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Resumen

Se describieron caracteristicas epidemioldgicas de tumores mamarios caninos (TMC) con énfasis
en los factores de riesgo que propenden a la presentacion de TMC; raza, predisposicidon genética,
edad, historia reproductiva, influencia hormonal, dieta, masa corporal y caracteristicas clinicas.
Se desarrolld una descripcion de la prevalencia del TMC en el Municipio de Manizales,
Colombia, tomando como base los pacientes registrados en centros de atencidon veterinaria. Se
realizé la identificacion de los patrones de la expresion del gen HER-2 en hembras caninas con
TMC, empleando suero sanguineo mediante las técnicas de ensayo por inmunoabsorcion ligado a
enzima (ELISA) y espectroscopia infrarroja con Transformada de Fourier (FTIR). Para la
deteccion de concentraciones de proteina HER-2/neu se emplearon los kit ELISA (canino y
humano). La toma de espectros IR se realizd6 en modo absorbancia con rango de frecuencia de
400-4000 cm™ y resolucién de 4 cm™. El analisis estadistico para la descripcion de la prevalencia
incluy6 prueba de Pearson chi-cuadrado con correccion de Yates y prueba exacta de Fisher (p-
value<0.05), riesgo relativo, razéon de momios (IC95%) y andlisis de supervivencia de Kaplan-
Meier. Se elaboraron curvas ROC y la estimacion de ABC (IC 95%) para la identificacion del
punto de corte de las concentraciones en suero sanguineo de HER-2 usando la prueba de ELISA.
El andlisis de los picos de expresion IR se realizé mediante la estimacion de ABC y ARBC. Las
razas puras presentaron una prevalencia del 79,14% y en general, la edad de 9,3 afios fue el pico
de presentacion de neoplasia mamaria. Adicionalmente, la dieta casera posee alta relacion con la
prevalencia de TMC. El patrén clinico de presentacion de TMC afectd principalmente el par
mamario inguinal y el indice Kaplan-Meier fue mayor para hembras intervenidas
quirargicamente desde el diagnostico que las que no fueron intervenidas. El punto de corte
optimo en la prueba ELISA canina fue >0.31 ng/ml, Sn de 71.4% (CI 95%: 41,9%-91,6%) y Sp
67% (CI 95%: 22,3%-95,7%). Las AUC para ELISA canina y humana fueron 0,75 y 0,45
respectivamente. Los espectros IR correspondientes a lipidos (1161 cm™, 1452 cm™, 2851 cm™)
son de relevancia para la identificacion de expresion del gen HER-2. Los hallazgos del presente
estudio permitieron discriminar los estados HER/neu+ y HER-2/neu-, asi como las caracteristicas

bioquimicas ligadas a ambos estados.
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ErbB2, Espectro infrarrojo, inmunoabsorcion, oncoproteina, neoplasia mamaria.



Abstract

We described the epidemiological characteristics of canine mammary tumors with a focus on the
risk factors that promote the presentation of CMT, such as breed, genetic predisposition, age,
reproductive history, hormonal influence, diet, body mass, and clinical characteristics. Based on
this, we conducted a prevalence description of CMT in the municipality of Manizales, Colombia.
The gene expression patterns of HER2 in blood serum collected from female dogs with CMT
were determined using enzyme-linked inmunosorbent assay (ELISA) and Fourier-transform
infrared spectroscopy (FTIR). The detection of HER2/neu protein levels was done using canine
and human ELISA kits. Infrared (IR) spectroscopy was done in absorbance mode at a frequency
range of 400-4000 cm™ and resolution of 4 cm™. The statistical analyses performed included
Pearson’s chi-squared test with Yates’ correction and Fisher’s exact test (p-value<0.05), relative
risk, odds ratio (IC95%), and Kaplan-Meier survival analysis. We created ROC curves and
estimated the AUC (IC 95%) to identify the ELISA cut-off of HER2 serum levels. The IR
analysis of expression peaks was based on the estimation of AUC and RAUC. Purebreds showed
a disease prevalence of 79.14% and, in general, the peak of presentation of mammary neoplasia
was found at 9.3 years old. Furthermore, a homemade diet was found highly associated with the
prevalence of CMT. The clinical presentation of CMT mainly affected the inguinal mammary
glands; furthermore, the Kaplan-Meier estimator was greater for females with surgical
intervention since diagnosis than for non-intervened females. The optimal cut-off for the canine
ELISA tests was >0.31 ng/mL with 71.4% sensitivity (CI 95%: 41.9%-91.6%) and 67%
specificity (CI 95%: 22.3%-95.7%). AUC for the canine and human ELISA tests were 0.75 and
0.45, respectively. The IR spectra of lipids (1161 cm™, 1452 cm™, 2851 cm™) are relevant to
determine HER2 gene expression. The findings of this study allowed discriminating HER/neu+

and HER-2/neu- states, as well as the biochemical characteristics linked to both states.

Keywords

ErbB2, infrared spectrum, immunoabsorption, oncoprotein, mammary neoplasia.
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1. CAPITULO INTRODUCTORIO

La progresion tumoral se caracteriza por el aumento de poblaciones celulares con mecanismos de
control y de apoptosis autonomos lo cual implica la acumulacion gradual de alteraciones
fisiologicas y fenotipicas (Gurova et al. 2002). Segtin autores como Clamp et al. (2003), Murray
(2005), el origen tumoral puede responder a factores hereditarios, ambientales y mecanismos no
celulares (p.ej. sistema inmunitario, endocrino, estroma, vascularizacion). El cancer mamario
(CM) se caracteriza por un alto polimorfismo genético caracterizado por la pérdida o ganancia de

informacion (Hsu et al. 2009).

Cancer de Seno: Contexto mundial

En el afio 2004, The World Health Organization (WHO) reportd 7,4 millones de muertes por
cancer, cifra que para el 2005 ascendi6 a 7,6 millones (WHO, 2006, 2008). Para el afo 2012, la
mortalidad asociada a céncer creci6 a 8,2 millones de muertes (WHO, 2012, 2016). Hacia el afio
2015 el incremento de casos fue aproximadamente de 8,8 millones de pacientes (WHO, 2017),
elevandose a 9 millones en el afio 2016 (WHO, 2018) y posteriormente a 9,6 millones en el afo
2018 (WHO-GLOBOCAN, 2018). La WHO, proyecta que en el 2020 el nimero de muertes
causadas por cancer ascendera a cerca de 10 millones equivalente una tasa de mortalidad del 529
por cada 1000 pacientes. (Cancer Toorrow, 2018).

El céncer de seno humano (CSH) es una enfermedad de caracter publico (Osma & Uribe, 2013;
WHO, 2015). Del global de casos reportados de cancer en 2008, el CSH fue la causa mas comin
de muerte en mujeres adultas, con un 16% de casos con desenlace fatal (WHO, 2008). En 2012,
CSH ocupaba el segundo lugar con 1,7 millones de casos diagnosticados (11,9%), perteneciendo
dos tercios de estos a paises en via de desarrollo, y por ende uno de los principales factores de
muerte antes de los 70 afios de edad (WHO, 2012; Steward & Wild, 2014; WHO, 2016).La IARC
(International Agency for Research on Cancer) posicion6 a CSH en el primer lugar con un 25,2%
(WHO-IARC, 2013). En el afio 2018, de los 18 millones de casos de cancer reportados, el CSH
representaba una incidencia del 11,6% (WHO-The Global Cancer Observatory, 2019). Se estima
que el CSH seguird ocupando el primer lugar a nivel mundial en mujeres, con una proyeccion a
3,05 millones de casos en 2040 y una mortalidad de 991 mil pacientes en el mismo (WHO-

GLOBOCAN, 2018).
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Cancer de Seno: Contexto nacional

En Colombia, después del cancer de cuello uterino, el CSH es el principal cancer que padecen las
mujeres (CONPES SOCIAL 161, 2013). Entre los afios 2000 a 2006, se reportaron
aproximadamente 70887 casos nuevos de cancer, de los cuales, 38571 casos correspondian a
mujeres y la principal ubicacion era la mamaria (MINSALUD, 2012). Para el afio 2014, el CSH
estuvo asociado a 2649 muertes, aparte de 8.686 nuevos casos en las principales ciudades del pais
(MINSALUD, 2014). En 2018, el incremento de casos reportados fue de 13380, se proyecta un
incremento a 14124 casos en 2020 y una estimacion de 20957 pacientes con CSH en 2040
(WHO-GLOBOCAN, 2018). El nimero de muertes estimadas en el afio 2018 por CSH fue de
3702 pacientes, para el 2020 se proyectan 3942 y para el 2040, 6600 obedeciendo al crecimiento
demografico (WHO-GLOBOCAN, 2018). Los costos estimados desde el diagndstico, tratamiento
y seguimiento hasta cinco afios dependen del tipo de CSH, asi los costos de tratamiento mas
representativos en Colombia estan representados en CSH regional con un costo de $65.603.537 y
el metastasico con un valor de $144.400.865 y el de menor cuantia es el in situ con un costo de
$8.996.987 (referencias). Si el paciente tiene una recaida el valor desde el diagnostico de
extension hasta el seguimiento de cinco afios puede ascender hasta a $70.221.062 (Gamboa et al.

2016).

Tumor mamario canino (TMC)

Entre los afios 2002-2003, la poblacion total de caninos ascendia a 500 millones
aproximadamente (Hsu et al. 2003). En el 2013 alcanz6 los 700 millones (Massei & Miller,
2013; Hughes & Macdonald, 2013) y para finales de 2017 lleg6 a los 900 millones (Atitwa,
2018). La incidencia del cancer humano y canino ha aumentado en los ultimos diez afios
(Cervone et al. 2019). En este mismo periodo, la lista de tumores caninos tanto malignos como
benignos con mayor frecuencia es encabezada por piel - anexos y glandula mamaria, luego, tracto
genital, cavidad oral, higado, sistema hemolinfatico y sistema osteomuscular (Sostari¢-
Zuckermann et al. 2013; Boerkamp et al. 2014; Baioni et al. 2017; de la Cruz et al. 2017; Pastor
et al. 2018).

La glandula mamaria esta expuesta a sufrir varios tipos de lesiones neoplasicas y no neoplésicas
tales como mastitis, esteatitis, galactostasis, galactorrea, y agalactia (Sangha et al. 2012; de la

Cruz et al. 2017). Dentro de las lesiones neoplasicas se encuentran las benignas, malignas y las
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no clasificadas (Vidales & Eslava, 2007; Cassali et al. 2011; Goldschmidt et al. 2011). De estas,
el TMC) es una de las patologias de mayor importancia en Medicina Veterinaria debido a su
frecuencia y complejidad clinica (Zatloukal et al. 2005; Vascellari et al. 2009; Cassali et al. 2011;
Sangha et al. 2012; Salas et al. 2015).

TMC — generalidades clinicas

El TMC se puede presentar en hembras enteras e incluso en menor frecuencia en esterilizadas
(Sorenmo et al. 2011). Durante la exploracion clinica, se debe considerar los linfonodos al igual
que ambas lineas de glandulas mamarias, en las cuales a la palpacion habitualmente se puede
notar masas nodulares de diversos tamafios y movibles asociadas a reacciones inflamatorias
localizadas, laceraciones y ulceraciones cutdneas (Cassali et al. 2011). El abordaje clinico, debe
ser complementado con placas radiograficas ventro-dorsales, laterolateral izquierda y derecha a
fin de determinar la presencia o no de metastasis a nivel pulmonar sin descartar el higado el cual
es el sitio mas comun de metastasis distante en pacientes con TMC maligno implicando un mal
prondstico (Cassali et al. 2011; Sorenmo et al. 2011).

Como consecuencia se puede definir el estado del tumor que implica el grado de compromiso y la
extension de la afectacion y por lo tanto el pronostico y la conducta terapéutica a seguir (Cruz,
1999). Una herramienta ttil en el ejercicio médico es la estadificacion clinica la cual consiste en
determinar la etapa de desarrollo de cdncer mamario (Edge et al. 2010). El sistema TNM
(T=Tumor; N=Nodulo; M=Metastasis) fue desarrollado por la OMS (Organizacion Mundial de la
Salud) el cual permite clasificar los diferentes casos de cancer en etapas (Owen, 1980) de acuerdo
al tamafno tumoral, estado de linfonodo y la presencia de metastasis (Sorenmo et al. 2011) (Tabla
1, Anexo 1). El tamafio tumoral es considerado como un factor prondstico independiente para
CMC donde tamanos iguales o inferiores a 3cm presentan un pronostico mas favorable que los de
tamafio Scm o superior (Ferreira et al. 2009; Cassali et al. 2011; Sorenmo et al. 2011). La
evaluacion de linfonodos regionales es de gran importancia en la tasa de sobrevida de las
pacientes que padecen TMC, donde su relacion con patrones de metastasis reducen drasticamente
los tiempos de sobrevivencia (Cassali et al. 2011). El drenaje linfatico también presenta cambios
en presencia de TMC (Tabla 2), lo cual agranda los linfonodos haciéndolos palpables y deben ser
evaluados por citologia a través de biopsia por aspiracion con aguja fina (BAAF) (Sorenmo et al.

2011).
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Tabla 1. Sistemas de estadistificacion TNM para Tumor Mamario Canino (TMC)

Sistema de estadificacion OMS - 1980

Sistema de estadificacion OMS - 2007

Sistema de estadificacion AJCC - 2015

T N M T N M
Estado I Tlabe No Mo Estado I Ti1 No Mo
Estado I1 To N1 Mo Estado II T2 No Mo
Tlabe N1 Mo Estado III T3 No Mo
T2ab.c NO ¢ Nla Mo Estado IV Cualquier T Ni1* Mo
Estado I1I T3ab.c Cualquier N Mo Estado V Cualquier T Cualquier N M1
Cualquier T Cualquier Nb* Mo
Estado IV Cualquier T Cualquier N M1
Abreviaturas
T: Tumor primario a: no fijo Tis: Carcinoma in situ
TO: Tumor no evidente b: fijo en piel T1*: <2cm de diametro

TI: < 3cm de diametro
T2: 3-5cm de didmetro

T3: > Scm de diametro

c: fijo en misculo

b*: fijo

T4: cualquier T, carcinoma inflamatorio

N: Estado de linfonodo regional
NO: sin
Metastasis

N1: Linfonodo - metastasis ipsilateral
N1*: metastasis presente

N2: Linfonodos - metastasis bilateral
MO: sin metastasis distante

MI: metastasis distante

T2*: 2-5cm de didmetro

T3*:> 5cm de didgmetro

T4*: Cualquier dimension con adherencia a pared del térax y/o piel (ulceracion o

nddulos cutaneos)

N1**: metastasis ipsilateral, linfonodo axilar

N2*: metastasis ipsilateral, linfonodo axilar fijo o enmarafiado

N3: metastasis ipsilateral infraclavicular

Estado I
Estado IA
Estado IB

Estado ITA

Estado IIB

Estado IITA

Estado I1IB

Estado ITIC
Estado IV

T

Tis
T1

To
T1*
To
T1
T2*
T2
T3*
To
T1

T2
T3
T3
T4*
T4
T4

Cualquier T
Cualquier T

N
No
No
Nlmi
Nimi
N 1 ok
N1
No
N1
No
N2*
N2
N2
N1
N2
No
N1
N2
N3
Cualquier N

M

Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
M1

Owen, 1980; Rutteman & Withrow, 2007; Edge et al. 2015

Como apoyo al proceso diagnostico se han sugerido sistemas de clasificacion de tumores

mamarios en caninos, Hampe & Misdorp (1974) realizaron un proceso de clasificacion basado en

aspectos morfologicos basados en la clasificacion de afios anteriores de la OMS (Scarff &

Torloni, 1968). Varios sistemas de clasificacion han sido sugeridos desde entonces, pero la mas

ampliamente adoptada es la establecida por Misdorp et al. (1999) con un grado de detalle aun

mayor al apoyarse de caracteristicas nucleares de las células y detalles histologicos. A partir de

este sistema, se han propuesto otras dos clasificaciones en trabajos paralelos propuestos por

Goldschmidt et al. (2011) mas amplio al crear nuevas categorias por apoyo inmunohistoquimico

y Cassali et al. (2011) que propone una recategorizacion al sistema de 1999 (Anexo 2).
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Tabla 2. Drenaje linfatico normal y neopldsico en hembras caninas

Glandula PM1 - Craneal - PM3 - Craneal PM4 - Caudal
. L PM2 - Caudal Toracico . .
mamaria Toracico Abdominal Abdominal
LNA LNA, LNIS LNA, LNIS LNIS
f 7\, S5
" 2
Drenaje " - .
linfatico e '.
mial 1.2 am B Tl
normal ’ a@ @ @ W
[N (R f
=
LNA, LNE LNA, LNE
..‘_H. (;. \
i ) P
/ N =
Drenaje ] 8 y T { 1§ .
linfatico frm - | 1@ \
neoplasico3 Pt e &
Lt B I E 8
3 8 | 1R
= L, L
A e
LA N
Glandula PMS - Inguinal
mamaria
LNIS LNA: Linfonodo axilar
/ \ LNE: Linfonodo esternal
. LNIM: Linfonodo iliaco medial
Drenaje (L
linfatico @ @
1 . . . .
normal 1@ @ LNIS: Linfonodo inguinal superficial
i@
L N8 . .
ik, LNP: Linfonodo popliteo
/{r\ Normalmente, el primer par de glandulas mamarias poseen drenaje linfatico
hacia los nodulos axilares y en algunos casos puede drenar hacia los
cervicales, entre tanto que el segundo hacia los nodulos axilares. El tercer par,
LNIS, LNP simultineamente, drena hacia el nodo axilar superficial y el inguinal. El cuarto
par drena hacia los nodulos inguinales superficiales, aunque también lo puede
hacer hacia los nodos iliacos mediales al mismo tiempo, entre tanto que el
quinto par drena hacia los nodos inguinales superficiales. Sin embargo, bajo la
presencia natural de CMC, se ha demostrado cambios en el drenaje linfatico,
de tal modo que el primer y segundo par drenan simultaneamente hacia el LN
(linfonodo) axilar y esternal simultineamente, tercer par hacia LN axilar
Drenaje superficial ipsilateral y LN iliaco medial, diferente al cuarto par que es solo
linfatico causal, LN superficial inguinal y por ultimo el quinto par drena hacia nédulo
neoplasico superficial inguinal aunque también lo puede hacer hacia el LN popliteo

ol o
122:}
[

A

ipsilateral.

