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Abstract: Adenoid cystic carcinoma (ACC) patients face a highly infiltrative and metastatic disease characterized by
poor survival rates and suboptimal response to available therapies. We have previously shown that sensitization
of ACC tumors to chemotherapy using histone deacetylase inhibitors (HDACI) constitutes a promising therapeutic
strategy to manage tumor growth. Here, we used patient-derived xenografts (PDX) from ACC tumors to evaluate the
effects of in vivo administration of the HDAC inhibitor Entinostat combined with Cisplatin over tumor growth. RNA
from PDX tumor samples receiving the proposed therapy were analyzed using NanoString technology to identify mo-
lecular signatures capable of predicting ACC response to the therapy. We also used an RNAseq dataset from 68 ACC
patients to validate the molecular signature identified by the NanoString platform. We found that the administration
of Entinostat combined with Cisplatin resulted in a potent tumor growth inhibition (TGI) ranging from 38% to 106%
of the original tumor mass. Enhanced response to therapy is consistent with the reactivation of tumor suppressor
genes, including SFRP1, and the downregulation of oncogenes like FGF8 and CCR7. Nanostring data from PDX
tumors identified a genetic signature capable of predicting tumor response to therapy. We further stratified 68 ACC
patients containing RNAseq data accordingly to the activity levels of the identified genetic signature. We found that
23% of all patients exhibit a genetic signature consistent with a high ACC tumor response rate to Entinostat and
Cisplatin. Our study provides compelling preclinical data supporting the deployment of a powerful systemic antican-
cer therapy crafted and explicitly tested for ACC tumors.
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Introduction may undergo extensive surgical resection,

radiotherapy, chemotherapy, or a combination

Adenoid cystic carcinoma (ACC) from the sali-
vary glands is a rare malignancy characterized
by a slow-growing, highly invasive, and meta-
static potential. The high infiltrative and meta-
static potential of the ACC from the salivary
gland results in a long-term poor survival rate
[4, 2]. The rarity of the ACC imposes a barrier to
research efforts, halting our understanding of
the biology of this disease. As a result, there is
no consensus on the standard therapies used
to manage ACC. Patients diagnosed with ACC

of these therapies. Radiotherapy has little
effect on ACC, resulting in poor overall survival
rates compared with surgery alone. Several
drugs, including Cisplatin, have been used as a
single chemotherapeutic agent, but the overall
response rate is still low [3].

Emerging studies have shed light on the genetic
landscape of ACC, showing a modest number of
genetic alterations in primary tumors, while
metastatic lesions present a complex genetic
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landscape [1, 4-9]. ACC tumors often present
gene fusion of MYB-NFIB and MYBL1-NFIB and
mutations in the NOTCH1 gene. Interestingly,
the genetic landscape of ACC also shows im-
portant mutations of genes involved in the
epigenetic control of cellular functions [10].
Among several epigenetic mechanisms, his-
tone acetyltransferase (HAT) and histone de-
acetylase (HDAC) play a critical role in chroma-
tin remodeling. Dysregulation of HDAC is found
in many malignancies, including neuroblasto-
mas, medulloblastomas, lung adenocarcino-
mas, and breast and prostate cancers, among
others [11]. We have previously shown that
the HDAC inhibitor Vorinostat combined with
Cisplatin halted the viability of ACC primary
tumor cells in vitro [12].

Here, we decided to investigate the use of low
doses of Entinostat, a selective HDAC inhibitor
targeting class | HDAC, as an ACC sensitizer
agent to Cisplatin in the PDX animal model. We
found that the combination of Entinostat and
Cisplatin resulted in a potent tumor growth
inhibitory effect (TGI) of ACC tumors ranging
from 38% to 106% compared with controls.
Furthermore, we identified the molecular
changes involved in the tumor response to the
combination therapy using a Pan-Cancer
Pathways Panel from the NanoString plat-
form. We found that ACC tumors presenting a
greater response to Entinostat and Cisplatin
therapy exhibited a unique activity level of the
Cell Cycle/Apoptosis and the PI3K signaling
pathways. We further decided to validate our
findings by stratifying a cohort of 68 ACC tumor
patients containing RNAseq data using our
newly established genetic signature.

Altogether, our data indicated that the combi-
nation of Entinostat and Cisplatin constitutes a
promising therapeutic strategy for managing
patients with ACC. We also identified the cell
cycle/apoptosis and PI3K pathways as a
genetic signature capable of stratifying ACC
patients, presenting an enhanced response to
the proposed therapy.

Material and methods

Patient-derived xenograft (PDX) and drug dilu-
tion

Patient-derived xenograft (PDX) models were
housed at the South Texas Accelerated Re-
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search Therapeutics (START, San Antonio, TX)
and performed under protocols approved by
the START IACUC. Briefly, human tumor frag-
ments from 3 patients (ACCX9; ACCX5M1;
ACCX6) were transplanted subcutaneously into
the dorsal region of male severe combined
immunodeficient (SCID) mice as previously re-
ported [13]. ACCX9 advent from a grade 3 pri-
mary tumor of the parotid gland; ACCX5M1
and ACCX6 are metastatic grade 2 tumors iso-
lated from the lungs and primarily originated
from the oral cavity and the parotid gland,
respectively. ACCX9 and ACCX5M1 present
NFIB translocation to the MYB locus, while
ACCX6 does not present NFIB translocation.
Mice receiving the human tumor fragments
from ACCX5M1, ACCX6, and ACCX9 were ran-
domized into 4 groups per tumor. They receiv-
ed either vehicle, Entinostat (5 mg/kg), Cis-
platin (3 mg/kg), or the combination of Enti-
nostat (5 mg/kg) and Cisplatin (3 mg/kg) for 3
weeks (Figure 1A). For the combined adminis-
tration of Entinostat and Cisplatin, tumors
were sensitized with Entinostat 6 days prior to
the administration of Cisplatin. PDX mice
received daily oral administration of vehicle or
Entinostat and a weekly administration of intra-
peritoneal Cisplatin for 2 weeks. Entinostat
was diluted in 0.5% methylcellulose solution in
saline under sonication. Cisplatin was diluted in
0.5% HCL solution. Tumor growth was moni-
tored and measured every 3 days. Tumor
growth inhibition (TGI) was calculated by com-
paring the tumor volume of each therapeutic
arm with the vehicle group.

