
Annals of the Rheumatic Diseases 1994; 53: 593-600

In vivo protection against interleukin- 1-induced
articular cartilage damage by transforming growth
factor-13: age-related differences

Henk M van Beuningen, Peter M van der Kraan, Onno J Arntz, Wim B van den Berg

Abstract
Objectives-Transforming growth factor-,l
(TGF-4) has been shown to antagonise
interleukin-1 (IL-1) effects in different
systems. Investigations were carried out
to study whether TGF-,B1 modulates IL-1
induced inflammation and IL-1 effects on
articular cartilage in the murine knee
joint.
Methods-IL-1, TGF-01 or both factors
together were injected into the knee joint.
Inflammation was studied in whole knee
histological sections. Patellar cartilage
proteoglycan synthesis was measured using
35S-sulphate incorporation while patellar
cartilage glycosaminoglycan content was
determined with automated image analysis
on joint sections.
Results-Co-injection of TGF-I1 and
IL-1 resulted in synergistic attraction of
inflammatory celis. In contrast, TGF-(l1
counteracted IL-1 induced suppression of
articular cartilage proteoglycan synthesis.
Proteoglycan depletion was similar
shortly after the last injection of IL-1 or
IL-i/TGF-pll, but accelerated recovery
was found with the combination at later
days. This protective effect of TGF-,1
could not be demonstrated in older mice.
Conclusions-TGF-41 aggravates IL-1
induced knee joint inflammation, but
counteracts the deleterious effects of IL-1
on articular cartilage proteoglycan syn-
thesis and content. The data indicate
that TGF-, I could play an important part
in articular cartilage restoration after IL-I
induced proteoglycan depletion.
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Proteoglycans are important components of
the articular cartilage matrix, determining a

large part of its unique properties. The cyto-
kine interleukin-I (IL-1) suppresses synthesis
of articular cartilage proteoglycans and stimu-
lates their degradation in vitro. From studies
using neutralising antibodies against IL-1 we

know that this cytokine is responsible for a

considerable part of the inhibition of cartilage
proteoglycan synthesis seen during antigen
induced arthritis.' Injection of IL-1 into the
joint space causes transient inflammation,
suppression of articular cartilage proteoglycan
synthesis, and stimulation of proteoglycan
degradation.2"

IL- I5 6 and IL- 1-inhibiting molecules such
as transforming growth factor-,B (TGF-1)7-10
have been found in high concentrations in
synovial fluids of patients with RA (RASF).
TGF-1 plays an important role in cell pro-
liferation and differentiation and also in the
synthesis and degradation of extracellular
matrix." " TGF-P has been shown to have a

dual effect in inflammation: it is a potent
chemoattractant for inflammatory cells and
fibroblasts,'3-16 but conversely it has sup-
pressive effects on many components of the
immune system.'7 For instance, TGF-3 in
RASF severely suppressed stimulation of
lymphocyte proliferation by IL-1.°1 18 TGF-,B
itself is able to stimulate cartilage proteoglycan
synthesis in vitro'9-23 and in vivo.24 Because
TGF-3 has also been shown to antagonise IL-I
effects on articular cartilage proteoglycan syn-
thesis'9 22 and degradation'9 22 21 in vitro, a role
in protection against proteoglycan depletion
in articular cartilage during arthritis can be
expected. In the present study we investigated
whether TGF-13 1 could modulate in vivo IL-1
effects on inflammation, and on articular
cartilage proteoglycan synthesis and content.

Materials and methods
ANIMALS
Male C57BI/10 mice aged 12 weeks or 18
months were used. They were fed a standard
diet and tap water ad libitum.

MATERIALS

Purified human TGF-,1I (Oncogen, Seattle,
WA) showed a single 25 kD band upon SDS-
PAGE. Moreover, a neutralising antibody to
TGF-P3 (1D I11*6) completely blocked the
inhibiting effect of this TGF-( on IL-1-
induced production of IL-2 by NOB- I cells. In
the lymphocyte activating factor assay, 1 unit
corresponded to 10-40 pg of the recombinant
murine IL-icx (Pfizer, Groton, CT). IL-iao and
TGF-1 1 stocks were diluted in phosphate-
buffered saline (PBS, pH 7-4), supplemented
with 01% ultrapure bovine serum albumin
(Sigma, St Louis, MO), immediately before use.

