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ABSTRACT Objective: The aim of this preliminary study is to compare
the histological grading, tumor-lymph node-metastasis (TNM) scores,
platelet (PLT) levels, serum/plasma osteopontin (OPN) and vascular
endothelial growth factor (VEGF) between ulcerative or inflammatory and
non-ulcerative and non-inflammatory malignant mammary tumors of dogs.
Material and Methods: Study groups were formed as; ulcerated mammary
tumors (UMT; n=5), inflammatory mammary tumors (IMT; n=6) and non-
ulcerative and non-inflammatory mammary tumors (MT; n=7). Results:
TNM scores in UMT and IMT groups were significantly higher than MT
group (p<0.05 and p<0.01; respectively). Levels of PLT were tended to be
higher in group UMT than in group MT, but failed to reach significance
(p=0.08). Plasma OPN levels were significantly higher in group IMT than
in group MT (p<0.05). Serum and plasma VEGF levels did not differ
between the groups (p>0.05). Plasma OPN was moderately correlated with
serum OPN (r=0.562, p<0.05). Serum OPN levels were positively correlated
with histological grading of the tumor (1=0.518, p<0.05). VEGF was not
associated with ulceration or inflammation in mammary tumors due to the
malignant character in all groups. However, the plasma OPN level was
predictive in the presence of inflammation on tumor while serum OPN levels
were significantly associated with histological grade of the tumor.
Conclusion: In conclusion, PLT levels and OPN levels are capable to reflect
the increased malignancy as in histological grades and TNM scores in
female dogs with canine mammary tumor. As a result of that OPN could
have a pathophysiological role in canine mammary tumors as in human
breast cancer.

Keywords: Inflammation; osteopontin; platelet; ulceration;
vascular endothelial growth factor

Correspondence: Lora KOENHEMSI
istanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of Internal Diseases, istanbul, Tiirkiye
E-mail: lorakoenhemsi@iuc.edu.tr

OZET Amac: Bu 6n ¢aligmanin amaci, kopeklerde iilseratif, inflamatuar
ve iilseratif/inflamatuar olmayan malign meme tiimérleri arasinda histolojik
derecelendirme, tiimor-lenf nodu-metastaz (TNM) skorlari, trombosit
[platelet (PLT)] diizeyleri, serum/plazma osteopontin (OPN) ve vaskiiler
endotelyal bilyiime faktorii [vascular endothelial growth factor (VEGF)]
diizeylerini karsilastirmaktir. Gere¢ ve Yontemler: Calisma gruplari; tlserli
meme tiimérleri (UMT; n=5), inflamatuar meme tiimérleri (IMT; n=6) ve
tilseratif olmayan ve inflamatuar olmayan meme tiiméorleri (MT; n=7) olarak
olusturuldu. Bulgular: UMT ve IMT gruplarinda TNM skorlari, MT
grubundan anlamli olarak yiiksekti (sirastyla p<0,05; p<0,01). PLT
diizeyleri, grup MT’ye kiyasla grup UMT’de daha yiiksek olma
egilimindeydi, ancak anlamli diizeye ulasamadi (p=0,08). Plazma OPN
diizeyleri, grup IMT’de grup MT’ye gére anlamli derecede yiiksekti
(p<0,05). Serum ve plazma VEGF diizeyleri gruplar arasinda farklilik
gostermedi (p>0,05). Plazma OPN, serum OPN ile orta diizeyde korelasyon
gosterdi (r=0,562; p<0,05). Serum OPN diizeyleri, tiimériin histolojik
derecesi ile pozitif korelasyon gosterdi (r=0,518; p<0,05). Tiim gruplardaki
malign karakter nedeniyle VEGF, meme timorlerinde iilserasyon veya
inflamasyon ile iliskili degildi. Ancak plazma OPN diizeyi, timorde
inflamasyon varliginda 6ngoriiciiydii, serum OPN diizeyleri ise timdoriin
histolojik derecesi ile anlamli derecede iliskiliydi. Sonug: Sonug olarak PLT
diizeyleri ve OPN diizeyleri, kopek meme tiimorii olan disi kopeklerde
histolojik derecelerde ve TNM skorlarinda oldugu gibi artan maligniteyi
yansitabilir. Bunun bir sonucu olarak OPN’nin, insan meme kanserinde
oldugu gibi képek meme tiimorlerinde de patofizyolojik bir rolii olabilir.

