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Experimental arthritis in C57black/6 normal and
beige (Chediak-Higashi) mice: in vivo and in vitro
observations on cartilage degradation
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SUMMARY Mice with the beige mutation are known to be deficient for polymorphonuclear
leucocyte (PMN) elastase and cathepsin G and can therefore be used as a model for protease

dependence of tissue destruction in inflammatory conditions. The in vitro and in vivo effect of
PMN activation on cartilage damage in C57black/6 normal and beige mice was measured. In vitro
it was found that stimulation of normal PMNs with chemotactic peptide caused degradation of
articular cartilage matrix owing to an elastase dependent mechanism; PMNs of beige mice did not

induce degradation of cartilage. In vivo, using zymosan induced arthritis, which is a model
characterised by a PMN-rich infiltrate and exudate, no significant differences were found
between the two strains with respect to (a) joint oedema formation as measured by
technetium-99m uptake; (b) matrix degradation as measured quantitatively and with histology;
(c) chondrocyte proteoglycan synthesis as measured by radiosulphate uptake. At day 28 after
induction of arthritis, when inflammation is waning, no differences in end stage irreversible
damage to joint tissues were found. The relevance of these observations to the supposed role of
PMN derived neutral proteases in joint inflammation is discussed.
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Lysosomal proteases secreted by inflammatory cells
such as polymorphonuclear leucocytes (PMNs) and
macrophages have been strongly implicated in the
pathological degradation of tissues in various dis-
orders, including lung emphysema,' 2 nephritis,3
and arthritis." In particular, neutral proteases such
as elastase, cathepsin G, and collagenase could be of
interest as it has been shown (largely in vitro) that
they have the potency to degrade a variety of
connective tissue molecules at physiological pH.49
On the other hand, the role of these proteases has
been questioned as there is a large amount of
protease inhibitor present in body fluids such as
plasma and synovial fluid.'0 Recently, however, we
have shown that elastase can escape inactivation by
a, proteinase inhibitor, thereby causing cartilage
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degradation even in the presence of a physiological
concentration of at proteinase inhibitor.6 As there is
at the moment no conclusive evidence for a role of
elastase in cartilage degradation in vivo we examined
the effect of experimental joint inflammation in
C57black/6 normal and beige mice, the latter being
deficient for PMN elastase and cathepsin G."1 Using
quantitative methods we showed that in vitro
normal PMNs can degrade cartilage, whereas the
PMNs from beige mice are without effect. In vivo,
however, using an experimental arthritis model,
there is no difference in the rate of cartilage
degradation between the two mice strains.

Materials and methods

ANIMALS
Male, normal C57BI/6 and beige C57B1/6 (bg/bg)
mice were obtained from Harlan OLAC Ltd, UK.
Mice were fed a standard diet and tap water freely.
They were used between the age of 10 and 16 weeks.
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CHEMICALS
Zymosan, cytochrome c, superoxide dismutase, N-
formyl - methionyl - leucyl - phenylalanine (FMLP),
Ellman's reagent, cytochalasin B, and phorbol
myristate acetate (PMA) were obtained from Sigma
Chemicals Co, USA. Methoxysuccinyl-alanyl-alanyl-
prolyl-valyl-chloromethylketone (MAAPV-CMK),
methoxysuccinyl-alanyl- alanyl-prolyl-valyl - amino -

methylcoumarin, and succinyl-phenylalanyl-leucyl-
thiobenzylester were obtained from Bachem,
Bubendorf, Switzerland.

ENZYME MEASUREMENTS

Elastase was measured fluorimetrically using
methoxysuccinyl-alanyl -alanyl-prolyl-valyl-amino -

methylcoumarin as substrate. 12 In this assay
7-amino-4-methylcoumarin is released from the pep-
tide and measured at 370 nm (excitation wavelength)
and 460 nm wavelength (emission wavelength).
CathepsinGwasmeasured using succingl-phenylalanyl-
leucyl-thiobenzylester as substrate.1 In this assay
cathepsin G acts as an esterase that specifically
cleaves off the benzylthiol which could then be
detected colorimetrically in a coupled assay with
Ellman's reagent. Enzyme measurements were per-
formed on extracts of mouse peritoneal exudates,
which were obtained by the injection of 0-5 ml
paraffin oil. After 24 hours the cells (90-95% PMNs)
were collected from the peritoneal cavity, washed,
and extracted in 0.5 M NaCl, 0-1 M trometamol
(TRIS), 0.4% cetrimide, 0*1% Triton X-100 pH 8-0.
Values for the enzyme content of mouse PMNs

were obtained as the mean (SD) of three separate
measurements on pools of peritoneal exudate cells
of four mice in each experiment.

