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SHORT COMMUNICATION Experimental Research

The DNA methylation inhibitor 5-aza-2’-
deoxycytidine retards cell growth and alters gene 
expression in canine mammary gland tumor cells

 
Abstract
Disruption of gene expression by DNA methylation changes is widely involved in tumorigenesis. Here, 
to investigate DNA methylation changes in canine, we treated a canine mammary gland tumor cell line 
with a DNA methylation inhibitor, 5-aza-2’-deoxycytidine (5-aza). Cell growth was significantly retarded 
following 5-aza treatment and the epithelial marker genes CDH1 and KRT18 were significantly 
up-regulated, whereas the mesenchymal marker genes CDH2 and VIM were significantly down-
regulated. We also found a significant decrease in DNA methylation level in the CDH1 promoter region 
by 5-aza treatment. These results showed for the first time in canine mammary gland tumor cells that 
inhibition of DNA methylation caused cell growth retardation and affected epithelial mesenchymal 
transition-related gene expression via changes in DNA methylation level.
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　　Mammary gland tumors account for 
approximately half of all tumors in dogs, making 
them the most common tumor type; therefore, 
establishing effective diagnostic and therapeutic 
methods is important1,5). Approximately half of 
these tumors are malignant, and because of their 
strong potential for invasion and metastasis, 
they often affect other organs such as the lungs 
and regional lymph nodes16). Various genes are 
involved in invasion and metastasis of cancer cells, 
but those involved in epithelial mesenchymal 
transition (EMT), a process that confers migratory 
ability by promoting differentiation of epithelial 

cells into mesenchymal cells, is particularly 
important20). EMT is characterized by decreased 
expression of the tumor suppressor gene 
E-cadherin (CDH1), which is involved in cell 
adhesion. In human mammary gland tumors 
(MGT), the expression of CDH1 decreases as 
malignancy increases, abnormally high CpG 
methylation is observed in the promoter region of 
the gene, and CpG methylation induces EMT in 
cultured cells15). In dogs as well, CDH1 expression 
is known to be decreased in tumors with high 
invasiveness in MGT, but its methylation patterns 
as they relate to malignancy have not been 
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investigated6). The DNA methylation inhibitor 
5-aza-2’-deoxycytidine (5-aza) is reported to inhibit 
cell growth and invasion in several human MGT 
cell lines3,4). In canine urothelial carcinoma, it  
is reported that subcutaneous 5-azacitidine 
treatment showed antitumor activity9). However, 
the epigenetic aspects of canine MGT have not 
been well studied, especially the potential for use 
of DNA methylation inhibitors as anti-tumor 
drugs, although naturally occurring MGT in 
canines can be used as a model for human breast 
cancer.
　　In this study, we treated canine MGT cells 
with the DNA methylation inhibitor 5-aza and 
analyzed changes in the expression of EMT- 
related genes. Furthermore, we examined whether 
or not inhibition of DNA methylation directly 
caused up-regulation of the epithelial marker 
gene CDH1.
　　The canine MGT cell line AZACB was 
purchased from Cosmo Bio (Tokyo, Japan). Cells 
were cultured in DMEM medium (Wako Pure 
Chemical Industries Ltd., Osaka, Japan) 
supplemented with 10% heat-inactivated (56°C, 
30 min) fetal bovine serum (FBS) (Gibco BRL, 

Grand Island, NY, USA) and Penicillin-
Streptomycin-Amphotericin B Suspension (Wako 
Pure Chemical Industries Ltd.), and incubated at 
37°C in a humidified 5% CO2 atmosphere. Total 
live cell number was counted using a TaliTM Image- 
Based Cytometer (Thermo Fisher Scientific, 
Waltham, MA, USA) using the TaliTM Viability 
Kit - Dead Cell Red (Thermo Fisher Scientific). 
The DNA methylation inhibitor 5-aza-2’-
deoxycytidine was purchased from Wako Pure 
Chemical Industries, Ltd. Cells were treated with 
0, 1, and 10 μM of 5-aza for four days in triplicate. 
The NucleoSpin® RNA kit (TaKaRa Bio Inc., 
Shiga, Japan) was used to extract total RNA 
according to the manufacturer’s instructions. One 
microgram of total RNA was used for cDNA 
synthesis using the ReverTra Ace® qPCR RT Kit 
(Toyobo, Osaka, Japan). Two microliters of cDNA 
was mixed with THUNDERBIRD® SYBR qPCR 
Mix (Toyobo) containing 50 pmol of each primer 
(Table 1) and real-time PCR was performed 
under the following conditions: 94°C for 1 min, 
followed by 40 cycles at 94°C for 15 sec and 60°C 
for 30 sec. mRNA expression was normalized to 
expression of ACTB and the ΔΔCt method of 

