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Abstract
Background and Aim: CD 117 (c-KIT) internal tandem duplication (ITD), octamer-binding transcription factor 4 (Oct-4), 
and sex-determining region Y-box 2 (Sox-2) may govern the oncogenicity and aggressiveness of canine cutaneous mast cell 
tumor (MCT) in the crossbred dogs. Thus, a comprehension of this matter may help us establishing a novel platform to treat 
the disease in those dogs. However, evidence has lacked so far. Thus, this study aimed to survey CD 117 ITD, Oct-4, and 
Sox-2 expressions and their relations to the 2-tier grading in a group of Thai crossbreed dogs. The study was done using 
polymerase chain reaction (PCR), Reverse transcription PCR (RT-PCR), and immunohistochemistry.

Materials and Methods: Thirty-three MCT specimens graded by the 2-tier histopathology grading were collected from 
the crossbred and purebred dogs. CD 117 ITD was detected by conventional PCR and immunohistochemistry. While, Oct-4 
and Sox-2 expression levels were determined at the protein and mRNA levels by immunohistochemistry and RT-PCR, 
respectively. The expression magnitude of each parameter was then related to the grades and breeds.

Results: About 60.61% of specimens were low grade, while 39.39% were high grade. CD 117 ITD was not detected in 
all specimens. A significant increase of Oct-4 expression was found in the high-grade, crossbred dogs. Meanwhile, Sox-2 
expressions were increased both in the purebred and crossbred dogs with high-grade MCT.

Conclusion: The study finding has indicated that the level of Sox-2 expression may be a useful tumorigenic and prognostic 
biomarker because it correlates to the 2-tier grades but not dog breeds.

Keywords: canine, CD 117, crossbred, mast cell tumor, octamer-binding transcription factor 4, sex-determining region 
Y-box 2.

Introduction

Canine cutaneous mast cell tumor (MCT) is a 
highly prevalent, life-threatening skin malignancy in 
dogs [1]. Its biological behavior is apparently bizarre 
and somewhat unpredictable [2-4]. For example, the 
low grade is prone to relapse, although in a lower fre-
quency when compared to the high grade. On the con-
trary, the high grade may not recur or metastasize as 

expected. As in other neoplasms, the oncogenesis of 
canine cutaneous MCT is still vague [1-4]. However, 
various studies have shown that MCT tumorigenesis 
has relied on such mutated genes that regulating mast 
cell proliferation and growth. Of these, mutations of 
the protooncogene c-kit encoding for type III tyrosine 
kinase receptor c-KIT (CD 117) have widely been 
investigated in the past several decades. This gene 
is essential for regulating the proliferation, differen-
tiation, and degranulation of normal and cancerous 
mast cells [5]. Moreover, most studies have involved 
internal tandem duplication (ITD) in exon-11 [6-8]. 
Besides, recent evidence has indicated that canine 
cutaneous MCT contains a fraction of cancer stem-like 
cells. These putative cancer stem cells have unlim-
ited self-renewal governed by a variety of embryonic 
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transcription factors, including octamer-binding tran-
scription factor 4 (Oct-4), sex-determining region 
Y-box 2 (Sox-2), and Nanog. Therefore, self-renewal 
has become the research of interest in MCT so far. 
For example, the early study from Webster et al. [9] 
in 2007 has demonstrated Oct-4 intranuclear immu-
nopositivity in numerous MCT cells. In addition, the 
Pit-Oct-Unc embryonic transcription factor has been 
gained in other veterinary neoplastic species, such as 
canine mammary gland tumors, melanoma, and ade-
nocarcinoma [10-13]. Furthermore, the Sox-2 intranu-
clear pattern has been reported in oligodendroglioma, 
melanoma, hemangiosarcoma, osteosarcoma, pulmo-
nary carcinoma, hepatocellular carcinoma, complex 
mammary carcinoma, transitional cell carcinoma, and 
canine cutaneous MCT [14].

Apart from CD 117 and embryonic transcrip-
tion factors, breed predisposition is another clinical 
parameter intensely evaluated worldwide in the past 
several years. Nevertheless, MCT clinical behavior 
and aggressiveness seem to be influenced by dog 
breeds [15]. A plethora of evidence has suggested that 
purebred dogs such as Boxers, Labrador Retrievers, 
Golden Retrievers, French Bulldogs, Dachshunds, 
and Shar-Pei are at risk of MCT [16-18]. However, lit-
tle is known about crossbred dogs. They have  usually 
been excluded from most studies due to the complex-
ity of their inherited genes, causing result misinterpre-
tation. Several studies have substantially shown the 
relevance of the crossbreed to canine cutaneous MCTs 
in several aspects. In one study, Horta et al. [4], have 
shown that 20% of mixed-breed dogs suffered from 
MCT. The other study from Śmiech et al. [19] in 2018 
observed that 68% of crossbred dogs with MCT were 
low grade, while 32% were high grade.

