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Abstract

Abnormal DNA methylation is involved in the initiation and progression of lymphoid tumors. 
Hence, DNA demethylating agents are promising candidate drugs for chemotherapy against these 
tumors. The salicylic acid derived anti-inflammatory agent, olsalazine, reportedly suppresses 
DNA methyltransferase in human cells and has the potential to be clinically applied as a DNA 
demethylating agent. In this study, we investigated the effects of olsalazine on cell proliferation 
and DNA methylation using canine lymphoid tumor cell lines (CLBL-1, GL-1, and UL-1). Treat-
ment with olsalazine led to significant cell growth inhibition and increased the apoptotic rate  
in all three cell lines. Treatment with olsalazine reduced the total amount of 5-methylcytosine  
in genomic DNA, as assessed by enzyme-linked immunosorbent assay. Genome-wide analysis  
of DNA methylation revealed that 1,801 to 5,626 CpG sites showed decreased DNA methylation 
levels in three cell lines, including the promoter regions of ADAM23, FES, and CREB3L1 genes. 
The outcomes of the present study demonstrate that a DNA demethylating agent olsalazine,  
inhibits cell proliferation and DNA methylation in canine lymphoid tumor cells, suggesting that 
it can be a candidate drug for the treatment of lymphoid tumors in dogs. 
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Introduction

Lymphoid tumors, such as lymphoma and acute 
lymphoid leukemia, are common tumors in dogs.  
The current standard treatment for canine lymphoma 
and acute lymphoid leukemia is CHOP-based chemo-
therapy (Moore 2016, Bennett et al. 2017). However, 

cases that do not respond to standard therapy have  
a poor prognosis, and even when remission is achieved, 
relapses occur due to the development of resistance. 
Additionally, serious adverse reactions may prevent the 
use of suitable chemotherapy. Although some CHOP 
variations and other chemotherapy protocols have been 
proposed, the overall clinical outcome has remained  
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unchanged (Valerius et al. 1997, Hosoya et al. 2007). 
Therefore, new candidate drugs are needed for chemo-
therapy against lymphoid tumors in dogs.

DNA methylation plays a key role in disease mecha- 
nisms, such as tumorigenesis, where the de novo hyper-
methylation of tumor suppressor genes has been identi-
fied in neoplastic tissues (Herman et al. 1994, Merlo  
et al. 1995). Global hypomethylation also occurs fre-
quently in tumors and may facilitate chromosome insta-
bility, leading to the formation of abnormal chromo-
somal structures (Eden et al. 2003). Recent advances  
in the genome-wide analysis of DNA methylation have 
revealed aberrant methylation in a variety of human  
diseases (Figueroa et al. 2009, Noushmehr et al. 2010). 
Aberrant DNA methylation has also been identified  
in dogs with tumors such as melanoma and lymphoma 
(Yamazaki et al. 2018, Ishizaki et al. 2020, Ohta et al. 
2020). In human medicine, epigenetic therapies have 
emerged as promising anticancer approaches for vari-
ous types of tumors. DNA demethylating agents inhibit 
DNA methyltransferase enzymes, reducing the overall 
levels of DNA methylation in cancer cells. Inhibition  
of DNA methylation causes the upregulation of apopto-
sis- and cell cycle-associated genes and induces cell 
death in tumor cells, demonstrating its antitumor effect 
(Mehdipour et al. 2020). Representative DNA demeth-
ylating agents clinically approved in human medicine 
are 5-azacitidine and decitabine. In humans, DNA  
demethylating agents are used for the treatment of my-
elodysplastic syndromes, acute myeloid leukemia,  
and diffuse large B-cell lymphoma (Pera et al. 2016, 
Mohammad et al. 2019, Ribeiro et al. 2019). With  
recent advances in the study of epigenetics in canine 
cancer, DNA demethylating agents are expected to be 
candidates for chemotherapies in veterinary medicine 
as well (Hahn et al. 2012, Fujiwara-Igarashi et al. 2014, 
Harman et al. 2016). 

