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ABSTRACT.	 We performed a clonality analysis using polymerase chain reaction (PCR) for 
immunoglobulin heavy chain (IgH) gene rearrangement, specifically with regard to its utility 
as a method to diagnose bovine B-cell lymphoma. PCR for IgH gene rearrangement indicated 
monoclonal proliferation of B-cells in 24 of 35 cattle with B-cell lymphoma. In contrast, PCR 
for IgH gene rearrangement in lymph nodes and tumor tissues from 65 cattle diagnosed with 
tumors other than B-cell lymphoma and non-tumors revealed polyclonal population of B-cells. 
Sensitivity, specificity, positive predictive value, and negative predictive value for PCR for IgH gene 
rearrangement for bovine B-cell lymphoma were 68.6%, 100%, 100%, and 85.5%, respectively. 
Clonality analysis using PCR for IgH gene rearrangement may be useful for adjunctive diagnosis of 
bovine B-cell lymphoma.
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Lymphoma is one of the most common neoplasms in cattle, and enlargement of superficial lymph nodes is an important clinical 
finding that can lead to the suspicion of bovine lymphoma [1, 8]. Cytology of enlarged superficial lymph nodes obtained by fine-
needle aspiration (FNA) are used for definitive diagnosis of bovine lymphoma [10]. However, distinguishing between neoplastic 
and reactive lymphocytes is difficult and FNA of enlarged superficial lymph nodes is not always reliable [10]. Therefore, other 
methods offering objective results are required to determine whether lymphocytes are tumor cells or not.

The immunoglobulin heavy chain (IgH) gene in B-cells is produced through the recombination of V, D, and J genes, which 
collectively possess an extensive combinatorial repertoire [6]. Because all cells with malignancy share a common clonal origin, 
each B-cell lymphoma contains IgH variable regions of unique lengths. Therefore, evaluation of the clonal nature of a population 
of lymphocytes within tissue samples can facilitate the diagnosis of B-cell neoplasia. Assessment of clonality in suspected B-cell 
neoplasia is commonly used as an adjunctive diagnostic procedure in dogs, cats, and humans [2, 4, 7, 9].

We recently reported that clonal proliferation of B-cells was identified by polymerase chain reaction (PCR) for IgH gene 
rearrangement in cattle with B-cell lymphoma [3]. Others have reported on a B-cell clonality analysis using semi-nested PCR 
in cattle with lymphoma [5]. However, in that particular study, the B-cell clonality analysis was performed only in a few cattle 
without lymphoma. Therefore, the use of PCR for IgH gene clonality analysis as a diagnostic tool for bovine B-cell lymphoma has 
yet to be evaluated. In the present study, we evaluated the sensitivity, specificity, positive predictive value, and negative predictive 
value of PCR analysis for IgH gene clonality as a diagnostic tool for bovine B-cell lymphoma.

In total, 100 cattle were examined in the present study. These cattle were divided into 4 groups. Group 1 (B-cell lymphoma) 
comprised 35 cattle with B-cell lymphoma (14 diffuse large, 17 diffuse median, and 4 diffuse small B-cell lymphoma) (Fig. 1) 
and Group 2 (T-cell lymphoma) comprised 10 cattle with T-cell lymphoma. In these two groups, diagnoses were confirmed by 
immunohistochemical analysis using BLA-36 (Biogenex Laboratories, Fremont, CA, USA) and CD3 (Biogenex Laboratories) 
monoclonal antibodies. Bovine leukemia virus (BLV) infection in all cattle of Group 1 was confirmed by nested PCR for BLV 
5′ LTR [3]. Group 3 (Other tumors) comprised 5 cattle with tumors other than lymphoma (2 osteosarcoma, 2 undifferentiated 
carcinoma and 1 mesothelioma); Group 4 (Non-tumor) comprised 50 cattle diagnosed with non-tumor diseases or healthy (30 
cattle with inflammatory diseases (Inflammation) (9 cases of pneumonia, 6 with abscess formation in the mandible, pharynx, lung 
or liver, 5 with peritonitis, 3 with endocarditis, 3 with mastitis, 3 with arthritis and 1 with enteritis)); 10 cattle diagnosed with 
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diseases other than tumors and inflammatory diseases (Other diseases) (3 with ventricular septal defects, 2 with diplomyelia, 2 
with knuckling of the fetlock joint, 1 with pure red cell aplasia, 1 with meningocele and 1 with a persistent bovine viral diarrhea 
virus infection); and 10 clinically healthy cattle (Healthy). Cattle with tumors were definitively diagnosed by clinical, macroscopic, 
and histopathological examination, and non-tumor cattle were diagnosed based on clinical and macroscopic findings without 
histopathological examination at the Obihiro University of Agriculture and Veterinary Medicine, Hokkaido, Japan. Specimens were 
reviewed by board-certified veterinary pathologists. This study was approved by Obihiro University of Agriculture and Veterinary 
Medicine Committee for Experiments Using Animals.

