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by migration of these cells into blood and lymphatic vessels depending

on their histological characteristics and disease stage was conducted. The
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in breast tumours in she-dogs (pilot  of signs of metastatic lesions of other organs and tissues, including lungs,
study). Scientific Horizons, 24(2), 54-61. abdominal organs and bones.The presence of cancer cells in the vessels was
determined by the tumour clots formed by them, fixed to the endothelium.
The study revealed the presence of angioinvasion regardless of the clinical
stage of the tumour process. In this case, the dissemination of tumour
cells by migration into lymphatic vessels was observed only in the second
clinical stage of breast tumours. In patients with stage 1 breast cancer in the
vast majority of cases (66.7% of patients) angioinvasion is registered in the
micropapillary invasive carcinomas (ICD-O code 8507/2). Tumour cells in blood
vessels were verified in simple cribriform carcinoma (ICD-O code 8201/3) in
more than 80% of she-dogs with stage 3 breast cancer. In contrast to the
above groups, in patients with stage 2 cancer, migration of tumour cells
into both blood and lymphatic vessels was found. Most often the signs of
angio- and lymphoinvasion were found in invasive carcinoma mixed type
(ICD-0 code 8562/3), tubulopapillary carcinoma (ICD-O code 8503/3), and
tubular carcinoma (ICD-O code 8211/3) — in 34.1% and 36.8%, 19.3% and
26.3%, 17.0% and 10.5% of cases, respectively. The obtained results allow
predicting the probability of penetration of tumour cells into blood and
lymphatic vessels with a high degree of reliability, which in the future can
better predict the biological behaviour of breast tumours
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INTRODUCTION

It is a proven fact that in breast tumours, lymph node
involvement is one of the most important predictors
of clinical outcome in humans and animals [1; 2]. Lym-
phovascular invasion, which means the identification of
tumour cells in the space lined with endothelium, in
the primary site of a tumour or around it, is considered
by oncologists as an invasion of blood vessels [3]. How-
ever, data on the prognostic significance of vascular
invasion, proliferation index and angiogenesis in relation
to the development of metastases and survival in sick
dogs remain ambiguous [4]. As a small number of tumour
cells are able to survive outside their microenviron-
ment, the mere presence of tumour cells in the blood
vessel lumen does not guarantee the development of
metastatic lesions; therefore, although vascular invasion
in the form of tumour emboli is not uncommon, it is not
known whether it affects the development of metastases
and life expectancy in dogs [5-7]. In addition to it is im-
portant to remember that during histological examina-
tion vascular invasion sometimes may not be detected,
mainly due to the rarity of tumour emboli in the tumour
tissue array [8], and in 20% of cases of lymphovascular
invasion it may differ in evaluation of the same material
given by different pathologists [9].

The question of the probability of angio-and lym-
phoinvasion in neoplasms of different types remains
debatable. In the study by Yoshimura et al.[10] vascular
invasion was more common in simple solid carcinomas,
and much less common in malignant myoepitheliomas
and biphasic carcinomas; in another study by Yoshimura
et al. [11] vascular invasion was registered in 40.5% of
simple solid breast cancers. However, in another study,
it was registered only in 15.1% of malignant breast
tumours [12], which corresponds with the results ob-
tained by Seung et al. [13] — 14.8%; according to Pastor
et al. [14] it was registered in 28.6% of cases and ac-
cording to the study by Monteiro et al. [15] —in 33.3% of
cases. Probably, the unresolved issue is due to the lack
of a unified methodological approach.

Thus, despite the significant number of publica-
tions on predicting the course of the disease in breast
tumours and the main stages of cancer cell dissemi-
nation, the mechanisms of angio- and lymphoinvasion,
which are predictors of the aggressiveness of breast
tumours, remain insufficiently studied in oncogenesis.
Notably, in practice, in the vast majority of cases, the
prognosis of the disease and the choice of treatment
measures is made without considering the vascular in-
vasion, which causes insufficient effectiveness of the
protocols.

The purpose of this study was to determine the
role of angio- and lymphoinvasion as predictors of ma-
lignancy at different stages of breast tumours in she-dogs.

