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 Cranial cruciate ligament rupture is one of the most common causes of osteoarthritis in dogs. 
Surgical stabilization is obligatory and tibial plateau levelling osteotomy (TPLO) is the most 
commonly used surgical technique. Studies on the long-term monitoring of matrix metallo-
proteinases (MMPs) and acute-phase proteins are limited, especially those with parallel 
monitoring of changes in the serum, synovial fluid (SF) and urine. We aimed to describe long-term 
changes in 1) MMPs: gelatinases and caseinases, 2) APPs: ceruloplasmin, haptoglobin and 
paraoxonase-1, and 3) the correlation of MMPs in the serum, SF and urine with lameness in dogs 2 
and 6 months undergoing TPLO. From 17 dogs diagnosed with cranial cruciate ligament rupture, 
sera, SF and urine samples were collected preoperative 2 and 6 months after the surgery. Relative 
activity (RA) of MMPs was measured in all samples using zymography. Acute-phase proteins were 
measured in the serum and SF using spectrophotometry and agarose gel electrophoresis. Relative 
activity of MMPs in serum was not change at different sampling points. In SF, a marked decrease in 
MMPs RA was evident, however, only RA of caseinases was significantly reduced during the 
recovery period. In urine, RA of caseinases was positively correlated with the lameness score with 
decreasing activity trend during time. Serum and synovial acute-phase proteins were not changed 
after surgery, which was consistent with the agarose gel analyses. Decreased activity of caseinases 
pointed to reduced degradation of extracellular matrix after TPLO. Synovial and urine caseinases 
are potential biomarkers in predicting the recovery outcome following stifle stabilization. 

© 2025 Urmia University. All rights reserved. 
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Introduction 
 

Cranial cruciate ligament rupture (CCLR) is the leading 
cause of hind limb lameness and one of the most 
frequently diagnosed orthopedic disorders in dogs.1 It is 
characterized by knee joint instability, pain, lameness and 
discomfort for the dog. In most affected dogs, CCLR is a 
result of gradual degeneration of the ligament. Eventually, 
progressive osteoarthritis (OA), a common consequence of 
CCLR, is inevitable. Rupture of the medial meniscus could 
also follow. Surgery is the method of choice in the 
treatment of CCLR. One of the preferred surgical techniques 
is tibial plateau levelling osteotomy (TPLO).1 When 
compared to extracapsular lateral suture stabilization 
procedures, TPLO results in significantly greater limb 
function following surgery and greater client satisfaction.2,3 

Moreover, one year after surgery, TPLO can result in limb 
 

 function equivalent to that in normal dog population as 
reported by Nelson et al.3 

The pathophysiological mechanism of OA in general is 
not fully understood, however, it is known that matrix 
metalloproteinases (MMPs) play an important role. 
Furthermore, one of the major acute-phase proteins 
(APPs), serum amyloid A and C-reactive protein in 
synovial fluid (SF) have shown to increase in dogs with 
joint disorders.4,5 Their role in the pathophysiology of OA 
remains elusive. 

Matrix metalloproteinases are a group of endo-
peptidases that regulate the cell matrix composition and 
are also involved in extracellular matrix degradation.6 
They take part in both physiological and pathological 
processes such as tissue reconstitution, wound healing, 
inflammation and cancer.7 These proteases regulate 
inflammatory mediators and significantly impact the 
 

 *Correspondence:  

Jelena Vladimir Francuski Andrić. PhD 
Department of Pathophysiology, Faculty of Veterinary Medicine, University of Belgrade, Belgrade, Serbia 
E-mail: jelenaf@vet.bg.ac.rs 

Veterinary 
Research 

Forum 

 

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0) 
which allows users to read, copy, distribute and make derivative works for non-commercial purposes from the material, as long as 
the author of the original work is cited properly. 



