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ABSTRACT

ue to heterogeneous morphological and immunophenotypic fea-

tures, approximately 50% of peripheral T-cell lymphomas are

unclassifiable and categorized as peripheral T-cell lymphomas,
not otherwise specified. These conditions have an aggressive course and
poor clinical outcome. Identification of actionable biomarkers is urgently
needed to develop better therapeutic strategies. Epigenetic alterations
play a crucial role in tumor progression. Histone modifications, particu-
larly methylation and acetylation, are generally involved in chromatin
state regulation. Here we screened the core set of genes related to histone
methylation (KMT12D, SETD2, KMT2A, KDM6A) and acetylation
(EP300, CREBBP) and identified 59 somatic mutations in 45 of 125
(36.0%) patients with peripheral T-cell lymphomas, not otherwise spec-
ified. Histone modifier gene mutations were associated with inferior pro-
gression-free survival time of the patients, irrespective of chemotherapy
regimens, but an increased response to the histone deacetylase inhibitor
chidamide. In vitro, chidamide significantly inhibited the growth of
EP300-mutated T-lymphoma cells and KMT2D-mutated T-lymphoma
cells when combined with the hypomethylating agent decitabine.
Mechanistically, decitabine acted synergistically with chidamide to
enhance the interaction of KMT2D with transcription factor PU.1, regu-
lated H3K4me-associated signaling pathways, and sensitized T-lym-
phoma cells to chidamide. In a xenograft KMT2D-mutated T-lymphoma
model, dual treatment with chidamide and decitabine significantly
retarded tumor growth and induced cell apoptosis through modulation of
the KMT2D/H3K4me axis. Our work thus contributes to the understand-
ing of aberrant histone modification in peripheral T-cell lymphomas, not
otherwise specified and the stratification of a biological subset that can
benefit from epigenetic treatment (Clinical trials.gov identifiers: NCT
01746992 and NCT 02533700).

Introduction

Peripheral T-cell lymphomas (PTCL) represent a heterogeneous clinicopatholog-
ical entity of non-Hodgkin lymphoma with an aggressive disease course and poor
clinical outcome. Approximately 50% of PTCL are unclassifiable and categorized
as PTCL, not otherwise specified (PTCL-NOS).! Using gene expression profiling,
PTCL-NOS lymphocytes can be distinguished from normal T lymphocytes, with
deregulation of genes involved in apoptosis, proliferation, cell adhesion, and tran-
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scription regulation.” Two subgroups of PTCL-NOS have
been identified, which are characterized by high expres-
sion of either GATAS or TBX21/T-bet transcription factors
and downstream target genes.® However, actionable bio-
markers closely related to the pathogenic mechanism need
to be further investigated and may become potential ther-
apeutic targets of PTCL-NOS.*?

Epigenetic alterations play a crucial role in tumor pro-
gression.” Next-generation sequencing technologies have
led to the discovery of epigenetic modifier gene mutations
in PTCL, such as the DNA methylation genes TET2, TET1
and DNMT3A,’® and chromatin remodeler genes ARID1B
and ARID2.°** Meanwhile, genes of histone methylation,
such as KMT2D, KMT2A, KDM6A, SETD2 and EZH2,
and those of histone acetylation, including CREBBP and
EP300, have also been found in PTCL and other T-lym-
phoid malignancies.”""™ To further determine their prog-
nostic significance and correlation with clinical treatment,
here we assessed the mutational pattern of the main epi-
genetic modifier genes in patients with PTCL-NOS.

Methods

Patients

A total of 239 patients with previously untreated PTCL-NOS
were enrolled in this study. The histological diagnosis was estab-
lished according to the World Health Organization (WHO) classi-
fication.” The study was approved by the Shanghai Rui Jin
Hospital Review Board with informed consent obtained in accor-
dance with the Declaration of Helsinki.

Targeted sequencing

Targeted sequencing was performed on available tumor sam-
ples of 125 patients. To determine the mutations of candidate
genes, polymerase chain reaction primers were designed by iPLEX
Assay Design software (Sequenom, California, USA). Multiplexed
libraries of tagged amplicons from patients with PTCL-NOS were
generated by the 48x48 Access Array microfluidic platform
(Fluidigm, South San Francisco, USA) according to the manufac-
turer’s protocol. Deep sequencing was performed with established
llumina protocols on the GAllx and MiSeq platform (llumina,
California, USA). Matched peripheral blood samples were includ-
ed to exclude germline polymorphisms and the mutations were
confirmed by Sanger sequencing.

