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Abstract

Objective—To assess surface APRIL (a proliferation-inducing ligand; CD256) expression by
circulating myeloid cells in rheumatoid arthritis (RA) and to determine its relationship to disease
activity.

Methods—~Peripheral blood mononuclear cells (PBMC) and plasma were obtained from patients
with RA and healthy donors. PBMC were stained for flow cytometry to detect surface APRIL and
blood cell markers to identify circulating myeloid cell subsets. Based on CD14 and CD16
phenotypes, monocyte subsets described as classical (CD14+CD16-), intermediate
(CD14+CD16+), and nonclassical (CD141oCD16+) were identified. Levels of surface APRIL
expression were measured by flow cytometry and median fluorescence intensity was used for
comparisons. Levels of soluble APRIL in the plasma were determined by ELISA. Disease activity
was measured by the Disease Activity Score in 28 joints.

Results—In patients with RA, total myeloid cells showed expression of surface APRIL that
correlated with disease activity and with plasma APRIL levels observed in these patients. In
healthy donors, classical monocytes were composed of > 80% of circulating monocytes. However,
in patients with RA, the intermediate and nonclassical subsets were elevated and made up the
majority of circulating monocytes. In contrast to healthy donors, where high levels of surface
APRIL were only observed in nonclassical monocytes, patients with RA showed high levels of
surface APRIL expression by all circulating monocyte subsets.
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Conclusion—Surface APRIL is elevated in circulating myeloid cells in patients with RA where
it is highly correlated with disease activity. Patients with RA also showed skewing of monocytes
toward subsets associated with secretion of tumor necrosis factor-a and/or interleukin 1.
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Rheumatoid arthritis (RA) is a systemic B cell-mediated autoimmune disease dominated by
autoantibodies that recognize intracellular and extracellular antigens-2. These
autoantibodies result in chronic systemic immune responses that target the synovium,
cartilage, and bone, resulting in joint damage3. During inflammatory synovitis, immune
cells infiltrate the joint and produce cytokines?®. Stimulation by cytokines induces B cells at
different stages of development to proliferate and differentiate into antibody-producing
plasma cells, thus continuing the cycle of chronic inflammation in RA%6.7.

Studies of B cell-mediated autoimmune disease implicate the cytokine APRIL (a
proliferation-inducing ligand) as a potential disease mediator. APRIL has been shown to
support B cell development and survival in mice and humans®. APRIL is a member of the
tumor necrosis factor (TNF) superfamily and is secreted by monocytes8, dendritic cells®,
macrophages?®, neutrophils, myelocytes8, astrocytes!!, adipocytes!?, and activated T and B
cells!3. Elevated levels of APRIL have been measured in the serum and synovial fluid of
patients with RA1415, In addition, fibroblast-like synoviocytes (FLS) have been shown to
secrete APRIL in RA, but not osteoarthritis®. Novel surface forms of APRIL have been
reported in human cell lines derived from lymphoid!’ and myeloid malignanciesi8. In
addition, surface APRIL has been observed by microscopy in synovial macrophages from
patients with RA18,

The effects of APRIL are dependent on the receptor that it binds. APRIL has 2 receptors: (1)
TACI (the transmembrane activator, calcium modulator and cyclophilin ligand interactor
receptor), and (2) BCMA (the B cell maturation antigen receptor). TACI is expressed in B
cells!® while BCMA expression has been reported in plasma cells and on FLS from patients
with RAI6, Binding of APRIL to the TACI or BCMA receptor leads to increased B cell or
plasma cell survival, respectivelyZ0.