Since the roles of exon-11 ITD, Oct-4, and Sox-2 
on MCT formation in crossbred dogs have not been 
investigated yet. Moreover, over half of the petted 
dogs in Thailand are crossbred, and many are suffer-
ing from canine cutaneous MCTs. Accordingly, pro-
filing and relating these tumorigenic parameters to 
the crossbred dogs and the 2-tier grading is essential. 
Thus, this study aimed to (1) survey the expressions 
of CD 117 ITD in exon-11, Oct-4, and Sox-2 at the 
molecular biology and immunohistochemistry levels 
in the crossbred dogs suffering from canine cutaneous 
MCT, and (2) relate each parameter to the 2-tier grad-
ing. We hypothesized that the result should reflect the 
relevance of one of the studied parameters to MCT 
tumorigenesis. Ultimately, this study should lead us to 
the way of disease elimination in the upcoming future.
Materials and Methods
Ethical approval

The research protocols were approved by 
the animal ethic committee of the Faculty of 
Veterinary Science, Chulalongkorn University (Ref 
No. 1631055), under the guidelines for the Care and 
Use of Experimental Animals, National Research 

Council of Thailand. All dog owners conceived the 
experiment and signed their consent forms for spec-
imen usage.
Study period and location

The study was conducted from August 
2014-August 2020. The study was mainly conducted 
in the Oncology Clinic and Companion Animal Cancer 
Research Unit of the Faculty of Veterinary Science, 
Chulalongkorn University in Bangkok, Thailand, 
unless otherwise the other areas were declared.
Animals and sample collection

Irrespective of gender, age, and location of 
the mass, 33 dogs with canine cutaneous MCT con-
firmed by fine-needle aspiration were selected from 
the oncology clinic. The mass of each was surgically 
removed in the operating theater and then halved. The 
first half was submitted to the pathology diagnostic 
center for the 2-tier grading and immunohistochem-
ical profiling, while the other to the research unit for 
molecular profiling.
Tissue handling and section preparation

The first tissue portion of each was fixed in 10% 
neutral buffered formalin for 5 days. Then, the pre-
served tissue was embedded with paraffin. Each for-
malin-fixed paraffin-embedded tissue was cut at 4 μ m 
for preparing a series of four tissue slides. They were 
then deparaffinized, and one was stained with hema-
toxylin and eosin for 2-Tier grading. The remains 
were used for CD 117, Oct-4, and Sox-2 immunohis-
tochemical profiling, as described below.
2-Tier grading

The 2-tier histopathologic grading system was 
performed on each specimen. Following the proto-
col and interpretative criteria previously described by 
Kiupel et al. [20] in 2011, the mitotic rate and nuclear 
features (i.e., karyomegaly, multinucleated cells, and 
bizarre) were investigated to determine the grade as 
low or high.
Immunohistochemical profiling of CD 117, Oct-4, 
and Sox-2

Three immunohistochemistry sections were pre-
pared in each case. The sections were washed with 1 × 
phosphate-buffered saline (PBS) twice and incubated 
with 1% (W/V) bovine serum albumin in 1 × PBS for 
10 min to block non-specific proteins. The first sec-
tion was incubated with CD 117 antibody at 4°C, in 
a dark and humidified chamber overnight. While, the 
second and third slides were incubated with Oct-4 and 
Sox-2 antibodies, respectively. The specific antibod-
ies used are detailed in Table-1. Further, the sections 
were washed with 1× PBS twice and colorized with 
Envision™ kit (Dako, Denmark) using 3,3′-diami-
nobenzidine tetrahydrochloride as the substrate, for 
45 min. The background noise was removed by wash-
ing the sections with 1× PBS. The nuclei were coun-
terstained with Mayer’s hematoxylin. The membrane 
pattern of CD 117 was acquired with light microscopy. 
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For embryonic transcription factors, MCT cells with 
intranuclear and nucleocytoplasmic patterns of Oct-4 
and Sox-2 from five different areas were counted at 
the high-power field (40×), using Fiji version 1.53b 
(Image-J®, NIH, USA) using the deconvolution func-
tion. Canine testis was used as the positive control for 
both immunohistochemistry processes.
CD 117 mutation screening

Exon-11 ITD of c-kit was determined by conven-
tional PCR with the specific primers as following.

F: 5′-CCA TGT ATG AAG TAC AGT GGA 
AG-3′

R: 5′-GTT CCC TAA AGT CAT TGT TAC 
ACG-3′

Stepwise, genomic DNA of each case was 
extracted and purified from 1 g of MCT sample 
using a commercial DNA isolation kit (Ultraclean™, 
Mobio, USA). The final volume of PCR cocktail was 
25 μL, and it contained 12.5 μL of PCR master mix 
(AcessQuick™, Promega, USA), 2 μL of 10 mM for-
ward and 2 μL of 10 mM reverse primers, 3 μL of 
DNA template, and 5.5 μL of DI water. PCR reaction 
was done with a thermocycler (G-Storm™, USA). The 
thermocycle was 95°C for 5 min for initiated DNA 
denaturation, 40 cycles of 95°C for 1 min, 57°C for 
1 min and 95°C for 1 min for DNA amplification, and 
95°C for 5 min for complete DNA elongation [21]. 
DI water was used as the negative control. The tar-
geted amplicon was separated by 2% (W/V) agarose 
gel electrophoresis at 100 V for 30 min. The expected 
size of PCR product was 191 bp for the non-mutant 
exon-11 or 250 bp for exon-11 ITD, respectively.
 Reverse transcription-polymerase chain reaction 
(RT-PCR) profiling of Oct-4 and Sox-2

