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Abstract

Lymphoma is the most common hematopoietic malignancy in dogs. Diagnosis of lymphoma is classi-
cally performed by morphological assessment and immunohistochemistry. But some cases in the early 
stage are difficult to distinguish and need more objective and accurate methods. So, Polymerase chain 
reaction (PCR) for antigen receptor rearrangements (PARR) and flow cytometric immunophenotype of 
lymphoma have been developed continuously. In this study, we performed these two methods to clas-
sify lymphoma type in 3 cases. According to PARR analysis, B cell origin lymphoma was diagnosed 
in two of three cases by testing PBMC and lymph node. All fine needle aspiration (FNA) samples of 
lymph nodes had high expression of CD21 on ＞88% of total cell population and PBMC samples also 
showed high expression of CD21 on ＞30% of total lymphocytes in those two cases, while the ex-
pression of CD3, CD4 and CD8 was absent. These results suggest that concurrent use of PARR and 
flow cytometric immunophenotype is  more effective and valuable tool for the diagnosis and monitor-
ing of canine lymphoma patients.
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INTRODUCTION

Lymphoma is the most common hematopoietic malig-
nancy in dogs and the annual incidence is estimated to 
be 24 cases in 100,000 dogs (Dorn et al, 1967). Canine 
lymphoma typically is a diffuse neoplasm resulting in 
destruction of the lymph node architecture by a mono-
morphic population of neoplastic lymphocytes (Bartolo 
and Viswanatha, 2001). This characteristic makes possi-
ble to diagnose many canine lymphomas by only cyto-
logical test without knowledge of node architecture 
(Gibson et al, 2004).

So, diagnosis of lymphoma is easily performed by 
morphological assessment and immunohistochemistry. But 

other methods like Polymerase chain reaction (PCR) for 
antigen receptor gene rearrangements (PARR) and flow 
cytometric immunophenotype are needed. For example, 
in the case of any suspect B-cell proliferations when 
morphology and immunophenotyping are not conclusive; 
all suspect T-cell proliferations; lymphoproliferations in 
immunodeficient patients, including post-transplant pa-
tients; evaluation of the clonal relationship between two 
lymphoid malignancies in one patient or discrimination 
between a relapse and a second malignancy; further clas-
sification of a malignancy via Ig/TCR gene rearrangement 
patterns or particular chromosome aberrations; staging of 
lymphomas; the early stage of disease; difficult to dis-
tinguish, flow cytometric immunophenotype and PARR 
should be performed (Culmsee et al, 2001; Culmsee and 
Nolte, 2002; van Dongen et al, 2003).
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In veterinary medicine, more researches about these 
two methods for canine lymphoma are needed. So we 
performed these two methods to classify lymphoma type 
in 3 cases.

MATERIALS AND METHODS

Animals

We examined one castrated male dog and two female 
dogs. Two of them were admitted to Animal Medical 
Center of Chonbuk National University and one was re-
ferred to Haemaru Animal hospital. Samples of three 
dogs were requested for PCR amplification test and 
FACS analysis at our laboratory.

All the dogs presented generalized enlarged lymph no-
des, anorexia, depression and abdominal distention. They 
were diagnosed as multicentric lymphoma based on cyto-
logical examination. Case 1 was a seven-year-old neu-
tered male Shih-Tzu was presented for anorexia, lethargy 
and generalized enlarged lymph nodes. It was stage 4b of 
WHO criteria on cytological examination. Case 2, a five- 
year-old female schnauzer, was admitted with the history 
of generalized enlarged lymph nodes, depression, in-
appetence, tachypnea and abdominal distention. Clinico-
pathologic revealed mild leukopenia, anemia and slightly 
increased alkaline phosphatase (ALP 508 U/L).

In diagnostic imaging, splenomegaly and enlarged 
sublumbar lymph node were shown. And high-grade 
lymphoma was diagnosed. The size of more than 80% 
of total lymphocytes was medium to large. Case 3, an 
unknown aged female Shih-Tzu, was presented for as-
cites, icterus, generalized enlarged lymph nodes, edema 
and melena. This case was stage 5b.

Sample collection

FNA samples of the neoplastic lymph nodes were ob-
tained and used for cytological test, flow cytometric 
analysis and PARR. For flow cytometric immuno-
phenotype, the samples were diluted in PBS and remain-
ing cells were immediately stored at －20oC until used.

