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Abstract

Immunophenotype constitutes an important factor in the prognosis of canine lymphoma. It has been demonstrated that dogs
with B-cell ymphomas have a longer life span than those with T-cell ymphomas. CD3 and CD79a antigens are the most common
markers used for the immunohistochemical determination of T-cell and B-cell on formalin-fixed paraffin wax-embedded canine
lymphoma tissues. This study describes the morphological and immunophenotypic characteristics of 31 cases of lymphoma in
Mexico, obtained from files of the Pathology Department of Veterinary Medicine and Animal Husbandry Faculty of the National
Autonomous University of Mexico. The National Cancer Institute-Working Formulation (NCI-WF) classification system was used
for the histological classification. Fourteen cases (45.16%) were B cell origin, 15 cases (48.39%) were T-cell origin and 2 cases
(6.45%) presented an indeterminate origin. Histopathological diffuse large cell lymphoma (DL) was the most common found
(38.71%), followed by lymphocytic (DSL), immunoblastic (IB), intermediate and high-grade lymphomas represented 77.42% of
the cases. In this study there was higher prevalence of T-cell lymphoma. The results in this work could indicate prevalent differ-
ences in the immunophenotype of the canine lymphoma in Mexico compared with other geographical areas.
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Resumen

El inmunofenotipo constituye un factor importante en el pronéstico del linfoma canino. Se ha demostrado que perros con lin-
foma de células B presentan tiempos de sobrevivencia mas largos que los perros con linfoma de células T. Los antigenos CD3 y
CD79a son los marcadores mas utilizados en inmunohistoquimica para la determinacion del fenotipo celular Ty B, respectiva-
mente, en muestras fijadas en formalina y conservadas en bloques de parafina. En este estudio se describen las caracteristicas
morfoldgicas e inmunofenotipicas de 31 casos de linfoma en México, de casos del archivo del Departamento de Patologia de la
Facultad de Medicina Veterinaria y Zootecnia de la Universidad Nacional Auténoma de México. Para la clasificacion histolégica se
utilizo6 el sistema del National Cancer Institute-Working Formulation (NCI-WF). Catorce casos (45.16%) correspondieron a células
B, 15 (48.39%) a células T, y dos (6.45%) fueron de origen indeterminado. Histopatolégicamente, el linfoma difuso de células
grandes fue el tipo mas comun, representd 38.71% de los casos; le siguieron los siguientes linfomas: linfocitico, inmunoblastico
y linfoblastico. Los linfomas de grado intermedio a alto representaron 77.42% de los casos. En este estudio se encontré mayor
prevalencia de linfoma de células T. Los resultados en este trabajo pudieran indicar una diferencia en la prevalencia en el inmu-
nofenotipo del linfoma canino en México, en relacién con otras zonas geograficas.
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Introduction

anine lymphoma represents one of the most

common malignant neoplasms in dogs and

it is the most recurrent hematopoietic neo-
plasm in this species.1'3 Although it is a neoplasm that
responds favorably to chemotherapy, certain cases of
lymphoma respond better than others to treatment,
without establishing a specific chemotherapeutic pro-
tocol for all cases. Among the factors that indepen-
dently define the prognosis are: sex, age, body weight,
breed, clinical grade and sub-grade, previous corti-
costeroid administration, hypercalcemia, anatomical
location, initial response to treatment, chromosomal
abnormalities, histological classification and cellu-
lar immunophenotype.4'7 Cellular immunopheno-
type is the most important factor associated with the
prognosis;“’9 nevertheless, there are few studies on the
field in the world; there are no published studies on
canine lymphoma immunphenotypic classification
in Mexico. It has been suggested that the morpho-
logical and immunological characteristics of canine
lymphoma vary depending on different geographi-
cal world zones; likewise, morphological differences
among canine lymphoma present in Europe and the
United States of America have been documented, as
well as differences between different zones within this
nation.!” In Mexico there have been no studies that
determine histological and immunophenotypic char-
acteristics of canine lymphoma, that allow a more spe-
cific identification of this neoplasm, with the aim to
establish an optimal program for the management of
these cases. The aims of this study are: classify, based
on histological and immunophenotypic character-
istics, canine lymphoma in Mexico, and determine
if there are or not differences between histological
and immunophenotypic characteristics described in
this study compared with the described in other geo-
graphical zones.

Material and methods
Histological classification

Cases used in this study were obtained from file cases,
sent and diagnosed as lymphoma in the Pathology
Department of the Faculty of Veterinary Medicine
and Animal Husbandry of the National Autonomous
University of Mexico. All samples were fixed in for-
malin at 10%; nevertheless, fixation period was vari-
able for these cases. Subsequently, they were paraffin
included, in order to perform 4 pm thick cuts, and
stain with hematoxylin eosin (H-E). Samples were
observed and were classified according to their his-
tological characteristics, taking as reference The
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Introduccion

