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ABSTRACT.	 The	activity	of	matrix	metalloproteinase	(MMP)-2	and	MMP-9	in	synovial	fluids	(SF)	sampled	from	dogs	with	joint	disorders	
was	investigated	by	gelatin	zymography	and	densitometry.	Pro-MMP-2	showed	similar	activity	levels	in	dogs	with	idiopathic	polyarthritis	
(IPA; n=17) or canine rheumatoid arthritis (cRA; n=4), and healthy controls (n=10).	However,	dogs	with	cranial	cruciate	ligament	rupture	
(CCLR; n=5)	presented	significantly	higher	pro-MMP-2	activity	than	IPA	and	healthy	dogs.	Meanwhile,	dogs	with	IPA	exhibited	signifi-
cantly	higher	activity	of	pro-	and	active	MMP-9	than	other	groups.	Activity	levels	in	pro-	and	active	MMP-9	in	cRA	and	CCLR	dogs	were	
not	significantly	different	from	those	in	healthy	controls.	Different	patterns	of	MMP-2	and	MMP-9	activity	may	reflect	the	differences	in	
the underlying pathological processes.
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There	 are	 two	major	 categories	 of	 joint	 diseases	 in	 the	
dog:	 inflammatory	 arthropathies	 and	degenerative	diseases	
[12].	 Canine	 inflammatory	 arthropathies	 include	 primarily	
bacterial infective arthritis and immune-mediated polyar-
thropathy,	 which	 is	 a	 commonly	 recognized	 syndrome	 in	
dogs. Immune-mediated polyarthropathy is further divided 
into	two	broad	categories,	non-erosive	and	erosive,	based	on	
whether	bony	destructive	changes	are	present	on	the	radio-
graphs [2]. The most common non-erosive and erosive forms 
in dogs are, respectively, idiopathic polyarthritis (IPA) and 
canine rheumatoid arthritis (cRA). The underlying patho-
genesis of these disorders is not fully understood. On the 
other	hand,	the	most	common	degenerative	joint	disease	in	
dogs is osteoarthritis, and cranial cruciate ligament rupture 
(CCLR)	is	the	major	cause	of	osteoarthritis	in	dogs	[7].
Matrix	metalloproteinases	(MMPs)	are	a	family	of	zinc-

dependent endopeptidases and are produced as inactive 
zymogens	 that	 are	 activated	 in	 physiological	 conditions	
by a cascade of proteolytic reactions [29]. MMPs degrade 
extracellular matrix components and contribute to tissue 
remodeling.	Among	MMPs,	the	gelatinase	subfamily,	which	
consists of MMP-2 and MMP-9, can degrade non-matrix 
proteins, such as cytokines and chemokines, thereby regulat-
ing the activity of these proteins [13, 17, 18, 28, 31, 32, 35]. 
Therefore, MMP-2 and MMP-9 play a crucial role in tissue 
repair,	angiogenesis	and,	in	particular,	inflammation	[24].
In	humans,	several	types	of	arthritis	are	known	to	increase	

MMP-2	 and/or	MMP-9	 in	 synovial	 fluid	 (SF)	 [9,	 19,	 25].	
In	dogs,	high	levels	of	SF	MMP-2	were	observed	in	CCLR	
[3, 20, 26], and one report described elevated SF MMP-9 
levels	 in	 seven	 dogs	 with	 polyarthritis	 [5].	 However,	 no	
study has compared the activity of MMP-2 and MMP-9 in 
inflammatory	 (e.g.,	 IPA)	versus	degenerative	 (e.g.,	CCLR)	
arthropathy or in non-erosive (e.g., IPA) versus erosive (e.g., 
cRA) polyarthritis. This study describes the differences in 
SF	MMP-2	and	MMP-9	activity	in	dogs	with	IPA,	cRA	or	
CCLR,	as	well	as	in	healthy	dogs.
Seventeen	 client-owned	 dogs	 with	 IPA	 (0.8‒13.9	 years	

