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Epithelial Periostin Expression in Canine Mammary Tumors
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Abstract | Mammary neoplasms are a prevalent form of malignancy found in canines female . Periostin (POSTN) is a
protein that performs crucial functions in the progression and spread of cancer cells, in addition to the advancement of
tumors. The objective of this research was to evaluate the expression of PN in canine mammary gland tumors. The study
material consists of 44 carcinomas and 6 benign tumors, together with 10 normal samples. Antibodies targeting the
antigen POSTN have been used to conduct immunohistochemistry procedures. In normal biopsies, the expression of
periostin was absent in the epithelial compartment. High levels of POSTN expression was detected in 93.2% of cancer-
ous biopsies as well as in 16.7% of benignly diagnosed biopsies. With a noticeable difference between these two groups
(P<0.01). PN was found to be highly expressed in 92.1% of the newly diagnosed cases and 100% of the recurring cases.
PN exhibited a higher level of expression in females (95%) compared to males (75%), with a statistically significant
difference (P<0.01). Additionally, PN expression was shown to be significantly higher in the advanced age group (10-15
years), with a 100% expression rate. Furthermore, there was a significant variation in periostin expression among differ-
ent breeds (P<0.05). The statistical analysis indicates that there is no significant variation in periostin expression across
different cancer groups based on type (P<0.01), stage (P<0.01), and grade (P<0.01) of cancer.In conclusion, periostin
expression can be used to evaluate the existence of malignancies in dogs with mammary tumors.
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INTRODUCTION

Mammary neoplasms constitute around 40% of tumors
and are frequently identified as cancerous lesions in
female dogs (Santos ez a/., 2013; Tarab and Al-Rekabi,
2022). Most breast tumors are believed to be malignant,
and their occurrence becomes more common as patients
get older, peaking between the ages of 9 and 11. Unspayed
temale dogs or those who are spayed at an advanced age
are especially susceptible to some breast tumors because of

their hormonal reliance. Furthermore, studies have demon-
strated that doing an ovariohysterectomy at an early stage
might decrease the possibility of acquiring mammary gland
neoplasms (Sleeckx ez al., 2011; Sorenmo ez al., 2011). The
disease’s clinical stage is assessed based on the tumor’s size,
the involvement of regional lymph nodes, and the existence
of metastases (Sorenmo, 2003). The definitive diagnosis
is determined through histopathological examination. In
cases where there is uncertainty, an immunohistochemical
examination (IHC) should be conducted alongside routine
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diagnostics. This involves using antibodies that target spe-
cific tumor cell antigens, which enables greater accuracy in
prognosis and effective treatment (Dolka ez /., 2018; Khay-
oon and Al-Rekabi, 2020). Furthermore, there has been a
developing curiosity about the tumor microenvironment in
recent years due to its important effect on cancer develop-
ment (Allen and Louise, 2011). The tumor stroma consists
of several components, including the stroma of connective
tissue (such as fibroblasts), cells that trigger inflammation,
vascular system vessels, and specialized cells known as can-
cer-associated fibroblasts (CAFs). (CAFs) have an essen-
tial roles in the tumor’s stromal environment and exhibit
distinct functions and gene-expression profiles compared
to regular fibroblasts (Pula ez a/., 2013; Ratajczak-Wiel-
gomas ef al., 2016; Obaid ez a/., 2021). In addition, can-
cer-associated fibroblasts (CAFs) have a role in epitheli-
al-mesenchymal transition (EMT), a significant event in
tumor advancement, and contribute to the modification of
extracellular matrix (ECM) proteins (Morra and Moch,
2011). (CAFs) are believed to contribute to the progression
of breast cancer in female dogs by stimulating angiogenesis,
facilitating the dissemination and attachment of cancerous
cells, and increasing the process of EMT (Krol ez al., 2012;
Hussein ez a/., 2019). Periostin (POSTN) is one of several

markers found in cancer stroma cells.