Table 1. Primer sequences used in this study

Gene Primer sequence (5´-3´) PCR product size (bp)

ACTB
forward GGCATCCTGACCCTGAAGTA  81

reverse GGTGTGGTGCCAGATCTTCT

CDH1
forward AGATGCGGATGATGATGTGA  92

reverse TGAACATCATGCTGCTAGGC

KRT18
forward TGAACGTCAAGGTCAAGCTG  91

reverse TCCAGGGCGTCAGTAAGACT

CDH2
forward TGTGAACGGGCAAATAACAA 137

reverse AGATCTGCAGCGTTCCTGTT

VIM
forward CCGACAGGATGTTGACAATG 116

reverse GCTCCTGGATTTCCTCATCA

SNAI1
forward CCTTCTGAGTGCCCCCATTT 119

reverse ATCAGCCGTCCACAGAAAGG

SNAI2
forward GAGCATTTGCAGACAGGTCA  85

reverse TTGGAGCAGTTTTTGCACTG

CDH1 
(for bisulfite analysis)

forward TTAACTCAAAACCTACTTAAAACTCTCTCC 207

reverse AAAAGTAGGTTTAGTATTTTTGGTGGGG
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quantification was used to determine the fold 
change in expression relative to non-treated cells. 
Genomic DNA was extracted using a NucleoSpin® 
Tissue kit (TaKaRa Bio Inc.) according to the 
manufacturer’s instructions. Bisulfite conversion 
was carried out using EpiTect Bisulfite Kits 
(Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions. PCR amplification was 
performed in 20-μL volumes containing 50 pmol 
of each primer (Table 1) and EmeraldAmp® PCR 
Master Mix (TaKaRa Bio Inc.) under the 
following conditions: 94°C for 2 min, followed by 
30 cycles at 94°C for 30 sec, 50°C for 30 sec, and 
72°C for 30 sec. The amplified PCR products 
were cloned with pGEM-T-easy vector systems 
(Promega, Madison, WI, USA), sent to a sequencing 
service (Greiner Bio-One, Frickenhausen, Germany) 
and analyzed using the QUMA program12). 
Bisulfite data were analyzed with the Mann–
Whitney U-test and statistical differences in gene 
expression were determined using One-way 
ANOVA. P-values ＜ 0.05 denotes a statistically 
significant difference between non-treated and 
treated cells.
　　The total live cell number was significantly 
decreased by 10% to 20% by 5-aza treatment,  
in a concentration-dependent manner (Fig. 1A). 
However, cell morphology was not altered (data 
not shown). We analyzed the expression of six 
EMT-related genes using real-time PCR. CDH1 
and Cytokeratin18 (KRT18) are epithelial marker 
genes, whereas N-cadherin (CDH2) and Vimentin 
(VIM) are mesenchymal markers. Snail (SNAI1) 
and Slug (SNAI2) are transcription factors and 
are reported to repress CDH1 gene expression. 
The results of real-time PCR analysis are 
depicted in Fig. 1B. The expression of epithelial 
marker genes, such as CDH1 and KRT18, was 
significantly higher (P ＜ 0.05) in 5-aza-treated 
cells, and the changes were concentration-
dependent. CDH1 was more than 60-fold over-
expressed and KRT18 was more than 250-fold 
over-expressed in cells treated with 10 μM 5-aza, 
compared to non-treated cells. On the other 
hand, expression of the mesenchymal marker 

