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Due to the high prevalence of mast cell tumors (MCTs) in the diagnostic routine, several
factors, especially prognostic, have been sought to determine the biological behavior
of these neoplasms. Immunohistochemistry (IHC) is one of the main tools utilized to
biologically differentiate more aggressive tumors from less aggressive ones. However, some
immunostainings are influenced by formalin fixation, interfering with the results. This is
both a retrospective and prospective study of MCTs diagnosed in laboratory routine. A total
of 25 samples, without knowledge about fixation time, were analyzed in the retrospective
study, whereas 12 samples, with known fixation times, were assessed in the prospective
study. Two histologic grading systems (Patnaik and Kiupel), special staining of toluidine
blue, and IHC for KIT and Ki67 proteins were applied in both studies. Additionally, two
amplification systems (biotinylated and non-biotinylated) for Ki67 protein and counting of
the argyrophilic nucleolar organizing regions (AgNOR method) were tested in the prospective
study. In the retrospective study, greater agreement between the evaluating pathologists was
observed when the Kiupel system was used. IHC staining for KIT protein was effective in
both studies, regardless of fixation time. [HC staining for Ki67 protein was highly sensitive
to formaldehyde, and staining failure was observed in 56% of the cases in the retrospective
study. In the prospective study, samples fixed for longer than 24 hours showed a reduction
in the number of stained cells (altering the determination of the cell growth fraction) or
showed absence of IHC staining in both amplification systems. The use of the AgNOR method
to evaluate the rate of cell proliferation may be an alternative when the fixation time of the
neoplasm is unknown or longer than 24 hours.

INDEX TERMS: Immunohistochemistry, KIT protein, Ki67 protein, cutaneous mast cell tumors, histologic
grading, dogs.
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empregadas para diferenciar tumores biologicamente mais
agressivos de tumores menos agressivos. Entretanto, algumas
imunomarcacgoes sofrem influéncia pela fixacdo em formol,
interferindo nos resultados. Este estudo compreendeu avaliar
através de uma etapa retrospectiva e uma etapa prospectiva
casos de MCCs diagnosticados na rotina laboratorial. Um total
de 25 amostras, sem conhecimento do tempo de fixagao,
foi analisado no estudo retrospectivo e 12 amostras, com
tempos de fixagcdo conhecidos, no estudo prospectivo. Foram
aplicados nos dois estudos, dois sistemas de graduacgao
histolégica (Patnaik e Kiupel), a coloracdo especial de azul de
toluidina e a imuno-histoquimica para as proteinas KIT e Ki67.
Adicionalmente, no estudo prospectivo, foram testados dois
sistemas de amplificacdo (biotinilado e ndo biotinilado)
para a proteina Ki67 e a técnica de AgNOR (contagem das
regides organizadoras nucleolares argirofilicas). Na etapa
retrospectiva, observou-se uma maior concordancia entre
os patologistas avaliadores quando o sistema Kiupel foi
utilizado. A imunomarcacgdo para KIT se manteve eficaz em
ambos os estudos, independentemente do tempo de fixagdo.
A imunomarcagdo para o Ki67 mostrou-se altamente sensivel
ao tempo de fixacdo em formol, sendo observada falha na
imunomarcacgdo em 56% dos casos do estudo retrospectivo.
No estudo prospectivo, constatou-se que amostras fixadas
por mais de 24 horas em formol apresentaram reduc¢ao na
quantidade de células imunomarcadas (alterando a determinagédo
da fragdo de crescimento celular) ou apresentaram auséncia
de imunomarca¢do em ambos os sistemas de amplificacdo.
A utilizagdo do método AgNOR, para avaliar a taxa de proliferacdo
celular, pode ser uma alternativa quando o tempo de fixacao
do neoplasma for desconhecido ou superior a 24 horas.

TERMOS DE INDEXACAO: Imuno-histoquimica, proteina KIT, proteina
Ki67, mastocitoma cutaneo, graduagdo histologica, cdes.

