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Active Expression of Matrix Metalloproteinase-13 mRNA in the Granulation Tissue
of Equine Superficial Digital Flexor Tendinitis
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ABSTRACT. The DNA microarray analysis for matrix metalloproteinase (MMP)-related mRNA expression in equine superficial digital
flexor tendinitis indicated that mRNA level of MMP-13 was apparently up-regulated in the tendinitis as compared to normal tendon. In
situ hybridization also revealed that fibroblastic cells proliferated in the granulation tissue generated in the tendinitis actively expressed
MMP-13 mRNA. On the other hand, in normal tendon, a few fibroblastic cells and vascular components lied in the endotenon barely
expressed its mRNA, but other cellular components in the tendon bundle were not positively hybridized. As mentioned above, MMP-
13 but not other collagenases or gelatinases, may play an important role in tendon injuries in the racehorses.
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Matrix metalloproteinases (MMPs) are a family of struc-
turally related zinc/calcium-dependent proteinases that play
a central role in the degradation of the extracellular matrix
(ECM) during both normal and pathological tissue remodel-
ing processes [16, 21, 24]. The MMP family consists of sev-
eral subfamily such as collagenase, gelatinase, stromelysin,
membrane-type (MT-MMPs) and others, and MT-MMPs is

adult male thoroughbreds suffering from acute tendinitis.
Using total RNA extracted from adult normal and tendinitis
tissues, MMP-related mRNA expression was surveyed
using human ECM and adhesion molecules cDNA GEarray
(SuperArray Bioscience Co., Fredrick, MD) according to
the manufacture’s protocol. Briefly, biotinylated cDNA
was prepared by reverse transcription of tendon-derived

known to be the activators for gelatinases. Collagenase sub-
family further classified into MMP-1 (fibroblast collage-
nase), -8 (neutrophil collagenase) and -13 (collagenase-3)
and mainly degraded fibrous collagen, e.g. type 1, IL, III, V a)
and XI. Among these, MMP-13 was first identified in
human breast carcinoma [9] and its increased expression in
several pathological stages including arthritic synovium [25,
26] and osteoarthritic cartilage [7, 8, 15] have been demon-
strated. Additionally, MMP-13 is a potential marker for a
kind of joint diseases including cartilage degradation [20,
22]. This type of MMP could also act in several tendon inju-
ries [13, 17-19] and up-regulation of MMP-13 mRNA level
by interleukin-18 in human tendon-derived cells was dem-
onstrated [2]. On the other hand, equine tendinitis, injury to b)
the superficial digital flexor (SDF) tendon (T) commonly
occurs in racehorses [1]. However, the molecular basis of
pathology of equine SDF tendinitis was not fully character-
ized. In this report, we tried to characterize ECM-related
mRNA expression profile in equine tendinitis and suggested
participation of MMP-13 in the granulation tissue generated
in this injury.

Normal SDFT was obtained from the fetus in late preg-
nancy (gestational days 296) and adult male thoroughbred.
Two cases of injured lesions were dissected from SDFT in

total RNA in the presence of biotin-16-dUTP (SuperArray)
and was hybridized with the nylon membrane array, then

Fig. 1.

Raw images of mRNA expression pattern of sev-
enteen matrix metalloproteinase (MMP) species. Arabic
numerals correspond to MMP numbers. a) normal super-
ficial digital flexor (SDF) tendon, b) SDF tendinitis.
GAPDH; internal control for mRNA expression.
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positive signals were chemiluminescently detected with
alkaline phosphatase-conjugated streptavidin (SuperArray)
and CDP-Star (SuperArray). Next, to prepare to the probe
for in situ hybridization (ISH), DNA fragment of equine
MMP-13 (GenBank accession No. AF034087) was ampli-
fied by PCR with a primer set (upper; 5’-GCTGCCTAT-
GAGCATCCTTC-3 and lower; 5’-ACCTCCAGA
CCTGGTTTCCT-3’) and a tenocyte-derived cDNA tem-
plate as previously reported [11]. The 208 bp fragment was
subcloned into pGEM-T easy plasmid vector (Promega Co.,
Madison, WI) and the sequence was confirmed by a DSQ-
2000L autosequencer (SHIMADZU, Kyoto, Japan), then
sense and antisense RNA probes were synthesized by SP6
or T7 RNA polymerase (Roche Diagnostics GmbH, Man-
nheim, Germany) in the presence of digoxigenin (DIG)-
UTP (Roche Diagnostics) according to the manufacture’s
protocol. Formalin-fixed tissues were dehydrated, embed-
ded in paraffin, and sectioned at 6 um. Deparaffinized thin
sections were pretreated as previously reported [11], then
hybridized with the probes appropriately diluted with 50%
formamide/0.15 M Tris-HCI, pH 7.4/1x Denhardt’s /0.6 M

NaCl/0.25% SDS/0.005% salmon sperm DNA/1 mM
EDTA, pH 8.0/10% dextran sulfate for 18 hr at 50°C. After
washing with 0.2 x SSC twice for 20 min at 50°C, slides
were incubated with alkaline phosphatase-labeled anti-DIG
antibody (Roche Diagnostics), then positive signals were
visualized with nitro blue tetrazolium (Roche Diagnostics)
and 5-bromo-4-chloro-3-indolyl-phosphate (Roche Diag-
nostics).

