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Abstract

Breast carcinoma in cats is a serious oncological problem, especially considering that such
tumors can cause metastasis to the lymph nodes and other organs. This article considers five cases of
carcinoma with medullary signs in cats, of which two have metastases in regional lymph nodes. The
morphohistological characteristics of tumors and the results of an immunohistochemical study using

NCL and NPM1 markers are analyzed in detail.

Keywords: cats, mammary gland, carcinoma with medullary signs, morphohistological examination,

immunohistochemical analysis, Nucleolin, NPM1, Nucleophosmin.
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Introduction

Mammary gland tumors in cats account for about 15-20% of all registered tumors, which also
occupy a significant place among all tumor diseases. This percentage may vary depending on the
region, breed, and age of the animals studied (12).

Among the histotypes of mammary gland tumors in cats, the most common type of tumor is
adenocarcinoma, which accounts for about 50-80% of all cases. But in clinical practice, there are
cases of a rare type that accounts for about 15% of all adenocarcinomas — this is a carcinoma with
medullary features (7).

Medullary breast carcinoma in cats is a tumor characterized by a specific morphological
structure, with large, prominent tumor cells often exhibiting a high mitotic rate (6, 14). These cells
are repeatedly enriched in lymphoid stroma, resulting in a typical medullary structure. Medullary
carcinoma is of particular importance because of its aggressiveness and prognostically unfavorable
course of the disease (8). Studies show that these tumors have a high degree of malignancy and can
metastasize in the early stages. Another characteristic morphological principle is the presence of
extensive necrotic zones (1, 3).

The use of biomarkers for immunohistochemical examination of breast tumors in veterinary
medicine is a new, progressive diagnostic method that allows pathologists not only to clarify the
diagnosis but also to assess tumor aggressiveness, which, in turn, helps develop individualized
treatment approaches and improve treatment outcomes. To date, data on the use of NCL (Nucleolin)
and NPM1 (Nucleophosmin) markers in the diagnosis of breast tumors in cats are quite limited.
Studies focused on the mammary gland in cats often place great emphasis on traditional diagnostic
methods and other markers of hormone receptors. Nevertheless, markers in veterinary oncology, and
further research may reveal their potential for use in the diagnosis and prognosis of breast tumors in

animals (13).
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NCL and NPM1 markers are important molecules that are actively involved in various cellular
processes. NCL is a multifunctional nuclear protein that plays a key role in gene regulation,
ribonucleic acid (RNA) metabolism, and nuclear organization (5). This protein can promote tumor
aggression and metastasis, as well as cross-tactical activation of pathways associated with cell
survival. In the context of oncology, elevated NCL levels have been associated with tumor
progression and poor prognosis in breast cancer patients (17, 20).

NPMI also performs many functions in the cell, including involvement in nuclear transport,
transcription regulation, and ribosomal biogenesis (10). It plays a role in DNA repair and in the
behavior of cells under stress. The marker can also act as an oncogene, activating various signaling
pathways and promoting tumor cell growth and survival. An increase in NPM1 concentration in tumor
cells may be associated with tumor progression and poor clinical outcomes (11).

The purpose of this work is to present the morphohistological and immunohistochemical picture

of breast carcinoma with medullary features in cats.

Material and Methods

Breast tumor samples surgically removed from cats by private veterinary clinics were sent to
the Laboratory of Morphology and Pathology of the Faculty of Veterinary Medicine — StSAU
(Stavropol, Russia) for histopathological diagnosis. To be sent to the aforementioned institution, a
form of confidentiality and informed consent was required to conduct research on the submitted
material. The samples were not collected specifically for this study; they were submitted by veterinary
clinicians between September 2023 and December 2025, after surgery (n=5), as a therapeutic
intervention. Thus, the study did not require additional ethical approval.

