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Sézary syndrome (SS) is an aggressive leukemic variant of cutaneous T-cell lymphomas
(CTCL) in which the human Telomerase Reverse Transcriptase (hTERT) gene is re-
expressed. Current available treatments do not provide long-term response. We
previously reported that Histone deacetylase inhibitors (HDACI, romidespin and
vorinostat) and a DNA methyltransferase inhibitor (DNMTi, 5-azacytidine) can reduce
hTERT expression without altering the methylation level of A TERT promoter. Romidepsin
and vorinostat are approved for CTCL treatment, while 5-azacytidine is approved for the
treatment of several hematological disorders, but not for CTCL. Here, using the soft agar
assay, we analyzed the functional effect of the aforementioned epidrugs on the clonogenic
capacities of Sézary cells. Our data revealed that, besides hTERT downregulation,
epidrugs’ pressure reduced the proliferative and the tumor formation capacities in
Sézary cells in vitro.

Keywords: cutaneous T-cell lymphomas (CTCL), Sezary syndrome (SS), 5-azacytidine, romidepsin, vorinostat,
Histone deacetylase inhibitor, DNA methyltransferase inhibitor, TERT

INTRODUCTION

Sézary syndrome (SS) is a rare leukemic variant of cutaneous T-cell lymphoma (CTCL)
characterized by a malignant monoclonal proliferation of mature CD4+ T-cells named Sézary
cells (1) for which current available treatments do not provide long-term responses (2). The etiology
of the molecular oncogenesis of SS are still not fully understood, therefore, molecular targets for
directed therapeutic interventions remain to be defined (3). Hence, there is a need for additional
effective therapeutic options.

Data available from genomic studies provide rational evidences for implementing epigenetic
therapies in SS patients, through DNA demethylating agents and histone deacetylase inhibitors
(HDAC:I) (3). Histone deacetylase (HDAC) are a class of widely expressed enzymes that not only
can detach the acetyl group from histones, but can also deacetylate a large variety of non-histone

Frontiers in Oncology | www.frontiersin.org 1

October 2021 | Volume 11 | Article 775253


https://www.frontiersin.org/articles/10.3389/fonc.2021.775253/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.775253/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.775253/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:edith.chevret@u-bordeaux.fr
https://doi.org/10.3389/fonc.2021.775253
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.775253
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.775253&domain=pdf&date_stamp=2021-10-26

Chebly et al.

Targeting Epigenetic Modifiers in Sézary Cells

proteins whose activities rely on their acetylation status (4-6).
The non-histone proteins regulated by HDAC are involved in
various pathways that may be implicated in lymphoproliferative
disorders (5, 6). Indeed, reduced acetylation is associated with
enhanced proliferation and survival of lymphoma cells, while
increased acetylation is associated with tumor growth arrest and
cell death (7). To date, human HDAC comprise a family of 18
enzymes, grouped in four classes (4, 7, 8). HDACI can target
several classes of HDAC enzymes (pan-inhibitors) or selectively
inhibit one class of HDAC enzymes. HDACi have been shown to
be of benefit for patients with hematological malignancies. Two
HDACI, romidepsin (specific inhibitor against HDAC class I)
and vorinostat (inhibitors), were approved by the Food Drug
Administration (FDA) for the treatment of relapsed/refractory
CTCL in 2009 and 2006, respectively (9, 10). HDACi are known
for their cytotoxicity which distinguishes tumor cells from
normal cells (11), although it remains unclear why tumor cells
are more sensitive to HDACi-induced cell death than normal
cells. HDACi may influence cell cycle progression, apoptosis and
angiogenesis, however, the exact mechanism of action of HDACi
in T-cell lymphomas remains unknown to date (12). Besides
HDAC;, other drugs belonging to the DNA packaging modifiers
such as DNA methyltransferase (DNMT) inhibitors (DNMT1),
5-azacytidine and 5-aza-2’-deoxycytidine (Decitabine, DAC) are
available. These DNMTi are FDA-approved for the treatment of
myelodysplastic syndrome (MDS) and acute myeloid leukemia
(AML), but not for the treatment of CTCL.

