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Abstract

Cholangiocarcinoma (CCA) is a highly aggressive and invasive malignancy with a poor
diagnosis because of the resistance, relapse and limited therapy. Histone deacetylases (HDAC)
are a class of enzyme that have important roles in epigenetic modulations. These enzymes are
intensely studied and HDAC inhibitors are considered as potent anticancer agents in both solid
tumors and hematological malignancies. HDAC inhibitors can affect and induce different
mechanisms such as cell cycle arrest, differentiation, and cell death. In this study, we aim to
investigate the cytotoxic effect of Tubastatin A, which is a selective HDACS6 inhibitor, on
cholangiocarcinoma cell lines, TFK-1 and EGI-1, by MTT assay. Besides, it was aimed to
examine the impact on colony formation potential of the cells. The effect of the inhibitor on
cell cycle distribution was also examined by using flow cytometry. Tubastatin A has
significantly decreased the colony formation and changed cell cycle progression. Taken
together, our results suggest that Tubastatin A could be a potent inhibitor against
cholangiocarcinoma. On the basis of these results, further mechanistic studies are required to
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elucidate the antineoplastic activity of Tubastatin A.

1. Introduction

Cholangiocarcinoma is a malignancy that is
originating from biliary duct. It stands for the 10-20%
of all liver cancers and it is the second most seen
hepatic malignancy [1]. The process of development of
CCA involves various mechanisms including
alterations in oncogenic signaling pathways, genetic
changes, epigenetic mechanisms and chromosomal
abnormalities. [2].

Epigenetic modifications have crucial roles in tumor
progression. These epigenetic changes include DNA
methylation and histone modifications, such as
acetylation, and regulates important events such as
chromatin structure remodeling and regulation of gene
expression [3]. In particular, the enzyme histone
deacetylase (HDAC), which removes the acetyl group
from histone proteins surrounding DNA, makes DNA
less reachable to transcription factors. By doing so, it
is considered as an important epigenetic regulator for
chromatin remodeling and gene expression [4].
Therefore, any dysregulation in the function of

HDACs in cancer cells can lead to suppression of
genes involved in the regulation of important cellular
events such as cell differentiation, angiogenesis,
apoptosis and cell proliferation [5]. Histone
deacetylases are highly expressed in both normal
cholangiocytes and cholangiocarcinoma cells [6].

There are different members of HDAC family of
enzymes [7]. HDACS is a unique cytoplasmic enzyme
that was shown to interact with and deacetylate tubulin,
and then in turn having a regulatory role in cell
migration [8]. The overexpression of HDAC6 has
been identified in a variety of other cancer cell lines
and mouse tumor models and induce oncogenic cell
transformation [9]. HDACSG is an isoform of HDACs
that is considered as enhancing CCA cell growth [10].

Selective HDACG6 inhibitors, such as ACY1215 and
tubastatin-A, significantly inhibited CCA cell growth
both in vitro and in vivo [11,12]. Tubastatin A is a
selective HDACS inhibitor that has shown promising
effects for cancer therapy in many studies. Tubastatin
A reduced cell migration and colony-forming capacity
of cells in glioblastoma cells and showed a reversing
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effect of epithelial-to-mesenchymal transition [13].
Tubastatin A was investigated on CCA in the aspect of
primary cilia formation in malignant transformation
and CCA animal model was used to demonstrate the
decrease in tumor growth. Different CCA cell lines
were used to demonstrate the decrease in cell
proliferation upon pharmacological inhibiton of
HDACG6 with Tubastatin A [11].

In the current study, it is aimed to investigate the
effects of HDACS6 inhibition in cholangiocarcinoma
cells by using a selective inhibitor, Tubastatin A. TFK-
1 and EGI-1 CCA cell lines were investigated against
Tubastatin A for the first time for its anti-cancer
properties.