LITERATURE REVIEW

Breast tumours, most of which are malignant, are the
most common neoplasms in intact she-dogs, mostly
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middle-aged and older (8-11 years) [16; 17]. The incidence
rate fluctuates significantly, depending on the spay at
an early age. The main cause of death from breast can-
cer in she-dogs is metastasis to the lungs. Breast car-
cinomas have heterogeneous clinical behaviour in the
rate of metastasis, recurrence, impact on life quality and
expectancy [4].

Recurrence of breast cancer may occur partially
due to a lack of understanding of the early stages and
mechanisms involved in the breast cancer metastasis,
especially the effects of neoplastic inflammatory cells,
including tumour macrophages, on the invasion pro-
cess [18].

In the study by Diessler et al. [4] vascular inva-
sion was negatively correlated with life expectancy and
lymph node involvement; similar results are presented
by Rasotto et al. [19]. The same data were obtained in
the study of breast tumours in women; in addition, the
study by Mohammed et al. [20] shows that vascular in-
vasion is more common in tumours larger than 1.5 cm,
and that oestrogen-negative and progesterone-negative
tumours are more likely to have significant vascular
invasion than hormone-positive tumours. Lymphovas-
cular invasion is also more common in Her2-positive
tumours [21]. Studies by Monteiro et al. [15; 22] showed
that vascular invasion correlates with the number of
tumour-associated macrophages, which is confirmed by
the data obtained by Seung et al. [21]. Separation of
tumour cells from the main tumour mass and their in-
travasation into blood vessels usually occurs in areas
of the largest accumulation of macrophages [23]; the
study by Carvalho et al. [24] shows that high expression
of COX-2 is correlated with the tumour emboli forma-
tion. However, according to studies by Santos et al. [25],
vascular invasion does not depend on the degree of nuclear
pleomorphism, one of the criteria for malignancy [19],
which in its urn correlates with life expectancy.

Despite the large number of publications of lym-
pho-and angioinvasion for breast tumours in dogs, does
not reveal unambiguous data on the prognostic value
of this process. Therefore, further research is needed to
target the biological behaviour of tumour tumours that
are healthy to invade blood vessels.

MATERIALS AND METHODS

The research was conducted in accordance with the re-
quirements of the European Convention for the Protec-
tion of Vertebrate Animals [26] and the Law of Ukraine
“On Protection of Animals from Cruelty” [27]. Ethics
Committee approval was received for this study from
the Animal Researches Committee of the Dnipro State
Agrarian and Economic University, Ukraine (Approval
number: 2019/02). The research was conducted on the
basis of “Best”veterinary clinic (Zaporizhzhia). The objects
of study were dogs of different breeds and crossbreeds,
the average age was 8.6 years (from 3.5 to 16), in which
during 2019-2020 were diagnosed with breast tumours.
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At the same time, clinical and special (X-ray, ultrasound
diagnostics, determination of hemostasiological status)
research methods in such patients ruled out the presence
of metastatic foci in other organs and tissues. The clinical
stage of the tumour process was determined by the
TNM classification according to Owen [28]. This study
included dogs with I-IIl stages of the tumour process.
In the first stage, the tumour was removed from
she-dogs by electrosurgery in the amount of regional
or unilateral mastectomy. Pieces were excised from the
tumour node(s), unaffected breast tissue and regional
lymph nodes: axillary and additional lymph nodes - for
lesions of | or Il milk package, inguinal - for lesions
IV or V, axillary, additional and inguinal - for lesions
of Il milk package. To facilitate the identification of
lymph nodes in the surgical material was injected
intradermally 0.2-0.4 ml of 0.05% aqueous solution of
methylene blue before 7-10 minutes surgery in areas |
or V of milk packets. Pieces of tissue were fixed for 48-
72 hours in 10% neutral buffered formalin according
to Lily. Subsequently, the tissues were passed through
ascending alcohols,chloroform,chloroform-paraffin and
paraffin and poured into paraffin. Sections 5-6 um thick
were made on a rotary microtome MPS-2 (Micromed

Ukraine). Paraffin sections were dewaxed in xylene and
stained with hematoxylin and eosin according to the
method of Horalskyi et al. [29]. Microscopy was per-
formed using an Olympus BX43 microscope (Olympus,
Japan). Tumours were histologically verified according
to the classification of Goldschmidt et al. [30] and coded
according to the World Health Organisation’s Interna-
tional Classification of Disease for Oncology system
(ICD-0) [31] to facilitate comparison with existing human
and animal cancer registries. The presence of cancer cells
in the form of tumour emboli in the lumen of blood and
lymphatic vessels was also identified.

