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A b s t r a c t
Interleukin-1 is considered a central mediator of cartilage loss in osteoarthritis in several species, however an equine recom-
binant form of this cytokine is not readily available for in vitro use in equine osteoarthritis research. Equine recombinant
interleukin-1� was cloned and expressed and its effects on the expression and activity of selected chondrocytic proteins impli-
cated in cartilage matrix degradation were characterized. Reverse transcriptase polymerase chain reaction methods were used
to amplify the entire coding region of the equine IL-1� mRNA, which was cloned into an expression vector, expressed in E. coli,
and purified using a Ni2� chromatographic method. The effects of the recombinant peptide on chondrocyte gene expression
were determined by Northern blotting using RNA from equine chondrocyte cultures hybridized to probes for matrix metal-
loproteinases (MMP 1, MMP 3, MMP 13), tissue inhibitor of matrix metalloproteinases 1 (TIMP 1) and cyclooxygenase 2 (COX 2).
Effects on selected mediators of cartilage degradation (nitrite concentrations and MMP activity) were determined using
conditioned medium from reIL-1�-treated equine cartilage explant cultures. A recombinant peptide of approximately 21 kd
was obtained. Northern blotting analyses revealed a marked up-regulation of expression of all MMPs, TIMP 1, and COX 2 in
mRNA from treated chondrocytes. Furthermore, cartilage explants exposed to reIL-1� had augmented collagenase/gelatinase
and stromelysin activities as well as increased concentration of nitrite in conditioned media. The development of a biologically
active, species-specific IL-1� provides a valuable tool in the study of osteoarthritis pathophysiology and its treatment in horses.

R é s u m é
De nombreuses études démontrent que l’interleukine-1 joue un rôle central dans la physiopathologie de l’arthrose chez les mammifères. Cette
étude avait pour objectifs de synthétiser, purifier et déterminer l’activité de l’interleukine-1� recombinante d’origine équine (reIL-1�). La
réaction de polymérisation en chaîne à l’aide de transcriptase inverse, utilisant des amorces basées sur une séquence équine connue, fut utili-
sée afin d’amplifier la région codante complète de l’ARNm, qui fut ensuite exprimée chez E. coli et purifiée par une méthode chromatographique.
Les effets de la protéine recombinante sur des gènes chondrocytaires furent déterminés par des tests d’hybridation des ARN transférés sur
membrane (Northern blot) à l’aide de sondes des métalloprotéinases matricielles (MMP 1, MMP 3, MMP 13), de l’inhibiteur tissulaire des
métalloprotéinases matricielles 1 (TIMP 1), et de la cyclooxygénase 2 (COX 2). Des dosages du nitrite ainsi que l’activité des
collagènases/gélatinases et la stromélysine furent effectués à partir du milieu de culture des explants du cartilage exposés à la reIL-1�. Une
protéine recombinante de 21 kd de haute pureté fut obtenue. Les hybridations des ARN, à partir des ARN extraits des chondrocytes exposés
à reIL-1�, ont révélé une stimulation marquée, jusqu’à la saturation, de l’expression de toutes MMP, du TIMP 1, et de la COX 2. Ces résul-
tats furent confirmés par une activité accrue des MMP, ainsi que par la concentration élevée du nitrite dans des échantillons de milieu prélevés
à partir des cultures du cartilage exposées à la protéine. La disponibilité de la reIL-1� offre un outil biologique important aux études in vitro
de l’arthrose chez le cheval.

(Traduit par les auteurs)



I n t r o d u c t i o n
Inappropriate induction of a number of proinflammatory

cytokines is considered important in the pathophysiologic events of
cartilage matrix degradation in rheumatic diseases. Indeed, many
of the recent advances in understanding the mechanisms in articular
pathobiology in man and domestic animals have been due to the
advances in characterizing the effects on cellular metabolism of par-
ticipating cytokines (1,2). In osteoarthritis (OA), the most studied of
the proinflammatory cytokines is interleukin-1, (IL-1), currently con-
sidered to play a central role in the disease. The principal cellular
source of IL-1 in most tissues is the monocyte/macrophage, however,
the peptide is also expressed by connective tissue cells including
chondrocytes and synoviocytes (3). 

