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Abstract

The aim of this study was to evaluate the utility of immunocytochemistry in a standard veterinary
practice and to determine the immunophenotype of tumor cells in cases of multicentric lymphoma in
dogs by immunocytochemical analysis of fine-needle biopsy specimens. The study was performed on
cytological samples collected from 54 dogs, in which multicentric lymphoma was recognised based on
clinical data, cytology or cytology and histology, and follow-up information. Diagnosis of lymphoma was
established according to the updated Kiel classification. Immunocytochemical assays were conducted
using commercially available antibodies to the pan T-lymphocyte marker CD3 and B cell antigen
receptor complex CD79 alpha. Among all animals examined B cell lymphoma was recognized in 42/54
(77.8%) of cases, while in the remaining 12/54 (22.2%) of dogs T cell lymphoma was recognized. In 11
animals with lymphoma recognized cytologically, in which an entire lymph node was obtained for
histology, the results of routine cytology and immunocytochemistry fully corresponded with findings
revealed by histology and immunohistochemistry. Immunocytochemistry can be successfully conducted
in smears stored at room temperature for 24 hours without changes of staining results. It can be stated
that application of standard cytopathological assessment in connection with immunocytochemistry of
lymph nodes samples collected from dogs with lymphoma is a method of choice for establishing final
diagnosis, and avoids the need for reexamination or collection of tissue samples for histopathology and
immunohistochemistry during surgical procedures in ambiguous cases.
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Introduction

Lymphomas are one of the most common malig-
nancies recognised in dogs and major clinical manifes-
tation in these tumours is single, regional or systemic
lymphadenomegaly (Foulner-Fleury et al. 2002, Pastor
et al. 2008, Sapierzyński and Micuń 2009). The first
step in the diagnostic procedure in these cases should
be a cytological examination of an enlarged lymph
node (Teske and van Heerde 1996, Foulner-Fleury et
al. 1997, Das 1999, Foulner-Fleury et al. 2002, Sozmen
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et al. 2005, Guija de Arespacochoga et al. 2007, Sapi-
erzyński and Micuń 2009). In some cases establishing
of final diagnosis of lymphoma requires histopathologi-
cal examination of the entire or sample of lymph node
collected during surgery. However, this diagnostic pro-
cedure can be impossible or risky in some animals be-
cause of their poor general state or lack of owner's
consent. Thus, there is the need to discover new, less
invasive methods of examination, which contribute
more to the diagnostic process and will allow other
more invasive procedures to be avoided.
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Determining of the immunophenotype of the lym-
phoma cells is possible by using specific mono- and
polyclonal antibodies for surface cluster of differenti-
ation (CD) antigens. CD markers and markers of the
stage of maturity are very often used in the human
lymphoma diagnostic process. Additionally, im-
munocytochemistry allows the course of disease to be
monitored and, often, most suitable treatment to be
chosen. Selected sets of monoclonal antibodies can de-
tect antigens that are specific markers of cells lines and
allow them to be differentiated and the level of their
maturity and immunophenotype to be determined. Im-
munocytochemical staining (IC) of samples collected
by fine needle biopsy enables fast, relatively cheap and
direct definition of human and canine lymphoma im-
munophenotype (Vail et al. 1997, Caniatti et al. 1999,
Sozmen et al. 2005).

The aim of this study was to evaluate the utility of
immunocytochemistry in routine veterinary practice
and determine the immunophenotype of lymphoma
cells in quite numerous cases of multicentric lymphoma
in dogs.

Materials and Methods

The study was performed on cytological samples
collected from 54 dogs presented to the Small Animal
Clinic, Faculty of Veterinary Medicine, Warsaw Uni-
versity of Life Sciences, in which multicentric lym-
phoma was recognised based on clinical data, cytology
or cytology and histology, and follow-up information.
None of the dogs had received chemotherapy previ-
ously. In some of the examined animals antibiotic or
anti-inflammatory therapy was conducted; however,
in any case, reduction of lymph node size was ob-
served.

