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Abstract 

Introduction. One of the most common types of oncopathologies are lymphoproliferative disorders, in particular, lym-

phomas. The disorders are characterised by the complicated development mechanisms, multiple etiological factors and 

their diverse biological features. In addition, the common origin of lymphoid cells makes different types of lymphomas 

morphologically similar and complicates their diagnostics. The morphological study used to be, currently is and will 

continue to be a gold standard in the oncological pathology diagnostics. However, the lack of clear morphological criteria 

and histological classifications of the various types of tumours in animals prevents from adequate diagnostics of onco-

logical diseases in them. The above urges to conduct a thorough study of various morphological types of lymphomas to 

identify their differential diagnostic features. The aim of the research is to study the morphological features and histogen-

esis of canine nodal lymphoma to facilitate the diagnostics and develop the efficient targeted therapy protocols. 

Materials and Methods. The objects of the study conducted in the network of veterinary laboratories “VETLAB” (Mos-

cow) in the period from January 2024 to January 2025 were the lymph nodes in dogs with the signs of nodal lymphoma. 

All samples (n = 30) were prepared according to the standard technique of histological sample preparation. Histological 

preparations stained with hematoxylin and eosin were obtained, and microscopy was performed. A comparative estima-

tion and contrasting against the following morphological criteria were carried out: tumour growth pattern, spread of tu-

mour in the tissue, tumour cell structure, size and location of nuclei, chromatin structure, presence of mitoses, and tumour 

microenvironment. 

Results. By studying the canine nodal lymphoma features by means of microscopy, a number of significant differential 

diagnostic features were identified enabling to distinguish the following morphological variants of lymphomas: large-cell 

and small-cell lymphomas, immunoblastic, centroblastic and lymphoblastic lymphomas. Prognostic features included: 

proliferative index, diffuse growth pattern, cellular microenvironment, and tumour vascularization. 

Discussion and Conclusion. The study had identified the main morphological variants and cell types of canine nodal 

lymphomas. Morphological features and differential diagnostic criteria for microscopic study of lymphomas were deter-

mined. The obtained data can be used in the every-day practices of a pathologist for morphological verification of canine 

lymphomas, and also become the basis for histological classification of tumours of lymphoid tissue in animals. 

Keywords: lymphoma, nodal lymphoma, lymph node, micropreparation, tissue, lymphoblast, immunoblast, centrocyte, 

centroblast, dogs 
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Аннотация 

Введение. Одним из часто встречающихся видов онкопатологий являются лимфопролиферативные заболевания, 

в частности, лимфомы. Заболевания отличаются сложными механизмами развития, множеством этиологических 

факторов и разнообразием биологии их поведения. Кроме того, общность происхождения лимфоидных клеток 

делает различные типы лимфом морфологически сходными и затрудняет их диагностику. Золотым стандартом в 

диагностике онкологической патологии было, есть и будет морфологическое исследование. Однако для адекват-

ной диагностики онкологических заболеваний у животных отсутствуют четкие морфологические критерии, ги-

стологические классификации, характеризующие различные типы опухолей. Вышеизложенное диктует настоя-

тельную необходимость в тщательном изучении различных морфологических типов лимфом и выявлении их 

дифференциально-диагностических признаков. Цель данного исследования — изучение морфологических при-

знаков и гистогенеза нодальной лимфомы у собак для облегчения диагностики и разработки эффективных про-

токолов таргетной терапии. 

Материалы и методы. Объектом исследования, проведенного на базе сети ветеринарных лабораторий 

«ВЕТЛАБ» (г. Москва) в период с января 2024 г. по январь 2025 г., стали лимфатические узлы собак с признаками 

поражения нодальной лимфомой. Все пробы (n = 30) прошли гистологическую пробоподготовку по стандартной 

общепринятой методике. Были получены гистологические препараты, окрашенные гематоксилином и эозином, 

и выполнена микроскопия. Проведена сравнительная оценка, и сопоставлены следующие морфологические кри-

терии: форма роста опухоли, распространенность опухоли в ткани, строение опухолевых клеток, размер и распо-

ложение ядер, структура хроматина, наличие митозов, микроокружение опухолевых клеток. 