1 linfoma canino representa una de las neopla-

sias malignas mds comunes en el perroy es la

neoplasia hematopoyética que se presenta con
mas frecuencia en esta especie.1'3 A pesar de que cons-
tituye una neoplasia que responde favorablemente a
la quimioterapia, ciertos casos de linfoma responden
mejor al tratamiento que otros, sin haberse establecido
un protocolo quimioterapéutico especifico para todos
los casos. Entre los factores que de manera indepen-
diente definen el pronéstico se encuentran: el sexo,
edad, peso corporal, raza, grado y subgrado clinicos,
administracion previa de corticosteroides, hipercalce-
mia, localizacién anatémica, respuesta inicial al tra-
tamiento, anormalidades cromosomicas, clasificacion
histol6gica e inmunofenotipo celular.*” El inmunofe-
notipo celular es el factor mas importante asociado
con el pronc’)stico;s’9 sin embargo, son pocos los estu-
dios en el ambito mundial; en México no existen estu-
dios publicados sobre la inmunofenotipificacion del
linfoma canino. Se ha sugerido que las caracteristi-
cas morfologicas e inmunolégicas del linfoma canino
varian dependiendo de las distintas zonas geograficas
mundiales; asimismo, se han documentado diferen-
cias morfoloégicas entre casos de linfoma canino pre-
sentes tanto en Europa como en Estados Unidos de
Ameérica, asi como diferencias entre distintas zonas
geograficas dentro de esta nacién.'” En México no
se han realizado estudios que determinen las carac-
teristicas histolégicas e inmunofenotipicas del lin-
foma canino, que permitan una identificacién mads
precisa de esta neoplasia, con el fin de establecer un
programa 6ptimo para el manejo de estos casos. Los
objetivos de este estudio son: clasificar, con base en
las caracteristicas histologicas e inmunofenotipicas,
al linfoma canino en México, y determinar si existen
diferencias o no entre las caracteristicas histologicas
e inmunofenotipicas descritas en este estudio con las
descritas en otras areas geograficas.

Material y métodos
Clasificacion histologica

Los casos empleados para este estudio se tomaron
de los casos de archivo, remitidos y diagnosticados
como linfoma en el Departamento de Patologia de
la Facultad de Medicina Veterinaria y Zootecnia de
la Universidad Nacional Autonoma de México. Todas
las muestras fueron fijadas en formalina al 10%; sin
embargo, el periodo de fijacién para estos casos fue
variable. Posteriormente, fueron incluidas en para-
fina, para realizar cortes a 4 pm de espesor, y teni-
das con la tincién de rutina de hematoxilina-eosina



National Cancer Institute-Working Formulation (NCI-
WF)!"! classification.

Immunophenotypification

Sample cuts of 4 pm of thickness for the immunohis-
tochemical study were done and fixed on slides. They
were incubated at 60° C in a dry electric incubator*
for 30 minutes, followed by three changes of three
minutes in xylol, three minutes in acetone and three
minutes in absolute alcohol. For the endogenous per-
oxidase inhibition, a 1 mL solution of hydrogen per-
oxide at 30% for each 100mL of methanol was used,
for a 30 minute period. Subsequently, the samples
were submerged in 96% alcohol for five seconds and
rinsed for three minutes with distilled water. For
antigen exposition, samples were submerged in a cit-
rate solution (1 liter of distilled water, 2.1 g of citric
acid, 13 mL of sodium hydroxide) with a pH of 5.7
to 6.0 for CD3 (polyclonal rabbit anti-human CD3
antibody)** and alkaline solution (10 mmol/L Tris
buffer, ImL mmol/EDTA) with pH 9.0 for CD79a
(monoclonal mouse anti-human CD79a antibody) .*#*
Samples were heated for three minutes in microwaves
(80 powers) in a plastic container with lid, reaching
approximately 90°C, with 40 minutes to settle and
rinsed in distilled water. Afterwards, two changes of
five minutes each were done in a buffer solution (PBS)
(6.17 g of dibasic sodium phosphate, 0.89 g monobasic
sodium phosphate, 9 g sodium chloride and one liter
of distilled water).

For the blockage of the non-specific binding of
the primary antibody, normal goat serum was used at
room temperature for 30 minutes in humid chamber.
Afterwards, goat serum was drained, the correspond-
ing primary antibody was applied in a 1:100 dilution
using solvent for commercial antibodyt and was incu-
bated in humid chamber at 4°C for 24 hours. Later,
they were rinsed with three changes of three minutes
each in PBS with Tween 20 solution (6.17 g of dibasic
sodium phosphate, 0.89 g of monobasic sodium phos-
phate, 9 g of sodium chloride and one liter of saline
solution, and 1 mL of Tween 20 solution for each liter
was added) at pH of 7.6 for the secondary biotinylated
antibody] application and incubated in humid cham-
ber for 30 minutes at room temperature. It was rinsed
in BFS with Tween 20 solution three times three min-
utes each. Afterwards, Biotin-Avidin* enzyme reactive
was applied and then incubated in humid chamber for
30 minutes at room temperature. Later, it was rinsed
in BFS with Tween 20 solution, for three times, three
minutes each. For the developing, diaminobenzidine
(DAB) solution was used (5 mL of Tris 2.4 pH buffer,
50 mL of distilled water, 0.0125 g of diaminobenzidine
and 30 pL of hydroxide peroxide at 30%), slides were

(H-E). Se observaron las muestras y se les clasific6 de
acuerdo con sus caracteristicas histolégicas, tomando
como referencia el esquema de clasificacion del Natio-
nal Cancer Institute-Working Formulation (NCI-
WF)."

Inmunofenotipificacion

Para el estudio inmunohistoquimico se realizaron
cortes de las muestras a 4 pm de grosor y se fijaron
sobre laminillas para su posterior incubacién a 60°C
en incubadora seca eléctrica™ por 30 minutos, seguido
de tres cambios de tres minutos en xilol, tres minutos
en acetona y tres minutos en alcohol absoluto. Para
la inhibicién de la peroxidasa endogena, se utilizo
solucién de 1 mL de perdxido de hidrégeno a 30%
por cada 100 mL de metanol, por un periodo de 30
minutos, sumergiendo posteriormente las muestras
en alcohol al 96% por cinco segundos y lavando con
agua destilada por tres minutos. Para la exposicion de
antigenos, se sumergieron las muestras en solucién
de citratos (1 litro de agua destilada, 2.1 g de acido
citrico, 13 mL de hidréxido de sodio) con pH de 5.7 a
6.0 para el CD3 (anticuerpo policlonal de conejo anti-
CD3 humano)** y solucién alcalina (10 mmol/L Tris
amortiguador, ImL mmol/EDTA) con pH 9.0 para el
CD79a (anticuerpo monoclonal de ratén anti-CD79a
humano) *** Mediante un contenedor de plastico
con tapa, las muestras fueron calentadas en micro-
ondas durante tres minutos (80 power), alcanzando
90°C aproximadamente, con reposo de 40 minutos
y lavadas con agua destilada, luego se realizaron dos
cambios de cinco minutos cada uno en solucién amor-
tiguadora (PBS) (6.17 g de fosfato de sodio dibdsico,
0.89 g de fosfato de sodio monobasico, 9 g de cloruro
de sodio y cbp un litro de agua destilada).

