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ABSTRACT

الجذعية  الخلايا  على   )PXD101( بيلينوستات  نشاط  تقييم  الأهداف: 
 .Hedgehogو Notchو Wnt عبر )CSCs( لسرطان الثدي

المنهجية: أجريت هذه الدراسة البحثية في قسم البيولوجيا الطبية، جامعة نجم 
الدين أربكان، قونية، تركيا، خلال الفترة من يونيو 2017م إلى يوليو 2019م. 
مجموعة  بواسطة   MCF-7 الخلايا  صلاحية  على   PXD101 تأثير  حددنا 
 CD44+/CD24- بعد العلاج بيلينوستات، عزلنا .)XTT( تكاثر الخلايا
وأجرينا   .FACS بواسطة  السرطانية  الجذعية  الخلايا   MCF-7 CSCs
كذلك عزل الحمض النووي الريبي وتخليق حمض الديوكسي ريبونوكلييك 
 .MCF-7 CSCs وخلايا MCF-7 وخلايا HEK-293 باستخدام خلايا
بالورم الخبيث، و المرتبطة  التعبير عن الجينات  وأجري كذلك تحليل تغيرات 
Wnt، وHedgehog، وNotch، وعلامات الخلايا الجذعية عن طريق تفاعل 
البلمرة المتسلسل الكمي. بلغIC50 في الخلايا السرطانية 5 ميكرومتر لمدة 
 MCF-7 إلى أن %2 من الخلايا السرطانية FACS 48 ساعة. اظهر تحليل
عدد  انخفض  بالبيلينوستات،  العلاج  بعد   .CSCs خلايا  عن  عبارة  كانت 
MCF-7 CD44+/ بنسبة %44، وانخفض عدد خلايا MCF-7 خلايا

CD24- CSC بنسبة 66%.

 Wnt، Notch،النتائج: علاج بيلينوستات قلل تعبير جينات الورم الخبيث
Hedgehog، ومعلمات جينات الخلايا الجذعية. 

الخلاصة: للبيلينوستات تأثير محتمل على التمايز والتجديد الذاتي للخلايا 
الجذعية السرطانية في الثدي.

Objectives: To evaluate belinostat’s )PXD101( activity 
on MCF-7 breast cancer stem cells )CSCs( via Wnt, 
Notch, and Hedgehog.

Methods: This research study was carried out at 
the Department of Medical Biology, Necmettin 
Erbakan University, Konya, Turkey, from June 2017 
to July 2019. The effect of PXD101 on MCF-7 cell 
viability was determined by cell proliferation kit 
)XTT(. Following belinostat treatment, CD44+/
CD24- MCF-7 CSCs were isolated by FACS. 
Ribonucleic acid isolation and copy-deoxyribonucleic 
acid synthesis were carried out using HEK-293 cells, 
MCF-7 cells, and MCF-7 CSCs. Expression changes 
of metastasis-related genes, Wnt, Hedgehog, Notch, 
and stem cell markers were analysed by quantitative 
polymerase chain reaction. The IC50 in MCF-7 
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cancer cells was 5 μM for 48 hours. The FACS 
analysis indicated that 2% of the MCF-7 cancer 
cells were CSCs. Following belinostat treatment, the 
MCF-7 cell count decreased by 44%, and the MCF-7 
CD44+/CD24- CSC count decreased by 66%.

Results: Belinostat treatment reduced the expression 
of metastasis, Wnt, Notch, Hedgehog, and stem cell 
marker genes.

Conclusion: Belinostat has a potential effect on the 
differentiation and self-renewal of breast CSCs.

Keywords: belinostat, MCF-7, cancer stem cell, Wnt, 
Hedgehog

Saudi Med J 2024; Vol. 45 (2): 121-127
doi: 10.15537/smj.2024.45.2.20230478

From the Department of Medical Biology (Tuncer, Kurar), Meram 
Faculty of Medicine, Necmettin Erbakan University, from the 
Department of Medical Biology (Tuncer); and from the Department 
of Medical Genetics (Duran), Faculty of Medicine, KTO Karatay 
University, Konya, Turkey.

Received 26th July 2023. Accepted 12th December 2023.

Address correspondence and reprint request to: Dr. Zeliha Tuncer, 
Department of Medical Biology, Faculty of Medicine, KTO Karatay 
University, Konya, Turkey. E-mail: zelihatuncer@gmail.com
ORCID ID: https://orcid.org/0000-0001-8131-1422

https://smj.org.sa      Saudi Med J 2024; Vol. 45 )2(OPEN ACCESS

Cancer is characterized by abnormal cells that become 
differentiated and proliferate. It is the leading cause 

of death globally, second only to cardiovascular disease. 
According to the American Cancer Society, there are 
expected to be 1,918,030 new cancer cases and 609,360 
cancer deaths in the United States in 2022.1 The global 
incidence of cancer is increasing, and new approaches 
are needed to treat the disease effectively. Cancer is 
caused by a group of cells that are called cancer stem 
cells )CSCs(.2 Cancer stem cells have been shown to be 
resistant to cytotoxic drugs as well as to radiation. It 
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has been shown that this resistance may be due to an 
increased ability to recognize and repair DNA damage, 
decreased activity in apoptotic pathways, inadequate 
intake of chemotherapeutic agents into cells, and 
increased excretion of these agents out of the cells.3 The 
CSCs have cell surface markers, embryonic signaling 
pathways and detoxification enzyme systems.4 It aims to 
shrink the tumor in the treatment methods used against 
cancer. However, the cancer can repeat itself as long as 
the CSCs survive.5 Therefore, it is critical to develop 
new treatments targeting CSCs.6 The CSC treatments 
include targeting CSC surface markers with specific 
antibodies, blocking pathways that provide resistance 
to chemotherapy and radiotherapy, and blocking 
signal pathways involved in self-renewal. Monoclonal 
antibody blocking of the Wnt, Hedgehog, and Notch 
self-renewal signaling pathways is an example of CSC 
therapy.7