RNA extraction, NanoString nCounter assay,
and data analysis

Tumor samples from all ACC PDX mice and con-
ditions were embedded in OCT and stored at
-80°C. Frozen samples from the PDX tumors
and therapeutic conditions were sectioned in
7 um thickness and processed for RNA extrac-
tion using the Quick-RNA MicroPrep Kit (Zymo
Research, USA). The total amount of RNA was
quantified using a Qubit fluorometer (Nano-
drop, USA) and Nanodrop (Thermo Scientific,
USA). RNA from all samples was diluted to a
final concentration of 100 ng/5 yL. RNA sam-
ples were multiplexed using a nCounter Pan-
Cancer Pathway Panel (NanoString, USA) con-
taining 770 genes distributed in 13 cancer-
related signaling pathways (i.e., MAPK, STAT,

Am J Cancer Res 2023;13(1):143-160



Stratifying adenoid cystic carcinomas using pathways-based genomics

A 200 mm?3
PDX Treatment
ﬁ O SEEEEEEESR *
ACCX9 ) J——
&:_- ) Vehicle
Entinostat
ACCX5M1
&\1 Cisplatin
ACCX6 > i
. Y . - I(E:ptlnogtat+
—_ Cisplatin
- oA ==
B 1500 - s Vehicle
o Entinostat
E-—-— _.. Cisplatin 21%TGlI
5 S 1000 4 _. Entinostat + Cisplatin
w
D E n
5 S+
2 25
E % 500 83%TGI
2 . 106%TGlI
0 t !
0 14 28
Time (Day)
c 1500
-=— Vehicle
ME —=— Entinostat
i E ;E: — —— Cisplatin
S Ewv ~= Entinostat + Cisplatin 14%TGlI
5y
g > = S52%TGI
2 =
53 63%TGl
=
l_
0
0 14 28 az
Time (Day)
D 2000 -
—= Vehicle
E _ —= Entinostat -29%TGlI
s W E — Cisplatin 20%TGI
6 Elfl —. Entinostat + Cisplatin
2 E o 1000 1
5 o 38%TGlI
o =
E —_—
S
l_
0 + +

14 28

Time (Day)

Analysis

—

Viable tumor cells

Dying tumor cells

¥

Nanostring

Tumor Volume (mm?)

Molecular
markers to
predict patient
response to
therapy

Figure 1. Therapeutic efficacy of Entinostat/Cisplatin in ACC PDX models. (A) Graphical representation of study
design. Briefly, patient-derived ACC tumors (ACCX6, ACCX5M1, ACCX9) were transplanted subcutaneously into the
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dorsal region of severe combined immunodeficient mice (SCID mice). After reaching 200 mm?, each ACC patient-
derived xenograft (PDX) was treated with vehicle (control) and the 3 therapeutic arms (i.e., Cisplatin alone, Enti-
nostat alone, or Entinostat/Cisplatin combination therapy). Tumor growth was monitored and measured every 3
days. Tumor growth inhibition (TGI) was calculated by comparing the tumor volume of each therapeutic arm with the
vehicle group. Tumor samples were processed for histology and assessment of gene and protein expressions. (B-D)
Graphs depict the volume of PDX tumors generated with human ACCX6 (B), ACCX5M1 (C), and ACCX9 (D) treated
with each of the 3 therapeutic arms and vehicle (control). TGl is shown next to the therapeutic arm line. Note that
the combination therapy displayed the most effective TGI. Data represent mean values (+ SEM) of 8 PDX and ex-
perimental conditions. Morphological changes of ACC tumors upon each therapeutic arm are depicted H&E. Note
changes in the tumor morphology upon administration of Entinostat/Cisplatin for ACCX9.

PI3K, RAS, TGF-B, cell cycle, apoptosis,
Hedgehog, Wnt, DNA damage control, tran-
scriptional regulation, and chromatin modifica-
tion). Data output (raw data) was analyzed
using nSOLVER Analysis Software containing
the Advanced Analysis 2.0 plugin (NanoString,
USA). Quality control of raw data was perform-
ed by combining Imaging QC, reporter probe
density (Binding Density QC), measurement of
internal positive control, and limit of detection.
Normalization was carried out automatically
by using the geometrical mean of positive con-
trols and the normalization genes from the
CodeSet content. Fold changeg, or ratio, was cal-
culated using vehicle-treated tumors and com-
pared with all treatment groups. Volcano plot,
direct global significance pathway analysis,
and pathway scores were calculated using the
Advanced Analysis 2.0 plugin (NanoString,
USA) in a Windows operating system and R
environment (The R Foundation). Direct global
significance pathway analysis and pathway
scores were calculated using the Advanced
Analysis 2.0 plugin (NanoString, USA) in a
Windows operating system and R environment
(The R Foundation). Normalized data from
nSOLVER (Log2) was imported into Cluster
3.0 and centered for genes (Center Genes).
Hierarchical clustering (uncentered) was per-
formed for Genes and Arrays followed by aver-
age linkage. Data output from Cluster 3.0 was
uploaded into Java TreeView software to visual-
ize and extract gene lists following clustering
patterns.

Immunohistochemistry and immunofluores-
cence staining

Histological sections cut at 4 pm thickness
from each PDX sample and treatment condi-
tion were processed for immunohistochemis-
try. Briefly, histological sections were deparaf-
finized in xylene substitute solution and hydrat-
ed in descending grades of ethanol, followed by
incubation with 3% (w/v) bovine serum albumin
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(BSA) and 0.5% (v/v) Triton X-100 in PBS.
Primary antibody anti-p16 (1:50, BD Bioscienc-
es #550834, San Jose, CA, USA) was incubat-
ed overnight, followed by the secondary anti-
mouse antibody (Vector Laboratories, Bur-
lingame, CA, USA) at room temperature (RT) 60
min. DAB detection system (3,3’-Diaminoben-
zidine) was used, followed by hematoxylin
Counterstain. Immunofluorescence staining
was carried out after histological sections
were deparaffinized, hydrated, and incubated
in 3% BSA and 0.5% Triton X100 in PBS. Tissue
samples were incubated overnight using the
primary antibodies anti-Ki67 (AFFN-Ki67-3EG,
DSHB, lowa, USA), y-H2AX (EMD Millipore,
Burlington, USA), Acetyl-Histone H4 (Lysb),
Acetyl-Histone H4 (Lys8) (Thermo Scientific,
Waltham, MA), Acetyl-Histone H4 (Lys12),
Acetyl-Histone H3 (Lys9) Acetyl-Histone H4
(Lys16), and Caspase 3 (Cell Signaling Te-
chnology, Danvers, MA, USA). Next, slides were
incubated for 60 min at RT with Alexa 488 or
Alexa 568 anti-rabbit and counterstained with
Hoechst 33342 (Invitrogen, Carlsbad, CA,
USA). Images were taken using a QImaging
ExiAqua monochrome digital camera attached
to a Nikon Eclipse 80i microscope (Nikon,
Melville, NY) and visualized on the Nikon NIS
Elements software and captured at 200x final
magnification.