of	age,	median	9.8	years;	2.1‒9.2	kg	body	weight,	median	
4.6 kg; intact males [n=3], neutered males [n=3], intact fe-
males [n=6] and spayed females [n=5]),	four	dogs	with	cRA	
(3.3‒12.7	years	of	age,	median	6.6	years;	2.0‒5.0	kg	body	
weight,	median	4.5	kg;	neutered	male	 [n=1], intact female 
[n=1] and spayed females [n=2])	and	five	dogs	with	CCLR	
(8.3‒14.2	years	of	age,	median	12.4	years;	5.2‒31.6	kg	body	
weight,	median	13.8	 kg;	 intact	male	 [n=1] and spayed fe-
males [n=4])	were	included	in	the	present	study.	These	dogs	
were	referred	to	the	University	of	Tokyo	Veterinary	Medical	
Center	between	2012	and	2015.	The	diagnosis	of	 IPA	was	
made	 according	 to	 a	 previous	 description	 [22].	 Definitive	
diagnosis	of	cRA	was	performed	if:	1)	erosive	polyarthritis	
was	 confirmed	 by	 synovial	 fluid	 examination	 of	 multiple	
joints	and	by	a	radiographic	assessment	of	the	joints,	and	2)	
infectious	arthritis	was	excluded	by	cytologic	examination	
and/or	bacterial	culture	of	SF.	CCLR	was	diagnosed	on	the	
basis	of	a	cranial	drawer	sign	and/or	tibial	thrust	during	the	
initial	physical	examination.	Surgical	confirmation	was	ob-
tained	in	all	dogs	with	CCLR.	As	healthy	controls,	10	beagle	
dogs	(0.8‒8.0	years	of	age,	median	4.0	years;	 intact	males	
[n=4] and intact females [n=6]) that had no evidence of dis-
ease	were	 included.	Dogs	 that	had	 received	glucocorticoid	
treatment	within	 a	week	prior	 to	 the	 diagnostic	 tests	were	
excluded from the study.
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SF	samples	were	collected	at	the	diagnosis	(IPA	and	cRA)	
or	surgery	 (CCLR).	 In	dogs	with	 IPA	or	cRA,	SF	samples	
were	obtained	by	arthrocentesis	of	the	affected	joints,	usu-
ally	the	carpus,	 the	hock	and	the	stifle	joints.	In	dogs	with	
CCLR	or	healthy	controls,	SF	samples	were	obtained	from	
the	stifle	 joint.	The	samples	with	visible	blood	contamina-
tion	were	discarded.	SF	samples	were	stained	with	Wright-
Giemsa solution for cytological analysis and/or examined by 
hematology	 analyzer	 (PocH-100i;	 Sysmex,	 Kobe,	 Japan).	
Using	 these	analyses,	 the	 samples	were	confirmed	 to	have	
increased	neutrophil	counts	in	dogs	with	IPA	and	cRA	or	to	
have	no	or	mild	increase	of	mononuclear	cells	in	dogs	with	
CCLR.	The	remainder	of	the	SF	was	centrifuged	(4°C,	5,000	
× g	and	10	min),	and	the	supernatants	were	stored	at	‒30°C	
until	use.	The	stored	aliquots	of	SF	underwent	total	protein	
determination using a Bradford protein assay kit (Protein As-
say; Bio-Rad Laboratories, Hercules, CA, U.S.A.).
MMP-2	 and	 MMP-9	 activity	 was	 determined	 in	 SF	

samples	by	gelatin	substrate	zymography	as	described	previ-
ously	[30],	with	some	alterations.	Briefly,	gelatin	(Wako	Pure	
Chemical	Industries,	Osaka,	Japan)	was	incorporated	into	8%	
(w/v)	sodium	dodecyl	sulfate	 (SDS)-polyacrylamide	gels	at	
a	final	substrate	concentration	of	2.0	mg/ml. Samples (total 
protein, 5 µg/lane)	were	 diluted	 two-fold	 in	 loading	 buffer	
(500	mM	Tris-HCl	pH	6.8,	20%	glycerol,	4%	SDS	and	0.2%	
bromophenol blue). A PageRuler Unstained Protein Ladder 
(molecular	weight	kDa;	Thermo	Fisher	Scientific,	Hertford-
shire, UK; 5 µl/lane)	was	used	 to	determine	 the	size	of	 the	
activity	bands.	A	commercially	available	zymography	marker	
(MMP marker; Life Laboratory, Yamagata, Japan; 5 µl/lane) 
was	run	on	each	gel	as	an	 inter-assay	standard	as	well	as	a	
positive	control.	Next,	duplicated	samples	were	loaded	onto	
the	 gels	 and	 underwent	 electrophoresis.	 Following	 electro-
phoresis,	the	gels	were	rinsed	twice	in	2.5%	Triton	X-100	for	
1 hr at room temperature and subsequently incubated for 20 
hr	at	37°C	in	enzymatic	activation	buffer	(50	mM	Tris-HCl,	
200 mM NaCl and 5 mM CaCl2,	pH	7.6).	The	gels	were	fixed,	
stained	with	Coomassie	brilliant	blue	G-250	(2.5	g/l) in dis-
tilled	water,	methanol	and	acetic	acid	(4.5:	4.5:	1)	for	1	hr	and	
destained	in	distilled	water,	methanol	and	acetic	acid	(8.75:	
0.5:	 0.75)	 until	 the	 zones	 of	 proteolysis	 had	 cleared.	 The	
bands	were	quantified	using	an	image	analyzer	system	(Gel	
Doc	EZ	Imager;	Bio-Rad	Laboratories)	and	software	(Image	
Labs; Bio-Rad Laboratories). The activity of each band in 5 
µl	of	the	standard	was	defined	as	1	arbitrary	unit,	respectively.
Statistical	 analysis	 was	 performed	 using	 a	 statistical	