For isolation of Canine PBMC, blood was collected in-

to 6 ml potassium EDTA treated tubes. Peripheral blood 
mononuclear cells (PBMC) were immediately isolated by 
centrifugation at 700×g for 30 min through HistopaqueⓇ 
1,119 and 1,077 (Sigma-Aldrich, St. Louis, Mo, U.S.A.) 
The PBMC layer was harvested. 5 ml of lysis buffer
(83% ammonium chloride solution, pH 7.2) was added to 
remove the residual RBC and incubated for 5 min and 
then, centrifuged at 200×g for 10 min. PBMC that re-
moved residual RBC were washed twice with PBS by 
centrifugation at 200×g for 10min. Cell counts were as-
sessed by VET ABC impedance cell counter. Cell purity 
was determined by a conventional diff-quick method.

Detection of the rearrangements of antigen 
receptor genes by using PCR

Genomic DNA was extracted from FNA samples and 
PBMCs of patients using the QIAamp Blood mini kit
(Qiagen). 100 ng of genomic DNA was amplified using 
4 sets of primer for V and J regions. Amplification of 
immunoglobulin and T-cell receptor gamma sequences 
was performed using previously described primers
(Burnett et al, 2003). 

Primers used for the amplification of Ig major and 
minor CDR3 and TCRγ CDR3 sequences are, CB1/CB2 
(5'-CAG CCT GAG AGC CGA GGA CAC-3'/5'-TGA 
GGA GAC GGT GAC CAG GGT-3'), CB1/CB3 
(5'-CAG CCT GAG AGC CGA GGA CAC-3'/5'-TGA 
GGA CAC AAA GAG TGA GG-3') and TCRγ1/ 
TCRγ2/ TCRγ3 (5'-ACC CTG AGA ATT GTG CCA 
GG-3'/5'-GTT ACT ATA AAC CTG GTA AC-3'/ 
5'-TCT GGG A/GTG TAC/T TAC TGT GCT GTC 
TGG-3'), respectively. 

To ensure the DNA could be amplified, positive con-
trol primers were used to amplify the constant region 
gene of IgM (Cμ). The primers of Cμ are Sigmf1/Srμ3 
(5'-TTC CCC CTC ATC ACC TGT GA-3'/5'-GGT TGT 
TGA TTG CAC TGA GG-3'). After PCR amplification, 
the PCR products were analyzed by 12.5% native poly-
acrylamide gel electrophoresis.

Flow cytometry

Flow cytometry was performed with the BD flow 
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Table 2. Flow cytometric results of PBMCs and lymph node FNA samples in 3 cases

Antigen
PBMC LN FNA

CD3 CD4 CD8 CD21 CD3 CD4 CD8 CD21

Normal range (%) 78.5∼80.5 25.2∼36.6 13.7∼24.0 12.2∼15.5 45.7∼63.4 18.7∼25.5 7.3∼10.7 24.7∼38.0
Case 1 80.4 35.8 20.1 10.8   2.4 1.3 0.4 96.7
Case 2 38.0 17.6 19.1 33.1 10.9 4.3 5.1 88.1
Case 3   1.3   0.7   0.7 91.2   3.0 6.8 1.6 96.1

Table 1. Antibodies used to classify lymphocytes in samples from 
canine lymphoma patients

Antigen Conjugation Leukocyte subpopulation

Canine CD3 FITC* T lymphocytes
Canine CD4 PE† T-helper cells
Canine CD8 Alexa Cytotoxic T cells
Canine CD21 PE B lymphocates

*Fluorescein isothiocyanate, †Phycoerythrin.

Fig. 1. The results of PARR. Lane M: molecular size marker, lane 1:
Control (130 bp), lane 2: B cell origin-IgH major (120∼130 
bp), lane 3: B cell origin-IgH minor (120∼130 bp), lane 4: T 
cell origin (90∼100 bp).

cytometer. The samples were vortex briefly before anal-
ysis and 10,000 events of lymphocytes per tube were 
acquired. Measured data was evaluated with Cell Quest 
software. A lymphocyte gate was established using for-
ward scatter and side scatter that respectively relate to 
cell dimension and cytoplasm complexity.