Monocytes exist as a heterogeneous population in the blood of healthy individuals and 3
subsets have been identified based on the expression of surface CD14 and CD16. Classical
monocytes (CD14+CD16-) encompass the majority of circulating monocytes (~90%).
Intermediate monocytes (CD14+CD16+) have been described as proinflammatory
monocytes?1.22, Nonclassical monocytes (CD14loCD16+) are also called patrolling
monocytes and make up the minority subset in the circulating monocyte pool?3. Classical
monocytes are excellent phagocytes and produce interleukin 6 (IL-6) and IL-8 in response to
bacterial pathogens. Intermediate monocytes produce the proinflammatory cytokines TNF-a
and 1L-1B24. Nonclassical monocytes exhibit vascular patrolling activity, poor phagocytic
ability, and secrete proinflammatory cytokines TNF-a and IL-1p in response to Toll-like
receptor (TLR) 7 and TLR8 stimulation. These nonclassical/patrolling monocytes are
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increased in active RA and are present in the glomerular vessels of patients with systemic
lupus erythematosus (SLE) with lupus nephritis25:26:27.28,29,

Increases in serum levels of soluble APRIL, and in specific myeloid cell populations, have
been associated with RA. A novel surface form of APRIL and its expression to myeloid
cells and RA8 have been identified. However, expression of surface APRIL by monocyte
subsets in healthy individuals and its relationship to RA are unknown. In our study, we
sought to compare surface APRIL expression in circulating myeloid cells in both normal and
autoimmune patients, and to determine whether the expression of surface APRIL was related
to plasma levels of soluble APRIL and disease activity in patients with RA. We showed that
surface APRIL was elevated on circulating myeloid cells and correlated with disease activity
in RA. In healthy donors, surface APRIL was only observed in nonclassical monocytes that
make up ~5% of circulating monocytes. In contrast, all monocyte subsets showed high
levels of surface APRIL in patients with RA. While intermediate and nonclassical subsets
made up < 20% of circulating monocytes in healthy donors, they were composed of the
majority of the circulating monocytes in patients with RA.

MATERIALS AND METHODS

Subjects

Subjects were enrolled in our study and gave informed consent under a protocol approved
by the Loma Linda University Institutional Review Board, Loma Linda, California, USA.
All patients with RA were from the Loma Linda University Division of Rheumatology
Clinic or Beaver Medical Group Rheumatology Clinic, Redlands, California, USA. All
patients had a clinical diagnosis of RA and met the 1987 American College of
Rheumatology (ACR) criteria3?. Disease Activity Score in 28 joints (DAS28) was used as a
measure of RA disease activity (Table 1). The total patient population was 26 (23 women
and 3 men) with a mean age of 55.2 + 15.6 years. Normal peripheral blood (PB) from
anonymous adult donors was obtained from Leukopak leukocyte filters (Fenwal
Laboratories) and donated by the Blood Processing and Quality Control from LifeStream.
Normal plasma was purchased from Tennessee Blood Services.

Sample preparation

Blood samples were collected in tubes containing acid citrate dextrose from Becton,
Dickinson and Company. Whole blood samples were centrifuged at 1500 rpm for 15 min to
remove plasma. Peripheral blood mononuclear cells (PBMC) were obtained by red blood
cell (RBC) lysis using an ammonium chloride-based RBC lysis buffer in both patient with
RA and normal PB samples.

Soluble cytokine quantification

Plasma levels of APRIL were determined by a sandwich ELISA (Human APRIL Platinum
ELISA, Bender MedSystems GmbH). ELISA were performed according to the
manufacturer’s instructions on freshly thawed plasma. The ELISA plates were read at 450
nm absorbance using the uQuant 96 well plate reader (Bio-Tek Instruments Inc.). A standard
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curve was run in triplicate for each plate and samples were run in triplicate. APRIL plasma
levels were calculated using a linear model in Bio-Tek software KCJunior, version 1.6.

