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Abstract
Background: Serum levels of MMP-2 and MMP-9 were evaluated in 26 dogs with mammary tumors before
surgical treatment and then 1, 4 and 12 months after surgery by gelatin zymography. Serum samples from 26
dogs with the normal condition were used as the control in the zymographic evaluation. In addition, pathology
evaluation was performed in patients.

Results: Our results showed that lymph node metastases are risk factor for death and metastasis and or
recurrence (M/R) in canine malignant mammary tumors. Dogs with benign and malignant mammary tumors
showed bands of Pro-MMP-2, Pro-MMP-9 and active MMP-9 with molecular weights of 72, 92 and 82,
respectively. However, only Pro-MMP-2 and Pro-MMP-9 bands appeared in the serum of control group and two
patients with benign lobular hyperplasia tumor. Our results showed that Pro-MMP-2 levels increased more
dramatically (2 fold) in malignant tumors than in benign tumors and control groups. Also, in patients with
M/R, there was a signi�cant increase in the levels of Pro-MMP-9 in serum samples 12 months after surgery
compared with other sampling times. Meanwhile, the presence of active MMP-9 (especially in samples 4 and
12 months after surgery of malignant tumors), regardless of its amount, is important in terms of prognosis for
recurrence or metastasis. Also, active MMP-2 was only detected in some malignant and metastatic tumors.
Observation of active MMP-2 band is very important for M/R than active MMP-9 because its presence
regardless of values coincides with a de�nite M/R, unlike the active form of MMP-9. Necrosis, stromal
invasion, and in�ltrative growth increase risk of the development of M/R and the presence of necrosis is a risk
factor for death.

Conclusions: In conclusion, serum zymograhpy may be used at regular intervals after surgery to check for the
possibility of M/R in dogs with mammary tumors.More research is needed in this regard.

Introduction
Mammary tumors are the most common type of tumor that is reported in intact bitches and about 50% of
these tumors are malignant [1,2]. So far, many studies have been performed to determine the prognosis and
the malignancy of mammary cancers of dogs and humans by examining clinical parameters [2-9].

Matrix metalloproteinases )MMPs( are a family of zinc- and calcium-dependent proteolytic enzymes that
involve in the degradation and remodeling of extracellular matrix [10]. These enzymes are expressed by
various types of tissue cells under physiological conditions [11, 12]. Proteolytic degradation of the
extracellular matrix and angiogenesis are associated with tumor invasion and metastasis in human and dog
neoplasia [11]. It has been observed that canine adenocarcinoma and benign tumor mammary tissues have 4-
26 and 1-6 times higher levels of 92 kDa MMP-9 than that of control tissues, respectively. In addition, MMP 9
concentration in neoplasm of the dog is much more than the surrounding normal tissues [13]. It has been
shown that MMP-2 and MMP-9 are expressed on tumor cells of the canine and human mammary neoplasm
[1, 14-16]. In human breast cancer, MMP-2 and MMP-3 in breast carcinoma have been shown to be expressed
by peritumoral stromal cells in addition to tumor cells [16]. Moreover, in canine mammary carcinomas, MMP-2
was mainly expressed in the cytoplasm of carcinoma cells and in fibroblasts [15].Also, MMP-9 is expressed by
vascular pericytes and stromal cells in addition to tumor cells, and when cocultured with breast cancer cells,
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normal �broblasts secrete MMP-9. Other major sources of MMP-9 in tumors are: in�ammatory cells like mast
cells, monocyte-macrophages, and tumor-in�ltrating leukocytes [16].

Increased gelatinase levels in the tumor and serum may be consistent with tumor invasion. Therefore,
pathology along with the measurement of MMPs in serum has been recommended for the prognosis of
metastasis and recurrence of the tumor [17]. The diagnostic value of serum levels of MMPs concentration has
been con�rmed for subtyping of breast cancer in humans [18].

Regarding the role of MMP-2 and MMP-9 in the progression, metastasis, and prognosis of tumors in dogs, and
the high value of gelatin zymography method in determining the activity of these enzymes [17, 18], we decided
to determine serum levels of the gelatinases in mammary tumors to determine their value in diagnosing
malignancy or benign tumors as well as in predicting the possibility of metastasis and recurrence. Frequent
measurement of MMP-2 and MMP-9 by gelatin zymography in serum before and after surgical treatment, has
not been previously studied to monitor the mammary tumors in dogs. The results of this study can be helpful
in determining the malignancy of mammary tumors and their prognosis.

