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Leucineaminopeptidase in
rheumatoid arthritis

Localization in subchondral bone and in synovial fluid cells
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The histopathological changes caused by rheumatoid
arthritis have been known for many years. Typical
phenomena include the proliferation of synovial
tissue and the inflamatory reactions encountered in
it, the increased amount of synovial fluid, and the
erosive changes in cartilage and subchondral bone.
However, the biochemical reactions leading to
erosion have not yet been clarified.

It is thought that the enzymes possibly secreted
by pannus are responsible for the erosion of articular
cartilage (Lever and Ford, 1958). It is not known by
what means pannus might cause cartilage destruc-
tion. Homogenates of synovial membrane of a
patient suffering from rheumatoid arthritis, in con-
trast to those of normal synovial membrane, are able
to destroy the protein-polysaccharides of cartilage
(Ziff, Gribetz, and Lospalluto, 1960). These cited
authors suggested that the factor causing decomposi-
tion of protein polysaccharide was an endopeptidase.
A similar effect on cartilage protein-polysaccharide

was shown by Weissman and Thomas (1963) to reside
also in the lysosomal fraction of leucocytes, and by
Weissmann and Spilberg (1968) in the lysosomal
fraction of hepatic cells. These authors found two
factors, one hyaluronidase-like and the other
protease-like, which could account for cartilage
breakdown. Ali (1964) showed that human cartilage
tissue contained a proteolytic enzyme capable of
causing autolytic degradation of cartilage.

In rheumatoid synovial fluid, increased acid
phosphatase activity has been associated with the
activation of lysosomal enzymes in the synovial
tissue (Smith and Hamerman, 1962). Aminopeptidase
activity correlates well with the degree of joint
disease (Ziff, Simson, Scull, Smith, Shatton, and
Mainland, 1955). The activity of the same enzyme
decreases if, in the rheumatic process, inflammation
abates either as a result of successful therapy or
spontaneously (Huttl and Marcovi6, 1966).

In rheumatoid arthritis about 70 per cent. of the
synovial fluid cells are polymorphs, and the rest are
mainly mononuclear and exfoliated cells. 'RA cells'
described by Hollander and his team (Hollander,

McCarty, Astorga, and Castro-Murillo, 1965;
Rawson, Abelson, and Hollander, 1965; Restifo,
Lussier, Rawson, Rockey, and Hollander, 1965)
display cytoplasmic inclusions containing rheuma-
toid factor, which they related to the potential
rheumatoid factor-phagocytosing property of such
cells.

Leucineaminopeptidase (LAP), or naphthylami-
dase, is an endopeptidase belonging to the group of
cathepsins and capable of hydrolysing peptides
having a free alpha-amino group on a terminal
leucine amino acid. The activity of LAP is altered
in certain pathological states. Increased activity
has also been reported in many malignant tumours
and particularly at points where the tumour shows
invasive growth (Burstone, 1956; Glenner, Burstone,
and Meyer, 1959).

In normal bone, LAP activity occurs in both
osteoblasts and osteoclasts. Resting osteocytes
reveal very little or no LAP activity (Lipp, 1959)
but, if the resorption of bone is stimulated with
dihydrotachysterol (AT 10), the activity of LAP
increases strongly at points where the reconstruction
of bone by corresponding cells is seen.

In rheumatoid arthritis, increased LAP activity is
encountered in subcutaneous nodules (Burstone,
1962) and in hyperplastic synovial tissue (Vainio,
1966). This LAP activity is demonstrable in the lining
cells of synovial tissue, in cartilage erosions, in pan-
nus, and around affected blood vessels. The patho-
logical changes of rheumatoid arthritis are easily
outlined with the aid of LAP. Since increased LAP
activity has been demonstrate in the soft tissues in
most manifestations of rheumatoid arthritis, the
question arises whether this increased LAP activity
also occurs in subchondral bone and synovial fluid
cells in this condition. The present study was under-
taken in order to clarify this point.