2. Materials and Methods

2.1. Chemicals

MTT (M2128-500MG) reagent and the HDAC
inhibitor  Tubastatin A (SMLO0044-5MG) was
purchased from Sigma. A 5 mM stock of Tubastatin A
solution in DMSO (dimethylsulfoxide) was prepared
according to the recommendations of the supplier and
the main stocks were stored at -20°C. The RPMI 1640,
fetal bovine serum, penicillin/streptomycin, and PBS
(Phosphate Saline Buffer) were obtained from Euro
Clone, Biological Industries, Euro Clone, and Gibco,
respectively. The crystal violet that was used to stain
the colonies was purchased from Serva chemicals.
RNAse enzyme (R5503) and the propidium iodide dye
(P4170) were also obtained from Sigma for use in cell
cycle analysis.

2.2. Cell lines and maintenance

Human CCA cell lines, TFK-1 and EGI-1, were
obtained from German National Resource Center for
Biological Material (DSMZ). Cells were cultured in
RPMI medium supplemented with 10% FBS and 100
U/mL penicillin/streptomycin and maintained at 37°C
in 5% CO..

2.3. Cell proliferation

Antiproliferative effects of Tubastatin A were
determined by MTT cell proliferation assay on the
indicated cell lines. This test is based on the principle
that metabolically active cells convert the MTT ((3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide) molecule into insoluble formazan salts and
measuring the resulting color at 570 nm [14]. Briefly,
96-well plate were seeded with 10000 -cells/well
containing 200 pl of growth medium in the absence
and presence of increasing concentrations of
Tubastatin A. After 48 hours of incubation, 10 ul of

MTT reagent was added to each well and incubated for
extra 4 hours. The 96-well plates were centrifuged at
1800 rpm for 10 minutes and the formed formazan
crystals was dissolved with 100 pl of DMSO.
Formazan intensities was read in  the
spectrophotometer at a wavelength of 570 nm by
Varioskan™ L[LUX multimode microplate reader
(Thermo Scientific™). The proliferation graphs were
plotted and the ICsy (drug concentration that inhibits
cell growth by 50%) concentration calculated for
Tubastatin A.

2.4. Colony formation assay

Cholangiocarcinoma cell lines, TFK-1 and EGI-1,
were seeded in triplicates into 6-well plates (2000 and
1000 cells/well, respectively) and treated with
Tubastatin A (10 uM and 50 uM). The cells were
cultured in a humidified incubator at 37°C with 5%
CO; for 14 days. By the end of 14 days, the medium
was removed and the colonies were fixed with 4%
paraformaldehyde and then stained with 0.1% crystal
violet for 30 minutes at room temperature. After the
staining, excess dye was removed using distilled water
to improve the visualization of the colonies. After the
digital images of the colonies were obtained with the
camera, colony counts were made using Imagel
software.

2.5. Cell cycle analysis

Cell cycle analyzes of TFK-1 and EGI-1 cells treated
with Tubastatin A were performed by flow cytometry
and 1x10° cells were incubated with the inhibitor for
48 hours. Cells were washed with 1 ml of cold PBS
(pH=7.4) and centrifuged. Then, 4 ml of 70% ethanol
was added to the cells and the cells were kept in a -
20°C for at least 24 hours. Afterwards, cell pellet was
homogenized in 5 ml of cold PBS, washed and
centrifuged. Cell pellets were then washed with 1 ml of
PBS/Triton X-100, followed by the addition of 100 ul
of RNase-A and incubated at 37°C for 30 minutes.
Finally, 100 ul of propidium iodide was added and left
at room temperature for 10 minutes. Cell cycle analysis
was performed by fluorescence-activated cell sorting
(FACS).

