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Abstract

Objective—To determine the distribution,
activation, and tryptase/chymase pheno-
type of mast cells (MCs) in the rheuma-
toid lesion.

Methods—MUC tryptase and chymase were
studied by immunohistochemistry using
monoclonal antibodies and examination
by brightfield, interference, and fluor-
escent microscopy. Thirty four specimens
of cartilage-pannus junction and 26
specimens of rheumatoid synovium, all
derived from knee surgery, were ex-
amined.

Results—MCs were identified in all
specimens examined, but their distribu-
tion and local concentrations varied, both
within and between specimens. As a
proportion of total synovial cells, there
were more MCs in fibrous synovial tissues
than in those with active inflammatory
cell infiltrations; MCs usually showed
a peripheral distribution around lym-
phocytic/mononuclear cell infiltrations.
Most cartilage-pannus specimens dem-
onstrated local concentrations of MCs at,
or close to, sites of cartilage erosion, a
significant proportion of which showed
extracellular tryptase indicative of MC de-
granulation. MC degranulation was often
associated with localised oedema and dis-
ruption of the stromal matrix. Two MC
phenotypes were identified: one popula-
tion contained tryptase alone (MC;)
whilst another contained both tryptase

and chymase (MOC.:). The ratio
MC;:MC;c approximated 8:1.
Conclusions—This histological study

demonstrated that local concentrations of
MCs and their activation/degranulation
are commonly observed in the rheumatoid
lesion, and especially at sites of cartilage
erosion. Such observations add weight
to the concept that MCs contribute to
the processes of inflammation, matrix
degradation and tissue remodelling.

(Ann Rheum Dis 1995; 54: 549-555)

Extensive proteolytic degradation of articular
cartilage is a characteristic feature of joint
destruction in rheumatoid arthritis. This
irreversible process is commonly associated
with invasive hypertrophied synovium, the type
of cells observed at sites of erosion showing

marked heterogeneity.! Histological studies
have reported mast cell (MC) hyperplasia in
rheumatoid synovia’® and their presence at
sites of cartilage erosion.® The MC is now
considered to play a pivotal role in a variety
of biological responses, including allergic re-
actions, fibrosis, angiogenesis, wound healing,
inflammation, and tissue remodelling.”® As
MCs contain a variety of potent mediators
such as histamine, heparin, proteinases, leuko-
trienes, and multifunctional cytokines,’ *° it is
probable that the MC participates in the
processes of inflammation, matrix degradation
and tissue remodelling, although the extent of
its contribution and its precise functional
role(s) remain to be defined.

Earlier histological studies of MCs in
rheumatoid synovia have wusually used
metachromatic staining of the heparin-
containing MC granules with conventional
stains such as toluidine blue, Giemsa or Alcian
blue.? > ' However, these methods give little
indication of MC activation/degranulation
and are inferior to the more sensitive
immunological techniques using antibodies
to MC histamine'? or the specific MC
proteinases, tryptase and chymase.!*> As both
these enzymes are components of MC
granules, their tissue distribution provides an
assessment of MCs in both non-activated and
degranulated states.

Variation in proteinase content is a major
feature of MC heterogeneity.!* ' In humans,
tryptase is the dominant enzyme of most MCs
found in mucosal tissue of the gut and lungs,
but MCs containing both tryptase and
chymase have been reported in most tissues,
especially in skin and intestinal submucosa.” °
Previous studies of MCs in rheumatoid synovia
indicated a homogeneous population with
phenotypic and functional similarities.’ !¢
Using dual immunolocalisation studies to
detect the MC enzymes tryptase and chymase,
we report here the existence of two MC
phenotypes in rheumatoid synovia, provide a
detailed assessment of MC distribution and
activation in the rheumatoid lesion, and
demonstrate that MC activation/degranulation
is commonly associated with localised oedema
and stromal disruption.

Materials and methods

TISSUE SAMPLES

Specimens of cartilage-pannus junction and
rheumatoid synovial tissue were obtained from
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34 patients (26 women and eight men, age
range 46-79 years) with late stage classic
rheumatoid arthritis undergoing arthroplasty
of the knee. Joint tissues were transferred to the
laboratory in Hanks’s balanced salt solution
(HBSS) and junctional specimens (cartilage
with overlying synovial tissue) were carefully
sampled. Although all surgical specimens
showed extensive cartilage loss, with denuded
bone a common feature, residual cartilage with
overlying rheumatoid synovium was usually
available for sampling and represented various
stages of cartilage erosion from each joint.
After one hour in Carnoy’s fixative the
specimens were conventionally embedded in
paraffin wax and 5 pm sections were cut,
dewaxed and rehydrated, and examined for the
presence of MC tryptase and MC chymase. In
addition, rheumatoid synovial tissues not
associated with cartilage or bone were obtained
from 26 remedial synovectomies and similarly
processed.

