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Abstract
Background and Aim: Mast cell tumors (MCTs) are malignant neoplasms that are common in dogs. Their biological 
behavior is variable and unpredictable. The aim of the present study was to analyze the histological classification and 
expression of markers of canine MCTs.

Materials and Methods: Thirty samples of canine MCTs were graded according to the histological classification 
methods of Patnaik and those of Kiupel. The expression of phosphoprotein 53 (p53) and c-kit proteins was quantified by 
immunohistochemistry using image processing software, ImageJ - a public domain computer program, developed at the 
National Institutes of Health.

Results: It was possible to determine the grade of 100% of the samples. According to Patnaik’s classification, 20.00% of 
the samples were Grade 1, 43.30% were Grade 2, and 36.70% were Grade 3. According to Kiupel’s classification, 56.67% 
of the samples were of high intensity and 43.33% were of low intensity. Grade 1 tumors had the highest expression of 
p53 and c-kit, and Grade 2 had the lowest expression. The results showed that it is necessary to perform both histological 
grading methods. The classification into high and low intensity may provide more consistent results than the three-level 
grading system. However, a smaller number of categories, although it facilitates the classification, may not be sufficient for 
the prognosis.

Conclusion: Quantitative evaluation of p-53 and c-kit expression is a useful tool to increase the accuracy of the analysis and 
to aid in choosing the treatment method for canine MCTs. Histological grading should be combined with other diagnostic 
methods.

Keywords: Bismarck brown, hematoxylin and eosin, ImageJ, round cell tumor, toluidine blue.

Introduction

Mast cell tumor (MCT) is a malignant neo-
plasm of cutaneous or visceral origin that is common 
in dogs. Its behavior is variable and unpredictable, 
and it often metastasizes, especially to the lymph 
nodes, skin, spleen, liver, and bone marrow [1-3]. 
Histological classification of MCTs is used routinely 
for estimating the prognosis and choosing therapeutic 
management [4].

The subjectivity of histological grading of canine 
MCTs has been contested since 1989. One of the grad-
ing systems adopted is the method defined by Patnaik, 
which describes Grade 1 as well-differentiated tumors, 

Grade 2 as intermediate tumors, and Grade 3 as poorly 
differentiated tumors with more aggressive biological 
behavior. In 2011, Kiupel et al. [5] proposed a new 
grading system that divides tumors into two classes, 
low intensity and high intensity. A tumor is classi-
fied as high intensity when all of the following crite-
ria are observed in 10 analyzed fields: Seven mitotic 
figures, three multinucleated cells, and three atypical 
nuclei [5-7]. A possible cause of MCT is the c-kit 
mutation. The c-kit proto-oncogene product is used 
as a marker for the diagnosis and prognosis of MCT. 
Measurement of the expression of the c-kit proto-onco-
gene by immunohistochemistry is a valuable method 
for the detection of MCT [8-10]. Another likely cause 
of MCT is mutation of the tumor suppressor gene 
tumor protein 53 (TP53), which regulates an exten-
sive network protecting the integrity of the genome 
from damage and encodes phosphoprotein 53 (p53). 
Inactivation of the p53 pathway in cancer often results 
from the occurrence of the mutant p53 protein, which 
is associated with the worst disease-free survival and 
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has been implicated in resistance to anticancer thera-
pies. Expression of TP53, as detected by immunohis-
tochemistry, indicates a poor prognosis [11-13].

The aim of the present study was to analyze the 
histological classification and expression of tumor 
markers of canine MCTs.
Materials and Methods
Ethical approval

Not applicable, this study did not need approval 
from the ethics committee because it was made in 
paraffin blocks from the Pathology Department file, 
did not use animals or data from the animals’ medical 
records.
Study period and location

The study was carried out in the Pathology 
Department and in the Multiuser Laboratory for the 
Evaluation of Molecules, Cells and Tissues of the 
School of Veterinary and Zootechnics of the Federal 
University of Goiás, from 2010 to 2015.
Materials studied

This study aimed to complement the grading 
methods through the use of histological, histochemi-
cal, and immunohistochemical techniques, to improve 
the accuracy of the diagnosis. Therefore, we did not 
gather epidemiological and clinical information for 
the evaluation of canine MCTs.

The study was performed with 30 samples 
of canine MCTs, previously inserted into paraffin, 
selected from the Laboratory of Animal Pathology of 
the School of Veterinary and Animal Science of the 
Universidade Federal de Goiás. The fragments were 
cut into 5 μm thick sections by an automatic micro-
tome, and the sections adhered to histology slides 
impregnated with 3% organosilane solution (amino-
propyltriethoxysilane; Sigma, St. Louis, MO, USA) in 
acetone for immunohistochemical analysis.
Techniques

MCTs were graded according to the Patnaik [7] 
and Kiupel [5] systems by histological and histochem-
ical methods using hematoxylin and eosin,  toluidine 
blue, and Bismarck brown stains. Routine laboratory 
protocols were used for hematoxylin and eosin and 
toluidine blue stains [14]. The technique used for 
Bismarck brown staining was the method described 
by Leach [15], which started with dewaxing followed 
by the rehydration phase. The fragments were treated 
by dripping a solution containing hydrochloric acid 
and 70% alcohol for 2 min. The fragments were 
stained with Bismarck Brown, a solution containing 
Bismarck Brown (Vesuvina; Labimpex, Diadema, 
Brazil), ferric chloride (P.A.ACS; Labimpex, 
Diadema, Brazil), and 70% alcohol, for 60 min. The 
sections were washed with 70% alcohol, stained with 
Harris hematoxylin for 3 min, washed with running 
water for 8 min, and dehydrated. The slides were 
mounted with a toluene-based medium (Entellan; 
Merck, Germany) and histological coverslips. The 

slides were examined by three pathologists under an 
optical microscope. 

