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ORIGINAL

Acetylcholinesterase activity and total antioxidant levels in
dogs with mammary tumors before and after surgical removal
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ABSTRACT

Objective. The aim of this study was to evaluate AChE activity in total blood and the FRAP levels
in samples from dogs with mammary tumors before and after surgery, as well as the relationship
between these variables with immunohistochemical markers of tumor (E-caderina, ki-67, COX-2).
Materials and methods. In this study, 13 dogs with mammary tumors were divided into two groups
(A and B). The group A was formed by dogs with tumors smaller than 3 cm of diameter, and the
group B was formed by dogs with tumor of 3 cm of diameter or larger. The AChE activity and FRAP
levels were evaluated before and after surgery and the immunohistochemistry were performed at
the tumors. Results. The AChE activity was significantly increased (p<0.05) in dogs with mammary
cancer compared to control animals, and neither surgery or tumor size affected the AChE activity
(p>0.05). FRAP levels before surgery were significantly lower (p<0.05) compared to control animals.
Also, FRAP levels increased significantly after surgery in animals of the group A compared to data
before surgery, a fact not observed in dogs from the group B. E-cadherin showed low significant
positive correlation with FRAP levels (r=0.37, p-value=0.05); COX-2 showed a moderate significant
positive correlation to FRAP (r=0.55, p-value<0.05); and COX-2 showed a low significant positive
correlation to AChE (r=0.32, p-value=0.01). Conclusions. AChE and antioxidant levels are modified
in dogs with mammary cancer. These variables are involved in various physiological functions, and
thus, they might be related to disease pathogenesis.

Keywords: Cancer; cholinergic system; FRAP; immunohistochemistry (Source: CAB).
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RESUMEN

Objetivo. Evaluar la actividad de la AChE en sangre total y los niveles de FRAP en muestras de perros
con tumores mamarios antes y después de la cirugia, asi como la relacidén entre estas variables con
marcadores inmunohistoquimicos de tumores (E-caderina, ki-67 , COX - 2). Materiales y métodos. En
este estudio, 13 perros con tumores mamarios se dividieron en dos grupos (A y B). El grupo A estaba
formado por perros con tumores menores de 3 cm de diametro y el grupo B estaba formado por perros
con tumor de 3 cm de didametro o mas. La actividad de AChE y los niveles de FRAP se evaluaron antes
y después de la cirugia y la inmunohistoquimica se realizd en los tumores. Resultados. La actividad
de la AChE aument¢ significativamente (p<0.05) en perros con cancer mamario en comparacion con
los animales control, y ni la cirugia ni el tamafio tumoral afectaron la actividad de la AChE (p>0.05).
Los niveles de FRAP antes de la cirugia fueron significativamente mas bajos (p<0.05) en comparacion
con los animales control. Ademas, los niveles de FRAP aumentaron significativamente después de la
cirugia en animales del grupo A en comparacidn con los datos antes de la cirugia, hecho que no se
observd en perros del grupo B. La E-cadherina mostrd correlacion positiva baja con los niveles de
FRAP (r = 0.37, valor p=0.05); COX-2 mostré una moderada correlacion positiva significativa con
FRAP (r = 0.55, p-valor<0.05); Y la COX-2 mostrd una correlacidon positiva de baja significacion con
la AChE (r = 0.32, p-valor = 0.01). Conclusiones. AChE y los niveles de antioxidantes se modifican
en perros con cancer de mama. Estas variables estan implicadas en diversas funciones fisioldgicas, y

por lo tanto, pueden estar relacionadas con la patogénesis de la enfermedad.

Palabras clave: cancer; cholinergic system; FRAP; immunohistochemistry (Fuente: CAB).

INTRODUCTION

Mammary tumors are extremely common in
clinical routine of small animals, being the type
of tumor most frequently observed in dogs (1).
Due to its elevated frequency, many studies have
been performed attempting to understand the
carcinogenic process, as well as the biological
characteristics associated to mammary tumor,
i.e., genetic, morphological and biochemistry
alterations associated to it (2-5). In this
sense, many molecular markers evaluated by
immunohistochemistry, have been widely used
as prognostic markers, and thus, determine the
biological behavior of different types of cancer.

In veterinary medicine, markers such as Ki-
67 (cell proliferation), E-cadherin (adhesion
molecule), cyclooxygenase-2 (COX-2), estrogen
(ER), progesterone (PR), HER-2, p-53 are
targets of several researchers in the evaluation
of canine mammary tumors (2,3,4). Ki-67 is a
protein expressed in different cells during the
replication phase, and since tumor cells have
a high replication rate, Ki-67 is considered an
excellent marker for diagnostic and prognostic
of mammary tumors (5). E-cadherin is an
adhesion molecule expressed by epithelial cells,
such as the epithelial cells of the mammary
tubes (6). The expression of this protein has
been evaluated in several type of tumors, and
a relationship between its decreased expression
and aggressive neoplasia, with major metastatic
potential and worse prognosis was demonstrated
by many authors (6,7). COX-2 is an enzyme
expressed during inflammatory stimuli, being

INTRODUCCION

Los tumores mamarios son extremadamente
comunes en la rutina clinica de los animales
pequefios, siendo el tipo de tumor mas
frecuentemente observado en perros (1). Debido
a su elevada frecuencia, se han realizado muchos
estudios tratando de comprender el proceso
carcinogénico, asi como las caracteristicas
biolégicas asociadas al tumor mamario, es
decir, las alteraciones genéticas, morfologicas
y bioguimicas asociadas al mismo (2-5). En
este sentido, muchos marcadores moleculares
evaluados por inmunohistoquimica han sido
ampliamente utilizados como marcadores
pronosticos, y por lo tanto, determinan el
comportamiento bioldgico de diferentes tipos
de cancer.

