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ABSTRACT. Objective. To investigate the expression of fractalkine and identify the clinical effects of fractalkine
and its receptor (CX3CR1) in patients with primary Sjogren syndrome (pSS).
Methods. Serum fractalkine levels were determined by ELISA. Immunohistochemical staining was
done to compare the expression of fractalkine and CX3CR1 between salivary glands (SG) of patients
with SS and controls. The cells to be merged with fractalkine were evaluated by confocal
microscopy. Type of CX3CR1-expressing cells among infiltrating lymphocytes in SG was analyzed
by confocal microscopy. Further, associations among fractalkine, proinflammatory cytokines, and
clinical profiles were investigated.
Results. Serum fractalkine levels in patients with pSS were higher than those in the control group
(p = 0.026). SG expression of fractalkine and its receptor was upregulated in patients with pSS
compared to that in the controls by immunohistochemistry. Higher histological grade was associated
with more fractalkine-positive cells per total epithelial cells. Epithelial cells were the main
fractalkine-expressing cell type in the SG. Serum fractalkine levels were significantly correlated
with proinflammatory cytokines levels (interleukin 17: r = 0.685, p = 0.029; tumor necrosis factor-o:
r = 0444, p = 0.003), antinuclear antibody (r = 0.349, p = 0.022), and immunoglobulin G levels
(r=0.325,p =0.044). Serum fractalkine levels in patients with extraglandular manifestations of pSS
were significantly higher than in those without extraglandular manifestations (p = 0.026).
Conclusion. Fractalkine and CX3CR1 may play a role in the pathogenesis of pSS, including
extraglandular manifestations. (First Release Oct 15 2014; J Rheumatol 2014;41:2425-38;

doi:10.3899/jrheum.130892)
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CX3CR1

Primary Sjogren syndrome (pSS) is a chronic, slowly
progressive autoimmune disease characterized by lympho-
cytic infiltration of the exocrine glands resulting in xero-
stomia and keratoconjunctivitis siccal. About one-third of
patients present with extraglandular manifestations (i.e.,
arthritis, interstitial lung disease, vasculitis, tubulointer-
stitial nephritis, peripheral and central neuropathies, and
gastrointestinal tract disorders). Disruption of acinar and
ductal structures is hallmark in lacrimal and salivary glands
(SG) of patients with pSS. Primary SS is also characterized
by periductal mononuclear cell infiltration and immune
hyperactivity?. Although the etiology of pSS remains
unknown, the roles of various proinflammatory cytokines
have long been thought to be important in disease devel-
opment>*. The involved cytokines are diverse, ranging from
typical proinflammatory cytokines such as interleukin 17
(IL-17) and tumor necrosis factor-oo (TNF-o), to novel
cytokines such as IL-21. Moreover, B cell activating factor
and a proliferation-inducing ligand contribute to auto-
antibody production in patients with pSS. Diverse immune
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cells also contribute to the development of pSS, including
Th17 cells, B cells, and antigen-presenting cells (APC)*-9.
Follicular helper T cells, which are important for the
production of IL-21 related to autoantibody formation, play
a role in the pathogenesis of pSS’.

Recruitment of autoreactive lymphocytes to inflamed
tissues is a key feature of organ-specific autoimmune condi-
tions. Chemokines induce accumulation of leukocytes at
inflammatory sites and modulate inflammatory activities
through the recruited cells. In the field of SS, the first report
about various chemokine mRNA distributions in SG was in
20018. The chemokine fractalkine (CX3CL1) is synthesized
as a type 1 transmembrane molecule by endothelial cells.
Soluble fractalkine is a potent chemoattractant of T cells and
monocytes, whereas the cell-bound chemokine promotes
strong adhesion of leukocytes to activated endothelial cells
where it is primarily expressed’. The fractalkine receptor
(CX3CR1) is widely expressed in various cell types such as
T cells, natural killer cells, monocytes, dendritic cells, and
neuronal cells'?. Fractalkine has a proinflammatory role in
autoimmune diseases. It upregulates matrix metallopro-
teinase 2 production in rheumatoid arthritis!, and its serum
level is higher in patients with active systemic lupus erythe-
matosus (SLE) than in controls'2. Fractalkine plays a role as
an accelerating factor in the autoimmune exocrinopathy of
thymectomized NFS/sld mice!3. In a previous study,
SG-specific fractalkine transgenic mice showed higher
expression of 25-kDa fragmented fractalkine in SG'3.
Moreover, B cells and CD4+ T cells were mainly infiltrated
in SG of the transgenic mice. However, the precise roles of
fractalkine and its receptor in pSS are still poorly understood.

To investigate whether fractalkine participates in the
pathogenesis of pSS, we examined the serum levels of
fractalkine, its expression in SG, and its expression of the
fractalkine receptor (CX3CR1) in peripheral blood mono-
nuclear cells (PBMC) in patients with pSS. In addition, we
examined whether the level of fractalkine is associated with
clinical laboratory variables, extraglandular manifestations,
or the levels of other inflammatory cytokines.