INTRODUCTION

Cutaneous mast cell tumors (MCTs) are among the most
prevalent malignant neoplasms affecting the skin of
dogs (Patnaik et al. 1984, Goldschmidt & Hendrick 2002,
Romansik etal. 2007, Kiupel 2017). Despite the differences in
epidemiology, it is worth noting that the biological behavior of
MCTs is highly variable (Webster et al. 2007, Gross et al. 2009).
Histologic grading has been used in an attempt to predict
the biological behavior of MCTs for decades (Bostock 1973,
Patnaik et al. 1984, Kiupel et al. 2011). Patnaik et al. (1984)
suggested the grading classification most commonly used and
applied in veterinary pathology laboratories until recently.
According to this system, MCTs are divided into three grades: grade
[ (well-differentiated), grade II (intermediately differentiated),
and grade III (poorly differentiated). Although widely used,
this method is considered as of difficult application by some
authors (Northrup et al. 2005a, 2005b), mainly because it
includes a large number of subjective histologic criteria.
Owing to criticisms of the Patnaik system (PS), a new
grading method was proposed in 2011 (Kiupel et al. 2011).
This new method is considered easier to apply due to: (1) use
of fewer histologic criteria; (2) lower subjectivity of the
criteria used; (3) classification of tumors into only two groups:
high and low grade. Despite the advantages of this method,
ancillary techniques must be used together with histologic

grading in an attempt to predict the biological behavior of
MCTs (Kiupel et al. 2011).

In parallel, immunohistochemistry (IHC) and polymerase
chain reaction (PCR) have been used to assist with determining
the prognosis of MCTs (Kiupel et al. 2004, Webster etal. 2006,
2007, Kandefer-Gola et al. 2015). Using IHC, especially with
antibodies that detect KIT (tyrosine kinase membrane receptor)
and Ki67 (marker of cell proliferation) proteins, itis possible
to identify the tumors that are most likely to be biologically
more aggressive (Webster et al. 2007, Strefezzi et al. 2010,
Flores et al. 2016, Sledge et al. 2016). PCR has been used in
the search for mutations in the c-KIT gene, which present
prognostic value and influence the therapeutic approach to
each patient (Webster et al. 2006, Kiupel 2017). In addition
to histologic grading, with application of IHC as well as PCR,
it is possible to obtain a more reliable assessment of the
biological behavior of MCTs, which directly influences the
choice of therapy (Kiupel et al. 2004, Webster et al. 2006,
Sledge et al. 2016, Kiupel 2017).

Despite the existence and relevance of the complementary
prognostic tools previously discussed, the influence of tissue
fixation time on formaldehyde is an important concern, and
may hinder the prognostic evaluation of MCTs in a diagnostic
routine. The most widely used tissue fixative in histopathology
is formaldehyde, which is usually used as 10% neutral buffered
formalin. This cross-linking fixative preserves the architecture
of tissue, especially the peptides and cellular organelles,
avoiding its degradation. In contrast, prolonged fixation causes
changes in the conformation of macromolecules, which may
hinder or even prevent the recognition of proteins (antigens).
Antigen retrieval (enzymatic or heat-induced), a method
applied for IHC, may partially or fully reverse the deleterious
effects of prolonged formalin fixation (Ramos-Vara & Miller
2014). Moreover, the use of different amplification systems
in IHC can lead to an optimized immunostaining method for
certain antigens (Galiza et al. 2014).

In this context, this study aimed mainly at (1) assessing the
efficacy of immunostaining for KIT and Ki67 proteins in MCTs
classified according to the Patnaik and Kiupel systems and
relating it to formalin fixation time; (2) testing two different
[HC protocols (with variations in the amplification system)
in an attempt to determine possible differences for each
of the two antibodies used. The purpose of this study is to
generate knowledge about the technical aspects of IHC for KIT
and Ki67 proteins, providing subsidies for the application of
this technique in diagnostic routine, particularly in Brazilian
laboratories, which present difficulties regarding variation
in the fixation times of the MCT samples received.