INTRA-ARTICULAR INJECTIONS
Six RIA PBS +0 /1% bovine serum albumin
including 0 1 pLg TGF-,B 1, 1 ng IL- 1it, or both,
was injected into the joint cavity of the right
knee. This was done three times, at alternate

593

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.53.9.593 on 1 S
eptem

ber 1994. D
ow

nloaded from
 

http://ard.bmj.com/


van Beuningen, van der Kraan, Arntz, van den Berg

days. The left knee joint (control) was injected
with PBS + 0-1% bovine serum albumin. The
selection of doses of cytokines was based on
earlier studies. Intra-articular injection of 1 ,ug
TGF-1 has been shown to induce influx of
inflammatory cells into rat joints,'4 15 and in
mice a 40-200 ng dose range caused inflam-
mation and partial inhibition of effects of 1 ng
IL- I on articular cartilage proteoglycan metab-
olism at 24 hours after a single injection.22

HISTOLOGY

For histological examination of effects of
injected substances at least 10 mice were used
per experimental group. Whole knee joints
were dissected and processed as described pre-
viously.26 Semiserial frontal sections were
stained with haematoxylin/eosin or safranin
0/fast green for examination of cells or
cartilage matrix, respectively. For autoradio-
graphic analysis of 35S-sulphate incor-
poration,26 radiolabelled sulphate (74 kBq/g
body weight) was injected intraperitoneally
three hours before dissection of the knee joints.
After histological processing, 6 ,um sections
were prepared and mounted on gelatin coated
slides. These were dipped in K5 emulsion
(Ilford, Basildon, Essex, UK) and exposed for
three to five weeks. After this period the slides
were developed and stained with haematoxylin
and eosin.

DETERMINATION OF PATELLAR PROTEOGLYCAN

SYNTHESIS

Proteoglycan synthesis was measured ex vivo.
Whole patellae, with a standard amount of
surrounding tissue, were dissected from the
knee joints. Patellae were then pulse-labelled
(2 hours, 37°C) with 35S-sulphate (1 1 MBq/ml).
Subsequently, they were washed, fixated,
decalcified, punched out of the surrounding
tissue, and dissolved as described before.27 The
35S content of each patella, which is a reliable
measure of patellar cartilage proteoglycan
synthesis,28 was measured by liquid scintil-
lation counting.

DETERMINATION OF PATELLAR PROTEOGLYCAN

CONTENT

Patellar cartilage proteoglycan content is
reflected in safranin 0 staining intensity in
histological sections. This was measured
using an automated image analysis system
(VIDAS, Kontron Elektronik GMBH). Micro-
scopic images were recorded by a CCD video
camera (SONY) and stored and processed by
a 386 personal computer. Optical density was
examined by integral measurement in a 20 ,um
layer along the cartilage surface of the patella.
The total thickness of the non-calcified
cartilage was approximately 30-40 ,um. Fast
green staining was neutralised by use of a green
filter. Measurements were corrected for
chondrocyte lacunae.

In addition to histochemical analysis of
articular cartilage proteoglycan content we
measured the proteoglycan content of patellar

cartilage digests, using the dimethylmethylene
blue (DMB) method.29

Intra-articular injection of 05% papain
results within one day in the absence of visible
safranin 0 staining in patellar cartilage. How-
ever, proteoglycan depletion measured by
VIDAS in the same cartilage is approximately
50%/. Proteoglycan depletion measured in
the same experiment with the DMB method
was 30%/o. The latter method underestimates
depletion because it determines the proteo-
glycan content of the whole patellar cartilage,
while the image analyser measures the non-
calcified, IL-1-reactive, cartilage layer.

STATISTICAL ANALYSIS

Differences between experimental groups were
tested using Student's t test. Differences were
considered significant if p < 0 05.

Results
INFLAMMATORY SIGNS AFTER INTRA-ARTICULAR

INJECTIONS

One day after the last of three TGF-1 1
injections in young adult mice (fig 1B) PMNs
were scanty, and microscopic examination of
the synovium revealed a fibroblastic hyper-
plasia with a diffuse mononuclear infiltrate. No
inflammatory cells had exudated into the joint
space in most cases, and if there were cells
present, these were monocytes, not PMNs.
Three days later (fig 2A) the synovial hyper-
plasia had decreased, and consisted mainly
of fibroblasts and lining cells. At this time
point chondroid tissue, staining red with safra-
nin 0, had developed along the articular
cartilage margins. These structures will mature
into osteophytes at later timepoints (not
shown).
One day after the last of three IL-I injections