MATERIALS AND METHODS

Patients and controls. Forty-three patients fulfilling American College of
Rheumatology/European League Against Rheumatism consensus criteria
for pSS (1 man, 42 women) and 31 age-matched and sex-matched healthy
controls (1 man, 30 women) were included in our study. All subjects were
recruited from the rheumatology outpatient clinic at Seoul St. Mary’s
Hospital, Seoul, South Korea, from October 2009 to December 2010. We
included male and female patients over 18 years old. Patients were
permitted to take any immunosuppressive or immunomodulating medica-
tions related to pSS. Patients with an ongoing or recent infection during our
study were excluded. The mean + SD ages of the pSS group and the control
group were 53.63 + 12.29 years and 58.03 + 6.35 years, respectively.
Twenty labial SG (LSG) samples were obtained from the group of patients
with pSS for histological evaluation. LSG control samples were obtained
from 5 subjects who presented to the rheumatology clinic with sicca
symptoms, but neither autoantibody (anti-Ro or anti-La) nor results of LSG
biopsies fulfilled the classification criteria for SS. Eleven PBMC samples

from patients with pSS and 9 PBMC samples from healthy controls were
obtained to evaluate CX3CRI1 expression. Written informed consent was
obtained from all subjects. This study was approved by the ethics
committee of Seoul St. Mary’s Hospital (KC13SISE0293). All patients
underwent physical examinations and serological evaluations, including
measurement of antinuclear antibody (ANA), rheumatoid factor (RF),
immunoglobulins, complement factors 3 (C3), C4, extractable nuclear
antigen antibody, erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP).

Tissue samples and cells. Labial minor SG biopsies were obtained with
informed consent from 25 patients who underwent diagnostic evaluation of
sicca symptoms indicative of SS. Among them, 20 were diagnosed with
pSS and the other 5 were disease controls. Five or 6 minor SG lobules were
carefully harvested and placed in formalin fixative. Standard paraffin
preparations were prepared and these were sectioned at 5 ym thickness and
then stained with H&E. The slides were examined for the presence of
lymphocytic infiltrates and/or foci by 3 observers (using standardized
criteria). A focus was defined as an aggregate of = 50 lymphocytes with a
few plasma cells. The focus score is reported as the number of foci per 4
mm? tissue'*.

Human head and neck squamous cell carcinoma A253 cells (ATCC)
were cultured in 10% fetal bovine serum (Gibco) containing McCoy’s 5a
medium (ATCC). They were stimulated with recombinant IL-1f3, TNF-c,
and interferon (IFN)-y (R&D Systems) for 1-3 days to check fractalkine
mRNA expression and protein levels.

Measurement of serum fractalkine levels. Serum fractalkine concentrations
in 43 patients with pSS and 31 controls were measured by Luminex
Bead-based Multiplex Assay (R&D Systems). Fractalkine protein levels
were determined by sandwich ELISA. The culture supernatant was
collected from A253 cells stimulated with or without IL-1f, TNF-o., and
IFN-y for 3 days. Monoclonal mouse antihuman fractalkine (2 pg/ml, R&D
Systems) and biotinylated detection antibodies (0.5 pg/ml, R&D Systems)
served as the primary and secondary antibodies, respectively. The
fractalkine concentration was used to normalize for variations in cell
number. This ELISA detected the chemokine domain of human fractalkine,
and the sensitivity limit was about 150 pg/ml.

Immunohistochemical staining for fractalkine and CX3CRI. SG tissue was
snap-frozen in liquid nitrogen and stored at —80°C. Tissue sections were
blocked with 1% normal goat serum, followed by staining with antibodies
to fractalkine (1 yg/ml, R&D Systems), CX3CR1 (2 yg/ml, Biolegend), or
isotype control antibody (1 pg/ml, R&D Systems). The sections were then
incubated with the appropriate biotinylated secondary antibodies (Santa
Cruz Biotechnology), followed by an avidin-enzyme complex. Phosphate
buffered saline (PBS) containing 0.05% Tween 20 was used for washing
after each step. Chromogenic reactions were visualized with 3,
3’-diaminobenzidine (Sigma), and the nuclei were counterstained with
hematoxylin. Slides were mounted in a permanent mounting media (Dako).
In additional immunohistochemical staining for other chemokine receptors,
tissue sections were stained with antibodies to CXCR2, CXCR3 (Abcam),
and CXCRS (Biolegend).

Confocal microscopic analysis. Tissue sections (7 ym) were fixed in 4%
paraformaldehyde and stained using biotin-conjugated antihuman
fractalkine antibody (R&D Systems), purified antihuman cytokeratin
antibody, APC conjugated antihuman CD31 antibody, Alexa647-conju-
gated antihuman CX3CRI antibody, Alexa488-conjugated antimouse
immunoglobulin G (IgG) antibody, Dylight594-conjugated antirabbit IgG
antibody, streptavidin-FITC (Biolegend), purified antihuman CD3
antibody, purified antihuman CD4 antibody, purified antihuman CD14
antibody (Santa Cruz Biotechnology), and purified antihuman aquaporin 5
antibody (Abcam). The analysis was performed using a LSM 510 Meta
confocal microscopy system (Zeiss). Quantification of fractalkine and
cytokeratin double-positive population in SG tissue sections was derived
from patients with SS (6 slides for grade 1 and 7 slides for grade 4) using
TissueFAX (Tissue Gnostics).
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Quantitative reverse transcription-PCR (RT-PCR). Trizol (Invitrogen) was
used to isolate mRNA, according to the manufacturer’s instructions. Total
RNA (2 g) was reverse transcribed for 10 min at 25°C, 30 min at 55°C, and
finally for 5 min at 85°C using a Transcriptor First Strand cDNA Synthesis
kit (Roche). Real-time PCR amplification was performed in a StepOne plus
machine (Life Technology) using FastStart Universal SYBR Green Master
(Roche) according to the manufacturer’s guidelines. The following sense
and antisense primers for each molecule were used for fractalkine (forward)
5’-TCT GCC ATC TGA CTG TCC TG-3" (reverse) 5-CCA CAG ACT
CGT CCA TTC C-3’; CX3CRI (forward) 5-GGG ACT GTG TTC CTG
TCC AT-3' (reverse) 5'-GAC ACT CTT GGG CTT CTT GC-3’; and B-actin
(forward) 5'-GGA CTT CGA GCA AGA GAT GG-3’ (reverse) 5-TGT
GTT GGG GTA CAG GCT TTG-3". The PCR cycling conditions were as
follows: 10 min at 95°C, 45 cycles of 15 s at 95°C, and 45 s at 60°C. B-actin
was PCR-amplified in each sample to verify that equivalent amounts of
RNA were added to each PCR reaction. Relative fold induction was calcu-
lated using the equation 2-(ACY wwhere ACt is Ct(mget) - Ct([}-actin)’ and Ct is
the cycle at which the threshold is crossed. PCR product quality was
monitored using post-PCR melting curve analysis.