The immunohistochemistry procedure started 
with dewaxing in an oven at 60°C, following the hydra-
tion phase. Endogenous peroxidase activity was then 
blocked for 15 min, and the slides were incubated with 
dilute hydrogen peroxide in phosphate-buffered saline 
(PBS) solution (pH 7.2). Antigen retrieval occurred in 
citrate solution (pH 6.0) in a bain-marie (solution pre-
heated to 96°C) for 15 min. Non-specific binding was 
blocked with 3% bovine serum albumin (BSA) for 1 h 
in a humid chamber at room temperature.

The primary antibodies p53 (monoclonal/mouse, 
SC71785; Santa Cruz Biotechnology, Dallas, TX, 
USA) and c-kit (polyclonal/rabbit, SC168; Santa Cruz 
Biotechnology), diluted in 1.5% BSA (1:500 and 
1:2000, respectively), were instilled, and the material 
was incubated overnight in a humid chamber under 
refrigeration at 4°C. Negative controls were per-
formed by omitting the primary antibody in a sample 
section of each grade.

The sections were washed with PBS and then 
incubated at room temperature using the LSAB kit 
(DAKO, K0690-USA), where the corresponding sec-
ondary antibody remained for 30 min and the strepta-
vidin–biotin–peroxidase complex remained for a fur-
ther 30 min. They were then washed with PBS. The 
reaction was developed by adding the chromogen 
diaminobenzidine peroxidase (Liquid DAB Substrate 
Chromogen System; DAKO Ref: K3468-USA) for 10 
min in the sections treated with anti-p53 antibody and 
3 min in the sections treated with anti-c-kit antibody.

The slides were mounted with a toluene-based 
medium (Entellan) and histological coverslips. The 
analysis was performed by three pathologists under a 
light microscope. Three areas of concentration of neo-
plastic cells were selected, according to the availabil-
ity of material regarding the histological grade, such 
as regions of interest for evaluation using the ImageJ 
image processor (NIH, Bethesda, MD, USA). The 
software provided the optical density values for the 
selected areas, expressed in pixels/inch.
Statistical analysis

The non-parametric Chi-square test was used 
to compare the number of cases diagnosed using the 
combination of hematoxylin and eosin and toluidine 
blue stains with the number of diagnoses after the 
addition of Bismarck brown stain.

The results of the ImageJ image processor were 
transferred to a spreadsheet. In each group, the median 
and mean values for each antibody were calculated to 
represent the central tendency, the 95% confidence 
interval by logistic regression, and the confidence 
interval limit. Slides with optical density values below 
the lower limit, established by the difference between 
the mean and the confidence interval, received a score 
of 1; slides with values between the lower limit and 
the upper limit received a score of 2; and slides with 
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values above the upper limit, established by the sum 
of the mean and the confidence interval, received a 
score of 3.
Results

Using hematoxylin and eosin associated with 
toluidine blue stain, we were able to grade 73.33% 
(22/30) of the MCTs using the Patnaik system. After 
using Bismarck brown stain, we were able to grade 
100% (30/30) of the MCTs. The incidence and fre-
quency of the main microscopic changes found in 
each grade are described in Table-1. Thus, with the 
use of Bismarck brown stain, 20.00% of the samples 
were classified as Grade 1, 43.30% as Grade 2, and 
36.70% as Grade 3. The representative board with the 
three colors in each grade is shown in Figure-1.

Subsequently, the samples were reexamined and 
graded according to the classification system pro-
posed by Kiupel. Among the 30 samples, all 6 sam-
ples (100%) classified as Grade 1 by the Patnaik sys-
tem were reclassified as low-intensity MCTs. Of the 
13 samples classified as Grade 2, 9 (69.23%) were 
reclassified as low-intensity MCTs. Four Grade 2, 
samples (30.77%) were reclassified as high intensity 
for having at least seven mitotic figures, three mul-
tinucleated cells and three atypical nuclei in the 10 
fields analyzed.

Of the 11 samples classified as Grade 3, 9 
(81.82%) showed characteristics of high intensity, 
with at least seven mitotic figures, three multinucle-
ated cells, three atypical nuclei in the 10 fields ana-
lyzed, and in addition, karyomegaly was also found. 
However, 2 samples (18.18%) were reclassified as 
low intensity, because despite the infiltrative aspect, 
which would be expected as a characteristic of greater 
malignancy, few multinucleated cells and no mitotic 
figures were observed.

According to immunohistochemistry, sections of 
samples treated with anti-p53 antibody showed mark-
ing evidence in the nucleus of neoplastic mast cells 
and, in rare cases, cytoplasmic marking. Sections from 

samples treated with anti-c-kit antibody showed cyto-
plasmic marking of neoplastic mast cells (Figure-1).

Table-2 shows the mean, median, standard devi-
ation, confidence interval, lower limit, and upper 
limit values, calculated from the output of the ImageJ 
image processor.