2.6. Statistical analysis

The results are presented as mean + standard deviation
(SD). The statistical significance was detected using a
one-way analysis of variance (ANOVA) for Dunnett's
assay compared to the untreated controls. Statistical
analysis was performed using GraphPad Prism 8.0.2
program.
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3. Results

3.1 Antiproliferative effect of Tubastatin A on
TFK-1 and EGI-1 cholangiocarcinoma cells

The cytotoxic effect of Tubastatin A was examined on
TFK-1 (Figure 1A) and EGI-1 (Figure 1B)
cholangiocarcinoma cells. The cells were treated with

A. TFK-1
150=
< <0.0001
3
e
_g 100=
E *x *kkk
2
S
& 50+
)
o
0 T T T T T T T T T
3 5 » N \ N L2} S
o 13 O ) R < v
({\\ 90 Q«Q Q9 © o

TUBASTATIN A (uM) 48h

Cell Proliferation (%)

concentrations varying between 0.0025 - 10 uM for
TFK-1 cells and 0.1-50 uM for EGI-1 cells for 48
hours. Tubastatin A decreased cell viability in a time
and concentration dependent manner when compared
to the untreated control (P<0.001). The ICs, value for
Tubastatin A, which is the drug concentration that
inhibits cell growth by 50%, was calculated as 15 uM
and 20 uM for TFK-1 and EGI-1 cells, respectively.
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Figure 1. The cytotoxic effect of Tubastatin A on TFK-1 (A) and EGI-1 (B) cells with increasing concentrations for 48
hours. The standard deviation was done on the number of replicates, which is 3 wells per treatment and the experiment was

done three times (n=3). (**=P < 0.01, ****=P <0.0001)
3.2 The effect of Tubastatin A on the clonogenicity
of cholangiocarcinoma cells

Clonogenic  potential of TFK-1 and EGI-1
cholangiocarcinoma cells has been evaluated for 14
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days after using two different Tubastatin A
concentrations. Tubastatin A treatment caused a
decrease in the number of colonies when compared to
untreated or DMSO treated control cells (Figure 2).
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Figure 2. The impact of Tubastatin A on the clonogenicity of cholangiocarcinoma cells. (A) Representative images of
clonogenic assays in TFK-1 (upper panel) and EGI-1 (lower panel) cells with different concentrations of Tubastatin A
(TubA). (B) The effect of the different treatments on the clonogenic effect on TFK-1 and EGI-1 cells. (*= P <0.05, **=P

<0.01)
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3.3 The impact of Tubastatin A on cell cycle
distribution

TFK-1 and EGI-1 cells were treated with 10 uM and
50 uM Tubastatin A in complete medium for 48 hours
and cell cycle progression was analyzed by
fluorescence-activated cell sorting (FACS) analysis

(Figure 3). For EGI-1 cells, Tubastatin A treatment
demonstrated cell cycle arrest in G2/M phase and the
cell population in GO/G1 phase was also decreased by
9 % and 12 % in 10 uM and 50 pM Tubastatin A
treatment, respectively. In TFK-1 cells, Tubastatin A
did not show a significant effect on cell cycle
progression when compared to untreated control cells.
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Figure 3. The effect of Tubastatin A on the cell cycle progression. The TFK-1 (A) and EGI-1 (B) cells were treated for 48
hours with 10 uM and 50 uM Tubastatin A (TubA), the cells were harvested, fixed, and stained with propidium iodide. Then
the cells were analyzed by flow cytometer. Two independent experiments were performed, combined and analyzed. **

indicates that there is a significant (** = P <0.01) difference between control and Tubastatin A administrations.

4. Discussion

In this study, we aimed to investigate the effects of
selective HDACS inhibitor, Tubastatin A, on TFK-1
and EGI-1 CCA cell lines. Antiproliferative effects of
Tubastatin A on CCA cells using MTT assay were
determined and a dose dependent cell proliferation
decrease was detected. Furthermore, the colony
formation assay revealed a significant reduction in
colony number depending on the Tubastatin A
concentration. Further insight for the cytotoxic
mechanism of Tubastatin A, we examined the cell
cycle progression by flow cytometry. The cells were
shown to be arrested in G2/M phase for EGI-1 cells but
there was no significant change in TFK-1 cells.

Cholangiocarcinoma is a highly aggressive and
metastatic form of adenocarcinoma with a poor
prognosis and mortality rate because of heterogeneity,
limited therapy options and developing resistance. It is
the second most common type of liver cancer with a
rate of 10-20% among all liver cancer types. The
chemotherapy options of CCA are mostly gemcitabine
and cisplatin, which are considered as a first-line
therapy [15]. Some combinational therapies are also
done but the overall survival is increased mildly
ameliorated [16] and there is a requirement for novel
treatment strategies for CCA.