Cell line and reagents

The Jurkat T-leukemia cell line was obtained from the American
Type Culture Collection. Cells were grown in RPMI-1640 medi-
um, supplemented with 10% heat-inactivated fetal bovine serum
in a humidified atmosphere containing 5% CO, at 37°C. Valproic
acid (VPA, V3640) was from Sigma (San Francisco, USA).
Suberoylanilide hydroxamic acid (SAHA, $1047) and romidepsin
(ROMLI, S3020) were from Selleck (Houston, USA). Chidamide,
the histone deacetylase (HDAC) inhibitor clinically available in
China, was kindly provided by Chipscreen (shenzhen,China).

Lentivirus packaging and transduction

Purified plasmids pGV365-KMT2D (WT), pGV365-KMT2D
(V5486M), pGV365-EP300 (WT) and pGV365-EP300 (H1377R)
were transfected with package vectors into HEK-293T cells using
lipofectamine 2000 (Invitrogen, California, USA; 11668019)
according to the manufacturer’s protocol. The supernatant fraction
of HEK-293T cell cultures was then condensed to a viral concen-
tration of approximately 3x10° transducing units/mL. The lentivi-
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ral particles were incubated with Jurkat cells for 72 h. The stably
transduced cells were selected by EGFP or mCherry fluorescence
protein after transduction.

Statistical analysis

Data were calculated as the mean + standard deviation from
three separate experiments. The Student t-test was applied to
compare two normally distributed groups and the Mann-Whitney
U test to compare two groups which did not conform to normal
distribution. The Bonferroni adjustment was used to perform mul-
tiple comparisons. Progression-free survival was calculated from
the date when treatment began to the date when the disease pro-
gression was recognized or the date of the last follow-up. Overall
survival time was measured from the date of diagnosis to the date
of death or the last follow-up. Univariate hazard estimates were
generated with unadjusted Cox proportional hazards models.
Covariates demonstrating statistical significance with P values
<0.05 on univariate analysis were included in the multivariate
model. All statistical procedures were performed with the SPSS
version 20.0 statistical software package or GraphPad Prism 5 soft-
ware. P<0.05 was considered statistically significant.

Online supplementary methods

DNA preparation, western blot, immunofluorescence,
immunohistochemistry, isobolographic analysis, mRNA-seq
library preparation and sequencing analysis, ChIP-seq library
preparation and sequencing analysis, the TUNEL assay, murine
model and micro-positron emission tomography and computed
tomography imaging are described in the Online Supplementary
Methods.

Results

Histone modifier genes were frequently mutated in
peripheral T-cell lymphoma not otherwise specified

A total of 91 somatic mutations of epigenetic modifier
genes were identified in 60 of 125 (48.0%) patients with
PTCL-NOS by targeted sequencing (Figure 1A). Most of
the somatic mutations were missense mutations (n=72),
followed by nonsense (n=10) and frameshift mutations
(n=9) (Figure 1B). We observed a preference for C>T/G>A
alterations analogous to the somatic single-nucleotide
variation spectrum in other cancers (Figure 1C). No corre-
lation was found in terms of age and gender. Mutations of
histone methylation genes (category I) most frequently
occurred in KMT2D (encoding H3K4 methyltransferase,
25/125 patients, 20.0%), followed by those in SETD2
(encoding H3K36 methyltransferase, 6/125 patients,
4.8%), KMT2A (encoding H3K4 methyltransferase, 3/125
patients, 2.4%) and KDM6A (encoding H3K27 demethy-
lase, 1/125 patients, 0.8%). No EZH2 mutation was
detected. Mutations of histone acetylation genes (category
II) were found in EP300 (encoding H3K18 acetyltrans-
ferase, 10/125 patients, 8.0%) and in CREBBP (encoding
H3K18 acetyltransferase, 5/125 patients, 4.0%). DNA
methylation genes TET2, TET1 and DNAMT3A (category
III), as well as chromatin remodeler genes ARID1B and
ARID2 (category IV), were also affected in 12.0%, 3.2%,
3.2%, 4% and 1.6% of the patients, respectively (Figure
1A and Online Supplementary Table S1). In accordance with
the conceptual classification of the mutated genes, overlap
mutations were seldom present among histone methyla-
tion, histone acetylation, DNA methylation or chromatin
remodeler genes. In particular, histone methylation gene
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mutations, such as mutations of histone acetylation genes,
were mutually exclusive of each other, suggesting that his-
tone modifying genes might be involved in distinct biolog-
ical processes (Figure 1D).