Flow cytometry

PBMC from RA and healthy donors were stained with monoclonal antibodies in phosphate
buffered saline (PBS) for 30 min in the dark at 4°C. Cells were then washed with PBS and
stained with Fixable Viability Dye eFluor 450 (eBioscience) to distinguish between living
and dead cells and incubated for 30 min at 4°C in the dark. Cells were subsequently washed
and fixed with a 1% paraformaldehyde solution before analysis using the MACSQuant
Analyzer (Miltenyi Biotec). The following isotype control antibodies were used: mouse
IgG1 FITC, mouse 1gG1 PE-Cy7 (eBioscience); mouse 1gG1 APC-Cy7, rat IgG2b PerCP-
Cy5.5 (Biolegend); and mouse 1gG1 PE, mouse IgG1 APC (Miltenyl Biotech Inc.). The
following antihuman antibodies were used: CD256 PE (clone T3-6), CD66b PerCP-Cy5.5
(clone G10F5), CD1a APC (clone HI149), CD16 APC-Cy7 (clone 3G8; Biolegend); and
CD14 PE-CY7 (clone 61D3; eBioscience). Compensation beads (anti-mouse Ig k
compensation beads; BD Biosciences) and cells stained with Fixable Viability Dye eFluor
450 were used for machine compensation settings. Flow cytometry alignment particles were
used as an instrument settings control for each experiment (Spher Ultra Rainbow
Fluorescent Particles). Flow cytometry data analysis was performed using Flowjo data
analysis software (TreeStar). Relative surface APRIL expression for patients with RA was
obtained by normalizing the APRIL median fluorescence intensity (MFI) of each patient
sample to the mean APRIL MFI obtained for normal samples (n > 11) that were stained with
the same antibody combinations and collected with the same instrument settings as the
patient with RA samples.

Statistical analysis

Statistical differences were determined with the nonparametric Mann-Whitney U 2—tailed
tests using GraphPad PRISM software (GraphPad). Correlation analysis was performed
using the Spearman 1-tailed test. Differences were considered statistically significant for p <
0.05. Grubb’s Test was used to exclude significant outliers. The mean and 95% Cl are
shown in each figure.

RESULTS

Surface APRIL expression is elevated in circulating myeloid cells in patients with RA

Multiple blood cells have been shown to produce and secrete APRIL8:9.1011.12.13 gy rface
APRIL expression has been reported in malignant myeloid cell lines'’ and in macrophages
in synovial tissues in patients with RA16:31 However, to our knowledge, expression of
APRIL by circulating myeloid cells has not been reported. We used multicolor flow
cytometry to determine whether surface APRIL was expressed in peripheral blood myeloid
cells in patients with RA and healthy donors. For flow cytometry analysis, intact PBMC
were gated based on forward (FSC) and side (SSC) light scatter (Figure 1A, left panels).
These cells were further gated to identify living cells (cells that were negative for viability
dye; Figure 1A, middle panels). From intact living cells, myeloid cells were identified based
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on size (indicated by FSC) and granularity (indicated by SSC; Figure 1A, right panel for
gate).

Surface APRIL was clearly detectable in gated myeloid cells from all patients with RA as
compared to isotype controls (Figure 1B). In contrast, the majority of healthy donor samples
showed surface APRIL staining that was similar or slightly higher than isotype controls
(Figure 1B). A graph comparing the MFI of surface APRIL staining in gated myeloid cells
from 16 healthy donors and 15 patients with RA is shown in Figure 1C. These data show
that surface APRIL is elevated in myeloid cells in patients with RA compared to controls (p
<0.0001).

Surface APRIL expression correlates with plasma levels of soluble APRIL in patients with

RA

Elevated levels of soluble APRIL have been reported in the serum of patients with
RA16:32.33: therefore, we wanted to determine whether there was a correlation between the
surface APRIL expression and the levels of soluble APRIL circulating in the plasma of
patients with RA. Plasma APRIL levels were measured in 15 patients with RA and 11
healthy donors by ELISA. Plasma levels of APRIL were increased in patients with RA as
compared to healthy donors (19.92 + 25.02 vs 2.12 + 4.44 ng/ml; Figure 2A). These data
confirm previous reports that soluble APRIL is elevated in RA16:32.33,

Next we evaluated the relationship between surface APRIL expression and plasma levels of
soluble APRIL in patients with RA. Plasma APRIL levels and surface APRIL expression in
myeloid cells (gated as shown in Figure 1A) were determined in patients with RA. Patient
characteristics are shown in Table 1. Relative surface APRIL expression was calculated by
normalizing the APRIL MFI for each patient sample to the mean APRIL MFI obtained from
healthy donor samples. Spearman p analysis showed a positive correlation between relative
surface APRIL expression by myeloid cells and plasma APRIL levels in patients with RA (r
=0.514, p = 0.038; Figure 2B).