Breast cancer is the most common form of cancer 
in women around the world and represents a major 
global health problem.8,9 In 2020, 685,000 women 
died globally because of breast cancer. Despite the 
development of new methods of diagnosing and treating 
breast cancer, metastasis, drug resistance, and relapse 
remain important problems. However, it is thought 
that breast cancer recurrence and metastasis can be 
treated by targeting breast cancer stem cells )BSCSs(.10 
Approaches targeting BCSCs are quite remarkable in 
terms of reducing metastasis and recurrence, reducing 
the remission rate, and improving the quality of life 
of patients.11 Histone deacetylase inhibitors change 
the acetylation of histone and nonhistone proteins. 
Regulation of cellular events, such as cell life, 
differentiation and apoptosis, and anti-cancer effects 
have been observed in different pathways with gene 
expression changes. Thus, histone deacetylase inhibitors 
are considered potential anti-cancer drugs.12

Belinostat is a histone deacetylase inhibitor. It 
was approved by the Food and Drug Administration 
)FDA( in 2014 for the treatment of peripheral T-cell 
lymphoma. Belinostat has the molecular formula 
C15H14N2O4S.13 Clinical studies of the effects of 
belinostat and other histone deacetylases on cancer 
and nonmalignant diseases continue to appear.14,15 
Histone deacetylase inhibitors have been examined as 
anti-cancer drugs in the literature.16,17

Therefore, in this study, we aimed to investigate 
the antiproliferative activity and anti-cancer effects of 
belinostat on MCF-7 and MCF-7 CSCs by evaluating 
markers of self-renewal pathways.

Methods. The research study was carried out 
at the Department of Medical Biology, Necmettin 
Erbakan University, Konya, Turkey, from June 2017 
to July 2019. This study was approved by the Ethics 
Committee of Necmettin Erbakan University, Faculty 
of Medicine, Non-Pharmaceutical and Medical Device 
Research )date: June 16, 2017, issue: 2017/962(.

Belinostat was obtained from Med Chem Express. 
Belinostat was dissolved in dimethyl sulfoxide 
)Sigma-Aldrich(. The cells were treated with different 
concentrations of belinostat for different periods of 
time. The MCF-7 and HEK-293 cell lines were obtained 
from the American Type Culture Collection )Rockville, 
Maryland, 20852, USA(. Cell lines were cultured in 
RPMI 1640 medium. The medium was added 10% 
fetal bovine serum )Sigma-Aldrich, St. Louis, MO( and 
1% antibiotic-penicillin solution )Sigma-Alrich, St. 
Louis, MO(. The cells were cultured at 37oC in a humid 
atmosphere containing of 5% CO2.

To establish the IC50 dosage of belinostat, 
approximately 104 cells were seeded into a 96-well plate, 
then incubated for 24 hours. Selected concentrations of 
belinostat )0, 0.25, 0.5, 0.75, 1, 3, 5, 15, and 25 μM( 
were administered to the wells. The cells were grown for 
a period of 24, 48, and 72 hours. In every dosage group, 
a well was cultured under identical circumstances to 
the control group, where belinostat administration was 
not present. At 24, 48, and 72 hours after treatment, 
cell cytotoxicity was assessed in each well treated with 
belinostat at various concentrations using the Cell 
Proliferation Kit )XTT, BI Biological Industries(. The 
assay was carried out according to the manufacturer’s 
instructions. A microplate reader )BioTek, Biotek 
Winooski, Vermont, USA( was then used to measure 
absorbance at 450 nm.18

The MCF-7 and HEK-293 cells were incubated 
with 5 μM of belinostat for 48 hours. Approximately 
10,000-15,000 cells were removed using trypsin-
ethylenediamine tetraacetic acid )EDTA( and 
centrifuged at 1500 rpm for 5 minutes for stem cell 
isolation. The cellular pellets of MCF-7 cells were 
incubated with CD44+ and CD24- antibodies )BD 
Bioscience( in the dark for half an hour in 1X HBSS 
solution prepared with 2% FBS medium. Controls 
were diluted with 1% HBSS supplemented with 2% 
FBS. The CSCs )CD44+/CD24-( were sorted by FACS 
)FACS Aria III - BD Pharmingen, US(. The FACS 

Disclosure. This study was supported by Necmettin 
Erbakan University, Scientific Research Projects 
Coordination Office, Konya, Turkey )no.: 171318003(.
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DivaTM version 6.1.3. software was used for analysis 
flow cytometry.19

The CSCs were incubated in serum-free medium. 
After 13 days, the spherical formations appeared. Thus, 
stem cells were confirmed through the sphere formation 
technique.20

Total cellular RNA was isolated using the TRIzol 
)Sigma Aldrich®(, chloroform, and ethanol method. 
After removal of ethanol, RNA was dissolved in 
RNase-free water. The cDNAs were synthesized by 
cDNA Synthesis Kit )iScript™ cDNA Synthesis Kit( 
according to the kit protocol. The qPCR was carried 
out in triplicate using CFX ConnectTM real-time PCR 
instrument. The primer sequences were summarized in 
Table 1. The expression levels of the NANOG, OCT4, 
and SOX2 genes were analysed. This was carried out to 
determine the effects of belinostat on cell differentiation.

