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Abstract
The aim of this study was to explore the diagnostic value of matrix metalloproteinase (MMP)-2 and -9, and cyclooxygenase-2
(COX-2) enzymes in the synovial fluid of horses with different forms of arthritis. Thirty-two horses were involved in this study
and based on the clinical, radiographic, and synovial fluid examinations, the horses were divided into three groups: control (group
I; n = 12), septic arthritis (group II; n = 5), and aseptic arthritis (group III; n = 15). After routine analysis, synovial fluid was used
for assessment of MMP-2 and MMP–9 activities by gelatin zymography, and COX-2 relative gene expression by quantitative
reverse transcriptase polymerase chain reaction (qRT-PCR). Synovial fluid gelatin zymography showed significant gelatinolytic
activity forMMP-9 in group II. COX-2 exhibited a 50-fold expression in group II and a 4.5-fold expression in group III compared
to group I. In conclusion, the results confirm thatMMP-9 and COX-2 detection offers an important diagnostic potential for septic
and aseptic arthritis in horses.
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Introduction

Joint disease is the most common cause of early retirement of
athletic horses (de Grauw et al. 2010). The diagnosis is rou-
tinely established on the basis of lameness examination, radi-
ography and conventional synovial fluid analysis (Fietz et al.
2008). However, definite diagnosis often remains difficult,
and as such the development of diagnostic biochemical bio-
markers for arthritis would be of great benefit (McILwraith
2005).

Arthritis is typically classified into septic and aseptic
arthritis (Taylor-Robinson and Keat 1999). Joint insult
causes release of the pro-inflammatory cytokines
interleukin-1 (IL-1), (IL-6), and tumor necrosis factor-α
(TNF-α) by the inflamed synovium (Armstrong and Lees
2002), these cytokines then induce proteoglycan depletion
and promote its degradation by stimulating the release of
prostaglandin E2 (PGE2) and matrix metalloproteinases
(MMPs) (Trumble et al. 2001).
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PGE2 induces vasodilation and heightening of pain perception
(Schlueter and Orth 2004), its synthesis depends on the rate
limiting cyclooxygenase enzymes (COX-1 and COX-2). COX-
1 has a range of physiologic functions, while COX-2 is upregu-
lated only during pro-inflammatory states and is highly expressed
in arthritis (Ziegler et al. 2017). Moreover, PGE2 stimulates the
production of MMPs (Farley et al. 2005) which play a funda-
mental role in cartilage homeostasis (Fietz et al. 2008).

MMPs are a family of endopeptidase enzymes that facili-
tate tissue remodeling in a physiologic and pathologic capac-
ity (Murphy et al. 2002). They are secreted as inactive zymo-
gens (known as the latent or pro-form) which later require an
in vivo proteolytic step to develop into the active, extracellular
matrix cleaving form (Snoek-van Beurden and Von den Hoff
2005). MMPs are also controlled by the tissue inhibitors of
metalloproteinase (TIMP), which under physiological condi-
tions exist in 1:1 ratio with the active enzyme. Therefore,
when MMPs surpass their inhibitors, the pathologic condition
develops (Jouglin et al. 2000).

MMP-2 (Gelatinase A) and MMP-9 (Gelatinase B) were
observed to be elevated in synovial fluids from arthritic horses
(Clegg and Carter 1999; Trumble et al. 2001; Kidd et al. 2007;
Fietz et al. 2008; Ley 2010; Abd El-Baky and Salem 2017).
MMP-2 plays a constitutive role and is produced by
chondrocytes and synovial fibroblasts (Kidd et al. 2007),
while MMP-9 is produced by chondrocytes, macrophages,
and peripheral blood mononuclear cells (Murphy et al.
2002) which explains the association between MMP-9 activ-
ity and leukocyte count (Fietz et al. 2008). Gelatin
zymography is a semi-quantitative technique that enables the
detection of the total gelatinolytic activity (latent and
active forms) in biological samples, using sodium dode-
cyl sulfate-polyacrylamide gels (SDS-PAGE) co-
polymerized with gelatin (Snoek-van Beurden and Von
den Hoff 2005; Dwek et al. 2012).