En medicina veterinaria, marcadores como Ki-67
(proliferacion celular), cadherina-E (molécula de
adhesion), ciclooxigenasa-2 (COX-2), estrégeno
(ER), progesterona (PR), HER-2, p-53 son blanco
de varios investigadores en la evaluacién de
tumores mamarios caninos (2-4). El Ki-67 es una
proteina expresada en diferentes células durante
la fase de replicacion, y dado que las células
tumorales tienen una alta tasa de replicacion,
el Ki-67 es considerado un excelente marcador
para el diagndstico y prondstico de tumores
mamarios (5). La cadherina-E es una molécula de
adhesién expresada por células epiteliales, como
las células epiteliales de los tubos mamarios (6).
La expresion de esta proteina ha sido evaluada en
varios tipos de tumores, y muchos autores han
demostrado una relacién entre la disminucién de
su expresion y la neoplasia agresiva, con mayor
potencial metastasico y peor prondstico (6,7). La
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very important for activation of the inflammation
cascade. Also, the presence of this protein has
been associated with tumor progression (8),
and recently studies indicated that COX-2 was
associated with higher metastatic potential and
poor prognosis of breast cancer (6,8,9).

The etiology of breast cancer is considered
multifactorial, i.e., hormonal, environmental,
genetic and oxidative factors may be associated
with the carcinogenesis processes (10). The
exact mechanism that oxidative stress induces
carcinogenesis is not well established; however, free
radicals may contribute to lipid peroxidation and
biochemical alterations, in addition to cell damage
(11). Oxidative and free radicals formed by cellular
metabolic activity, that could be associated with the
carcinogenic process, are minimized by antioxidant
mechanisms, which can be measured by ferric
reducing ability of plasma (FRAP). It is important
to empathize that individuals with cancer show
reduced antioxidant levels, which contributes to
disease progression (12).

Acetylcholinesterase (AChE) is an enzyme
present in cholinergic and non-cholinergic
tissues, being responsible for acetylcholine (ACh)
hydrolysis in the post-synaptic cleft (13). ACh has
an important role mediating inflammation, being
able to attenuate the release of proinflammatory
cytokines such as tumor necrosis factor alpha
(TNF-a), and interleukins (IL-1 and IL-6) (13,14).
According to Das (14), the AChE activity can be
considered a systemic marker of inflammation in
several diseases, including cancer. Also, the AChE
has been implicated in the tumorigenesis, since
AChE can be amplified, mutated and/or highly
expressed in many types of tumors, altering the
AChE activity (15,16). Thus, the aim of this study
was to evaluate the AChE activity and FRAP levels
in dogs with mammary cancer before and after
surgical procedure to remove these tumors, as
well as the relation between these variables with
immunohistochemical markers of tumor.

MATERIALS AND METHODS

Experimental animals and sampling. This
study used 13 dogs with mammary tumors that
were routinely attended by veterinarians from the
clinical service and surgery of the Instituto Federal
Catarinense. Total blood (10 mL) was collected
in tubes with and without EDTA before surgery
and 10 days after. Blood samples containing
EDTA were aliquoted, diluted, and used for AChE
assessment, haemogram, and platelet counts.
Blood samples without EDTA were centrifuged at
3000 x g for 15 min to obtain serum to be used
to evaluate biochemical variables (creatinine,

COX-2 es una enzima que se expresa durante los
estimulos inflamatorios, siendo muy importante
para la activacion de la cascada de inflamacion.
Ademas, la presencia de esta proteina se ha
asociado con la progresion del tumor (8), y
estudios recientes indican que la COX-2 se asocia
con un mayor potencial metastasico y un mal
prondstico del cancer de mama (6,8,9).

La etiologia del cancer de mama se considera
multifactorial, es decir, los factores hormonales,
ambientales, genéticos y oxidativos pueden estar
asociados con los procesos de carcinogénesis
(10). El mecanismo exacto de que el estrés
oxidativo induce a la carcinogénesis no esta bien
establecido; sin embargo, los radicales libres
pueden contribuir a la peroxidacion lipidica y a las
alteraciones bioquimicas, ademas del dano celular
(11). Los radicales libres y oxidativos formados
por la actividad metabdlica celular, que podrian
estar asociados con el proceso carcinogénico, son
minimizados por los mecanismos antioxidantes,
los cuales pueden ser medidos por la capacidad
de reduccién férrica del plasma (FRAP). Es
importante empatizar con el hecho de que los
individuos con cancer muestran niveles reducidos
de antioxidantes, lo que contribuye a la progresion
de la enfermedad (12).

La acetilcolinesterasa (AChE) es una enzima
presente en los tejidos colinérgicos y no
colinérgicos, siendo responsable de la hidrodlisis de
acetilcolina (ACh) en la hendidura postsinaptica
(13). La ACh tiene un papel importante como
mediador de la inflamacién, pudiendo atenuar
la liberacion de citoquinas proinflamatorias como
el factor de necrosis tumoral alfa (TNF-a), e
interleucinas (IL-1 e IL-6) (13,14). Segun Das
(14), la actividad de AChE puede considerarse
un marcador sistémico de inflamacion en varias
enfermedades, incluido el cédncer. Ademas, la
AChE se ha implicado en la tumorigénesis, ya
que la AChE puede ser amplificada, mutada
y/0 altamente expresada en muchos tipos de
tumores, alterando la actividad de la AChE
(15,16). Por lo tanto, el objetivo de este estudio
fue evaluar la actividad de AChE y los niveles
de FRAP en perros con cancer de mama antes
y después del procedimiento quirdrgico para
extirpar estos tumores, asi como la relacion
entre estas variables con los marcadores
inmunohistoquimicos del tumor.