In vitro studies using cartilage from a number of species, have
demonstrated that exposure to human recombinant IL-1 (rhIL-1)
induces both the inhibition of cartilage matrix synthesis and aug-
mented expression of cartilage degrading proteinases of chondro-
cytic origin (3). This latter effect is mediated, in large part, by a num-
ber of matrix metalloproteinases (MMPs), including collagenases 1
and 3 (MMP 1, MMP 13) and stromelysin 1 (MMP 3) (3,4). The
role of IL-1 in the arthritic process is not limited to alterations in pro-
tein synthesis; the production of other proinflammatory media-
tors implicated in OA such as prostaglandin E2 (PGE2) and nitric
oxide (NO) is stimulated by this cytokine (5,6). 

Recent research supports a role for IL-1 in pathophysiologic
processes in equine joints. Elevated levels of IL-1-like biological activ-
ity have been identified in the synovial fluid of arthritic horses
(7,8) and rhIL-1 has been employed in several in vitro studies
using equine cartilage, where it has been demonstrated to enhance
cartilage matrix metalloproteinase activity and induce cartilage
matrix depletion. Specifically, chondrocytes in explant or monolayer
culture exposed to rhIL-1 synthesize MMPs (9–11) and cartilage
explants exposed to this cytokine undergo matrix degradation
(12,13). The potential for inhibition of rhIL-1 effects on equine car-
tilage has also been the subject of recent research (10,13–15).

While a recombinant form of equine IL-1 is not presently available,
initial molecular characterization of the protein has been con-
ducted. As for other species, this protein exists in 2 principal forms,
IL-1� and IL-1�, and the nucleotide and deduced amino acid
sequences for the equine cytokine have recently been reported
(16,17). The predicted amino acid sequence of equine IL-1� shows
71.6% and 60.2% identity with that of human and murine IL-1�,
respectively, and the corresponding sequence of equine IL-1�
shows 66.7% and 61.8% identity with that of human and murine 
IL-1�, respectively (16). Despite the fact that these 2 forms of IL-1
interact with the same cellular receptors and have analogous func-
tional effects in other species, it is not clear that the sequences are
homologous; identity between the deduced amino acid sequences
of � and � forms of equine IL-1 is only 26% (17).

The limited sequence identity between equine and human forms
of IL-1� raises the possibility that responses of equine tissues to
recombinant cytokines of other species may not be entirely repre-
sentative of those that would be obtained with species-specific
ligand-receptor interactions. Activation by rhIL-1� of human syn-
oviocytes and chondrocytes requires only 5% receptor occupancy for

half-maximal stimulation of MMP production (18), yet it has been
observed that 2 to 3 times the concentration of rhIL-1� necessary to
saturate all receptor sites is required to initiate low levels of MMP
secretion in nonprimate target cells (19,20). Moreover, experiments
comparing the effects of rhIL-1 and equine mononuclear cell super-
natants (a crude source of equine IL-1) have revealed dissimilar and
disproportionate levels of stimulation of prostaglandin E2 and
MMP synthesis by equine synovial cells and chondrocytes (21,22).
These data underscore the importance of developing a species-
specific form of IL-1, a molecular biologic tool prerequisite to
assure reliable, specific cellular responses by equine target cells. 

The objective of the study reported here was to prepare a recom-
binant IL-1� of equine origin (reIL-1�) and to characterize its
effects on the induction of selected putative mediators of carti-
lage altered cartilage metabolism in equine OA. Specifically, we
examined the effect of graduated doses of reIL-1� on 1) the gene
expressions of MMP 1, MMP 3, MMP 13, tissue inhibitor of matrix
metalloproteinases 1 (TIMP 1), and cyclooxygenase 2 (COX 2) by
Northern hybridizations and 2) the activity of MMPs and nitric oxide
synthase by substrate digestion and colorometric assays, respectively.

