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ABSTRACT

Background: Canine mammary gland tumor (MGT) is the most common cancer in aged 
female dogs. Although it's important to identify reliable metastasis or prognostic factors by 
evaluating related to cell division, adhesion, and cancer stem cell-related transcription factor 
(TF) in metastasis-induced canine MGT, but there are limited studies.
Objectives: We aimed to identify metastasis prognostic factors and cancer stem cell-TFs in 
canine MGTs.
Methods: Age-matched female dogs diagnosed with MGT only were classified into metastatic 
and non-metastatic groups by histopathological staining of MGT tissues. The mRNA levels 
of cancer prognostic metastasis molecular factors (E-cadherin, ICAM-1, PRR14, VEGF, HPRT1, 
RPL4 and hnRNP H) and cancer stem cell-related TFs (Oct4, Sox2, and Nanog) were compared 
between metastatic and non-metastatic canine MGT tissues using qRT-PCR analysis.
Results: The mRNA levels of ICAM-1, PRR14, VEGF, hnRNP H, Oct4, Sox2, and Nanog in 
metastatic MGT group were significantly higher than those in non-metastatic MGT group. 
However, mRNA level of RPL4 was significantly lower in metastatic MGT group. Loss of 
E-cadherin and HPRT1 was observed in the metastatic MGT group but it was not significant.
Conclusions: Consistent expression patterns of all metastasis-related factors showing 
elevation in ICAM-1, PRR14, VEGF, hnRNP H, Oct4, Sox2, and Nanog, but decreases in RPL4 levels 
occurred in canine MGT tissues, which was associated with metastasis. Thus, these cancer 
prognostic metastasis factors and TFs of cancer stem cells, except for E-cadherin and HPRT1, 
can be used as reliable metastasis factors for canine MGT and therapeutic strategy.

Keywords: Canine; mammary gland tumor; metastasis; prognostic molecular markers;  
stem cell markers

J Vet Sci. 2021 Sep;22(5):e62
https://doi.org/10.4142/jvs.2021.22.e62
pISSN 1229-845X·eISSN 1976-555X

Original Article

Received: May 17, 2021
Revised: Jun 21, 2021
Accepted: Jul 5, 2021
Published online: Jul 14, 2021

*Corresponding author:
Sung-Lim Lee
College of Veterinary Medicine, Gyeongsang 
National University, Jinju 52828, Korea.
E-mail: sllee@gnu.ac.kr

†Saetbyul Kim and Eunyeong Bok equally 
contributed to this work.

© 2021 The Korean Society of Veterinary 
Science
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Saetbyul Kim 
https://orcid.org/0000-0001-8172-186X
Eunyeong Bok 
https://orcid.org/0000-0002-1045-9670
Sangyeob Lee 
https://orcid.org/0000-0001-8024-1135
Hyeon-Jeong Lee 
https://orcid.org/0000-0002-2154-239X

Saetbyul Kim  1,†, Eunyeong Bok  1,†, Sangyeob Lee  1, Hyeon-Jeong Lee  1, 
Yongho Choe  1, Na-Hyun Kim  2, Won-Jae Lee  3, Gyu-Jin Rho  1,4, 
Sung-Lim Lee  1,4,*

1�Department of Veterinary Obstetrics, College of Veterinary Medicine, Gyeongsang National University, 
Jinju 52828, Korea

2Gyeongnam Department of Environment & Toxicology, Korea Institute of Toxicology, Munsan 52834, Korea
3�Department of Veterinary Obstetrics, College of Veterinary Medicine, Kyungpook National University, 
Daegu 41566, Korea

4Research Institute of Life Sciences, Gyeongsang National University, Jinju 52828, Korea

Metastasis prognostic factors and 
cancer stem cell-related transcription 
factors associated with metastasis 
induction in canine metastatic 
mammary gland tumors

Biotechnology

https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0001-8172-186X
https://orcid.org/0000-0001-8172-186X
https://orcid.org/0000-0002-1045-9670
https://orcid.org/0000-0002-1045-9670
https://orcid.org/0000-0001-8024-1135
https://orcid.org/0000-0001-8024-1135
https://orcid.org/0000-0002-2154-239X
https://orcid.org/0000-0002-2154-239X
https://orcid.org/0000-0001-8172-186X
https://orcid.org/0000-0002-1045-9670
https://orcid.org/0000-0001-8024-1135
https://orcid.org/0000-0002-2154-239X
https://orcid.org/0000-0003-0788-4745
https://orcid.org/0000-0002-9518-1478
https://orcid.org/0000-0003-1462-7798
https://orcid.org/0000-0002-6264-0017
https://orcid.org/0000-0002-1055-8097
http://crossmark.crossref.org/dialog/?doi=10.4142/jvs.2021.22.e62&domain=pdf&date_stamp=2021-07-14


Yongho Choe 
https://orcid.org/0000-0003-0788-4745
Na-Hyun Kim 
https://orcid.org/0000-0002-9518-1478
Won-Jae Lee 
https://orcid.org/0000-0003-1462-7798
Gyu-Jin Rho 
https://orcid.org/0000-0002-6264-0017
Sung-Lim Lee 
https://orcid.org/0000-0002-1055-8097

Funding
This study was supported by a grant from the 
National Research Foundation (NRF) of Korea, 
funded by the government of the Republic of 
Korea (NRF-2021R1A2C1007054).

Conflict of Interest
The authors declare no conflicts of interest.

Author Contributions
Conceptualization: Kim S, Bok E; Data 
curation: Kim S, Bok E; Formal analysis: Kim S, 
Bok E, Lee S, Lee HJ, Choe Y, Kim NH; Funding 
acquisition: Rho GJ, Lee SL; Investigation: 
Lee S; Methodology: Kim S, Bok E, Lee S, Lee 
HJ, Choe Y, Lee WJ; Project administration: 
Kim S; Resources: Kim NH; Software: Lee 
WJ; Supervision: Lee SL; Validation: Rho GJ; 
Visualization: Kim S, Bok E; Writing - original 
draft: Kim S, Bok E; Writing - review & editing: 
Rho GJ, Lee SL.