Patsikas et al

. 1996a; *Patsikas et al. 1996a; >Patsikas et al. 2006

17



Biomarcadores en el estudio de alteraciones neopldsicas mamarias

Se han desarrollado diversas técnicas para el estudio de neoplasias mamarias, entre ellas la
deteccion de biomarcadores como las proteinas las cuales, permiten obtener informacion sobre la
salud del tejido, grado de riesgo, ofrece directrices precisas para el desarrollo de tratamientos y el
establecimiento pronodstico (Kreunin et al. 2007; Jesneck et al. 2009). La investigacion de
biomarcadores con valor pronodstico de cancer implica empleo de biopsias lo cual no siempre es
posible (Jesneck et al. 2009). Por lo tanto, se han desarrollado métodos con suero sanguineo y
plasma los cuales han sido aplicados en el estudio de CSH (Jesneck et al. 2009; Savino et al.
2009) como también en TMC (Campos et al. 2015).

Uno de los biomarcadores de mayor importancia en CSH, es el gen del crecimiento epidérmico
humano tipo II (HER-2), el cual consiste de una proteina de 185-kilodaltons (kDa) (Akiyama et
al. 1986). En mujeres se ha encontrado que la amplificacion de la proteina HER-2/ neu (c-erbB-
2/neu) oscila entre el 20 — 30% e implica un mal prondstico con un alto impacto en la
sobrevivencia de las pacientes (Andrulis et al. 1998; Andrade & Harris 2002; Di Gioia et al.
2015). En caninos, la expresion de la oncoproteina HER-2/ neu en carcinoma mamario, sugiere la
participacion de la proteina en la carcinogénesis constituyéndose en indicador de utilidad en el
pronostico (Rungsipipat et al. 1999; de las Mulas et al. 2003; Antuofermo et al. 2007). Sin
embargo, en estudios mas recientes controvierten esta posicion ya que la sobreexpresion de HER-
2/neu en tumores malignos y benignos, no presenta diferencias significativas (Ressel et al. 2013;
Burrai et al. 2015) ni tampoco se asocia con patrones de metastasis ni porcentaje de
sobrevivencia de hembras con CMC (Campos et al. 2015). Por lo tanto, aun no es clara la
dinamica de la expresion de HER-2 en la progresion tumoral ni los patrones del gen en diferentes
tipos de CMC (Ressel et al. 2013; Burrai et al. 2015).

La presente investigacion describe los factores de riesgo de CMC y la importancia clinica del gen
HER-2. Asi mismo, se realiz6 una aproximacion al estado actual de la prevalencia de CMC en el
municipio de Manizales, y finalmente, se evaluo la factibilidad, sensibilidad y especificidad de
las técnicas Ensayo por Inmunoabsorcion Ligado a Enzimas (ELISA) y Espectroscopia Infrarroja
con Transformada de Fourier (FTIR), como medios de estudio de caracteristicas de la expresion

de HER-2 en hembras caninas a partir de suero sanguineo.
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2. OBJETIVOS

Objetivo general

Evaluar el gen HER-2 como biomarcador en suero sanguineo en hembras caninas con tumor

mamario en Manizales-Colombia.

Objetivos especificos

Describir las caracteristicas de la prevalencia del cancer mamario canino en el Municipio de

Manizales, Colombia.

Cuantificar niveles de proteina asociada al gen HER-2 a través de la deteccion en suero

sanguineo comparando dos kit de Ensayo por Inmunoabsorcion Ligado a Enzimas - ELISA.

Evaluar espectros de expresion de HER-2 en suero sanguineo de hembras caninas a través del uso

de Espectroscopia Infrarroja Transformada de Fourier - FTIR.
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3. MATERIALES Y METODOS

3.1. Area de influencia del estudio

El estudio se realiz6 en el Municipio de Manizales (Caldas — Colombia), durante los afios 2017-
2019. En total ocho centros de atencidon veterinaria estuvieron involucrados en el desarrollo
mediante el suministro de informacién clinica y muestras sanguineas de hembras caninas. Para la
construccion de la base de datos de pacientes realizo la solicitud de autorizacion ante centros de
atencion veterinaria y fundaciones para acceso a la casuistica de las historias clinicas y la
identificacion de hembras para su inclusion en el proyecto, por lo cual se expidio el

consentimiento informado a los propietarios para la posterior toma de muestras (Anexo 3).

3.2. Poblacion objetivo y andlisis epidemiologico

Se construy6 una base de datos de 15961 pacientes registrados en centros de atencion veterinaria,
correspondiente al periodo comprendido entre 2014 y 2017. Las variables analizadas
correspondieron a: ubicacidon geografica, raza (miniatura, pequefia, mediana, grande, gigante) y
tipo de raza (puro o cruce), edad, peso, estado reproductivo, tratamientos hormonales
preliminares, caracterizacion del tumor (tipo, tamafo, total de gldndulas mamarias afectadas,
ubicacion, desarrollo de metastasis), supervivencia para lo cual se realizaron llamadas telefonicas

a los propietarios.

3.3. Variables de estudio

El acceso a las pacientes se realizd con previa autorizacion de los propietarios. Para la
recoleccion y analisis de la informacion se adaptd el formato Cancer Staging Form
(UNIVERSAL) - propuesto por el Departamento de Medicina y Cirugia de Pequefios Animales,
Colegio de Medicina Veterinaria de la Universidad de Missouri (Henry & Higginbotham 2010).
Los factores tenidos en cuenta para analisis y seguimiento de pacientes diagnosticadas con CMC,
fueron la edad, raza, estado reproductivo, intervencidon quirdrgica, medicacion relacionada
(tratamientos hormonales), nimero y dimension de las lesiones, presencia o no de ulceracion,
adherencias, necrosis y calcificacion.

Con fines estadisticos y de analisis se tuvo en cuenta edad al inicio de la patologia (en afios de

vida), peso (kilogramos), raza y tipo de raza, didmetro del tumor (centimetros), ubicacion de la
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glandula mamaria y ubicacion de la afectacion (par tordcico craneal y causal, abdominal craneal y
causal y par inguinal), reporte diagnostico, ovariohisterectomia (si/no), nimero de tumores
(Gnico, multiple), tipo de procedimiento quirirgico empleado (si/no), metéstasis en linfonodo (si,
no), fallecimiento (incluye animales sanos, muerte por complicaciéon tumoral), tiempo de
desarrollo de la patologia, desde inicio de patologia hasta intervencioén quirurgica; < 6 meses, > 6

a 12 meses, > 12 meses (Anexo 4).

3.4. Pacientes y muestras

Las muestras se obtuvieron de hembras diagnosticadas con TMC (n=14) y hembras sanas (n=6).
Los procedimientos de toma y manejo de muestras de sangre se realizaron siguiendo el
procedimiento operativo estandarizado para la recoleccion de suero y plasma (Tuck et al. 2009).
Por individuo, se colectaron aproximadamente 4 ml de sangre obtenida mediante puncidon venosa
aséptica, la cual se almaceno en tubos vacutainer sin anticoagulante tapa roja (BD Vacutainer,
Becton Drive). Los contenedores de colecta se codificaron individualmente. Cada muestra se dejo
por un periodo de tiempo entre 30 a 60 minutos a temperatura ambiente en posicion vertical a fin
de lograr la contraccion del coagulo sanguineo y exudado del suero. El transporte refrigerado no
se realizo hasta la formacion de los codgulos en los tubos de colecta a causa de los posibles
golpes sufridos entre las células del coagulo, provocando asi la rotura celular y por ende
hemolisis (Lippi et al. 2008).

Posteriormente, cada una de las muestras se sometio a centrifugacion de 2500 a 3000 rpm durante
10 minutos. La separacion se realizo en las dos horas siguientes de la toma de muestra a fin de
evitar el intercambio de compuestos entre las células y demds elementos formes de la sangre y su
deterioro. La centrifugacion se realizd hasta que el coagulo estuviera completamente formado a
fin de permitir una separacioén adecuada de las fases.

Se tom¢ el suero con la ayuda de una micropipeta estéril de 200 pl volumen. Normalmente, de 1
ml de sangre se pueden obtener 300 pl de suero. Siguiendo la metodologia de varios autores
(Chase et al. 2012; Campos et al. 2015; Macotpet et al. 2020), el suero obtenido se separd en
alicuotas en tubos eppendorf o crioviales correspondientes a las pruebas de ELISA y FTIR, las
cuales se almacenaron a temperatura de -80°C evitando ciclos de descongelacion - congelacion a

fin de evitar la lisis u otro tipo de deterioro. Adicionalmente, se tomaron muestras de tejido
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mamario de pacientes que fueron sometidas a mastectomia. Se realizaron placas histologicas,

coloreadas con hematoxilina-eosina (H&E).

3.5. Deteccion y medicion de proteina HER-2 en suero sanguineo

3.5.1. Analisis de ELISA

Para deteccion y cuantificacion de la proteina de HER-2 en suero se empled el kit Canine
Epidermal Growth Factor Receptor 2 (Her2Ab) ELISA Kit referencia MBS2606515
(MyBioSource, Southern California, San Diego - USA) y Human HER-2 Platinum ELISA
referencia BMS207-2 (eBioscience, Vienna, Austria). La medicion se realizd por
espectrofotometria en lector de microplatos Rayto RT-2600c (Guangming, Shenzhen, China) a
una longitud de onda de 450 nm. Los patrones con concentraciones conocidas (incluidos en cada

kit) y las muestras se prepararon por duplicado siguiendo las indicaciones de los fabricantes.

3.5.2. Analisis FT-IR

Cada criovial debidamente rotulado contenia 40 pl de los cuales fue empleado por cada lectura
Sul de suero con un tiempo de descongelacion de 10 minutos antes de la lectura a temperatura
ambiente. Para la toma de los espectros IR (infrarrojos) se empled un espectrometro Alpha ATR
Platinum Bruker. Las lecturas se realizaron bajo condiciones 6ptimas de 20°C temperatura en
sala y 40% humedad relativa. Adaptando la metodologia de Elmi et al. (2017), el modo de
expresion de la lectura fue en absorbancia bajo un rango de frecuencia de 400 a 4000 cm™ y

., 1 . .
resolucion de 4 cm™, 50 escaneos por muestra analizada durante aproximadamente 45 segundos.

3.6. Analisis de datos

Se realizd un proceso de clasificacion de la base de datos suministrada por los ocho centros de
atencion veterinaria. Las variables tenidas en cuenta para el estudio y que hacen parte de la
estructura de las historias clinicas fueron: raza, edad, tamano corporal de acuerdo a la raza, estado
reproductivo, tipo de dieta y diagnostico (sana — TMC").

La relacion entre las variables raza, edad, peso, tipo de alimentacion y estado reproductivo fue

determinado usando la prueba de Pearson’s chi-cuadrado con correccion continua de Yates y

' Se define TMC ya que hubo pacientes con hiperplasia mamaria.
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prueba exacta de Fisher’s para datos continuos con p-value<0.05. Para las hembras de seis afios
en adelante diagnosticadas con TMC, se estimo la tasa de incidencia (Riesgo Relativo - RR) al
igual que la Razon de Momios (Odds Ratio-OR) con un intervalo de confianza (IC) del 95%, para
las variables anteriormente mencionadas. Los datos fueron analizados en el software R v.3.5.3.
Para andlisis de sobrevivencia entre hembras con y sin intervencién quirGrgica a partir del
diagnoéstico de TMC, se empled el estadistico Kaplan-Meier (p-value<0.05) con el software
GraphPad Prism v.8.2.0, GraphPad Software, Inc., San Diego, CA (Motulsky, 2016).

La curva ROC (Receiver Operating Characteristic) ilustra la sensibilidad y especificidad de cada
uno de los probables puntos de corte de una prueba diagnoéstica en la cual, la escala de medicion
es continua. El punto de corte Optimo de concentracion en suero sanguineo de HER-2/neu
mediante el andlisis de ELISA, se estim¢ a través de la mayor exactitud, mayor sensibilidad (Sn),
especificidad (Sp) e indice de Youden (J) y menor distancia a la esquina para ambos kit de
ELISA. Para cada curva ROC fue estimada las areas bajo la curva (ABC), a fin de identificar la
capacidad discriminativa de cada prueba.

El punto de corte de ambas pruebas fue empleado como criterio pronodstico para distribuir las
pacientes fueron clasificadas en TMC con medicién sérica de HER-2 igual o mayor al punto de
corte, “verdadero positivo” (TP = TMC - HER-2/neu+); pacientes control con medicion sérica de
HER-2 inferior al punto de corte, “verdadero negativo” (TN = sanas - HER-2/neu-); pacientes
con TMC con medicion sérica de HER-2 menor al punto de corte, “falso negativo” (FN = TMC -
HER-2/neu-) y pacientes control con medicion sérica de HER-2 igual o mayor al punto de corte,
“falso positivo” (FP = sanas - HER-2/neu+). De acuerdo al criterio pronostico por cada prueba se
determino el valor predictivo positivo (VPP) negativo (VPN).

Los espectros originales se analizaron con el software OriginPro 9.0.0 (OriginLab Corporation,
Northampton, MA 01060 USA). Cada uno fue normalizado con correccion de la linea base, a
través de un filtro basado en el algoritmo Savitzky—Golay, usando un orden polinomial de
segundo grado. Las regiones seleccionadas para su analisis fueron 800 cm™ a 1800 cm™,
constituida por 800 em! a 1100 cm™, 1100 cm™ a 1380 cm™, 1380 cm™ a 1700cm™, 1700 cm™ a
1800 cm™, y la region 2800 cm™ a 3000 cm™', los cuales se analizaron a través de la segunda
derivada y se estimd la AUC para cada espectro (original y segunda derivada). La proporcion
entre ABC fue descrita mediante areas relativas bajo la curva (ARBC). Adicionalmente, se

identificaron los grupos funcionales y los modos vibracionales de acuerdo a resultados de
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investigaciones anteriores (Bi et al. 2014; Gavgiotaki et al. 2016; Elmi et al.2017; Ferreira et al.
2020).

Se realiz6 prueba de normalidad Shapiro-Wilk y pruebas paramétricas para distribuciones
normales y no paramétricas para distribuciones sin normalidad para los valores de las
absorbancias en las pruebas ELISA y los espectros IR. Un IC de 0.95 y un p-valor <0.05 fue
considerado como estadisticamente significativo. Los analisis estadisticos se realizaron utilizando
R v.3.2.2, NCSS 11 (NCSS, Kaysville, Utah, USA) y OriginPro 9.0.0.

Esta investigacion adopt6 las consideraciones bioéticas en investigacion en salud, amparada en el
Estatuto nacional de proteccion de los animales (Ley 84 de 1989), “Por la cual se adopta el
Estatuto Nacional de Proteccion de los Animales y se crean unas contravenciones y se regula lo
referente a su procedimiento y competencia”, la Resolucion No. 008430 de octubre de 1993 de la
Republica de Colombia — Ministerio de Salud “Por la cual se establecen las normas cientificas,
técnicas y administrativas para la investigacion en salud”, especificamente en Titulo V “La
Investigacion Biomédica con Animales” y obedeciendo a la Ley 576 de 2000 “Codigo de Etica
para el ejercicio profesional de la medicina veterinaria, la medicina veterinaria y zootecnia y
zootecnia “, por lo cual se pide autorizacion y posterior aprobacion del Comité de Etica para
Experimentacion con Animales (CEEA) de la Vicerrectoria de Investigaciones y Postgrados de la
Universidad de Caldas, Acta 3 de 2016 con cdodigo de aprobacion numero 15061601, con
notificacion de 01 de junio de 2016 (Anexo 5).
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4. RESULTADOS

Los resultados se presentan a manera de capitulos. Cada capitulo consta de un articulo cientifico,

publicado o en preparacion en revista internacional especializada en el area estudio.

Capitulo 1.
Estado: Publicado, 12 de junio de 2020.

Alejandro Clavijo-Maldonado, Enio Ferreira, Carlos Vargas-Hernandez and Fredy A. Rivera-

Péez. Canine mammary cancer: clinical implications with specific focus on the HER-2 gene.