The following breeds participated in the study: Abyssinian cat (1/5), Scottish Fold (1/5),
Siamese (1/5), and cross-breed (2/5). There were 5 females, and the average age of the cats was 9.6

years (range 8-12 years). The samples were fixed in 10% buffered formalin solution, processed, cut
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at 3 um, and stained with hematoxylin-eosin (H&E). Histopathological examination was performed
under light microscopy by a veterinary pathologist. The expression of NCL and NPM1 markers in
selected samples was also evaluated according to the protocols. For this study, tissue sections were
de-waxed with xylene and hydrated using a series of decreasing ethanol concentrations (100°, 95°,
70°). Then, pretreatment was performed using 3% peroxide blocking, and thermal extraction of the
antigen was performed in a double boiler (Centek, China), placing histological glass slides in 0.01 M
citrate buffer at pH 6.0 for 30 minutes in a special glass slide staining unit (Biovitrum, Russia). The
primary antibodies were applied to the samples and left in a humid chamber at 4°C overnight. In the
morning, the HiDef DetectionTM Amplifier (Mouse and Rabbit) detection system (CELL MARQUE,
the Netherlands) and peroxide streptavidin were added. Visualization of expert data was performed
using the DAB Substrate Kit (CELL MARQUE, the Netherlands) for 3-5 minutes, with constant
monitoring under a microscope. The samples were then stained with Mayer's hematoxylin. The
positive control was performed according to the manufacturer's instructions; for the negative control,
the primary antibody was replaced with PBS in samples of similar tissues, which were run in parallel
with samples containing the primary antibody.

When assessing immunostaining, the preparations were analyzed using a four-point semi-
quantitative scale to assess the intensity of staining of the nuclei and cytoplasm (3+ (strong), 2+
(moderate), 1+ (weak), 0 (no staining)) and to estimate the percentage of positively stained cells (0
— no staining, 1 — less than 10% of cells, 2 — 11-50% of cells, 3 — more than 50% of cells). The
pathologist determined representative areas containing an average of 150 cells (range 72-180), and
the percentage of positive cells was estimated from an average of 10 fields at x400. The cells were
sampled randomly, excluding stromal cells and artifacts. The staining intensity and the percentage of

reactivity were recorded as the average values obtained from ten fields at high magnification.

Results
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Macroscopically, nodular neoplastic growth was observed in the samples. The tumors were
well-defined and soft in consistency with a uniform gray and moist incision surface, nevetheless,
bleeding and necrosis were present in some cases.

Microscopically, the tumor samples showed solid growth (more than 75% of the tumor), with
characteristic areas of necrosis, a clearly delineated tumor edge, and diffuse infiltration of the
lymphoplasmocytic stroma. The cellular landscape of tumors was characterized by hard sheets of
large, pleomorphic cells with indistinct borders, exhibiting a syncytial growth pattern and pronounced
mitotic activity. In some areas, tumor cells with abundant cytoplasm and pleomorphic, vesicular
nuclei containing one or more nucleoli, as well as a large number of mitoses and giant, multinucleated
cells, were found. A characteristic feature of this tumor was dense lymphocytic infiltration of the
tumor stroma (Fig.1).

In 2/5 of the cats, metastases were found in the lymph nodes. Macroscopically, the lymph nodes
were enlarged, dense, and inelastic. There was an uneven surface on one lymph node, with visible
hyperemia in some areas. An incision of the lymph nodes revealed a dense white substance with no
clear boundaries between the cortical and cerebral substances.

Microscopically, the metastatic foci were more than 2.0 mm in diameter and replaced most of
the lymph node architecture (Fig. 2). The tumor cells had a rounded or oval shape, varying degrees
of atypia, pronounced cellular polymorphism, and large, hyperchromic nuclei with irregular contours.
Upon visualization, the cytoplasm was extensive, and vacuole degradation was observed in some
cells. The formation of so-called "pseudo-layered" structures was also observed, where cells are
arranged in several layers with neoplastic changes.

The structure of the cortical and paracortical zones of the lymphoid tissue has been changed to
a tumor-like one. Areas of destruction and necrosis were found, suggesting prior infiltration of blood
vessels. Lymphocytic and plasmocytic infiltration is observed in the area of tumor metastases, which

indicates the body's reaction to the tumor.
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Microscopically, the metastatic cells exhibited the same morphological features as the primary
tumors, confirming their histogenetic relationship. These signs suggest a progressive metastatic
process with the presence of necrotic changes in the lymph node, which confirms the aggressiveness
of medullary breast cancer in the cats under study.

During immunohistochemical examination of tumor cells, nuclear NCL expression was
observed and scored on an intensity scale. According to our observations, high expression of the NCL
marker was observed in 2/5 of the samples, 2/5 showed a moderate reaction, and 1/5 showed a weak
reaction. An estimate of the percentage of positively stained cells is shown in Table No. 1.

