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Abstract: Sarcomas constitute a heterogeneous group of mesenchymal cancers and are particularly common in
children and adolescents, leading to significant lethality. Therefore, it is necessary to understand the underlying
mechanisms by which genetic alterations promote sarcoma progression. Here, we demonstrate that loss-of-function
of ATRX, a member of the SWI/SNF DNA-remodeling family, represses the interferon (IFN)-B response by inducing
chromatin remodeling in sarcoma cells. We show that ATRX mutations are associated with worse prognosis and
attenuate IFN-o/p response in patients with specific types of sarcomas. Using poly(l:C) as a stimulation model, we
show that natural ATRX mutation or ATRX depletion via CRISPR/Cas9 or siRNA significantly suppresses the expres-
sion of IFNB1 and other cytokines in sarcoma cells. Moreover, RNA-seq data reveal that ATRX ablation globally
influences the expression pattern of poly(l:C)-stimulated genes (PSGs). Through ATAC-seq, we show that ATRX loss
enhance chromatin accessibility generally, which consistent with the heterochromatin modulating function of ATRX.
However, a set of PSGs display a decrease of chromatin accessibility after ATRX depletion, indicating that ATRX pro-
mote the transcription of these genes through chromatin remodeling. Thus, we highlight that ATRX mutation plays
critical roles in blocking Type | IFN signaling in sarcoma cells and point out the clinical importance of this effect on

sarcoma treatment.
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Introduction

Sarcomas are rare malignancies, collectively
accounting for only 1% of adult and 15% of
pediatric cancers [1, 2]. There are at least 100
types of sarcomas, as identified on the basis of
distinct morphological and genetic changes,
such as osteosarcoma, angiosarcoma, and
Ewing sarcoma. To date, the standard treat-
ments for sarcomas include surgery, chemo-
therapy and radiotherapy, but the outcomes
are unsatisfactory. Globally, the 5-year relative
survival rate of sarcoma patients is approxi-
mately 50%, and it is less than 20% for patients
with distant metastasis [3, 4]. Recently, immu-
notherapy has become an important clinical
strategy for certain types of advanced cancers,
such as melanoma, non-small-cell lung cancer
(NSCLC) and bladder cancer [5-8]. However,
clinical trials have revealed that sarcoma cells
do not respond adequately to immunothera-
pies, which include immune checkpoint inhibi-
tors, adoptive cell therapies, and cancer vac-

cines [3], mainly due to the diminished effects
of the immune microenvironment in the context
of sarcoma [9, 10]. Therefore, investigating the
underlying mechanisms by which sarcoma cells
modulate the antitumor immune response is
crucial.

Type | interferon (IFN) signaling can be stimu-
lated by danger-associated molecular patterns
(DAMPs) in the tumor microenvironment (TME),
then activate the innate immune response
against tumors through the action of cytotoxic
T lymphocytes (CTLs), natural killer (NK) cells,
dendritic cells (DCs) and cancer cells them-
selves [11, 12]. For instance, cytosolic RNA and
DNA activate the retinoic acid-inducible gene |
(RIG-1) and Cyclic guanosine monophosphate-
adenosine monophosphate adenosine synthe-
tase (cGAS) pathways, respectively, leading to
the transcription of Type | IFNs and hundreds of
IFN-stimulated genes (ISGs) [12, 13]. Neverthe-
less, these pathways are commonly suppressed
in cancer cells through the downregulation of


http://www.ajcr.us

ATRX mutation suppresses the type | IFN response in sarcoma

DAMP receptors and activation of immune
checkpoint signaling [3, 9, 13]. A recent study
revealed that in sarcoma cells, RIG-I-mediated
Type | IFN signaling was suppressed by cir-
cRNAs, leading to the establishment of a pro-
tumorigenic TME and increased tumor growth
[14]. Due to the heterogeneity of sarcomas, it is
still unclear how type | IFN signaling is modu-
lated in different types of sarcoma cells.

