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Abstract
Juvenile idiopathic arthritis (JIA) encompasses a group of chronic childhood arthritides of unknown
etiology. One subtype, systemic JIA (SJIA), is characterized by a combination of arthritis and
systemic inflammation. Its systemic nature suggests that clues to SJIA pathogenesis may be found
in examination of peripheral blood cells. To determine the immunophenotypic profiles of circulating
mononuclear cells in SJIA patients with different degrees of disease activity, we studied PBMC from
31 SJIA patients, 20 polyarticular JIA patients (similar to adult rheumatoid arthritis) and 31 age-
matched controls. During SJIA disease flare, blood monocyte numbers were increased, whereas
levels of myeloid dendritic cells (DC) and γδ T cells were reduced. At both flare and quiescence,
increased levels of CD14 and CD16 were found on SJIA monocytes. Levels of CD16- DC were
elevated at SJIA quiescence compared both to healthy controls and to SJIA subjects with active
disease. Overall, our findings suggest dysregulation of innate immunity in SJIA and raise the
possibility that quiescence represents a state of compensated inflammation.
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Introduction
Juvenile idiopathic arthritis (JIA) comprises a family of childhood-onset, chronic inflammatory
arthritides with distinct subtypes. The etiology of JIA is unknown and although new treatments
have been identified, many children still suffer significant long term disability [1;2]. A better
understanding of pathogenesis may suggest new therapeutic approaches. In addition, JIA and
its subtypes share various features with other inflammatory diseases, potentially broadening
the impact of molecular/cellular insights from JIA.

JIA was initially divided into three major subtypes: systemic, polyarticular and pauciarticular
(or oligoarticular). The most recent classification scheme for chronic childhood arthritis,
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developed by the International League of Associations for Rheumatology (ILAR), describes
seven subtypes: oligoarticular; polyarticular rheumatoid factor-positive (RF+); polyarticular
RF-; systemic; enthesitis-related arthritis; juvenile psoriatic arthritis; and undifferentiated
arthritis [3]. The classification of JIA subtypes has been based in large part on clinical
observations that reveal heterogeneity in disease presentation, outcome and response to
treatment among JIA patients. More recent data on immune parameters and genetic risk factors
confirm the notion of JIA subtypes and imply that these subtypes result from different
pathogenic processes (reviewed in[4;5]).

Among the JIA subtypes, polyarticular JIA (polyJIA) is similar to the more prevalent forms
of rheumatoid arthritis (RA) in adults. As in adult RA, polyarticular JIA subtypes include RF
+ and RF-, the former being associated with more erosive disease and both types being more
common in females, similar to the epidemiology of RA in adults [6]. By contrast, systemic
juvenile idiopathic arthritis (SJIA) is unique in its combination of systemic features (fever,
rash, serositis [e.g., pericarditis, pleuritis]) and arthritis. It also differs from other JIA subtypes
in having no predominant age of onset or gender preference, no predisposing HLA
susceptibility alleles in Caucasians [7], and no association with common autoantibodies (e.g.,
ANA, RF) [8;9]. SJIA represents 10-20% of all JIA, but accounts for more than 2/3 of the
mortality [10], in part due to a sometimes fatal complication called macrophage activation
syndrome (MAS). A condition similar to SJIA occurs very rarely in adults and is called adult-
onset Still's disease (AOSD) [11].

The responses of JIA patients to biologic therapies provide some clues to disease
pathophysiology. TNFα blockade is less effective in SJIA compared to polyJIA (and RA)
[12]. In contrast, response to IL-1 inhibitors has been more promising in SJIA and AOSD
patients than in children with polyJIA or adults with RA [13;14]. In small studies, treatment
with anti-IL6R also has been of benefit in SJIA, consistent with the observation that IL-6 is
expressed at high levels in SJIA flare [15;16;17;18]. These drug response patterns implicate
IL-1 and IL-6 as important cytokines in SJIA pathophysiology.

The systemic nature of SJIA suggests that clues to pathogenesis will likely be found from
examination of peripheral blood cells. However, relatively few studies to date characterize the
profiles of circulating cell subsets [19], especially during different stages of the disease. In
available studies of levels of T and B lymphocytes, the results have been somewhat variable
[19;20;21;22]. There are also conflicting reports on levels of circulating NK cells in SJIA
compared to controls [23] [19;22]. Notably, several investigators have observed reduced NK
cytotoxic activity, which is not simply explained by reduced NK cell number[23;24;25] [26].