Periostin is an extracellular matrix glycoprotein that con-
tains fascicles and is typically present in connective tissues
with high collagen content. It is commonly found in the
periosteum of the embryo, placental tissues, and valves of
the heart, as well as in the periodontal ligaments. Addition-
ally, it is upregulated in various adult tissues. Periostin is
more abundant in tissues that are under stress or undergo-
ing wound repair (Rios ¢7 a/., 2005; Hamilton, 2008). The
expression of POSTN was reported in both cancer-associ-
ated fibroblasts (CAFs) and cancerous cells (Nuzzo ef al.,
2016; EK Al-Hamdany, 2022). Moreover, Periostin has
been shown to have a role in cancer cell survival, epithe-
lial-mesenchymal transition (EMT), extracellular matrix
(ECM) breakdown, invasiveness, and distant metastatic
processes (Nuzzo et al., 2014; Muhammed ez al., 2023).
Furthermore, Several types of research on cancer types,
such as non-small cell lung cancer (NSCLC), renal cell car-
cinoma (RCC), malignant pleural mesothelioma (MPM),
breast cancers (Ratajczak-Wielgomas ez a/., 2016; Gonza-
lez-Gonzalez and Alonso, 2018;Ratajczak-Wielgomas ez
al., 2020), have indicated that elevated Periostin levels are
usually associated with tumour aggressiveness, cancer stage
advancement, as well as poorer prognostic outcome, indi-
cating that POSTN levels could be a promising predictive
biomarker ( Soltermann ez a/., 2008; Dahinden e# a/.,2010;
Morra and Moch, 2011). Additionally, the expression of
periostin in malignancies is strongly associated with un-
desirable predicted cancer factors and a worse prognosis

(Hong ez al.,2013; Dawood and Mohammed, 2023).

MATERIALS AND METHODS

ETHICAL APPROVAL

Permission to perform the research was acquired from the
Aden Square Veterinary Hospital and Veterinary Clinics in
Baghdad. Prior to each sample collection, complete author-
ization was obtained from the owners.

SAMPLE COLLECTION AND PREPARATION OF THE
Tissue FOrR IMMUNOHISTOCHEMICAL DETECTION OF
PERTIOSTIN IN PARAFFIN-EMBEDDED SECTIONS.

'The study was approved by the Local Animal Care and Use
Committee at the College of Veterinary Medicine, Uni-
versity of Baghdad, with Approval Number 553 P.G., dat-
ed March 10, 2024. This prospective study includes 50 pet
dogs that have been chosen from cases received by veteri-
narian hospitals and clinics (with abnormal growth detect-
ed in the mammary glands and related abdominal region)
in Baghdad city between October 2022 and June 2023.The
selection criteria were a diagnosis of a mammary gland tu-
mor in the removed tissue biopsies. Out of 50 biopsies, 4
(8%) were males and 46 (92%) were females. In addition,
10 apparently healthy dogs that underwent mastectomy
were included for normal biopsies collection, which were
used as controls (all of them were females).

Suspected mammary carcinoma tissues were isolated in
small containers that contained 50 ml of 10% formalin to
conserve the specimen until histopathological and immu-
nohistochemistry procedures took place. The biopsies un-
derwent fixation in a solution of neutral buffered formalin
(10%), followed by dehydration using a series of ethanol
solutions and clearing in xylenes. Subsequently, the paraf-
fin embedding procedure was carried out, and the sections
were stained with routine stains of hematoxylin and eosin
stain. Examination for histological classification of mam-
mary tumors in female dogs was performed according to
(Goldschmidt ez al., 2011). Histological grading was as-
sessed according to the Nottingham grading system (EL-
STON ez al., 1991) and staging was assessed according to
pathological staging.

PRINCIPLE OF THE TEST

The material containing the target antigen was treated
with H202 for 5-10 minutes to neutralize any endoge-
nous peroxidase activity. Next, the cytoplasmic antigen in
the specimen will form a bond with the corresponding di-
luted rabbit primary antibody. The antibody is incubated
with the polyExcel target binder for 10 minutes, followed
by incubation with the polyExcel HRP-labelled polymer
for another 10 minutes, as suggested. The staining process
was finished within 5 to 10 minutes and then treated with
3,3-diaminobenzidine (DAB) substrate-chromogen, re-
sulting in the formation of a brown-colored precipitate at
the location of the antigen.
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Table 1: The percentage of positively (PR) stained cells and Staining Intensity of positively stained cells (SI) of Periostin
in tissues of mammary gland tumor and normal biopsies of dogs.

percentage of positively
stained cells
of periostin

Staining Intensity score
NO score 0

M No. BNo N No.
2 10 0 0

M No. B No
(Score 0) Negative staining

0
(Score 1) <10% 0 0 0 2
(Score 2) 10_<30% 0 0 3 1
(Score 3) 30 _<50% 0 0 1 0
(Score 4) >50% 0 0 0 0 0
Total No. 0 2 10 4 3

M: Mlignant; B: Benign; N: Normal biopsies .

