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The article covers two clinical cases of domestic cats suffering from a mediastinal form of lymphoma and provides their cyto-
logical, immunohistochemical, and pathohistological verification. The lymphoma immunophenotyping method using the B-cell
markers CD79a and CD3 was used to identify T-cells. The mediastinal type of lymphoma in cats is usually rarely registered and
statistically, the number of cases does not exceed 20%, which is consistent with our observations. Shortness of breath, difficulty
with swallowing, lack of appetite, cyanotic mucous membranes, lymphadenomegaly of the mediastinal lymph nodes and effusion
in the chest cavity were found in the clinically ill cats. An X-ray examination of the chest cavity revealed an increased contrast in
the mediastinal area and displacement of the lungs towards the spine. A complete blood count revealed lymphopenia. Cytological
smears of the chest cavity transudates revealed mostly monomorphic lymphoblasts with large rounded hyperchromic nuclei and
narrow cytoplasm stained in light blue. The karyoplasm was somewhat granular, the nucleoli were visible, and the mitoses were
atypical and numerous. The cytological picture in biopsy samples of mediastinal lymph nodes was characterized by a monomor-
phic population of lymphoblasts with an eccentrically located nucleus and moderately basophilic karyoplasm. The cell cytoplasm
was vacuolated in some places, with presence of atypical mitotic figures. Most of the cells had two nuclei. Diffuse tumoral lesions
of the chest cavity tissues, focal tumorous lesions of the lung parenchyma, and lymphadenopathy of the mediastinal lymph nodes
were found during the autopsy in the first case. The second clinical case demonstrated the massive lymphadenopathy of the medias-
tinal lymph nodes. Histologically, a diffuse lesion by a monomorphic population of lymphoblasts was revealed in preparations from
the soft tissues of the chest wall. The lymphoblasts’ insignificant cytoplasm, with nuclei from round to elliptical shape, infiltrated
the chest wall’s soft tissues. It was found immunohistochemically that the blast cells showed reactivity to CD79a, and were mostly
negative to CD3. This indicates the development of a large diffuse B-cell lymphoma. The immunohistochemical picture of lymph
node necropsies from another cat was somewhat similar. However, it was also characterized by lymphoblasts with eccentrically
placed nuclei, increased number of cells with mitotic figures, somewhat intensive CD3 antibodies expression (especially in the
paracortical area of lymph nodes), and significant CD79a marker expression.
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Introduction

Lymphoma (lymphosarcoma) refers to a group of malignant hemato-
logical diseases of the lymphoid tissue, which accounts for 90% of all
diagnosed neoplasms in cats (Kiselow et al., 2008). The results of monito-
ring studies and data from world veterinary practice indicate the preva-
lence of lymphomas among cats of various ages, most often from
4 months to 19 years (Dom, 1967). However, some authors describe a
bimodal disease peak, one which occurs at the age of four years, and
another at eight years. It is in young animals up to four years of age that
the mediastinum tymphomas are detected (Fabrizio et al., 2014).

There are still discussions in scientific circles regarding the causes of
lymphoma in cats, but the viral theory is most often considered. It is be-
lieved that two RNA genomic viruses belonging to the retrovirus family
provoke the appearance of lymphoma. The first is FeLV, a feline leuke-
mia virus, which accompanies the disease most often (immunosuppres-
sive oncovirus) (Gabor et al., 2001; Louwerens et al., 2005; Vail, 2013;
Beatty, 2014; Cristo et al.,, 2019). The second one is FIV, the feline im-
munodeficiency virus (lymphotropic lentivirus), which plays an indirect
role in tumorigenesis, causing the chronic dysregulation of the immune
system and oncogenic pathway activation. As a rule, lymphomas result
from neoplastic transformation and subsequent proliferation of lympho-
cytes in lymphoid organs (Callanan et al., 1996). The disease can develop
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in several organs simultaneously or originate from a specific organ with
gradual spread to the others. However, it is not entirely correct to consider
such spread as metastases.

Depending on anatomical localization, lymphomas are divided into
alimentary (abdominal), mediastinal, multicentric, and extranodal. Ali-
mentary lymphoma is one of the most common forms of lymphoma in
cats, which, according to statistics, accounts for 32 to 72% of cases and is
characterized by local or diffuse damage to the mesenteric lymph nodes
and all layers of the stomach and intestine walls (Gabor et al., 1998; Guil-
lermo, 2001; Richter, 2003).