Statistical analysis. The comparative ΔCT method 
was used to determine relative gene expression. The RT² 
Profiler™ PCR Array Data Analysis software was used 
for statistical analysis )housekeeping gene: GAPDH 
and CYPA(. The decrease or increase in gene expression 
of 2-fold was considered significant )p<0.05(.

Results. Cell viability was assessed by the XTT 
assay. Results indicate that belinostat inhibited the 
cell proliferation of MCF-7 cells. The IC50 dose of 
belinostat was determined as 5 μM for 48 hours.
The amount of MCF-7 CSCs was determined by 
flow cytometry )FACS( using CD44+/CD24- surface 
markers. According to FACS results, MCF-7 stem cell 
ratio in MCF-7 total cell was found to be 2%. After 
48 hours treatment of 5 μM belinostat, a 44% decrease 
in MCF-7 cells and a 66% decrease in MCF-7 CSCs 
was observed comparing to the control group )Figure 1(.

Isolation of CSCs was carried out by flow cytometry 
using CD44+/CD24- surface markers from MCF-7 
cells. The isolated CSCs were cultured in serum free 
media and tumorsphere formation was observed 
from the 13th day and presence of isolated CSCs was 
confirmed. The MCF-7 CD44+/CD24- CSCs at the 
13th, 21st, and 34th days of microscope views are 
shown in Figure 2.

Belinostat administration down regulated genes 
in general in Wnt, Notch, and Hedgehog pathway in 
MCF-7 cells. For Wnt-related genes, LRP-6, APC, 
FZD-8, and LEF-1 expression levels were decreased 
)p<0.05(. Both NOTCH-1 and JAG-1 was down-
regulated but NOTCH-1 expression was not statistically 
important. The PTCH-1, Hedgehog pathway gene, 
expression was upregulated. The MMP1 gene expression 
level was downregulated. Gene expression levels of 

stem cell markers SOX2 was decreased but NANOG 
was increased MCF-7 cell lines. Results summarized 
in Figure 3. In this study, we also evaluated the gene 
expression levels of Wnt, Hedgehog, Notch, and stem 
cell markers in HEK-293 cell line )Figure 4(. According to 
the results, gene expression levels of LRP-6 and MMP-1 
were decreased. The SHH and GLI-1 were upregulated 
in HEK-293 cells. The SOX2 and NANOG gene 
expressions were found to be increased. Figure 5 shows 
expression levels of Wnt, Hedgehog, Notch, and stem 
cell markers in MCF-7 CD44+/CD24-SCSs. All genes 
were found to be downregulated. However, decreases 
observed in LRP-6 and NANOG were statistically 
unimportant )p>0.05(.

Table 1 - Primer pairs nucleotide sequences.

Genes Oligonucleotide sequences (5′-3′) Bp Refs.

WNT-1** GCGTCTGATACGCCAAAATC
GGATTCGATGGAACCTTCTG 244 41

LRP-6** AGGCACTTACTTCCCTGCAA
GGGCACAGGTTCTGAATCAT 273 42

APC** CAAAGACTCTGTATTGTTGGGAAAT
CATCAGGCTGTGAGTGAATGA 98 *

TCF-7** GGACAACTACGGGAAGAAGAAG
TCTCCGGGTAAGTACCGAAT 95 *

FZD-8** TCTTGTCGCTCACATGGTTC
TGTAGAGCACGGTGAACAGG 375 *

LEF-1** GAAGCCTCAGCATGAACAGA
CAACGACATTCGCTCTCATTTC 110 *

NOTCH-1† CAATGTGGATGCCGCAGTTGTG’
CAGCACCTTGGCGGTCTCGTA 125 43

JAG-1† GTATCTGTCCACCTGGCTATG
ACAGACACTGGAATCTGTTGAT 120 *

SHH‡ CCGAGCGATTTAAGGAACTCA
ATCACCGAGATGGCCAAAG 133 *

PTCH‡ GGGTGGCACAGTCAAGAACAG
TACCCCTTGAAGTGCTCGTACA 108 44

SMO‡ ATCGCTACCCTGCTGTTATTC
GGGCACCATCCATGAACT 90 *

GLI-1‡ GAGCTGGACATGCTGGTT
ATTCAGGCTCACGCTTCTC 148 *

MMP-1§ GCCTTCCAACTCTGGAGTAATG
AGGAGAGTTGTCCCGATGAT 111 *

SOX§ GCCGAGTGGAAACTTTTGTCG
GGCAGCCTGTACTTATCCTTC 150 *

NANOG†† TTTGTGGGCCTGAAGAAAACT
AGGGCTGTCCTGAATAAGCAG 116 *

OCT4†† CAAGGAGGCAAAGGTCTCGAA
CGGCACCTGACACAGAAGA 193 *

GAPDH‡‡ GGAGCGAGATCCCTCCAAAAT
GGCTGTTGTCATACTTCTCAT 197 *

CYPA‡‡ TATCTGCACTGCCAAGACTGAGTG
CTTCTTGCTGCTGGTCTTGCATTCC 124 *

*Designed in this study. **Wnt, †Notch, ‡Hedgehog, §metastasis, 
††stem cell markers, and ‡‡housekeeping genes. Bp: base pair, 

Refs.: references
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Figure 1 - The FACS analysis. A) The amount of MCF-7 total cell without belinostat. B) The amount of MCF-7 total cell with 
belinostat applied. C) Amount of CD44+/CD24- antibody treated MCF-7 stem cell without belinostat applied. D) 
Amount of CD44 +/CD24- antibody applied MCF-7 stem cells with belinostat applied. Q1: CD44+/CD24-, Q2: CD44+/
CD24+, Q3: CD44-/CD24-, Q4: CD44-/24+

Discussion. The mechanism of epigenetic 
modifications is crucial for tumor evolution and CSC 
viability.21 The HDAC inhibitors )HDACi( are used 
to develop anti-cancer drugs and their mechanisms of 
action are being investigated.22 The most remarkable 
findings in our study are based on the data we obtained 
as a result of FACS analysis and real time PCR. The 
findings revealed that the epigenetic drug was effective 
on cancer and CSCs by suppressing the self-renewal 
pathways.