The purpose of this study is to evaluate the diagnostic value
of MMP-2 and MMP-9 activity by gelatin zymography and
COX-2 relative gene expression by quantitative reverse tran-
scriptase polymerase chain reaction (qRT-PCR) in septic and
aseptic arthritis in horses.

Materials and methods

Animals and case analysis

Synovial fluid samples were collected from 39 joints of 32
horses at the surgery clinic of the Faculty of Veterinary
Medicine, Cairo University, and some private equine farms
in the Giza Governorate, from the period of November 2018
to January 2020. All institutional and national ethical guide-
lines (CU-IACUC) for the care and use of animals were
followed (Approval I.D.: CU-II-F-27-19).

Following the clinical, radiographic, and synovial fluid ex-
aminations, the horses were divided into three groups: group I:
control, group II: septic arthritis, and group III: aseptic arthri-
tis. Group I comprised 12 control samples from 12 healthy
horses (age in years described as mean ± SE; 10 ± 2 years),
group II included 5 samples aspirated from 5 affected horses
(8 ± 1 years), while group III contained 22 samples from 15
horses (11 ± 2 years).

All animals were subjected to a standard lameness exami-
nation (Ross and Dyson 2011), lameness was scored accord-
ing to the American Association of Equine Practitioners
(AAEP) scale as (0–5) where 0 = sound, 1 = lameness is
difficult to detect, 2 = lameness is detected at fast work, 3 =
lameness is detected at trot, 4 = lameness is detected at walk,
and 5 = minimal weight bearing (Mcilwraith 2010). Group I
showed no clinical signs of arthritis or lameness (AAEP score
= 0, with a clear, yellow, and viscid synovial fluid that had a
total nucleated cell count (TNCC) < 1 × 103 cell/μL. Group II
presented with a penetrating joint injury, a severe non-weight
bearing lameness (AAEP score = 5) on the affected limb,
painful periarticular swelling which was evident on radio-
graphs. Group II synovial fluid examination revealed a wa-
tery, clotted, turbid, and whitish fluid, with a TNCC > 10 ×
103 cell/μL and a predominance of degenerate neutrophils,
while group III horses had a history of recurrent trauma, the
animals portrayed an AAEP lameness score about 2–4, joint
effusion, and a positive flexion test, with radiographic
features of joint narrowing and soft tissue swelling.
Arthrocentesis showed a watery, slightly turbid,
serosanguinous fluid, with TNCC > 1 × 103 cell/μL
and a predominance of mononuclear cells.

Sample processing and protein analysis

After routine analysis, synovial fluid samples were centri-
fuged at 10,000×g/20 min at 4 °C, then the cell-free superna-
tants were used for quantification of total proteins by
Bradford’s method for gelatin zymography (Yassin et al.
2020) in addition to the routine biuret method (spectrum di-
agnostics, Egypt) (Bączyk et al. 2020). The samples
were then stored in aliquots at – 20 °C for MMP
zymography and at – 80 °C for relative gene expression
of COX-2 using qRT-PCR at a later time.

Gelatin zymography

The activity of MMP-2 and MMP-9 was detected by gelatin
zymography (Abou-Zeid et al. 2018). In short, synovial fluid
samples were separated under non-reducing denaturing con-
ditions using SDS-PAGE on 7.5% (w/v) gels via the Bio-
Rad’s Mini-PROTEAN® tetra gel system (Bio-Rad, USA),
containing 100 mg/ml gelatin. The SDS instigates the
unfolding of the sample proteins and permits the exposure of
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the zinc containing catalytic domain, resulting in an interme-
diate active form in the latent MMPs form (Snoek-van
Beurden and Von den Hoff 2005). Moreover, SDS dissociates
the non-covalent interactions between the active MMP and its
tissue inhibitor (TIMP), allowing for the independent detec-
tion of MMP activity (Toth and Fridman 2001).