MATERIALS AND METHODS

Retrospective study

Histologic grading and histochemical evaluation. The retrospective
study sample was composed of 25 cases of cutaneous mast cell tumors
(MCTs) diagnosed in dogs at the Veterinary Pathology Laboratory of
the Federal University of Santa Maria from January 2011 to January
2016. In addition to the diagnosis, the inclusion criteria comprised
availability of paraffin blocks for each selected case. Two slides of
each case (3pm-thick histologic section) were prepared: one slide
was stained using the hematoxylin and eosin (HE) technique and
the other was stained using the toluidine blue (TB) method, for
detection of metachromatic granules in the cytoplasm. Measurement
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classified cytoplasmic granules into accentuated, moderate, and
discrete. Subsequently, the HE slides were submitted to the Patnaik
(grades [, 11, and III; Patnaik et al. 1984) and Kiupel (high and low
grade; Kiupel etal. 2011) histologic grading methods independently
by three pathologists (AS, MMF, and GDK). Aiming to reduce analysis
subjectivity, the evaluators received a table with all the histologic
criteria to be assessed for each system according to the respective
literature. Subsequently, the cases with divergence were discussed,
and a consensus table was compiled with a single grading of each
method, Patnaik (PS) and Kiupel (KS) systems, for each neoplasm.

Immunohistochemistry (IHC). IHC was performed on the
25 MCTs using the primary rabbit polyclonal anti-human KIT antibody
(CD117, Dako Cytomation, A4502) and the primary mouse monoclonal
anti-human Ki67 antibody (clone MIB-1, Dako Cytomation, M7240).
The methods used for KIT and Ki67 proteins were adapted from
Kiupel et al. (2004) and Webster et al. (2007), respectively. Tissue
sections were submitted to the IHC protocols described in Table 1.
In all protocols, endogenous peroxidase activity was blocked with
3% hydrogen peroxide 2x for 10 min, and blocking of non-specific
reactions was performed with protein blocker (EP-12-20532, EasyPath)
at room temperature (25°C) for 10 min. After quick washing with
distilled water, the one-stage non-biotinylated amplification system
(HRP-polymer, EasyLinkOne, EP-12-20502, EasyPath) was incubated
at room temperature for 20 minutes. Counterstain was performed
with Harris hematoxylin. Cases of MCT previously submitted to IHC
for KIT protein by Flores et al. (2016) were used as positive controls.
A section of the analyzed tissue incubated only with the antibody
diluent (phosphate buffered saline with Tween® 20-Sigma - PBST)
was used as negative control of each case.

Classification of KIT antigen was performed as in Kiupel et al. (2004),
according to localization of immunostaining in the tumor mast cells, with
tumors divided into three patterns: pattern I, membrane-associated,
with little to no cytoplasmic staining; pattern I], intense cytoplasmic
staining with focal or stippled distribution; pattern III, diffuse
cytoplasmic staining of neoplastic mast cells. Intensity, number,
and distribution of the immunostained cells were also analyzed for
this immunomarker. Classification of Ki67 protein was performed
according to Webster et al. (2007), that is, after identification of
the grid area with the largest number of immunostained neoplastic
cells (nuclear dotted black), the number of immunopositive cells
present was counted over five distinct high-power fields (HPF; 40x)
by two examiners and subsequently averaged to obtain the growth

fraction, with MCTs divided into two groups: low (LGF; <23) and
high (HGF; 223) growth fraction.

Prospective study

Histologic grading and histochemical evaluation. The retrospective
study sample was consisted of 12 cases of cutaneous mast cell tumors
(MCTs) diagnosed in dogs at the LPV-UFSM from August 2016 to
May 2017. The neoplasms were separately fixed (in 10% neutral
formalin) at the following fixation times: 24, 48, 72, and 96 hours.
All samples were routinely processed for histopathology and
embedded in paraffin. Only the samples that underwent 24h fixation
were sectioned at 3um and stained according to the hematoxylin
and eosin (HE), toluidine blue (TB), and count of the argyrophilic
nucleolar organizing regions (AgNOR) techniques. Subsequently,
histologic grading was applied according to PS and KS, as previously
described in the retrospective study.

For AgNOR staining, the 3um-thick histologic sections were
deparaffinized and hydrated in deionized water. They were then
stained in a solution containing a mixture of 2% gelatin and 1%
formic acid in deionized water and 50% silver nitrate solution
at a ratio of 1:2, respectively. The slides were immersed in this
solution at room temperature for 30 minutes. After that, they were
washed with deionized water for 1 min, dehydrated, clarified, and
assembled with synthetic mounting medium (Entellan new, Merck)
(Bostock etal. 1989). The AgNORs were manually counted according
to Bostock et al. (1989); to define the frequency of AgNOR, the black
dots were counted within the nuclei in 100 randomly selected
neoplastic mast cells throughout the tumor at 1000x magnification.
Frequency was determined by dividing the AgNOR number by 100.