Flow cytometry. We obtained the single-cell suspensions of PBMC from
healthy volunteers (n = 9) or patients with pSS (n = 11) by standard
Ficoll-Hypaque method. Cells were washed with FACS buffer (0.5%
bovine serum albumin, 0.02 N sodium azide in PBS, pH 7.4) and stained
with the following antibodies: purified anti-CX3CR1 antibody, APC conju-
gated antirat IgG antibody, PE-conjugated anti-CD14 antibody, PerCP
conjugated anti-CD3 antibody, V450 conjugated antiCD4 antibody, and
V500 conjugated antiCD8 antibody (BD Bioscience). The FACS analysis
was performed using an LSRII Fortessa machine (BD Bioscience), and data
were analyzed with Flow Jo software version 7.6 (Treestar). The
lymphocyte or monocyte group was gated on the whole cell region using
forward/side scatter properties.

Statistical analysis. Statistical analyses were performed using SAS
software version 9 (SAS Institute Inc.) and GraphPad Prism version 5.01
software (GraphPad Prism). Experimental values are presented as mean +
standard error of triplicate cultures and representative of experiments
performed on 3 separate occasions. Differences in mean fractalkine levels
of patients with pSS and controls were analyzed using Student t test.
Statistical significance of the confocal microscopy and A253 cell culture
results was determined by the Mann-Whitney U test or ANOVA with
Bonferroni’s posthoc analysis. Pearson’s and Spearman’s rank tests were
used to assess the correlation between fractalkine levels and other
laboratory data. Values of p < 0.05 were considered statistically significant.

RESULTS

Increased levels of serum fractalkine and its expression in
LSG of patients with pSS. Mean = SD of serum fractalkine
levels in patients with pSS (n = 43) and controls (n = 31) by
ELISA were 431.86 + 105.74 and 184.73 + 19 pg/ml,
respectively (Figure 1A). The fractalkine levels of patients
with pSS were significantly higher than those of the controls
(p = 0.026). Immunohistochemical staining was performed
to determine whether fractalkine and its receptor were
expressed by the LSG of the 20 patients with pSS and 5
controls. All 20 pSS samples exhibited significant expres-
sion of fractalkine and its receptor, whereas the 5 control
samples rarely expressed fractalkine and its receptor (Figure
1B).

The patients with pSS were categorized according to
their grade of lymphocytic infiltration (grades 1-4). Five
samples were included per grade. No increase was observed
in fractalkine-positive cells per field or its receptor-positive

cells per field in either the grade 1 or 2 groups, but the grade
3 and 4 groups had a higher number of positively stained
cells. Overall, higher tissue grade was associated with more
fractalkine-positive and its receptor-positive cells (Figure
1C). Classification of focus score included 10 cases (Focus
1: 2, Focus 2: 3, Focus 3: 3, and Focus 4: 2). The analysis by
focus score group showed similar tendency, but statistical
significance was revealed in only comparison value of Focus
1 group with those of Focus 4 group (fractalkine-positive
cells, p = 0.036; CX3CR1-positive cells, p = 0.037). To
quantify fractalkine-positive and CX3CRI1-positive cells
per total epithelial cells and infiltrating lymphocytes,
TissueFAX was done. Fractalkine-positive epithelial cells in
tissue grade 4 showed higher percent than the cells in
grade 1 (p = 0.004). However, we could not quantify
CX3CR1-positive cells per infiltrating lymphocytes because
there were too few lymphocytes in tissue grade 1, and
CX3CR1-positive lymphocytes population was too small to
detect by TissueFAX in tissue grade 4.

Epithelial cells in SG express fractalkine, not endothelial
cells, and IFN-y stimulates fractalkine production in SG
epithelial cell lines. Prior studies using mice with SS models
have reported that fractalkine expression increases in
lacrimal glands and SG!313, Therefore, we investigated the
cell type expressing fractalkine and its receptor by confocal
microscopy in SG of patients with pSS. Confocal micro-
scopy revealed that fractalkine expression in LSG from
patients with pSS merged with expression of cytokeratin, an
epithelial cell marker (Figure 2A). Expression of aquaporin
5, a marker of acinar epithelial cells, merged with fractal-
kine expression (Figure 2B). A portion of aquaporin 5 was
expressed in ductal epithelial cell. However, fractalkine
expression merged with CD31 expression (Figure 2C).
CD31 is a marker of endothelial cells. Consequently, based
on the immunohistochemical staining and confocal micro-
scopy results, ductal epithelial cells may mainly express
fractalkine in LSG of patients with pSS.

