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CHAPTER

�
B Cells and B Cell directed therapies 
in Rheumatiod Arthritis

LYMPHOID 
NEOGENESIS 
DOES NOT 
DEFINE A SPE-
CIFIC CLINICAL 
RHEUMATOID 
ARTHRITIS PHE-
NOTYPE
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Abstract
 OBJECTIVE  To investigate the relationship between 
lymphoid neogenesis in the synovium of patients with 
rheumatoid arthritis (RA) and characteristics of inflamma-
tion and disease severity.

 METHODS  Arthroscopic synovial biopsy was per-
formed in 103 patients with active RA (Disease Activity 
Score 28-joint assessment ≥ 3.2) who had not received 

treatment with biologic agents. Sections were stained and 
assessed by digital image analysis. Lymphocyte aggregates 
were counted and graded for size (1-3). Synovial lymphoid 
neogenesis was defined as the presence of grade 2 or 3 
aggregates and subclassified based on the presence of fol-
licular dendritic cells (FDCs).

 RESULTS  Lymphoid neogenesis was present in 31% 
of the RA synovial tissues, whereas an additional 25% con-
tained only grade 1 aggregates. FDCs were present in 28% 
of the samples with lymphoid neogenesis, corresponding to 
8% of the total RA cohort. Histologically, synovia with lym-
phoid neogenesis showed increased infiltration by T and B 
lymphocytes, plasma cells, and macrophages, and increased 
expression of tumor necrosis factor α and lymphotoxin β 
compared with samples without lymphoid neogenesis. Pa-
tients with lymphoid neogenesis also had higher C-reactive 
protein levels, erythrocyte sedimentation rates, and leuko-
cyte and thrombocyte counts, but exhibited no increase in 
the severity of clinical signs and symptoms. Of importance, 
there was no relationship between the presence of lymphoid 
neogenesis and IgM rheumatoid factor or anti–citrullinated 
protein antibodies. The presence of lymphocyte aggregates 
with FDCs did not define a specific clinical phenotype com-
pared with lymphocyte aggregates without FDCs.

 CONCLUSION  These findings indicate that synovial lym-
phoid neogenesis is associated with more severe synovial 
and systemic inflammation, but this is not confined to a 
specific clinical subset of RA.

 The extent and pattern of lymphocyte infiltration in the inflamed 
synovial tissue varies widely among patients with rheumatoid arthritis (RA). 
In some tissues there is diffuse or scarce infiltration of T cells, while in others 
B and T cells are organized in perivascular aggregates with surrounding fields 
of plasma cells 1–3. Sometimes there are large aggregates that contain clusters 
of follicular dendritic cells (FDCs) and exhibit features normally found in ger-
minal centers of lymphoid tissue 1,3,4. This suggests that lymphoid neogenesis 
occurs in rheumatoid synovial tissue. 
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 It has been proposed that synovial tissues with diffuse infiltration and 
tissues with lymphoid neogenesis represent different pathophysiologic sub-
types of RA 5. A further subdivision, into highly organized “germinal center–
like” lymphoid neogenesis and a less organized form of lymphoid neogenesis 
in which T and B cells form aggregates but exhibit no other germinal cen-
ter–like features, has been suggested 5. In contrast, other studies have shown 
that lymphoid neogenesis in rheumatoid synovial tissue is a more continuous 
spectrum, with lymphocyte aggregates exhibiting different features of ger-
minal centers in the same patient 3. A stable presence of synovial lymphoid 
neogenesis and a relationship with a distinct clinical phenotype have been 
suggested in some studies. First, it has been demonstrated that lymphoid 
neogenesis is present even at the onset of clinical arthritis 2. In accordance 
with this, it has been suggested to be a “fixed” feature of synovial inflam-
mation within different joints and patients 5. Furthermore, the presence of 
lymphoid aggregates in synovial tissues has been shown to be associated with 
increased expression of cytokines and adhesion molecules locally in the joint 
as well as in the peripheral blood 6–8. Finally, different histologic subtypes of 
lymphocyte infiltration appeared to be correlated with the presence of rheu-
matoid factor (RF), rheumatoid nodules, and joint erosiveness in studies of 
small RA cohorts 1,6,9.