Cohort of 68 ACC patients, Nanostring-
RNAseq analysis

RNAseq data set was graciously provided by Dr.
Scott A. Ness from the University of New
Mexico. Briefly, the dataset was constituted of
68 samples from 30 female and 38 male
patients with a mean age of 50.1 years at
surgery [14]. The University of Michigan
Bioinformatics Core performed two distinct
analyses using the RNAseq data. The analysis
compared the genes expression of the RNAseq
dataset from 68 patients with the Nanostring
gene set that composes the two most discrimi-
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native pathways for the PDX Nanostring data
(‘Cell Cycle + Apoptosis’ and ‘PI3K’) and deter-
mined patient sample stratifications based on
the pathway summaries. Briefly, all analysis
and graphics were generated in R (v 3.6.1).
Count table containing a total of 68 samples
was annotated with meta-data downloaded
from the NCBI's SRA Run Selector for NCBI
BioProject ID: PRJNA287156. The count table
was then filtered to retain only genes with at
least 250 counts across all samples and nor-
malized using the DESeq2 package (v 1.26.0)
and by specifically applying the “vst” function
for FFPE data analysis [15, 16]. The normaliz-
ed and raw count tables were further pro-
cessed to subset to genes annotated by
Nanostring to be part of one or more of three
specific pathways of interest: Cell Cycle-
Apoptosis, and PI3K. Pathway gene member
expression in each sample, statistics for the
vst normalized gene counts were generated for
each sample with the pastecs package using
the ‘stat.desc’ function (v 1.3.21). The vst nor-
malized count table described above was fur-
ther processed to subset to genes annotated
by Nanostring to be part of one or more of
three specific pathways of interest: ‘Cell Cycle-
Apoptosis’ and ‘PI3K'. Individual samples were
labeled either based on top/bottom expression
in the pathway or after stratification above/
below the mean expressions of each pathway,
where ACCX9-like samples were classified as
samples that had both average expression for
the Cell Cycle pathway above the mean and
average expression for the PI3K pathway below
the mean with samples classified as ACCX5M1-
like had the opposite expression pattern.

Veen graphics, oncogene database, TSGene
database, RNA seq data, and statistical analy-
sis

Veen graphics were created using the online
tool Venny 2.0 (Oliveros, J.C., 2007-2015, Ven-
ny. An interactive tool for comparing lists with
Venn's diagrams. Publicly available at http://
bioinfogp.cnb.csic.es/tools/venny/index.html).
The list of 803 known oncogenes and 1217
human tumor suppressor genes were from
the Oncogenm (http://ongene.bioinfo-minzhao.
org/index.html) [17] and TSGene databases
https://bioinfo.uth.edu/TSGene/download.
cgi?csrt=7154395379350750750 [18], respe-
ctively.
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Statistical analysis was performed using
GraphPad Prism (GraphPad Software, San
Diego, CA, version 8). Immunofluorescence
quantification of the total number of positive
cells was performed using one-way ANOVA fol-
lowed by Tukey’s multiple comparison tests.
Asterisks denote statistical significance (*P<
0.05; **P<0.01; ***P<0.001; ****P<0.0001)
and ns (P>0.05). Heatmap of Directed Global
Significance Score (Figure 3D) displaying each
sample’s global significance scores and direct-
ed global significance scores. The global signifi-
cance score was calculated as the square root
of the mean squared t-statistic for the genes
in a gene set, with t-statistics coming from the
linear regression underlying our differential
expression analysis.

Results

Sensitization therapy using the HDAC inhibitor
Entinostat prior to Cisplatin results in tumor
growth inhibition in PDX tumor models

Patient-derived xenograft (PDX) models consti-
tute the best preclinical models for emerging
therapies as they best recapitulate the human
tumor response to therapy [19]. PDX models
contain both human tumor cells and their
microenvironment. ACC PDX models (ACCX6,
ACCX9, and ACCX5M1) received the single
agents’ Entinostat, Cisplatin, or vehicle, as well
as the Entinostat and Cisplatin combination
therapy (Figure 1A). We also started adminis-
tration of Entinostat 6 days prior to the admin-
istration of Cisplatin to elicit sensitization of
tumors. The ACC PDX models had an improv-
ed response to the combined therapy with
enhanced TGI than any single-agent therapies
(Entinostat or Cisplatin alone) (Figure 1B-D).
ACCX9 tumor response to combined therapy
was excellent, with an overall TGl of 106% over
the original implanted tumor size (150-300
mm?2). Histologically, ACCX9 presented a solid
growth pattern that is found altered upon the
administration of the combined therapy of
Entinostat and Cisplatin (Figure 1B_H&E). AC-
CX5M1 and ACCX6 tumors responded to the
combination therapy with an overall TGl of 63%
(Figure 1C_H&E) and 38% (Figure 1D_H&E),
respectively. Upon therapy, there was no
change in the histological pattern of either
ACCX5M1 or ACCX6. Administration of Entino-
stat as a single agent was the second most
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successful therapy for ACCX9 and ACCX5M1,
with an 83% and a 52% TGI, respectively.
However, Entinostat alone failed to induce any
TGI in ACCX6 tumors. Administration of Cispla-
tin alone was the least effective therapy for
ACC. While ACCX9 tumors showed a 21% TGl
with Cisplatin, ACCX5M1 presented a 14% TGl,
and ACCX6 tumors completely failed to respond
to Cisplatin (Figure 1B-D).

From a biological perspective, the sensitization
of ACC tumors with Entinostat followed by the
administration of Cisplatin resulted in an over-
all reduction of ACCX9 and ACCX5M1 proli-
ferative potential (Figures 2A, S1A, *P<0.05,
***%P<0.0001). ACCX6 tumor did not present
a reduction in its proliferative potential com-
pared to the control (ns P>0.05). Tumor apopto-
sis was assessed using the caspase 3 marker
(Figures 2B, S1B). Interestingly, ACCX9 tumors
had an overall higher count of apoptotic cells
in all therapeutic arms than ACCX5M1 and
ACCX6 (****P<0.0001). Interestingly, the
administration of Entinostat as a single agent
was the best therapeutic modality to induce
apoptosis in all ACC tumors (**P<0.01,
**%*pP<(0.0001).