software	 package	 (Prism	 5;	 GraphPad	 Software,	 La	 Jolla,	
CA, U.S.A.). The activity of pro-MMP-2, and pro- and ac-
tive	MMP-9	 among	 the	 groups	 was	 assessed	 by	 one-way	
ANOVA,	followed	by	Tukey‒Kramer	multiple	comparison	
tests. A value of P<0.05	was	considered	significant.

All of the SF samples contained prominent gelatinolytic 
bands	with	 apparent	molecular	masses	 of	 66	 and	 92	 kDa,	
which	corresponded	to	pro-MMP-2	and	pro-MMP-9,	respec-
tively (Fig. 1).	In	some	dogs,	there	was	an	additional	area	of	
gelatinolysis	at	approximately	82	kDa,	which	was	assumed	
to be an active form of MMP-9 based on the molecular 
weight.	There	was	 no	 obvious	 band	 of	 the	 active	 form	 of	

MMP-2 in the present study.
The	SF	samples	were	analyzed	via	densitometry	of	each	

of the three bands of activity and converted into arbitrary 
units (Fig. 2).	As	 for	pro-MMP-2,	 there	was	no	difference	
in	 its	activity	 in	 IPA,	cRA	and	healthy	dogs.	However,	SF	
pro-MMP-2	activity	was	significantly	higher	in	CCLR	dogs	
than in IPA dogs and healthy controls (both P<0.01). In IPA 
dogs,	the	activity	of	pro-MMP-9	was	significantly	increased	
compared to cRA, CCLR and healthy dogs (all P<0.01). 
IPA	dogs	also	exhibited	significantly	higher	levels	of	active	
MMP-9 than healthy controls (P<0.05).	 Dogs	 with	 cRA	
showed	 a	 slightly	 higher	 catalytic	 activity	 of	 pro-MMP-9	
than	CCLR	dogs	and	healthy	controls,	but	this	activity	was	
not	significant.	The	activity	of	active	MMP-9	in	cRA	dogs	
was	not	different	from	that	in	other	groups.	The	activity	of	
pro-	and	active	MMP-9	in	CCLR	dogs	was	similar	to	that	in	
healthy controls.

In the present study, the activity of pro-MMP-2 in dogs 
with	 IPA	was	 similar	 to	 that	 in	healthy	controls.	However,	
dogs	with	 IPA	 showed	 notably	 increased	 activity	 of	 latent	
and active MMP-9 in the SF. MMP-2 is produced by stromal 
cells	 in	 the	 synovial	 sublining	 layer	 [11],	 but	 is	 known	 to	
be	relatively	unresponsive	to	most	growth	factors	and	cyto-
kines [15]. By contrast, MMP-9 is secreted by neutrophils, 
macrophages [8] and synovial cells [1], and its expression is 
induced	by	inflammatory	cytokines	[27].	Several	inflamma-
tory	cytokines,	including	interleukin-1β	and	tumor	necrosis	
factor-α,	 are	 implicated	 in	 the	 pathogenesis	 of	 IPA	 [10].	
Thus, increased activity of MMP-9 in SF from IPA dogs 
would	reflect	increased	inflammatory	cytokines	compared	to	
cRA, CCLR and healthy dogs. Furthermore, because MMP-
9	knockout	mice	show	reduced	severity	of	antibody-induced	
arthritis, MMP-9 is considered to have stimulatory effects on 
arthritis	[14].	Upregulation	of	MMP-9	in	SF	of	dogs	with	IPA	
may be a useful target for additional therapeutic strategies.