64 DJ. Ristanović et al. Veterinary Research Forum. 2025; 16 (2): 63 - 69 

 
progressive development of CCLR. Increased expression of 
MMP-2 and MMP-9 in joint tissue and SF has been 
reported in dogs with CCLR.8 Caseinolytic MMP-3 activity 
in SF seems to be a sensitive marker for the local joint 
inflammation in dogs with CCLR due to its positive 
correlation with lameness.9 Apart from the MMPs, APPs 
provide early detection of inflammation especially when 
clinical signs are absent.10 In veterinary medicine, the 
determination of APPs levels has been shown to be useful 
in monitoring postoperative complications.11 There are 
very limited long-term studies of the activity of MMPs in 
CCL-deficient dogs after surgery.12 Data on potential 
biomarkers in predicting the recovery outcome following 
stifle stabilization in dogs with CCLR are also scarce. 
Therefore, we aimed to describe long-term changes in 1) 
MMPs: gelatinases and caseinases, 2) APPs: ceruloplasmin 
(CP), haptoglobin (HPT) and paraoxonase-1 (PON-1) in 
the serum, SF and urine, and 3) the correlation of MMPs in 
the serum, SF and urine with lameness, 2 and 6 months 
after surgical stabilization of CCLR in dogs which 
underwent TPLO. 

 
Materials and Methods 
 

Animals. From 2020 to 2021, 17 client-owned dogs, 
were referred to the Teaching Hospital at the Faculty of 
Veterinary Medicine, University of Belgrade, Serbia, with 
CCLR which was manifested as chronic lameness (2 - 8 
weeks), various volumes of joint effusion, pain at stifle 
palpation, medial peri-articular fibrosis and muscle 
atrophy. The diagnosis of CCLR was reached based on 
clinical and orthopedic examination, radiographic 
assessment of the joints, and SF examination, and was 
confirmed during the surgery. Dog owners signed 
informed consent that the residual samples and the 
obtained results could be used for scientific purposes. The 
research was approved by the Ethical Committee at the 
Faculty of Veterinary Medicine, University of Belgrade, 
Serbia, and based on the Serbian Law of Animal Welfare, 
permission was acquired from the Ministry of Agriculture, 
Forestry and Water Management, Republic of Serbia 
(permission number: 323-07-03667/2021-05/1).  

Radiological examination, anesthesia, analgesia, 
and surgery. Pre- and postoperative mediolateral 
radiographs of the stifle joint affected by CCLR were done 
according to standard radiological procedures.13 
Premedication included intramuscular (IM) 0.01 mg kg-1 

medetomidine (Genera, Zagreb, Croatia) in combination 
with 0.20 mg kg-1 butorphanol (Richter Pharma AG, Wels, 
Austria). Intramuscular Meloxicam at the dose of 0.20 mg 
kg-1 (Boehringer Ingelheim, Ingelheim, Germany) was 
administered for analgesia before surgery. Anesthesia was 
induced with intravenous injection of 1.00 - 2.00 mg kg-1 

propofol (Fresenius Kabi GmbH, Graz, Austria) and 
maintained on 3.00% sevoflurane (Sevorane®, Abbvie 
 

 S.R.L. Italy) inhalation in oxygen/air. Fentanyl was used in 
continuous rate infusion (5.00 µg kg-1, q 1 hr; Piramal 
Critical Care B.V., Voorschoten, The Netherlands) intra-
operatively and ceftriaxone (33.00 mg kg-1; Galenika AD, 
Beograd, Serbia) was also administered intramuscularly. 
All dogs with CCLR underwent TPLO surgery according to 
the procedure described by Slocum and Slocum, and 
performed by the same small animal surgeon.14 

Laboratory analysis of blood, SF, and urine 
samples. Preoperatively (day 0, zero point), blood was 
sampled in standard hematology tubes for complete blood 
count using ProCyte Dx hematology analyzer (Idexx, 
Westbrook, USA) and biochemistry analyses using 
Mindray BS-240 biochemical analyzer (Shenzhen, China). 
Synovial fluid was collected via arthrocentesis and the 
smears were made and stained with Diff-Quik (Siemens 
Healthineers, Surrey, UK) for cytological analyses, and 
determination of total nucleated cell count was performed. 
Total proteins in SF were determined using refractometer. 
Urine was sampled via cystocentesis. Follow-up samples 
(blood, SF and urine) were taken during postoperative 
assessments after 2 and 6 months. The rest of the serum, 
SF and urine were centrifuged and the supernatants were 
stored at ‒ 20.00 ˚C until use. 