In the present study, we demonstrated the belinostat 
effect on MCF-7 and CD44+/CD24-MCF-7-CSC. 
According to XTT result, IC50 was found 5μM for 
48 hours on MCF-7 cells. Previous literature also 
reported that in vitro treatment of different cell lines 
with HDACi inhibited proliferation.23 Determined 
IC50 dose for MCF-7 was applied to HEK-293 cells 
and observed under inverted microscope. Belinostat 
did not affect cell morphology on HEK-293 as much 
as MCF-7 cells.

After belinostat treatment, gene expression of 
important genes in self-renewal pathways on MCF-7 
and MCF-7 CD44+/CD24-cell line was suppressed 
more than HEK-293 cells. The fact that belinostat does 
not have the same effect on cancer cells but on healthy 
cells, supports the idea that belinostat is a suitable 
candidate anti-cancer agent and that it is the right 
approach to use therapeutically in cancer.

The rate of CSCs in tumors has been reported to vary 
between 0.1-30% depending on the type of cancer.24 As a 
result of FACS analysis, the amount of MCF-7 CD44+/
CD24-stem cells isolated from MCF-7 was determined 
as 2%. These findings were found to be compatible with 
the findings obtained from the Fillmore et al’s study.24

In other studies, it was found that HDACi 
)abexinostat, vorinostat, and valporic acid( significantly 
reduced the amount of breast CSCs.25,26 A recent study 
demonstrated that HDACi is a strong candidate as 
therapeutic options when applied in combination with 
chemotherapeutics in BCSCs.27 In this study, belinostat 
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Figure 2 - Tumorsphere formation.

Figure 3 - Gene expression levels of Wnt, Hedgehog, Notch, and stem 
cell markers in MCF-7 cells.

Figure 4 - Gene expression levels of Wnt, Hedgehog, Notch, and stem 
cell markers in HEK-293 cells.

treatment decreased 66% of CD44+/CD24-CSCs 
isolated from MCF-7. The findings of this study are 
similar to those carried out with the effects of HDACi 
on BCSCs.

The presence of stem cells obtained as a result of 
FACS analysis was confirmed by the tumorsphere 
formation assay. Stem cells have been reported to 
survive by forming tumorsphere under serum free 
suspension conditions.28 In this study, CD44+/CD24- 
CSCs isolated from MCF-7 cells were observed to 
form tumorsphere in serum-free medium. Therefore, it 
was confirmed that the isolated cells were stem cells. 
A previous study demonstrated that BCSCs obtained 
from SUM159 and MCF-7 cells were also capable of 
forming tumorsphere.29

The self-renewal feature of CSC is regulated by 
Wnt/β-catenin, Notch, and Hedgehog pathways.30 
These pathways play a role in CSC development and 
progression, and abnormal activation of these pathways 
has been associated with various tumor types. Therefore, 
treatment methods that suppress these pathways are 
being investigated.31

In this study, the effectiveness of Wnt, Notch, and 
Hedgehog pathways in MCF-7 cell line and MCF-7 
CD44+/CD24-CSCs were investigated. A decrease in 
the expression of Wnt pathway genes was detected in 
the MCF-7 cell line after administration of belinostat. 
Our study is compatible with studies reporting that 
Wnt signaling pathway inhibition prevents cancer 
development.32,33 The development of agents targeting 
the Wnt signaling pathway carries hope for diseases 
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characterized by the abnormal activity of this pathway. 
The HDAC3 inhibition was reported to decrease CSC 
proliferation in TNBC cells by causing beta-catenin 
degradation, and these findings are consistent with 
the results of our study.34 It was found that expression 
of Notch pathway genes decreased MCF-7 cells 
and MCF-7 CD44+/CD24-CSCs after belinostat 
application in a similar study, the reduction of CSC 
population in the TNBC cell line after application 
of AR-42 and SAHA HDACi was associated with a 
decrease in NOTCH1 gene expression.35 It has been 
reported that the Hedgehog signal pathway plays a role 
in breast cancer continuity and the expression of GLI-1, 
one of the genes involved in this pathway, increases in 
breast cancer cells.36 Therefore, it is aimed to prevent 
cancer progress by inhibiting this pathway. In this study, 
a significant decrease in expression of PTCH-1, SHH, 
and GLI-1 from the Hedgehog pathway was detected 
in MCF-7 CD44+/CD24-CSCs after belinostat 
application. In a similar study, 4SC-202 HDACi has 
been reported to suppress the Hedgehog signal pathway 
in basal cell carcinoma.37 In another similar study, it 
was shown that the synergistic use of SHH and HDAC 
inhibitors inhibited proliferation of liver cancer cells, 
thus, it could be an effective therapeutic strategy for 
liver cancer.38

According to the results of this study, belinostat 
caused a decrease in the amount of MCF-7 CD44+/
CD24- stem cells. Among the mechanisms that may be 
effective in reducing the amount of stem cells are the 
ability to suppress and differentiate self-renewal )Wnt, 
Notch, and Hedgehog( pathways and stem cell markers. 
Indeed, in this study, belinostat has been shown to cause 
a significant decrease in the expression of SOX-2 and 
OCT-4 genes which are accepted as stem cell markers, 
in MCF-7 CD44+/CD24-CSCs. It is thought that 
belinostat supports the differentiation of stem cells by 
suppressing self-renewal factors and causes a decrease 
in the amount of CSCs. However, there is a need to 

investigate other biological pathways that may be the 
cause of a decrease in the amount of CSCs.