RESULTS

According to the data obtained, a high level of malignancy
in breast tumours should be assumed in the case of tumour
cells dissemination in the first stage of the disease (Ta-
ble 1). Among them, infiltrative tubular carcinoma was
verified in one third of cases, but the maximum risk of
disease progression was found in patients with tubulo-
papillary invasive carcinoma, as in this case the proba-
bility of diagnosing tumour cells in the lumen of blood
vessels is two times higher. Notably, in both cases only
signs of angioinvasion were registered.

Table 1. Angioinvasion in the first stage of malignant tumours of the breast in she-dogs

Histologic type

Detection frequency

n %
Tubulopillary invasive carcinomas (ICD-O code 8503/3) 4 66.7
Tubular carcinoma (ICD-0 code 8211/3) 2 333

Total 6 100

Most often, the presence of tumour cells in the
vessels is detected in stage 2 breast cancer (Table 2). Only
in such patients, in contrast to she-dogs with stage 1 cancer
and stage 3 cancer,lymphoinvasion was verified although
the presence of cancer cells in lymphatic vessels is reg-
istered only in certain types of tumours. About a third
of cases of angio- and lymphoinvasion were registered
in she-dogs with invasive carcinoma mixed type on the
background of approximately the same frequency of
tumour emboli detection. The high risk of dissemination

of tumour cells into vessels was found in tubulopapillary
carcinoma, but it is slightly lower — by a factor of 1.8
and 1.4, respectively. In 10% of cases, cancer cells in
blood and lymph vessels were verified in tubular and
solid carcinomas. In micropapillary invasive and simple
cribriform carcinomas, tumour emboli were registered
in both angio- and lymphoinvasion in about 5% of pa-
tients. In the case of ductal carcinoma, the probability of
cancer cells dissemination through lymphatic vessels,
compared with blood ones, is 5 times higher.

Table 2. Vascular dissemination of cancer cells in the second stage of breast cancer in dogs

Histologic type

Tumour cells (microemboli)

Blood vessels Lymphatic vessels

n % n %
Carcinoma mixed type (ICD-O code 8562/3) 32 36.4 7 36.8
Tubulopapillary carcinoma (ICD-O code 8503/3) 17 19.3 5 26.3
Tubular carcinoma (ICD-0O code 8211/3) 15 17.0 2 10.5
Solid carcinoma (ICD-O code 8230/3) 8 9.1 2 10.5
Micropapillary invasive carcinomas (ICD-O code 8507/2) 4 4.5 1 5.3
Simple cribriform carcinoma (ICD-O code 8201/3) 4 4.5 1 5.3
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Table 2, Continued

Histologic type

Tumour cells (microemboli)

Blood vessels Lymphatic vessels

n % n %

Ductal carcinoma (ICD-O code 8500/3) 1 1.1 1 5.3
Anaplastic carcinoma (ICD-O code 8021/3) 3 3.4 - -
Total 88 100 19 100

Among the studied stage 2 breast tumours there
are histological types that are characterised by invasion
only into blood vessels on the background of significant
fluctuations in their registration frequency. In particular,
compared with anaplastic carcinoma, in which cancer
cells in blood vessels are verified relatively rarely (1.1%),
the probability of angioinvasion is 2.1 times higher in
carcinomas of mixed type, 4.1 times higher in mucinous
carcinoma, and 6.2 times higher in tubular carcinoma.

