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Ozet

Kopek yumusak doku sarkomlar: tedavisi oldukga zorlu, invazyon ve metastaz ézellikleri yiiksek olan kompleks bir grup tiimordiir. Malign
tiimoral dokularda gogunlukla infiltrasyonlar1 gozlenen yang hiicreleri igerisinde makrofajlar ve nétrofiller bulunmaktadir. Bu iki yangt hiicresi-
nin tiimorlerdeki malignite ve kotii prognozla iligkili olan tipleri tiimor iliskili makrofajlar ve timor iligkili notrofiller olarak adlandirilmak-
tadir. Bu galigmada kopek yumugak doku tiimorlerinde calprotectin pozitif notrofil ve makrofajlarin varligi immunohistokimyasal yontemlerle
arastirilmigtir. Bu amagla farkli irk, yas ve cinsiyetteki 31 adet kopekten, farkli kokenden mezenkimal tiimérler incelendi. Tiimorlerin histopato-
lojik olarak siniflandirilmasi sonrasinda calprotectin pozitif makrofaj ve nétrofiller agisindan benign ve malign tiimorler arasinda kargilagtirma
yapild1. Pozitiflik gozlenen tiim hiicreler bazinda yapilan degerlendirmelerde malign yumusak doku tiimoérlerinde calprotectin pozitifligi benign
timorlere oranla anlamli derecede yiiksek bulundu. Yalnizca makrofajlar agisindan yapilan degerlendirmelerde de malign tiimoérlerde belirgin
bir yiikseklik dikkati ¢ekti. N6trofil varligr agisindan ise benign ve malign tiimorler arasinda istatistiksel olarak anlamli bir farklilik bulunamadi.
Calismamizda elde ettigimiz sonuglara gore kopeklerde yumusak doku tiimérlerinde calprotectin pozitif 16kosit infiltrasyonlarinin malignite ile
iligkili olebilecegi gozlenmistir.
Anahtar Kelimeler: Calprotectin, képek, makrofaj, nétrofil, yumusak doku tiimorii

Abstract
Soft-tissue sarcomas are a complex group of tumors that are difficult to treat and have high invasion and metastasis potential. Inflammatory cell
infiltrations are associated with malignancy in many human and animal tumors. Macrophages and neutrophils are found in inflammatory cells
whose infiltration is observed in malignant tumor tissues. Subtypes of these inflammatory cells associated with malignancy and poor prognosis
in tumors are called tumor-associated macrophages and tumor-associated neutrophils. In this study, the presence of calprotectin-positive neutro-
phils and macrophages in canine soft-tissue tumors was investigated using immunohistochemical methods. For this purpose, mesenchymal tu-
mors of different origins from 31 dogs of different breeds, ages, and sexes were examined. After the histopathological classification of the tumors,
a comparison was made between benign and malignant tumors in terms of calprotectin-positive macrophages and neutrophils. Calprotectin
positivity in malignant soft-tissue tumors was found to be significantly higher than that in benign tumors in the evaluations made on the basis of
all positive cells. In the evaluations made only in terms of macrophages, a significant increase in malignant tumors was also noted. No statistically
significant difference was found between benign and malignant tumors in terms of neutrophil presence. According to the results in our study, it
was observed that calprotectin-positive leukocyte infiltrations could be associated with malignancy in canine soft-tissue tumors.

Keywords: Calprotectin, dog, macrophage, neutrophil, soft-tissue tumor

Introduction connective tissue, blood vessels, lymphatics, nerves, and
adipose tissue tumors. They are particularly noticeable in
Soft-tissue tumors typically occur in older dogs and con- ~ certain parts of the body such as the head and extremi-