The MMP1’s abnormal expression has been 
associated with tumor metastasis. A previous study 
reported that MMP1 expression was significantly higher 
in breast cancer tissues by immunohistochemistry 
analysis.39 This study shows, belinostat caused a decrease 
in MMP1 expression on MCF-7 and MCF-7 CD44+/
CD24- stem cells. Thus, MMP1 expression status has 
become an important prognostic indicator for breast 
cancer and is a potential drug target.

Study strengths & limitations. In order to have 
a higher level of scientific evidence, cancer could be 
formed on experimental animals and cytotoxic effects 
on cancer cells could be observed after application of 
belinostat, but cell culture study was carried out because 
our budget was very limited. As an evidence-based 
medicine step, studies on experimental animals can be 
repeated in future studies. The strength of this study 
is that it contributes to the literature on epigenetic 
treatments on cancer and CSCs.

In conclusion, in this study, it was found that the 
application of belinostat suppressed the expression of 
genes that are subject to study, especially in CD44+/
CD24-CSCs. It is stated that the anti-cancer activity 
of HDACi varies according to the dose and cell line, 
HDACi class, and other factors defined yet.40 The 
HDACi effects can be influenced by different cell 
signaling, apoptosis, cell cycle, cell differentiation, 
angiogenesis and metastasis, and more. The recognition 
of epigenetics and its physiopathology at the molecular 
level enables the development of new generation drugs 
and alternative therapies.

Acknowledgment. The authors gratefully acknowledge 
Scribendi Inc. for English language editing.

References
  
  1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 

2022. CA Cancer J Clin 2022; 72: 7-33.
  2. Dick JE. Looking ahead in cancer stem cell research. Nat 

Biotechnol 2009; 27: 44-46.
  3. Gottesman MM, Fojo T, Bates SE. Multidrug resistance in 

cancer: role of ATP-dependent transporters. Nat Rev Cancer 
2002; 2: 48-58.

  4. Spillane JB, Henderson MA. Cancer stem cells: a review. ANZ J 
Surg 2007; 77: 464-468.

  5. Koren E, Fuchs Y. The bad seed: cancer stem cells in tumor 
development and resistance. Drug Resist Updat 2016; 28: 1-12.

  6. Li Y, Atkinson K, Zhang T. Combination of chemotherapy and 
cancer stem cell targeting agents: preclinical and clinical studies. 
Cancer Lett 2017; 396: 103-109.

  7. Colvin H, Mori M. Getting to the heart of the matter in cancer: 
novel approaches to targeting cancer stem cells. Proc Jpn Acad 
Ser B Phys Biol Sci 2017; 93: 146-154.

Figure 5 - Gene expression levels of Wnt, Hedgehog, Notch, and stem 
cell markers MCF-7 cells in MCF-7 CD44+/CD24-cancer 
stem cells.

https://pubmed.ncbi.nlm.nih.gov/35020204/
https://pubmed.ncbi.nlm.nih.gov/35020204/
https://pubmed.ncbi.nlm.nih.gov/19131997/
https://pubmed.ncbi.nlm.nih.gov/19131997/
https://pubmed.ncbi.nlm.nih.gov/11902585/
https://pubmed.ncbi.nlm.nih.gov/11902585/
https://pubmed.ncbi.nlm.nih.gov/11902585/
https://pubmed.ncbi.nlm.nih.gov/17501888/
https://pubmed.ncbi.nlm.nih.gov/17501888/
https://pubmed.ncbi.nlm.nih.gov/27620951/
https://pubmed.ncbi.nlm.nih.gov/27620951/
https://pubmed.ncbi.nlm.nih.gov/28300634/
https://pubmed.ncbi.nlm.nih.gov/28300634/
https://pubmed.ncbi.nlm.nih.gov/28300634/
https://pubmed.ncbi.nlm.nih.gov/28302961/
https://pubmed.ncbi.nlm.nih.gov/28302961/
https://pubmed.ncbi.nlm.nih.gov/28302961/


127https://smj.org.sa      Saudi Med J 2024; Vol. 45 )2(

Effect of PXD101 on breast CSCs ... Tuncer et al

  8. Ghoncheh M, Pournamdar Z, Salehiniya H. Incidence and 
mortality and epidemiology of breast cancer in the world. Asian 
Pac J Cancer Prev 2016; 17: 43-46.

  9. Wilkinson L, Gathani T. Understanding breast cancer as a 
global health concern. Br J Radiol 2022; 95: 20211033.

10. Dandawate PR, Subramaniam D, Jensen RA, Anant S. Targeting 
cancer stem cells and signaling pathways by phytochemicals: 
novel approach for breast cancer therapy. Semin Cancer Biol 
2016; 40-41: 192-208.

11. Zeng X, Liu C, Yao J, Wan H, Wan G, Li Y, et al. Breast cancer 
stem cells, heterogeneity, targeting therapies, and therapeutic 
implications. Pharmacol Res 2021; 163: 105320.

