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Investigating comparative polymerase chain reaction for antigen receptor rearrangement analysis in different types of feline lymphoma samples
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Cats have the highest incidence of lymphoma among all animal species. Lymphoma accounts for 41% of all malignant tumors in cats and is responsible for 90% of hematopoietic tumors in felines. Biopsies are considered the gold standard for diagnosis. Polymerase chain reaction (PCR)-based clonality assessment of antigen receptor gene rearrangements can be a valuable complementary tool for identifying infiltrating B-and T-lymphocyte clones. Many studies have focused on intestinal cases but few have addressed mediastinal lymphoma. This study aims to: (1) investigate the clonality patterns of lymphoma samples from various anatomical sites, with a particular focus on mediastinal lymphoma, and (2) evaluate the sensitivity and specificity of the clonality analysis of pleural effusion samples in comparison with cytology, histology, immunohistochemistry, and immunocytochemistry for diagnosing mediastinal lymphoma. There were 82 cases, divided into 49 formalin-fixed and paraffin-embedded biopsy specimens (FFPE), 22 cell pellets, and 11 fresh tissue. This study examined the sensitivity and specificity of PCR for antigen receptor rearrangement (PARR) compared to immunohistochemistry (IHC) and immunocytochemistry. For T-cell receptor gamma chain genes, PARR demonstrated a sensitivity of 58.33% for both fresh tissue and FFPE samples, with a specificity of 100%. Cell pellet analysis exhibited a sensitivity of 64.71% and maintained 100% specificity. A combined analysis of fresh tissue and FFPE with cell pellets showed a sensitivity of 62.07%. For IGH, the sensitivity for fresh tissue and FFPE samples was 56.25%, while cell pellet analysis showed a sensitivity of 62.50%. When considering fresh tissue and FFPE samples, the sensitivity was 57.14%. In conclusion, molecular techniques have emerged as valuable tools for detecting lymphoma, especially in cases where traditional diagnostic methods yield inconclusive results, such as mediastinal lymphoma. While biopsy may not always be feasible, cytology and cell pellets obtained from pleural effusion offer alternative immunocytochemistry and molecular analysis samples, provided they are of sufficient quality and quantity. All sample types considered in this study were suitable for PARR to aid in cases with inconclusive results. Therefore, the sample selection should be tailored to the clinical situation.
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Introduction

Among all species, cats exhibit the highest prevalence of lymphoma. This type of cancer constitutes 41% of all malignant tumors observed in felines and 90% of hematopoietic tumors observed in cats (1). Feline lymphoma can originate in a chronic inflammatory environment in which neoplastic lymphocytes are mixed with reactive lymphocytes, adding complexity to diagnoses (2).

Feline lymphoma can be classified into alimentary, mediastinal, multicentric, and extranodal according to the anatomic system (3). Of these, the most common is alimentary lymphoma, followed by extranodal, mediastinal, and multicentric lymphoma (4, 5). The World Health Organization (WHO) released the Revised European–American Lymphoma classification for domestic animals adapted from human medicine. This classification was expanded to include other hematopoietic myeloid tumors with the input of a panel of veterinary experts appointed by the WHO (6).

Lymphoma diagnosis involves techniques such as fine-needle aspiration (FNA) cytology, histopathological examination, immunophenotyping, flow cytometry, and molecular diagnosis. Few studies have demonstrated that flow cytometry helps confirm the diagnosis of feline lymphoma (7, 8). A study has shown that flow cytometry alone does not help confirm the diagnostic suspicion of mediastinal lymphoma (9). Histology from tissue biopsies is considered the gold standard method for diagnosing feline lymphomas (10). However, this invasive method might not always provide clear answers due to challenges in assessing the quantity and quality of the lymphocytic infiltrate. When distinguishing between reactive and malignant criteria proves difficult with cytology or histopathology alone, additional assessments are necessary. The polymerase chain reaction (PCR)-based clonality assessment of antigen receptor gene rearrangements can be a valuable complementary tool for identifying infiltrating B-and T-lymphocyte clones (10, 11). While clonality testing helps monitor neoplastic clones, it is crucial to supplement this evaluation with morphology, immunohistochemistry (IHC), and clinical indicators (11).

Clonality assay technology has been introduced as a complementary tool for identifying a clonal population of lymphocytes and determining whether they originate from B-cells or T-cells (5). Molecular clonality analysis is used to diagnose atypical, mixed, or mature lymphoid proliferations, even with minimal sample quantities or in cases where the tissue structure is absent (11). The rearrangement of the immunoglobulin heavy chain (IGH) variable region and T-cell receptor gamma chain (TCRG) genes occurs early in lymphoid differentiation through random recombination of variable (V), diverse (D), and joining (J) regions (10). Gene rearrangement is unique for every lymphocyte clone. TCRG rearrangement occurs in most T-cells, regardless of the surface TCRG phenotype (12). In B-cells, diversity within the complementary determining region 3 (CDR3) of the IGH V gene was assessed using PCR (13), where TCRG primer sets showed an overall sensitivity of 91% and a specificity of 90%. For B-cells, the overall sensitivity was 44% and specificity was 90% (10). Due to its constrained germline repertoire, the TCRG locus is a prominent target for T-cell clonality testing. This restitution minimizes the necessity for a large number of PCR primers. Moreover, TCRG gene rearrangement occurs in αβ and γδ T-cells, enhancing its utility in clonality assessments (14). However, detecting B-cell neoplasms poses a challenge due to somatic hypermutation in the IGH receptor, which can alter nucleotides at primer sites. This alteration can compromise primer binding and potentially result in false-negative results (1, 2).