SUPEROXIDE MEASUREMENT

Superoxide production was measured by the
cytochrome c reduction method as described
previously. 14 We used peritoneal exudate cells
which were obtained as described above. Cells were
suspended in Dulbecco's phosphate buffered saline
(DPBS) and stimulated with PMA (100 [ig/l). The
superoxide dismutase inhibitable cytochrome c re-
duction was converted to nmoles of superoxide
produced per 106 cells per minute, assumin~a molar
extinction coefficient of 21 000 M-1 cm- (differ-
ence between reduced and oxidised forms).

Values for superoxide production by beige and
normal mice (mean (SD)) were obtained from six
animals per strain.

DEGRADATION OF ARTICULAR CARTILAGE
IN VITRO
The capacity of PMNs to degrade articular cartilage
in vitro was measured as described previously for
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human peripheral blood PMNs.6 Briefly, PMNs
suspended in DPBS (5 x 106 cells/ml) were added to
murine patellar cartilage which was prelabelled with
[35S]sulphate. The PMNs were stimulated with
FMLP (10-6 M) in the presence of cytochalasin B
(5 mg/l). Incubations were performed at 37°C in
microtitre plates. After a two hour incubation
period the cartilage samples were washed and the
residual radioactivity in the cartilage measured by
liquid scintillation counting and expressed as a
percentage of the initial radioactivity. As shown in
previous reports15 over 90% of the [35S]sulphate is
associated with the glycosaminoglycan fraction.
Loss of 35S labelled material from the cartilage is
therefore taken to indicate breakdown of proteo-
glycans.

ARTHRITIS INDUCTION: MEASUREMENT
OF INFLAMMATION
Joint inflammation was induced in beige and normal
mice in the right knee joint by the intra-articular
injection of 180 ig of zymosan as previously
described.16 Arthritis was measured by technetium-
99m (99mTc) uptake as described before.16 17
Briefly, the accumulation of 99'Tc is measured in
the right (R) and left (L) control knee joint and
expressed as a ratio (RJL). This ratio is taken as a
measure of joint swelling. Ratios exceeding 1-1 were
considered to indicate inflammation of the right
knee.

HISTOLOGY
Mouse knee joints (six animals per group) were
processed for histology as described before. His-
tology of zymosan induced arthritis was carried out
on days 2, 7, and 28 after induction of arthritis.
Arthritis was scored on serial sections (haematoxy-
lin and eosin staining) using a combined score of
exudate in the joint space and synovial infiltration.'8
Proteoglycan depletion of cartilage matrix was
scored semiquantitatively on Saffranin 0 stained
sections.

MEASUREMENT OF IN VIVO CARTILAGE
DEGRADATION
Cartilage of beige and normal mice was labelled in
vivo with [35S]sulphate by the intrapentoneal injec-
tion of 1.85 MBq radiosulphate in saline. After 24
hours, when labelling was completed (the bulk of
the radiosulphate is cleared from the circulation),
arthritis was induced as described above. At 12, 24,
and 48 hours after induction of arthritis the patellar
cartilage of the right (arthritic) and left (control)
knee joint was dissected and the 35S content
measured by liquid scintillation counting (five mice
at each time). Radiolabel in the patellar cartilage
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was shown to be associated with the glycosaminogly-
can fraction.15 Cartilage degradation is expressed as

the percentage of radiolabelled proteoglycans lost
from the arthritic patella compared with the control.

INHIBITION OF CHONDROCYTE
PROTEOGLYCAN SYNTHESIS

At several intervals after the induction of arthritis
mice were killed, and the patellae of the right
(inflamed) and left (control) joint were dissected.
[35S]Sulphate incorporation in vitro was performed
as described in earlier reports.13 14 The incorpora-
tion into the right patella was compared with that
into the control and taken as a measure for
proteoglycan synthesis.

Results

PMN FUNCTION IN BEIGE AND
NORMAL MICE
Both oxygen metabolites and lysosomal proteases
are known to affect cartilage integrity in vitro.7 14

Therefore we measured the superoxide production
of PMNs from beige and normal mice and checked
the elastase and cathepsin G content, which was
reported to be lower in the beige mice."' Mouse
peritoneal exudate cells were obtained by the
injection of paraffin oil and harvested 24 hours later.
The cells were washed and suspended in DPBS.
Superoxide production by PMNs after stimulation
with PMA was not significantly different for PMNs
from beige and normal mice: 3-4 (0-5) and 2-9 (0.7)
nmol 02/min/106 cells respectively. We could con-

firm earlier observations that PMNs from beige
mice are lower in cathepsin G and elastase than
those from normal mice, though the values were

somewhat higher than reported by others."1 We
found that the elastase and cathepsin G content of
PMNs from beige mice were 14 (3%) and 11 (5%)
respectively, compared with PMNs from normal
mice (mean (SD) of three measurements on pools of
five peritoneal exudates).

