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Synovial pathology

The synovium normally is comprised of a synovial lining layer (or intimal lining) that 
contains one to three layers of cells without an underlying basal membrane, overlay-
ing the synovial stroma, also called the synovial sublining or subsynovium. The intimal 
lining layer lacks tight junctions and is discontinuous in some regions, resulting in 
direct contact between synovial fluid and synovial sublining. The intimal lining layer is 
formed by two types of cells: the intimal macrophages (also called macrophage-like syn-
oviocytes or type A synoviocytes) and the fibroblast-like synoviocytes (also called type B 
synoviocytes) (1). The synovial sublining is formed by a loose collagen fiber network 
with fibroblasts, fat cells, and scattered blood vessels.

Increased interest in the architecture and characteristics of inflamed synovium, es-
pecially in rheumatoid arthritis (RA) and osteoarthritis, has lead to new insights into 
the pathology and function of cells involved in the disease process. Most of the data 
describe the changes of the synovium in RA, and tissue samples of other diseases, such 
as reactive arthritis and psoriatic arthritis, are typically used as controls. In general, the 
characteristics of synovium in patients with arthritis are highly variable.

Rheumatoid arthritis

Hypertrophy and edema characterize the synovial tissue (ST) in RA. The intimal lin-
ing layer is hyperplastic, forming villi that protrude into the joint cavity. The inflamed 
synovium overgrows and invades the underlying cartilage and bone. At the junction 
between cartilage and synovium, the proliferating synovium is often referred as pannus. 
Here, specialized cell types have been identified, such as pannocytes and cells func-
tionally resembling osteoclasts (2). Pannocytes are rhomboid-shaped cells that show 
functional and morphological characteristics of both fibroblast-like synoviocytes and 
chondrocytes, but it is still unclear if these cells represent a separate lineage of cells 
(3;4).

The increased cellularity of the RA synovium is likely a result of enhanced migration of 
inflammatory cells into the synovium, local retention and proliferation of these cells, 
combined with impaired apoptosis. Little is known about the dynamics of cell migration 
in the rheumatoid synovium, but it appears that the continuous influx of inflammatory 
cells plays an important role in cell accumulation. These cells enter the ST through blood 
vessels that form an extensive network in the inflamed synovium. Pro-angiogenic fac-
tors, like vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF) 
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and the integrins αvβ3 and αvβ5, are found in the RA ST, and are important mediators in 
the formation of new blood vessels. In situ proliferation of fibroblast-like synoviocytes 
also contributes to some extent, although rates of cell division within the synovium are 
relatively low (5;6). Various factors could be involved in defective apoptosis (7), such as 
overexpression of anti-apoptotic proteins like sentrin, contributing to the modulation of 
Fas- and TNFR-mediated apoptosis in RA synovium, and thereby extending the lifespan 
of invasive, cartilage-destructive fibroblast-like synoviocytes (8). The anti-apoptotic 
FLIP (FLICE-like inhibitory protein), expressed at high levels by macrophages in the 
RA synovium (9;10), and IL-15 (11), could also be involved in inhibition of apoptosis in 
the synovium. Additionally, it has been suggested that genotoxic changes due to the 
toxic microenvironment (12), and a deficient Fas/Fas ligand mechanism (13) could play 
a role.

Synovial histology in “early” RA (i.e., within the first few months of symptoms), is 
essentially the same as longstanding RA (14). Intimal lining layer hyperplasia, marked 
infiltration of the synovial sublining by inflammatory cells, increased vascularity, and 
edema are observed in all stages of the disease process. Of importance, systematic com-
parison of the features of the synovium from patients with (very) early RA with synovial 
tissue from patients with longstanding disease revealed that the characteristics were, 
on average, the same (15;16). This could be explained by the observation that asymp-
tomatic synovial inflammation may precede the development of RA (17). The differences 
in cell infiltrate and in the expression of mediators of inflammation between early RA 
and longstanding disease, which are sometimes reported, can often be explained by 
differences in disease activity and medication.