Briefly, the total RNA of each was extracted from 
1 g of MCT tissue using a commercial RNA extract 
kit (PureLink™ RNA Mini Kit, USA) and stored at 
–80°C until used. cDNA library was constructed from 
1 μg of total RNA using a commercial reverse tran-
scription kit (High Capacity™, Applied Biosystems®, 
USA) under the manufacturer’s recommendation. 
The RT-PCR mixture consisted of 1.5 μL of cDNA, 
12.5 μL of 2X PCR buffer (KOD FX Neo™, Toyobo®, 
Japan), 1 μL DNA polymerase (KOD FX Neo™, 
Toyobo®, Japan), 5 μL of 2 mM dNTPs (Thermo 

Fisher Scientific®, USA), 2.5 μL of forward prim-
ers, and 2.5 μL of reverse primers. The forward and 
reverse primers of Oct-4, Sox-2, and housekeeping 
gene β-actin and their production sizes are listed in 
Table-2 [22,23].

The PCR was performed using GS-1 thermo-
cycler (G-Strom™, Gene Technologies®, USA). 
Stepwise, the initial denaturation was set up at 95°C 
for 5 min. The thermocycling process consisted of 
40 cycles of 95°C for 30 s, 55°C (β-actin) or 58°C 
(Sox-2) or 60°C (Oct-4) for 30 s, and 72°C for 30 s, 
followed by complete DNA extension at 72°C for 
5 min. Then, 2% (W/V) agarose gel electrophoresis at 
100 V for 30 min was performed to target the ampl-
icons. The PCR products were further purified using 
QIAquickTM PCR purification kit (Qiagen, USA). 
They were then sequenced and blasted through NCBI 
blasting system (National Center for Biotechnology 
Information, USA).
Statistical analysis

Statistical Package for the Social Sciences for 
Windows version 19 (IBM™, Armonk, New York, 
USA) was used for statistical analysis. The immu-
nopositivity of Oct-4 and Sox-2 against 2-Tier grades 
were expressed in terms of mean and standard devi-
ation. The comparison of expression levels to the 
grades between the purebred and crossbred was made 
using Mann–Whitney U-test, at p>0.05.
Results
MCT characterization

The neoplastic masses located on the different 
parts of the bodies. Well-differentiated MCT was 
solitary and not typically ulcerated. On the contrary, 
undifferentiated MCT was large and subjected to 
ulceration. In such circumstances, it might appear 
as an ulcerated skin plaque with moderate to severe 
inflammation and cutaneous edema of the surround-
ing tissues (Figure-1a). Fine-needle aspiration exhib-
ited the cytologic feature of the round cell tumors. 
MCT cells were usually round with moderate cyto-
plasm containing fine metachromatic granules. Their 
nuclei were basophilic and round (Figure-1b). The 
cell size was varied from 12 μm to 20 μm, depending 
on degranulation.
2-Tier grading

Of 33 samples, 60.61% (n=20) of the dogs were 
defined as low-grade, while the remaining (39.39%, 
n=13) was the high-grade. Histopathological findings 
of the low grade showed the uniformity of the neo-
plastic cells. MCT cells were round and contained an 
abundance of intracytoplasmic granules. Their nuclei 
were round with prominent single nucleoli. The 
mitotic figure and multinucleated cells were rarely 
seen. The neoplastic cells were abundantly supported 
by collagenous stroma (Figure-1c). On the contrary 
to the high grade, MCT cells were pleomorphic. The 
cytoplasm and the cytoplasmic granules were usually 

Table-1: List of antibodies used for immunohistochemical 
profiling.

Antibody Dilution Clone/Manufacturer

Rabbit-polyclonal 
anti-human CD 117 
(c-KIT)

1:200 Dako, Denmark

Mouse monoclonal 
anti-human Oct-3/4 
(Oct-4)

1:100 C-10, Clone 
SC-5279, Santa Cruz 
Biotechnology, USA

Mouse monoclonal 
anti-human Sox-2

1:100 Clone 560291 BD 
bioscience, USA

Oct-3=Octamer-binding transcription factor 4, Sox-
2=Sex-determining region Y-box 2
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scant. Multinucleated cells and the mitotic figure with 
bizarre nuclei were numerously seen throughout the 
fields, and the stromal support was less (Figure-1d).
Immunohistochemical profiling
CD 117 immunohistochemistry

The immunohistochemistry indicated the mem-
branous pattern of CD 117 in all specimens but not 
all MCT cells. The immunopositivity was present on 
the cytoplasmic membranes (Figure-2). There was no 
difference in the expression among the breeds.
Oct-4 immunohistochemistry

Oct-4 intranuclear immunopositivity was pres-
ent in all cases, as well as in the testis (Figure-3).

On Image-J® analysis, regardless of breed 
predisposition, the overall feature suggested no dif-
ference in Oct-4 expression between both grades; 
12.927±17.78135 cells/5 hpf in the low grade and 
14.74308±13.25061 cells/5 hpf in the high grade. There 
was no grade-to-breed relation to the Oct-4 expression 
as well. The expression in the purebred, low-grade 
dogs was 8.612±5.51701, whereas the high grade 

Table-2: List of Primers used in this study.