The mediastinal type of lymphoma in cats was registered less fie-
quently and statistically, the number of cases did not exceed 20% (Wol-
demeskel, 2020). Characteristic multifocal lesions were detected in the
thymus, pleura, and mediastinal lymph nodes. This type of lymphoma
with a characteristic pleural effusion and a positive reaction to the leuke-
mia virus (FeLV) was diagnosed in young cats between two and four
years of age (Seo et al., 2006; Jaroensong et al., 2022).

The multicentric form of lymphoma, which occurs in 20-30% of
cases, is characterized by damage to the superficial tlymph nodes and pos-
sible subsequent damage to the liver and spleen (Keller et al., 2013). At the
same time, half of the animals demonstrated positive test results for FeLV
antigens. Bone marrow lesions due to multicentric lymphoma were noted
in 70% of cases, under correlation of hematological indicators within
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control values. Statistically, the extranodal form of lymphoma accounts
for 10-15% of cases. First of all, non-lymphoid organs are affected, i.c.
kidneys, eyes, nose, central nervous system, and skin. Cats are usually
negative for the leukemia virus. In all other cases, 30-50% of animals
retain a positive FeLV status (Little et al., 2007; Ota-Kuroki et al., 2014;
Silva et al., 2022).

There are several histological classifications of lymphomas in hu-
mans, which were also used by veterinary pathologists for some time to
evaluate the appearance of neoplasms at the microscopic level. These are
the Rappaport and Kiel classification schemes (the updated Kiel classifica-
tion scheme remains the standard in Europe nowadays). Lymphomas are
highly differentiated in animals. However, Hodgkin’s lymphoma is vir-
tually undetectable in animals. This is the main difference between human
and animal lymphomas. Generally, the issue of histological classification
of lymphoid malignant neoplasms in veterinary medicine remains unre-
solved and is a subject of constant changes and additions.

A histological classification scheme known as the Working Formula-
tion (NCI-WF) was developed by the National Cancer Institute and is
used to verify lymphomas in dogs and cats (Valli et al., 2000; Sato et al.,
2014). The NCI-WF uses the mitotic index and natural progression rate to
classify tumours as low, intermediate, or highly differentiated ones. It is
believed that highly differentiated tumours contain large lymphoblasts
with wide cytoplasm and low mitotic activity and may refer to B and T
cell types. Accordingly, low differentiated tumours have high mitotic acti-
vity, clinically rapid progress and, as a rule, are of the B cell type (Carter
etal., 1986; Fournel-Fleury et al., 1997).

There is also an updated classification scheme for lymphoid neop-
lasms, known as the Revised European American Lymphoma system
(REAL), but it is not used much for pets. The REAL scheme combines
morphology, immunophenotype, and genotype for the classification of
lymphoid tumours. It also includes a list of lesions concerning their histo-
genic differentiation and biological behaviour, but without division into
high and low differentiated (Chino et al., 2013; Collette et al., 2016). Im-
munophenotyping is performed using monoclonal antibodies specific for
differentiation antigens expressed by lymphocytes and additional immune
cells to identify their lineages. Immunophenotyping is an objective adjunct
to the conventional lymphoma assessment, which is based solely on mor-
phology. For this reason, immunohistochemistry (IHC) or immunocyto-
chemistry remains the gold standard for immunophenotyping lymphomas
in humans, dogs, and cats. Typical protein markers for the identification of
B and T lymphocytes are CD79a and CD3, respectively (Valli et al.,
1981; Ferrer et al., 1993; Valli et al., 2000; Sirivisoot et al., 2017).

Our work is aimed at studying pathocytological samples, radiographs,
pathoanatomical and pathohistological changes in cats with the mediasti-
nal form of lymphoma with their subsequent immunophenotyping using
immunohistochemistry methods.

Materials and methods

During the studies, we followed the general rules of the appropriate
GLP laboratory practice (1981), positions of the General Ethical Principles
of the Experiments and Animals, approved by I National Congress of
Bioethics (Kyiv, 2001). All the experimental part of the study was con-
ducted according to the requirements of the Intemational Principles of the
European Convention for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes (Strasbourg, 1986), Rules of
Studies using Experimental Animals, approved by the order of the Minis-
try of Healthcare No. 281 as of November, 1, 2000, “On Measures for
Further Improvement of Organization Forms of Studies using Experimen-
tal Animals and the corresponding Law of Ukraine “On Protection of
Animals against Abuse (No. 3447-1V as 0f 21.02.2006, Kyiv).