MATERIALES Y METODOS

Animales de experimentacion y muestreo. En
este estudio se utilizaron 13 perros con tumores
mamarios que fueron atendidos de manera
rutinaria por veterinarios del servicio clinico y
quirurgico del Instituto Federal Catarinense. La
sangre total (10 mL) se recolecté en tubos con y
sin EDTA antes de la cirugia y 10 dias después.
Las muestras de sangre que contenian EDTA
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alkaline phosphatase, alanine aminotransferase
(ALT)), and FRAP levels.

The dogs were divided into two groups (A
and B). The group A was formed by dogs
with tumors smaller than 3 cm of diameter,
and the group B was formed by dogs with
tumors of 3 cm of diameter or larger. Tumor
fragments were collected for histopathological
and immunohistochemistry evaluation. Also, total
blood was collected from seven healthy dogs
(the control group) for AChE activity and FRAP
levels assessment. Before surgical procedure,
abdominal ultrasound and X-ray were performed
to verify comorbidities and metastasis

AChE activity. For AChE activity assessment, an
aliquot of 40 uL of blood collected with EDTA was
diluted in sodium phosphate buffer containing
Triton X-100, according the methodology
described by Worek and colleagues (17),
where the AChE activity was measured at
436 nm in 379C. The method is based on the
hydrolysis of acetylcholine substrate forming
acetate thiocoline, which in turn reacts with
5.5'-dithiobis-(2-nitrobenzoic acid) (DTNB) to
form a yellow anion 5-thio-2-nitrobenzoico. The
color intensity is directly proportional to the
quantity of product formed. The results were
expressed in mU/umol of Hg.

FRAP levels. FRAP levels in serum samples
was performed according to the methodology
described by Benzie and Strain (18), using a
semi-automatized method (Cobas Mira Plus) as
detailed described below. FRAP reagent (300
mL) freshly prepared was warmed to 37°C and a
reagent for blank reading was taken (M1) at 593
nm; 10 mL of sample was added, along a with
30 yL of H,0; at a final sample dilution of 1/34.
Absorbance (A) readings were taken after 0.5 s
and every 15 s thereafter, during the monitoring
period. The change in absorbance (AA593 nm)
between the final reading selected and the M1
reading was calculated for each sample and
related to AA593 nm of a Fell standard solution
tested in parallel. The results were expresses in
pmol/L.

Immunohistochemistry. For
immunohistochemistry evaluation, the slides
were immersed in methanol: hydrogen peroxide
solution during 15 minutes to block endogenous
peroxidases of the tissues, followed by two
washes during 5 min in PBS solution. After,
it was performed the antigen recuperation in
humid heat at 90°C (Steam Cuisine 700 Hi
Spped-T-Fal®) for 20 min, followed by cooling
at room temperature during 20 min. Blocking
of unspecific reactions was performed with milk

se alicuotaron, diluyeron y utilizaron para la
evaluacion de AChE, hemograma y recuento de
plaquetas. Las muestras de sangre sin EDTA se
centrifugaron a 3000 x g durante 15 minutos
para obtener suero que se utilizé para evaluar
las variables bioquimicas (creatinina, fosfatasa
alcalina, alanina aminotransferasa (ALT)) y los
niveles de FRAP.

Los perros se dividieron en dos grupos (A y
B). El grupo A estaba formado por perros con
tumores menores de 3 cm de didametro, y el
grupo B por perros con tumores de 3 cm de
didmetro o mayores. Se recolectaron fragmentos
de tumores para la evaluacion histopatoldgica e
inmunohistoquimica. Ademas, se recogid sangre
total de siete perros sanos (el grupo de control)
para evaluar la actividad de AChE y los niveles
de FRAP. Antes de la intervencidn quirdrgica, se
realizaron ecografias abdominales y radiografias
para verificar comorbilidades y metastasis.

Actividad de AChE. Para la evaluacion de la
actividad de AChE, se diluyd una alicuota de
40 uL de sangre recogida con EDTA en tampédn
fosfato sédico que contenia Triton X-100, de
acuerdo con la metodologia descrita por Worek
et al (17), donde se midio la actividad de AChE a
436 nm a 37°C. El método se basa en la hidrdlisis
del sustrato de acetilcolina que forma tiocolina
acetato, que a su vez reacciona con 5,5’-dithiobis-
(acido 2-nitrobenzoico) (DTNB) para formar
un anién amarillo 5-thio-2-nitrobenzoico. La
intensidad del color es directamente proporcional
a la cantidad de producto formado. Los resultados
se expresaron en muU/pmol de Hg.

Niveles FRAP. Los niveles de FRAP en las
muestras de suero se realizaron de acuerdo con
la metodologia descrita por Benzie y Strain (18),
utilizando un método semiautomatizado (Cobas
Mira Plus) como se detalla a continuacion. El
reactivo FRAP (300 mL) recién preparado se
calentd a 37°C y se tomd un reactivo para lectura
en blanco (M1) a 593 nm; se agregaron 10 mL de
muestra, con 30 L de H,O; a una dilucién final de
1/34 de la muestra. Las lecturas de absorbancia
(A) se tomaron después de 0.5 s y cada 15
s a partir de entonces, durante el periodo de
monitoreo. El cambio en la absorbancia (AA593
nm) entre la lectura final seleccionada y la
lectura de M1 se calculé para cada muestra y se
relaciond con A593 nm de una solucién estandar
de Fell probada en paralelo. Los resultados se
expresaron en pmol/L.