Gene Primer sequences Expected amplicon size (bp) Reference

Oct-4 F: 5’-GAGTGAGAGGCAACCTGGAG-3’
R: 5’-GTGAAGTGAGGGCTCCC ATA-3’

437 [23]

Sox-2 F: 5’-AGTCTCAAGCGACGAAAAA-3’
R: 5’-GCA GA A G C CTCCTCTTGAA-3’ 

142 [23]

β- actin F: 5’-TGTTGCCCTAGACTTAGACTTCGAGCA-3’
R: 5’-GGACCCAGGAAGGAAGGCT-3’

145 [22]

Oct 4=Octamer-binding transcription factor 4, Sox-2=Sex-determining region Y-box 2

Figure-2: The membrane pattern of CD 117 
immunohistochemistry in a specimen exhibits the 
immunopositivity on the cell membranes of such mast cell 
tumor cells (arrow).

Figure-1: (a) An ulcerated skin plaque of the scrotum 
surrounded by inflammation and cutaneous edema in 
a case with poorly differentiated mast cell tumor (MCT). 
(b) Fine-needle aspiration showing many large round 
tumor cells with abundant cytoplasmic granules (Giemsa). 
(c) Low-grade MCT showing the uniform round to 
polygonal neoplastic cells containing abundant amphophilic 
cytoplasm with numerous fine basophilic intracytoplasmic 
granules. These tumor cells were supported by the 
collagenous stroma. (H&E). (d) High-grade MCT showing 
the pleomorphic neoplastic cells with anisokaryosis and 
numerous mitotic figures (H&E).

dc

ba

was 6.5275±1.0054 cells/5 hpf. This similarity was 
also observed in the crossbred dogs. The expression 

Figure-3: Octamer-binding transcription factor 
4 immunohistochemistry, (a) In the testis, the 
immunopositivity is present in the nuclei of spermatocytes. 
(b) As in the testis, the immunopositivity exists in the 
nuclei of mast cell tumor cells.

b

a



Veterinary World, EISSN: 2231-0916 2650

Available at www.veterinaryworld.org/Vol.14/October-2021/10.pdf

in the low grade was 14.36533±20.2863 cells/5 hpf 
and 18.39444±14.63701 cells/5 hpf in the high grade, 
respectively. However, the expression in the high 
grade tended to increase slightly in the crossbred dogs, 
as compared to the pure breed (Figure-4).
Sox-2 immunohistochemistry

Sox-2 was also present in the positive control 
and all MCT cases, as shown in Figure-5.
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Figure-4: The histogram shows the tendency of octamer-
binding transcription factor 4 expression under various 
conditions. In the overall panel, the expressions in the 
low grade and high grade are not different. The purebred 
dogs and crossbred dogs also have indifferently grade-
related expressions. Notably, the expression is significantly 
increased in high-grade crossbred dogs.

The overall picture showed that the levels 
of Sox-2 between the low and high grades were 
significantly different, from 9.801±12.88557 
to 23.34615±12.57177 cells/5 hpf, respec-
tively, (p>0.05). In the purebred, the immu-
nopositivity in the high grade was higher than 
the low grade; 21.8725±11.1079 cells/5 and 
11.136±11.10293 cells/5 hpf, respectively. The same 
trend was observed in the crossbred dogs, where the 
expression in the high grade was 2.6-fold higher than 
the low grade; 24.00111±13.75631 cells/5 hpf and 
9.356±13.75744 cells/5 hpf, respectively. However, 
both purebred and crossbred dogs in the same MCT 
grade did not show any distinction in Sox-2 expres-
sion. Therefore, Sox-2 expression was grade-depen-
dent and not breed-dependent (Figure-6).
Molecular profiling
CD 117 mutation

CD 117 ITD was grade-to-breed independent. 
The mutation was not observed in all specimens. 
There was not any distinction of mutation between 
grades and breeds. All PCR products were 191 bp 
(Figure-7). Amplicon sequencing and blasting also 
confirmed that the products were CD 117.

Expression of Oct-4
RT-PCR confirmed the existence of Oct-4 in 

MCT cells. The sequences of PCR products were 
compatible with canine Oct-4 based on the blasting. 
The amplicon size was 437 bp, and the expression was 
present in all specimens without breed and grade pre-
dilection (Figure-8).

Expression of Sox-2
As in Oct-4, the expression of Sox-2 was con-

firmed by RT-PCR. The product size was 142 bp. 
NCBI blasting also confirmed the amplicons were 
canine Sox-2. The expression was found in all MCT 
samples (Figure-9). There was neither breed nor grade 
predisposition found.

9.
80

1

11
.1

36

9.
35

6

23
.3

46
15

21
.8

72
5

24
.0

01
11

Overall Purebred CrossbredN
um

be
r o

f P
os

iti
ve

 C
el

ls
 (C

el
ls

/5
 h

pf
)

Low Grade High Grade

Figure-6: The histogram exhibits grade-dependent sex-
determining region Y-box 2 (Sox-2) expressions. At the 
overall level (left), the expression in the low grade is 
significantly lower than in the high grade. This tendency 
is also present in all levels of the comparison. Sox-2 
expressions of the low-grade mast cell tumor (MCT) in the 
purebred dogs and crossbred dogs are typically lower when 
compared to the high-grade MCT.