M a t e r i a l s  a n d  m e t h o d s

Cloning and expression of equine IL-1� RNA
Total RNA was extracted from lipopolysaccharide (LPS)-stimulated

(1 �g/mL) equine chondrocytes in monolayer culture using a
guanidium isothiocyanate-based extraction solvent (Trizol Reagent;
Gibco BRL, Grand Island, New York, USA). The IL-1� cDNA was
synthesized by using reverse transcriptase-polymerase chain reac-
tion (RT-PCR), with 2 �g of total RNA using a specific set of
oligonucleotide primers designed from the published equine cDNA
sequence (3). The sequences for the IL-1� primers were 5�-GCA GCC
ATG CAT TCA GTG AAC-3� (sense primer), starting at position
366 bp of the published sequence, and 5�-CTG CCA CCC TTA
AGC TTT ATT CAT-3� (antisense primer) ending at position 880 bp.
Amplification by PCR produced a 515 bp cDNA fragment which,
after purification, was ligated directly to the hexahistidine-
containing expression vector pTRCHis A (Xpress System Protein
Expression TrcHis; Invitrogen, Carlsbad, California, USA).
Competent E. coli (TOPO TA Cloning Kit; Invitrogen) were trans-
formed with the expression vector and propagated overnight in a
microbiologic shaker at 37°C. Expression of reIL-1� was induced by
the addition of isopropyl-�-D-thiogalactopyranoside (IPTG).

Purification of reIL-1� on Ni2� agarose
The hexahistidine-tagged recombinant protein was purified

using a commercially available kit (Xpress System Protein
Purification; Invitrogen), following the manufacturer’s directions.
Briefly, the bacterial cell extract was bound to Ni2� agarose followed
by repetitive washes with sodium chloride-sodium phosphate
buffers of decreasing pH, followed by elution using an imidazole gra-
dient. Protein quantification was accomplished by using a com-
mercial kit (BioRad Protein Assay; BioRad Laboratories, Hercules,
California, USA), with bovine IgG as the standard. Samples of the
purified protein were subjected to sodium dodecyl sulfate
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polyacrylamide gel electrophoresis (SDS-PAGE) and the gels were
stained with Coomassie blue and silver. The approximate molecular
weight of reIL-1� was estimated by interpolation of distance
migrated by protein markers of lesser and greater molecular weight
than the recombinant protein (23). The theoretical molecular weight
of reIL-1� was determined using the Protean program of the
DNASTAR package (DNASTAR, Madison, Wisconsin, USA).

Amplification of cDNA and probe preparation
Amplification of cDNA was accomplished, using RT-PCR with

2 �g of total RNA from a chondrocyte culture that had been stim-
ulated (6 h) with 1 �g/mL of LPS using standard protocols. Specific
sets of equine oligonucleotide primers for COX 2 and MMP 13
genes were synthesized based on published human cDNA sequences
and were used at a final concentration of 5 pM/�L. The cDNA frag-
ments were ligated directly to PCR 2.1 TOPO vector (TOPO TA
Cloning Kit; Invitrogen). The sequencing of each insert was per-
formed manually. Clones of MMP 1, MMP 3, and TIMP 1, in
pBluescript vector were prepared previously by one of the authors
(24).

Digoxigenin-labeled complementary DNA probes were pre-
pared for all MMP fragments and for COX 2 using the protocol out-
lined in a commercially-available kit (DIG High Prime DNA
Labeling and Detection Starter Kit II; Roche Molecular Biochemicals,
Indianapolis, Indiana, USA). Briefly, the vector containing the
insert of interest was subcloned into competent E. coli (TOPO TA
Cloning Kit; Invitrogen), the transformed bacteria were propa-
gated at 37°C in an orbital shaker, and the plasmid was isolated. The
cDNA fragment was cleaved from the plasmid via restriction
enzyme digestion and purified (QIAquick Gel Extraction Kit;
Qiagen, Valencia, California, USA). The fragments were labeled via
random primer labeling incorporating digoxigenin-11-dUTP.

Northern blot hybridization
Northern blot hybridization was conducted as previously

described (10). Total chondrocyte RNA was resolved on 1.2%
agarose-formaldehyde gels, using 3 �g of RNA per lane. After
overnight capillary transfer to nylon membranes (Nylon Membranes
(positively charged); Roche Molecular Biochemicals), overnight
hybridization was conducted at 50°C with 100 ng of labeled
probe/mL. After serial post hybridization washes under standard
conditions, detection was accomplished using a chemilumines-
cent method (DIG High Prime DNA Labeling and Detection Starter
Kit II; Roche Molecular Biochemicals), as described by the manu-
facturer. The membranes were then subjected to autoradiography
at room temperature for 1 to 30 min.