IN VITRO CARTILAGE DEGRADATION BY

ACTIVATED PMNs
Mouse patellar cartilage, prelabelled with
[35Slsulphate in vitro, was exposed to PMNs from
beige and normal mice. Table 1 shows that resting
PMNs from either strain did not induce measurable
cartilage degradation in a two hour incubation.
Upon stimulation with FMLP in the presence of
cytochalasin B, agents that are known to induce
superoxide production and degranulation, normal
PMNs caused nearly 70% degradation of cartilage
proteoglycans, whereas no significant cartilage
breakdown was seen with PMNs from beige mice.

Table 1 In vitro cartilage degradation by PMNs from
beige and normal mice. Values are mean (SD)

Treatment of [35S]Sulphate content of
cartilage patellar cartilage (cpm)

Dulbecco's 961 (197)
Normal PMNs non-stimulated 845 (246)
Normal PMNs stimulated 295 (71)*
Beige PMNs non-stimulated 857 (127)
Beige PMNs stimulated 909 (124)t
Normal PMNs stimulated in the

presence of MAAPV-CMK§ 940 (104)f

Cartilage, prelabelled with [35Sjsulphate (six patellae a group) was
incubated with 2x 107 mouse PMNs/ml in Dulbecco's medium.
PMNs were stimulated with FMLP (10'6 M) and cytochalasin B
(10 mg/l). After two hours the 35S content of the cartilage was
measured and compared with that of cartilage kept in medium or
exposed to non-stimulated cells. The specific elastase inhibitor
MAAPV-CMK was added at 200 tsmol/l.
*p<O-005 compared with non-stimulated normal PMNs, two tailed
Mann-Whitney U test.
tNot significantly different from non-stimulated PMNs from beige
mice.
1p<O-005, significantly different from stimulated normal PMNs in
the absence of MAAPV-CMK.
§MAAPV - CMK = methoxysuccinyl - alanyl - alanyl - prolyl - valyl -
chloromethylketone.

The mechanism of cartilage breakdown was shown
to be elastase dependent as the specific elastase
inhibitor MAAPV-CMK completely prevented car-
tilage degradation. MAAPV-CMK did not interfere
with PMN stimulation. The results for cartilage
degradation by PMNs from normal mice coincide
with data we recently published on the same test
system with human PMNs.6

EXPERIMENTAL ARTHRITIS IN BEIGE
AND NORMAL MICE
Arthritis was induced by the injection of 180 ,ug
zymosan into the right knee joint. At days 2 and 7
arthritis was measured by 99mTc uptake, which is a
measure for joint oedema. Table 2 shows 99mTc

Table 2 Measurement of arthritis in beige and normal
mice. Values are mean (SD)

Mice 99mTc ratio

Day 2 Day 7

Beige 1-91 (0-19) 1-26 (0-14)
Normal 1-90 (0-16) 1-24 (0-08)

Six mice per group were injected with 180 tsg of zymosan at day 0.
At days 2 and 7 arthritis was measured by the 99mTc uptake
method. The ratio of '"Tc uptake in the right and left knee joint
is taken as a measure for joint oedema.
No significant differences were measured, two tailed Mann-
Whitney U test.
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uptake for both mouse strains. No significant
differences were noted at any time.
At days 2, 7, and 28 animals were killed for

histology. Inflammation was scored on serial sec-
tions using cellular exudate in the joint space,
synovial infiltration, and depletion of cartilage
matrix as seen on Saffranin 0 stained sections. No
differences in histological parameters were seen.
Beige mice showed a strong inflammatory response
against zymosan (Figs 1, 2, and 3). The acute phase
of arthritis was characterised by a PMN-rich exudate
in the joint space and a heavily infiltrated synovium.
At day 28 chondrocyte death and bone apposition
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could be seen in some of the animals. The histo-
logical picture of zymosan induced arthritis in beige
mice was similar to that of normal C57black mice as
described in earlier reports.'6 18 19

QUANTITATIVE MEASUREMENT OF
CARTILAGE DAMAGE
To investigate possible differences in cartilage de-
gradation and inhibition of chondrocyte metabolism
between beige and normal mice we used
[35S]sulphate labelling of cartilage proteoglycans.
Cartilage was labelled in vivo by [35S]sulphate, and
after 24 hours, when labelling was complete, arthri-

t.
'. ;

tR

'..'