The cytokine profile, evidence for NK cell dysfunction, the lack of HLA association and
absence of autoantibodies in SJIA suggest that dysregulation of innate immunity may play a
particularly important role in etiology [25]. To test this emerging paradigm, we undertook a
comparative analysis of cellular parameters at times of SJIA activity and quiescence using
multiparameter flow cytometry. We asked whether there is an imbalance in SJIA in populations
of innate immune effector cells (monocytes, DCs, NK cells, γδ T cells) and populations with
an immunoregulatory role (T regulatory cells, NKT) in peripheral blood mononuclear cells.
We compared our SJIA findings to data from age-matched immunologically normal controls
and from patients with polyJIA (mostly RF-), the latter to ask whether our findings were
uniquely associated with SJIA or shared with other forms of chronic inflammatory arthritis.
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Patients, materials and methods
Subject population and clinical data collection

The Institutional Review Board of Stanford University approved the study. All JIA patients
were followed at the Pediatric Rheumatology Clinic at Lucile Packard Children's Hospital.
Fifty-one JIA patients were enrolled after consent: 31 SJIA patients (7 children provided
samples during both flare and quiescence) and 20 polyJIA patients (2 patients provided samples
during both flare and quiescence). Due to limited blood volumes available from pediatric
patients, not all samples were used for all studies. Among the polyJIA patients, 14 were RF-
negative, and 6 RF-positive. A one-time blood sample was collected after consent from age-
matched immunologically healthy children, based on clinical history (n = 31) from the Stanford
Endocrinology Clinic. The majority of these children were seen for growth delay (mostly due
to constitutional growth delay) or precocious puberty.

Comprehensive clinical information was collected at each JIA patient visit, including history,
physical exam (including presence of fever, rash and joint count) and clinical laboratory values
[erythrocyte sedimentation rate (ESR), d-dimers, C-reactive protein (CRP), ferritin, complete
blood count (CBC) and platelet count]. These data were stored in an ACCESS database, which
was designed and maintained by Dr. C. Sandborg and colleagues. Clinical status at each visit
was graded according to a scoring system developed by our group to grade severity of systemic
disease manifestations or arthritis ([27;28] and supplementary Tables 1-3). Each sample was
classified as “flare” (active disease; score 2 or above) or “quiescence” (inactive disease; score
equals to 0), We also developed a treatment intensity score, consisting of the sum of 4 individual
scores for use of non-steroidal anti-inflammatory drugs (NSAID), corticosteroids, disease
modifying anti-rheumatic drugs (DMARD), and biologic drugs (Supplementary Table 4).
Characteristics of the study subjects are shown on Table 1. There was no difference in mean
treatment intensity score between the SJIA and polyJIA groups, when both active and
quiescence samples were analyzed together. SJIA patients with active disease had higher
treatment intensity scores than either SJIA patients without active disease or polyJIA patients
with or without active disease (Table 1). However, there was treatment heterogeneity among
active disease SJIA subjects and key immunologic findings associated with active disease were
not preferentially associated with high treatment intensity scores, as shown in Figures 1-5.

Sample processing
Venous blood samples from all subjects were obtained after informed consent and treated
anonymously throughout the analysis; these samples were obtained only when there was a
clinical need for blood tests. 3-4 ml of blood was collected directly in Vacutainer cell
preparation tubes (CPT) with sodium citrate (Becton Dickinson, USA). Peripheral blood
mononuclear cells (PBMC) were isolated within 3 hours of collection by centrifugation of CPT
tubes, per manufacturer's instructions. PBMCs were stored frozen in freezing mix (65% RPMI,
25% HAB, 10% DMSO) in liquid nitrogen until analysis.