MMP-2 and MMP-9 can digest not only denatured col-
lagen	(gelatin)	and	Type-IV	collagen	but	also	other	extracel-
lular	matrix	components,	including	fibrillar	collagen	I	and	II	
[4,	33]	and	aggrecan,	which	exist	primarily	in	the	cartilage	
[23].	Therefore,	these	two	enzymes	play	a	key	role	in	joint	
destruction in human rheumatoid arthritis [34]. Surprisingly, 
in	 the	 present	 study,	 we	 observed	 similar	 activity	 of	 pro-
MMP-2	 in	dogs	with	 IPA	and	cRA.	 In	addition,	we	 found	
significantly	 lower	 SF	 pro-MMP-9	 activity	 in	 dogs	 with	
cRA	than	in	dogs	with	IPA.	These	data	indicate	that	MMP-2	
and MMP-9 may not contribute directly to the destructive 
changes in cRA.
Previous	studies	confirmed	increased	MMP-2	activity	in	SF	

obtained	from	the	joints	of	CCLR	dogs	[3,	20].	By	contrast,	
the activity of MMP-9 in SF from CCLR dogs is controversial. 
Previous	reports	showed	high	 levels	of	MMP-9	in	SF	from	
CCLR dogs using a commercial human-MMP-9 ELISA kit 
[26] and increased gene expression of MMP-9 in CCL tissues 
[20] or in synovial cells in SF [21]. On the other hand, Boland 
and colleagues recently reported that MMP-9 activity in SF 
was	not	 significantly	 different	 in	CCLR-affected	 joints	 and	
stifle	joints	of	normal	dogs	based	on	antibody-based	enzyme	
assay [3]. As for MMP-9 activity in SF, our data are consistent 
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with	the	findings	presented	by	Boland	et al. The difference of 
the	activity	levels	of	MMP-9	between	the	current	study	and	
the published studies might be based on different measuring 
methods.	In	human	patients	with	arthritis,	the	presence	of	the	
latent	and	activated	forms	of	MMP-9	in	SF	is	reflected	in	the	
inflammatory	condition	of	the	joints	[16].	Although	increased	
proinflammatory	cytokines	 in	SF	of	dogs	with	CCLR	were	
reported	 [6],	 low	activity	 of	 pro-	 and	 active	MMP-9	 in	SF	
from	CCLR	dogs	indicates	that	inflammation	present	in	the	
joints	of	CCLR	dogs	was	not	severe.
The	present	study	had	some	limitations.	First,	we	investi-

gated only a small number of SF samples. Second, the dogs 
in	the	present	study	were	not	completely	balanced	for	age,	
sex	and	body	weight.	It	was	also	different	in	joints	that	SF	
samples	were	obtained	from.	These	differences	might	influ-
ence MMP-2 and MMP-9 activity.

In conclusion, the present study revealed the differences 
in MMP-2 and MMP-9 activity among canine arthropathies. 
Our	 data	 suggest	 that	MMP-9	 in	 SF	 was	 involved	 in	 the	
pathogenesis	 of	 cRA	 and,	 in	 particular,	 of	 IPA.	 However,	
MMP-2 and MMP-9 in SF may not contribute directly to the 
destructive	joint	changes	seen	in	cRA.

ACKNOWLEDGMENT. The authors thank Prof. Manabu 
Mochizuki	 and	Assistant	Professor	Muneki	Honnami	 (both:	
Laboratory	of	Veterinary	Surgery,	The	University	of	Tokyo,	
Japan) for collection of SF samples from CCLR-affected dogs.

REFERENCES

 1. Ahrens, D., Koch, A. E., Pope, R. M., Stein-Picarella, M. and 
Niedbala, M. J. 1996. Expression of matrix metalloproteinase 
9 (96-kd gelatinase B) in human rheumatoid arthritis. Arthritis 
Rheum. 39: 1576–1587. [Medline]  [CrossRef]

 2. Bennett, D. 2010. Immune-Mediated and Infective Arthritis. pp. 
743‒749.	In:	Textbook	of	Veterinary	Internal	Medicine,	7th	ed.	
(Ettinger, S. J. and Feldman, E. C. eds.), Saunders, Philadelphia.