Figure-5: Immunohistochemical staining of sex-
determining region Y-box 2 (Sox-2), (a) The 
immunopositivity is present in the nuclei of spermatocytes. 
(b) As in Oct-4, the nuclear immunolabeling is also present 
in MCT cells. This indicates the reactive Sox-2 in MCT cells.
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Discussion

Canine cutaneous MCT is one of the most com-
mon skin malignancies, with the prevalence accounted 
for 27% of all skin neoplasms [24-26]. The disease 
commonly takes place in middle-aged dogs and seems 
to be breed-predisposed. Unfortunately, traditional 
treatments are frequently ineffective since neoplastic 
behavior is conspicuously variable and hardly predict-
able. Although, some therapeutic agents such as the 
tyrosine kinase inhibitors can target several protoon-
cogenes and decelerate the growth and recurrence. 
For example, toceranib phosphate selectively targets 
mutant CD 117 or masitinib mesylate inhibits stem 
cell factor/c-KIT pathway [27,28]. However, current 
evidence has indicated that this therapeutic setup is 
not sufficient for disease annihilation as well.

In a given neoplasm, it is composed of a small 
group of cancer stem-like cells. These dormant cells 

are responsible for cancer progression, distant propa-
gation, relapse, and chemotherapy resistance [29-31]. 
Unfortunately, phenotyping of cancer stem-like cells 
is rarely successful since the morphometry of these 
cells cannot distinguish them from the non-cancer 
stem cell fractions. Cancer stem-like cells are immor-
tal and highly evolved. They are capable of unlimit-
edly replenishing themselves. They are able to replace 
the lost or dead cancer cells with asymmetric cell divi-
sion and pluripotent cell differentiation [32]. These 
functional characteristics are known as self-renewal, 
which is governed by numerous factors. Of these, 
Oct-4 and Sox-2 seem to be the key regulators [33]. 
The interplay between Oct-4 and Sox-2 can also form 
an intricate network for self-renewal modulation in 
several cancer stem-like cells [34-36]. Apart from the 
pioneer study of Webster et al. in 2007 [9], a plethora 
of evidence has recapitulated the presence of cancer 

Figure-8: Reverse transcription-polymerase chain reaction exhibits the expression of octamer-binding transcription factor 
4 embryonic transcription factor in all mast cell tumor specimens. The amplicons were 437 bp.

Figure-7: CD 117 mutation was not present in all specimens. All PCR products herein were 191 bp, when compared to the 
250 bp mutant CD 117.

Figure-9: Sex-determining region Y-box 2 expression was present in all mast cell tumor specimens. The amplicon size was 
142 bp. The expression was unrelated to 2-tier grades and breeds.
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stem-like cells in canine cutaneous MCT at the immu-
nohistochemistry and mRNA levels [37].

In the present study, we have performed the 
molecular and immunohistochemical profiling of CD 
117, Oct-4, and Sox-2 expressions in the purebred 
and crossbred dogs suffered from MCT. The results 
have provided interesting data that may increase our 
understanding of MCT tumorigenesis and progres-
sion. Three significant features have been defined 
in this study. First, the membrane pattern of CD 117 
immunohistochemistry did not rely on the 2-tier 
grades. There was no ITD of exon 11 detected in all 
specimens. Second, at the mRNA level, the expres-
sion of Oct-4 was present in all samples. Neither 
grade nor breed predilection was found relating to 
Oct-4 immunolabeling because the number of the 
intranuclear positive cells was not different in both 
cases. Third, molecular evaluation has revealed that 
Sox-2 expression was also present in all specimens, 
regardless of grades or breeds. However, Sox-2 
immunopositivity was significantly grade-dependent 
but not breed-predilected.

In line with the consequences, ITD of exon 11 
did not directly drive MCT oncogenesis. Although, 
evidence has shown that the mutation is a significant 
factor for enhancing the aggressiveness and decreas-
ing the survival time [1,4,38]. Irrespective of grad-
ing, the absence of the CD 117 ITD in the purebred 
and crossbred dogs did not mean that the disease 
was not aggressive or the survival time of the dogs 
was reduced, or even the prognosis was poor [38,39]. 
Accordingly, the ideal usage of exon-11 ITD as a 
tumorigenic indicator or prognosticator must be done 
carefully with caveats.

The presence of Oct-4 and Sox-2 in MCT 
has consistently implicated the existence of cancer 
stem-like cells with active self-renewal. However, 
Oct-4 expression alone is not an excellent tumori-
genic or prognosticative biomarker. This study has 
demonstrated that Oct-4 expression at the mRNA 
or protein level was not typically different and 
was breed and grade-independent, even though the 
level was slightly higher in the high-grade MCT. 
Probably, Oct-4 indeed acts as an initiator to trigger 
the self-renewal and maintain the stem-like property 
of MCT cells.

Sox-2 immunohistochemical expression was 
likely an advanced tumorigenic or prognostic bio-
marker, although the molecular expression of Sox-2 
was not significantly altered in all specimens. In con-
trast, Sox-2 immunolabeling was doubly increased 
in the high-grade MCT, regardless of breed predi-
lections. This feature may infer the role of Sox-2 in 
taking over or augmenting Oct-4 self-renewal regula-
tion. Furthermore, there is a propensity in which high-
grade MCT will be aggressive.

According to the molecular and immuno-
histochemical surveys, both high-grade and low-
grade crossbred dogs did not have the exon-11 ITD. 