To compare interaction of fractalkine-CX3CR1 with
those of other chemokine-chemokine receptors, we addi-
tionally investigated other chemokine receptors that are
known to be associated with pSS by immunohistochemical
staining. Five SG samples (grade 4) were stained by CXCR2
(interaction with CXCL1), CXCR3 (interaction with IP-10),
and CXCRS (interaction with CXCL13). Expressions of
CXCR2 and CXCR3 were increased in ductal and acinar
epithelial cells of inflamed tissue (Figure 2D). However,
increased expression of CXCRS5 was not found. Based on
these results, it is possible that there are potentially different
types of regulation patterns in interactions between
fractalkine with its receptor.

Various cytokines, including IL-1f3, TNF-c., and IFN-y,
were administered to A253 cells, a representative SG
epithelial cell line, to verify whether ductal epithelial cells
produce fractalkine. After a 24-h stimulation, the
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Figure 1. Serum fractalkine levels. A. Serum fractalkine levels in patients with pSS (n = 43) and controls (n = 31) were measured by ELISA. The patients
with pSS had significantly higher serum fractalkine levels than those of controls (p = 0.026). Horizontal bars represent the median of all samples within a
group. B. The LSG of patients with pSS exhibited increased fractalkine and receptor expression. The periductal areas of the patients with SS exhibited intense
fractalkine and receptor staining, whereas controls were rarely stained. C. The higher the LSG focus score grade, the more positive cell stained by fractalkine
and its receptors. There was a similar tendency in an analysis according to focus score. Confocal microscopy and TissueFAX shows fractalkine- and
CX3CRI1-positive cells per total epithelial cells and infiltrating lymphocytes. pSS: primary Sjogren syndrome; LSG: labial salivary gland.

IFN-y-treated group showed increased fractalkine mRNA
expression (Figure 2E; p < 0.001). Similarly, fractalkine
levels by ELISA increased significantly after 72 h of IFN-y
stimulation (p < 0.001), suggesting that SG epithelial cells
produce fractalkine in patients with pSS.

CX3CRI expression in PBMC and LSG of patients with pSS
according to cell types. We evaluated CX3CR1 mRNA
expression in PBMC from patients with pSS (n = 11) and

controls (n = 9) by quantitative RT-PCR, but no difference
was observed (Figure 3A). The percentages of CX3CR1-posi-
tive cells in CD4 T cells, CD8 T cells, and monocytes were
examined by flow cytometry to investigate CX3CR1-expres-
sing cell types in PBMC. The evaluation revealed that the
percentage of CX3CR1-positive cells in patients with pSS
was not significantly different from that of the controls in all
cell types (Figure 3B). CX3CR1 expression of LSG was
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Figure 1C. Part 1.

further evaluated according to cell types of CD3 lympho-
cytes, CD4 T cells, CD8 T cells, and monocytes by confocal
microscopic analysis. CD3 and CD4 were merged with
CX3CR1 (Figure 3C). There were few cells expressing CD8
and CD14. These markers were not merged with CX3CRI1.

Serum fractalkine levels in patients with pSS are correlated
with proinflammatory cytokines, ANA, and IgG levels. The
cytokine profiles and autoantibodies of the 43 patients with
pSS were examined to identify a possible correlation
between serum fractalkine levels and other serological data
of patients with pSS. Because IL-1B and IL-17 were
detected in only 10 patients with pSS, Spearman’s rank test
was applied to the patient data. Other cytokine profiles were
analyzed by Pearson’s rank test. Serum fractalkine levels in
the patients did not correlate with IL-1f3, IL-2, IL-4, IL-6,
IL-7, IL-8, or IL-33, but did correlate with IL-17, TNF-o,
and IFN-y levels (IL-17: r = 0.685, p = 0.029; TNF-o:: r =
0.444,p=0.003; IFN-y: r = 0.65, p < 0.001). The regression
lines for these correlations are shown in Figures 4A, 4B, and
4C. Further, we investigated which variables correlated with
serum fractalkine levels; ESR, CRP, and RF titer were not

CX;CR1
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Positive cell countffield
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correlated, but serum fractalkine levels were correlated with
ANA and IgG levels (ANA: r =0.349, p = 0.022; IgG: 1 =
0.325, p =0.044). The regression lines for these correlations
are shown in Figures 4E and 4F. However, the patients with
or without anti-Ro/SSA antibody did not differ significantly
in terms of serum fractalkine levels (p = 0.48, data not
shown). Anti-La/SSA antibody, in common with
anti-Ro/SSA antibody, did not show statistical significance
(p = 0.462, data not shown).