Epigenetics changes involve the DNA and histone
modifications which results in changes of genetic
expression without changing the DNA sequence. The
posttranslational modifications of histone proteins that
are tightly bound to the DNA is a significant epigenetic
mechanism [4]. These modifications involve
acetylation and methylation of certain lysine residues
on histone proteins. The histone acetylation causes a
change in transcription activity, loosening the
compactly packed nucleosome and this process results
in the increase in gene expression in many cases [17].
This effect is reversed by histone deacetylation and this
reaction is catalyzed by histone deacetylase (HDAC)
enzymes. The involvement of epigenetic regulations in
various types of diseases, like cancer, got the attention
on developing novel strategies targeting epigenetic
modifications that has been studied widely [18,19].
HDAC inhibitors show promising effects by causing
hyperacetylation and inhibiting the removal of acetyl
groups from the lysine residues [20]. Their potential as
anticancer agents lead the FDA approval of HDAC
inhibitors. HDACS is a class Il inhibitor that induces
cell proliferation in CAA cells and is over expressed in
CCA patients [11,12]. HDAC inhibition caused the
downregulation of the malignant properties of CCA
cells. Many studies demonstrated and suggested the
potency of selective HDACG inhibition not only for
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CCA but also in various types of malignancies like
gastric cancer [21], glioblastoma [13], pancreatic
cancer [22], colorectal cancers [23]. These selective
inhibitors exert anticancer effect by different
mechanisms. It has been suggested that Tubastain A
enhances  temozolomide-induced  apoptosis  in
glioblastoma cells, while treatment affects Hedgehog
signaling, thereby reducing glioblastoma progression.
[13]. In another study, CCA was used as a model and
it was shown that the primary cilia were reduced upon
HDACG6 overexpression. The inhibition of HDAC6
and restoration of cilia formation resulted in inhibition
of tumor growth [11].

Colony forming capability of cancer cells is a valuable
indicator of reproductive potential of living single
cancer cells. Tubastatin A was reported to decrease the
2D colony number by 50% in glioblastoma cells [13]
and inhibited colony formation in triple negative
human breast epithelial/cancer cell lines [24].
Similarly, in this study, decreasing colony formation
was also observed in cells treated with Tubastatin A.

HDAC inhibitors are potential anti-cancer agents, and
this effect sometimes manifests as cell cycle
progression and sometimes cell cycle arrest. This
cytoplasmic enzyme also has a nonhistone target, such
as tubulin, which plays an important role in cell
division and microtubule formation [25]. HDACG6
inhibition was shown to have similar variable effects
on cell cycle in three different melanoma cell lines.
HDACS inhibitors, including Tubastatin A, caused G1
arrest accompanied by changes of cell population in G2
fraction. Although Tubastatin A and other HDACG6
inhibitors were applied to same cancer type but
different cell lines, variable effects were observed [26].
In this current study, Tubastatin A induced G2/M arrest
for EGI-1 cells and decreased the cell population in
GO/GL1. On the contrary, the cell population in S phase
increased compared to the control. Interestingly,
Tubastatin A administration did not have a significant
effect on cell cycle distribution. The cell cycle results
in the present study is in line with the results that is
observed in this previously discussed study [26] that
the inhibitor caused different impacts on cell cycle in
different CCA cell lines. These observations suggest
that Tubastatin A may alter different cell cycle
regulatory proteins depending on the type of CCA cell
line.