Immunohistochemistry (IHC). Two amplification systems
were used: non-biotinylated (HRP-polymer; EasyLinkONE) and
biotinylated (LSAB+System-HRP [Dako]). The 12 samples were
tested with the same antibodies used in the retrospective study
(KIT and Ki67) at 24, 48, 72, and 96h fixation times (Table 1). For the
biotinylated system, after incubation with the primary antibody, the
biotinylated secondary antibody (stage 1) was incubated at room
temperature for 30 minutes. After washing with PBST (2x for 5 min),
stage 2 consisted of incubation at room temperature for 30 min
with the streptavidin-biotin-peroxidase complex. Interpretation
of immunostaining for the primary antibodies followed the same
criteria previously described in the retrospective study.

Table 1. Description of protocols performed to optimize immunohistochemistry with anti-KIT and anti-Ki67 antibodies

Ab°¢ Antigen retrieval " Dilution? Incubation (time/ Secondar.y.ant.lbody/ Substrate-Chromogen
temperature) amplification
R? Anti-KIT Tris-EDTA 1:200 1h/37C° Non-biotinylated® DAB®*
(pH 9.0)
Anti-Ki67 Citrate 1:50 1h/37C° Non-biotinylated DAB*
(pH 6.0)
P® Anti-KIT Tris-EDTA 1:200 1h/37C° Non-biotinylated DAB*
(pH9.0)
Anti-Ki67 Citrate 1:50 1h/37C° Biotinylated" DAB*
(pH 6.0) Non-biotinylated

3R = retrospective, ® P = prospective, ¢ Ab = antibody, ¢ antibody diluted in PBST (phosphate buffered saline with Tween® 20-Sigma), ® HRP-polymer
(EasyLink-One; EasyPath), f LSAB+System HRP = secondary antibody LSAB+System HRP and streptavidin-biotin-peroxidase complex (Dako),
& DAB = liquid DAB (3,3’ diaminobenzidine) + Substrate-Chromogen System (Dako), " antigen retrieval time of 10-15 min in maximal power microwave

oven; * counterstained with Harris hematoxylin.
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RESULTS

Retrospective study

Histologic grading and histochemical evaluation.
Interrater agreement between the three evaluators was 88%
(22/25) and 96% (24/25) for the Patnaik (PS) and Kiupel
(KS) systems, respectively. Mitotic count in one case was a
divergent aspect in the SK. Application of grading (consensus)
according to the PS showed that 96% (24/25) of the neoplasms
were grade Il and 4% (1/25) of them were grade III.

Application of grading according to the KS resulted in
84% (21/25) of mast cell tumors (MCTs) with low grade
(Fig.1A) and 16% (4/25) with high grade (Fig.1B). Of the
24 /25 MCTs classified as grade Il by the PS, 21 /24 were low
grade and 3/24 were high grade when the SK was applied.
The only grade III (PS) case was classified as low grade (KS).

In the toluidine blue (TB) technique, the MCTs
metachromatically stained (in purple) the cytoplasmic
granules markedly in 52% (13/25), moderately in 24% (6/25),
slightly in 20% (5/25), and no staining was observed in 4%
(1/25), which presented grade III by the PS and high grade
according to the KS.

Immunohistochemistry (IHC). Positive immunostaining
was observed in all MCTs tested for KIT antigen and in 11/25
(44%) of the cases tested for Ki67 protein.

For KIT antigen, 64% (16/25) of the neoplasms presented
immunostaining pattern II (cytoplasm; Fig.2A) and 36% (9/25)
showed pattern I (membrane; Fig.2B). Regarding intensity,
56% (14/25) of the cases were markedly, 28% (7/25) were
moderately, and 16% (4/25) were slightly stained. As for
the number and distribution of immunostained cells, 52%
(13/25) of the cases presented a large number of cells evenly
distributed in the analyzed section and 48% (12/25) of them
showed a few randomly distributed cells. Of the 16 MCTs that
presented pattern II, 15 were grade Il and one was grade 111
by the PS, whereas 14 were low grade and two were high
grade according to the KS. Of the nine neoplasms that showed

pattern [, all were grade Il according to the PS, whereas seven
were low grade and two were high grade by the KS.