Olsalazine is a salicylic acid derived anti-inflamma-
tory agent that is mainly used for the treatment of ulcer-
ative colitis in humans (Murray et al. 2020). Olsalazine 
has also been used as an anti-inflammatory agent for the 
treatment of inflammatory bowel disease in dogs 
(Malewska et al. 2011). The advantage of salicylic  
acid-derived anti-inflammatory agents, including olsa- 
lazine, is that they have fewer known adverse reactions 
than other anti-inflammatory agents such as corticoste-
roids. Additionally, previous studies have also suggest-
ed the novel clinical efficacy of olsalazine for cancer 
therapy. Administration of olsalazine inhibited cell  
proliferation and induced apoptosis in a rodent model  
of colorectal cancer (Brown et al. 2000). Moreover,  
olsalazine has been suggested to be a DNA hypo- 
methylating agent. A combination of computational and 
cell-based screening indicated that olsalazine has  

a structure similar to that of conventional DNA demeth-
ylating agents and inhibited DNA methyltransferase 
(DNMT) in HeLa cells (Mendez-Lucio et al. 2014).

In this study, we investigated the anti-tumor effects 
of olsalazine on canine lymphoid tumor cells. Further-
more, the role of olsalazine in DNA demethylation was 
evaluated, and its underlying mechanism for a potential 
anti-tumor effect was assessed using genome-wide 
analysis.

Materials and Methods

Cell cultures

Three canine lymphoid tumor cell lines (B cell type: 
CLBL-1 and GL-1; T cell type UL-1) were used in this 
study. All cell lines were grown in RPMI 1640 (Wako 
Pure Chemical Industries Ltd., Osaka, Japan) supple-
mented with 10 % fetal calf serum and 1% penicillin/
streptomycin (Sigma Aldrich, St Louis, MO, USA), and 
cultured at 37°C in a humidified atmosphere of 5% CO2. 
Blood was collected from healthy beagles, and periph-
eral blood mononuclear cells (PBMCs) were separated 
using Ficoll/Hypaque gradient centrifugation (Lym- 
phoprep; Abbott Diagnostics Technologies AS,  
Norway). This study was approved by the Institutional 
Animal Care and Use Committee of Azabu University 
(Approval No. 200108-7). 

Reagents

Olsalazine was purchased from Tokyo Chemical  
Industry (Japan) and dissolved in dimethyl sulfoxide 
(DMSO). In each assay, the final concentration  
of DMSO was adjusted to 0.1 %. 

Cell viability assay

The cytotoxic effect of olsalazine was assessed  
using the Cell Counting Kit-8 (CCK-8; Dojindo,  
Japan), as previously described (Tomiyasu et al. 2014). 
Each cell line was seeded at 2.5 × 105 cells/mL in 96-well 
plates. The cells were exposed to olsalazine for 48 h. 
CCK-8 reagent was added to each well, and the plates 
were incubated for 4 h. After incubation, the absorbance 
of each well was measured at 450 nm using a micro-
plate reader (Power Scan HT, DS Pharma Biomedical, 
Japan). The 50% inhibitory concentration (IC50) values 
for olsalazine were determined in each cell line. 

Apoptosis assay

The terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) assay was performed  
to assess olsalazine-induced apoptosis. Each cell line 
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was treated with olsalazine at an IC50 concentration and 
incubated for 24 h. After incubation, 2.5 × 105 cells were 
subjected to the cytospin process. The TUNEL  
assay was performed using the DeadEndTM Fluoro- 
metric TUNEL System (Promega Corporation, WI, 
USA) according to the manufacturer’s instructions. 
4’,6-diamidino-2-phenylindole (DAPI) staining was 
also performed for nuclear counterstaining. Positive 
cells were counted in five consecutive high-power fields 
(HPFs) on each slide, and the rate of apoptosis was cal-
culated.

Quantitative analysis of 5-methylcytosine (5-mC) 
in genomic DNA

To evaluate DNA methylation levels after olsala-
zine treatment, the total amount of 5-mC in genomic 
DNA was measured by enzyme-linked immunosorbent 
assay (ELISA). 1.0 × 106 cells of each cell line were 
seeded and pre-cultured for 24 h. Olsalazine was then 
added at 0.03 µM. After 48 h, the pellet was precipi- 
tated by centrifugation (4 °C, 300 × g, 10 min). Geno- 
mic DNA was extracted using the QIAamp DNA Mini 
Kit (QIAGEN, Inc., Hilden, Germany) and stored  
at -20°C. Genomic DNA was diluted to 20 ng/µL with 
distilled water. Methylated DNA was measured using  
a 5-mC DNA ELISA kit (ZYMO RESEARCH Corp, 
CA, USA) with absorbance at 450 nm in a plate reader 
(POWERCAN HT, DS Pharma Biomedical Co., Ltd., 
Japan).