NCL expression was mainly nuclear, in the form of brown granules that evenly filled the entire
compartment, sometimes without clear visualization of the nucleoli, with alternating lower
cytoplasmic staining intensity. Also, in some areas, positive results were observed in the nucleoli,
with NCL expression moderate. NCL expression was particularly pronounced in tumor cell nuclei,
indicating its active involvement in cell survival and proliferation.

An immunohistochemical study revealed that NPM1 expression was observed in the nuclear
region of tumor cells. According to our data, high expression of the NPM1 marker was observed in
2/5 samples, 2/5 had a moderate reaction, and 1/5 had a weak reaction. An estimate of the percentage
of positively stained cells is shown in Table No. 1.

When imaging the immunoreactive material, it was found that positive NPM1 staining was
predominantly nuclear, often with pronounced nucleolar localization, and that the nucleoplasm
showed strong and moderate dark brown staining. Anisonucleosis was pronounced, which
demonstrated a condition from micronuclei to the irregular, rounded, or elongated shape of giant
nucleoli. No expression of this protein was observed in the cytoplasm.

NPMI1 expression was also high, with staining localized to the nucleoli of tumor cells. This
protein is involved in translation and cell cycle regulation, which may indicate high tumor cellular

activity.
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According to the study's results, both biomarkers, NCL and NPM 1, exhibit variable expression
in breast tumor cells in cats with medullary cancer. In general, NCL showed higher nuclear expression
in tumor cells, while NPM1 was also nuclear and showed more pronounced staining in the nucleoli.
These data may be useful for further understanding the pathogenetic mechanisms of medullary cancer

in cats and for evaluating the potential of these biomarkers as prognostic factors.

Discussion

Medullary breast carcinoma is a rare histological type that accounts for less than 5% of all
invasive human breast cancers (9). Nevertheless, this tumor histotype may exhibit distinctive
histological and genomic features associated with aggressiveness, but as a rule, this type of cancer
shows a more favorable prognosis compared to other subtypes and especially other forms of breast
tumors. Numerous studies have shown a positive correlation between the presence of extensive
lymphocytic infiltrate inside the tumor and its surrounding area and patient survival (2, 4).

Nevertheless, breast tumors in cats, especially if it is a carcinoma with medullary signs and low
differentiation, often have an aggressive course. Metastasis to lymph nodes also indicates a more
unfavorable prognosis, as this indicates the spread of cancer cells beyond the primary tumor (15).

Immunohistochemical studies using NCL and NPM1 markers can provide valuable insights
into tumor biology. The biomarker NCL (Nucleolin) is a nuclear protein that plays an important role
in cell proliferation and metabolism. Its expression is often elevated in tumor cells and can serve as a
marker of neoplasia. In the context of mammary gland tumors in cats, high NCL levels may indicate
increased tumor proliferative activity, which correlates with aggressiveness and a poor prognosis (18,
19).

The NPM1 marker (Nucleophosmin 1) is another nuclear protein involved in cell division and

the regulation of apoptosis. NPM1 expression in tumor cells can serve as a marker of poor prognosis,
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as it is associated with genome instability, an aggressive tumor course, and a predisposition to
metastasis (16, 21).

Thus, the results of this study show that medullary carcinoma in cats can be aggressive,
especially in cases with metastases. High expression of NCL is associated with tumor cell growth and
survival, whereas NPM1 may play a role in angiogenesis and metastasis dissemination, making these
markers potentially useful for prognostic assessment and the selection of treatment strategies.
Immunohistochemical analysis, which showed increased expression of NCL and NPM1, can serve as
an important diagnostic and prognostic tool in the assessment of these tumors, underscoring the need

for further research in this area.

Conflict of Interest

The authors declare no competing interests.

References

1.  Aihara T, Kumamaru H, Ishitobi M, Miyashita M, Miyata H, Tamura K, Yoshida M, Ogo E,
Nagahashi M, Asaga S, Kojima Y, Kadoya T, Aogi K, Niikura N, lijima K, Hayashi N, Kubo
M, Yamamoto Y, Takeuchi Y, Imoto S, Jinno H. Prognosis and effectiveness of chemotherapy
for medullary breast carcinoma. Breast Cancer Res Treat. 2022;196(3):635-45. doi:
10.1007/s10549-022-06749-3.