The MCT samples were classified into scores, 
after evaluating the mean values of the three areas 
analyzed in each slide marked with the antibodies 
to p53 and c-kit using the ImageJ image processor. 
Table-3 shows the results obtained in this study.
Discussion

Of the total number of MCTs evaluated using 
the Patnaik system, 26.67% could not be graded with 
hematoxylin and eosin and toluidine blue stains. 
According to Bostock et al. [6], well-differentiated 
MCTs are easier to diagnose in routine histological 
preparations.

Grading of 100% of the samples was only possi-
ble with the use of the Bismarck brown stain. The slides 
stained by this technique showed marked metachroma-
sia in Grade 1 MCTs, moderate metachromasia in Grade 
2 MCTs, and orthochromasia in most Grade 3 MCTs. 
Metachromasia was found in 73.33% (22/30) of sam-
ples stained with hematoxylin and eosin and toluidine 
blue. The interaction of basic stains with cytoplasmic 
granules is related to the degree of cell differentiation, 
because there is a decrease in the sulfation of gran-
ules in neoplastic mast cells, making them less meta-
chromatic [16]. According to Hosseini et al. [17], the 
 presence of cytoplasmic granules assisted in the identi-
fication of mast cell subtypes in dogs and humans. This 
finding is consistent with Navarro [18] who suggested 
that, due to the presence of acid mucopolysaccharides 
in the cytoplasm of mast cells, preparations stained by 
hematoxylin and eosin do not provide a good visualiza-
tion of these granules, and therefore, the use of other 
stains is necessary for grading.

Use of the Bismarck brown stain made it easier 
to diagnose poorly differentiated MCTs, which could 

Table-1: Incidence and frequency of main microscopic changes found in each grade of canine mast cell tumors through 
histochemical evaluation, using hematoxylin and eosin, toluidine blue the Bismarck brown stains. 

Grade Location Cell size Cell shape Cytoplasm Nucleus Nucleolus Metachromasia

1
n=6

Superficial 
Dermis
6 (100%)

Uniform
6 (100%)

Round to oval
6 (100%)

Abundant 6 
(100%)

Round to oval
6 (100%)

1 or +/
cell
3 (50%)

Marked
5 (83.33%)

1/cell
3 (50%)

Moderate
1 (16.67%)

2
n=13

Superficial 
Dermis
10 (76.90%)
Deep Dermis
3 (23.10%)

Anisocytosis and 
multinucleated cells 
9 (69.20%)
Uniform
4 (30.80%)

Pleomorphic 
10 (76.90%)
Round to oval
3 (23.10%)

Moderate 10 
(76.90%)
Scarce
2 (15.40%)
Abundant
1 (7.70%)

Round to oval
9 (69.20%)
Anisokaryosis 4 
(30.80%)

1 or +/
cell
9 (69.20%)
1/cell
4 (30.80%)

Marked
7 (53.80%)
Moderate
6 (46.20%)

3
n=11

Deep Dermis
8 (72.70%)
Superficial 
Dermis
3 (27.30%)

Anisocytosis and 
multinucleated cells 
8 (72.70%)
Uniform
3 (27.30%)

Pleomorphic 7 
(63.60%)
Round to oval
4 (36.40%)

Scarce
7 (63.60%)
Moderate
4 (36.40%)

Round to oval
8 (72.70%)
Anisokaryosis 3 
(27.30%)

1 or +/
cell
11 (100%)

Orthochromasia
8 (72.70%)
Moderate
3 (27.30%)
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be confused with other round cell tumors. Lavalle 
et al. [19] stated that the presence of granules differ-
entiates MCTs from other round cell tumors and that 
the more undifferentiated cells have fewer granules, 
which requires the use of special stains in these cases. 
Hosseini et al. [17] reported that the histological grad-
ing system was useful to distinguish neoplasms from 
other malignancies with similar morphology. The rea-
son that the Bismarck brown stain performs well is 

probably that it does not use water in steps subsequent 
to fixation since mast cells are poorly visualized in 
aqueous solutions [15].

For comparative purposes, samples previously 
classified by the Patnaik method were reexamined 
and graded according to the grading system proposed 
by Kiupel. According to the Kiupel system, 56.17% 
(17/30) of samples were of low intensity and 43.33% 
(13/30) were of high intensity. Śmiech et al. [20] clas-
sified 75.8% of MCTs as low intensity and 24.2% as 
high intensity. These results were similar to those of 
Hergt et al. [21] who classified 74.46% of MCTs as 
low intensity and 25.54% as high intensity.

Concordance was found between Grade 1 and 
low intensity because the neoplastic cells were well 
differentiated, resembling normal mast cells, being 
monomorphic, and arranged in cords and/or thin lay-
ers. In addition, the nuclei were round or oval and 
small, with almost invisible nucleoli. These charac-
teristics are more apparent to pathologists, favoring 
the assignment to Grade 1 [22]. In agreement with our 
results, all Grade 1 MCTs were classified as low inten-
sity by Stefanello et al. [23].

Table-2: Analysis of optical density values from the 
image processor ImageJ, expressed in pixels/inch, 
in the selected areas of each slide with fragments of 
canine MCT, marked with antibodies p53 and c-kit by the 
immunohistochemistry technique. 