PBMC phenotyping
Antibodies, including CD3-PE, CD3-APC, CD14-FITC, CD16-APC, CD19-PerCPCy5.5, and
CD56-APC from BD Biosciences (San Jose, CA) and Caltag/Invitrogen (Burlingame, CA)
were used for identification of major cell subsets in PBMC: T cells (CD3+ cells), B cells (CD19
+), monocytes (CD14+), NK (CD3-, CD56+) and NKT cells (CD3+, CD56+). Monocyte
subsets CD14++/CD16- and CD14+/CD16+ [29] were enumerated using HLA-DR-FITC,
CD14-PerCP and CD16-APC. γδ T cells were identified in PBMC with a combination of anti-
CD3-APC and anti-TCR γδ-PE (BD Biosciences); B cells and monocytes were also stained in
the same sample. CD4+ T regulatory cells (Tregs) were identified in total PBMC as CD4+
CD25+ and CD127low [30]. Naïve CD45RA+ Treg cells were identified with CD45RA-FITC,
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CD127-PE, CD25-Cychrome, and CD4-APC antibodies from BD Biosciences. We considered
CD45RA-, CD4+, CD127low, CD25+ cells to be CD45RO+ T reg cells [31], as in humans
expression of CD45RA and RO is usually regulated in a reciprocal manner [32].

Dendritic cells (DC) phenotyping
DC were identified in fresh whole blood. We identified plasmacytoid dendritic cells (pDC)
and two subpopulations of myeloid dendritic cells (mDC). We used a staining strategy
developed by BD Biosciences, based on DC low expression level of lineage markers for
monocytes, lymphocytes, and NK cells, and DC high level of expression of HLA-DR.
Furthermore, we used two different lineage marker staining cocktails to identify the various
lineage-positive cells (non-DC); one staining cocktail [lineage cocktail (Lin)1] includes
antibody to CD16 as a marker for neutrophils and NK cells, and the other does not (Lin2, kindly
supplied by BD Biosciences), because a subset of mDC also expresses CD16 [33;34]. The
reagents used for DC identification were Lin1-FITC (CD3, CD14, CD16, CD19, CD20, CD56),
Lin2-Fitc (all the markers as for Lin1, except CD16), CD123-PE, HLA-DR-PerCP, and
CD11c-APC, all from from BD Biosciences. Total CD11c+ mDC including both CD16+ and
CD16- DC were identified as Lin2-, HLA-DR+, CD11c+ cells; another mDC subpopulation
was defined as Lin1-(CD16-), HLA-DR+, CD11c+, and pDC were identified as Lin1-, HLA-
DR+, CD123+ cells.

Flow cytometry
Phenotyping of DC was performed using fresh blood; for all other cell types, frozen PBMCs
were used for flow cytometry. Cells were thawed in a 37°C water bath, transferred to 96 well
round bottom plates and incubated with antibody cocktails in the dark at room temperature for
30 minutes. After the incubation, cells were washed with PBS + 1% heat inactivated (HI) FCS,
fixed with PBS + 1% paraformaldehyde, and stored in polystyrene tubes in the dark at 4°C
until analysis. Data were acquired using the FACSCalibur flow cytometer (BD Biosciences,
San Jose, CA) and analyzed with FlowJo (Treestar, Ashland, OR). Flow cytometer settings
and fluorescence compensation were standardized for each experiment, using CaliBRITE
beads and the FACSComp program (BD Immunocytometry Systems). FSC and SSC gates
were set to capture the cell population of interest including monocytes and lymphocytes and
excluding any contaminating neutrophils and debris. Subsequently, each cell population was
identified by the fluorescence associated with surface markers. Cell percentages as well as the
median florescence intensity (MFI) were measured.

Statistical analysis of cellular data
Multiple group comparisons were made using ANOVA with Bonferroni's multiple comparison
correction. Group to group comparisons were made using Student's t-test. All tests performed
with GraphPad Prism (GraphPad Software, San Diego, CA)

Results
Monocytes and monocyte subsets

Monocytes are central effector cells in innate immune responses. Absolute monocyte counts
in CBC were generally higher in SJIA flare than in any other patient group (Table 1). Using
flow cytometry to analyze isolated PBMCs from SJIA subjects, polyJIA and immunologically
healthy control subjects, we found that SJIA flare samples had a statistically significant increase
in the percentage of monocytes (CD14+) in total PBMC, in comparison with SJIA quiescence,
polyJIA quiescence, and controls (Fig. 1A; data analyzed by multiple group comparisons using
ANOVA with Bonferroni's multiple comparison correction). The difference in monocyte
abundance was also significant when results were analyzed by group to group Student's t tests
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(not shown). In polyJIA flare, the proportion of monocytes among PBMC was variable, with
only some samples having levels in the SJIA range, and there was no relationship between
higher monocyte levels and RF positivity, a marker associated with more severe polyarticular
disease (Fig 1A).