Surface APRIL expression correlates with increased disease activity in RA

Soluble APRIL has been shown to correlate with disease activity in lupus nephritis, SLE,
and juvenile idiopathic arthritis1®34:35_ Increased soluble APRIL levels have been reported
in patients with active RA diseasel4. We evaluated the relationship between surface APRIL
expression in myeloid cells and disease activity in RA. The MFI for the expression of
surface APRIL was calculated as described above. DAS28, as found in Table 1, was used to
determine the disease activity in our cohort of patients with RA. In Figure 3, Spearman p
analysis shows that relative surface APRIL expression by myeloid cells in patients with RA
positively correlates with DAS28 (r = 0.499, p = 0.006). Spearman p analysis of soluble
APRIL did not show a correlation with disease activity in the patients with RA we studied,
although their levels of soluble APRIL were elevated as compared to healthy donors. These
data show that surface APRIL expression by myeloid cells in patients with RA correlates
with disease activity as indicated by DAS28 score.
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Frequency of intermediate and nonclassical monocytes are increased in the circulating
monocyte pool of patients with RA

Given the relationship that we observed between surface APRIL in circulating myeloid cells
and disease activity in patients with RA, we sought to identify the subsets of myeloid cells
responsible for increased surface APRIL expression. Circulating myeloid cells include
monocytes as well as very short-lived neutrophils. Previous reports showed that monocytes
were associated with inflammation and that a subset of these monocytes, described as
nonclassical (CD14loCD16+), was increased in patients with active RA2426, We used flow
cytometry to compare the frequency of classical, intermediate, and nonclassical monocyte
subsets among circulating myeloid cells in healthy donors and our RA cohort. PBMC
samples were stained with antibodies to detect CD66b, CD14, and CD16. Cells within
myeloid light scatter (Figure 4A, left panels) were gated from intact, living PBMC as shown
in Figure 1A. Monocytes were distinguished from short-lived granulocytes (< 1% of living
cells in all samples) based on granularity (indicated by SSC) and the absence of the
granulocyte marker CD66b (gated as shown in Figure 4A, middle panels). The coexpression
pattern of CD14 and CD16 was used to phenotypically identify myeloid cells that have been
described as classic (CD14+CD16-), intermediate (CD14+CD16+), and nonclassical
(CD1410CD16+) monocytes?3 (Figure 4A, right panels).

Flow cytometry plots of monocytes in RA samples show a clear increase in CD16
expression that results in a shift from predominantly classical monocytes (CD14+CD16-) to
inflammatory intermediate (CD14+CD16+) and nonclassical (CD14l0CD16+) monocytes.
This shift (Figure 4A, right panels) was observed in 12 out of 15 patients with RA. (The
CD14 vs CD16 plots for monocyte subsets in each normal and RA sample are shown in
Appendix 1 and Appendix 2.)

A comparison of the frequency of each monocyte subset within the total circulating
monocyte pool revealed that the proportion of intermediate and nonclassical monocytes was
increased (~8- and ~4-fold, respectively), while the proportion of classical monocytes was
reduced in patients with RA compared to healthy controls (Figure 4B). These data show that
the pool of circulating monocytes in patients with RA is skewed toward proinflammatory,
intermediate, and nonclassical subsets.

Surface APRIL expression is elevated in PB monocyte subsets

Surface APRIL expression has been identified in monocytic leukemia (THP-1) and
monocytic lymphoma (U937) cell lines and in primary macrophages from patients with
RA16:31 Our data in Figure 1C show surface APRIL expression in some myeloid cells in
healthy samples, and that this expression is elevated in patients with RA. We sought to
determine normal surface APRIL expression in monocyte subsets and how this compares to
patients with RA. We evaluated the expression of surface APRIL in monocyte subsets gated
as described in Figure 4A. Our data show that in patients with RA, levels of surface APRIL
are elevated in classical and intermediate monocytic subsets as compared to healthy donors
(Figures 5A-B). APRIL levels were, on average, increased 3-fold in classic monocytes and
6-fold in intermediate monocytes as compared to healthy donors. However, there was no
significant difference in APRIL expression when nonclassical monocytes in patients with
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RA and healthy donors were compared (Figure 5C). These data show that in patients with
RA, surface APRIL is upregulated in classical and intermediate monocytes as compared to
healthy donors.