Revista: Veterinarska stanica. ISSN 1849-1170

Capitulo 2.
Estado: Publicado, agosto de 2020.

Alejandro Clavijo-Maldonado, Juan M. Pérez-Zapata; Enio Ferreira; Carlos Vargas-Hernandez;

Fredy A. Rivera-Paez. Canine mammary gland tumors: risk factors and their epidemiological

influence in Manizales-Colombia.

Revista: Revista MVZ Cérdoba. ISSN 1909-0544

Capitulo 3.
Estado: En preparacion
Alejandro Clavijo-Maldonado; Enio Ferreira; Jorge E. Perez-Cardenas; Carlos Vargas-

Hernandez; Fredy A. Rivera-Paez. ELISA and FTIR: HER?2 gene expression in blood serum of

canines with mammary tumor.
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Canine mammary cancer: clinical implications with specific focus on the

HER-2 gene
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Canine mammary cancer:
clinical implications with
specific focus on the

HER-2 gene

Alejandro Clavijo-Maldonado®, Enio Ferreira, Carlos Vargas-Herndndez

and Fredy A. Rivera-Pdez

Abstract

Canine mammary cancer (CMC) is one of
the most commen neoplasms in intact females
in comparison to other species. Several risk
factors have been identified, induding breed,
genetic predisposition, age, reproductive
history, hormenal influence, diet, and body
condiion, in addiion to previous lesions
to the mammary gland, such as mammary
atypical hyperplasia. An understanding of the
genetic markers for the disease and a clinical
approach are important for establishing a
specific therapy that can allow adequate
patient survivership. Owverexpression of
the HER-2 pene in canines and humans is
associated with a poor clinical prognosis,

Overview

The use of animal models for research
on genetic human pathologies poses
multiple advantages, induding the

mainly short survivosship, although the
climical relationship is not clear. The incidence
of HER-2in female dogs can range from 29.7%
te 38%. However, overexpression of HER-2 is
not necessarily associated with malignancy
processes of the mammary Hssue, although it
participates in cellular proliferation. Finally,
canines remain one of the most important
madels for comparative oncology with
huimans due to the great similarity in the
gpontaneous presentation and development of
cancer, and in the high hemelegy in the amine
acid sequence.
Key words: cerbB2: diagnostic: maligrani
gyl fntorir; progrioses; risk factors

greater size of laboratory specimens
that facilitates their management
(Lindblad-Toh et al, 2005, Uva et al,
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2009), highly similar tissue development
and architecture, and the involvement
of similar genes. The latter enables us
to identify and understand the clinical,
pathological, and genetic mechanisms
involved in the onset and development
of cancer (expression). Studies using
canines represent an ideal solution to
reduce the gap between animal models
with naturally  developed  diseases
and facilitate extrapolations to human
medicine (Rowell et al,, 2011).

Mammary cancer (MC) is a highly
complex disease due toits heterogeneous
histopathology, biological behaviour,
and responses to systemic interventions
(Geleick et al, 1990; Viale, 2012).
Furthermore, it is considered a
worldwide public health issue (Uribe
et al., 2013). Canine mammary cancer
(CMC) is one of the most important
pathologies in wveterinary medicine,
particularly  in  non-spayed female
dogs (Schneider et al,, 1969; Sleeckx et
al, 2011; Beck et al, 2013). Given the
multifactorial origin of the disease,
prevention and freatment is complex
{Perez-Alenza et al, 2000). CMC is
among the main causes of moriality in
temales and this tumour pathology has
the greatest incidence compared to other
domestic species (Cruz, 1999). CMC
corresponds to almost 50% of all canine
tumours (Misdorp et al,, 1999; Dhami et
al., 2010), with an incidence estimated
to be three times higher than in women
{Kumaraguruparan et al, 2006; Dhami
et al., 2010). In addition, 50% to 70% of
canine mammary tumours (CMT) are
considered malignant (Moe, 2001; Merlo
et al., 2008; Salas et al., 2015).

Canines as a model for
naturally occurring human
breast cancer (BC)

Canines are the most common pet
worldwide, and it is estimated that 33%

people over 15 years old own a dog. This
is the most common pet in Latin America,
Asia and Ocearda, and second most
common in Europe (GfK, 2016). This is
due in part to ongoing social changes in
recent years, which have led to the role of
pets as “family members” (Sharpe, 2017},
even influencing the owners’ finances
(Pet Census, 2016). As a consequence,
companion animals, particularly canines,
are an excellent model for studying
complex human diseases (Rowell et al.,
2011).

At the genome level, canines share —650
Megabases (Mb) of ancestral ence
with humans (Lindblad-Toh et al, 2005;
Fang and Argyle 2009). Also, many uni-
or multifactorial physiological disorders
constitute unique models for human
diseases (Yang et al., 1999; Starkey et al.,
2005). Nearly 400 hereditary diseases in
canines have an equivalent in humans,
many of which have been described and
named in the same manner (Starkey etal.,
2005). Theretore, as with murine models,
there is increasing interest in undertaking
comparative oncology research  with
canines (MacEwen, 1990; Pinho et al.,
2012). In canines, the evolution period
of cancer is significantly less than in
humans, as is the response to treatment,
enabling preclinical studies in cancer
development (Uva et al, 2009; Peruzzi
et al,, 2010). As such, the time period for
eva]uaﬁng cancer treatment success in
canines is 18 months, while at least seven
years are required in humans (Paocloni
and Khanna, 2008).

Canines can develop MC spontane-
ously (Macewen et al, 1982; Jaillardon et
al., 2015) or it can be hereditary, though
there is insufficient evidence despite the
evident homologies with humans (5zabo
et al, 1996; Goebel and Merner, 2017).
The underlving genetic complexity of tu-
mour development (Aguirre-Hemdndez
etal., 2009), biological behaviour, growth
patterns, morphology, tumour progres-
sion, metastasis patterns, histological
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types, and therapeutic response are high-
ly similar in humans (Starkey et al., 2005;

Paoloni and Khamna, 2008; Pang a.nd. Ar-
gyle, 2009; Tamburini et al., 2009; Peruzzi
et al., 2010; Tang et al., 2010; Gupta et al,,
2012). The epidemiological characteris-
tics are also similar between the two spe-
cies (Cassali, 2013; Vascellari et al., 2016),
although for some cancer types, disease
progression is more aggressive in canines
than in humans (Meirelles, 2010; Garcia,
2013). Therefore, the establishment of
oncology research protocols for the early
detection of cancer in canines will ena-
ble its firture extrapolations, followed by
advantages for medicine and for human
and animal survivorship.

CMC risk factors and

pathogenesis

Different factors influence CMC
development, including breed and
genetic predisposition, age, reproductive
history, hormonal achvity, diet, and
obesity (Sleeckx et al, 2011). Previous
lesions, such as mammary atypical
hyperplasia, can also increase the risk aof
CMC presentation (Dupont et al. 1993;
Page et al, 2003; Ferreira et al., 2014).

Breed and gemehic  predisposition:
Purebreds show a higher predisposition
{Hemanth et al., 2015; Sahabi et al., 2015).
French Poodle, English Springer Spaniel,
English  Spaniels, Cocker Spaniels,
German Shepherds, Maltese, Yorkshire
Terrier, and Dachshunds display a high
incidence of CMC (Borge et al, 2011;
Sleeckx et al., 2011; Caicedo et al., 2012;
Burrai et al, 2015; Campos et al., 2015).
Dhami et al. (2010) and Hemanth et al.
{2015) rted other breeds that are
highly susceptible to CMC development,
including the Doberman, Labrador
Retriever, Greal Dane, Pomeranian, and
Spitz (Dhamd et al, 2010; Hemanth et
al., 2015). Meanwhile, other breeds have
been identified as low risk: Border Collie,
Shetland Sheepdog, Bernese Mountain,

and Saint Bernard (Borge et al, 2011).
However, these results could be biased
by the ownership popularity of certain
breeds compared to others (Vidales and
Eslava 2007; Dhami et al., 2010). Yet, there
is a consensus regarding a higher cancer
predisposition of small breeds ared
to large breeds (Chang et al, 2005; Hsu et
al., 2009; Sahabi et al., 2015).

Age: In  addibon to genetic
predisposition, age also oplays a
fundamental role. CMC presentation
is more frequent in mid to older age
females, and an average age of six years
has been defined as the “cancer age”
(Perez-Alenza et al, 2000; Dhami et al.,
2010; Shinoda et al., 2014). In addition, a
high incidence is also observed between
9 and 10 years { et al., 1997; Hsu
et al., 2009; Caicedo et al,, 2012; Campos
et al, 2015, Sahabi et al., 2015). However,
there are also reports of age averages
under 8.4 years (Chang et al., 2005), while
authors such as Hemanth et al. (2015)
found a higher age range of 6 to 10 years,
with a reduction in frequency after 12
years.

Reproductive  history:  MNon-spayed
females are more susceptible to CMC than
spayed females (Chang et al., 2005; Sleeckx
et al, 2011; Hemanth et al., 2015; Sahabi
et al., 2015). Females spayed before their
first oestrous cyde have approximately
a 1.5% risk of develupmg CMC, while
ovariohysterectomy after the second
cycle increases the risk to 8%, and to 26%
after three cycles (Schneider et al, 1969).
Therefore, ovarian hormone ablation
through ovariohysterectomy performed
during early life dramatically decreases
dose-dependent steroid exposure, thus
redudng the risk of early mammary
tumour development (Sorenmo et al,
2011). Additionally, ovariohysterectomy
increases the survival imdex when
established as a therapeutic measure for
CMC (Hsu et al., 2009}, since the survival
index of females with CMC that undergo
ovarichysterectomy has been found to
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nearly double compared to non-spaved
females (Chang et al., 2005). Nevertheless,
there are differences among cancer types
regarding the therapeutic impact of
ovariochysterectomy, e.g. in females with
complex carcinoma compared to simple
(Chang et al, 2005).

Hormone mjluence: Owvarian steroid
hormones and products with medroxy-
progesterone acetate (MPA) produce
a proliferative effect on the mammary
tissue, thus stimulating growth and in-
creasing the risk of mammary tumour
development (Sleeckx et al., 2011}). Ster-
oid hormones (mainly oestrogens and
progesterone) participate in the normal
development of the mammary tissue
and play a key role in the early stages
of CMC pathogenesis (Sorenmo et al,
2011). Therefore, an ovarichysterectomy
after the second oestrous cycle does not
guarantee full protection from possible
tumour development (Schneider et al,
1969). This can be explained by the l'a::t
that both oestrogen receptors {ER} and
progesterone receptors (PR} are present
in high amounis in normal tissues and
benign lesions, leading to accurmulation
and availability in the mammary tissue
{(Macewen et al,, 1982; Rutteman et al,
1988; Clamp et al.,, 2003; Rao, 2008), as
compared to cancerous or metastatic
tissues. Mevertheless, there is a notable
presence of 17B-[*H] oesiradiol (Mace-
wen et al, 1982). Furthermore, MPA, a
progestin used to preveni oestrous or
treat false pregnancy, is known to in-
crease the risk of CMC development
{Rutteman et al., 1988; Stevring et al,
1988). MPA induces overproduction of
the growth hormone (GH), which induc-
es the development of dysplasia and be-
nign tumours (Perez-Alenza et al., 2000).
The interaction of the GH in the mam-
mary tissue stimulates the insulin-like
growth factor 1 (IGF-1).

Prolactin (PRL) is a 199 amino add
peptide with a molecular weight of 23
kDa (Freeman et al,, 2000}, synthesized

by the anterior pituitary gland. This
peptide displays a luteotrophic action
that is especially important during the
second half of pregnancy (Verstegen-
Onclin  and Verstegen, 2008; Rufo
et al, 2016), participates in cellular
development and differentiation of
the canine mammary gland (Jochle,
1997: Rufo et al., 2016), and carries out
lactogenic activity (Michel et al., 2012a),
among other functions. Although the
role of PRL in lumour development in
the canine mammary gland is still under
debate, several studies have proposed
that tumour genesis in the pituitary
gland is associated with decreased
secretory activity (El Etreby et al,
1980). This agrees with later studies that
reported a reduced expression of the
prolactin receptor (PRLR) (Michel et al.,
2012b). In addition, findings have shown
high levels of PRL in CMC compared to
benign lesions or hyperplasias (Queiroga
et al., 2005). These authors indicate that
most PRL present in cancerous tissues
is not of pituitary origin. This has been
demonstrated in humans (Ginsburg and
Vonderhaar, 1995), where there might
be an autocrine and paracrine effect
(Ben-Jonathan et al,, 2002; Clevenger et
al., 2003).

Diel: Homemade food, such as those
rich in fat and beef and pork, increase
susceptibility to CMC compared to diets
rich in poultry or balanced diets (Alenza
et al., 2000; Sleeckx et al., 2011).

Overweight and obesity: Body fat
ranges from 15 to 25% in healthy
animals, while more than 30% is
considered obesity (Burkholder et al,
2000). However, this relationship tends
to be narrower as age increases (German,
2006). Body mass and overweight status
can be assessed through morphological
analysis with determination of body fat
(Burkholder et al., 2000}, e.g. the Canine
Body Mass lndex (IMCC) (Muller et
al., 2008) or Escore of Body Condition
{ECC] (Laflamme, 1997). Adipocytes are
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the functional unit of fatty tissue (Khan
et al, 2015). They have high metabolic
activity and are highly sensitive to
nervous, nutritional and hormonal
control (Stephens, 2012) and about
95% of the cell weight is represented
by tiglycerides (Khan et al, 2015).
However, being overweight alters the
release of certain substances, including
leptin (German et al., 2010). This protein
hormone specific to adipocytes of 167
amino acids, has been known for ils
appetite control effects {Facey et al,
2017) and is linked to the regulation of
body mass (Hassink et al,, 1996).

In dogs and humans, an increase in
leptin has been found when adipose
tissue is more abundant (Maffei et al,,
1995; Gavet et al., 2004; Kil and Swansaon,
2010), implying cell proliferation by
stimulation of the IGF-1 or somatomedin
and promotion of angiogenesis
(Renehan et al., 2006). In BC, the leptin
receptor (ObR) and Human Epidermal
Growth Factor Receptor type 2 (HER-
2) can be co-expressed, which reduces
the effectiveness of HER-2 treatments
(Fiorio et al, 2008), since ObR can
mediate HER transactivation-2 (Soma et
al., 2008), although this is controversial
(Santillin et al, 2012). The positive
relationship between ObR and HER-
2 has also been observed in animals
(rodent models) with mammary tumour
(Garcia-Robles et al., 2013), although
this interaction is not yet clear (Lim et
al., 2015).

In female dogs, obesity during the
first year of life markedly increases the
risk of cancer, since several carcinogenic
events occur in the mammary gland
during this period, although there is no
clarity on this mechanism {Sonnenschein
et al., 1991; Perez-Alenza et al, 2000;
Sorenmo et al., 2011; Lim et al., 2015).
Several findings have shown that the risk
is similar if a female is obese at least one
vear prior to being diagnosed with CMC
{Shofer et al., 1989).

Clinical aspects and diagnosis

of CMC

Clinically, tumour masses are the main
warning of abnormality in the mammary
glands of female dogs. The size of these
TASSES CaAn T from 0.5 cm to 21 cm
in diameter (Chang et al., 2005 Hsu et
al, 2009). Consequently, the clinical
significance of canine tumour masses
indicates that small and hard masses are
more likely benign, while larger masses
generally display ulceration and are
histologically malignant (Hemanth et al.,
2015). Thus, the latter result in a more
unfavourable prognosis (Hsu et al., 2009},

All mammary glands can be involved
in the development of CMC, whether
initially one gland is involved or a
combination of them, and these can show
the same or different histological features
(Perez-Alenza et al, 2000; Goebel and
Merner, 2017). There is no tendency
towards one side more than the other
(Chang et al, 2005; Hsu et al, 2009;
Hemanth et al, 2015), though findings
have shown that the caudal mammary
glands (glands 3, 4 and 5) are more
affected than the thoradic pairs (1 and 2)
(Chang et al., 2005; Hsu et al., 2009). In
consequence, the inguinal zone is most
affected, while the least affected is the
caudal thoracic sector (Hemanth et al.,
2015).