Materials And Methods
Forty dogs with different types of mammary tumors were evaluated at the Veterinary Teaching and Research
Hospital of Faculty of Veterinary Medicine, University of Tehran and Paytakht Pet Hospital from April 2015 to
March 2018. Finally, 26 dogs with mammary tumors were selected that did not have any chronic diseases
such as chronic heart failure, chronic kidney problems, and endocrine diseases based on their history, clinical
examination, and hematology and clinical biochemistry tests. Then, patients were examined for the
involvement of lymph nodes. Radiological examination of the chest and abdominal ultrasound were
performed to determine the probability of metastasis. Surgical treatment was selected for all types of tumors
and the removed tissues were �xed in formalin 10%. Ovariohysterectomy was also performed during the
surgical removal of breast masses. On the day of surgery (preoperative), blood samples were collected into
tubes without anticoagulant for serum separation. Serum was prepared and the samples were stored at -70 ºC
immediately after collection to be used later for zymography. Additionally, 26 healthy adult female dogs with a
similar breed, age, and weight to the patient group were selected as control. All examinations that were
performed on the patients were done on these cases as well.

Pathology

The tissue samples were embedded in para�n and then tissue sections were prepared at 4 micrometers and
placed on a slide. The usual staining of hematoxylin and eosin (H&E) was performed. The slides were
examined with optical microscopy and pathologic parameters based on the criteria mentioned in sources and
they were diagnosed according to the speci�c cytological �ndings. Mammary tumors were categorized to
malignant and benign type [19-22]. Maxie's criteria were used to determine the grade of malignancy [21].
Pathological parameters including necrosis, mode of growth, stromal invasion and mitotic index were
evaluated. Also, patients were examined for involvement of lymph nodes.

Serum gelatin zymography
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Serum samples of surgical day, one month, four months and 1 year after surgical treatment were evaluated to
determine the level of active and inactive MMP-2 and MMP-9 by gelatin zymography protocol [23, 24].

Follow-up study of patients

The duration of this study was 36 months and the condition of patients with the mammary tumor was
monitored during this time. Thus, patients were examined every 4 months and in each visit, tumor recurrence
was evaluated by abdominal ultrasonography and chest radiography and information was recorded.

Statistical analyses

The �ndings of preoperative, one month, four months and one year after surgery in two groups with M/R and
no M/R were statistically compared using the one-way repeated measures ANOVA. In addition, the results of
the �rst day of zymography were analyzed by one-way ANOVA to compare the malignant, benign tumors and
control groups. To evaluate the prognosis of patients, the overall survival time (OS) (from surgical removal to
the patient's death) and disease-free survival time (DFS) (from surgical treatment of the tumor to the �rst
M/R) were calculated for malignant mammary tumors using the Kaplan-Meier statistical method and the log-
rank analysis obtained the differences between groups (with /no M/R). For each variable, the risk of
recurrence or distant metastasis (pulmonary metastasis) and the risk of death associated with the tumor were
estimated by Cox regression analysis. In order to select outcome predictors, signi�cant variables related to OS
or DFS in univariate analysis were also studied in the multivariate Cox's proportional hazards model (forward
stepwise) to control the confounding variables. The cut-off point of serum MMPs was de�ned by the Roc
curves. All statistical tests were performed using SPSS software and data were expressed as the mean and
standard error (SE). The signi�cance level (p-value) in all statistical tests was less than or equal to 0.05.

Results
Pathological parameters

As shown in table 1, nine tubulopapillary carcinomas (34.6%), three complex carcinomas (11.6%), two
papillary carcinomas (7.7%), two solid carcinomas (7.7%), one simple carcinoma (3.8%), one in�ammatory
carcinoma (3.8%), 2 cases of lobular hyperplasia (7.7%) and six benign mix tumors (23.1%) were diagnosed.
Therefore, out of 26 observed mammary tumors, 18 (69.23%) were observed as malignant tumors and 8
(30.76%) as benign tumors.