In general, nucleotide sequence of each MMP was known
to be highly conserved across vertebrate species [6, 24] and
the DNA sequence of PCR fragment corresponding to
equine MMP-13 used in this study showed more than 90%
homology with that of human MMP-13, but did not signifi-
cantly agree with other MMPs’ sequences (data not shown).
Thus, human DNA microarray thought to be used for rough
profiling for expression of equine MMPs. DNA microarray
indicated increased level of MMP-13 mRNA in the tendini-
tis, however, other two collagenase species, MMP-1 and
MMP-8, were not detected. Levels of mRNA correspond-
ing to MMP-2 (gelatinase A), -3 (stromelysin-1) and MMP-
10 (stromelysin-2) in addition to MMP-24 (MT5-MMP)

Fig. 2.

Photomicrographs of in situ hybridization. a) Normal fetal tendon. Antisense probe positively hybridized with the endotenon

(arrowheads), but no positive reaction was seen in tendon bundles (asterisk). Bar=100 um. b) Normal fetal tendon. No hybridization
signal with sense probe was observed. Bar=100 um. c) Normal fetal tendon. High power view of a) indicated positive reaction with
fibroblastic cells (arrowheads) in the endotenon. Vascular smooth muscle and endothelium were barely hybridized with antisense
probe (arrow). Bar=20 um. d) SDF tendinitis. Positive reaction was observed in the granulation tissue neighboring the endotenon.
Bar=100 um. e) SDF tendinitis. No hybridization signal with sense probe was observed. Arrowheads indicated the remnant of the orig-
inal endotenon. Bar=100 um. f) SDF tendinitis. High power view of d) indicated active expression of MMP-13 mRNA in most fibro-
blastic cells proliferated in the granulation tissue (arrowheads). Some cellular components adjacent to the vessel (asterisk) were also

hybridized with antisense probe. Bar=20 ym.
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were also slightly up-regulated in the tendinitis compared
with normal adult SDFT, whereas no significant change in
MMP-11 (stromelysin-3) and MMP-14 (MT1-MMP) was
observed (Fig. 1). Based on the results of mRNA expression
profiles, localization of MMP-13 mRNA was further exam-
ined by ISH. In normal fetal tendon, positive signals were
restricted in the endotenon (Fig. 2a), and a few fibroblastic
cells and vascular components showed positive signals for
MMP-13 (Fig. 2c). In the tendinitis lesion, its mRNA signal
concentrated in the granulation tissue generated along the
endotenon (Fig. 2¢) and most mRNA-expressing cells
seemed to be fibroblastic cells proliferated in the granula-
tion tissue (Fig. 2f). Sense probe did not hybridize any part
of these tissues (Figs. 2b, 2e).

In addition to tumor invasion and metastasis [6], MMP-
13 is known to function in some developing stage including
bone formation [23], or several healing events after bone
fracture [10] and tendon laceration [13]. In normal tendon,
expression of MMP-13 was restricted in some fibroblastic
cells and vascular components in the endotenon, suggesting
the participation of this enzyme in maintaining normal
homeostasis in matrix turnover of endotenon. We also
showed apparent expression of MMP-13 by fibroblastic
cells proliferated in the granulation tissue generated in the
tendinitis. It was known that equine SDF tendinitis was
experimentally induced by collagenase injection into the
midmetacarpal region [3-5, 14] and MMP-13 participated
in collagen degradation during flexor tendon healing of the
rat [18]. Furthermore, its mRNA expression could be stim-
ulated by inflammatory cytokines such as IL.-1 and tumor
necrosis factor-oo (TNFa) [2] and down-regulated by anti-
TNFo antibody in human rheumatoid tenosynovitis [12].
These observation indicate that MMP-13 is thought to play
an important role in tendon injuries including equine SDF
tendinitis. Although the origin of these MMP-13-express-
ing cells in the tendinitis are not clear until now, this enzyme
could significantly act in a certain process of SDF tendinitis.
Further investigation on the kinetics of MMP-13-related
collagenolytic activity in the tendinitis could clear a part of
the molecular basis of the tendon injury.