genes CDH2 and VIM was significantly lower 
(P ＜ 0.05) in 5-aza-treated cells. The relative 
mRNA levels of these genes in 5-aza-treated cells 
were approximately half those in non-treated 
cells. The expression of SNAI1 was significantly 
up-regulated in a concentration-dependent manner, 
whereas SNAI2 expression was not significantly 
altered by 5-aza treatment (Fig. 1B). E-cadherin 
protein was also over-expressed in 5-aza-treated 
cells (Supplemental Fig. 1). Next, to confirm 
whether or not the over-expression of CDH1 was 
directly caused by 5-aza treatment, we analyzed 
DNA methylation levels at the CDH1 promoter 
region. We identified one CpG island in the 5´ 
flanking region of CDH1 (CanFam3.1, chr5: 
80,834,648-80,835,145) using MethPrimer and 
analyzed DNA methylation levels using the bisulfite 
sequencing method14). The CDH1 5´ flanking 
region was highly methylated in non-treated cells 
(83.1%), whereas the methylation levels were 0% 
in both 1 μM- and 10 μM-treated cells (Fig. 1C).
　　CDH1 is known to be a cell-cell adhesion 
molecule, characteristic of epithelial cells and an 
anti-tumor gene22). Aberrant DNA methylation 
patterns in the 5´ proximal promoter region of the 
CDH1 gene have been reported in different types 
of human cancer cells, correlated with down-
regulation of CDH1 expression2,7,11,23). CDH1 
methylation has also been reported to increase 
during the progression of human breast cancer 
malignancy18). Another report showed that 5-aza 
treatment reduced mortality, increased in vitro 
aggregation, and suppressed metastasis with 
hypo-methylation of the CDH1 promoter region 
and induction of re-expression of CDH1 in human 
breast cancer cells17). Together with our results, 
it is suggested that hypo-methylation of the 
CDH1 promoter region is a trigger that induces 
CDH1 gene expression in both human and canine 
MGT cells. However, we also observed more than 
3-fold over-expression of CDH1 in 5-aza-treated 
(10 μM) cells with the same methylation level 
compared to 5-aza (1 μM) treatment. Because 
this difference cannot be explained by DNA 
methylation alone, we analyzed other factors 
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Fig. 1. Effects of 5-aza treatment in canine mammary gland tumor cells.  A: Fold changes in total live cell 
number after four days of 5-aza treatment. Asterisks denote significant differences compared to 0 μM controls 
(*P ＜ 0.05). Results from triplicate plates represent the mean ± standard error. B: Relative gene expression levels 
in 5-aza-treated cells. Asterisks denote significant differences compared to 0 μM controls (*P ＜ 0.05). Results from 
triplicate plates represent the mean ± standard error. C: DNA methylation analysis of the CDH1 5´ flanking 
region. Each circle shows CpG dinucleotides. White circles represent unmethylated cytosines, and black circles 
represent methylated cytosines. The methylation level (as a percentage) is indicated below.

controlling CDH1 gene expression. SNAI1 is a 
transcription factor known to repress CDH1 
expression via recruiting the histone deacetylase 

complex19). We analyzed changes in the expression 
of SNAI1 in 5-aza-treated cells and found that it 
was significantly up-regulated. This is contrary 
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to the over-expression of CDH1 observed in 
5-aza-treated cells. Another transcription factor, 
SNAI2, is also known to repress CDH1 expression 
in human breast cancer cells10). However, no 
significant expression changes were observed in 
5-aza-treated cells. KRT18 is a member of the 
type I intermediate filament gene family and is 
expressed in single-layer epithelial tissues. It is 
reported that 5-aza-treated mouse utricle 
epithelial-derived progenitor cells and mouse and 
rat intestinal cells showed increased expression 
of KRT18, suggesting the involvement of DNA 
methylation in regulating gene expression13,24). 
We were unable to quantify changes in the 
methylation of the KRT18 promoter region 
because of the difficulty of performing bisulfite 
PCR; however, significant up-regulation was 
observed following 5-aza treatment, suggesting 
the involvement of DNA methylation in regulating 
KRT18 expression in canine MGT cells.
　　We also observed down-regulation of the 
mesenchymal marker genes CDH2 and VIM. 
Methylation of VIM has been reported to be 
related to survival in human breast cancer 
cells21). However, no reports have been published 
on VIM and DNA methylation in canine tumors. 
Increased CDH2 and reduced CDH1 expression 
is known as the “cadherin switch,” which is 
related to cancer progression and is a feature of 
EMT8). Our observation that CDH1 and KRT18 
were up-regulated and CDH2 and VIM were 
down-regulated suggested that 5-aza treatment 
induced an anti-EMT effect in canine MGT cells 
in vitro.
　　In this study, the DNA methylation inhibitor 
5-aza induced retardation of cell proliferation, 
up-regulation of epithelial marker genes, and 
down-regulation of mesenchymal marker genes in 
canine MGT cells. The demethylation of CDH1, as 
determined by bisulfite sequencing, indicated that 
5-aza-induced demethylation might play a role  
in activating the expression of CDH1 in canine 
MGT cells. As our results were from in vitro 
experiments only, and further studies are needed 
to confirm the effect of 5-aza treatment in vivo.