Para el bloqueo de la unién no especifica del anti-
cuerpo primario se utiliz6 suero normal de cabra a
temperatura ambiente por 30 minutos en camara
himeda, posteriormente se escurrié el suero de
cabra, se aplicé el anticuerpo primario correspon-
diente en dilucién 1:100 utilizando diluyente para
anticuerpo comercialf y se incub6 en camara humeda
a 4°C por 24 horas. Después se enjuagaron con tres
cambios de tres minutos cada uno en PBS con solu-
cién de Tween 20 (6.17 g de fosfato de sodio dibasico,
0.89 g de fosfato de sodio monobasico, 9 g de cloruro
de sodio y cbp un litro de solucion salina y se agregé
1 mL de soluciéon Tween 20 por cada litro) a pH de
7.6 para la aplicaciéon del anticuerpo secundario
biotiniladof y se incub6 en cdmara hiimeda por 30
*Feli, S.A, México.

**Dako Cytomation, Estados Unidos de America.
***Dako Cytomation, Estados Unidos de America

tDako Cytomation, Estados Unidos de America.
tDako Cytomation, Estados Unidos de America.
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submerged in a Petri dish for three to five minutes,
they were rinsed with distilled water for a minute,
running water for three minutes and were submerged
in copper sulfate solution at 1% for ten minutes and
then rinsed for one minute in running water. Finally,
samples were contrasted with Mayer’s hematoxylin for
two seconds, dehydrated in Scott’s solution (sodium
bicarbonate 3.5 g, magnesium sulfate 20 g, distilled
water 1 L) for two minutes and in alcohol at 96% for
ten seconds; finally, they were mounted using DPX
medium on cover slides.

From each case, counting was done for malignant
cells marked positively to CD3 and CD79a, in five fields
with high-dry objective (40X), averaging the results of
the five counts and estimating the approximate per-
centage for each cellular population.

Statistical analysis

The results of the histological classification were statis-
tically analyzed with the chi-square test according to
classifications previously published by other authors,
who used the NCI-WF classification system based on
low, intermediate and high histological grades.”>'*"

According to the immunophenotype, results were
statistically analyzed with chi-square test according to
classifications previously published by other authors,
who used the NCI-WF classification system based on
T, B or noT/noB cellular origin.*"*"? A P < 0.05 signifi-
cance was established for data analysis. The GraphPad
Prism 4.0** computer program was used.

Results

Thirty one cases were evaluated, 18 were males
(58.06%) and 13, females (41.93%). The average
presentation age was 6.5 years (range: 2 to 12 years).
The breeds with higher frequency were: Crossbred,
4/31; Cocker Spaniel, 3/31; Labrador Retriever, 4/31;
Rottweiler, 3/31; Golden Retriever, 2/31; German
Sheppard, 2/31; Giant Schnauzer, 2/31 (Table 1).
Histologically, the 31 selected cases in this study, 6/31
(19.35%) were classified according to the NCI-WF11 as
small cell lymphocytic lymphoma; 1/31(3.22%), mixed
follicular; 1/31(3.22%), follicular large cell; 1/31
(3.22%), diffuse small cleaved cell; 12/31 (38.71%),
diffuse large cell; 6/27 (19.35%), immunoblastic;
3/31 (9.68%), lymphoblastic and 1/31 (3.32%), small
non-cleaved cell lymphoma.

When considering the malignancy histological
grade, 22.57% of the cases correspond to low grade;
45.15%, to intermediate grade; and 32.25%, to high
grade (Table 2). Immunophenotypically, 13 cases
(41.94%) were classified as B-cell lymphomas; 15
(48.39%), T-cell lymphomas; and three (9.68%), no

144

minutos a temperatura ambiente. Se enjuagé en BFS
con solucién de Tween 20 tres veces de tres minutos
cada una. Posteriormente, se aplicé el reactivo enzima
Avidina-Biotina,* y se incub6 en camara humeda 30
minutos a temperatura ambiente, después se enjuagoé
en BFS con soluciéon de Tween 20, tres veces de tres
minutos cada una. Para el revelado, se utiliz6 solucién
de diaminobencidina (DAB) (5 mL de amortiguador
Tris pH 2.4, cbp 50 mL de agua destilada, 0.0125 g de
diaminobencidina y 30 pL de peréxido de hidrégeno
al 30%), se sumergieron las laminillas dentro de una
caja de Petri durante tres a cinco minutos, se enjuaga-
ron con agua destilada por un minuto, agua corriente
por tres minutos y se sumergieron en solucién de sul-
fato de cobre a 1% diez minutos y se enjuagaron un
minuto en agua corriente. Finalmente, las muestras
se contrastaron con hematoxilina de Mayers por dos
segundos, deshidratadas en solucién Scott (3.5 g, de
bicarbonato de sodio bicarbonato, 20 g de sulfato de
magnesio, 1 L. de agua destilada) dos minutos y en
alcohol a 96% por diez segundos, finalmente, fueron
montadas empleando medio DPX colocando el cubre-
objetos.