Inmunohistoquimica. Para la evaluacion
inmunohistoquimica, los portaobjetos se
sumergieron en metanol: solucién de perdxido
de hidrégeno durante 15 minutos para bloquear
las peroxidasas enddégenas de los tejidos, seguido
de dos lavados durante 5 minutos en solucién de
PBS. Posteriormente se realizé la recuperacion del
antigeno en calor humedo a 90°C (Steam Cuisine
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powder Molico® 5% diluted in PBS solution during
25 min. The slides were incubated overnight
with primary antibody diluted with PBS solution.
Primary antibodies for COX-2 - clone SP21
diluted 1:100 (Cell Marque®), E-cadherin - clone
EP700Y diluted 1:300 (Cell Marque®) and Ki-67
- clone SP6 diluted 1:500 (Cell Marque®) were
used. Goat anti-mouse Biotinylated diluted in
PBS solution was used as a secondary antibody.
This antibody was incubated during 30 min
and performed washes during 5 minutes with
PBS solution. Amplification and accentuation
of reaction was performed using avidin-biotin
peroxidase system (according manufacture
recommendations - Horseradish Peroxidase -
Dako®) for 30 min followed by the addition of
diaminobenzidine (according to manufacturer’s
recommendations - DAB Reagent Set KPL®) for 5
min, followed by water wash. Slides were stained
by Harris hematoxylin (1:2) in distilled water
during 1 min. Following, the slides were washed
in water, dehydrated and mounted with coverslip
in Entelan®. For the COX-2 marker were used
normal intestinal mucosa as a positive control.
For the Ki-67 marker were used normal lymph
node as a positive control. For the E-cadherin
marker were used normal epidermis as a positive
control. Negative controls were assessed using
NaCl 0.9% solution.

Histopathology. Three fragments were collected
for histopathology. The samples were fixed
in buffered formalin 10% solution, routinely
processed, and sections stained with hematoxylin
and eosin technique (HE). Neoplasic lesions were
described according to Cassali and colleagues (1).

Statistical analysis. The date of seric parameters,
tumors, and haemogram were analyzed using a
descriptive statistical method; measures of central
tendency (median) and dispersion (amplitude -
difference of minimum and maximum value) were
computed. For AChE activity and FRAP levels, the
control group and pre and post-surgery groups
were compared by Kruskal-Wallis H followed by
Nemenyi post hoc test. Also, the parameters
were related as variability of pre-surgical and
post-surgical in consideration of groups A and B,
and later groups A and B in relation of surgery
effects using Mann-Whitney U. The difference
between groups A and B on tumor size were
performed by Mann-Whitney U. Haemogram and
biochemical parameters (erythrocytes, hemoglobin,
total leukocytes, platelets, creatinine, alkaline
phosphatase, and alanine aminotransferase)
were tested as differences between groups A and
B (tumor size) using Mann-Whitney U. It was
considered statistically different when p<0.05. All
analyses were performed in Software R-Language
v.2.15.2. (R Development Core Team, 2012).

700 Hi Spped-T-Fal®) durante 20 min, seguido de
un enfriamiento a temperatura ambiente durante
20 min. El bloqueo de reacciones inespecificas
se realizd con leche en polvo Molico® 5%
diluida en soluciéon de PBS durante 25 min. Los
portaobjetos se incubaron durante la noche con
anticuerpos primarios diluidos con solucion de
PBS. Anticuerpos primarios para COX-2 - clon
SP21 diluido 1:100 (Cell Marque®) E-cadherina-
clon EP700Y diluido 1:300 (Cell Marque®) y Ki-67
- clon SP6 diluido 1:500 (Cell Marque®). Se utilizd
Cabra anti-ratdn biotinilato diluido en solucidn de
PBS como anticuerpo secundario. Este anticuerpo
se incubd durante 30 minutos y se lavd durante
5 minutos con solucién de PBS. La amplificacidn
y acentuacion de la reaccidn se realizé utilizando
el sistema de avidina-biotina peroxidasa (de
acuerdo con las recomendaciones de fabricacién
- Peroxidasa de rabano rusticano - Dakofor 30
min seguido de la adicidn de diaminobenzidina
(de acuerdo con las recomendaciones del
fabricante - DAB Reagent Set KPL®) durante 5
min, seguido de lavado con agua. Se tifieron los
portaobjetos con hematoxilina Harris (1:2) en
agua destilada durante 1 min. A continuacion,
los portaobjetos fueron lavados en agua,
deshidratados y montados con cubreobjetos en
Entelan®. Para el marcador COX-2 se utilizd la
mucosa intestinal normal como control positivo.
Para el marcador Ki-67 se utilizaron ganglios
linfaticos normales como control positivo. Para
el marcador de cadherina-E se utilizé epidermis
normal como control positivo. Los controles
negativos se evaluaron con una solucién de NaCl
al 0.9% (p/v).

Histopatologia. Se recogieron tres fragmentos
para histopatologia. Las muestras se fijaron en
solucién tamponada de formalina al 10% (v/v),
se procesaron rutinariamente y se tifieron con
la técnica de hematoxilina y eosina (HE). Las
lesiones neoplasicas fueron descritas segun
Cassali et al (1).

Analisis estadistico. Se analizé la fecha de
los parametros séricos, tumores y hemograma
mediante un método estadistico descriptivo;
se calcularon las medidas de tendencia central
(mediana) y dispersion (amplitud - diferencia
de valor minimo y méaximo). Para los niveles de
actividad de AChE y FRAP, el grupo control y los
grupos pre y postoperatorio fueron comparados
por Kruskal-Wallis H seguido de la prueba post
hoc de Nemenyi. Ademas, los pardmetros se
relacionaron como variabilidad prequirlirgica y
posquirurgica para los grupos Ay B, y mas tarde
los grupos A y B en relacidon con los efectos de
la cirugia con el uso de Mann-Whitney U. La
diferencia entre los grupos A y B en el tamafio
del tumor fue realizada por Mann-Whitney U.
El hemograma y los parametros bioquimicos
(eritrocitos, hemoglobina, leucocitos totales,
plaquetas, creatinina, fosfatasa alcalina y
aminotransferasa) se probaron como diferencias
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In addition, it was tested the correlation
between E-cadherin, Ki-67 and COX-2 and the
AChE and FRAP by Point-Biserial correlation, an
especial type of correlation that allows the use
of dichotomy and continues variables. For this
analysis, dichotomy variables were E-cadherin
(code as 1 if it was tested negative and coded 2
if it was positive), Ki-67(coded as 1 if < 25% and
coded as 2 if 2 25%) and COX-2 (coded as 1 if +
and/or ++ and coded as 2 if > +++). In addition,
Ki-67 levels were analysed as percentage (its raw
form) and correlated (Pearson’s correlation) with
the levels of E-cadherin, and COX-2. It was also
correlated E-cadherin versus COX-2.