The sensitivity for detecting a clonal TCRG by PCR in T-cell neoplasms is relatively high, typically reaching values of 79% or higher (5, 10, 15). In contrast, the sensitivity for detecting a clonal IGH receptor among feline B-cell neoplasms has historically been lower, with values ranging from 34 to 89% (1, 10, 16). The identification of clonality is a crucial feature of neoplastic cells. Detecting a clonal population of lymphocytes in tissue specimens can be instrumental in diagnosing lymphoid neoplasia (1). In veterinary medicine, it is strongly recommended that PCR-derived patterns be interpreted according to the EuroClonality/BIOMED-2 guidelines for clonality testing, similar to those used in humans (2, 10, 11, 17).

Samples from lymph nodes, such as the submandibular, popliteal, or axillary, are relatively easy to collect. However, obtaining samples from locations such as the mediastinal lymph nodes for histopathology can be challenging (9). Cytology may sometimes be inconclusive due to poor sample quality. Despite the challenges in sample collection, cytology remains a valuable diagnostic tool for these cases (18). Several authors have deemed DNA extracted from cytology samples suitable for various molecular tests. The sensitivity and specificity of TCRG and IGH V gene rearrangements have been extensively studied, with most studies focusing on alimentary lymphoma cases (5, 19). However, only a few studies have included this anatomical type of sampling for mediastinal lymphoma (20, 21).

This study aims to: (1) investigate the clonality patterns of lymphoma samples from various anatomical sites, with a particular focus on mediastinal lymphoma, and (2) evaluate the sensitivity and specificity of the clonality analysis of pleural effusion samples in comparison with cytology, histology, immunohistochemistry, and immunocytochemistry for diagnosing mediastinal lymphoma.



Materials and methods


Study design

Cases were routinely submitted for pathological examination at the Department of Pathology, Faculty of Veterinary Science, Chulalongkorn University, from 2011 to 2023. Diagnosis via cytology, fluid analysis, and histology consistently revealed either lymphoma or reactive lymph node conditions. IHC were employed, using CD3 (IR503, DAKO, Denmark) for T-cell identification and CD20 (AB27093, Abcam, MA, United States), CD79α (SC-53208, SCBT, Dallas, United States), PAX5 (GA650, Dako, CA, United States) for B-cell identification (data not published). Immunocytochemistry (ICC) uses the same antibodies as IHC but specifically employs CD20 and CD79a for identifying B-cells. For comprehensive molecular characterization, PCR for antigen receptor rearrangements (PARR) was conducted on feline B-cell neoplasms, T-cell neoplasms, and negative control samples.



Case selection

Samples were collected from cats showing signs of lymphadenopathy that strongly suggested lymphoma, including both fresh tissue and formalin-fixed paraffin-embedded (FFPE) specimens. Additionally, cell pellet samples were obtained from the pleural effusion of cats with mediastinal lymphoma. Imaging techniques, such as thoracic radiography and ultrasound, were employed to confirm cases of mediastinal or intraabdominal masses. Fresh tissue samples were obtained during necropsy, where mediastinal, renal, or intestinal masses were incidentally discovered. Pleural effusion samples were also collected from cats with mediastinal masses, with results indicating lymphoma or strongly suggesting its presence. In cases of mediastinal lymphoma, the inclusion criteria were based on thoracic diagnostic imaging via X-ray, revealing a mass accompanied by pleural effusion.

Eighty-two cases of lymphoma consisted of formalin-fixed and paraffin-embedded biopsy specimens of feline lymphoma (n = 49) including extranodal lymphoma (n = 18), multicentric lymphoma (n = 17), mediastinal lymphoma (n = 8), Alimentary lymphoma (n = 6). All cell pellets (n = 22) obtained from pleural effusion of mediastinal lymphoma. Fresh tissue (n = 11) samples collected from multicentric lymphoma (n = 5), mediastinal lymphoma (n = 4), alimentary lymphoma (n = 1) and extranodal lymphoma (n = 1). All samples were obtained from different animals. To calculate the sensitivity of PARR in FFPE and fresh tissue groups, 10 true-negative non-lymphoma samples were obtained from cats that were either healthy or had non-lymphoproliferative diseases, including normal lymph nodes (n = 4), reactive hyperplastic lymph nodes (n = 3), and spleen (n = 3). All of them were fresh tissue. For the cell pellet group, 12 true-negative cases were included reactive hyperplastic lymph nodes (n = 5), pleural effusion from heart disease (n = 4), and pleural effusion in feline infectious diseases confirmed to be caused by feline infectious peritonitis virus using the RT-PCR method (n = 3). The control group had a normal hematological profile with no lymphadenopathy. In control cases with pleural effusion, no mediastinal mass was visible on imaging, or cardiovascular signs were observed.



Cell pellet preparation

Pleural fluid samples were collected via thoracocentesis and placed in ethylenediaminetetraacetic acid (EDTA) tubes to prevent the formation of fibrin clots (22). The samples were then centrifuged at 3000 × g for 5–8 min. The resulting cell pellets were used to prepare four slides, which were air-dried for ICC and Wright-Giemsa staining. Another portion of the cell pellets was stored at-20°C for DNA extraction.



IHC and ICC

IHC was performed to detect the immunophenotypes of PAX5, CD79α, CD20 (B-cell lineage), and CD3 (T-cell lineage). Forty-nine formalin-fixed, paraffin-embedded lymphoma tissues were prepared on silane-coated slides. For CD3, CD20, and CD79α, the slides were treated with a 1% citrate buffer solution at pH 6.0 in a 95–100°C water bath for 30 min. For PAX5, the slides were treated with a Tris EDTA solution at pH 9 in an autoclave at 121°C for 5 min. Endogenous peroxidase activity was quenched by incubating the sections in 0.3% hydrogen peroxide in phosphate-buffered saline (PBS) for 30 min and blocking them with 2.5% bovine serum albumin at 37°C for 30 min. The sections were then incubated with primary antibodies specific to CD3 (T-cell marker, ready to use, Dako, Denmark), PAX5 (B-cell marker, dilution 1:50, Dako, Denmark), CD79α (B-cell marker, dilution 1:200, SCBT, United States), and CD20 (B-cell marker, dilution 1:300, Abcam, United States) for 90 min, except for PAX5, which was incubated overnight at 4°C. Negative and positive control sections were included at this stage. Normal lymph nodes were used as positive controls, while negative controls had the primary antibody omitted (23). Subsequently, the sections were incubated with EnVision Polymer (Dako, Denmark), and 3,3′-diaminobenzidine was used as a chromogen. The slides were counterstained with Mayer’s hematoxylin. Positive cytoplasmic and/or membranous staining of CD3, CD79α, and CD20 and nuclear staining of PAX5 were evaluated. To diagnose T-cell or B-cell lymphomas, at least 60% of the tumor cells were required to be positive.