IMMUNOHISTOCHEMICAL STAINING WAS PERFORMED
UsING

PrivARY ANTIBODY: Rabbit polyclonal to periostin
(Abcam), isotype: IgG, abcam (ab92460)

SECONDARY ANTIBODY: PolyExcel HRP/DAB Detection
System Universal kit for rats and rabbit

which contain:

*  Polyexcel HRP: 50 ml of goat anti-rabbit Conjugate
with HRP (Pathnsitu, USA).

*  Polyexcel target binder :50 ml of rabbit anti- mouse
(Pathnsitu, USA).

PROCEDURE

'The paraffin-embedded samples were sliced into sections
measuring 4 pm in thickness and then placed onto charge
slides that had been coated with poly-lysine. The tissue
slides were treated with xylene to remove the paraffin and
then rehydrated using ethanol solutions of 95%, 80%, and
70%. Following this, the sections underwent antigen re-
trieval using citrate buffer (pH 9.0) by boiling in a micro-
wave oven for 10 minutes. Then, endogenous peroxidase
activity is blocked with hydrogen peroxide. Following that,
for 1 hour, the sections were incubated with ready-to-use
primary anti-periostin antibodies in a humidified chamber.
After that, the sections were treated with poly Excel rabbit
anti-mouse secondary antibody for 10 minutes. Next, the
PolyExcel HRP of goat anti-rabbit conjugate with HRP
(Pathnsitu, USA) was applied for 10 minutes. Subsequent-
ly, the protein was identified using the 3,3’-diaminoben-
zidine (DAB) substrate-chromogen, resulting in a brown
coloration at the antigen site. Ultimately, the section was
treated with Mayer’s hematoxylin for 1 minute at room
temperature, washed with water, dried using a series of eth-
anol and xylene solutions, and then coated with the ap-
propriate DPX mounting medium and coverslip. The slide
was assessed, and the stained cells were quantified with the
assistance of a histopathologist using a light microscope.
The postin immune reactivity in the epithelial compart-
ment (inner luminal cells of normal mammary glands) or

Weak score 1

Total
Moderate score 2 Strong score 3 No.

N No. M No. BNo. NNo. MNo. BNo. N No.

0 0 0 0 0 0 0 12

0 0 0 0 0 0 0 2

0 0 0 0 0 0 0 4

0 4 1 0 19 0 0 25

0 1 0 0 16 0 0 17

0 5 1 0 35 0 0 60

cancer cells was determined based on the intensity and ex-
tent of staining. In general, the staining intensity was as-
sessed using a scoring system ranging from 0 to 3 (0 = -ve
stain, 1 = weakly +ve stain, 2 = moderately +ve staining, and
3 = strongly +ve stain). The extent of positive staining was
estimated and scored on a scale of 0 to 4 (0 = -ve, 1 = <10%
+ve cells, 2 = 10 to <30% +ve cells, 3 = 30 to <50% +ve cells,
and 4 = >50% +ve cells). The sum of the intensity score
and the extent of the staining score were used as the final
staining scores (SS). SS of <4 were categorized in the low
expression group, and cases with SS of 4 to 7 were catego-
rized in the high expression group (Kim et al.,2017). Every
instance of immunohistochemistry involves the inclusion
of both positive and negative controls. In the negative con-
trol, the primary antibody is substituted with PBS.

STATISTICAL ANALYSIS

The SAS (2018) program was utilized to identify the im-
pact of various variables on research parameters using sta-
tistical analysis. Chi-square test was used to examine the
significance between percentages at probabilities of 0.05
and 0.01 in this investigation (Cary, 2018).