Alterations of histone modifier genes were primarily
located at well-conserved amino acid positions across dis-
tinct species (Online Supplementary Figure S1). Typically,
KMT2D/KMT2A mutations affected the PHD domain
(e.g. residues 134-320, 1378-1556, 5032-5138, and 1433-
1624, 1871-1983), HMG domain (residues 2021-2072),
undetermined domain (e.g. residues 2487-4658) and SET
domain (e.g. residues 5397-5519 and 3825-3969).
EP300/CREBBP mutations affected the HAT domain (e.g.
residues 1306-1612 and 1342-1649).

Histone modifier gene mutations were associated with
disease progression in peripheral T-cell lymphoma not
otherwise specified

One hundred and forty patients were treated with
CHOP-based chemotherapy in a historical cohort of
Shanghai Ruijin Hospital from 1997 to 2011, and referred
to as the training cohort. The validation cohort consisted
of 99 patients enrolled in two prospective studies (NCT
01746992 and NCT 02533700, randomized trials to com-
pare CHOP-based chemotherapy with sequential
chemotherapy with CEOF/IVE/GDP or
CTOP/ITE/MTX). Since 2012, 49 and 50 patients have
been randomized to CHOP-based or sequential
chemotherapy, respectively. No obvious differences in
clinical and pathological characteristics or treatment

response were observed either between the training and
the validation cohort, or between the two arms within the
validation cohort (Online Supplementary Table S2). Gene
mutation data were available for 73 and 52 patients of the
training and validation cohorts with available tissue sam-
ples, respectively (Figure 1A).

In the training cohort, the median follow-up time was
29.1 months (range, 0.5-162.0 months). The 2-year pro-
gression-free and overall survival rates of the patients
were 36.7% and 47.1%, respectively. In the univariate
analysis, the International Prognostic Index was a signifi-
cant prognostic factor for both progression-free survival
and overall survival (both P<0.001), but histone modifier
mutations were only prognostic for progression-free sur-
vival and not overall survival (P=0.012 and P=0.095,
respectively) (Figure 2AB). In the multivariate analysis,
when the International Prognostic Index was controlled
for, the presence of a histone modifier gene mutation was
an independent prognostic factor for progression-free sur-
vival (P<0.001) (Table 1). The 2-year progression-free and
overall survival rates were 26.4% and 56.6% for patients
with histone modifier gene mutations and 49.6% and
63.3% for patients without mutations (Figure 2A,B). In the
validation cohort, the median follow-up time was 19.5
months (range, 2.1-43.0 months). Histone modifier gene
mutations were associated with shorter progression-free
survival in multivariate analysis (P=0.049) (Table 1). The 2-
year progression-free and overall survival rates were
22.2% and 24.2% for patients with histone modifier gene
mutations and 41.1% and 57.5% for patients without
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Figure 1. Histone modifier gene mutations in peripheral T-cell ymphoma, not otherwise specified. (A) Gene mutations identified by targeted sequencing in 125
patients with peripheral T-cell ymphomas. The number of patients (N) with mutations is listed on the right. The mutations are classified into the categories indicated
on the left: |, histone methylation; Il, histone acetylation; Ill, DNA methylation; IV, chromatin remodeler. (B) Number and type of non-silent somatic mutations. (C)
Number and percentage of non-silent somatic single nucleotide variants. (D) Circos diagram according to mutation categories.
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mutations (P=0.045 and P=0.224) (Figure 2C,D). Overall,
these data expand the prognostic role of histone modifica-
tion in disease progression in PTCL-NOS.

