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Abstract 

Histopathology and immunohistochemistry are mandatory to solve the differential between canine low-

grade lymphoma and reactive hyperplasia. However, clinicians and owners often show reluctance toward 

these invasive tests. However, molecular biology techniques are still not sensitive and specific enough to be 

regarded as a reliable tool for final diagnosis. In humans, flow cytometry (FC) allows a definitive diagnosis of 

T-cell lymphoma based on high prevalence of antigen aberrancies. We describe here the 

immunophenotype of 26 cases of suspect canine small-clear cell lymphoma, determined by multi-colour FC. 

All cases showed antigen aberrancies and therefore neoplasia was always confirmed. As a consequence, we 

argue that the combined use of cytology and FC allows solving the differential diagnosis between small 

clear cell lymphoma and non-neoplastic reactive conditions when histopathology is not available. Further 

studies are needed to establish if any aberrancy can be considered indicative of specific histotypes. 
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Introduction 

Canine peripheral T-cell lymphoma of small cell type is an indolent lymphoma involving peripheral lymph 

nodes. The diagnosis traditionally relies on morphological criteria. Cytologically, a pattern with highly 

prevalent population of small lymphoid cells with clear cytoplasm and frequent ‘hand-mirror’ shape (small-

clear cell appearance) is considered suggestive, although not conclusive, of T-zone lymphoma.1– 3 

However, a reactive paracortical hyperplasia cannot be completely ruled out based on cytological 

evaluation alone and histopathology should always be performed in order to confirm the tentative 

diagnosis of neoplasia. 

Histologically, T-zone lymphoma shows neoplastic cells expanding the paracortex and medullary cords 

without effacing the nodal archi- tecture. The neoplastic population is composed by small lymphocytes with 

sharp, shallow nuclear indentations, unapparent nucleoli and a moderate volume of pale cytoplasm.4 

Mitoses are rare. Different studies have identified the importance  of  immunohistochemistry  to  confirm   

diagno- sis and define immunophenotype in T-zone lymphomas.2,4– 7 

The main  issue  in  veterinary  medicine,  as  far as histology and immunohistochemistry are concerned, is 

the surgical removal of at least one lymph node, which is usually poorly accepted by the owners due to the 

increase of the costs and the need for anaesthesia. On the basis of a recent sur- vey, indeed, only 28% of 

responding participants recommended lymph node histopathology among staging procedures, although 

only high-grade lymphomas were considered in the survey.8 

A faster and less invasive method to distinguish reactive from neoplastic cases is the PCR for Antigen 

Receptor Rearrangement (PARR): the development of one or two prominent bands is considered suggestive 

of clonality. Several attempts have been made to set up this technique. Unfortunately, optimal sensitivity 

and specificity have never been reached.4,9– 14 PARR results in different histotypes were reported in one 

study: among eight T-zone lymphomas, only five had a clonal rearrangement.4 Therefore, neoplasia cannot 

be ruled out based on the negative PARR result and the interpretation  of this test should be always 

associated with histopathology and immunohistochemistry. 

Flow cytometry (FC) is a fast technique that requires a minimally invasive sampling and is becoming 

diffusely available in veterinary medicine. Moreover, many antibodies have been validated for canine 

samples processing, particularly as far as T- lymphocytes subclasses are concerned. Therefore, nowadays FC 

is often used for immunophenotyping of canine lymphomas.15,16 

Immunocytochemistry on lymph node aspirate smears can be a useful tool to determine B- or T-phenotype 

of canine lymphomas. Furthermore, procedures for automated immunostaining have recently been 

described.17 This technique requires a minimally invasive sampling and as a consequence could be 

preferred to histopathology by owners and clinicians. Unfortunately, it is by far less suitable than FC for 

assessment of co-expression of different antigens by the same cellular population and therefore it does not 

allow recognition of antigen aberrancies. 