After the run was completed, the gel was washed twice for
15 min each in 2.5% (v/v) Triton X-100 and incubated in
development buffer (0.05 M Tris/HCl, pH 8.8, 5 mM CaCl2,
0.02% NaN3) overnight. Once the Triton X-100 replaces the
SDS molecules and under the action of the development buff-
er, MMPs can partially regain their activity and breakdown
the co-polymerized gelatin. Finally, gels were stained with
0.1% Coomassie Brilliant Blue R-250 methanol: acetic acid:
water (4.5:1:4.5, v/v/v). MMP gelatinolytic activity was re-
vealed as clear bands on a blue stained background, and was
compared to the gelatinase molecular weight standard and the
PageRuler™ plus pre-stained protein ladder (Thermo
Scientific™, USA). The zymograms were scanned in true
color and then converted to gray scale to be analyzed using
the commercially available software MyImageAnalysis-V2
(Thermo Scientific™, USA).

Relative gene expression of COX-2

Extraction of mRNA from the synovial fluid

Synovial fluid mRNAwas isolated using miRNeasy™ extrac-
tion kit (Qiagen, Germany), using the appropriate manufac-
turer recommendations. Briefly, 700 μl QIAzol lysis reagent
was added to 250 μl of each sample. The samples were
vortexed and homogenized six times through a 20-gauge nee-
dle attached to a sterile syringe to disrupt the formed pellet.
Purified mRNA was tested for quantity and quality utilizing
NanoDrop™ spectrophotometer (Thermo Scientific™,
USA.), RNA samples with 260/280 ratios between 1.8 and
2.0 were used for relative expression analysis. Purified RNA
was tested for genomic DNA clearance using standard qPCR
experiment. Moloney murine leukemia virus reverse tran-
scriptase (M-MLV-RT) (Thermo Scientific™, USA.) was uti-
lized to synthesis first strand cDNA from purified mRNA
using the protocol of the manufacturer. In brief, 40 ng of
RNA was mixed with 1 μl of oligo (dt)18 primer, 1 μl
dNTPs 10 mM, nuclease-free water then heated at 65 oC for
5 min. After cooling to room temperature, the following re-
agents were added: 4 μl of 5× First-Strand Buffer, 1 μl DTT,
1 μl RNaseOUT™ Ribonuclease Inhibitor (40 units/μL)
(Thermo Scientific™, USA.), finally 1 μL (200 units)
of M-MLV-RT. The mix was incubated at 37 oC for 60
min, then heated to 75 oC for 15 min, the final volume
was diluted to 40 μl and either stored at -30oC or used
directly for qPCR analysis.

Real-time quantitative polymerase chain reaction (qPCR)

To relatively quantify the COX-2 mRNA transcribed in vari-
ous tested conditions; apparently normal, Aseptic, and septic
inflammatory arthritis, β-actin, reference house-keeping gene
was utilized for normalization using SYBR Green I dye for-
mat. Three horses were tested from each group (control, septic
and aseptic) each sample was tested in duplicates. Primer se-
quences and amplified product sizes were used in this study
are listed in Table 1. The amplification was performed using
QuantiNova SYBR Green PCR Kit (Qiagen, Germany) using
manufacturer recommendation otherwise the amplification
conditions as stated here. The qPCR reactions for COX-2,
and β-actin were conducted as follow: initial denaturation at
95 oC for 5 min, 40 cycles at 95 oC for 15 s, combined an-
nealing and extension 60 oC for 19 s. The reaction strips were
centrifuged at 2000×g briefly then placed in StepOnePlus™
(Applied Biosystems, USA). The reaction was followed by
melting curve analysis using 0.3 oC increments starting from
60 oC. Data was collected and analyzed with StepOne™ soft-
ware–v2.3 (Applied Biosystems, USA).

Statistical analysis

Quantitative data were statistically analyzed by one-way anal-
ysis of variance (ANOVA) followed by Fisher’s least signif-
icant difference (LSD) post hoc test, an independent t test was
used for MMP-9 analysis, using the statistical product and
service solution (SPSS) for windows ver. 25.0 (SPSS Inc.,
USA) at (p < 0.05).