To gain insights into the potential role of surface APRIL in normal monocytes, we compared
expression across the classical, intermediate, and nonclassical subsets (Figure 5D). In
healthy donors, we found that surface APRIL was undetectable in classical monocytes, and
expressed at very low levels on intermediate monocytes and at high levels on nonclassical
monocytes (Figure 5D). In contrast, patients with RA showed similar high levels of surface
APRIL across all monocyte subsets (Figure 5E). Taken together, these data suggest that in
RA, all monocyte subsets express high levels of surface APRIL normally found only on
nonclassical monocytes.

DISCUSSION

Surface forms of APRIL have been identified in cell lines from lymphoidl” and myeloid
malignancies!8, as well as macrophages in the synovial tissue of patients with RA3L,
Therefore, we sought to determine whether circulating myeloid cells in patients with RA
express surface APRIL. We show that circulating myeloid cells in patients with RA express
surface APRIL (Figures 1B—C) and this surface APRIL expression positively correlates with
disease activity in our RA cohort (Figure 3). Thus, to the best of our knowledge, our study is
the first to show that surface APRIL is expressed in circulating myeloid cells in patients with
RA and that levels of surface APRIL are highly correlated with disease activity.

Next we sought to determine which myeloid cell subsets are responsible for elevated surface
APRIL in RA. Previous reports have shown that the frequency of nonclassical monocytes
was higher in patients with active RA26:27.28 \We show that both nonclassical and
intermediate monocyte subsets are increased in patients with RA (Figure 4B). Although
these subsets make up less than 20% of the circulating monocyte population in healthy
donors, in patients with RA, they represent the majority of circulating monocytes (Figure
4B). Intermediate monocytes are believed to represent a subset of monocytes that are able to
rapidly mature and differentiate into tissue macrophages because of their expression of
CD1636. They also migrate in response to the chemokine CX3CL137, which is elevated in
patients with RA38, Thus, the pool of monocytes in patients with RA is skewed toward
intermediate and nonclassical monocytes, populations of monocytes known to produce the
inflammatory cytokines TNF-a and/or IL-1B2%, cytokines important in the pathogenesis of
RA.

Our evaluation of monocyte subsets from healthy donors showed that staining for surface
APRIL was not above background in the classical monocytes. Low levels of surface APRIL
were observed in intermediate monocytes, while high levels of surface APRIL were only
detected in nonclassical monocytes in healthy donors (Figure 5D). In contrast, surface
APRIL was expressed at high levels on all monocyte subsets in patients with RA (Figure
5E). Overall, our data suggest that in patients with RA, a large fraction of monocytes take on
features characteristic of the proinflammatory monocyte subsets (Appendix 1-2).
Specifically, monocytes in patients with RA show elevated levels of CD16 (Figure 4A), a
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feature characteristic of intermediate and nonclassical monocytes, as well as high levels of
surface APRIL, which in healthy donors was only found in nonclassical monocytes (Figures
5D-E).

Surface APRIL has the potential to contribute to RA by acting either as a ligand or as a
receptor during interactions with TACI and BCMA. TACI and BCMA are receptors for
soluble APRIL. TACI is expressed in normal and malignant B cells, while BCMA is
expressed in plasmablasts, plasma cells, and in FLS cells in RA joints16:17:39.40,41,42,43
Cell-to-cell contact between monocytes that express surface APRIL and B lineage cells that
express TACI or BCMA have the potential to contribute to RA. It is currently unclear
whether surface APRIL gives the same prosurvival signals that soluble APRIL produces in
B lineage cells. This will be an important area for future studies.