ICC was performed on 22 air-dried slides from the pleural effusion of the mediastinal lymphoma. ICC performed by using CD3 for T-cells and CD20 and CD79α for B-cells. The slides were fixed with cold acetone for 2 min, omitting the pre-treatment step. Endogenous peroxidase activity was quenched by incubating the sections in 0.3% hydrogen peroxide for 30 min. The remaining steps followed the same procedure as in IHC, except that the incubation with primary antibodies was performed for 30 min.



DNA extraction and genomic DNA quality control

Genomic DNA (gDNA) extraction was performed on pleural effusion samples of mediastinal lymphoma using the DNeasy blood and tissue kit (Qiagen, Hilden, Germany). For FFPE samples, the QIAamp DNA FFPE tissue kit (Qiagen, Hilden, Germany) was used according to the manufacturer’s protocol. Pleural effusion samples were centrifuged, and only the fluid was discarded before adding 200 μL of 1 × PBS. For the FNA-derived cytology slides, 200 μL of 1 × PBS and 20 μL of Proteinase K were combined in a 1.5 mL microcentrifuge tube (Eppendorf AG, Hamburg, Germany), and the cell material was scraped off with a sterile blade and transferred quantitatively to the tube. After adding 200 μL lysis buffer (supplied with the kit), the samples were further processed following the kit’s manual. The concentration and quality of the extracted gDNA were assessed using NanoDrop Lite Plus (Thermo Fisher Scientific, Waltham, MA, United States).

For FFPE samples, five pieces of FFPE (each with a size of 10–12 μm) were prepared in a microcentrifuge tube following the manufacturer’s instructions. At least two measurements were performed per gDNA sample to ensure consistency, with the threshold set to 30 ng/μL and desired 260/280 ratios of 1.8–2.0. To assess the suitability of gDNA for the clonality assay, a 550 bp fragment of the feline androgen receptor gene was PCR-amplified for each sample.

All PCR reactions were supplemented with 10 μL of DNA dilution buffer (Qiagen GmbH, Hilden, Germany) and size-separated using the QIAxcel advanced system capillary electrophoresis analyzer with the QIAxcel DNA high-resolution kit and the QX alignment marker 15 bp/1000 bp (Qiagen). The presence and size of the obtained PCR products were accurately determined using QIAxcel ScreenGel software 1.6 (Qiagen).



Primer and PCR analysis

A reactive volume of 25 μL, including 10 ng of gDNA and a primer mixture as shown in Table 1, 0.65 unit tag primer enzyme (HotStarTag, Qiagen, CA), 2.5x PCR buffer, 5 mM MgCl, 500 mM of each deoxynucleotide triphosphate (dNTP)(Qiagen) and nuclease free water. The cycling conditions of both B-and T-cells were as follows: initial denaturation at 95°C for 15 min, followed by 5 cycles at 94°C for 30 s and 70°C for 60 s, 5 cycles at 94°C for 30 s and 68°C for 60 s, 35 cycles at 94°C for 30 s and 65°C for 60 s, and a final extension at 72°C for 10 min. All PCR reactions were run in triplicate, with positive, negative, and polyclonal control. Both B-cell and T-cell lymphomas served as positive controls. Negative controls omitted DNA, and normal lymph nodes were used as polyclonal controls.



TABLE 1 Primer sets for feline T-cell and B-cell lymphoma targeting TCRG and IGH V genes.
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Clonality

The TCRG rearrangement was evaluated through PCR amplification of the CDR3 located between the V and J segments. In brief, 100 ng of genomic DNA from each sample was subjected to amplification in a 25 mL reaction using a consensus primer derived from the TCRG V segment (5′-AAGAGCGAYGAGGGMGTGT-3′, 20 pmol), along with another primer derived from the TCRG J segment (5′-CTGAGCAGTGTGCCAGSACC-3′, 10 pmol) of the feline TCRG cDNA transcripts (12). Specific amplicons were anticipated to fall within a target range of approximately 80–120 base pairs. The amplification process employed a two-step, modified touchdown protocol to enhance the reactions’ specificity. Each PCR reaction was conducted in triplicate to ensure reliability.

The IGH rearrangement was examined by amplifying the CDR3, which encompassed the V, D, and J segments. In essence, 100 ng of gDNA from each sample was subjected to amplification in a 25 mL reaction vessel using consensus primers derived from the IGH V segment framework 2 (FR2) and framework 3 (FR3) (FR2: 5′-CCAGGCTCCAGGGAAGGG-3′, 10 pmol, and FR3: 5′-TCCAGAGACAACGCCAAAGAAC-3′, 10 pmol), along with consensus primers derived from IGH J segments (J2: 5′-TGAGGACACTGTGACTATGGTTCC-3′, 10 pmol, and JD: 5′-GGACACCGTCACGYAKGVYTCC-3′, 100 pmol). The amplification process employed a two-step, modified touchdown protocol to enhance the specificity of the reactions (13). All samples were analyzed using PCR with both TCRG and IGHV. All PCR reactions were performed in triplicate for consistency.