stitute 15% of subcutaneous tumors including fibrous ties, and metastases typically occur in the lungs and lymph
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nodes'. Despite being a very heterogeneous group of tu-
mors, malignant tumors are together referred to as soft-tis-
sue sarcoma because their biological behavior tends to be
very similar. Sarcomas originate from various mesenchy-
mal tissues such as muscle, neurovascular, connective, and
adipose tissues. Although the majority of cases are located
in the subcutaneous or musculoskeletal system, soft-tissue
tumors can develop in other organs such as the lung, heart,
liver, spleen, urogenital organs or gastrointestinal organs,
as well as retroperitoneal, and mediastinal areas®.
Inflammation that does not resolve in a tumor microenvi-
ronment is the hallmark of cancer**. Immune cells along
with leukocytes, fibroblasts, and vascular endothelial cells
form a tumor microenvironment. These immune cells
interact with tumor cells to affect the formation, growth,
and metastasis of tumors®. Tumor-associated macrophages
(TAMs) are often prominent immune cells that orchestrate
various factors, particularly in the tumor microenviron-
ment®” Monocytes/macrophages can be polarized to M1
or M2 macrophages. Classically activated macrophages,
also known as M1-polarized macrophages, are activated
by cytokines such as interferon-gamma, producing proin-
flammatory and immunostimulatory cytokines (e.g., inter-
leukin [IL]-12 and IL-23). TAMs are thought to be more
similar to M2-polarized macrophages and are known as
alternatively activated macrophages activated by Th2 cy-
tokines (e.g., IL-4, IL-10, and IL-13). TAMs play an im-
portant role in linking inflammation with cancer. They can
promote proliferation, invasion, metastasis and angiogen-
esis of tumors, inhibit T-cell-mediated anti-tumor immune
response, and promote tumor progression®.

The intracellular functions of S100 proteins include the
regulation of calcium homeostasis, cell cycle, cell growth
and migration, phosphorylation, cytoskeletal components,
and transcriptional factors. Unlike their intracellular func-
tion, extracellular S100 proteins act in a cytokine-like fash-
ion by binding to cell surface receptors such as enhanced
glycation end products and Toll-like receptors®'’. Calpro-
tectin (CAL) is a member of the S100s protein family and
is a heterodimeric calcium-linked proteinl11. It is found in
neutrophils, monocytes, keratinocytes, and macrophages.
After this substance is secreted from the activated granu-
locytes, it participates in inflammatory processes similar
to cytokines and takes part in various cellular processes.
These include cell cycle progression, cell survival, prolif-
eration, differentiation, and cell migration. Moreover, they
can affect cellular functions involving regulation of calci-
um hemostasis, rearrangement of cytoskeletal components
and cell migration. It can also suppress microbial growth
as a zinc and manganese chelator and zinc-dependent en-
zymes such as matrix metalloproteinases'' .
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In 1863, Virchow suggested that the origin of cancer was
related to chronic inflammation'*. Several studies point out
a strong link between CAL and inflammation, innate im-
munity, cancer, and malignancies triggered by infections;
however, molecular and cellular mechanisms are not ful-
ly elucidated®. This study was aimed at determining and
comparing the presence and scores of CAL-positive leuko-
cyte infiltrates in canine benign and malignant soft-tissue

tumors.

Materials and Methods

In this study, 31 canine soft-tissue tumors were included
from archives of tissue blocks (Table 1). First, soft-tissue
tumors were classified histopathologically as previous-
ly reported's's. After these classifications, tumors were
evaluated for the presence of CAL-positive macrophages
and neutrophils in benign and malignant cases. Density
of CAL-positive leukocytes was compared in benign and
malignant tumors and evaluated according to the specific
tumor diagnosis (e.g., fibrosarcoma and peripheral nerve
sheath tumor).

Table 1. Cases and histopathological diagnosis.