All of the MCTs immunostained for Ki67 antigen (11/25;
44%) presented low growth fraction (LGF). No immunostaining
was observed in 14 /25 (56%) of the neoplasms.

Prospective study

Histologic grading and histochemical evaluation.
According to the PS,11/12 (92%) of the MCTs were grade II
and 1/12 (8%) was grade III. Application of the KS showed
that 8/12 (67%) of the neoplasms were low grade and 4/12
(33%) were high grade. In the TB technique, 6/12 of the
MCTs stained the granules markedly, 4/12 moderately, and
2/12 slightly. In AgNOR, counting ranged from 1.22 to 1.97
(mean of 1.44) for grade Il neoplasms and 2.89 for grade III
neoplasms.

Immunohistochemistry (IHC). Positive immunostaining
was observed in all MCTs at all formalin fixation times tested
for KIT protein. Under microscopic examination, 59% (seven)
of the cases presented pattern II (cytoplasm) and 41% (five)
showed immunostaining pattern I (membrane). Of the seven
neoplasms that presented pattern II, six were grade Il and one
was grade Il by the PS, whereas four were high grade and three
were low grade using the KS. Of the five MCTs that showed
pattern |, all were grade Il and low grade after application of
the PS and KS, respectively. No difference between the two
amplification systems (biotinylated and non-biotinylated) was
observed regarding intensity of the immunostained cells. With
respect to the number and distribution of immunostained cells,
75% (nine) of the neoplasms presented a large number cells
evenly distributed in the analyzed section and 25% (three)
of them showed few randomly distributed cells.

With respect to Ki67 antigen, at formalin fixation for
24 hours, high growth fraction (HGF) was observed in four
and three MCTs in the non-biotinylated and biotinylated
amplification systems, respectively (Figs.2C,D), whereas
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Fig.1. Histologic characterlstlcs of cutaneous mast cell tumors in dogs. (A) Dog, skin. Low grade mast cell tumor accordmg to the Kiupel
system. HE, obj.40x. (B) Dog, skin. High grade mast cell tumor according to the Kiupel system. A pronounced pleomorphism is observed,
with multinucleated cell (arrow) and mitotic figure (asterisk). HE, obj.40x.
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Fig.2. Immunohistochemical characteristics of cutaneous mast cell tumors in dogs. (A) Dog, skin. Mast cells showing intense cytoplasm
immunostaining (pattern II) for KIT protein. Non-biotinylated method (HRP-polymer), obj.100x. (B) Dog, skin. Mast cells exhibiting
cell membrane immunostaining (pattern I) for KIT protein. Non-biotinylated method (HRP-polymer), obj.100x. (C) Dog, skin. Mast
cells presenting nuclear immunostaining for Ki67 protein. High cell growth fraction. 24h formalin fixation. Non-biotinylated method
(HRP-polymer), obj.40x. (D) Neoplastic mast cells presenting nuclear immunostaining for Ki67 protein. High cell growth fraction.
24h formalin fixation. Biotinylated method (streptavidin-biotin-peroxidase complex), obj.100x. (E) Dog, skin. Neoplastic mast cells
presenting nuclear immunostaining for Ki67 protein. Low cell growth fraction. 24h formalin fixation. Biotinylated method (HRP-polymer),
0bj.100x. (F) Dog, skin. Neoplastic mast cells presenting nuclear immunostaining for Ki67 protein. Low cell growth fraction. 24h formalin
fixation. Biotinylated method (streptavidin-biotin-peroxidase complex), obj.100x.

Pesq. Vet. Bras. 39(1):52-60, janeiro 2019



Fixation and application of two immunohistochemical methods for detection of KIT and Ki67 proteins in canine cutaneous mast cell tumors 57

LGF was found in eight and nine neoplasms in the first and
latter systems, respectively (Figs.2E,F). Table 2 presents the
growth fraction results based on Ki67 protein detection at the
four formalin fixation times comparing the two amplification
systems. Figure 3 depicts the Ki67 absolute values at the four
fixation times comparing both systems.