Zymography and agarose gel electrophoresis. 
Caseinolytic and gelatinolytic activity of MMPs was 
determined in serum, SF and urine as described previously 
by Spariosu et al.15 Samples of SF were diluted 20.00 - fold 
in the loading buffer (1.00 M Tris, HCl to pH 7.50) for 2 hr 
at 37.00 ˚C. Serum samples were diluted 5.00 - fold in 
saline and urine samples were not diluted. Using 1.00 % 
agarose gel electrophoresis, serum and SF proteins were 
resolved to identify albumin, α1-, α2-, β- and γ- globulins.16 

Acute-phase proteins. Acute phase proteins were 
determined in serum and SF. The concentration of CP was 
determined by its p-phenylenediamine oxidase activity17 

on BioTek ELx800 microplate reader (Agilent 
Technologies, Santa Clara, USA). Peroxidase activity of 
HPT-hemoglobin complex adapted to the microtiter plates 
was used for HPT determination following Owen et al., 
with minor modifications.18 Paraoxonase-1 activity was 
evaluated using 4-nitrophenil acetate as a substrate19 
using Cecil CE 2021 UV/VIS spectrophotometer (Select 
Science, Bath, UK). 

Statistical analysis. Values for protein fractions were 
expressed as mean ± SD. Relative activity (RA) of 
caseinases, gelatinases and levels of CP, HPT, and PON-1 
were presented with boxplots. Middle point in the boxplot 
represented the mean, while box and whisker represented 
one and two standard deviations, respectively. Normality 
of the distribution was tested with the Shapiro-Wilk test. 
Significances of the differences between measurement 
points were tested with the Kruskal-Wallis and Tukey 
post-hoc tests. The Kendall rank correlation coefficient was 
used to test the association of study variables with the 
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lameness score (ordinal variable). Statistically significant 
results were considered at the level of p < 0.05. 
Probabilities for the values between 0.05 and 0.10 were 
classified as tending to be significantly different. All analyses 
were performed using statistical program Tibco StatisticaTM 
(version 14.0.0; Tibco Software Inc., Santa Clara, USA). 

 
Results 
 

Out of 17 dogs that were included in this study, 5 
(29.41 %) were males and 12 (70.58 %) were females. The 
average body mass was 21.66 ± 14.04 kg and the average 
age was 5.59 ± 3.10 years. No long-term changes in serum 
albumin and globulins were detected by agarose gel 
electrophoresis (Table 1, Fig. 1A). In the SF, albumin 
concentration tended to increase during study period with 
a significant difference between zero point (before 
surgery) and 6 months after surgery (Table 1, Fig. 1B). In 
the SF, no significance was detected between globulin 
fractions concentrations during study period (Table 1, Fig. 
1B). In the serum, there were no changes in the RA of 
gelatinases (Table 2, Fig. 2A) and caseinases (Table 2, Fig. 
2B). In contrast, in SF there were no changes noted in 
gelatinase activity (Table 2, Fig. 3A), only a significant 
decrease in caseinases RA was detected (Table 2, Fig. 3B). 
There were no significant differences in RA of MMPs in the 
urine, however, there was a clearly noticeable upward 
trend in gelatinase activity (Table 2, Fig. 4A) and a 
downward trend in caseinase activity (Table 2, Fig. 4B). 
The differences between preoperative and postoperative 
APPs concentrations in the serum and SF were not 
significant (p > 0.05; Table 3). A positive moderate 
correlation was observed between caseinase RA in the 
 

 

 urine and lameness score before the surgery (zero point). 
Tendency towards significance was observed for 
correlation between serum caseinase RA and lameness 
scores, and between gelatinase RA in the urine and 
lameness scores (Table 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Representative agarose gel electrophoresis performed 
from A) serum and B) synovial fluid samples. Lane 1: Sample 1 
six months postoperatively, Lane 2: Sample 2 six months 
postoperatively, Lane 3: Sample 3 day 0 (zero point) – 
preoperatively, Lane 4: Sample 3 two months postoperatively, 
Lane 5: Sample 3 six months postoperatively, Lane 6: Sample 4 
day 0 (zero point) – preoperatively, Lane 7: Sample 4 six months 
postoperatively, Lane 8: Sample 5 two months postoperatively, 
Lane 9: Sample 5 six months postoperatively 

 Table 1. Mean and standard deviation of albumin and globulin fractions in canine serum and synovial fluid. 