We next investigated if the distribution of the monocyte subsets, CD14++/CD16- and CD14+/
CD16+, was altered in SJIA. In humans, the CD14++/CD16- subset represents 80 to 90% of
circulating monocytes, comprises the high producers of cytokines (IL1, IL6, TNFα) and is
highly phagocytic [29]. CD16+ monocytes have been found to be producers of TNFα after
LPS stimulation and may be expanded during acute inflammation and infectious diseases,
although their precise function remains elusive [35]. We found that the percentage of CD14+/
CD16+ monocytes was increased in SJIA quiescent samples compared to controls (p=0.0033
by uncorrected Student's t test), and reciprocally, the percentage of CD14++/CD16- was reduced
in these samples compared to controls (p=0.0017, Fig 1 B and C). Although these differences
did not remain significant after correction for multiple comparisons, they raised the possibility
that immunophenotypic alterations are present in SJIA subjects with clinically inactive disease.

CD16 is the Fc receptor FcγRIII, which functions as an activating Fcγ receptor [36]. CD16
levels by median fluorescence intensity (MFI) in the CD14+/CD16+ cells were highest in SJIA
flare and quiescence and significantly higher than controls (Fig. 1D). CD14 can bind LPS and
viruses on the cell surface, acting both as a transporter and as an amplifier of TLR-responses
[37]. We measured CD14 levels (MFI) in the CD14++/CD16- subset and found CD14
expression was higher in both SJIA and polyJIA samples from subjects with active and inactive
disease compared to controls (Fig. 1E). Taken together, the data show that monocytes are
increased in number in SJIA flare, but are phenotypically altered in both flare and quiescence.

Dendritic cells and dendritic cell subsets
Another potential effector cell population in SJIA is dendritic cells (DC), which play key roles
in both innate and adaptive immune responses [38]. We analyzed distribution of the two major
blood DC subsets, myeloid (mDC) and plasmacytoid DC (pDC). Within the mDC subsets, 2
subpopulations were analyzed: the total mDC subpopulation (CD11c+), delineated as Lin2-
(see Methods), HLA-DR+, CD11c+ cells; this subpopulation includes both CD16- and CD16
+ DCs. CD16+ mDC recently have been shown to have strong proinflammatory capacity
[39]. The second mDC subpopulation analyzed was defined as Lin1-(CD16-), HLA-DR+,
CD11c+ cells. The pDC subset was defined as Lin1-, HLA-DR+, CD123+ cells. Our results
showed a significant increase in total myeloid DC in SJIA quiescence compared to controls,
and this reflects increases in CD16- mDC (Fig 2A, B and data not shown). These data again
suggest that there are immunophenotypic changes detectable during inactive disease. The
levels of total mDC were also significantly reduced during SJIA flare in comparison to SJIA
quiescence and differences in both subsets of myeloid DC appear to contribute to this change
(Fig. 2A and data not shown). In addition, the proportion of plasmacytoid DC (CD123+) was
reduced at SJIA flare (p<.05 by Student's t tests, but not significant after correction for multiple
group comparisons; Fig. 2C). Thus, proportions of circulating mDC are altered in SJIA, with
reciprocal changes in flare compared to quiescence; this may reflect altered generation, life-
span, localization or plasticity of phenotype of these cells in association with disease activity.
Of note, changes in proportions of DC may not be associated with changes in the absolute DC
numbers, and either parameter may have consequences for immune function. Further studies
are needed to fully describe the changes in DC subsets.

