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Morphometric analysis of blood vessels in synovial
membranes obtained from clinically affected and
unaffected knee joints of patients with rheumatoid
arthritis

0 FitzGerald, Muriel Soden, Ghada Yanni, R Robinson, B Bresnihan

Abstract
Synovial tissues from inflamed and non-
inflamed knee joints of 13 patients with
untreated rheumatoid arthritis were examined
for vascular proliferation and morphological
alteration of endothelial cells. Perivascular
mononuclear cell infiltration and increased
thickness of the synovial liing layer were
noted in tissues from inflsmed and non-
inflamed joints of patients with rheumatoid
arthritis; vascular proliferation and morpho-
logical alteration of endothelial cells to
resemble high endothelial venules were seen
only in tissues from inflamed joints of patients
with rheumatoid arthritis. These observations
suggest that themition ofmononuclear cells
from the peripheral blood to the perivascular
areas and lning layer occurs before vascular
proliferation and morphological alteration of
endothelial cells.
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The histological features which characterise
established synovitis in patients with rheumatoid
arthritis are well established.' They include
thickening of the lining layer; a variable degree
of mononuclear cell infiltration, which consists
predominantly of lymphocytes, macrophages,
and plasma cells; fibrin deposition; and proli-
feration of the postcapillary venules and
capillaries in the sublining layer. Vascular
proliferation may determine the rate of disease
progression in rheumatoid arthritis.2 Similar
angiogenic effects have been described in patients
with diabetic retinopathy3 and neoplasia.4

Several studies have examined the relation
between changes in the synovial vascular endo-
thelium and lymphocyte infiltration."7 Interest
has been generated by the structural and func-
tional similarities found in normal lymphoid
tissues and rheumatoid synovial membranes.5
In normal lymphoid tissues lymphocytes migrate
through postcapillary venules lined by tall
endothelial cells."' These venules are termed
high endothelial venules. Lymphocytes in the
rheumatoid synovium also migrate from the
blood through postcapillary venules similar to
high endothelial venules to form characteristic
lymphocyte-rich perivascular infiltrates.67
There is considerable evidence suggesting that
the unique morphology of endothelial cells
lining high endothelial venules is lymphocyte
dependent.5 6 ''5In the rheumatoid synovium
it has been shown that the tallness of endothelial
cells is strongly correlated with the number and
percentage of perivascular lymphocytes.6 Local
factors other than those related to circulating
lymphocytes must also be operating in rheuma-

toid arthritis, however, as many joints may not
be affected. The aim of this study was to
compare indices of vascular proliferation and
endothelial cell 'tallness' in synovial membrane
biopsy specimens obtained from clinically
inflamed and from unaffected knee joints of
patients with rheumatoid arthritis. Vascular
proliferation and an increase in endothelial cell
tallness was observed only when overt synovitis
was present. An increase in the thickness of the
lining layer and lymphocyte infiltration was
apparent in some patients before vascular endo-
thelial change.

Patients and methods
PATIENTS AND CONTROLS
As part of a previous study'6 a number of
patients first presenting with untreated classical
or definite rheumatoid arthritis'7 to the Depart-
ment of Rheumatology, St Vincent's Hospital,
Dublin, Ireland, underwent synovial needle
biopsy of one knee joint. Approval had been
obtained from the St Vincent's Hospital ethics
committee. Sufficient tissue for further study
was available from nine biopsy specimens
obtained from patients with clinically overt
knee joint synovitis (group A) and from four
specimens obtained from patients with appar-
ently unaffected knee joints (group B). None of
the patients in either group had ever received
gold salts, antimalarial compounds, D-penicil-
lamine, or corticosteroid treatment; patients
who had received intra-articular corticosteroid
injections were excluded from the study. Thir-
teen controls matched for age were chosen from
subjects undergoing postmortem examination
(group C). All control subjects had apparently
normal knee joints and a review of their case
notes excluded a history of arthritis.

SYNOVIAL BIOPSY
After informed consent, blind needle biopsy of
one knee joint was performed using a Williamson
Holt synovial biopsy needle (Shrimpton and
Fletcher Needle Industries, Redditch, UK) as
described previously.'6 Samples were fixed in
formalin for embedding in paraffin and evalua-
tion. Samples from the necropsy controls were
obtained by open exposure of the knee joint
within 12 hours of death from the medial,
lateral, and suprapatellar recesses.

SYNOVIAL HISTOLOGY
Formalin fixed samples were sectioned to 7 pim
thickness and stained with haematoxylin and
eosin. Sections were also stained with peroxidase
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conjugated antihuman factor VIII related anti-
gen (anti-FVIII RAg), a marker for vascular
endothelial cells, as follows. Tissue sections
were rehydrated and treated for five minutes
with 3% hydrogen peroxide to block endoge-
nous peroxidase activity. After rinsing in distil-
led water the antigenic sites were unblocked by

Figure I High endothelial
venules index. A Kontron
image analysis system was
used to calculate the areas
enclosed by the outer vessel
limit (area 1) and the vessel
lumen (area 2). The high
endothelial venules index is
calculated asfollows: high
endothelial venules
index=X(area I -area2)1n,
wheren=thenumberof
vessels examined.