 In dogs with malignant tumors, 66.66% of cases showed M/R and 55.55% of them died. While37.5% of
patients with benign tumors showed M/R but were still alive until the end of the study period.

As shown in table 2, in dogs with malignant mammary tumors, the presence of necrosis, in�ltrative growth,
and stromal invasion signi�cantly reduced the DFS and OS. However, the presence of necrosis (HR: 12.46;
95% CI: 2.47-26.83; P = 0.002), in�ltrative growth (HR: 21.82; 95% CI: 2.65-29.4; P = 0.004), and stromal
invasion (HR: 21.82; 95% CI: 2.65-29.4; P = 0.004) were signi�cantly considered the risk for M/R in malignant
mammary tumors of the dogs. In addition, the presence of necrosis (HR: 12.55; 95% CI: 2.49-33.21; P = 0.002)
was signi�cantly associated with death.
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Although, lymphocyte in�ltration in malignant tumor decreased DFS and OS signi�cantly and increased
pulmonary metastasis and recurrence , only grade 2 lymphocyte in�ltration was a signi�cant risk factor
compared to other grades for M/R (HR: 0.036; 95% CI: 0-0.38; P = 0.006) and death (HR: 0.1 ; 95% CI: 0.01-0.94;
P = 0.045) in dogs with malignant mammary tumors. The histology grade of malignant mammary tumors and
mitotic index in dogs did not signi�cantly affect the DFS and OS (table 2).

 Meanwhile, M/R and death were observed signi�cantly faster in dogs with lymph nodes metastasis
(LNM),but only LNM increase with DFS was a risk factor in the Cox regression analysis (HR: 21.82; 95% CI:
2.65-19.44; P = 0.004) but LNM increase with OS was not a risk factor (HR: 13.54; 95% CI: 0.9-13.94; P = 0.07).
In addition, dogs with inguinal lymph node metastasis had signi�cantly shorter OS than axillary cases,
although it was not found to be a risk factor (HR: 3.61; 95% CI: 1.82-22.42; P = 0.242) . Two cases of
metastasis to the lung are shown in Fig. 1.

Serum gelatin zymography

Semiquantitative analysis of zymograms from dog serums indicates that only Pro-MMP-2 (72 kDa) and Pro-
MMP-9 (92 kDa) bands appeared in the control group. Furthermore, on the day of surgery, dogs with benign
and malignant mammary tumors showed bands of Pro-MMP-2, Pro-MMP-9 and active MMP-9 (82 kDa),
respectively. Fig. 2-A shows serum gelatin zymography of a dog with benign mixed tumor without M/R. It
should be noted that similar to the control group, two patients with benign lobular hyperplasia tumor left the
only Pro-MMP-2 and Pro-MMP-9 in the gel. In the preoperative samples, only one case of in�ammatory
carcinoma revealed the active form of MMP-2 with molecular weight of 66 kDa. The patient eventually
showed pulmonary metastasis seven months after the surgery, and in the next year, the active form of MMP-2
with molecular weight of 62 kDa was detected in the gel. Fig. 2-B shows serum gelatin zymography of a dog
with in�ammatory carcinoma with M/R.

As shown in table 3 statistical analysis of zymograph data in preoperative samples showed a signi�cant
increase in Pro-MMP-2 levels in patients with malignant mammary tumors compared with patients with
benign mammary tumors and the control group. The observed increase is 2 times compared to the control
group. Also, a signi�cant increase in Pro-MMP-9 levels was observed in patients with malignant tumors only
compared to the control group. Moreover, the increase in active MMP-9 levels in patients with benign and
malignant tumors compared to the control group was signi�cant, but no signi�cant difference was observed
between the levels of Pro-MMP-9 and active MMP-9 in the group of benign and malignant tumors.

One month after surgical treatment, the active form of MMP-9 appeared in nine cases of malignant tumors,
seven cases of which were recurred or metastasized during the period of study but two cases did not
experience M/R by the end of the study (36 months after surgery). At the same time, the active band of MMP-2
was not observed in any of the samples .Also, in the four months after surgery, six cases of malignant tumors
revealed the active MMP-9, all of which represented M/R. Furthermore, after one year of surgical treatment, 12
cases showed active MMP-9 and eight cases active MMP-2 bands with molecular weight of 62 kDa (�ve
cases) and 66 kDa (three cases), all of which had M/R.