No | Species | Race Gender | Age Location BI.IStDp allhulogmal
iagnosis
1 Dog Crossbreed Female 14 year | Mammary Fibroma
2 Dog Transylvanian Male 6 year Hip Fibroma
Hound
3 Dog Transylvanian Male 6 year Hip Fibroma
Hound
4 Dog Russian Poodle | Male 10 year Gum Fibroma
5 Dog Crossbreed - - Vagina Fibroma
6 Dog - - - - Fibroma
7 Dog - - - - Fibroma
8 Dog Crossbreed Male 15 year | - Fibroma
9 Dog - - - - Leiomyoma
10 [ Dog Crossbreed Female 11 year | Wagina Leiomyoma
11 | Dog Terrier Female 16 year | Vagina Leiomyoma
12 | Dog Golden retriever | Male 5.5 year | Neck Fibrosarcoma
13 [ Dog Rottweiler Male 4 year Right forearm Fibrosarcoma
14 | Dog Crossbreed - - Oral Fibrosarcoma
15 | Dog Setter Male 3 year Left forearm Fibrosarcoma
16 | Dog Crossbreed Female 16 year | Gum Fibrosarcoma
17 | Dog Crossbreed - 15year | - Fibrosarcoma
18 | Dog Golden retriever | Male 10 year | - Fibromyxosarcoma
19 | Dog Golden retriever | Female 9 year Left scapula Myxosarcoma
20 | Dog Golden retriever | Female 8 year Spleen Hemangiosarcoma
21 | Dog Crossbreed Female 6 year Larynx Hemangiosarcoma
22 [ Dog Terrier Male 12 year | Perianal region | PNST
23 | Dog Husky Female 15 year | Tarsal region PNST
24 [ Dog Crossbreed - - Perianal region | PWT
25 | Doz Crossbreed Female 7 year Abdominal Liposarcoma
- muscle
26 | Dog Golden retriever Female 7 year fntra;capula.r Liposarcoma
ocation
27 | Dog Crosshreed Female 12 year Lateral femoral | Liposarcoma
muscle
28 | Dog Crossbreed Male 6 year Lower eyelid Undifferentiated
sarcoma
29 | Dog Crosshreed Male 13year | Spleen Undifferentiated
sarcoma
30 | Dog Rottweiler Male 8 month | Lumbal region Undifferentiated
sarcoma
31 | Dog German Undifferentiated
= Male 6 year Gum
Shepherd N sarcoma

PWT: Perivascular wall tumor, PNST: Peripheral nerve sheath tumor

Immunohistochemically, a CAL antibody (Calprotectin,
clone MAC387, Thermo Scientific, Fremont, CA, Catalog
# MA1-80446) marker was used to determine CAL expres-
sion in macrophages and neutrophils. For immunohisto-
chemical staining, 4-5-pm-thick sections were taken from
paraffin blocks with microtome (Leica RM 2155) on po-



Savas & Ipek 2021

ly-1-lysine slides, deparaffinized in xylene (Xylene - Merck
Millipore: 108661) and dehydrated in an alcohol series. For
antigen retrieval, tissues were treated with trypsin (0.25%
HyClone Trypsin Solution) for 20 minutes at 37°C. Then,
the sections were washed in phosphate buffered saline
(PBS) solution for 2 x 5 minutes and incubated in 3% hy-
drogen peroxide (Merck: 107209) solution for 15 minutes
to block the endogenous peroxidase activity. After the in-
cubation was completed, the sections were washed again
with a PBS solution for 5 minutes, and normal goat serum
(Vectorlab, 2.5% Normal Goat Serum) was applied to the
sections for 30 minutes to prevent non-specific antibody
binding. Tissues were incubated at 4°C overnight with a
primary antibody diluted at the rate of 1/200 with an anti-
body diluent (Large Volume UltrAb Diluent Plus, Thermo
Scientific: TA-125-UDX). After the primary antibody incu-
bation, slides were washed with PBS for 2 x 5 minutes, and
biotinylated goat anti-polyvalent (mouse-rabbit) (Thermo
Scientific ™ Lab Vision ™ Biotinylated Goat anti-Polyvalent)
was applied as a secondary antibody. Washing was carried
out with PBS for 2 x 5 minutes. Then, a Streptavidin per-
oxidase solution (Vectorlab, InmPRESS Excel Amplified
HRP Polymer Reagent) was applied for 30 minutes. DAB
(Vectorlab, InmPACT® DAB EqV Substrate) was used as
a chromogen. Counter-staining of sections was made with
Mayer's hematoxylin (Merck) for 15 seconds, and slides
were then dried, covered with entellan and examined un-
der a light microscope. Normal canine spleen and canine
chronic dematitis slides were used as positive controls.
Evaluation of immunohistochemical staining was done
semi-quantitatively. Scoring between 0 and 4 was made by
counting positively stained neutrophils and macrophages
in 10 random high-power fields for each case.