Association between serum fractalkine levels and extraglan-
dular manifestations in patients with pSS. We also examined
the relationship between serum fractalkine levels and extra-
glandular manifestations (EGM). Based on the presence or
absence of EGM, we divided all patients with pSS (n = 43)
into 2 subgroups. Among them, 19 patients had EGM,
whereas the remaining 24 patients had only glandular
symptoms. The distribution of EGM in patients with pSS
were as follows: leukopenia (n = 6), Raynaud phenomenon
(n=5), polyarthritis (n = 4), interstitial lung disease (n = 1),
vasculitis (n = 1), lymphadenopathy (n = 1), and skin
manifestation (n = 1). Measurement of serum fractalkine
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levels in patients with EGM (n = 19) and without EGM (n =
24) revealed mean fractalkine levels of 483.31 + 94.84 and
391.12 = 175.62 pg/ml, respectively. Serum fractalkine
levels of the subgroup with EGM were higher than those
without EGM by the Mann-Whitney U test (p = 0.026).
Figure 5 shows the differences in serum fractalkine levels
between the subgroups.

DISCUSSION

We examined whether fractalkine participates in the patho-
genesis of pSS, and demonstrated that fractalkine and its
receptor were upregulated in LSG from patients with pSS.
The fractalkine-expressing cells in LSG of patients with pSS
were mainly epithelial cells. Serum fractalkine levels corre-

100+ P=0.004

804

fractalkine positive epithelial cells/
total epithelial cells (%)

Grade 1

Grade 4

lated with proinflammatory cytokines, ANA, and IgG.
Additionally, serum fractalkine levels in patients with EGM
were higher than those without EGM. However, the popula-
tions of CX3CR1-expressing cells among various cell types
did not show notable differences in patients with pSS and
controls in our study. A previous study based on SLE
showed that the percentages of CX3CRI1-expressing cells
increase in the PBMC of patients with SLE compared to
controls!?2, Moreover, serum CX3CR1+ CD4+ cells
increased in patients with inflammatory bowel disease, but
not in controls!®. Therefore, we investigated the phenotype
of CX3CR1-expressing cells in PBMC of patients with pSS
and compared it with controls. Unexpectedly, the expression
profile in CX3CR1-expressing cells was not different from
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Figure 2. Confocal microscopic analysis of fractalkine-expressing cells in the LSG of patients with pSS. A. Immuno-
fluorescent double-staining of fractalkine-expressing cells (red) and cytokeratin (green). B. Immunofluorescent
double-staining of fractalkine-expressing cells (green) and aquaporin 5 (red). C. Immunofluorescent double-staining
of fractalkine-expressing cells (green) and CD31 (white). The fractalkine-expressing cells merged with cytokera-
tin-positive cells and aquaporin 5 positive cells. D. Immunohistochemical staining using antibodies against CXCR2,
CXCR3, and CXCRS5. E. Fractalkine mRNA expression and protein levels in A253 cells after stimulation of IL-1f,
TNF-o, and IFN-y. Fractalkine mRNA and protein levels increased after IFN-y stimulation. LSG: labial salivary
gland; pSS: primary Sjogren syndrome; IL: interleukin; TNF: tumor necrosis factor; IFN: interferon.
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Figure 3. Fractalkine receptor expression in PBMC of patients with pSS. A. The patients with pSS (n = 11) did not show higher
CX3CR1 mRNA expression in PBMC than did the controls (n = 9). B. The percentages of CX3CRI1-positive cells in CD4 T
cells, CD8 T cells, and monocytes of PBMC were not different between patients with pSS and controls. Horizontal bars
represent median of all samples within a group. C. Immunofluorescent double-staining of CD3, CD4, CD8, CD14, and
CX3CR1. CD3 and CD4 were merged with CX3CR1, but CD8 and CD14 were not merged with CX3CR1. PBMC: peripheral

blood mononuclear cells; pSS: primary Sjogren syndrome.

that in controls. Unlike the PBMC results, expression of
fractalkine/CX3CR1 in LSG of patients with pSS was
higher than in controls.

Fractalkine is mainly expressed on endothelial cells,
intestinal epithelial cells, and synoviocyte-like fibro-

blasts®!7-18. Several studies have reported that fractalkine
regulates monocytes, lymphocytes, dendritic cells, and
natural killer cells!?20. Fractalkine is present on mucin-like
stalk structures?!. Cleavage at the base of this stalk by
metalloproteinases generates a soluble chemokine that
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Figure 3C.

functions as a classic chemoattractant®?. Fractalkine
production is closely associated with proinflammatory
cytokines. Juel, et al?} has reported that the proinflam-
matory cytokine IFN-y from T cells induces fractalkine
expression in a retinal pigment epithelial cell line

(ARPE-19). These data are similar to our results.
Fractalkine expression may be markedly induced by various
cytokines such as TNF-o, IL-1f, and IFN-y from human
endothelial cells®. These results imply that fractalkine
expression might be induced in epithelial and endothelial

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2014. All rights reserved. I—

2434

The Journal of Rheumatology 2014, 41:12; doi:10.3899/jrheum.130892

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

2501
500+ B
o
©o 200-
4004 o
E 300 o %, 1507
D s
£ 3
= ;
-~ L <
200 Z 100
100+ 8 504
r=0.685
r=0.444
(o] o] = [o}e]
o o p=0.029 o P=0.003
L] L L] L L L} 1) L] L LJ L] L]
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Fractalkine(pg/ml) Fractalkine(pg/ml)
c D
1000+ °
o
600+
800+
E 6004 £ 400
[=2] o,
2 =
I = o
£ 4001 = o
200+ o
2004 o °
r=0.65 o o r=0.37
P<0.001 o 0° P=0.293
0- 0-
v v L) L) L) L} r L] L] L] L] L}
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Fractalkine(pg/ml) Fratalkine(pg/ml)
E F
° 5000-
3000+
o
4000+
= B r=0.349
3 2000 g 3000+ P=0.022
£ g
Q =
5 £ 20004
8
1000+ s o o
1000+ 8 o
r=0.325 o °
P=0.044 2
0 od ) 8
L] L] L] L] L ] L) L L] L L}
0 1000 2000 3000 4000 5000 0 500 1000 1500 2000
Fractalkine(pg/ml) ANA (titer)