DNA double-strand breaks (DSB) are responsi-
ble for triggering the DNA repair machinery
while preventing the accumulation of misre-
paired DSB. However, actively repairing DNA
in cancer cells can allow cancer to survive che-
motherapy [20, 21]. Here, we assessed the
effect of the therapies on DSB repair machin-
ery using y-H2AX. The accumulation of y-H2AX
is a strong indication of active DNA DSB. We
observed that either the HDAC inhibitor
Entinostat administered alone or in combina-
tion with Cisplatin could reduce the DSB load
on ACCX9 (**P<0.01) and ACCX5M1 (*P<
0.05; **P<0.01) (Figures 2C, S1C) tumors.
ACCX6 tumors showed a similar trend with the
combined administration of Entinostat in com-
bination with Cisplatin, although not statistical-
ly significant (Figures 2C, S1C, ns P>0.05).

Identification of molecular markers associ-
ated with tumor response to Entinostat and
Cisplatin combination therapy

In order to identify clinically relevant genes with
biomarker potential for clinical stratification of
patients, we performed gene clustering analy-
sis and identified 2 clusters of interest: Cluster
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1 is characterized by the downregulation of
genes in all 3 PDX models, while cluster 2 pres-
ents genes upregulated (Figure 3A). From the
130 genes found downregulated and 127
genes found upregulated in all PDX models
(ACCX9, ACCX6, and ACCX5M1) upon adminis-
tration of Entinostat and Cisplatin, we focus-
ed on the identification of known oncogenes
and tumor suppressor genes as potential bio-
markers. Specifically, we are interested in
oncogenes that have their expression directly
impacted by our combined therapy and tumor
suppressor genes that became activated upon
therapy. Our initial analysis focused on cluster
1, comparing 130 downregulated genes with a
database of 803 known human oncogenes
(ONgene Database) [17]. We identified 26 onco-
genes presenting 2-fold downregulation upon
administration of Entinostat in combination
with Cisplatin (Figure S2). Among all oncogen-
es presenting 2-fold downregulation in each
PDX model, we found that FGF8 was the only
oncogene commonly downregulated in all 3
PDX models (Figures 3B, S2). FGF8 is a known
oncogene that can transform NIH3T3 cells
leading to tumor growth in vivo, and it cooper-
ates with WNT1 signaling during mammary
tumorigenesis [22, 23].

Looking into cluster 2, Entinostat combined
with Cisplatin triggered the upregulation of sev-
eral tumor suppressor genes in each PDX
model (n = 127) (Figure 3A). Genes identified
in cluster 2 were matched against a Tumor
Suppressor Gene (TSG) database (TSGene
Database) [18]. We identified 31 TSG present-
ing upregulated upon administration of Enti-
nostat and Cisplatin (Figure S3). Nine of the
TSG were upregulated over 2-folds on ACC
tumors, including CDH1/E-Cadherin, CDKN1C,
CEBPA, MAPK9/JNK2, NFKB1, NUPR1, PR-
KAA2/AMPK, and SFRP1. SFRP1 was found
upregulated in all PDX models (Figures 3C,
S3). Secreted frizzled-related protein 1 (SFR-
P1) regulates the WNT pathway by competing
with Frizzled receptors for WNT binding [24,
25]. SFRP1 is deregulated in several tumors,
including invasive breast carcinomas, hepato-
cellular carcinoma, clear cell renal cell carcino-
ma, and non-small-cell lung cancer [26-29].

Although all ACC tumors responded well to the
combination therapy, it is evident that the
ACCX9 tumor responded significantly better,
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Figure 2. The effect of the therapeutic arms on tumor proliferation, apoptosis, and DNA repair. (A) Cellular prolifera-
tion was assessed using Ki67 staining, (B) while the levels of cellular apoptosis from all PDX models were assessed
using Caspase 3, and (C) content of DNA damage was assessed using y-H2AX markers. Quantification of each
marker is depicted as positive cells per field for each tumor, or as a combination of all tumors (*P<0.05; **P<0.01;

*%%P<0.001; ****P<0.0001).

presenting a TGl of 106% (Figure 1B) and a dis-
tinct genetic signature. With that, we focused
on identifying genes differentially regulated in
ACCX9 compared to ACCX5M1 and ACCX6
tumors (Figure 3D). Cluster 3 are genes found
upregulated in ACCX9 and downregulated in
ACCX5M1 and ACCX6 (Figures 3E_TSG; S4A_
cluster 3). The activation (2-fold expression) of
the tumor suppressor genes PPARG, WT1,
MAP3K8, and WNT5A were present within clus-
ter 3 (Figure 3E). In cluster 4, we identified
genes downregulated in ACCX9 and upregulat-
ed in ACCX5M1 and ACCX6 (Figures 3F; S4B _
cluster 4). These identified genes were onco-
genes presenting over 2-fold downregulation,
like PDGFRA, TGFB1, PDGFB, and FZD2.

Identifying the efficacy of Entinostat and
Cisplatin on inducing histone acetylation on
adenoid cystic carcinomas

The effect of Entinostat on ACC tumors and
gene transcription can be accessed by its abil-
ity to acetylate histones. Histones H3 and H4
are part of the core histones presenting multi-
ple acetylation sites, and the post-translation
modification of histone acetylation is well-
known to induce transcription activation [30,
31]. It is important to note that the baseline
acetylation levels of all PDX tumors vary greatly
(Figures 4A-E, S5 and S6_Vehicle). Here we
asked if the differences in the tumor respons-
es to Entinostat/Cisplatin correlate with the
degree of histone acetylation found in ACC
samples after treatment. Overall ACCX9 tumors
(TGIl: 106%) showed greater acetylation levels
of histones than ACCX6 (TGl: 38%), while
ACCX5M1 (TGl: 63%) stayed in the middle of
the pack. Considering the baseline expression
levels of each PDX model, ACCX9 tumors were
acetylated upon administration of Entino-
stat/Cisplatin for histones H3K9, H4K5, and
H4K8. ACCX5M1, on the other hand, presented
enhanced histone acetylation for H3K9, H4K-
12, and H4K16. Interestingly, however, ACCX6
PDX presenting the lowest TGl failed to respond
to any therapy resulting in low histone acetyla-
tion levels compared with vehicle levels (Figures
4A-E, S5 and S6).
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In a side-by-side comparison, it became clear
that histones from ACCX6 tumors are complete-
ly unresponsive to the histone deacetylase
inhibitors Entinostat (Figures 4F-J, S7).