Ethics committee. All procedures were
performed under the appropriate guidelines
and with the approval of Ethics Committee for
Animal Experimentation (CEUA/Instituto Federal
Catarinense (IFC), protocol 13/2015).

RESULTS

Clinical evaluation and tumor staging.
The dogs showed no laboratory abnormalities,
except thrombocytosis (not significant), such
as demonstrated in Table 1. However, it was
detected lung metastasis in one of the dogs
(Group B) studied in the first evaluation.

Table 1. Results from haemogram, platelet counts, and
biochemical variables (creatinine, alkaline
phosphatase and alanine aminotransferase -
ALT) from dogs with mammary cancer before
and after surgical removal of tumor(s).

Parameters Group A Group B P Reference
Erythrocytes (uL3) 1:6(5.7856 fo'?467 0.64 5.8-8.5
Hemoglobin (g/dL) ii:gi ii:gg 051  14.0-19.1
Total leukocytes (mmz) 2700 12600 44 4900-17000

+3658 +5632

Platelets (mm3) 102%20300 igiggg 0.39  181000-525000

0.80 0.61

Creatinine (mg/dL) £0.06 £0.26 0.26 0.6-2.0
Phosphatase (UI/L) ii’zﬂé ig'g 0.87 12-121
ALT (UI/L) 55 40 0.85 18-86

+18.5 +15.7

Results are presented as median + standard deviation. There was no
difference between groups considering p<0.05.

Histopathological examination, degree of
malignancy and immunohistochemistry.
Out of 13 dogs, three showed benign and 10
showed malignant tumors, among which five
were carcinoma, three mixed sarcomas, two
papillary carcinomas, one tubular carcinoma
and one anaplastic carcinoma. These results

entre los grupos A y B (tamafio del tumor)
mediante el uso de Mann-Whitney U. Se
consider6 estadisticamente diferente cuando
p<0.05. Todos los andlisis se realizaron en
Software R-Language v.2.15.2 (R Development
Core Team, 2012).

Ademas, se evalud la correlacién entre la
cadherina-E, Ki-67 y COX-2 y la AChE y FRAP
mediante la correlacion de Punto-Berial, un tipo
especial de correlaciéon que permite el uso de
dicotomia y variables continuas. Para este analisis,
las variables de dicotomia fueron: cadherina-E
(codificada 1 si la prueba fue negativa y cédigo 2
si fue positiva), Ki-67 (codificada 1 si es < 25%
y cédigo 2 si es <= 25%) y COX-2 (cddigo 1 si
es + y/o +++ y codigo 2 si es >+++). Ademas,
los niveles de Ki-67 fueron analizados como
porcentaje (su forma cruda) y correlacionados
(la correlacion de Pearson) con los niveles de
cadherina-E, y COX-2. También se correlaciond
E-cadherina versus COX-2.

Comité de ética. Todos los procedimientos fueron
realizados bajo los lineamientos apropiados y
con la aprobacion del Comité de Etica para la
Experimentacion Animal (CEUA/Instituto Federal
Catarinense (IFC), protocolo 13/2015).

RESULTADOS

Evaluacion clinica y estadificacion del
tumor. Los perros no mostraron anormalidades
de laboratorio, excepto trombocitosis (no
significativa), como se demuestra en la Tabla 1.
Sin embargo, se detectd metastasis pulmonar
en uno de los perros (Grupo B) estudiados en la
primera evaluacion.

Examen histopatolégico, grado de
malignidad e inmunohistoquimica. De 13
perros, tres mostraron tumores benignos vy
10 malignos, entre los que se encontraban
cinco carcinomas, tres sarcomas mixtos, dos
carcinomas papilares, un carcinoma tubular y un
carcinoma anaplasico. Estos resultados pueden
ser visualizados en la Tabla 2, que también
incluye los resultados de inmunohistoquimica
(Ki-67, cadherina-E, y COX-2), (Figura 1).

AChE en sangre total. La actividad de AChE
fue significativamente mayor (p<0,05) en los
perros con cancer de mama en comparacion con
los animales de control (Figura 2A), pero no se
observaron diferencias (p>0.05) antes y después
de la cirugia (Figura 2B). El tamafio del tumor
no influyd en la actividad de AChE, es decir, no
hubo diferencias (p>0.05) entre los grupos Ay
B (Figura 2C).
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can be visualized in Table 2, which also includes
the results of immunohistochemistry (Ki-67,
E-cadherin, and COX-2) (Figure 1).

AChE activity in total blood. The AChE activity
was significantly higher (p<0.05) in dogs with
mammary cancer compared to control animals
(Figure 2A), but no differences (p>0.05) were
observed before and after surgery (Figure 2B).
Tumor size did not influence AChE activity, i.e.,
there was no difference (p>0.05) between groups
A and B (Figure 2C).

FRAP levels in serum. FRAP levels before
surgery were significantly lower (p<0.05)
compared to control animals (Figure 3A). There
was no differences on FRAP levels (p>0.05)
between groups before and after tumor removal
(p>0.05; Figure 3B). FRAP levels increased
significantly after surgery in animals of the group
A, a fact not observed in dogs from the group B
(Figure 3C).