 Since previous studies were small and mainly based on analyses of 
synovial tissue obtained during joint surgery from patients with end-stage, 
destructive disease, it is still unclear whether lymphoid neogenesis defines a 
specific subset of RA and whether it is related to the presence of circulating 
autoantibodies. Therefore, we analyzed synovial tissue samples from a large 
cohort of patients with active RA for the presence of lymphoid neogenesis in 
relation to clinical features and autoantibody status. 

 PATIENTS. Synovial tissue was obtained 
from 103 patients with RA fulfilling the 1987 
revised criteria of the American College of Rheu-
matology (formerly, the American Rheumatism 
Association) 10. All patients were taking metho-
trexate (5–30 mg/week). None had been treated 
with biologic agents, and all had active disease, 
defined as a Disease Activity Score 28-joint as-
sessment (DAS28) 11 of ≥3.2 at the time of biopsy. 
Oral corticosteroids (≤10 mg/day) and nonste-
roidal antiinflammatory drugs were also al-
lowed. Disease characteristics assessed included 
disease duration, number of prior disease-modi-
fying antirheumatic drugs (DMARDs) taken, 
presence of IgM-RF, presence of anti–citrullinat-
ed protein antibodies (ACPAs) as measured by 
anti–cyclic citrullinated peptide 2 enzyme-linked 
immunosorbent assay (Immunoscan RA, Mark 
2 [no. RA-96RT]; Euro-Diagnostica Arnhem, 
The Netherlands), and radiographic damage 
as evaluated by the Sharp/van de Heijde score 
(SHS) 12. Disease activity was assessed based on 
the DAS28, the 28-joint tender and swollen joint 
count, the patient’s assessment of global dis-
ease activity on a visual analog scale (VAS), the 
erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP) level, hemoglobin level, and 
thrombocyte and leukocyte counts. The study 
was conducted in compliance with the Helsinki 
Declaration, and the Medical Ethics Committee 
of the Academic Medical Center, University of 
Amsterdam approved the protocol. All patients 
provided written informed consent.

 ARTHROSCOPY AND SYNOVIAL BIOPSY. A mini-arthros-
copy under local anesthesia was performed in all 
patients, to obtain synovial tissue samples from 
an actively inflamed knee, ankle, or wrist joint 
13. Biopsy specimens were obtained with a 2-mm 

grasping forceps (Storz, Tuttlingen, Germany) 
from 6 or more sites within the joint to minimize 
sampling error. Previous work has shown that 
for determination of T cell infiltration and ex-
pression of activation antigens in RA synovium, 
variance of <10% can be reached when at least 
6 biopsy specimens are examined 14, suggesting 
that representative data can be obtained when a 
limited number of biopsy samples from different 
areas within one joint are investigated. Consis-
tent with these data, it has been demonstrated 
that use of ~6 tissue samples allows for the detec-
tion of 2-fold differences in gene expression by 
quantitative polymerase chain reaction (PCR) 15. 
Thus, since T cells form an important cell popu-
lation within the lymphocyte aggregates, we 
extrapolated these findings to the present study 
and decided to examine at least 6 biopsy samples 
per patient. The synovial biopsy samples were 
snap-frozen en bloc in TissueTek OCT (Miles, 
Elkhart, IN) immediately after collection. Sec-
tions (5 μm) were cut and mounted on Star Frost 
adhesive glass slides (Knittelgläser, Braunsch-
weig, Germany). Sealed slides were stored at 
-80°C.
 
 IMMUNOHISTOCHEMICAL ANALYSIS. Synovial tissue 
sections were stained using the following mono-
clonal antibodies: anti-CD55 (67; Serotec, Ox-
ford, UK) to detect fibroblast-like synoviocytes, 
anti-CD68 (EBM11; Dako, Glostrup, Denmark) 
to detect macrophages, anti-CD3 (SK7; Becton 
Dickinson, San Jose, CA) for T cells, anti-CD22 
(CLB-B-ly/1,6B11; Central Laboratory of The 
Netherlands Red Cross Blood Transfusion Ser-
vice, Amsterdam, The Netherlands) for B cells, 
and anti- CD38 (HB7; Becton Dickinson) for 
plasma cells. For detection of FDCs, anti–CD21 
long isoform (anti-CD21L [16]) (a kind gift from 
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Dr. Y. J. Liu, M. D. Anderson Cancer Center, 
Houston, TX) was used. 