RESULTS AND DISCUSSION

PERIOSTIN SORE IN CwmTs TisSUES AND NORMAL
Biopsies oF DoGs

Table 1 shows the staining intensity of +ve-stained cells
(SI) and the percentage of +ve-stained cells (PR) in can-
cer animals and controls. The final scores of periostin in
samples obtained by the sum of both PR and SI in can-
cer were as follows: the ultimate count of >4 was consid-
ered high expression, and the ultimate count of <4 was
considered low or low/-ve expression. High expression
of periostin was observed in 93.2% (Figure 1 ¢, d, ¢, and
f) of the malignant mammary carcinoma tissue and 16.7%
of benign mammary gland tissue (Figure 1B), while
all of the normal mammary gland tissues showed neg-
ative expression (Figure 1a). (Figure 2), with a signifi-
cant difference between these groups (P<0.01) (Table 2).
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Figure 1: Immunohistochemical section of the epithelial
compartment in canines with mammary tumors shows.

*A: negative expression in the normal mammary gland ;
B: low expression in benign tumor ; C: high expression
in ductal carcinoma ; D: high expression in invasive
Mammary carcinoma ; E: high expression in invasive
papillary carcinoma ; F: high expression in intra ductal

papillary carcinoma A,C,E,F: 40X, B: 4X, D: 10X.

PERIOSTIN SCORE IN CmTs IN NEWLY DIAGNOSED
AND RECURRENT TUMORS

'The percentage of +ve (PR) stained cells and the staining
intensity of +ve stained cells (SI) are described in Table
3. High expression of periostin was found in 35 patients
(92.1%) with newly diagnosed cancers, while low or neg-
ative expression was found in 3 (7.9%). While all of the
recurrent cancer patients showed high expression (100%)
(Table 4) (Figure 3). Chi-square test was applied to com-
pare the final periostin score, indicating a statistically sig-
nificant disparity between the two groups (P<0.01).

PErR1OSTIN EXPRESSION IN CANCER GROUP IN
RELATION TO SEX ,AGE AND BREED OF DOGS

'The tissue expression of periostin in relation to the sex, age,
and breeds of dogs presented in (Tables 5, 6 and 7), respec-

tively, showed significantly higher expression in females

(95%) than males (75%), and in the advanced (10-15 year)
age group (100%), with a significant difference in periostin
expression among breeds (P<0.05).

100
80
60
40
20

oHigh expression (4_T7)

mLowexpression (<4)

Percentage (%)

0
Malignant Benign Normal
animals animals biopsies
Groups

Figure 2: Expression of periostin in mammary gland tumor
tissues and normal biopsies of dogs.

oOHigh
expression(24)

o Low/negative
expression (<4)

Newly diagnosed Recurrence cases
Group and Periostin expression

Figure 3: TissuesExpression of periostin in newly dignosed
and recurrent canine mammary carcinoma.

OHigh
expression(=4)

ElLow/negative
expression (<4)

Percentage (%)

Type of tumor

Figure 4: Expression of periostin in mammary gland
cancer in dogs according to type of tumor.

SCORE OF PERIOSTIN ACCORDING TO THE TYPE OF
CANCER

'The (PR) stained cells and (SI) in mammary carcinoma and
the final score according to the types of cancers presented
in (Table 8 and 9) (Figure 4). Statistical analysis shows no
significant difference in periostin expression (P<0.01).
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Table 2: Final score of periostin expression in mammary gland tumor tissues and normal biopsies of dogs.

Marker Groups Number of animals Score Chi-Square (3%
Low expression (<4) High expression (4_7)
Malignant 44 3(6.8%) 41(93.2%) 32.818 **
Periostin Benign 6 5(83.3%) 1(16.7%) 2.667 NS
Control 10 10(100%) 0 7.028 **
Chi-Square (%) - 4.871* 31.094 ** -
*(P<0.05),™ (P=<0.01).

Table 3: The percentage of positively (PR) stained cells, Staining Intensity of positively stained cells (SI) of periostin in
tissues of newly diagnosed and recurrent canine mammary carcinoma.

percentage of positively staining Intensity score
stained cells ofIL-8 Weak scorel Moderate score2 Strong score3 Total
Newly No. Recurrence No. Newly No. Recurrence No. Newly No. Recurrence No. No.
(Score 0) Negative staining 0 0 0 0 0 0 0
(Score 1) <10% 0 0 0 0 0 0 0
(Score 2) 10_<30% 3 0 0 0 0 0 3
(Score 3) 30 _<50% 1 0 4 0 15 4 24
Score 4) >50% 0 0 1 0 14 2 17
Total No. 4 0 5 0 29 6 44

Table 4: Final score of periostin expression in canine mammary carcinoma tissues of Newly and Recurrence cases.