DNA packaging modifiers have been thoroughly investigated,
as reported in the literature, at both cellular and whole genomic
level. Our team, on the other hand, examined the effect of these
DNA packaging modifiers at the level of a specific gene promoter
sequence, the human telomerase reverse transcriptase gene
(hTERT). We had previously demonstrated that in SS, the
telomerase (hTERT) expression holds a critical role in
telomeres maintenance and tumorigenesis (13, 14). We then
reported that each of romidepsin, vorinostat and 5-azacytidine
can reduce hTERT expression while maintaining hTERT’s
promotor methylation status (14). We herein, report on the
effect of the aforementioned DNA packaging modifiers on the
tumorigenic capacities of Sézary cells in vitro, along with the
changes in hTERT gene expression.

METHODS

In this study, we focused on SS an aggressive leukemic form of
CTCL. Three SS cell lines were investigated: one commercially-
available cell line HuT78 (ATCC, France) and two cell lines (SS
patient-derived-cells): L2 and L4 (15) recently developed and
well-characterized at our laboratory. Cells were cultured as
previously reported (14, 15). The half maximal inhibitory
concentrations (IC50) for 5-azacytidine or HDACi were
determined at 72h or 48h, respectively, using the luminescent
cell viability assay CellTiter-Glo® (Promega, USA). SS cells
colony-formation capacity (clonogenicity) was determined
using soft agar assay (50.000 cells per well), after releasing the

DNMTi or HDACi pressure. Statistical analyses were performed
using the GraphPad Prism software (version 8.4). All analyses
were performed in biological and technical triplicates.

RESULTS AND DISCUSSION

First, we investigated the effect of the hypomethylating agent 5-
azacytidine on hTERT promoter methylation status and h'TERT
expression. In accordance with our previous findings, all Sezary
cells analyzed expressed the telomerase. In order to treat these
cells with epidrugs, we first determined their IC50. The IC50
values of 5-azacytidine after 72h in HuT78, L2 and L4 Sézary
cells were 3nM, 1.7nM and 2.3nM, respectively. Consequently,
Sezary cells were treated with the aforementioned IC50
conditions. In all treated cells (TC), a decrease in hTERT
mRNA levels occurred with no change in the methylation
status of hTERT promoter. This result is in compliance with
our initial observations (14) and in line with previous findings in
the literature where DNMT1 (5-azacytidine or decitabine) have
been reported to alter the expression of some genes (other than
hTERT) without changing their promoter methylation status
(16). This effect may result from demethylation of upstream
genes (like transcription factors) or regulatory elements (like
enhancers) or from secondary responses to DNA damage or
repair mechanism caused by DNMTi toxicity (16).

In our study, apoptosis/necrosis analyses by flow cytometry
using AnnexinV/Hoescht assay revealed that a majority of Sézary
TC with 5-azacytidine were in late apoptosis (Figure 1A),
suggesting that TC were engaged in a death program possibly
related to 5-azacytidine treatment (17). Similarly, Rozati et al.
had previously reported that 5-azacytidine in combination with
romidepsin synergistically induced apoptosis in CTCL cells
in vitro (18).