Additionally, lymphatic drainage in
healthy females is ipsilateral (towards
the same side} and there is no evidence
of drainage towards the contralateral
lymph nodes (LM} (Pereira et al, 2003;
Pereira et al., 2008), which is one of the
differentiating factors in neoplastic
glands (Patsikas et al, 2006). However,
not all CMC types behave in the same
manner, &.g. epithelial type neoplasms,
such as carcinomas, generate metastasis
through the lymphatic system, while
mesenchymal neoplasms, such as
sarcomas, achieve metastasis through
capillaries and wveins (Sorenmo et al,
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2011). There are correlations between
CMC patient survival and the number of
affected LN, where average survivorship
decreases with increasing number of
affected LN (Carter ot al, 1989, De
Aratijo et al., 2015). Tumour size and LN
condition are independent prognostic
factors; however, they are additive
(Carter et al., 1989), since a larger tumour
diameter is related to metastasis to the
lymph node (Chang et al,, 2005). This fact
indicates a direct relation between these
two factors,

CMC and genetic markers

In hereditary human BC, alterations
of the suppressor gene p53 and mutations
in suppressor genes BRCAL and BRCA2
{Breast Cancer 1, 2) are mainly involved
(Overgaard et al, 2000; Honrado et al,
2006: Olivier et al., 2006 Pérez-Losada
et al,, 2011). In sporadic MC, there is an
involvement of modulators of cellular
proliferation, including alterations
in ER, which are classified into three
groups: classic ERn, ERpB, and the most
recently described, GIPR30 (G protein-
coupled receptor 30} (Prossnitz et al,
2007; Hazell et al, 2009; Prossnitz and
Maggiolini, 2009). The first two ER
groups belong to the superfamily of
nuclear receptors that regulate elements
at the nuclear level through MAPK-type
responses  (Mitogen-Activated  Protein
Kinases), PI3K (Phosphoinositide (PI)
F-Kinase), and cAMP (cyelic adenosine
manophosphate). Alterations in these two
receptors lead to cellular iferation,
growth, and survival. ER are implied
in high resistance to treatments and
development of metastasis, in oo
expression with the HER-2 gene (Filardo
et al, 2006). Another group consists
of Transforming growth factor (TGF ),
which includes three members (TGF
B I-). A reduction in the expression
of TGF P enables the development of
MC and eventual metastasis {Landis et

al., 2005; Dong et al., 2007). In addition,
PGDF (Platelet-Derved Growth Factor)
receptors include two types, PGDFR
a and B, which are related to cellular
proliferation and differentiation. Tumour
invasion capadty has been correlated
with co-expression of FGDFR a and
HER-2 (Carvalho et al, 2005). Finally,
the Protease-activated receptor (PAR)
participates in the modulation of cancer
growth (Ceballos and Hernandez, 2008).
PAR1 mediates caldum signalling,
transcription processes, and mitogenesis
{Coughlin, 2000). HER-2 contributes to
FAR1 activation, therefore, providing
high prognostic value (Ceballos and
Hernandez, 2008).

In canines, nwtations in genes
with high or low penetrance in cancer
considerably increase the sk of
CMC  presentation. Single Nucleotide
Polymorphisms  (SMNF} in  coding
regions can lead to alterations in protein
structure or function (Borge et al, 2011).
Genes that show different risk levels
have been the most studied, including
breast cancer susceptibility genes 1 and
2 (BECAL, BRCAZ), tumour protein p53
(TP53), phosphatase and tensin homolog
(PTEN), checkpoint kinase 2 (CHEKZ),
ataxia telangiectasia mutated (ATM),
and human epidermal growth factor
receptor-2 (HER-2) (Hsu et al, 2009
Borge et al., 2011).

CMC and clinical implications
of the HER-2 gene

Inwomen with BC, the overexpression
of HER-2 (HER-2 positive state) is found
between 20% and 30%, and is generally
correlated  with a high phenotypic
aggressiveness and resistance to oytotoxic
and endocrine therapies (Gonzalez et
al,, 2007; Fehm et al, 2007; Savino et al.,
2009; Park et al., 2014). The latter leads
to a poor clinical prognosis, mainly
short survivorship (Slamon et al, 1987;
Gambini et al., 2003; Ross et al., 2003),
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and in both humans and canines, the
prognosis is reserved for up to two years
after surgery (Ressel et al., 2013).

The oncogene HER-2/nen wasinitially
isolated from neuroectodermal tumours
in rats and compared to its homologues
in humans and rabbits; therefore, neu
corresponds  to neurcblastoma (Shih
et al., 1981). In humans, HER-Z/nen
maps to chromosome 17q 12-21.32
{Akivama et al,, 1986; Fukushige et al.,
1986; Popescu et al,, 1989; Fehm et al,
2007; Finn et al, 2009; Krishnamurt
and Silverman, 2014). In canines, the
gene is located on chromosomes 9 and
5 (Yang et al., 1999); however, it has also
mapped to chromosome 1q13.1 through
tfluorescence i sifn hybridization (FISH)
(Murua Escobar et al, 2001). HER-2/
nei is a membrane protein of 185-kDa
(Manguire et al, 1989), conformed
by three domains: a fransmembrane
lipophiic domain, an extracellular
domain (ECD) (105 -kDa), and an
intracellular tyrosine kinase domain (Ha
et al., 2015; Di Gioia et al., 2015). HER-2
carries outan important roleinregulating
cellular  growth and differentiation
(Yarden, 2001). However, it has gained
importance given its participation in the
physiopathological progression of the
mammary tumour and low response to
treatments (Akiyama et al., 1986; Liifiner
et al., 2003).

In humans, the clinical significance
of HER-2 is relevant, because it is
overexpressed in early stages of cancer
development. In consequence, it has
become a therapeutic target (Hanna, 2001;
Yarden, 2001; Wilson et al,, 2002; Reddy
et al, 2004; Finn et al, 2009; Krawczyk
et al, 2009; Onitilo et al,, 2009; Page et
al., 2011; Soares et al.,, 2016). Yet, unlike
the other receptors (HER-1, HER-3, and
HER-4), HER-2 oncogenesis is attributed
to an increase in the expression of a non-
mutated receptor. As a result, there is an
increase intyrosine-kinase activity, which
induces cellular transtormation (Siegel et

al., 1994; Biscardiet et al, 2000; Yarden
2001; Stefano et al., 2004; Moasser, 2007).
Theretore, HER-2 is closely related with
the rate of cancer progression (Gonzdlez
et al, 2007). This is due to a deletion
in exon 16 of the extracellular domain
(Siegelet al., 1994) and a polymorphismin
codon 655 (Papewalis et al,, 1991). Hence,
MC with overexpression of HER-2 highly
correlates with metastasis in regional
lymph nodes and, for this reason, HER-2
is used as a prognosis marker in relation
to other proteins p53, Ki67, ER, and PR
(Sebrarajan et al, 2004).

There iz a 29.7% incidence of HER-

2 overexpression in female canines

i sed  with mali t mammary
tumour {Hsu et al, 2009). Later studies
showed incidence rates of 28.6% (Ressel et
al,, 2013}, 38% (Shinoda et al., 20014), 37.5%
(Burrai et al, 2015) and 32.1% (Campos et
al., 2015). However, the results regarding
HER-2 expression levels are not vet clear
(Hsu et al., 2009; Ressel ot al,, 2013). HEE-
2 overexpression is seemingly not strictly
assodated with the initial stages of
atypical cellular proliferation (Ferreira et
al., 2014), indicating a high complexity in
terms of establishing the most adequate
prognosis and therapy for each type of
CMC (Resssel et al., 2013).

In canines, it is likely that HER-2 only
participates in proliferation and not in
the malignancy process of the mammary
tissue during tumour formation (Hsu et
al., 2009; Ressel et al,, 2013). Nevertheless,
this can vary, since there have beenreports
of CMC processes with amplification or
overexpression of HER-2 (Rungsipipat
et al, 1999), and of others with no
association to HER-2 (De las Mulas ot
al, 2003). This poses a challenge for
prognosis (Dutra et al, 2004), as findings
are not clear regarding the effects of HER-
2 on the survivorship rate in comparison
to other genes (Hsu et al., 2009; Shinoda
et al., 2014). However, a HER-2 positive
state means an unfavourable prognosis,
both for women (Savino et al., 2009) and
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in most canine female cases (Hsu et al,
2009; Ressel et al., 2013).

HER-2 as a tumour marker in

CMC

A tumour marker (T} is a molecule
{glycoprotein, generally) that can be
produced by normal cells and tumour
cells, although levels are higher in the
presence of cancer (Hermida et al,, 2016).
In cancer, concentrations of Th can be
produced by both normal cells and cancer
cells, and these substances are detectable
in biological fluids (Romero et al, 2002;
Almeida et al, 2007). TMs may be
tumour-specific proteins (tumour antigen
specific), nonspecific protein tumour
markers associated with malignant cells,
or specific proteins overexpressed in
malignant cells (Lindblom and Liljegren,
2000; Romero et al, 2002). No TM is
totally sensitive and specific, but together
with other clinical procedures can take
specific therapeutic decisions (Koshida
et al, 1996; Lindblom and Liljegren, 2000;
Hermida et al,, 2016).

HER-2/menn  (HER-2) is a proto-
oncogene that encodes a glycoprotein
that stimulates cell proliferation and
differentiation in normal epithelial cells
{Yarden and Sliwkowski, 2001; Farzadnia
et al., 2010). In humans, overexpression
of the HER-2 protein has been found in
20 to 30% of invasive breast cancer cases
{Slamon etal., 1987; Wolff et al., 2013). The
concentration in serum has an important
prognostic value (Andrulis et al, 1998;
Sjogren et al, 1998; Agrup et al, 2000)
and it has high influence on treatment
decisions (Leyland-Jones, 2002).

In human breast cancer (HBC),
HER-2 levels in blood serum have been
studied in metastatic cancer (Jensen et
al., 2003). Serum concentrations of 18.5%
have been re (Carney et al, 2003),
and 13.4% with significant correlation
with tumour size and clinical grade by

immunohistochemical analysis (IHC)
(Harris et al, 2001) and ELISA in primary
HBC (Pallud et al., 2005). Other studies
have not found a positive correlation
between dinical-pathological variables
and elevated serum levels (Kong et
al., 2006). The cut-off value for seruim
measurements of HER-2 should be
determined for each type of population
(Ellis et al., 2000; Rakha et al., 2015) due
to the little relation that there could be
with the amplification of the gene or the
overexpression of the protein (Kong et
al., 2006).

The BLAST alignment of HER-2
reveals a 92% homology in the amino
acid sequence between humans and
canines (Singer et al, 2012). However, the
use of human test kits for enzyme-linked
immunosorbent (ELISA) to measure
concentrations of HER-2 in dogs did
not significantly differentiate between
healthy patients and those with cancer
(Campos et al, 2015). However, the
correlation of serum levels of HER-2 with
tumour size, high histological grade,
mitotic index and muclear polymorphism
indicated a poor prognosis (Dutra et al.,
2004; Hsu et al., 2009; Muhammadnejad
et al, 2012; Kaszak et al,, 2018), although
this relationship is controversial (Kim et
al., 2011; Ressel et al., 2013). Additionally,
reduced expression has been reporied in
the presence of aggressive tumours such
as ducal carcinoma in situ (DCIS) (Silva
et al, 2014), unlike that found in feline
mammary cancer (FMC) (Soares et al,
2016).

Currently, it has been difficult to
determine the similarities or differences
in the overexpression of HER-2 between
humans and canines. In canines, we find
the deletion of exon 16 or the absence of
polymorphism of codon 655, yet there
is a polymorphism in exon 14 (Hsu et
al,, 2009), Nonetheless, it is important to
differentiate between diagnostic methods
with high sensitivity, in order to clearly
establich similariies and telatons in
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this gene between humans and canines
(Savino et al., 2009).

Conclusions

The  differences  between  the
overexpression of HER-2 in human
BC and CMT are not yet dear. Despite
recognizing the importance of HER-2,
the clinical usefulness of its detecton in
animal medicine is shll unclear, since
the relationship between overexpression
of HER-2 and CMC may be due to the
interaction of several genes and not to
the activity of the gene itself. In addition,
care must be taken to determine HER-2,
since it is overexpressed in other types
of tumours, therefore it is necessary to
supplement the clinical correlation with
other clinical analyses. In humans, high
levels of ECD in primary BC have a high
diagnostic, prognostic and therapeutic
value, while in canines, the pattern of
presentation is not clear and survival
findings are controversial. Given the
high complexity involved in monitoring
HER-2 in female dogs, it is important to
develop studies with simple, minimally
invasive methods that would allow for
carly detection.
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Tumor mlijecne zlijezde kuja: klinicke implikacije sa
specifiénim fokusom na HER-2 genu
Algjandro CLAVIJO-MALDONADO, Esp., Grupo de Investigacion GEBIOME, Departamento

de Gencias Biologicas, Facultad de Ciencias Exactas y Naturales, Universidad de Caldas,
Manizales, Colombia, Grupo de Propiedades Opticas de Materiales, Departamento de Fisica
v Quimica, Universidad Nadonal de Colembia Sede Manizales, Manizales, Colombia; Enio
FERREIRA, PhD, Instituto de Ciéncias Bioldgicas, Departamento de Patologia, Universidade
Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brasil; Carlos VARGAS- HERNANDEZ,
PhD, Grupo de Propiedades Opticas de Materiales, Departamento de Fisica v Quimica,
Universidad Nacional de Colombia Sede Manirales, Manizales, Colombia; Fredy A RIVERA-
["JiEZ, PhD, Grupo de Investigacion GEBIOME, Departamento de Ciencias Biolagicas, Facultad

de Giencias Exactas v Naturales, Universidad de Caldas, Mamizales, Colombia

Tumor mbjeéne Zijezde kuja je
jedna od najéeidh neoplazija u Zenki u
usporedbi s drugim wvrstama. Ustvrdeno
je nekoliko Gmbenika rizika ukljufujud
pasminu, genetsku predispozidju, dob,
reproduktivi. anamnezu,  hormonalnd
utjecaj, hranidbu i tjelesnu kondiciju uz
prethodne lezije mlijefne Flijjezde kao ito
su primjerice atipi€na hiperplazija miijetne
Hijezde. U dlju uspostavljanja specifitne
terapije koja bi omegudla prihvatljive
vrijeme preZivljavanja pacijenata vaino
je razumijevanje genetskih markera =za
spomenutu bolest kao i klinicki pristup.
Prekomjerna ekspresija HER-2 genau kanida
i ljudi povezana je s nepovelinom klinifkom

prognozom, uglavnom s kratkim vremenom
pregivijavanja, premda nije jasna njithova
klinitka povezanost. Incidencija HER-2 u
kuja mode biti u rasponu od 20,7 % do 38 %
Medutim, prekomjerna ekspresija HER-2 nije
mifno povezana sa zlodudnim procesima u
thivu mlijedne Zlijezde, premda ima ulogu u
stanifno] proliferaciji. Naposljetku, kanidi
su i dalje najvaZnifi modeli za komparativou
onkologije u odnosu na ljude zbog wvelike
slifesti u spontanom izgledu i razvoju
tumora kao i u visokoj homologiji u slijedu
aminokiselina,

Kljufne rijefi: cerbBlL  dijagnostika,
slodudni  twmor  miijedne Alifesde,  progroza,
cmbertici rizika
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ABSTRACT

Objective. To describe the prevalence of canine mammary gland tumers (CMT) in females in the
municipality of Manizales-Colombia from 2014-2017. Materials and methods. A database of 15961
patients was consolidated. The variables analyzed were, breed, age, reproductive history, weight,
diet type and clinical characterization of the tumer with the TNM (tumor-node-metastases) staging
system. The statistical analysis include Pearson’s chi-squared test with Yates correction for continuity
and Fisher’s exact test (p<0.05), relative risk and odds ratio {C195%) and Kaplan-Meier estimator for
survival analysis. Results. The incidence in purebred dogs was 79.14%, with a peak at the average
age of 9.3 years old. Pearson’s chi-squared test and the relative risk and odds ratios indicated a high
risk for purebreds (p=0.019, 3.96/100, 1.64, respectively). Females of ages between 9 and 12 years
old showed a 749% likelihood of developing a mammary tumor. No found significant relation to weight
or reproductive stage but indeed a high assocciation with homemade diet (p<0.001). The inguinal
mammary pairs were the most affected (6.9%). The Kaplan-Meier estimate showed a higher survival
of surgically-intervened patients, with 2013 days of survival after diagnosis with surgery compared
to 1484 days without surgery. Conclusions. The study confirmed the relevance of risk factors,
breed type, age, body condition and diet type in the mammary tumor presentation. Furthermore,
it highlights the need for improving and integrating the veterinary diagnestic information systems,
considering their importance in public health.

Keywords: Cancer; epidemiology; incidence; prevalence (Source: CAB).
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RESUMEN

Objetivo. Describir la prevalencia del tumor mamario canine (TMC) en hembras en el municipio de
Manizales-Colombia durante 2014-2017. Materiales y métodos. Se consolidé una base de datos
de 15961 pacientes. Las variables analizadas fueron raza, edad, historia reproductiva, condicién
corporal, tipo de dieta, y caracterizacién clinica del tumor mediante el sistema de estadificacién
tumor-nddulo-metéastasis (TNM). El andlisis estadistico incluyd prueba de chi-cuadrado de Pearson con
correccion de Yates, prueba exacta de Fisher {p<0.05), riesgo relativo, oportunidad relativa (1C95%)
y analisis de supervivencia de Kaplan-Meier. Resultados. La incidencia en perros de razas puras fue
79.14%, con un pico promedio a la edad de 9.3 afios. La prueba chi-cuadrado de Pearson, el riesgo
y las oportunidades relativos mostraron un riesgo alto para razas puras (p=0.019, 3.96/100, 1.64,
respectivamente). Hembras entre los 9 y 12 afios mostraron una probabilidad del 74% de desarrollo de
turmor mamario. No se encontré una relacidn significativa entre la masa corporal o estado reproductivo
pero una elevada asociacién con la dita casera (p<0.001). Los pares inguinales mamarios fueron los
mas afectados (6.9%). La estimacién de Kaplan-Meier mostrd una alta supervivencia para pacientes
intervenidas quirdrgicamente, con 2013 dias después del diagndstico con cirugia en comparacién con
1484 dias sin cirugfa. Conclusiones. El estudio confirma |a relevancia de los factores de riesgo: tipo
de raza, edad, condicién corporal y tipo de dieta en la presentacién de tumor mamario. Ademas, se
destaca la necesidad de mejorar e integrar los sistemas de informacién de diagndstico veterinario,
considerando su importancia en la salud publica.