ATRX is a member of the switch/sucrose non-
fermentable (SWI/SNF) protein family, and
serves as a DNA remodeler for heterochroma-
tin formation and transcription regulation [15].
ATRX mutations cause alpha thalassemia/
mental retardation X-linked (ATRX) syndrome
and is associated with alternative lengthening
of telomeres (ALT) in cancer cells [15, 16].
Notably, ATRX mutation is frequent in sarcoma,
with frameshift and nonsense mutations as
the most prevalent variations, suggesting that
ATRX loss might drive sarcoma progression
[17, 18]. A recent study reported that loss of
ATRX promoted the aggressiveness of osteo-
sarcoma through upregulating NF-kB signaling
and integrin binding [19]. Moreover, ATRX dele-
tion impaired cGAS/STING signaling and sensi-
tized sarcoma to radiation and oncolytic her-
pesvirus [20]. In addition, in ALT cancer cells,
telomeric DNA accumulated in the cytoplasm
due to telomere instability, while the induction
of the innate immune response was sup-
pressed by ATRX depletion [21]. This evidence
raises interesting questions relating to whe-
ther and how ATRX mutations alter type |
IFN-mediated antitumor immune responses in
sarcomas.

In the present study, we analyzed public datas-
ets and observed that ATRX mutations were
negatively correlated with prognosis and type |
interferon response in patients with specific
types of sarcomas. Through RNA-seq and ATAC-
seq, we further revealed that ATRX loss reduc-
ed the chromatin accessibility and transcript of
IFN-B and a set of ISGs in sarcoma cells. Thus,
our findings highlight that ATRX mutations play
critical roles in suppressing Type | IFN response
in sarcoma.

Materials and methods
Cell culture

HOS, MG63, U20S, Saos-2 and 293T cells were
purchased from Procell Life Science & Tech-
nology Co., Ltd. (CL-0360, CL0157, CL-0236,
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CL-0202, CL-0469). All cells were cultured with
5% CO, at 37°Cin an incubator. HOS and MG63
cells were cultured in MEM supplemented with
NEAA and 10% FBS. U20S cells were cultured
in McCoy’s 5A medium supplemented with 10%
FBS. Saos-2 cells were cultured in McCoy’s 5-A
medium supplemented with 15% FBS. 293T
cells were cultured in DMEM supplemented
with 10% FBS. Cell lines were authenticated by
STR DNA profiling analysis and tested to con-
firm the lack of mycoplasma contamination.

Plasmid construction

LentiCas9-Blast (Plasmid #52962) and Lenti-
Guide-puro (Plasmid #52962) were purchased
from Addgene; pCMVdeltaR8.9 and pLP-VSVg
were stocked in our laboratory. sgRNA expres-
sion plasmids targeting the human ATRX gene
were designed by CRISPick. Oligos were syn-
thesized by Tsingke Biotechnology Co., Ltd. The
sgRNA sequences were: sghATRX-238-F: CA-
CCGCAGGATCGTCACGATCAAAG; sghATRX-238-
R: AAACCTTTGATCGTGACGATCCTGC; sghATRX-
672-F: CACCGCAATGTAGGTGGTGTGCGGA; sgh-
ATRX-672-R: AAACTCCGCACACCACCTACATTGC.
Paired oligos were annealed and then inserted
into BsmB | site of the LentiGuide-puro vector.

Lentivirus packaging and infection

293T cells were transfected with lentivirus-
expressing plasmid, pCMVdeltaR8.9 and pLP-
VSVg by polyethylenimine (PEIl). The infectious
supernatants were harvested 72 hours after
transfection, filtered through a 0.45-uM filter,
and stored at -80°C. To infect HOS cells, super-
natants were mixed with polybrene at a final
concentration of 5 ug/mL, and with HOS medi-
um at a 1:1 ratio, then added to HOS cells
grown to 50%-60% density. After 48 hours, the
positive cells were selected after treatment
with a final concentration of 1 ug/ml puromycin
(Meilunbio; MAO318) or 10 pg/ml blasticidin
(Meilunbio; MB2506-1).