Figure 4. Correlation analysis among serum fractalkine levels, inflammatory cytokines, and autoantibodies in patients with pSS. A. Serum fractalkine levels
in patients with pSS (n = 43) correlated significantly with serum IL-17 levels. Serum levels of TNF-o. and IFN-y were significantly correlated with serum
fractalkine levels (B, C). Serum levels of IL-1f were not correlated with serum fractalkine levels (D). Serum fractalkine levels were correlated with 1gG and
ANA titers (E, F). The correlation coefficients (r) and p values are shown. pSS: primary Sjogren syndrome; IL: interleukin; TNF: tumor necrosis factor; IFN:
interferon; IgG: immunoglobulin G; ANA: antinuclear antibody.
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Figure 5. Increased serum fractalkine levels in patients with pSS with
EGM. Each data point represents an individual subject; horizontal lines
show the median values. pSS: primary Sjogren syndrome; EGM:
extraglandular manifestation.

cells after stimulation by proinflammatory cytokines.
However, we did not examine the mechanism responsible
for the elevated fractalkine expression in pSS in our present
study. Because fractalkine is expressed in secondary
lymphoid follicles?*, this chemokine could be involved in
local B cell trafficking. In a study based on the major B cell
subset from tonsils, PI3K and Src family kinases were
involved in signal transduction initiated by the fractal-
kine-CX3CR1 pathway?>. Considering the chemotactic
function of fractalkine, these results suggest that inter-
actions between fractalkine-expressing epithelial cells and
CX3CRI1-expressing immune cells in local LSG might be
more important than elevated serum fractalkine levels in the
pathogenesis of pSS. However, our study is not enough to
support the importance of local interaction between
fractalkine and CX3CRI1.

In our current study, serum fractalkine levels were
positively correlated with ANA and IgG levels in patients
with pSS. It is unclear whether fractalkine directly affects
autoantibody formation in autoimmune diseases. Tarrant, et
al?% reported that CX3CR17~ mice have a 50% decrease in
antitype II collagen autoantibody formation in a colla-
gen-induced arthritis model compared to wild-type mice.
Moreover, they showed decreased Thl7 intraarticular
cytokine expression (IL-17 and IL-23) and a decreased total
number of Th17 cells in inflamed joints of CX3CR 17 mice.
Corcione, et al® reported that ovalbumin immunized
CX3CR17 or CX3CL1"" mice show significantly decreased
specific IgG production compared to that in wild-type mice.
Additionally, CX3CR17" mice had the lowest serum
antigen-specific IgG titer, followed by CX3CLI1”" mice.
Plasmacytoid dendritic cells (PDC) are important for their

association with autoantibody production and fractalkine.
PDC are stimulated by CpG oligonucleotides by the
Toll-like receptor 9, and drive purified naive B cells into
IgM-producing plasma cells and trigger IgG synthesis in
memory B cells in the absence of T cell assistance®’. A
subset of CX3CR1+ CDS8B+ dendritic cells shares gene
signature overlap with PDC?®. Because PDC regulate B cell
differentiation and antibody production, we considered the
possibility that the subset of CX3CRI1+ CD8B+ affects
antibody production. Therefore, fractalkine might affect
autoantibody formation indirectly in patients with
autoimmune diseases.

The EGM in patients with pSS can be divided into 2
categories in which periepithelial organ involvement is the
result of lymphocytic invasion beyond the exocrine glands.
The extraepithelial manifestations are produced from an
immune complex deposit attributable to ongoing B cell
hyperreactivity?°. A previous report showed that hypergam-
maglobulinemia correlates significantly with the presence of
EGM such as palpable purpura, lymphadenopathy, and
splenomegaly>?. When we divided patients into 2 subgroups
based on the presence or absence of EGM, we found that
fractalkine levels were elevated in patients with EGM rather
than those without EGM. Considering that fractalkine might
affect autoantibody formation, this finding was predictable.
Several reports have indicated that a T cell subset is
associated with autoantibody formation and EGM in
patients with pSS*73!. Follicular helper T (TFH) cells,
defined as CD4+CXCRS5+ICOS+PD-1+ T cells, mediate
activation of antigen-specific naive or memory B cells that
trigger germinal center formation through secretion of
IL-2132. The percentage of peripheral TFH cells increases
significantly in patients with EGM’. However, there are
insufficient reports indicating that TFH cells express
fractalkine.