Surface APRIL has also been shown to act as a signaling receptor when stimulated by
interaction with TACI or BCMA. Monocytic leukemia cells expressing surface APRIL
produced both IL-8 and matrix metalloprotease 9 when cocultured with B cells that
expressed either TACI or BCMA18. Because FLS and plasma cells in the RA joint express
BCMA, it is possible that cell-to-cell contact results in BCMA-induced surface APRIL
signals in myeloid cells and the secretion of proinflammatory cytokines that ultimately leads
to joint destruction.

Alternative APRIL splice forms give rise to surface APRIL#. APRIL is classically
processed intracellularly within the Golgi apparatus and is then secreted from the cell*°. An
intergenic splice form exists that is generated from the combination of exons 1-6 of TNF-
related weak inducer of apoptosis (TWEAK) and exons 2-6 of APRIL, producing TWE-
PRIL6. The TWE-PRIL splice form has the transmembrane domain of TWEAK and the
trimeric form of APRIL as an uncleavable membrane-bound protein#6. TWE-PRIL and
other alternative splice forms of APRIL may lead to the surface expression of APRIL#4. We
show that surface APRIL is elevated in circulating myeloid cells in patients with RA. The
function of surface APRIL in the pathology of rheumatic diseases has not been elucidated
and will be a focus for future studies.

The implication of APRIL in B cell-mediated autoimmune diseases led to the recent
development of atacicept and other drugs currently in the research stage*’. Atacicept
antagonizes APRIL as well as another cytokine, B cell activating factor (BAFF), and is
currently in phase 111 clinical trials for the treatment of SLE#8. APRIL and BAFF have
overlapping effects in B cell survival and maintenance; therefore, this drug provides promise
in targeting multiple autoreactive B cell subsets, including plasma cells, by preventing
APRIL and/or BAFF from activating TACI, BAFF receptor, and BCMA. We speculate that
atacicept could also lead to the removal of monocyte populations that aberrantly express
surface APRIL.

In 2 phase 1l clinical trials for RA (August | and I1), atacicept reduced rheumatoid factor
antibody levels, mature B cells, and plasma cells in patients with inadequate response to
either methotrexate or anti-TNF therapy#®-0. However, these trials failed to meet the
primary ACR20-C-reactive protein response endpoint4®:20, possibly because of patient
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selection criteria. Future trials with atacicept may prove effective in treating patient cohorts
with elevated expressions of APRIL/BAFF. Data in Figure 3 indicate that ~50% of our RA
cohort showed moderately elevated surface APRIL, and ~30% had surface APRIL that is
more than 3-fold higher than that of healthy donors, suggesting that atacicept may be
effective only in a subset of patients.

APRIL and BAFF have been shown to be particularly elevated in very early RA (VERA),
suggesting that atacicept!#-51 may prove beneficial in patients with newly diagnosed RA.
While all of our patients had established RA, the positive correlation we saw between
plasma APRIL and surface APRIL in myeloid cells suggests that the surface APRIL levels
may be even higher in VERA. Our findings suggest that surface APRIL could provide an
easily detectable biomarker and be a useful selection criterion for the administration of
atacicept. Surface APRIL expression, together with monocyte subset skewing, might
provide a prognostic indicator of patient response to atacicept or other drugs that target
APRIL#.

APRIL is expressed in circulating myeloid cells in patients with RA and positively
correlates with the DAS28 measurement of disease activity. In patients with RA, circulating
monocytes are skewed toward subsets associated with inflammation and all monocyte
subsets show the high levels of surface APRIL normally found only on nonclassical
monocytes. Further studies are needed to determine the mechanisms responsible for surface
APRIL expression and its role in RA pathogenesis.
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Surface APRIL expression is elevated in RA. A. PBMC from healthy donors and patients
with RA were stained for flow cytometry to detect surface APRIL and with viability dye.
FSC and SSC light scatter and intact cell gate are shown (left panels). From these, living
cells were gated (middle panels). Total myeloid cells were gated from living intact cells
based on FSC and SSC (right panels). B. Representative histograms show surface APRIL
and isotype staining in gated myeloid cells. C. Graphed is the MFI of surface APRIL
staining in gated myeloid cells from 16 healthy donors and 15 patients with RA. **** p <
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0.0001. APRIL: a proliferation- inducing ligand; RA: rheumatoid arthritis; PBMC:
peripheral blood mononuclear cells; FSC: forward light scatter; SSC: side light scatter; MFI:
median fluorescence intensity.
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Figure2.
Level of surface APRIL in myeloid cells correlates with soluble APRIL in the plasma of

