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MM P: matrix metalloproteinase

TIMP: tissueinhibitor of matrix metallo
proteinase

TUNEL: Terminal deoxynuclectidyl trans
ferase mediated dUTP nick end labeling

FLICE: FADD-like interleukin 1b
converting enzyme

FADD: Fas-associated death domain
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FLIP: FLICE-likeinhibitory protein

NFxp: nuclear factor kappa beta

RANK : receptor activator of NFkb

RANKL: receptor activator of NFkb ligand

OPG: osteoprotegerin

ABSTRACT

Early diagnosis and therapeutic inter -
vention are needed to prevent the mor -
bidity related to erosive arthropathies
such as rheumatoid arthritis (RA), yet
it is difficult to distinguish various
forms of synovitis early in the disease
course. The availability of synovial tis -
sue biopsy techniques has facilitated
the analysis of synovial tissue from
patients with early disease. Compari -
son of the histopathologic features of
synovial tissue in early RA, established
RA, and in non-RA synovitis has shown
subtle, but potentially important differ -
ences in higologic features, cytokine
and protease expression patterns, and
apoptosis. Ultimately, it remains to be
shown definitively that analysis of the
histopathological features of synovial
tissue early in diseaseis of independent
value in identifying patients destined to
have persistent synovitis or erosive dis -
ease, and in turn, in allocating patients
to specific therapeutic strategies.

Introduction

Distinguishing rheumatoid arthritis
(RA) from other forms of synovitis is
difficult early in the course of disease,
yet it is now well established that early
aggressive treatment is beneficial in
preventing thelong-term morbidity relat-
ed to erosive arthropathies. In order to
understand the pathological processes
that initiate and contribute to the ongo-
ing synovitis occurring in conditions
such as RA, attention is being directed
towards identifying events occurring
early in the course of the disease. This
article will address the histopathology
of early inflammatory arthritis, focussing
on comparisons with late or esteblished
disease and between different clinical
variants. Studies of histological fea
tures, cytokine expression patterns, pro-
tease expression patterns, and addition-
a features such as apoptosis will be
highlighted.

How early isearly synovitis?
The definition of "early" disease varies
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between different studies. Arbitrarily,
symptom duration of less than 12
months is generally considered to be
"early" disease in most studies athough
some have included patients with 18 or
more months of symptoms. Even at 12
months, the initial features may have
evolved and a number of groups have
looked at "very early" disease with
symptoms of 6 weeks or less. As dl
clinicians know, defining the onset of
disease is often difficult, asjoint symp-
toms can develop insidiousy and
increase gradually. Patients may have
arthralgias for varying periods prior to
the development of true synovitis as
defined by joint swelling. Presumably
arthralgias represent pre-clinical syn-
ovitis in some patients; however, clear-
ly not al patients with arthralgia devel-
op true inflammatory arthritis. Newer
imaging approaches such as MRI (1-3),
ultrasound (4-6), and infrared spec-
troscopy (7) may be of valuein address-
ing this important question. Biopsy
studies of clinically unaffected jointsin
patients with established RA demon-
strate evidence of subclinical histologic
changes, implying that the early syn-
ovia eventsthat ultimately lead to per-
sistence and destructiveness may be
entirely asymptomatic for an unspeci-
fied period of time (8, 9).

The challenge of studying patho-

logical featuresin early synovitis

The primary challenge involved with
studies of histological features in early
inflammatory arthritisrelatesto the dif-
ficulty in obtaining representative tis-
ue samples from patientswith early dis-
ease. Establishing an organized referral
base and dedicated early arthritis clin-
ics facilitates the identification of
appropriate patients, as well as provid-
ing the necessary long-term follow-up
required for outcomes research. Tissue
acquisition isalso achallenge. Many of
the early studies in established RA
used samples obtained at the time of
joint arthroplasty or autopsy, which
allows directed sampling of specific



joint areas and usually produces good
amounts of tissue. In contrast, tissue
from patients with early disease is pri-
marily obtained through closed needle
biopsies or arthroscopic guided biop-
sies. Each of these techniques has
advantages and disadvantages. Both
allow sampling of both small and large
joints. The major advantage of arthro-
scopic biopsy isthat it allows accurate,
visually directed sampling of the carti-
lage-pannus junction. Samples obtained
by closed needle biopsy generally show
comparable findings to arthroscopic
samples, but it has been shown that
they may underestimate the degree of
inflammatory activity at the cartilage-
pannus junction, this being the most
important and active area to study in
erosive diseases (10, 11). Since syn-
ovia inflammation is clearly not uni-
form throughout the joint, regardless of
the method used to obtain tissue, multi-
ple tissue samples from different loca-
tionsin thejoint are required to provide
a reliable assessment of the histologic
variation within the joint (12).
Quantification of histologica or
immunohistological parameters aso
varies in different studies. Several
methods have been applied to interpret
the degree of synovia inflammation
and to quantify various features. These
range from visual estimates using
semi-quantitative scales to labor inten-
sive counts of individual positively
stained cells or structures. As with the
biopsy sampling, multiple tissue areas
must be scored, given heterogeneity of
the synovial lesions. Computer image
assisted analysis may provide an objec-
tive means of quantifying immunohis-
tochemical staining (13-16).
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Histopathologic findingsin early