Acknowledgments

　　This work was supported by the Program to 
Disseminate Tenure Tracking System from the 
Ministry of Education, Culture, Sports, Science 
and Technology. The authors are grateful to Ms. 
Yuri Shinomoto for technical assistance.

Supplemental data

　　Supplemental data associated with this 
article can be found, in the online version, at 
http://dx.doi.org/10.14943/jjvr.65.3.159

References

 1) Brodey RS, Goldschmidt MH, Roszel JR. 
Canine Mammary-Gland Neoplasms. J Am 
Anim Hosp Assoc 19, 61-90, 1983.

 2) Chang HW, Chow V, Lam KY, Wei WI, Yuen 
A. Loss of E-cadherin expression resulting 
from promoter hypermethylation in oral 
tongue carcinoma and its prognostic 
significance. Cancer 94, 386-392, 2002.

 3) Chang HW, Wang HC, Chen CY, Hung  
TW, Hou MF, Yuan SS, Huang CJ, Tseng 
CN. 5-azacytidine induces anoikis, inhibits 
mammosphere formation and reduces 
metalloproteinase 9 activity in MCF-7 human 
breast cancer cells. Molecules 19, 3149-3159, 
2014.

 4) Chik F, Machnes Z, Szyf M. Synergistic anti-
breast cancer effect of a combined treatment 
with the methyl donor S-adenosyl methionine 
and the DNA methylation inhibitor 5-aza-2’-
deoxycytidine. Carcinogenesis 35, 138-144, 
2014.

 5) Dorn CR, Taylor DO, Frye FL, Hibbard HH. 
Survey of animal neoplasms in Alameda  
and Contra Costa Counties, California. I. 
Methodology and description of cases. J Natl 
Cancer Inst 40, 295-305, 1968.

 6) Gama A, Paredes J, Gartner F, Alves A, 
Schmitt F. Expression of E-cadherin, 
P-cadherin and beta-catenin in canine 
malignant mammary tumours in relation to 
clinicopathological parameters, proliferation 
and survival. Vet J 177, 45-53, 2008.

 7) Graff JR, Herman JG, Lapidus RG,  



EPIGENETICS OF CANINE BREAST TUMORS164

Chopra H, Xu R, Jarrard DF, Isaacs WB, 
Pitha PM, Davidson NE, Baylin SB. 
E-Cadherin Expression Is Silenced by DNA 
Hypermethylation in Human Breast and 
Prostate Carcinomas. Cancer Res 55, 5195-
5199, 1995.

 8) Gravdal K, Halvorsen OJ, Haukaas SA, 
Akslen LA. A switch from E-cadherin to 
N-cadherin expression indicates epithelial to 
mesenchymal transition and is of strong and 
independent importance for the progress of 
prostate cancer. Clin Cancer Res 13, 7003-
7011, 2007.

 9) Hahn NM, Bonney PL, Dhawan D, Jones 
DR, Balch C, Guo Z, Hartman-Frey C, Fang 
F, Parker HG, Kwon EM, Ostrander EA, 
Nephew KP, Knapp DW. Subcutaneous 
5-azacitidine treatment of naturally occurring 
canine urothelial carcinoma: a novel epigenetic 
approach to human urothelial carcinoma drug 
development. J Urol 187, 302-309, 2012.