into the knee joint of young adult mice poly-
morphonuclear neutrophils (PMNs) were pre-
sent in the joint space (fig 1 C), in line with
earlier observations.3 ' Relatively few inflam-
matory cells were located in the synovium,
and no distinct morphological change of the
synovium was seen. At day 4 after the last
injection (fig 2B), signs of inflammation had
waned.
When IL-1 and TGF-11 were injected

together, at 1 day after the last injection
(fig 1D) a severe synovitis was present,
including synovial lining hyperplasia. PMNs
were numerous, exceeding by far the amounts
seen after IL-I injection. Besides the difference
in amount, also the distribution of PMNs was
different from that seen after injections with
IL-I only. Most of the PMNs were located in
the synovium, while after injection of IL-1
only, they were found mainly in the joint space.
At day 4 after the last injection of both factors
the PMNs in the synovium had already dis-
appeared (fig 2C), leaving a synovial hyper-
plasia comparable to that induced by TGF-, 1
alone (fig 2A). At this point early osteophytes
had developed that were identical in local-
isation, size, and structure, to those induced by
treatment with TGF-P 1 alone. Development
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Figure Haematoxylinleosin stained sections of murine knee joints dissectedfromyoung
mice one day after the last of three injections. (A) Controljoint injected three times with
PBS + 0-1% BSA; (B) Synovial hyperplasia caused by TGF-131; (C) PMN influx
caused by IL-I; (D) Synovial hyperplasia and synergistic PMN infiltration caused by
IL-I + TGF-,31. The appearance of this synovitis was similar to that seen during early
antigen-induced arthritis (1, 26). (Original magnification x 100). P= patella, F=femur,
C = cartilage, S = synovium.

Table 1 Proteoglycan synthesis in patellar cartilage after triple intra-articular injections

Injected substance Proteoglycan synthesis (%o) *

Day 1 Day 2 Day 3 Day 4

IL-1 53 (14) 89 (20)t 190 (30) 316 (57)
IL- 1 + TGF- 1 89 (21)t 157 (19) 186 (41) 268 (67)
TGF-,1 192 (33) 281 (48) 234 (35) 224 (36)
Vehicle 92 (16) 110 (20) 124 (25) 113 (14)

*Proteoglycan synthesis in patellar cartilage of young mice was determined ex vivo, using
"S-sulphate incorporation (2 hours; 37°C).
tNot different from vehicle injections.
The patefla of the contralateral knee was used as a control (100%). Injection of IL-1 or TGF-, 1
into the right knee had no effect on patellar cartilage proteoglycan synthesis in the contralateral
(untreated) knee. In all the other experiments the left knee was injected with vehicle (PBS + 0 10/0
bovine serum albumin). Each value represents the mean (SD) of five patellae.

ofTGF-1 induced osteophytes from activated
periosteum into early osteophytes consisting of
chondrocyte-like cells was illustrated by auto-
radiographs showing "S-sulphate incorporation
(fig 3).

In parallel experiments, young adult
(3 months) and old (18 months) mice were
injected. Inflammation and osteophyte
development upon intra-articular injections
of IL-1, TGF-, 1, or both, were similar at
both ages.

PATELLAR CARTILAGE PROTEOGLYCAN

SYNTHESIS
The effect of triple intra-articular injections on
patellar cartilage proteoglycan synthesis was
quantitated using ex vivo "S-sulphate
incorporation. Figure 4 shows that one day
after the last injection of IL-1, proteoglycan
synthesis was severely suppressed, while at the
same time point after three TGF-P 1 injections
proteoglycan synthesis was stimulated to
twice the normal level. When TGF-11 was
co-injected with IL-1, it was able to counteract
IL-1-induced suppression of proteoglycan
synthesis. This counteraction was confirmed
by autoradiographs, showing 35S-sulphate
incorporation (fig 5). Articular cartilage
reactions were similar throughout the knee
joint, except for cartilage of the medial tibia. At
this site TGF-P1 could not overcome the IL-I
mediated inhibition (not shown). In addition
to day 1, effects on patellar proteoglycan
synthesis were also measured at later time
points (table 1). At day 2 after the last
combined IL- 1/TGF- 1 injection patellar
proteoglycan synthesis was considerably
stimulated, while at the same time point
synthesis in IL-1 treated cartilage almost
reached normal levels. At later days stimulated
proteoglycan synthesis was seen in all experi-
mental groups. This was confirmed by auto-
radiographs, showing stimulated 35S-sulphate
incorporation in all cartilage regions of the
knee joint (fig 5).