Samples for cytological examination were ob-
tained by fine-needle aspiration or fine-needle nonas-
piration biopsy of enlarged lymph nodes (at least two
enlarged lymph nodes were examined and at least
four samples from each examined lymph node were
taken). For routine examination at least 3 smears of
aspirates were dried, fixed in 70% methanol, stained
with Giemsa stain and examined by light microscope.
Diagnosis of lymphoma was established according to
the updated Kiel classification, assuming that at least
80% of the cells present on slides are blastic cells
(excluding lymphocytic lymphomas). For im-
munocytochemical assays smears from each dog were
dried, fixed in acetone at 4oC for 5-10 minutes, and
stained immediately or stored at -20oC. Im-
munocytochemical stains were conducted according
to Caniatti et al. (1996) using commercially available
antibodies (Dako® Denmark) to the pan T-lym-
phocyte marker CD3 (Polyclonal Rabbit Anti-Hu-
man) and B cell antigen receptor complex CD79 al-

pha (Monoclonal Mouse Anti-Human). Four smears
from the same lymph nodes were stained using both
antibodies.

Expression intensity of examined CD antigens in
cytological preparation was determined on the basis
of microscopic light evaluation as follows: (+) when at
least 80% of cells showed strong cytoplasmic reaction,
(+-) when less than 80% of cells showed strong cytop-
lasmic reaction, (-) when less than 10% of cells
showed strong cytoplasmic reaction, (-/+) when
10-15% of cells showed strong cytoplasmic reaction
and (-/++) when 15-20% of cells showed strong
cytoplasmic reaction.

In 11 of these cases, the results of im-
munocytochemical assays (IC) were compared with
immunohistochemical (IH) analysis of the entire
lymph node obtained during surgery. Before surgical
removal, routine fine-needle biopsy was performed on
one of the affected lymph nodes, and the lymph node
was then obtained surgically, fixed in 10% neutral buf-
fered formalin, embedded in paraffin wax, cut in sec-
tions (3 μm) and stained with hematoxylin and eosin.
For immunohistochemical staining, tissue samples
were processed in the same way. The expression of
the CD3 and CD79 alpha antigens was stained using
the same primary antibodies as mentioned above.
Briefly, 3-μm-thick sections on 2% silane coated slides
were deparaffinized in xylenes and hydrated through
alcohol gradients. Antigen unmasking was performed
by microwave heating at 600W for 15 min. in 10 mM
sodium citrate buffer, pH 6.0 and Tris/EDTA buffer.
Sections were allowed to cool in the buffer at room
temperature for 20 min and were rinsed in deionized
H2O twice, 2 min each. The endogenous peroxidase
activity was blocked with 3% hydrogen peroxide for
5 min. Sections were incubated with antibodies for
1 h at room temperature in a humid chamber, and
after extensive washing in Tris-buffered saline (TBS)
(0.1 M Tris base, 0.9% NaCl, pH 7.4) were further
incubated with a biotinylated secondary antibody. The
following procedures were then carried out according
to standard protocols with EnVisionTM System
(Dako®, Denmark). The reactions were developed
with 3-3’diaminobenzidine (Dako®, Denmark), under
microscopic control. Sections were counterstained
with Mayer’s hematoxylin, dehydrated, cleared in xy-
lene and mounted. Positive and negative immunohis-
tochemical controls were performed. Tissue sections
of formalin-fixed, paraffin-embedded normal canine
lymph nodes were treated as positive controls in every
assay. Corresponding negative control sections were
prepared by replacing only the primary antibody with
TBS.

To evaluate the possible influence of smear stor-
age condition on IC results, in 10 cases additional
smears were stored for 24 hours after collection at
room temperature, beside staining of fresh and frozen
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smears cold acetone fixed, and just after this time
smears were fixed according to described procedure
on immunocytochemical fixing and staining. The re-
sults of staining of these smears were compared with
the same patient’s smears which were fixed immedi-
ately after collection and frozen.

Results

Lymphoma was recognized in 54 dogs that were
examined at the Small Animal Clinic because of mild
to severe regional or general lymphadenomegaly. In
some animals clinical symptoms of disease were ob-
served and in some animals enlarged lymph nodes
were the only clinical manifestation. Among 54 dogs
examined B cell lymphoma (Fig. 1) was recognized in
42/54 (77.8%) of cases, in the remaining 12/54
(22.2%) of animals T cell lymphoma (Fig. 2) was rec-
ognized. No non-B and non-T cell lymphoma was rec-
ognized. In all 11 animals, with lymphoma recognized
on the basis of cytology and immunocytochemistry,
from which a lymph node was obtained during sur-
gery, histopathology and immunohistochemistry con-
firmed diagnosis and the microscopic picture of his-
tologic sections corresponded with those observed
during the cytological tests. In all cases the im-
munophenotype of tumor determined by IH corre-
sponded with that defined earlier by IC. However, in
some cases some differences between the number of
cells stained in some areas of affected lymph nodes
were observed (Table 1, Figs. 3, 4). IC results were
similar in all smears prepared from the same lymph
nodes fixed directly after collection, compared with
these stored at room temperature for 24 hours and
fixed after this time.