In conclusion, our study demonstrated that the
selective inhibitor Tubastatin A exhibits an
antiproliferative effect towards TFK-1 and EGI-1
cholangiocarcinoma cells. Tubastatin A’s
antiproliferative activity is thought to be mediated by
its impact and inhibition on clonogenicity of these

cells. In addition, the EGI-1 cells were arrested in the
G2/M phase upon increasing concentrations of
Tubastatin A. Collectively our results show that
HDACS6 inhibition with Tubastatin A leads a decrease
in cell proliferation, colony formation and cell cycle
arrest. Clearly it is important to evaluate the effect of
the inhibitor mechanistically. These results provide a
starting point for further studies. The focus of future
work might be combinational treatments of Tubastatin
with different inhibitors that target different pathways.
After the validation of conclusions that would be
brought, it could be a subject of a multiple inhibitor
therapy for CCA. Although there is a need for follow-
up studies and further investigation, our results suggest
that HDACS6 could be potential therapeutic targets for
treating cholangiocarcinoma, and administration of
selective inhibitor, Tubastatin A, could be a potential
therapeutic approach for cholangiocarcinoma.

Acknowledgment

This study was supported by grants from
TUBITAK (217S660). We acknowledge the flow
cytometry facility in the Genome and Stem Cell
Center of Erciyes University. We thank the
specialist, Esma Saraymen, for her technical
assistance during flow cytometry measurements.

Conflicts of interest
The authors declare that there is no conflict of interest.
References

[1] Pant K., Peixoto E., Richard S. Gradilone, S. A,
Role of Histone Deacetylases in Carcinogenesis:
Potential Role in Cholangiocarcinoma, Cells, 9(3)
(2020) 780.

[2] RizviS., Gores G. J., Pathogenesis, diagnosis, and
management of cholangiocarcinoma,
Gastroenterology, 145(6) (2013) 1215-29.

[3] Dawson M. A., Kouzarides T., Cancer
epigenetics: From mechanism to therapy, Cell,
150(1) (2012) 12-27.

[4] Weinhold B., Epigenetics: the science of change,
Environ. Health Perspect., 114(3) (2006) 160-7.

[5] Li Y., Seto E., HDACs and HDAC inhibitors in
cancer development and therapy, Cold Spring
Harb. Perspect. Med., 6(10) (2016) a026831.

[6] Sriraks R., Limpaiboon T., Histone deacetylases
and their inhibitors as potential therapeutic drugs
for cholangiocarcinoma—cell line findings, Asian
Pacific J. Cancer Prev., 14(4) (2013) 2503-2508.

779



Yenigiil, Gencer Ak¢ok | Cumhuriyet Sci. J., 42(4) (2021) 775-780

[7] Dokmanovic M., Clarke C., Marks P. A., Histone
deacetylase inhibitors: Overview and
perspectives, Molecular Cancer Research, 5(10)
(2007) 981-989.

[8] Hubbert C., Guardiola A., Shao R., Kawaguchi
Y., Ito A., Nixon A., Yoshida M., Wang X. F.,
Yao T. P., HDACS6 is a microtubuleassociated
deacetylase, Nature, 417(6887) (2002) 455-458.

[9] Sakamoto K. M., Aldana-Masangkay G. I., The
role of HDACSG in cancer, Journal of Biomedicine
and Biotechnology, 2011 (2011) 875824.

[10] Gradilone S. A., Pisarello M. J., LaRusso N. F.,
Primary Cilia in Tumor Biology: The Primary
Cilium as a Therapeutic Target in
Cholangiocarcinoma, Curr. Drug Targets, 18(8)
(2015) 958-963.

[11] Gradilone S. A., Radtke B. N., Bogert P. S,
Huang B. Q., Gajdos G. B., LaRusso N. F.,
HDACS inhibition restores ciliary expression and
decreases tumor growth, Cancer Res., 73(7)
(2013) 2259-2270.

[12] Gradilone S. A., Gradilone S. A., Habringer S.,
Masyuk T. V., Howard B. N., Masyuk A. 1.,
Larusso N. F., HDACSG is overexpressed in cystic
cholangiocytes and its inhibition reduces
cystogenesis, Am. J. Pathol, 184(3) (2014) 600-
608.

[13] Urdiciain A., Erausquin E., Meléndez B., Rey J.
A., ldoate M. A., Castresana J. S., Tubastatin A,
an inhibitor of HDACS, enhances temozolomide-
induced apoptosis and reverses the malignant
phenotype of glioblastoma cells, Int. J. Oncol,
54(5) (2019) 1797-1808.