2. Alfaro A, Catelain C, El-Masri H, Rameau P, Lacroix-Triki M, Scoazec JY, Marty V, Mosele
F, Pistilli B. Author Correction: Characterization and spatial distribution of infiltrating
lymphocytes in medullary, and lymphocyte-predominant triple negative breast cancers. NPJ
Breast Cancer. 2024;10(1):95. doi: 10.1038/s41523-024-00705-8. Erratum for: NPJ Breast

Cancer. 2024;10(1):81. doi: 10.1038/s41523-024-00691-x.



204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

10.

Chen S, Liu Y, Yang J, Liu Q, You H, Dong Y, Lyu J. Comparison of survival outcomes for
medullary carcinoma and invasive ductal carcinoma of the breast. Future Oncology.
2019;15(27):3111-23. doi: 10.2217/fon-2018-0776.

Cobb AN, Chaya R., Jorns J. Subtypes of breast cancer: clinical and pathological features and
treatment issues. Curr Breast Cancer Rep. 2024;16:150-60. doi:10.1007/s12609-024-00541-6.
Fonseca NA, Rodrigues AS, Rodrigues-Santos P, Alves V, Gregorio AC, Valério-Fernandes
A, Gomes-da-Silva LC, Rosa MS, Moura V, Ramalho-Santos J, Simdes S, Moreira JN.
Nucleolin overexpression in breast cancer cell sub-populations with different stem-like
phenotype enables targeted intracellular delivery of synergistic drug combination. Biomaterials.
2015;69:76-88. doi: 10.1016/j.biomaterials.2015.08.007.

Harigopal M, Podany P, Andrejeva L, Singh K. Rare breast tumors. In: Harigopal M, Andrejeva
L, Singh K, Lewin J, editors. Radiology Pathology Correlations of Breast Lesions. Springer,
Cham. 2024. do0i:10.1007/978-3-031-65711-5_13.

Hassan BB, Elshafae SM, Supsavhad W, Simmons JK, Dirksen WP, Sokkar SM, Rosol TJ.
Feline mammary cancer. Vet Pathol. 2017;54(1):32-43. doi: 10.1177/0300985816650243.
Kostyanets O, Shiyan M, Sergey D, Antonyuk S, Gut, I, Filonenko V, Kiyamova R. Serological
analysis of antigens associated with medullary breast carcinoma determined by SEREX. Cancer
Investigation. 2012;30(7):519-27. doi: 10.3109/07357907.2012.697231.

Li S, Jin Z, Song S, Ma J, Peng Z, Yu H, Song J, Zhang Y, Song S, He M, Yu S, Jin F, Zheng
A. Small nucleolar RNA SNORAS1 enhances the properties of breast cancer stem cells through
the RPL3/NPMl/c pathway- MYC. Mol Carcinog. 2024;63(6):1117-32. doi:
10.1002/mc.23713.

Malfatti MC, Gerratana L, Dalla E, Isola M, Damante G, Di Loreto C, Puglisi F, Tell G. APE1
and NPMI1 protect cancer cells from platinum compounds cytotoxicity and their expression
pattern has a prognostic value in TNBC. J Exp Clin Cancer Res. 2019;38(1):309. doi:

10.1186/s13046-019-1294-9.



230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

1.

12.

13.

14.

15.

16.

Mateo AM, Pezzi TA, Sundermeyer M, Kelley CA, Klimberg VS, Pezzi CM. Atypical
medullary carcinoma of the breast has similar prognostic factors and survival to typical
medullary breast carcinoma: 3,976 cases from the National Cancer Data Base. J Surg Oncol.
2016;114(5):533-6. doi: 10.1002/js0.24367.

Mills SW, Musil KM, Davies JL, Hendrick S, Duncan C, Jackson ML, Kidney B, Philibert H,
Wobeser BK, Simko E. Prognostic value of histologic grading for feline mammary carcinoma:
a  retrospective  survival  analysis. Vet  Pathol.  2015;52(2):238-49.  doi:
10.1177/0300985814543198.

Mitenko VV, Galustyan DB. Dxkcrmpeccus sSOpBIIIKOBBIX OPraHU3aTOPOB B OITyXOJIEBBIX
KJIETKaX MOJIOYHBIX kene3 y Komiek [Expression of nucleus organizers in tumor cells of
mammary glands in cats]. Hippology and Veterinary Science. 2023; 1 (47): 70-76. doi:
10.52419/2225-1537.2023.1.70-76.