INTRODUCTION

In dogs with cancer, evaluation and prediction of metastasis of mammary gland tumor 
(MGT) is important because metastasis is the main cause of death. Complex carcinoma 
is the most common type of malignant MGT, which has a high probability of metastasis 
and associated with a poor prognosis [1]. While a variety of potential metastatic markers 
in animal oncology is of great significance, it is also important not to misdiagnose false 
positives and avoid overaggressive treatment of older dogs with cancer to improve prognosis. 
Therefore, it is necessary to compare specifically determined patterns of well-known 
metastasis markers in a particular type of cancer, such as MGT, to suggest high accuracy and 
robustness of prognosis. Tumor cell-cell adhesion, cell division, angiogenesis, and cancer 
stem cell-related mechanisms play roles in cancer metastasis. Therefore, it is important to 
comparatively evaluate the expression levels of the associated molecules, such as E-cadherin, 
intercellular adhesion molecule-1 (ICAM-1), proline rich protein 14 (PRR14), vascular 
endothelial growth factor (VEGF), hypoxanthine phosphoribosyltransferase 1 (HPRT1), 
ribosomal protein L4 (RPL4), and heterogeneous nuclear ribonucleoprotein H (hnRNP H) 
between metastatic and non-metastatic MGT tissues in canines.

We believe that these cancer prognostic molecular markers, as well as cancer stem cell markers, 
could provide basis for a metastatic prognosis, but there are limited studies on canine cancer. 
Currently, targeting cancer stem cells (CSCs), in which only a small subset of tumor cells are 
capable of initiating and sustaining tumor growth, is actively used for the development of 
new cancer therapies [2]. The high stemness of CSCs in cancer makes it possible to consider 
aggressive prognosis due to rapid proliferation capacity and mutational possibility [3]. In 
particular, stemness-related transcription factors (TFs) are highly expressed in embryonic stem 
cells and in some types of adult stem cell populations, and can be detected in tumor samples, 
suggesting the presence of cancer stem cells [4,5]. Currently, approximately 25 TFs have been 
reported to be related to stemness. Of these, Oct4, Sox2, and Nanog comprise a core regulatory 
network for embryonic stem cell maintenance and self-renewal. A retrospective study that 
included a cohort of human cancer patients correlated TF expression with survival outcomes, 
which may also be useful for assessing patient prognosis [6]. Thus, these TFs may also play a 
role as prognostic markers, especially in metastatic cancer cells. This information can be used 
to explain the correlation or co-detect the expression level of these stemness-related TFs and 
prognostic molecular markers in certain types of canine cancer to evaluate metastatic prognosis 
for establishing therapeutic strategies. In addition, the expression level of these TFs are clearly 
related to the age of the patient; hence, all patients need to be age-matched.

In the present study, we aimed to compare and evaluate these candidate molecules including 
cancer metastasis prognostic factors and stem-related TFs of CSCs in metastatic and non-
metastatic canine MGTs. Furthermore, we aimed to investigate whether these factors were 
effective in predicting metastasis in age-matched canine MGT.

MATERIALS AND METHODS

Diagnosis and sampling of metastatic and non-metastatic MGT dogs
Six intact age-matched female dogs diagnosed with MGT (13–14 years old) by clinical and 
physiological diagnosis and radical surgery at Gyeongsang National University Animal Medical 
Center were selected for this study. All dogs in the study group were evaluated by the veterinary 
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with respect to physical (age and breed) and clinical (metastasis) characteristics. They had no 
previous history of diagnosis or treatment for other cancers and were only diagnosed with MGT. 
For radiographic examination, lateral radiographic images were obtained preoperatively. X-ray 
tubes were used to acquire BFSS images. BFSS images were obtained using an E7239X Rotanode 
Toshiba X-ray tube (Toshiba Electron Tubes and Devices Company, Tokyo, Japan) containing 
a nominal focal spot size 2.0 mm. All radiographic images were obtained using a Konica 
computed radiography system (Regius model 190, KONICA, Japan).

Tumor fragments from dogs with MGT with or without metastasis were collected, and the 
collected tumor fragments were divided into two sections with one large section and three 
small sections for histopathological and quantitative real-time polymerase chain reaction 
(qRT-PCR) analysis.

Histopathological staining
For histopathological analysis, one large section was fixed in 10% neutral buffered formalin 
for 24 h and embedded in paraffin wax. Histological sections (4 µm) were stained with 
hematoxylin and eosin (H&E) using standard histological procedures for histopathology. 
The other three small sections were immersed in RNAlater (Invitrogen Life Technologies, 
Carlsbad, CA, USA) as an RNA stabilizing solution for qPCR analysis.

RNA isolation and qRT-PCR
The expression of metastasis-related genes was analyzed in tissues using qRT-PCR. Total RNA 
was extracted from both the tissues in metastatic and non-metastatic MGT groups using the 
easy-spinTM Total RNA Extraction Kit (iNtRON Biotechnology, Korea). The quantity and quality 
of RNA were measured using an OPTIZEN NANO Q spectrophotometer (Mecasys, Korea), 
with an A260/A280 ratio of 1.8 ± 0.2, indicating the purity of preparation. Complementary DNA 
(cDNA) was synthesized with 500 ng of RNA using HiSenScriptTM RH(-) RT PreMix Kit (iNtRON 
Biotechnology), and the reaction was conducted at 42°C for 1 h. qRT-PCR was conducted on 
a Rotor Gene Q cycler (Qiagen, Germany) using RealMODTM Green AP 5x qPCR mix (iNtRON 
Biotechnology), supplemented with 50 ng cDNA and specific primer sets.

The PCR reaction cycle was as follows: initial activation at 95°C for 12 min, followed by 40 
cycles of PCR at 95°C for 15 s, 60°C for 25 s, and 72°C for 25 s. Melting curves, amplification 
curves, and cycle threshold values (Ct values) were analyzed using the Rotor-Gene Q Series 
Software (Qiagen). All PCR products were confirmed by electrophoresis using 1.5% agarose 
gel with 0.1 mg/mL ethidium bromide for nonspecific amplification. The Ct values were 
normalized to GAPDH expression level and all samples were analyzed in triplicates; the primer 
sequences used for qRT-PCR are shown in Table 1.