We further investigated the effect of 72h 5-azacytidine
treatment on Sézary cells colony-forming potential using the
soft agar assay. This assay enables the evaluation of the
transformed and carcinogenic cells’ ability to grow and divide
independently of their surrounding environment (19). In our
experimental protocol, drugs’ pressure was released in the soft
agar assay. While in HuT78 non treated-cells (NTC), the number
of colonies per well was 299 at day 7 and 203 at day 15, this
number was significantly lower in 5-azacytidine TC (P<0.0001)
with 28 colonies per well at day 7 and 20 at day 15 (Figure 1B).
Looking through the microscope revealed that Hut78 NTC
colonies were countless and huge, while they looked smaller
with unhealthy appearance in Hut78 TC (Figure 1B). Similarly,
in L2 NTC, the number of colonies per well was 32 at day 7 and 37
at day 15. This number significantly decreased (P<0.001) in 5-
azacytidine TC to 1 per well at day 7 and 0 at day 15 (Figure 1B).
Also, in L4 NTC, the number of colonies per well was 39 at day 7
and 29 at day 15 then it dropped down (P<0.001) in L4 TC to 1 per
well atday 7 and 0 at day 15 (Figure 1B). Overall, our observations
showed that 72 hours of 5-azacytidine treatments, induced an
inhibition of colony formation in L2 and L4 cells and drastically
reduced the capacity to form colonies in HuT78 cells (Figure 1B).
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FIGURE 1 | 5-azacytidine, romidepsin and vorinostat treatment in Sézary cells in vitro. (A) Flow cytometry plots showing the apoptosis/necrosis analyses of 5-azacytidine
treated cells and displaying the % of late apoptotic cells for HuT78, L2 and L4 (40%, 35% and 72% respectively). (B) Graphs showing the number of colonies per well
in NTC (blue) and 5-azacytidine TC (red); and microscopic captures of the colonies observed in NTC (upper images) and after 5-azacytidine treatment (lower images),
of HuT78, L2 and L4 Sézary cell lines. (C) Colonies formation in HuT78, L2 and L4 without treatment (NTC, black line) or after 48h of romidepsin (blue line) or vorinostat
(red line); and microscopic captures of the colonies observed in NTC (first line) and after treatment (second and third lines), for HUT78, L2 and L4 Sézary cell lines.
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It has been reported that DNMT] have the potential to reduce the
clonogenicity of various cancer cells, including leukemia,
colorectal cancer, uveal and skin melanoma (20-22). Our data
demonstrate a similar effect in Sézary cells. Furthermore, Sézary
TC showed limited proliferative capacity during the 15 days after
treatment suggesting that following the massive cell death
induced by 5-azacydine, the surviving cells experienced a
reduced proliferative capacity. We are aware that the molecular
pathway implicated in this response to treatment remains to be
elucidated, however these data represent a starting point for
further functional analyses.

To complete our investigation on epidrugs, we compared
DNMTi and HDAC; effects on Sézary cells’ clonogenic capacities
(Table 1). With this aim in mind, we treated SS cells with
romidepsin or vorinostat using IC50 values (Romidepsin:
1.56nM, 1.85nM and 21.40nM; Vorinostat: 0.254uM, 0.830uM
and 2.44pM; in HuT78, L2 and L4, respectively) and we
evaluated first the effect of HDACi on hTERT expression.
Consistent with our previous finding, h'TERT promoter
methylation status remained unaffected by HDACi pressure
(14) even though we observed a drop in hTERT expression.
Indeed, compared to NTC, the hTERT expression levels in
HuT78 decreased by 37% with romidepsin and 36% with
vorinistat. In L2, hTERT expression levels declined by 56%
with romidepsin and 83% with vorinostat. In L4, hTERT
expression levels were reduced by 84% with romidepsin and
91% with vorinostat.

In order to evaluate the impact of HDACi on the in vitro
tumorigenic cell capacities, Sézary cells were treated for 48h either
with romidepsin or vorinostat prior to be cultured in soft-agar wells
without any drug pressure. In these experiments, similar impacts
on the clonogenic capacities were observed in all Sezary cell lines.
Indeed, Sézary cells’ clonogenic capacities were drastically reduced
(Figure 1C). Compared to NTC, HuT78 colonies observed in
romidepsin and vorinostat TC were smaller in size and less
numerous with almost zero colonies at day 21 (Figure 1). L2
and L4 TC either with romidepsin or vorinostat were unable to
form colonies even at day 21 (0 to 1 colony per well were counted)
(Figure 1C). Altogether, we have obtained comprehensive results
proving that HDACi agents have the potential to reduce clonogenic
and proliferation capacities of Sézary cells (Table 1). Our
observations are consistent with previous findings where HDACi
agents were reported to impact the clonogenicity of cancer cells,
such as romidepsin in bladder cancer (23) and vorinostat in
polycythemia vera (PV) hematopoietic progenitors expressing
JAK2VS'F (24). The hTERT gene expression was also reported to