The aims of this study are to assess the usefulness of flow cytometry for confirming a cytological suspect of 

nodal small clear cell lymphoma in the dog, and to describe the antigen pattern of this particular neoplasm 

through a retrospective overview of the samples sent to the Authors’ institutions’ Flow cytometric Services 

for immunophenotyping. 

 



Materials and methods 

Case selection 

Laboratory databases of the Authors’ Institutions from January 2010 to January 2013 were inter- rogated 

and cases with a suspect of nodal small clear cell lymphoma were selected. Cytological preparations of 

lymph node fine needle aspiration were revised. Inclusion criteria were high preva- lence of small-sized 

cells with round to slightly irregular nuclei and extended, pale cytoplasm; low mitotic index (0– 1 

mitosis/five fields 500×). These features are considered suggestive of low-grade T- cell lymphomas with 

small-clear cell appearance and presumable T-zone histotype.2,3,6 

In addition, cases with a final diagnosis of reactive process based on lymph node cytology, flow cytometry 

and when needed histopathology were included in the study as negative controls. 

Flow cytometry 

Flow cytometric immunophenotyping of lymph node samples collected into RPMI (Sigma Aldrich, St. Louis, 

MO, USA) was performed as previously described.18 A panel of antibodies including CD45 (pan-leukocyte), 

CD3 and CD5 (T-cells), CD4 (T- helper cells and neutrophils), CD8 (T-cytotoxic cells), CD21 (mature B-cells) 

and CD79a (B- cells) was used. Cells were acquired either with    a FACScalibur or with a BD Accuri C6 

(Becton Dickinson, San Jose`, CA, USA) and analysed using the specific software CellQuest Pro or CFlow Plus 

(Becton Dickinson). 

A multi-colour flow cytometric analysis was performed, thus allowing the evaluation of con- temporary 

expression of different antigens in the same cellular population. Aberrancies were defined as diminished 

orabsent expression of pan-leukocyte antigens, co-expression of antigens from different cellular lineage 

and co-expression or loss of both CD4 and CD8 by T-cells. 

A diagnosis of lymphoma was made if almost all cells in the sample showed the same antigenic pattern or if 

any aberrant antigen expression was present even in a smaller percentage of cells. 

Results 

From January 2010 to January 2013, 447 canine lymph node samples with suspected lymphoid neoplasm 

were processed in the authors’ labora- tories and recorded in their databases. Cytological preparations 

were available for 259 (57.9%) cases. Among them, 26 (10.0%) showed a small-clear cell morphology and 

were included in this study. In addition, eight cases with a final diagnosis of reactive process were included 

and considered as negative controls. 

On the basis of flow cytometric immunopheno- typing, a lymphoid population showing aberrant antigen 

expression was identified in all samples with a suspect of small-clear cell lymphoma, thus allowing a 

definitive diagnosis of neoplasia. 

Neoplastic cells stained negative for CD45 in 25 of 26 cases (96.2%). CD3 and CD5 had been tested in 25 

and 21 samples and stained positive  in 18 (72%) and 19 (90.5%) cases, respectively. Thirteen cases (50%) 

stained positive either for CD4 or CD8, three (11.5%) were positive for both, nine (34.6%) were double 

negative; in one case, two distinct CD45-negative populations were identified staining positive for CD4 and 

CD8, respectively. Twenty of 26 (76.9%) samples stained positive for CD21 and 3 of 20 (15%) for CD79a. 



Results of immunophenotyping for each case are shown in Table 1. Flow cytometric scattergrams from one 

representative case are pictured in  Figure 1. 

On the contrary, when reactive controls were considered, all cells in each sample stained positive   for   

CD45.   Flow   cytometry  revealed a non-committed lymphoid population com-  posed by CD4+ T-cells 

(mean 35.9%, min– max 19.0 – 59.3%),    CD8+   T-cells    (mean  12.9%,min– max 8.0 – 21.2%) and B-cells 

(mean 43.5%, min– max 23.0 – 53.0%). Furthermore, all T-cells stained positive for both CD3 and CD5 and 

either CD4 or CD8; B-cells stained positive for both CD21 and CD79a. 