Interpretation of clonality pattern

Electropherogram patterns were categorized into four groups: monoclonal, polyclonal, pseudoclonal, and no amplification (11). Monoclonal patterns were characterized by consistent, identical, and sharply defined peaks of the expected size across all three reactions. Polyclonal patterns exhibited a Gaussian curve. Samples showing a distinct, sharp peak within a Gaussian curve, with the dominant clone’s peak height at least twice that of the polyclonal background, were labeled monoclonal in a polyclonal background. Pseudoclonal patterns were identified by peaks of varying sizes, indicating a lack of reproducibility across the three reactions. No amplification was assigned to samples that displayed neither a peak nor a Gaussian curve. For samples labeled clonal in a polyclonal background, it was necessary for at least two out of three (triplicate) results for that sample to show entirely consistent, sharply defined peaks, with each peak being at least twice the height of the polyclonal background in their electrophoresis profiles (14).



Statistical evaluation

Histopathology and cytology have long served as the gold standards for diagnosing reactive hyperplasia or lymphoma, enabling the identification of true positives, true negatives, false positives, and false negatives in clonality testing results. Using histopathology as the gold standard, true positives, true negatives, false positives, and false negatives were assigned in a 2 × 2 contingency table. Test sensitivity and specificity, including 95% confidence intervals, were calculated (24).




Results

Most of the samples in this study involved cats under 6 years of age, with domestic short hair being the most commonly represented breed (Table 2 and Supplementary Tables S1–S3). The average gDNA concentration ranged from 12.9 to 1,070.9 ng/μL, with the 260/280 ratios averaging between 1.41 and 1.93. The cell pellets had an average concentration ranging from 59.8 to 501.9 ng/μL. The analysis uncovered diverse clonality patterns within T-cell and B-cell populations, including clonal, bi-clonal, and oligoclonal patterns. To obtain positive results, T-cells should exhibit a narrow peak between 80 and 120 base pairs; this peak can appear once or twice within this range. Three narrow peaks indicate an oligoclonal pattern. Both bi-clonal and oligoclonal patterns are expected to display the same pattern in triplicate samples.



TABLE 2 Comprehensive patient characteristics of feline lymphoma cases.
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The T-cells showed amplification in all cases, and the TCRG pattern demonstrated a monoclonal pattern in 18 out of the 29 cases (62.1%) and a polyclonal pattern in 11 out of the 29 cases (37.9%). Among the monoclonal cases, 83.5% (15/18) were purely monoclonal, 5.5% (1/18) were bi-clonal, 5.5% (1/18) were oligoclonal, and 5.5% (1/18) were clonal in a polyclonal background. For B-cells, we used FR2 and FR3, whose pattern is similar to T-cells but the target base pair ranges differ: FR2 targets 250–300 base pairs, while FR3 targets 130–180 base pairs. In this study, B-cells exhibited only clonal and bi-clonal patterns. Instances of clonality amidst polyclonal backgrounds were also observed. Cases of FR2 showed amplification at 66% (35/53) and no amplification at 34% (18/53); cases of amplification showed a clonal pattern at 60% (21/35) and a polyclonal pattern at 40% (14/35). In addition, 95.2% (20/21) of the IGHV (FR2) showed clonality, while 4.8% (1/21) exhibited a bi-clonal pattern. FR3 showed 75.5% (40/53) amplification and 24.5% (13/53) no amplification. Amplification showed a 55% (22/40) clonal pattern and 45% (16/40) polyclonal pattern. In addition, 95.4% (21/22) of the IGH V (FR3) showed clonality, while 4.5% (1/22) exhibited a bi-clonal pattern. TCRG and IGH results from cell pellets showed a low number (2 out of 22 cases) of no amplification patterns. All data are described in Table 3, and the patterns are shown in Figures 1, 2.



TABLE 3 Conclusion of immunohistochemistry or immunocytochemistry compared with PARR from FFPE, fresh tissue and cell pellets.
[image: Table3]
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FIGURE 1
 PCR for antigen receptor rearrangement (PARR) using GeneMarker for clonal rearrangement of the T-cell receptor gamma (TCRG). (A) Monoclonal displays a narrow peak at 80–120 bp. (B) Bi-clonal displays two narrow peaks at 80–120 bp. (C) Oligoclonal displays three narrow peaks at 80–120 bp. (D) Monoclonal on polyclonal background displays a narrow peak twice the height of the polyclonal background.


[image: Figure 2]

FIGURE 2
 PCR for antigen receptor rearrangement (PARR) GeneMarker for clonal rearrangement form complete immunoglobulin heavy (IGH) chain variable (V)-diversity (D)-joining (J) (IGH-VDJ). (A) Monoclonal of the FR2 Primer set showed one narrow peak at 250–300 bp. (B) The bi-clonal of the FR2 primer set showed two narrow peaks at 250–300 bp. (C) Monoclonal Primer FR3 showed a narrow peak of 130–180 bp. (D) Bi-clonal of Primer FR3 displayed two narrow peaks at 130–180 bp. Red arrows indicate non-specific bands not within the target base pair range of the IGH primer set.


The polyclonal patterns for both TCRG and IGH displayed Gaussian distribution, including normal Gaussian distribution and multiple peaks in the target range of each primer. Notably, the FFPE group showed the highest frequency of cases with no amplification (19/49). The cell pellet samples displayed Gaussian curves without any instances of no amplification. Non-specific peaks outside the product size range were not observed in TCRG. IGH V exhibited non-specific bands, although they did not fall within the range of the target primer. These bands were observed in all samples, including the positive control. Clonal patterns on polyclonal background where the height did not exceed twice that of the polyclonal background were considered polyclonal (Figure 3).

[image: Figure 3]

FIGURE 3
 PCR for antigen receptor rearrangement (PARR) GeneMarker for Polyclonal rearrangement form T-cell receptor gamma (TCRG) (A–D) showed Gaussian curve without evidence of any non-specific band at 80–120 bp, Complete immunoglobulin heavy (IGH) chain variable (V)-diversity (D)-joining (J) (IGH-VDJ), FR2 (E,F) and FR3 (G,H) showed Guassian curve at 250–300 bp and 130–180 bp, respectively. Red arrows indicate non-specific bands not within the target base pair range of the IGH primer set.