impact the clonogenicity of CTCL tumor cells (13). Additionally,
our results suggest, for the first time, a role for HDACi in reducing
the clonogenic capacities of Sezary cells by decreasing hTERT
expression. It is interesting to note that the slow-down in
proliferation observed in HDACi TC can be linked to the cell
cycle arrest and to the induction of apoptosis-related genes in
response to the HDAC] treatments. Although our data do not
provide mechanistic investigations of the molecular basis that could
explain HDACi effect on the clonogenic and proliferative capacities
of Sézary cells, however, it is well documented in the literature that
the growth arrest and/or apoptosis induced by HDACi in G1 phase
could depend on cyclin-dependent kinase (CDK) inhibition (25). It
is also reported that HDACi may block the S phase progression by
repressing two genes involved in DNA synthesis, CTP synthase and
thymidylate synthase (26, 27), or induce a G2/M phase arrest by
activating a G2-phase checkpoint in the presence of aberrantly
acetylated centromeres (28). Furthermore, HDACi were reported
to induce global acetylation and DNA damages leading to cell
death in apoptosis-susceptible CTCL cells (27, 29), which correlates
very well with the massive cell death observed in our study in
HDAC: treated Sezary cells, and with the cell-death persistence
despite the drug’s pressure release.

CONCLUSION

Recent experiments conducted in the commercially available
Sézary cell line, HuT78, showed that one epigenetic agent (either
DNMTi or HDACIi) may reduce cellular viability and exert growth
inhibition mostly by inducing apoptosis (18, 30). Our results,
using also HuT78 and two other newly-developed Sézary cell lines
derived from SS patients (15), reinforce the findings reported
above regarding DNMTi or HDACi treatments. Moreover, our
results offer unprecedented evidence for functional consequences
of epidrugs treatments on tumor formation capacities in Sézary
cells in vitro. Our previous work showed that modulating h'TERT
by lentivirus can modify the clonogenic capacities of CTCL cells
(13). Indeed, the most remarkable observation stemming from the
present investigation is that the changes in Sezary cells’ clonogenic
capacity induced by epidrugs correlate strongly with hTERT
expression. This situation has been previously evoked by Qu
et al’s who had stated that DNMTi and HDACi may alter gene
expression by dynamic modifications of chromatin accessibility at
key regions of tumorigenic gene promoters (31), and this may be
similar to h'TERT gene and its regulators (activators or repressors).

TABLE 1 | Summary of epidrugs’ effects in Sézary cells in vitro.

Drug Family Impact on Sézary cells in vitro

hTERT expression hTERTpromoter methylation Proliferation Clonogenicity
5-azacytidine DNMTi Decreased Unchanged Decreased Decreased
Romidepsin Class | HDAGI Decreased Unchanged Decreased Decreased
Vorinostat Class |, I and IV HDAGI Decreased Unchanged Decreased Decreased

*DNMTi, DNA MethylTransferase inhibitor; HDACI, Histone DeACetylase inhibitor; hTERT, human TElomerase Reverse Transcriptase.
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It has been reported that h'TERT promoter does not behave in
a simplistic way. Both, our previous study and the current one,
reinforce this hypothesis and represent a step forward towards a
better understanding of the relationship between targeting
epigenetic modifiers in cancer and the response generated at
the molecular level such as hTERT gene and also at the
cellular level.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

This study was approved by the institutional review board at
Bordeaux University, in accordance with the Declaration of
Helsinki on ethical principles for medical research involving
human subjects.

REFERENCES

1. Willemze R, Cerroni L, Kempf W, Berti E, Facchetti F, Swerdlow SH, et al. The
2018 Update of the WHO-EORTC Classification for Primary Cutaneous
Lymphomas. Blood (2019) 133(16):1703-14. doi: 10.1182/blood-2018-11-881268

2. Stadler R, Scarisbrick JJ. Maintenance Therapy in Patients With Mycosis
Fungoides or Sézary Syndrome: A Neglected Topic. Eur J Cancer Oxf Engl
1990 (2021) 142:38-47. doi: 10.1016/j.ejca.2020.10.007

3. van Doorn R, Slieker RC, Boonk SE, Zoutman WH, Goeman JJ, Bagot M, et al.
Epigenomic Analysis of Sézary Syndrome Defines Patterns of Aberrant DNA
Methylation and Identifies Diagnostic Markers. ] Invest Dermatol (2016) 136
(9):1876-84. doi: 10.1016/j.jid.2016.03.042

4. Smolewski P, Robak T. The Discovery and Development of Romidepsin for
the Treatment of T-Cell Lymphoma. Expert Opin Drug Discov (2017) 12
(8):859-73. doi: 10.1080/17460441.2017.1341487