In the non-biotinylated amplification system, 7/12 of the
MCTs maintained the growth fraction at the four fixation
times tested; in 3/12 of them, a change was observed in
growth fraction detection, which shifted from high to low
after 24 hours of fixation; no immunostaining was verified
in2/12 and 1/12 of the neoplasms after 48 and 72 hours of
fixation, respectively.

In the non-biotinylated system, 5/12 of the MCTs maintained
the growth fraction at the four fixation times; in2/12and 1/12
of them, a change was observed in growth fraction detection,
which shifted from high to low after 24 and 72 hours of
fixation, respectively; no immunostaining was verified in
1/12 and 3/12 of the neoplasms after 48 and 72 hours of
fixation, respectively.

DISCUSSION

Concerning the histologic grading of the 25 mast cell tumors
(MCTs) analyzed in the retrospective study, greater interrater
agreement was observed with application of the Kiupel System
(KS) (96%) compared with that of the Patnaik System (PS)
(88%). These results are similar to those reported in the study
where the KS was proposed, in which concordance between
pathologists in the PS was 75% for grade I1l and approximately
60% for grades I and II; in the KS, regardless of the grade
assigned, agreement was higher than 96% (Kiupel etal. 2011).
Reduction in the variations between evaluators in the KS has
been attributed to classification in only two grades, as it is
based on more objective and simplified histologic criteria
(Kiupel et al. 2011). The importance of establishing a high
grade for MCTs lies in the fact that these neoplasms were

Table 2. Results of the cell growth fraction based on
detection of Ki67 protein using the non-biotinylated and
biotinylated amplification systems according to formalin

fixation time in the prospective study

Non-biotinylated Biotinylated

Case no.

24h 48h 72h 96h 24h  48h 72h  96h
1 l l l l l l . .
2 T l . . T T l l
3 T l l l T l l l
4 1 l . . 1 ) l )
5 l l l l l l l l
6 l ) ) . ) l l .
7 l l l l l l l l
8 T T T T T l l l
9 l l l l l l 1 1
10 T l l l l l l .
11 l l l l l l l .
12 l l l l l l l l

|l Low cell growth fraction, T high cell growth fraction, ¢ without
immunostaining.

more rapidly associated with animal metastasis or relapse,
as well as with lower survival (Kiupel etal. 2011).

Counting of the argyrophilic nucleolar organizing regions
(AgNOR) is atool used to assist with assessing cell proliferation.
This histochemical method quantitatively evaluates the
rate at which tumor cells are proliferating (growth rate)
(Derenzini 2000). The AgNOR values found in this study
corroborate the specific scientific literature, which reports
average AgNOR values for grade II MCTs from 1.28 to 3.96
(Bostocketal. 1989, Rech etal. 2004). The larger the number
of AgNORs observed in the nucleus of the neoplastic cells,
the greater the proliferative activity of the tumor (Derenzini
2000). Bostock et al. (1989) observed that the survival time
for dogs with AgNOR <4 is almost three fold that of dogs with
AgNOR >4. Ozaki et al. (2007), in addition to evaluating cell
proliferation markers (Ki67, PCNA, and AgNOR), also assessed
surgical resection, intratumoral vessel density, nuclear
morphometry, and tumor depth and location.

Currently, two immunomarkers have been used to
complement histologic grading in determination of biological
behavior of MCTs, namely, KIT (tyrosine kinase membrane
receptor) (Kiupel etal. 2004, Kiupel 2017) and Ki67 (marker
of cell proliferation) (Webster etal. 2007). Sledge etal. (2016)
created a flowchart on the prognostic evolution of MCTs
based on the assessment of some criteria, surgical margin,
histologic grading, clinical staging, and depending on the
results, application of immunohistochemistry (IHC) (KIT
and Ki67) and polymerase chain reaction (PCR) (mutations
in exon 11), to determine the treatment to be used in each
case. In this study, we sought to standardize and optimize
the IHC technique for KIT and Ki67 proteins in samples
received for routine diagnosis, without knowledge about
formalin fixation time (retrospective study), because this is
our current laboratory reality; subsequently, we worked with
known fixation times (prospective study).