Marker Groups Number of Score Chi-Square (3?)
animals Low expression (<4)  High expression (4_7)
Periostin Newly diagnosed 38 3(7.9%) 35(92.1%) 26.947 **
Recurrence cases 6 0 6(100%) 4.496 *

Chi-Square (3  --

- 1.275 NS 20.512 ** e
* (P<0.05), ™ (P<0.01), NS: Non-Significant.

Table 5: Expression of periostin in mammary gland tumor according to sex.

Marker Groups Number of animals Score Chi-Square (x?)
Low expression (<4)  High expression (4_7)
Male 4 1(25%) 3(75%) 1.00 NS
Periostin Female 40 2(5%) 38(95%) 32.40 *
Chi-Square (y?) -- - 0.333 NS 29.878 ** -—-

**(P<0.01), NS: Non-Significant.

Table 6: Expression of periostin in mammary gland tumor dogs according to age.

Marker Groups Number of Score Chi-Square (%)
animals Low expression (<4) High expression (4_7)
<5 8 2(25%) 6(75%) 2.00 NS
Periostin 5.10 22 1(4.6) 21(95.4%) 18.181 **
10_15 14 0 14(100%) 12.251 **
Chi-Square (%) - - 0.333 NS 8.331 ™ -

** (P<0.01), NS: Non-Significant.

})}ERIOSTIN SCORE IN RELATION TO MALIGNANCY (Tables 10 and 11) (Figure 5). Statistical analysis showed
RADE

Periostin was highly expressed in (83.3%) of Grade I, S )
(95.2% )of Grade I1, and 100% of Grade ITI, as shown in 1tive staining in the cytoplasmic tumor cells.

no significant difference (P<0.01). The marker showed pos-

0
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Table 7: Expression of periostin in mammary gland tumor dogs according to breed.

Marker Groups

German shepherd

Pointer

Belgian (Malinois)

Periostin Terrier
Chihuahua

Cross breed
Boxer
Husky

Chi-Square (x%)
*(P<0.05), NS: Non-Significant.

Number of

animals

14

N LW LW LW g Ll 3

Score Chi-Square (%)
Low expression (<4) High expression (4_7)

3(21.5%) 11(78.5%) 4571*

0 7(100%) 4398 *

0 5(100%) 4215*

0 7(100%) 4.398 *

0 3(100%) 1.278 NS
0 3(100%) 1.278 NS
0 3(100%) 1.278 NS
0 2(100%) 1.278 NS
1.219 NS 4.892* -

Table 8: The percentage of positively (PR) stained cells, Staining Intensity of positively stained cells (SI) of periostin in

mammary gland cancer according to type of tumor.

percentage of positively staining Intensity score
stained cells of periostin e,k scorel

Moderate score2

Total No.

Strong score3

IMC IPC ILC IDPC IDC IMC IPC ILC IDPC IDC IMC IPC ILC IDPC IDC

(Score 0)Negative staining 0

(Score 1) <10% 0
(Score 2) 10_<30% 1
(Score 3) 30 _<50% 1
Score 4) >50% 0
Total No. 2

0

S © = O

1

0

o © © ©

0

0

oS © o ©

0

0

oS © = O

1

0

oS O © o O

*IMC: Invasive mammary carcinoma; IDC: Invasive
Invasive lobular carcinoma; IDPC: Intra ductal Papillary carcinoma.

0

S =B O O

1

0 O 0 0 0O 0 O 0 0

0 O 0 0 0 0 O 0 0
0 O 0 0 0 0 O 0 3
0 O 3 4 4 5 0 5 23
0 O 1 7 4 0 5 1 18
0 O 4 1 8 5 5 6 44

ductal  carcinoma; IPC: Invasive Papillary carcinoma; ILC:

Table 9: Expression of periostin in mammary gland tumor dogs according to type of tumor.
Number of

Marker Groups

Periostin Invasive mammary carcinoma

Invasive ductal carcinoma

Invasive Papillary carcinoma

Invasive lobular carcinoma

Intra ductal Papillary carcinoma

Chi-Square (%)

animals

13
10

* (P<0.05), " (P<0.01), NS: Non-Significant.