Sources Parameters Zero point 2 months 6 months 

Serum 

Albumin (g L-1) 17.02 ± 4.45 16.78 ± 2.69 18.42 ± 2.31 
α1-globulin (g L-1) 11.29 ± 2.25 11.70 ± 2.43 9.70 ± 1.81 
α2-globulin (g L-1) 9.45 ± 2.04 9.62 ± 3.64 9.77 ± 1.53 
β-globulin (g L-1) 15.81 ± 2.65 16.25 ± 2.26 14.47 ± 2.07 
γ-globulin (g L-1) 13.32 ± 2.04 15.52 ± 3.97 14.20 ± 4.42 

Synovial fluid 

Albumin (g L-1) 9.17 ± 2.18 a 11.39 ± 2.96 ab 12.70 ± 3.42 b 
α1-globulin (g L-1) 3.10 ± 1.13 2.99 ± 0.70 2.27 ± 0.60 
α2-globulin (g L-1) 5.61 ± 4.99 2.64 ± 1.46 4.04 ± 5.61 
β-globulin (g L-1) 7.12 ± 1.49 7.61 ± 2.38 6.96 ± 1.43 
γ-globulin (g L-1) 3.11 ± 1.50 3.69 ± 1.26 3.29 ± 1.50 

ab Means within the same row marked with different superscript letters differ significantly at the level p < 0.05. 
 
Table 2. Mean and standard deviation of relative activity (RA) of gelatinase and caseinase in canine serum, synovial fluid and urine. 

Sources Parameters Zero point 2 months 6 months 

Serum 
RA gelatinase 30.91 ± 24.64 35.83 ± 25.82 49.00 ± 33.94 
RA caseinase 48.78 ± 33.50 52.87 ± 32.85 77.00 ± 34.28 

Synovial fluid 
RA gelatinase 23.03 ± 11.91 24.25 ± 12.74 14.30 ± 14.80 
RA caseinase 67.71 ± 56.21a 53.69 ± 34.64 a 20.78 ± 14.77 b 

Urine 
RA gelatinase 2.86 ± 1.13 4.02 ± 1.92 4.76 ± 2.78 
RA caseinase 32.63 ± 22.69 24.05 ± 12.66 7.84 ± 4.59 

ab Means within the same row marked with different superscript letters differ significantly at the level p < 0.05. 
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Fig. 2. Representative A) gelatin and B) casein zymogram performed from serum samples. Lane 1: Perfect™ Color Protein Ladder, Lane 2: 
Sample 1 day 0 (zero point) – preoperatively, Lane 3: Sample 1 two months postoperatively, Lane 4: Sample 2 day 0 (zero point) – 
preoperatively, Lane 5: Sample 2 two months postoperatively, Lane 6: Sample 2 six months postoperatively, Lane 7: Sample 3 day 0 (zero 
point) – preoperatively, Lane 8: Sample 3 two months postoperatively, Lane 9: Sample 3 six months postoperatively, Lane 10: Fetal calf 
serum, loading control 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Mean and standard deviation of ceruloplasmin (CP), paraoxonase-1 (PON-1) and haptoglobin (HPT) in canine serum and 
synovial fluid. 

Sources Parameters Zero point 2 months 6 months 

Serum 
CP (mg dL-1) 5.67 ± 3.07 4.46 ± 2.79 5.92 ± 2.69 

PON-1 (kU L-1) 6.58 ± 2.13 6.67 ± 1.91 7.16 ± 1.69 
HPT (mg dL-1) 147.22 ± 40.32 136.07 ± 43.68 147.44 ± 64.27 

Synovial fluid 
CP (mg dL-1) 6.46 ± 3.74 6.51 ± 5.28 6.42 ± 5.39 

PON-1 (kU L-1) 3.84 ± 1.40 3.85 ± 1.14 3.34 ± 1.59 
HPT (mg dL-1) 98.47 ± 49.75 68.22 ± 33.41 55.78 ± 40.38 

No significant differences were noted (p > 0.05). 
 
Table 4. Correlation between lameness degree and matrix metalloproteinases relative activity (RA) in serum, synovia and urine. 