Comparing IHC and ICC with PARR results in the FFPE samples, the B-cell cases showed concordance in 19 out of 39 instances (48.7%) and discordance in 20 out of 39 cases (51.3%). For T-cell cases, there was concordance in 5 out of 10 instances (50%) and discordance in 5 out of 10 (50%). In fresh tissue samples, B-cell cases showed concordance with IHC in 8 out of 9 instances (88.9%), with only one discordant result (11.1%). All T-cells showed concordance with IHC. In cell pellets, T-cell cases showed concordance in 11 out of 17 instances (64.7%) and discordance in 6 out of 17 (35.3%). For B-cells, there was concordance in 2 out of 5 instances (40%) and discordance in 3 out of 5 instances (60%) (Supplementary Tables S1–S3). Remarkably, fresh tissue samples consistently showed concordant results between the ICC and PCR analyses. However, in some instances, the FFPE samples exhibited no amplification. Furthermore, there was no evidence of cross-lineage rearrangement.

This study compared the sensitivity of IHC and ICC with that of PARR. For TCRG, PARR demonstrated a sensitivity of 58.33% for both fresh tissue and FFPE samples, with a specificity of 100%. Cell pellet analysis exhibited a sensitivity of 64.71% and maintained 100% specificity. A combined analysis of fresh tissue, FFPE, and cell pellets showed a sensitivity of 62.07%. For IGH, the sensitivity for both fresh tissue and FFPE samples was 56.25%, while cell pellet analysis showed a sensitivity of 62.50%. However, when considering fresh tissue and FFPE with cell pellet samples, the sensitivity was 57.14%. The sensitivity data are described in detail in Tables 4, 5.



TABLE 4 Results of clonality testing for TCRG using different sample specimens.
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TABLE 5 Results of clonality testing for IGH V using different sample specimens.
[image: Table5]

Two cases included samples from all three groups: cell pellets derived from pleural effusion, fresh tissue from the necropsy room, and FFPE. All samples from both cases were from mediastinal lymphoma and showed consistent T-cell results with both IHC and PARR.

Notably, clonality for both TCRG and IGH V was detected in cell pellets from the pleural effusion of mediastinal lymphoma cases, although fresh tissue was deemed to provide more conclusive results. FNA from a mass in the pleural space yielded more specific results than pleural effusion. Fresh tissue, FFPE, and cell pellets from pleural effusion are all potential specimens for PARR analysis (Figures 4–6). However, each sample type presents specific issues, which will be discussed later.

[image: Figure 4]

FIGURE 4
 Inguinal lymph node with positive for CD20 shows the results of PCR assays. The samples exhibited a bi-clonal pattern on both QIAxcel (A) and gel images (B), utilizing the FR3 primer set of the IGH V. All triplicate samples exhibited the same band at 130–180 bp.
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FIGURE 5
 Pleural effusion from mediastinal lymphoma samples that tested positive for CD20 exhibited clonality when analyzed using IGH (FR3), as evidenced by both QIAxcel and gel images.
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FIGURE 6
 Pleural effusion from mediastinal lymphoma samples that tested positive for CD3 exhibited triplicate clonality when analyzed using TCRG, as evidenced by QIAxcel.




Discussion

Clonality could be detected in approximately 34–89% of feline B-cell neoplasms (2). Conversely, PCR-based clonality assays targeting clonal TCRG gene rearrangements demonstrated a sensitivity of up to 90%, particularly in intestinal forms (5, 10, 15). However, false negative and positive results may occur (10). This study found that the sensitivity was 62.07% for T-cells and 57.14% for B-cell neoplasms, consistent with the sensitivity range observed in previous studies (2, 10, 15, 16). Although this study showed a lower sensitivity for T-cell neoplasms, it still fell within the expected range. Furthermore, the samples in this study encompassed various anatomical classifications. The differences in sensitivity compared to previous studies were attributable to variations in primer selection, sample types, and experimental conditions.

FFPE samples often exhibit numerous non-amplifications attributable to paraffin defects and DNA damage. However, GAPDH consistently manifests good sample quality. In this study, in cases where both fresh and FFPE samples were available, there were notable differences in the outcomes of both extraction and PARR runs. While fresh tissue samples yielded precise results, FFPE samples showed no amplification.

In this study, we set a threshold for the gDNA concentration at 30 ng/μL. However, lower gDNA concentrations, such as 12.9 ng/μL, also yielded good results in some cases. Previous studies have indicated that the extracted gDNA should have a minimum concentration of 50 ng/μL with 260/280 ratios between 1.8 and 2.0 (5). Another study established a 30 ng/μL threshold with desired 260/280 ratios of 1.8–2.0 (1).

A few studies have demonstrated clonality patterns from cell pellets of pleural effusion of mediastinal lymphoma with favorable results; however, they lacked additional details (2, 21). This study collected samples from both pleural effusion and mediastinal mass, showing consistent findings. Collecting pleural effusion samples via thoracocentesis from mediastinal masses was easier than directly sampling the masses. The results were generally good for TCRG, but IGH sometimes yielded inconclusive results.

Based on the cell pellet samples, good sensitivity was observed in both T-cell and B-cell groups. However, in the T-cell group positive for CD3, some cases exhibited polyclonal results with both primers. Therefore, an alternative primer is required for re-evaluation in this subgroup. Another primer for TCRG has been developed to detect clonal TCR gene rearrangement in feline lymphoid neoplasms, providing a valuable, high-fidelity molecular diagnostic tool for feline T-cell neoplasms (15). TCRG 2 has been designed to aid in detecting T-cell lymphoma, showing improved performance over TCRG 1 (14). Additionally, alternative primer sets have been used for B-cell lymphoma to enhance sensitivity (1, 2, 16). The new primer sets for B-and T-cells should be assessed for this sample group to determine the most suitable one for obtaining precise results.

