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Abstract

Four cases of tumors in which cell internalization was frequently visualized are reported: one feline mammary
carcinoma, one feline cutaneous squamous cell carcinoma, one canine pulmonary squamous cell carcinoma and
one canine pleural mesothelioma. Cell internalization was observed by cytology in two of these cases (the feline
mammary tumour and the pleural effusion in the canine mesothelioma) and by histopathology in all but the canine
mesothelioma. Immunohistochemical staining for pancytokeratin was positive for both internalized and host cells,
while E-cadherin expression was frequently absent, although internalized cells occasionally stained positive. This
cell-to-cell interaction seems to be associated with tumors displaying a strong epithelial-mesenchymal transitional
phenotype, in which cancer cells become engulfed by other cancer cells. Such event could be regarded as an
important hallmark of very high malignancy.
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Background
Cell-to-cell interaction is a common phenomenon re-
ported in inflammatory tissues, where macrophages
engulf dying neutrophils and foreign material in a
cooperative process during inflammatory/infectious
diseases [1]. So far, three different mechanisms of
cell-to-cell interaction have been described involving
tumor cells: cannibalism, emperipolesis and entosis
[2]. Briefly, cannibalism is the active internalization
and destruction of dead or living tumor cells by other
engulfing cells; emperipolesis is the phagocytosis of
intact hematopoietic cells, mainly neutrophils, lym-
phocytes and plasma cells by host cancer cells; and
entosis is a mechanism of homogenous live-cell inva-
sion resembling a parasite-cell interaction, such that
the invading cell seems to take the initiative in being
internalized [2]. Recent studies have proven that these
mechanisms have different cell recognition and cell
penetration strategies [3–5]. However, there is much

speculation around the possible benefits of such cell
internalization events to either tumor or host.
In this study, the authors describe and discuss four

cases of highly malignant tumors in which cell intern-
alization was a frequent phenomenon. To the best of
our knowledge, these internalization mechanisms have
not been considered relevant in establishing diagnosis
or prognosis in veterinary oncology.

Case presentations
Feline cases
Case one
A 9-year-old spayed European shorthair female cat was
euthanized at the owner’s request, after a two-month
history of a rapidly growing right inguinal mammary
carcinoma diagnosed by cytology. At necropsy, a 4 cm
nodule was present in the right inguinal mammary
gland, along with several metastatic nodules identified
in lymph nodes, lungs and in various muscles. Tissue
samples were processed as usual for routine microscop-
ical observation.
Histology of the mammary tumor revealed neoplastic

cells arranged in nests within lobules. Extensive areas
of necrosis were present and, in small and rare fields,
tubular differentiation could be seen. The neoplastic
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cells were round or pleomorphic, measuring between
10 and 50 μm in diameter. The nuclei were either
vesicular or hyperchromatic, occasionally deformed.
Mitoses were frequent (8–10 dividing cells per ten
high power fields). The lymphatic vessels in the per-
iphery of the tumor were packed with neoplastic cells.
In some areas, cancer cells appeared enlarged with a
deformed, signet-ring nucleus due to the intracyto-
plasmic presence of an internalized cell similar to its
host, albeit smaller, surrounded by a vacuole (Fig. 1a).
The nuclei of the internalized cells were either nor-
mal or picnotic. Cellular internalization of tumor cells
was similarly identified in the lung metastasis. The
mammary tumor was diagnosed as a highly malignant
metastatic solid carcinoma, exhibiting images of cell
internalization. The re-evaluation of cytology smears
cells revealed examples of the same type of cell in-
ternalization (Fig. 1b).
To confirm the epithelial nature of internalized cells

and evaluate the presence of cell-adhesion molecules
between outer and inner cells, immunohistochemistry
for pancytokeratin and E-cadherin were performed, fol-
lowing the protocols described in Table 1. As expected,
tumor cells, as well as their internalized targets, exhib-
ited strong cytoplasmic staining for pancytokeratin
(Fig. 1c). Cannibalizing cells showed positive membrane
and/or diffuse cytoplasmic staining for E-cadherin, while
internalized cells were only occasionally positive (Fig. 1d).