As shown in Fig. 3, in dogs with mammary tumors that were metastasized or recurred, serum concentration of
Pro-MMP-2 was decreased signi�cantly one month after surgery compared to the preoperative sample. On the
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other hand, a signi�cant increase in the levels of Pro-MMP-2 was observed in serum samples of 4 and 12
months after surgery in comparison to one month after surgery (P≤0.05). The active form of MMP-2 showed
a signi�cant increase in the M/R group 12 months after surgery compared with the day of surgery, 1 and 4
months after surgery (P≤0.05). One and four months after surgery, there were no signi�cant changes in serum
levels of Pro-MMP-9 in M/R dogs compared to the day of surgery (P≥0.05), but a signi�cant increase in its
concentrations was observed 12 months after surgery than the other sampling times (P≤0.05). Serum active
MMP-9 in the M/R group had a signi�cant decrease in 1, 4, and 12 months after surgery compared to the day
of surgery, while in the 12-month follow-up sampling, its activity showed signi�cant increases than 1 and 4
months after surgery (P≤0.05). 

However, in without M/R group, the changes in Pro –MMP-2 and Pro-MMP-9 levels on the day of surgery and
sampling times were not signi�cant and only the amounts of active MMP-9 observed in one month after
surgery showed a signi�cant decrease compared to the day of surgery. In addition, active MMP-9 band was
not observed in other sampling times (Fig.3).

As shown in table 4, in dogs with serum Pro-MMP-2 levels of more than 1.5 ng/lane, M/R and death were seen
77.8 % and 66. 7 %, respectively. While for dogs whose serum Pro-MMP-2 was less than 1.5 ng/lane, 47 % M/R
and 23.5 % death were observed. Regarding Pro-MMP-9, dogs with serum Pro-MMP-9 levels greater than 0.9
ng/lane, 66.7 % had M/R and died but in dogs with Pro-MMP-9 less than 0.9 ng/lane, M/R and death were
observed 50 % and 14.3 % respectively. Meanwhile, 73.3 % M/R and 46.7 % death were seen in dogs with more
than1.8 ng/lane serum active MMP-9 concentrations, but in the group with active MMP-9 less than 1.8
ng/lane, M/R and death were observed 36.4 % and 27.3 %, respectively. Also, dogs with mammary tumors that
had a serum Pro-MMP-2 level of more than 1.5 ng/lane had a faster DFS and less OS. However, only their OS
showed a signi�cant difference with the group less than 1.5 ng/lane (HR: 3.62; 95 % CI: 1.01-12.97; P=0.048).
Besides, Faster DFS and lower OS were observed in dogs with serum Pro-MMP-9 levels greater than 0.9
ng/lane, but only OS was statistically signi�cant (HR: 6.08; 95 % CI: 1.29-28.72; P=0.023). Regarding serum
active MMP-9, dogs whose serum active MMP-9 was more than 1.8 ng/lane had faster DFS and shorter OS
than those with less than 1.8 ng/lane, however, the differences were not signi�cant.

Discussion
Pathological evaluations are widely used today to diagnose benign and malignant mammary tumors. Other
methods should be used to evaluate and predict metastasis and recurrence of the disease [21]. Our previous
research has shown that serum evaluation of MMP-2 and MMP-9 by zymography may be helpful for the
prognosis of metastasis and recurrence of canine cutaneous [23] and intrascrotal hemangiomas tumors [24].
Therefore, in this study, we decided to investigate the role of serum MMP-2 and MMP-9 in metastasis and
recurrence in dogs with mammary tumors before and after surgery.

Our study showed that in the �rst sampling (before surgery) to diagnose benign and malignant tumors,
pathological evaluation is preferable to MMPs measurement except that Pro-MMP-2 levels increased more
dramatically (2 fold) in malignant tumors than in benign and control groups. Although, Aresu et al (2011)
described that high plasma levels of Pro-MMP-2 and Pro-MMP-9 were observed in dogs with mammary
adenoma and carcinoma without any differences in levels between malignant and benign tumors1.
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In present study, zymography results showed that serum Pro-MMP-2 and Pro-MMP-9 levels greater than 1.5
(with Hazard ratio 3.62) and 0 .9 (with Hazard ratio 6.08) ng/lane levels respectively are risk factors for death
in dogs with mammary tumors.