B cell lymphomas (42 cases) were recognized in
dogs between 3 and 14 years old (average age 8.2),

Table 1. Comparison of intensity of lymphocyte expression with immunophenotype different to tumor cell immunophenotype in
cytological and histological preparation from canine lymphomas. (-) less than 10% of cells showed reaction; (-/+) 10-15% cells
showed reaction: (-/++) 15-20% cells showed reaction.

Case Immunocytochemistry Immunohistochemistry

B cell lymphomas CD3 antigen expression CD3 antigen expression
No. 1 (-) focally (-/+) small mature lymphocytes
No. 2 (-) (-)
No. 3 (-) (-)
No. 4 (-/+) small mature lymphocytes (-+) small mature lymphocytes
No. 5 (-) focally (-/+) small mature lymphocytes
No. 6 (-/+) small mature lymphocytes (-/+) small mature lymphocytes
No. 7 (-/+) small mature lymphocytes (-/+) small mature lymphocytes
No. 8 (-) (-)

T cell lymphomas CD79 alpha expression CD79 alpha expression
No. 9 (-) (-)
No. 10 (-) focally (-/+) small mature lymphocytes
No. 11 (-/+) small mature lymphocytes focally (-/+) small mature lymphocytes

26 males (62%) and 16 females (38%), various breeds
(5 schnauzer, 3 golden retriever, 3 Bernese mountain
dogs, 3 German shepherds, 2 briards, and 1 each of 13
other breeds) and 13 mongrels. Among all recognized
B cell tumors 6 (14.3%) were low-grade lymphomas (3
small cell lymphomas, 3 macronucleated
medium-sized cell lymphomas) and 36 (85.7%) were
high-grade lymphomas (34 centroblastic monomor-
phic and polymorphic type lymphomas, and 2 small
blastic lymphomas). Moderate or more often strong
CD 79 alpha antigen expression was established as
(+) in all of these B cell lymphomas (Fig. 1), addition-
ally in 28 cases (66.7%) expression of CD3 antigen
was established as (-), in 10 cases (23.8%) as (-/+) and
in 4 cases (9.5%) as (-/++).

T cell lymphomas (12 cases) were recognised in
animals aged between 1.5 and 11 years old (average
age 5.4), 7 males and 5 females, of various breeds (4
boxers, and 1 each of 6 other breeds) and two mon-
grels. Among them 3 (25%) were of low-grade lym-
phomas (all small cell lymphomas) and 9 (75%) were
high-grade lymphomas (4 pleomorphic mixed small
and large cell lymphomas, 2 lymphoblastic lym-
phomas, 2 unclassifiable plasmacytoid lymphomas,
and 1 unclassifiable small blastic lymphoma). Strong
CD 3 antigen expression was established as (+) in all
of these T cell lymphomas (Fig. 2). Additionally in 11
cases (91.6%) expression of CD 79 alpha antigen was
established as (-), in 1 case (8.4%) as (-/+), there were
no lymphomas with CD 79 alpha expression estab-
lished as (-/++).

Discussion

Application of the immunostaining methods in di-
agnosis of canine cancers, especially in the case of
lymphoma, is widely described. However, in most

Practical aspects of immunocytochemistry in canine lymphomas 663



Fig. 1. Lymph node aspirate of dog with centroblastic polymorphic lymphoma. Fine-needle aspiration biopsy. Most of the cells
observed of this B-cell lymphoma show strong CD79 alpha cytoplasmic expression. Immunoperoxidase, Mayer’s hematoxylin
counterstain. Bar = 50 μm.

Fig. 2. Lymph node aspirate of dog with small cell lymphoma. Fine-needle aspiration biopsy. Virtually all observed cells of this
T-cell lymphoma show strong CD3 cytoplasmic expression. Immunoperoxidase, Mayer’s hematoxylin counterstain. Bar = 50 μm.
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Fig. 3. Lymph node aspirate of dog with centroblastic polymorphic lymphoma (CD79 alfa immunophenotype). Fine-needle
aspiration biopsy. Only a small number of cells observed show strong CD3 cytoplasmic expression. Immunoperoxidase, Mayer’s
hematoxylin counterstain. Bar = 50 μm.