Germinal centers are composed of centrocytes, centro-
blasts, follicular dendritic cells (FDC), and TFH cells. They
are important sites for immunoglobulin class switching. B
cells can be selected to terminally differentiate into
long-lived memory B cells and memory plasma cells in
germinal centers>334. FDC have a pivotal role in selecting
centroblasts for maturation. Foussat, et al®d reported that
FDC express fractalkine in hyperplastic lymph nodes by
immunohistochemistry. The fractalkine gene is also
expressed by the FDC-like HK cell line, B cell tumor of
germinal center origin, and CD40-activated B cells in vitro,
but not by normal B cells. Considering that fractalkine is
produced in germinal centers and that activated Th cells
express CX3CRI1, fractalkine might have a role in the
migration of T cells to germinal centers. Moreover, fractal-
kine expression by CD40-activated B cells may participate
in the cognate T-B interaction for maturation of the B cell
response. However, the precise roles of fractalkine in the
germinal center are still poorly understood.
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We cautiously suggest use of fractalkine in the future.
Fractalkine is associated with disease activity in SLE!2-3,
Moreover, there are several reports that the crosstalk
between the fractalkine/CX3CR1 system and tumor
microenvironment affect mature B cell malignancies®’.
Therefore, fractalkine may be a candidate representing
disease activity and be a predictor for lymphoma devel-
opment in pSS. However, further studies are needed to
evaluate fractalkine and its mechanisms of signal pathway
action in autoimmune diseases, which may lead to a novel
therapeutic strategy for treating pSS.

Fractalkine and CX3CR1 may play a role in the patho-
genesis of pSS, including EGM. Fractalkine showed a good
correlation with proinflammatory cytokines, ANA, and IgG.

REFERENCES

1. Fauci AS, Braunwald E, Kasper DL, Hauser SL, Longo DL,
Jameson JL, et al. Harrison’s principles of internal medicine, 18th
ed. Philadelphia: McGraw-Hill Professional; 2012:2770.

2. Manoussakis MN, Kapsogeorgou EK. The role of intrinsic
epithelial activation in the pathogenesis of Sjogren’s syndrome.

J Autoimmun 2010;35:219-24.

3. Nguyen CQ, Hu MH, Li Y, Stewart C, Peck AB. Salivary gland
tissue expression of interleukin-23 and interleukin-17 in Sjogren’s
syndrome: findings in humans and mice. Arthritis Rheum
2008;58:734-43.

4. Kang KY, Kim HO, Kwok SK, Ju JH, Park KS, Sun DI, et al.
Impact of interleukin-21 in the pathogenesis of primary Sjogren’s
syndrome: increased serum levels of interleukin-21 and its
expression in the labial salivary glands. Arthritis Res Ther
2011;13:R179.

5. Sakai A, Sugawara Y, Kuroishi T, Sasano 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.

6. Liu SM, Lee DH, Sullivan JM, Chung D, Jiger A, Shum BO, et al.
Differential IL-21 signaling in APCs leads to disparate Th17
differentiation in diabetes-susceptible NOD and diabetes-resistant
NOD .Idd3 mice. J Clin Invest 2011;121:4303-10.

7. Szabo K, Papp G, Barath S, Gyimesi E, Szanto A, Zeher M.
Follicular helper T cells may play an important role in the severity
of primary Sjogren’s syndrome. Clin Immunol 2013;147:95-104.

8. Xanthou G, Polihronis M, Tzioufas AG, Paikos S, Sideras P,
Moutsopoulos HM. “Lymphoid” chemokine messenger RNA
expression by epithelial cells in the chronic inflammatory lesion of
the salivary glands of Sjogren’s syndrome patients: possible
participation in lymphoid structure formation. Arthritis Rheum
2001;44:408-18.

9. Bazan JF, Bacon KB, Hardiman G, Wang W, Soo K, Rossi D, et al.
A new class of membrane-bound chemokine with a CX3C motif.
Nature 1997;385:640-4.

10. Imai T, Hieshima K, Haskell C, Baba M, Nagira M, Nishimura M,
et al. Identification and molecular characterization of fractalkine
receptor CX3CR1, which mediates both leukocyte migration and
adhesion. Cell 1997;91:521-30.

11. Blaschke S, Koziolek M, Schwarz A, Benohr P, Middel P, Schwarz
G, et al. Proinflammatory role of fractalkine (CX3CL1) in
rheumatoid arthritis. J Rheumatol 2003;30:1918-27.

12. Yajima N, Kasama T, Isozaki T, Odai T, Matsunawa M, Negishi M,
et al. Elevated levels of soluble fractalkine in active systemic lupus
erythematosus: potential involvement in neuropsychiatric

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

manifestations. Arthritis Rheum 2005;52:1670-5.

Tsubota K, Nishiyama T, Mishima K, Inoue H, Doi T, Hattori Y, et
al. The role of fractalkine as an accelerating factor on the
autoimmune exocrinopathy in mice. Invest Opthalmol Vis Sci
2009;50:4753-60.

Chisholm DM, Mason DK. Labial salivary gland biopsy in
Sjogren’s disease. J Clin Pathol 1968;21:656-60.

Wildenberg ME, van Helden-Meeuwsen CG, Drexhage HA,
Versnel MA. Altered fractalkine cleavage potentially promotes local
inflammation in NOD salivary gland. Arthritis Res Ther
2008;10:R69.

Kobayashi T, Okamoto S, Iwakami Y, Nakazawa A, Hisamatsu T,
Chinen H, et al. Exclusive increase of CX3CR1+CD28-CD4+ T
cells in inflammatory bowel disease and their recruitment as
intraepithelial lymphocytes. Inflamm Bowel Dis 2007;13:837-46.
Ruth JH, Volin MV, Haines GK 3rd, Woodruff DC, Katschke KJ Jr,
Woods JM, et al. Fractalkine, a novel chemokine in rheumatoid
arthritis and in rat adjuvant-induced arthritis. Arthritis Rheum
2001;44:1568-81.