Immunostaining for KIT protein was not sensitive to
prolonged fixation in formalin, with immunoreactivity observed
in all cases, both in the retrospective and prospective studies.
However, changes in the intensity, number, and distribution of
immunostained cells were observed, which were heterogeneous
but did not prevent identification of neoplastic cells as mast
cells or determination of the immunostaining pattern. A factor
considered important for the development of heterogeneous
immunostaining for a given antigen is that formalin penetration
is not homogeneous in relation to tissue fixation, occurring
in centripetally (Ramos-Vara & Miller 2014).

Joint analysis of the retrospective and prospective studies
showed immunostaining pattern II (cytoplasm) in 62%
and pattern I (membrane) in 38% of the MCTs. Pattern III
immunostaining was not observed in the present study. The vast
majority of low grade neoplasms presented immunostaining
pattern II, corroborating with the literature (Webster etal. 2007,
Fonseca-Alves etal. 2015, Flores etal. 2016, Sledge et al. 2016).
This information is important considering that it has been
observed that MCTs that lose membrane expression and
acquire cytoplasmic expression for KIT antigen, present a more
aggressive biological behavior (Kiupel et al. 2004). Similarly,
Webster et al. (2006) reported positive correlation between
loss of membrane staining and presence of mutations in exon
11, suggesting that mutations may play a role in KIT protein
localization. Mutations in the juxtamembrane domain of the
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Fig.3. Absolute values for high (HGF) and low (LGF) cell growth fraction for Ki67 protein at the four formalin fixation times and in the two
(non-biotinylated and biotinylated) amplification systems in the prospective study.

c-KIT gene are known to occur in biologically more aggressive
neoplasms, but changes in the location of KIT immunostaining
occur in all grades (Kiupel et al. 2004, Webster et al. 2006).
As for pattern [ immunostaining, it was observed mostly in
cases classified as low grade by the KS, but also found in two
high grade cases.
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Failure in Ki67 antigen immunostaining, observed in
56% of the MCTs in the retrospective study, was possibly
influenced by the prolonged formalin fixation time of some
samples. A literature review conducted by Ramos-Vara &
Miller (2014) associated cumulative effects of formalin
fixation and factors relative to tissue processing (exposure
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to alcohol and xylol) with failure to recognize Ki67 protein.
That was the motivation for our prospective study, which
sought to assess whether fixation time could be influencing
the results of our retrospective study. Flores et al. (2016),
using other samples from the same laboratory (LPV-UFSM),
observed positive immunostaining for Ki67 protein in
approximately 70% of the samples analyzed. The difference
in the percentage of immunostaining between this study
and that by Flores et al. (2016), even with different samples,
could be associated with the systems of amplification (using
a specific polymer for tissues of dogs and cats) and antigen
retrieval (under controlled conditions of temperature and
pressure) they used for Ki67 protein.

AgNOR is another method used to evaluate the cellular
proliferation of a tumor. The AgNOR index could be used as
an additional option for cases where IHC for Ki67 antigen
could not be used, or in combination with the Ki67 result,
as it will be discussed later. This is justified by the fact that
the retrospective studies that used the AgNOR technique,
possibly without knowledge of sample fixation time, did not
mention the influence of fixation time on the results obtained
(Rech et al. 2004, Lima et al. 2005).

Aiming to optimize the IHC technique for Ki67 protein,
two amplification systems and four formalin fixation times
were used in the prospective study. The advantage of the
non-biotinylated system over the biotinylated system lies
in the fact that the first is particularly simpler, has the same
or even higher sensitivity, and presents lower background
reaction compared with the latter (Ramos-Vara & Miller
2014). Galiza et al. (2014) found differences in specificity and
sensitivity between different amplification systems in IHC for
detection for aspergillosis and zygomycosis. For zygomycosis,
the non-biotinylated method showed high sensitivity and
specificity, whereas the biotinylated method presented high
sensitivity and specificity for aspergillosis.