Loukopoulos et al (2003) identi�ed Pro-MMP-2(72kDa), the active form of MMP-2 (62 and 66kDa) and Pro
MMP-9 (92kDa) in the tumor tissue of various neoplasms in dogs [12]. Moreover, Aresu et al (2011) observed
Pro-MMP-2, Pro-MMP-9, and active MMP-9 in the plasma of all dogs with benign and malignant mammary
tumors but the active form of MMP-2 was not found in either case [1]. In current study, in benign tumors
except lobular hyperplasia, the Pro- MMP-2 and Pro-MMP-9 and the active form of MMP-9(82kDa) were
observed. Patients with benign lobular hyperplasia left the only Pro-MMP-2 and Pro-MMP-9 in the gel on
surgery day and all times sampling. The active form of MMP-2 did not appear in the recurred benign tumors
as well. Five and three malignant tumors with recurrence or pulmonary metastasis revealed the active form of
MMP-2 with a molecular weight of 62 and 66-kDa respectively.

 Loukopoulos et al (2003) reported that active MMP-9 plays a less important role in tumor progression and
metastases, because active MMP-9 was found in a very small number of tumor tissues [12].But, Aresu et al
(2011) observed no signi�cant difference in the plasma concentration of active form of MMP-9 between
malignant and benign tumors. They reported that MMP-9 plasma levels could be consistent with MMP-9
protease activity1. The higher serum levels of MMP-9 activity have been detected in dogs with mammary
adenocarcinoma and, possibly, this type of MMP may play an important role in the early stage of
adenocarcinoma [13].Our �ndings showed that the presence of active MMP-9 (especially in samples 4 and 12
months after surgery for malignant tumors), regardless of its amount, is important in terms of prognosis for
M/R, compared to the group without M/R.

Also, Loukopoulos et al (2003) reported that Zymographic detection of the active MMP-2(62 kDa) was linked
with the malignant phenotype and only metastatic malignancies produced the62 kDa form of active MMP-2
[12].Moreover, Aresu et al (2011) described that the active form of MMP-2 was not found in the plasma of all
dogs with benign and malignant mammary tumors [1]. But in our study, observation of active MMP-2 (62 or
66kDa) band is very important for M/R than active MMP-9 because its presence regardless of their values
coincides with a de�nite recurrence and metastasis, unlike the active form of MMP-9. However, it should be
noted that the absence of active MMP-2 form does not rule out the recurrence and metastasis in patients with
mammary tumors.

Research in rat with mammary adenocarcinoma showed that serum levels of 92-kDa progelatinase (precursor
of MMP-9) were associated with the development of metastases in the lungs and lymph nodes. The �ndings
indicated that high levels of Pro-MMP-9 in plasma and serum are associated with the presence of metastatic
adenocarcinoma cells [25]. Also, regarding pro-MMP-9 in M/R dogs, our �ndings showed a signi�cant increase
in the levels of Pro-MMP-9 in serum samples 12 months after surgery compared with other sampling times.
Therefore, this enzyme may facilitate the blood invasion of tumor cells through the vascular membrane [25].

Research shows that in many cancers, some MMPs like MMP-2 and MMP-9 are more abundantly expressed
by stromal cells than by tumor cells in which they have a role to important changes in the tumor
microenvironment [26]. Research by Blavier et al (2006) showed that during the early and later stages of tumor



Page 8/17

formation and stages of tumor progression, MMP-2 and MMP-9 which were frequently expressed in the
stroma of tumor, may also contribute in stimulating endothelial cell transformation and growth [16]. Santos et
al (2013) described that the expressions of MMP-9 by stromal cells and of Ki-67 by cancer cells are
independent prognostic factors in canine malignant mammary tumors. Also, they stated that mentioned
parameters showed a stronger prognostic value than histological or clinical factors routinely used to predict
patient’s outcome, such as tumor size, histological grade and mode of growth [2].

Our results showed that metastasis to the lymph nodes reduces the time of DFS, OS and increases the risk of
M/R, which had previously been reported in human [9]. In addition, veterinary research suggested that lymph
node involvement was associated with poor prognosis of canine mammary tumor [5, 8].