Case two
A 15-year-old female cat was presented for consultation
due to a large ulcerated mass in the upper abdominal
region which was surgically removed. The tumor mea-
sured 9x6x3cm and was submitted to histological pro-
cessing for routine microscopic observation. Histology
revealed proliferation of keratinized epithelial cells or-
ganized in lobules, anastomosing cords and aggregates
that frequently remained connected to the epidermis.
Neoplastic cells were pleomorphic, varying from 50 to
120 μm in diameter. The mitotic index was high, with
six dividing cells per ten high power fields. Images of
cell internalization similar to the ones described in
the first case were very frequent (Fig. 2a). The diag-
nosis was of highly infiltrative squamous cell carcin-
oma with lymphatic invasion, exhibiting images of cell
internalization.
Immunohistochemical staining for pancytokeratin

and E-cadherin were again performed as described in
case one. Both tumor and internalized cells exhibited a
strong cytoplasmic staining for pancytokeratin (Fig. 2c),
while only cannibalizing cells consistently stained posi-
tively for E-cadherin. Internalized cells only occasion-
ally stained for this marker (Fig. 2d).
The cat was euthanized at the owner’s request one

month after surgery, due to severe ulceration of the skin
in the area were the tumor was first removed, with no
response to therapy.

Fig. 1 Case 1. Solid mammary carcinoma. Cat. a – A small number of round tumor cells can be seen containing other tumor cells within a vacuole
(arrows), giving the enclosing cell a signet ring-like appearance (HE). b – Cytology smear of the tumor in which a cell can be seen engulfing another
(arrow) (Giemsa). c - IHC, anti-pancytokeratin antibody. Tumor cells stain positive, including internalized cells, one to the left and two to the right of the
image. Mayer’s hematoxylin counterstain. d - IHC, anti-E-cadherin. Tumor cells show either homogenous cytoplasmic staining (lower arrow) or are almost
completely negative (upper arrow) in contrast with the positive membrane staining of the surrounding tumor cells. Mayer’s hematoxylin counterstain
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Canine cases
Case three
A 12-year-old intact male Labrador was euthanized
after marked deterioration of its clinical condition fol-
lowing swelling and pain in the right hind leg with
no response to treatment. Necropsy revealed a 3 cm
nodule in the right posterior pulmonary lobe. Tissue
samples were collected and processed as usual for
routine microscopical observation. Histology revealed
that the pulmonary nodule corresponded to a pleo-
morphic tumor consisting of lobules of compact spin-
dle to polyhedral cells with occasional central abrupt
keratinization. Necrosis was extensive. Mitoses were
rare (1–2 dividing cells per ten high power fields). In
the periphery of the nodule, alveoli were filled with
numerous large round cells, 26 to 54 μm in diameter,

revealing very frequent images of cell internalization,
similar to the ones described in cases one and two
(Fig. 3a). Fibrosis of the alveolar septa was very
marked in these areas. Metastases of the lung tumor
were identified in the right leg muscles, kidneys, left
adrenal gland and right testicle. Cell internalization
was not evident in the metastases. The diagnosis was
of metastatic poorly differentiated squamous cell car-
cinoma of the lung with large areas of spindle-cell
variant, exhibiting images of cell internalization.
To confirm the epithelial nature of internalized

cells, immunohistochemistry for pancytokeratin was
performed according to the protocol described in
Table 1. Tumor cells exhibited a strong cytoplasmic
staining for pancytokeratin, along with the internal-
ized cells (Fig. 3b).

