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ABSTRACT
Objectives Rheumatoid arthritis (RA) is an immune-
mediated inflammatory disease of unknown aetiology.
Recent work has shown that systemic autoimmunity
precedes synovial inflammation, and animal models have
suggested that changes in the lymph nodes may precede
those in the synovial tissue. Therefore, we investigated
the cellular composition of the lymph node in the earliest
phases of inflammatory arthritis.
Methods Thirteen individuals positive for
immunoglobulin M (IgM) rheumatoid factor and/or
anticitrullinated protein antibodies without arthritis were
included. Additionally, we studied 14 early arthritis
patients (arthritis duration ≤6 months, naïve for disease-
modifying antirheumatic drugs), and eight healthy
controls. All subjects underwent ultrasound-guided
inguinal lymph node biopsy. Different T- and B-lymphocyte
subsets were analysed by multicolour flow cytometry.
Results There was an increase in activated CD69 CD8
T cells and CD19 B cells in early arthritis patients
compared with healthy controls. We also observed a
trend towards increased CD19 B cells in autoantibody-
positive individuals without arthritis compared with
healthy controls.
Conclusions This exploratory study suggests that there
is increased immune cell activation within lymph nodes
of early arthritis patients as well as in autoantibody-
positive individuals at risk of developing RA. This method
provides a unique tool to investigate immunological
changes in the lymph node compartment in the earliest
phases of inflammatory arthritis.

INTRODUCTION
Rheumatoid arthritis (RA) is a prototypic inflam-
matory autoimmune disease with a poorly under-
stood etiopathogenesis. Given the destructive
nature of the disease, early diagnosis and start of
treatment is highly important.1–3 Several studies
have shown that elevated acute-phase proteins,
chemokines, cytokines and RA-specific autoanti-
bodies (rheumatoid factor (RF) and anticitrulli-
nated protein antibodies (ACPA)) can be detected
in peripheral blood years before the onset of arth-
ritis.4–9 In prospective cohort studies, these
autoantibody-positive individuals can be defined as
having systemic autoimmunity associated with RA
and being at risk of developing RA.10 A recent
study showed that the cellular composition of the
primary target of RA, the synovium, is comparable
with that of healthy controls during this phase.11

Thus, systemic autoimmunity appears to precede

the development of synovial inflammation. Since
the RA-specific autoantibodies can be present for
years without disease symptoms and without
increased synovial cellularity, factors outside the
synovial compartment should be responsible for
the initial changes leading to RA.

As a general principle, the recruitment of activated
immune cells to the site of inflammation is initiated
after informing a nearby lymph node of a danger
signal. Thus, the immune reaction in lymph nodes
generally precedes the influx of effector cells into the
target tissue. Indeed, animal models have shown
that the onset of arthritis is preceded by phenotypic
changes in the cellular compartment of draining
lymph nodes, indicating a primary role for lymph
nodes in the initiation of arthritis.12–14 However,
very little is known about the initial events that
occur in lymph nodes before disease onset in patients
with arthritis. Recently, we developed core-needle
biopsy sampling of inguinal lymph nodes for
research in RA, and we have shown that the proced-
ure is generally well tolerated.15 In the current study,
we investigated the cellular composition of lymph
node biopsies obtained from autoantibody-positive
individuals at risk of developing RA, and compared
the results with those observed in early arthritis
patients and healthy controls.

METHODS
Study subjects and lymph node biopsy sampling
Individuals with elevated IgM-RF and/or ACPA levels
without arthritis were included in the study. These
individuals were otherwise healthy and have
systemic autoimmunity associated with RA, and are
therefore at risk of developing RA (phase c, ref. 10)
(further referred to as ‘at risk’ individuals).
Additionally, early arthritis patients (arthritis dur-
ation ≤6 months, determined from the first clinical
signs and symptoms of arthritis as assessed by the
rheumatologist; disease-modifying antirheumatic
drug naïve) and healthy controls without any joint
complaints and without RA-specific antibodies were
included. Ultrasound-guided inguinal lymph node
biopsies were obtained by a radiologist using a 16G
core needle as previously described,15 and immedi-
ately processed for flow cytometry analysis. The
study was approved by the local ethical committee,
and all study subjects gave written informed consent.