However, unrestricted self-renewal regulated by 
Oct-4 and Sox-2 was present in a small fraction of 
MCT cells. While the level of Oct-4 immunopositivity 
was not varied, the Sox-2 level in the high-grade was 
2.5-fold increased, compared to the low-grade. This 
similarity was described in the purebred dogs, but the 
level of Sox-2 immunolabeling was approximately 
two-fold in this case.

Taken together, we anticipate that the level of 
Sox-2 intranuclear immunolabeling may associate 
with MCT tumorigenesis and progression in the cross-
bred dogs. Therefore, this parameter may be a better 
predictive biomarker for MCT oncogenesis than the 
others. Ultimately, we recommend conducting a fur-
ther study to verify the interaction of Oct-4 and Sox-2 
in MCT crossbred dogs because the co-expression fre-
quently enhances the aggressiveness and progression 
of some human neoplasms [40-42].
Conclusion

In this study, we have immunohistochemically 
and molecularly profiled the expressions of CD 117, 
Oct-4, and Sox-2 in the crossbred dogs suffered 
from MCT, compared with the purebred. We have 
found that the level of intranuclear immunopositiv-
ity of Sox-2 may associate with grading and clinical 
behavior. This advantage indicates that this param-
eter may be useful as a tumorigenic and prognostic 
biomarker for MCT development. We also suggest 
performing a further study to determine the impor-
tance of concurrent Oct-4 and Sox-2 expressions. 
The future comprehension of these extents will lead 
the way to set up an effective target therapy for dis-
ease annihilation.
Authors’ Contributions

AS, DK, and SM: Conceived and designed 
the experiment protocols. SM: Performed the 
 experiments. SM, DK, and PP: Interpreted molecu-
lar biology results. SM, DK, AS, and KR: Analyzed 
immunohistochemistry data. DK and SM: Performed 
Image-J® analysis. SM and PT: Prepared the exper-
imented reagents and specimens. DK, AS, and SM: 
drafted and revised the paper. DK contributes co-first 
authorship with SM and co-corresponding authorship 
with AS. All authors have carefully reviewed the man-
uscript and permitted it for publication.
 Acknowledgments

This research was supported by the 
Rachadaphiseksomphot Endowment Fund, 
Strengthen Chulalongkorn University Researcher’s 
Project,” 2014 (Ref. No. CU’S SRP_02_57_31_01) 
and the 90th anniversary of Chulalongkorn University 
(Ratchadapisaksomphot Endowment Fund), 2017. 
The authors are thankful to Oncology Clinic, Small 
Animal Teaching Hospital, Companion Animal 
Cancer Research Unit, CAC-RU, Faculty of Veterinary 
Science, Chulalongkorn University for permitting the 



Veterinary World, EISSN: 2231-0916 2653

Available at www.veterinaryworld.org/Vol.14/October-2021/10.pdf

collection of the tumor specimens. Importantly, to the 
owners of all the dogs who kindly permitted to con-
duct the study of the tumor specimens. 
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Willmann, M., Hadzijusufovic, E., Hermine, O., 

Dacasto, M., Marconato, L., Bauer, K., Peter, B., 
Gamperl, S., Eisenwort, G., Jensen-Jarolim, E., Muller, M., 
Arock, M., Vail, D.M. and Valent, P. (2019) Comparative 
oncology: The paradigmatic example of canine and human 
mast cell neoplasms. Vet. Comp. Oncol., 17(1): 1-10.

2. Grimes, J.A., Secrest, S.A., Wallace, M.L., Laver, T. and 
Schmiedt, C.W. (2020) Use of indirect computed tomog-
raphy lymphangiography to determine metastatic status of 
sentinel lymph nodes in dogs with a pre-operative diagnosis 
of melanoma or mast cell tumor. Vet. Comp. Oncol., 1(1): 
1-7.

3. Cartagena-Albertus, J.C., Moise, A., Moya-García, S., 
Cámara-Fernández, N. and Montoya-Alonso, J.A. (2019) 
Presumptive primary intrathoracic mast cell tumors in two 
dogs. J. BMC. Vet. Res., 15(1): 204.

4. Horta, R.S., Lavalle, G.E, Monteiro, L.N, Souza, M.C, 
Cassali, G.D. and Araújo, R.B. (2018) Assessment of canine 
mast cell tumor mortality risk based on clinical, histologic, 
immunohistochemical, and molecular features. Vet. Pathol., 
55(2): 212-223.

5. Patruno, R., Marech, I., Zizzo, N., Ammendola, M., 
Nardulli, P., Gadaleta, C., Introna, M., Capriuolo, G., 
Rubini, R.A., Ribatti, D., Gadaleta, C.D. and Ranieri, G. 
(2014) C-Kit expression, angiogenesis, and grading in 
canine mast cell tumor: A unique model to study c-Kit driven 
human malignancies. Biomed. Res. Int., 2014(730246): 1-8.

6. Sailasuta, A., Ketpun, D., Piyaviriyakul, P., 
Theerawatanasirikul, S., Theewasutrakul, P. and 
Rungsipipat, A. (2014) The relevance of CD117-
immunocytochemistry staining patterns to mutational exon-
11 in c-kit detected by PCR from fine-needle aspirated 
canine mast cell tumor cells. Vet. Med. Int., 2014(787498): 
1-8.