 3. Boland, L., Danger, R., Cabon, Q., Rabillard, M., Brouard, S., 
Bouvy, B. and Gauthier, O. 2014. MMP-2 as an early synovial 
biomarker for cranial cruciate ligament disease in dogs. Vet. 
Comp. Orthop. Traumatol. 27: 210–215. [Medline]  [CrossRef]

 4. Charni-Ben Tabassi, N., Desmarais, S., Bay-Jensen, A. C., De-
laissé, J. M., Percival, M. D. and Garnero, P. 2008. The type 
II	 collagen	 fragments	 Helix-II	 and	 CTX-II	 reveal	 different	
enzymatic	 pathways	 of	 human	 cartilage	 collagen	 degradation.	
Osteoarthritis Cartilage 16: 1183–1191. [Medline]  [CrossRef]

 5. Coughlan, A. R., Robertson, D. H., Bennett, D., May, C., Bey-
non, R. J. and Carter, S. D. 1998. Matrix metalloproteinases 2 
and 9 in canine rheumatoid arthritis. Vet. Rec. 143: 219–223. 
[Medline]  [CrossRef]

	 6.	 Fujita,	Y.,	Hara,	Y.,	Nezu,	Y.,	Schulz,	K.	S.	and	Tagawa,	M.	2006.	
Proinflammatory	cytokine	activities,	matrix	metalloproteinase-3	
activity, and sulfated glycosaminoglycan content in synovial 
fluid	of	dogs	with	naturally	 acquired	cranial	 cruciate	 ligament	
rupture. Vet. Surg. 35: 369–376. [Medline]  [CrossRef]

	 7.	 Galloway,	R.	H.	and	Lester,	S.	J.	1995.	Histopathological	evalu-
ation	of	 canine	 stifle	 joint	 synovial	membrane	collected	at	 the	
time of repair of cranial cruciate ligament rupture. J. Am. Anim. 
Hosp. Assoc. 31: 289–294. [Medline]  [CrossRef]

Fig.	1.	 Representative	zymograms	of	synovial	fluid	samples	from	dogs	with	idiopathic	polyarthritis	(IPA),	canine	rheumatoid	
arthritis	(cRA)	or	cranial	cruciate	ligament	rupture	(CCLR)	and	healthy	controls.	Each	sample	was	analyzed	in	duplicate.	Three	
distinct	gelatinolytic	activities	(66,	82	and	92	kDa)	were	frequently	observed	in	IPA	dogs.	MMP,	matrix	metalloproteinase.

Fig.	2.	 Comparison	of	pro-matrix	metalloproteinase-2	(pro-MMP-2),	pro-MMP-9	and	active	MMP-9	activity	in	synovial	fluid	
of	idiopathic	polyarthritis	(IPA)	joints,	canine	rheumatoid	arthritis	(cRA)	joints,	cranial	cruciate	ligament	ruptured	(CCLR)	
joints	and	joints	from	healthy	dogs.	*	P<0.05, ** P<0.01,	Tukey‒Kramer	multiple	comparison	test.	a.u.	arbitrary	unit.

http://www.ncbi.nlm.nih.gov/pubmed/8814070?dopt=Abstract
http://dx.doi.org/10.1002/art.1780390919
http://www.ncbi.nlm.nih.gov/pubmed/24664192?dopt=Abstract
http://dx.doi.org/10.3415/VCOT-13-06-0082
http://www.ncbi.nlm.nih.gov/pubmed/18403221?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2008.02.008
http://www.ncbi.nlm.nih.gov/pubmed/9770764?dopt=Abstract
http://dx.doi.org/10.1136/vr.143.8.219
http://www.ncbi.nlm.nih.gov/pubmed/16756618?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-950X.2006.00159.x
http://www.ncbi.nlm.nih.gov/pubmed/7552659?dopt=Abstract
http://dx.doi.org/10.5326/15473317-31-4-289


K. MURAKAMI, S. MAEDA, T. YONEZAWA AND N. MATSUKI1054

	 8.	 Grillet,	B.,	Dequeker,	J.,	Paemen,	L.,	Van	Damme,	B.	and	Op-
denakker, G. 1997. Gelatinase B in chronic synovitis: immuno-
localization	with	a	monoclonal	antibody.	Br. J. Rheumatol. 36: 
744–747. [Medline]  [CrossRef]

 9. Gruber, B. L., Sorbi, D., French, D. L., Marchese, M. J., Nuovo, 
G.	 J.,	 Kew,	 R.	 R.	 and	Arbeit,	 L.	A.	 1996.	Markedly	 elevated	
serum MMP-9 (gelatinase B) levels in rheumatoid arthritis: a 
potentially useful laboratory marker. Clin. Immunol. Immuno-
pathol. 78: 161–171. [Medline]  [CrossRef]