Within the gate, percentages of subpopulations were 
calculated by establishing parameters for fluorescence
(FITC, PE, of Alexa). Antibodies of CD3, 4, 8 and 21 
were used (Table 1). Positive results for CD3, 4, 8 were 
judged by T-cell line and cases reacting against CD21 
were classified as B-cell lymphomas.

RESULTS

Detection of antigen receptor gene rear-
rangements

Every lymph node FNA samples of three cases 
showed that Ig H major genes which were specific for 
the majority of immunoglobulin gene rearrangements 
were amplified (Fig. 1). According to PARR analysis, 
all three dogs were diagnosed as B-cell lymphoma. But, 
in only two of three cases, B cell origin lymphocytes 
were detected in both PBMCs and lymph node samples. 
One case was not amplified in PBMC samples.

Immunophenotyping

All FNA samples of lymph node had high expression 
of CD21 on ＞88% of all cells and lacked expression of 
CD3, CD4 and CD8 (Table 2). In two cases, PBMC 
samples also showed high expression of CD21 on ＞30% 
of all lymphocytes. And in one case, PBMC sample had 
normal expression of CD21, CD3, CD4, and CD8.

DISCUSSION

Immunophenotyping of FNA samples from enlarged 
lymph nodes or other sites is a crucial component of the 
refined diagnosis of lymphoproliferative disease in hu-
mans (Sandhaus, 2000). And the information that dis-
tributions of specific antigens expressed by neoplastic 
lymphocytes is associated with therapeutic and prog-
nostic determinants, so it is very important and neces-
sary for diagnosis of lymphoma (Greenlee et al, 1990; 
Ruslander et al, 1997; Vernau and Moore, 1999). 

In veterinary medicine, however, diagnosis and re-
sponse to therapy of lymphoma is primarily evaluated 
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on the basis of lymph node size and cytomorphological 
examination of FNA only. But cytomorphology has a 
very low sensitivity and specificity (detects five neo-
plastic cells per 100 normal cells) (Bartolo and Viswa-
natha, 2001).

In 1994 the First International Canine Leucocyte 
Antigen Workshop identified a variety of canine specific 
antibodies that reacted with leucocytes, particularly lym-
phocytes (Greenlee et al, 1990; Cobbold and Metcalfe, 
1994). In practice, now, assessment of immunophe-
notype is relatively widespread in canine lymphomas 
compared to leukemia, because of its prognostic sig-
nificance (Greenlee et al, 1990). The most common 
technique for immunophenotypic characterization of ca-
nine lymphoma is immunohistochemistry (Kiupel et al, 
1999; Culmsee et al, 2001; Culmsee and Nolte, 2002). 
And the merits of this method is that these antibodies 
are reactive with formalin fixed tissues and that the ar-
chitecture of the node and the morphology of the cells 
can be evaluated concurrently (Moore and Vernau, 
2000).

Flow cytometry enables to analyze multiple character-
istics of the large number of single cells rapidly
(Dunphy and Ramos, 1997; Culmsee and Nolte, 2002), 
and to assess lymphocytes by defined and objective cri-
teria (Sandhaus, 2000). Also, flow cytometry can im-
prove the sensitivity of detection (61 neoplastic cells per 
100 normal cells) and is inexpensive to perform
(Comazzi and Gelain, 2011). Therefore, flow cytometric 
method provides statistically robust indices that have 
made this diagnostic approach valuable in human oncol-
ogy (Dunphy and Ramos, 1997; Sandhaus, 2000).

In human medicine, flow cytometry has developed to 
a crucial and usual tool in the diagnosis of hema-
topoietic malignancies, especially lymphomas, in recent 
years (Dunphy and Ramos, 1997; Das, 2006). And it is 
a rapid, simple and inexpensive method, so that the de-
tection of clonality in B cell lymphomas using flow cy-
tometry is often used as a main method (Das, 2006). 
Also, it is commonly used for lineage assignment, anal-
ysis of cellular maturation and heterogeneity within the 
malignant cell population as well as detection of mini-
mal residual disease and monitoring of disease in human 
lymphoma (Rothe and Schmitz, 1996).