Statistical Analysis

Minitab 16 package program (version 16.1.1) was used for
statistical evaluation. The Ryan-Joiner normality test was
applied to determine whether the scores obtained showed
normal distribution. After scoring, the differences in im-
mune stainings between benign and malignant tumors
were evaluated statistically using the paired T test, and
whether the results were significant or not was determined.
In addition, the Pearson correlation test was used to deter-
mine the correlation between neutrophil and macrophage
infiltrations in all tumors.

Results

Histopathological Findings

As a result of histopathological examinations, eight fibro-
mas, three lelomyomas, six fibrosarcomas, one fibromyxo-
sarcoma, one myxosarcoma, two hemangiosarcomas, one
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Figure 1. Neoplastic cell proliferations with marked anisokaryosis and

multiple mitotic figures in a fibrosarcoma case. H&E. Bar: 50 um.

Figure 2. Neoplastic cell proliferations with vacuolar cytoplasm show-

ing significant anisokaryosis in a myxosarcoma case. H&E. Bar: 50 pm.

Figure 3. Numerous capillary vessel formations and endothelial cell

proliferations with the signs of malignancy in a hemangiosarcoma case.
H&E. Bar: 20 um.

perivascular wall tumor (PWT), two peripheral nerve
sheath tumors (PNSTs), three liposarcomas, and four un-
differentiated sarcomas were diagnosed.

In fibroma cases, fibroblast proliferations showing uni-
formity within the collagen-rich stroma were observed.
Multifocal mononuclear cell infiltrates were noted in the
two cases. In the other case, dense vessel formations and
superficial inflammation were observed. In the leiomyoma
cases, proliferation of neoplastic myocytes with uniform
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Figure 4. Whirling pattern of proliferating neoplastic cells around the
blood vessels in a PWT case. H&E. Bar: 100 pm.

nuclei and prominent large eosinophilic cytoplasms was
observed.

In fibrosarcoma cases (Figure 1), there were tumoral cells
showing marked anisokaryosis and irregular growth in
multiple directions and containing multiple mitotic fig-
ures. Leukocyte infiltrations were observed multifocally.

.‘\.“ *\

PNST case. H&E. Bar: 200 um.

In the fibromyxosarcoma case, proliferation of neoplastic
cells exhibiting marked anisokaryosis with mucinous se-
cretions and numerous large vascular structures were seen.
In the myxosarcoma case (Figure 2), neoplastic cells that
have mucinous appearance with moderate anisokaryosis

Figure 6. Neoplastic proliferations showing signs of malignancy and
containing multiple and different sizes of fat vacuoles in a liposarcoma

case. H&E. Bar: 50 pm.

were noted.
In hemangiosarcoma cases (Figure 3), endothelial cell pro-
liferations showing numerous capillary vessel formations

and prominent signs of malignancy were observed. In one

( - . A TR e N ——
Figure 7. Neoplastic cell proliferations with signs of malignancy and
numerous mitotic figures in a case of undifferentiated sarcoma. H&E.

Bar: 50 um.

case, large hemorrhages covered the majority of the tumor
parenchyma. In the other case, intense inflammatory cell
infiltrates were seen.