Statistical analysis
All experimental data were analyzed using an independent t-test available in GraphPad Prism. 
Results are shown as mean ± SE of the mean. Statistical significance was considered at p < 0.05, 
p < 0.01, and p < 0.0001.

RESULTS

In the radiographic evaluation of the non-metastatic MGT group, a round soft tissue opacity 
mass was observed in the caudal abdomen on lateral abdominal radiography scans (Fig. 1A, 
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white arrowhead), which protruded out from the chest in the metastatic MGT group (Fig. 1B, 
white arrowhead). In the radiographic images analyzed, we could not find any other tumors 
or abnormalities except for MGT in all dogs.

All age-matched female dogs aged 13–14 years were classified into non-metastatic and metastatic 
groups by histopathological diagnosis. The tumors of dogs were successfully removed by radical 
surgery, and the isolated tumor fragments were used for histopathological staining. In all MGT 
groups, the parameters employed for histological classification were determined according to 
the Canine Mammary Neoplasms Histological Classification, modified methods from Misdorp 
et al. [7,8]. The non-metastatic MGT group displayed myxoid changes in the mammary glands 
(Fig. 2A). Proliferating cells were epithelial cell and showed mitotic figures that indicated 
carcinoma arising in a mixed tumor (Fig. 2B). Neoplastic growth and anisokaryosis were 
observed in the malignant mammary mixed tumors (Fig. 2C and D). In the metastatic MGT 
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Table 1. Primer sequences used for qRT-PCR
Gene Primer sequence (5′-3′) GenBank accession number
E-Cadherin F: CTGATGCTGAGGATAACTGAGG NM_001287125.2

R: TACAAACTGTGACCTAAGGATCG
ICAM-1 F: AACTGTAGTACCTCATGCAACC L31625.1

R: CACATCAGTCAGTTCAAAGAGC
PRR14 F: AAAGCAACTTAAAGAAGCATCCC XM_005636489.4

R: ACTGTTTCAAGGAAATTCCAAAGG
VEGF F: CGAGTACATCTTCAAGCCATCC AF133250.1

R: GTGATGTTGAACTCCTCAGTGG
HPRT1 F: GACTGAAGAGCTACTGTAATGACC NM_001003357.2

R: TCTTTGGATTATGCTCCTTGACC
RPL4 F: AATGAGAAACCGTCGTCGTATCC NM_001252409.1

R: GGAGCAAGTTTCAGAATGTTCAGC
hnRNP H F: GGTGCTTATGGTGGAGGTTATGG XM_538576.2

R: ACAATGTCCTGTTGTGCTCTGG
Oct4 F: F: AGTGAGAGGCAACCTGGAGA XM538830.1

R: GATACTGGTGCCCCTGAGAA
Sox2 F: AGTCTCCAAGCGACGAAAAA DR105272

R: CCACGTTTGCAACTGTCCTA
Nanog F: GGTAAAACTCCCACCCACCT XM543828.2

R: TTTCTGCCACCTCTTGCTTT
GAPDH F: GGAGAAAGCTGCCAAATATG XM_038444404.1

R: ACTGTTGAAGTCACAGGAGA
F, forward; R, reverse.

A B

Fig. 1. Representative radiographic images of female dogs with MGT. All radiography scans in non-metastatic MGT (A) 
and metastatic MGT groups (B) show protruded soft tissue mass in the abdominal or chest regions in lateral view. 
MGT, mammary gland tumor.



group, there was neoplastic growth in the mammary gland and tumor cell invasion in the near 
lymph duct, indicating a malignant mammary mixed tumor (Fig. 2E and F). In two dogs in 
the non-metastatic MGT group, tumors were classified as mammary adenocarcinoma and 
carcinoma arising from a complex tumor, respectively. The other two dogs in the metastatic 
MGT group were classified as having malignant mammary mixed tumors, and metastasis was 
confirmed in the lymph ducts.

The mRNA level in each sample was analyzed by normalizing the Ct value using GAPDH 
as a reference gene. All samples were analyzed in triplicates and normalized using the 
average of Ct values in the control group. For the analysis depicted in Figs. 3A and 4A, the 
relative mRNA level in the control group is shown as “1.0,” and the represented values in 
the metastatic MGT group indicate the rates of fold change in the control group. In Figs. 3B 
and 4B, each amplification product is shown by agarose gel electrophoresis that supported 
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*

*

A B

C D

E F

Fig. 2. Histological analysis of metastatic and non-metastatic MGT tissues. (A) Myxoid change (asterisk) in 
mammary gland. (B) Proliferating cells and mitotic figures (arrows) in non-metastatic MGT group. (C) and (D) 
show neoplastic growth (arrows) and anisokaryosis in non-metastatic malignant mammary mixed tumor. (E) and 
(F) display neoplastic growth (arrows) and tumor cell invasions in lymph duct (asterisk) that indicate metastatic 
malignant mammary mixed tumor. (A), (C), and (E); magnification 40× and scale bar, 200 µm; (B), (D), and (F); 
magnification 200× and scale bar, 50 µm. 
MGT, mammary gland tumor.
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Fig. 3. Analysis of the expression levels of metastasis prognostic factors in MGT tissues. (A) qRT-PCR is used to assess the mRNA levels of metastasis prognostic 
factors. The asterisks indicate significant differences, *p < 0.05, and ***p < 0.0001. The graphs present mean ± SD. (B) Ethidium bromide-stained 1.5% agarose 
gel electrophoresis shows qRT-PCR amplified products. (a) Lane M: 100 bp DNA ladder (100–200 bp); lane 1: GAPDH; lane 2, 3: E-Cadherin (non-metastatic 
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metastatic MGT, metastatic MGT, respectively); lane 3, 4: RPL4 (non-metastatic MGT, metastatic MGT, respectively); lane 5, 6: hnRNP H (non-metastatic MGT, 
metastatic MGT, respectively). (C) Melting curves generated by qRT-PCR analyzed products. For each sub-graph, temperature is displayed in the x axis and the 
derivative reporter signal is displayed in the y axis. 
MGT, mammary gland tumor; qRT-PCR, quantitative real-time polymerase chain reaction.



the analysis presented in Fig. 3A. The corresponding melting curves for all of genes showing 
single peaks are presented in Figs. 3C and 4C.