100

OHigh expression(z4)

O Low/negative

expression (<d)

100
100 ﬂ 95.2
— 80 /
= A
% 60
E e
o
- 20 1
o 0 /]
0
Grade | Grade 1l
Grade

Grade

0

Figure5: Expression of periostin in mammary gland cancer
in dogs according to Grade of tumor.

Score Chi-Square (%)
Low expression (<4) High expression (4_7)

1(7.7) 12(92.3%) 9.307 **

1(10%) 9(90%) 6.400 **

1(10%) 9(90%) 6.400 =

0 6(100%) 4.497 *

0 5(100%) 4.215*

0.602 NS 3.756 NS —

SCORING OF PERIOSTIN ACCORDING TO THE STAGES
or CANCER

High expression of periostin was seen in all stages of cancer,
and Chi-square showed no significant difference (P<0.01)
(Table 12). (Table 13), (Figure 6).

'The tumor microenvironment includes the entirety of the
surroundings of tumor cells, except the tumor cells them-
selves. It has become increasingly recognized as an impor-
tant component in cancer’s progression and advancement.
The tumor microenvironment is characterized by a high
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Table 10: The percentage of positively (PR) stained cells, Staining Intensity of positively stained cells (SI) of periostin in

mammary gland cancer according to grade of tumor.

percentage of positively staining Intensity score

stained cells of periostin Score 0\ Weak scorel Moderate score2 Strong score3 Total No.
GI GII GII GI GII GII GI GII GIII

(Score 0) Negative staining 0 0 0 0 0 0 0 0

(Score 1) <10% 0 0 0 0 0 0 0 0 0 0

(Score 2) 10_<30% 2 1 0 0 0 0 0 0 0 3

(Score 3) 30 _<50% 0 1 0 1 3 0 4 10 8 26

Score 4) >50% 0 0 0 0 1 0 5 5 3 15

Total No. 2 2 0 1 4 0 9 15 11 44

G I: Grade I; G II: Grade 1I; G III: Grade III.

Table 11: Expression of periostin in mammary gland tumor dogs according to grade of tumor.

Marker Groups Number of Score
animals
Periostin Grade I 12 2(16.7%)
Grade II 21 1(4.8%)
Grade 11T 11 0
Chi-Square (x%) - 0.333 NS

* (P=<0.05), ** (P=<0.01), NS: Non-Significant.

Chi-Square (%)

Low expression (<4) High expression (4_7)

10(83.3%) 5.333*
20(95.2%) 17.19 **
11(100%) 8.935 **
4.488 NS ==

Table 12: The percentage of positively (PR) stained cells, Staining Intensity of positively stained cells (SI) of periostin in

mammary gland cancer according to stage of tumor.

percentage of positively  staining Intensity score
stained cells of periostin  \Weak scorel

Moderate score2

Total No.

Strong score3

SO SI SII SIII SIV SO0 SI SII SIII SIV SO SI SII SIII SIV

(Score 0)Negative staining 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0
(Score 1)<10% 0 0 0 O 0 0 0 0 0 0 0 O 0 0 0 0
(Score 2) 10_<30% 1 1 1 0 0 0 0 0 0 0 0 O 0 0 0 3
(Score 3)30 _<50% 0 0 0 O 1 3 1 0 1 1 4 4 1 5 4 24
Score 4)>50% 0 0 0 o 0 0 0 0 0 1 2 1 4 6 3 17
Total No. 1 1 1 0 1 3 1 0 1 2 6 5 5 1 7 44
*S0: Stage 0; S I: Stage I; S II: Stage II; S II1: Stage III; S IV: Stage IV.

level of complexity, comprising various non-tumor cells
(e.g., fibroblasts, endothelial cells, infiltrating leukocytes)
as well as a diverse array of proteins and soluble substances;
these include extracellular matrix (ECM) proteins, hor-
mones, growth factors, as well as cytokines (Lu ez a/.,2012;
Gonzalez-Gonzalez and Alonso, 2018; Rasoul, 2023). The
interactions between microenvironment components and
tumor cells are very complicated (Gonzalez-Gonzalez and
Alonso, 2018; Kudo and Kii, 2018). In addition, cancer-
ous cells can modify the micro environment by altering the
characteristics of the surrounding tissue and vice versa (Lu
et al.,2012).