In the PWT case (Figure 4), neoplastic cell proliferations
that have a spindle or round to oval shape with moderate
anisokaryosis showing a whirling pattern in the periphery
of the blood vessels and intertwined appearance were not-
ed. Numerous capillary vessels were observed in the tumor
tissue. In addition, focal neutrophil infiltration was noted.
In one of the PNST cases, proliferation of the mesenchy-
mal cells forming multiple foci of spiral formations with-
out central vascular structures was noted. In the other case,
proliferations in the form of intertwined thin bundles with

Figure 8. Many CAL-positive neutrophils observed superficially in a fi-
broma case and scattered macrophages in the parenchyma. Avidin-bio-

tin complex method. DAB. Bar: 100 pm.

prominent clefts (Figure 5) and distinct Antoni A type-like
formations were noted.

In liposarcoma cases (Figure 6), neoplastic cell prolifera-
tions with prominent and numerous small and large vacu-
oles in cytoplasms were seen. These cells generally showed
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marked anisokaryosis, numerous mitotic figures, and rare
multinucleation.

In the undifferentiated sarcoma cases (Figure 7), numer-
ous spindle cell proliferations that showed distinct signs of
malignancy in the form of intertwined growths were ob-
served.

Immunohistochemical Findings

CAL positivity was observed in macrophages and neutro-
phils infiltrating tumor tissues. Macrophage and neutro-
phil scores and total scores according to the diagnoses are
presented in Table 2. In the comparison of benign (Figure
8) and malignant tumors in terms of the total score, it was
observed that the scores in malignant tumors were signifi-
cantly higher than those in benign tumors (P < 0.01). No
statistically significant difference was observed in the com-
parison of benign and malignant tumors in terms of neu-
trophil scores. However, a significant increase in malignant
tumors was observed in the comparison of benign-malig-
nant tumors in terms of macrophages (P < 0.05).

As the observed benign tumors are mostly fibroma, a com-
parison of the same type of benign and malignant tumors

was considered. To this end, fibroma cases and malignant

Figure 9. Abundant CAL-positive leukocytes in a fibrosarcoma case.

Avidin-biotin complex method. DAB. Bar: 100 pm.

Figure 10. CAL-positive macrophages scattered in the parenchyma in

a fibrosarcoma case. Avidin-biotin complex method. DAB. Bar: 50 um.

Table 2. CAL positive macrophage and neutrophil counts and total

scores according to diagnosis.
Histopathological

Macrophage Neutrophil

No ] . Total Score
Diagnosis Score Score
1 Fibroma 1 1 1
2 Fibroma 0 o 0
3 Fibroma 1 1 1
4 Fibroma 2 1 2
5 Fibroma 3 4 4
6 Fibroma 1 0 1
7 Fibroma 0 0 0
8 Fibroma 1 0 1
9 Leiomyoma 0 0 0
10 Leiomyoma 1 0 1
11 Leiomyoma 2 0 2
12 Fibrosarcoma 1 4 4
13 Fibrosarcoma 4 4 4
14 Fibrosarcoma 4 4 4
15 Fibrosarcoma 2 1 2
16 Fibrosarcoma 4 1 4
17 Fibrosarcoma 3 2 3
18 Fibromyxosarcoma 4 1 4
19 Myxosarcoma 0 0 0
20 Hemangiosarcoma 3 1 3
21 Hemangiosarcoma 1 4 4
22 PNST 0 0 0
23 PNST 0 0 0
24 PWT 2 2 3
25 Liposarcoma 4 1 4
26 Liposarcoma 1 0 1
27 Liposarcoma 4 1 4
28 Undifferentiated 1 0 1
sarcoma
29 Undifferentiated 1 0 1
sarcoma

Undifferentiated
sarcoma
Undifferentiated

sarcoma

4

4 4 4

Figure 11. CAL-positive leukocytes in a fibromyxosarcoma case. Avi-

din-biotin complex method. DAB. Bar: 100 pm.

Figure 12. Multiple CAL-positive leukocytes in a liposarcoma case. Avi-

din-biotin complex method. DAB. Bar: 50 pum.
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Figure 13. CAL negativity in a PNST case. Avidin-biotin complex meth-
od. DAB. Bar: 50 pm.