AREA 1 AREA 2

HEV - Index =
I (Area I - Area 2)

n

Figure2 Synovialtissueobtainedfromaclinicallyaffectedrheumatoidarthritiskneejoint
stainedwith(A)haematoxylinandeosinand(B)anti-factor VIII relatedantigen.

digesting with 0-1% trypsin in 0-1% calcium
chloride at 37°C, pH 7-8, for 15 minutes.
Extensive washing with water and TRIS
buffered saline removed the trypsin, and the
tissues were then incubated for 10 minutes in
normal swine serum (diluted 1:5 in TRIS
buffer) before incubation for one hour in anti-
FVIII RAg (diluted 1:400 in TRIS buffer).
Successive incubations and wash cycles
followed with swine anti-biotinylated rabbit IgG
(Dako Laboratories, Copenhagen, Denmark)
for 30 minutes, avidin biotin complex (Dako
Laboratories) for 30 minutes and diaminoben-
zidine-peroxidase substrate for five minutes.
Finally, the nuclei were lightly counterstained
with haematoxylin and the tissues were dehyd-
rated and mounted.

SYNOVIAL VASCUILARITY
Using the anti-FVIII RAg stained specimens,
we measured synovial vascularity by counting
the number of vessels per square millimetre. To
standardise the assessment and to avoid going
too deeply into the subsynovial tissue where
there are fewer inflammatory cells, only vessels
within 150 1im of the synovial surface were
counted. A minimum length of 450 ,um along
the synovial lining layer was examined in each
sample.

MORPHOMETRIC ANALYSIS
The number of synovial samples containing
vessels similar to high endothelial venules was
recorded by two independent observers (OF
and MS). In addition, using a Kontron image
analysis system, an index of the tendency of the
vessel to appear morphologically similar to high
endothelial venules vessels (high endothelial
venules index) was established. The peripheral
limit of the vessel was defined by the limit of the
anti-FVIII RAg staining (approximately the
basement membrane). By calculating the area
contained by the outer vessel limit (area 1)
(fig 1), and subtracting from it the area contained
by the vessel lumen (area 2), the difference
obtained is proportional to the height of the
endothelial cells. The high endothelial venules
index is therefore defined as X: (area 1 -area
2)/n, where n is the number of vessels examined.
In each specimen recorded n was greater than or
equal to eight. The high endothelial venules
index was calculated by two independent obser-
vers, one ofwhom was unaware of the source of
the specimen.

STATISTICAL ANALYSIS
Differences between groups were examined
with a Mann-Whitney U test.

Results
In non-inflamed synovium tissues, blood vessels
were readily identified in sections stained with
haematoxylin and eosin. In inflamed synovium
tissues, however, it was often difficult to identify
blood vessels when they were surrounded by a
cellular infiltrate (fig 2A). By staining the
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specimens with anti-FVIII RAg, blood vessels
could be more easily distinguished from the
surrounding cells (fig 2B). Anti-FVIII RAg
appeared to be both a sensitive and specific
marker for vascular endothelial cells in all of the
specimens studied.

SYNOVIAL VASCULAR PROLIFERATION
The number of vessels per square millimetre
was calculated for each biopsy specimen and the
results are presented in fig 3. The mean (SD)
value in synovial biopsy samples obtained from
patients with clinically inflamed knee joints
(group A) was 390 (90). In contrast, the mean
number of vessels per square millimetre in
synovium tissue obtained from the four patients
with apparently unaffected knee joints (group B)
was only 280 (30), similar to the value of 270
(30) found in synovial tissues from the control
subjects (group C) (p<001, A v C).

MORPHOMETRIC ANALYSIS
The presence of vessels similar to high endothe-
lial venules in synovial membrane sections
obtained from the three groups was recorded by
two independent observers. The results obtained
by both observers were similar. Figure 4 shows

Figure3 Numberof
vesselspersquare millimetre
obtainedfrom threegroups.
GroupA contained
synoviumfrom clinically
affectedjoints,groupB
containedsynoviumfrom
clinically unaffectedjoints,
andgroupCwere control
subjects. The bars represent
mean(SD)values.
*p<O0O1,groupAvgroup
C(Mann-Whitney Utest).

Figure4 Tissuestained
withanti-factor VIII
relatedantigen. Thissection
wasobtainedfroma
clinically affectedjoint
(groupA). Arrow indicates
avesselsimilartohigh
endothelialvenules.