Although some advantages of the non-biotinylated system
over the biotinylated system have been described (Ramos-Vara
& Miller 2014), the present study observed changes (reduction
in the number of immunostained cells) in determination of
the growth fraction in the MCTs at fixation time of 48h in both
systems. This information is important at the same time that
it raises concern, because it represents the reality of most
veterinary pathology laboratories, which receive material
with unknown formalin fixation times. The impaired detection
of cells that would be immunostained under ideal fixation
conditions (up to 24 hours) may result in determination of
alow (<23) instead of a high (>23) growth fraction, entailing
a mistaken prognosis. This fact is important because dogs
with MCTs with high growth fraction (HGF) presented lower
survival (Webster et al. 2007).

It is worth highlighting that, in addition to the impaired
detection in the growth fraction in the prospective study, there
were no MCTs without immunostaining for Ki67 protein in the
two amplification systems used, especially after 48 hours of
fixation. Alves & Roman (2005) reported decreased positive
immunostaining to proliferating cell nuclear antigen (PCNA)
in tonsil samples, using the biotinylated system, in cases with
formalin fixation longer than 24 hours. Other authors have
found values of 43% (Fonseca-Alves et al. 2015) and 23%
(Kandefer-Gola et al. 2015) failure in immunostaining for
Ki67 protein in MCTs, and did not explain the reasons for

such failures. According to Munakata & Hendricks (1993), the
bestresults for Ki67 antigen were observed in tonsil samples
after 4 hours of formalin fixation, with weak immunostaining
in samples after 48 hours of fixation. Furthermore, it should
be noted that the delay in exposing the sample to the tissue
cross-linking fixative can significantly alter immunostaining
with antibodies to cell proliferation rates (Ramos-Vara &
Miller 2014), and this factor also depends on the veterinarian
who sends the sample (clinician/surgeon), often without
interference from the histopathological diagnosticlaboratory.

Among the methods available to assess cell proliferation
within a tumor, mitotic counting, although estimative,
is the most commonly used by diagnostic laboratories
(Romansik et al. 2007). This method, which is performed on
slides stained using the hematoxylin and eosin (HE) technique,
is simple and fast, and composes the criteria for histologic
grading of MCTs (Kiupel etal. 2011, Souza etal. 2018). According
to Sledge et al. (2016), cell proliferation is best and fully
evaluated with the use of multiple methods. By multiplying
the results of the AgNOR and Ki67 techniques (AgNOR xKi67),
itis possible to obtain the best cell proliferation rates within
a neoplasm, because it associates growth rate with the cell
growth fraction, respectively (Sledge etal. 2016, Kiupel 2017).
Dogs diagnosed with AgNOR x Ki67 index >54 died within
12 months, whereas dogs with index <54 survived for two years
(Webster etal. 2007). Although the literature describes that the
best results of cell proliferation are obtained in combination,
this study revealed that the combination of these techniques in
the laboratory routine can be complicated, because the values
for Ki67 antigen varied between fixation times. Likewise, it
was observed that cases with formalin fixation time longer
than 72 hours did not present immunostaining for this protein.

Using histologic grading, immunostaining pattern for
KIT protein, and markers of cell proliferation, it is possible
to choose the best therapy to be used in dogs with this
neoplasm (Sledge et al. 2016). These techniques are offered
by many laboratories to owners who wish, in addition to the
histopathological diagnosis, other prognostic factors that
enable the establishment of appropriate treatment for each
situation and patient (Kiupel 2017).

CONCLUSIONS

This study demonstrates the importance to implement
new tools in the search of the biological behavior of this
neoplasm, but points to some barriers to be overcome in
laboratory routine.

Immunostaining for KIT protein was efficient both at
known (prospective study) and unknown, and possibly quite
variable (retrospective study), fixation times.

Immunostaining for Ki67 antigen was highly sensitive to
longer fixation time.

No differences were observed in immunohistochemical
detection for KIT and Ki67 proteins in the comparison between
the two amplification systems employed.

Assessment of Ki67 protein in previously formalin fixed
samples, without knowledge of fixation time, presents
variable results.

Thus, the AgNOR technique can be used as an alternative
to evaluate cell proliferation rate in cases with fixation time
longer than 24 hours.
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