Flow cytometry analysis
Lymph node biopsy samples were put through a
70 μm cell strainer (BD Falcon) to obtain a single
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cell suspension. Subsequently, cells were washed with phos-
phate buffered saline (PBS) containing 0.01% NaN3 and 0.5%
BSA. Cells were stained for 30 min at 4°C and protected from
light using the following directly labelled antibodies: CD3
FITC (Sanquin, Amsterdam, The Netherlands), CD45 V500,
CD69 PerCP, CD27 PerCP-Cy5.5, IgD FITC (BD Biosciences,
Breda, The Netherlands), CD19 eFluor 450, CD4 Pe-Cy7,
CD45RO PE, CD45RA eFluor 450 and CD8 APC eFluor 780

(eBioscience). After incubation, cells were washed and mea-
sured on a FACS CANTO II (BD Biosciences). Data were ana-
lysed using FlowJo software (Tree Star, Ashland, Oregon, USA).

Statistics
Not normally distributed data were presented as medians
(IQR). Differences between study groups were analysed using
one-way analysis of variances with post-Bonferroni’s multiple

Table 1 Demographic data of the study participants

Healthy controls
n=8

At risk individuals
n=13

Early arthritis patients
n=14

Sex, female (%) 5 (63) 10 (77) 9 (64)
Age (years) (median (IQR)) 32 (28–44) 48 (34–54) 54 (34–60)
IgM-RF positive (n (%)) 0 (0) 5 (39) 7 (50)
IgM-RF level* (kU/l) (median (IQR) – 265 (79–1049) 120 (69–563)
ACPA positive (n (%)) 0 (0) 8 (62) 7 (50)
ACPA level* (kAU/l) (median (IQR)) – 224 (136–685) 678 (119–2443)
IgM-RF and ACPA both pos (n (%)) 0 (0) 0 (0) 5 (36)
ESR (mm/h) (median (IQR)) – 7 (2–14)† 12 (8–14)
CRP (mg/l) (median (IQR)) 0.9 (0.5–4.4) 1.6 (0.6–6.1) 5.6 (1.1–14.4)
68 TJC (n) (median (IQR)) 0 (0) 2 (1–5) 13 (4–27)
66 SJC (n) (median (IQR)) 0 (0) 0 (0) 7 (4–11)

Categorical variables: n (%). Continuous variables (data not normally distributed): median (IQR).
*Levels only in positive patients.
†Level missing from one individual.
ACPA, anticitrullinated protein antibodies; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; IgM-RF, IgM rheumatoid factor; 68 TJC, tender joint count of 68 joints;
66 SJC, swollen joint count of 66 joints.

Figure 1 Flow cytometry gating strategy. Fresh lymph node biopsies were immediately processed for flow cytometry analysis using T-cell surface
markers including CD3, CD4, CD8, CD45 and CD69, and B-cell surface marker CD19. This figure shows the regions used to identify the different cell
populations.
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comparison tests or unpaired t test where appropriate.
Categorical data were presented as numbers (percentages), and
differences between groups were analysed using χ2 test.
GraphPad Prism Software (V.5, GraphPad Software, La Jolla,
California, USA) was used for statistical analysis.

RESULTS
Lymph node biopsies were obtained from 13 IgM-RF and/or
ACPA positive individuals without arthritis. Nine of them
were referred to the outpatient rheumatology clinic because
of joint pain, and four through testing first-degree relatives of
RA patients (two of the latter did not have arthralgia, all

other individuals did have arthralgia). None of these
autoantibody-positive individuals has developed arthritis yet
after a follow-up time of median (IQR) 12 (9–14) months.
Additional characteristics are given in online supplementary
table S1. For comparison, lymph node biopsies were obtained
from 14 early arthritis patients (eight RA according to the
2010 ACR/EULAR criteria for RA and six unclassified arthritis
(UA) of whom four fulfilled 2010 ACR/EULAR criteria for RA
after follow-up; median (IQR) arthritis duration one (0–2)
months) and eight autoantibody-negative healthy controls.
Table 1 shows the demographic data of the study
participants.