The pleural effusion of mediastinal lymphoma demonstrated good sensitivity, especially in cases involving T-cell analysis, where, despite small sample sizes, all results were exact. However, some cases showed differences, indicating that both the quantity and quality of the sample are crucial for obtaining reliable results.

Additionally, when compared with the FFPE samples, the FFPE cases in this study may have experienced DNA damage due to formalin fixation. Gress et al. outlined the criteria for good quality FFPE samples and that the QIAamp DNA FFPE tissue kit (Qiagen, Hilden, Germany) includes heating at 90°C for 60 min to resolve crosslinking among nucleic acids, proteins, and formalin (5). However, some cases in this study still showed no amplification compared to fresh tissue, perhaps due to formalin fixation exceeding 48 h.

Nasal lymphoma positive for B-cells exhibited clonality for FR3, but for FR2, the majority showed polyclonal results, with no amplification. However, due to the limited number of nasal lymphoma cases studied, it cannot be concluded that nasal lymphomas are predominantly sensitive to the FR3 primer set. This aspect has not been addressed in previous studies.

In Thailand, there has been a notable increase in feline leukemia virus (FeLV) infection (25). FeLV, a gammaretrovirus, is widely recognized as the leading cause of feline lymphoma (26). In cases of mediastinal lymphoma, it is often attributed to both a lack of vaccination and breed predispositions. FeLV data were lacking in this study, as this information including FeLV and FIV status and vaccination history was not provided.

In conclusion, molecular techniques have emerged as valuable tools for detecting lymphoma, especially in cases where traditional diagnostic methods yield inconclusive results (9, 18). While biopsy may not always be feasible, cytology and cell pellets obtained from pleural effusion offer alternative ICC and molecular analysis samples, assuming sufficient quality and quantity. This study indicates that all sample types are suitable for PARR to aid in cases with inconclusive results. However, each sample type presents its limitations, as outlined earlier. Therefore, the sample selection should be tailored to the clinical situation.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The animal study was approved by a statement to confirm that all methods were carried out in accordance with relevant guidelines, regulations and sampling procedures was approved by the Chulalongkorn University Animal Care and Use Committee (No. 1831060). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

JS: Conceptualization, Formal analysis, Writing – original draft, Writing – review & editing, Data curation, Methodology, Supervision, Validation, Visualization. ST: Methodology, Project administration, Validation, Visualization, Supervision, Writing – review & editing. SS: Conceptualization, Formal analysis, Investigation, Methodology, Supervision, Validation, Visualization, Writing – review & editing. ArR: Methodology, Supervision, Validation, Visualization, Writing – review & editing. AnR: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by the 90th Anniversary of Chulalongkorn University Fund (Ratchadaphiseksomphot Endowment Fund). J.S. was supported by the 100th Anniversary Chulalongkorn University for Doctoral Scholarship and the Chulalongkorn University Graduate Scholarship. This research was funded by Thailand Science Research and Innovation Fund Chulalongkorn University (FOOD66310015), 2023, and the Center of Excellence for Companion Animal Cancer, Faculty of Veterinary Science, Chulalongkorn University.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1439068/full#supplementary-material



References

 1. Welter, J, Duckova, T, Groiss, S, Wolfesberger, B, Fuchs-Baumgartinger, A, Rütgen, BC , et al. Revisiting lymphocyte clonality testing in feline B-cell lymphoma. Vet Immunol Immunopathol. (2021) 242:110350. doi: 10.1016/j.vetimm.2021.110350 

 2. Rout, ED, Burnett, RC, Yoshimoto, JA, Avery, PR, and Avery, AC. Assessment of immunoglobulin heavy chain, immunoglobulin light chain, and T-cell receptor clonality testing in the diagnosis of feline lymphoid neoplasia. Vet Clin Pathol. (2019) 48:45–58. doi: 10.1111/vcp.12767 

 3. Ettinger, SN. Principles of treatment for feline lymphoma. Clin Tech Small Anim Pract. (2003) 18:98–102. doi: 10.1053/svms.2003.36623 

 4. Briscoe, K, Krockenberger, M, Beatty, J, Crowley, A, Dennis, M, Canfield, P , et al. Histopathological and immunohistochemical evaluation of 53 cases of feline lymphoplasmacytic enteritis and low-grade alimentary lymphoma. J Comp Pathol. (2011) 145:187–98. doi: 10.1016/j.jcpa.2010.12.011 

 5. Gress, V, Wolfesberger, B, Fuchs-Baumgartinger, A, Nedorost, N, Saalmüller, A, Schwendenwein, I , et al. Characterization of the T-cell receptor gamma chain gene rearrangements as an adjunct tool in the diagnosis of T-cell lymphomas in the gastrointestinal tract of cats. Res Vet Sci. (2016) 107:261–6. doi: 10.1016/j.rvsc.2016.07.004

 6. Vezzali, E, Parodi, A, Marcato, P, and Bettini, G. Histopathologic classification of 171 cases of canine and feline non-Hodgkin lymphoma according to the WHO. Vet Comp Oncol. (2010) 8:38–49. doi: 10.1111/j.1476-5829.2009.00201.x 

 7. Guzera, M, Cian, F, Leo, C, Winnicka, A, and Archer, J. The use of flow cytometry for immunophenotyping lymphoproliferative disorders in cats: a retrospective study of 19 cases. Vet Comp Oncol. (2016) 14:40–51. doi: 10.1111/vco.12098

 8. Martini, V, Bernardi, S, Marelli, P, Cozzi, M, and Comazzi, S. Flow cytometry for feline lymphoma: a retrospective study regarding pre-analytical factors possibly affecting the quality of samples. J Feline Med Surg. (2018) 20:494–501. doi: 10.1177/1098612X17717175 