RA compared to established RA

The classical features of established
RA including lining layer hypertrophy,
cellular infiltration with lymphocytes,
macrophages, and plasma cells, and the
presence of secondary lymphoid organs
or follicles/aggregates have been well
described (17, 18). There is aso evi-
dence of exuberant angiogenesis and
the increased expression of inflamma-
tory cytokines and chemokines, colla-
gen degrading enzymes such as cathep-
sin and metalloproteinases, and vari-
able degrees of gpoptosis (19-23). Esa
blished seronegative arthritis has simi-
lar features to established RA, although
potentially to a lower degree. Psoriatic
arthritis (PsA) is distinguished from
RA by characteristic changes in the
synovia vasculature both macroscopi-
cally and microscopicaly (24, 25).

Several studies have compared early
RA to established RA. Synovial tissue
obtained from patients with a disease
duration as early as 6 weeks from
symptom onset shows evidence of lin-
ing layer hypertrophy, cellular infiltra-
tion with perivascular aggregates, and
increased vascularity, although the
inflammatory features are patchy (26,
27). The mgjority of cellular subtypes
typical for established RA including
monocytes, lymphocytes, macrophages,
and even plasma cells are found in
early disease. Surface and villus fibrin
have also been described, though they
were not found to be specific for RA
(27, 28). The degree of lymphocytic,
plasma cell and PMN infiltration is
similar between early RA (disease
duration less than 12 months and as
early as 2 weeks) and late RA (29).

Importantly, in one study this infiltra-
tion did not correlate with disease dura
tion (30). Macrophage numbers and
their chemokine products, macrophage
inflammatory proteinl (MIP1), are
increased in the lining and sublining
layers of late RA compared to early RA
(31). Cytotoxic cells and natural killer
cells expressing granzyme B are pre-
sent in RA and osteoarthritis (OA) and
areincreased in early RA (32, 33).

As mentioned, synovial inflammation
is present even in the asymptomatic
joints of patients with established RA
(8, 9) and early synovitis (34). The
asymptomatic joints of patients with
established RA had evidence of
macrophage infiltration in the synovial
sublining, though less than in the clini-
caly involved joints (8). CD3 T cells,
plasma cells, and fibroblast-like cells
were present, but not increased in
asymptomatic joints compared to con-
trol tissues. In a separate study, clini-
cally uninvolved joints of RA patients
had lining layer hyperplasia and
perivascular mononuclear cell infiltra-
tion was comprised of primarily helper
T cells (9). Of patients with histologi-
cally apparent, but clinically inapparent
synovitis, only 2 developed clinical
synovitis after 36 months of follow-up.
In a biopsy study of asymptomatic
jointsin early synovitis patients, Pando
et al. found definite evidence of synovi-
tis in 11 of 20 patients with increased
microvasculature, lining layer hyper-
trophy and an inflammatory cell infil-
trate consisting predominantly of
monocytes/macrophages and T lym-
phocytes (34).

In summary, the histological features
that appear to be more prominent in

Table |. Comparison of biopsy techniques for sampling synovium.

Needle arthroscopy

Surgical arthrotomy

Closed needle
Joints Small and large joints
Invasiveness Bedside/outpatient procedure
Minimally invasive
Local anesthetic
Tissue sampling Blind
Amount of tissue Small

Main advantage Minimally invasive

Main disadvantage Blind sampling

Small and large joints

Outpatient procedure
Modestly invasive
Local anesthetic/mild sedation

Visually directed
Small
Visually directed samples

Small tissue samples

Small and large joints

In-patient procedure requiring surgical expertise
General/spinal anesthetic

Visually directed

Large

Visually directed and large amounts of tissue
Surgical procedure
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Table |1. Summary of published studies.