The mRNA levels of cancer prognostic metastasis molecular factors (E-cadherin, ICAM-1, 
PRR14, VEGF, HPRT1, RPL4 and hnRNP H) and stemness-related TFs (Oct4, Sox2, and Nanog) 
were comparatively evaluated in cancer fragments of metastatic and non-metastatic MGT 
dogs using qRT-PCR analysis (Figs. 3 and 4). As cancer prognostic metastasis molecular 
markers, mRNA levels of ICAM-1, PRR14, VEGF and hnRNP H were significantly higher in 
metastatic MGT group than in non-metastatic MGT group (p < 0.0001 and p < 0.05). In 
contrast, mRNA level of RPL4 was significantly lower (p < 0.05) in metastatic MGT group 
than in non-metastatic MGT group. However, there was no significant difference between 
these at the mRNA level of E-cadherin and HPRT1. The mRNA levels of Oct4, Sox2, and Nanog as 
stemness-related transcriptional factors were significantly higher in metastatic MGT group 
than in non-metastatic MGT group (p < 0.0001 and p < 0.05).

DISCUSSION

Cancer cells exhibit uncontrolled cell division, and over-activation of positive regulators that 
are related to cell division which can lead to malignancy. These metastatic cancer cells can 
spread from where metastasis begins to distant parts of the body. The acquisition of metastasis 
requires several fundamental steps, including loss of cell-cell adhesion, motility, and the ability 
to digest through the basement membrane to enter the circulation. EMT is thought to be the 
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underlying mechanism for the development of metastatic potential, and this process is related 
to cancer stem cells. Hence, we considered cell division, cell-cell adhesion, and cancer stem 
cell-related factors to identify candidates for metastasis prognostic factors in canine MGT.

In canine oncology, MGT is the most common cancer in aged female dogs. Therefore, these 
prognostic biomarkers can be used to discriminate grade tumors based on aggressiveness 
and metastatic risk, and further predict the prognosis and disease-free survival rates after 
surgical excision or chemotherapy of the tumors in older dogs with cancer. While extensive 
screening using various biomarkers can help predict aggressiveness and metastatic risk, 
it can be impossible to identify low-risk cancer patients among older dogs, and they often 
have poor prognosis due to over-treatment. Therefore, it is necessary to compare specifically 
determined patterns in which well-known metastasis markers in certain cancers have 
already been defined to improve accuracy and robustness. In the actual metastatic MGT, 
we compared expression patterns that depended on well-known metastatic factors, such 
as E-cadherin, ICAM-1, PRR14, VEGF, HPRT1, RPL4, hnRNP H and cancer stem cell-related TFs, 
including Oct4, Sox2, and Nanog, to suggest high accuracy and robustness of prognosis.

In the present study, we considered the age-dependent effect and all female dogs were 
matched according to similar age of approximately 13–14 years old. To understand the specific 
metastatic factors in dogs with MGT, the only dogs selected for the metastatic MGT group 
had lymph duct metastasis, while no tumors were found in other sites or organs.

In most studies, the analysis of metastatic factors in cancer tissues is usually performed 
using immunohistochemical staining. However, we evaluated mRNA levels of well-known 
cancer prognostic metastasis molecular factors, such as ICAM-1, PRR14, and VEGF, showing 
that their levels higher in the metastatic MGT group than in the non-metastatic MGT group 
using qRT-PCR analysis (Fig. 3). As an adhesion molecule, E-cadherin maintains intercellular 
contacts that confine cells to the primary tumor site. The expression level of E-cadherin is 
known to have a negative correlation with the metastatic potential of the tumor [9] and 
critically regulate the invasion and progression of human breast cancer and canine MGT 
[10]. We observed the loss of E-cadherin in canine metastatic MGT tissues (Fig. 4). The loss of 
E-cadherin expression, which mediates cell-cell junctions to maintain the morphology of cells 
and tissue architecture, is associated with tumor metastasis. In normal canine mammary 
glands, E-cadherin shows a distinct pattern of expression in epithelial cells [11,12], but 
immunohistochemical analysis of E-cadherin in canine MGT showed reduced membranous 
expression in malignant neoplasia in the first report [11]. The reduction in E-cadherin 
expression was associated with malignancy, with all benign tumors analyzed exhibiting 
strong intercellular immunostaining; however, results obtained from undifferentiated cases 
were conflicting in canine MGT [13]. If the tumor cells have the ability to overcome cell-cell 
adhesion, they enter the circulation and invade the surrounding tissue to establish new 
metastatic colonies. Despite the prolific studies in the human setting on implications of cell 
adhesion in cancer, there are still few publications on this subject available in canine species. 
Therefore, the specific role of cadherin-mediated cell adhesion in canine MGT has not yet 
been fully elucidated [11-14]. In the present study, E-cadherin was identified as a sensitive 
prognostic metastasis factor in canine MGT because its level was reduced in cancer tissues of 
MGT, in which lymph ducts metastasis was induced.

ICAM-1 is also known to play an important role in cancer [15] but there is an argument 
on the regulatory relationship between ICAM-1 in canine MGT and human breast cancer. 
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It has been reported that the downregulation of ICAM-1 attenuated metastatic ability or 
overexpression in human breast cancer [16]. Even these arguments have not been reported 
in the understanding of the role of MGT in the progression of canine MGT. In this study, we 
observed that mRNA levels of ICAM-1, another important molecule involved in tumor cell 
adhesion, were increased in MGT tissues with metastasis to lymph ducts. Thus, the risk of 
metastasis induction can be predicted by the elevation of ICAM-1 in canine MGT.