Intimal lining layer

Intimal Macrophages
In RA two thirds of the intimal lining layer is formed by macrophages. These macro phages 
are activated, expressing a variety of cytokines, such as interleukin (IL)-1, tumor necrosis 
factor (TNF)-α, granulocyte macrophage colony-stimulating factor (GM-CSF), IL-15, and 
IL-18 (18;19), adhesion molecules (20;21), and matrix metalloproteinases (22;23). They 
exhibit phagocytic capacity and carry lysosomes, granular structures called residual bod-
ies, and vacuoles. Specific markers, such as CD68, CD97, FcRIIIa, myeloid related proteins 
(MRP)-8 and -14, and non specific esterase, are strongly expressed by (subsets of ) these 
cells in RA (24-26) (Figure 1). Recently, high mobility group box chromosomal protein 1 
(HMGB-1), a ubiquitous chromatin component expressed in nucleated mammalian cells, 
was found to be expressed intracellularly as well as in the extracellular matrix by cells 
with a macrophage phenotype in ST of RA patients. HMGB-1 is expressed by stimulated 
mononuclear phagocytes and acts as a potent factor that causes inflammation and 
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protease activation (27). In addition to these markers, macrophages also express HLA 
class II molecules, and intercellular adhesion molecule (ICAM)-1 (28), again reflecting 
their highly activated state and suggesting a role in cell-cell interaction. Intimal lining 
macrophages express CD14, although the cellular expression is reduced in association 
with activation (29).

The accumulation of intimal macrophages is thought to be the result of recruitment from 
bone-marrow derived monocytes from the bloodstream, entering the synovial sublin-
ing through endothelial cells (30;31). Chemotactic factors are produced by activated 
macrophages, fibroblast-like synoviocytes, and other cells in the inflamed ST and con-
tribute to further cell recruitment. Of the chemokine family, monocyte chemoattractant 
protein (MCP)-1, RANTES, MIP-1α and 2α, and epithelial neutrophil activator (ENA)-78 
have been associated with monocyte recruitment (32;33). Also, C5a and C3a and their 
receptors (C5aR, C3aR) show chemoattractive capacities and are present in the ST and SF 
of RA patients. In a model of experimental arthritis, genetic deletion of C5aR completely 
protected mice from arthritis, indicating a pivotal role for this complement receptor in 
cell recruitment in this model (34).

Figure 1. Activated macrophages expressing CD68 (red-brown) in the intimal lining layer and in the 
sublining layer of rheumatoid synovial tissue (original magnification ×100).
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Fibroblast-like synoviocytes
The fibroblast-like synoviocyte is very specific to the intimal lining layer. This cell type, 
presumably derived from mesenchymal origin (1), appears to be in a highly activated 
state, producing a variety of cytokines, matrix metalloproteinases, cysteine proteinases, 
proteoglycans, and arachidonic acid metabolites (35). The marked expression of CD55 
and vascular cell adhesion molecule (VCAM)-1 differentiates them from other fibroblasts 
(36;37). The accumulation of these cells in the intimal lining layer is thought to be caused 
by a combination of impaired apoptosis, some in situ proliferation, and possible migra-
tion and differentiation of mesenchymal cells from the synovial sublining into the inti-
mal lining layer (9;35;38). The fibroblast-like synoviocytes could invade the cartilage and 
possibly bone, promoting joint degradation (35). Somatic mutations in the p53 suppres-
sor gene might explain, in part, the aggressive behavior of fibroblast-like synoviocytes, 
although the relative contribution to the disease process remains to be clarified (12). 
Other cells occasionally found in the RA intimal lining layer include multinucleated or 
polynuclear synoviogenous giant cells, derived from ST monocytes (39) and rare T cells, 
especially when synovial hyperplasia is severe.

The synovial sublining layer

Although normally there are only few cells present in the tissue underlying the intimal 
lining layer, excessive cell infiltration, proliferation of blood vessels, and edema cause 
the synovial sublining to be markedly thickened in RA. The cells found in this layer are 
mainly T cells, plasma cells, and macrophages. Mast cells, NK cells, dendritic cells, and 
neutrophils are also found, but not in large quantities.

T cells
Although not pathognomic for RA, T lymphocytes, are found in aggregates in 50-60% 
of the patients (Figure 2). These aggregates resemble germinal centers as in lymphoid 
tissue, containing mainly CD4+ T cells in association with B cells, a few CD8+ T cells 
and large interdigitating dendritic cells. It has recently been suggested that the CD8+ 
T cells are involved in the structural integrity and functional activity of the lymphocyte 
aggregates (40).