Study Sample studied Question Sampling method ~ Findings
Schumacher ~ Symptoms < 1 mo. Histology Closed needle No findings specific for RA —all had lymphocytic infiltrate, no follicles,
1972 (26) RA 6, JRA 3, rare plasmacells
SLE2,SS1 Vascular changes present in all: Prominent vascular changes included
congestion, RBC extravasation, and venular lumen occlusion
Bayliss RA Histology Closed needle Increased vascularity, synovia hyperplasia, perivascular or aggregate
1975 (27) Early RA 14 (< 1yr) mononuclear cell infiltration, fibroblast and mononuclear cuffing of
Early non-RA 35 (< 1yr) small vessels and surface fibrin, predicted but were not specific for
LateRA 18 (> 1yr) RA diagnosis
Late non-RA 18 (> 1yr)
Konttinen RA Histology Not stated Three patterns of histology with sequential changes:
1985 (28) Acute 4 (symptoms and Acute: sublining mononuclear phagocytes, patchy infiltrates of granulo-
disease duration < 3 mo) cytes, fibrin layer, sparse T cell infiltrate
Subacute 3 (symptoms < 3 mo. Subacute: lymphocytesin perivascular aggregates, mononuclear phago
disease duration < 3 yr) cytes, some plasmacells
Chronic 5 (symptoms and Chronic:dense infiltrate of plasmacells. T cells main inflammatory cells,
disease duration > 3 yrs) fewer mononuclear phagocytes
Konttinen JRA Histology Arthroscopy Early JRA had non-specific synovitis, fibrin exudation, LL hyperplasia,
1986 (39) Early JRA 8 (< 5mo.) Arthrotomy few lymphocyte aggregates, vascular congestion. Late JRA had increased
Late JRA or other 4 plasmacellsand T lymphocyte infiltrates.
Schumacher  Reiters syndromen =15 Histology Closed needle Early symptoms: surface fibrin lining layer hyperplasia, vascular
1988 (41) DxDur: < 1mo — 24 yr and rebiopsy Arthrotomy congestion, moderate infiltrate but few plasmacells
9 DxDur <1yr Late symptoms: surface fibrin lining layer hyperplasia and vascular
10 SxDur < 4 wks congestion, moderate lymphocyte and plasma cell infiltrate
Kraan Early arthritis Histology Closed needle Early RA has greater plasma cells, B cells, and macrophages compared
1999 (36) Early RA 36 (<1yr) to non-RA
Early non-RA 59 (< 1yr)
(UA 21, OA 17, ReA 10, PsA 2, AS 3, crystal 6)
Control 5
Tak (32) RA Histology Closed needle Natural killer cells expressing granzyme B are present in RA and OA but
1994 Early RA 10 (< 1yr) increased in early RA
Late RA 10 (> 5yrs)
OA 10
Tak RA Histology Closed needle No histologic features to distinguish early from late RA knee pain correl-
1997 (30) Early RA 31 (< 1yr) Clinical ated positively with IL6, TNFa, CD68 and negatively with CD4 cells
Late RA 36 (> 5yr)
Soden Unaffected joint in Histology Closed needle Asymptomatic synovitis precedes clinical synovitis
1989 (9) established RA Five patients had synovitis with primarily helper T cell infiltrate
Established RA 16
Post mortem control 15
Kraan Unaffected joint in Histology Arthroscopy Asymptomatic synovitis precedes clinical synovitis:
1998 (8) established RA Macrophage (CD68) counts, and IL1b, IL6 and TNFa expression were
Established RA 10 greater in unaffected joints than controls.
Control 8 CD68, CD3, CD38 cellsand IL1b, TNFa expression was greater in
clinically affected joints than unaffected joints
Pando Unaffected joint in Histology Closed needle Asymptomatic synovitis precedes clinical synovitis
2000 (34) early arthritis 11 asymptomatic joints had definite synovitis (increased vasculature,
Early RA 6 lining layer hypertrophy, and inflammatory infiltrates) but less severe
Early non-RA 14 than symptomatic joints
RA and UA more likely to have synovitis of asymptomatic joint than ReA
Fearon Early arthritis Histology Arthroscopy Early RA had increased CD3 T cells and lining layer thickness than PsA.
2003 (35) Early PsA 12 (< 1yr) Vascularity Early PsA had greater vascularity with "tortuous' vessels, increased

Early RA 14 (< 1yr)
Late RA and PsA 21 (> 1.5yr)
OA 12(>2yr)
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perivascular VEGF and Ang2 expression than early RA.



Reece
1999 (24)

Baeten
2000 (25)

Tak
1995 (44)

Fraser
2001 (38)

Katrib
2001 (31)

Smeets
1998 (51)

Smeets
1998 (29)

Ulfgren
2000 (48)

Kotake
1997 (50)

Kotake
1999 (49)

Goldbach-
Mansky
2000 (55)

Cunnane
1999 (53)

Cunnane
2001 (54)

Early arthritis
RA 18 (<1yr)
PsA 14 (< 1yr)
ReA 12 (< 1yr)

Early arthritis

Early RA 16 (< 1yr)
Early SpA 23 (< 1yr)
LateRA (> 1yr)

OA 12

RA

Early RA 11 (<1yr;
8 < 6 months)