Moreover, the invasiveness and migratory characteristics of
cancer cells have been linked to structural alterations in the
extracellular matrix (ECM) assisted by the binding of inte-

grins. These integrins, frequently modified in cancer cells,
facilitate cellular interactions with the extracellular matrix
(ECM), resulting in modifications in cellular behaviour
that contribute to the progression of different medical
conditions (Maroteaux e a/., 2018; Alshaikhli ez a/., 2023).
One protein found in the extracellular matrix (ECM) is
Periostin (Ratajczak-Wielgomas ez a/., 2015).

POSTN is a non-structural protein that promotes the
production and cross-linking of type 1 collagen, inducing
fibrosis (Kudo, 2011). Additionally, it stimulates cell mi-
gration by binding to integrin, initiating the proliferative
and migratory mechanisms of fibroblastic cells (Conway ez
al.,2014). Moreover, POSTN is synthesized by cancer-as-
sociated fibroblasts (CAFs), which enhances tissue regen-
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Table 13: Expression of periostin in canine mammary gland cancer according to stage of tumor.

Marker Groups Number of Score Chi-Square (%)
animals Low expression (<4)  High expression (4_7)

Periostin Stage 0 9 1(11.1%) 8(88.9%) 5.443 *

Stage I 6 1(16.7%) 5(83.3%) 2.667 NS

Stage II 5 1(20%) 4(30%) 1.800 NS

Stage III 13 0 13100%) 10.761 **

Stage IV 1 0 11(100%) 8.974 **
Chi-Square (%) - 0.251 NS 7.170 NS -

* (P<0.05), ™ (P<0.01); NS: Non-Significant

to be increased in many diseases, including inflammatory
conditions and malignancies (Bornstein and Sage, 2002).

Generally, PN is a protein that is currently being used in
scientific studies in veterinary medicine. It has been found
to have significant levels in the stroma of squamous cell
carcinoma, as well as in the heart and periodontal ligament

of dogs (Zhu et al., 2014; Janus e al., 2016).

100 -
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Figure 6: Expression of periostin in canine mammary
gland cancer according to stage.

In addition, there was an apparent increase in the expres-
sion of POSTN in the skin fibroblasts of dogs with chronic
inflammation, which leads to the assumption that POSTN
may have a role in the underlying mechanism of atopic
dermatitis in dogs (Mineshige ez a/., 2015). (Mineshige e#
al., 2018) reported that there is a belief that fibroblasts pro-
duce POSTN, which may have a role in the progression of

canine squamous cell carcinoma.

Research published by (Puglisi ez a/., 2008) showed that
Periostin was absent in normal breast cancer. In our re-
search, we did not detect the expression of PN within the
cytoplasm of the epithelial compartment in normal bi-
opsies. However, Researchers found that the expression
of Periostin is minimal or cannot be detected in normal
breast epithelium. Furthermore, based on its established
mesenchymal expression pattern, it is exclusively expressed
in the stroma (Kharaishvili ez a/., 2011). It is still unclear
if periostin is secreted mainly by breast cancer cells, if it is
also produced by cancer-associated stromal cells, or may-

be both. Multiple investigations have shown that periostin
overexpression mostly occurs in the stroma associated with

cancer (Puglisi ez a/., 2008).

However, the findings are in direct opposition to the re-
sults presented by (Shao et al., 2004). The causes for this
diversity are not obvious, although they might be due to
variations in research methods, scoring systems, and the
levels at which protein expression is considered significant.

(Borecka ez al.,2020) discovered that the presence of PN in
cancer-associated fibroblasts (CAFs) in more than 90% of
mammary cancerous tissues and 25% of samples have been
diagnosed as an adenoma in canine females. This finding is
consistent with the observation made by (Ratajczak-Wiel-
gomas ez al., 2015), who found that POSTIN was high-
ly expressed within CAFs in invasive ductal carcinomas
(IDC) among women, which is similar to our results that
revealed high PN expression in 93.2% of the mammary
carcinomas as compared to 16.7% of the benign tumors,
with a significant difference observed among the groups
(P<0.01). The findings indicate that POSTN may have a
role in the development of cancer in the mammary gland
in dogs, comparable to its involvement in breast cancer in
humans. The reason for this is that periostin stimulates en-
hanced cell viability, formation of new blood vessels, inva-
siveness, metastatic pathways, and epithelial-mesenchymal
transition of cancerous cells through attaching to integrins.
Integrins, which frequently exhibit modifications in cancer
cells, induce celllECM interaction and modify intracellu-
lar activities that contribute to the development of differ-
ent conditions (Maroteaux e a/., 2018).