Niveles de FRAP en suero. Los niveles de FRAP
antes de la cirugia fueron significativamente mas
bajos (p<0,05) en comparacion con los animales
de control (Figura 3A). No hubo diferencias en los
niveles de FRAP (p>0.05) entre los grupos antes
y después de la extirpacion del tumor (p>0.05;
Figura 3B). Los niveles de FRAP aumentaron
significativamente después de la cirugia en
animales del grupo A, un hecho no observado
en perros del grupo B (Figura 3C).

Analisis de correlaciones. La cadherina-E
mostrdé una correlacidon positiva baja, pero
significativa, con los niveles de FRAP (r=0.37;
valor de p=0.05), lo que significa que las
muestras positivas para la cadherina E mostraron
mayores niveles de FRAP. No se observé ninguna
correlacién entre la cadherina E y AChE (p=0.21).
El otro marcador (Ki-67) no se correlaciond ni con
FRAP ni con AChE (p=43, p=12), y finalmente el
marcador COX-2 mostrd una correlacion positiva
significativa moderada con FRAP (r=0.55, valor
p<0.05), lo que significa que los niveles mas
altos de COX-2 (>+++) pudieron aumentar los

Figure. 1. Mammary tumor in dogs Canis familiares: Photomicrographs show sample of papillary carcinoma grade
II characterized by papillary arborescent epithelial proliferation. Hematoxylin and eosin (A). The same
papillary carcinoma showed a strong expression of E-cadherin (B), expression. of the Ki-67 (C) and a

strong expression of COX-2 (D).
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Table 2. Histological and immunohistochemical results of canine mammary tumors separated into two groups
according to tumor size: the group A (tumors smaller than 3 cm) and the group B (tumors larger than

3 cm).

Groups Histological results Ki-67 (%) Cox-2# E-Cadherin#*
A Papillary carcinoma grade II 74.00 +++4+ ++++
A Being mixed tumor 8.00 +4 4+
A Papillary carcinoma grade III 0.78 + +++++
A Being mixed tumor NP* NP* -

A Being mixed tumor 6.00 - +4++++
B Carcinoma in a mixed tumor grade III 33.33 +++++ ++++
B Carcinoma in a mixed tumor grade I 19.33 + ++++
B Carcinoma in a mixed tumor grade I 34.00 +++++ +++++
B Sarcoma in a mixed tumor 47.33 ++ -

B Carcinoma in a mixed tumor grade I 24.66 +++++ ++++
B Carcinoma in a mixed tumor grade I 17.33 ++++ ++++
B Tubular carcinoma grade I 32.00 ++ 4+
B Anaplastic carcinoma 54.00 +++++ -

B Sarcoma in a mixed tumor 27.33

B Sarcoma in a mixed tumor 28.66 ++++ -

*NP - not performed; # concerning staining intensity: - (absent), + (weak), ++/+++ (intermediate), ++++/+++++ (strong).
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Figure 2. Acetylcholinesterase (AChE) activity in dogs with mammary tumor divided into two groups based on
tumor size (A - tumor of at least 3 cm; B - tumor largerthan 3 cm): (@) AChE activity in total blood for
dogs with mammary cancer (before and after surgery) compared to healthy dogs, regardless of tumor
size. (b) Comparison within the group considering the before and after surgical removal.
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Figure 3. The ferric reducing ability plasmatic (FRAP) in dogs with mammary tumor divided into two groups based
on tumor size (A - tumor of at least 3 cm; B - tumor larger than 3 cm): (a) Seric levels of FRAP from
dogs with breast tumors (before and after surgery) compared to healthy dogs, regardless of tumor size.
(b) Comparison between groups, according to the FRAP levels before and after surgery. (c) Comparison
within the same group considering before and after surgical removal.

Correlation analyses. E-cadherin showed
low, but significant positive correlation with
FRAP levels (r=0.37, p=0.05), which means
that samples positives for E-cadherin showed
increased levels of FRAP. No correlation between
E-cadherin and AChE was observed (p=0.21).
The other marker (Ki-67) was correlated
neither to FRAP nor to AChE (p=43, p=12), and
finally the marker COX-2 showed a moderate
significant positive correlation to FRAP (r=0.55,
p<0.05), which means that higher levels of COX-
2 (>+++) were able to increase FRAP levels.
In addition, COX-2 showed a low significant

Table 3. Point-biserial correlation between
acetylcholinesterase (AChE) activity and
ferric reducing ability plasmatic (FRAP) levels
with markers of diagnostic and prognostic of
tumors (E-cadherin, Ki-67 and COX-2).

Characteristic M(er:ii:f‘mAafSE M(?:::? n: aR)SP
Total 309 (0-655) 357 (0-1582)
Correlation* with E-cadherin -0.01 0.37%*
Correlation* with Ki-67 -0.06 0.01
Correlation* with COX-2 0.32%* 0.55%

*Statistical significant correlation
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positive correlation to AChE (r=0.32, p=0.01)
(Table 3). Among markers, the only significant
positive correlation was between Ki-67 and COX-
2 (rho=0.51, p=0.04).

DISCUSSION

The results obtained in this study show, for the
first time, a positive correlation between seric
AChE activity molecular markers of dog with
mammary tumors. Several studies have shown
a relation between tumorigenesis and AChE
activity, as well observed in this present work.
The AChE exerts important functions in the
central nervous system, but also is distributed
in many tissues, and exerts other functions
such as the capacity to regulate proliferation,
differentiation, and apoptosis (13-15). The
relation between cell cycle and AChE activity
raises a number of questions about the role of
AChE in tumorigenesis, since several studies
have linked the cholinesterase to many tumor
types. Also, increased AChE activity is observed
in different tumor types (19,20). In this sense,
the results observed in this present study are in
accordance to results observed in the literature,
where higher AChE activity was observed in dogs
with mammary tumors compared to the control
group. The variability of AChE activity in the
group B can be explained by histopathological
analyses that found different types of tumors.
According to Martinez-Moreno and coworkers
(19), the AChE activity may vary according to
the histological type of tumor, explaining the
wide variation on the AChE activity.