NK cells and γδT cells
NK cells (CD3-CD56+) play key roles in innate immune responses, including killing of target
cells and production of cytokines like IFNγ [40]. In our cohort, the percentage of NK cells in
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SJIA was similar to controls both at flare and quiescence (Fig 3A). However, we observed a
significantly decreased percentage of NK cells in polyJIA flare, in comparison to SJIA flare
and controls, after correction for multiple group comparisons (Fig 3A). We also measured
levels of γδT cells, another innate effector population that like NK cells is both cytotoxic and
a potent source of cytokines [41;42] [43]. We observed that the percentage of γδT cells was
decreased during SJIA flare in comparison to SJIA quiescence and controls (Fig 3B); polyJIA
samples were not tested. Reciprocally, the percentage of αβT cells was increased in SJIA flare
in comparison to SJIA quiescence (Fig 3C).

T regulatory cells and NKT cells
Alterations in immune status can derive from changes in cell populations that regulate the
effectors. We next investigated the distribution of CD4+ T regulatory cells, which have been
shown to regulate the activity of both adaptive and innate effectors [44]. To analyze T
regulatory cell numbers, we first measured the percentage of CD4+ T cells in SJIA and polyJIA,
and these were not different from controls (Fig 4A). Analysis of total Treg cells (CD4+ CD25
+ CD127low) suggested an increase (using uncorrected Student's t-test) in quiescent compared
to active SJIA; levels during active disease resembled those of healthy controls (Fig 4B). The
increase in total Tregs in SJIA quiescence apparently derived from the RA-(RO+) subset, which
is the memory T reg subpopulation [31], as there is no increase in the percentage of CD45RA
+ Treg cells in SJIA quiescence (Fig. 4C). This finding suggests a role for Tregs in controlling
SJIA disease activity during quiescence, as has been proposed by others [45]. For polyJIA, the
percentage of naïve Tregs (CD45RA+ [31]) was significantly decreased in quiescence in
comparison to controls (Fig 4C). The number of CD45RA+ Tregs declines with age [31];
however, age distribution was similar among the groups we tested (Table 1).

NKT cells are a subset of innate immune cells that can produce large amounts of cytokines
shortly after antigenic stimulation; they also have cytolytic activity [46]. Percentage of NKT
cells, identified as CD3+ CD56+ cells did not differ between SJIA and polyJIA subjects either
at flare or quiescence and did not differ from the control group (not shown).

T and B cells
Reported data on levels of circulating CD3+ T cells and B cells (CD19+ or CD20+) in SJIA
have been conflicting [19;20;21;22]. We found that the percentage of T cells (CD3+) was
significantly decreased in SJIA flare group in comparison to SJIA quiescence and polyJIA flare
in multiple group comparisons (Fig 5A); using group to group Student's t tests, the percentage
of CD3+ T cells in SJIA flare was significantly lower than in any other group. Total lymphocyte
counts in CBC tend to be lower in SJIA flare in comparison to SJIA and polyJIA (Table 1).
The percentage of B cells (CD19+) was decreased significantly in SJIA flare, compared to the
control after correction for multiple comparisons (Fig 5B) and compared to all other groups,
using uncorrected t tests. Notably, increased spontaneous lymphocyte apoptosis has been
reported in active SJIA [47].

Discussion
Here we report cellular studies of PBMC obtained from children with SJIA and, for
comparison, children with polyJIA and immunologically healthy age-matched controls. Given
the systemic nature of SJIA, we reasoned that analyses of blood would be informative. The
value of investigating PBMCs in inflammatory arthritis also has been highlighted recently by
studies of gene expression in PBMC in active adult RA [48;49], polyJIA [50;51] and SJIA
[16;22;52]. Notably, these studies often evaluate whole PBMC; our analyses of cell type
distribution provide important complementary information. A limitation of our study is that,
for cell subpopulations besides monocytes and lymphocytes, we have only determined changes
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in their proportion among total PBMC; changes in one cell population may produce a relative
change in other populations without affecting absolute cell numbers. A distinctive cellular
feature of SJIA flare revealed in our studies is an increase in monocytes. Both by CBC count
and as a percentage of PBMC by flow-cytometric analysis, we observed an expansion of the
monocytes in SJIA flare samples compared to the other subject groups studied. An increase in
monocytes has also been described in Kawasaki disease (KD) [53], a condition that can
resemble SJIA at presentation. However, in contrast to SJIA, CD19+ B cells also are increased
in KD subjects [53].