 Markers used for detection of cyto-
kines were antihuman tumor necrosis factor 
α (anti-TNF α) (52B83; Monosan, Uden, The 
Netherlands) and anti–lymphotoxin β (anti-LTβ) 
(c0404; Santa Cruz Biotechnology, Santa Cruz, 
CA). Staining of cellular markers was performed 
using a 3-step immunoperoxidase method, as 
previously described 17. For staining of cytokines, 
biotinylated tyramine was used for amplifica-
tion, as previously described 18. As a negative 
control, irrelevant immunoglobulins were 
applied to the sections instead of the primary 
antibody, or the primary antibody was omitted.

 ASSESSMENT OF LYMPHOCYTE AGGREGATES. The pres-
ence of lymphocyte aggregates was assessed 
on anti-CD3–stained sections. Aggregates were 
counted and graded by size according to the 
method described by Manzo et al 3, with slight 
modification, as follows: Aggregate size was as-
sessed by counting the number of cells in a radius 
starting from an estimated center of the aggre-
gate. Aggregate size was then classified as grade 
1 (1–5 cells in the radius), grade 2 (5–10 cells in 
the radius), or grade 3 (>10 cells in the radius). 
Tissue sections with no lymphocyte aggregates 
were graded as 0. 

 The presence of FDCs in lymphoid 
aggregates observed with CD21L staining was 
assessed at 3 different tissue levels; the size of 
lymphoid aggregates and the presence of T–B 
cell segregation were assessed at 2 different 
tissue levels at least 50 μm apart on sequential 
sections stained with CD3 and CD22. Thus, 
multiple sections representing different levels of 
a tissue block, and consisting of at least 6 biopsy 
specimens, were examined to minimize sampling 
error.
 DIGITAL IMAGE ANALYSIS. All sections were ana-
lyzed in random order by trained readers who 
were blinded with regard to the patient’s clinical 

characteristics. The analysis was performed us-
ing a computer-assisted image analysis algo-
rithm, as previously described in detail 19. Images 
were acquired and analyzed using a Syndia al-
gorithm on a Qwin-based analysis system (Leica, 
Cambridge, UK). Positive staining of cellular 
markers was expressed as the number of positive 
cells/mm2, and positive staining of cytokines was 
expressed as integrated optical density/mm2. 
CD68+ macrophages, LTβ expression, and TNFα 
expression were analyzed separately in the inti-
mal lining layer and the synovial sublining.
 
 STATISTICAL ANALYSIS. Independent t-tests or 
Mann-Whitney U tests were used to compare 
synovial (CD68+, CD3+, CD22+, and CD38+ 
cells), serologic (ESR, CRP level, and leukocyte 
and thrombocyte counts), and clinical (DAS28) 
parameters of inflammation, and SHS. The chi-
square test was used to evaluate specific features 
of ACPA- and IgM-RF-positive disease and to 
compare these latter parameters between pa-
tients with synovitis and lymphocyte aggregates 
containing FDCs versus patients in whom lym-
phocyte aggregates did not contain FDCs. SPSS 
12.0.2 for Windows (SPSS, Chicago, IL) was used 
for analysis.
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Demographic and clinical features of 
the 103 patients are shown in Table 
1. In addition to the methotrexate 
treatment received by all patients, 
25% were taking oral low-dose corti-
costeroids. Patients had been treated 
unsuccessfully with an average of 2.1 
DMARDs prior to inclusion in the 
study. Data on rheumatoid nodules 
were available for 58 patients, of 
whom 22 (38%) had nodular RA.

Lymphocyte aggregates of different 
sizes were present in the synovial 
tissue of 57 patients. In 16 patients 
(16%), aggregates up to grade 3 were 
present. In another 15 patients (15%), 
aggregates up to grade 2 were found, 
and 26 patients (25%) had only 
small perivascular infiltrates (grade 
1 aggregates). In the remaining 46 
patients (45%), no lymphocyte aggre-
gates were detectable (Figure 1). 