Figure 14. CAL-positive macrophages and neutrophils in a PWT case.
Avidin-biotin complex method. DAB. Bar: 20 pum.

Figure 15. Numerous CAL-positive leukocytes in a hemangiosarcoma

case. Avidin-biotin complex method. DAB. Bar: 100 pum.

connective tissue tumors (fibrosarcoma, fibromyxosarco-
ma and myxosarcoma) were compared in terms of neutro-
phil, macrophage and total scores (Figures 9-11). In the
comparison made in terms of the total score, the total CAL
score was found to be significantly higher in malignant
connective tissue tumors compared to that in benign ones
(P <0.05). Although no significant difference was observed
between the two groups in terms of CAL-positive neutro-
phils, a significant increase in macrophages was noted in
malignant connective tissue tumors (P < 0.05). A statistical
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Figure 16. Numerous CAL-positive leukocytes in an undifferentiated

sarcoma case. Avidin-biotin complex method. DAB. Bar: 50 pum.

comparison was not made between other specific tumor
types (liposarcoma, PWT, PNST, hemangiosarcoma, and
undifferentiated sarcoma) (Figures 12-16) because of the
low number of cases. The data of statistical analysis are pre-
sented in Table 3.

Table 3. Statistical comparison of CAL positivity.

Comparison of the All  Comparison of the Benign
Group Benign and Mali t  and Mali t Connective
Tumors Tissue Tumors
Benign - Macrophage & Neutrophil 1.182+0.352%* 1.250+0.453*
Mali t - Macrophage & Neutrophil 2.700+0.356%* 3.125+0.515%
Benign - Macrophage 1.091+0.285% 1.125+0.350%
Malignant - Macrophage 2.350+£0.357* 2.750£0.559%

P<0,05; *¥P<0,01

Pearson's correlation test was also used on the basis of all
tumors to reveal the relationship between CAL-positive
neutrophils and macrophages, and a positive correlation
was found (P < 0.01) (Table 4).

Table 4. Pearson’s correlation test results between neutrophils and mac-

rophages.
CAL positivity Neutrophil Macrophages
Neutrophil Pearson correlation 1 510%*
Sig. (2-tailed) 0,003
Macrophages Pearson correlation 510%* 1
Sig. (2-tailed) 0,003

*##* Correlation is significant at 0.01 level (2-tailed)

Discussion And Conclusion

Inflammatory cells and cytokines contribute to tumor
growth, progression and immunosuppression rather than
a response to the tumor. Moreover, cancer sensitivity and
severity may be related to functional polymorphism of
inflammatory cytokine genes, and suppression of inflam-
matory cytokines in experimental cancer models also
suppressed tumor growth'. Approximately 15% of global
cancer cases can be attributed to infectious agents and in-
flammation’. In the comparison of benign and malignant
mesenchymal tumors in our study, a significant increase in
CAL-positive inflammatory cells was noted in malignant
tumors. Especially in fibrosarcomas, a general increase in
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inflammatory cells was observed, but a lower level of in-
flammatory cells was observed in some other malignant
tumors. It is known that the increase in the risk of ma-
lignancy is associated with chronic inflammation caused
by chemical and physical agents®, autoimmune diseases,
and inflammatory reactions of unknown etiology”'. In our
study, these low CAL-positive leukocyte infiltrates in some
tumors were thought to be related to the degree of differ-
entiation of the tumors as stated. As a matter of fact, it was
noted that the tumor cells displayed low-grade anaplasia
in terms of malignancy findings in the myxosarcoma case
with a low inflammatory cell score. The CAL score was also
found to be low in one liposarcoma and two PNST cases.
Avallone et al."” classified the canine perivascular wall tu-
mors according to their histopathological and immuno-
histochemical characteristics as angioleiomyoma/sarcoma,
myopericytoma, angiofibroma, angiomyofibroblastoma,
and hemangiopericytoma. They stated that among these
tumors, the whirling pattern is found in myopericyto-
ma-like perivascular myoma, myopericytoma, angiofibro-
ma, and angiomyofibroblastoma and that the distinction
between them is possible with a number of markers such
as desmin, vimentin, smoothelin, and a-SMA. A distinct
whirling pattern was observed in the PWT case observed
in our study, and it was thought that the tumor could be
one of the PWT types compatible with the whirling pattern
mentioned earlier. When evaluated in terms of malignan-
cy, it was observed that the tumor has a characteristic of
less differentiation in terms of nuclear malignancy criteria
(marked anisokaryosis, high mitosis, prominent nucleo-
lus structure, etc.). Consistent with this, it was observed
that abundant CAL-positive inflammatory cell infiltrations
were abundant in this case.