Both monocyte subsets, CD14++/CD16- and CD14+/CD16+, contribute to the increase in
monocytes in SJIA flare, as the proportions of monocyte subsets did not differ significantly
among the groups of subjects studied. The number and percentage of total monocytes
normalized during disease quiescence. However, the percentage of CD14+/CD16+ monocytes
was higher in SJIA quiescence compared to controls (significantly, using uncorrected Student's
t tests). The CD14+/CD16+ subset has been observed to expand in inflammatory conditions,
and this population has been suggested in some studies to produce high levels of TNF [54].
This monocyte subset has also been described to have characteristics of tissue macrophages
[55]. Thus, our data raise the possibility of altered monocyte homeostasis in SJIA at quiescence,
perhaps reflecting an underlying abnormality in SJIA-susceptible individuals. We found that
the expression of surface CD16 was increased in CD14+/CD16+ monocytes in SJIA compared
to controls, both during flare and quiescence, but not in polyJIA Increased expression of CD16
in CD14+/CD16+ monocytes during SJIA quiescence suggests that this may be an intrinsic
characteristic of SJIA monocytes. Ligation of CD16 induces cytokine production in monocytes
[56], and the increase in CD16 expression may be involved in maintaining a pro-inflammatory
environment even in the absence of clinical manifestations of disease. Increased levels of
circulating monocytes and elevated surface levels of CD16 on the CD16+ monocyte subset
also can be observed in response to infection [57;58]. An infectious trigger for SJIA, though
suspected in part due to reports of seasonal incidence of SJIA, has not been identified [59;60;
61].

Another monocyte-related finding was that the expression level of surface CD14 was increased
in CD14++/CD16- monocytes in both SJIA and polyJIA. Increased expression of surface CD14
has been associated with resistance to apoptosis [62]. Dysregulation of apoptosis may
contribute to the accumulation of monocytes during SJIA flare (S. Srivastava, C. Macaubas,
unpublished data).

The role of monocyte/macrophages in SJIA in comparison to other JIA subsets appears to be
unique. Monocyte-derived cytokines, particularly IL-1 and IL-6, appear to be key mediators
of SJIA [18;52;63], and activation of macrophages (MAS) is a critical complication that may
be more common than previously thought [64]. Monocyte infiltration into skin is observed in
rash biopsies in SJIA [65]. Microarray data from Fall et al [22] suggested that an increase in
monocyte differentiation into macrophages may contribute to SJIA immunopathology.

In addition to monocytes, myeloid dendritic cells are a potential source of pro-inflammatory
cytokines, especially IL-1, IL-6 and TNF [34;66]. Interestingly, in our study, the levels of total
mDC are increased in samples from SJIA quiescence, compared to the other subject groups,
due to changes in the CD16- DC subset. We also observed significant reductions in mDC (from
quiescent levels) at disease flare. Our study has analyzed only DC percentage, not absolute
numbers. However, Smolewska et al[67], analyzing JIA subtypes (SJIA, polyJIa and oligoJIA)
as a single group in comparison to healthy controls, reported a small decrease in absolute
numbers of total blood DC in JIA children with higher disease activity. Furthermore, they
observed a reduction in both the percentage and absolute number of circulating DC subtypes
(myeloid DC1 (mDC1), mDC2 and pDC), and higher DC counts in the synovial fluid of active
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joints. The number of DCs in blood correlated with clinical status, with lower DC numbers
being associated with poorer response to treatment and abnormal clinical laboratory values
[67]. DC migration from circulation to the joints may occur during period of active disease.
High dose glucocorticoid has been reported to induce a decrease in circulating mDC and
especially pDC [68;69]. However, in our study, reduced DC levels did not correlate with
presence of glucocorticoid therapy (not shown).

We found that the percentage of NK cells during active SJIA was similar to that in healthy
controls. This corroborates results of Yabuhara et al [23], although others have reported
reduced numbers of NK cells in SJIA [19] [22]. One reason for the normal percentage of NK
cells in our cohort may be their older age and their longer duration of disease, as reduced NK
cell levels were observed in subjects with new onset disease [22] or in younger patients [19].
As we did not evaluate the cytotoxic function of NK cells, our data do not exclude the possibility
that there is a functional defect in NK cells in our SJIA samples. We did not observe a significant
reduction in the expression of perforin in SJIA NK cells (A. Pashine, E. Mellins et al,
unpublished observations). However, NK cell dysfunction in SJIA does not appear to be strictly
related to the amount of granzyme A, or perforin [24;25;70].