Analysis P53 C-kit

Mean 108,777.73 185,222.56
Median 66,128.75 105,181.75
Minimum value 1344.50 1556.00
Maximum value 361,825.80 651,463.30
Standard deviation 108,762.48 187,566.59

67,118.61Confidence interval 38,919.44
Lower limit 69,858.28 118,103.94
Upper limit 147,697.17 252,341.17

Figure-1: Photomicrographs of canine mast cell tumors representing the histological grading using the Patnaik and Kiupel 
methods. Hematoxylin and eosin, toluidine blue and Bismarck brown stains. Antibody markers: Anti-p53 in the nucleus and 
anti-c-kit in the cytoplasm of neoplastic mast cells. DAB, counterstained with hematoxylin, original 400×.
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As expected, Grade 2 tumors were divided into 
low- and high-intensity malignancies, showing their 
biological heterogeneity. This result corroborates the 
findings of Bostock et al. [6], Seguin et al. [24], and 
Balsimelli [25], due to the characteristics of this grade 
in the system proposed by Patnaik et al. [7]. In the 
study of Stefanello et al. [23], 83.5% of Grade 2 MCTs 
were classified as low intensity. There is a tendency 
among pathologists to choose Grade 2 when dealing 
with the limits between Grades 1 and 3 [5]. There is a 
discrepancy among pathologists regarding the Patnaik 
classification system, especially with respect to 
tumors classified as Grade 2 [26]. As a consequence, 
therapeutic and prognostic management based on his-
tological classification, especially for MCTs of inter-
mediate grade, is highly questionable [27,28].

Among the Grade 3 samples, contrary to expec-
tations, two were reclassified as low intensity, despite 
the expected infiltrative aspect and observed in 
these samples.. This result is contrary to the results 
of Balsimelli [25] and Schlieben [29] and Stefanello 
et al. [23], in which all Grade 3 tumors were reclassi-
fied as high intensity.

The results of histopathological classification 
of MCTs into two levels were more consistent than 
the results with the three-level classification system 

because the two-level system provided a better dis-
tinction between high- and low-intensity malignant 
cellular transformation. Moreover, in this study, we 
demonstrated the subjectivity of classification of 
tumors classified as intermediate grade. According 
to Ramos-Vara et al. [30], the new histopathological 
grading system proposed by Kiupel is more consistent 
in these cases because the grading criteria are quanti-
tative, leading to a decrease in subjectivity.

Kry and Boston [26] found concordance between 
75% of pathologists for Grade 3 and 63% for Grade 1 
using the Patnaik system. In contrast, there was concor-
dance between 98% of pathologists using the Kiupel 
system. Several classification systems have been pro-
posed to classify canine MCTs, and the Patnaik sys-
tem is still the most widely used. However, because 
the Kiupel classification is based on the presence of 
mitotic figures, multinucleated cells, karyomegaly, 
and atypical nuclei, it has a higher probability of prog-
nostic accuracy [17]. It is important to emphasize that 
perfect determination of the histological grade of the 
tumor helps in surgical planning and in the prediction 
of local recurrence and metastatic potential [31].

The mean expressions of p53 and c-kit in samples 
graded by the Patnaik system were highest for Grade 1 
and lowest for Grade 2. Although p53 is a protein often 

Table-3: Results of the analysis of 30 samples of canine MCT, obtained by the histological grading proposed by Patnaik 
as Grade 1 (G1), Grade 2 (G2), and Grade 3 (G3); histological grading proposed by Kiupel as low intensity (LI) and high 
intensity (HI); expression of p53 and c-kit in optical density from ImageJ expressed in pixels/inch; score calculated after 
statistical evaluation. 

Sample Patnaik Kiupel P53 C-kit

Optical density Score Optical density Score

1 G1 BI 194,599.00 3 107,132.50 1
2 G1 BI 246,391.50 3 523,545.50 3
3 G1 BI 281,239.00 3 447,620.00 3
4 G1 BI 360,827.50 3 103,231.00 1
5 G1 BI 187,505.00 3 424,692.50 3
6 G1 BI 220,203.00 3 546,866.50 3
7 G2 BI 1344.50 1 19,153.50 1
8 G2 BI 2508.00 1 12,267.00 1
9 G2 AI 14,813.00 1 476,762.50 3
10 G2 AI 18,796.50 1 323,161.50 3
11 G2 BI 56,299.50 1 1556.00 1
12 G2 BI 68,255.50 1 100,491.00 1
13 G2 BI 4982.00 1 60,581.00 1
14 G2 BI 5905.50 1 82,870.67 1
15 G2 BI 22,926.00 1 6691.66 1
16 G2 BI 24,455.00 1 2961.33 1
17 G2 BI 12,964.00 1 32,624.00 1
18 G2 AI 248,498.00 3 52,086.00 1
19 G2 AI 119,783.70 2 2723.33 1
20 G3 AI 48,381.60 1 262,362.30 3
21 G3 AI 23,876.20 1 140,430.80 2
22 G3 AI 107,073.80 2 75,093.25 1
23 G3 AI 124,737.60 2 651,463.30 3
24 G3 AI 111,257.40 2 239,458.00 2
25 G3 AI 74,872.80 1 169,299.30 2
26 G3 BI 53,813.00 1 102,600.30 1
27 G3 BI 64,002.00 1 107,226.30 1
28 G3 AI 15,213.83 1 209,967.80 2
29 G3 AI 361,825.80 3 68,478.00 1
30 G3 AI 185,981.70 3 203,280.00 2
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studied in several neoplasms, there are few reports of 
its expression in canine MCTs of different histological 
grades. Other authors did not find a relationship between 
p53 immunoreactivity and the biological behavior of 
this neoplasm, and the protein was considered a poor 
prognostic indicator for the analyzed cases [32,33].