Table 1 Antibodies used and technique details

Antigen Clone/Source Retrieval Dilution, incubation time Detection system/Source

Pancytokeratin Clone AE1/AE3 (DAKO) Microwave 900W 5 min + 600W
15 min (Tris EDTA pH 9.0,
Novocastra™ Epitope Retrieval
Solution, Leica Biosystems,
Wetzlar, Germany

1:100 60min RT Novolink (Leica Biosystems)

Vimentin Clone V9 (DAKO) Microwave 900W 15 min (Tris
EDTA pH 9.0, Novocastra™ Epitope
Retrieval Solution, Leica Biosystems,
Wetzlar, Germany)

1:50 60 min RT Novolink (Leica Biosystems)

E-cadherin Clone 36 (Ventana, Tucson, USA) Microwave 600W 15 min (citrate
buffer pH 6.0)

Ready to Use 60 min RT Novolink (Leica Biosystems)

Fig. 2 Case 2. Squamous cell carcinoma. Skin. Cat. a & b – Images of cell internalization can be seen on the left and right in A, and in the centre
in B, showing the signet-like appearance of the cannibal cells (HE). c - IHC, anti-pancytokeratin antibody. Two positive tumor cells can be seen.
Mayer’s hematoxylin counterstain. d - IHC, anti-E-cadherin. Cannibalized tumor cells may be negative (lower arrow) or exhibit membrane staining
(upper arrow). Tumor cells show positive cytoplasmic and membrane staining. Mayer’s hematoxylin counterstain
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Case four
An 11-year-old intact female Boxer was presented with a
severe pleural effusion (1500 mL). The cytological diagno-
sis of the effusion was of neoplasia with pleural dissemin-
ation with no clear distinction between carcinoma and
mesothelioma. Frequent images of cellular internalization
were present in the smears (Fig. 4a). The dog started
chemotherapy with intrathoracic carboplatin but the
pleural effusion persisted. Four weeks after the first pres-
entation the dog was euthanized at the owner’s request.
Upon necropsy, a large mediastinal mass (11x4x4 cm)
was identified as well as various small nodules dis-
persed throughout the parietal pleura and diaphragm
(Fig. 4b). Tissue samples were collected and treated for

routine histological processing. Histology of the medi-
astinal mass revealed a poorly demarcated neoplasia in-
filtrating the adipose tissue displaying extensive areas of
necrosis. The tumor organization involved two different
types of tissues (Fig. 3c) with loosely arranged cells sug-
gesting a sarcomatoid neoplasia and others of epithelial
nature with cells organized in single layers covering
papillary infoldings into cystic spaces filled with acido-
philic content. Tumor tissue in the small nodules in the
parietal pleura and diaphragm was mostly formed by
lobules of loosely arranged sarcomatoid cells. The diag-
nosis was of pleural multicystic biphasic mesothelioma
disseminated through the pleural cavity with severe pleural
effusion showing frequent images of cell internalization.

Fig. 3 Case 3. Squamous cell carcinoma. Lung. Dog. a - Alveoli in the periphery of the tumor are filled with numerous round cells, with
very frequent images of cell internalization (arrows) (HE). b - IHC, anti-pancytokeratin antibody. Tumor cells are positive (internalized cells
included - two on the left and one on the right). Mayer’s hematoxylin counterstain

Fig. 4 Case 4. Mesothelioma. Pleural cavity. Dog. a - Pleural effusion cytology smear showing frequent images of cellular internalization (arrows)
(Giemsa). b – Large mediastinal mass can be seen together with various small nodules dispersed throughout the parietal pleura (arrows). c – Part
of the tumor (upper left) was organized in variably sized lobules limited by trabeculae of fibrous tissue, formed by loosely arranged cells almost
devoid of cytoplasm, with round nuclei. Extensive necrosis is visible, possibly due to chemotherapy. In other areas (lower right) the tissue is organized
in single layers of epithelial cells covering papillary infoldings into cystic spaces filled with acidophilic content. d - IHC, anti-pancytokeratin antibody.
Only the cells of the epithelial component are positive. Mayer’s hematoxylin counterstain
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Immunohistochemical labeling with pancytokeratin
and vimentin was employed to confirm the diagnosis of
mesothelioma (protocol available in Table 1). The sarco-
matoid cells were positive for vimentin (Fig. 4c) and the
epithelial cells positive for cytokeratin (Fig. 4d).