Muehlhoefer A, Saubermann LJ, Gu X, Luedtke-Heckenkamp K,
Xavier R, Blumberg RS, et al. Fractalkine is an epithelial and
endothelial cell-derived chemoattractant for intraepithelial
lymphocytes in the small intestinal mucosa. J Immunol
2000;164:3368-76.

Niess JH, Brand S, Gu X, Landsman L, Jung S, McCormick BA, et
al. CX3CR1-mediated dendritic cell access to the intestinal lumen
and bacterial clearance. Science 2005;307:254-8.

Umehara H, Bloom ET, Okazaki T, Nagano Y, Yoshie O, Imai T.
Fractalkine in vascular biology: from basic research to clinical
disease. Arterioscler Thromb Vasc Biol 2004;24:34-40.

White GE, Greaves DR. Fractalkine: one chemokine, many
functions. Blood 2009;113:767-8.

Garton KJ, Gough PJ, Blobel CP, Murphy G, Greaves DR,
Dempsey PJ, et al. Tumor necrosis factor-alpha-converting enzyme
(ADAM17) mediates the cleavage and shedding of fractalkine
(CX3CL1).J Biol Chem 2001;276:37993-8001.

Juel HB, Faber C, Udsen MS, Folkersen L, Nissen MH. Chemokine
expression in retinal pigment epithelial ARPE-19 cells in response
to coculture with activated T cells. Invest Opthalmol Vis Sci
2012;53:8472-80.

Foussat A, Bouchet-Delbos L, Berrebi D, Durand-Gasselin I,
Coulomb-L’Hermine A, Krzysiek R, et al. Deregulation of the
expression of the fractalkine/fractalkine receptor complex in
HIV-infected patients. Blood 2001;98:1678-86.

Corcione A, Ferretti E, Bertolotto M, Fais F, Raffaghello L,
Gregorio A, et al. CX3CR1 is expressed by human B lymphocytes
and mediates [corrected] CX3CLI1 driven chemotaxis of tonsil
centrocytes. PLoS One 2009;4:e8485.

Tarrant TK, Liu P, Rampersad RR, Esserman D, Rothlein LR,
Timoshchenko RG, et al. Decreased Th17 and antigen-specific
humoral responses in CX3CR1-deficient mice in the
collagen-induced arthritis model. Arthritis Rheum 2012;
64:1379-87.

Poeck H, Wagner M, Battiany J, Rothenfusser S, Wellisch D,
Hornung V, et al. Plasmacytoid dendritic cells, antigen, and CpG-C
license human B cells for plasma cell differentiation and
immunoglobulin production in the absence of T-cell help. Blood
2004;103:3058-64.

Bar-On L, Birnberg T, Lewis KL, Edelson BT, Bruder D, Hildner
K, et al. CX3CR1+ CD8B+ dendritic cells are a steady-state
population related to plasmacytoid dendritic cells. Proc Natl Acad
Sci U S A2010;107:14745-50.

Hochberg MC, Silman AJ, Smolen JS, Weinblatt ME, Weisman
MH. Rheumatology, 5th ed. Philadelphia: Elsevier Mosby;
2011:1339-40.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2014. All rights reserved. |—

Lee, et al: Fractalkine in pSS

2437

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

31.

32.

33.

Baimpa E, Dahabreh 1J, Voulgarelis M, Moutsopoulos HM.
Hematologic manifestations and predictors of lymphoma
development in primary Sjogren’s syndrome: clinical and
pathophysiologic aspects. Medicine 2009;88:284-93.

Li XY, Wu ZB, Ding J, Zheng ZH, Li XY, Chen LN, et al. Role of
the frequency of blood CD4(+) CXCR5(+) CCR6(+) T cells in
autoimmunity in patients with Sjogren’s syndrome. Biochem
Biophys Res Commun 2012;422:238-44.

Seo GY, Youn J, Kim PH. IL-21 ensures TGF-beta 1-induced IgA
isotype expression in mouse Peyer’s patches. J Leuko Biol
2009;85:744-50.

MacLennan IC. Germinal center. Annu Rev Immunol 1994;
12:117-39.

Tarlinton DM. Evolution in miniature: selection, survival and
distribution of antigen reactive cells in the germinal centre.
Immunol Cell Biol 2008;86:133-8.

Foussat A, Coulomb-L'Hermine A, Gosling J, Krzysiek R,
Durand-Gasselin I, Schall T, et al. Fractalkine receptor expression
by T lymphocyte subpopulation and in vivo production of
fractalkine in human. Eur J Immunol 2000;30:87-97.

Nakatani K, Yoshimoto S, Iwano M, Asai O, Samejima K, Sakan H,
et al. Fractalkine expression and CD16+ monocytes accumulation
in glomerular lesions: association with their severity and diversity
in lupus models. Am J Physiol Renal Physiol 2010;299:F207-16.
Corcione A, Ferretti E, Pistoia V. CX3CL1/fractalkine is a novel
regulator of normal and malignant B cell function. J Leukoc Biol
2012;92:51-8.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2014. All rights reserved. |—

2438

The Journal of Rheumatology 2014, 41:12; doi:10.3899/jrheum.130892

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