Anahtar Kelimeler: Inflamasyon; osteopontin; trombosit;
iilserasyon; vaskiiler endotelyal biiyiime faktorii
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Mammary tumors are most frequent type of
tumor in intact female dogs.! Malignant mammary
tumors are constituted 53.3% of canine mammary
tumors.? On physical examination, tumors can be
detected as small or large, single or multiple, fixed or
capsulated, ulcerated or inflammatory.? Inflammation
in dogs with mammary carcinoma causes edema and
pain in mammary glands. Also, prognosis is
extremely poor in such cases.* Dogs with distant
metastasis, invasive, ulcerative and inflammatory
mammary carcinoma are quite likely to have
coagulopathies.’ Platelets (PLT) accelerate cancer
progression and metastasis.® Levels of PLT in dogs
with malignant mammary tumors were found higher
compared to healthy ones.’

Osteopontin (OPN) is a 35kDa
glycophosphoprotein which plays an important role in
diagnosis and treatment of cancers.3? It participates in
biomineralization, chronic inflammation and tumor
biology (invasion, angiogenesis, metastasis, tumor
growth and development).'® Levels of OPN in benign,
malignant and normal non-secretory breast epithelia are
investigated and OPN is undetectable in humans with
normal breast epithelia.!! Also, OPN is overexpressed
in metastatic cases which are strongly associated with
poor prognosis in human breast cancer.'?

Vascular endothelial growth factor (VEGF) is a
protein which controls angiogenesis."* It has a major
role on formation of new vessels and stimulation of
cell migration.'*"> Queiroga et al. reported that VEGF
is considered as a biomarker of tumor development
and metastasis because its serum levels are high in
infiltrative and necrotic tumors.'® Besides, VEGF and
OPN can function in synergy that they may support
cell migration and angiogenesis.!”

The purpose of this preliminary study is to
compare the histological grading, tumor-lymph node-
(TNM) of PLT,
serum/plasma OPN and VEGF in ulcerative or
inflammatory and

metastasis scores, levels

non-ulcerative and non-
inflammatory malignant mammary tumors of dogs.
In this study, it is also aimed to evaluate the
relationship between the circulating VEGF and OPN
levels and tumor progression in mammary tumors
with necrosis or inflammation.

I MATERIAL AND METHODS
ETHICAL STATEMENT

All animal procedures were carried out in accordance
with the approval of the Animal Experiments Unit
Ethics Committee at Istanbul University-Cerrahpasa,
Faculty of Veterinary Medicine (date: August 1,
2019; no: 2019/37). The owners’ consent was
obtained for each bitch.

All animals in the study were treated humanely
in accordance with the Guide for the Care and Use of
Laboratory Animals (www.nap.edu/catalog/5140.
html) and the relevant Experimental Animals Ethics
Committee Approval Report was obtained.

ANIMALS AND STUDY DESIGN

The preliminary materials of the study were 30
bitches with mammary tumors presented to Animal
Hospital of Istanbul University-Cerrahpasa. They
were clinically examined (inspection and palpation)
with regard to the presence or absence of
inflammation and/or ulceration. On clinical
examination, palpation of axillar and popliteal lymph
nodes was performed. All bitches were treated
surgically (total bilateral mastectomy) after the
routine hematological and radiographic
examinations. Three-view thoracic radiographs were
taken to determine the metastasis on lungs by digital
radiography (DR, Ekovia, Korea). Excised mammary
glands of the bitches

histopathological analysis as described previously.!'®

were prepared for
The groups consisted of malignant mammary tumors
with an epithelial origin. The bitches with malignant
mesenchymal tumors or benign tumors and the
bitches with both inflammation and ulceration
together in a mammary tumor were not included to
the study. In addition, intra-mammary lymph nodes
were also examined during the histopathological
analysis of the total mastectomy material. This study
consisted of 18 bitches with malignant mammary
tumors; 5 of which were only ulcerated, 6 of which
were only inflammatory, and 7 of which were neither
ulcerated nor inflammatory. Study groups were
formed according to clinical appearance as; group
(UMT), group
inflammatory mammary tumors (IMT) and group

ulcerated mammary tumors



non-ulcerative and non-inflammatory mammary
tumors (MT).