This retrospective study was conducted during 20192022 on cats at
the veterinary clinic Vetpraktik, located in Lviv, 5 Panch Str. More than
twenty biopsy samples were studied and ten pathological autopsies were
performed. Two cats were diagnosed with mediastinal lymphoma, the
others with abdominal and extranodal lymphoma. Anamnestic data from
the owners, clinical signs of the disease, results of hematological and bio-
chemical studies, radiographs, results of fine-needle aspiration biopsy
were recorded in each case separately. Autopsy and pathohistological

examination were performed in the laboratory of the Department of Nor-
mal and Pathological Morphology and Forensic Veterinary Medicine of
Stepan Gzhytskyi National University of Veterinary Medicine and Bio-
technologies. X-ray studies were carried out using the MAXIVET 400
HF digital device.

Cytopathological samples were taken directly from neoplasms using
a fine-needle biopsy under the control of ultrasound examination. At least
three cytological smears were made for cytopathological examination,
dried, fixed in methanol, stained according to the Romanovsky-Giemsa
method, and examined under a Leica DM-2500 light microscope. Based
on generally accepted cytological criteria, the lymphoma diagnosis was
made. With the permission of the animals’ owners, an autopsy was per-
formed after the death of the cats with the selection of tissues for histopa-
thological examination. Fragments of the affected organs were fixed in a
10% aqueous solution of neutral formalin, washed, dehydrated in an as-
cending series of alcohols, followed by embedding in paraffin according
to the generally accepted method (Merkulov, 1969). Histosections with a
7 um thickness were made from paraffin blocks on an MC-2 sledge mi-
crotome. For light microscopy, deparaffinized sections were stained with
Mayer’s hematoxylin and eosin. Light microscopy and photomicrography
of the obtained tissue preparations were carried out using a Leica DM-
2500 microscope and a Leica DFC 450C camera. 7-um thick sections
were immunophenotypically classified using CD3 and CD79a markers to
identify T and B cells, respectively. A mediastinal lymph node with no
deviations from the norm from a clinically healthy cat that died from a
traumatic injury was used as a control specimen. Immunophenotyping
was performed at the Department of Pathological Anatomy, Faculty of
Veterinary Medicine (University of Warmia and Mazury in Olsztyn,
Poland).

Results

Twenty cats of various ages with suspected lymphoma were ob-
served at the clinic during 2019-2022. Two of them were purebred steri-
lized cats with mediastinal lymphoma, aged three and six years. From the
anamnestic data, it is known that the cats occasionally showed signs of
difficulty with swallowing, shortness of breath, cyanotic and icteric mu-
cous membranes, lack of appetite, lymphadenomegaly, and cachexia.
According to the protocol, the additional tests were performed: a general
blood test, X-ray diagnostics of the chest cavity organs, and a fine-needle
biopsy of both the mediastinal lymph nodes’ tissues and the chest cavity
contents. Express blood tests were carried out to detect the leukemia virus.
One cat with mediastinal lymphoma tested positive for FeLV. Due to the
serious condition and the late application for help to the veterinary clinic,
the animals were incurable and soon died of natural causes before the
treatment started.

The smears obtained from chest cavity exudate by the method of the
fine-needle biopsy under ultrasound control and stained according to
Romanovsky-Giemsa method, revealed that the bulk of the cell pool
consisted of various lymphoblasts (Fig. 1a, b). It was possible to observe
pronounced cellular anisocytosis and anisokaryosis, with 2-3 visible
atypical mitotic figures. In smears from lymph nodes, most cells were
monomorphic with a narrow, slightly vacuolated cytoplasm, moderately
basophilic nuclei, mostly with two nucleoli; cellular anisocytosis and
anisokaryosis were not expressed (Fig. 2a, b, c, d).

X-ray examination of the chest cavity revealed significant areas with
increased X-ray contrast (Fig. 3a, b) and pleural effusion. The lungs in cats
were pushed to the spine, which explained their shortness of breath. Due
to the massive compacted area, the heart outlines were practically not
visible.