Material and methods

All pathological samples were derived from patients
fulfilling the A.R.A. criteria for definite rheumatoid
arthritis (Ropes, Bennett, Cobb, Jacox, and Jessar, l959),
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including typical histopathological changes in the synovial
tissue. The tissue samples were all obtained in the
operating theatre from fifteen patients who had been
admitted to the Rheumatism Foundation Hospital at
Heinola. The samples were taken from the metetarsal
capitulum, except one from a knee joint.
Four control specimens were obtained from patients

who had died suddenly of myocardial infarction, autopsy
being performed within 48 hours of death.
Bone samples measuring 0 5 x 0 5 x 0 5 cm. were

decalcified with 10 per cent. versene at +40 C. according
to the method of Balogh (1962, 1963) for 24 hrs. They
were subsequently frozen with dry ice and sectioned by
cryostat microtome at 10 to 20 um.

Synovial fluid was derived by puncture from ten
rheumatoid knee effusions without the use of local
anaesthesia. Immediately after puncture, ten smear
preparations were made ofeach synovial fluid and allowed
to dry for 20 to 30 min. at room temperature. Some of
the preparations were made from the deposit after
centrifugation. The slides were preserved at +4° C. up
to the time of histochemical examination, which followed
2 to 3 hrs later.
LAP was demonstrated histochemically by the method

of Nachlas, Crawford, and Seligman (1957), using
L-leucyl-B-naphthylamide as substrate and Fast Blue B
as coupling agent. The incubation time was 15 min. for
rheumatoid subchondral bone samples, 20 min. for
synovial fluid cell samples and 25 to 30 min. for control
bone samples.

Results

Cryostat sections of synovial tissue stained with
haematoxylin and eosin were examined for the
presence of typical rheumatoid changes in the
synovial tissue of joints from which a subchondral
bone sample had been taken (Fig. 1). Serial sections
were also processed for LAP identification. It was
also observed in the present study that pathological
changes in rheumatoid arthritis were better visua-
lized with the aid of LAP than by conventional
histological methods (Fig. 2).

FIG. Rheumatoid arthritis. Typical pathological
changes in synovial tisgue. Haematoxylin and eosin. x 27.

FIG. 2 Rheumatoid arthritis. Villous synovitis, LAP
technique. x 27.

In the subchondral bone of rheumatoid arthritis
patients, round cell infiltrations was noted, con-
stituting one sign of rheumatoid process (Fig. 3).~~~~~~#. -1

FIG. 3 Rheumatoid arthritis. Subehondral bone with
round cell infiltrations. Haematoxylin and eosni. x 27.

LAP activity was noted in all pathological prepara-
tions, either in the subchondral bone or in chondro-
cytes. The intensity of the reaction was sufficient
for localization within a 15 min. incubation period;
no longer incubation times were required. In the
areas of subchondral bone which had undergone
pathological change, distinct LAP activity was
present (Fig. 4). Enzymatic activity was strongest
on the margins of bone trabeculae.

FIG. 4 Rheumatoid arthritis, subchondral bone. Granu-
lation tissue between bone trabeculae. Strongest enzyme
reaction at the boundary between bone and granulation
tissue. LAP. x 27.
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In the zone between bone and cartilage, enzyme

activity was seen in the form of small reaction-foci
(Fig. 5), where the serial sections revealed round cell
infiltration and fibrinoid necrosis.

FIG. 5 Rheumatoid arthritis. Focus with strong LAP'
activity at boundary between bone and articular cartilage.
x 64.

In some of the bone trabeculae, small cavities
were found in which obvious reabsorption of bone
was taking place. In these, too, increased LAP
activity was seen, and it was strongest at the edges
of microcavities (Fig. 6).

FIGS 7 AND 8 Rheumatoid arthritis. LAP activity in
synovial fluid cells. LAP activity present in the form of
small intracytoplasmic bodies, resembling those in 'R.A.
cells'. x 625.
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FIG. 6 Rheumatoid arthritis, subchondral bone. LAP
activity in erosion of bone trabeculae, strongest activity
noted in microcavity, particularly at its margin. LAP. x 75.

In seven out of ten patients, demonstrable LAP
activity occurred in synovial fluid cells. This enzyme
activity was present in the form of small intra-
cytoplasmic bodies (Figs 7 and 8). Three patients
with clinically definite, sero-positive rheumatoid
arthritis presented with no LAP activity demon-
strable in their synovial fluid cells.

In normal control specimens from subchondral
bone, no LAP activity could be seen after 15 min.
incubation. After incubation periods of 30 min.,
slight activity was demonstrable on the margins of
some bone trabeculae and in chondrocytes (Fig. 9).
Even though incubation times had been doubled,
the enzyme activity was still clearly less than that
at corresponding points in pathological preparations.