Similarly, in veterinary clinical laboratory, flow cy-
tometry has shown to be an appropriate method for im-
munophenotyping of canine lymphomas and the use of 
flow cytometry has been evolved considerably during 
the past decade (Culmsee and Nolte, 2002; Weiss, 
2002). But, the approach has not been performed essen-
tially in veterinary medicine yet (Grindem, 1996; Culm-
see et al, 2001; Culmsee and Nolte, 2002; Weiss, 2002), 
and the level of complexity, sophistication and im-
portance which immunophenotyping has achieved is far 
lower in comparison to humane medicine (Culmsee and 
Nolte, 2002). Besides a report associated with im-
munophenotyping of lymphoma using flow cytometry is 
not in Korea. However its value for lymphoma in ani-
mals has been stressed (Grindem, 1996).

Unfortunately, flow cytometers are not simple instru-
ments and the device costs are relatively expensive. 
Also, trained personnel are required and the paucity of 
specific antibodies is a problem to use it in dog rou-
tinely (Culmsee and Nolte, 2002; Comazzi and Gelain, 
2011). As other limitations, veterinary laboratories that 
performed flow cytometric method of lymphoma are 
very few. So, samples can be dispatched to referral lab-
oratories suspended in RPMI medium and chilled. Time 
restriction may be involved because the cells should 
then be processed within 24 h (Culmsee and Nolte, 
2002; Gibson et al, 2004; Comazzi and Gelain, 2011).

Nevertheless, flow cytometric analysis of canine lym-
phoma cells is a reliable technique which can be recom-
mended for the determination of the immunophenotype 
of tumor cells (Culmsee et al, 2001) and it is advancing 
our knowledge of canine lymphomas (Culmsee and 
Nolte, 2002). Moreover, the method will certainly play 
an increasingly important role in diagnosis and therapy 
of canine lymphoma, as has been the case in recent 
years in human medicine (Culmsee et al, 2001).

In B cells, recombination of the V, D, and J gene 
segments produces the CDR3 (complementarity de-
termining region 3) that encodes the antigen-binding 
portion of the immunoglobulin (Ig) heavy chain. In T 
cells, the unique CDR3 region encoding T-cell receptor 
gamma (TCRγ) is produced by recombination of the V 
and J regions (Raulet, 1989; Schatz et al, 1992). PARR 
depends on the amplification of tumor markers such as 
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specific chromosome aberrations or Ig chain and T-cell 
receptor (TCR) rearrangements based on the presumption 
that all cells of a malignancy have a common clonal 
origin (Raulet, 1989). So, after PCR analysis with pri-
mers for conserved regions of the V and J genes, a 
dominant band is shown, it means that the samples have 
a population of cells bearing a single-sized receptor (i.e., 
a clonal expansion) (Burnett et al, 2003).

The amplification using PCR of novel genetic materi-
al created by translocation allows for detection of as 
few as 1 neoplastic cell in 106 cells (Morley, 1998). 
And it can detect neoplastic lymphocytes in peripheral 
blood 2.5 times more frequently than did microscopy
(Yu et al, 2009). So PARR is an objective and highly 
sensitive method to detect clonal populations of B or T 
lymphocytes (Burnett et al, 2003). The sensitivity of 
PARR for detecting lymphoma cells may provide a non-
invasive method for detecting lymphoma in its early 
stages, determining phenotype, monitoring therapy, 
screening breeds at risk for lymphoma, and possibly for 
assessing prognosis (Keller et al, 2004). Also, this meth-
od can be applied for the diagnosis of lymphoma from 
limited biopsy samples, formalin-fixed/paraffin-embe-
dded tissues (Wan et al, 1990; Tai and Peh, 2003), or 
even sections already mounted on slides and stained
(Fend et al, 1999; Yu et al, 2009). And unlike other 
molecular techniques, PARR does not require high mo-
lecular weight DNA for successful analysis of biological 
specimens. Thus, it could be ideally suitable to use a 
template extracted from archival clinical specimens for 
PARR. As such, it allows large-scale retrospective stud-
ies (Poljak et al, 1995; Vince et al, 1998).