Certain patterns of tumour cells dissemination in
stage 3 breast cancer have been understood (Table 3).In
contrast to stage 2 cancer,tumour cells in conglomerates
were verified in a small number of histological types
and only in blood vessels. In the vast majority of cases,
angioinvasion is found in simple cribriform carcinoma
(83.3%), while in anaplastic carcinoma the probability
of detecting tumour cells outside the neoplasm is 5 times
lower.

Table 3. Angioinvasion in the third stage of malignant neoplasms of the breast in she-dogs

Histologic type

Detection frequency

n %
Simple cribriform carcinoma (ICD-O code 8201/3) 5 83.3
Anaplastic carcinoma (ICD-O code 8021/3) 1 16.7
Total 6 100

Histologically, in anaplastic carcinoma of any stage
only angioinvasion was recorded, whereas in stage 2 sim-
ple cribriform carcinoma, the presence of tumour cells
in the lymphatic vessels was detected.

DISCUSSION

The analysis of reports and results of our research on
the pathogenetic mechanisms of breast tumours in she-
dogs proves their multi-vector nature and the need for
further, more detailed study of carcinogenesis mecha-
nisms in order to improve diagnosticating and identifying
therapeutic targets for better treatment [32]. Vascular
invasion,as a predictor of breast malignancy in she-dogs,
allows predicting an unfavourable prognosis based on
the correlation of high levels of tumour-associated mac-
rophages with the clinical stage (P<0.001), tumour
type (P=0.016), tumour size (P=0.013), the presence of
tumour emboli in lymphatic and blood vessels (P=0.031),
proliferation rates (P=0.009), lymph node metastases
(P=0.003),vascular microdensity (P=0.008), invasive profile
(P=0.002), and unfavourable prognosis (P<0.018) [15].

Theresults of studies presented by Rasotto et al. [33]
also show that carcinomas and malignant myoepitheli-
omas are characterised by more aggressive behaviour,
manifested by a higher incidence of vascular and lymph
node invasion,a higher rate of visceral metastases,and a
risk of death due to disease progression affected by Ki-67
overexpression.

The predictive significance of lymphoinvasion in

breast tumours in she-dogs is confirmed by its correla-
tion with the expression of DERL-1, a transport protein
for the export of incorrectly folded proteins from the
endoplasmic reticulum (ER) and apoptosis inhibitor [34].

Angioinvasion, which accompanies oncogenesis,
is facilitated by circulating myeloid suppressor cells,
which change the molecular pathways in tumour cells
significantly due to increased expression of angiogenic
factors and subsequent induction of angiogenesis by
endothelial cells, epithelial mesentery, epithelial-mes-
enchymal transition, as well as increased migration of
tumour cells [35].The data obtained are confirmed by
the results of studies by Santos et al. [7], according to
which highly proliferative tumours and tumours with
invasive growth are characterised by a significant met-
astatic ability and, accordingly, an unfavourable prog-
nosis on the background of short survival time and re-
currence-free periods.

To understand the mechanisms of cancer cells
dissemination, we consider the studies aimed at clinical
aspects, the study of malignant transformation, histo-
genesis,epithelial-mesenchymalinteractions to be rele-
vant. They can standardise the criteria for diagnosis and
breast tumour treatment. Individualisation of protocols
will allow for more adequate disease management,
thereby improving the she-dogs’ survival and quality of
their life [36].

The correlation of vascular invasion (r=0.76,
P=0.043) with overexpression of vimentin filaments,
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which participate in the mechanisms of epithelial-mes-
enchymal transition, established for breast tumours in
dogs, confirms the obtained data on cancer cell dissem-
ination into blood and vessels in malignant tumours [37].

Areas of tumour invasion show a higher level of
hematoxylin-eosin staining and complete loss of a-SMA
and p63 immunoreactivity, which in combination with
the clinical stage and histological grade can be used for
individual assessment of breast tumour [38]. The results
are consistent in breast tumour with the correlation of
lymph node status with histological grade, vascular in-
vasion, proliferation index, expression of VEGFR-2, and
microvascular density [4].