Of the 103 synovial samples, 95 could 
be analyzed for FDC staining. Eight 
of 16 samples with grade 3 lympho-
cyte aggregates showed CD21L+ 
staining (i.e., 50% of tissues contain-
ing grade 3 aggregates and 8% of 

Results

FREqUENCIES OF LYM-
PHOCYTE AGGREGATES 
AND FDCS. 

CHARACTERISTICS OF 
THE STUDY PATIENTS. 

FIGURE � Different patterns of lymphocyte infiltration in represen-
tative synovial tissue specimens from patients with rheumatoid 
arthritis. In some patients, mixed infiltration of aggregates of T 
and B cells was present (A and C), together with a high number of 
infiltrating macrophages (C). In other patients, there was diffuse 
or scarce infiltration of CD3+ T cells (B), and few or no B cells (D), 
while macrophages were the dominant infiltrating cell population 
(F). (Original magnification x 20.) 

FIGURE  
No.1

A B

C D

E F
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Baseline patient characteristics of the 103 rheumatoid 
arthritis patients*

DEMOGRAPHICS

Age, mean ± SD years   55 ± 13
Female, no. (%)    73 (71)

DISEASE STATUS

Duration, mean ± SD months   130 ± 116
Erosive disease, no. (%)    79 (77)
RF positive, no. (%)     76 (74)
ACPA positive, no. (%)    76 (74)
DAS28, mean ± SD     5.9 ± 1.1
ESR, median (IQR) mm/hour    33 (18-45)
CRP, median (IQR) mg/dl   12 (5-29)

TREATMENT

No. of previous DMARDs, mean ± SD  2.1 ± 15
MTX dosage, mean ± SD mg/week  18.1 ± 8.5
Receiving corticosteroids, no. (%)  26 (25)
Receiving NSAIDs, no. (%)   53 (52)

* SD = standard deviation; RF = rheumatoid factor; ACPA = 
anti–citrullinated peptide protein antibodies; DAS28 = Disease 
Activity Score 28-joint assessment; ESR = erythrocyte sedimenta-
tion rate; IQR = interquartile range; CRP = C-reactive protein; 
DMARDs = disease-modifying antirheumatic drugs; MTX = 
methotrexate; NSAIDs = nonsteroidal anti-inflammatory drugs.

TABLE  
No.1all tissues). FDC-containing aggre-

gates were found next to aggregates 
without FDCs (Figure 2). Separate 
clusters of T cells and B cells were 
found in 7 of 16 samples with grade 3 
aggregates, but were not observed in 
grade 1 or 2 aggregates.

 

To study the relationship between 
synovial lymphoid neogenesis and 
other features of inflammation we 
divided the tissue samples into 2 
groups: those with grade 2 or 3 ag-
gregates (n = 31) and those with no 
aggregates or only grade 1 aggregates 
(n = 72). The presence of grade 2 or 3 
aggregates was considered to indicate 
the presence of synovial lymphoid 
neogenesis since aggregates of these 
sizes frequently exhibit character-
istics of lymphoid neogenesis, such 
as T–B cell separation and CXCL13 
and CCL21 expression 3,20. Specimens 
without grade 2 or 3 aggregates 
were considered to exhibit diffuse 
synovitis. There were no significant 
differences in potentially confound-
ing factors such as sex, age, disease 
duration, number of DMARDs previ-
ously taken, or use and dosage of 
prednisone or methotrexate between 
the patients whose tissue samples 
exhibited lymphoid neogenesis and 
those with diffuse synovitis. 

In samples with lymphoid neogen-
esis, the numbers of CD3+ T cells, 

ASSOCIATION OF LYM-
PHOID NEOGENESIS 
WITH SYNOVIAL INFLAM-
MATORY CELL INFILTRA-
TION. 
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FIGURE �. Follicular dendritic cells (FDCs) expressing the CD21 long 
isoform (A), detected in CD22+ B cell–containing lymphocyte ag-
gregates (B). Synovial tissue samples from 8% of the rheumatoid 
arthritis patients contained lymphocyte aggregates with CD22+ 
B cells surrounding FDCs. (Original magnification x 20; x 40 in 
inset.)

