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Abstract 
Introduction: αKlotho gene was originally identified as a putative age-
suppressing gene in mice. Recently it is known that αKlotho gene functions as 
a tumor suppressor in many types of cancer, including breast, pancreas, gastric, 
colon, lung and cervical cancer. The downregulation of αKlotho expression was 
associated with CpG hipermethylation of promoter region and histone 
deacetylation. Bladder cancer is the most common cancer of the urinary tract 
in Polish population. The aim of this study was the analysis of the effect of DNA 
methyltransferase and histone deacetylase inhibitors on αKlotho gene 
expression in bladder cancer cells. 
Materials and methods: In this study T24 bladder cancer cell line was used. 
The analysis of the effect of DNA methyltransferase and histone deacetylase 
inhibitors on αKlotho gene expression was performed using Real Time PCR 
method with TaqMan probes. To determine the methylation profile of αKlotho 
gene promoter region quantitive Methylation-Specific Polymerase Chain 
Reaction technique was used. 
Results: The treatment of T24 cells with DNA methyltransferase inhibitor (AZA) 
restored the expression of αKlotho gene. After AZA treatment, the methylation 
level of CpG island in the promoter region of αKlotho gene was nearly half lower 
(p<0.05) than control cells. In case of the treatment of T24 cells with histone 
deacetylase inhibitor (TSA) we did not observe any changes in αKL gene 
expression in respect to the control cells. Treatment cells with both the inhibitors 
led to the significant increase of mRNA αKlotho gene expression level 
(p<0.001).  
Conclusions: The changes in αKlotho gene expression on mRNA level are 
associated with epigenetic changes. 
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Streszczenie 
Wstęp: Gen αKlotho pierwotnie zidentyfikowany został u myszy jako gen, 
którego ekspresja wpływa na długość ich życia. Obecnie wiadomo, że αKlotho 
spełnia funkcję genu supresorowego w przypadku wielu typów nowotworów, 
m.in. w raku piersi, trzustki, żołądka, płuc, okrężnicy i raku szyjki macicy. 
Wykazano, że spadek ekspresji genu αKlotho związany jest z hipermetylacją 
wysp CpG w obrębie regionu promotorowego oraz deacetylacją histonów. Rak 
pęcherza moczowego jest najczęściej występującym nowotworem układu 
moczowego w Polsce. Celem prowadzonych badań była analiza wpływ 
inhibitorów metylotransferaz DNA oraz deacetylaz białek histonowych na 
ekspresję genu αKlotho w komórkach raka pęcherza moczowego.  
Materiały i metody: Materiał do badań stanowiła linia komórek raka pęcherza 
moczowego T24. Analizę wpływu inhibitorów metylotransferaz DNA oraz 
deacetylaz białek histonowych na ekspresję genu αKlotho prowadzono techniką 
Real Time PCR z użyciem sond fluorescencyjnych TaqMan. Ocenę stopnia 
metylacji regionu promotorowego badanego genu prowadzono przy użyciu 
techniki ilościowego MSP-PCR (ang. Methylation-Specific Polymerase Chain 

Reaction). 
Wyniki: W wyniku traktowania komórek linii T24 inhibitorem metylotransferaz 
DNA (AZA) obserwowano przywrócenie ekspresji genu αKlotho. W porówna-
niu do komórek kontrolnych, komórki traktowane 5-aza-2′-deoksycytydyną 
wykazywały blisko o połowę niższy stopień metylacji wysp CpG w regionie 
promotorowym genu αKlotho (p<0,05). W wyniku traktowania komórek 
inhibitorem deacetylaz białek histonowych (TSA) nie obserwowano zmian 
w ekspresji genu αKL. Zastosowanie obu inhibitorów prowadziło do istotnego 
wzrostu ekspresji genu αKlotho na poziomie mRNA (p<0,001). 
Wnioski: Zmiany ekspresji genu αKlotho na poziomie mRNA związane są ze 
zmianami we wzorze modyfikacji epigenetycznych. 
 
Słowa kluczowe: rak pęcherza moczowego, klotho, metylacja DNA, 
deacetylacja histonów 
 