De cada caso, se realizaron conteos de las células
malignas marcadas positivamente para CD3 y CD79a,
en cinco campos con el objetivo seco fuerte (40X),
promediando los resultados de los cinco conteos y
estimando el porcentaje aproximado para cada pobla-
cion celular.

Analisis estadisticos

Los resultados de la clasificacién histolégica fueron
analizados estadisticamente con la prueba de Ji cua-
drada con clasificaciones publicadas anteriormente
por otros autores que utilizaron el sistema de clasifi-
cacion NCI-WF basandose en los grados histologicos
bajo, intermedio y alto.”*'*"

De acuerdo con el inmunofenotipo, los resultados
fueron analizados estadisticamente con la prueba de
Ji cuadrada de acuerdo con clasificaciones publicadas
anteriormente por otros autores, que utilizaron el sis-
tema de clasificacion NCI-WF basandose en el origen
celular T, B o no T/no B.*"" Se estableci6 una signi-
ficancia de P < 0.05 para el analisis de los datos. Se uti-
liz6 el programa de computo GraphPad Prism 4.0.%*

Resultados

Se evaluaron 31 casos, de los cuales 18 fueron machos
(58.06%) y 13, hembras (41.93%). La edad promedio

*Equipo Comercial ABC, Dako Citomation, Estados Unidos
de América.

**GraphPad Software Incorporated. Estados Unidos de
Ameérica.



T/no B or undetermined lymphomas (Table 3, Fig-
ures 1-3).

From six cases classified as diffuse small cell or lym-
phocytic lymphoma, two were B immunophenotype,
three T-cells and one no T/no B; one case of mixed
follicular T-cells, one small cleaved T-cells and one as
follicular large B-cells.

From 12 cases of diffuse large cell lymphoma,
three were B-cells and nine T-cells; five immunoblas-
tic B-cell lymphoma and one no B/no T case.

From three lymphoblastic, one T-cells, one B-cells
and one no B/no T; as well as one case of small cleaved
B-cells. (Table 4).

The histological results of the present study repre-
sent a greater proportion of low grade lymphoma with
respect to other studies (Table 5). A statistical signifi-
cant difference was found in two evaluated studies and
no statistical difference was found with the remaining
studies (Table 6). On the other hand, when evaluat-
ing the malignant grade in two studied geographical
areas, a significant statistical difference was present in
the United States of America (P< 0.0001), while no sta-
tistical difference was found in Europe (P< 0.5984) in
relation to this study (Table 7). In this study, a greater
proportion of T-cell lymphomas origin (CD3 +) was
found in relation to other studies (Table 8). Regard-
ing the immunophenotype results of both geographi-
cal areas, there was a significant statistical difference
with the European region (P = 0.001) and no statis-
tical difference was found with the United States of
America region (P = 0.1158) (Table 9).

de presentacion fue de 6.5 anos (rango: 2 a 12 anos).
Las razas con mayor frecuencia fueron: Mestizo, 4/31;
Cocker Spaniel, 3/31; Cobrador de Labrador, 4/31;
Rottweiler, 3/31; Cobrador Dorado, 2/31; Pastor
Aleman, 2/31; Schnauzer Gigante, 2/31 (Cuadro 1).
Histoloégicamente, los 31 casos seleccionados en el
presente estudio, 6/31 (19.35%) fueron clasificados
de acuerdo con el esquema NCI-WF'' como linfoma
linfocitico de células pequenas; 1/31 (3.22%), folicu-
lar mixto; 1/31 (3.22%), folicular de células grandes;
1/31 (3.22%), difuso de células pequenas hendidas;
12/31 (38.71%), difuso de células grandes; 6/27
(19.35%), inmunobldstico; 3/31 (9.68%), linfoblds-
ticoy 1/31 (3.22%), linfoma de células pequenas no
hendidas.

Al considerar el grado histolégico de maligni-
dad, 22.57% de los casos corresponden a grado
bajo; 45.15%), a grado intermedio; y 32.25%, a grado
alto (Cuadro 2). Inmunofenotipicamente, 13 casos
(41.94%) fueron clasificados como linfomas de células
B; 15 (48.39%), linfomas de células T, y tres (9.68%),
linfomas no T/no B o indeterminado (Cuadro 3, Figu-
ras 1-3).

De los seis casos clasificados como linfoma difuso
de células pequenas o linfocitico, dos fueron de inmu-
nofenotipo B, tres de células T y uno no T/no B; un
caso de linfoma folicular mixto de células T, uno de
células pequenas hendidas de células T y uno como
folicular de células grandes de células B.

De los 12 casos de linfoma difuso de células gran-
des, tres fueron de células B y nueve de células T;

Figura 1: Inmunohistoquimica de un
linfoma inmunoblastico de inmunofe-
notipo celular A. El marcaje es positivo
(—) a CD79a y negativo a CD3, en la
muestra se observan algunas células T
con marcaje positivo (=) a CD3 pre-
sentes en el tejido. 40X Barra = 20 pm

Figure 1: Immunohistochemistry of
a B-cell immunophenotype immu-
noblastic lymphoma. A. Marking is
positive (=) to CD79a. B. Some T-cells
with positive marking (—) to CD3 are
observed. 40X Bar = 20 pm.