Stimulation with reIL-1�

To test the influence of reIL-1� on the expression of MMPs and
COX 2 in normal equine chondrocytes, confluent cultures of first pas-
sage cells were grown to confluence in individual 6-well plates
(1 � 106 cells/well). After 3 to 5 d under serum-free conditions, cul-
tures received 1 of 6 different treatments, including control, rhIL-1�
(10 ng/mL), reIL-1� (1, 10, 100 ng/mL), and reIL-1� (10 ng/mL) plus
dexamethasone (10�5 M). After a 6-hour incubation, total RNA
was extracted for Northern blot hybridization. Conditioned medium

from similarly treated cultures was harvested after a 24-hour incu-
bation and analyzed for nitrite content and stromelysin activities.

Explant cultures
Equine carpal cartilage explants (40–60 mg/well) were cultured

in 24-well plates, as described previously (25). The explants were
maintained in basal media for 2 d prior to treatment after which they
were exposed to reIL-1� (0, 1, 10, 50, 100 ng/mL) or rhIL-1�
(50 ng/mL). Conditioned media were removed after 24 h and ana-
lyzed for collagenase/gelatinase activity. 

Matrix metalloproteinase assays
Total stromelysin activity was determined by digestion of the

azodye substrate azocoll (Calbiochem-Behring, La Jolla, California,
USA), using the method of Chavira et al (26). Stromelysin in culture
supernatants was activated by the incubation of 200-�L aliquots of
medium with the azocoll suspension in the presence of 1 mM
aminophenylmercuric acetate. After an incubation of 48 h at 37°C,
the tubes were centrifuged and the optical density of the supernatant
was read at 520 nm.

Gelatinase/collagenase activity present in conditioned media
quantified using a gelatinase/collagenase kit (Molecular Probes
Enzchek Gelatinase/Collagenase assay kit; Eugene, Oregon, USA),
as described previously (25). Briefly, conditioned medium was
incubated with the fluorescent substrate for 1 h and fluorescence was
detected using Cytofluor 4000 plate reader.

Nitric oxide assay
Nitrite, a stable end product of nitric oxide metabolism, was

measured in conditioned media using the Greiss reaction and
sodium nitrite as a standard (27). Briefly, 200-�L aliquots of culture
medium were added to an equal volume of a freshly prepared
mixture of equal proportions of 1% sulfanilamide and 0.1%
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Figure 1. Silver-stained SDS-PAGE gel of purified recombinant equine
interleukin-1�. Molecular weights of protein standards of comparable
size are indicated to the left of lane 1. The major band (reIL-1�) in lane 2
corresponds to the 21 kD product. Negligible additional staining (arrows)
indicates the purity of the protein isolated using the Ni2� chromato-
graphic method.



naphthylethylenediamine dihydrochloride. The absorbance of the
solution was read at 550 nm after a 30-minute incubation and NO2

concentrations were determined using a standard curve.

R e s u l t s
A recombinant equine IL-1� of high purity was obtained from the

cloned cDNA by affinity purification using a hexahistidine tag
and Ni2� agarose. Resolution by SDS-PAGE and subsequent
Coomassie blue staining revealed a single band migrating at 21 kD,
which corresponded with a predicted molecular mass of 22.6 kD.
Silver staining failed to reveal substantial quantities of other proteins
(Figure 1).

Northern blot analyses using RNA derived from monolayer cul-
tures of equine chondrocytes exposed to graduated nanogram con-
centrations of the recombinant cytokine revealed marked up-
regulation of expression of genes coding for MMP 1, MMP 3,
MMP 13, TIMP 1, and COX 2 (Figure 2). Increased gene expression
was marked and appeared to be saturable at reIL-1� doses in the 1
to 10 ng/mL range, depending on the specific gene. Further
increases (100 ng/mL) did not further stimulate expression and, for
all genes studied, reIL-1� stimulation of expression was inhibited
by concurrent administration of dexamethasone (10�5 M). 

Similar to its effects on MMP gene expression, reIL-1� induced
MMP activity (Figures 3, 4). Specifically, a dose-dependent but
saturable increase in collagenase/gelatinase and stromelysin activ-
ities were noted in conditioned media from cartilage explant and
monolayer cultures, respectively, exposed to reIL-1�. Digestion
of azocoll by monolayer culture supernatants was maximal at
10 ng/mL (Figure 3) and collagenase/gelatinase activity in condi-
tioned medium of stimulated equine cartilage explants was maxi-
mal at 50 ng/mL reIL-1� (Figure 4). 