Результаты исследования. Изучая особенности нодальных лимфом собак посредством микроскопии, выявили 

ряд существенных дифференциально-диагностических признаков, позволяющих разделять лимфомы на морфо-

логические варианты: крупноклеточную и мелкоклеточную лимфому, иммунобластный, центробластный и лим-

фобластный клеточный тип. К прогностическим признакам отнесли: пролиферативный индекс, диффузную 

форму роста, клеточное микроокружение, васкуляризацию ткани опухоли. 

Обсуждение и заключение. В ходе исследования выделили основные морфологические варианты и клеточные 

типы нодальных лимфом собак. Определили морфологические особенности и дифференциально-диагностиче-

ские критерии для микроскопического изучения лимфом. Полученные данные могут быть использованы для мор-

фологической верификации лимфом собак в повседневной практике патолога, а также лечь в основу гистологи-

ческой классификации опухолей лимфоидной ткани у животных. 

Ключевые слова: лимфома, нодальная лимфома, лимфатический узел, микропрепарат, ткань, лимфобласт, им-

мунобласт, центроцит, центробласт, собаки 
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Introduction. Lymphoma is a widespread malignant 

neoplasm of haematopoietic and lymphoid tissues in ani-

mals and humans. The tumour develops in nodal and ex-

tranodal forms, and is not limited to any certain organ, 

which hinders timely diagnostics of the disease. In human 

medicine, there are classifications based on comparing 

clinical, morphological and immunological features result-

ing in distinguishing numerous variants of T- and B-cell 

lymphomas [1–3]. All tumours have a common lymphoid 

cell precursor, similar processes of activation or inhibition 

of signaling pathways, mutations in key genes, and are 

characterized by similar genetic disorders and structural 

abnormalities. All this enables using the new molecular di-

agnostic methods for clinical purposes to stratify patients 

into risk groups, develop prognostic and diagnostic models 

and search for new targets for drug therapy [4]. The com-

mon origin of various types of lymphomas complicates 

their morphological verification. Whereas, lymphoma di-

agnostic algorithm should begin with morphological exam-

ination of tumour cellular composition or its tissue. The ob-

jectives of morphological study also include identification 

and investigation of the prognostic factors; differential di-

agnostics of indolent and aggressive forms of lymphoma 

subject to histological transformations; studying the devel-

opment of aggressive lymphoma during the evolution of an 

indolent clonal lymphoma [5].  

In veterinary medicine, adequate diagnostics of onco-

logical diseases in patients is complicated due to the lack 

of clear morphological criteria and histological classifica-

tions characterizing various tumour types. The develop-

ment and identification of morphological criteria specific 

to various lymphoma types will not only improve the qual-

ity of differential diagnostics but also enhance the efficacy 

of subsequent therapeutic interventions. The aim of this 

study is to present a scientifically based approach to the 

morphological diagnostics of canine nodal lymphoma, 

based on the principle of the histogenetic origin of cells. 

Materials and Methods. The study was conducted at 

the network of veterinary laboratories “VETLAB” (Mos-

cow) from January 2024 to January 2025. The objects of 

the study were 30 lymph nodes in dogs affected by nodal 

lymphoma. Lymph nodes of various locations were exam-

ined; identification of the most common lymphoma loca-

tions was not the objective of the present study. 

Specimens for morphological examination were se-

lected based on the following criteria: medical history and 

clinical signs (lymph node enlargement and limited  mobil-

ity, cachexia, dyspnea); the macroscopically visible signs 

of lymph node lesion caused by lymphoma (lymph node 

size greater than 2 cm in diameter, absence of a pattern on 

lymphoid tissue section, replacement of lymphoid tissue 

with structureless masses, lumpy surface of lymph nodes, 

ruptures of capsules); microscopy-based confirmation of 

nodal lymphoma. 

Lymph nodes with macro- and microscopic signs of re-

active inflammation, hyperplasia, or metastatic lesions 

caused by non-lymphoid tumours were excluded from the 

study. Macroscopic signs of reactive inflammation and hy-

perplasia in a lymph node include: lymph node size up to 2 

cm, preservation of the pattern on the section, smooth 

lymph node surface and intact capsule. Macroscopic signs 

of metastatic lesions are as follows: partially preserved pat-

tern on the section, limited tumour foci visible upon the 

section, and lumpy surface of a lymph node (in cases of 

multiple metastases). 