Palabras clave: Cancer; epidemiologia; incidencia; prevalencia (Fuente: CAB).

INTRODUCTION

Canine mammary gland tumor (CMT) is one of
the most common tumeors in dogs (1) and one of
the main causes of mortality, similarly, as occur
in humans (2,3). In female dogs, 40% of tumors
are of the mammary gland (4,5) and these are
three times more frequent than in women (1,6).
In particular, intact females are more susceptible
(4,7,8,9,10,11).

Canine mammary tumors are the second
most frequent type after skin tumors {12,13).
There are several predisposing factors to the
presentation of CMT. For instance, purebreds
are more susceptible {9,10) and, among these,
small breeds are more susceptible to CMT
(7,10,14). Age-wise, the highest incidence
of CMT is estimated from 8 to 10 years old
(1,8,9,10,13,14,15,16).

Early sterilization greatly reduces the
susceptibility of developing CMT (17) and
increases the survival rate (7,14). Ovarian
steroid hormones or exogenous products, such
as medroxyprogesterone acetate, stimulate
the proliferation of the mammary tissue and,
consequently, increase the risk of CMT (8,17,18).
Ancther relevant risk factor is excess weight and
obesity, which marked|y increase the risk of CMT
(19). Although other authors have not found this
association (20). Homemade diets rich in fat is
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another risk factor (8,19). Many of these risk
factors are shared with humans, in particular,
lifastyle, type of diet/obesity, and hormonal birth
control therapies (21,22).

Although CMT is a relatively common disease, in
several places the databases are not consolidated,
represents a challenge for data retrieval (23). Many
clinical records are incomplete, ambiguous, or do
not indicate the definitive diagnosis or the length
of survival of the patients (24). The main objective
of this study was to describe the prevalence of
CMT in females and males in the municipality of
Manizales-Colombia from 2014-2017.

MATERIALS AND METHODS

Data retrieval. We consclidated a database
from clinical records between 2014 and 2017
provided by eight veterinary care centers in the
city of Manizales (Caldas, Colombia). Access to
the clinical records was done with signed consent
from the animal owners and/or veterinarians.
The constructed database was filtered to
establish four groups of patients: Group I: all
patients reported from consultations, Group II:
patients from group I with a clinical diagnosis.
Group III: patients from group II with any type
of tumor affection. Group IV: it includes patients
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from group III with 2 mammary gland tumor, The
variables analyzed in the females diagnosed with
CMT were breed (25), and breed type (purebred
or mixed-breed), age, weight, type of diet,
repreductive stage, hormonal treatments, and
clinical characterization of the tumor (type, size,
number of affected mammary glands, affected
location, and metastasis).

We estimated the rate of presentation of tumor
pathologies each year and determined the most
affected organ system, as well as the annual
number of females diagnosed with CMT. The
topographic classification was done based on the
Classification of Disease for Oncology System
(ICD-0) (26). We determined the disease
prevalence according to breed, age, and weight
(normal, overweight, or obese based on the
breed). In dogs, overweight is considered being
15% more than the “optimal weight” (27,28)
and obese when it exceeds 30% (29).

The clinical characterization of the tumors was
determined based on the TNM staging system
(30). The histopathological findings were
adapted according to Cassali et al (31). The data
were consolidated in a MS Excel® spreadsheet,
We alsc searched the bank of histopathaological
slides and histopathological reports databases of
the consulted veterinary attention centers. We
made a photographic register with a Leica ICC50
HD camera system and analyzed the images
with Image] software {Wayne Rasband, National
Institutes of Health, USA). Finally, we confirmed
by telephone, the survival time from the initial
diagnosis and surgical procedure of the females.

Statistical analysis. The relationship between
the variables breed, age, weight, type of diet,
and reproductive stage was determined using
Pearson’s chi-squared test with Yates correction
for continuity and Fisher's exact test for
continuous data with p<0.05. We also estimated
epidemiological indices including incidence rate
(relative risk - RR) for the female population
over six years old with a definitive diagnosis
and odds ratio - OR with a confidence interval
of 95% (CI95%). The RR was calculated as the
total number of canine females per 100 fermales-
years divided by the total number of diagnosed
fernales. The OR was estimated using 2x2 tables
for each the study variables. The data was
consolidated in a MS Excel® spreadsheet and
analyzed using the R statistical package v.3.5.3
(R Foundation for Statistical Computing, Vienna,
Austria). The survival analysis was performed
using the Kaplan-Meier estimator (p<0.05) with
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GraphPad Prism v.8.2.0 software {GraphPad
Software Inc., San Diego, CA).

RESULTS

General prevalence. The consolidated database
(2014-2017) allowed distributing the patients
into four groups. Group I (n=20815); Group
Il (n=15961}, 15258 canines; Group III,
tumor alterations (n=403), female and male
canines; Group IV, females with CMT diagnosis
(n=139) (Table 1). We classified the data into
30 categories for each tumor alteration (ICD-0),
in addition to a non-determined category. The
general prevalence of the tumor alterations was
2.52% (403/15961). The most affected system
during 2014-2017 was the mammary gland
(code C50), 34.5%, followed by the skin (C44),
88 cases (21.8%). We found 139 alterations of
the mammary gland that corresponded to CMT.
We excluded those of different origin. The general
prevalence of CMT was 0.87% (139/15961).

Prevalence by breed, age, and body
condition. Purebreds were more affected
(79.14%) compared to mixed-breeds (20.86%)
{Table 2). The most affected breeds were French
Poodle (24%), Pinscher (10%), Miniature
Schnauzer, Cocker Spaniel, Beagle, and
Labrador Retriever (Table 2). The mean age of
the patients was 9.3 years old (SD= £3.68)
and the median was 10 years. The age range
was Xmin lyear - Xmax 16 years. The most
reperted age ranges were 10 to 12 years
old (n=24; 17.3%), followed by 7 to 9 years
{n=21; 15.1%). Females older than 12 years
{n=13; 9.4%), 4 to 6 years old (n=7; 5%) and
less than 4 years old (n=6; 4.3%). We found
that 48.9% (n=68) of the clinical records did
not describe the age of the patient. Moreover,
75.5% (n=80) were patients with normal
weight, 10.4% (n=11) were overweight, and
15 patients were obese (n=15; 14.1%). We did
not include mixed-breeds (n=29).

Pearson’s chi-squared test with Yates’ correction
for continuity showed a chi-squared value
of 5.4287 (p=0.019) for breeds, indicating
a positive relationship beatween breed and
CMT. This result agrees with the breed-wise
RR of 3.96/100-females, indicating a high
risk (QR=1.64). Fisher's test showed a strong
relationship between CMT and age (p<0.001).
The ages from 9 to 12 years showed the highest
significant risk for CMT (OR 2.81). We did not
find a significant relationship between body mass
(weight) and the presence of CMT (p=0.051).
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Table 1. Tumor alterations by organ system in canines of Manizales, Colombia from 2014-2017.

sitie o oy Total (%)  Female (%)  Male (%)
Tongue, UP co2 1 0.2 1 0.2 0
Mouth floor CD4 1 0.2 0 1 0.2
Mouth UP coe 18 4.0 8 1.8 10 2.2
Nasopharynx C11 2 0.4 1 0.2 1 0.2
Small intestine c17? 1 0.2 1 0.2 0
Anus and anal canal 21 2 0.4 0 2 0.4
Liver and intrahepatic ducts c22 9 2.0 2 0.4 7 1.6
Other digestive organs (Intestine, GI) C26 1 0.2 1 0.2 0
Bronchi and Lung C34 1 0.2 1 0.2 0
Heart, mediastinum, pleura c3g 1 0.2 1 0.2 0
Bones, joints, cartilage c40 1 0.2 1 0.2 0
Bones, joints, cartilage, UP C41 2 0.4 1 0.2 1 0.2
Hematopoletic and reticuloendothelial system C42 3 0.7 i 0.2 2 0.4
Spleen C42.20 8 1.8 1 0.2 7 1.6
Skin Cdd 88 19.7 37 8.3 51 114
Connective, subcutaneous and other tissue C49 8 1.80 6 1.3 2 0.4
Mammary gland Cs0 139 40,8 139 314 0
Vulva 51 1 0.2 1 0.2 0
Vagina C52 23 5.2 23 5.2 0
Uterus C55 1 0.2 1 0.2
Ovaries C56 1 0.2 1 0.2 0
Penis 60 25 56 1] 25 5.6
Prostate gland Cbl 4 0.9 1] 4 0.9
Testicles 62 13 2.9 0 13 29
Kidney Cha 2 0.4 1 0.2 1 0.2
Eyes and annexes 69 3 1.1 1 0.2 4 0.9
Brain C71 2 0.4 1 0.2 1 0.2
Thyraid gland Ccr3 1 0.2 1] 1 0.2
Lymph nodes ci7 1 0.2 1} 1 0.2
Unknown Primary Site C80 1 0.2 0 1 0.2
Undetermined ND 37 8.3 26 5.8 11 2.5

Total 403 100 257 63.8 146 36.2

ICD-0: Structure of the topographic code, Site=(C00), sub-site=(.0).

Table 2. Breed-wise morbidity from CMT in canines of Manizales, Colombia, according to the classification by

Salt et al (25).
Breed type (Kg) Breed Total cases Proportion{9b)
Chihuahua 1 1
L :i'falt‘;se 114 110
nscher

(<6.5) Yorkie 1 1

Yorkshire Terrier 4 3
Total 21 15.1

Jack Russell Terrier 1 1

1 Pekingese 1 1

(6.5t < 9) Miniature schnauzer 5 4

Shih Tzu 2 1

Total 9 6.5

French bulldog 2 1

Cocker Spaniel 3 4

o, : i

(9t < 13) Boston terrier 1 1

Fox Terrier 1 1

French Poodle 34 24
Total 49 35.3

v Basset Hound 3 2

(15 to < 30) e 3 2
Total 10 7.2

Golden Retriever 4 3

v Labrador Retriever ] 4

(30to < 40) German shepherd 4 3

Siberian Husky 4 3
Total 18 129

VI (40+) Rottweiller 3 2
Total 3 2.2

Other Mongrel 29 21
Total 29 20.9
Total 139 100
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The chi-squared test indicated a relationship
between CMT and homemade food diet
(p<0.001) and 2 RR=1.8 showed a high risk
for this variable. We did not find a relationship
for CMT and the reproductive stage (p=0.913),
OR=1.47, indicating it is a non-significant risk
factor, Although, this could be attributed to the
few reports on the reproductive stage of the
patients (Table 3).

Clinical aspects. Twenty-four clinical records
provide reports of TNM staging the left mammary
ridge being the most compromised. The inguinal
pairs are the most affected (pair 5: 18.2% left
and 15.6% right). For the variable diameter
of the primary tumor (T) of the TNM staging
system, we found that T1 (<3cm diameter) is
the most reported with 38.46%, followed by T3
{3-5cm, 29.23%), and T2 (> 5cm, 20%). T4
(inflammatory carcinoma) comprises tumors
adhered to the skin (6.15%), as well as non-
fixed (4.62%) and 1.54% fixed to the muscle,
Absence of compromise to the regional lymph
node-LN (N} and distant metastasis (M) was
70.8% (NO, MO), N1 and M1 (29.2%) for both.
The predominant Clinical Stage (CS) was CS-V
(25%), followed by CS-I, CS-1II, and CS-IV

(20.8%), respectively, and CS-I1, 12.5%.

Of the histopathological findings, 18% were benign
neoplasia, non-determined (ND) hyperplasia,
mammary adenoma, and fibroadenoma. On
the other hand, 5% were malignant neoplasia,
mammary carcinoma-ND, papillary carcinoma,
tubular carcinoma, and mixed tumor carcinoma.
Figure 1 shows histopathological diagnostic slides
of some of the females included in this study.
Unfortunately, 77% were CMT reports with no
definitive histopathological diagnosis. Metastases
to the lung and the LN were reported in 31% and
38% of cases, respectively.

The Kaplan-Meier curve indicated a higher survival
of patients that were surgically intervened,
showing a survival period of 2013 days after
diagnosis with surgery compared to 1484 days
without surgery. The survival period after surgery
was 2005 days. We did not observe significant
differences for both analyses (p=0.31 and 0.183,
respectively) (Figure 2). The analysis of the
clinical records was challenging, particularly due
to incomplete records and unclear reports of the
clinical findings.

Table 3. Odds Ratioc (OR) with a 95% confidence level (95%CI), probability and risk for patients diagnosed with
CMT. Variables breed, age, weight, type of diet, reproductive stage.

Category sl Taotal OR 95% CI Probability
Diseased Healthy

Breed
Pure 103 233 336 1.642 1.08-2.49 62%
Maongrel 26 73 99 0.61% 0.40-0.92 38%

Age (Years)

0-4 19 167 186 0.3% 0.16-0.56 23%
3-8 19 167 186 0.3¢* 0.18-0.71 26%
9-12 22 80 102 2.81b 1.42-5.58 T4%
z13 19 55 74 1.33¢ 0.59-3.03 57%

Welght
Mormal 80 65 145 0.64¢ 0.39-1.03 39%
Overweight / Obesity 26 22 48 1.57¢ 0.97-2.56 61%

Feed Type
Balanced feed 27 176 203 0.14% 0.08-0.26 12%
Mixed / homemade food 14 14 28 7.05° 3.81-13.04 B8%
Reproductive state
Intact 32 130 162 1.47¢ 0.68-3.16 &%
Spayed 7 (137 73 0.68¢ 0.32-1.47 4%
Meaning: * Risk factor, statistically significant; & Protection factor, statistically significant; = Not significant
Rev h_l'u'Z Cirdoba, 2020, September-December; 25(3):e1888 5/10
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{A) Tubular carcinoma with in situ areas,

H&E. 10x. Plelomorphic epithelial cells and mitotic figures present. Loss of the basal

layer continuity. (B) Mixed tumor carcinoma. H&E, 40x. (C) Tubular carcinoma. H&E, 10x, Epithelial proliferation in tubule
configuration. (D). Adenosis. H&E. 10x. Periductal tissues altered and lobular dilation. (E) Adenosis with hemorrhage. HE&E.
10x. (F) Benign mixed mammary turmor. H&E. 10x. Mesenchymal proliferation and high epithelial cellularity.

Figure 1.Photomicrographs of tissue after hematoxylin and eosin staining (H&E), showing histopathology of

mammary lesions in canines (Manizales, Colombla). Scale bars equal 40 or 50 um.
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Figure 2.Kaplan-Meier survival curve. Female canines with CMT. Difference In survival between groups without

(A) and with (B} surgery after diagnosis.

DISCUSSION

General prevalence. Females and males
diagnosed with tumor lesions accounted for
63.8% and 36.8%, respectively, which agrees
with a previous study (32) reporting 58%
lesions for females and 39% for males. We
found that alterations of the mammary gland
are the most frequent cause of consultation
(1,5,12,13,33,34,35).

Rev MVZ Cirdoba, 2020. September-December; 25(3):e1888
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Prevalence by age, breed, and body
condition. The prevalence of CMT was higher
in purebreds, consistent with the results of other
studies (9,10,23,24,35). Medium-sized and small
breeds are more frequently diagnosed with CMT
than large breeds (10,35). French Poodle is the
most commeon among the purebreds, a finding
that agrees with previous studies conducted in
the same city (36) and other cities of Colombia
{12,13). Cocker Spaniel and Beagle also show
high prevalence (10). For large breeds, Labrador
Retriever, Golden Retriever, and German
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Shepherd were the most reported (9,11,12,32).
The presence of CMT and its frequency in certain
breeds greatly depends on the popularity of the
breeds, degree of ownership, and trends for
certain breeds in a given area. For this reason,
no general tendency was observed. However,
in small breeds, an earlier diagnosis of tumor
alterations is more frequent since these breeds
are more easily managed by their owners.

The mean age was 9.3 years with a higher
prevalence between 10 and 12 years old. Our
findings agree with previous studies (11,36,37)
and with age ranges reported by different
authors, 9-11 years old (4,20), 6-10 years (9,35),
7-11.9 years (33), 10-11.9 years (34), 8-11
years (32), and B-10 vears (13). In particular,
six years old is known as the “age of cancer”
(1,15,19). Furthermore, the incidence of the
disease increases with age, with maximum peaks
between 9 and 10 years old (1,35) and decreases
around 12 years old. Another peak is observed
at approximately 13 years old and there are also
exceptional cases before 5 years old. The age of
10 in canine females is considered equivalent to
58 in women, and these are the mean ages of
cancer presentation in both groups (38).