12. Manal M, Chandrasekar MJ, Gomathi Priya J, Nanjan MJ. 
Inhibitors of histone deacetylase as antitumor agents: a critical 
review. Bioorg Chem 2016; 67: 18-42.

13. Campbell P, Thomas CM. Belinostat for the treatment of 
relapsed or refractory peripheral T-cell lymphoma. J Oncol 
Pharm Pract 2017; 23: 143-147.

14. Apuri S, Sokol L. An overview of investigational histone 
deacetylase inhibitors )HDACis( for the treatment of non-
Hodgkin’s lymphoma. Expert Opin Investig Drugs 2016; 25: 
687-696.

15. Vitfell-Rasmussen J, Judson I, Safwat A, Jones RL, Rossen PB, 
Lind-Hansen M, et al. A Phase I/II clinical trial of belinostat 
)PXD101( in combination with doxorubicin in patients with 
soft tissue sarcomas. Sarcoma 2016; 2016: 2090271.

16. Kenny RG, Ude Z, Docherty JR, Marmion CJ. Vorinostat and 
belinostat, hydroxamate-based anti-cancer agents, are nitric 
oxide donors. J Inorg Biochem 2020; 206: 110981.

17. Stuver R, Epstein-Peterson ZD, Johnson WT, Khan N, Lewis 
N, Moskowitz AJ, et al. Current treatment of peripheral T-cell 
lymphoma. Oncology (Williston Park) 2022; 36: 293-305.

18. Nawaz A, Jamal A, Arif A, Parveen Z. In vitro cytotoxic 
potential of Solanum nigrum against human cancer cell lines. 
Saudi J Biol Sci 2021; 28: 4786-4792.

19. Greve B, Kelsch R, Spaniol K, Eich HT, Götte M. Flow 
cytometry in cancer stem cell analysis and separation. Cytometry 
A 2012; 81: 284-293.

20. Xu L, Zhang J, Sun J, Hou K, Yang C, Guo Y, et al. Epigenetic 
regulation of cancer stem cells: shedding light on the refractory/
relapsed cancers. Biochem Pharmacol 2022; 202: 115110.

21. Pramanik SD, Kumar Halder A, Mukherjee U, Kumar D, Dey 
YN, R M. Potential of histone deacetylase inhibitors in the 
control and regulation of prostate, breast and ovarian cancer. 
Front Chem 2022; 10: 948217.

22. Ma BB, Sung F, Tao Q, Poon FF, Lui VW, Yeo W, et al. The 
preclinical activity of the histone deacetylase inhibitor PXD101 
)belinostat( in hepatocellular carcinoma cell lines. Invest New 
Drugs 2010; 28: 107-114.

23. Vinogradov S, Wei X. Cancer stem cells and drug resistance: 
the potential of nanomedicine. Nanomedicine (Lond) 2012; 7: 
597-615.

24. Fillmore CM, Kuperwasser C. Human breast cancer cell lines 
contain stem-like cells that self-renew, give rise to phenotypically 
diverse progeny and survive chemotherapy. Breast Cancer Res 
2008; 10: R25.

25. Souza FH, Wendland EM, Rosa MI, Polanczyk CA. Is 
full-field digital mammography more accurate than screen-film 
mammography in overall population screening? A systematic 
review and meta-analysis. Breast 2013; 22: 217-224.

26. Wolman SR, Heppner GH, Wolman E. New directions in 
breast cancer research. FASEB J 1997; 11: 535-543.

27. Hii LW, Chung FF, Soo JS, Tan BS, Mai CW, Leong CO. 
Histone deacetylase )HDAC( inhibitors and doxorubicin 
combinations target both breast cancer stem cells and non-stem 
breast cancer cells simultaneously. Breast Cancer Res Treat 
2020; 179: 615-629.

28. Li X, Wang X, Xie C, Zhu J, Meng Y, Chen Y, et al. Sonic 
hedgehog and Wnt/β-catenin pathways mediate curcumin 
inhibition of breast cancer stem cells. Anti-cancer Drugs 2018; 
29: 208-215.

29. Duchartre Y, Kim YM, Kahn M. The Wnt signaling pathway in 
cancer. Crit Rev Oncol Hematol 2016; 99: 141-149.

30. Takebe N, Harris PJ, Warren RQ, Ivy SP. Targeting cancer stem 
cells by inhibiting Wnt, Notch, and Hedgehog pathways. Nat 
Rev Clin Oncol 2011; 8: 97-106.

31. Xiao JH, Ghosn C, Hinchman C, Forbes C, Wang J, Snider 
N, et al. Adenomatous polyposis coli )APC(-independent 
regulation of beta-catenin degradation via a retinoid X receptor-
mediated pathway. J Biol Chem 2003; 278: 29954-29962.

32. De Monte C, Carradori S, Gentili A, Mollica A, Trisciuoglio 
D, Supuran CT. Dual cyclooxygenase and carbonic anhydrase 
inhibition by nonsteroidal anti-inflammatory drugs for the 
treatment of cancer. Curr Med Chem 2015; 22: 2812-2818. 

33. Hsieh HY, Chuang HC, Shen FH, Detroja K, Hsin LW, Chen 
CS. Targeting breast cancer stem cells by novel HDAC3-
selective inhibitors. Eur J Med Chem 2017; 140: 42-51.

34. Chao MW, Chu PC, Chuang HC, Shen FH, Chou CC, Hsu 
EC, et al. Non-epigenetic function of HDAC8 in regulating 
breast cancer stem cells by maintaining Notch1 protein stability. 
Oncotarget 2016; 7: 1796-1807.