 
Introduction 
 

The αKlotho (Klotho, αKL) gene was originally identified in 1997 as 
a putative age-suppressing gene in mice. A defect in the expression of αKlotho 
in mice leads to a syndrome resembling human aging, while the overexpression 
of αKl gene extends their lifespan [1, 2]. The human αKlotho gene is composed 
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of 5 exons and 4 introns and resides on chromosome 13q12. The αKlotho gene 
encodes a single-pass transmembrane protein which in human is primarily 
expressed in the kidney. Moreover, the lower expression of αKL was detected 
in many other tissues, such as the pituitary gland, brain, parathyroid gland, 
pancreas, ovary, testis, placenta, skeletal muscle, urinary bladder, colon, inner 
ear and breast epithelial cells [3]. The transmembrane form of Klotho protein has 
1012 aminoacids and it is composed of a large extracellular domain (~960 aa), 
a transmembrane domain (21 aa), and a very short intracellular domain (11 aa). 
The extracellular domain consists of two internals of 440 amino acids repeat 
sequences named KL1 and KL2 which have the enzymatic activity [4]. 
The extracellular domain of Klotho protein can be cleaved by the members of 
the A Desintegrin and Metalloproteinase (ADAM) family i.e. ADAM10 and 
ADAM17, then Klotho can be released from the cell membrane. The secreted 
form of Klotho which consists of the full-length extracellular domain is detected 
in the blood, urine, and cerebrospinal fluid [3-5]. The secreted form of Klotho 
can be also generated by alternative mRNA splicing in the third exon, and then 
contains only KL1 domain [3]. This form of Klotho protein was detected only 
into urine [4]. Klotho protein can regulate various metabolic processes. 
The membrane form of Klotho functions as an obligatory co-receptor for 
endocrine fibroblast growth factor 23 (FGF23) and regulates phosphate and 
vitamin D homeostasis [2,3]. Recently it has also been found that Klotho protein 
would inhibit FGF/FGFR signaling pathway depend on FGF8 and probably 
other paracrine subfamily ligands [6]. The secreted form of Klotho protein can 
regulate the activity of multiple ion channels and growth factors including 
insulin, IGF-1, and Wnt [2, 3]. 

The aberrant expression of αKL was found in several types of cancer. 
Moreover, in most of these cancers αKlotho functions as a tumor suppressor. 
It is proposed that two mechanisms underlying the decrease expression 
of Klotho, are the hypermethylation of Klotho promoter, and deacetylation 
of histones attached to the promoter [7].  

Bladder cancer (BCa) is the most common cancer of the urinary tract 
in Polish population. This is the fourth most frequent cancer (after lung cancer, 
prostate and colon cancers) in men and the thirteenth in women. Moreover, 
bladder cancer is the fifth most common cause of cancer deaths in men [8]. 
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BCa incidence increases with age, bladder tumors rarely occur before the age 
of 40 - 50, arising most commonly in the seventh decade of life. The most 
notable risk factors for the development of bladder cancers are smoking and 
occupational exposure to aromatic amines [9]. 

We hypothesized that changes in αKlotho expression like in other cancers 
may be the result of epigenetic modification. To test our hypothesis we analyzed 
the effect of DNA methyltransferase and histone deacetylase inhibitors 
on αKlotho gene expression in bladder cancer T24 cell line. 

 

Material and methods  
 

Cell culture and treatment 
 

The bladder cancer cell line T24 was obtained from ATCC. T24 cells were 
grown in RPMI 1640 medium (Lonza) supplemented with 10% fetal bovine 
serum and 2 mM L-glutamine. Cells were incubated at 5% CO2, 37°C. 

T24 cell line was treated with DNA demethylation agent 5-aza-2′-
deoxycytidine (AZA) (Sigma Aldrich) with or without histone deacetylase 
inhibitor trichostatin A (TSA) (Sigma Aldrich) for 3 days. AZA was replenished 
every day. TSA was added 24h before the end of the experiments. Then 
the αKlotho expression and DNA methylation profile was determined. 

 
MTT assay 

 

To determine the suitable concentration of chemicals the MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay 
was carried out. The cells were plated in 96-well plates (2 000 cells/well), 
cultured in the appropriate media with or without different concentration of 
5-aza-2′-deoxycytidine and/or trichostatin A. After the treatment the cells were 
cultured for 3.5 hours at 37oC in culture hood with 5 mg/mL MTT reagent 
(Sigma-Aldrich). The medium was aspirated and the cells were dissolved 
by dimethyl sulfoxide. The absorbance of the formazan product was measured 
spectrophotometrically at a wavelength of 570 nm.  
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Real Time PCR 
 

In order to analyze αKlotho expression, total RNA from bladder cancer cell 
line was isolated using TRI Reagent (Ambion) following the manufacturer’s 
protocol. cDNA was obtained 2 µg RNA by reverse transcription reaction using 
a High Capacity cDNA Reverse Transcription Kit (Applied Biosystems), 
following the manufacturer’s protocol. Real-time gene expression analysis 
of αKL gene was performed using TaqMan® Gene Expression Assays consisting 
of a pair of unlabeled PCR primers an TaqMan probe according 
to manufacturer’s instruction. The HPRT-1 gene was used as a reference gene. 
The assay numbers for αKL and HPRT-1 genes was Hs00183100_m1 and 
Hs02800695_m1 (Applied Biosystems) respectively. The Real Time PCR 
reaction was carried out using Mastercycler® ep realplex (Eppendorf). 
The differences in αKL expression were analyzed using the ∆CT method 
in reference to HPRT-1. 