Actually, in human medicine, molecular techniques 
using polymerase chain reaction promote the diagnostic 
analysis of clinical cases of lymphoma by detection of 
the clonal gene rearrangement (Mitterbauer-Hohendanner 
et al, 2004; Xu et al, 2004; Bahloul et al, 2005). As 
well as, detection of clonality generally has been used 
to distinguish neoplasia from hyperplasia, for detecting 
minimal residual disease after chemotherapy in leuke-
mia, and as a sensitive test for detecting circulating tu-
mor cells in peripheral blood (Lana et al, 2006). So, 
nowadays, it is evaluated that as many as 10% of clin-
ical laboratory tests are based on PCR (Qualman et al, 

2004).
In some veterinary studies, clinical stage of canine 

malignant lymphoma is considered a prognostic factor, 
because infiltration into the bone marrow or disease in 
the peripheral blood was represented a worse prognosis
(Vail and Young, 2007). The stage of canine lymphoma 
is currently diagnosed primarily by morphological as-
sessment of lymphoid tissue based on subjective light- 
microscopic assessments (Keller et al, 2004; Tamura et 
al, 2006). Although this definition of stage V lymphoma 
appears easy, microscopic criteria are subjective and 
varied to detect neoplastic cells in lymph node and pe-
ripheral blood. According to a study, the rate of leuke-
mic involvement of peripheral blood ranges from 28% 
to 65% in dogs with multicentric lymphoma, and de-
pends on the stringency of criteria used (Keller et al, 
2004). Thus, the assessment of clonal rearrangements of 
antigen receptor genes using PCR has been introduced 
into veterinary medicine, recently (Vernau and Moore, 
1999; Burnett et al, 2003; Keller et al, 2004; Tamura et 
al, 2006; Yagihara et al, 2007). Also, in Korean veteri-
nary clinics, diagnosis of canine B cell or T cell lym-
phoma using PCR was often carried out in case of un-
certain if it is polyclonal or monoclonal lymphocytes.

On the other hand, several limitations and pitfalls 
might hamper the interpretation of the molecular diag-
nosis in the cases of false-positive results and ambiguity 
due to pseudoclonality and oligoclonality. However, vis-
ual detection of neoplastic cells or flow cytometric anal-
ysis in canine lymphoma is relatively insensitive when 
compared with detection by PARR (Keller et al, 2004).

In this study, we compared our canine lymphoma pa-
tients with that previously reported in the literature with 
regard to flow cytometric immunophenotype both in 
PBMC and in lymph node aspirates of normal dogs. In 
the data of LN aspirates, all cases showed CD21 positive 
expression, respectively 96.73%, 88.1% and 96.06%. It is 
much high level compared with normal reference ranges
(Gibson et al, 2004) and this indicates that the patients 
are B cell origin lymphoma. Also, we were made a 
comparison the data of PBMC and normal ranges of 
other reports (Byrne et al, 2000). One case was shown 
normal level in CD 3, 4, 8 and 21 expression percent-
age of PBMC and the remaining two were revealed 
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high expression of CD 21 in PBMC. This represent that 
the two cases had tumor cells in peripheral blood and it 
correspond to stage V of WHO criteria.

Additionally, we performed PARR with all LN aspi-
rates and PBMC samples and the results were same to 
flow cytometric analysis. In all samples, except PBMC 
of case 1, Ig H major gene was amplified, so we diag-
nosed them as B cell origin lymphoma.

In veterinary medicine, a few studies using these two 
methods at once were reported, according to a research 
of Vernau and Moore (1999) immunophenotype is useful 
to distinguish characteristic of lymphoid cells, but it can 
be difficult to differentiate a reactive lymphoid pro-
liferation from a neoplastic one in some circumstances. 
Therefore, it is indicated that demonstration of clonality 
should be performed as an adjunct to phenotypic studies
(Vernau and Moore, 1999). Consequently, PCR analysis 
was also performed, and we compared our PCR data and 
flow cytometric data in 3 cases. The PCR data coincided 
with flow cytometric immunophenotype as B cell origin 
lymphoma excepting a PBMC sample of case 1.

In canine lymphoma, advantages of the flow cyto-
metric analysis are rapidity and more detailed to differ-
entiate diverse cell surface antigen compared with PCR 
method. However, PCR based clonality assay is more 
sensitive and validated (Vernau and Moore, 1999). Thus, 
concurrently using of flow cytometric immunophenotype 
and PARR for canine lymphoma may be complementary 
to check up the lymphoma status and more effective 
and valuable tool to diagnosed and monitored canine 
lymphoma patients.

In concluded, the integration of immunophenotypic 
and clonality assessment should be performed to diag-
nosed canine lymphoma with historical, clinical, cyto-
logical and histological information.
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