Figura 2: Inmunohistoquimica de un
linfoma difuso de células grandes hen-
didas de inmunofenotipo celular T. El
marcaje es negativo a CD79a , positivo
(—) a CD3. 40X Barra = 20 pm

Figure 2: Immunohistochemistry of a
T-cell immunophenotype diffuse large
cleaved cell lymphoma. A. Marking is
negative to CD79a. B. Positive marking
(=) to CD3. 40X Bar = 20 pm.
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Cuadro 1
CLASIFICACION HISTOLOGICA E INMUNOFENOTIPICA,
RAZA, SEXOY EDAD DE LOS 31 CASOS

HISTOLOGICAL AND IMMUNOPHENOTYPIC CLASSIFICATION,
BREED, SEX AND AGE OF THE 31 CASES

Histological Histological

Breed Sex Age classification grade Inmunophenotype
Akita F 9 LB High B
Afgane F 7 1B High B
Airedale Terrier F 6 DSC Intermediate T
Airedale Terrier M 8 FM Low T
Alaskan Malamute F 10 DL Intermediate T
Bloodhound M 7 1B High B
Labrador Retriever M 8 DSL Low T
Labrador Retriever M o6 DL Intermediate T
Golden Retriever F 6 DSL Low B
Golden Retriever F 6 DL Intermediate T
Cocker Spaniel M 4 DSL Low T
Cocker Spaniel M 8 DL Intermediate T
Cocker Spaniel M 8 DSL Low NToB/noT
Great Dane F 8 LB High NToB/mo T
Undefined M 4 SNC High B
Labrador Retriever M 2 DL Intermediate B

Irish Wolfthound M 7 DL Intermediate T
Crossbred M 7 1B High NToB/mnoT
Crossbred F 10 DSL Low B
Crossbred F 4 DL Intermediate T
Crossbred F 7 LB High T
German Shepherd M 3 1B High B
Belgian Shepherd M 7 DL Intermediate B
Rottweiler M 5 1B High B
Rottweiler M 7 1B High B
Rottweiler M 7 DL Intermediate T
Scottish Terrier M 12 DL Intermediate B

Giant Schnauzer F 4 FL Intermediate B

Giant Schnauzer M 6 DL Intermediate T
Miniature Schnauzer F 7 DSL Low T

Old English Sepherd  F 2 DL Intermediate T

DSL: Diffuse small cell lymphocytic or plasmacytoid, FSC: Predominant follicular small cleaved cells, FM: M
and small cells, FL: Predominant follicular large cells, DSC: Diffuse small cleaved cell, DM: Diffuse mixed s
DL: Diffuse large cells, IB: Immunoblastic, LB: Lymphoblastic, SNC: Small non-cleaved cells.

M: male, F: female
Low grade: DSL, FSC, FM. Intermediate grade: FL, DSC, DM, DL. High grade: IB, LB, SNC.
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Cuadro 2

RESULTADO DE LA CLASIFICACION HISTOLOGICA CON EL SISTEMA NCI-WF'!

HISTOLOGICAL CLASSIFICATION RESULT WITH THE NCI-WF SYSTEM"!

Category Histological grade Number of cases Percentage Percentage considering grade
DSL Low 6 19.35 22.57
FSC 0 0

FM 1 3.22

FL Intermediate 1 3.22 45.15
DSC 1 3.22

DM 0 0

DL 12 38.71

1B High 6 19.35 32.25
LB 3 9.68

SNC 1 3.22

MF - -

Total 31 100 100

DSL: Diffuse small cell lymphocytic or plasmacytoid, FSC: Predominant follicular small cleaved cells, FM: Mixed follicular large an
small cells, FL: Predominant follicular large cells, DSC: Diffuse small cleaved cells, DM: Diffuse mixed small and large cells, DL
Diffuse large cells, IB: Immunoblastic, LB: Lymphoblastic, SNC: Small non-cleaved cells. MF: Mycosis fungoides.

Low grade: DSL, FSC, FM. Intermediate grade: FL, DSC, DM, DL. High grade IB,LB,SNC

Figura 3: Inmunohistoquimica de un
linfoma difuso de células grandes no
hendidas de inmunofenotipo celular
T. El marcaje es negativo a CD79a,
positivo (=) a CD3. 40X Barra = 20

pm

Figure 3: Inmunochemistry of a T-cell
immunophenotype diffuse large non-
cleaved lymphoma. A. Marking is
negative to CD79a. B. Positive mark-
ing (=) to CD3. 40 X Bar = 20 pm.

Discussion

Up to date, several classification systems of non-Hodg-
kin’slymphomahave been developed;nevertheless, only
Kiel and NCI-WF classification systems have demon-
strated greater usefulness in canine lymphoma classifi-
cation because itis the most used system and it does not
require especial stains for immunohistochemistry.***’
The NCI-WF was selected for the present study due to

cinco linfomas inmunoblasticos de células B y un caso
no B/no T.

De tres linfoblasticos, uno de células T, uno de
células B y uno de no B/no T, asi como un caso de
linfoma de células pequenas hendidas de células B
(Cuadro 4).

Los resultados histolégicos del presente estudio
presentaron una mayor proporcién de linfomas de
grado bajo con respecto a los demds estudios (Cuadro
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Cuadro 3
RESULTADO DE LA CLASIFICACION INMUNOFENOTIPICA

IMMUNOPHENOTYPIC CLASSIFICATION RESULT

Number of cases  Percentage

B-cells 13 41.94

T-cells 15 48.39

Undetermined (no-T/no-B) 3 9.68

Total 31 100
Cuadro 4

RELACION DE LA CLASIFICACION HISTOLOGICA E INMUNOFENOTIPO
HISTOLOGICAL AND IMMUNOPHENOTYPE CLASSIFICATION RELATION

Immunophenotype
Category Number of cases B T No B/no T
DSL 6 2 3 1
FSC 0
FM 1 1
FL 1 1
DSC 1 1
DM 0
DL 12 3 9
1B 6 5 1
LB 3 1 1 1
SNC 1 1
MF
Total 31 13 15 3

DSL: Diffuse small cell lymphocytic or plasmacytoid, FSC: Predominant follicular small cleaved cells, FM: Mixed
follicular large and small cells, FL: Predominant follicular large cells, DSC: Diffuse small cleaved cells, DM: Diffuse
mixed small and large cells, DL: Diffuse large cells, IB: Immunoblastic, LB: Lymphoblastic, SNC: Small non-
cleaved cells. MF: Mycosis fungoides.