 
Quantitative MSP-PCR 

 

In order to analyze the methylation status of the CpG islands in αKlotho 
promoter region, quantitative methylation-specific PCR (MSP) analysis 
was performed. DNA was isolated from cell lines using TRI Reagent (Ambion) 
following the manufacturer’s protocol. Bisulfite modification of DNA 
was performed using the EZ DNA Methylation Gold Kit (Zymo Research, CA) 
according to the manufacturer’s recommendations. Bisulfite-converted genomic 
DNA was amplified using specific MSP primer for unmethylated 
and methylated promoter region of αKlotho: forward unmethylated 
GTGTTTGTTGGAGTGGCTGT; reverse unmethylated CACCATAAA-
CATCCTACAAACAC; forward methylated CGTTTGTTGGAGCGGTTGC; 
reverse methylated GCCATAAACGTCCTACAAACG. The Fast SYBR Green 
Master Mix (KAPPA) was used. Then the CT of the methylated and the 
unmethylated products was used to calculate the percentage of methylation for 
αKlotho gene. 
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Results  
 

Our data showed that in normal conditions αKlotho gene is not expressed 
in T24 bladder cancer cell line. The lack of expression could be associated with 
the methylation of promoter region of αKl gene. To determine the effect of DNA 
methyltransferase and histone deacetylase inhibitors on αKlotho gene expression 
and methylation profile, T24 cells were treated 10 µM 5-aza-2′-deoxycytidine 
with or without 1 µM trichostatin A.  

 
Fig. 1a. Relative expression of αKlotho gene 72 hours after treatment with 10 µM 5-aza-
2'-deoxycytidine and/or 1 µM Trichostatin A. ***p<0.001 
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The incubation of T24 cells with AZA restored the expression of αKlotho gene. 
In T24 cells treated AZA the methylation level of CpG island in the promoter 
region of αKlotho gene was nearly half lower (p<0.05) than the control cells. 
In case of TSA treatment we did not observe any changes in αKL gene 
expression in respect to the control cells. The treatment of T24 cells with AZA 
and TSA led to the significant increase of mRNA αKlotho gene expression level 
(p<0.001). 

 
Fig. 1b. The percentage of methylation of αKlotho gene promoter region 72 hours after 
treatment with 10 µM 5-aza-2'-deoxycytidine and/or 1 µM Trichostatin A. *p<0.05 
 

Discussion  
 

The tumor suppressor role of αKlotho was first found by Wolf et al. (2008) 
in breast cancer [10]. Recent published data indicate the tumor suppressor role 
of αKlotho in many other types of cancers. αKL gene expression was 
downregulated in cell lines and tissue samples inter alia of human pancreas, 
gastric, colon, lung and cervical cancer [11-16]. The overexpression of αKL 
results in the inhibition of cancer cell proliferation, and it may act as a potential 
therapeutic strategy in cancers. It is suggested that two mechanisms underlying 
the decreased expression of Klotho are the hypermethylation of Klotho promoter 
and the deacetylation of histones attached to the promoter [7].  
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In recent years it has become clear that FGF signalling is altered in a high 
proportion of bladder tumors [17]. Insulin-like growth factor 1 receptor signaling 
also plays a very important role in the progression, invasion and metastasis 
of bladder cancer cells [18]. Both transmembrane and secreted form of αKlotho 
protein can modulate these signalling pathways.  

Previously, we showed that genetic polimorfisms of the αKL gene may 
by associated with the development of bladder cancer [19]. Because αKlotho 
protein can regulate signalling pathways which disorders may be crucial for 
bladder cancerogenesis, we investigated in T24 cells two epigenetic mechanisms 
that contribute to the downregulation of αKlotho in tumors. We showed that 
the treatment of bladder cancer cells with methyltransferase inhibitor 
5-aza-2′-deoxycytidine restored the expression of αKlotho gene. This proves that 
the silencing of αKL gene in T24 cells could be the result of CpG islands 
methylation in the promoter region of this gene. Moreover, the treatment of 
T24 cells with the combination of AZA and TSA significantly increased αKlotho 
gene expression level and led to the decrease of promoter region methylation. 
After treatment cells only with TSA we did not observe changes in αKL 

expression.  
In summary, we revealed that changes in αKlotho gene expression on 

mRNA level in T24 bladder cancer cell line are associated with epigenetic 
modifications changes. These findings may be helpful in the further 
understanding of αKL participation in bladder cancerogenesis. 
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