5. Haberland M, Montgomery RL, Olson EN. The Many Roles of Histone
Deacetylases in Development and Physiology: Implications for Disease and
Therapy. Nat Rev Genet (2009) 10(1):32-42. doi: 10.1038/nrg2485

6. Bassett SA, Barnett MPG. The Role of Dietary Histone Deacetylases (HDACs)
Inhibitors in Health and Disease. Nutrients (2014) 6(10):4273-301. doi:
10.3390/nu6104273

7. Cosenza M, Pozzi S. The Therapeutic Strategy of HDAC6 Inhibitors in
Lymphoproliferative Disease. Int ] Mol Sci (2018) 19(8):2337. doi: 10.3390/
ijms19082337

8. Lee CY, Grant PA. Chapter 1-1 - Role of Histone Acetylation and
Acetyltransferases in Gene Regulation. In: SD McCullough, DC Dolinoy,
editors. Toxicoepigenetics. Charlottesville, VA, United States: Academic Press
(2019). p. 3-30. Available at: https://www.sciencedirect.com/science/article/
Ppii/B9780128124338000010.

9. Ellis L, Pan Y, Smyth GK, George DJ, McCormack C, Williams-Truax R, et al.
Histone Deacetylase Inhibitor Panobinostat Induces Clinical Responses With
Associated Alterations in Gene Expression Profiles in Cutaneous T-Cell
Lymphoma. Clin Cancer Res (2008) 14(14):4500-10. doi: 10.1158/1078-
0432.CCR-07-4262

10. Lopez AT, Bates S, Geskin L. Current Status of HDAC Inhibitors in
Cutaneous T-Cell Lymphoma. Am ] Clin Dermatol (2018) 19(6):805-19.
doi: 10.1007/s40257-018-0380-7

AUTHOR CONTRIBUTIONS

Conceptualization: AC and EC. Methodology: AC, MP-C, LB-B,
YL, and EC. Formal Analysis and investigations: AC, MP-C, YI,
and EC. Resources: AC, MP-C, and EC. Data Curation: AC,
MP-C, CF, and EC. Writing - Original Draft Preparation: AC.
Visualization: AC. Writing — Review & Editing: EC, SP, LB-B,
CF, J-PM, MB-B, and RT. Funding Acquisition: EC. Supervision:
J-PM and EC. All authors contributed to the article and approved
the submitted version.

FUNDING

This work was supported by grants from the National Institute of
Health and Medical Research (INSERM), the French Society of
Dermatology (SFD), La Ligue Contre le Cancer Gironde and the
research council at Saint Joseph University of Beirut (Grant no.
FM412). AC was supported by grants from Hubert Curien
Partnership (PHC-CEDRE) and ERASMUS+.

ACKNOWLEDGMENTS

We thank the tumor bank at Bordeaux University Hospital.

11. Zain J, O’Connor OA. Targeting Histone Deacetyalses in the Treatment of B-
and T-Cell Malignancies. Invest New Drugs (2010) 28(1):58-78. doi: 10.1007/
$10637-010-9591-3

12. Piekarz R, Bates S. A Review of Depsipeptide and Other Histone Deacetylase
Inhibitors in Clinical Trials. Curr Pharm Des (2004) 10(19):2289-98. doi:
10.2174/1381612043383980

13. Chevret E, Andrique L, Prochazkova-Carlotti M, Ferrer ], Cappellen D,
Laharanne E, et al. Telomerase Functions Beyond Telomere Maintenance in
Primary Cutaneous T-Cell Lymphoma. Blood (2014) 123(12):1850-9. doi:
10.1182/blood-2013-05-500686

14. Chebly A, Ropio J, Peloponese J-M, Poglio S, Prochazkova-Carlotti M,
Cherrier F, et al. Exploring hTERT Promoter Methylation in Cutaneous T-
Cell Lymphomas. Mol Oncol (2021). doi: 10.1002/1878-0261.12946

15. Poglio S, Prochazkova-Carlotti M, Cherrier F, Gros A, Laharanne E, Pham-
Ledard A, et al. Xenograft and Cell Culture Models of Sezary Syndrome Reveal
Cell of Origin Diversity and Subclonal Heterogeneity. Leukemia (2020). 35
(6):1696-1709. doi: 10.1038/s41375-020-01068-2