 9. Bernardi, S, Martini, V, Perfetto, S, Cozzi, M, and Comazzi, S. Flow cytometric analysis of mediastinal masses in cats: a retrospective study. Front Vet Sci. (2020) 7:444. doi: 10.3389/fvets.2020.00444 

 10. Hammer, S, Groiss, S, Fuchs-Baumgartinger, A, Nedorost, N, Gress, V, Luckschander-Zeller, N , et al. Characterization of a PCR-based lymphocyte clonality assay as a complementary tool for the diagnosis of feline lymphoma. Vet Comp Oncol. (2017) 15:1354–69. doi: 10.1111/vco.12277 

 11. Keller, S, Vernau, W, and Moore, P. Clonality testing in veterinary medicine: a review with diagnostic guidelines. Vet Pathol. (2016) 53:711–25. doi: 10.1177/0300985815626576

 12. Moore, PF, Woo, JC, Vernau, W, Kosten, S, and Graham, PS. Characterization of feline T cell receptor gamma (TCRG) variable region genes for the molecular diagnosis of feline intestinal T cell lymphoma. Vet Immunol Immunopathol. (2005) 106:167–78. doi: 10.1016/j.vetimm.2005.02.014 

 13. Werner, J, Woo, J, Vernau, W, Graham, P, Grahn, R, Lyons, L , et al. Characterization of feline immunoglobulin heavy chain variable region genes for the molecular diagnosis of B-cell neoplasia. Vet Pathol. (2005) 42:596–607. doi: 10.1354/vp.42-5-596 

 14. Radtanakatikanon, A, Moore, PF, Keller, SM, and Vernau, W. Novel clonality assays for T cell lymphoma in cats targeting the T cell receptor beta, T cell receptor delta, and T cell receptor gamma loci. J Vet Intern Med. (2021) 35:2865–75. doi: 10.1111/jvim.16288 

 15. Mochizuki, H, Nakamura, K, Sato, H, Goto-Koshino, Y, Sato, M, Takahashi, M , et al. Gene scan analysis to detect clonality of T-cell receptor γ gene rearrangement in feline lymphoid neoplasms. Vet Immunol Immunopathol. (2012) 145:402–9. doi: 10.1016/j.vetimm.2011.12.015 

 16. Mochizuki, H, Nakamura, K, Sato, H, Goto-Koshino, Y, Sato, M, Takahashi, M , et al. Multiplex PCR and Genescan analysis to detect immunoglobulin heavy chain gene rearrangement in feline B-cell neoplasms. Vet Immunol Immunopathol. (2011) 143:38–45. doi: 10.1016/j.vetimm.2011.05.030 

 17. Langerak, AW, Groenen, PJ, Brüggemann, M, Beldjord, K, Bellan, C, Bonello, L , et al. EuroClonality/BIOMED-2 guidelines for interpretation and reporting of Ig/TCR clonality testing in suspected lymphoproliferations. Leukemia. (2012) 26:2159–71. doi: 10.1038/leu.2012.246 

 18. Pintore, L, Bertazzolo, W, Bonfanti, U, Gelain, ME, and Bottero, E. Cytological and histological correlation in diagnosing feline and canine mediastinal masses. J Small Anim Pract. (2014) 55:28–32. doi: 10.1111/jsap.12161 

 19. Moore, P, Rodriguez-Bertos, A, and Kass, P. Feline gastrointestinal lymphoma: mucosal architecture, immunophenotype, and molecular clonality. Vet Pathol. (2012) 49:658–68. doi: 10.1177/0300985811404712

 20. Chino, J, Fujino, Y, Kobayashi, T, Kariya, K, Goto-Koshino, Y, Ohno, K , et al. Cytomorphological and immunological classification of feline lymphomas: clinicopathological features of 76 cases. J Vet Med Sci. (2013) 75:701–7. doi: 10.1292/jvms.12-0246 

 21. Weyrich, A, Hecht, W, Köhler, K, Herden, C, and Henrich, M. Comparative analysis of primer sets for the assessment of clonality in feline lymphomas. Front Vet. Sci. (2024) 11:1356330. doi: 10.3389/fvets.2024.1356330 

 22. Probo, M, Valenti, V, Venco, L, Paltrinieri, S, Lavergne, E, Trumel, C , et al. Pleural lymphocyte-rich transudates in cats. J Feline Med Surg. (2018) 20:767–71. doi: 10.1177/1098612X17731045 

 23. Hewitt, SM, Baskin, DG, Frevert, CW, Stahl, WL, and Rosa-Molinar, E. Controls for immunohistochemistry: the histochemical Society’s standards of practice for validation of immunohistochemical assays. J Histochem Cytochem. (2014) 62:693–7. doi: 10.1369/0022155414545224 

 24. Altman, D, Machin, D, Bryant, T, and Gardner, M. Statistics with confidence: Confidence intervals and statistical guidelines. New York, NY: John Wiley & Sons (2013).

 25. Sprißler, F, Jongwattanapisan, P, Luengyosluechakul, S, Pusoonthornthum, R, Reese, S, Bergmann, M , et al. Prevalence and risk factors of feline immunodeficiency virus and feline leukemia virus infection in healthy cats in Thailand. Front Vet Sci. (2022) 8:764217. doi: 10.3389/fvets.2021.764217 

 26. Beatty, J. Viral causes of feline lymphoma: retroviruses and beyond. Vet J. (2014) 201:174–80. doi: 10.1016/j.tvjl.2014.05.026


Copyright
 © 2024 Siripoonsub, Techangamsuwan, Sirivisoot, Radtanakatikanon and Rungsipipat. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Investigating comparative polymerase chain reaction for antigen receptor rearrangement analysis in different types of feline lymphoma samples



		Introduction



		Materials and methods



		Study design



		Case selection



		Cell pellet preparation



		IHC and ICC



		DNA extraction and genomic DNA quality control



		Primer and PCR analysis



		Clonality



		Interpretation of clonality pattern



		Statistical evaluation









		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fvets-11-1439068-t005.jpg
IGH Fresh tissue and FFPE Cell pellets Fresh tissue, FFPE, and cell

pellets
Statistic Value (%) 95% ClI Value (%) 95% ClI Value (%) 95% ClI
Sensitivity 5625 41.18-7052 6250 24.49-91.48 57.14 43.22-7029
Specificity 100.00 69.15-100.00 100.00 7354-100.00 100.00 8456-100.00
PPV 100.00 87.23-100.00 100.00 47.82-100.00 100.00 89.11-100.00
NPV 3226 2668-39.62 80.00 62.11-96.79 4783 4039-55.36

Cl, Confidence interval; PPV, Positive predictive value; NPV, Negative predictive value.