Matrix metalloproteinase activity assay data were paralleled by
augmented nitrite content in conditioned medium derived from 
reIL-1�-treated explants (Figure 5), indicating that the cytokine
stimulated the activity of inducible nitric oxide synthase. 

D i s c u s s i o n
Using an RT-PCR strategy, with oligonucleotide primers based on

a recently reported nucleotide sequence, we were able to successfully
amplify, clone, express, and purify a biologically-active recombinant
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Figure 2. Representative Northern hybridization of matrix metallopro-
teinase (MMP), tissue inhibitor of matrix metalloproteinase 1 (TIMP 1), and
cyclooxygenase 2 (COX 2) expression by normal equine chondrocytes in
monolayer culture stimulated with recombinant equine interleukin-1�
(reIL-1) or recombinant human interleukin-1� (rhIL-1). Total RNA (4 �g) was
resolved on formaldehyde agarose gels. Blots were probed with a digoxi-
genin-labeled DNA probes. Treatments: lane 1: control; lane 2: 10 ng/mL
rhIL-1�; lane 3: 1 ng/mL reIL-1�; lane 4: 10 ng/mL reIL-1�; lane 5:
100 ng/mL reIL-1�; lane 6: 10 ng/mL reIL-1� � 10�5 M dexamethasone.

Figure 3. Stromelysin (azocoll digesting) activity in 24-hour conditioned
media from chondrocyte monolayer cultures exposed to recombinant
equine interleukin-1� (reIL-1) or recombinant human interleukin-1�
(rhIL-1). Treatments: lane 1: control; lane 2: 10 ng/mL rhIL-1�; lane 3:
1 ng/mL reIL-1�; lane 4: 10 ng/mL reIL-1�; lane 5: 100 ng/mL reIL-1�;
lane 6: 10 ng/mL reIL-1� � 10�5 M dexamethasone.

Figure 4. Collagenase/gelatinase activity in conditioned media from car-
tilage explants exposed to recombinant equine interleukin-1� (reIL-1)
or recombinant human interleukin-1� (rhIL-1) for 24 h. Treatments: lane 1:
control; lane 2: 50 ng/mL rhIL-1�; lane 3: 10 ng/mL reIL-1�; lane 4:
50 ng/mL reIL-1�; lane 5: 100 ng/mL reIL-1�.

Figure 5. Nitrite content in conditioned media from 24-hour chondrocyte
monolayer cultures. Treatments: lane 1: control; lane 2: 10 ng/mL rhIL-1�;
lane 3: 1 ng/mL reIL-1�; lane 4: 10 ng/mL reIL-1�; lane 5: 100 ng/mL 
reIL-1�; lane 6: 10 ng/mL reIL-1� � 10�5 M dexamethasone.



equine IL-1�. Hexahistidine tagging and immobilized metal ion chro-
matography purification of recombinant proteins have been
employed for a number of proteins expressed in bacteria and mam-
malian cell lines and have proved to be an effective means of one-
step purification of reIL-1�. As has been observed elsewhere (28),
the presence of the hexahistidine tag did not appear to inhibit the bio-
logic activity of the protein; however, a comparison of the activities
of the tagged peptide and a tag-cleaved version was not conducted.
Exhaustive testing of the purity of our reIL-1� was not performed;
however, subjective analysis of both Coomassie blue and silver
stained SDS-PAGE gels of the eluted protein revealed a single
band corresponding to the predicted molecular mass of IL-1�,
with negligible contamination by other E. coli proteins. 

Because the � form of the protein is produced in greater abun-
dance under inflammatory conditions (16), we chose to clone and
express reIL-1�. Nonetheless, both � and � forms of IL-1 interact
avidly with IL-1 membrane receptors (29), and their effects on
chondrocytic metabolism are qualitatively similar (30). They have
been used almost interchangeably in numerous studies of cartilage
metabolism.

Paralleling previous in vitro reports demonstrating the arthri-
togenic properties of rhIL-1 in equine cartilage, exposure of equine
chondrocytes to reIL-1� markedly induced the expression of MMP
1, MMP 3, and MMP 13, 3 members of a group of metal-dependent
proteinases considered important in the degradation of the extra-
cellular matrix of cartilage in osteoarthritis. Induction of MMP
gene expression was reflected in increased MMP synthesis and
release, as evidenced by the activity assays on conditioned media
from stimulated monolayer and explant cultures. While the assays
employed cannot be used to evaluate the activity of specific MMPs,
this combination of assays reflects collagenase/gelatinase and
stromelysin activities and complement the gene expression data.