FIGURE  
No.2

A

B

CD22+ B cells, and CD38+ plasma 
cells were higher than in those with 
diffuse synovitis (P < 0.001 for all) 
(Table 2). Furthermore, lymphoid 
neogenesis was associated with high-
er numbers of CD68+ macrophages 
in both the intimal lining layer (P = 
0.002) and the synovial sublining (P 
< 0.001). Also, the proinflammatory 
cytokine TNFα in the sublining was 
expressed at higher levels in tissue 
exhibiting lymphoid neogenesis (P = 
0.018). In accordance with previ-
ous data 4, LTβ, a cytokine involved 
in lymphoid neogenesis, was more 
abundantly expressed in the synovial 
sublining of the tissue specimens 
with this feature (P < 0.001). 

Subsequently, we investigated the 
relationship between lymphoid neo-
genesis, systemic features of inflam-
mation, and disease severity (Table 
2). Compared with patients with 
diffuse synovitis, patients with lym-
phoid neogenesis had higher ESRs 
(P = 0.031) and serum CRP levels (P 
= 0.034), as well as higher leukocyte 
counts (P = 0.002) and thrombocyte 
counts (P = 0.001). In contrast, no 
difference in disease activity, as mea-
sured by the DAS28, the swollen and 
tender joint count, or the patient

ASSOCIATION OF LYM-
PHOID NEOGENESIS 
WITH BIOMARKERS OF 
SYSTEMIC INFLAMMA-
TION, BUT NOT WITH 
CLINICAL CHARAC-
TERISTICS OF DISEASE 
SEVERITY.
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No.2
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Associations of clinical, serologic, and synovial parameters with lymphoid neogenesis*

    DIFFUSE SYNOVITIS   LYMPHOID NEOGENESIS

    N= 7�    N= ��    P

CLINICAL PARAMETERS   
DAS28, mean ± SD    5.9 ± 1.1     6.1 ± 1.1    0.330
SHS    66 (9-161)  30 (1-77)   0.100†
Nodules, no. (%) ‡   18 (41)   4 (28)   0.308

SEROLOGICAL PARAMETERS

ESR, mm/hour   30 (15-41)     36 (23-70)  0.031
CRP, mg/dl   11 (4-27)   16 (10-44)  0.034
Hemoglobin (mmoles/liter)  7.8 (7.2-8.4)  7.8 (6.6-8.5)  0.307
Leucocytes, 109/liter  7.2 (5.9-8.6)  9.3 (6.8-11.3)  0.002
Thrombocytes, 109/liter  292 (240-364)  350 (302-403)  0.001
RF positive, no. (%)   54 (75)   22 (71)   0.422
ACPA positive, no. (%)  58 (81)   18 (58)   0.018 

CYTOKINES 

TNFα, lining, IOD/mm2  46,734 (28,456- 68,777) 46,099 (36,778-96,977) 0.134
TNFα, sublining, IOD/mm2  63,948 (31,986-97,594) 99,811 (52,118-134,603) 0.018
LTβ sublining, counts/mm2  30 (11-71)   151 (51-611)  <0.001

CELLULAR MARKERS, COUNTS/MM2 

CD55    5345 (402-934)  569 (303-1066)  0.933
CD3    72 (37-149)  381 (220-678)  <0.001
CD22    0 (0-15)   88 (35-164)  <0.001
CD38    30 (0-144)  631 (253-1089)  <0.001
CD68, lining   261 (177-414)  431 (300-573)  0.002
CD68, sublining   296 (166-635)  755 (407-1081)  <0.001

* Except where indicated otherwise, values are the median (interquartile range). TNFα = tumor necrosis factor α; 
IOD = integrated optical density; LTβ = lymphotoxin β (see Table 1 for other definitions).
† When only ACPA-positive patients were analyzed, the trend toward an inverse correlation between lymphoid 
neogenesis and the Sharp/van der Heijde score (SHS) was no longer present (P = 0.332).
‡ Data are from 44 patients with diffuse synovitis and 14 with lymphoid neogenesis.

global assessment on VAS, was
found. Bone and cartilage damage 
was assessed radiographically in 76 
patients. Patients with lymphoid 
neogenesis tended to have fewer 
erosions and a lower overall SHS (P 
= 0.085 and P = 0.100, respectively). 
However, when only ACPA-positive 
patients were analyzed, this trend 
toward an inverse correlation be-
tween lymphoid neogenesis and joint 
destruction was no longer found (P 
= 0.178 and P = 0.332, respectively). 
There was also no relationship 
between lymphoid neogenesis and 
the presence of rheumatoid nodules 
(Table 2). 