Adjacent to the aggregates, the endothelial cells of the postcapillary venules are larger 
and resemble high endothelial venules. The microarchitecture suggests that this is an 
area where antigen presentation and local synovial B cell maturation takes place (41). 
The CD4+ T cells found in these areas are of the CD45RA-CD45RO+ memory subtype, 
suggesting earlier antigen exposure either in the periphery or in the ST. These memory 
T cells have greater migratory capacity and accumulate at sites of inflammation (42). The 
close relationship of the T cells with interdigitating cells suggests (mutual) interaction 
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between these two cell types, which may lead to activation and cytokine production. In 
addition, membrane contact between synovial T cells and synovial macrophages could 
enhance proinflammatory cytokine production, such as TNF-α (43;44), in these regions.

The CD4+CD45RO+ memory T cells may also express CD27, which, together with its 
ligand CD70, plays a role in T cell proliferation (45), the generation of T cell memory 
(46), and B-cell help (47). Interestingly, the majority of the CD4+ T cells found in the 
lymphocyte aggregates are predominantly CD27 positive (48). These cells are thought 
to be attracted from the peripheral blood into the rheumatoid ST, where further activa-
tion and differentiation into CD4+CD45RO+CD27-cells follows (48). Their close relation-
ship with B cells and interdigitating dendritic cells, suggests a role in the activation and 
maturation of lymphocytes in the aggregates.

T cells can also be diffusely found scattered throughout the RA ST. Many of these are 
CD8+ T cells with a relative increase in the percentage of CD27- cells (48), suggesting 
that these cells are antigen-induced cytotoxic effector cells (49). Previous work has 
shown that there is an increase in cytototoxic effector cells in the synovial compartment 

Figure 2. CD4+ T cells in a lymphocytic aggregate in the sublining layer of rheumatoid synovial tissue 
(original magnification ×400).
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of RA of patients, which may be involved in promoting synovial inflammation and joint 
damage (50;51).

B cells and plasma cells
Less than 5% of synovial lymphocytes in RA are B cells. They are mainly found in close 
relation with the CD4+ cells when lymphocytic aggregates are present (52). This spatial 
relationship might be a reflection of their role (i.e. giving B cell help, leading to produc-
tion of immunoglobulins) (53;54). T cell activation in RA ST may be, in part, dependent 
of B cells (55). When CD4+ T cells from RA ST were adoptively transferred in the severe 
combined immune deficient (SCID) mouse model in synovial tissues with CD20+ B cell 
clusters, the T cells became activated, whereas this was not the case in tissues lacking B 
cells (55). Furthermore, elimination of B cells from the RA ST abrogated T cell activation 
and the production of proinflammatory cytokines. Especially RF-positive B cells are able 
to act like antigen presenting cells, and they might be able to activate T cells by captur-
ing antigens with their immunoglobulin (Ig) receptors (56;57).

Figure 3. Plasma cells, expressing CD38 (red-brown), surrounding a lymphocyte aggregate in the 
sublining layer of rheumatoid synovial tissue. This architecture is also called corona (original magnification 
×100).
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Plasma cells may surround the lymphocyte aggregates in large numbers in so-called 
coronas, but they are also found scattered throughout the synovium (Figure 3) (15;58). 
The detection of clonally related plasma cells within single infiltrates suggests that these 
cells underwent terminal differentiation within the synovium (59). The plasma cells are 
probably mainly derived from B cells that have migrated from the circulation. They may 
be long lived and thus accumulate in the synovial tissue, where they are a major source 
of autoantibodies (60;61).