Low grade: DSL, FSC, FM

Intermidiate grade: FL, DSC, DM, DL. High grade: IB, LB, SNC.

its acceptance and diffusion in Mexico, as well as in Discusion
other regions.”>!*1>%!

From the present cases, while statistically evalu- En la actualidad se han desarrollado diversos sistemas
ating the results of malignant grade in contrast to de clasificacién del linfoma de tipo no Hodgkin; sin
other authors’ studies, a statistically significant dif- embargo, solamente los sistemas de clasificacion de
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Cuadro 5
COMPARACION DE LA CLASIFICACION HISTOLOGICA CON
RESULTADOS DE OTROS AUTORES
HISTOLOGICAL CLASSIFICATION COMPARISON WITH
OTHER AUTHORS’ RESULTS

Fournel Fleury'*  Ruslander’?  Results in the
GreenleSetal.  CarterSetal.  Teske'Setal.  Ferrer' et al. et al. et al. present study
Category (USA) (%) (USA) (%) (EUR) (%)  (EUR) (%) (EUR) (%) (USA4) (%) (%)
DSL 10.2 49 0.0 14.14 13.04 0 19.35
FSC 0 0 12 0 1.08 0 0
FM 1.1 0.4 44 0 0 0 322
FL 34 0.4 31 4.04 0 0 322
DSC 34 59 8.6 0 0 0 3.22
DM 5.1 2.1 52 16.16 1.08 7.69 0
DL 48.3 20.0 30.2 29.29 51.12 30.77 38.71
IB 25.6 249 6 11.11 14.13 7.69 19.35
LB 0.6 17.2 0 7.07 1.08 53.85 9.68
SNC 32 242 0 3.03 4.34 0 322
MF - - 1.7 15.15 14.13 - -
N 176 285 116 99 92 15 31

DSL: Diffuse small cell lymphocytic or plasmacytoid, FSC: Predominant follicular small cleaved cells, FM: Mixed follicular large and small cells,
FL: Predominant follicular large cells, DSC: Diffuse small cleaved cells, DM: Diffuse mixed small and large cells, DL: Diffuse large cells, IB:
Immunoblastic, LB: Lymphoblastic, SNC: Small non-cleaved cells. MF: Mycosis fungoides.

Low grade: DSL, FSC, FM. Intermediate grade: FL, DSC, DM, DL. High grade: IB, LB, SNC

ference was found in respect of studies done in the
United States of America, while there was no differ-
ence with the rest of the evaluated studies.”®'*'**!
While comparing the results with the two established
geographical areas (United States of America and
Europe), statistically significant difference was found
in the American Union, while there was no difference
with the European.''®" Such difference could be due
to the fact that 22.57% of the cases were classified as
low grade, finding more quantity of these in respect
of other studies, where less frequency of this type of
lymphoma was observed, which indicate that between
0% and 16.04% of the cases belonged to low grade;
a higher difference was observed in respect of studies
done in the United States of America geographical
zone than studies done in Europe. Nevertheless, the
majority of the cases were classified within the inter-
mediate to high grade lymphomas, that coincides with
the results of all the authors in other studies,”%%1%15:19.21

5). Se encontré una diferencia estadisticamente sig-
nificativa con dos estudios evaluados y no se encon-
tr6 diferencia estadisticamente significativa con los
demas estudios (Cuadro 6). Por otra parte, al evaluar
el grado de malignidad en los estudios realizados con
dos areas geograficas, se present6 diferencia estadisti-
camente significativa con la region de Estados Unidos
de América (P < 0.0001), mientras que no se encon-
tr6 diferencia estadistica con la regiéon de Europa (P
= 0.5984) con respecto a este trabajo (Cuadro 7). En
este estudio se encontré6 mayor proporcién de linfo-
mas de origen celular T (CD3 +) con respecto a otros
estudios (Cuadro 8). En los resultados de inmunofe-
notipo con respecto a las dos areas geograficas, se
present6 diferencia estadisticamente significativa con
la region de Europa (P = 0.001) y no se encontré dife-
rencia estadisticamente significativa con la region de
Estados Unidos de América (P =0.1158) (Cuadro 9).
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Cuadro 6
COMPARACION DE LA CLASIFICACION HISTOLOGICA CON RESULTADOS DE OTROS
AUTORES BASANDOSE EN EL GRADO HISTOLOGICO
HISTOLOGICAL CLASSIFICATION IN COMPARISON WITH OTHER AUTHORS’
RESULTS BASED ON HISTOLOGICAL GRADE

Low grade Intermediate High grade Miscellaneous Origin Chi square Statistical
N (%) grade (%) (%) (%) region value  Significance  difference
Results in the
31 22.57 45.15 32.25 0.00 Mexico
present study
Greenle eral’ 176 11.30 60.20 29.40 0.00 USA 0.3624 0.5472 No
Carter et al.® 285 5.30 28.40 66.30 0.00 USA 19.14 <0.0001 Yes
Teske et al.”> 116 16.40 75 6.0 1.70 Europe 1.941 0.1636 No
Ferreretal” 99  14.14 49.49 21.21 15.15  Europe  2.361 0.1244 No
Fournel Fleury 92 14.12 51.12 19.55 14.13 Europe 1.816 0.1778 No
etal.
Ruslanderer 15 0.00 38.46 61.54 0.00 USA 5.149 0.0233 Yes
al.?
Cuadro 7