35. Kubo M, Nakamura M, Tasaki A, Yamanaka N, Nakashima 
H, Nomura M, et al. Hedgehog signaling pathway is a new 
therapeutic target for patients with breast cancer. Cancer Res 
2004; 64: 6071-6074.

36. Gruber W, Peer E, Elmer DP, Sternberg C, Tesanovic S, Del 
Burgo P, et al. Targeting class I histone deacetylases by the novel 
small molecule inhibitor 4SC-202 blocks oncogenic hedgehog-
GLI signaling and overcomes smoothened inhibitor resistance. 
Int J Cancer 2018; 142: 968-975.

37. Wang J, Ye C, Lu D, Chen Y, Jia Y, Ying X, et al. Matrix 
metalloproteinase-1 expression in breast carcinoma: a marker 
for unfavorable prognosis. Oncotarget 2017; 8: 91379-91390.

38. Li J, Cai H, Li H, Liu Y, Wang Y, Shi Y, et al. Combined 
inhibition of sonic Hedgehog signaling and histone deacetylase 
is an effective treatment for liver cancer. Oncol Rep 2019; 41: 
1991-1997.

39. Kelly TK, De Carvalho DD, Jones PA. Epigenetic modifications 
as therapeutic targets. Nat Biotechnol 2010; 28: 1069-1078.

40. Eckschlager T, Plch J, Stiborova M, Hrabeta J. Histone 
deacetylase inhibitors as anti-cancer drugs. Int J Mol Sci 2017; 
18: 1414.

41. Okoye UC, Malbon CC, Wang HY. Wnt and Frizzled RNA 
expression in human mesenchymal and embryonic )H7( stem 
cells. J Mol Signal 2008; 3: 16.

42. Zhang B, Zhou KK, Ma JX. Inhibition of connective tissue 
growth factor overexpression in diabetic retinopathy by 
SERPINA3K via blocking the WNT/beta-catenin pathway. 
Diabetes 2010; 59: 1809-1816.

43. Park MA, Kumar A, Jung HS, Uenishi G, Moskvin OV, 
Thomson JA, et al. Activation of the arterial program drives 
development of definitive hemogenic endothelium with 
lymphoid potential. Cell Rep 2018; 23: 2467-2481.

44. You S, Zhou J, Chen S, Zhou P, Lv J, Han X, et al. PTCH1, 
a receptor of Hedgehog signaling pathway, is correlated with 
metastatic potential of colorectal cancer. Ups J Med Sci 2010; 
115: 169-175.