In the first case, diffuse tumour growth in the chest wall’s soft tissues,
and focal lesions of the lung parenchyma and mediastinal lymph nodes
were found during the pathological autopsy. In the second case, a diffuse
lesion of the mediastinal lymph nodes was detected. A red transudate was
present in the chest cavity of both cats. Neoplasms on the costal pleura
were light grey to white in colour, dense in consistency, moderately wet,
and smooth on cross-section (Fig. 4a). Neoplasms of the mediastinal
lymph nodes formed massive rounded, bumpy, and light pink compac-
tions of different sizes (Fig. 4b). In both cases described above, a multino-
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dular shapeless pale pink structure of dense consistency was found, which
occupied most of the chest cavity, displacing the lungs to the spine.
Diffuse infiltrates of monomorphic lymphoblastic cells with small cy-
toplasm and hyperchromic nuclei from round to elliptical shapes were
localized between myocytes. They are visible on histological preparations
of the chest wall’s soft tissues (Fig. Sa, b). Immunohistochemical exami-
nation showed the tumour cells showed reactivity to the CD79a marker
and were mostly negative to CD3, which indicated a B-cell type of lym-
phoma (Fig. Sc, d). The expression of CD3 detected in isolated cellular
elements indicates the presence of cytotoxic T-lymphocytes, which are
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involved in the induction of a specific immune response and the produc-
tion of cytokines that affect all links of the inflammatory process.

In addition to massive lymphoblastic infiltration of the sternum soft
tissues, damage to the mediastinal lymph nodes was noted, in which a sig-
nificant marginal sinus expansion, stasis, diffuse infiltration by cortical
substance, and lymphoid nodes lymphoblasts was established (Fig. 6a, b).
Interfollicular spaces are also filled with a monomorphic population of
lymphocytes. Immunohistochemically, there was a positive reactivity of
cells to CD79a marker both in the area of the marginal sinus and in the lym-
phoid nodules’ center, which indicated the B-cell type of lymphoma (Fig. 6).

Fig. 1. Cytological samples of transudate from a cat’s thoracic cavity: mediastinal form of lymphoma;
a—the population of lymphoblasts with granular karyoplasm and narrow cytoplasm; b — atypical mitoses (/); Romanovsky-Giemsa

Fig. 2. Cytological biopsy samples from a cat’s lymph nodes:
mediastinal form of lymphoma; a, b—a monomorphic population of tymphoblasts with cytoplasmic vacuolization
and significant nuclear hyperchromicity (/); ¢, d— atypical mitotic figures (2); Romanovsky-Giemsa
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Fig. 4. Mediastinal form of lymphoma: a — diffuse lesion of the chest wall and diaphragm in a cat;
b—amassive neoplasm in the mediastinal lymph nodes’ area

¢ e o L E
Fig. 5. Med135t1na1 form of lymphoma a, b—massive mﬁlﬁaﬂon of the chest wall muscles by lymphoblasts H&E c— 1mmunohlstochemlcal
staining with CD79a marker; lymphoblastic cells with intense cytoplasmic expression of CD79a; d — immunohistochemical
staining with CD3 marker; single CD3+ T-lymphocytes are noted among a large number of cells; [HC
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The histological picture was generally similar in the mediastinal
lymph nodes of the other animal. Monomorphic lymphoblasts were infil-
tratively located both in the cortical substance and the lymphoid nodules,
the blood vessels were dilated and filled with erythrocytes (Fig. 7a, b).
The nuclei of such cells were hyperchromic with little cytoplasm. Cellular
anisocytosis was not pronounced. Immunohistochemically, the tumour
cells had a marked reactivity to CD79a marker (Fig. 7c, d).

Discussion

According to some authors, lymphoma has a bimodal clinical picture.
This is confirmed by the research in the first group of two-year-old cats
with a positive reaction to FeLV. Apart from the cats’ mediastinal lymph
nodes, the thymus, submandibular tymph nodes, and respiratory organs
with pleural sweating in the chest cavity are sometimes affected.
The second group includes older cats, aged from 6 to 12 years. Mainly,
they demonstrate a negative reaction to Fel.V, combined most frequently
with the digestive tract lymphoma of the alimentary type.