Finally, lymphoid neogenesis was not 
associated with IgM-RF positivity. 
Surprisingly, ACPA positivity was 
significantly less frequent in patients 
with lymphoid neogenesis than in 
those with diffuse synovitis (18 of 
31 [58%] versus 58 of 72 [81%]; P = 
0.018).

Since the relatively high number of 
specimens containing only grade 2 
aggregates (as opposed to both grade 
2 and grade 3) in the group catego-
rized as having lymphoid neogenesis 
might theoretically contribute to 
underestimation of the potential 
differences between the diffuse 
synovitis group and the group with 
more features of germinal centers in 
lymphoid tissue, we performed a sub-
analysis comparing disease severity 
parameters and autoantibody status 
between the 72 patients with diffuse 
synovitis and the 16 with grade 3 
aggregates. The results were similar 
to those obtained in the analyses 
in which patients that had grade 2 

aggregates but no grade 3 aggregates were included in the 
lymphoid neogenesis group. Compared with the diffuse 
synovitis samples, tissue specimens with grade 3 aggregates 
contained significantly more T cells, B cells, plasma cells, 
and macrophages, and expression of LTβ and TNFα was 
significantly increased. There was no significant difference 
in disease activity, autoantibody status, or joint destruction 
between these 2 groups (data not shown).

Although previous work has demonstrated the sensitivity 
of immunohistochemistry, compared with PCR, in detect-
ing CD21L+cells 4,21, we performed PCR to detect CD21L 
messenger RNA (mRNA) in a subset of 12 patients. In 2 
of the 12 samples, CD21L mRNA was detected. In both of 
these samples we also detected CD21L protein. One sample 
tested positive for CD21L protein but not for CD21L mRNA. 
(It should be noted that immunohistochemistry allows the 
detection of scarce, isolated cells.) Thus, these results sug-
gest that the presence of FDCs was not underestimated in 
this study.

In a previous study it was suggested that there is a distinc-
tion between highly organized, FDC-containing, “germinal 
center–like” lymphoid aggregates and a less organized form 
of lymphoid neogenesis in which T and B cells form aggre-
gates but no FDCs or other germinal center–like features 
are present 5. Therefore, in a subanalysis, we compared 
patients with lymphoid neogenesis with FDC positivity (n = 
8 [28%]) versus patients with lymphoid neogenesis without 
FDCs (n = 21 [72%]). The only significant differences were 
higher numbers of CD22+ B cells and CD38+ plasma cells 
in patients with lymphoid neogenesis with FDC positivity 
versus those without FDC positivity (median [interquartile 
range] number of CD22+ B cells 157/mm2 [90–347] and 
66/mm2 [31–160], respectively [P = 0.047]; median [inter-
quartile range] number of CD38+ plasma cells 858/mm2 
[637–1,370] and 593/mm2 [210–902], respectively [P = 
0.041]). However, findings for all other tissue and clini-
cal parameters were similar in the 2 forms of lymphoid 
neogenesis.

LYMPHOID NEOGENESIS WITH FDC 
POSITIVITY IS NOT RELATED TO IN-
CREASED INFLAMMATION.
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 The current study was performed to 
investigate whether lymphoid neogenesis in RA 
synovium is related to specific clinical or immu-
nologic features. Previous data suggesting that 
RA characterized by the presence of lymphocyte 
aggregates or ectopic germinal centers represents 
a specific subset were obtained in small cohorts 
of patients with end-stage, destructive disease 1,6,9. 
In contrast, the present study was performed in a 
large and well-characterized cohort of RA patients 
with active disease despite methotrexate treat-
ment. 
 In comparison with previous data, we 
found lymphoid neogenesis in a relatively small 
number of patients (31%, versus 44–90% in pre-
vious sudies 2–4). We also found lower frequencies 
of FDCs and T–B cell separation. The differences 
might be related to differences in antirheumatic 
drug treatments or selection of patients with end-
stage, destructive RA in the earlier studies. In ad-
dition, differences may be explained in part by the 
specific definitions of lymphocyte aggregates used 
in the previous studies. We performed a detailed 
analysis of lymphocyte aggregates as originally 
proposed by Manzo et al 3, and subcategorized 
based on aggregate size.