COMPARACION DE LA CLASIFICACION HISTOLOGICA CON RESULTADOS
DE OTROS AUTORES, CONSIDERANDO EL AREA GEOGRAFICA Y
BASANDOSE EN EL GRADO HISTOLOGICO
HISTOLOGICAL CLASSIFICATION IN COMPARISON WITH OTHER AUTHOR’S RESULTS,
CONSIDERING THE GEOGRAPHICAL AREA AND BASED ON HISTOLOGICAL GRADE

Low grade Intermediate High grade Miscellaneous — Chi square Statistical
N (%) grade (%) (%) (%) value Significance  difference
Results in the
31 22.57 45.15 32.25 0.00
present study
Europe'*'>!1® 275 15.08 60.32 15.08 9.51 0.9354 0.3334 No
USA"”#2 1029 5.45 33.07 57.61 0.00 51.15 <0.0001 Yes

which suggests that in Mexico, as in other geographi-
cal zones, the majority of canine lymphoma presents
an intermediate to high histological grade; neverthe-
less, the results of this study show higher proportion of
low malignant grade cases.
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Kiel y del NCI-WF han demostrado mayor utilidad
en la clasificacion del linfoma canino debido a que
son los mas utilizados y no requieren de tinciones
especiales para inmunohistoquimica.***" Para el
presente estudio se seleccion6 el sistema del NCI-WF,



Cuadro 8
COMPARACION DE LOS RESULTADOS DEL INMUNOFENOTIPO CON OTROS AUTORES
IMMUNOPHENOTYPE RESULTS IN COMPARISON WITH OTHER AUTHORS

Number of B-cells T-cells  NoB/moT Origin  Chisquare  Significance Statistical
cases (%) (%) (%) region value difference
Study results 31 41.94 48.39 9.68
Fournel ef al.' 92 7391  26.09 Europe 23.37 0.0001 Yes
Ferrer et al.”? 99 58 42 Europe 8.652 0.0033 Yes
Kosarek et al. 185 6541  22.70 11.89
17 USA 4322 0.0376 Yes
Caniatti et al. 18 7778  16.67 5.56
18 Europe 18.43 0.0001 Yes
Fisher et al."’ 11 88.89  1l.11 USA 45.34 0.0001 Yes
Dobson et al.® 48 82.60 13.0 435  Europe 25.55 0.0001 Yes
Burnett et al.’® 24 50 35 15 USA 0.1539 0.8627 No
Teske et al.® 95 58.90  37.90 320  Europe 6.525 0.0106 Yes
Cuadro 9

COMPARACION DE LOS RESULTADOS DEL INMUNOFENOTIPO CON RESULTADOS DE
OTROS AUTORES, CONSIDERANDO EL AREA GEOGRAFICA
IMMUNOPHENOTYPE RESULTS IN COMPARISON WITH OTHER AUTHORS’ RESULTS,
CONSIDERING THE GEOGRAPHICAL AREA

Number of T-cells Chi square Statistical
cases  B-cells (%) (%) No B/no T cells (%) value P difference
532‘;“5 in the present 31 4194 4839 9.68
Europe®!*16%7 374 62.83 29.68 1.60 10.88 0.001 Yes
19,25,28
USA 220 65.00 23.18 11.82 2.473 0.116 No

As aforementioned, the NCI-WF classification

5,6,12-15,21

por su mayor aceptaciéon y difusion en México, asi

system is not an ideal histological classification of
canine lymphoma, because there can be differences
in other geographical zones; therefore, its evaluation
with new systems as the Histological Classification of
Hematopoietic Tumors and Lymphoid Tissues of the
World Health Organization is suggested.”” The anti-
bodies utilized in this study, anti-CD3 and anti-CD79a,

como en otras regiones.

De los «casos presentados, al  evaluar
estadisticamente los resultados del grado de
malignidad con los estudios de otros autores, se
encontr6 diferencia estadisticamente significativa
con respecto a estudios realizados en Estados Unidos
de América, mientras que no se encontr6 diferencia
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confirmed its usefulness in the immunophenotypifi-
cation of canine lymphoma tissues preserved in paraf-
fin, as it had been used by other authors.®!%1%1416.17.23:27
While evaluating the results of the utilized markers,
a statistically significant difference was found in
respect of seven of the eight studies done, five of them
in European regions and two in the United States of
America.*""

While comparing the results with the established
geographical regions, a statistically significant differ-
ence was found only with the European region. This
difference could be explained due to the fact that, in
contrast with Europe and the American Union, in the
present study it was found higher percentage of T-cell
origin lymphoma cases than B origin.*'*!*!171927.28 Thig
last suggests that in Mexico there is greater propor-
tion of T-cell canine lymphoma cases; nevertheless,
it is relevant to do more studies to confirm it. Like-
wise, highest percentage of no T/no B or null cells
in respect of geographic zones was found in Mexico,
difference well-known to European studies, which
suggests that in Mexico, or America, there is greater
proportion of no B/ no T-cell cases.