Because all these synovial specimens showed
wide variations in tissue histology, including
cellular composition and the amount of fibrous
stroma, each specimen was classified by
histological appearance to one of three groups,
defined as ‘cellular’, ‘fibrous’, or ‘cellular/
fibrous’. The quantification of MC distribu-
tion, avoiding major blood vessels, was evalu-
ated in specimens of these three groups by
examination (with a X40 objective) of eight
fields of at least two slides per specimen,
and calculated as a proportion of total cell
numbers determined by haematoxylin counter-
stain.

IMMUNOLOCALISATION OF MC PROTEASES
Mouse monoclonal antibody to human MC
tryptase (Chemicon International, London,
UK) was diluted 1:300 in Tris-buffered saline,
pH 7-6 (TBS) and applied to the tissue
sections for two hours at 20°C. After three 10
minute washes in TBS, the sections were
exposed to alkaline phosphatase-conjugated
goat antimouse antibody (Dako, UK) diluted
1:50 in TBS for one hour. After further
washing the alkaline phosphatase was
developed using New Fuchsin substrate as
previously described. !’

Mouse monoclonal antibody to human MC
chymase (Chemicon International) was diluted
1:100 in TBS and applied to the sections
for two hours at 20°C, with subsequent
procedures as described above for the
localisation of tryptase.

TBS or normal mouse IgG (Dako) in
concentrations similar to those of the primary
antibodies were substituted for the primary
antibody on control tissue sections of each
specimen and consistently produced negative
observations.

All tissue sections were lightly counter-
stained with Harris’s haematoxylin to dem-
onstrate nuclei (bluish-grey) and subsequently
mounted in Histomount (Mensura Tech-
nology, Wigan, UK), examined, and photo-
graphed using a Zeiss photomicroscope III and
Ektachrome 160 tungsten film.
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DUAL IMMUNOLOCALISATION OF MC TRYPTASE
AND CHYMASE

MC chymase was localised using the primary
antibody described above but with fluorescein
isothiocyanate(FITC)-conjugated rabbit anti-
mouse IgG as the secondary antibody. The
tissue sections were subsequently treated with
an excess of normal mouse IgG to eliminate
cross reactivity with the primary antibody to
MC tryptase. The latter, conjugated directly
to alkaline phosphatase (Chemicon Inter-
national) was subsequently applied to the
tissue sections and developed using Fast red
substrate which fluoresces red under conven-
tional ultraviolet illumination. The tissue
sections were mounted in Immunomount
(Shandon, UK), examined, and photographed
using a Zeiss photomicroscope III with filter
sets for FITC or Fast red.

Results

MC tryptase was shown to be an effective
marker for synovial MCs and its extracellular
distribution provided an assessment of MC
activation/degranulation. All specimens of
rheumatoid synovium showed the presence
of MCs, but their distribution and local
concentrations, both within and between
specimens, were variable. Of the 34 specimens
of cartilage-pannus junction examined, 25
showed evidence of MCs located at the
cartilage-pannus interface. Seventeen of these
showed evidence of MC activation as judged
by extracellular tryptase close to sites of
cartilage erosion (fig 1). Other specimens
showed the presence of MCs at or near the
junction, but without tryptase release. Of
particular note was the observation that when
MCs were observed at sites of cartilage erosion
they usually represented a locally increased
concentration compared with their distribution
within the supporting synovium.

Concerns as to whether some observations of
extracellular tryptase may have been artificially
induced by the physical trauma of surgery and
sampling were alleviated to some extent by
observations showing local tryptase uptake by
neighbouring synoviocytes surrounding acti-
vated MCs (fig 1D). Such observations are in
accord with previous reports that both mono-
nuclear phagocytes'® and fibroblasts'® effectively
phagocytose extruded MC granules (and the
tryptase component). In addition, most speci-
mens demonstrated both intact and degranu-
lated MCs within the same tissue section (fig
1A, C), thereby providing some reassurance
that MC integrity was retained during sampling
processes.