It has been hypothesized that cartilage matrix degradation in OA
may be due, at least in part, to a loss of the normal balance of
MMPs and their natural inhibitors the tissue inhibitor of metallo-
proteinases (TIMPs). This premise is supported by the observation
that IL-1 induces stromelysin and collagenase synthesis with no effect
(31) or a decline in TIMP secretion by human chondrocytes (32). In
the latter study it was also observed that IL-1 had no effect on
TIMP messenger RNA levels. Contrary to these findings, we
observed increased TIMP expression with exposure to reIL-1�.
While these findings are divergent from those of a number of pre-
vious studies, IL-1� has been shown to induce TIMP expression (33).
Differences in these results may be due to experimental condi-
tions, dose range of reIL-1� employed, or species-related differences
in TIMP regulation by IL-1�. Given the importance of TIMP in
regulation of MMP activity, this observation warrants further
study.

Dexamethasone was used as a control for gene expression stud-
ies because of its consistent ability to inhibit expression of MMPs and
inducible COX in chondrocytes of other species. Exhaustive char-
acterization of the specific mechanisms of regulation of protein
synthesis by corticosteroids has not been accomplished, however
they have been shown to modify gene expression by a number of
molecular mechanisms, including induction and/or repression of
transcription and alteration of mRNA half-life (34,35). In addition

to repressing MMP expression, dexamethasone inhibited reIL-1�
induction of TIMP as has been recently reported (36). The net
effect of parallel inhibition of MMP and TIMP expression by corti-
costeroids is a phenomenon that requires further study, given the
importance of MMP activity in cartilage loss and widespread use of
corticosteroids in the treatment of equine OA.

Similar to chondrocytes of other species, exposure of equine
chondrocytes to reIL-1� also resulted in enhanced expression of the
inducible form of cyclooxygenase, COX 2 (37). Induction of phos-
pholipase A2 and COX 2 activity is a well-recognized effect of IL-1
in human chondrocytes and a number of deleterious effects have
been attributed to the presence of elevated levels of PGE2 in the artic-
ular environment. Specifically, PGE2 has been implicated in cartilage
degradation synovial inflammation, and bone erosion in arthritic
joints (38–40). As for the studied MMPs, induction of COX 2 expres-
sion was inhibited by dexamethasone. 

Cartilage explants exposed to reIL-1� had enhanced concentra-
tions of nitrite (NO) released to the media compared to control
cultures. Interleukin-1� is a potent inducer of inducible nitric
oxide synthase activity in chondrocytes of several species (41–43).
Nitric oxide is hypothesized to contribute to a number deleterious
influences of IL-1 on cartilage metabolism, including augmenting
the expression and activation of MMPs (44), reducing synthesis of
the natural receptor antagonist protein for IL-1 (45), and the inhi-
bition of proteoglycan and type 2 collagen synthesis (46,47).

Despite a limited sequence identity with the equine protein,
recombinant human IL-1� has proved useful in a number of stud-
ies of equine articular metabolism (9–15,25,36,43). Our reIL-1�
had effects on chondrocyte biosynthesis similar to those of our
rhIL-1� control and parallel those previously reported for rhIL-1.
Because neither the quantity nor specific activity of either preparation
was stringently quantified, relative potencies cannot be deter-
mined from our data. Results of previous in vitro studies using tis-
sues and cytokines of heterologous origin (19–21) suggest that
equine chondrocytes may be more sensitive to reIL-1� than rhIL-1�,
however the receptor binding portion of the ligand may be suffi-
ciently conserved between species that differences may not be
marked. Further investigation, with more accurately quantified
preparations is required to more accurately characterize differ-
ences, if any, in receptor binding kinetics and intracellular signal-
ing pathways. 

In summary, using a reported equine cDNA sequence, we were
able to construct and express a recombinant equine IL-1�.
Preliminary characterization of the recombinant peptide indicates
that its effects on the expression and activity of selected proteins of
equine chondrocytes are similar to those reported to occur in the car-
tilage of other species and appear saturable at nanogram quantities.
This development provides another valuable tool in the study of dis-
ease processes mediated by this cytokine in horses. 
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