Based on the �ndings of this study, tissue necrosis and invasion due to the in�ltrative growth of malignant
mammary tumors in dogs signi�cantly increased the rate of M/R and decreased the time of survival in
affected dogs. Necrosis, stromal invasion, and in�ltrative growth increase risk of the development of M/R and
the presence of necrosis is a risk factor for death. Necrosis has been suggested as an indicator for the
promotion of tumor invasion [6-8].

In our study, the in�ltration of lymphocytes into malignant mammary tumors in dogs was identi�ed as a risk
factor for metastasis, recurrence and death. The functional role of in�ltrating lymphocytes in breast tumors
has not yet been fully understood. However, it has been shown that the percentage of T lymphocytes was
signi�cantly higher in dogs with malignant mammary carcinoma and mixed mammary tumors without
metastasis, which indicates a protective role in preventing tumor progression [3].

According to our �ndings, the histology grade of mammary tumors and mitotic index in dogs did not
signi�cantly affect the time of M/R and survival. Nevertheless, some studies suggested that dogs with grade II
and III carcinoma had less survival time [4] and mammary tumors with grade III have a shorter OS time and
high risk of death [2].However, the differences between our results and other researchers may be related to the
number of cases and types of tumors examined, moreover, the time of patient’s referral to the surgeon should
not be ignored. It seems that more research is needed in this regard.

In conclusion, it may be possible to use zymography of serum samples at speci�c intervals after surgery to
examine the probability of recurrence or metastasis.
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Table1 .Histopathological classi�cation of mammary tumors in dogs and description of tumor types with M/R
and mortality rate
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  Tumors M/R Dead or euthanized dogs

  N % N % N %

Total number 26 100 15 57.69 10 38.46

Malignant tumors 18 69.23 12 66.66 10 55.55

           Tubulopapillary carcinomas 9 34.6 6 66.7 5 55.5

            Complex carcinomas 3 11.6 1 33.3 1 33.3

            Papillary carcinomas    2 7.7 1 50 0 0

            Solid carcinomas 2 7.7 2 100 2 100

            Simple carcinoma       1 3.8 1 100 1 100

            In�ammatory carcinoma 1 3.8 1 100 1 100

Benign  tumors 8 30.76 3 37.5 0 0

             Lobular hyperplasia      2 7.7 0 0 0 0

             Benign mix tumors 6 23.1 3 50 0 0

  

Table 2. The association between studied histopathological variables in malignant mammary tumor in dogs
with DFS and OS
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Variables    Animals M/R Tme of
DFS
(months)

Pb Dead or
euthanized dogs

Time of
OS
(months)

P

N % N % Mean ±
SE

  N % Mean ±
SE

 

Total
number

18 100 12 66.66 9.16 ±
0.90

  10 55.55 10.1 ± 1  

Histopathological variables

Necrosis           0.000       0.000

Yes 8 44.4 8 100 7.87 ±
0.91

  8 100 18.12 ±
0.83

 

No 10 55.6 4 40 26.30 ±
3.87

  2 20 32.80 ±
2.02

 

Mode of
growth

          0.000       0.000

In�ltrative 10 55.5 10 100 8.40 ±
0.88

  10 100 18.50 ±
0.71

 

Expansive 8 44.5 2 25 30.25 ±
3.39

  0 0 31.12 ±
1.51

 

Histological
grade

          0.616       0.997

Grade I+II 2 11.1 1 50 19.50 ±
6.71

  1 50 26.50 ±
3.88

 

Grade III 16 88.9 11 68.7 17.50 ±
3.18

  9 56.2 26.18 ±
2.20

 

Stromal
invasion

          0.000       0.000

Yes 10 55.5 10 100 8.40 ±
0.88

  10 100 18.50 ±
0.71

 

No 8 44.5 2 25 30.25 ±
3.39

  0 0 31.12 ±
1.51

 

Mitotic index           0.157       0.187

10-19/10
HPF

10 55.5 6 60 21.10 ±
3.87

  4 40 29.00 ±
2.73

 

≤20/10 HPF 8 44.5 6 75 14.37 ±
4.47

  6 75 22.87 ±
2.77

 