Despite the decreasing trend in FeL'V disease in cats worldwide, the
prevalence of lymphomas, on the contrary, is constantly increasing. Etio-
logical factors are currently unknown. There is a theory that some genetic
factors contribute to the appearance of lymphomas in cats. Siamese cats
and related breeds have a much higher risk of this disease (Malik et al.,
2003; Kirick et al., 2008; Burkhard & Bienzle, 2013; Broman & Miller,
2016). The breed features, the absence of retroviruses, the early disease
onset (under the age of 2 years) and the typical clinical picture indicate a
hereditary form of lymphoma in Siamese breeds.

Diagnostics and treatment of the mediastinal form of lymphoma in
cats remain one of the most challenging issues in modem veterinary on-
cology. It is caused by the probable tendency of lymphoma growth in
recent years, the difficulty of their timely detection, the late start of therapy,
and, as a result, the negative prognosis for sick animals. The average age
of cats described in our study coincided with the results obtained by other
scientists (Gabor et al., 1999; Valli et al., 2000; Gabor et al., 2001; Collette
et al., 2016). Most researchers described mediastinal lymphoma along
with the inflammatory changes in the respiratory organs.

The two cases of mediastinal lymphoma described above were regis-
tered in cats aged three and six years with the signs characteristic for the
cats of the first group of the bimodal clinical picture. They included short-
ness of breath, difficulty with swallowing, anemia of the mucous mem-
branes and icterus, pleural effusion, partial dysphagia, enlarged lymph
nodes, and general cachexia. An autopsy revealed a massive neoplasm on
the soft tissues of the lateral chest wall and damaged mediastinal lymph
nodes. Studies of cytopathological samples from transudate and mediasti-
nal lymph node biopsies revealed monomorphic neoplastic lymphoid cells
with round hyperchromic nuclei and small cytoplasm. Immunohisto-
chemically, the neoplastic cells in one cat with soft tissue lesions of the
chest wall and mediastinal lymph nodes were mostly positive for CD79a
and slightly positive for CD3. However, the B cell phenotype predomi-
nated.

Conclusion

We diagnosed a large mediastinal B-cell lymphoma (DLBCL) based
on the results of a complex pathomorphological examination.

The authors declare that they have no potential conflict of interest conceming the
authorship or publication of this article.

References

Beatty, J. (2014). Viral causes of feline lymphoma: Retroviruses and beyond. Veteri-
nary Journal, 201(2), 174-180.

Broman, M. M., & Miller, M. A. (2016). Pathology in practice: Mediastinal lym-
phoma with hemorrhagic pleural effusion and pulmonary atelectasis in a cat.
Journal of the American Veterinary Medical Association, 248(4), 381-383.

Burkhard, M. J., & Bienzle, D. (2013). Making sense of lymphoma diagnostics in
small animal patients. Small Animal Practice, 43(6), 1331-1347.

Callanan, J. J., Jones, B. A., Irvine, J., Willett, B. J., McCandlish, I. A., & Jarrett, O.
(1996). Histologic classification and immunophenotype of lymphosarcomas in
cats with naturally and experimentally acquired feline immunodeficiency virus
infections. Veterinary Pathology, 33(3), 264-272.

Carter, R. F., Valli, V. E,, & Lumsden, J. H. (1986). The cytology, histology and
prevalence of cell types in canine lymphoma classified according to the Natio-
nal Cancer Institute Working Formulation. Canadian Journal of Veterinary Re-
search, 50(2), 154-164.

Chino, J., Fujino, Y., Kobayashi, T., Kariya, K., Goto-Koshino, Y., Ohno, K., Na-
kayama, H., & Tsujimoto, H. (2013). Cytomorphological and immunological
classification of feline lymphomas: Clinicopathological features of 76 cases.
The Journal of Veterinary Medical Science, 75(6), 701-707.

Collette, S. A., Allstadt, S. D., Chon, E. M., Vernau, W., Smith, A. N., Garrett, L. D.,
Choy, K., Rebhun, R. B., Rodriguez, C. O., & Skorupski, K. A. (2016). Treat-
ment of feline intermediate- to high-grade lymphoma with a modified universi-
ty of Wisconsin-Madison protocol: 119 cases (2004-2012). Veterinary and
Comparative Oncology, 14(S1), 136-146.