Throughout this study the histological
heterogeneity of pannus tissue overlying
cartilage was evident. It was possible to
recognise three types of pannus tissue:
cellular, in which the tissue was predominantly
comprised of cells such as fibroblasts,
macrophages, and variable numbers of T cells
and plasma cells (figs 1D, 2F, G);
fibrous, in which the dominant component was
stromal connective tissue, with relatively few
fibroblasts and blood vessels (figs 1A, 2A);
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Figure 1 Immunolocalisation of mast cell (MC) tryptase at the rheumatoid lesion in knee joints of patients with classic

seropositive rheumatoid arthritis. ~ A: Photomicrograph demonstrating both intra- and extracellular MC tryptase at the

cartilage-pannus junction. Note halos of 1

11ve tryp

indicative of MC degranulation and traces of tryptase

staining on the cartilage at the interface with the synovial tissue. (Man, 65 years.) Horizontal bar represents 60 um.

B: Photomicrograph showing MC tryptase at the cartilage-pannus interface. Note close apposition of activated MCs to
cartilage surface. (Woman, 64 years.) Bar, 35 um. C: Photomicrograph showing both intact and activated MCs at the
cartilage-pannus junction. Note extracellular staining of tryptase associated with connective tissue elements at sites of

cartilage erosion. (Woman, 74 years.) Bar, 25 um.

D: Photomicrograph demonstrating two activated MCs as judged by

extracellular tryptase at the cartilage-pannus junction. Note intracellular uptake of tryptase by adjacent synoviocytes.

(Woman, 59 years.) Bar, 25 um.

cellular/fibrous, in which different locations
within the same specimen showed -either
cellular or fibrotic characteristics (fig 2C, E).
MC numbers were evaluated for several
specimens from each of these categories
(table). MCs represented a significantly greater
proportion of total cells in the fibrous
(approximately 2-8%) than in the cellular
(approximately 1-18%) type of synovial
pannus. Synovial tissues with a prominent
inflammatory cell component invariably
demonstrated MCs located at the periphery of
lymphocytic/mononuclear cell infiltrations
(fig 2E, G), whereas in fibrous synovial speci-
mens the MCs were usually distributed evenly
throughout the tissue (fig 2A, B).

Occasionally, large numbers of MCs, many
showing extracellular tryptase, were observed
in discrete regions of pannus tissue. Two
specimens in particular were heavily stained for
extracellular tryptase throughout the tissue,
and each demonstrated clear histological
evidence for connective tissue disruption and
lysis (fig 2G, H), as judged by Nomarski
interference microscopy. Other specimens
showing more localised MC activation were
also commonly associated with tissue oedema
and matrix disruption (fig 2C, D). In contrast,
where intact MCs were observed the
surrounding stroma was consistently well
ordered (fig 2A, B).

MC heterogeneity, recognised by the
differential content of MC tryptase and
chymase, is an established feature of MC
biology in which specific tissues usually
illustrate one particular MC phenotype.

Immunolocalisation of MC chymase revealed
positive staining for all the synovial specimens
examined (n=11). Evidence for chymase-
containing MCs at the rheumatoid lesion is
shown in figure 3A, and a local concentration
of similar MCs within rheumatoid synovial
tissue is shown in figure 3B. However, the
numbers of chymase-containing MCs were far
fewer than those of MCs containing tryptase.
Comparative studies using adjacent sections of
synovial tissues stained for MC tryptase or
chymase, respectively, demonstrated that
although chymase-containing MCs were always
observed, their proportion never exceeded 20%
of the total MCs. These observations were
subsequently extended using dual immuno-
localisation of MC tryptase and chymase on the
same tissue sections (fig 3C, D). These studies
demonstrated and confirmed the existence of
two distinct MC phenotypes in synovial tissues.
The predominant MC type in all specimens
contained tryptase (MCr), whereas a small pro-
portion (range 5-18%) of synovial MCs
contained both chymase and tryptase (MCrc).
No MC was in any of the specimens was
observed to contain only chymase.

Discussion

Rheumatoid arthritis is a chronic inflammatory
disease characterised by synovial hyperplasia
and hypertrophy. Numerous reports have
described specific cellular components of the
inflamed synovial tissue, such as macrophages,
T lymphocytes, neutrophils, and fibroblasts,
but only recently has the MC been recognised
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as an important component of the rheumatoid
lesion. Several histological studies have re-
ported increased MC numbers in rheumatoid
synovia>® ' compared with normal syno-

vium,? including their presence at sites of
cartilage erosion.' ® Those studies used con-
ventional histochemical staining techniques for
the basophilic MC granules, but more recent
studies have shown these to lack the sensitivity

Figure 2 Immunolocalisation of mast cell (MC) tryptase in rheumatoid synovia. A: Low power photomicrograph
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of immunohistochemistry for specific MC
components.'? '* '* Immunolocalisation of MC
tryptase, an enzyme unique to virtually all
human MC granules®’ > !> has proved most
useful not only for the identification of intact
MGCs, but also for an assessment of MC
degranulation.