The AChE activity is also involved in the
inflammation process (13,14). It is known
that AChE has an anti-inflammatory role, and
increased AChE activity could be associated with
increased inflammation (21), such as observed in
this present study due to the positive correlation
between COX-2 levels and AChE activity. COX-2
is a protein expressed during inflammation, being
associated to tumor development, and promotion
of angiogenesis (22), associated to bad prognosis
in dogs with mammary tumors (23). Also, we
can observe that even with different histological
tumor type, higher levels of the marker COX-2
were detected mainly in dogs with larger tumors.
It has been demonstrated that tumor size has
an important impact on prognosis and dogs
survival (1,8). Although the range of survival
of these animals was not established (study not
finalized), it is believed that these dogs have a
significant reduction on survival, impacted by
the size of tumors and the strong marker COX-2,
which leads to believe that this is an aggressive

niveles de FRAP. Ademas, la COX-2 mostré una
baja correlacién positiva significativa con AChE
(r=0,32, p=0.01) (Tabla 3). Entre los marcadores,
la Unica correlacidn positiva significativa fue entre
Ki-67 y COX-2 (rho = 0.51, p=0.04).

DISCUSION

Los resultados obtenidos en este estudio
muestran, por primera vez, una correlacion
positiva entre los marcadores moleculares de
actividad sérica AChE en perros con tumores
mamarios. Varios estudios han mostrado una
relacion entre la tumorigénesis y la actividad de
AChE, asi como se observa en este trabajo. La
AChE ejerce importantes funciones en el sistema
nervioso central, pero también estd distribuida
en muchos tejidos, y ejerce otras funciones
como la capacidad de regular la proliferacién,
diferenciacion y apoptosis (13-15). La relacién
entre el ciclo celular y la actividad de AChE
plantea una serie de preguntas sobre el papel
de la AChE en la tumorigénesis, ya que varios
estudios han relacionado la colinesterasa con
muchos tipos de tumores. Ademas, se observa
un aumento de la actividad de AChE en diferentes
tipos de tumores (19,20). En este sentido, los
resultados observados en el presente estudio
estan de acuerdo con los resultados observados
en la literatura, donde se observé una mayor
actividad de AChE en los perros con tumores
mamarios en comparacion con el grupo control.
La variabilidad de la actividad de AChE en
el grupo B puede ser explicada por analisis
histopatoldgicos que encontraron diferentes tipos
de tumores. Segun Martinez-Moreno et al (19),
la actividad de AChE puede variar en funcién del
tipo histoldgico del tumor, lo que explica la gran
variacién de la actividad de AChE.

La actividad de AChE también estd implicada
en el proceso de inflamacién (13,14). Se sabe
que la AChE tiene un papel antiinflamatorio, y
el aumento de la actividad de la AChE podria
asociarse con un aumento de la inflamacién (21),
como se observa en el presente estudio debido a
la correlacion positiva entre los niveles de COX-
2 y la actividad de la AChE. La COX-2 es una
proteina que se expresa durante la inflamacidn,
estando asociada al desarrollo tumoral, y a la
promocion de la angiogénesis (22), asociada al
mal prondstico en perros con tumores mamarios
(23). Ademas, podemos observar que incluso
con diferentes tipos de tumores histoldgicos,
se detectaron niveles mas altos del marcador
COX-2 principalmente en perros con tumores
mas grandes. Se ha demostrado que el tamafio
del tumor tiene un impacto importante en el
prondstico y la supervivencia de los perros
(1,8). Aunque no se establecié el rango de
supervivencia de estos animales (estudio no
finalizado), se cree que estos perros tienen
una reduccién significativa en la supervivencia,
impactados por el tamafio de los tumores vy el
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neoplasia (23,24). Ki-67 marker is used to
evaluate cell proliferation, being associated
with a worse prognosis (1,4). Thus, we believe
that these two variables are associated, both
indicating a bad prognosis.

Regarding E-cadherin, it is possible to state
that many animals have a high labeling index,
independently of the type or tumor size, unlike
observed in other studies that a reduction in
E-cadherin expression was observed in mostly
aggressive neoplasias, being defined as an
unfavorable prognostic marker (1,7). In the
other hand, Ferreira et al (25) demonstrated
that E-cadherin was expressed in both benign
and malign cells, as well observed in this work.
These same authors also demonstrated that
reduction in E-cadherin levels shows a relation
to high Ki-67 levels, and this could be associated
with a bad prognosis. Nevertheless, there is no
data that suggests a direct functional interaction
between these markers, and so, the association
between them and an unfavorable prognosis
is uncertain. Brunetti and collaborates (2)
demonstrated that reduction in expression of
E-cadherin would be associated with a greater
invasiveness of the tumor, but not associated with
major tumor proliferation, presenting a small
influence on animal survival. In this study, it was
not observed correlation between these markers,
what may have happened in consequence of
reduced number of animals in this experimental
design. Apparently, an inverse relation between
Ki-67 and E-cadherin was not observed, however,
in dogs with anaplastic carcinoma, considered
an aggressive tumor, there was no E-cadherin
marker but Ki-67.