Nascimento C, Ferreira F. Human breast cancer tumor microenvironment and feline breast
carcinoma as a potential model for study. Biochim Biophys Acta Rev Cancer.
2021;1876(1):188587. doi: 10.1016/j.bbcan.2021.188587.

Petrucci G, Henriques J, Gregorio H, Vicente G, Prada J, Pires I, Lobo L, Medeiros R, Queiroga
F. Metastatic feline mammary cancer: prognostic factors, outcome and comparison of different
treatment modalities - a retrospective multicentre study. J Feline Med Surg. 2021;23(6):549-
56. doi: 10.1177/1098612X20964416. Erratum in: J Feline Med Surg. 2021;23(6):NP1. doi:
10.1177/1098612X20979892.

Qin G, Wang S, Ye S, Li Y, Chen M, Wang S, Qin T, Zhang S, Li Y, Long K, Hu H, Shi D, Li
J, Zhang K, Zhai K, Tang Y, Kang T, Lan P, Xie F, Lu J, Deng W. NPM1 enhances PD-L1
transcription and suppresses T cell activity in triple-negative breast cancer. Nat Commun.

2020;11(1):1669. doi: 10.1038/s41467-020-15364-z.



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

17.

18.

19.

20.

21.

Tulchin N, Chambon M, Juan G, Dikman S, Strauchen J, Ornstein L, Billack B, Woods NT,
Monteiro AN. BRCAT protein and nucleolin colocalize in breast carcinoma tissue and cancer
cell lines. Am J Pathol. 2010;176(3):1203-14. doi: 10.2353/ajpath.2010.081063.

Wolfson E, Goldenberg M, Solomon S, Frishberg A, Pinkas-Kramarski R. Nucleolin-binding
by ErbB2 enhances tumorigenicity of ErbB2-positive breast cancer. Oncotarget.
2016;7(40):65320-34. doi: 10.18632/oncotarget.11323.

Wolfson E, Solomon S, Schmukler E, Goldschmit J, Pinkas-Kramarsky R. Inhibition of
nucleolin and ErbB2 reduces the oncogenicity of ErbB2-positive breast cancer. Cell Death Dis.
2018;9(2):47. doi: 10.1038/s41419-017-0067-7.

Xu Y, Ruggero D. tRF nucleator for nucleolin in cancer metastasis. Mol Cell.
2022;82(14):2536-8. doi: 10.1016/j.molcel.2022.06.025.

Zeng D, Xiao Y, Zhu J, Peng S, Liang W, Lin H. Suppression of nucleophosmine 1 expression
inhibits triple-negative breast cancer cell proliferation by activating the CDH1/Skp2/p27kipl

signaling pathway. Cancer Manag Res. 2018;11:143-56. doi: 10.2147/CMAR. S191176.



270

271

272

273

274

275

Tables

Table 1. Expression rates of NCL and NPM1 biomarkers in immunohistochemical (IHC) diagnostics

in each case.

Breed Intensity of
staining

NCL

Percentage of Intensity Percentage

3+ (strong)

2+ (moderate)

3+ (strong)

1+ (weak)

2+ (moderate)

positively of of
stained NCL.  staining  positively
cells NPM1 stained
NPM1
cells
3 (more than 3+ (strong) 3 (more
50%) than 50%)
2 (11-50%) 3+ (strong) 3 (more
than 50%)
3 (more than 2+ 2 (11-50%)
50%) (moderate)
I (lessthan 1+ (weak) 1 (less than
10%) 10%)
2 (11-50%) 2+ 2 (11-50%)

(moderate)

#NCL - Nucleolin, NPM1 - Nucleophosmin
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Figure 1. Micrographs of histopathological lesions of the mammary glands in cats. A. Medullary
carcinoma (G3). In the photo, 60x: Syncytial growth of tumor cells, rounded cells with vesicular
nuclei. B. Inguinal lymph node. In the photo, 40x: a macrometastasis of medullary carcinoma is

detected.

Figure 2. Micrographs of histopathological lesions of the mammary glands in cats. A. Medullary
carcinoma (G3). In the photo 60x: Positive immunoexpression of antibodies to nucleolin. B.

Medullary cancer (G3). In the photo 60x: Positive immunoexpression of antibodies to nucleophosmin