Lymphocyte
in�ltration

          0.002       0.043

Grade 0 1 5.6 0 0 -   0 0 -  

Grade 1 6 33.3 1 16.7 32.16 ±   1 16.7 33.50 ±  
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3.49 2.28

Grade 2 7 38.9 7 100 9.28 ±
1.20

  5 71.4 22.57 ±
3.26

 

Grade 3 4 22.2 4 100 8.00 ±
1.47

  4 100 19.50 ±
0.86

 

LNMa           0.000       0.000

Yes 10 55.5 10 100 8.40 ±
0.88

  10 100 18.50 ±
0.71

 

No 8 44.5 2 25 30.25 ±
3.39

  0 0 31.12 ±
1.51

 

Involved LN           0.283       0.027

Inguinal 8 80 8 100 8.00 ±
0.90

  8 100 17.87 ±
0.74

 

Axillary 2 20 2 100 10.00 ±
3.00

  2 100 21.00 ±
0.00

 

                           

aLymph Node Metastasis         bLog Rank test

 

Table 3. Mean ± SE value of serum levels of MMPs between dogs with benign and malignant mammary
tumors and the control group (preoperative)

Parameter
(ng/lane)

Control

(C)

Benign tumors
       (B)

Malignant tumors
(M)

                       P*

        C-M C-B M-B

 

Pro-MMP-2

 

0.68 ±
0.05

 

0.92 ± 0.07

 

1.45 ± 0.06

 

0.000

 

0.052

 

0.000

 

Pro-MMP-9

 

0.66 ±
0.05

 

 

0.84 ± 0.02

 

 

0.94 ± 0.06

 

0.002 0.176 0.653

Active MMP-9 0 1.65 ± 0.37

 

1.83 ± 0.12

 

0.000 0.000 0.674

* One-way ANOVA; C, Control; B, Benign; M, Malignant
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Table 4. The association between zymography parameters (surgery day) in canine mammary tumor with DFS
and OS

Variables    Animals M/R DFS
(months)

Pa Dead or
euthanized
dogs

OS
(months)

P

N % N % Mean ±
SE

  N % Mean ±
SE

 

Total
number

26 100 15 57.7 9.66 ±
0.84

  10 38.4 10.1 ± 1  

Pro-MMP-2
(ng/lane)

 

          0.098       0.032

>1.5 9 34.6 7 77.8 15.11±
3.79

  6 66.7 24.56 ±
2.73

 

<1.5 17 65.4 8 47 23.82 ±
3.19

  4 23.5 31.76 ±
1.88

 

Pro-MMP-9
(ng/lane)

          0.240       0.008

>0.9 12 46.1 8 66.7 17.75 ±
3.78

  8 66.7 24.32 ±
2.45

 

<0.9 14 53.9 7 50 21.92 ±
3.02

  2 14.3 33.5±
1.64

 

 Active MMP-
9(ng/lane)

          0.066       0.312

>1.8 15 57.7 11 73.3 15.50 ±
2.76

  7 46.7 26.13 ±
1.94

 

<1.8 11 42.3 4 36.4 26.54 ±
3.83

  3 27.3 31.36 ±
2.30

 

                       

Kaplan-Meier statistical method; DFS, Disease –free survival time; OS, Overall survival time

 

Figures
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Figure 1

Pulmonary metastasis due to malignant mammary tumor in two dogs. Many cannonballs (arrows) are visible
in the lung tissue.
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Figure 2

A. Serum gelatin zymography of a dog with benign mixed tumor without metastasis and or recurrence. The
active form of MMP-9 was only observed on surgery day (S1). B. Serum gelatin zymography of a dog with
in�ammatory carcinoma with metastasis and recurrence. Pro-MMP-2 (72-kDa), active MMP-2 (62 kDa and 66
kDa), Pro-MMP-9 (92 kDa) and active MMP-9 (82 kDa) bands were observed. Polyacrylamide 10% containing
0.1% gel-The C1 row represents the recombinant human MMP-2 and MMP-9; the C2 row represents a
combination of Pro-MMP-2 and Pro-MMP-9; the N row represents control serum. S1 to S4 represent serum
samples of preoperative, one month, four months and one year after surgery, respectively.

Figure 3

MMPs (ng/lane) in dogs with and without metastasis and or recurrence (M/R) in different times