In three cases of the present study, one histologi-
cal classified as lymphoblastic, other as immunoblas-
tic and one more as lymphocytic lymphoma, it was
useful to mark any of the utilized antibodies (CD3
and CD79a), classifying as null or no B/no T-cells.
Previously, it had been reported a low incidence of
no B/no T-lymphomas, independently of the histo-
logical type,®'**"#¥ such a phenomenon has also been
recognized in human non-Hodgkin’s type lymphoma,
where the origin of these types of lymphomas is attrib-
uted to cytosine natural cells or NK, which in humans
are: CD56, CD94 and CD16.%

These antigens, in reviewed literature, have not
been utilized in dogs; in this sense, it is unknown if
there is a cross reaction between these species.*'*'%*
A second possibility to CD3 and CD79a negative
marking, is that their origin came from B-precursor
or T-immature cells, which in this state they do not
present CD79a and CD3 expression in their mem-
branes; therefore, it would be necessary to utilize
specific membrane markers for membrane antigen
expression in these cell phases. The utilization of CD9
and CDI10 for B-precursor lymphocytes and B-pre
cells, as well as CD44, CD25 and CD117 for early pre-
cursor T-lymphocytes and T-immature lymphocytes is
reported in humans.*

In one study, Greenle e al.” used CD25 as marker
in five, and all of them were negative; therefore, it
was not possible to determine its utility in dogs. Up
to date, CD9, CD10, CD44 and CD117 markers have
not been used in canine cases.*'*'®* It is possible
that failures for the use of these immunomarkers are
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con el resto de los estudios evaluados.”>'*'>* Al
comparar los resultados con las dos dreas geograficas
establecidas (Estados Unidos de América y Europa),
se encontr6 diferencia estadisticamente significativa
con la regién de la Unién Americana, mientras que
no se hallé diferencia con la de Europa.'*'®'%22
Dicha diferencia pudiera deberse a que 22.57% de los
casos fueron clasificados de grado bajo, encontrando
mayor cantidad de éstos con respecto a otros trabajos,
en donde se observé menor frecuencia de este tipo de
linfoma, y que indican que entre 0% y 16.04% de casos
pertenecieron al grado bajo; se observé una mayor
diferencia con respecto a los estudios realizados en la
zona geografica de Estados Unidos de América que
con los estudios realizados en Europa. Sin embargo,
la mayoria de los casos fueron clasificados dentro
de los linfomas de grado intermedio a alto, ello
coincide con los resultados de otros estudios,”®%!*
1519215 que sugiere que en México, como en otras
areas geograficas, la mayoria de los casos de linfoma
canino presenta un grado histolégico de intermedio
a alto; sin embargo, los resultados en este estudio
muestran mayor proporcion de casos de grado bajo
de malignidad.

Como se ha mencionado, el sistema de clasificacion
NCI-WF no es un sistema ideal de clasificacion
histolégica del linfoma canino, debido a que pueden
encontrarse diferencias con otras zonas geograficas,
porlo que se sugiere su evaluacion con nuevos sistemas,
como la Clasificacién Histolégica Internacional de
Tumores Hematopoyéticos y Tejidos Linfoides de la
Organizacién Mundial de la Salud.** Los anticuerpos
utilizados en este trabajo, anti-CD3 y anti-CD79a,
confirman su utilidad en la inmunofenotipificaciéon
de los tejidos de linfoma canino preservados en
parafina, como habia sido empleado por otros
autores.®!*1# 110172327 A1 evaluar los resultados de los
marcadores empleados, se encontré una diferencia
estadisticamente significativa con respecto a siete
de los ocho estudios realizados, cinco de ellos en
regiones europeas y en dos de Estados Unidos de
América.®""

Al comparar los resultados con las dos regiones
geograficas establecidas, se encontré una diferencia
estadisticamente significativa s6lo con la regién de
Europa. Esta diferencia pudiera deberse a que, en
comparaciéon con Europa y la Uniéon Americana, en
el presente estudio se encontré mayor porcentaje de
casos de linfoma de origen celular T que de origen
B.813ITI92738 Foto tltimo sugiere que en México
existe mayor proporcioén de casos de linfoma canino
de células T; sin embargo, es pertinente realizar
mayores estudios para confirmarlo. Asimismo, en
México se encontré mayor porcentaje de linfomas de
células no T/no B o células nulas con respecto a las



due to the presence of anaplastic or wrong differenti-
ated malignant lymphocytes, which do not express the
same molecules or proteins present in well differenti-
ated cells.

Other possibility for the negative result either to
CD3 or to CD79a, is an inadequate fixation of the
sample, which would have caused structural damages
to membrane antigens, propitiating that antigens
would not be recognized by the antibodies.

The present study, while being a retrospective one,
lacks control of the fixation and management of the
sample before this is paraffin processed. Here, two
cases presented positive marking for both antibodies.
There are reports of T-lymphoblastic lymphomas that
demonstrate the conjunctive expression of CD3 and
CD79a in the same cell;'” nevertheless, malignant cells
were recognized as positives to specific markers and
there was a percentage predominance in the expres-
sion of one of the membrane antigens; consequently,
they were classified as B or T-lymphomas, depending
on the predominant neoplastic cells of each marker,
with an estimate of 60% of B-cells with neoplastic
characteristics, in one of the cases, and 50% of neo-
plastic B-cells in the second case; this criterion has
been taken by other authors.**® The utilization of the
morphological criterion for canine lymphoma classi-
fication, has demonstrated to be inadequate in pre-
vious studies.” In contrast to the immunophenotype,
either by immunohistochemistry or flow cytometry,
this technique has demonstrated to have great utility
in the diagnosis through the identification of line cell
specific markers.

Currently, it has been demonstrated that in the
majority of human lymphomas and leukemia, there is
gene expression profiling that characterizes the dif-
ferent types of these neoplasms; also, among the dif-
ferent histological and immunophenotypic types of
lymphoma and leukemia, different subtypes based on
gene expression profiling can be identified.”

In the future, this type of projects could be per-
formed easier, obtaining a better canine lymphoma
classification, based on the histological, immunophe-
notypic and genetic characteristics.
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