 10. Hegemann, N., Wondimu, A., Kohn, B., Brunnberg, L. and 
Schmidt,	 M.	 F.	 2005.	 Cytokine	 profile	 in	 canine	 immune-
mediated polyarthritis and osteoarthritis. Vet. Comp. Orthop. 
Traumatol. 18: 67–72. [Medline]

 11. Hembry, R. M., Bagga, M. R., Reynolds, J. J. and Hamblen, D. 
L. 1995. Immunolocalisation studies on six matrix metallopro-
teinases and their inhibitors, TIMP-1 and TIMP-2, in synovia 
from	patients	with	osteo-	and	rheumatoid	arthritis.	Ann. Rheum. 
Dis. 54: 25–32. [Medline]  [CrossRef]

	12.	 Hewicker-Trautwein,	M.,	Carter,	S.	D.,	Bennett,	D.	and	Kelly,	
D. F. 1999. Immunocytochemical demonstration of lympho-
cyte subsets and MHC class II antigen expression in synovial 
membranes	from	dogs	with	rheumatoid	arthritis	and	degenera-
tive	 joint	 disease.	Vet. Immunol. Immunopathol. 67: 341–357. 
[Medline]  [CrossRef]

 13. Ito, A., Mukaiyama, A., Itoh, Y., Nagase, H., Thogersen, I. B., 
Enghild, J. J., Sasaguri, Y. and Mori, Y. 1996. Degradation of 
interleukin 1beta by matrix metalloproteinases. J. Biol. Chem. 
271: 14657–14660. [Medline]  [CrossRef]

	14.	 Itoh,	T.,	Matsuda,	H.,	Tanioka,	M.,	Kuwabara,	K.,	 Itohara,	 S.	
and	Suzuki,	R.	2002.	The	role	of	matrix	metalloproteinase-2	and	
matrix metalloproteinase-9 in antibody-induced arthritis. J. Im-
munol. 169: 2643–2647. [Medline]  [CrossRef]

	15.	 Konttinen,	Y.	T.,	Ainola,	M.,	Valleala,	H.,	Ma,	J.,	Ida,	H.,	Man-
delin,	J.,	Kinne,	R.	W.,	Santavirta,	S.,	Sorsa,	T.,	López-Otín,	C.	
and Takagi, M. 1999. Analysis of 16 different matrix metallopro-
teinases (MMP-1 to MMP-20) in the synovial membrane: differ-
ent	profiles	in	trauma	and	rheumatoid	arthritis.	Ann. Rheum. Dis. 
58: 691–697. [Medline]  [CrossRef]

	16.	 Koolwijk,	P.,	Miltenburg,	A.	M.,	van	Erck,	M.	G.,	Oudshoorn,	
M.,	Niedbala,	M.	J.,	Breedveld,	F.	C.	and	van	Hinsbergh,	V.	W.	
1995. Activated gelatinase-B (MMP-9) and urokinase-type plas-
minogen	 activator	 in	 synovial	 fluids	 of	 patients	with	 arthritis.	
Correlation	with	clinical	and	experimental	variables	of	 inflam-
mation. J. Rheumatol. 22: 385–393. [Medline]

 17. McQuibban, G. A., Butler, G. S., Gong, J. H., Bendall, L., 
Power,	C.,	Clark-Lewis,	I.	and	Overall,	C.	M.	2001.	Matrix	me-
talloproteinase	activity	inactivates	the	CXC	chemokine	stromal	
cell-derived factor-1. J. Biol. Chem. 276: 43503–43508. [Med-
line]  [CrossRef]

 18. McQuibban, G. A., Gong, J. H., Wong, J. P., Wallace, J. L., 
Clark-Lewis,	I.	and	Overall,	C.	M.	2002.	Matrix	metalloprotein-
ase processing of monocyte chemoattractant proteins generates 
CC	 chemokine	 receptor	 antagonists	 with	 anti-inflammatory	
properties in vivo. Blood 100: 1160–1167. [Medline]

	19.	 Mizui,	T.,	Ishimaru,	J.,	Miyamoto,	K.	and	Kurita,	K.	2001.	Ma-
trix	metalloproteinase-2	in	synovial	lavage	fluid	of	patients	with	
disorders	of	the	temporomandibular	joint.	Br. J. Oral Maxillofac. 
Surg. 39: 310–314. [Medline]  [CrossRef]

 20. Muir, P., Danova, N. A., Argyle, D. J., Manley, P. A. and Hao, 
Z. 2005. Collagenolytic protease expression in cranial cruciate 
ligament	and	stifle	synovial	fluid	 in	dogs	with	cranial	cruciate	
ligament rupture. Vet. Surg. 34: 482–490. [Medline]  [CrossRef]