Sublining macrophages

The macrophages found in the synovial sublining can form the majority of the inflam-
matory cells in the rheumatoid ST (15;62), and can be distinguished by high expression 
of CD68 and CD163 (63). CD163 could be a more specific macrophage marker, with the 
exception of the cells near the lymphocyte aggregates, where downregulation of CD163 
has been observed (63). The sublining macrophages are derived from circulating mono-
cytes and are found in areas adjacent to the articular cartilage as well as a distance from 
the cartilage-pannus junction (Figure 4) (62;64). The migration to these specific areas is 

Figure 4. CD163+ macrophages in the intimal lining and sublining layer of rheumatoid synovial tissue 
(original magnification ×100).
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probably the result of chemotactic factors, such as chemokines and adhesion molecules, 
that are highly expressed in the RA synovium. The synovial macrophages display an 
activated phenotype, expressing several activation markers and secreting a variety of 
proinflammatory mediators (30). Of interest is the recent observation that the majority 
of the CD68+ macrophages in rheumatoid ST, but not in synovium of osteoarthritis or 
trauma patients, may express the recently described dendritic cell marker dendritic cell 
specific I-CAM3 grabbing non-integrin (DC-SIGN) (65). These cells are found in close as-
sociation with ICAM-3 positive T cells, which are able to bind to DC-SIGN positive cells, 
and might be involved in the production of degrading enzymes. The importance of 
synovial macrophages in the disease process is supported by the clinical observation 
that macrophage numbers in the synovium are associated with clinical signs of disease 
activity (15).

Mast cells
The rheumatoid synovium contains an increased number of mast cells compared with 
normal synovium and ST of patients with other rheumatic diseases (15;66;67). These cells 
are found in perivascular regions, around the lymphocytic aggregates, at the cartilage-
pannus junction, and they may be in contact with nerves (68;69). ST mast cells are in 
an activated state, expressing cell surface antigens, cytokine receptors, and adhesion 
molecules, and they produce potent mediators, including histamine, proteinases, such 
as tryptase and chymase, cytokines, and growth factors (70;71). Their localized accumu-
lation at cartilage erosion sites in combination with the expression of potent mediators 
of inflammation, suggests that mast cells contribute to the inflammatory process in the 
rheumatoid lesion (72).

Natural killer cells
NK cells are found in increased numbers the RA ST. Because of the abundance of dif-
ferent cell surface markers expressed by various subpopulations, characterizing these 
cells morphologically and functionally has been difficult. There are, however, functional 
markers carried by all activated NK subtypes, for instance granzymes, which can be 
detected in specialized granules in NK cells and cytotoxic T cells (73-75). Compared to 
other forms of arthritis, granzyme-positive cells are found in increased numbers in the 
RA ST in both the intimal lining layer and in the synovial sublining as well as at the 
pannus-cartilage junction (62;76-78). Furthermore, a special subset of CD4 positive T 
cells carrying receptors that regulate NK cells, is present in the ST (79). These T cells could 
bridge functions of the innate and adaptive immune systems, such as responsiveness to 
specific antigen, rapid release of interferon-gamma, and cytotoxicity.
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Dendritic cells
Two types of dendritic cells, the interdigitating and follicular dendritic cell, are found in 
the synovial sublining of RA patients. The interdigitating dendritic cells (IDC), known as 
the most potent antigen presenting cells, are found close to CD4+ T cells in the perivas-
cular lymphocytic aggregates (80-82). Mature and immature IDCs migrate from the 
blood and possibly through the intimal lining layer into the synovial sublining, attracted 
by chemokines (83). Under influence of cytokines, such as GM-CSF and TNF-α, IDCs dif-
ferentiate from precursor cells of the myeloid and probably lymphoid lineage into ma-
ture IDCs (84-86). They have an activated phenotype, expressing HLA class II molecules, 
adhesion molecules, CC-chemokine receptor (CCR)7, and co-stimulatory molecules, such 
as CD80 and CD86. CD86 is a co-stimulatory molecule that plays an important role in 
antigen presentation (87;88). Recently, the expression of nuclear RelB by differentiated 
IDCs was demonstrated (89). These data suggest that, after differentiation in the RA ST, 
the activated IDCs may present antigen to CD4+ T cells in the perivascular lymphocyte 
aggregates. Although it still remains unclear what kind of antigens are being presented, 
potential candidates include exogenous antigens, such as bacterial (90;91) or viral (92), 
and endogenous autoantigens (86;93;94).