Additionally, (Ratajczak-Wielgomas ez al., 2020) found
that there was a significant increase in POSTN expression
in invasive ductal carcinoma (IDC) compared to non-in-
vasive ductal carcinoma and fibrocystic changes in women.
Our study also revealed significant variations in the levels
of POSTN expression between malignant breast cancer
samples and benign mammary tumor samples (P<0.01).
Moreover, the periostin staining was more intense and dif-
fuse in mammary carcinoma compared to the faint staining
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POSTN may have a role in the development of cancer in
the mammary gland in dogs, similar to its role in women.

Our results indicate that periostin is highly expressed in
both newly diagnosed (92.1%) cases and recurrent ones
(100%), with statistical differences among the high-ex-
pression group (P<0.01). The examination of survival data-
bases for breast cancer patients revealed that an increased
expression of periostin is indicative of a reduced probabili-
ty of survival and a considerably elevated risk of recurrence,
particularly in cases of initial breast cancer (Nakazawa ez

al.,2018).

There were statistically significant correlations between the
PN expression in cancer cells and the sex of animals. (75%)
of the male dogs presented in our study seem to have high
postin expression as compared to females (95%) (P<0.01).
Breast tumors are predominantly seen in females. How-
ever, (Puglisi e a/., 2008) demonstrated a substantial cor-
relation between periostin and the expression of estrogen
and progesterone receptors in breast cancer. This finding
presents an explanation for the overexpression of periostin
in males.

There was a considerable association between periostin
expression and the age and breed of the dog. However,
(Borecka ez al., 2020) were unable to identify any associ-
ation between the expression of POSTN and the age and
breed of the dogs.

Evaluation of the histological grade of cancers is a crucial
prognostic indicator that significantly influences subse-
quent prognosis and the determination of treatment (Case
et al., 2017). In the conducted research, we obtained a
high percentage of periostin expression in all the present-
ed grades of malignancy (P<0.01) as well as stages of the
cancers (P<0.01). In a study conducted by (Borecka ez
al., 2020), he found postin expression in 77 carcinomas
of canine mammary gland tumors, which was quantified
through IHC. The results show that high levels of perios-
tin expression were detected in 100% of grade 3 cancers,

96.3% of grade 2 cancers, and 88% of grade 1 cancers.

It is important to mention that numerous reports indicate
the similarity (such as in epidemiology, clinical and mor-
phological characteristics, and prognostic factors) between
mammary malignancies in female dogs and breast cancer in
women. These reports suggest that mammary cancer in fe-
male dogs could serve as a potential model for human can-
cers. Hence, it may be concluded that several proteins, such
as POSTN, carry out homologous roles in both the animal
and human bodies (Vascellari ez a/., 2016; Abdelmegeed
and Mohammed, 2018). Based on the information pro-
vided, it may be concluded that POSTN may have a role

in the development of mammary cancers in female dogs.

CONCLUSIONS AND
RECOMMENDATIONS

This study showed an increase in periostin tissue expres-
sion in canine mammary cancers as compared to benign
tumors as well as normal biopsies, so that POSTIN could
be used as a diagnostic marker. Future studies should focus
on elucidating the role of periostin in canine mammary
tumorigenesis better to understand its implications for
tumor progression and metastasis. In addition, studying
canine mammary tumors can have a substantial influence
on diagnostic and treatment options for human breast
cancer. By identifying similarities between these two con-
ditions, scientists may discover new indicators of disease,
create specific treatments, provide mechanisms for trans-
lating research findings into clinical practice, and develop
healthcare strategies, eventually enhancing the results for
individuals with breast cancer. Finally, we highly recom-
mend assaying a large number of patients at different ages,
grades, and stages of cancer, then testing the studied mark-
er (periostin) in follow-up treatment.
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