Patellar cartilage responses were compared
in young adult (3 months) and old (18 months)
mice (table 2). IL-I-induced suppression of
proteoglycan synthesis was more severe in old
mice. Although TGF-3 1 injections almost
doubled proteoglycan synthesis in patellae of
old mice, TGF-P 1 could not overcome the
IL- 1-induced suppression of proteoglycan
synthesis at day 1.

PATELLAR CARTILAGE PROTEOGLYCAN

CONTENT

We investigated whether modulation by
TGF-31 of IL-i-induced suppression of proteo-
glycan synthesis was reflected in the degree
of proteoglycan depletion. Patellar cartilage
proteoglycan content was determined by
measurement of safranin 0 staining intensity in
histological sections of knee joints (table 3).
This method offered the opportunity to
measure specifically in the uncalcified, IL-1
reactive, cartilage layer. At day one after the
last of three injections, IL- 1 had caused
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Figure 2 Haematoxylin/eosin stained sections ofmurine knee joints dissectedfrom young micefour days after the last of
three injections. (A) Synovial hyperplasia caused by TGF-,Bl was still present, and at the cartilage margins chondroid
tissue had developed (arrows), most probably representing early osteophytes; (B) At the same time point IL-I -induced
inflammation had waned; (C) Four days after the last injection with IL-I + TGF-,Bl, the appearance ofsynovium and
osteophytes was similar to that in joints treated with TGF-,31 alone. (Original magnification x 100).
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Figure 3 Autoradiographs (haematoxylin and eosin-stained) showing 35S-sulphate incorporation during osteophyte
development in young mice. (A) One day after the last injection of TGF-f31 + IL-I periosteum near the patellar
cartilage margins (arrow) had become highly activated; (B) Three days later early osteophytes (arrows) with
chondrocyte-like, proteoglycan producing cells were present at the same site, while periosteum activity had declined.
(Original magnification x 250). P = patella, S = synovium, C = cartilage, J7S = joint space, BM = bone marrow.

Table 2 Age-related differences in the effects ofIL-I and TGF-f31 on patellar cartilage
proteoglycan synthesis

Injected substance Proteoglycan synthesis (0o) *

Day l Day 4

Youngt Old Young Old

IL-1 61 (9) 44 (12)§ 221 (31) 166 (30)
IL-1 + TGF-P1 132 (18)** 47 (10) 274 (60) 224 (29)
TGF-pl 260 (21) 195 (29) 331 (76) 275 (58)

*See legends of table 1 for methods of proteoglycan synthesis measurement and data processing.
tDays after the last of three intra-articular injections.
tMice aged three months (young) and 18 months (old) were treated simultaneously in this
experiment.
SSignificantly different from young mice; p < 0 05.
**Significantly different from IL-1 treatment; p < 0 001.
Each value represents the mean (SD) of five patellae.

significant proteoglycan depletion in patellar
cartilage. This was not prevented by the
presence of TGF-,131. Remarkably, four days
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Figure 4 Counteraction by TGF-f31 ofIL-1-induced
suppression of articular cartilage proteoglycan synthesis.
Patellar cartilage proteoglycan synthesis in young mice, one
day after the last of three intra-articular injections ofsaline,
1 ng IL-I a, 0 1 jig TGF-f3i, or IL-I + TGF-f31.
Proteoglycan synthesis was measured by 35S-sulphate
incorporation. Proteoglycan synthesis in the left, untreated,
patella was stated 100%. Each value represents mean (SD)
proteoglycan synthesis of 15 patellae.
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Figure 5 Autoradiographs (haematoxylin and eosin-stained sections) showing patellar cartilage proteoglycan synthesis
(35S-sulphate incorporation) at one day (A, B, C, D) orfour days (E, F, G) after the last of three intra-articular
injections. (A) Control patella; (B) TGF-/31 stimulation ofpatellarproteoglycan synthesis; (C) IL-I-induced
suppression ofproteoglycan synthesis; (D) Counteraction ofIL-I-induced suppression by TGF-,(. At day 4 after
the last injection stimulated proteoglycan synthesis was seen with (E) TGF-,fi, (F) IL-I; (G) IL-I + TGF-/3i.
(Original magnification x 400).