For the study, a longitudinal incision was made across 

a lymph node, and up to 0.5 cm diameter section was re-

moved from the tissue core and sent for examination [6]. 

Histological processing was performed according to the 

generally accepted protocol: 96% alcohol for 6 hours, xy-

lene for 3 hours, paraffin for 3 hours [7, 8]. The specimens 

were embedded in a paraffin block using a Kedee KD-

BMII automatic embedding system (Kedee, Russia). Mi-

crotomy of a paraffin block was performed using a Rotary 

3004 M semiautomatic microtome (Kedde, Russia). Histo-

logical sections were cut at a thickness of 4 μm and fixed 

on glass slides. 

The preparations were stained with hematoxylin and 

eosin according to the generally accepted protocol: xylene 

for 10 min, 96% alcohol for 15 min, Mayer’s hematoxylin 

for 20 min, hydrochloric acid for 10 sec, distilled water for 

10 min, eosin solution for 10 min [9], using a Shandon Var-

istain 24–4 autostainer (Leica, Germany).  

Microscopy was performed using a Microscreen mi-

croscope (“Minimed”, Russia) at ×100, 200, and 400 

magnification. 

The following factors were assessed: tumour growth pat-

tern (diffuse, nodular, etc.); cell-related issues (small or large 

cells, polymorphic cell composition, anaplastic or  
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blastic/blastoid cell morphology, presence or absence of mul-

tinucleated cell forms, characteristics of nuclei structure); and 

the presence of reactive and residual components. The study 

adhered to the 5th edition of the WHO Classification of Tu-

mours of Haematopoietic and Lymphoid Tissues (2022). 

Results. The data we obtained during morphological 

examination of canine nodal lymphomas are presented in 

Table 1, which shows that the large-cell lymphoma variant 

was detected most frequently. All tumours had a diffuse 

growth pattern. 

Large-cell tumours had large, eccentrically arranged nu-

clei. The condensed chromatin structure resulted in nucleoli 

being differentiated within the nuclei (Fig. 1). At 400x mag-

nification, 5 to 10 mitoses were detected per field of view. 

 Table 1 

Morphological classification of canine nodal lymphoma variants  

Morphologic classification of canine nodal lymphomas Number of cases % 

Small-cell lymphoma 6 20 

Large-cell lymphoma 24 80 

 

a)      b) 

Fig. 1. a — large-cell nodal lymphoma; b — fibrous tissue strand in the center of tumour.  

Hematoxylin and eosin staining, ×400 magnification  

All large cell nodal lymphomas showed thin fibrous 

septa, which constitute the tumour stroma. These septa are 

likely to be the residues of the interfollicular septa of a 

lymph node (Fig. 1 b). 

Nodal lymphomas, composed of small cells, had a 

number of features: small or medium-sized eccentrically 

arranged nuclei, tightly packed heterochromatin within the 

nuclei, and poor differentiation of nucleoli. At ×400 mag-

nification, no more than 5 mitoses per field of view and a 

large number of apoptotic bodies were detected (Fig. 2). 
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Fig. 2. Small-cell nodal lymphoma. Hematoxylin and eosin staining, ×400 magnification  

The results of the study on the histogenetic origin of 

tumour cells indicate the presence of three cell types: lym-

phoblastic, immunoblastic and centroblastic (Table 2).  

Table 2 shows that the centroblastic cell type of nodal 

lymphoma is the most common. It is worth noting that im-

munoblastic and centroblastic types were detected in large-

cell variant of lymphoma. 

The immunoblastic cell type was characterised by the 

presence of atypical immunoblasts in the tumour infiltrate — 

large cells with round, uneven, eccentric nuclei with a single 

large nucleolus being differentiated, and condensed chromatin 

loop pattern. The membrane of nucleolus was uneven, often 

with thin chromatin threads attached to it. The cytoplasmic 

rim of these cells was quite wide and pale (Fig. 3 a). 

The centroblastic cell type was characterized by the 

presence of atypical centroblastic cells in the tumour infil-

trate, which differed drastically from immunoblasts. The 

morphological features of centroblasts included large, 

round vesicular nuclei, vesicular chromatin pattern, and  

2–3 nucleoli located near the nuclear membrane, as well as 

moderate amount of cytoplasm (Fig. 3 b). 