Late RA14

OA 15

Early arthrititis
Early RA 12 (< 1yr)
Early PsA12 (< 1yr)
OA 10

RA
Early RA 22 (<1yr)
Late RA 22 (>5yr)

RA vs ReA

Early RA 10 (< 1yr)
Late RA 10 (> 1yr)
Early ReA 6 (< 1yr)
LateReA 5(>1yr)

RA

Early RA 12 (<1yr)
LateRA 12 (>5yr)
Control tissue (tonsil) 5

RA
Early RA 15 (< 1.5yr)
LaeRA5

Early arthrititis
RA 13 (<1yr)
ReA 11 (<1yr)
UA 28 (< 1yr)

ReA
Chlamydia 6 (<1 yr)
UA 29 (<1yr)

Early arthritis
Early RA (< 12 mo.)

Early non-RA 7 (< 12 mo.)

Normal 4

Inflammatory arthritis
Early RA 16 (< 18 mo.)
Early PsA 9 (<18 mo.)
Early AS1 (<18 mo.)
Gout 1 (<18 mo.)

UA 1(<18mo.)

Late erosive RA 2
Normal 3

Early arthritis
RA 12 (<18 mo.)
PsA 6 (<18 mo.)

Other 2 (< 6 mo.)

Vascularity

Histology
Vascularity
Clinica

Histology
Adhesion
molecules

Vascularity
Protease
Apoptosis

Histology
Chemokine
Protease

Histology
Cytokine

Histology
Cytokine

Cytokine

Cytokine

Cytokine

Protease

Protease

Protease
Clinical
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Arthroscopy

Arthroscopy

Closed needle

Arthroscopy

Closed needle

Closed needle

Closed needle

Arthroplasty

Arthroscopy

Closed needle

Closed needle

Closed needle

Closed needle

Arthroscopy
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PsA and ReA had mainly "tortuous, bushy" blood vessels
RA patients had mainly straight blood vessels

Early & late RA had similar cellul arity, vascularity and integrin expression
Histology featuresincreased in effused jointsin RA and SpA and correlat-
ed with systemic disease activity in RA

SpA tissue had increased vascularity with "tortuous vessels' and avb3
expression. RA tissue had more cellularity and avb5 expression

RA greater inflammatory infiltrate and increased expression of adhesion
molecules E selectin, ICAM1,VCAM1,PECAM1,VLA-4 & Macl than OA
Early and late RA had similar infiltrates of lymphocytes, plasmacells,
and PMN, LL hypertrophy, vascularity, and adhesion molecule expression

Synovid fluid (SF) MMP9 higher in early PsA than early RA and corre-
|ated with blood vessel morphology and SFVEGF levels.
Early RA had higher endothelial cell apoptosis than early PsA.

Late RA had greater macrophage (CD68) expression and this correlated
with MIPla. Early and late RA had similar MMP expression

RA had greater infiltration of lymphocytes and plasma cells than ReA but
no differences early vslate RA or ReA

RA higher INFgthan ReA independent of disease duration (similar
expression of 1L2, IL4, 1L10 between RA and ReA.) Early RA had
higher IL2, L4, I1L10 than late RA (opposite in ReA but not significant)

Similar T cell and IFNgexpression in early and late RA.
RA T cell activation and proliferation reduced, suggesting hyporespon-
siveness compared to tons| T cells

Early RA had greater IL-1a and IL-1b expression than TNFa expression.
TNFa expression was greater at the cartilage pannus junction than at the
villousin early RA. Early RA had greater TNFa, IL-1a, and IL-1b
expression than late RA.

Nested PCR of synovid tissue
IL2 and IFNghigher in ReA than RA

IFN gamma and 1L10 mRNA higher in chlamydia arthritis vs UO or
normal volunteers

MMP expression higher in patients than controls
Active MM P2 associated with erosive disease

MMPL, and cathepsins B and L expression grezter in patientsthan controls

— No differences between diseases or in disease duration

—MMP1 seenin primarily in lining layer and also in perivascular areas
and endothelium

— Cathepsin B seen in sublining more than lining layer but not in aggregates

MMPL1 expression correlated with development of erosions
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CD68 cells, and FLIP expression (inhibits apoptosis) increased in early RA

P53 expression in inflammatory arthritis only or in uninvolved joints of

Catrina RA Apoptosis Arthroscopy Apoptosisincreased in late RA
2002 (57) Early RA 8 (median dur. 5 mo) Arthroplasty
Late RA 11 (median dur. 21 yr)
Tak RA Apoptosis Closed needle
1999(58) Early Ra 13 (< 6 mo) Arthroscopy RA patient

Late RA 14 (>5yr)
ReA 8 (meanl15 mo)
Inflammatory OA 10
Uninvolved RA knee 9

Crotti
2002 (60)