7. Tamlin, V.S., Kessell, A.E., Mccoy, R.J., Dobson, E.C., 
Smith, T.S., Hebart, M., Brown, L., Mitrovic, D. and 
Peaston, A.E. (2017) Prevalence of exon 11 internal tandem 
duplications in the C-KIT proto-oncogene in Australian 
canine mast cell tumors. Aust. Vet. J., 95(10): 386-391.

8. Tamlin, V.S., Bottema, C.D.K. and Peaston, A.E. (2020) 
Comparative aspects of mast cell neoplasia in animals and 
the role of KIT in prognosis and treatment. Vet. Med. Sci., 
6(1): 3-18.

9. Webster, J.D., Yuzbasiyan-Gurkan, V., Trosko, J.E., 
Chang, C.C. and Kiupel, M. (2007) Expression of the 
embryonic transcription factor Oct4 in canine neoplasms: 
A potential marker for stem cell subpopulations in neopla-
sia. Vet. Pathol., 44(6): 893-900.

10. Latchman, D.S. (1993) Transcription factors: An overview. 
Int. J. Exp. Pathol., 74(5): 417-422.

11. Takemitsu, H., Zhao, D., Yamamoto, I., Harada, Y., 
Michishita, M. and Arai, T. (2012) Comparison of bone 
marrow and adipose tissue-derived canine mesenchymal 
stem cells. J. BMC. Vet. Res., 8(150): 1-9.

12. Kreso, A. and Dick, J.E. (2014) Evolution of the cancer 

stem cell model. Cell Stem Cell, 14(3): 275-291.
13. Song, K., Wu, J. and Jiang, C. (2013) Dysregulation of sig-

naling pathways and putative biomarkers in liver cancer 
stem cells (Review). Oncol. Repop., 29(1): 3-12.

14. Miranda, I.C. and Miller, A.D. (2020) SOX2 expression in 
canine neoplasia. Vet. Pathol., 58(5): 964-970.

15. Dobson, J.M. (2013) Breed-predispositions to cancer in 
pedigree dogs. ISRN. Vet. Sci., 2013(1 ): 941275.

16. Shoop, S.J.W., Marlow, S., Church, D.B., English, K., 
McGreevy, P.D., Stell, A.J., Thomson, P.C., O’Neill, D.G. 
and Brodbelt, D.C. (2015) Prevalence and risk factors 
for mast cell tumors in dogs in England. Canine. Genet. 
Epidemiol., 2(1): 2-10.

17. Smiech, A., Lopuszynski, W., Slaska, B., Bulak, K. and 
Jasik, A. (2019) Occurrence and distribution of canine cuta-
neous mast cell tumor characteristics among predisposed 
breeds. J. Vet. Res., 63(1): 141-148.

18. Pierini, A., Lubas, G., Gori, E., Binanti, D., Millanta, F. and 
Marchetti, V. (2019) Epidemiology of breed-related mast 
cell tumor occurrence and prognostic significance of clini-
cal features in a defined population of dogs in West-Central 
Italy. Vet. Sci., 6(2): 53.

19. Śmiech, A., Slaska, B., Lopuszynski, W., Jasik, A., 
Bochynska, D. and Dabrowski, R. (2018) Epidemiological 
assessment of the risk of canine mast cell tumors based on 
the Kiupel two-grade malignancy classification. Acta. Vet. 
Scand., 60(1): 70.

20. Kiupel, M., Webster, J.D. and Bailey, K.L. (2011) Proposal 
of a 2-tier histologic grading system for canine cutane-
ous mast cell tumor to more accurately predict biological 
behavior. Vet. Pathol., 48(1): 147-155.

21. Ketpun, D., Sailasuta, A., Piyaviriyakul, P., Onlamoon, N. 
and Pattanapanyasat, K. (2013) Rapid evaluation of mutant 
exon-11 in c-kit in a recurrent MCT case using CD117 
immunocytofluorescence, FACS-cell sorting, and PCR. 
Case Rep. Vet. Med., 2013(8:728167): 1-5.

22. Endo, Y., Tomofuji, T., Ekuni, D., Azuma, T., Irie, K., 
Kasuyama, K. and Morita, M. (2013) Preventive effects of 
trehalose on osteoclast differentiation in rat periodontitis 
model. J. Clin. Periodontol., 40(1): 33-40.

23. Guercio, A., Di Marco, P., Casella, S., Cannella, V., 
Russotto, L., Purpari, G., Di Bella, S. and Piccione, G. 
(2012) Production of canine mesenchymal stem cells from 
adipose tissue and their application in dogs with chronic 
osteoarthritis of the humeroradial joints. Cell. Biol. Int., 
36(2): 189-194.

24. Rungsipipat, A., Sunyasootcharee, B., Ousawaphlangchai. L., 
Sailasuta, A., Thanawongnuwech, R. and Teankum, K. 
(2003) Neoplasms of dogs in Bangkok. Thai. J. Vet. Med., 
33(1): 59-66.

25. Kasorndorkbua, C. (2008) Diagnosis approach of canine 
cutaneous neoplasia. In: Mamom, T., editor. Proceeding 
of the 2nd MUT Veterinary Annual Conference 2008. 
Faculty of Veterinary Medicine Mahanakorn University of 
Technology, Bangkok, Thailand.