OPS/images/fvets-11-1439068-t004.jpg
TCRG Fresh tissue and FFPE Cell pellets Fresh tissue, FFPE, and cell

pellets
Statistic Value (%) 95% ClI Value (%) 95% ClI Value (%) 95% ClI
Sensitivity 583 27.67-8483 6471 38.33-85.79 6207 4226-7931
Specificity 100.00 73.54-100.00 100.00 7354-100.00 100.00 8456-100.00
PPV 100.00 59.04-100.00 100.00 71.51-100.00 100.00 81.47-100.00
NPV 7059 55.13-82.42 6667 51.24-79.20 6667 55.66-76,11

Cl, Confidence interval; PPV, Positive predictive value; NPV, Negative predictive value.





OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Investigating comparative
polymerase chain reaction for
antigen receptor rearrangement
analysis in different types of feline
lymphoma samples












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
, frontiers Frontiers in Veterinary Science






OPS/images/fvets-11-1439068-g005.jpg





OPS/images/fvets-11-1439068-g006.jpg





OPS/images/fvets-11-1439068-g003.jpg
L T T N I ) ) . L B

A.W.,m
§

e

(..u,m
§
X
»,
s

o

i i 1w m s sw e = L I . ) =






OPS/images/fvets-11-1439068-g004.jpg





OPS/images/fvets-11-1439068-t003.jpg
Immunohistochemistry/
Immunocytochemistry

FFPE (n =49)

T-cell (n=10)

B-cell (n=39)
Fresh tissue (n =11)

T-cell (n=2)

B-cell (n=9)
Cell pellets (n =22)

T-cell (n=17)

Becell (n=5)
Total

T-cell (n=29)

B-cell (n=53)

NA, No amplification.

Clonal

0%
(5/10)
0%
(0139)

100%
(212)
0%
19

64.7%
mnz
0%
(or5)

62.1%
(18/29)
0%
(0r53)

PCR for Antigen Receptor Rearr:

TCRG

Polyclonal Clonal

50% % 0%
(5/10) (0r10) (010
61.53% 38.46% 333%
(24/39) (15/39) (13/39)
0% % %
(012) (072) (072)
88.9% 111% 66.7%
(8/9) (1/9) (6/9)
35.3% 0% 0%
(6117) on7 on7
100% 0% 40%
(515) (r5) (@s)
37.9% 0% 0%
(11/29) (029 (029
69.9% 30.1% 39.6%
(37/53) (16/53) (21/53)

FR2

Polyclonal Clonal

50% 50% 0%
(5/10) (5/10) (0/10)
38.5% 28.2% 3333%
(10/39) (16/39) (13/39)
100% 0% 0%
(@/2) (0r2) (02)
111% 222% 88.9%
/9 (2/9) (8/9)
88.2% 118% 0%
asn7) @n7) (on7)
60% 0% 20%
(15) (0r5) (115)
75.9% 24.1% 0%
(22/29) (7129) (0/29)
26.4% 0% 415%
(14/53) (18/53) (22/53)

FR3

Polyclonal

60%

(6/10)
33.33%
(13/39)

100%
(2/2)
111%
w9)

88.2%
(15/17)
80%
/s)

793%
(23/29)
34%
(18/53)

0%

(4/10)
33.33%
(13/39)

0%
(012)
0%
©19)

118%
(n7)
0%
(or5)

207%
(6129)
245%

(13/53)





OPS/images/fvets-11-1439068-t001.jpg
Becell

TCRG]

IGHV

IGH]

IGHV

IGH |

IGHV gene

5-AAGAGCGAYGAGGGMGTGT-3"
5-CTGAGCAGTGTGCCAGSACC-3

FR2: 5’ -CCAGGCTCCAGGGAAGGG-3

J2: 5~ TGAGGACACTGTGAC- TATGGTTCC-3'
JD: 5-GGACACCGTCA-CYAKGVYTCC-3
FR3: 5-TCCAGAGACAACGCCAA-GAAC-3'

12: 5-TGAGGACACTGTGAC-TATGGTTCC-3'

JD: 5"-GGACACCGTCA-CYAKGVYTCC-3

20pmol
10pmol
10pmol
10pmol
100pmol
10pmol
10pmol

100pmol

rget
80-120bp

250-300bp

130-180bp





OPS/images/fvets-11-1439068-t002.jpg
Patient characteristics

Age 7m-3Y 46.3% (38/52)
4-6Y 34.2% (28/82)
>6Y 19.5% (16/82)
Breed DSH 96.3% (79/82)
Persian 24% (2/82)
Scottish Fold 1.3% (1/82)
Sex Male 47.6% (39/82)
Female 524% (43/82)
Immunophenotype T-cell lymphoma 35.4% (29/82)

B-cell lymphoma 64.6% (53/82)





OPS/images/fvets-11-1439068-g001.jpg
]

o






OPS/images/fvets-11-1439068-g002.jpg
“tm
,
i
£
g

Tm e e ae e e e = wm e e

,

W

§
B

R A T ) = S s s e s o