In this case, overexpression of vascular growth
factor,which accompanies the progression of the tumour
process, stimulates the proliferation, migration and
survival of endothelial cells. The inverse correlation of
VEGFR-1 with metastases to regional lymph nodes was
proven. However, its prognostic significance for tumour
cell dissemination and termination of disease remains
unclear [39]. Along with the lesion size, histological
grade, ERa-negativity, high Ki-67 proliferation index and
absence of EGFR, the migration of tumour cells and lymph
node involvement are of clinical importance [40].

In contrast to the tumour size and the histological
type, which according to Chocteau et al. [41] correlate
with early cancer mortality, but do not affect the con-
ditional survival of patients significantly, lymphovas-
cular invasion and regional lymph node involvement
reflect the life expectancy of animals after treatment.
In order to randomise patients in clinical experiments
evaluating the efficacy of adjuvant chemotherapy, a his-
tological classification based on lymph node status and
lymphovascular invasion was proposed [42].

It is advisable to supplement the histological
determination of the tumour emboli presence in blood
and lymphaticvessels with a multi-marker study of seven
RNA markers based on polymerase chain reaction with
reverse transcription, which increases the sensitivity
of detection of circulating tumour complexes up to

77.5% [43]. That means that the presence of circulating
tumour cells in the peripheral blood is a prognostic factor
for the survival of patients with breast tumours; the
use of MRNA markers allows determining their spatio-
temporal location, which makes it possible to assess
the level of aggression and biological behaviour of the
tumour more accurately [44].

Thus, the activation of the metastatic cascade,
which is clinically manifested by the presence of tumour
emboli in blood and lymphatic vessels, is proliferation,
dedifferentiation, and loss of intercellular contacts.
However, the complex molecular pathways and gene
expression changes associated with these mechanisms
in breast tumours are still largely unclear, so such re-
searches remain relevant.

CONCLUSIONS

The determination of the tumour clinical stage does not
always fully reflect the tumour aggressiveness. Detec-
tion of angio- and lymphoinvasion in tumours allows
predicting the biological behaviour of the tumour and
evaluating the therapeutic efficacy of conservative pro-
tocols more accurately. The presence of tumour emboli
in the vessels increases the risk of both metastasis and
recurrence (due to ‘contamination” of the surgical wound).
Therefore, the most aggressive is stage 2 of neoplasia
process, which is characterised by the maximum risk of
metastasis and recurrence.

Histological types of breast tumours in she-dogs
with a high risk of disease progression were determined
(infiltrative tubular invasive and cribriform carcinomas),
due to their angio-and lymphoinvasion at different dis-
ease stages. Verification of tumour emboli in mastopathy
proves the potential aggressiveness of its biological be-
haviour. The results obtained prove the expediency of a
comprehensive pathomorphological assessment of breast
tumours with specification of structural disorders, in par-
ticular the determination of angio- and lymphoinvasion
for more accurate disease prognosis.
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NMPOrHOCTUYHE 3HAYEHHS CYAUHHOI IHBA3Ii 3A NMYXJ/IMH MOJTIOYHOI 3ANTO3U
Y CYK (NIZTIOTHE OOCNIAXXEHHS)

Makcum CranicnaBoBuu KoBaneHko, AMutpo AmutpoBuy binuii

[HINPOBCbKMI AepXKaBHUI arpapHO-eKOHOMIYHWI YHIBEPCUTET
49600, Byn. Cepria €dppemMoBa, 25, M. [IHiNpo, YkpaiHa