 21. Muir, P., Schaefer, S. L., Manley, P. A., Svaren, J. P., Oldenhoff, 
W. E. and Hao, Z. 2007. Expression of immune response genes 

in	 the	 stifle	 joint	 of	 dogs	with	 oligoarthritis	 and	 degenerative	
cranial cruciate ligament rupture. Vet. Immunol. Immunopathol. 
119: 214–221. [Medline]  [CrossRef]

	22.	 Murakami,	K.,	Yonezawa,	T.	 and	Matsuki,	N.	 2016.	 Synovial	
fluid	total	protein	concentration	as	a	possible	marker	for	canine	
idiopathic polyarthritis. J. Vet. Med. Sci. 77: 1715–1717. [Med-
line]  [CrossRef]

	23.	 Nagase,	H.,	Visse,	R.	and	Murphy,	G.	2006.	Structure	and	func-
tion of matrix metalloproteinases and TIMPs. Cardiovasc. Res. 
69: 562–573. [Medline]  [CrossRef]

	24.	 Parks,	W.	C.,	Wilson,	C.	L.	and	López-Boado,	Y.	S.	2004.	Matrix	
metalloproteinases	 as	 modulators	 of	 inflammation	 and	 innate	
immunity. Nat. Rev. Immunol. 4: 617–629. [Medline] [CrossRef]

	25.	 Peake,	 N.	 J.,	 Foster,	 H.	 E.,	 Khawaja,	 K.,	 Cawston,	 T.	 E.	 and	
Rowan,	A.	D.	2006.	Assessment	of	 the	clinical	significance	of	
gelatinase	 activity	 in	 patients	with	 juvenile	 idiopathic	 arthritis	
using	 quantitative	 protein	 substrate	 zymography.	Ann. Rheum. 
Dis. 65: 501–507. [Medline]  [CrossRef]

 26. Rabillard, M., Danger, R., Doran, I. P., Niebauer, G. W., Brouard, 
S. and Gauthier, O. 2012. Matrix metalloproteinase activity in 
stifle	 synovial	fluid	of	 cranial	 cruciate	 ligament	deficient	dogs	
and effect of postoperative doxycycline treatment. Vet. J. 193: 
271–273. [Medline]  [CrossRef]

 27. Ries, C. and Petrides, P. E. 1995. Cytokine regulation of matrix 
metalloproteinase activity and its regulatory dysfunction in dis-
ease. Biol. Chem. Hoppe Seyler 376: 345–355. [Medline]

 28. Schönbeck, U., Mach, F. and Libby, P. 1998. Generation of 
biologically active IL-1 beta by matrix metalloproteinases: a 
novel	caspase-1-independent	pathway	of	 IL-1	beta	processing.	
J. Immunol. 161: 3340–3346. [Medline]

	29.	 Springman,	E.	B.,	Angleton,	E.	L.,	Birkedal-Hansen,	H.	and	Van	
Wart, H. E. 1990. Multiple modes of activation of latent human 
fibroblast	collagenase:	evidence	for	the	role	of	a	Cys73	active-
site	zinc	complex	in	latency	and	a	“cysteine	switch”	mechanism	
for activation. Proc. Natl. Acad. Sci. U.S.A. 87: 364–368. [Med-
line] [CrossRef]

 30. Tamamoto, T., Ohno, K., Takahashi, M., Fukushima, K., 
Kanemoto,	H.,	Fujino,	Y.	and	Tsujimoto,	H.	2014.	Plasma	matrix	
metalloproteinase-9	activity	in	cats	with	lymphoma.	Vet. Comp. 
Oncol. (in press). [Medline]  [CrossRef]

	31.	 Van	 den	 Steen,	 P.	 E.,	 Proost,	 P.,	 Wuyts,	 A.,	 Van	 Damme,	 J.	
and Opdenakker, G. 2000. Neutrophil gelatinase B potentiates 
interleukin-8	 tenfold	 by	 aminoterminal	 processing,	 whereas	 it	
degrades CTAP-III, PF-4, and GRO-alpha and leaves RANTES 
and MCP-2 intact. Blood 96: 2673–2681. [Medline]