In the present study, however, the score results 
of the quantitative analysis of p53 expression were 
similar to those for c-kit in 53.33% (16/30) of sam-
ples. The cell marking and location of c-kit have been 
well  characterized in canine MCTs, and the intensity of 
expression is associated with a worse prognosis. It is 
important to consider that c-kit mutations and abnormal 
expression of c-kit are related to increase in vitro cell 
proliferation of MCTs [27]. c-kit is a reliable immu-
nohistochemical marker, and a positive relationship is 
expected between the presence of c-kit mutations and a 
higher grade of canine MCT [8,9]. The findings of the 
present study show that the expression of p53 was sim-
ilar to that of c-kit, indicating that p53 expression can 
also be used to estimate the prognosis of canine MCTs.

The results of the analysis of antibody scor-
ing for Grade 1 differ from a previous characteriza-
tion [27], in which MCTs with this histological grade 
were benign tumors with a good prognosis for which 
surgical removal would be the only treatment. The high 
values of p53 and c-kit expression found in Grade 1 
raise awareness regarding the extent of disease in the 
group considered to have the best prognosis. This can 
be explained in two ways. First, it is possible that this 
result is due to the small sample size or the fact that val-
ues above the confidence limit have occurred in animals 
with multiple lesions, even though the lesions were well 
differentiated. Second, it is likely that neoplastic cells in 
dogs with multiple Grade 1 nodules are different from 
those in solitary tumors [34]. In addition, MCTs appear 
to have predilections of malignancy according to ana-
tomical location, dog breed, and age [35,36].

Another key factor is that p53 labeling in benign 
tumors may indicate more aggressive behavior and 
mutations of the p53 gene may indicate a progression 
of neoplasia [37]. For Amagai et al. [38], the analysis 
of c-kit labeling in a single tumor region is probably 
insufficient. The presence of the c-kit mutation in pri-
mary MCTs may indicate a high probability of metas-
tases, suggesting that c-kit labeling indicates tumor 
progression [8].

With regard to the high scores of the analyzed 
samples of Grade 1, the previous studies found 
33.3% rate of recurrence of neoplasia in tumors of 
this grade  [39]. The expression of tumor suppressor 
genes, such as p53, may indicate the initial stages 
of a microscopically imperceptible second tumor 
at the primary site, although the initial growth may 
have been  completely removed [40]. Moreover, 
intense c-kit cytoplasmic labeling is associated with 
an increased recurrence rate and decreased survival 
time [28]. Pizzoni et al. [41] did not observe any rela-
tion between histological degree and survival time and 

the interval free of neoplasia progression. Fonseca-
Alves et al. [42] observed a shorter survival time in 
dogs with double positivity for c-kit and ki67.

Even without observing the animals after tumor 
excision, the results obtained in the Grade 1 group sug-
gest that canine MCT should not be considered benign 
in any histological grade, due to its variable biological 
behavior and prognosis. The biological behavior of 
canine MCTs [43] ranges from solitary benign nod-
ules to systemic metastatic tumors, which hinders the 
accuracy of prognosis and choice of treatment [17]. 
In addition, our study did not evaluate the presence 
of metastases, which would be relevant, as dogs with 
distant metastases had significantly shorter survival 
than those with regional lymph node metastases [44], 
which are also a negative prognostic indicator, regard-
less of histological grade [45,46].

After analyzing the score for Grade 2, we reiter-
ate that the results can be attributed to the fact that the 
parameters of histological grading by Patnaik are sub-
jective, especially for this grade. Veterinary pathol-
ogists may interpret the Patnaik system differently, 
assigning different grades to the same sample, and 
for that reason, less subjective and more quantitative 
methods have better clinical value [34].

In our study, 69.23% (9/13) of Grade 2 samples 
had the lowest scores, whereas 30.77% (4/13) had 
scores that varied among antibodies and were classified 
as high intensity according to the Kiupel system. Zemke 
et al. [47] showed the relationship between higher histo-
pathological grade and labeling intensity in poorly dif-
ferentiated neoplasms, showing that they should present 
more significant genetic alterations for increased pro-
duction and consequently the expression of the proto-on-
cogene c-kit. This finding corroborates our findings for 
high-intensity MCTs. High-intensity MCTs have a high 
rate of recurrence [48]. This result is also comparable 
with that of Thompson [49] who found an association 
between the c-kit mutation and higher grade in canine 
cutaneous MCTs. c-kit mutations are significantly asso-
ciated with a higher grade of neoplastic malignancy and 
also higher rates of recurrence and death.

Another hypothesis is that the score values in the 
Grade 2 group are compatible with the absence of dif-
ferences in histological parameters between Grades 1 
and 2. These grades may not belong to distinct groups, 
but rather represent the same category [5]. The 
Patnaik system has been used for several decades as 
a gold standard for the classification of MCTs, based 
mainly on qualitative characteristics. However, there 
has been high discrepancy among observers, mainly 
due to the subjective criteria used to establish the 
classification. Relapses, the probability of metasta-
ses, and animal survival time are extremely important 
variables, which, in association with the degree of cell 
differentiation, make an effective diagnosis necessary. 
Differences in the histopathological classification of 
MCTs make the prognostic value and also the choice 
of treatment highly questionable [50].
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In the present study, Grade 3 samples showed 
the largest numerical variation for sampling, probably 
these samples represent a broader profile of MCTs. 
Quantitative evaluation of p53 and c-kit expression 
showed values compatible with the unfavorable progno-
sis expected for the group in 36.36% (4/11) of the sam-
ples. However, we found a lower score in 18.18% (2/11) 
of the samples, especially in the samples classified as 
low intensity by the Kiupel system. Neoplasms of this 
grade are described as poorly differentiated, potentially 
aggressive, and having an adverse prognosis [13]. Other 
authors have stated that dogs with Grade 3 neoplasms 
are more likely to develop local recurrence [26].
Conclusion