Senescent tumor cells accumulate in PDX
models presenting reduced TGl response

We have previously shown that in vitro adminis-
tration of HDAC to ACC primary cells results in
the activation of cellular senescence [12]. Here
we sought to understand if the accumulation of
senescent cells observed in ACC tumors is
associated with tumor resistance to therapy.
Using the cellular senescence marker p16™,
we observed that administration of Entinostat/
Cisplatin resulted in the accumulation of sen-
escent cells exclusively in ACCX6 tumors (Fi-
gure 5A, 5B, ****P<(0.0001). ACCX9 and
ACCX5M1 responded to therapy by reducing
the number of cells undergoing senescence
(Figure 5A, 5B, ***P<0.001, ****P<0.0001).

Identification of signaling pathways capable
of predicting enhanced tumor response to the
proposed therapy

After we learned that the three therapeutic
arms (i.e., Cisplatin, Entinostat, and the combi-
nation of both drugs) differentially impact tumor
growth (Figure 1B-D) and that the ACCX9 PDX
model responds remarkably well to the com-
bined therapy, we sought to identify biomarkers
capable of stratifying patients with favorable
clinical outcome.

Using a pathway score function from nSOLVER
Analysis Software, we observed 2 distinct pat-
terns associated with the activity levels of all
major signaling pathways (Figure 6A). One pat-
tern was associated with ACCX9 PDX tumors
presenting a better response to therapy (TGl:
106%), containing an enhanced global expres-
sion of genes associated with cell cycle/apop-
tosis and DNA damage repair pathways. The
second pattern was associated with tumors
presenting a reduced response to therapy (TGl:
63% and 38%) and enhanced activity levels
associated with other 10 cancer-related path-
ways (i.e., Hedgehog, JAK-STAT, MAPK, Notch,
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Figure 3. Tree view analysis of ACC tumors receiving combination therapy. A. Gene clustering of ACCX9, ACCX5M1,
and ACCX6 receiving Entinostat combined with Cisplatin according to gene expression (baseline) from the vehicle
group. The blue color denotes genes downregulated in all ACC tumors (cluster 1), and the yellow color denotes
genes upregulated in all ACC tumors following. B. Genes found downregulated (2-fold) in cluster 1. Note that all
depicted genes are classified as oncogenes. C. List of genes upregulated in all ACC tumors (cluster 2). Note that
depicted genes denote tumor suppressor genes. D. Clusters 3 and 4 represent genes found upregulated (n = 145)
and downregulated (n = 79), respectively, in the ACCX9 PDX model characterized by a tumor growth inhibition of
106% upon administration of Entinostat/Cisplatin. E. Table derived from cluster 3 depicts tumor suppressor genes
(TSG) presenting 2-fold upregulation on ACCX9 compared with ACCX6 and ACCX5M1 tumors upon administration
of Entinostat/Cisplatin. F. Table derived from cluster 4 depicts oncogenes presenting a 2-fold downregulation on

ACCX9 compared with ACCX6 and ACCX5M1 tumors upon administration of Entinostat/Cisplatin.

PI3K, Ras, TGF-beta, Transcription Misregula-
tion, Wnt, and Driver genes) (Figure 6A).

Interestingly the group of genes that comprises
the chromatin modification pathway show en-
hanced global levels for ACCX9 and ACCX5M1,
both models presenting TGl superior of 63%
(Figure 6A_light blue line), and thereby exclud-
ing PDX tumors presenting lower TGl (ACCX6).

Furthermore, we have identified TNFRSF10C
and PPP2R2C as two potential biomarkers
(members of the cell cycle & apoptosis path-
way) highly expressed in ACCX9 (TGl: 106%)
and downregulated in ACCX5M1 (TGl: 63%)
and ACCX6 (TGl: 38%) tumors (Figure 6B). Us-
ing a similar approach, we identified 15 rele-
vant genes found downregulated in the ACCX9
tumor (2-fold decrease) and upregulated in
ACCX5M1 and ACCX6 tumors. From all 15
genes, NGF, PDGFA, and FGF1 were found to be
commonly expressed in the PI3K, RAS, and
MAPK signaling pathways (Figure 6C).

Perhaps the most exciting findings from this
study are not only the identification of unique
biomarkers with potential clinical relevance but
rather the understanding that activity levels of
signaling pathways constitute a robust predic-
tor of tumor response to therapy (Figure 6A).
Indeed, the expression of each signaling path-
way is not significantly influenced by different
treatments. With that in mind, we decided to
validate our findings using RNAseq data from
68 ACC patients. We decided to stratify all ACC
patients using the collection of genes from the
NanoString platform that constitutes the cell
cycle/apoptosis and the PI3K pathways. We
successfully stratified ACC patients presenting
high activity levels of the cell cycle-apoptosis
pathway and low activity of the PI3K signaling
suggesting similar molecular signatures from
ACCX9 PDX tumors (Figure 6D _blue dots).
Similarly, we successfully stratified patients
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expressing high activity levels of the PI3K
pathway and low cell cycle-apoptosis levels,
similar to the ACCX5M1 PDX tumors (Figure
6D_red dots). Overall, we found that 23% of the
68 ACC patients containing RNA seqdata fit the
genetic profile of PDX tumors, presenting an
enhanced response to therapy (ACCX9 profile:
TGl of 106%) (Figure 6E). Also, 15% of all
patients fit the PDX genetic profile of ACCX5M1
presenting a TGl of 63% (Figure 6E). The
remaining 62% of all ACC patients do not fit
either genetic profile.

Discussion

Recent efforts in understanding the genetic
landscape of ACC of the salivary gland unveiled
the high incidence of MYB-NFIB translocations
and the somatic mutations in MYB-associated
genes [5, 8, 9]. Although several mutations
have been identified, ACC tumors are mainly
characterized by the low presence of muta-
tions, particularly when compared with other
solid tumors [9]. These findings suggest that
the carcinogenesis process of ACC is likely
associated with fewer driver oncogenes like
MYB instead of high genomic instability [32,
33]. Along with the activation of MYB, there is
strong evidence of the deregulation of the epi-
genetic machinery. Indeed, close to 35% of
ACC tumors present mutations in chromatin
remodeling genes [9]. Here we explored the
potential effects of the HDAC inhibitor En-
tinostat on an ACC preclinical model. Similar to
what we observed in ACC primary tumor cells in
culture [12], induction of histone modifications
before the administration of Cisplatin resulted
in superior tumor growth inhibition compared
with the administration of Entinostat or
Cisplatin as single agents.