Discussion
All tumors described here were diagnosed according to
standardized classification criteria and were shown to
be particularly aggressive. Indeed, all cases reported
correspond to highly malignant categories within the
tissues they affected: a solid carcinoma of the mammary
gland [6], a squamous cell carcinoma of the skin [7, 8],
a poorly differentiated squamous carcinoma of the lung
[9] and a biphasic mesothelioma of the pleura [10].
Two of them (cases 1 and 2) showed lymphatic invasion
and in two cases (1 and 3) strong metastatic potential
was proven. In the first three cases, images of cell in-
ternalization were identified by histology of the primary
tumors and also in the lung metastasis of case 1. Re-
garding mesothelioma in case 4, images of cell internal-
ization were only found in the pleural effusion fluid. In
fact, phagocytosis of dying tumor cells by human peri-
toneal mesothelial cells has been demonstrated [11], as
well as cannibalism in malignant effusions, but this
does not necessarily mean that cannibal cells were
tumor cells themselves [12]. The large number of can-
nibal cells present in the pleural effusion could repre-
sent cell cannibalism of tumor cells by other tumor
cells, or the phagocytosis of exfoliating tumor cells by
mesothelial cells. Morphology and immunohistochem-
istry are not helpful in distinguishing normal from neo-
plastic mesothelial cells [13], Cell cannibalism as the
internalization of cells by other cells was first reported
in human malignant tumors over a century ago, having
been described as a diagnostic marker of malignancy in
cytology specimens [11]. The potent phagocytic activity
of tumor cells has been referred to as a determinant of
aggressive behavior in metastatic melanoma cells, with
proteins such as ezrin being expressed on phagocytic
vacuoles [14]. The internalized cells may remain alive
for some time, but will eventually be digested by spe-
cific enzymes within a cannibalistic vacuole; the inhib-
ition or down regulation of these enzymes seems to
affect the phagocytic activity of tumor cells [3, 5]. It has
been suggested that cannibal cells feed off the internalized
cells, becoming particularly resistant to unfavorable condi-
tions caused by low nutrient supply in quickly growing
solid tumors [2].
The other described cell-in-cell event is emperipolesis,

which affects hematopoietic cells, mainly lymphocytes
that establish close connections with the target cell’s
membrane that culminate in their internalization. Al-
though emperipolesis has been described in human

mammary tumors [15] and lymphoma [16], the fact
that the internalized cells in the presented case were
not lymphocytes, or any other type of hematopoietic
cell, excludes this hypothesis. In fact, cytokeratin stain-
ing was detected in both internalized and engulfing
cells, demonstrating their identical epithelial nature.
The less referred to cell-in-cell phenomenon is ento-

sis, through which live epithelial tumor cells detach
from the extracellular matrix and invade the neighbor-
ing cells, also of epithelial origin [2]. Live internalized
cells may either be degraded by lysosomal enzymes or
be released. The process has been described as a non-
apoptotic cell death program driven by compaction
force associated with adherens junction formation,
representing an intrinsic tumor suppression mechanism
for cells that are detached from the extracellular matrix
[5]. This event was reported in pleural suspensions of
human metastatic mammary tumor cells, showing
negative staining for apoptotic markers, leading to the
conclusion that the internalization process could be as-
sociated with entosis [11]. E-cadherin is the main mem-
ber of the cadherin superfamily involved in epithelial
cellular adhesion, and its altered expression has been
related to poor differentiation and poor prognosis, in
human and canine mammary tumors [17, 18]. In feline
mammary metastatic tumors, the loss of both E-cadherin
and β-catenin expression was shown to be more pro-
nounced than in non-metastatic neoplasia [19]. Cells
in culture were demonstrated to require adherens
junctions to initiate entosis, the mechanism being dir-
ectly linked to cell-cell compaction force in the ab-
sence of integrin [5]. In the cases reported here, the
generally negative staining obtained for E-cadherin in
internalized cells could be due to its altered expres-
sion, which would be in accordance with the strong
malignant behavior of the tumor. However, no con-
clusion can be drawn as to whether such cells had
functional adherens junctions prior to engulfment.
It may be easily accepted that, similarly to what is re-