Histone modifier gene mutations sensitized T-lym-
phoma cells to the histone deacetylase inhibitor chi-
damide and/or the hypomethylating agent decitabine
A possible structure-function relationship of the
mutants was addressed using the crystal structure of the
proteins encoded by KMT2D (PDB4Z4P) and EP300
(PDB4PZR), the two most frequently mutated histone
modifier genes. As shown in Figure 3A, KMT2D R5389W,
E5444K and V5486M might destabilize the SET domain
and reduce histone methylation activity, EP300 E1377R,
W1466_ and E1515V might disrupt the acetyl-CoA bind-
ing pocket, destabilize the HAT domain and reduce his-
tone acetylation activity. Next, representative missense
mutants KMT2D (V5486M) and EP300 (H1377R), as well
as WT KMT2D and EP300, were established and trans-

fected into Jurkat cells. Compared with WT protein, while
KMT2D mutant reduced the level of H3K4me3, this
reduction was restored by the HDAC inhibitors
romidepsin and chidamide (Figure 3B and Ounline
Supplementary Figure S2). On the other hand, the level of
H3K18ac was reduced in EP300 mutant, but this effect
was restored by the HDAC inhibitors valproic acid,
suberoylanilide hydroxamic acid, or romidepsin and chi-
damide (Figure 3C). These results were observed by west-
ern blot and by immunofluorescence assay (Figure 3B,C).

In tumor samples from PTCL-NOS patients, a signifi-
cantly lower fraction of nuclear H3K4me3 positivity
(+++~++++, 30%) was observed in cases with the
KMT2D mutation than in those without mutations.
Similarly, a lower fraction of nuclear H3K18ac positivity
(+++~++++, 17%) was present in cases with
EP300/CREBBP mutations than in those without muta-
tions (Figure 3D). Interestingly, upon treatment with chi-
damide (administered orally at a dose of 30 mg twice per

Table 1. Multivariate analysis of predictors of progression-free survival in patients with PTCL-NOS controlled by International Prognostic Index.
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week), relapsed patients with a histone modifier gene
mutation showed a remarkably increased response rate
(complete or partial remission), as compared to those
without mutations (Figure 3E and Online Supplementary
Table S3). Thus, such mutations might alter the protein
function on chromatin state regulation, sensitizing PTCL-
NOS patients to HDAC inhibitors.

In vitro, Jurkat cells bearing the KMT2D V5486M or
EP300 H1377R mutant were treated with different con-
centrations of chidamide and/or the hypomethylating
agent decitabine for 48 h. The combination index (CI)
curve yielded most of the data points to the area <1,
denoting synergistic interactions in KMT2D V5486M
mutated cells. Meanwhile, the inhibitory effect on EP300

Histone modifier gene mutations in PTCL-NOS -

H1377R mutated cells was achieved by chidamide alone
(Figure 4A). Flow cytometry revealed that chidamide and
decitabine synergistically induced KMT2D V5486M
mutated cell apoptosis and G0/G1 arrest (Figure 4B). The
in vivo anti-tumor activity of dual treatment on T-cell lym-
phoma was further evaluated in a murine xenograft model
in which KMT2D V5486M mutated Jurkat cells subcuta-
neously injected into nude mice. The tumors formed in
mice co-treated with chidamide and decitabine were sig-
nificantly smaller than those that formed in untreated ani-
mals or those treated with the single agents, starting from
15 days of treatment (Figure 4C, left panel), as visualized
by “F-fluorodeoxyglucose small-animal positron emission
tomography — computed tomography at 21 days of treat-
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Figure 3. Effect of histone deacetylase inhibitor in KMT2D-mutated and EP300-mutated T-lymphoma. (A) Structure prediction of the missense mutations. The crys-
tal structure of the complex of KMT2D and EP300 is PDB: 4Z4P and PDB: 4PZR, respectively. SAM, S-adenosyl-L-methionine. (B and C) Western blot and immuno-
fluoresence assay of Jurkat cells transfected with wild-type (WT), KMT2D mutants (V5486M) (B) and EP300 mutants (H1377R) (C) upon treatment with different
HDAC inhibitors. Jurkat cells were treated for 48 h at IC,. Histone 3 (H3) was used as a loading control. VPA, valproic acid, 3.7 mm; SAHA, suberoylanilide hydroxamic
acid, 10 um; ROMI, romidepsin, 5 nm; CHID, chidamide, 5 um (48 h). Bar=10 um. (D) Immunostaining of H3K4me3 and H3K18ac in tumor samples of PTCL-NOS
patients with or without KMT2D or EP300 mutations. Bar=20 um. (E) Response rate in relapsed PTCL-NOS patients treated with CHID according to the mutation sta-

tus of histone modifier genes.
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ment (Figure 4C, right panel). To search for more evidence
of tumor cell apoptosis, a TUNEL assay was performed on
mice tumor sections. Compared with the untreated group
and the groups treated with single agents, the number of
apoptotic tumor cells was increased following combined
treatment (Figure 4D). In accordance with in vitro data,
upregulation of H3K4me3 was more significant in the
combination treatment group than in the single-agent and
the untreated group (Figure 4E).