The results showed that it is necessary to use both 
of the histological grading methods. The classification 
of MCTs into low and high intensity may  provide more 
consistent results than the three-level grading system. 
However, a smaller number of categories, although 
it facilitates the classification, may not be sufficient 
for the prognosis. Quantitative evaluation of p-53 and 
c-kit expression is a useful tool to increase the accu-
racy of the analysis and to aid in choosing the treat-
ment of canine MCTs. Histological grading should be 
combined with other diagnostic methods.
Authors’ Contributions

VSC and JCAB were in charge of conception and 
design of the study, acquisition, analysis, and interpre-
tation of data, drafted, and critically revised the man-
uscript. LLN contributed to conception and analysis 
of data. PAMG participated in design of the study and 
interpretation of data. YCLP contributed to design of 
the study and interpretation of data. CB, MCSF, and 
EGA supported to analysis and critically revised the 
manuscript. All authors read and approved the final 
manuscript.
Acknowledgments

We thank the Coordenação de Aperfeiçoamento 
de Pessoal de Nível Superior – CAPES and the 
Conselho Nacional de Desenvolvimento Científico e 
Tecnológico – CNPq for scholarships granted to the 
authors VSC, JCAB, LLN, PAMG, and YCLP. The 
authors did not receive any funds for this study.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Grimes, J.A., Secrest, S.A., Wallace, M.L., Laver, T. and 

Schmiedt, C.W. (2020) Use of indirect computed tomography 
lymphangiography to determine metastatic status of sentinel 

lymph nodes in dogs with a pre-operative diagnosis of mela-
noma or mast cell tumour. Vet. Comp. Oncol., 1(1): 1-7.

2. Cartagena-Albertus, J.C., Moise, A., Moya-García, S., 
Cámara-Fernández, N. and Montoya-Alonso, J.A. (2019) 
Presumptive primary intrathoracic mast cell tumours in two 
dogs. BMC Vet. Res., 15(1): 204.

3. Horta, R.S., Lavalle, G.E., Monteiro, L.N., Souza, M.C., 
Cassali, G.D. and Araújo, R.B. (2018) Assessment of canine 
mast cell tumor mortality risk based on clinical, histologic, 
immunohistochemical, and molecular features. Vet. Pathol., 
55(2): 212-223.

4. Furlani, J.M., Daleck, C.R., Vicenti, F.A.M., De Nardi, A.B., 
Pereira, G.T., Santana, Á.E. and da Silva, L.A.F. (2008) 
Canine mastocytoma: Retrospective study. Cienc. Anim. 
Bras., 9(1): 242-250.

5. Kiupel, M., Webster, J.D., Bailey, K.L., Best, S., DeLay, J., 
Detrisac, C.J. and Hendrick, M.J. (2011) Proposal of a 2-tier 
histologic grading system for canine cutaneous mast cell 
tumors to more accurately predict biological behavior. Vet. 
Pathol., 48(1): 147-155.

6. Bostock, D.E., Crocker, J., Harris, K. and Smith, P. (1989) 
Nucleolar organiser regions as indicators of post-surgical 
prognosis in canine spontaneous mast cell tumours. Br. J. 
Cancer, 59(6): 915-918.

7. Patnaik, A.K., Ehler, W.J. and MacEwen, E.G. (1984) 
Canine cutaneous mast cell tumor: Morphologic grading 
and survival time in 83 dogs. Vet. Pathol., 21(5): 469-474.

8. Gentilini, F., Turba, M.E., Dally, C., Takanosu, M., 
Kurita, S. and Bonkobara, M. (2020) The secondary KIT 
mutation p. Ala510Val in a cutaneous mast cell tumour 
carrying the activating mutation p. Asn508Ile confers resis-
tance to masitinib in dogs. BMC Vet. Res., 16(1): 1-9.

9. Thamm, D.H., Avery, A.C., Berlato, D., Bulman-
Fleming, J., Clifford, C.A., Hershey, A.E. and Pavuk, A. 
(2019) Prognostic and predictive significance of KIT pro-
tein expression and c-kit gene mutation in canine cutaneous 
mast cell tumours: A consensus of the oncology-pathology 
working group. Vet. Comp. Oncol., 17(4): 451-455.

10. Takeuchi, Y. and Bonkobara, M. (2016) Receptor tyrosine 
kinase KIT: Prognostic and therapeutic involvement in 
canine mast cell tumours. Vet. J., 100(210): 5-6.

11. Zörnig, M., Hueber, A.O., Baum, W. and Evan, G. (2001) 
Apoptosis regulators and their role in tumorigenesis. 
Biochim. Biophys. Acta., 1551(2): F1-F37.

12. Andreotti, V., Ciribilli, Y., Monti, P., Bisio, A., Lion, M., 
Jordan, J. and Inga, A. (2011) P53 transactivation and the 
impact of mutations, cofactors and small molecules using 
a simplified yeast-based screening system. PloS One, 6(6): 
e20643.

13. Garritano, S., Inga, A., Gemignani, F. and Landi, S. (2013) 
More targets, more pathways and more clues for mutant 
p53. Oncogenesis, 2(7): e54.