Variables 
Zero point  2 months 

Correlation coefficient p-value  Correlation coefficient p-value 

RA of gelatinase in serum – 0.39 0.189  – 0.37 0.217 
RA of caseinase in serum – 0.47 0.089  – 0.29 0.336 
RA of gelatinase in synovia 0.09 0.771  0.16 0.586 
RA of caseinase in synovia 0.31 0.287  0.16 0.573 
RA of gelatinase in urine – 0.54 0.089  0.12 0.687 
RA of caseinase in urine 0.57 0.042  0.12 0.677 

 

Fig. 3. A) Representative gelatin zymogram performed from synovial fluid samples. Lane 1: Fetal calf serum, loading control, Lane 2: 
Sample 1 day 0 (zero point) – preoperatively, Lane 3: Sample 1 two months postoperatively, Lane 4: Sample 2 day 0 (zero point) – 
preoperatively, Lane 5: Sample 2 two months postoperatively, Lane 6: Sample 2 six months postoperatively, Lane 7: Sample 3 day 0 (zero 
point) – preoperatively, Lane 8: Sample 3 two months postoperatively, Lane 9: Sample 3 six months postoperatively, Lane 10: Sample 
buffer, loading control. B) Representative casein zymogram performed from synovial fluid samples. Lane 1: Sample buffer, loading control, 
Lane 2: Sample 1 six months postoperatively, Lane 3: Sample 2 six months postoperatively, Lane 4: Sample 3 six months postoperatively, 
Lane 5: Sample 1 two months postoperatively, Lane 6: Sample 2 two months postoperatively, Lane 7: Sample 3 two months 
postoperatively, Lane 8: Sample 1 day 0 (zero point) – preoperatively, Lane 9: Sample 2 day 0 (zero point) – preoperatively, Lane 10: Fetal 
calf serum, loading control. 
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Discussion 
 

Joint trauma can cause arthritis which results in a 
complex immune response reflected by changes in the 
number of immune cells and protein concentration in 
the serum and synovia.20 We aimed to describe how the 
levels of MMPs and APPs in the serum, SF and urine 
were influenced by surgery during the postoperative 
period of 6 months. Research into the inflammatory 
responses in human orthopedic injury showed that 
markers of inflammation were anticipated and were 
indicators of progressive changes in tissue structures 
following joint injury and during recovery, however, in 
veterinary medicine, data on this topic are very 
scarce.21 We found that, in this research, preoperative 
serum CP, HPT and PON-1 in dogs with CCLR were not 
significantly altered compared to postoperative ones 
which were confirmed by the analysis of serum protein 
fractions. This result was consistent with previous 
finding in dogs following surgery.22 The absence of APPs 
variation in serum throughout the recovery period 
indicated that there was no systemic inflammatory 
response after surgery. Also, synovial APPs did not 
exhibit significant changes 2 and 6 months after surgery 
in dogs with CCLR. However, the level of synovial 
albumin, analyzed by electrophoresis, was increased 
significantly during the postoperative period. Given that 
albumin is a negative APP, it indicates a decrease in 
inflammatory response after surgery.23 

Caseinases (MMP-3 and MMP-13) are involved in the 
degradation of a wide array of matrix molecules such as 
collagen types II, IV, IX, laminin, osteonectin and proteo-
glycans. Matrix metalloproteinase-3 takes a significant 
part in cartilage matrix destruction.24 In dogs with CCLR, 
the activity of MMP-3 and MMP-13 were shown to be 
higher in comparison with healthy dogs.8,9 In this study, a  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

significantly decreased activity of synovial caseinase was 
evident during the recovery from TPLO. Therefore, the 
overall activity of caseinases was on a downward trend 
after surgery. The obtained results indicated that 
stabilization of CCL contributed to reduced activity of 
caseinases. In addition, MMP-3 production was 
upregulated by the pro-inflammatory cytokines 
(interleukin (IL)-1β, tumor necrosis factor, interferon-𝛾, 
and IL-17A). In agreement with our findings, Fujita et al. 
found decreased inflammatory cytokine activities in SF in 
CCL-deficient dogs during the postoperative period of 6 
months.12 Meanwhile, a non-significant increase in the 
activity of postoperative caseinases in the serum was 
noticed. A similar response was remarked with respect to 
gelatinases activity. This was consistence with the results 
obtained in a study by Garner et al., who reported 
increased MMP-2 and MMP-3 8 to 12 weeks after 
stabilization in dogs with CCLR.25 