Genomic DNA samples were extracted from lymph nodes of cattle in Groups 1, 2, and 4 (B-cell lymphoma, T-cell lymphoma, 
and Non-tumor), from tumor tissues in Group 3 (Other tumors) using QIAamp DNA Mini Kit (QIAGEN GmbH, Hilden, 
Germany). Samples were stored at −30°C until analysis. Clonality analysis using PCR for IgH gene rearrangement was performed 
as described previously [3]. Briefly, PCR was conducted using a HotStarTaq DNA Polymerase (QIAGEN GmbH) with primer 
pair (BoVHF1: 5′-AGCCCTGAAATCCCGGCTCA-3′ and BoVHR1: 5′-TCCAGGAGTCCTTGGCCCCA-3′). The primer set was 
designed based on sequence information of the immunoglobulin heavy chain variable region (GenBank Accession No. DQ485764 
to DQ485788). The amplification program was the same as previously reported [3]. PCR products were electrophoresed on a 3% 
agarose gel. A single band between 100 and 300 base pairs was considered monoclonal proliferation, while a smear or no visible 
band were considered polyclonal population of B-cells.

Results are shown in Table 1. In Group 1 (B-cell lymphoma), PCR yielded a single band in 24 of the 35 cattle (Fig. 2). In 
contrast, a smear or no visible bands were noted in cattle in Groups 2 (T-cell lymphoma), 3 (Other tumors), and 4 (Non-tumor) 
(Fig. 2). The sensitivity, specificity, positive predictive value, and negative predictive value of PCR analysis for IgH gene clonality 
were 68.6% (24/35), 100% (65/65), 100% (24/24), and 85.5% (65/76), respectively. In Group 1 (B-cell lymphoma), single PCR 
bands were observed in 12 (85.7%) diffuse large, 9 (52.9%) diffuse median, and 3 (75.0%) diffuse small B-cell lymphoma (Table 
1). Results of the clonality analysis using PCR for IgH gene rearrangement in histological subclassification of B-cell lymphoma 
were not statistically different (P=0.141 by χ2 Independence Test).

The 68% sensitivity of PCR analysis as a diagnostic tool for bovine B-cell lymphoma was lower than that for PCR analysis 
of B-cell clonality in other species (83–100%, 96%, and 84% in humans, dogs, and cats, respectively) [2, 4, 7, 9]. The lower 
sensitivity of clonality analysis using PCR for IgH gene rearrangement in the present study may be due to primer mismatches. For 
instance, in cats, clonality of B-cell neoplasms were detected by singleplex and multiplex PCR using 11 primers; in dogs, B-cell 
lymphocytic malignancies were detected by PCR using 3 primers [2, 4]. Because limited information on bovine IgH sequences 
was available in the present study, further investigation is needed for cattle IgH sequences. Adding new primers may improve PCR 
sensitivity for IgH gene clonality in cattle.

With the exception of those with bovine B-cell lymphoma, all cattle with any other diseases exhibited polyclonal population 
of B-cells by PCR, with a PCR specificity for IgH gene clonality of 100% in the present study. However, diversity of the 
IgH repertoire might be reduced in reactive lymph nodes by predominance of several antigen-selected subclones [9]. Further 
investigation is required to elucidate how the various infectious diseases may influence a clonality analysis using PCR for IgH gene 
rearrangement in cattle. Moreover, because the present study based diagnoses in Non-tumor groups on clinical and macroscopic 

Fig. 1.	 Representative histopathological image of diffuse large (A), diffuse median (B) and diffuse small (C) B-cell lymphoma. 
Hematoxylin and eosin stain. Bar=20 µm.
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examination without histopathological examination, additional studies on IgH gene clonality in reactive and normal lymph nodes 
with histological examination are needed.

The present study found no correlation between histological subclassification of B-cell lymphoma and results of clonality 
analysis using PCR for IgH gene rearrangement. However, the smaller sample size may have led to an incorrect evaluation of the 
relationship between histological subclassification of B-cell lymphoma and result of PCR for IgH gene rearrangement. Further 
investigation is required to clarify the relationship between histological subclassification of B-cell lymphoma and the results of the 
clonality analysis using PCR for IgH gene rearrangement.
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Table 1.	 Polymerase chain reaction results for immuno-
globulin heavy chain gene

Group N Band Smear or  
no visible band

B-cell lymphoma 35 24 (68.6%) 11 (31.4%)
Diffuse large 14 12 (85.7%) 2 (14.3%)
Diffuse median 17 9 (52.9%) 8 (47.1%)
Diffuse small 4 3 (75.0%) 1 (25.0%)

T-cell lymphoma 10 0 (0.0%) 10 (100%)
Other tumors 5 0 (0.0%) 5 (100%)
Non-tumor 50 0 (0.0%) 50 (100%)

Inflammation 30 0 (0.0%) 30 (100%)
Other diseases 10 0 (0.0%) 10 (100%)
Healthy 10 0 (0.0%) 10 (100%)

Fig. 2.	 Example of representative PCR results obtained with each 
group of samples. Lanes 1–3: B-cell lymphoma; Lane 4: T-cell 
lymphoma; Lane 5: mesothelioma; Lane 6: mastitis; Lane 7: ven-
tricular septal defect; Lane 8: healthy; Lane 9: negative control 
(DW); M: molecular weight marker.
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