Digital restriction enzyme analysis of methylation 
(DREAM)

Genome-wide DNA methylation analysis using 
next-generation sequencing was performed as previ-

ously described (Yamazaki et al. 2018). We used the 
University of California, Santa Cruz (UCSC) definition 
of CpG islands (CGI): GC content of 50% or greater, 
length > 200 bp, a ratio greater than 0.6 of the observed 
number of CG dinucleotides to the expected number 
based on the number of Gs and Cs in segment (Gardiner- 
-Garden and Frommer 1987). Sites at promoter regions 
were defined as being located within 1 kb upstream  
of transcription start sites (TSS) of given genes anno- 
tated by the Ensemble database (Flicek et al. 2014). 

Statistical Analyses

Cell viability of cancer cell lines and PBMCs  
were compared using a two-way analysis of variance 
(ANOVA), followed by a Student’s t-test with Bonfer-
roni correction. Student’s t-test was used for the analy-
sis of TUNEL assay and 5mC DNA ELISA. p<0.05 was 
considered statistically significant. All analyses were 
performed using commercially available statistical soft-
ware (Stat Mate IV; ATMS Co., Ltd., Tokyo, Japan).

Results

Cell viability assay

The results of the cell viability assay are shown  
in Fig. 1. Treatment with olsalazine significantly  
reduced the viability of all three lymphoid tumor cell 
lines. IC50 (μM) for olsalazine in CLBL-1, GL-1,  
and UL-1 were 0.09, 0.21, and 1.64, respectively.  
The viability of these cancer cell lines was markedly 
lower than that of PBMCs from healthy dogs.

Fig. 1. Cell viability in canine lymphoid tumor cell lines treated with olsalazine and drug vehicle.
�: CLBL-1, □: GL-1, r: UL-1, ●: canine peripheral blood mononuclear cells (PBMCs). Each cell was treated with olsalazine (0-30μM) 
for 48 h. * Statistically significant differences (p<0.05) were observed between PBMC and each lymphoid tumor cell line.
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Apoptosis assay

The TUNEL assay was performed to assess the 
apoptosis induction of olsalazine at a concentration  
of IC50, which was determined by the cell viability  
assay. In all cell lines, treatment with olsalazine signifi-
cantly increased the number and rate of apoptosis com-
pared to that of the vehicle (Fig. 2).

5-mC levels in genomic DNA

To gain insight into the link between the cytotoxic 
effect of olsalazine and DNA methylation, changes  
in the total amount of methylated cytosine (5-mC)  
in genomic DNA after olsalazine treatment were evalua- 
ted by ELISA (Fig. 3). The total amount of 5-mC was 
2.2 %, 2.4 %, and 2.5 % in CLBL-1, GL-1, and UL-1, 
respectively, with DMSO treatment. Olsalazine treat-

ment significantly reduced the methylated cytosine 
amounts to 1.7 %, 1.6 %, and 2.1 % in CLBL-1, GL-1, 
and UL-1, respectively. 

DREAM

Finally, genome-wide analysis of DNA methylation 
by DREAM was performed to identify CpG sites  
demethylated by olsalazine treatment. A total of 66,656 
CpG sites were analyzed in all three cell lines. Fig. 4 
shows the effect of olsalazine treatment compared to 
the control DMSO, showing that the changes in DNA 
methylation status were greater in the order of CLBL-1, 
UL-1, and GL-1. Particularly, we found 1,801 to 5,626 
CpG sites that decreased DNA methylation levels  
by more than 10 % in the three cell lines. The number  
of demethylated CpG sites was higher in CLBL-1  
and UL-1 than in GL-1 (Table 1). In addition, the effect 

Fig. 2.  The number and rate of apoptotic cells in canine lymphoid tumor cell lines treated with olsalazine. Cells were treated with olsal-
azine at IC50, and the number and rate of apoptotic cells were compared with vehicle treated cells. * p<0.05