Gelatinases are capable of degrading collagen, 
proteoglycans and aggrecan in the cartilage matrix.6 
Matrix metalloproteinase-9 is triggered in response to 
tissue injury and inflammation. Results of previous 
studies indicated that gelatinases activity in SF was high 
in CCL-deficient joints compared to the control.26,27 In 
our study, the activity of synovial gelatinases was 
declined insignificantly 6 months after the surgery in 
comparison with that before TPLO. In dogs that 
underwent surgical stabilization, Malek et al. reported 
significant decreases in synovial biomarkers (IL-8, KC, 
and MCP-1) in the postoperative period (1 and 3 months) 
which indicated an impaired inflammatory response 
after the surgery.28 The same researchers evaluated 
MMPs response in the serum and found that only MMP-2 
had 2.40 - fold higher activity 1-month post- 
treatment.28 We could only speculate on how the response 
would have differed, had it been monitored in SF. 
 

 

Fig. 4. A) Representative gelatin zymogram performed from urine samples. Lane 1: Sample 1 day 0 (zero point) – preoperatively, Lane 
2: Sample 1 two months postoperatively, Lane 3: Sample 1 six months postoperatively, Lane 4: Sample 2 day 0 (zero point) – 
preoperatively, Lane 5: Sample 2 two months postoperatively, Lane 6: Sample 2 six months postoperatively, Lane 7: Sample 3 day 0 
(zero point) – preoperatively, Lane 8: Sample 3 two months postoperatively, Lane 9: Sample 3 six months postoperatively, Lane 10: 
Fetal calf serum, loading control. B) Representative casein zymogram performed from urine samples. Lane 1: Fetal calf serum, loading 
control, Lane 2: Sample 1 day 0 (zero point) – preoperatively, Lane 3: Sample 1 two months postoperatively, Lane 4: Sample 1 six 
months postoperatively, Lane 5: Sample 2 day 0 (zero point) – preoperatively, Lane 6: Sample 2 two months postoperatively, Lane 7: 
Sample 2 six months postoperatively, Lane 8: Sample 3 day 0 (zero point) – preoperatively, Lane 9: Sample 3 two months 
postoperatively, Lane 10: Sample buffer, loading control. 
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Alpha-2-globulin has the ability to selectively neutralize 
only active protease and, in addition, it removes damaged 
extracellular proteins.29 

One of the main strengths of this research is 
monitoring the MMPs in the urine of CCL-deficient dogs 
during recovery. The advantage of urine analysis is that, 
unlike SF, it can be collected using a non-invasive 
procedure. Urine biomarkers may reflect cartilage 
activity at the bone cartilage interface.30 To the best of 
our knowledge, the activity of gelatinases and 
caseinases in urine has not been reported in dogs with 
CCLR following surgery. According to Wigner et al., 
MMP-9 and MMP-13 in urine could be potential 
markers to monitor the progression of fracture 
healing.31 In urine MMPs analysis, non-significant 
changes were observed between the sampling points. 
However, an interesting pattern of MMPs activity after 
the stabilization of CCLR was noticed. In particular, 
caseinases in urine tended to decline over the recovery 
period, whereas, gelatinases had the reverse pattern. 
Since urine caseinases follow a pattern that is similar to 
that of SF caseinases, it can be said that the former 
represents the response to the surgery better than serum 
caseinases do. This claim is supported by our observation 
that there is a positive correlation between the degree of 
lameness and the activity of caseinases in urine. Thus, the 
response of MMPs, especially caseinases in SF and urine, 
pointed to reduced degradation of extra-cellular matrix 
after stabilization by TPLO, however, the results were not 
clearly expressed. It is important to note that our long-
term study was conducted on a group of dogs of various 
breeds, some of which, but not all, were predisposed to 
CCLR. We assumed that this heterogeneity resulted in 
the high range of MMPs dispersion which could have 
affected the final results. 

In conclusion, the activities of synovial caseinases and 
gelatinases are potential biomarkers in predicting the 
recovery outcome following stifle stabilization by TPLO 
technique. Urine caseinases are a promising biomarker in 
monitoring response to surgery and warrant further 
investigation into clinical cases of CCL-deficient dogs. 
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