Table 3 Patellar cartilage proteoglycan content determined
in histological sections after triple intra-articular
injections

Injected substance Day Safranin 0 staining intensity

None 5-5 (0 3)
Vehicle 1 5-8 (0 4)
IL-1 1 4-5 (0-5)t
IL-I +TGF- 1 1 4-6 (0-4)t
TGF-11 1 6-4 (0 7)t
Vehicle 4 5-6 (0 3)
IL-1 4 40 (02)t
IL-1 + TGF-, 1 4 5-7 (0 6)t
TGF-i1 4 6-5 (0-4)t

*Days after the last of three injections.
tSignificantly different from treatment with IL-rI alone, p < 0-01.
tSignificantly different from vehicle injections.
At least 10 joints ofyoung mice were evaluated per experimental
group, and of each joint three or more histological sections were
measured using an automated image analysis system. In papain-
depleted cartilage, where no red stain was visible any more, this
system still measured 50% of control values (see materials and
methods).

after the last injection TGF-1 1 had signifi-
cantly accelerated restoration of proteo-
glycan content. This indicates that TGF-1
stimulates repair responses after IL-1-induced
proteoglycan depletion. TGF-4 1 injected
alone caused a significant increase in proteo-
glycan content compared with the content
of non-treated joints, at both time points
studied.

In addition, we found the same trends,
although lacking significance, using the
dimethylmethylene blue method for deter-
mination of patellar cartilage glycosamino-
glycan content (data not shown). This
method is less sensitive than measurement
of Safranin 0 staining intensity of histo-
logical sections, because it underestimates
cytokine effects on proteoglycan content in
the reactive, non-calcified cartilage layer.
Moreover, the low amounts ofGAG per patella
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are near the detection limit of the DMB
method.

Discussion
In the underlying study it was shown that
TGF-1l and the inflammatory mediator IL-1
acted synergistically in PMN attraction into
the joint. In addition to this proinflammatory
effect, TGF- 1 counteracted IL-1-induced
inhibition of articular cartilage proteoglycan
synthesis and stimulated restoration of the
cartilage matrix after exposure to IL-1. This
resulted in the apparent discrepancy of more
inflammation with less cartilage damage.
TGF-r is known as a potent chemo-

attractant for PMNs and fibroblasts,'4 15 and
has been shown to induce transient inflam-
mation and proliferation of synovial cells
upon intra-articular injection.'4 15 24 We found
that TGF-r1 synergised with IL-1 in PMN
attraction, generating a severe synovitis similar
to that seen during early experimental arthritis.
However, in contrast to IL-1 injected alone,
the PMNs were not found in the joint space,
but appeared to be trapped in the thickened
synovium. Our data agree with results of a

recent study performed in a rabbit dermal
inflammation model.30 In this dermal model
PMN accumulation induced by IL-lao and
TGF-P was found to be 205% greater than the
additive sum of each response alone.

In contrast to the synergism in cell
attraction, IL-1 effects on articular cartilage
proteoglycan synthesis were counteracted by
TGF- 1. Similar modulation of IL- 1 effects on
chondrocyte proteoglycan metabolism by
TGF-3 has been observed in vitro.'9 22 25 The
mechanism by which TGF-1 modulates effects
of IL-1 on chondrocyte proteoglycan metab-
olism is still unknown. TGF-1 could interfere
with IL- 1 signalling by downregulation of IL- I

receptor expression,31 32 but there is doubt
whether the reported decrease in receptor
expression is sufficient, because only a low
receptor occupancy is needed for effective IL- I

signalling.33 TGF-3 could also antagonise IL-I
effects by increasing IL-1 receptor antagonist
production.34 Another possibility is that
TGF-1 counteraction is not achieved by
modulation of IL-1 signalling, but by stimu-
lation of proteoglycan synthesis via an

independent mechanism.
The inability of TGF-4 1 to counteract IL-1

induced suppression of proteoglycan synthesis
in the medial tibia suggests that this area is
prone to articular cartilage damage. This is
consistent with the finding of enhanced
vulnerability of the medial tibia to cartilage
damage in murine osteoarthritis models.36
Our observation that TGF-,B 1 enhanced