The lymphoblastic cell type was detected in small-cell 

tumours and was characterized by the presence of atypical 

lymphoblasts in the tumour infiltrate—small cells with 

round nuclei containing compact heterochromatin, undif-

ferentiated nucleolus, uneven nuclear membrane surface 

and a narrow cytoplasmic rim (Fig. 4 a). 

All tumours, regardless of cell type, had poor vascular-

ization. Lymphocytes and plasma cells were present in the 

microenvironment. Small-cell tumours were infiltrated 

with macrophages. One case of a large number of eosino-

phils contained in the microenvironment (Fig. 4 b) was 

identified. 

Table 2 

Cell types of canine nodal lymphomas 

Cell type Number of cases % 

Lymphoblastic 6 20.0 

Immunoblastic 10 33.3 

Centrablastic 14 46.7 
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a)      b) 

Fig. 3: a — immunoblastic cell type of large-cell nodal lymphoma; 

b — centroblastic cell type of large-cell nodal lymphoma. Hematoxylin and eosin staining, ×400 magnification  

 

a)     b) 

Fig. 4: a — lymphoblastic cell type of small-cell nodal lymphoma; b — immunoblastic cell type of large-cell lymphoma, pronounced 

tissue infiltration with eosinophils. Stained with hematoxylin and eosin, magnification ×400  

 

Fig. 5. Results of the study of cell types of canine nodal lymphomas (n = 30) 

14

10

6

0

Centroblastic type Immunoblastic type Lymphoblastic type
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Discussion and Conclusion. A study of the pathologi-

cal features of canine nodal lymphoma revealed that all tu-

mours have a diffuse growth pattern. Large-cell and small-

cell variants can be identified with regard to morphological 

classification, and according to histogenetic classification, 

the tumours are classified into lymphoblastic, centroblastic 

and immunoblastic. Morphological differential diagnostic 

criteria include: tumour cell size, size of nuclei, chromatin 

structure, differentiation of nucleoli, the number of mitoses 

per field of view and the presence of apoptotic bodies. 

According to available literature [10, 11], the large-cell 

variant of lymphoma is most common in humans, which is 

consistent with the results of our study in dogs. This may 

be due to the predominance of large B-cells in the body, 

which are activated during antigenic stimulation. 

Analysis of data obtained during the study of tumour cell 

types shows that the centroblastic cell type is identified most 

frequently (Fig. 5). It can be assumed that this happens 

within the process of antigen stimulation, due to B-cells ini-

tiating a reaction in the germinal center of the follicle, in 

which they get transformed into rapidly proliferating centro-

blasts. Whereas, proliferating cells are more often subject to 

tumour transformation. In human medicine, diagnostic cri-

teria for lymphoblastic lymphoma include the predominance 

of atypical lymphoblasts in the tumour substrate and the 

presence of macrophages in the microenvironment [13–16]. 

Our data obtained in dogs confirm the above mentioned 

findings available in the scientific sources. 

The centroblastic cell type of lymphoma is character-

ized by large, round nuclei containing several nucleoli near 

the nuclear membrane, whereas atypical immunoblasts, 

which make up the cellular substrate of immunoblastic 

lymphoma, have large, uneven nuclei containing a single 

nucleolus. The cytoplasmic rim of atypical immunoblasts 

is more abundant than that of centroblasts. Similar differ-

ential diagnostic features were mentioned by L.G. Ba-

bicheva and I.V. Poddubnaya in their description of nodal 

lymphoma in humans [17]. 

According to the 5th edition of the WHO Classification 

of Tumours of Haematopoietic and Lymphoid Tissues 

(2022) currently used in human medicine, diffuse large-

cell lymphoma has 14 clinical and biological forms [17–

20]. These forms have not been studied or identified in an-

imals; therefore, the results of our study may pave the way 

for the exploration of morphological features and differen-

tial diagnostic criteria for a larger number of nosological 

forms of lymphoid tissue tumours in veterinary pathology. 

Our study confirms the histogenetic origin of tumour cells, 

which should be reflected in the histological classification. 
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