ActiveRA 21 (< 1yr)
Inactive RA 9 (7> 1yr)
SpA 12 (10> 2yr)

Haynes
2003 (61)

ActiveRA 16 (< 1yr)
Inactive RA 6 (> 1.5 yr)
SpA 12

OA 10

Normal 18

RANKL/OPG Arthroscopy

RANKL/OPG Arthroscopy

No difference between early and late RA
P53 expression greater in RA than in ReA or OA

RANKL expression highest in active RA and in some SpA

RANKL expression was seen mainly in T cell aggregates and some

macrophages

OPG was expressed in inactive RA, SpA, OA and normals primarily

by macrophage type lining layer cells and endothelial cells
RANKL was predominantly expressed in active RA tissue

RA:rheumatoid arthritis; JRA:juvenile rheumatoid arthritis; SLE:systemic lupus erythematosus; SS:systemic sclerosis; ReA: reactive arthritis; PsA:psori-
atic arthritis; SpA:spondyloarthropathy; UA:undifferentiated arthritis,RBC: red blood cell,LL: lining layer; dxdur:disease duration; sxdur:symptom dura-
tion; PCR: polymerase chain reaction; MMP: matrix metalloproteinase.

late compared to early RA are atenden-
cy for greater lining layer hypertrophy,
seen in some but not al studies, greater
numbers of macrophages and the pres-
ence of lymphoid follicles.

Histopathologic findingsin early RA
compared to early non-RA synovitis
Distinguishing RA from other forms of
synovitisis difficult early in the course
of disease. Initial studies of the
histopathology in early disease suggest
the presence of increased vascularity,
synovia hyperplasia, and mononuclear
cell infiltration, and fibroblastic and
mononuclear cuffing of blood vessels
are more commonly seen in early RA
than early non-RA synovial tissues
(27). Several small studies of cellular
subsets have suggested that early RA
has more CD3 T cells (25, 35) com-
pared to psoriatic arthritis (PsA) or the
spondyloarthropathies (SpA), and
higher CD4 and CD20 T cellsthan SpA
(25). Another group examined a spec-
trum of early arthritis patients, and
assigned a diagnosis after at least two
years of follow-up. These investigators
found that early RA patients had signif-
icantly higher numbers of plasma cells
and B cells than non-RA arthritis
patients (undifferentiated, psoriatic,
reactive and spondyloarthropathy), and
that increased macrophage numbers

best distinguished RA, non-RA arthri-
tis and non-inflammatory arthritis (36).
Histopathologic analysis of synovial
tissues from the National Institutes of
Health (NIH) early synovitis cohort
determined that the presence of lining
layer hypertrophy, lymphocytic aggre-
gates and lower vascularity scores were
more commonly associated with early
RA than early non-RA and that stromal
proliferation was associated with early
erosions (37).

Vascular changesin early synovitis

One of the striking differences between
RA, SpA and PsA early in the disease
appears to relate to blood vessel mor-
phology (24, 25, 35, 38). Macroscopi -
cally, early PSA and SpA synovium is
characterized by increased numbers of
blood vessels with a "tortuous and
bushy" appearance in contrast to the
relatively straight blood vessels in RA
synovium (24, 35, 38). This pattern is
seen even in PsA patients whose joint
counts and disease activity are similar
to RA patients (35, 38). Microscopical-
ly, the number of blood vessels is
increased in early SpA with joint effu-
sions compared to RA (25), and in
early PsA with similar CD4 and
macrophage infiltration to early RA
(35) . However, both early and estab-
lished RA tissues were shown to have
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increased vascularity (25, 39).

A number of investigators have demon-
strated that microvascular changes are
commonly seen even very early in the
course of disease (26,40,41). In asmall
series of patients biopsied within 6
weeks of symptoms, vascular conges-
tion and obliteration were prominent
findings, with several tissues aso show-
ing evidence of PMN and mononuclear
cells infiltrating the walls of venules
and erythrocyte extravasation. These
changes were not limited to RA, as
similar findings were seen in non-RA
tissues, including those from patients
with reactive arthritis and connective
tissue diseases such as SLE and sclero-
derma (26). Electron microscopy re-
vealed that many vessels were occlud-
ed by platelets, and had fibrin deposi-
tion in the vessel walls and disrupted
endothelia cell contacts or multi-lami-
nated basement membranes. A detailed
analysis of the microvascular morphol-
ogy was done in the NIH early synovi-
tis cohort with symptoms of lessthan 1
year (42). No differences were seen
between early RA and early non-RA
tissues in the numbers of high endothe-
lial blood venules, angiomatoid vessels
described as grape-like clusters of
gnall vessals, or obliterated or vasculitic
blood vessels. However, non-RA pa-
tients expressed higher amounts of an