Discussion 

The aim of this work was to describe the combined use of cytology and FC to differentiate canine low-grade 

lymphoma and non-neoplastic reactive hyperplasia. In this study, we reviewed flow- cytometric 

immunophenotype of 26 suspect small clear cell lymphomas and found a prevalence of 100% for antigen 

aberrancies, thus allowing a definitive diagnosis of neoplasia. Eight cases with reactive hyperplasia served 

as negative controls.  

Cytology plays a crucial role in the diagnosis of canine lymphoma19: in fact, the cytological pattern and the 

mitotic index easily allow to characterize low-grade and high-grade lymphomas. However, while the 

presence of a single population of imma- ture or large cells at microscopic evaluation can be considered 

definitive of neoplasia, the distinc- tion between low-grade lymphoma and reactive hyperplasia is a crucial 

point for which detection of clonality and/or the evaluation of architectural pat- tern is often required. 

Unfortunately, from a clinical point of view, this remains a challenging issue as histopathology and 

immunohistochemistry require an invasive approach and molecular biology tests for clonality (PARR) are far 

from being accurate enough. Therefore, the use of a rapid and quite cheap test to distinguish between low-

grade lym- phomas and reactive processes could be of great interest for oncologists.  

Sampling procedures for FC are non-invasive: fine-needle aspiration is required and general anaes- thesia is 

usually not needed. This technique has been used for diagnosis and staging of canine large-cell 

lymphomas15,20 because large-sized cells are easily recognizable on morphological scattergrams. In 

addition, FC allows the assessment of the simulta- neous expression of different antigens on the same 

cellular population as well as a quantitative eval- uation of the expression of each antigen.18 These 

features allowed to identify different aberrancies in canine neoplastic lymphoid cells.18,21,22 

Similar to neoplastic samples included in this study, cytological preparations from reactive lymph nodes 

showed a highly prevalent population of small lymphoid cells with a moderate number of large blast cells, 

interdigitating cells and a variable amount of plasma cells. Therefore, although useful to discriminate 

between reactive hyperplasia and low grade lymphoma, cytology alone is generally not definitive:  this  is  

why  excision,  followed  by histopathology and immunohistochemistry, is generally mandatory. In this 

study, flow cytometry revealed a non-committed population of cells without any aberrancy in reactive 

lymph nodes. On the other hand, aberrancies were always identified in small-clear cell lymphoma cases. 

In particular, CD45 expression was lost in all small clear cell lymphoma cases but one. CD45 is a pan-

leukocyte marker in the dog, with different degree of expression in the leukocytes subclasses.23 None of 

the reactive samples included in this study as negative controls had a CD45-negative lymphoid population. 

Therefore, the absence of 

  



CD45 expression could be considered a hallmark of neoplasia. A decreased or absent expression has been 

previously reported in canine T-cell neoplasms.18,24 

Interestingly, CD21 expression was quite fre- quent in our case series. Despite the positivity for this antigen, 

all cases could be considered of T-cell phenotype, because of the small clear cell appear- ance, which was 

the inclusion criteria for this study and is itself suggestive, although not conclusive, of a T-zone 

lymphoma,1– 3  and because of the contemporary expression of at least one T-cell marker. T-and B-cell 

populations were clearly separate in reactive lymph nodes and co-expression of markers from different 

lineages was never found. Further- more, CD21-positivity has already been described in canine T-cell 

neoplasms in the past.21 Finally,  in a recent study GEP analysis identified a group of genes, including CD21-

gene, expressed at higher levels in T-zone lymphomas than in high-grade T-cell lymphomas.25 

A co-expression or loss of both CD4 and CD8 was detected in about 50% of the lymphoma cases, but in 

none of the reactive controls. Co-expression of CD4 and CD8 is a phenotype suggestive of thymocytes: 

therefore, the percentage of lymphoid cells with this phenotype identified by flow cytometry on 

mediastinal masses aspirates drives the differential diagnosis between thymoma and thymic lymphoma.26 