600

E
E

S0

400

200-

*

FigureS Highendothelialvenules(HEV)index.
Synoviumwasobtainedfrom threegroups asoutlined
infig3. Thebarsrepresentmean(SEM)values.
*p<O.O1,groupA vC(Mann-Whitney Utest).

a typical vessel similar to high endothelial
venules with tall endothelial cells protruding
into the vessel lumen. Vessels similar to high
endothelial venules were identified in seven of
nine samples in group A patients. None was
seen in either group B or C. These results were
further supported by calculation of the high
endothelial venules index. As shown in fig 5,
the mean (SEM) high endothelial venules index
in group A was 430 (58) and this was greater
than the values seen in group B (242 (41)) and
group C (181 (41)) (p<001, A v C).

Discussion
The blood vessels in synovial membrane biospy
specimens obtained from two groups of patients
with rheumatoid arthritis were examined for

Group A* Group B Group C evidence of proliferation and altered endothelial
morphology. These observations are of interest
in the context of other features seen in synovial
membrane tissues obtained from clinically
unaffected rheumatoid joints.'6 The~~~~~~~~~~~nf e e most 2................ .2.:-=.....

common change was hyperplasia of the synovial
lining layer, which was seen in about two thirds

*ft- Z ;:3:;.'.ofthe biopsy samples. A mononuclear cell

infiltrate, usually sparse, was seen in only one

S N, *og ;Pthird of the samples. These results show that
y tissues obtained from patients with clinical and

histological knee joint synovitis were character-
ised by prominent vascular prolferation and the

number of vessels per square millimetre asso-

ciated with overt synovitis was significantly
S.wigreater than control values. In contrast, the

number of vessels per square millmetre seen in

synovial tissues obtained from unaffected knee

. V joints of patients with rheumatoid arthritis was
simiri to the control samples, suggesting that
clinical synovitis may evolve as vascular proli-
feration advances. A characteristic change in
endothelial morphology with prominent vessels

similar to high endothelial venules was only
seen in patients with clinical synovitis.
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There is considerable evidence suggesting
that the cells occupying the thickened lining
layer are predominantly mononuclear phagocytic
cells which migrate from the postcapillary
venules of the sublining layer.1'-20 These
mononuclear phagocytic cells are characterised
by the presence on their surface of adhesion
molecules associated with diapedesis. It has
been suggested that these cells might be
responding to a chemotactic stimulus arising
within the joint space.2' Thus the finding in this
study of thickening of the lining layer in the
absence of clinical synovitis suggests that the
accumulation of mononuclear phagocytic cells
at the joint surface does not primarily depend
on changes in endothelial function and morpho-
logy.
The rheumatoid arthritis synovium is infiltra-

ted by a variety of mononuclear cells, of which
T lymphocytes predominate.22 T and B
lymphocytes pass through the synovial venules
to form lymphocyte-rich perivascular infil-
trates23 containing T helper cells and HLA-DR
mononuclear cells.2"29 T cells may migrate
through the synovium and occupy transitional
areas,30 which also contain a variety of other cell
populations, including indigitating dendritic
cells, macrophages, plasma cells, and fibro-
blasts.6 The role of the endothelial cell in the
migration of mononuclear cells to inflammatory
sites has recently been studied intensively. The
cytokine mediated adherence of lymphocytes to
the vascular endothelium is the first step in their
passage from the circulation into the foci of
inflammation.'5 31-34 The endothelial cells may
function in lymphocyte migration as accessory
cells in lymphocyte activation35 through their
ability to present antigen to T cells36 or by
secreting cytokines.37 In addition, endothelial
cells in the rheumatoid synovium have been
shown to express adhesion molecules which
recognise and bind to similar adhesion molecules
on lymphocytes.39 4 Although the intracellular
adhesion molecule 1 (ICAM-1) and the lympho-
cyte function associated antigen 3 (LFA-3) are
expressed in the rheumatoid synovium,39 a
distinct endothelial recognition system that
controls lymphocyte traffic into the inflamed
synovium has been suggested.40

Increased angiogenesis and morphological
changes in endothelial cells seem to represent a
critical stage in the evolution and progression
of chronic synovitis. Although perivascular
lymphocytes do accumulate in its absence, the
number and percentage of lymphocytes are
thought to be dependent on endothelial tallness.6
The exact mechanism of this vascular change is
not understood, but cytokines including inter-
leukin 1, tumour necrosis factor, and immune
interferon have been implicated.41A3 Several
recent studies have elucidated some of the
events which follow the migration of T cells
from the circulation into the synovium. Naive T
cells accumulate in the perivascular areas before
maturation, activation, and further migra-
tion." "4 As thickening of the lining layer and
mononuclear cell infiltration seem to take place
in the absence of clinical synovitis, there may be
a critical level of activation or concentration of
cytokines necessary to induce the required

vascular m)rphological changes or to increase
the expression ofendothelial adhesion molecules.
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