Western blotting

Cells were lysed in RIPA lysis buffer (Beyotime,
P0O013B), incubated at 4°C for 15 minutes, and
then clarified by centrifugation at 14000 x g
and 4°C for 15 minutes. The clarified lysates
were mixed with SDS-PAGE Sample Loading
Buffer (Beyotime, POO15L) and boiled for 10
min. Equal amounts of total protein were re-
solved on 8% SDS-PAGE gels (Beyotime, SDS-
PAGE Gel Preparation Kit, PO0O12A) in 1X run-
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ning buffer (25 mM Tris, 0.25 M glycine, 0.1%
SDS) and then transferred to NC membranes
(Merck Millipore; HATFO0010) for immunoblot-
ting. The antibodies used for western blotting
were anti-ATRX, Abcam, ab97508; anti-alpha
tubulin, Proteintech, 11224-1-AP; and HRP-
labeled goat anti-rabbit 1gG (H+L), ZSGB-BIO,
ZB-2301.

Transfection with dsDNA or poly(l:C)

Cells were cultured in 12-well plates and trans-
fected with 1 pg poly(l:C) (Invivogen tlrl-pic) or 1
ug dsDNA (Tsingke Biotechnology Co. Ltd.) via
the standard protocol of Lipofectamine 2000
(Invitrogen™; 11668027). Cells were harvested
at different time points for RNA extraction and
real-time gPCR analysis. RNA was extracted
using a SPARKeasy Cell RNA Rapid Extraction
Kit (SparkJade; ACO205-B). cDNA was obtain-
ed by reverse transcription using MonScript™
RTIII All-in-One Mix with dsDNase kit (Monad;
MRO05101). Real-time qPCR was performed on
a Roche Light Cycler 96 using ChamQ Universal
SYBR gPCR Master Mix (Vazyme; Q711). The
following primers were synthesized by Tsingke
Biotechnology Co., Ltd.: IFNB1-F: ATGACCAACA-
AGTGTCTCCTCC; IFNB1-R: GGAATCCAAGCAAG-
TTGTAGCTC; CXCL10-F: GTGGCATTCAAGGAGT-
ACCTC; CXCL10-R: TGATGGCCTTCGATTCTGGA-
TT, GAPDH-F: CATGAGAAGTATGACAACAGCCT;
GAPDH-R: AGTCCTTCCACGATACCAAAGT; IL6-F:
ACTCACCTCTTCAGAACGAATTG; IL6-R: CCATCT-
TTGGAAGGTTCAGGTTG; MX1-F: GTTTCCGAAG-
TGGACATCGCA; MX1-R: CTGCACAGGTTGTTCTC-
AGC; MX2-F: CAGAGGCAGCGGAATCGTAA; MX2-
R: TGAAGCTCTAGCTCGGTGTTC.

RNA-seq and analysis

Total RNA was extracted with a SPARKeasy
Cell RNA Rapid Extraction Kit (SparkJade;
AC0205-B) and subjected to RNA-seq on a
MGISEQ-2000 platform in PE150 mode by BGI
Tech Solutions Co., Ltd. Transcript reads were
quantified by salmon with default settings and
mapped to the reference genome (hg19) using
the Bowtie tool. Differential expression analy-
sis was performed with the R package DESeq2
at an adjusted p value cutoff <0.05. Gene
set enrichment analysis was performed with
GSEA 4.1.0; heatmaps and volcano plots were
generated with the R packages pheatmap and
enhanced volcano. GO enrichment analysis
was performed with clusterProfiler.
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ATAC-seq and analysis

Cells were lysed in NE buffer (10 mM Tris-HClI,
pH 7.4; 10 mM NaCl; 3 mM MgCIz; and 0.1%
IGEPAL CA-630) and subjected to DNA tagmen-
tation using TruePrep DNA Library Prep Kit V2
for lllumina kit (Vazyme TD501). After tagmen-
tation, the DNA was purified by VAHTS DNA
Clean Beads (Vazyme N411-01). Libraries were
amplified by PCR, and indexes were added by
TruePrep™ Index Kit V2 for lllumina® (Vazyme
TD202), subjected to sequencing on a NovaSeq
system by Berry Genomics. For analysis, reads
were aligned to the UCSC hgl9 reference
genome, and duplications were removed by
sambamba. Then, peaks were called by the
MACS3 command callpeak. Differential analy-
sis was performed via the MACS3 command
bdgdiff. Visualization was performed with deep-
tools and IGV. Annotation was performed via
ChlPseeker. GO enrichment analysis was per-
formed with Cistrome-GO. Motif analysis was
performed with HOMER software.