14. Luna, L.G. (1968) Manual of the Histologic Staining 
Methods of the Armed Forces Institute of Pathology. 3rd ed. 
McGraw-Hill, New York. p258.

15. Leach, E.H. (1947) Bismarck brown as a stain for mucopro-
teins. Stain Technol., 22(2): 73-76.

16. Simoes, J.P.C. and Schoning, P. (1994) Canine mast cell 
tumors: A comparison of staining techniques. J. Vet. Diagn. 
Invest., 6(4): 458-465.

17. Hosseini, E., Pedram, B., Bahrami, A.M., 
Moghaddam, M.H.J., Javanbakht, J., Ghomi, F.E. and 
Shafiee, R. (2014) Retracted article: Cutaneous mast cell 
tumor (mastocytoma): Cyto-histopathological and haema-
tological investigations. Diagn. Pathol., 9(1): 9.

18. Navarro, C.E. (2005) Manual de Hematologia Veterinária. 
2nd ed. Varela, São Paulo, Brazil. p146.

19. Lavalle, G.E., Araújo, R.B., Carneiro, R.A. and Pereira, L.C. 
(2003) Fine-needle aspiration for the diagnosis of mastocy-
toma in dogs. Arq. Bras. Med. Vet. Zootec., 55(4): 500-502.

20. Śmiech, A., Ślaska, B., Łopuszyński, W., Jasik, A., 
Bochyńska, D. and Dąbrowski, R. (2018) Epidemiological 



Veterinary World, EISSN: 2231-0916 1634

Available at www.veterinaryworld.org/Vol.13/August-2020/20.pdf

assessment of the risk of canine mast cell tumours based on 
the kiupel two-grade malignancy classification. Acta. Vet. 
Scand., 60(1): 70.

21. Hergt, F., von Bomhard, W., Kent, M.S. and Hirschberger, J. 
(2016) Use of a 2-tier histologic grading system for canine 
cutaneous mast cell tumors on cytology specimens. Vet. 
Clin. Pathol., 45(3): 477-483.

22. Meuten, D.J. (2002) Tumors in Domestic Animals. 4th ed. 
Iowa State Press, Iowa. p779.

23. Stefanello, D., Buracco, P., Sabattini, S., Finotello, R., 
Giudice, C., Grieco, V. and Bettini, G. (2015) Comparison 
of 2-and 3-category histologic grading systems for predict-
ing the presence of metastasis at the time of initial evalu-
ation in dogs with cutaneous mast cell tumors: 386 Cases 
(2009-2014). J. Am. Vet. Med. Assoc., 246(7): 765-769.

24. Séguin, B., Leibman, N.F., Bregazzi, V.S., Ogilvie, G.K., 
Powers, B.E., Dernell, W.S. and Withrow, S.J. (2001) 
Clinical outcome of dogs with grade-II mast cell tumors 
treated with surgery alone: 55 Cases (1996-1999). J. Am. 
Vet. Med. Assoc., 218(7): 1120-1123.

25. Balsimelli, B. (2012) Relação Entre as Graduações 
Histológicas de Patnaik e de Kiupel e o Padrão de Expressão 
de C-kit em Mastocitomas Cutâneos Caninos: Um Estudo 
Histológico e Imunoistoquímico. XV Congresso Metodista 
de Iniciação e Produção Científica-XIV Seminário de 
Extensão-IX Seminário Pibic/Umesp.

26. Kry, K.L. and Boston, S.E. (2014) Additional local therapy 
with primary re-excision or radiation therapy improves sur-
vival and local control after incomplete or close surgical exci-
sion of mast cell tumors in dogs. Vet. Surg., 43(2): 182-189.

27. Turin, L., Acocella, F., Stefanello, D., Oseliero, A., 
Fondrini, D., Brizzola, S. and Riva, F. (2006) Expression 
of c-kit proto-oncogene in canine mastocytoma: A kinetic 
study using real-time polymerase chain reaction. J. Vet. 
Diagn. Invest., 18(4): 343-349.

28. Kiupel, M., Webster, J.D., Kaneene, J.B., Miller, R. and 
Yuzbasiyan-Gurkan, V. (2004) The use of KIT and tryptase 
expression patterns as prognostic tools for canine cutaneous 
mast cell tumors. Vet. Pathol., 41(4): 371-377.

29. Schlieben, P., Meyer, A., Weise, C., Bondzio, A., 
Einspanier, R., Gruber, A.D. and Klopfleisch, R. (2012) 
Differences in the proteome of high-grade versus low-
grade canine cutaneous mast cell tumours. Vet. J., 194(2): 
210-214.

30. Ramos-Vara, J., Miller, P. and Webster, J. (2012) Mast 
cell tumors revisited. In: Diagnostic Forum: A Quarterly 
Newsletter from the Indiana Animal Disease Diagnostic 
Laboratory at Purdue University. Vol. 22. Purdue University, 
United States.

31. Shaw, T., Kudnig, S.T. and Firestone, S.M. (2018) 
Diagnostic accuracy of pre-treatment biopsy for grading 
cutaneous mast cell tumours in dogs. Vet. Comp. Oncol., 
16(2): 214-219.

32. Ginn, P.E., Fox, L.E., Brower, J.C., Gaskin, A., Kurzman, I.D. 
and Kubilis, P.S. (2000) Immunohistochemical detection of 
p53 tumor-suppressor protein is a poor indicator of prog-
nosis for canine cutaneous mast cell tumors. Vet. Pathol., 
37(1): 33-39.