LABORATORY ANALYSIS

Blood was collected by the puncture of jugular vein
and collected into one clot separator tube and one
EDTA containing tube prior to surgery. They were
centrifuged at 4 °C and 3,500 g for 15 minutes in
order to obtain the serum and plasma samples. All
samples were stored at -20 °C until the analysis.
Levels of OPN and VEGF in serum and plasma were
determined with commercially available canine
specific enzyme-linked immunosorbent assay kits
according to the manufacturer’s instructions (OPN
Catalogue no: 201-15-0618, VEGF Catalogue no:
201-15-2415,
Shangai, China). Assay sensitivity range for VEGF
and OPN were 3-900 ng/L and 0.25-70 ng/mL,
respectively. The blood collected into EDTA
containing tubes was used to determine total number
of PLT. The levels of PLT were obtained from the
results of routine pre-operative hematological

Sunred Biological Technology,

analysis (Procyte Dx Hematology Analyzer, Idexx,
USA). The reference range of PLT count was 110-
460 x103/uL for dogs.

HISTOPATHOLOGICAL ANALYSIS

Tumor samples were histopathologically examined
for staging and determination of inflammation or
Mammary tumors
histologically according to Goldschmidt et al. as
grade 1, 2 and 3. scoring of mammary tumors was
determined according to TNM staging system.!>-2

ulceration. were classified

STATISTICAL ANALYSIS

Before the study, a power analysis was performed
using G*Power 3.1.9.7 software (Heinrich-Heine-
Universitdt Diisseldorf, Diisseldorf, Germany).
Calculations revealed that total sample size of n=18
would be sufficient to provide 80% power with 0.05
a-error probability. Statistical analyses were
performed with SPSS 13.0 package program (SPSS
Inc, Chicago, Illinois, USA). Normal distribution of
data was checked by using the Shapiro-Wilk test.
Non-parametric tests were used because the data did
not show normal distribution. Groups were compared
with regard to histological gradings, TNM scores,
PLT, plasma/serum OPN and VEGF levels using the
Kruskal-Wallis test and the Mann-Whitney U test.
Spearman’s rho correlation test was used to examine
the relationships among the evaluated parameters.
Results are expressed as meanzstandard error of
mean. Statistical significance was set at p<0.05.

I RESULTS

The mean age of the dogs with malignant mammary
tumors was 11.36+£0.94 years. Grossly, UMTs were
observed as swollen, necrotic, and dark red colored
tumors, besides those entities had a tissue loss (Figure
1A). The IMTs were also congested and dark masses,
intact (Figure 1B).
Microscopically, UMT group had epidermal and
dermal edema, hemorrhage necrosis in various

but the epidermis was

degrees besides necrotic tumoral tissues and
inflammatory cells such as macrophages, polymorph
leukocytes and mononuclear inflammatory cells

FIGURE 1: Appearances of mammary tumors. A) Gross appearance of an ulcerative tumor in the 4" left mammary gland (arrow).
B) Gross appearance of an inflammatory tumor which is swollen and reddish dark gray color in the 5" left mammary gland (arrow)



(Figure 2A, Figure 2B). In IMT group lymphocytes,
plasma cells and macrophages scattered among
tumoral foci were observed. Different tumoral
patterns such as tubulopapillary or complex
carcinomas were detected in the MT group (Figure

2C, Figure 2D).