Fig. 3. Effect of olsalazine on 5-mC levels of genomic DNA in canine lymphoid tumor cell lines. * p<0.05
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of olsalazine was more prominent in NCGI (Non-CpG 
island) than in CGI in all three cell lines. We examined 
the overlap of CpG sites that were demethylated in the 
three cell lines and found that 17 sites (0.03 % of all 
CpG sites) were common to all cell lines and a total  
of 820 sites (1.2 % of all CpG sites) were common  
in both pairs of two cell lines (Fig. 5). Finally, we fo-
cused on promoter regions of genes where demethyla-
tion by olsalazine treatment may have had a direct  
effect on gene expression. Of the 837 CpG sites that 
were found to be demethylated in more than one cell 
line, 25 were in the promoter region of genes including 
ADAM23, FES, and CREB3L1 (Table 2).

Discussion 

In this study, we demonstrated the anti-tumor action 
of olsalazine in canine lymphoid tumor cells. In addi-
tion, we also showed that olsalazine decreased DNA 
methylation in these cells. This study provides new  
insights into drug repurposing of olsalazine as an  
anti-cancer drug and DNA demethylating agent in dogs.

Initially, the anti-tumor action of olsalazine was  
assessed using a cell viability assay and TUNEL assay. 
Treatment with olsalazine inhibited cell viability and 
induced apoptosis in all three canine lymphoid tumor 
cell lines. In addition, the IC50 of olsalazine in PBMCs 

Fig. 4. Smooth scatter plots for DNA methylation levels.
26,840 CpG sites in CpG island (upper) and 39,813 non-CpG island (lower) are plotted separately. DNA methylation levels  
of GL-1, CLBL-1, and UL-1 treated with olsalazine are plotted on the x-axis; DNA methylation levels of GL-1, CLBL-1,  
and UL-1 without olsalazine are plotted on the y-axis. 

Table 1. Nnumber of demethylated CpG sites after treatment with olsalazine in canine lymphoid tumor cell lines.

Cell Number of demethylated CpG sites Rate (%) of demethylated CpG sites

CLBL-1
CGI 1,878 7
NCGI 3,748 9.4
Total 5,626 8.4

GL-1
CGI 639 2.4
NCGI 1,162 3
Total 1,801 2.7

UL-1
CGI 1,416 5.3
NCGI 3,344 8.4
Total 7,760 7.1
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was markedly higher than that of lymphoid tumor cells, 
suggesting that this drug is less cytotoxic to normal 
cells. Based on the results of IC50s in each cell line, 
CLBL-1 was found to be the most sensitive to olsala-
zine, and UL-1 was the least sensitive. This difference 
may be associated with the characteristics of each cell 
line. CLBL-1 is derived from diffuse large B-cell lym-
phoma and is more sensitive to common anti-cancer 
agents than GL-1, derived from B-cell leukemia  
(Pawlak et al. 2014). UL-1, which is derived from  
T-cell lymphoma, overexpressed ABCB1, and  
its expression level was higher than that in GL-1 and 
CLBL-1 (Tomiyasu et al. 2014). The IC50 of olsalazine 
in these lymphoid tumors was within the range  
of 0.09-1.64 μM. To date, pharmacokinetics and blood 
concentration after olsalazine administration have been 
demonstrated only in humans, and its effects in dogs are 
not fully understood. Olsalazine consists of two 5-ami-
nosalicylic acid (5-ASA) molecules joined by an azo 
bridge. After oral administration, olsalazine is decom-
posed into 5-ASA in the large intestine, while only  
a part is absorbed from the intestine as olsalazine and  
is transferred to the bloodstream (Campbell and  
Berglindh 1988). In humans, the Cmax of olsalazine  
after oral administration was equivalent to 0.5 μM 
(Ryde and Ahnfelt 1988). One report demonstrates the 
antitumor action of olsalazine in vivo, using a rodent 
model of colorectal cancer. In that report, treatment 
with olsalazine increased the rate of tumor apoptosis, 
and reduced the rate of tumor cell proliferation. Howe- 
ver, the exact mechanism of olsalazine action in cancer 
cell viability has not been clarified in vivo. Alteration  
of DNA methylation is associated with tumor invasion 
and anti-tumor immunity systems (Mohammad et al. 
2014, Hogg et al. 2020). Following the results obtained 
from our in vitro study, further in vivo studies are  
needed to assess the efficacy of olsalazine in the chemo-
therapy of lymphoid tumors in dogs.