angiogenesis related Lewis 6/H-5-2
glycoconjugate on synovial microvas-
culature, suggesting that non-RA syn-
ovium has greater angiogenic potential
(42). In addition, there is greater expres-
sion of angiogenic proteins (VEGF,
ang2) and their mRNA in the perivas-
cular tissue of early PsA synovium
compared to early RA synovium (35).
Selective upregulation of corticotrophin-
releasing hormone signaling by both
vasculature and perivascular aggregates
in early arthritis has been proposed as a
contributor to the vascular changes
seen in early disease (43). These find-
ings suggest that subtle differences in
angiogenic or other growth factors may
contribute to the observed macroscopic
vascular phenotypes in RA and non-
RA tissue.

Adhesion molecule expression

The vascular endothelium plays a key
role in the recruitment and retention of
inflammatory cells and mediators to
sites of tissue damage and inflamma
tion. Endothelial expression of adhe-
sion molecules such as E-selectin, inte-
grin intercellular adhesion moleculel
(ICAM1) and vascular cell adhesion
moleculel (VCAM1) facilitate leuko-
cyte adherence to the vessel walls, and
platel et-endothelia cell adhesion mole
cule (PECAM) expression facilitates
subsequent migration into the tissue.
Inflammatory cytokines upregulate
adhesion molecules, and adhesion mol-
ecules are commonly expressed on
high endothelial venules that histologi-
cally appear as venules of varying size
with tall endothelial cells.

Adhesion molecule expression in the
synovium of early RA has been com-
pared to established RA and OA. E
selectin, P-selectin and very-late-anti-
genl (VLA1L) were found primarily on
endothelial cells, VCAML1 on lining
layer cells, PECAM1 on the lining
layer, sublining layer and infiltrating
cells but primarily on endothelia cdlls,
VLA4 and Macl on lining and sublin-
ing cells, and ICAM was expressed
throughout the synovium (44). Inte-
grins avb3 and avb5 were expressed
by lining layer and endothelia cells,
and avb5 was aso expressed by sub-
lining cells (25). Adhesion molecule
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Tablelll. Histologic features of early rheumatoid and non-rheumatoid synovitis.

Early Early non-RA
RA arthritis

Lining layer hypertrophy ++ (35, 62) +
Cellularity

T lymphocytes (CD3) ++ (25, 35) +

T lymphocytes (CD4) +(36) +

Macrophage +(36) +

B lymphocytes ++ (36) +

Plasmacells ++ (36) *
Vascularity * (62) ++

expression in early RA was similar to
that seen in established RA but greater
than in the OA tissues (44). In the NIH
cohort, P sdlectin and E selectin expres-
sion by blood vessds was greater in syn-
ovium from early non-RA compared to
RA (42).

Thus evidence to date suggests that
endothelial activation is similar in both
early and established RA; however,
subtle differences may exist between
RA and non-RA synovitisat least in the
initial stages of disease. In addition,
other factors important in promoting
local tissue inflammation, MIP1, and
monocyte chemoattractant protein
(MCP1), do not differ between early
and late disease (31). Thus, the subtle
differences in the inflammatory cell
infiltration patterns seen between early
and late RA and between early RA and
early non-RA cannot be explained by
adhesion molecule expression alone
and are likely the result of multiple
other factors.

Cytokine and chemokine patterns

in early synovial tissue

It has been shown that rheumatoid syn-
ovitis is characterized by having a pre-
dominance of TH1 type cytokines that
areinvolved in cell-mediated immunity
including TNF-a, IL1b, and INFg
Similar patterns are also seen in psori-
atic synovium (45, 46). In contrast,
reactive arthritis (ReA) has been pro-
posed to be a TH2 predominant, or
TH1 deficient, disease. TH1 cytokine
deficiency, in combination with genetic
defects, could result in defective
pathogen elimination and persistence
of the organisms could contribute to
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persistent synovitis.

The T cell derived cytokine expression
patterns appear to be similar in early
and late RA. No differences were seen
in T cells or INFg expression between
patients with disease of less than 12
months duration and established RA
(greater than 5 years) (29) or in TNFa,
IL1b, or IL6 expression between early
and late RA (47). However, when the
cytokine profiles of clinically unin-
volved and involved synoviain patients
with established RA were compared to
control synovium,IL1b, TNFa and IL6
were found to be increased in unin-
volved joints compared to OA controls,
all of which were lower than in symp-
tomatic joints (8). Ulfgren et al. studied
cytokine expression at the cartilage-
pannus junction (CPJ) in relatively
early RA (disease duration of less than
18 months) and found that the CPJ of
early RA had less TNFa expression
than established RA; however, the
expression of ILla, and IL1b was
greater than TNFa (48).