In this study, the mRNA levels of PRR14 and VEGF have been shown to be increased in MGT 
tissues that have metastasized to lymph ducts. Cancer cell invasion is known to occur 
primarily in the G1/G0 cell cycle arrest state [17]; therefore, some genes such as PRR14 
indicating specific cell cycle states can be used to predict the metastatic potential of cancer. 
However, it is not clear whether PRR14 induces metastasis or progression to malignant 
tumors in canine MGT. The overexpression of PRR14 in cancer leads to deregulation of the 
DNA damage pathway [18] which has been reported in various cancers, including lung and 
breast cancers in humans [19]. Furthermore, PRR14 overexpression was associated with 
the possibility of metastasis of colon cancer. Although observation of the promotion of 
metastasis by PRR14 in canine MGTs is rare, we observed a higher mRNA level of PRR14 in the 
metastatic MGT than in the non-metastatic MGT.

As the most potent inducer of angiogenesis, VEGF is required for tumor metastasis and 
invasion, and the prognostic value of VEGF has been reported in canine malignant tumors 
[20]. In canine and feline mammary carcinomas, the level of circulating VEGF was 
significantly increased compared to that in healthy animal dogs.

HPRT1, RPL4, and hnRNP H are well-known factors as housekeeping genes and they showed 
specific patterns of expression in particular cancers and association with prognosis of 
cancers. However, these candidate factors have not been reported in canine cancer, to the 
best of our knowledge. In this study, we compared mRNA expression levels of these factors 
between non-metastatic and metastatic MGT tissues (Fig. 3). HPRT1 recycles nucleotides for 
cell division and cell viability through purine salvage pathway [21], and higher expression 
of HPRT1 in breast tumors suggests worse clinical prognosis [22]. However, we observed 
no significant difference in mRNA level of HPRT1 between metastatic and non-metastatic 
MGT tissues. It may suggest that the patterns of HPRT1 expression level in canine MGT 
tissue could different from that in human breast cancer tissue. Ribosomal proteins (RPs) 
are associated with ribosome assembly and protein translation for cell growth and cell 
survival. In particular, RPL4 plays important role in regulating cell cycle transition; however, 
over-expression of this protein is involved in cell proliferation in human non-small cell lung 
cancer and gastric cancer [23]. In contrast, RPL4 was under-expressed as shown by its mRNA 
levels in HER2-positive breast cancer with brain metastasis [24], suggesting that different 
types of cancer have specific expression of RPL4. In this study, RPL4 was downregulated in 
metastatic MGT. It demonstrates that human breast cancer and canine MGT shows similarity 
with regard to mRNA level of RPL4. Furthermore, decreased RPL4 indicates poor prognosis 
including metastasis. hnRNPs have been suggested as novel prognostic biomarkers in human 
cancer studies that involved angiogenesis, extracellular matrix, and cell invasion in many 
cancers [25]. In this study, mRNA expression of hnRNP H was significantly increased in 
metastatic MGT compared to non-metastatic MGT tissues. We would suggest that hnRNP H 
and RPL4 could be used as novel candidates for predicting the ability to metastasize in canine 
MGT, but HPRT1 is not involved in this process.
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Embryonic specific TFs are abnormally expressed in human tumors [4,5], suggesting the 
presence of CSCs. A retrospective study on patient cohorts correlating TF expression with 
the survival outcome in specific tumor types suggested that the levels of TF expression may 
also be useful for assessing the prognosis in human patients [6]. However, information 
on the association between TF and canine cancer is limited. In canine mast cell tumors, 
immunohistochemical expression of Oct4 was not an accurate prognostic indicator, and no 
significant differences were found between the histopathological grades of Oct4 expression in 
various tumors [26]. On the other hand, expression of Oct4 and Sox2 [27], or Nanog, Oct4, and 
STAT3 [28] have been identified in CSCs of canine osteosarcoma; and these TFs can be used for 
their distinctive sensitivity to anticancer agents as a reliable experimental model to assay drug 
efficacy. Detection of mRNA expression levels of these TFs through immunohistochemistry 
staining and qRT-PCR analysis can aid in tumor diagnosis, classification, and selection of 
suitable therapeutic strategies. In particular, Oct4, Sox2, and Nanog as core stemness-related 
TFs, indicated advanced disease stages in various cancers, including breast and lung cancers 
[29], HER2+ breast cancer patients [30]. In canine neoplasms, positive expression of Oct4 
was reported by immunohistochemistry; and the proportion of Oct4 positive cells and the 
intensity of immune-reactivity varied both within and between tumor types [31]. All of these 
TFs in CSCs can be meaningful prognostic indicators of metastatic potential in primary 
cancer. Oct4, Sox2, and Nanog expression was increased with lymph node metastasis in renal 
carcinoma, non-small cell lung cancer, and breast cancer patients, respectively [32-34]. We 
also observed that the mRNA levels of Oct4, Sox2, and Nanog were higher in the metastatic MGT 
than in the non-metastatic MGT. The expression level of Oct4 is associated with clinical and 
histopathological prognostic indicators of cancer and can be considered as a prognostic cancer 
factor [35]. Expression of Sox2 expression has been correlated with poor prognosis in squamous 
cell carcinoma [36], gastric carcinoma [37], small cell lung cancer [38], and ovarian carcinoma 
[39]. The other TFs, Nanog, have also been associated with poor prognosis in various cancers, 
including breast [40], colorectal [41], gastric [42], ovarian [43], and liver cancers [44]. Thus, 
elevation of Oct4, Sox2, and Nanog in canine MGT tissues can be used as a strong evidence for the 
induction of metastasis due to primary cancer in the present study.

According to these results, ICAM-1, PRR14, VEGF, RPL4 and hnRNP H are the cancer prognostic 
metastasis factors, and Oct4, Sox2, and Nanog are the TFs of CSCs that can be used as reliable 
factors for metastasis of canine MGT. Although each of these individual factors also have 
sufficient significance as a prognostic factor, a combined expression pattern of multiple 
factors may predict metastasis as a more reliable indicator.