Ciristo, T. G., Biezus, G., Noronha, L. F., Pereira, L., Withoeft, J. A., Furlan, L. V.,
Costa, L. S., Traverso, S. D., & Casagrande, R. A. (2019). Feline lymphoma
and a high correlation with feline leukaemia virus infection in Brazil. Journal of
Comparative Pathology, 166, 20-28.

Dom, C. R. (1967). The epidemiology of cancer in animals. California Medicine,
107(6), 481-489.

Ettinger, S. N. (2003). Principles of treatment for feline lymphoma. Clinical Tech-
niques in Small Animal Practice, 18(2), 98-102.

Fabrizio, F., Calam, A. E., Dobson, J. M., Middleton, S. A., Murphy, S., Taylor, S. S.,
Schwartz, A., & Stell, A. J. (2014). Feline mediastinal lymphoma: A retrospec-
tive study of signalment, retroviral status, response to chemotherapy and prog-
nostic indicators. Journal of Feline Medicine and Surgery, 16(8), 637-644.

Ferrer, L., Fondevila, D., Rabanal, R., Tarres, J., & Ramis, A. (1993). Immunohisto-
chemical detection of CD3 antigen (pan T marker) in canine lymphomas. Jour-
nal of Veterinary Diagnostic Investigation, 5, 616-620.

Fournel-Fleury, C., Magnol, J. P., Bricaire, P., Marchal, T., Chabanne, L., Delverdier,
A., Bryon, P. A., & Felman, P. (1997). Cytohistological and immunological
classification of canine malignant lymphomas: Comparison with human non-
Hodgkin’s lymphomas. Journal of Comparative Pathology, 117, 35-59.

Gabor, L. J., Canfield, P. J., & Malik, R. (1999). Immunophenotypic and histological
characterisation of 109 cases of feline lymphosarcoma. Australian Veterinary
Journal, 77(7), 436-441.

Gabor, L. J., Jackson, M. L., Trask, B., Malik, R., & Canfield, P. J. (2001). Feline
leukaemia virus status of Australian cats with lymphosarcoma. Australian Vete-
rinary Journal, 79(7), 476-481.

Gabor, L. J., Malik, R., & Canfield, P. J. (1998). Clinical and anatomical features of
lymphosarcoma in 118 cats. Australian Veterinary Journal, 76(11), 725-732.

Guillermo Couto, C. (2001). What is new on feline lymphoma? Journal of Feline
Medicine and Surgery, 3(4), 171-176.

Jaroensong, T., Piamwaree, J., & Sattasathuchana, P. (2022). Effects of chemothera-
py on hematological parameters and CD4+/CD8+ ratio in cats with mediastinal
Ilymphoma and seropositive to feline leukemia virus. Animals, 12(3),223.

Keller, S. M., Vemau, W., Hodges, J., Kass, P. H., Vilches-Moure, J. G., McElliot,
V., & Moore, P. F. (2013). Hepatosplenic and hepatocytotropic T-cell lym-
phoma: Two distinct types of T-cell lymphoma in dogs. Veterinary Pathology,
50(2),281-290.

Kiselow, M. A., Rassnick, K. M., McDonough, S. P., Goldstein, R. E., Simpson,
K. W., Weinkle, T. K., & Erb, H. N. (2008). Outcome of cats with low-grade
lymphocytic lymphoma: 41 cases (1995-2005). Journal of the American Vete-
rinary Medical Association, 232(3), 405-410.

Krick, E. L., Little, L., Patel, R., Shofer, F. S., Sorenmo, K., Clifford, C. A., & Baez,
J. L. (2008). Description of clinical and pathological findings, treatment and out-
come of feline large granular lymphocyte lymphoma (1996-2004). Veterinary
and Comparative Oncology, 6(2), 102—-110.

Little, L., Patel, R., & Goldschmidt, M. (2007). Nasal and nasopharyngeal lympho-
ma in cats: 50 cases (1989-2005). Veterinary Pathology, 44(6), 885-892.

Louwerens, M., London, C. A., Pedersen, N. C., & Lyons, L. A. (2005). Feline
lymphoma in the post-feline leukemia virus era. Joumnal of Veterinary Internal
Medicine, 19(3), 329-335.

Malik, R., Gabor, L. J., & Canfield, P. J. (2003). Lymphoma in Australian cats-
lessons for Europe? Journal of Feline Medicine and Surgery, 5(2), 147-150.