During this histological study of rheumatoid
knee specimens, we have noted wide variations

oy -

showing the distribution of intact MCs in fibrous type rheumatoid synovium. Horizontal bar represents 60 um. B: High
power photomicrograph showing intact MCs in fibrous type rheumatoid synovium. Bar, 25 um. (Note that in both A and
B the connective tissue stroma surrounding MCs is well ordered.) C: Low power photomicrograph showing intra- and
extracellular staining of MC tryprase associated with the stromal tissue of a cellular/fibrous specimen of rheumatoid
synovium. Bar, 60 um. D: High power photomicrograph of specimen C, showing the association of activated/
degranulated MCs, visualised by darker extracellular tryptase staining, with localised tissue oedema and disruption of
stromal components. Bar, 25 um. E: Low power photomicrograph of MC tryptase in a cellular/fibrous specimen showing
the distribution of MCs in the stromal tissue and mainly peripheral to a lymphocytic infiltration. Bar, 60 um.

F: Photomicrograph of degranulated MCs around a group of plasma cells. The peripheral distribution of MCs in relation to
inflammatory cell infiltrates was a common observation. Bar, 25 um.  G: Photomicrograph of a cellular synovial specimen
showing widespread staining of tryptase throughout the tissue. Note extensive MC degranulation and stromal disruption;
relatively little MC tryprase within inflammatory cell population (central location). Bar, 60 um. H: High power
photomicrograph of specimen G, showing evidence of tissue oedema and stromal disruption associated with heavy
extracellular immunostaining of MC tryptase as visualised by the dark appearance of micrographs G and H. Bar, 25 um.
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in tissue histology, with cellular heterogeneity
at sites of cartilage erosion and variable ratios
of fibrous and cellular components even within
samples derived from the same joint.! 2! It was
therefore not surprising that a variety of MC
observations became evident, not least the
realisation that MCs seldom have a uniform
tissue distribution, thereby indicating dif-
ficulties in relating synovial MC numbers to
clinical disease activity. Indeed, the data
presented in the table indicate that
proportionally more MCs were present in
fibrous, more quiescent synovial specimens
than in those with active inflammatory cell
infiltrations. Although MCs were dem-
onstrated in every specimen, their increased
distribution and apparent activation at
cartilage-pannus junctions were evident in a
significant proportion of the specimens
(approximately 60%) examined. Moreover,
MC activation/degranulation in many speci-
mens appeared to be localised to specific
regions of the tissues. Since the demonstration
of extracellular tryptase implies that other MC
granule components such as heparin,
histamine, hydrolases, and some cytokines are
released concomitantly, it was to be expected
that such sites would often show localised

Mast cell distribution and relative proportions in

rheumatoid synovial tissues

Tissue type Mast cells as
% of total cells

Cellular (n =8) 1-18 (0-18)**

Fibrous (n=7) 2-80 (0-48)

Cellular/fibrous (n = 6) 219 (0-67)

Values are mean (SD). **Significant difference (p <0-005)
compared with fibrous types (Student’s z test); other differences
not significant.
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oedema and damaged connective tissue
elements, for example as described in figure 2.
However, the tryptase enzyme is a tetramer
which loses activity upon conversion to its
monomeric form via its dissociation from
heparin.?? At present we are uncertain how
long this inactive monomeric tryptase remains
in the tissues awaiting processing and elimina-
tion; thus it is difficult to judge precisely when
MC degranulation occurred in the tissue
before fixation. This realisation may account
for the variable extents of oedema and stromal
lysis observed in association with extracellular
tryptase, the former processes probably being
short term sequential events following MC
degranulation, as demonstrated experimentally
in rat mesentery.?