In conclusion, we suggest that identical expression patterns showing higher levels in all 
metastasis-related factors ICAM-1, PRR14, VEGF, hnRNP H, Oct4, Sox2, and Nanog, but decreased 
RPL4 levels, and not significant loss in E-cadherin and HPRT1 occurred in the MGT issues with 
metastasis. Accordingly, the evaluation of expression levels of individual factors can be used as 
prognostic factors, but the combination of multiple factors to evaluate their expression pattern 
is a more reliable metastatic prognostic marker in canine MGT. Furthermore, interfering with 
the expression of these factors could act as suppressors of canine MGT metastasis.

REFERENCES

	 1.	 Tavasoly A, Golshahi H, Rezaie A, Farhadi M. Classification and grading of canine malignant mammary 
tumors. Vet Res Forum 2013;4(1):25-30.
PUBMED

10/13https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e62

Metastasis and stemness-related factors in canine metastatic MGT

http://www.ncbi.nlm.nih.gov/pubmed/25593682


	 2.	 Pardal R, Clarke MF, Morrison SJ. Applying the principles of stem-cell biology to cancer. Nat Rev Cancer. 
2003;3(12):895-902. 
PUBMED | CROSSREF

	 3.	 Aponte PM, Caicedo A. Stemness in cancer: stem cells, cancer stem cells, and their microenvironment. 
Stem Cells Int. 2017;2017:5619472. 
PUBMED | CROSSREF

	 4.	 Monk M, Holding C. Human embryonic genes re-expressed in cancer cells. Oncogene. 
2001;20(56):8085-8091. 
PUBMED | CROSSREF

	 5.	 Zhao W, Ji X, Zhang F, Li L, Ma L. Embryonic stem cell markers. Molecules. 2012;17(6):6196-6236. 
PUBMED | CROSSREF

	 6.	 Schoenhals M, Kassambara A, De Vos J, Hose D, Moreaux J, Klein B. Embryonic stem cell markers 
expression in cancers. Biochem Biophys Res Commun. 2009;383(2):157-162. 
PUBMED | CROSSREF

	 7.	 Misdorp W, Else R W, Hellmen E, Lipscomb TP. Histological Classification of Mammary Tumors of the Dog and the Cat. 
Washington, D.C.: Armed Forces Institute of Pathology and the American Registry of Pathology and the World 
Health Organization Collaborating Center for Worldwide Reference on Comparative Oncology; 1999, 11-29.

	 8.	 Cassali GD, Lavalle GE, de Nardi AB, Ferreira E, Bertagnolli AC, Estrela-Lima A, et al. Consensus for the 
diagnosis, prognosis and treatment of canine mammary tumors. Braz J Vet Pathol. 2011;4(2):153-180.

	 9.	 Zetter BR. Adhesion molecules in tumor metastasis. Semin Cancer Biol 1993;4(4):219-229.
PUBMED

	10.	 Varallo GR, Gelaleti GB, Maschio-Signorini LB, Moschetta MG, Lopes JR, De Nardi AB, et al. Prognostic 
phenotypic classification for canine mammary tumors. Oncol Lett. 2019;18(6):6545-6553. 
PUBMED | CROSSREF

	11.	 Restucci B, Papparella S, De Vico G, Maiolino P. E cadherin expression in normal and neoplastic canine 
mammary gland. J Comp Pathol. 1997;116(2):191-202. 
PUBMED | CROSSREF

	12.	 Sarli G, Preziosi R, De Tolla L, Brunetti B, Benazzi C. E-cadherin immunoreactivity in canine mammary 
tumors. J Vet Diagn Invest. 2004;16(6):542-547. 
PUBMED | CROSSREF

	13.	 Reis AL, Carvalheira J, Schmitt FC, Gärtner F. Immunohistochemical study of the expression of 
E-cadherin in canine mammary tumours. Vet Rec. 2003;152(20):621-624. 
PUBMED | CROSSREF

	14.	 Rodo A, Malicka E. E-cadherin immunohistochemical expression in mammary gland neoplasms in 
bitches. Pol J Vet Sci. 2008;11(1):47-54.
PUBMED

	15.	 Rosette C, Roth RB, Oeth P, Braun A, Kammerer S, Ekblom J, et al. Role of ICAM1 in invasion of human 
breast cancer cells. Carcinogenesis. 2005;26(5):943-950. 
PUBMED | CROSSREF

	16.	 Di D, Chen L, Wang L, Sun P, Liu Y, Xu Z, et al. Downregulation of human intercellular adhesion molecule-1 
attenuates the metastatic ability in human breast cancer cell lines. Oncol Rep. 2016;35(3):1541-1548. 
PUBMED | CROSSREF

	17.	 El-Sherbiny YM, Cox MC, Ismail ZA, Shamsuddin AM, Vucenik I; EI-Sherbiny YM. G0/G1 arrest 
and S phase inhibition of human cancer cell lines by inositol hexaphosphate (IP6). Anticancer Res 
2001;21(4A):2393-2403.
PUBMED

	18.	 Ren X, Long M, Li Z, Wu B, Jin T, Tu C, et al. Oncogene PRR14 promotes breast cancer through activation 
of PI3K signal pathway and inhibition of CHEK2 pathway. Cell Death Dis. 2020;11(6):464. 
PUBMED | CROSSREF

	19.	 Li F, Zhang C, Fu L. PRR14 overexpression promotes cell growth, epithelial to mesenchymal transition 
and metastasis of colon cancer via the AKT pathway. PLoS One. 2019;14(10):e0218839. 
PUBMED | CROSSREF

	20.	 Moschetta MG, Maschio LB, Jardim-Perassi BV, Gelaleti GB, Lopes JR, Leonel C, et al. Prognostic value 
of vascular endothelial growth factor and hypoxia-inducible factor 1α in canine malignant mammary 
tumors. Oncol Rep. 2015;33(5):2345-2353. 
PUBMED | CROSSREF

	21.	 Chaiyawat P, Phanphaisarn A, Sirikaew N, Klangjorhor J, Thepbundit V, Teeyakasem P, et al. IMPDH2 
and HPRT expression and a prognostic significance in preoperative and postoperative patients with 
osteosarcoma. Sci Rep. 2021;11(1):10887. 
PUBMED | CROSSREF