Merkulov, G. A. (1969). Kurs patologicheckoj tekhniki [Course of pathohistological
techniques). Medicine, Moscow (in Russian).

Ota-Kuroki, J., Ragsdale, J. M., Bawa, B., Wakamatsu, N., & Kuroki, K. (2014).
Intraocular and periocular lymphoma in dogs and cats: A retrospective review
of 21 cases (2001-2012). Veterinary Ophthalmology, 17(6), 389-396.

Richter, K. P. (2003). Feline gastrointestinal lymphoma. Small Animal Practice,
33(5), 1083-1098.

Sato, H., Fujino, Y., Chino, J., Takahashi, M., Fukushima, K., Goto-Koshino, Y.,
Uchida, K., Ohno, K., & Tsujimoto, H. (2014). Prognostic analyses on anato-

322 Regul. Mech. Biosyst., 2022, 13(3)


http://doi.org/10.1016/j.tvjl.2014.05.026
http://doi.org/10.1016/j.tvjl.2014.05.026
http://doi.org/10.2460/javma.248.4.381
http://doi.org/10.2460/javma.248.4.381
http://doi.org/10.2460/javma.248.4.381
http://doi.org/10.1016/j.cvsm.2013.07.004
http://doi.org/10.1016/j.cvsm.2013.07.004
http://doi.org/10.1177/030098589603300302
http://doi.org/10.1177/030098589603300302
http://doi.org/10.1177/030098589603300302
http://doi.org/10.1177/030098589603300302
http://doi.org/10.1292/jvms.12-0246
http://doi.org/10.1292/jvms.12-0246
http://doi.org/10.1292/jvms.12-0246
http://doi.org/10.1292/jvms.12-0246
http://doi.org/10.1111/vco.12158
http://doi.org/10.1111/vco.12158
http://doi.org/10.1111/vco.12158
http://doi.org/10.1111/vco.12158
http://doi.org/10.1111/vco.12158
http://doi.org/10.1016/j.jcpa.2018.10.171
http://doi.org/10.1016/j.jcpa.2018.10.171
http://doi.org/10.1016/j.jcpa.2018.10.171
http://doi.org/10.1016/j.jcpa.2018.10.171
http://doi.org/10.1053/svms.2003.36623
http://doi.org/10.1053/svms.2003.36623
http://doi.org/10.1177/1098612X13516621
http://doi.org/10.1177/1098612X13516621
http://doi.org/10.1177/1098612X13516621
http://doi.org/10.1177/1098612X13516621
http://doi.org/10.1177/104063879300500420
http://doi.org/10.1177/104063879300500420
http://doi.org/10.1177/104063879300500420
http://doi.org/10.1016/S0021-9975(97)80065-5
http://doi.org/10.1016/S0021-9975(97)80065-5
http://doi.org/10.1016/S0021-9975(97)80065-5
http://doi.org/10.1016/S0021-9975(97)80065-5
http://doi.org/10.1111/j.1751-0813.1999.tb12085.x
http://doi.org/10.1111/j.1751-0813.1999.tb12085.x
http://doi.org/10.1111/j.1751-0813.1999.tb12085.x
http://doi.org/10.1111/j.1751-0813.2001.tb13017.x
http://doi.org/10.1111/j.1751-0813.2001.tb13017.x
http://doi.org/10.1111/j.1751-0813.2001.tb13017.x
http://doi.org/10.1111/j.1751-0813.1998.tb12300.x
http://doi.org/10.1111/j.1751-0813.1998.tb12300.x
http://doi.org/10.1053/jfms.2001.0146
http://doi.org/10.1053/jfms.2001.0146
http://doi.org/10.3390/ani12030223
http://doi.org/10.3390/ani12030223
http://doi.org/10.3390/ani12030223
http://doi.org/10.1177/0300985812451625
http://doi.org/10.1177/0300985812451625
http://doi.org/10.1177/0300985812451625
http://doi.org/10.1177/0300985812451625
http://doi.org/10.2460/javma.232.3.405
http://doi.org/10.2460/javma.232.3.405
http://doi.org/10.2460/javma.232.3.405
http://doi.org/10.2460/javma.232.3.405
http://doi.org/10.1111/j.1476-5829.2007.00146.x
http://doi.org/10.1111/j.1476-5829.2007.00146.x
http://doi.org/10.1111/j.1476-5829.2007.00146.x
http://doi.org/10.1111/j.1476-5829.2007.00146.x
http://doi.org/10.1354/vp.44-6-885
http://doi.org/10.1354/vp.44-6-885
http://doi.org/10.1892/0891-6640(2005)19%5b329:flitpl%5d2.0.co;2
http://doi.org/10.1892/0891-6640(2005)19%5b329:flitpl%5d2.0.co;2
http://doi.org/10.1892/0891-6640(2005)19%5b329:flitpl%5d2.0.co;2
http://doi.org/10.1016/S1098-612X(03)00003-2
http://doi.org/10.1016/S1098-612X(03)00003-2
http://doi.org/10.1111/vop.12106
http://doi.org/10.1111/vop.12106
http://doi.org/10.1111/vop.12106
http://doi.org/10.1016/s0195-5616(03)00054-8
http://doi.org/10.1016/s0195-5616(03)00054-8
http://doi.org/10.1292/jvms.13-0260
http://doi.org/10.1292/jvms.13-0260