16. Seelan RS, Mukhopadhyay P, Pisano MM, Greene RM. Effects of 5-Aza-2'-
Deoxycytidine (Decitabine) on Gene Expression. Drug Metab Rev (2018) 50
(2):193-207. doi: 10.1080/03602532.2018.1437446

17. Costantini B, Kordasti SY, Kulasekararaj AG, Jiang J, Seidl T, Abellan PP, et al.
The Effects of 5-Azacytidine on the Function and Number of Regulatory T
Cells and T-Effectors in Myelodysplastic Syndrome. Haematologica (2013) 98
(8):1196-205. doi: 10.3324/haematol.2012.074823

18. Rozati S, Cheng PF, Widmer DS, Fujii K, Levesque MP, Dummer R.
Romidepsin and Azacitidine Synergize in Their Epigenetic Modulatory
Effects to Induce Apoptosis in CTCL. Clin Cancer Res (2016) 22(8):2020-
31. doi: 10.1158/1078-0432.CCR-15-1435

19. Borowicz S, Van Scoyk M, Avasarala S, Karuppusamy Rathinam MK, Tauler J,
Bikkavilli RK, et al. The Soft Agar Colony Formation Assay. J Vis Exp (2014)
92:e51998. doi: 10.3791/51998

20. Tsai H-C, Li H, Van Neste L, Cai Y, Robert C, Rassool FV, et al. Transient Low
Doses of DNA-Demethylating Agents Exert Durable Antitumor Effects on
Hematological and Epithelial Tumor Cells. Cancer Cell (2012) 21(3):430-46.
doi: 10.1016/j.ccr.2011.12.029

21. Pawlak A, Ziolo E, Fiedorowicz A, Fidyt K, Strzadala L, Kalas W. Long-Lasting
Reduction in Clonogenic Potential of Colorectal Cancer Cells by Sequential

Frontiers in Oncology | www.frontiersin.org

October 2021 | Volume 11 | Article 775253


https://doi.org/10.1182/blood-2018-11-881268
https://doi.org/10.1016/j.ejca.2020.10.007
https://doi.org/10.1016/j.jid.2016.03.042
https://doi.org/10.1080/17460441.2017.1341487
https://doi.org/10.1038/nrg2485
https://doi.org/10.3390/nu6104273
https://doi.org/10.3390/ijms19082337
https://doi.org/10.3390/ijms19082337
https://www.sciencedirect.com/science/article/pii/B9780128124338000010
https://www.sciencedirect.com/science/article/pii/B9780128124338000010
https://doi.org/10.1158/1078-0432.CCR-07-4262
https://doi.org/10.1158/1078-0432.CCR-07-4262
https://doi.org/10.1007/s40257-018-0380-7
https://doi.org/10.1007/s10637-010-9591-3
https://doi.org/10.1007/s10637-010-9591-3
https://doi.org/10.2174/1381612043383980
https://doi.org/10.1182/blood-2013-05-500686
https://doi.org/10.1002/1878-0261.12946
https://doi.org/10.1038/s41375-020-01068-2
https://doi.org/10.1080/03602532.2018.1437446
https://doi.org/10.3324/haematol.2012.074823
https://doi.org/10.1158/1078-0432.CCR-15-1435
https://doi.org/10.3791/51998
https://doi.org/10.1016/j.ccr.2011.12.029
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chebly et al.

Targeting Epigenetic Modifiers in Sézary Cells

22.

23.

24.

25.

26.

27.

28.