ported in humans, cell-in-cell events also take place in
tumors in animals. To the best of the authors’ know-
ledge, these phenomena have been rarely described and
valued in veterinary oncology. The only reference to
the phenomenon is very recent report involving three
cases of cell cannibalism of which only one is of
homogenous internalization of cancer cells [20].

Conclusions
The authors believe that the cell internalization phe-
nomena in the presently described tumors could be
qualified as cannibalism, as there is evidence of deg-
radation of the internalized cells. Conversely, it could
also be classified as entosis as this is a case of
epithelial-in-epithelial cell internalization, eventually
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evading apoptosis. Clear distinction between both events
is beyond the scope of the present work, and does not
affect its prime objective: to draw the attention of patholo-
gists to a characteristic that seems to be associated with
tumors in which the epithelial-mesenchymal transition is
very marked.

Consent
Written informed consent was obtained from the animal
owners' for the publication of this report and any ac-
companying images.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LB and GV were responsible for the clinical part of two of the cases. MCP, JC
and SB carried out the pathology, being responsible for the necropsies and
the histological diagnosis. MJS was responsible for the clinical part of one of
the cases and, together with SC, carried out the immunohistochemistry. FCF and
MCP wrote the manuscript. All authors read and approved the final manuscript.

Acknowledgments
The authors wish to thank Dr. Rute Noiva and Dr. Shabir Najmudin for the
English revision. This work was supported by ‘Fundação para a Ciência e
Tecnologia’ through the Project PEst-OE/AGR/U10276/2014 and through
PhD fellowship SFRH/BD/70720/2010.

Author details
1CIISA, Interdisciplinary Centre of Research in Animal Health, Faculdade de
Medicina Veterinária, Universidade de Lisboa, Av. da Universidade Técnica,
1300-477 Lisbon, Portugal. 2Clinica Veterinária do Oriente, Rua Nova dos
Mercadores, 13 R/C Dto. 1990-176, Lisboa, Portugal. 3Veterinary Teaching
Hospital, Faculty of Veterinary Medicine, Universidade de Lisboa, Av. da
Universidade Técnica, 1300-477 Lisboa, Portugal. 4ICAAM - Institute for
Mediterranean Agrarian and Environmental Sciences, University of Evora,
Mitra, Ap. 94, 7006-554 Evora, Portugal.

Received: 6 April 2015 Accepted: 17 October 2015

References
1. Silva MT. Macrophage phagocytosis of neutrophils at inflammatory/infectious

foci: a cooperative mechanism in the control of infection and infectious
inflammation. J Leuk Biol. 2010;89:675–83.

2. Yang YLJ. Progress of research in cell-in-cell phenomena. Anat Rec.
2012;295:372–7.

3. Fais S. Cannibalism: a way to feed on metastatic tumors. Cancer Letter.
2007;258:155–64.

4. Mailleux AA, Krajcovic M, Overholtzer M. Le cannibalisme cellulaire par
entose. Médecine Sci. 2011;27:689–91.

5. Overholtzer M, Mailleux AA, Mouneimne G, Normand G, Schnitt SJ, King RW,
et al. A nonapoptotic cell death process, entosis, that occurs by cell-in-cell
invasion. Cell. 2007;131:966–79.

6. Misdorp W, Else RW, Hellmén E, Lipscomb TP. Histological Classification of
Tumors of Mammary Tumors of Domestic Animals. Washington D.C., USA:
Armed Forces Institute of Pathology; 1999.