IL-I-induced synovitis and at the same time
counteracted IL- 1-induced suppression of
cartilage proteoglycan synthesis could be

important. These data suggest that during
arthritis, inflammation and suppression of
cartilage proteoglycan synthesis may be
uncoupled, dependent on the balance between
local mediators. There is some evidence
indicating that during arthritis PMNs do not

affect articular cartilage,37 or that they even
have a cartilage protecting role.38 The latter
finding could be related to their production of
IL-1 receptor antagonist,39 40 TGF- 1315 or
other regulatory proteins. The localisation of
PMNs could also be of importance. Injection
of TGF-1 and IL-1 together causes massive
inflammation that appears to be restricted to
the synovium. In contrast, most of the cells
attracted by IL-1 exudate into the joint space
and will release their destructive mediators
closer to the cartilage, allowing escape from
inhibitors present in the synovial fluid.4'
We measured patellar cartilage proteoglycan

content to find out whether TGF-1 1 counter-
action of IL-1 effects was reflected in the level
of cartilage proteoglycan depletion. In an
earlier study22 we found that at 24 hours after
a single intra-articular injection, TGF-13I1 had
partly neutralised both IL-1-induced suppression
of proteoglycan synthesis and IL-1-induced
stimulation of proteoglycan degradation.
Surprisingly, no protection against proteo-
glycan depletion was found at one day after the
last of three injections. In contrast, at the same
time-point TGF-P 1 injections had caused
supra-normal proteoglycan levels. This could
indicate that during inflammation caused by
repeated IL-1 exposure, other inflammatory
mediators, besides IL-1, cause proteoglycan
degradation. Although TGF-11 is not able to
prevent IL-I-induced cartilage proteoglycan
depletion, in the recovery phase TGF-, 1
appeared to accelerate restoration of the
cartilage matrix. This is consistent with in vitro
data.22 42

In addition, we investigated whether age-
related differences influence the interactions of
IL-1 and TGF-P. In older mice inflammatory
signs after repeated IL-I/TGF-1l injections
were similar to those in young animals. But,
while stimulation of proteoglycan synthesis by
TGF-11 was comparable with that seen in
young mice, in old animals TGF-P 1 could not
counteract IL-1-induced suppression of syn-
thesis. However, as we previously described,4
in old mice IL- 1-induced suppression of
proteoglycan synthesis is stronger and more
prolonged, compared with young animals. Due
to a limited amount of material we were not
able to carry out extensive IL-l/TGF-,B1 dose-
response studies. It can not be excluded that
higher TGF-11 doses could overcome IL-1
effects in old mice. So far we can only conclude
that in old mice it is more difficult for TGF-P 1
to counteract IL-1 than in young adult animals,
which suggests that at an identical degree of
inflammation, there may be more cartilage
damage in old mice, than in young animals.
Our finding that TGF-1 1 increased both

chondrocyte proteoglycan synthesis and
cartilage proteoglycan content indicates that
the newly formed proteoglycans are normal, in
the sense that they have the ability to reside in
the cartilage matrix. The increase in proteo-
glycan content could also be related to
increased hyaluronate production,43 or to
decreased proteoglycan degradation. The latter
explanation would agree with the effect of
TGF-1 in vitro, where it prevents both basal
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and IL-I -stimulated release of proteoglycans in
cartilage organ culture.25 In contrast to our
findings, Elford et al" found articular cartilage
proteoglycan loss upon intra-articular injection
of TGF-r2. This could be related to the use
of a different species, the rabbit, and a different
TGF-f isoform, TGF-,B2. Although the
different TGF-3 isoforms have identical effects
in a variety of systems, differences in their
biological potencies have been noted as
well.4""7 Also differences in the regulation of
their expression by growth factors48 4' and
extracellular matrix,50 and differences in their
expression patterns at the various stages of
embryonic development5' 52 suggest that
TGF-1 isoforms have distinct functions.
Studies comparing the in vivo effects of TGF-r
isoforms on cartilage proteoglycan metabolism
will be performed in our laboratory in the near
future.

Besides the cartilage protecting role of
TGF-P 1, it could also play a negative part,
because of its induction of osteophytes.
Stimulation of bone formation by TGF-P has
been found in several systems, in vitro and
in vivo.47 53 54 We found that this effect of
TGF-, 1 was not influenced by IL- 1, which has
also been reported to modulate bone
metabolism.55 56 It is not known whether the
TGF- 1-induced osteophytes are deleterious
or beneficial to the inflamed joint. They
could decrease joint motility, but they could
also compensate for inflammation-induced
instability of the joint.57 Moreover, bone
induction by another member of the TGF-1
superfamily, bone morphogenetic protein, has
been shown58 59 to be much less in primates
compared with mice.
From our results we conclude that, in spite

of its pro-inflammatory effects, intra-articularly
injected TGF- 1 can protect against IL-1-
induced suppression of proteoglycan synthesis
in articular cartilage. In our experiments,
TGF-P 1 did not prevent IL- 1-induced proteo-
glycan depletion, but it accelerated the
subsequent replenishment of the cartilage
extracellular matrix.
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