Numbers of the dogs regarding histological
grading and TNM scores are mentioned in Table 1.
Histological grading in IMT group had tended to be
higher than MT group but failed to achieve
significance (p=0.07). However, TNM scores in
UMT and IMT groups were significantly higher than
MT group (p<0.05 and p<0.01; respectively). Levels
of PLT, serum/plasma OPN and VEGF levels and
their significances in terms of the groups were
presented in Figure 3, Figure 4, Figure 5,
respectively.

The highest PLT level was observed in group
IMT (550.33£92.76 K/uL). Levels of PLT were
tended to be higher in group UMT (501.20£63.31
K/uL) than in group MT (346.43433.80 K/uL) but
failed to reach significance (p=0.08). Plasma OPN
levels in group IMT (0.96+£0.19 ng/mL) were
significantly higher than in group MT (0.35+0.07
ng/mL) (p<0.05). Serum OPN levels did not show
statistically significant differences within the groups

FIGURE 2: Microscopic evaluations of mammary tumors. A) Microscopic view of
the ulcerative area (star) causing intense inflammation and necrosis in the epi-
dermis (arrow) and dermis in a UMT (H&E, Bar=100 pm). B) Tubular arrange-
ments (arrows) and a large number of inflammatory cells (star) infiltrated in tumoral
tissue in a UMT (H&E, Bar=20 pm). C) Lymphocytic cell (star) infiltration among
the tubular structures (arrows) in an IMT (H&E, Bar=20 um). D) Tubular carcinoma
area in a mammary gland (H&E, Bar=20 um); UMT: Ulcerated mammary tumor;
H&E: Hematoxylin-eosin; IMT: Inflammatory mammary tumor

TABLE 1: Numbers of the dogs within the groups with regard
to histological grading and TNM scores

Groups' UMT (n=5) IMT (n=6) MT (n=7)
Grade 1 - 1 4

2 5 G 8

8 - 2
TNM scores 1 - - 5

2 4 4 2

3 1 2 -

TUMT: Ulcerated mammary tumors; IMT: Inflammatory mammary tumors;
MT: Non-ulcerative and non-inflammatory mammary tumors;
TNM: Tumor-lymph node-metastasis
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FIGURE 3: PLT levels related to the groups
PLT: Platelet; UMT: Ulcerated mammary tumors; IMT: Inflammatory mammary
tumors; MT: Non-ulcerative and non-inflammatory mammary tumors
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FIGURE 4: Serum and plasma OPN levels related to the groups. a, b values wit-
hin a row with different superscripts differ significantly at p<0.05

OPN: Osteopontin; OPN/s: Serum OPN; OPN/p: Plasma OPN; UMT: Ulcerated
mammary tumors; IMT: Inflammatory mammary tumors; MT: Non-ulcerative and
non-inflammatory mammary tumors

(p>0.05). Serum and plasma VEGF levels were not
different between the groups (p>0.05). Plasma OPN
was moderately correlated with serum OPN (1=0.562;
p<0.05). Also, serum OPN levels were moderately
correlated with histological grading of the tumors
(r=0.518; p<0.05). Serum and plasma VEGF levels
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FIGURE 5: Serum and plasma VEGF levels related to the groups

VEGF: Vascular endothelial growth factor; VEGF/s: Serum VEGF; VEGF/p: Plasma
VEGF; UMT: Ulcerated mammary tumors; IMT: Inflammatory mammary tumors;
MT: Non-ulcerative and non-inflammatory mammary tumors

were not correlated with PLT, TNM, histological
grading and serum and plasma OPN levels (p>0.05).

I DISCUSSION

In this study, the relationship between the circulating
VEGF and OPN levels and tumor progression in
mammary tumors with necrosis or inflammation were
investigated. For this purpose, histological grading,
TNM scores, PLT levels, plasma/serum OPN and
VEGF levels were evaluated in malignant mammary
tumors related to the presence or the absence of
inflammation or ulceration. Gupta et al. reported the
highest incidence of canine mammary tumors as 10-
12 years old. In accordance with the previously
reported, the mean age of female dogs with mammary
tumors in this study was within the highest incidence
ages (11.36+0.94 years).?!