Fig. 4. Canine centroblastic polymorphic lymphoma (CD79 alfa immunophenotype; the same case as in Fig. 3). Tissue section.
Note small group of normal T lymphocytes (upper right) in area of tumor proliferation (left and at bottom) only a few cells
showing strong CD 3 cytoplasmic expression are present. Immunoperoxidase, Mayer’s hematoxylin counterstain. Bar = 50 μm.
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cases the immunophenotype of tumor cells was estab-
lished based on immunohistochemical stains of tissue
sections of lymph nodes obtained during surgery or by
using flow cytometry and cytospin preparations (Gib-
son et al. 2004, Sueiro et al. 2004, Jubala et al. 2005,
Sozmen et al. 2005, Lana et al. 2006, Dzimira 2007,
Guija de Arespacochaga et al. 2007, Williams et al.
2008). The possibility of using smears of cytologic
samples obtained by fine-needle aspiration biopsy to
assess the immunophenotype of lymphoid cells was
shown in dogs with recognized lymphoma, reactive
growth and in patients without changes observed in
lymph nodes (Fisher et al. 1995, Vail et al. 1997).
Various antibodies revealing antigen expression typi-
cal for some types and subtypes of cells, including im-
munological system cells, were used in these examin-
ations.

Determining of antigen CD79alpha and/or anti-
gen CD21 expression, as well as immunoglobulin ex-
pression when there is an absence of CD3 antigen
expression, allows an examined lymphoid tumor to be
qualified as B cell lymphoma. CD3 antigen presence,
with simultaneous expression of one or more antigens
such as CD4, CD5, CD8, with simultaneous lack of
CD79a antigen expression, allows T cell lymphoma to
be diagnosed. In a recently published immunohis-
tochemical analysis, B cell lymphoma or T cell lym-
phoma were recognized if more than 60% of cells
within a given growth showed expression CD79 alpha
antigen or CD3 antigen, respectively (Guija de Ar-
espacochaga et al. 2007). In the present im-
munocytochemical study these criteria were more rig-
orous and it was necessary to state that at least 80% of
cells showed a positive reaction to qualify the lym-
phoma to a direct immunophenotype; it appears that
in all examined cases this high percentage of positively
reacting cells was observed. In most cases the percen-
tage of cells with the same phenotype was even higher
and reached over 90% of all observed cells in exam-
ined smears, especially in T cell lymphomas.

It is possible that collected cytological samples
and tumor cell immunophenotype determined by im-
munocytochemistry may not be representative for the
entire affected lymph node, especially when only one
smear was stained. Therefore, in the present study IC
results were compared with immunohistochemical
stain results of the entire lymph node obtained during
surgery. The results of IC and IH stains conducted in
the same patients showed no important differences
between intensity of antigen expression that could in-
fluence the diagnosis of recognized lymphoma im-
munophenotype. For example: in some cases of B cell
lymphomas, where IC tests showed no cell with CD3
antigen expression (-) or expression which was estab-
lished as (-/+), IH assays showed presence of larger
clusters of these cells (CD3 +) scattered between or
present within areas of the lymphoma parenchyma.

However, only a minimal number of CD3+ cells was
shown in areas of cancer growth, similarly to those
observed in cytological preparation. Fisher and al.
(1995) found full correlation between IC staining re-
sults of samples obtained by fine-neeedle aspiration
biopsy, and IH staining results of small samples ob-
tained by needle biopsy. Similarly, 100% concordance
was obtained in a study including 51 dogs with lym-
phoma in which both IC and IH with use of anti-CD3
antibody were performed (Vail et al. 1997).

Additionally, results of immunocytochemical
staining (as the other additional tests results) should
be considered in close relation to results of examin-
ation of smears stained with basic methods (Giemsa
stain in the present study). Moreover, im-
munocytochemistry provides not only the possibility
to assess the presence or absence of reaction, but also
determines the morphology of cells in which antigen
expression is observed or not. In smears stained with
IC it is possible to determine which cells are small
mature lymphocytes and are a part of the normal cells
of the lymph node population, and which should be
recognized as lymphoma cells. The present study re-
vealed that in smears which were stained using a dif-
ferent antibody than the immunophenotype of the
examined tumor (CD3 staining in smears of B cell
lymphoma and vice versa) the majority of the stained
cells were small and well differentiated cells that were
considered to be normal, nonneoplastic cells of the
affected lymph node.