Results

Routine synovial fluid analysis

Physical (color, turbidity, and viscosity), chemical (total pro-
teins), and microscopic (total nucleated cell count TNCC and
differential nucleated cell count DNCC) analysis of the col-
lected synovial fluid was performed. Group I had a yellow
clear viscid synovial fluid, group II had a whitish, turbid,
and watery fluid, while group III showed a deep yellow to
serosanguinous, slightly turbid fluid of low viscosity. Protein
concentration and TNCC were increased markedly in samples
from group II (mean ± S.E.; 8.40 ± 0.30a g/dl; 36.66 ± 6.46a ×
103 cell/μL) compared to group I (2.08 ± 0.13b g/dl; 0.70 ±
0.09b × 103 cell/μL) and group III (2.44 ± 0.24b g/dl; 1.24 ±
0.24b × 103 cell/μL). Samples from group II contained a pre-
dominance of degenerate polymorphonuclear neutrophils,
while group III had a predominance of mononuclear cells
and non-degenerate neutrophils if present. All the preceding
data are presented and discussed in details in previous work
(Abdelhaleem et al. 2020).
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Synovial fluid protein analysis

The synovial fluid total protein concentration was determined
by two methods: the biuret method, which measures both
short and long chain peptides, and Bradford’s method, which
measures proteins sized over 3 kDa (Pour Nouroozi 2015).
Biuret results are presented above while Bradford protein con-
centrations were significantly elevated in group II (mean ±
S.E.; 0.89 ± 0.17a g/dl) compared to group I (0.54 ± 0.13b

g/dl) and group III (0.53 ± 0.13b g/dl).

Gelatin zymography

As is shown in Fig. 1, gelatinolytic activity exhibited as clear
bands corresponding to approximately 66, 72, 86, 99, and
250 kDa by comparison with the reference protein marker.
The loaded positive control for MMP-2 andMMP-9 indicated
that the 72 kDa band corresponded with latentMMP-2 and the
66 kDa band with active MMP-2, while bands at 99, 86, and
250 kDa correspond with latent monomer, active monomer,
and dimer forms of MMP-9, respectively.

All serum samples contained gelatinolytic activity for la-
tent and active forms of both MMP-2 and MMP-9 without
significant difference (p > 0.05). Synovial fluid samples ex-
hibited non-significant (p > 0.05) gelatinolytic activity in all
groups for latent (Fig. 2a) and active (Fig. 2b) forms of MMP-
2. Although latent and activeMMP-9 activity was exclusively
absent in group I, group II had a statistically significant (p <
0.05) double fold increase in expression over group III for
both the latent (Fig. 2c) and active (Fig. 2d) forms of MMP-
9, whereas the dimer form of MMP-9 was expressed only in
group II synovial fluid samples.

Relative gene expression of COX-2

No amplification was detected using qPCR after purification
of mRNA, confirming clearance of the isolated RNA from
genomic DNA. Expression of COX-2 transcript was relatively
quantified in horses from group II (n = 3), which exhibited an
approximate 50-fold of change compared to group I (3/3).
Group III displayed an mRNA expression that increased by
nearly 5-fold change compared with the same number of con-
trol horses (n = 3, each group), making the COX-2 gene ex-
pression of group II 10 times that of group III.

The relative quantification was performed using compara-
tive Ct (delta-delta Ct ΔΔCt values) after normalization with
reference house-keeping gene (Livak and Schmittgen 2001)
mRNA expression was consistent in all tested horse's RNA
(3/3) in this group (Fig. 3).

Discussion

In this study, we explored the diagnostic potential of MMP-2,
MMP-9, and COX-2 enzymes for the detection of septic and
aseptic arthritis in horses. The most noteworthy finding of the
gelatin zymography conducted in this study was the double

Table 1 Oligonucleotide primer
sequences for real time qPCR of
COX-2 and reference house-
keeping gene

Primers Sequence (5′–3′) Fragment Size (bp) Reference

Cox-2-F GTATCCGCCCACAGTCAAAGA 203 (Waguespack et al. 2004)
Cox-2-R ACAAGCGTTCATCATCCCATTC