 We found that lymphoid neogenesis in 
rheumatoid synovial tissue coincided with fea-
tures of inflammation such as increased numbers 
of infiltrating macrophages and expression of 
TNFα at the site of inflammation, and increased 
leukocyte and thrombocyte counts, ESRs, and 
CRP levels in peripheral blood. These findings 
do not explain whether the presence of lymphoid 
neogenesis in rheumatoid synovial tissue is a 
cause or a consequence of inflammation in RA. 
It has been suggested that synovial lymphoid 

neogenesis contributes to ectopic maturation of 
B cell responses, since clonal expansion, somatic 
hypermutation, and diversification of B cells have 
been described in RA synovial tissue 22. Otherwise, 
to date there has been no direct proof of func-
tionality of lymphoid neogenesis. Since lymphoid 
neogenesis also occurs in non–autoantibody-
associated forms of arthritis such as psoriatic 
arthritis and osteoarthritis 18,23, it could be a result 
of nonspecific inflammation. 
We did not find evidence that synovial tissue 
containing FDC-positive aggregates represents a 
germinal center–like subset of lymphoid neogen-
esis, but we were able to confirm previous obser-
vations that lymphocyte aggregates are present in 
synovial tissue in a heterogeneous mix of differ-
ent numbers and sizes 3. FDC-positive aggregates 
were detected adjacent to aggregates without 
FDCs or other germinal center–like features 
such as T–B cell separation. Additionally, we 
observed no increase in macrophage infiltration 
or cytokine expression in synovial tissue contain-
ing FDC positive aggregates. These data suggest 
that the presence of FDCs in the synovium may be 
secondary to inflammation, rather than a primary 
phenomenon.

 Lymphoid neogenesis was related to el-
evated levels of biomarkers of inflammation but, 
in contrast, was not associated with clinical signs 
and symptoms. This suggests that synovial tissue 
lymphoid neogenesis is not related to systemic 
inflammation to an extent that translates into 
the clinical expression of the disease. Possible 
explanations for this are that the link between 
lymphoid neogenesis and local synovial inflam-
mation is not pivotal, or that synovial inflamma-
tion and concurrent lymphoid neogenesis might 

DISCUSSION
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vary between joints (although previous work 
indicated that there is little variation in synovial 
inflammation between different joints in the same 
patient 13). Clinical disease activity may also be 
influenced by factors other than synovial inflam-
mation, including joint destruction. We found no 
evidence that lymphoid neogenesis is related to 
more erosive or nodular disease, as was suggested 
in an earlier study of a small patient cohort 9. 
This also indicates that either the link between 
lymphoid neogenesis and synovial inflamma-
tion is not dominant or the presence of lymphoid 
neogenesis and concurrent synovial inflammation 
may vary between joints and over time.

 Previous work has indicated that the 
rheumatoid synovium is a potent autoanti-
body-producing organ, and the antibodies may 
form immune complexes in the joint, leading to 
complement fixation and macrophage activa-
tion 24. Synovial plasma cells may synthesize and 
secrete RF, ACPA, and other autoantibodies 25,26. 
In accordance with these findings, the levels of 
RF and ACPA are higher in synovial fluid than in 
peripheral blood 27,28. We have demonstrated in 
this study that the presence of circulating auto-
antibodies is not related to lymphoid neogenesis. 
We cannot completely exclude the possibility 
that lymphocyte aggregates were present but 
not detected in some autoantibody-positive RA 
patients, but we did minimize sampling error by 
analyzing 2 levels of a tissue block representing 
at least 6 synovial tissue samples. In fact, the 
frequency of detection of circulating ACPAs was 
lower in patients with lymphoid neogenesis. Thus, 
our data do not support the notion that lymphoid 
neogenesis in the synovium has a critical role in 
the production of RF and/or ACPA.

 In conclusion, the findings presented 
here show that lymphoid neogenesis in the 
synovium does not define a clinically or immuno-
logically distinct subtype of RA. The presence of 
lymphocyte aggregates and germinal center–like 
structures may be a secondary phenomenon due 

to chronic inflammation.
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