7. Goldschmidt MH, Dunstan RW, Stannard AA, Von Tscharner C, Yager JA.
Histological Classification of Epithelial and Melanocytic Tumors of the Skin
of Domestic Animals. Washington D.C., USA: Armed Forces Institute of
Pathology; 1998.

8. Gross TL, Ihrke PJ, Walder EJ, Affolter VK. Skin diseases of the dog and cat:
clinical and histopathologic diagnosis. 2nd ed. Ames, Iowa, USA: Blackwell
Science; 2005.

9. Dungworth DL, Hauser B, Hahn FF, Wilson DW, Haenichen T, Harkema JR.
Histological Classification of Tumors of the Respiratory System of Domestic
Animals. Washington D.C., USA: Armed Forces Institute of Pathology; 1999.

10. Head KW, Else RW, Dubielzig RR. Tumors of the Alimentary Tract. In: Meuten
DJ, editor. Tumors in Domestic Animals. 4th ed. Iowa: Iowa State Press;
2002. p. 401–81.

11. Wagner BJ, Lindau D, Ripper D, Stierhof YD, Glatzle J, Witte M, et al.
Phagocytosis of dying tumor cells by human peritoneal mesothelial
cells. J Cell Sci. 2011;124:1644–54.

12. Gupta K, Dey P. Cell cannibalism: diagnostic marker of malignancy. Diag
Cytopath. 2003;28:86–7.

13. Hammar SP. Lung and Pleural Neoplasms. In: Dabbs DJ, editor. Diagnostic
Immunohistochemistry. Philadelphia, Pennsylvania, USA: Churchill
Livingstone; 2002. p. 267–312.

14. Lugini L, Lozupone F, Matarrese P, Funaro C, Luciani F, Malorni W, et al.
Potent phagocytic activity discriminates metastatic and primary human
malignant melanomas: a key role of Ezrin. Lab Investig. 2003;83:1555–67.

15. Saxena S, Beena KR, Bansal A, Bhatnagar A. Emperipolesis in a common
breast maligancy. a case report. Acta Cytol. 2002;46:883–6.

16. Lopes LF, Bacchi MM, Coelho KI, Antico Filho A, Bacchi CE. Emperipolesis in
a case of B-cell lymphoma: a rare phenomenon outside of Rosai-Dorfman
disease. Annals Diag Pathol. 2003;7:310–3.

17. Asgeirsson KS, Jonasson JG, Tryggvadorttir L, Olafsdottir K, Sigurgeirsdottir
JR, Ingvarsson S, et al. Altered expression of E-cadherin in breast cancer:
patterns, mechanisms and clinical significance. Eur J Cancer. 2000;36:1098–106.

18. Matos AJF, Lopes C, Carvalheira J, Santos M, Rutteman GR, Gartner F.
E-cadherin expression in canine malignant mammary tumours:
relationship to other clinico-pathological variables. J Comp Pathol.
2006;134:182–9.

19. Penafiel-Verdu C, Buendia AJ, Navarro JA, Ramirez GA, Vilafranca M, Altimira
J, et al. Reduced expression of e-cadherin and β-catenin and high
expression of basal cytokeratins in feline mammary carcinomas with
regional metastasis. J Pathol. 2012;49:979–87.

20. Meléndez- Lazo A, Cazzini P, Camus M, Doria-Torra G, Valle AJM,
Solano-Gallego L et al. Cell cannibalism by malignant neoplastic cells:
three cases in dog and a literature review. Vet Clin Pathol. 2015, doi:
10.1111/vcp.12242.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Ferreira et al. Diagnostic Pathology  (2015) 10:199 Page 6 of 6

http://dx.doi.org/10.1111/vcp.12242

	Abstract
	Background
	Case presentations
	Feline cases
	Case one

	Case two
	Canine cases
	Case three

	Case four

	Discussion
	Conclusions
	Consent
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References