We found the percentage of γδ T cells to be decreased during SJIA flare. Here, we cannot
exclude a possible effect of treatment, as the flare samples tested had higher treatment intensity
scores compared to quiescence samples. Nonetheless, our finding is in agreement with
observations of Wouters et al [19] in a mixed group of SJIA patients with and without disease
activity. In contrast, an increase in γδ T cells during active disease was reported in patients
with adult Still's disease [71]. Also, Black et al [72] observed an increase in the percentage of
γδT cells in synovial fluid compared to peripheral blood in JIA (mostly oligoarthritis cases),
suggesting that these cells may leave the circulation during JIA flare and contribute to disease
at tissue sites.

We did not find alterations in the proportions of Treg cells in SJIA. Reductions in the percentage
of Treg cells, and naïve, natural Tregs (CD45RA+) in particular, were associated with polyJIA.
These results suggest that Treg cells may play a more important role in polyJIA than in SJIA,
and a more detailed investigation in the different polyJIA subsets (RF+ and RF-) is warranted.

In our study, the percentages of T and B cells were decreased during active SJIA. These
decreases do not appear to be due to treatment, as values for samples with low treatment
intensity score are similar to those for samples with higher treatment intensity score. In prior
studies, percentages of CD3+ T cells and of CD4+ T cells sometimes have been found to be
similar in SJIA and healthy controls [20;22], while others report increases in these cell types
in SJIA peripheral blood [19]. However, these prior studies either did not use age-matched
controls [20] or did not distinguish samples based on clinical status [19]. As we find some
samples from SJIA quiescence with percentages of T cells that are higher than the controls,
combined analysis of samples from active and inactive patients may alter the percentage of
CD3+ T cells compared to controls. Our finding of decreased proportions of B cells (defined
as CD19+ cells) corroborates the report of Wouters et al [19], but differs from other studies
that found that percentages of B cells were comparable in SJIA and controls [21;22]. Higher
rates of spontaneous lymphocyte apoptosis have been observed in SJIA, in association with
disease activity [47]. Using an antibody against activated caspase-3, we also detected an
increased level of spontaneous apoptosis in peripheral blood CD3+ T cells in SJIA (data not
shown). Reduced T and B cells in SJIA flare could thus be a result of increased cell death
during active disease. Of note, studies in active adult-onset Still's disease, the probable adult
form of SJIA, also show increased spontaneous apoptosis of peripheral lymphocytes and
provide evidence implicating the pro-inflammatory monokine IL-18 as a key mediator in this
process [73]; high serum levels of IL-18 have been associated with SJIA flare [74]. An
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alternative, though not mutually exclusive, possibility is that reduced levels of circulating
lymphocytes reflect their egress from the circulation into the joints during disease activity
[75].

The clinical presentation of SJIA, the absence of HLA association and major autoantibodies,
and the important role played by IL-1β, based on the clinical response to IL-1β inhibition in
∼50% of SJIA patients [52], suggest that SJIA may belong to the group of autoinflammatory
diseases, although the criteria for inclusion in this group are still evolving [76]. Our data support
this possibility: we observed an increase in monocyte number, especially CD16+ monocytes
and expansion of the mDC dendritic cell subset. In autoinflammatory diseases, fever and other
inflammatory symptoms develop in the absence of concurrent infection or signs of adaptive
autoimmune responses [76]. Interestingly, level of CD16, but not the absolute numbers of
CD14+/CD16+ monocytes, is elevated in the autoinflammatory disease, tumor necrosis factor
(TNF) receptor-associated periodic syndrome (TRAPS), which is caused by mutations in the
p55 TNF receptor (TNFRSF1A). Similar to our findings with SJIA, elevated CD16 is observed
even in the absence of disease activity in TRAPS [77]. Future studies comparing SJIA to
periodic fevers may clarify the extent of overlap between SJIA and these diseases.