Using NanoString technology, we quantified the
native RNA content of each tumor model and
characterized the impact of the treatment arms
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Figure 4. Pharmacological effect of combination therapy on global tumor histone acetylation. Quantification of im-
munofluorescence staining for histone H3 and H4 at multiple acetylation sites, including histone H3 Lysine 9 (A),
histone H4 lysine 5 (B), histone H4 lysine 8 (C), histone H4 lysine 12 (D), histone H4 lysine 16 (E) in tumor samples
receiving Entinostat, Cisplatin, and the combination therapy of Entinostat/Cisplatin. (F-J) Comparison between
all 3 PDX tumor model responses to Entinostat/Cisplatin. Note the reduced effect of combination therapy over
ACCX6 when compared with high acetylation levels observed in ACCX6 and, to some extent, ACCX5M1 (*P<0.05;
**P<0.01; ***P<0.001; ****P<0.0001).
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Figure 5. Activation of Cellular Senescence in ACC PDX tumors. A. Immunohistochemical staining of PDX tumors for
cellular senescence using p16™“. Red arrows indicate positive cells for staining. B. Quantification of immunohisto-
chemical staining of PDX tumors for the cellular senescence marker p16™“, Quantification depicts the percentage
of positive cells per field of each PDX model or as a combination of all tumors upon administration of Cisplatin,
Entinostat, Entinostat/Cisplatin, or vehicle as control (*P<0.05; **P<0.01; ***P<0.001; ****P<0.0001).

on the activation of key cancer-related molecu-
lar pathways. We observed that the combina-
tion therapy of Entinostat and Cisplatin was the
most efficient treatment, and showed signifi-
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cant downregulation of several oncogenic sig-
naling pathways compared with Cisplatin, cur-
rently the most used chemotherapy agent for
ACC. When looking into the entire set of PDX
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models, we found that the administration of
Entinostat/Cisplatin resulted in the downregu-
lation of genes associated with the DNA dam-
age signaling pathway. In contrast, single-agent
administration of Entinostat or Cisplatin failed
to downregulate DNA damage-related genes.
This is particularly exciting as the DNA damage
pathway was highly mutated in a whole-genome
sequence study of 60 ACC tumors [9].

Perhaps one of the most exciting findings of our
analyses was identifying a collection of bio-
markers distributed among several pathways
capable of identifying ACC patients with greater
potential to respond to Entinostat/Cisplatin
therapy. These findings are clinically relevant as
ACCX9 tumors responded particularly well to
the combination therapy presenting a TGl of
106%. This finding centers on the activation of
chromatin modification, DNA damage repair,
and cell cycle-apoptotic pathways in tumors
responsive to therapy. All the tumor models
have translocations that involve the MYB gene.
ACCX9 and ACCX5M1 tumors present the clas-
sical MYB-NFIB translocation, and ACCX6 has
an MYB-TGFBR3. ACCX9 also presents NOTC-
H1 mutations, while ACCX5M1 tumors show
mutations in MAML2 that are involved in the
activation of the Notch signaling. ACCX6 has a
different set of mutations involved in epigene-
tic modifications, such as BRD2, which binds
to histone H4K12, chromatin remodeling, and
CREBBP, which has histone acetyltransferase
activity (https://www.accrf.org). The observed
mutations on epigenetic modifiers observed in
ACCX6 tumors may point towards the inability
of Entinostat to induce histone acetylation in
any of the 5 acetylation sites found in histones
H3 and H4, as we showed here.

Our findings further show that interfering with
tumor histones by inducing acetylation leads to
the reactivation of several TSGs. In fact, the
administration of Entinostat in combination
with Cisplatin results in the activation of 31
TSG. From the highly activated TSG presenting
a 2-fold expression, we identified SFRP1 as
being upregulated in all ACC PDX models used
in our study. SFRP1, or Secreted Frizzled
Related Protein 1, encodes a soluble protein
that controls the Wnt signaling pathway. It binds
directly to soluble Wnt proteins and Frizzled
receptors [34]. We have also identified 5 addi-
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tional Wnt-related TSGs upregulated in all ACC
tumors, including the GSK3B, MAPK10, MAPK9,
RHOA, and TP53. Similar to the activation of
TSG, the administration of Entinostat/Cisplatin
resulted in the downregulation of several
genes, including oncogenes.

Several FGF family members have been report-
ed mutated in ACC tumors [9], which denotes
that inactivation mutations in these families
are important to this tumor. ACCX6 only pres-
ents mutation in FGFRL1 and no mutations in
the FGF8 gene (https://www.accrf.org). It was
exciting to find our combined therapy-induced
over 2-fold downregulation of FGF8 oncogene
in all 3 PDX models used in this study. Other
members of the FGF family, including FGF10,
FGFR1, FGFR3, and FGFR4, were significantly
downregulated in all 3 PDX models following
the combination therapy compared to vehicle
levels.