In humans, two types of MC have been
identified by immunohistochemical analysis.
The MC; type contains only tryptase and
predominates in lung and intestinal mucosal
tissues, whereas the MCic type contains
tryptase, chymase, carboxypeptidase, and a
cathepsin G-like protease and predominates in
normal skin and intestinal submucosa.’ All the
MC enzymes form macromolecular complexes
with heparin proteoglycan of the secretory
granules, the proteinases becoming released
upon extracellular extrusion and subsequent
dissolution of the granule structure.”® This
study has shown that both MC phenotypes are
present in rheumatoid synovia, with an
MC1:MCq ratio of approximately 8:1. At
present, the biological functions of the MC
proteinases remain uncertain, as both tryptase
and chymase have very restricted substrate
specificities,” °* but detailed studies of their
actions against connective tissue components

Figure 3 Immunolocalisation of mast cell (MC) chy
and tryptase in rheumatoid synovial tissue.

in the rh
A: Photomicrograph showing synovial MCs containing chymase at the

toid lesion and dual localisation of MC chymase

cartilage-pannus junction. Horizontal bar represents 25 um. B: Photomicrograph showing the distribution of MCs

containing chymase within rheumatoid

tissue. Bar, 25 um.  C: Photomicrograph showing immunolocalisation of

MC chymase fluorescein isothiocyanate (FITC)-green, arrows) in rheumatoid synovial tissue. (The dull orange cells are
not FITC-positive, but reflect background staining from the Fast red conjugate.) Bar, 35 um. D: Same field as C,
showing immunolocalisation of MC tryptase using Fast red immunofluorescence. Note the numbers of MCs positive for
tryprase alone, and that four MCs in this field contain both tryptase and chymase (arrows in C). Bar, 35 um.
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have yet to be undertaken. However, both MC
enzymes have been implicated in the activa-
tion of precursor forms of the matrix
metalloproteinases. Tryptase directly activates
prostromelysin,? ** whereas chymase activates
both prostromelysin and procollagenase via
proteolytic cleavage of the propeptides.” ** As
both collagenase and stromelysin have been
immunologically identified at sites of cartilage
erosion,’!  and in microenvironmental sites
of rheumatoid synovial tissues,*® *° their co-
distribution with MC proteinases in some
specimens represents an important observation
(L Tetlow, unpublished data) of immediate
relevance to the mechanisms of matrix
degradation.

Histamine is a major component of MC
granules and is one of several mediators
responsible  for inducing changes in
vasopermeability and oedema.’® > Histamine
receptors are expressed by most cell types of
the rheumatoid lesion, including lymphocytes,
endothelial cells, fibroblasts, and chondro-
cytes.’! * Thus histamine release associated
with MC activation is likely to induce a variety
of behavioural responses by specific synovio-
cytes, in addition to disruption of the stromal
matrix as a result of localised oedema.

Soluble MC products have been shown to
stimulate collagenase and prostaglandin E
production by both synovial fibroblasts and
chondrocytes in vitro,”” > and to stimulate
interleukin-1 (IL-1) production by monocyte-
macrophages.’” These responses might well be
explained by recent reports that human MCs
express a range of multifunctional cytokines
including I1L-4, IL-5, IL-6* and especially
tumour necrosis factor o (TNFa)!'® **—a factor
known to stimulate metalloproteinase and IL-1
expression by specific target cells.’® **
Moreover, as TNFa may play a ‘pivotal role’
in the inflammatory processes of rheumatoid
arthritis,” its production usually being
assigned to macrophages,*® the ability of MCs
to generate this potent cytokine within the
rheumatoid lesion should not be under-
estimated. IL-4 production by human MCs is
reported to influence the development of T
helper type 2 cells which induce B cells to
synthesise IgE antibodies.” IgE production
might also be induced directly by an MC-B
lymphocyte interaction mediated by the
expression of a functional CD40 ligand.*' Such
interactions are of relevance to the recent
reports that a proportion of rheumatoid
patients produce IgE antibodies to various
cartilage collagens, thereby providing an IgE
sensitisation of synovial MCs and the
possibility of a type I hypersensitivity response
upon exposure to cartilage collagens.*

MC activation/degranulation may be in-
duced by several well characterised factors, not
only by IgE mediated responses which account
for allergic responses and immediate
hypersensitivity reactions. Such MC stimu-
latory factors include soluble components
released by a variety of cell types including T
lymphocytes, monocyte-macrophages, neutro-
phils, eosinophils, and platelets, in addition to
some neuropeptides such as substance P.” 7 *
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Thus the observations of MC degranulation
demonstrated in this study may have several
explanations, but the consequence of such
activation is likely to affect profoundly the
inflammatory lesion. The release of potent MC
mediators such as histamine, proteinases,
cytokines, and leukotrienes is likely to
perpetuate chronic inflammation, exacerbate
cartilage degradation, and stimulate the
recruitment and activities of neighbouring
cells. This histological study of the rheumatoid
lesion demonstrates the extent of MC
distributions, their activation, and local
stromal changes associated with MC
degranulation. Such observations suggest that
the MC might prove to be a suitable target for
the pharmacological interruption of a sequence
of events which, by all accounts, seem
detrimental to joint repair.
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