To determine KMT2D-H3K4me3 DNA binding tar-
gets, ChIP-seq was performed using H3K4me3 antibody
in KMT2D V5486M mutated Jurkat cells treated with
chidamide (5 wm) alone or in combination with
decitabine (5 um) for 48 h. Presentation of the data in a
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Venn diagram identified a significant non-overlapping
portion of H3K4me3 binding promoters in the combina-
tion group, excluding 663 promoters overlapping with
the chidamide group and 17 with the decitabine group
(Figure 5A,B). Consistent with previous studies,
H3K4me3 peaks were found at gene promoters. The
group of promoters, whose H3K4me3 levels were affected
by combined chidamide and decitabine treatment, but not
by either chidamide or decitabine treatment alone, was
enriched with binding site motifs for PU.1, a transcription
factor that activates gene expression during myeloid and
B-cell lymphoid cell development™'® (Figure 5C).
Furthermore, RNA sequencing analysis indicated that, in
comparison with the untreated group and the single-agent
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Figure 4. Effect of chidamide and decitabine in KMT2D-mutated and EP300-mutated T-lymphoma. (A) Combination index (Cl) curve calculated by Compusyn soft-
ware in KMT2D-mutated and EP300-mutated Jurkat cells treated with chidamide (CHID, 5 um) and/or decitabine (DECI, 5 um) for 48 h. (B) KMT2D-mutated Jurkat
cell apoptosis and cell cycle determined by flow cytometry of cells treated with CHID and/or DECI for 48 h. *P<0.05, **P<0.01 compared with the untreated cells.
(C) In vivo effect of the CHID and DECI combination in a murine T-lymphoma xenograft model. Tumor volume (left panel) and standardized uptake value (SUV) intensity
of micro-positron emission tomograpy-computed tomography (right panel) of xenograft nude mice injected subcutaneously with KMT2D V5486-mutated Jurkat cells
treated with CHID (12.5 mg/kg, twice weekly for 3 weeks), DECI (0.5 mg/kg, twice weekly for 3 weeks), either alone or in combination. **P<0.01 compared with the
untreated group that received RPMI1640. (D) Apoptotic cells detected by the TUNEL assay (x400). Bar=20 um. (E) Immunohistochemical assay of H3K4me3 in
murine tumor samples treated with CHID and/or DECI. **P<0.01 compared with the untreated group. Bar=50 um.
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groups, combined treatment led to significant modulation
of multiple signaling pathways associated with cancer,
including those of apoptosis, cell cycle progression, cell
adhesion, and transcriptional regulation (Figure 5D).
Particularly, PU.1 was included in both the cancer path-
way and the transcriptional pathway in the combined
treatment group. Pathway enrichment analysis of the
overlapping genes of the RNA-Seq and ChIP-Seq in the
combination group was then performed. Significant path-
ways relevant to T-cell biology are shown in Figure SE. As
revealed by gene set enrichment analysis, the MAPK path-
way was inactivated in the combination treatment group
compared with the untreated group. Accordingly, p-ERK
upregulation was observed not only in tumor samples of

PTCL-NOS patients with KMT2D mutations, but also in
those of xenografted T-lymphoma mice bearing KMT2D
V5486M mutants, the latter being inhibited by combined
treatment with chidamide and decitabine (Figure SEG).