In this study, only lymph node samples were included, thus excluding a possible thymic origin of the CD4 – 

CD8 double positive cells: therefore this phenotype was considered as aberrant and suggestive of 

lymphoma. Some cases of CD4 – CD8 double positive or double negative canine lymphoid neoplasms have 

been signalled in literature. In particular, these phenotypes were found in some cases of unclassifiable 

high-grade T-cell lymphomas2 and ina subgroup of dogs with chronic lymphocytic leukaemia harbouring a 

poor prognosis.27 

Aberrancies are one of the most important features in human peripheral T-cell lymphomas and are 

considered a hallmark of clonality and neoplasia allowing flow cytometric definitive diagnosis of 

lymphoma.28,29 Aberrancies have been  described in human and canine B-cell lymphomas as 

well.18,22,30,31 However, we selected only small clear cell lymphomas for this study, not all low- grade 

lymphomas, because T-zone histotype (and therefore T-cell phenotype) can be expected in these cases. In 

fact, only a few antibodies are available for characterizing canine B-lymphocytes: consequently, a reduced 

number of B-cell antigens can be tested and many aberrancies would remain undetected. Validation of new 

anti-canine or cross- reacting antibodies  in  the  future  may  permit  the identification of aberrancies in 

canine B-cell neoplasms too. 

The main pitfall of this study is the lack of histopathology and immunohistochemistry for a high number of 

the cases: this circumstance could be considered a proof of the reluctance of clinicians and owners towards 

invasive tests. However, the few cases of suspect small clear cell lymphoma for which histopathology was 

available had a final diagnosis of T-zone lymphoma, thus supporting what already reported in literature.1– 

3 

The lack of histopathological data unfortunately prevented the comparison between different lym- phoma 

subtypes and the evaluation of possible relationship between specific flow cytometric phe- notypes or 

aberrancies and histotypes. Therefore, further studies should be performed on a larger number of cases 

comparing cytological, flow cyto- metric and histopathological data, in order to assess if specific 

aberrancies are pathognomonic of T-zone lymphomas and could therefore be considered for the definitive 

diagnosis of this histological subtype. In conclusion, this study has documented the high prevalence of 

antigen aberrancies in canine small clear cell lymphoma, which were not found in reactive controls, and 

highlighted their diagnostic role. We support the use of multi-colour flow cytometry when a small clear cell 



appearance is found at cytological evaluation, as it represents    a useful tool to confirm neoplasia and 

exclude reactive hyperplasia in those cases in which histopathology is not available or permitted. 
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Table 1. Flow cytometric immunophenotype of the neoplastic population identified in lymph node 

aspirates from 26 dogs with suspect small clear cell lymphoma 

 

Case 

no. CD45   CD3   CD5 CD4 CD8 CD21 CD79a 
 

 

1 − + + − − + + 

2 − + + − − + + 

3 − − nd − + + − 

4 − − + + − − nd 

5 − + + − − − nd 

6 + − + − + − − 

7 − + + − + − nd 

8 − + + − + + − 

9 − − + − − + − 

10 − − + + + + − 

11 − − + − − + nd 

12 − − − − + + − 

13 − + + − + + − 

14 − + + − + + nd 

15 − + nd − + + − 

16 − + + − − + − 

17 − − +    + (33%) + (60%) + nd 

18 − + − − − + − 

19 − + + + + + − 

20 − + − + − + − 

21 − nd + − + + − 

22 − + nd − − + − 

23 − + + − + − − 

24 − + nd − − + + 

25 − + nd − + + − 

26 − + + + + − − 

nd, not determined. 

 

 

 

  



Figure 1. Flow cytometric scattergrams of dog number 10, representative of a typical aberrant antigen 

pattern. Most cells are CD45-negative (A) and (C), CD5-positive (A), CD4-CD8 double positive (B) and CD21-

positive (C). 

 

 

 

 

 

 

   