11/13https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e62

Metastasis and stemness-related factors in canine metastatic MGT

http://www.ncbi.nlm.nih.gov/pubmed/14737120
https://doi.org/10.1038/nrc1232
http://www.ncbi.nlm.nih.gov/pubmed/28473858
https://doi.org/10.1155/2017/5619472
http://www.ncbi.nlm.nih.gov/pubmed/11781821
https://doi.org/10.1038/sj.onc.1205088
http://www.ncbi.nlm.nih.gov/pubmed/22634835
https://doi.org/10.3390/molecules17066196
http://www.ncbi.nlm.nih.gov/pubmed/19268426
https://doi.org/10.1016/j.bbrc.2009.02.156
http://www.ncbi.nlm.nih.gov/pubmed/8400144
http://www.ncbi.nlm.nih.gov/pubmed/31807173
https://doi.org/10.3892/ol.2019.11052
http://www.ncbi.nlm.nih.gov/pubmed/9131434
https://doi.org/10.1016/S0021-9975(97)80076-X
http://www.ncbi.nlm.nih.gov/pubmed/15586569
https://doi.org/10.1177/104063870401600608
http://www.ncbi.nlm.nih.gov/pubmed/12790166
https://doi.org/10.1136/vr.152.20.621
http://www.ncbi.nlm.nih.gov/pubmed/18540208
http://www.ncbi.nlm.nih.gov/pubmed/15774488
https://doi.org/10.1093/carcin/bgi070
http://www.ncbi.nlm.nih.gov/pubmed/26751847
https://doi.org/10.3892/or.2016.4543
http://www.ncbi.nlm.nih.gov/pubmed/11724298
http://www.ncbi.nlm.nih.gov/pubmed/32541902
https://doi.org/10.1038/s41419-020-2640-8
http://www.ncbi.nlm.nih.gov/pubmed/31596887
https://doi.org/10.1371/journal.pone.0218839
http://www.ncbi.nlm.nih.gov/pubmed/25779537
https://doi.org/10.3892/or.2015.3856
http://www.ncbi.nlm.nih.gov/pubmed/34035425
https://doi.org/10.1038/s41598-021-90456-4


	22.	 J Sedano M, I Ramos E, Choudhari R, L Harrison A, Subramani R, Lakshmanaswamy R, et al. 
Hypoxanthine phosphoribosyl transferase 1 is upregulated, predicts clinical outcome and controls gene 
expression in breast cancer. Cancers (Basel). 2020;12(6):1522. 
PUBMED | CROSSREF

	23.	 Wei F, Ding L, Wei Z, Zhang Y, Li Y, Qinghua L, et al. Ribosomal protein L34 promotes the proliferation, 
invasion and metastasis of pancreatic cancer cells. Oncotarget. 2016;7(51):85259-85272. 
PUBMED | CROSSREF

	24.	 Lu X, Gao C, Liu C, Zhuang J, Su P, Li H, et al. Identification of the key pathways and genes involved in 
HER2-positive breast cancer with brain metastasis. Pathol Res Pract. 2019;215(8):152475. 
PUBMED | CROSSREF

	25.	 Han N, Li W, Zhang M. The function of the RNA-binding protein hnRNP in cancer metastasis. J Cancer 
Res Ther. 2013;9 Suppl:S129-S134. 
PUBMED | CROSSREF

	26.	 Vargas TH, Pulz LH, Barra CN, Kleeb SR, Xavier JG, Catão-Dias JL, et al. Immunohistochemical expression 
of the pluripotency factor OCT4 in canine mast cell tumours. J Comp Pathol. 2015;153(4):251-255. 
PUBMED | CROSSREF

	27.	 Gatti M, Solari A, Pattarozzi A, Campanella C, Thellung S, Maniscalco L, et al. In vitro and in vivo 
characterization of stem-like cells from canine osteosarcoma and assessment of drug sensitivity. Exp Cell 
Res. 2018;363(1):48-64. 
PUBMED | CROSSREF

	28.	 Wilson H, Huelsmeyer M, Chun R, Young KM, Friedrichs K, Argyle DJ. Isolation and characterisation of 
cancer stem cells from canine osteosarcoma. Vet J. 2008;175(1):69-75. 
PUBMED | CROSSREF

	29.	 Chiou SH, Wang ML, Chou YT, Chen CJ, Hong CF, Hsieh WJ, et al. Coexpression of Oct4 and Nanog 
enhances malignancy in lung adenocarcinoma by inducing cancer stem cell-like properties and epithelial-
mesenchymal transdifferentiation. Cancer Res. 2010;70(24):10433-10444. 
PUBMED | CROSSREF

	30.	 Yang F, Zhang J, Yang H. OCT4, SOX2, and NANOG positive expression correlates with poor 
differentiation, advanced disease stages, and worse overall survival in HER2+ breast cancer patients. Onco 
Targets Ther. 2018;11(11):7873-7881. 
PUBMED | CROSSREF

	31.	 Webster JD, Yuzbasiyan-Gurkan V, Trosko JE, Chang CC, Kiupel M. Expression of the embryonic 
transcription factor Oct4 in canine neoplasms: a potential marker for stem cell subpopulations in 
neoplasia. Vet Pathol. 2007;44(6):893-900. 
PUBMED | CROSSREF

	32.	 Yu B, Cai H, Xu Z, Xu T, Zou Q, Gu M. Expressions of stem cell transcription factors Nanog and Oct4 in renal 
cell carcinoma tissues and clinical significance. Artif Cells Nanomed Biotechnol. 2016;44(8):1818-1823. 
PUBMED | CROSSREF

	33.	 Li X, Wang J, Xu Z, Ahmad A, Li E, Wang Y, et al. Expression of Sox2 and Oct4 and their clinical 
significance in human non-small-cell lung cancer. Int J Mol Sci. 2012;13(6):7663-7675. 
PUBMED | CROSSREF

	34.	 Gwak JM, Kim M, Kim HJ, Jang MH, Park SY. Expression of embryonal stem cell transcription factors 
in breast cancer: Oct4 as an indicator for poor clinical outcome and tamoxifen resistance. Oncotarget. 
2017;8(22):36305-36318. 
PUBMED | CROSSREF