All PDX models presented a better response to
the combined administration of Entinostat and
Cisplatin when compared to single-agent thera-
py. The use of HDAC inhibitors as single agents
has shown limited results in solid tumors [35].
We have previously demonstrated that HDAC
inhibitors can sensitize solid tumors to chemo-
therapy [12, 36-38]. Estrogen-dependent
breast cancer has also benefited from HDAC
inhibitors. The use of Entinostat in breast can-
cer has led to the re-sensitization of tumors to
hormonal therapy reversing tumor-resistance
phenotype [39, 40]. As estrogen-dependent
breast cancer responds better to HDAC sensiti-
zation therapy, we have shown that ACCX9
tumors are distinct from ACCX5M1 and ACCX6
tumors with respect to the response to
Entinostat and Cisplatin combination therapy.
Indeed, the administration of Entinostat and
Cisplatin to ACCX5M1 tumors marginally im-
proved TGl by 11% compared to the administra-
tion of Entinostat alone. Meanwhile, ACCX6
tumors failed to respond to single administra-
tion of Entinostat. It is difficult to assess the
causes for such discrepancy in ACC response
to combined therapy. One of the potential
explanations is the polyclonal nature of solid
tumors, which directly impacts tumor response
to therapy and tumor recurrence. Our findings
support the need to develop personalized ther-
apies for ACC tumors taking into consideration
their traits and the potential stratification of
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tumors accordingly to their genetic makeup.
With that in mind, we strive to identify potential
molecular markers capable of stratifying ACC
tumors with greater potential to respond to
Entinostat/Cisplatin. Using the NanoString
data from the ACC PDX tumors, we identified a
group of 145 genes overexpressed in ACCX9
and downregulated in all other PDX models.
From the list of upregulated genes, we identi-
fied 4 TSG (PPARG, WT1, MAP3K8, WNT5A)
presenting a 2-fold activation in ACCX9 over
ACCX5M1 and ACCX6 tumors, therefore of
potential use as a molecular marker to predict
improved response to Entinostat/Cisplatin. Of
note, none of the identified TSG from cluster 3
are mutated in the PDX models (above 2-fold
expression). PPARG (Peroxisome Proliferator-
Activated Receptor Gamma) regulates gene
transcription by interacting with the RXRs, or
retinoid X receptors [41]. Together, the dimmer
is involved in cellular differentiation, while
PPARG is also reported to inhibit cellular prolif-
eration and induce apoptosis [42, 43]. WT1
gene is found mutated in Wilms’ tumor. In its
wild form, WT1 is considered a TSG and a pow-
erful transcription regulator of several recep-
tors as the androgen [44], epidermal growth
factor [45, 46], and insulin [47] receptors,
among others. MAP3KS8 gene is often reported
as an oncogene but presents several functions
related to a TSG. MAP3KS8 is found within the
list of TSGs used in this work [18]. MAP3KS,
also known as TPL2 kinase, plays a TSG func-
tion in lung and skin carcinogenesis [48, 49],
and its loss resulted in increased intestinal
tumorigenesis in Apc™" mice [50]. The last TSG
triggered by the administration of Entinostat/
Cisplatin is WNT5A. In colon cancer, the pres-
ence of WNT5A represses EMT and the canoni-
cal Wnt pathway [51]. Activation of Wntba fur-
ther disrupts tumor migration, proliferation,
and invasion, all hallmarks of aggressive tumor
behavior. In fact, the presence of Wntba
impaired tumor growth in nude mice.

Cellular senescence is a biological event that is
often overlooked in cancer biology. Senescent
cells are unable to divide and undergo major
changes in chromatin organization. Chromatin
modifications result in changes in the secretion
pattern of senescent cells that can drive tumor
resistance to therapy [52, 53]. Using tissues
from our PDX models receiving Entinostat and/
or Cisplatin, we explored the cellular senes-
cence burden in each of our models and thera-
pies. We observed that two of our tumor mod-
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els (ACCX9 and ACCX5M1) did not experience
an accumulation of senescent cells upon ther-
apy. However, we observed that ACCX6 tumors
did accumulate senescent cells during the
administration of Cisplatin alone or in combina-
tion with Entinostat. Interesting to note that
ACCX6 tumors showed the lowest tumor growth
response to Entinostat/Cisplatin administra-
tion from all PDX models used in this study
while being the only tumor model with tumor
growth above control levels for single-drug
therapy (Entinostat, TGl = -20%; Cisplatin TGI =
-29%).

Historically, science has pursued the identifica-
tion of molecular markers capable of detecting
incipient tumors and predicting behavior, pro-
gression, and the presence of metastasis.
Molecular markers have also been used to
stratify patients presenting a greater response
to therapy. Such effort in identifying molecular
markers has proven valuable for certain tumors
like prostate cancer. The identification of high
levels of PSA in the bloodstream of patients is
particularly of great value in identifying early
prostate cancer. Similarly, identifying p53, Bcl-
2, p16INK4A, p27Kipl, and other markers has
also proved to have significant prognostic
value for prostate cancer [54]. Identifying mark-
ers for other common tumors also trails the
advancesseenin prostate cancer. Nonetheless,
patients suffering from rare malignancies like
ACC are less fortunate, as limited resources
are available to better understand the biology
of such tumors. Here we have identified a
series of biomarkers capable of predicting bet-
ter tumor response to the administration of
Entinostat in combination with Cisplatin.
However, we unveiled something unexpected
using data from our targeted gene screening
focusing on signaling pathways. We found that
signaling pathways, rather than individual
molecular markers, can predict tumor respon-
se to Entinostat/Cisplatin. Therefore, we have
shown here that ACC tumors present unique
genetic signatures with great prognostic value.
In fact, after validation of our genetic signature
in 68 ACC patients presenting RNAseq data, we
found that close to a quarter of all ACC patients
are likely to respond well to therapy.
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Figure S1. Representative immunofluorescence images of tumor samples from ACCX6, ACCX5M1, and ACCX9 PDX
models receiving Entinostat, Cisplatin, or a combination of both drugs and stained for Ki67 (A), Caspase 3 (B), and
y-H2AX (C) conjugated with Alexa 568 (red) and counterstained for DNA content using Hoechst 3342. Inserts depict
the magnification of specific areas within the tumor mass.

Oncogenes identified in Cluster 1
Downregulated
(Oncogene Database)

Oncogene | ACCX9 ACCX6 ACCX5M1
CBL ¥ J J
CCNE1 J J J
CDK6 4 N\ N
ETS2 4 4 4
EZH2 J 4 4
FGF10 J J J
FGF8 4 4 N
FGFR1 J J J
FGFR3 J J J
FGFR4 4 J J
GLI1 4 4 2
HSPA1A 4 4 J
HSPB1 J J J
JAK2 J J 4
NOTCH1 4 4 <
NSD1 4 4 4
PAX3 4 4 2
PDGFRB 4 4 2
PIK3R1 J J J
PTCH1 J J J
PTTG2 J 4 J
SETBP1 J 4 4
SPRY2 4 4 ¥
TCL1B 4 4 ¥
WHSC1 4 4 2
WHSC1L1 J J J

n=26 Oncogenes

J, 2-fold downregulated over vehicle
J, Statistical significant downregulation over vehicle

Figure S2. Table of 26 oncogenes out of the list of 130 downregulated genes identified in cluster 1 (Figure 3A) after
administration of Entinostat + Cisplatin. Arrows in red represent 2-fold downregulation of oncogenes over vehicle,
and green arrows represent statistically significant gene downregulation (P<0.05) in PDX tumors receiving Entino-
stat + Cisplatin compared with vehicle.