Oxidative stress has been implicated in the
carcinogenesis on some types of tumors, and
the levels of antioxidants can be associated to
lower risk of disease (26). Although this study
did not evaluate the parameters of oxidative
stress, the antioxidant levels were produced to
fight free radicals formed during the oxidation
processes (27). Our results show that FRAP
levels were lower in dogs with mammary tumor,
however FRAP levels increased after treatment
of animals from the group A. Similar results
were observed by Evans and others (28), which
demonstrated that cancer has the capacity of
increasing oxidation and, consequently, decrease
the antioxidant mechanism. On the other hand,
Singh and coworkers (29) showed reduced
FRAP levels after surgery and chemotherapy
in woman with mammary tumors. According
to these authors, the use of chemotherapic
drugs, that leads to mitochondrial damage
and increased reactive oxygen species (ROS),
are responsible for reducing FRAP levels, as

marcador fuerte de COX-2, lo que lleva a creer
que se trata de una neoplasia agresiva (23,24).
El marcador Ki-67 se utiliza para evaluar la
proliferacion celular, estando asociado a un peor
prondstico (1,4). Por lo tanto, creemos que estas
dos variables estan asociadas, ambas indicando
un mal prondstico.

En cuanto a la cadherina-E, es posible afirmar
que muchos animales tienen un alto indice de
marcado, independientemente del tipo o tamafio
del tumor, a diferencia de lo observado en otros
estudios que se observdé como una reduccion
en la expresion de la cadherina-E en neoplasias
mayormente agresivas, definiéndose como un
marcador prondstico desfavorable (1,7). Por
otro lado, Ferreira et al (25) demostraron que
la cadherina-E se expresaba tanto en las células
benignas como en las malignas, como también
se observé en este trabajo. Estos mismos autores
también demostraron que la reduccion en los
niveles de cadherina-E muestran una relacion
con los niveles altos de Ki-67, y esto podria estar
asociado con un mal prondstico. Sin embargo,
no existen datos que sugieran una interaccién
funcional directa entre estos marcadores, por
lo que la asociacion entre ellos y un prondstico
desfavorable es incierta. Brunetti y colaboradores
(2) demostraron que la reduccién en la expresion
de cadherina-E estaria asociada con una mayor
invasividad del tumor, pero no con una mayor
proliferaciéon tumoral, presentando una pequefia
influencia en la supervivencia animal. En este
estudio no se observd correlacion entre estos
marcadores, lo que puede haber ocurrido como
consecuencia del reducido nimero de animales
en este disefio experimental. Aparentemente,
no se observd una relacién inversa entre Ki-
67 y E-cadherina, sin embargo, en perros con
carcinoma anaplasico, considerado un tumor
agresivo, no hubo marcador de cadherina-E sino
de Ki-67.

El estrés oxidativo ha sido implicado en la
carcinogénesis de algunos tipos de tumores, y los
niveles de antioxidantes pueden estar asociados
a un menor riesgo de enfermedad (26). Aunque
este estudio no evalud los parametros del estrés
oxidativo, los niveles de antioxidantes fueron
producidos para combatir los radicales libres
formados durante los procesos de oxidacion
(27). Nuestros resultados muestran que los
niveles de FRAP fueron mas bajos en perros
con tumor mamario, sin embargo, los niveles
de FRAP aumentaron después del tratamiento
de animales del grupo A. Resultados similares
fueron observados por Evans y otros (28), que
demostraron que el cancer tiene la capacidad
de aumentar la oxidacién y, en consecuencia,
disminuir el mecanismo antioxidante. Por otro
lado, Singh et al (29) mostraron niveles reducidos
de FRAP después de la cirugia y quimioterapia
en mujeres con tumores mamarios. Segun estos
autores, el uso de farmacos quimioterapicos, que
conducen al dafio mitocondrial y al aumento de
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well observed by Sharma and colleagues (12).
According to these authors, reduced FRAP levels
may be associated with minor defense capacity
of cells against cancer, possibly due to genetic
alterations associated with tumorigenesis, also
affecting the genes involved in protein synthesis
associated with the antioxidant mechanisms.
Also, the inflammatory process involved during
tumorigenesis can affect the antioxidant system.
Moreover, highest COX-2 expression and AChE
activities were observed in patients with tumors,
demonstrating the potential of cancer to be
inflammatory stimuli.

In conclusion based on the results, we have
verified a positive correlation between AChE
activity and COX-2, and these could be associated
to increased tumor inflammation, influencing
cancer prognosis. Also, FRAP levels were
significantly lower in dog with mammary tumors,
contributing to increased oxidative stress. A
strong presence of the marker COX-2 is observed
in the most aggressive tumors, being positively
correlated to Ki-67, which can be associated to
a bad prognosis of these patients. In relation to
E-cadherin, a higher variability in results was
observed, not being possible to correlate this
marker to others.
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las especies reactivas de oxigeno (ROS), son
responsables de la reduccidén de los niveles de
FRAP, también observados por Sharma et al
(12). Segun estos autores, la reduccién de los
niveles de FRAP puede estar asociada a una
menor capacidad de defensa de las células contra
el cancer, posiblemente debido a alteraciones
genéticas asociadas a la tumorigénesis, afectando
también a los genes implicados en la sintesis
de proteinas asociadas a los mecanismos
antioxidantes. Ademas, el proceso inflamatorio
involucrado durante la tumorigénesis puede
afectar el sistema antioxidante. Ademas, se
observaron mayores actividades de expresion
de COX-2 y AChE en pacientes con tumores,
demostrando el potencial del cancer para ser
estimulos inflamatorios.

En conclusion, con base en los resultados, se
ha verificado una correlacién positiva entre la
actividad AChE y la COX-2, que podria asociarse a
un aumento de la inflamacién tumoral, influyendo
en el prondstico del cancer. Ademas, los niveles
de FRAP fueron significativamente mas bajos en
perros con tumores mamarios, lo que contribuyo
a aumentar el estrés oxidativo. Se observa una
fuerte presencia del marcador COX-2 en los
tumores mas agresivos, estando positivamente
correlacionado con el Ki-67, lo que puede estar
asociado a un mal prondstico de estos pacientes.
En relacién con la cadherina-E, se observo una
mayor variabilidad en los resultados, no siendo
posible correlacionar este marcador con otros.
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