It is difficult to distinguish PWT from PNST in dogs. His-
tologically, PNSTs are seen as intertwined bundles of spin-
dle-shaped cells with whirling patterns. Compared to those
in PWTs, the whirls in PNSTs are less prominent, and tu-
moral cells surround the sclerotic collagen instead of cap-
illaries. In addition, mesh-shaped cells have thinner and
more intracellular fibrils or mucinous matrix than PWT?**
>, Although no spiral pattern was observed in one PNST
case observed in our study, it was noticeable in the other
case. A distinction is made from PWT by the absence of
a central vein in the tumor with a whirling pattern. In the
other PNST, palisade-shaped cell nuclei with distinct clefts
similar to Verocay bodies were found in some areas. Since
no CAL positivity was found in these tumors, it was not
possible to evaluate the association of CAL positivity with
malignancy for PNSTs. In this regard, it is thought that
the relationship between inflammation and malignancy of
PNSTs should be investigated in further studies.
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With the unraveling of the relationship between TAMs and
malignant tumors, TAMs are now recognized as potential
biomarkers for the diagnosis and prognosis of cancer and
potential therapeutic targets for cancer. TAMs produce
growth factors and angiogenic factors in the tumor micro-
enviroment and release protease enzymes that degrade the
extracellular matrix. Therefore, TAMs can support tumor
invasion and metastasis by increasing tumor cell prolifer-
ation and angiogenesis and degrading of surrounded tis-
sues®. There are reports on the direct importance of pro-
teases produced from TAMs, neutrophils, and mast cells
in experimental carcinogenesis models”. The presence of
macrophages in smooth muscle tumors in humans has been
investigated, and it has been determined that macrophage
infiltrates have a significant relationship with survival in
non-gynecological lelomyosarcomas®. It is also known that
TAMs are significantly associated with poor prognosis in
breast, cervical, bladder and gastric cancers in humans**°.
Numerous previous studies in dogs have demonstrated the
presence of TAMs in malignant mammary tumors and
their association with poor prognosis*~*. The presence
of TAMs in colorectal cancers and malignant melanocyt-
ic tumors in dogs has been demonstrated, and it has been
demonstrated that their numbers increase compared to
that of benign tumors**. In our study, as in CAL-positive
macrophage and neutrophils, a significant increase was ob-
served in malignant tumors compared to benign tumors in
scoring made only for macrophages. These macrophages
have been found to be dispersed and widespread, partic-
ularly in the tumor parenchyma. Although CAL-positive
macrophages are statistically high in malignant tumors,
their absence in some malignant tumors may be related to
the differentiation degree of tumors. Additionally, the pres-
ence of mild to moderate macrophages has been observed
in some benign tumors. The reason for these infiltrations
may be the stimulation of macrophage response associated
with environmental effects such as trauma or infections.