Treatments With 5-Azanucleosides and Topoisomerase Inhibitors. BMC
Cancer (2016) 16(1):893. doi: 10.1186/s12885-016-2925-6

Rajaii F, Asnaghi L, Enke R, Merbs SL, Handa JT, Eberhart CG. The
Demethylating Agent 5-Aza Reduces the Growth, Invasiveness, and
Clonogenicity of Uveal and Cutaneous Melanoma. Invest Ophthalmol Vis
Sci (2014) 55(10):6178-86. doi: 10.1167/iovs.14-13933

Paillas S, Then CK, Kilgas S, Ruan J-L, Thompson J, Elliott A, et al. The
Histone Deacetylase Inhibitor Romidepsin Spares Normal Tissues While
Acting as an Effective Radiosensitizer in Bladder Tumors in Vivo. Int J
Radiat Oncol Biol Phys (2020) 107(1):212-21. doi: 10.1016/j.ijrobp.
2020.01.015

Akada H, Akada S, Gajra A, Bair A, Graziano S, Hutchison RE, et al. Efficacy
of Vorinostat in a Murine Model of Polycythemia Vera. Blood (2012) 119
(16):3779-89. doi: 10.1182/blood-2011-02-336743

VanderMolen KM, McCulloch W, Pearce CJ, Oberlies NH. Romidepsin
(Istodax, NSC 630176, FR901228, FK228, Depsipeptide): A Natural Product
Recently Approved for Cutaneous T-Cell Lymphoma. J Antibiot (Tokyo)
(2011) 64(8):525-31. doi: 10.1038/ja.2011.35

Glaser KB, Staver MJ, Waring JF, Stender ], Ulrich RG, Davidsen SK. Gene
Expression Profiling of Multiple Histone Deacetylase (HDAC) Inhibitors:
Defining a Common Gene Set Produced by HDAC Inhibition in T24 and
MDA Carcinoma Cell Lines. Mol Cancer Ther (2003) 2(2):151-63.
Luchenko VL, Litman T, Chakraborty AR, Heffner A, Devor C, Wilkerson J,
et al. Histone Deacetylase Inhibitor-Mediated Cell Death is Distinct From its
Global Effect on Chromatin. Mol Oncol (2014) 8(8):1379-92. doi: 10.1016/
j-molonc.2014.05.001

Robbins AR, Jablonski SA, Yen TJ, Yoda K, Robey R, Bates SE, et al. Inhibitors
of Histone Deacetylases Alter Kinetochore Assembly by Disrupting
Pericentromeric Heterochromatin. Cell Cycle Georget Tex (2005) 4(5):717—
26. doi: 10.4161/cc.4.5.1690

29. Piekarz RL, Robey R, Sandor V, Bakke S, Wilson WH, Dahmoush L, et al.
Inhibitor of Histone Deacetylation, Depsipeptide (FR901228), in the
Treatment of Peripheral and Cutaneous T-Cell Lymphoma: A Case Report.
Blood (2001) 98(9):2865-8. doi: 10.1182/blood.V98.9.2865

30. Schcolnik-Cabrera A, Dominguez-Gomez G, Duefas-Gonzalez A.
Comparison of DNA Demethylating and Histone Deacetylase Inhibitors
Hydralazine-Valproate Versus Vorinostat-Decitabine Incutaneous T-Cell
Lymphoma in HUT78 Cells. Am J Blood Res (2018) 8(2):5-16.

31. Qu K, Zaba LC, Satpathy AT, Giresi PG, Li R, Jin Y, et al. Chromatin
Accessibility Landscape of Cutaneous T Cell Lymphoma and Dynamic
Response to HDAC Inhibitors. Cancer Cell (2017) 32(1):27-41.e4. doi:
10.1016/j.ccell.2017.05.008

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Chebly, Prochazkova-Carlotti, Idrissi, Bresson-Bepoldin, Poglio,
Farra, Beylot-Barry, Merlio, Tomb and Chevret. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

October 2021 | Volume 11 | Article 775253


https://doi.org/10.1186/s12885-016-2925-6
https://doi.org/10.1167/iovs.14-13933
https://doi.org/10.1016/j.ijrobp.2020.01.015
https://doi.org/10.1016/j.ijrobp.2020.01.015
https://doi.org/10.1182/blood-2011-02-336743
https://doi.org/10.1038/ja.2011.35
https://doi.org/10.1016/j.molonc.2014.05.001
https://doi.org/10.1016/j.molonc.2014.05.001
https://doi.org/10.4161/cc.4.5.1690
https://doi.org/10.1182/blood.V98.9.2865
https://doi.org/10.1016/j.ccell.2017.05.008
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Targeting Epigenetic Modifiers Can Reduce the Clonogenic Capacities of S&eacute;zary Cells
	Introduction
	Methods
	Results and Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