AHoTauis. [yxIMHK MOIOYHOI 3371031 € HAWNOLWMPEHILLUMM HOBOYTBOPEHHSAM Y HEKACTPOBaHMX CyK. OgHaK MyXauHu
MOJIOYHOI 3a/103M Y CYK BifPi3HSAOTbCS 3HAYHUM Pi3HOMAHITTS 32 MOPHONOriYHMMM 0COBNMBOCTAMM Ta BioNOriYHOK
NnoBeAiHKO, BiATaK BM3HAYeHHS (HaKTOPiB NPOrHO3Y € akTyanbHWM. [1poBefeHO AOCNIAKEHHS ANCEMIHALIT paKOBUX
KNiTUH 33 HOBOYTBOPEHb MOMIOYHOT 331031 Y CYK WAAXOM Mirpauii B KPOBOHOCHI Ta NiMbaTUUHI CYyAMHWU 3aneXHO
Bif, iX FiCTONOrYHOT XapaKTePUCTUKM Ta CTaAii 3axXBOPOBaHHS. BuBYeHHs npobnemu 3aiicHioBanu Ha 6asi KNiHiku
Cy4YacHoi BeTepUMHapHOi MeaMLUMHM «Best» MicTa 3anopidoks. Y aKocTi 06€KTiB BUKOPUCTOBYBAM CYK i3 HEOMNIA3isMK
MOJIOYHOI 3371031 Pi3HOro BiKy Ta NOpiA 32 A4OBEAEHOI BiACYTHOCTI 03HAaK METACTaTUYHOIO YPAXKEHHS iHLWMX OpraHiB
i TKAHWH, 30KpeMa nereHb, OpraHis YepeBHOT MOPOXHUHM Ta KiCTOK. HasiBHICTb pakOBMUX KNITUH Y CyAUHAX BU3HAYaNu
33 YTBOPEHUMU HUMU MYXSIMHHUMU 3rycTKaMK, hikCoBaHWMM [0 eHAoTenito. Y pe3ynstaTi AOCTiAKEHHS BCTAHOBNEHO
NPUCYTHICTb aHri0iHBa3ii HE3aNeXHO Bif, KNIHIYHOT CTadii nyxanHHOro npouecy. BogHoyac amceMiHauisa nyxanmHHMUX
KNITUH WASXOM Mirpauii B niM@aTUYHi CyAnHM cnocTepiranacb TibKKM 3a APYroi KAiHIYHOT CTafii HOBOYTBOPEHb
MOJIOYHOI 3a103M1. Y MALIEHTIB i3 HOBOYTBOPEHHAMM MONOYHOI 3371031 HA NepLii KNiHiYHIKA cTagii B abCOMOTHIM
6inbwocTi BUNaakis (66,7 % MaUIEHTIB) aHrioiHBa3zis peECTPYETbCS B MiKpPONaninspHUX iHBa3MBHWUX KapLMHOMaXx
(xkon, MKB-0 8507/2).Y cyk i3 pakoM MOMOYHOI 3a/103M TpeTboi CTafii 6inbl Hixk y 80 % TBapWH HasiBHICTb pakoBMX
KNiTUH Yy KPOBOHOCHMX CyAMHax BepudikyBanu 3a npoctoi KpubpudopmHoi kapumuHomm (kogn MKB-O 8201/3). Y
NaLi€eHTIB 3 APYroto KNiHIYHOK CTafi€l0 HOBOYTBOPEHb MOMIOYHOT 3a/103M BCTAHOBNEHO MirpaLito MyXAUHHUX KNITUH
K Y KPOBOHOCHI, TaK i liMpaTnyHi cyamH. Mpu LboMy HaibinbL YacTo 03HAKM aHTio-Ta NiMPOiHBa3ii BCTAaHOB/IEHO 33
iHBa3MBHOI KapuuHomu 3MmiwaHoro Tmny (kog MKB-O 8562/3), TybynonaninsapHoi kapunHomu (kog MKB-O 8503/3)
Ta TybynapHoi kapumHomu (kop, MKB-O 8211/3) - B 34,1 i 36,8; 19,3 i 26,3; 10,2 i 10,5 % Bunapkis, BiANOBIAHO.
OTpvMaHi pe3ynbTatM 403BONSAKTL i3 BUCOKMM CTyMEHEM AOCTOBIPHOCTI MPOrHO3yBaTW iMOBIPHICTb MPOHMKHEHHS
NPOHUKHEHHS MYXMHHUX KNITUH Y KPOBOHOCHI Ta NiM@aTUYHI CYAUHM, WO Hadani MOXe Kpalie nporHo3yBatu
6ionoriyHy NoBemiHKY NyX/IMH MOJIOYHOI 3a/103M

Kntouosi cnoBa: cobaky, HOBOYTBOPEHHA, MOJIOYHA 3a/103a, METACTAa3yBaHH4A
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