Clinical aspects and prevalence. The inguinal
pairs (pair 5) were the most diagnosed with CMT
(16.9%). Several findings indicate that pairs 4-5
were the most susceptible to CMT presentation
(7,10,37). CMT is less freguent in the cranial
thoracic glands. The affected area can involve
a single gland {10) or the inguinal and cranial
glands simultaneously {(24), The patients showed
greater compromise of the left side (7), but
these findings differ from other studies (e.g.,
9). Conventionally, the size of the marmmary
glands tends to decrease from the cranial to the
caudal; in particular, the thoracic glands are the
smallest, the abdominal glands are intermediate,
and the inguinal are the largest. However, tumor
presentation depends on other factors as well,
including a change in the lymphatic drainage
pattern through lymphangiogenesis during CMT
development (39).

The diameters T1 and T3 were the most frequent,
although we did not find patterns for diameter or
clinical stage that indicated a dominance of any
(13,35) since both displayed relatively similar
percentages of presentation for the patterns of
metastasis, LN or distant (7).

Among benign tumors, we mainly found tumors
of epithelial origin such as benign mixed tumors,
complex adenomas, fibroadenomas, and
papillary adenomas (11). The most frequently
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diagnosed malignant tumars of epithelial
origin were carcinoma in mixed tumor, tubular
carcinoma and, papillary carcinoma. Other
authors have also reported these tumors as
the most prevalent (12). Inflammatory lesions
can be confused with tumor alterations (40).
Histopathologically, mammary inflammations
are characterized by mononuclear and mixed
infiltrates. Small and hard masses are usually
benign, while large masses that tend to ulcerate
are generally malignant (9). The survival rate is
favorad by surgical intervention (7,17), vet it
can also be affected by other factors.

This study provides an update of the
epidemiological variables of CMT and discusses
the risk factors that affect the development of
the disease. The findings are highly relevant
considering the importance of canines as
sentinels for CMT in humans. We identify
the need and opportunity of continuing to
develop epidemiological studies that correlate
environmental factors with patterns of CMT
occurrence. Furthermore, the registration,
management, and definitive histopathological
diagnosis of mammary neoplasia must be
improved. This can be achieved by optimizing
and integrating medical record storage systems
to enable data management and analysis at the
population level, Unless this is accomplished, it
will be difficult to determine the real impact of
CMT on public health.
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Abstract:

Cancer is characterized by abnormal tissue growth that lacks regulation mechanisms and shows
invasive capacity. The origin of this pathology is attributed to multiple factors and its
development involves the accumulation of multiple genotypic abnormalities. These
characteristics lead to diagnostic challenges, especially in the early stages of cancer. Cancer
research based on blood biomarkers allows obtaining information on pathologic progression and
therapeutic monitoring. This study applied ELISA and FTIR assay techniques identify the HER2
gene expression in blood serum from female dogs and to characterize the biochemical
composition. ELISA tests assess the stage of primary tumor development and evolution and FTIR
allows completely characterizing the biomolecules associated with the tumoral process. We
analyzed blood serum samples from 20 female dogs (14 diagnosed with mammary tumor and six

healthy dogs). We detected the concentrations of the HER2/neu protein using two ELISA kits for
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canine and human detection, respectively. Infrared spectroscopy (IR) was conducted in
absorbance mode at a frequency range of 400-4000 cm™ and a resolution of 4 cm™, 50 scans. We
determined the ELISA cut-off for HER2 protein concentration in blood serum using the receiver
operating characteristic (ROC) curve and by estimating the area under the curve (AUC) at a 95%
confidence interval (CI=95%). The ROC curves in the canine and human ELISA tests were 0.75
and 0.45, respectively. The representative IR spectra for HER2 gene expression corresponded to
lipids (1161 cm™, 1452 em™, 2851 cm™). This study contributes to the knowledge of HER2,
through the identification of the biochemical features associated with the changes in the

HER2/neu+ and HER2/neu- states.
Keywords: ErbB2, infrared spectroscopy, immunoassay, oncoprotein, blood.

1. Introduction:

Canine mammary tumor (CMT) is a common pathology in females (Moe, 2001; Zatloukal et al.
2005; Vacellari et al. 2009; Gal et al. 2016) and is characterized by high mortality levels (Silva et
al. 2014), wherein one out of four dogs over two years old may die of this cancer (Hemanth et al.
2015). Growth factors (GFs) are polypeptides that stimulate cellular proliferation through high-
affinity binding to membrane receptors (Goustin et al. 1986). This signaling process leads to
autocrine growth phenomena, which are typical of neoplastic transformation (Surmacz, 2003;
Witsch et al. 2010). Human epidermal growth factor receptors (EGFR/HER) are part of a family
of receptor tyrosine kinases (RTK) (Biscardi et al. 2000). EGFR comprise a family of four
members, including HER1 (ErbB1), HER2/neu (ErbB2), HER3 (ErbB3), and HER4 (ErbB4)
(Ceballos & Hernandez, 2008). The HER2 proto-oncogene is located in chromosomel7q21 in
humans (Fukushige et al. 1986) and 1q13.1 in canines (Murua-Escobar et al. 2001). This gene
encodes for the 185-kDa transmembrane protein HER2/neu (Akiyama et al. 1986) that contains
an intracellular tyrosine kinase domain (ICD), a transmembrane domain, and an extracellular
domain (ECD) with a mass of 105-kDa, which is measurable in blood serum (Ha et al. 2014; Di
Gioia et al. 2015). Active HER2 receptors stimulate cellular proliferation and tumor progression

(Gutiérrez & Shiff 2011; Ressel et al. 2013), but not necessarily tumor malignization
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(Rungsipipat et al. 1999; Martin de las Mulas et al. 2003; Carney et al. 2004; Ressel et al. 2013;
Ferreira et al. 2014; Silva et al. 2014; Burrai et al. 2015; Campos et al. 2015).

HER?2 is highly important in the prognosis of human breast cancer (HBC) development (Savino
et al. 2009) since it is associated with resistance to chemotherapy and hormonal treatments,
leading to reduced survival of patients with overexpression of this gene (Surmacz, 2003; Ceballos
& Hernandez, 2008). In canines, SNP-based studies have shown that mutations in HER2 are
silent and could represent a natural variation in this gene (Hsu et al. 2009). However, silent SNPs
can affect the kinetics of protein synthesis and generate diverse configurations of the final
proteins (Kimchi-Sarfaty et al. 2007; Komar, 2007), ultimately challenging diagnosis and follow-
up. The use of serum and blood-based biomarkers in cancer studies allows achieving a broad
perspective of the biochemical characteristics and dynamics of cancer; furthermore, these
markers are especially relevant when biopsies are difficult to perform (Jesneck et al. 2009). The
enzyme-linked immunosorbent assay (ELISA) is used to evaluate the stage of primary tumor
development by enabling to track changes in HER2 during the evolution of the mammary tumor
(Carney et al. 2004). In humans, a serum HER2 (sHER2) concentration of 15 ng/mL is the most
appropriate test cut-off value to measure the levels of this protein in blood (Tse et al. 2005; Fehm
et al. 2007; Zhang et al. 2018), yet other authors have determined a cut-off of 22 ng/mL (Savino
et al. 2009). Despite this, due to the wide variations in sHER2 levels, its clinical value is
prognostic, particularly related to tumor progression and therapeutic response. (Carney et al.
2004; Carney et al. 2013). In canines, the diagnostic cut-off has not been accurately determined
to date (Campos et al. 2015).

Fourier transformed infrared spectroscopy (FTIR) is a simple and rapid reagent-free method that
is non-destructive and requires a small amount of sample (Zelig et al. 2015). Most cancer lesions
are identified at the spectral region between 800 cm™ and 1800 cm™ (fingerprint); this range
comprises the majority of functional groups, such as carbonyl, carbon-nitrogen, amino, methyl,
methylene, carboxy, among others (Lima et al. 2015; Ferreira et al. 2020). However, the spectral
region from 2800 cm™ to 3000 cm™, called the first lipid region (Gavgiotaki et al. 2016), is also
of interest due to its relevance in the study of HER2.

Considering the discriminant capacity of the ELISA technique to detect specific proteins and the
possibility of identifying these molecules in blood serum, this study focused on the gene

expression of HER2 in canine serum by identifying the expression features of the protein through
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ELISA tests, as well as establishing the biochemical characteristics based on functional groups

analysis through FTIR.

2. Materials and methods:

2.1. Sample collection and conservation

Between May of 2018 and March of 2019, we obtained samples from female dogs diagnosed
with CMT (n=14) and healthy females (n=6). At the time of sample collection, not all patients
had a definitive diagnosis of the tumor type . We collected 4 mL of blood through aseptic
venipuncture using an evacuated tube without anticoagulant (BD Vacutainer, Becton Drive), with
a clot retraction time of three hours at room temperature. The samples were then centrifuged at
3000 rpm for 10 minutes (Tuck et al. 2009). The resulting serum was stored at -80°C and
multiple cycles of freezing and thawing were avoided. The samples with some type of

deterioration were discarded.

2.2. ELISA — measurement of HER2 protein levels in blood serum

We used the Canine Epidermal Growth Factor Receptor 2 (Her2Ab) ELISA kit ref. MBS2606515
(MyBioSource, Southern California, San Diego - USA) and the Human HER2 Platinum ELISA
kit ref. BMS207-2 (eBioscience, Vienna, Austria) to detect and quantify HER2 protein levels in
blood serum. The assays were done according to the manufacturer’s instructions. All assays were
performed in duplicate, including the control with known concentrations (soluble fragment of the
HER?2 protein (p185™%%%) and a canine standard (HER2)). We used a Rayto RT-2600c
(Guangming, Shenzhen, China) microplate reader for the measurements.

The prognostic criteria for classifying the patients with overexpression, according to the cut-off
values were: 1. Patients with CMT and measurement of sHER2 equal to or above the cut-off: true
positive (TP = CMT - HER2/neu+); 2. Control patients with a measurement of SHER2 below the
cut-off: true negative (TN = Healthy - HER2/neu-); 3. Patients with CMT and measurement of
sHER2 below the cut-off: false negative (FN = CMT - HER2/neu); 4. Control patients with a
measurement of SHER2 equal to or above the cut-off: false positive (FP = Healthy - HER2/neu+).

2.3. Acquisition of FTIR spectra
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We used 5 puL of blood serum at room temperature for FTIR. The IR spectra were acquired using
an Alpha ATR Platinum (Bruker Corporation, Germany) spectrometer. The optimal measurement
conditions were a room temperature of 20°C and 40% relative humidity. For the readings, each
sample was placed on a diamond crystal tip. The reading parameters were absorbance mode,

frequency range 400-4000 cm™, and resolution of 4 cm’

with 50 scans per sample. We used
readings from water as blank runs that were subsequently subtracted from the spectra of the

samples (Elmi et al.2017; Santos et al. 2019; Macotpet et al. 2020).

2.4. Spectral data processing

Processing and analysis of the original spectra were done using OriginPro 9.0.0 (OriginLab
Corporation, Northampton, MA 01060 USA). Each spectrum was normalized and baseline
correction was performed according to the Savitzky—Golay method with a 2™ order polynomial
and 20 data points (Lima et al. 2015; Zelig et al.2015; Macotpet et al. 2020). The prognostic
criteria of cut-off values from the ELISA tests, were used to identify the characteristics of the
spectra for HER2/neu expression. The frequency ranges selected for this analysis included the
fingerprint region, 800 cm™ to 1800 cm™ (Ghimire et al. 2020; Macotpet et al. 2020), which was
divided into four subregions (800 cm™ — 1100 cm™, 1100 cm™ — 1380 cm™, 1380 cm™ — 1700cm™
' 1700 cm™ — 1800 cm™), and a spectral region from 2800 cm™ to 3000 cm™ since it is relevant

for the study of HER2/neu (Gavgiotaki et al. 2016;Ferreira et al. 2020).

The segments of the selected spectra were analyzed based on second-order derivatives to allow
detecting minor peaks in bands from the main spectral regions and differentiate between patterns
from ill and healthy individuals (Zeling et al. 2015; Ghimire et al. 2020). For this, the spectra
were softened using the Savitzky—Golay method with a 2™ order polynomial and 20 data points.
The area under the curve (AUC) for each spectrum (original and second-order derivative) was
calculated mathematically into a polygon area with an absolute measurement type. The functional
groups and vibrational modes were assigned according to previous findings by several authors.

The AUC ratio was expressed as the relative area under the curve (RAUC).

2.5. Statistical analysis
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We analyzed the following accuracy parameters to determine the optimal ELISA cut-off: from
the ROC curve, Youden’s index (J) (i.e., the maximum vertical distance between the ROC curve
and the diagonal (Schisterman et al. 2005)), sensitivity (Sn) and specificity (Sp), and minimum
distance to the top-left corner (i.e., the minimum distance between the ROC curve and the left
upper corner) (Hajian-Tilaki, 2013) was identified. The area under the curve (AUC) was
determined to estimate the discriminant capacity of each assay. The prognostic criteria for
classification of patients according to TP, TN, FP, and FN allowed establishing the predictive
positive value (PPV) and predictive negative value (PNV).

The absorbance values obtained from the canine and human ELISA tests and the IR spectra
(original and second derivative) were checked for normality using Shapiro-Wilks test. Based on
the results from the normality test, we applied parametric tests when normal distribution was
assumed and non-parametric tests for non-normal distributions. We applied a confidence interval
of 0.95 and a p-value <0.05 was considered to be statistically significant. The statistical analyses

were done using R v.3.2.2, NCSS 11 (NCSS, LLC. Kaysville, Utah, USA), and OriginPro 9.0.0.

2.6. Ethical aspects

This study was conducted with the approval of the Ethics Committee on Animal
Experimentation, Faculty of Agropecuary Sciences, Universidad de Caldas (CEEA Coédigo-
15061601). All dog owners authorized the collection of samples from canine patients through

informed consent.

3. Results:

3.1. Patients

The samples analyzed corresponded to seven breeds: Maltese, Miniature Schnauzer, Cocker
Spaniel, French Poodle, English Bulldog, Pitbull, Samoyed, and mixed-breed. The average age

was 9.3 years old.

ELISA
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Based on the ROC curves, the optimal cut-off and AUC for the canine and human ELISA tests
were >0.31 ng/mL and 0.75, >9.26 ng/mL and 0.45, respectively (Table 1, Figure 1). The PPV
and PNV of canine and human ELISA test was 83%, 50% and 78%, 36%, and the accuracies for
each test were 70% and 55%, respectively. Out of 20 female dog samples, the canine ELISA tests
discriminated that 14 were HER2/neu+ (TP=71%, FP=29%) and six HER2/neu- (TN=67%,
FN=33%). Moreover, the human ELISA tests yielded TP=50%, FP=50%, TN=67%, and
FN=33%. The Shapiro-Wilks normality test showed statistically significant differences (p<0.05),
except for ELISA HER2-negative patients (p= 0.13).

Table 1. Accuracy parameters and optimal cut-off for the canine-ELISA and human-ELISA tests.

Parameter Test
Canine ELISA Human ELISA

Cut-off Value >0.31 ng/ml >9.26 ng/ml
Sensibility (%) 71 50
Specificity (%) 67 67
PPV (%) 83 78
PNV (%) 50 36
Accurancy (%)* 70 55
95% Cl-Sensibility
Lower 0.419 0.2304
Upper 0.9161 0.7696
95% Cl-Specificity
Lower 0.2228 0.2228
Upper 0.9567 0.9567
1(95% CI)° 0.381 0.1667
Sensibility + Specificity 1.381 1.166
Distance to Corner 0.439 0.6009

*Accuracy = Proportion of correctly classified patients
°J = Youden Index. Sensibility + Specificity-1.
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Figure 1. ROC curves for canine and human ELISA tests. (A) ROC curve for the canine
protein ELISA (Her2Ab), AUC = 0.75 (CI 95%). Concentration of the protein in blood
serum (0.27 ng/ml). (B) ROC curve for the human protein ELISA, AUC = 0.45 (CI 95%).

Concentration of the protein in blood serum (8.98 ng/ml).

3.2 FTIR spectra in blood serum in HER2/neu positive-negative female dogs

The study of HER2-positive and negative states was based mainly on the similar results between
the canine and human ELISA tests, which showed that TP and FN individuals display malignant
and benign lesions, such as mammary carcinoma and benign adenoepithelioma, whereas TN and
FP females are clinically healthy. The original infrared spectra from blood serum (Figure 2) show
six main spectral peaks in ranges 800 cm” to 1800 cm” and 2800 cm™, corresponding to
proteins, esters, nucleic acids, phospholipids, and lipids.

The peaks with the highest absorbance are associated with clinically healthy HER2/neu-positive
females. Table 2 summarizes the vibrational modes assigned and the corresponding blood serum

composition according to several authors.
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Figure 2. FTIR original spectra for females with CMT and healthy female dogs. Absorbance
bands of the main functional groups at frequency ranges from 800 cm™ to 1800 cm™ for

HER2/neu positive females (red lines) and HER2/neu negative females (blue lines).

Table 2. Main vibrational modes assigned to the original FTIR spectra in canine blood serum

(described in Figure 2) according to various references.

Spectra (cm™) Organic compound/Vibrational mode assignment References
1073 Phospholipids: v,(PO,) Oleszko et al. 2015
1238 Protein: Amide 111 Ferreira et al. 2020
1304 Lipids Bi et al. 2014; Depciuch et al. 2016
1398 Phospolipids/fatty acids, amino acids: v,(COQO") Kar et al. 2019
1447 Protein (methyl groups), lipids: CH; asymmetric bending [6as (CH;)]  Kar et al. 2019; Ferreira et al. 2020
1546 Protein: Amide II [v (N-H) v (C-N)] Ferreira et al. 2020
1636 Protein: Amide I [v (C=0), W(C-N), 5 (N-H)] $orveira ctal. 2020; Ghimire et al,

v = stretching vibrations, § = bending vibrations, s = symmetric vibrations, as = asymmetric vibrations.