patients with RA. A. Soluble APRIL in plasma from healthy donors (n = 11) and patients
with RA (n = 15) was determined by ELISA. B. Surface APRIL expression by myeloid cells
from patients with RA was determined by flow cytometry. MFI of surface APRIL staining
in patients with RA was normalized to that of healthy donors to determine the relative
APRIL MFI. The Spearman p test indicates that relative surface APRIL expression in
myeloid cells is highly correlated with plasma APRIL levels in 13 patients with RA. * p <
0.05. APRIL: a proliferation-inducing ligand; RA: rheumatoid arthritis; MFI: median
fluorescence intensity.
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Figure 3.
Level of surface APRIL in myeloid cells correlates with disease activity in patients with RA.

Surface APRIL expression by myeloid cells from patients with RA was determined by flow
cytometry. MFI of surface APRIL staining in patients with RA was normalized to that of
healthy donors to determine the relative APRIL MFI. The Spearman p test indicates that
relative surface APRIL expression in myeloid cells is highly correlated with disease activity
as determined by DAS28 in 25 patients with RA. APRIL: a proliferation-inducing ligand,;
RA: rheumatoid arthritis; MFI: median fluorescence intensity; DAS28: 28-joint Disease
Activity Score.

J Rheumatol. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Weldon et al.

A

SSC

SsC

o

% of Total Monocytes

Intact Living Myeloid Cells

Page 17

CD66b- Myeloid Cells Monocyte Subsets

100+

80+

60+

Proportion of Monocyte Subsets

Il Normal
[ RA

Fkkk *kkk *kkk

=l =

L
Classical Intermediate Non-classical

Figure4.
The circulating monocyte pool is skewed toward intermediate and nonclassical monocytes in

RA. A. PBMC from patients with RA and normal donors were stained for flow cytometry to
detect CD66b, CD14, and CD16. Myeloid cells were gated (left panels) as in Figure 1.
Expression of CD66b versus SSC was plotted, and monocytes were gated based on low side
scatter and absence of CD66b (middle panels). Co-staining with CD14 and CD16 was used
to identify 3 subsets of monocytes (right panels). B. The percentage of each subset within
the total monocyte pool in healthy donors (n = 16) and patients with RA (n = 15). **** p <
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0.0001. RA: rheumatoid arthritis; PBMC: peripheral blood mononuclear cells; SSC: side
light scatter.
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Figureb5.

Surface APRIL is elevated in classical and intermediate monocytes in patients with RA.
PBMC from patients with RA and healthy donors were stained for flow cytometry and
monocyte subsets were gated as in Figure 4. The MFI of APRIL staining on monocytes in
the (A) classical, (B) intermediate, and (C) nonclassical subsets in patients with RA (n = 15)
and healthy donors (n = 16) is plotted. D. A comparison of surface APRIL among monocyte
subsets in healthy donors (n = 16) and (E) patients with RA (n = 15). ** p<0.01. ***p <
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0.001. **** p < 0.0001. APRIL: a proliferation-inducing ligand; RA: rheumatoid arthritis;
PBMC: peripheral blood mononuclear cells; MFI: median fluorescence intensity.
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Monocyte subsets in healthy donors. Flow cytometry plots showing CD14 versus CD16 co-

staining in gated monocytes in PBMC from healthy donors (n = 16). The frequency of gated
monocyte for each subset is indicated. PBMC: peripheral blood mononuclear cells.
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