https://pubmed.ncbi.nlm.nih.gov/27165206/
https://pubmed.ncbi.nlm.nih.gov/27165206/
https://pubmed.ncbi.nlm.nih.gov/27165206/
https://pubmed.ncbi.nlm.nih.gov/34905391/
https://pubmed.ncbi.nlm.nih.gov/34905391/
https://pubmed.ncbi.nlm.nih.gov/27609747/
https://pubmed.ncbi.nlm.nih.gov/27609747/
https://pubmed.ncbi.nlm.nih.gov/27609747/
https://pubmed.ncbi.nlm.nih.gov/27609747/
https://pubmed.ncbi.nlm.nih.gov/33271295/
https://pubmed.ncbi.nlm.nih.gov/33271295/
https://pubmed.ncbi.nlm.nih.gov/33271295/
https://pubmed.ncbi.nlm.nih.gov/27239721/
https://pubmed.ncbi.nlm.nih.gov/27239721/
https://pubmed.ncbi.nlm.nih.gov/27239721/
https://pubmed.ncbi.nlm.nih.gov/26921086/
https://pubmed.ncbi.nlm.nih.gov/26921086/
https://pubmed.ncbi.nlm.nih.gov/26921086/
https://pubmed.ncbi.nlm.nih.gov/26954526/
https://pubmed.ncbi.nlm.nih.gov/26954526/
https://pubmed.ncbi.nlm.nih.gov/26954526/
https://pubmed.ncbi.nlm.nih.gov/26954526/
https://pubmed.ncbi.nlm.nih.gov/27403082/
https://pubmed.ncbi.nlm.nih.gov/27403082/
https://pubmed.ncbi.nlm.nih.gov/27403082/
https://pubmed.ncbi.nlm.nih.gov/27403082/
https://pubmed.ncbi.nlm.nih.gov/32088592/
https://pubmed.ncbi.nlm.nih.gov/32088592/
https://pubmed.ncbi.nlm.nih.gov/32088592/
https://pubmed.ncbi.nlm.nih.gov/35576176/
https://pubmed.ncbi.nlm.nih.gov/35576176/
https://pubmed.ncbi.nlm.nih.gov/35576176/
https://pubmed.ncbi.nlm.nih.gov/34354467/
https://pubmed.ncbi.nlm.nih.gov/34354467/
https://pubmed.ncbi.nlm.nih.gov/34354467/
https://pubmed.ncbi.nlm.nih.gov/22311742/
https://pubmed.ncbi.nlm.nih.gov/22311742/
https://pubmed.ncbi.nlm.nih.gov/22311742/
https://pubmed.ncbi.nlm.nih.gov/35640714/
https://pubmed.ncbi.nlm.nih.gov/35640714/
https://pubmed.ncbi.nlm.nih.gov/35640714/
https://pubmed.ncbi.nlm.nih.gov/36034650/
https://pubmed.ncbi.nlm.nih.gov/36034650/
https://pubmed.ncbi.nlm.nih.gov/36034650/
https://pubmed.ncbi.nlm.nih.gov/36034650/
https://pubmed.ncbi.nlm.nih.gov/19172229/
https://pubmed.ncbi.nlm.nih.gov/19172229/
https://pubmed.ncbi.nlm.nih.gov/19172229/
https://pubmed.ncbi.nlm.nih.gov/19172229/
https://pubmed.ncbi.nlm.nih.gov/22471722/
https://pubmed.ncbi.nlm.nih.gov/22471722/
https://pubmed.ncbi.nlm.nih.gov/22471722/
https://pubmed.ncbi.nlm.nih.gov/18366788/
https://pubmed.ncbi.nlm.nih.gov/18366788/
https://pubmed.ncbi.nlm.nih.gov/18366788/
https://pubmed.ncbi.nlm.nih.gov/18366788/
https://pubmed.ncbi.nlm.nih.gov/23489759/
https://pubmed.ncbi.nlm.nih.gov/23489759/
https://pubmed.ncbi.nlm.nih.gov/23489759/
https://pubmed.ncbi.nlm.nih.gov/23489759/
https://pubmed.ncbi.nlm.nih.gov/9212077/
https://pubmed.ncbi.nlm.nih.gov/9212077/
https://pubmed.ncbi.nlm.nih.gov/31784862/
https://pubmed.ncbi.nlm.nih.gov/31784862/
https://pubmed.ncbi.nlm.nih.gov/31784862/
https://pubmed.ncbi.nlm.nih.gov/31784862/
https://pubmed.ncbi.nlm.nih.gov/31784862/
https://pubmed.ncbi.nlm.nih.gov/29356693/
https://pubmed.ncbi.nlm.nih.gov/29356693/
https://pubmed.ncbi.nlm.nih.gov/29356693/
https://pubmed.ncbi.nlm.nih.gov/29356693/
https://pubmed.ncbi.nlm.nih.gov/26775730/
https://pubmed.ncbi.nlm.nih.gov/26775730/
https://pubmed.ncbi.nlm.nih.gov/21151206/
https://pubmed.ncbi.nlm.nih.gov/21151206/
https://pubmed.ncbi.nlm.nih.gov/21151206/
https://pubmed.ncbi.nlm.nih.gov/12771132/
https://pubmed.ncbi.nlm.nih.gov/12771132/
https://pubmed.ncbi.nlm.nih.gov/12771132/
https://pubmed.ncbi.nlm.nih.gov/12771132/
https://pubmed.ncbi.nlm.nih.gov/26180003/
https://pubmed.ncbi.nlm.nih.gov/26180003/
https://pubmed.ncbi.nlm.nih.gov/26180003/
https://pubmed.ncbi.nlm.nih.gov/26180003/
https://pubmed.ncbi.nlm.nih.gov/28923385/
https://pubmed.ncbi.nlm.nih.gov/28923385/
https://pubmed.ncbi.nlm.nih.gov/28923385/
https://pubmed.ncbi.nlm.nih.gov/26625202/
https://pubmed.ncbi.nlm.nih.gov/26625202/
https://pubmed.ncbi.nlm.nih.gov/26625202/
https://pubmed.ncbi.nlm.nih.gov/26625202/
https://pubmed.ncbi.nlm.nih.gov/15342389/
https://pubmed.ncbi.nlm.nih.gov/15342389/
https://pubmed.ncbi.nlm.nih.gov/15342389/
https://pubmed.ncbi.nlm.nih.gov/15342389/
https://pubmed.ncbi.nlm.nih.gov/29055107/
https://pubmed.ncbi.nlm.nih.gov/29055107/
https://pubmed.ncbi.nlm.nih.gov/29055107/
https://pubmed.ncbi.nlm.nih.gov/29055107/
https://pubmed.ncbi.nlm.nih.gov/29055107/
https://pubmed.ncbi.nlm.nih.gov/29207651/
https://pubmed.ncbi.nlm.nih.gov/29207651/
https://pubmed.ncbi.nlm.nih.gov/29207651/
https://pubmed.ncbi.nlm.nih.gov/30747231/
https://pubmed.ncbi.nlm.nih.gov/30747231/
https://pubmed.ncbi.nlm.nih.gov/30747231/
https://pubmed.ncbi.nlm.nih.gov/30747231/
https://pubmed.ncbi.nlm.nih.gov/20944599/
https://pubmed.ncbi.nlm.nih.gov/20944599/
https://pubmed.ncbi.nlm.nih.gov/28671573/
https://pubmed.ncbi.nlm.nih.gov/28671573/
https://pubmed.ncbi.nlm.nih.gov/28671573/
https://pubmed.ncbi.nlm.nih.gov/18822127/
https://pubmed.ncbi.nlm.nih.gov/18822127/
https://pubmed.ncbi.nlm.nih.gov/18822127/
https://pubmed.ncbi.nlm.nih.gov/20299474/
https://pubmed.ncbi.nlm.nih.gov/20299474/
https://pubmed.ncbi.nlm.nih.gov/20299474/
https://pubmed.ncbi.nlm.nih.gov/20299474/
https://pubmed.ncbi.nlm.nih.gov/29791856/
https://pubmed.ncbi.nlm.nih.gov/29791856/
https://pubmed.ncbi.nlm.nih.gov/29791856/
https://pubmed.ncbi.nlm.nih.gov/29791856/
https://pubmed.ncbi.nlm.nih.gov/20230186/
https://pubmed.ncbi.nlm.nih.gov/20230186/
https://pubmed.ncbi.nlm.nih.gov/20230186/
https://pubmed.ncbi.nlm.nih.gov/20230186/

	Title
	Authors
	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