The second-order derivatives of the infrared spectra allowed identifying 13 additional
representative peaks assigned to four subregions. Specifically, subregion 1 (800 cm™ — 1100 cm’
" included phospholipids, tyrosine-protein, esters; subregion 2 (1100 cm” — 1380 cm™) included
amide III, carbohydrates, lipids; subregion 3 (1380 em”! — 1700cm™) corresponded to
phospholipids, fatty acids, lipids, amide I, amide II, and tyrosine protein; and subregion 4 (1700
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cm” — 1800 cm™) showed lipids and esters. Additionally, region 2800 cm™ to 3000 cm™ was

characterized by lipids, phospholipids, and cholesterol (Figure 3). The description of the

vibrational modes and the corresponding functional groups is shown in Table 3.
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Figure 3. Detail of the second-derivative spectra and most representative frequencies. Spectra (a)

800 cm™ — 1100 cm™, (b) 1100 cm™ — 1380 cm™, (¢) 1380 cm™ - 1700 cm™, (d) 1700 cm™ - 1800
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cm™, (e) 2800 cm™” — 3000 cm™ for HER2/neu positive females (red lines) and HER2/neu

negative females (blue lines).

Table 3. FTIR peaks of the average second-derivative spectra of canine HER2/neu according to
various references.

2nd-derivative
Spectra (cm™)

Organic compound/Vibrational mode assignment References

. . Biet al. 2014; Zelig et al.2015; Depciuch et
848 Tyrosine proteins al. 2016

995 Ester bands: vs(C-O) Elmi et al.2017; Ferreira et al. 2020

1161 Protein/Carbohydrate/lipid ester bonds: CO—O-C asymmetric stretching (vas Ferreira et al, 2020; Oleszko ot al. 2015

(CO-0-C))

1314 Protein: Amide III Ferreira et al. 2020

1352 Protein: Amide 11 Elmi et al.2017

1452 Lipid and protein: Methylene bending Bi et al. 2014; Ferreira et al. 2020
1510 Tyrosine proteins: v(C-C) Kar et al. 2019

1727 Lipids/ester bands: Gavgiotaki et al. 2016

1768 Ester Elmi et al.2017

2851 Lipids, long-chain fatty acids: vs(CH2) Oleszko et al. 2015

2884 Lipid: CH3 asymmetric stretching (vas (CH3)) Elmi et al.2017; Ferreira et al. 2020
1920 I\éul_cllze)l)c acid/Lipids, long-chain fatty acids: CH2 asymmetric stretching (vas Kar ot al, 2019; Ferreica ot al, 2020
2989 Phospholipids/cholesterol: Gavgiotaki et al. 2016

v = stretching vibrations, 6 = bending vibrations, s = symmetric vibrations, as = asymmetric vibrations.
We established four groups according to the type of spectra from 20 peaks (original and second
derivatives): group 1, proteins; group 2, lipids; group 3, esters; and group 4, mixed. We did not

find statistically significant differences within each group and the prognostic categories (Table 4).

Table 4. Statistical analysis of FTIR peaks of the average second-derivative spectra for diagnostic

categories and compositional groups.

Group nggr‘i‘i:'t'ii:d TP TN FP FN ANOVA  ttest  Tukey-test Levtzg‘f s
1 2 3
peak (em™) (Mean£SD) (Mean=SD) (MeantSD) (MeantSD) (p-value) (p-value) (p-value) (p-va Iue)*
848, 1314, 1238, 2.15E-6 1.34E-6 3.73E-6 1.59E-6
Proteins 1352, 1510, + + + + 0.21 >0.05 >0.05 15
1546, 1636 3.78E-6 3.59E-6 5.96E-6 5.99E-6
-1.06E-5 -6.70E-6 -1.13E-5 -1.43E-5
Lipids 2851, 2884, 2989 + + + + 0.14
1.66E-5 1.12E-5 1.85E-5 2.37E-5 >0.05 >0.05 0.9
-1.68E-6 -1.08E-6 -2.12E-6 -2.56E-6
Ester ?32’81073’ 1304, + + + + 0.35
2.18E-6 1.17E-6 1.56E-6 3.03E-6 >0.05 >0.05 0.8
1161, 1398, -1.56E-6 -1.41E-6 -2.38E-6 -3.96E-6
Mixed 1447, 1452, + + + + 0.18 >0.05 >0.05 0.6
1727, 2920 5.91E-6 3.45E-6 8.02E-6 7.68E-6

Abreviations: TP: CMT - HER-2/neu+, TN: Healthy - HER-2/neu-, FN: CMT - HER-2/neu-, FP: Healthy - HER-2/neu+
Note: ' Represents p>0.05 to comparisons of all prognostic classifications; > Represents p>0.05 to comparisons TP vs. TN, TP vs. FP, TN vs. FN

3 Represents p>0.05 indicates that the difference of the means in not significant; * Represents p>0.05 homogeneity of variance are not significantly different
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The RAUC showed differences between states, indicated by a higher abundance of peaks
corresponding to lipids for HER2/neu+ (1161 cm'l, 1398 cm'1,1452 cm'l, 2851 cm'l, 2920 cm'l),
except at 1447 cm™ and 2884 cm™ and 1304 cm™' peak and amide I (1636 cm™). The RAUC for
tyrosin-type proteins (848 cm™, 1510 cm™), amide III (1314 cm™, 1352 cm™), and amide II (1546
cm™) were greater for HER2/neu-, as well as esters (995 cm™, 1768 ¢cm™) and phospholipids at
2989 cm™. These findings indicate that amide I and lipid-related functional groups are a product
of HER2 gene overexpression. Table 5 shows the degree of comparative accuracy between the

ELISA tests and FTIR.

Table 5. Prognostic accuracy of ELISA — FTIR for CMT patients.

ESLISA test

Diagnostic FTIR
criteria Canine Human (%)
ELISA (%) ELISA (%)
TP 50 35 65
Fp 10 10 0
FN 20 35
TN 20 20 30
CCP? 60 45 65
ICP 40 55 35
Sensibility 71 50 93
Specificity 67 67 100

TP: True positive = CMT - HER-2/neu +
FN: False positive = CMT - HER-2/neu -
FP: False negative = Healthy - HER-2/neu +
TN: True negative = Healthy - HER-2/neu -
* Correctly Classified Proportion

" Incorrectly Classified Proportion

4. Discussion:

This study contributes to the knowledge of HER2 regarding gene expression and detection in
blood serum, its clinical relevance in CMT research, and its application as a model for human
breast cancer (HBC). We demonstrated the likelihood of using canine and human antigens to
determine and compare the sHER2 concentrations. The canine ELISA tests yielded TP = 71%,
TN = 67%, FP = 33%, and FN = 29%, whereas the human ELISA test showed 50%, 67%, 33%,
and 50%, respectively. Although there is high homology between human and canine HER2
antigens (Singer et al. 2012), our findings demonstrate that the use of the human HER2 protein is
not adequate to evaluate the concentration of this protein in canine serum, in agreement with

reports by Campos et al. (2015). This is likely due to the low capacity of canine antibodies to
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recognize human HER2. Findings indicate that the antigenic determinants from the two
molecules are not the same perhaps due to differences in the tertiary structure of the proteins
(Kimchi-Sarfaty et al. 2007; Komar, 2007; Hsu et al. 2009) or cross-reaction with other members
of the HER family (Burrai et al. 2015). Both tests coincided in 29% (4/14) of TP females, TN
33% (2/6), FN 50% (3/6), FP 7% (1/14). Our results on the overexpression of the HER2/neu
protein are similar to reports from previous studies (Dutra et al. 2004; Ressel et al. 2013; Shinoda
et al. 2014; Campos et al. 2015).

A positive correlation has been determined between the presence of HER2 in blood serum and
tumor tissue (Campos et al. 2015), tumor mitotic index, high histological grade and size
(Muhammadnejad et al. 2012; Silva et al.2014), although no significant differences have been
found between HER2 expression in benign and malignant tumors (Kim et al. 2011;Ressel et al.
2013), indicating that HER2 may participate in tumor formation and rapid progression of CMT
(Dutra et al, 2004; Ferreira et al. 2009; Bertagnolli et al. 2011), but not necessarily in malignant
transformation, or at least, it is not a good marker of malignancy (Kaszak et al. 2018). Although,
the clinical association of HER2 is controversial (Hsu et al. 2009; Ressel et al. 2013; Burrai et al.
2015; Campos et al. 2015). Unfortunately, in this study it was not possible to compare the ELISA
and FTIR findings with histological parameters due to limited availability of biopsies.

Based on infrared spectroscopy, we analyzed diverse biochemical patterns, such as proteins,
lipids, esters, nucleic acids, and carbohydrates. Although we did not obtain significant
differences, distinct features between HER2/neu-positive and negative states were observed for
certain functional groups, such as the relative intensity at peak 1636 cm™. Furthermore, this study
analyzed an additional region between 2800 cm™ and 3000 cm™ that had not been studied in
CMT. Previous research on HER2 using infrared spectroscopy, among other biochemical
analysis techniques in cells, tissues, and fluids, report changes in the compositional profile,
especially regarding lipids (CH,, CHs), which are greater in the HER2/neu-positive state
(Hartsuiker et al. 2010; Bi et al. 2014; Gavgiotaki et al. 2016). These reports agree with the
findings reported here, except for peaks 1304 cm™, 1447 cm™, and 2884 cm™'. Moreover, high
contents of lipids in cytoplasmic organeles are reported in HER2+ HBC cell cultures (Hartsuiker
et al. 2010; Gavgiotaki et al. 2016), which are involved in the adhesion and migration of
epithelial tumor cells (Murai 2012). Similarly, several studies have detected an increase in

phospholipids, associated with fatty acids and cholesterol synthesis (Menendez & Lupu 2007; Bi
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et al. 2014; Elmi et al. 2017; Kar et al. 2019). This pattern was only observed at peak 1398 cm™
(phospholipid, fatty acid, and amino acid complex). This phenomenon is caused by the regulation
of the fatty acid synthase associated with a low regulation of tyrosine kinase receptors (Jin et al.
2010).

On the other hand, we report an increase in amide I, especially in HER2/neu+. However, amide I
not necessarily is associated with HER2 overexpression. Several authors report an increase in this
protein in HBC (Elmi et al. 2017; Chrabaszcz et al. 2018), but a consistent variation is not
observed in HER2+ cell cultures (Bi et al. 2014). Amide I and amide II are reported in greater
amounts in hyperplastic tissues (Tian et al. 2015); however, a reduction of amide II and an
increase of amide I suggest a possible malignization process (Simonova & Karamancheva 2014).
A reduction of amide III has been observed in HER2+ cell cultures (Bi et al. 2014), which is
consistent with our findings.

FTIR enables the non-invasive recognition of tissue alterations through markers of cellular
activity. In this study, we detected a Sn 93% and Sp 100%. This agrees with recent studies in
dogs that identified the most important spectra in cancer using blood serum and reported a Sn and
Sp of 76.7% and 87.5%, respectively (Macotpet et al. 2020) and Sn 100% and Sp 100% in
conformational proteins in HBC (Ghimire et al. 2020).

On the basis of analogies between both species (Rowell et al. 2011; Pinho et al. 2012), and the
homology between human and canine HER2 antigens, the immunotherapy seems to be promising
in canine patients with HER-2 expression (Singer et al. 2012; Kaszak et al. 2018). However,
additional markers associated with the expression of this gene must be considered in order to

elucidate the prognostic value of HER2 overexpression in female dogs.

5. Conclusion:

Our study allowed recognizing important features of HER2 through discriminant ELISA tests and
several biochemical characteristics based on spectral patterns in a biological fluid, such as blood
serum. Future studies should address the amplification of the IR spectra described here using
nanoparticles in blood serum from ELISA HER2/neu-positive or negative patients. Finally, the
results of the FTIR identified two possible control peaks of HER2 overexpression, corresponding
to the regions surrounding peak 1636 cm™ and a band between 2800-3000 cm™', which were

associated with amide I and the corresponding lipids (CH,, CH3), respectively.
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CONSIDERACIONES FINALES

Los resultados del presente estudio soportan que factores como razas puras, particularmente
pequefias y medianas, edad media comprendida entre los 10 a 12 afios, sobrepeso y dietas
caseras, poseen alto impacto en la incidencia y progresion patoldgica de neoplasias mamarias. El
patron clinico de presentacion de TMC se caracterizo por una mayor afectacion en los pares
mamarios inguinales, sin un predominio de un tamafio tumoral especifico.

En humanos, niveles elevados de la proteina HER-2/neu (dominio extracelular) representan un
alto valor diagnoéstico, prondstico y terapéutico, entre tanto que la relacion entre la dindmica de la
expresion de HER-2 y la incidencia de TMC y sus patrones de presentacion no son claros. En el
presente  estudio, la sobreexpresion del gen HER-2 no presentd relacion estrecha con la
condicion clinica de base de diagnostico TMC y clinicamente sana. Sin embargo, la interaccion
entre la capacidad discriminante de ELISA junto con la sensibilidad de la técnica FTIR para
describir las caracteristicas bioquimicas de las muestras de suero sanguineo, permitid describir
rasgos claves entre los estados HER/neu+ y HER-2/neu. Los picos IR correspondientes a amida I
y lipidos, son indicativos de como picos control para la sobreexpresion del HER-2 y por lo tanto
como un método para el estudio del dominio extracelular de la proteina de este gen. No obstante,
y como lo han referenciado otros autores, a pesar de que en caninos el desarrollo tumoral a nivel
de glandula mamaria es agresivo, HER-2 no necesariamente actia en el proceso de
malignizacion, pero si en el de proliferacion celular inicial, lo cual necesariamente debe aumentar
su importancia como blanco de estudio e importancia diagndstica. Lo anterior puede ser
explicado en virtud de la estructura de la proteina HER-2/neu en caninos difiere de la humana
debido al origen de las mutaciones detectadas mediante estudios en SNPs.

El presente estudio, contribuye con la tendencia, importancia y el uso de biomarcadores para el
estudio de alteraciones neoplasicas a través de suero sanguineo. Lo cual representa minima
invasion, manipulacion y trauma al paciente, lo que es relevante cuando el estado de salud esta
deteriorado y las condiciones para toma de otro tipo de tejido no es factible. Por lo cual, el uso de
fluidos bioldgicos y la exploracion de biomarcadores tumorales, representan una alternativa
factible en el establecimiento de protocolos eficientes de diagndstico a la hora de definir una

conducta terapéutica.
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Estudios posteriores deben abordar variables epidemioldgicas que correlacionen los factores
ambientales con patrones de ocurrencia de TMC, lo que es especialmente importante al
considerar la relevancia de los caninos como indicadores de la salud humana. Dada la alta
complejidad que subyace en el monitoreo del gen HER-2 en hembras caninas, es importante
considerar el uso de nanoparticulas para la amplificacion de sefiales de espectros IR empleando
suero sanguineo u otro tipo de fluido biologico. Del mismo modo, teniendo en cuenta el rol
desempefiado por el gen HER-2 en la proliferacion del tejido mamario, es preciso correlacionar la
dindmica de la expresion del mismo frente a otros genes y factores intrinsecos de los pacientes,

ademas de los aspectos clinicos.

76



ANEXOS

77



Anexo 1. Clasificacion de estado clinico. Tomado y modificado de Owen, 1980.

Nutmero de historia clinica: Propietario: Fecha:

Edad paciente: Sexo: Raza: Peso:

Numero de tumores primarios:

Cadena derecha Cadena izquierda
Localizacion de tumores primarios L 2 3 4 3 1L 2 3 4 5 i
en glandula mamaria Y
<
=
Tamafio tumoral 12 3 4 5 1 2 3 4 5 - - g

N

Diametro (cm):

Unico

Multiple

Marcar lo que
corresponda

Encerrar en circulo las
glandulas mamarias

Derecha

involucradas

— " ey
ATy

Requerimientos minimos para la asignacion de las categorias T, N y M

Categoria T:

Valoracion clinica y quirtirgica

Categoria N:  Valoracion clinica y quirtirgica
Categoria M:  Valoracion clinica, quirirgica y radiografia de torax

Categorizacion

T: Tumor Primario

TO Sin tumor evidente

T1 Tumor < 3 cm diametro
No
Tla fijo
Tlb Fijo en piel
Tlc Fijo en musculo
T2 Tumor 3-5 cm didmetro
No
T2a fijo
T2b Fijo en piel
T2c Fijo en musculo
T3 Tumor > 5 cm didmetro
No
T3a fijo
T3b Fijo en piel
T3c Fijo en musculo

T4 Cualquier tamafio tumoral
Carcinoma inflamatorio

Los tumores multiples son clasificados
independientemente

N: Linfonodo Regional (LNR)*

Agrupacion de estados
T

I Tla, Tlb, Tlc
1T TO

Tla, Tlb, Tlc
T2a, T2b, T2¢

il Cualquier T3
Cualquier T
v Cualquier T
Observaciones:

LRN evaluado Método de evaluacion de LRN
Inguinal Axilar Clinica Histologica
NO LRN no involucrado | I I I I |
N1 LRN ipsilateral involucrado
Nla No fijo
NIb Fijo
N2 LRN bilateral involucrado
N2a No fijo
N2b  Fijo
*LRN: nédulos inguinales y axilaress |
M: Metastasis distante (MD)
Método de evaluacion
Clinica Radiografica Histopatoldgica

MO  Sin evidencia de MD

M1 MD con incluidos noédulos distantes

Especificar sitios:

N M
NO (-), Nla (-), N2a (-) MO
N1 (+) MO
N1 (+)
NO (+), Nla (+)
Cualquier N MO
Cualquier Nb
Cualquier N M1

Estado clinico:
Evaluacion:

i R

Estado:
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Anexo 2. Comparacién de cuatro sistemas de clasificacion histoldgica de neoplasias mamarias en

caninos.