Histological grading of malignant epithelial
provides
information to clinicians about prognosis and high
grade reflects the worsening prognosis.'” Secretion of

canine mammary tumors valuable

large number of cytokines and chemokines
exacerbates the tumor inflammation.?? Elevated
levels of cytokines and chemokines were associated
with high grade of malignancy in canine mammary
tumors. In this study, histological grades of group
IMT were tended to be higher than group MT. Even
though this study is a preliminary study, the detection
of higher histological grades in the presence of
inflammation supports the relationship of cytokines
and chemokines with malignancy. Scoring of TNM is
associated with tumor malignancy and as TNM
scores increase, the prognosis gets poorer.2* Tecles et

al. reported that the inflammatory mediators increase
in the presence of large masses and ulceration or
secondary inflammation of the neoplasms.? In this
study, increasing TNM score was significantly
associated with the presence of ulceration and
inflammation. In agreement with the previous reports,
presence of ulceration or inflammation on tumor
reflected the increased malignancy.?*?

Hemostatic changes are frequently seen in dogs
with a malignant mammary tumor which have distant
metastasis, severe necrosis and inflammation on the
tumor. A significant correlation between coagulation
parameters and tumor necrosis was observed.’ In this
study, levels of PLT had tendency to be higher in
group UMT than group MT. Even if the differences
could not reach a significance, elevated levels of PLT
in the presence of ulceration on tumor was thought to
reflect the increase in malignancy.

OPN plays an important role in tumor
progression, inflammation, and metastasis in humans
with breast cancer. Tumor cell-secreted OPN has an
effective role in the inflammatory process by
activating the mammary fibroblasts.? In this study, a
significant rise in the plasma OPN levels was
observed in the group IMT than in the group MT. It
was hypothesized that this significant rise supposed
to be due to the role of OPN in the inflammatory
process in canine mammary tumors as in humans
with breast cancer. Although, OPN is related with
poor prognosis in human breast cancer, intense
expression of OPN is observed in mesenchymal
elements of benign mammary tumors than malignant
mammary tumors, in canine species.?’?® Expression
of OPN is limited in ulcerated human breast cancer
with bone metastases.? In this study, the lack of
elevated plasma/serum OPN levels in group UMT
could be explained by the lack of affinity of OPN to
ulcerative masses as reported in human breast
cancer.”

Inflammation usually occurs in prolonged
neoplastic processes. Inflammatory cells secrete
some mediators which promote angiogenesis and
consequently tumor growth.?® Queiroga et al. reported
that overexpression of cyclooxygenase-2 and VEGF
may influence tumor aggressiveness by increasing



angiogenesis.'® In contrast, the levels of serum and
plasma VEGF were not significantly associated with
tumor inflammation in this study. It was thought that
significant differences were not obtained due to the
presence of the same histopathological malignancy
type in all groups. In canine mammary tumors,
expression of VEGF was investigated in malignant,
benign, and non-neoplastic mammary glands.’*32
Queiroga et al. reported that VEGF expression in
malignant tumors was significantly associated with the
presence of necrosis.'® However, other reports showed
no significance in VEGF expression with the presence
of ulceration and necrosis on the tumor.***? In contrast
with Queiroga et al. but in line with the other
researchers, serum and plasma VEGF levels were not
significantly associated with the presence of ulcerative
or necrotic tumor structure in this study. 63032

In addition to inflammatory process, OPN has a
physiological function in tumor Dbiology.*
Consequently, OPN is potentially valuable biomarker
for diagnosing and treating cancers in humans.!® In
human breast cancer, OPN expression correlated with
lymph node metastasis, TNM stage, and histological
grade.®* Although all groups in the present study had
mammary tumor with malignant character, serum
OPN levels were moderately correlated with
histological grade. It was hypothesized that similar
results could exhibit the role of OPN in the
pathophysiology of canine mammary tumor as in

human breast cancer.

I CONCLUSION

In conclusion, PLT levels and OPN levels are capable
to reflect the increased malignancy as in histological
grades and TNM scores in female dogs with canine
mammary tumor. As a result of that OPN could have
a pathophysiological role in canine mammary tumors
as in human breast cancer.
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