mical and morphological classification of feline lymphoma. The Journal of Ve- Vail, D. M. (2013). Feline lymphoma and leukemia. In: Withrow, S. J., Vail, D. M.,
terinary Medical Science, 76(6), 807-811. & Page, R. L. (Eds.). Withrow & MacEwen's small animal clinical oncology.

Seo, K. W., Choi, U. S, Bae, B. K., Park, M. S., Hwang, C. Y., Kim, D. Y., & Youn, 5th ed. Elsevier Saunders, St. Louis. Pp. 638—653.
H.'Y. (2006). Mediastinal lymphoma in a young Turkish Angora cat. Journal of Valli, V. E., Jacobs, R. M., Nortis, A., Couto, C. G., Morrison, W. B., McCaw, D.,
Veterinary Science, 7(2), 199-201. Cotter, S., Ogilvie, G., & Moore, A. (2000). The histologic classification of 602
Silva, D. H. L., Ecco, R., Pierezan, F., CassaliG. D., Reis J. K. P, GongalvesA. B. cases of feline lymphoproliferative disease using the National Cancer Institute
B, BicalhoJ. M., Delarmelind., & Leme F. O. P. (2022. Classification of working formulation. Journal of Veterinary Diagnostic Investigation, 12(4),
lymphoma in cats and its relationship with detection of feline leukemia virus 295-306.
proviral DNAesquisa Veterinaria Brasil2022, 42. Valli, V. E., McSherry, B. J., Dunham, B. M., Jacobs, R. M., & Lumsden, J. H.
Sirivisoot, S., Techangamsuwan, S., Tangkawattana, S., & Rungsipipat, A. (2017). (1981). Histocytology of lymphoid tumours in the dog, cat and cow. Veterinary
Pax5 as a potential candidate marker for canine B-cell lymphoma. Veterinami Pathology, 18(4),494-512.
Medicina, 62, 74-80. ‘Woldemeskel, M. (2020). Primary cardiac lymphoma in a cat. Journal of Compara-
tive Pathology, 174, 34-38.

Regul. Mech. Biosyst., 2022, 13(3) 323


http://doi.org/10.4142/jvs.2006.7.2.199
http://doi.org/10.4142/jvs.2006.7.2.199
http://doi.org/10.4142/jvs.2006.7.2.199
http://doi.org/10.1590/1678-5150-PVB-7021
http://doi.org/10.1590/1678-5150-PVB-7021
http://doi.org/10.1590/1678-5150-PVB-7021
http://doi.org/10.1590/1678-5150-PVB-7021
http://doi.org/10.17221/100/2016-VETMED
http://doi.org/10.17221/100/2016-VETMED
http://doi.org/10.17221/100/2016-VETMED
http://doi.org/10.1177/104063870001200401
http://doi.org/10.1177/104063870001200401
http://doi.org/10.1177/104063870001200401
http://doi.org/10.1177/104063870001200401
http://doi.org/10.1177/104063870001200401
http://doi.org/10.1177/030098588101800408
http://doi.org/10.1177/030098588101800408
http://doi.org/10.1177/030098588101800408
http://doi.org/10.1016/j.jcpa.2019.10.192
http://doi.org/10.1016/j.jcpa.2019.10.192