Discussion
Increased LAP activity occurs at points where
histological manifestations of rheumatoid arthritis

FIG. 9 Normal control, subchondral bone. Slight LAP
activity at margins of bone trabeculae. LAP. x 27.

Table Sites examinedfor LAP activity

Sites Chondro- Bone Reaction Synovial Synovial
cytes trabeculae foci fluid cells tissue

Number of
positive cases 12/15 13/15 13/15 7/10 15/15
LAP intensity + + + +++ + + + + +++ + + + +

Controls
positive cases 1/4 2/4 0/4 - 1/4
LAP intensity + + - +

- No LAP activity.
+ Slight LAP activity. visible after incubation for 30 min.

+ + Barely visible LAP reaction after incubation for 15 min.
+ + + Fully distinct LAP reaction after incubation for 15 min.

+ + + + Very strong LAP reaction after incubation for 15 min.
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are encountered. This enzyme may therefore be
involved in the pathogenesis of the connective tissue
changes caused by rheumatoid arthritis. LAP is
probably a lysosomal enzyme, activated together
with other lysosomal enzymes in rheumatoid
arthritis. Activation of acid phosphatase and of
cathepsin has previously been demonstrated in
synovial tissue in rheumatoid arthritis (Barland,
Novikoff, and Hamerman, 1964; Wegelius, Klockars,
and Vainio, 1968; Luscombe, 1963).

Activation of LAP has also been shown in bone
resorption induced by another mechanism, AT 10
overdosage (Lipp, 1959). Increased LAP activity
was noted both at resorption and bone recon-
struction points. This may justify the assumption
that LAP is one of the mediators by which bone
metabolism is regulated. LAP activation resulting
in resorption of bone may similarly occur quite
independently of the primary cause. This implies
that activation of LAP may be a mode of response
to various injurious agents characteristic of bone
tissue, and that other, so far unknown, factors
would determine the direction in which the reaction
proceeds; that is, whether resorption or recon-
struction of bone will occur. As an illustration of
the synthesizing capability of LAP, its appearance
in the functioning parathyroid gland may be men-
tioned (Pearse, 1960; Pearse and Tremblay, 1958).
The relationship of LAP to the autoimmune

phenomena encountered in rheumatoid arthritis is
obscure. In neoplastic tissue, LAP activity may be
caused by an immune response (Glenner and others,
1959). In rheumatoid arthritis, the altered proteolytic
enzyme in joints may produce protein changes which
act as stimuli for autoimmunization.
According to Hollander's theory, the leucocytes

of synovial fluid phagocytose rheumatoid factor.
Examined by the LAP technique, the cells of synovial
fluid greatly resemble 'R.A. cells' in appearance.
Since, obviously, rheumatoid factor is degraded by
inclusion within the cell, the idea may be entertained
that LAP is one of the proteolytic enzymes employed
by the cell for this purpose. It is also possible that

the function of LAP may be the same when it occurs
in the lining cells of synovial tissue.
LAP activity was well preserved in spite of de-

calcification. Since EDTA inhibits some enzymes,
the tissue sections were washed in physiological
saline for 15 min. before histochemical treatment.

It must be admitted that the preservation of the
the control cadavers at +40 C. for about 2 days
may have lowered the enzymatic activity, but fresh
specimens of healthy subchondral bone are exceed-
ingly difficult to obtain for study. Amputation
material does not appear to be appropriate because
the bone tissue may be abnormal.

Summary

Samples of subchondral bone from fifteen, and
synovial fluid from ten patients with rheumatoid
arthritis were studied by a histochemical method for
the presence of leucineaminopeptidase, and were
compared to samples from the subchondral bone
of previously healthy persons obtained at autopsy
after sudden death.
The tissue samples were decalcified with versene,

a treatment which did not impair leucineamino-
peptidase activity. Increased activity was observed
in samples from rheumatoid arthritis patients in the
zone between bone and cartilage, in the cartilage
cells, in the small bone cavities found inside the
bone trabeculae, and in the cytoplasm of the synovial
fluid cells which closely resembled 'R.A. cells'.
The significance of leucineaminopeptidase activity

in the pathogenesis of rheumatoid arthritis remains
a matter for speculation, and the possible association
between this enzyme and autoimmunization is
discussed.
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