ACKNOWLEDGEMENT. The authors are grateful to Prof.
K. Mitsumori and Dr. M. Muguruma (Lab. Vet Pathol.,
Tokyo Univ. Agricul. Technol.) for their advices on the
DNA microarray analysis.

REFERENCES

1. Batson, E. L., Paramour, R. J., Smith, T. J., Birch, H. L.,
Patterson-Kane, J. C. and Goodship, A. E. 2003. Equine Vet. J.
35:314-318.

2. Corps, A. N,, Harrall, R. L., Curry, V. A., Hazleman, B. L. and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Riley, G. P. 2005. Rheumatology 44: 1514-1517.

Dahlgren, L. A., Mohammed, H. O. and Nixon, A. J. 2006. J.
Orthop. Res. 24: 183-192.

Dahlgren, L. A., van der Meulen, M. C., Bertram, J. E., Star-
rak, G. S. and Nixon, A. J. 2002. J. Orthop. Res. 20: 910-919.
Donnelly, B. P., Nixon, A. J., Haupt, J. L. and Dahlgren, L. A.
2006. Am. J. Vet. Res. 67: 1218-1225.

Egeblad, M. and Werb, Z. 2002. Nat. Rev. Cancer. 2: 161-174.
Fernandes, J. C., Martel-Pelletier, J., Lascau-Coman, V., Mold-
ovan, F., Jovanovic, D., Raynauld, J. P. and Pelletier, J. P.
1998. J. Rheumatol. 25: 1585-1594.

Freemont, A. J., Byers, R. J., Taiwo, Y. O. and Hoyland, J. A.
1999. Ann. Rheum. Dis. 58: 357-365.

Freije, J. M., Diez-Itza, 1., Balbin, M., Sanchez, L. M., Blasco,
R., Tolivia, J. and Lopez-Otin, C. 1994. J. Biol. Chem. 269:
16766-16773.

Hayami, T., Endo, N., Tokunaga, K., Yamagiwa, H., Hatano,
H., Uchida, M. and Takahashi, H. E. 2000. J. Bone. Miner.
Metab. 18: 185-193.

Hosaka, Y., Kirisawa, R., Ueda, H., Yamaguchi, M. and Take-
hana, K. 2005. J. Vet. Med. Sci. 67: 985-991.

Jain, A., Brennan, F. and Nanchahal, J. 2002. Lancet 360:
1565-1566.

Lo, I. K., Marchuk, L. L., Hollinshead, R., Hart, D. A. and
Frank, C. B. 2004. Am. J. Sports. Med. 32: 1223-1229.
Micklethwaite, L., Wood, A. K., Sehgal, C. M., Polansky, M.,
Dowling, B. A., Dart, A. J,, Rose, R. J. and Hodgson, D. R.
2001. Am. J. Vet. Res. 62: 1320-1327.

Moldovan, F., Pelletier, J. P., Hambor, J., Cloutier, J. M. and
Martel-Pelletier, J. 1997. Arthritis. Rheum. 40: 1653-1661.
Mott, J. D. and Werb, Z. 2004. Curr. Opin. Cell. Biol. 16: 558—
564.

Osawa, T., Shinozaki, T. and Takagishi, K. 2005. Rheumatol.
Int. 25: 436-441.

Oshiro, W, Lou, J., Xing, X., Tu, Y. and Manske, P. R. 2003.
J. Hand. Surg. 28: 814-823.

Riley, G. P., Curry, V., DeGroot, J., van El, B., Verzijl, N.,
Hazleman, B. L. and Bank, R. A. 2002. Matrix. Biol. 21: 185—
195.

Schmidt-Rohlfing, B., Gavenis, K., Kippels, M. and Schneider,
U. 2002. Scand. J. Rheumatol. 31: 151-157. '
Sternlicht, M. D. and Werb, Z. 2001. Annu. Rev. Cell. Dev.
Biol. 17: 463-516.

Trumble, T. N., Trotter, G. W., Oxford, J. R., Mcllwraith, C.
W., Cammarata, S., Goodnight, J. L., Billinghurst, R. C. and
Frisbie, D. D. 2001. Am. J. Vet. Res. 62: 1467-1477.
Tuckermann, J. P., Pittois, K., Partridge, N. C., Merregaert, J.
and Angel, P. 2000. J. Bone. Miner. Res. 15: 1257-1265.
Werb, Z. and Chin, J. R, 1998. Ann. New York Acad. Sci. 857:
110-118.

Wernicke, D., Seyfert, C., Gromnica-lhle, E. and Stichl, P.
2006. Autoimmunity 39: 307-313.

Wimsey, S., Lien, C. F., Sharma, S., Brennan, P. A., Roach, H.
I., Harper, G. D. and Gorecki, D. C. 2006. Osteoarthritis. Car-
tilage. 14: 1181-1188.

NI | -El ectronic Library Service