Figure 2 T-cell and B-cell frequencies in lymph node biopsies. Fresh lymph node biopsies were immediately processed for flow cytometry analysis
as explained in figure 1. For interindividual comparisons frequencies were determined as % of CD45 cells. The frequency of CD4 (A) and CD8 (B)
T cells were as expected and not different between the three study groups. The frequency of activated CD4CD69 T cells (C) was highly variable
between subjects, but significantly more activated CD8CD69 T cells (D) were observed in lymph node samples from patients with arthritis compared
with healthy controls. The frequency of CD19 B cells was significantly increased in patients with arthritis compared with healthy controls (E).
The number of CD19 B cells was not dependent of autoantibody (autoAb) status (F).
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To explore the cellular composition of the lymph node com-
partment, freshly collected lymph node specimens were directly
analysed by multicolour flow cytometry for the presence of
specific T and B lymphocytes including their activation or dif-
ferentiation state (figure 1). The frequencies of CD4 and CD8
T cells were within the expected range (∼80% CD4 and ∼20%
CD8 within CD3 T cells) and no differences were observed
between at risk individuals, early arthritis patients and healthy
controls (figure 2A,B). Subsequently, the percentage of acti-
vated T cells was determined by analysing coexpression of
CD69 (figure 2C,D). Interestingly, the percentage of activated
CD8 T cells was different between the three study groups
(p=0.012), and specifically increased in early arthritis patients
compared with healthy controls (median (IQR) 33.10 (23.60–
42.905) vs 22.20 (15.75–26.55), p<0.05)). The increase in per-
centage of activated T cells was not dependent on the presence
of autoantibodies or the presence of arthritis in the lower limb
on the ipsilateral side of the biopsied lymph node (data not
shown). In addition, there were no differences between UA and
RA patients.

Next, we analysed the percentage of CD19 B cells which
showed a significant difference between the three study groups
(p=0.049). The percentage of CD19 B cells was significantly
higher in early arthritis patients compared with healthy con-
trols (median (IQR) 38.45 (21.45–48.90) vs 20.05 (13.03–28.25),
p<0.05) (figure 2E). We also observed a trend towards increased
CD19 B cells in at risk individuals compared with healthy con-
trols (median (IQR) 29.60 (19.85–39.65) vs 20.05 (13.03–28.25),
p>0.05). The increased number of B cells was independent of
the presence of autoantibodies (figure 2F). In the group of early
arthritis patients, no differences were observed between UA
and RA patients, and the increased number of B cells was inde-
pendent of the presence of arthritis in the lower limb on the
ipsilateral side of the biopsied lymph node (data not shown).
The percentage of different subsets of B cells, naïve, memory
switched and memory non-switched (based on IgD and CD27),
was comparable between the different study groups (data not
sown).

DISCUSSION
This explorative study was undertaken to explore for the first
time the cellular composition of lymph nodes in at risk indivi-
duals having systemic autoimmunity associated with RA, and
early arthritis patients compared with healthy controls. First,
the results indicate that flow cytometry analysis of lymph
node biopsies is a feasible method for studying the cellular
composition and activation of lymph node tissue in the earliest
phases of arthritis. Second, we observed more CD19 B cells and
activated CD8 T cells in early arthritis patients compared with
healthy controls. Third, there was a trend towards an increase
in CD19 B cells in at risk individuals compared with healthy
controls.

During an immune response, the egress of T lymphocytes
from lymph nodes is shut down transiently by downregulation
of S1P1 and upregulation of CD69 leading to lymphocyte
retention, maturation and proliferation.16 The results of this
explorative study suggest increased activation of T cells, as
shown by coexpression of CD69, within lymph nodes of arth-
ritis patients during the earliest phase of disease. Of interest,
the percentage of activated CD8 T cells is increased. These
results are in line with animal models of arthritis where a
skewed CD4/CD8 ratio is observed in regional lymph nodes
before the onset of arthritis.13 14 These results support the
notion that T cells are intimately involved in the initiation of

seropositive RA.17–19 Future research should focus on the identi-
fication of T-cell subset(s) and antigen specificity associated
with development of RA.

Of interest, an increased percentage of CD19 B cells was
observed in lymph nodes of early arthritis patients and
autoantibody-positive subjects at risk of developing RA. These
results of the lymph node analyses differ from those in a previ-
ous study on peripheral blood, in which gene expression profil-
ing of at risk individuals revealed a low B-cell signature
especially in those individuals who developed arthritis after
follow-up.20 It is tempting to speculate that the B cells are
retained in the lymph nodes, to ensure maturation and differen-
tiation during the immune response which would be in line
with findings in animal models of arthritis.12 13

An obvious limitation of the current study is the small
sample size and the short follow-up period of the ‘at risk’ indi-
viduals. Of note, it has been challenging to obtain lymph node
biopsy samples from these patients and controls. We now have
all the tools available to first identify those individuals at risk
of developing arthritis and to prospectively analyse the
immune cells in lymph node tissues. This will create a frame-
work for studying the molecular events taking place in lymph
nodes before the onset of arthritis that can be potentially
related to the processes involved in the pathogenic changes in
synovial tissues.
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