The second type of dendritic cells in the synovium is the follicular dendritic cells (FDC). 
The FDCs may be derived from fibroblastic reticulum cells rather than from bone 
marrow-derived cells (95). Of interest, when fibroblast-like synoviocytes are cultured in 
vitro, some cell lines may be induced to express the FDC phenotype (96;97). The FDCs 
are mainly present in the proximity of B cells in the lymphocyte aggregates and close 
to the intimal lining layer (85;98;99). They can be found in close association with CD4+ 
T cells and B cells, especially when the perivascular lymphocytic aggregates are large. 
As noted above, the aggregates are surrounded by large fields of plasma cells. FDCs are 
thought to play an important role in the accumulation and differentiation of B cells into 
plasma cells.

Neutrophils
Although the neutrophils constitute the majority of inflammatory cells in the SF, only few 
neutrophils are present in the ST, mainly in fibrin depositions (15). Little is known about 
the dynamics of neutrophil migration through the synovium into the SF compartment.

Spondylarthropathies

The synovia of patients with spondylarthropathies share many features with RA tissue 
(100). Still, some differences in the architecture and types of inflammatory cells and their 
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products can be found. These might reflect a difference in the etiology of synovitis of 
these disease entities.

Ankylosing Spondylitis

Information about the features of synovial tissue in various forms of seronegative spon-
dylarthropathy is limited compared with RA. One issue complicating the interpretation 
of the literature is the fact that many reports describe different spondylarthropathies as 
one group despite differences in their respective pathogenesis.

Early studies of ankylosing spondylitis (AS) ST suggested that the changes were indistin-
guishable from those seen in RA. Clear intimal cell hyperplasia with largely macrophage 
as well as diffuse lymphocyte and plasma cell infiltration, and occasionally formation of 
lymphocyte aggregates can be found. However, compared to RA ST, the intimal lining 
layer hyperplasia is less pronounced, with an average cell depth of only 3 (101). Also, 
mononuclear cell infiltration even more intense than RA and psoriatic arthritis (PsA), has 
been observed in the ST of patients with peripheral arthritis in AS (101). Large fields of 
plasma cells can be detected in AS ST (101), although the percentage of IgM-containing 
cells appears to be lower in AS than in RA (102). CD4+ cells clearly outnumber CD8+ T 
cells in RA, but apparently not in AS. In contrast, the CD4:CD8 ratio was reportedly 1:6 in 
a small group of AS patients with peripheral arthritis (101).

T cells appear to play a pivotal role in the pathogenesis of AS and other spondylar-
thropathies, but their role might be different than that in RA (103). In several studies, the 
expression of Th1 like cytokines, such as interferon γ (IFNγ) and IL-2, and Th2 cytokines 
like IL-4, IL-5, and IL-10, has been examined. These studies have shown a decreased 
Th1:Th2 ratio in seronegative spondylarthropathies compared to RA (104).

The synovium of the inflamed sacroiliac joint of patients with AS, contains infiltrating 
T cells and macrophages (105). Also, diffuse expression of mRNA for TNF-α was found, 
whereas mRNA for transforming growth factor (TGF)-β, a cytokine with mainly anti-
inflammatory properties, was absent in these same areas (106). TGF-β was found near 
the bone, where it could play a role in the formation of new bone formation.

Reactive arthritis

Compared to RA tissue, the changes in the ST of patients with reactive arthritis show 
significantly less infiltration by both T and B lymphocytes, CD 38+ plasma cells, and 
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granzyme B + cytotoxic cells regardless of disease duration (77). Analysis of the cytokine 
profile has shown that the expression of IFNγ-positive T cells is lower in ST of reactive 
arthritis patients, whereas IL-2, IL-10, and IL-4 expression do not differ significantly, result-
ing in a decreased Th1:Th2 ratio compared with RA (77;107). Conceivably, this might be 
explained in part by the lower IL-15 levels in the reactive arthritis ST, since this cytokine 
plays a pivotal role in migration and activation of T cells (108;109). The fact that fewer 
granzyme B+ cytotoxic cells are present in reactive arthritis compared with RA, seems to 
be a specific feature (50;77). Because granzyme B is able of degrading the extracellular 
matrix of cartilage (110;111), this could be one of the explanations that reactive arthritis 
is not as destructive as RA.