Synovia cytokine expression has been
evaluated in the NIH early synovitis
cohort using nested PCR. Even early in
disease, there was a predominance of
pro-inflammatory type 1 cytokines
irrespective of the diagnosis, athough
the patients with early ReA tended to
have higher synovial levels of IFNg
than patients with early RA (49, 50). In
contrast to previous studies that sug-
gested 1L4 was the predominant anti-
inflammatory cytokine in early RA,
IL10 predominated in the NIH cohort.
When the cytokine profile of Chlamy-
dia related ReA was specifically com-
pared to undifferentiated arthritis, INFg
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and IL-10 levelswere higher in Chlamy-
diaReA patients. Thisisin contrast to a
separate study in which IFNgwas high-
er in early and late RA compared to
ReA, but no differencesin IL4 or IL10
were seen. In this study, IL2, IL4, and
IL10 tended to be higher in early RA
than late RA, but lower in early ReA
than late ReA (51). The discrepancies
in these studies indicate that the THL/
TH2 paradigm is an oversimplification
of cytokine profiles between different
arthropathies.

Proteasesin early disease

The development of joint damage due
to erosions is a key distinguishing fea-
ture of inflammatory arthropathies
such as RA and subsets of psoriatic
arthritis. Mediators of joint damage
including the cysteine proteases,
cathepsin B and L, and several matrix
metalloproteinases (MMP) have been
studied in early disease. Serum and
synovia fluid levels of MM Ps, particu-
larly MMP3 and MMPL, have correlat-
ed with erosive damage in early RA
(52). A few studies have also attempted
to correlate tissue protease presence
and activity with joint damage.
Collagenase (MMPL), stromelysin
(MMP3), the gelatinases (MMP2,
MMP9) regulators of MMP function
(MMP14, TIMP1, TIMP2), and cathe-
psins B and L have al been detected in
synovial tissue from early RA (31, 53-
55). MMP1 was strongly expressed in
the synovia lining layer and perivascu-
lar tissue but spared lymphocytic
aggregates (54). MMP3 and the cathep-
sins were also expressed in the lining
layer. Comparisons of MMP1, MMP3
and cathepsin protein expression
between early RA and established RA
or between other early inflammatory
arthritides such as PsA have shown
similar expression patterns. MMP1
expression in the lining and sublining
and cathepsin L mRNA expression in
sublining synovial tissue was greater in
early RA than non-RA (54). Important-
ly, in this study MMPL1 expression was
correlated with the devel opment of new
erosions after 1 year of follow-up (54).
The gelatinases (MMP2 and MMP9)
are of particular interest in early inflam-
matory disease as they are critical for

angiogenesis (56) and blood vessdl mor-
phology may be an early distinguishing
feature between different types of
arthritis. The gelatinases (MMP2,
MMP9) and their regulators (MM P14,
TIMP1 and TIMP2) were present in
early RA synovium yet virtually unde-
tectable in normal tissues (55). MMP2
was widely expressed, whereas MM P9
expression was more focal and present
mainly in the sublining tissue. TIMP2,
and MMP14 were expressed primarily
in the lining layer. Early RA patients
had higher levels of MMP2 expression
than early non-RA patients and also
had higher levels of MM P14, an activa
tor of MMP2, and lower levels of
TIMP2. Gélatinase activity was mea
sured by a sensitive tissue-based zymo-
graphic techniquein the NIH early syn-
ovitis samples. Early RA patients had
higher levels of MMP2 activity than
non-RA patients. Interestingly, MMP9
activity was higher, though not statisti-
cally significant in non-RA patients. In
addition, MM P2 expression and activi-
ty was significantly correlated with
radiographic erosions in the NIH early
arthritis patients,suggesting it may bea
marker for aggressive erosive disease.
The Leeds early synovitis cohort also
found greater MM P9 expression in PsA
than in early RA patients (38). Impor-
tantly, MMP9 expression in synovial
fluid of early PsA patients correlated
with tissue vascularity and with syn-
ovia fluid VEGF. This suggests that
increased gelatinase activity may influ-
ence the differences in vasculature
found early in PsA and RA patients and
may be a clinically useful predictor of
erosive disease. More study is needed
to confirm this.