Clasificacion histolégica - 1974"

Clasificacién histologica - 1999"

Clasificacion histolégica - 2010°

Clasificacién histolégica - 2011°

A.

S

g OF>

G.

I. Carcinoma
Adenocarcinoma
1. Tubular
a. Simple
b. Complejo
2. Papilar
a. Simple
b. Complejo
3. Papilar quistico
a. Simple

b. Complejo

Carcinoma solido
a. Simple
b. Complejo

. Carcinoma de células fusiformes

a. Simple
b. Complejo

. Carcinoma anaplastico

Carcinoma de células escamosas
Carcinoma mucinoso

II. Sarcoma
Osteosarcoma
Fibrosarcoma
Osteocondrosarcoma
[fibro-lipo-Osteocondrosarcoma]
Otros sarcomas

II1. Carcinosarcoma (Tumor Mixto Mamario)

IV. Tumor benigno o aparentemente benigno

. Adenoma

Papiloma
1. Papiloma ductal
2. Papilomatosis ductal

. Fibroadenoma

1. Pericanalicular
2. Intracanalicular
a. Tipo no celular
b. Celular
3. Tumor mixto benigno
4. Cambio fibroadenomatoso total

. Tumor benigno de tejidos blandos

V. Tumores no clasificados

VL. Displasia benigna o aparentemente benigna
Quiste
1. No papilar
2. Papilar

B. Adenosis

C. Proliferacion epitelial tipica regular en ductos o 16bulos
D.
E
F.

Ectasia ductal

. Fibroesclerosis
. Ginecomastia

Otras lesiones proliferativas no neoplasicas

1. Hiperplasia lobular no inflamatoria
2. Hiperplasia lobular inflamatoria

1. Tumores Malignos
1.1. Carcinoma (in situ) no infiltrante
1.2. Carcinoma complejo
1.3. Carcinoma sumple
1.3.1. Carcinoma tubulopapilar
1.3.2. Carcinoma sélido
1.3.3. Carcinoma anaplastico
1.4. Tipos especiales de carcinoma
1.4.1. Carcinoma de células fusiformes

1.4.2. Carcinoma de células escamosas
Carcinoma

1.4.3. .
mucinoso

1.4.4. Carcinoma rico en lipidos
1.5. Sarcoma
1.5.1. Fibrosarcoma
1.5.2. Osteosarcoma
1.5.1. Otros sarcomas
1.6. Carcinosarcoma
1.7. Carcinoma o sarcoma en tumor benigno

2. Tumores Benignos
2.1. Adenoma
2.1.1. Adenoma simple
2.1.2. Adenoma complejo
2.1.3. Adenoma basaloide
2.2. Fibroadenoma
2.2.1. Fibroadenoma de baja celularidad
2.2.2. Fibroadenoma de alta celularidad

3. Tumores sin clasificacion

4. Hiperplasia y displasia mamaria
4.1. Hiperplasia ductal
4.2. Hiperplasia lobular
4.2.1. Hiperplasia epitelial
4.2.2. Adenosis
4.3. Quistes
4.4. Ectasia ductal
4.4. Fibrois focal (fibroesclerosis)
4.5. Ginecomastia

“Hampe & Misdorp 1974:

Clasificacion basada en descripcion morfologica y en poca proporcion en histogénesis. Soportada en la
clasificacion de la OMS para tumores de seno en humanos ( Scarff & Torloni, 1968).

Misdorp et al. 1999

Sistema basado en la combinacion de caracteristicas nucleares de las células y aspectos histologicos

“Goldschmidt et al. 2011

Crea nuevas categorias por tipos histopatologicos y marcadores inmunihistoquimicos.

“Cassali et al. 2011

De acuerdo a marcadores tumorales se re categoriza la clasificacion de Misdorp et al. (1999).

1. Neoplasias Malignas Epiteliales

Carcinoma - in situ
Carcinoma - simple

a. Tubular

b. Tubulopapilar

c. Quistico-papilar

d. Cribiforme
Carcinoma-micropapilar invasivo
Carcinoma sélido
Comedocarcinoma
Carcinoma anaplastico

Carcinoma en adenoma complejo / tumor
mixto

Carcinoma complejo

Carcinoma y mioepitelioma maligno
Carcinoma mixto

Carcinoma ductal

2. Neoplasias Malignas Epiteliales - tipos
especiales

Carcinoma de célula

Carcinoma adenoescamoso

Carcinoma mucinoso

Carcinoma rico en lipidos (secretorio)

Carcinoma de células fusiformes
Mioepilioma maligno
Carcinoma de células escamosas -
variante de células fusiformes
Carcinoma - variante de células
fusiformes
Carcinoma inflamatorio

camosas

3. Neoplasias Malignas Mesenquimales -
sarcomas
Osteosarcoma
Condrosarcoma
Fibrosarcoma
Hemangiosarcoma
Otros sarcomas

4. Carcinosarcoma - Tumor Mamario Mixto
Mamario

5. Neoplasias Benignas
Aenoma simple
Adenoma papilar intraductal (papiloma ductal)
Adenoma ductal (adenoma basaloide)
Fibroadenoma
Mioepitelioma
Adenoma complejo (adenoepitelioma)
Tumor mixto benigno

6. Hiperplasia/displasia
Ectasia ductal
Hiperplasia lobular
Regular
Con actividad secretora (lactasional)
Con fibrosis (fibrosis interlobular)
Con atipia
Epiteliosis
Papilomatosis
Cambio fibroadenomatoso
Ginecomastia

7. Neoplasias del pezon
Adenoma
Carcinoma
Carcinoma con infiltracion epidermal
(enfermedad tipo Paget)

8. Hiperplasia/displasia en el pezon
Melanosis en piel del pezon

Tumores Malignos
Carcinomas
Carcinomas in situ
Carcinoma ductal in situ
Carcinoma lobular in situ
Carcinoma mixto
Carcinoma complejo o adenoepitelioma maligno
Carcinoma papilar
Carcinoma tubular
Carcinoma sélido
Tipos especiales de carcinomas

Carcinoma micropapilar
Carcinoma lobular invasivo
Carcinoma lobular pleomérfico
Carcinoma secretorio
Carcinoma mucinoso
Carcinoma rico en lipidos
Carcinoma de células escamosas
Carcinoma de células fusiformes
Carcinoma anaplastico
Neoplasias mamarias con deferenciacion sebacea
Sarcomas
Fibrosarcoma
Osteosarcoma
Carcinosarcoma
Sarcoma mixto
Otros sarcomas
Condrosarcoma puro
Liposarcoma
Hemangiosarcoma

Tumores Benignos
Adenoma
Adenoma complejo o adenomioepitelioma
Adenoma basaloide
Fibroadenoma
Tumor mixto benigno
Papiloma ductal

Lesiones epiteliales no neoplasicas

Hiperplasia epitelial

Hiperplasia ductal

Hiperplasia lobular

Adenosis
Lesiones en células colimnares

Alteracion en células columnares

Hiperplasia de células columnares

Lesion atipica de células columnares
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Anexo 3. Consentimiento informado a propietarios para toma de muestras de sangre de hembras
caninas.
Alejanddro Clavijo Maldenado, Médico Veterinario Zootecnista, Masstrias en Ciencias Biologicas — Universidsd de Caldas
Tel +57 317 471 4876; pmail: clavijomalizsmail com
Expresion del pen HER-? v su dispnostico en cincer mamario de Canis Inpus famifioris Limnaens, 1758 (Camidae) en Manirales,
Colombia. Versién 2, Abril, 2018.

INFORMACTON PARA FL PACTENTE Y FORMATO DE CONSENTIMIENTO

El presents proyecto pretends evahar la expresion del pen de crecimiente epidémmico tipe 2 (HER-2) m inferaccidn con omos
Fenes v su impacto disgmostice en pacientes caninas bembras con tumores de glinduls mamaris, Nuestra finalidad es
estruchurar un protocolo de alerts temprana la glandulsa mamaria sin necesidad de la foma de biopsia. El presente
Conzsentimiento Informado es para que usted vy su mascots participen una investigacion para poder comocer sobre la
dinamica de este gen mediante diversas técnicas de deteccion. Esta informacion nes ayudara a tomar mejores deciciones para el
disgmdstico v el procedimiente clinico.

Su participacion es absolotamente voluntaria.

Procedimientos del estodio

Si usted acepta participar, a3 su mascota se le tomara dos pmestras de sangre de 4 ml cada una, lo que equivale a una jeringa
llena de mmatio pequeto. Adicionalmente, su mascota serd valorada clinicamente a traves de la gestion de un formate de
historia climica en la cual se ncluird una valeracion externa de las glindulas mamarias.

Beneficias

La informacion obtenids en este esmdio podria ayndames en el fotore a mejorar el contol v 1a prevencidn de ests enfermedad
para oiras pacientes.

Riesgos

La toma de la pmestra de sangre se hard bajo condiciones de estricta limpieza para minimizar el riesgo de una infeccion

posterior. En el procedimiente puede producirse un poce de dolor ¥ quedar un pequefo morado que se resolvera sin
tratarmiento en las proximas dos semanas. La cantidsd totsl de sangre necesitada es similar a la necesitada en las prusbas de
lsboratorio en sangre nsnales ¥ Lo representa un riesgo importante para la salod.

Eesponsabilidades del propietario

Usted debe permitir 1a realizacidn de las prushas, inchiyvendo s toma de pmestoa de sangre v los omes procedimientos tales
come la valoracion chinica. Usted ayudara mucho si comumica algums variacion o alteracion que observe en su mascot.

Alternativas

Ho existe un método aliemnative mas seguro que permita obtener la informacion que estamos solicitande. La lectura de este
consenfimiento no le compromete sutomaticaments a participar de este estudio. 5iusted escoge no participar en el estudio, s
meédico veterinario de cabecera proseguira con el seguimiente clinico habitual se su mascota.

Confidencialidad

50lo sn medico veterinario de cabecers v sus colaboradores ssbran que usted esta participando en el esmdio. Los registros que
z¢ hagan s& haran identificandolo s6lo con wn codigo ¥ no con el nombre; sin embargo, representantes autorizados de las
amtoridades reguladores podran revisar sus registos como parte de su actividsd de supervision del esmdio. 5i los remltados de
este estudio son publicados, usted ni su mascota no seran identificados por el nombre.

Compensacion
Usted no tendra que inoormir en ningnn gasto por participar en este estdio. Las jeringas a=1 como el recipiente de coleccion v
almacenamients de la sangre, ademas de las prusbas son cubiertas completaments por el asmdio. 5i como consecuencia ditecta

de los procedimientos de este estudio sufre enfermedades o danos fisicos, se le proveera el cuidado profesional medico
veterinaria.
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Alejandro Clavijo Maldenado, Medico Veterinario Zootecnista, Maestria en Ciencias Biologicas — Universidad de Caldas
Tel +57 317 471 4076; email: clavijomal@iemail com

Expresion del gen HER-? v sn dispnostico en cancer mamario de Camis Mmpus famifioris Limnaens, 1758 (Canidae) en Manirales,
Colombia. Versién 2, Abril, 2018.

Personas a contactar

Si tiens onalquier pregunta acerca de este estudio o acerca de lo que debe hacer en caso de que siemta alpuns molestia durante
el estudio, poede comumicarse con el Dr. Alejandro Clavijo Maldonado al telefono 3174714976,

tu madico veterinario, colaborador en esta imvestizacion, estara disponible para responder cualquier pregumta adicional.
Nombre del Médico

Direccion del médico _ Centro Veterinario Mascotas
Teléfono del medico 881 5590 — 310831 6247

Terminacion del estudio

Usted entiende que su participacion en el estudio con su mascota es VOLUNTARIA. En cualquier momenty usted poede
Telirar su consentimiento 3 partcipar en el estudio.

Antorizacion para use de las mmestras ¥ datos obtenidos en este estudio

Se le solicits la sutorizacion al participante para que las mmestras ¥ dates obtenidos en este esmdio, puedan ser utilizados en
otros esmdios ¥ laboraterios, previa Aprobacion del Comite de Etica para la Experimentacion con Animales (CEEA).

Aceptacion
Obedeciendo a la Besolocion (08430 del Ministerio de Salud Nacional

S50 FIEMA (O HUELLA DIGITAL) INDICA QUE USTED HA DECIDITM) PARTICTPAR VOLUNTARIAMENTE CON
ST MASCOTA EN ESTE ESTUDIO HAEIENDD LEIDD (O ESCUCHADD) LA INFORMACION ANTERIOR.

Fecha de firmado este documenta:

Nombre de la paciente:

Nombre del propietario o tendedor:

Firma del propietario o tendedor:

CC.

Numero de telafono fijo: Mumero de teléfono celular:

Direccion:

Nombre v firma del delegado del proyvecte: _Alejandro Clavijo Maldonado

Numero telefonico del delegado del proyecto: 314 471 497§
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Anexo 4. Formato registro de paciente para toma de muestra y seguimiento.

Formato seguimiento paciente TM C-expresion génica - Control toma de muestras

D M A Consecutivo: I ]

Fecha: / / Nombre paciente:
Ubicacion: HC paciente:

M V-atencion: Tenedor/propietario:
Centro Veterinario: Nam Telefonico:

Datos geneales del paciente
_Especie Raza _Tipo raza Sexo Edad | Peso aprox. Color
C F Mestizo I_I Puro
Dimension del paciente Condicion corporal Dieta
G Me P Mi 13 45 6 79 A. Balancead
C. casera
Estado reproductivo Desperdicios
Entera [Si No No. Partos Otro
Esteilizada [Si No Fecha Tto hormonal
No. Celos Ultimo celo Ultimo parto Si I_INo I_I
Cual:

1
2
3
4

Frecuencia

Informacién tumoral
Tipo de tumor (Dx presuntivo) Hallazgos Vista ventral Reg fotografico
Hiperplasia Ubicacion
Neoplasia L1zq | L Der
( L (

Diametro T: tumor primario
TO |No evidencia
Tl | <3cm
T2 | 3-5cm
T3 | >5cm
T4 | Carcinoma inflamatorio T - *
a) |No fijo LI | L Der w v
b) |Fijo en piel
¢) |Fijo en misculo
Estatus N: NL Regional
NO |Sin evidencia Dx metastasis
N1 |Con evidencia Dx metastasis %
Metastasis: M a distancia N
MO |Sin metéstasis a distancia NO | | N1 | \1(
M1 [Con metastasis a distancia M
Grupo de estados clinicos M0| | M1 | {
T1 NO MO Estado clinico
T2 NO MO | 11 OBSERVACIONES:
T3 NO MO n| [ ]

T1-T4 NO MO
T1-T4 N1 M1

[ N O R S
-~~~ ~
[~ ~ — —
[V N NRROC Y S}
I~~~

7q
[
[
[
[
[

wn AW -

[==

<zE=-

D M A
Fecha Dx inicial / /
Dx final
Tipo de intervenc
Plan terapeutico

D M A Examenes y analisis de laboratorio anexo:
/ /

IDMUESTRA: [ 1]

Fecha de mortalidad
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(Aélg});oA )5 Acta 3 de 2016. Aprobacion del Comité de Etica para Experimentacion con Animales

UNIVERSIDAD DE CALDAS
VICERRECTORIA DE INVESTIGACIONES ¥ POSTGRADOS
COMITE DE ETICA PARA EXPERIMENTACION CON ANIMALES (CEEA)

Mamzales, | de jumo de 2016

Doctor
ALEFJANDRO CLAVIO MALDONADG

Centro de Automatizacion Industrnial
SENA Regional Caldas
Manizales

Asunto: aprobacion de un provecto de investigacion (Codigo 15061601)

Apreciado doctor Clavijo.

El CEEA reunido de manera extraordinana el 31 de mayo de 2016, y tal como consta cn
ol Acta 3 de 2016, aprobd la realizacién del proyecto: CANCER MAMARIO Y

EXPRESION DEL GEN HER-2 EN Canis Lupus familtaris L.inneaus, 1758 (Canidac),
en el no de Caldas, Colombia Este proyeclo serd presentado a la

Convocatoria General de Investigaciones de la Umiversidad de Caldas

Le deseamos éxitos en la realizacion de su esludio y en caso de que esie sea aprobado
en dicha u otra convocatoria, le solicitamos informar por esenito sobre el asunto a esie

comité.

Cordialmente,
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