Discussion

First observed in B-cell lymphoma, recurrent mutations
of epigenetic modifier genes have recently been identified
in PTCL-NOS.” In the present study, we performed target-
ed sequencing of the main epigenetic modifier genes in a
large cohort of Chinese PTCL-NOS patients. The results
showed that the mutational spectrum of these genes in
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Figure 5. Chip-seq and RNA sequencing data of KMT2D-mutated T-lymphoma cells treated with chidamide and/or decitabine. (A) Venn diagram depicting the overlap
between transcription factors bound by H3K4me3 ChlP-seq in the combination group, as compared to the chidamide (CHID)-treated group and the decitabine (DECI)-
treated group in KMT2D V5486-mutated Jurkat cells. (B) The top significant transcription factors bound by H3K4me3 in the combination group. (C) ChIP-seq analysis of
transcription factors bound by H3K4me3. Enriched H3K4me3-binding motifs for PU.1 analyzed by KMT2D V5486-mutated Jurkat cells treated with CHID and DECI rel-
ative to genomic background (upper panel). Genomic snapshots of PU.1 peaks bound by H3K4me3 in different groups (lower panel). (D) Cellular and genetic information
processing revealed by RNA-seq on the combination group in KMT2D V5486-mutated Jurkat cells. (E) Pathway analysis of the most differentially expressed genes that
overlapped in both RNA-Seq and ChIP-Seq analysis in the combination group (upper panel). Gene-set enrichment analysis of the MAPK pathway (lower panel). (F)
Immunohistochemical assay of p-ERK in tumor samples of PTCL-NOS patients with or without KMT2D mutations. (G) Immunostaining of p-ERK in tumor samples of

xenografted murine models bearing KMT2D V5486 mutants treated with CHID and/or DECI. **P<0.01 compared with the untreated group. Bar=20 um.
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PTCL-NOS was similar to that in B-cell lymphoma, in
which predominantly missense mutations were found."”**
Importantly, our study provided clinical evidence that his-
tone modifier gene mutations, particularly those involved
in histone methylation and acetylation, are significantly
associated with tumor chemoresistance and disease pro-
gression of PTCL-NOS.

The adverse prognostic effect of histone modifier gene
mutations was further proven in a chemotherapy-indepen-
dent manner, prompting us to explore bio-therapeutic
agents that can overcome chemoresistance in PTCL-NOS
patients. It is well known that HDAC inhibitors are potent
anticancer drugs in hematopoietic malignancies, including
lymphoma.””” The aim of using HDAC inhibitors is to
restore normal histone modification patterns through inhi-
bition of various components of the epigenetic machin-
ery.”” In B-cell lymphoma, HDAC inhibitors can rescue
deficits in histone acetylation induced by EP300/CREBBP
mutations,” rendering tumor cells more sensitive to
suberoylanilide hydroxamic acid.” This can explain why
chidamide also has favorable efficacy on PTCL-NOS
patients bearing EP300/CREBBP mutations.

Moreover, KMT2D-mutated PTCL-NOS patients
responded to chidamide. Both in vitro and in vivo, the com-
bination of decitabine and chidamide induced apoptosis
of Jurkat cells bearing the KMT2D mutant. This is in
accordance with previous reports that decitabine and 5-
azacytidine produce a marked synergistic effect in combi-
nation with suberoylanilide hydroxamic acid and
romidepsin in T-lymphoma cell lines by modulating cell
cycle arrest and apoptosis.”” As a mechanism of action,
KMT2D mutations of B-lymphoma cells promote malig-
nant outgrowth by perturbing methylation of H3K4 that
affect the JAK-STAT, Toll-like receptor, or B-cell receptor
pathway.”” Here our study indicated that dual treatment
with chidamide and decitabine enhanced the interaction
of KMT2D with the transcription factor PU.1, thereby
inactivating the H3K4me-associated signaling pathway

MAPK, which is constitutively activated in T-cell lym-
phoma."*** The transcription factor PU.1 is involved in
the development of all hematopoietic lineages” and regu-
lates Iymphoid cell growth and transformation.* Aberrant
PU.1 expression promotes acute myeloid leukemia and is
related to the pathogenesis of multiple myeloma via the
MAPK pathway.** On the other hand, PU.1 is also shown
to interact with chromatin remodeler and DNA methyl-
transferease to control hematopoiesis and suppress
leukemia.* Our data thus suggested that the combined
action of chidamide and decitabine may interfere with the
differentiation and/or viability of PTCL-NOS through a
PU.1-dependent gene expression program.

In conclusion, histone modifier genes indicate clinical
progression of PTCL-NOS and may represent a group of
actionable biomarkers of this disease subtype.
Characterized as a biological subset of PTCL-NOS,
patients with dysregulation of the histone modification
machinery may be amenable to therapeutic intervention
with HDAC inhibitors, given either alone or in combina-
tion with hypomethylating agents.
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