33. Vozdova, M., Kubickova, S., Fictum, P., Fröhlich, J., 
Jelinek, F. and Rubes, J. (2019) Prevalence and prognos-
tic value of c-kit and TP53 mutations in canine mast cell 
tumours. Vet. J., 247(1): 71-74.

34. Scase, T.J., Edwards, D., Miller, J., Henley, W., Smith, K., 
Blunden, A. and Murphy, S. (2006) Canine mast cell 
tumors: Correlation of apoptosis and proliferation markers 
with prognosis. J. Vet. Intern. Med., 20(1): 151-158.

35. Śmiech, A., Ślaska, B., Łopuszyński, W., Jasik, A., 
Szczepanik, M. and Wilkołek, P. (2017) Epidemiological 
study of canine mast cell tumours according to the 

histological malignancy grade. Pol. J. Vet. Sci., 20(3): 
455-465.

36. Mochizuki, H., Motsinger-Reif, A., Bettini, C., Moroff, S. 
and Breen, M. (2017) Association of breed and histo-
pathological grade in canine mast cell tumours. Vet. Comp. 
Oncol., 15(3): 829-839.

37. Lee, C.H. and Kweon, O.K. (2002) Mutations of p53 tumor 
suppressor gene in spontaneous canine mammary tumors. 
J. Vet. Sci., 3(4): 321-326.

38. Amagai, Y., Tanaka, A., Matsuda, A., Oida, K., Jung, K. and 
Matsuda, H. (2013) The phosphoinositide 3-kinase pathway 
is crucial for the growth of canine mast cell tumors. J. Vet. 
Med. Sci., 75(6): 791-794.

39. Mackowiak, I.I., Gentile, L.B., Chaible, L.M., 
Nagamine, M.K., Guerra, J.M., Mota, E.F.F. and 
Dagli, M.L.Z. (2012) E-cadherin in canine mast cell tumors: 
Decreased expression and altered subcellular localization in 
grade 3 tumors. Vet. J., 194(3): 405-411.

40. Tsantoulis, P.K., Kastrinakis, N.G., Tourvas, A.D., 
Laskaris, G. and Gorgoulis, V.G. (2007) Advances in the 
biology of oral cancer. Oral Oncol., 43(6): 523-534.

41. Pizzoni, S., Sabattini, S., Stefanello, D., Dentini, A., 
Ferrari, R., Dacasto, M. and Marconato, L. (2018) Features 
and prognostic impact of distant metastases in 45 dogs with 
de novo stage IV cutaneous mast cell tumours: A prospec-
tive study. Vet. Comp. Oncol., 16(1): 28-36.

42. Fonseca-Alves, C.E., Bento, D.D., Torres-Neto, R., 
Werner, J., Kitchell, B. and Laufer-Amorim, R. (2015) 
Ki67/KIT double immunohistochemical staining in cutane-
ous mast cell tumors from boxer dogs. Res. Vet. Sci., 102(1): 
122-126.

43. Thamm, D.H., Weishaar, K.M., Charles, J.B. and 
Ehrhart, E.J. (2019) Phosphorylated KIT as a predictor of 
outcome in canine mast cell tumours treated with toceranib 
phosphate or vinblastine. Vet. Comp. Oncol., 18(2): 169-175.

44. Bae, S., Milovancev, M., Bartels, C., Irvin, V.L., Tuohy, J.L., 
Townsend, K.L. and Leeper, H. (2020) Histologically low-
grade, yet biologically high-grade, canine cutaneous mast 
cell tumours: A systematic review and meta-analysis of 
individual participant data. Vet. Comp. Oncol., 1(1): 1-10.

45. Schulman, F.Y. (2019) The prognostic significance of 
microscopic lymph node metastasis of patnaik grade I and 
II/kiupel low-grade MCTs has not been demonstrated. Vet. 
Comp. Oncol., 17(2): 208-208.

46. Ferrari, R., Marconato, L., Buracco, P., Boracchi, P., 
Giudice, C., Iussich, S. and Stefanello, D. (2018) The impact 
of extirpation of non-palpable/normal-sized regional lymph 
nodes on staging of canine cutaneous mast cell tumours: A 
multicentric retrospective study. Vet. Comp. Oncol., 16(4): 
505-510.

47. Zemke, D., Yamini, B. and Yuzbasiyan-Gurkan, V. (2002) 
Mutations in the juxtamembrane domain of c-KIT are 
associated with higher grade mast cell tumors in dogs. Vet. 
Pathol., 39(5): 529-535.

48. Mendez, S.E., Drobatz, K. J., Duda, L. E., White, P., 
Kubicek, L. and Sorenmo, K.U. (2019) Treating the locore-
gional lymph nodes with radiation and/or surgery signifi-
cantly improves outcome in dogs with high-grade mast cell 
tumours. Vet. Comp. Oncol., 18(2): 239-246.

49. Thompson, J.J., Pearl, D.L., Yager, J.A., Best, S.J., 
Coomber, B.L. and Foster, R.A. (2011) Canine subcutane-
ous mast cell tumor: Characterization and prognostic indi-
ces. Vet. Pathol., 48(1): 156-168.

50. Northrup, N.C., Howerth, E.W., Harmon, B.G., Brown, C.A., 
Carmicheal, K.P., Garcia, A.P. and Stedman, N.A. (2005) 
Variation among pathologists in the histologic grading of 
canine cutaneous mast cell tumors with uniform use of a 
single grading reference. J. Vet. Diagn. Invest., 17(6): 
561-564.

********