	32.	 Van	Den	Steen,	P.	E.,	Wuyts,	A.,	Husson,	S.	J.,	Proost,	P.,	Van	
Damme, J. and Opdenakker, G. 2003. Gelatinase B/MMP-9 and 
neutrophil collagenase/MMP-8 process the chemokines human 
GCP-2/CXCL6,	 ENA-78/CXCL5	 and	 mouse	 GCP-2/LIX	 and	
modulate their physiological activities. Eur. J. Biochem. 270: 
3739–3749. [Medline]  [CrossRef]

	33.	 Van	den	Steen,	P.	E.,	Grillet,	B.	and	Opdenakker,	G.	2005.	Ge-
latinase B participates in collagen II degradation and releases 
glycosylated remnant epitopes in rheumatoid arthritis. Adv. Exp. 
Med. Biol. 564: 45–55. [Medline]  [CrossRef]

	34.	 Xue,	 M.,	 McKelvey,	 K.,	 Shen,	 K.,	 Minhas,	 N.,	 March,	 L.,	
Park, S. Y. and Jackson, C. J. 2014. Endogenous MMP-9 and 
not	MMP-2	 promotes	 rheumatoid	 synovial	 fibroblast	 survival,	
inflammation	and	cartilage	degradation.	Rheumatology (Oxford) 
53: 2270–2279. [Medline]  [CrossRef]

	35.	 Yu,	Q.	and	Stamenkovic,	I.	2000.	Cell	surface-localized	matrix	
metalloproteinase-9 proteolytically activates TGF-beta and 
promotes tumor invasion and angiogenesis. Genes Dev. 14: 
163–176. [Medline]

http://www.ncbi.nlm.nih.gov/pubmed/9255107?dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/36.7.744
http://www.ncbi.nlm.nih.gov/pubmed/8625558?dopt=Abstract
http://dx.doi.org/10.1006/clin.1996.0025
http://www.ncbi.nlm.nih.gov/pubmed/16594200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7880117?dopt=Abstract
http://dx.doi.org/10.1136/ard.54.1.25
http://www.ncbi.nlm.nih.gov/pubmed/10206202?dopt=Abstract
http://dx.doi.org/10.1016/S0165-2427(98)00229-3
http://www.ncbi.nlm.nih.gov/pubmed/8663297?dopt=Abstract
http://dx.doi.org/10.1074/jbc.271.25.14657
http://www.ncbi.nlm.nih.gov/pubmed/12193736?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.169.5.2643
http://www.ncbi.nlm.nih.gov/pubmed/10531073?dopt=Abstract
http://dx.doi.org/10.1136/ard.58.11.691
http://www.ncbi.nlm.nih.gov/pubmed/7783051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11571304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11571304?dopt=Abstract
http://dx.doi.org/10.1074/jbc.M107736200
http://www.ncbi.nlm.nih.gov/pubmed/12149192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11437431?dopt=Abstract
http://dx.doi.org/10.1054/bjom.2001.0634
http://www.ncbi.nlm.nih.gov/pubmed/16266341?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-950X.2005.00073.x
http://www.ncbi.nlm.nih.gov/pubmed/17629954?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2007.05.016
http://www.ncbi.nlm.nih.gov/pubmed/26234738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26234738?dopt=Abstract
http://dx.doi.org/10.1292/jvms.15-0263
http://www.ncbi.nlm.nih.gov/pubmed/16405877?dopt=Abstract
http://dx.doi.org/10.1016/j.cardiores.2005.12.002
http://www.ncbi.nlm.nih.gov/pubmed/15286728?dopt=Abstract
http://dx.doi.org/10.1038/nri1418
http://www.ncbi.nlm.nih.gov/pubmed/16150790?dopt=Abstract
http://dx.doi.org/10.1136/ard.2005.039032
http://www.ncbi.nlm.nih.gov/pubmed/22119570?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2011.10.028
http://www.ncbi.nlm.nih.gov/pubmed/7576228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9759850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2153297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2153297?dopt=Abstract
http://dx.doi.org/10.1073/pnas.87.1.364
http://www.ncbi.nlm.nih.gov/pubmed/24899544?dopt=Abstract
http://dx.doi.org/10.1111/vco.12097
http://www.ncbi.nlm.nih.gov/pubmed/11023497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12950257?dopt=Abstract
http://dx.doi.org/10.1046/j.1432-1033.2003.03760.x
http://www.ncbi.nlm.nih.gov/pubmed/16400806?dopt=Abstract
http://dx.doi.org/10.1007/0-387-25515-X_10
http://www.ncbi.nlm.nih.gov/pubmed/24982240?dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/keu254
http://www.ncbi.nlm.nih.gov/pubmed/10652271?dopt=Abstract