I A4
Fig. 1 Normal knee joint of
C57BI/6 beige mouse. Section of
normaljointfrom a C57B1/6 beige
mouse. Haematoxylin and eosin
(H&E) staining. P=patella;
F=femur.

Fig. 2 Arthritic knee joint of
C57BI16 beige mouse. Section of
inflamed knee joint two days after
induction ofarthritis with 180 pg
zymosan. Note the exudate in the
joint space and the cellular
infiltration in the synovium. H&E
staining. P=patella; F=femur;
S=synovium.

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.47.11.940 on 1 N

ovem
ber 1988. D

ow
nloaded from

 

http://ard.bmj.com/


944 Schalkwijk, Joosten, van den Berg, van de Putte

' Li
r*B r

4*
A

s. i5
.

4dr t
40 1.

.,.. ikft-Oo"'
,*21wl

.c
t

le
Oi

*44

tis was induced in the right knee joint as described
above. At 12, 24, and 48 hours after induction of
arthritis the patellar cartilage of the right (arthritic)
and the left (control) knee joints was dissected and
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Fig. 4 Degradation ofarticular cartilage in vivo. Cartilage
was prelabelled in vivo with l3S]sulphate. At 12, 24, and 48
hours after induction ofarthritis in the right knee joint the
patellar cartilage ofboth knee joints was dissected and the
amount ofradioactivity determined. Degradation ofpatellar
cartilage in the arthritic joint was calculated relative to the
left (control) joint. The cartilage ofboth normal (-- - -)
and beige (-) mice showed considerable breakdown
within 48 hours. No significant differences were noted
between the two strains. Each point represents the mean
(SEM) offive mice.
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^ Fig. 3 Exudate cells in joint space
of C57BI16 beige mouse. Section of
an arthritic knee joint (day 2
zymosan induced arthritis). Note
that the PMN is the predominant
cell type in the exudate. H&E

4 staining. J=joint space; C=joint
capsule; B=bone.
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the 35S content measured. The radioactivity in the
right patella was expressed as a percentage of that in
the left patella and taken as a quantitative measure
for cartilage degradation resulting from joint in-
flammation. Fig. 4 shows that in both beige and
normal mice considerable degradation of cartilage
proteoglycans occurred (about 40% at day 2).
Although cartilage degradation in normal mice
tended to be somewhat higher than in the beige mice,
the difference was never statistically significant.
To study the effect of arthritis on chondrocyte

metabolism we measured the in vitro [35S]sulphate
incorporation in patellar cartilage at several time
intervals after induction of arthritis. Both normal
and beige mice showed about 50% inhibition of
proteoglycan synthesis in cartilage from the arthritic
knee joint compared with that from the left control
joint. Again, no significant difference was noted
between beige and normal mice (data not shown).

Discussion

In this study we investigated the possible contribu-
tion of PMN neutral proteases to cartilage damage
during the acute phase of experimental arthritis. We
therefore used the beige mutation of the C57black/6
mouse, which is reported to be deficient for PMN
elastase and cathepsin G (3-7% of the normal
mice). We confirmed the deficiency of beige mice,
though the elastase and cathepsin G content was
slightly higher (11 and 14% respectively) than
reported by others.11 As oxygen metabolites are
known to affect chondrocyte metabolism"4 we also
measured superoxide production by PMNs from
beige and normal mice, which was not found to be
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significantly different. In vitro experiments using
mouse patellar cartilage as a target showed that
stimulated PMNs from normal mice readily de-
graded cartilage proteoglycans by an elastase depen-
dent mechanism, whereas the PMNs from beige
mice did not. To ascertain the relevance of these
findings in vivo we measured cartilage damage in a
model of experimental arthritis. To this end we

chose zymosan induced arthritis, a model which is
characterised by an abundant PMN infiltrate and
exudate in the acute phase of inflammation.18 The
acute inflammatory response induces inhibition of
chondrocyte proteoglycan synthesis and degradation
of cartilage matrix.18 19 If it is assumed that neutral
proteases contribute to these phenomena one would
expect a difference in cartilage damage between the
two strains. We did not, however, find significant
differences, either with quantitative measurements
(35S labelling) or at the histological level.