In this study, we analyzed the total amount of methy- 
lated cytosine in genomic DNA by ELISA and found  
a reduction in 5-mC in canine lymphoid cell lines  
treated with olsalazine. We also performed a genome- 
-wide analysis to identify the individual CpG sites with 
DNA methylation changes following olsalazine treat-
ment. The analysis revealed that 1,801 to 5,626 CpG 
sites (2.7% to 8.4% of all CpG sites analyzed) sho- 
wed decreased DNA methylation levels of more than 
10% compared to DMSO treatment. This frequency  
of demethylated CpG sites is consistent with a previous 
report of human myelodysplastic syndrome (MDS), 
where approximately 4% of CpG sites were demethyl-
ated (Grovdal et al. 2014). Intriguingly, DNA methyla-
tion analysis in a human colon cancer cell line at the 
single-cell level revealed that every cell had a different 
set of fully demethylated genes by azacitidine treat-
ment, while overall methylation levels of these genes 
were very limited in bulk cells because of the averaging 
effect (Takeshima et al. 2020). Similar complex mecha-
nisms of subcellular heterogeneity in demethylation 
events by olsalazine may also exist in canine lymphoma 
cell lines.

Finally, we addressed the promoter demethylation 
found in three cell lines using olsalazine. Although 
there were only 17 CpG sites that were commonly  
demethylated in all three cell lines, a total of 837 CpG 
sites (1.3 % of all CpG sites analyzed) were identified  
to be demethylated in at least two cell lines. Similarly, 
the overlap of demethylated genes between the two  
human ovarian tumor cell lines was found in only about 
2.5 % of CpG sites (Tomar et al. 2016). Since even the 
baseline DNA methylation without olsalazine was dif-
ferent in the cell lines, the effects of demethylation may 
vary depending on individual tumor cells/patients.  
In addition, as IC50 was also found to be different among 
cell lines, the optimal concentration of olsalazine that 

Fig. 5.  Venn diagram showing the overlap of hypomethylated CpG sites at promoter regions of genes among GL-1, CLBL-1, and UL-1 
after olsalazine treatment.



522 S. Itoh et al.

induced DNA demethylation could also be cell line  
dependent. It was previously reported that changes  
in DNA methylation were different between 24 h and 
48 h after azacitidine treatment in human MDS patients 
(Tobiasson et al. 2017). Treatment conditions must  
be thoroughly examined to gain more insight into the 
presumably complex event of DNA demethylation  
by olsalazine. 

Under the conditions used in this study, olsalazine 
treatment resulted in the demethylation of promoter  
regions of genes such as ADAM23, FES, and  
CREB3L1. ADAM23, a cell adhesion factor, is hyper-
methylated in human breast, pancreatic, brain, and  
colon cancers (Choi et al. 2009). FES, a tyrosine kinase, 
is normally expressed in myeloid cells and recently rec-
ognized as a tumor suppressor gene whose hyper- 
methylation has been reported in human colon cancer 
(Shaffer and Smithgall 2009). CREB3L1 is a CREB/ 
/ATF transcription factor that is hypermethylated  
in bladder and breast cancers and also functions  
as a metastasis suppressor (Rose et al. 2014). Interest-
ingly, all three genes were found to be downregulated 
by DNA hypermethylation and reactivated by DNA 
methylation inhibitors in tumor cell lines. It will be nec-
essary to investigate whether the demethylation of these 
genes by olsalazine treatment in this study is associated 
with the reactivation of gene expression to understand 
the mechanism of the anti-tumor effect of this drug.

In summary, olsalazine shows anti-tumor action  
in canine lymphoid tumor cells by DNA demethylation, 
suggesting that olsalazine is a candidate drug for the 
chemotherapy of lymphoid tumors in dogs. Further 
studies are required to clarify the association between 
the cytotoxic effects and DNA demethylation induced 
by olsalazine.
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