2



Stratifying adenoid cystic carcinomas using pathways-based genomics

Tumor Suppressor Genes identified in Cluster 2
Overexpression (TSGene Database)

TSG Genes ACCX9 ACCX6 ACCX5M1
CDH1 0 P M
CDKN1B 2 P
CDKN1C 0 0 P
CDKN2A P P P
CEBPA N 0 0w
GAS1 0 0 0
GSK3B 0 0 0
HDAC1 0 0 0
HDAC3 0N N T
HPGD 0 P 0N
ITGA7 0 M T
KLF4 0 1 1
MAPK10 0 0 0
MAPK9 0N XN T
MSH2 0 0 0
NBN 0N N T
NFKB1 0 0 o
NOL7 0 P P
NUPR1 N 0N 0N
PHF6 0 1 1
PLD1 0 1 P
PPP2CB 0 0 0
PRKAA2 0 N 0
PTPN11 0 0 0
RHOA 0N N T
SFRP1 N T T
STAT1 0 P 0N
TET2 0 2 0N
TGFBR2 0 2 0
TP53 0 0 0
TSLP 0 0 0
N=31TSG

M 2-fold upregulated over vehicle

/M Statistical significant upregulated over vehicle

Figure S3. List of 31 tumor suppressor genes (TSG) out of a list of 127 upregulated genes identified in cluster 2
(Figure 3A) after administration of Entinostat + Cisplatin. Arrows in red represent 2-fold upregulation of TSG over
vehicle, and green arrows represent statistical significant gene upregulation (P<0.05) in PDX tumors receiving Enti-
nostat + Cisplatin compared with vehicle.
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A Cluster 3 B Cluster 4
ACCX9 Unique Upregulated Genes (over 2-fold) ACCX9 unique Downregulated Genes (under 2-fold)

Probe Name ACCX9 ACCX6  ACCX5M1 Probe Name ACCX9 ACCX6 ACCX5M1
MYCN 5.181234 2.79134 1.66997 COL2A1 -6.56877 1.488662 1.670026
ITGAS 4.461234 -4.52134 -0.65997 LAMA1 -5.46877 1.628662 1.740026
SHC3 4.461234 -1.33134 -0.73997 COL3A1 -4.21877 1.878662 1.830026
PIK3R5 4.461234 -1.33134 -2.55997 PDGFRA -3.85877 1.758662 2.020026
BIRC3 3.931234 -2.52134 -2.49997 CACNA2D2 -3.45877 1.698662 1.630026
FGF14 3.931234 -2.12134 -0.85997 RELN -3.14877 1.348662 1.590026
CALML3 3.661234  -1.33134  -1.49997 COL1A1 -2.86877  1.348662  2.340026
PRMT8 3.501234  -1.17134  -0.59997  1GFB1 -2.82877  1.338662  1.630026
MMP9 3.261234  -3.07134  -0.99997  cpy1 2.80877 1568662  2.020026
EZF ;’All i:ggij 'g'iigj 1'1522833 FGF7 2.80877  2.068662  1.430026
GATA3 7 861234 6.91134 -0.93997 CREB3L1 -2.37877 1.318662 2.380026
SSX1 2.861234 -1.92134 -6.38997 COL11A1 -2.36877 1.428662 1.830026
BIRC7 2861234  -2.12134  -1.27997 PDGFB -2.35877  1.838662  1.760026
PCK1 2.861234 -1.64134 -0.70997 COL5A1 -2.19877 1.308662 1.980026
PPARG 2.861234 -1.36134 -0.91997 FZD2 -2.07877 1.408662 1.720026
WT1 2.861234 -1.03134 -1.09997

FASLG 2.691234  -3.45134  -0.96997

BAIAP3 2.661234 -1.01134 -1.06997

MAP3K8 2.651234 -1.92134 -1.01997

Z1C2 2.601234 -1.17134 -2.12997

WNT5A 2.551234 -0.94134 -0.86997

WNT2 2.431234  -0.77134  -0.96997

CAMK2B 2.371234 -2.32134 -3.70997

HMGA2 2.281234  -2.35134  -1.80997

IL1IR1 2.281234  -0.91134  -0.66997

IL11 2.271234 -0.93134 -2.41997

GRIA3 2.231234  -1.25134  -0.67997

PLA2G4C 2.191234 -0.85134 -1.27997

DUSP8 2.151234 -0.91134 -0.82997

uTyY 2.081234  -3.72134  -1.49997

WNT16 2.071234 -6.91134 -0.93997

IL7 2.071234 -2.92134 -2.72997

GZMB 2.071234 -4.78134 -1.84997

SOX17 2.071234 -2.12134 -1.27997

SGK2 2.071234  -2.92134  -1.14997

FGF1 2.071234 -0.85134 -0.58997

ZBTB32 2.071234 -1.01134 -1.84997

ITGB4 2.001234  -1.09134  -0.62997

Figure S4. A. List of genes derived from cluster 3 (Figure 3D) presenting a 2-fold increase in gene expression on
ACCX9 PDX compared with ACCX6 and ACCX5M1 upon receiving Entinostat + Cisplatin combination therapy. B. List
of genes from cluster 4 (Figure 3D) presenting downregulation of gene expression on ACCX9 PDX compared with
ACCX6 and ACCX5M1 upon receiving Entinostat + Cisplatin combination therapy.
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Figure S5. Tumor-specific histone acetylation levels of histones H3 lysine 9, H4 lysine 5, H4 lysine 8, H4 lysine 12,
and H4 lysine 16 distributed by treatment arms (*P<0.05; **P<0.01; ***P<0.001; ****P<0.0001).
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Figure S6. Immunofluorescence images of the PDX tumors ACCX6, ACCX5M1, and ACCX9 receiving Entinostat,
Cisplatin, or the combination of both drugs stained for histone H3 and H4 acetylation at specific lysines (Alexa
488_green). DNA content is identified by Hoechst 3342 staining, and inserts depict the magnification of specific

areas within the tumor mass.
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Figure S7. Bar graphic depicting the percentage of positive cells distributed by each therapeutic arm for all 3 PDX
models of ACC tumors and stained for H3 lysine 9, H4 lysine 5, H4 lysine 8, H4 lysine 12, and H4 lysine 16. Note
that all therapy arms failed to induce robust histone acetylation on ACCX6 compared with ACCX9 and ACCX5M1.
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