Neutral proteases have been strongly implicated
in the pathogenesis of a number of disorders,
including lung emphysema,' 2 nephritis,3 and
arthritis." In vitro it was shown that enzymes such
as elastase4 and cathepsin G7 purified from human
PMNs could degrade articular cartilage. On the
other hand, it was argued that the large amount of
protease inhibitors in body fluids would prevent
these proteases from degrading the extracellular
matrix. 10 It was shown that elastase can escape
inactivation by a, proteinase inhibitor by oxidative
inactivation of the inhibitor.' Recently we showed
that activated PMNs in vitro can degrade articular
cartilage even in the presence of physiological levels
of a1 proteinase inhibitor owing to exclusion of the
inhibitor from the matrix.6 Therefore elastase was
considered likely to cause cartilage damage in vivo
during active arthritis. This would then justify the
search for elastase inhibitors that could be applied in
rheumatic diseases. Recently, a number of synthetic
low molecular weight elastase inhibitors have been
reported, which may be useful in such diseases as

lung emphysema, adult respiratory distress syn-

drome, and rheumatoid arthritis.20
The results given in this report can be interpreted

in several ways. Firstly, one could assume that
during acute arthritis there is a substantial 'overkill'
by other mediators (oxygen metabolites, enzymes,

prostanoids, cytokines). Therefore, the absence of
two enzymes (elastase and cathepsin G) would not
make much difference. We have shown that oxygen

metabolites, though they suppress chondrocyte
metabolism in vitro, do not cause cartilage break-
down in experimental models of arthritis.'4 On the
other hand, cytokines such as interleukin 1 and
tumour necrosis factor are likely candidates for the
observed cartilage damage in this arthritis model.2'

Cartilage degradation in beige mice 945

Both degradation of cartilage matrix and inhibition
of proteoglycan synthesis can be explained by the
action of cytokines. The contribution of interleukin
1 in experimental arthritis would be difficult to
verify as there are no specific inhibitors of inter-
leukin 1 available at the moment. Apart from
elastase and cathepsin G, cartilage damage could
also be induced by other PMN derived proteases,
such as cathepsin D, plasminogen activator, and
collagenase. These three enzymes were reported to
be normal in the beige mice.1' In addition, proteases
derived from synovial cells, such as collagenase,22
rather than from PMNs could also be involved.
A second explanation could be that in beige mice

the residual neutral protease activity (11-14%)
would still be enough to induce cartilage break-
down. We performed dose-response experiments
with varying degrees of inflammation and did not
notice significant differences in cartilage breakdown,
which one would expect if there were a critical
concentration of elastase in the joint with respect to
cartilage degradation. A third possibility would be a
higher turnover of PMNs from beige mice in the
inflamed joint. Discharge of elastase and cathepsin
G from senescent PMNs could thus increase the
protease 'load' in the joint. There are no published
data indicating that this is the case, nor do we have
data on this point. Finally, it is possible that the role
of certain mediators in tissue damage depends on
the model of inflammation or arthritis. The apparent
lack of neutral protease involvement in zymosan
induced arthritis could be caused by the action of
other mediators that are pertinent to this type of
inflammation. We are, therefore, currently under-
taking studies on the role of neutral proteases in
several other models of arthritis and inflammation.
Once the data of these studies are available a more
definitive statement on the role of elastase and
cathepsin G in tissue damage can be given.
There are a few other reports on the possible role

of neutral proteases in animal models of inflamma-
tion using beige mice. It has been shown that in lung
injury following systemic complement activation
neutral proteases were of limited importance, as
beige mice showed no differences from controls.23
Recently, it was suggested that collagen type II
arthritis could not be transferred passively (with
antibodies) to C57black/6 beige mice as opposed to
C57black/6 normal mice.24 These experiments,
however, do not provide us with a clue for the role
of neutral proteases in cartilage destruction as
injection of anticollagen type II antibodies into
beige mice failed to elicit PMN infiltration and
exudation in the joint.

In conclusion we suggest that in vitro experiments
using purified cells or mediators should be inter-
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preted with caution. In this report we describe an
apparent discrepancy between in vivo and in vitro
results. On the basis of in vitro results-6 one would
predict that elastase is an important mediator for
cartilage damage. The in vivo experiments, however,
contradict (or at least weaken) this conclusion.

This study was supported by the Dutch League against Rheuma-
tism and the Netherlands Organisation for the Advancement of
Pure Research (ZWO-Medigon). Liduine van den Bersselaar and
the staff of the Central Animal Laboratory are acknowledged for
technical assistance.
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