[14] Marks D. C., Belov L., Davey M. W., Davey R.
A., Kidman A. D., The MTT cell viability assay
for cytotoxicity testing in multidrug-resistant
human leukemic cells, Leuk. Res., 16(12) (1992)
1165-1173.

[15] Rizvi S., Khan S. A., Hallemeier C. L., Kelley R.
K., Gores G. J.,, Cholangiocarcinoma-evolving
concepts and therapeutic strategies, Nature
Reviews Clinical Oncology, 15(2) (2018) 95-111.

[16] Valle J., Wasan H., Palmer D. H., Cunningham
D., Anthoney A., Maraveyas A., Madhusudan S.,
Iveson T., Hughes S., Pereira S. P., Roughton M.,
Bridgewater J., ABC-02 Trial Investigators.,
Cisplatin plus Gemcitabine versus Gemcitabine
for Biliary Tract Cancer, N. Engl. J. Med., 362(14)
(2010) 1273-81.

[17] Eberharter A., Becker P. B., Histone acetylation:
A switch between repressive and permissive

chromatin. Second in review on chromatin
dynamics, EMBO Rep., 3(3) (2002) 224-9.

[18] Egger G., Liang G., Aparicio A., Jones P. A,
Epigenetics in human disease and prospects for
epigenetic therapy, Nature, 429(6990) (2004)
457-63.

[19] Cheng Y., He C., Wang M., Ma X., Mo F., Yang
S.,HanJ., Wei X., Targeting epigenetic regulators
for cancer therapy: Mechanisms and advances in
clinical trials, Signal Transduct. Target. Ther., 4
(2019) 62.

[20] Bates S. E., Epigenetic Therapies for Cancer, N.
Engl. J. Med., 383(7) (2020) 650-663.

[21] Dong J., Zheng N., Wang X., Tang C., Yan P.,
Zhou H. B., Huang J., A novel HDACS6 inhibitor
exerts an anti-cancer effect by triggering cell
cycle arrest and apoptosis in gastric cancer, Eur.
J. Pharmacol., 828 (2018) 67-79.

[22] Wang G., He J., Zhao J., Yun W., Xie C., Taub J.
W., Azmi A., Mohammad R. M., Dong Y., Kong
W., Guo Y., Ge Y., Class | and Class Il Histone
Deacetylases Are Potential Therapeutic Targets
for Treating Pancreatic Cancer, PLoS One, 7(12)
(2012) e52095.

[23] Won H. R., Ryu H. W., Shin D. H., Yeon S. K.,
Lee D. H., Kwon S.H, A452, an HDACG-
selective inhibitor, synergistically enhances the
anticancer activity of chemotherapeutic agents in
colorectal cancer cells, Mol. Carcinog., 57(10)
(2018) 1383- 1395.

[24] Su Y., Hopfinger N. R., Nguyen T. D., Pogash T.
J., Santucci-Pereira J.,, Russo J., Epigenetic
reprogramming of epithelial mesenchymal
transition in triple negative breast cancer cells
with DNA methyltransferase and histone
deacetylase inhibitors, J. Exp. Clin. Cancer Res.,
37(1) (2018) 314.

[25] Li Y., Shin D., Kwon S. H., Histone deacetylase 6
plays a role as a distinct regulator of diverse
cellular processes, FEBS Journal, 280(3) (2013)
775-93.

[26] Woan K. V., Lienlaf M., Perez-Villaroel P., Lee
C., Cheng F., Knox T., Woods D. M., Barrios K.,
Powers J., Sahakian E., Wang H. W., Canales J.,
Marante D., Smalley K. S. M., Bergman J., Seto
E., Kozikowski A., Pinilla-lbarz J., Sarnaik A.,
Celis E., Weber J., Sotomayor E. M., Villagra A.,
Targeting histone deacetylase 6 mediates a dual
anti-melanoma effect: Enhanced antitumor
immunity and impaired cell proliferation, Mol.
Oncol., 9(7) (2015) 1447-1457.

780