26. Welle, M.M., Bley, C.R., Howard, J. and Rufenacht, S. 
(2008) Canine mast cell tumors: A review of the patho-
genesis, clinical features, pathology and treatment. Vet. 
Dermatol., 19(6): 321-339.

27. Kim, H. and Kim, J. (2020) Successful long-term manage-
ment with toceranib phosphate of a recurrent muzzle mast 
cell tumor in a dog. Vet. Med. Czech., 65(5): 227-232.

28. Laforgia, M., Marech, I., Nardulli, P., Calabro, C., 
Gadaleta, C.D. and Ranieri, G. (2019) An evaluation of 
masitinib for treating systemic mastocytosis. Expert. Opin. 
Pharmacother., 20(13): 1539-1550.

29. Nguyen, L.V., Vanner, R., Dirks, P. and Eaves, C.J. (2012) 
Cancer stem cells: An evolving concept. Nat. Rev. Cancer., 
12(2): 133-143.

30. Oskarsson, T., Batlle, E. and Massague, J. (2014) Metastatic 
stem cells: Sources, niches, and vital pathways. Cell Stem 
Cell, 14(3): 306-321.



Veterinary World, EISSN: 2231-0916 2654

Available at www.veterinaryworld.org/Vol.14/October-2021/10.pdf

31. Plaks, V., Kong, N. and Werb, Z. (2015) The cancer stem 
cell niche: How essential is the niche in regulating stemness 
of tumor cells? Cell Stem Cell, 16(3): 225-238.

32. Edwards, B.K., Ward, E., Kohler, B.A., Eheman, C., 
Zauber, A.G., Anderson, R.N., Jemal, A., Schymura, M.J., 
Lansdorp-Vogelaar, I., Seeff, L.C., van Ballegooijen, M., 
Goede, S.L. and Ries, L.A. (2010) Annual report to the 
nation on the status of cancer, 1975-2006, featuring colorec-
tal cancer trends and impact of interventions (risk factors, 
screening, and treatment) to reduce future rates. Cancer, 
116(3): 544-573.

33. Rizzino, A. (2013) The Sox2-Oct4 connection: Critical 
players in a much larger interdependent network integrated 
at multiple levels. Stem Cells, 31(6): 1033-1039.

34. Chew, J.L., Loh, L.H., Zhang, W., Chen, X., Tam, W.L., 
Yeap, L.S., Ang, Y.S., Lim, B., Robson, P. and Ng, H.H. 
(2005) Reciprocal transcriptional regulation of Pou5f1 and 
Sox2 via the Oct4/Sox2 complex in embryonic stem cells. 
Mol. Cell. Biol., 25(14): 6031-6046.

35. Rodda, D.J., Chew, J.L., Lim, L.H., Loh, Y.H., Wang, B., 
Ng, H.H. and Robson, P. (2005) Transcriptional regulation 
of nanog by OCT4 and SOX2. J. Biol. Chem., 280(26): 
24731-24737.

36. Liu, A., Yu, X. and Liu, S. (2013) Pluripotency transcription 
factors and cancer stem cells: Small genes make a big dif-
ference. Chin. J. Cancer, 32(9): 483-487.

37. Zhang, S., Bell, E., Zhi, H., Brown, S., Imran, S.A.M., 
Azuara, V. and Cui, W. (2019) OCT4 and PAX6 determine 

the dual function of SOX2 in human ESCs as a key plurip-
otent or neural factor. Stem. Cell. Res. Ther., 2019(10: 122): 
1-14.

38.  Thamm, D.H., Avery, A.C., Berlato, D., Clifford, C.A., 
Hershey, A.E., Intile, J.L., Jones, P.D., Kamstock, D.A., 
Liptak, J.M., Pavuk, A., Peauroi, J., Powell, R., Rissetto, K., 
Valli, V.E.O. and Webster, J.D. (2019) Prognostic and pre-
dictive significance of KIT protein expression and c‐kit 
gene mutation in canine cutaneous mast cell tumors: A con-
sensus of the oncology‐pathology working group. Vet. 
Comp. Oncol., 17(4): 451-455.

39. Kiupel, M. and Camus, M. (2019) Diagnosis and prognosis 
of canine cutaneous mast cell tumors. Vet. Clin. North. Am. 
Small. Anim. Pract., 49(5): 819-836.

40. Jiang, X.D., Luo, G., Wang, X.H., Chen, L.L., Ke, X. and 
Li, Y. (2017) Expression of Oct4 and Sox2 and their clinical 
significance in tongue squamous cell carcinoma. Zhonghua 
Kou Qiang Yi Xue Za Zhi, 52(1): 27-33.

41. Chen, B., Zhu, Z., Li, L., Ye, W., Zeng, J., Gao, J., Wang, S., 
Zhang, L. and Huang, Z. (2019) Effect of overexpression 
of Oct4 and Sox2 genes on the biological and oncological 
characteristics of gastric cancer cells. Onco. Targets. Ther., 
12(486): 4667-4682.

42. Ghazi, N., Aali, N., Shahrokhi, V., Mohajertehran, F. and 
Saghravanian, N. (2020) Relative expression of SOX2 and 
OCT4 in oral squamous cell carcinoma and oral epithelial 
dysplasia. Rep. Biochem. Mol. Biol., 9(2): 171-179.

********