	35.	 Hatefi N, Nouraee N, Parvin M, Ziaee SA, Mowla SJ. Evaluating the expression of oct4 as a prognostic 
tumor marker in bladder cancer. Iran J Basic Med Sci 2012;15(6):1154-1161.
PUBMED

	36.	 Wang Q, He W, Lu C, Wang Z, Wang J, Giercksky KE, et al. Oct3/4 and Sox2 are significantly associated 
with an unfavorable clinical outcome in human esophageal squamous cell carcinoma. Anticancer Res 
2009;29(4):1233-1241.
PUBMED

	37.	 Matsuoka J, Yashiro M, Sakurai K, Kubo N, Tanaka H, Muguruma K, et al. Role of the stemness factors 
sox2, oct3/4, and nanog in gastric carcinoma. J Surg Res. 2012;174(1):130-135. 
PUBMED | CROSSREF

	38.	 Chen Y, Huang Y, Huang Y, Chen J, Wang S, Zhou J. The prognostic value of SOX2 expression in non-small 
cell lung cancer: a meta-analysis. PLoS One. 2013;8(8):e71140. 
PUBMED | CROSSREF

	39.	 Pham DL, Scheble V, Bareiss P, Fischer A, Beschorner C, Adam A, et al. SOX2 expression and prognostic 
significance in ovarian carcinoma. Int J Gynecol Pathol. 2013;32(4):358-367. 
PUBMED | CROSSREF

12/13https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e62

Metastasis and stemness-related factors in canine metastatic MGT

http://www.ncbi.nlm.nih.gov/pubmed/32532008
https://doi.org/10.3390/cancers12061522
http://www.ncbi.nlm.nih.gov/pubmed/27845896
https://doi.org/10.18632/oncotarget.13269
http://www.ncbi.nlm.nih.gov/pubmed/31178227
https://doi.org/10.1016/j.prp.2019.152475
http://www.ncbi.nlm.nih.gov/pubmed/24516048
https://doi.org/10.4103/0973-1482.122506
http://www.ncbi.nlm.nih.gov/pubmed/26460092
https://doi.org/10.1016/j.jcpa.2015.08.010
http://www.ncbi.nlm.nih.gov/pubmed/29305964
https://doi.org/10.1016/j.yexcr.2018.01.002
http://www.ncbi.nlm.nih.gov/pubmed/17851099
https://doi.org/10.1016/j.tvjl.2007.07.025
http://www.ncbi.nlm.nih.gov/pubmed/21159654
https://doi.org/10.1158/0008-5472.CAN-10-2638
http://www.ncbi.nlm.nih.gov/pubmed/30464534
https://doi.org/10.2147/OTT.S173522
http://www.ncbi.nlm.nih.gov/pubmed/18039902
https://doi.org/10.1354/vp.44-6-893
http://www.ncbi.nlm.nih.gov/pubmed/26631537
https://doi.org/10.3109/21691401.2015.1105238
http://www.ncbi.nlm.nih.gov/pubmed/22837720
https://doi.org/10.3390/ijms13067663
http://www.ncbi.nlm.nih.gov/pubmed/28422735
https://doi.org/10.18632/oncotarget.16750
http://www.ncbi.nlm.nih.gov/pubmed/23653844
http://www.ncbi.nlm.nih.gov/pubmed/19414369
http://www.ncbi.nlm.nih.gov/pubmed/21227461
https://doi.org/10.1016/j.jss.2010.11.903
http://www.ncbi.nlm.nih.gov/pubmed/23990933
https://doi.org/10.1371/journal.pone.0071140
http://www.ncbi.nlm.nih.gov/pubmed/23722508
https://doi.org/10.1097/PGP.0b013e31826a642b


	40.	 Wang Y, Wu MC, Sham JS, Zhang W, Wu WQ, Guan XY. Prognostic significance of c-myc and AIB1 
amplification in hepatocellular carcinoma. A broad survey using high-throughput tissue microarray. 
Cancer. 2002;95(11):2346-2352. 
PUBMED | CROSSREF

	41.	 Hart AH, Hartley L, Parker K, Ibrahim M, Looijenga LH, Pauchnik M, et al. The pluripotency homeobox 
gene NANOG is expressed in human germ cell tumors. Cancer. 2005;104(10):2092-2098. 
PUBMED | CROSSREF

	42.	 Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, et al. The epithelial-mesenchymal transition 
generates cells with properties of stem cells. Cell. 2008;133(4):704-715. 
PUBMED | CROSSREF

	43.	 Bareiss PM, Paczulla A, Wang H, Schairer R, Wiehr S, Kohlhofer U, et al. SOX2 expression associates with 
stem cell state in human ovarian carcinoma. Cancer Res. 2013;73(17):5544-5555. 
PUBMED | CROSSREF

	44.	 Lin T, Ding YQ, Li JM. Overexpression of Nanog protein is associated with poor prognosis in gastric 
adenocarcinoma. Med Oncol. 2012;29(2):878-885. 
PUBMED | CROSSREF

13/13https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e62

Metastasis and stemness-related factors in canine metastatic MGT

http://www.ncbi.nlm.nih.gov/pubmed/12436441
https://doi.org/10.1002/cncr.10963
http://www.ncbi.nlm.nih.gov/pubmed/16206293
https://doi.org/10.1002/cncr.21435
http://www.ncbi.nlm.nih.gov/pubmed/18485877
https://doi.org/10.1016/j.cell.2008.03.027
http://www.ncbi.nlm.nih.gov/pubmed/23867475
https://doi.org/10.1158/0008-5472.CAN-12-4177
http://www.ncbi.nlm.nih.gov/pubmed/21336986
https://doi.org/10.1007/s12032-011-9860-9

	Metastasis prognostic factors and cancer stem cell-related transcription factors associated with metastasis induction in canine metastatic mammary gland tumors
	INTRODUCTION
	MATERIALS AND METHODS
	Histopathological staining
	RNA isolation and qRT-PCR
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES


