 72-8.

GRITZAPIS AD, DIMITROULOPOULOS D,
PARASKEVAS E, BAXEVANIS CN, PAPAMI-
CHAIL M: Large-scale expansion of CD3®
CD56" lymphocytes capable of lysing au-
tologous tumor cells with cytokine-rich su-

104

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

pernatants. Cancer Immunol Immunother
2002; 51: 440-8.

WANG C, LIU X, L1 Z et al.: CD8®'NKT-like
cells regulate the immune response by kill-
ing antigen-bearing DCs. Sci Rep 2015; 5:
14124.

GREEN MR, KENNELL AS, LARCHE MIJ, SEI-
FERT MH, ISENBERG DA, SALAMAN MR:
Natural killer T cells in families of patients
with systemic lupus erythematosus: their
possible role in regulation of IGG produc-
tion. Arthritis Rheum 2007; 56: 303-10.
SALAMAN MR, ISENBERG DA: The immuno-
logical personality of close relatives of SLE
patients. Lupus 2017; 26: 1513-6.
YANAGIHARA Y, SHIOZAWA K, TAKAI M,
KYOGOKU M, SHIOZAWA S: Natural killer
(NK) T cells are significantly decreased in
the peripheral blood of patients with rheuma-
toid arthritis (RA). Clin Exp Immunol 1999;
118: 131-6.

ASO-ISHIMOTO Y, YAMAGIWA S, ICHIDAT et
al.: Increased activated natural killer T cells
in the liver of patients with advanced stage
primary biliary cirrhosis. Biomed Res 2014;
35:161-9.

SZODORAY P, GAL I, BARATH S et al.:
Immunological alterations in newly diag-
nosed primary Sjogren’s syndrome character-
ized by skewed peripheral T-cell subsets and
inflammatory cytokines. Scand J Rheumatol
2008; 37: 205-12.

SZODORAY P, PAPP G, HORVATH IF et al.:
Cells with regulatory function of the innate
and adaptive immune system in primary
Sjogren’s syndrome. Clin Exp Immunol 2009;
157: 343-9.

SUDZIUS G, MIELIAUSKAITE D, SIAURYS A
et al.: Distribution of peripheral lymphocyte
populations in primary Sjogren’s syndrome
patients. J Immunol Res 2015; 2015: 854706.
VITALI C, BOMBARDIERI S, JONSSON R et
al.: Classification criteria for Sjogren’s syn-
drome: a revised version of the European
criteria proposed by the American-European
Consensus Group. Ann Rheum Dis 2002; 61:
554-8.

LEE KE, KANG JH, YIM YR et al.: Predictive
significance of CCL21 and CXCL13 levels
in the minor salivary glands of patients with
Sjogren’s syndrome. Clin Exp Rheumatol
2017; 35: 234-40.

LEE JH, KWOK SK, JUNG SM et al.: Role of
fractalkine in the pathogenesis of primary
Sjogren syndrome: increased serum levels of
fractalkine, its expression in labial salivary
glands, and the association with clinical man-
ifestations. J Rheumatol 2014; 41: 2425-38.
YONEDA O, IMAI T, NISHIMURA M et al.:
Membrane-bound form of fractalkine in-
duces IFN-gamma production by NK cells.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Eur J Immunol 2003; 33: 53-8.

DAVIES R, HAMMENFORS D, BERGUM B
et al.: Patients with primary Sjogren’s syn-
drome have alterations in absolute quantities
of specific peripheral leucocyte populations.
Scand J Immunol 2017; 86: 491-502.
YAJIMA N, KASAMA T, ISOZAKI T et al.:
Elevated levels of soluble fractalkine in ac-
tive systemic lupus erythematosus: potential
involvement in neuropsychiatric manifesta-
tions. Arthritis Rheum 2005; 52: 1670-5.
SASAKI M, MIYAKOSHI M, SATO Y, NAKA-
NUMA Y: Chemokine-chemokine receptor
CCL2-CCR2 and CX3CLI1-CX3CRI1 axis
may play a role in the aggravated inflamma-
tion in primary biliary cirrhosis. Dig Dis Sci
2014; 59: 358-64.

TAKADA T, AOKI A, ASAKAWA K et al.:
Serum cytokine profiles of patients with in-
terstitial lung disease associated with anti-
CADM-140/MDAS antibody positive amyo-
pathic dermatomyositis. Respir Med 2015,
109: 1174-80.

MO WX, YIN SS, CHEN H et al.: Chemotaxis
of Vdelta2 T cells to the joints contributes to
the pathogenesis of rheumatoid arthritis. Ann
Rheum Dis 2017; 76: 2075-84.

EL-SHAZLY AE, DOLORIERT HC, BISIG B,
LEFEBVRE PP, DELVENNE P, JACOBS N:
Novel cooperation between CX3CL1 and
CCL26 inducing NK cell chemotaxis via
CX3CRI1: a possible mechanism for NK cell
infiltration of the allergic nasal tissue. Clin
Exp Allergy 2013; 43: 322-31.

BAZAN JF, BACON KB, HARDIMAN G et al.:
A new class of membrane-bound chemokine
with a CX3C motif. Nature 1997, 385: 640-4.
LUCAS AD, CHADWICK N, WARREN BF et
al.: The transmembrane form of the CX3CL1
chemokine fractalkine is expressed predomi-
nantly by epithelial cells in vivo. Am J Pathol
2001; 158: 855-66.

LUDWIG A, BERKHOUT T, MOORES K,
GROOT P, CHAPMAN G: Fractalkine is ex-
pressed by smooth muscle cells in response
to IFN-gamma and TNF-alpha and is modu-
lated by metalloproteinase activity. J Immu-
nol 2002; 168: 604-12.

ASTORRI E, SCRIVO R, BOMBARDIERI M
et al.. CX3CL1 and CX3CRI1 expression
in tertiary lymphoid structures in salivary
gland infiltrates: fractalkine contribution to
lymphoid neogenesis in Sjogren’s syndrome.
Rheumatology (Oxford) 2014; 53: 611-20.
CHANDRASEKAR B, MUMMIDI S, PERLA
RP et al.: Fractalkine (CX3CL1) stimulated
by nuclear factor kappaB (NF-kappaB)-de-
pendent inflammatory signals induces aortic
smooth muscle cell proliferation through an
autocrine pathway. Biochem J 2003; 373 (Pt
2): 547-58.

Clinical and Experimental Rheumatology 2021