There are predictions that damage-related molecular pat-
tern molecules such as CAL may lead to tumor formation
and progression of malignancy by regulating the host im-
mune response. CAL stimulates Nf-kB activation through
which various genes (Cxcl11, Ccl15, Ccl7, Slc39al10, Len2,
Zc3h12a, and Enpp2) that are involved in angiogenesis,
tumor migration, wound healing and pre-metastatic for-
mations are produced®”’. Recent studies have demon-
strated that malignancy and tumor invasion are reduced
in CAL-suppressed animals and CAL induces cancer cell
migration®®®. In our study, we observed intensive CAL
positivity in both neutrophils and macrophages that were
more prominent in malignant tumors, and these cells were
distinguished by their morphological features. Neutrophils
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are reported to have important roles in cancer and inflam-
mation®. CXC chemokines such as interleukin-8 are fre-
quently secreted in human and rodent tumors, and these
chemokines have a strong chemotactic effect for neutro-
phils41. Neutrophils are classified as N1 and N2 according
to their capacity to affect T lymphocytes®>. N2 neutrophils
have been reported to suppress anti-tumor CD8+ T cell
functions through iNOS production in a rodent breast
cancer model®. N1 neutrophils have been demonstrated to
have anti-tumor activities through direct antibody-depen-
dent cytotoxicity and indirectly through T cell activation
and proinflammatory cytokine production*. Indeed, neu-
trophil infiltrations have been associated with poor prog-
nosis in many tumors (hepatocellular carcinoma, broncho-
alveolar carcinoma, colorectal carcinoma, and head and
neck squamous cell carcinomas) in humans*~*°. However,
it has been reported that neutrophils are associated with a
better prognosis in some other tumor types such as gastric
carcinoma®. Although a numerical increase in malignant
tumors was observed in the comparison of benign and ma-
lignant neutrophils in our study, no statistically significant
increase was observed. The observed variation in neutro-
phil infiltration in tumors may be related to the level of
synthesis of CXC and similar factors in different tumor
types. Moreover, neutrophils may not be directly associat-
ed with malignancy in canine soft-tissue tumors.

Well-known relationships exist between neutrophils and
monocytes/macrophages®. Neutrophils and monocytes/
macrophages express similar antigens and produce effec-
tor molecules such as granular proteins, oxidants, chemo-
kines, and cytokines®*. Chemotactic substances for neu-
trophils such as CXCL1, CXCL2, and interleukin 1 alpha
are produced by tissue macrophages following microbial
exposure™ . On the contrary, with substances such as
cathepsin G and azurocidin released by neutrophils, other
immune cells, especially monocytes/macrophages, are at-
tracted to the region®. In our study, although macrophage
infiltrations were found to be higher in malignant tumors,
no significant difference was observed regarding neutro-
phil infiltrations. However, a significant correlation was
found between these two inflammatory cells when evaluat-
ed on the basis of all tumors. This indicates that TAMs and
neutrophils can play an important role in tumor malignan-
cy in relation to each other. Thus, it has been demonstrated
that in mice whose neutrophils are suppressed, infiltration
of mononuclear inflammatory cells, especially monocytes,
is decreased®*®. Reconstitution of inflammatory monocyte
migration has also been observed with the restoration of
neutrophils®. In another study, a decrease in the distri-
bution of surface markers of monocytes was observed in
mice with neutrophil-specific granule deficiency®’. In our
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study, it was predicted that these cells may interact with
each other in the tumor microenvironment related to can-
cer. However, since neutrophil infiltrates were observed
to be more localized in tumor tissues compared to mac-
rophages, it was thought that the increase of these cells in
acute trauma and/or contamination sites could be possible.
As a matter of fact, dense localized neutrophil infiltrates
that are formed only superficially in a vaginal fibroma case
also support this idea. However, it is also obvious that neu-
trophil infiltrations may cause macrophage migration in
cancer tissue.

In conclusion, in our study, it was determined that
CAL-positive leukocytes in canine soft-tissue tumors
were generally increased in malignant tumors compared
to those in benign tumors. Similarly, macrophages were
found to be higher, but neutrophils did not significantly
increase in malignant tumors. Our findings indicate that
these cells may play an important role in the malignancy of
canine soft-tissue tumors. However, it is possible to investi-
gate in detail the relationship of these cells with malignan-
cy and prognosis in canine soft-tissue tumors with further
studies to be carried out with larger sample sizes and more
specific tumor types and by demonstration of subtypes of
both macrophages and neutrophils.
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