In summary, we observed changes in distribution and phenotype among peripheral blood
mononuclear cells consistent with activity of the innate immune system during SJIA flare.
Further, detection of immunophenotypic changes during quiescent SJIA implies that
inflammatory activity is more likely compensated rather than absent. Further studies will be
needed to clarify the relevance of these findings to disease immunopathology and treatment.
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Figure 1.
A: Monocyte distribution in SJIA, polyJIA and controls determined by flow cytometric
analysis of cell surface staining. Data are expressed as percentage of total mononuclear cells.
B and C: Monocyte subsets as determined by CD14 and CD16 surface staining. Data are
expressed as percentage of total monocytes. D: Median fluorescent intensity (MFI) for CD16
in CD14+/CD16+ monocytes. E: MFI for CD14 in CD14++/CD16- monocytes. F: flare; Q:
quiescence. SJIA F n=6; SJIA Q n=11; polyJIA F n=8; polyJIA Q n=7; Control n=14. Samples
with treatment intensity scores > 2 are in black. polyJIA RF+ patients are in half black symbols.
Statistical analysis used ANOVA with Bonferroni correction. *: p<0.05; **: p= or <0.01.
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Figure 2.
Percentage of dendritic cells (DC) in whole blood in SJIA, polyJIA and controls. Data are
expressed as percentage of DC in whole blood. A: Total myeloid (CD11c+), including both
CD16- and CD16+ DC; SJIA F n=4; SJIA Q n=6; polyJIA n=5; Control n=8. B: Myeloid
(CD11c+, CD16-) DC. C: Plasmacytoid (CD123+) DC. F: flare; Q: quiescence. For B and C:
SJIA F n=6; SJIA Q n=8; polyJIA n=5; Control n=14. All polyJIA patients are RF- (3 poly F,
2 poly Q). Samples with treatment intensity scores > 2 are in black. Statistical analysis used
ANOVA with Bonferroni correction. *: p<0.05; **: p= or <0.01.
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Figure 3.
A: Percentage of NK cells (CD3-, CD56+ cells) in SJIA, polyJIA and controls. Data are
expressed as percentage of total mononuclear cells. F: flare; Q: quiescence. SJIA F n=6; SJIA
Q n=11; polyJIA F n=8; polyJIA Q n=7; Control n=14. polyJIA RF+ patients are in half black
symbols. Samples with treatment intensity scores > 2 are in black. B: Percentage of CD3+ T
cells expressing TCR γδ as a percentage of total CD3+ T cells in PBMC in SJIA and controls.
SJIA F n=5; SJIA Q n=6; Control n=6. C: Percentage of CD3+ TCR αβ T cells. SJIA F N=4;
SJIA Q N=5; Control N=7. Samples with treatment intensity scores > 2 are in black. Statistical
analysis used ANOVA with Bonferroni correction. *: p<0.05; **: p= or <0.01.
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Figure 4.
Percentage of T regulatory (T regs) in in SJIA, polyJIA and controls A: Percentage of CD4+
T cells. Data are expressed as percentage of total mononuclear cells. B: Percentage of total
Tregs, identified as CD4+, CD25+, CD127low, among CD4+ T cells. C: Percentage of
CD45RA+Tregs among CD4+ T cells. F: flare; Q: quiescence. SJIA F n=7; SJIA Q n=9;
polyJIA F n=3; polyJIA Q n=7; Control n=15. polyJIA RF+ patients are in half black symbols.
Samples with treatment intensity scores > 2 are in black. polyJIA RF+ patients with treatment
intensity scores > 2 are in half black and half grey symbols. Statistical analysis used ANOVA
with Bonferroni correction. * p<0.05; **: p= or <0.01.
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Figure 5.
T and B cell distribution in SJIA, polyJIA and controls. Data are expressed as percentage of
total mononuclear cells. A: T cells (CD3+ cells). B: B cells (CD19+ cells). F: flare; Q:
quiescence. SJIA F n=6; SJIA Q n=11; polyJIA F n=8; polyJIA Q n=7; Control n=14. polyJIA
RF+ patients are in half black symbols. Samples with treatment intensity scores > 2 are in
black.Statistical analysis used ANOVA with Bonferroni correction. *: p<0.05; **: p= or <0.01.
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