β-actin-F GGGAAATCGTGCGTGACAT 280
β-actin-R AGCACTGTGTTGGCGT

Fig. 1 Gelatin zymograms of MMP activity in serum and synovial fluid
samples. S (serum), SF (Synovial Fluid), I (group I: control group), II
(group II: septic arthritis group), and III (group III: aseptic arthritis group),
M1 (conditioned media of BHK cells transfected withMMP-2 andMMP-
9), and M2 (pre-stained protein marker 10–250 kDa)
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fold gelatinolytic activity (p < 0.05) of latent and activeMMP-
9 in septic synovial samples compared to aseptic ones. MMP-
9 activity demonstrated an association with TNCC and partic-
ularly the infiltrating polymorphonuclear leukocyte popula-
tion, whose granules are the primary source of MMP-9. This
explains the absence of MMP-9 activity in group I, where the
neutrophil population represents < 10% of the TNCC
(Trumble et al. 2001; Kidd et al. 2007; Zrimšek et al. 2007;
Fietz et al. 2008; Steel, 2008), these findings are confirmatory

of earlier works (Mcilwraith et al. 2001; Makowski and
Ramsby 2003; Kidd et al. 2007; Fotopoulos et al. 2012).
Group II exclusively expressed the dimer MMP-9 formwhose
presence indicated an intense inflammatory response, where
the MMP-9 monomer exceeds its TIMP, which prompts di-
merization of the excess MMP-9 monomers (Jouglin et al.
2000; Zrimšek et al. 2007; Fietz et al. 2008).

The non-significant difference found in latent and active
MMP-2 activities among the three groups, may represent the
constitutive fibroblastic and chondrocyte expression in the
synovial fluid compartment (Clegg et al. 1997; Trumble
et al. 2001; Kidd et al. 2007; Fotopoulos et al. 2012).

Serum total MMP-2 and MMP-9 gelatinolytic activity was
non-statistically significant (p > 0.05) among all three groups.
Given that MMPs play many roles in tissue remodeling both
in a physiologic and pathologic capacity (Snoek-van Beurden
and Von den Hoff 2005); therefore, MMP levels in serum
samples could refer to any other systemic issue other than
arthritis, serum levels of MMPs also appear not to be of pre-
dictive value to joint diseases (Goldbach-Mansky et al. 2000).

By comparing the protein concentrations obtained by the
biuret and Bradford’s methods, evidence can be gleamed
about the content of oligopeptides. Oligopeptides are short
peptide chains typically between 20 and 25 amino acids in
composition; their level implies the degree of extracellular

Fig. 2 MMP activity in synovial
fluid samples from all groups.
Gelatinolytic activity is expressed
as % of band intensity, analyzed
by MyImageAnalysis-v2
(Thermo scientific™, USA).
Values are presented as mean ±
SE, means with different super-
script letters are significantly dif-
ferent at p < 0.05

Fig. 3 Mean relative expression for COX-2 in synovial fluid. Values are
presented as fold change
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matrix degradation by proteolytic enzymes (Bączyk et al.
2020). The elevated estimate of oligopeptides and the proteo-
lytic MMP-9 in group II compared to groups I and III, corrob-
orates these results.

In the present study, the COX-2 gene expression was upreg-
ulated in group II and III about 50 and 5 times that of group I,
respectively. Thus, the COX-2 transcript expression of group II
was 10 times that of group III, emphasizing the correlation be-
tween COX-2 expression and the degree of joint inflammation.

COX-2 regulates the synthesis of PGE2 which has long
been considered the principal prostaglandin in joint inflamma-
tion and pain (Moses et al. 2001; de Grauw et al. 2009). Pain
hinders the horse’s joint movement and causes fluids to accu-
mulate intraarticularly (Pathak and Agnihotri 2017), thus
addingmore pressure and exacerbating the injury. These signs
are common for all joint diseases but are specifically impor-
tant in osteoarthritis and septic arthritis (Park et al. 2006;
Heinecke et al. 2010). COX-2 was found to be released from
synoviocytes, fibroblasts as well as neutrophils and macro-
phages (Yang et al. 2016), where COX-2 mRNA and protein
were upregulated at early points in arthritis (Park et al. 2006).

Conclusion

Routine synovial fluid analysis will only define the type of syno-
vitis, but not the magnitude of the articular cartilage damage.
Biomarkers of cartilage breakdown such as synovial MMP-9
and COX-2 can be used as diagnostic markers of arthritis since
they originate due to inflammation and inflitration of neutrophils
and monocytes. The intensity of MMP-9 activity and COX-2
expression correlates with the type and extent of joint damage,
where septic arthritis had twice the activity of MMP-9, and 10
times the COX-2 gene expression of aseptic arthritis.
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