To make the IC assays more objective to assess,
lymphoma immunophenotype tests using both antibo-
dies on the various parts of the one smear may be
performed and the test can be repeated in another
smear. Thus, two different smears are assessed for the
presence of both CD3 and CD 79 alpha antigens. As
the present study revealed, use of this technique with
good quality smears gives repetitive results when com-
pared with IH and IC results.

The application of updated Kiel classification for
assessment of cytologic smears stained using routine
methods such as Giemsa staining allows not only the
lymphoma subtype to be determined but also indi-
cates its immunophenotype (for example: MMC and
centroblastic lymphomas – B cell immunophenotype;
clear cell lymphoma – T cell immunophenotype). In
some cases (immunoblastic lymphoma, small cell lym-
phoma, anaplastic lymphoma) determining of tumor
cell immunophentype based on Giemsa stain only is
very difficult or impossible. In the present study in
most cases when determining of lymphoma subtype
caused some difficulties, IC results indicated T im-
munophenotype. In most of these cases routine recog-
nition was blastic lymphomas or mixed small and large
cell lymphomas, rarely small cell lymphomas. Unfor-
tunately, no immunoblastic lymphoma was recognized
in the present study, in which IC seems to be especial-
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ly helpful in immunophenotype establishment. It
should, however, be stated that IC should be helpful
regardless of morphologic subtype of lymphoma.

Immunocytochemical staining of smears ob-
tained by fine needle biopsy has many advantages. It
is easy to perform, relatively cheap and the result can
be obtained on the same day that samples were col-
lected. Additionally, as the present study showed, ob-
tained smears do not need to be immediately fixed
and stored in conditions that are impossible to meet
in many veterinary practices. Samples can be col-
lected and then sent to the laboratory within 24
hours, without the need for special transportation;
this is especially attractive for routine veterinary
practice. In 10 examined cases no difference in re-
sults of IC was observed in comparison to samples
fixed according to the Cianiatti et al. (1996) method
– immediately after collection. Impossibility of smear
quality initial assessment for smears chosen to be
stained by IC (which can make analysis after staining
impossible because of poor quality of samples), is the
main disadvantage of this method. The gross descrip-
tion of the slide does not always correlate with the
microscopic quality of the smear. Furthermore, lym-
phoma cells are relatively sensitive to damage and
quite often stained fragments of cytoplasm among
undamaged cells can be observed on the smears, giv-
ing a “dirty background” image. This can be avoided
by staining cytospin preparations obtained by
fine-needle biopsy (Cianiatti et al. 1996). On the
other hand this “dirty background” can be consider-
ed as a positive reaction indicator, since the “dirty
background” was not observed in slides of T cell lym-
phoma stained by antibody CD 79 alpha and, vice
versa, there was no “dirty background” in B cell lym-
phoma slides stained with CD 3 antibody.

The majority of studies performed on canine lym-
phomas determined that B cell tumors are more
common (51-64%) then T cell lymphomas (26-38%
lymphomas in dogs) (Jagielski et al. 2002, Sueiro et
al. 2004, Sokołowska 2005, Dzimira 2007, Guija de
Arespacochaga et al. 2007). The results of the pres-
ent study confirmed this observation, and also indi-
cate that B cell lymphomas are more common
– more then 77% of cases. Observed differences may
be the result of the small number of dogs examined,
or the fact that most of the dogs included in the
study could be predisposed to B cell lymphoma de-
velopment. Recent epidemiological research conduc-
ted on dogs from France indicated a clear predisposi-
tion of boxer dogs for T cell lymphoma development
and German shepherd and rottweiler for B cell lym-
phomas (Pastor et al. 2009). Although the present
study does not include the epidemiological aspect, it
at least partially supports the French authors obser-
vation, since in all boxers examined only T cell lym-
phomas were recognized (4 cases – 33.3% of all

T cell lymphomas) and in all German shepherds (3
cases – 7.1% of all B cell lymphomas) only B cell
lymphomas were recognized.

In summary, it can be stated that the application
of standard cytopathological assessment and im-
munocytochemistry of lymph node samples collected
from dogs with multifocal lymphoma can be recom-
mended as useful for establishing final diagnosis, es-
pecially in cases of ambiguous basic staining results.
The connection of basic staining with IC can be con-
sidered as a method of choice that avoids the need
for reexamination or collection of tissue samples for
histopathology and immunohistochemistry during
surgical procedures.
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