Apoptosisin early disease

Accumulation of inflammatory cells
and stromal proliferation can result
from cellular proliferation, recruitment
potentially through increased chemokine
or adhesion molecule expression, or
reduced apoptosis. The proportion of
apoptotic cells in the synovium of
patients with established RA, PsA and
ReA inflammatory arthritis was greater
than in control tissues and ReA tissue
appeared to have greater apoptosis than
RA and PsA (22). Catrina et al. com-
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pared the degree of apoptosis as mea-
sured by TUNEL staining in early and
late RA (57). Early RA had limited
apoptosis compared to late RA and the
gpoptosis in late RA was clustered in
the lining and sublining layers. Inter-
estingly, this group found that early RA
had higher levels of FLICE-like
inhibitory protein (FLIP) which is an
inhibitor of apoptosis. They postulated
that there is defective apoptosis early in
disease and that apoptotic mechanisms
are subsequently restored later in the
disease. The p53 tumor suppressor
gene aso regulates apoptosis and p53
mutations have been associated with
certain malignancies. In the setting of
cellular damage, p53 can either arrest
cell growth or induce apoptosis. The
expression of p53 has been studied in
early arthritis synovial tissue (58). p53
gene expression was detected in the lin-
ing layer, endothelium, lymphocytic
aggregates where present, and diffuse
leukocytic infiltrates of inflammatory
synovium only. Importantly, p53 expres-
sion in diffuse leukocytic infiltrates
was much higher in RA than in ReA or
inflammatory OA synovium however,
was similar in early and late RA syn-
ovium. Endothelia cell apoptosis was
greater in early RA than early PsA (38)
and this may account for some of the
vascular patterns seen in early PSA. In
thislatter study apoptosis was also seen
in perivascular and stromal tissue but
minimal apoptosis was detected in the
lining layer (38).

Histopathologic predictors of
outcome

The primary concern with characteriz-
ing early arthritis relates to the need to
identify patients destined to have per-
sistent synovitis or aggressive erosive
joint damage. Thus identifying patho-
logic features which can predict dis-
ease outcome — either in terms of pro-
gression of disease versus early remis-
sion or the development of joint dam-
age and erosions — will be useful in
clinical prognostication as well as pro-
vide further understanding of the
pathobiology of the disease. A few
studies have looked at pathologic fea
tures and the outcome of arthritis.
Protease activity is critical for joint



damage and serum levels of proteases
have been shown to be predictive of
erosive disease (52, 54). At the tissue
level, collagenase (MMP1) mRNA and
cathepsin L mRNA expression were
highest in patients with erosive disease
either at the time of biopsy or on fol-
lowup. In addition, collagenase,
(MMP1) mRNA inlining and sublining
layers and cathepsin B mRNA in the
sublining layer correlated with the
number of new erosions that devel oped
after 1 year of follow-up (54). In the
NIH cohort, active MMP2 (gelatinase
A) in the synovial tissue of early syn-
ovitis was associated with erosive dis-
ease (55). Synovial macrophage num-
bers early in disease have also correlat-
ed with the radiographic score after 5-6
years, however, CD3 T cells were not
associated with the development of
erosions (54).

Osteoclast activity is critical for the
development of bone erosions. The for-
mation and activation of osteoclasts is
dependent on the interactions between
the receptor activator of NFkb (RANK)
expressed by osteoclasts and osteoclast
precursors, its ligand receptor activator
of NFkb ligand (RANKL) expressed
by osteoblasts, stromal cells and fibrob-
lasts, and a soluble decoy receptor
osteoprotegerin (OPG) (59). RANKL
and OPG have been detected in syn-
ovial tissue obtained from patients with
rheumatoid arthritis and spondylo-
arthropathies (60,61). RANKL expres-
sion was greater in active RA synovium
obtained from patients with less than
12 months of disease and spondy-
loarthropathy synovium obtained from
patients with more established disease
than in synovium from inactive RA,
OA or normal controls (60). In addi-
tion, RANKL expression in active RA
tended to be greater than in SpA.
RANKL was expressed on CD3 T
cells, primarily activated memory T
cells, and some macrophages. In con-
trast, OPG expression was seen only in
inactive RA, spondyloarthropathy, OA
and normal synovium but not in active
RA synovium and was primarily
expressed by macrophage-like cells in
the lining layer and endothelial cells
(61). This suggests that a deficiency of
OPG may lead to excessive osteoclast
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activity and predispose to the develop-
ment of early erosions.

Therole of synovial tissue biopsy

in the early synovitisclinic

Analysis of synovial tissue biopsies
obtained from patients early in the
course of their disease can provide
valuable insights into the pathogenic
mechanisms occurring in the early
stages of inflammatory arthritis. Spe-
cific features have not yet been identi-
fied which clearly distinguish clinical
variants with a high degree of specifici-
ty, suggesting that similar mechanisms
may be acting in different conditions.
Importantly, clinicaly relevant mea-
sures of disease severity, the develop-
ment of erosions and disease remission,
can potentially be predicted using
pathologic variables, although this
remains to be clearly shown in large
cohorts of patients. Thus,careful analy-
sis of synovial tissue histopathology, in
combination with known clinical fea-
tures and novel RA specific autoanti-
bodies has the potential to assist the
clinician in identifying patients who
need to be targeted for more aggressive
therapy.
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