10) Hajra KM, Chen DY, Fearon ER. The SLUG 
zinc-finger protein represses E-cadherin in 
breast cancer. Cancer Res 62, 1613-1618, 
2002.

11) Kanazawa T, Watanabe T, Kazama S,  
Tada T, Koketsu S, Nagawa H. Poorly 
differentiated adenocarcinoma and mucinous 
carcinoma of the colon and rectum show 
higher rates of loss of heterozygosity and loss 
of E-cadherin expression due to methylation 
of promoter region. Int J Cancer 102, 225- 
229, 2002.

12) Kumaki Y, Oda M, Okano M. QUMA: 
quantification tool for methylation analysis. 
Nucleic Acids Res 36, W170-175, 2008.

13) Kwan R, Looi K, Omary MB. Absence of 
keratins 8 and 18 in rodent epithelial cell 
lines associates with keratin gene mutation 
and DNA methylation: Cell line selective 
effects on cell invasion. Exp Cell Res 335, 
12-22, 2015.

14) Li LC, Dahiya R. MethPrimer: designing 
primers for methylation PCRs. Bioinformatics 
18, 1427-1431, 2002.

15) Lombaerts M, van Wezel T, Philippo  
K, Dierssen JW, Zimmerman RM, Oosting  
J, van Eijk R, Eilers PH, van de Water  

B, Cornelisse CJ, Cleton-Jansen AM. E- 
cadherin transcriptional downregulation by 
promoter methylation but not mutation is 
related to epithelial-to-mesenchymal transition 
in breast cancer cell lines. Br J Cancer 94, 
661-671, 2006.

16) Misdorp W. Tumors of the Mammary Gland. 
In: Tumors in Domestic Animals, Iowa State 
Press. pp. 575-606. 2008.

17) Nam JS, Ino Y, Kanai Y, Sakamoto M, 
Hirohashi S. 5-aza-2’-deoxycytidine restores 
the E-cadherin system in E-cadherin-silenced 
cancer cells and reduces cancer metastasis. 
Clin Exp Metastasis 21, 49-56, 2004.

18) Nass SJ, Herman JG, Gabrielson E, Iversen 
PW, Parl FF, Davidson NE, Graff JR. 
Aberrant methylation of the estrogen receptor 
and E-cadherin 5’ CpG islands increases 
with malignant progression in human breast 
cancer. Cancer Res 60, 4346-4348, 2000.

19) Peinado H, Ballestar E, Esteller M, Cano  
A. Snail Mediates E-Cadherin Repression  
by the Recruitment of the Sin3A/Histone 
Deacetylase 1 (HDAC1)/HDAC2 Complex. 
Mol Cell Biol 24, 306-319, 2003.

20) Prislei S, Martinelli E, Zannoni GF, Petrillo 
M, Filippetti F, Mariani M, Mozzetti S, 
Raspaglio G, Scambia G, Ferlini C. Role  
and prognostic significance of the epithelial-
mesenchymal transition factor ZEB2 in ovarian 
cancer. Oncotarget 6, 18966-18979, 2015.

21) Ulirsch J, Fan C, Knafl G, Wu MJ, Coleman 
B, Perou CM, Swift-Scanlan T. Vimentin 
DNA methylation predicts survival in breast 
cancer. Breast Cancer Res Treat 137, 383- 
396, 2013.

22) van Roy F, Berx G. The cell-cell adhesion 
molecule E-cadherin. Cell Mol Life Sci 65, 
3756-3788, 2008.

23) Yoshiura K, Kanai Y, Ochiai A, Shimoyama 
Y, Sugimura T, Hirohashi S. Silencing of the 
E-cadherin invasion-suppressor gene by CpG 
methylation in human carcinomas. Proc Natl 
Acad Sci U. S. A 92, 7416-7419, 1995.

24) Zhou Y, Hu Z. Genome-wide demethylation by 
5-aza-2’-deoxycytidine alters the cell fate of 
stem/progenitor cells. Stem Cell Rev 11, 87- 
95, 2015.