The role of arthritogenic bacteria and their interaction with the host is of fundamental 
importance in the pathogenesis of reactive arthritis. The synovial cavity is accessible to 
(fragments of ) micro-organisms, either by bacteremia or by transport within monocytes 
or lymphoid cells. Bacterial DNA, messenger and ribosomal RNA, as well as bacterial 
cell wall fragments have been demonstrated with PCR and immunohistochemical tech-
niques in arthritic joints of reactive arthritis patients (112;113). These intra-articular 
microbial components may trigger a sterile acute inflammatory reaction or give rise to 
a chronic inflammatory process, probably depending on the host defense and specific 
bacterial characteristics.

Psoriatic arthritis

Previous work has suggested that the appearance of the ST of patients with psoriatic 
arthritis (PsA) differs from RA ST macroscopically. Higher intensity of villous vasculariza-
tion with typical morphology, described as tortuosity, has been reported by macroscopic 
evaluation of the ST in PsA (16;114). Although these vascular changes may be prominent 
in some patients with PsA, they are also seen in RA, albeit to a lesser degree. Endothelial 
cell swelling and marked thickening of the vessel walls was already observed earlier in 
the ST of PsA patients by both light and electron microscopy (115) and this was later 
confirmed byimmunohistochemical techniques (116). However, another study could 
not detect significant differences in vascularity between RA, reactive arthritis and PsA 
ST (117).

Intimal lining layer hyperplasia in PsA may be less pronounced compared to RA. Con-
flicting results have been published about cell infiltration in the synovial sublining of 
PsA patients (116;118;119), perhaps due to patient selection or the differences in mi-
croscopic evaluation of the tissue. T lymphocytes, thought to play an important role in 
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the pathogenesis of psoriasis, are present in similar numbers in PsA as in RA ST (119). In 
another study, CD3+, CD4+, CD20+ cells, and lymphocyte aggregates were reportedly 
less abundant in PsA than in RA ST (16). The fact that novel T cell specific therapies have a 
beneficial effect on synovial inflammation in PsA, clearly supports the hypothesis that T 
cell activation plays an important role in this disease (120). Interestingly, treatment with 
alefacept, a T cell-specific agent inhibiting the CD2-lymphocyte function associated 
antigen (CD2-LFA) interaction, led to decreased macrophage infiltration in the ST of PsA 
patients (120), supporting the view that macrophage infiltration and activation is T cell 
dependent in this condition.

The expression of TNF-α and IL-15 appears to be lower in psoriatic synovium than in 
RA, even after correction for the number of macrophages (119). This could suggest that 
these proinflammatory cytokines are perhaps less important in PsA than in RA. In con-
trast with these observations are the results of studies with infliximab and eternacept, 
TNF-α-directed therapies that are effective in psoriatic arthritis patients. Examination 
of the ST before and after treatment with infliximab, showed decreased intimal lining 
layer hyperplasia, reduced vascularity, and inhibition of neutrophil and macrophage 
infiltration of the PsA ST (121).

Inflammatory osteoarthritis

Although osteoarthritis is traditionally considered a noninflammatory arthropathy, 
synovial inflammation is a well known feature of this disease (122). Inflammatory os-
teoarthritis refers to the situation of marked synovial inflammation in OA, commonly 
associated with more destructive disease, elevated C-reactive protein (CRP), and the 
presence of morning stiffness. Intimal lining layer hyperplasia, increased numbers of 
inflammatory cells in the synovial sublining, and increased vascularity are all found 
in the oseoarthritic ST, but these changes are less prominent than in RA (123;124). 
These changes are not only seen in patients with advanced osteoarthritis, but also in 
early stages of the disease (122). This inflammatory reaction of the ST is believed to 
be secondary to the release of breakdown products of cartilage and bone, perpetuat-
ing inflammation and leading to progression of the structural changes. Production of 
proinflammatory cytokines, in particular IL-1β and TNF-α, growth factors, and matrix 
metalloproteinases, has an important role in the pathogenesis of OA (125). These factors 
are produced by macrophages, T lymphocytes and other cells in the synovium, as well 
as by chondrocytes (126;127). Taken together, these results strongly suggest, that OA is 
in part an inflammatory disease.
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