Clinical data analysis

Patient survival and ATRX alternation data were
obtained from TCGA Pan Cancer Atlas and MSK
Sarcoma datasets using cBioPortal. For GSEA,
TCGA pancancer atlas sarcoma patient gene
expression data were classified into two groups
according to ATRX mutation status, and GSEA
was then performed by using the GSEA 4.1.0
and MSigDB v7.4 databases.

Statistical analysis

GraphPad Prism 9.0 was used for statistical
analysis. Specifically, log-rank tests were per-
formed via GraphPad Prism 9.0. For all com-
parisons among three groups, two-way ANOVAs
followed by multiple comparisons were per-
formed; *: P value <0.05; **: P value <0.01;
and ***: P value <0.001.

Data and code availability

The raw sequence data reported in this paper
have been deposited in the Genome Sequence
Archive [22] in National Genomics Data Center,
China National Center [23] for Bioinformation/
Beijing Institute of Genomics, Chinese Aca-
demy of Sciences (GSA-Human: HRAO05116)
that are publicly accessible at https://ngdc.
cncbh.ac.cn/gsa-human.
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Results

ATRX mutation showed clinical relevance to
prognosis and IFN-B signaling in subtypes of
sarcomas

To understand the clinical importance of ATRX
mutation in different types of sarcomas, we
analyzed the MSK and TCGA pancancer atlas
datasets in cBioPortal. As shown in Figure 1A,
ATRX gene was more frequently altered in
samples of uterine leiomyosarcoma, undiffer-
entiated pleomorphic sarcoma, leiomyosarco-
ma, angiosarcoma, dedifferentiated liposarco-
ma and osteosarcoma and less frequently
altered in samples of Ewing sarcoma and gas-
trointestinal sarcoma. Interestingly, ATRX muta-
tion was associated with worse overall survival
times in patients with leiomyosarcoma and
osteosarcoma (Figure 1B-D) but not in patients
with other types of sarcomas (Figure 1E and
1F). These data suggest that the effects of
ATRX loss are mediated in a cancer type-depen-
dent manner.

Furthermore, we analyzed the RNA-seq data
obtained from the TCGA dataset by GSEA and
revealed the top hallmark pathways associat-
ed with ATRX mutation. As shown in Figure 1G,
ATRX loss upregulated cell proliferation path-
ways, such as pathways associated with E2F1
targets, the mitotic spindle, and G2/M check-
points, as well as stress-induced pathways,
including the TNF-A, apoptosis, ROS and inflam-
matory response pathways. On the other hand,
pathways associated with estrogen and andro-
gen response genes and KRAS downregulated
genes were suppressed after functional ATRX
loss. Notably, the expression of INF-a response
genes was also negatively correlated with ATRX
mutants, NES =-0.93 (Figure 1H). Although the
difference was not significant, this result indi-
cates that ATRX loss might reduce type-I inter-
feron signaling in sarcoma cells.

The expression of IFNB1 and ISGs was sup-
pressed in sarcoma cells with ATRX mutations

In the tumor microenvironment, type | interfer-
on can be induced by cytosolic DNA and RNA
through the cGAS/STING and RIG-1/MAVS
pathway, respectively [12, 13, 24]. Therefore,
we evaluated the response of sarcoma cells
with different status of ATRX gene after ex-
posure to double-stranded DNA (dsDNA) or
poly(l:C), a synthetic analog of double-stranded
RNA. As shown in Figure 2A, ATRX was expre-
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ssed in HOS and MG63 cells but was undetect-
able in ATRX-mutated U20S and Saos-2 cells.
To our surprise, none of these cell lines res-
ponded to dsDNA stimulation, as measured by
IFNB1 and CXCL10 expression (Figure 2B and
2C), suggesting that the cGAS/STING pathway
is typically blocked in sarcoma cells. In con-
trast, poly(l:C) induced IFNB1 and CXCL10
expression in all the cells, but the expression
levels in HOS and MG63 cells were markedly
higher than those in U20S and Saos-2 cells
(Figure 2B and 2C). These results were consis-
tent with the GSEA results obtained with in
patient samples, indicating that ATRX mutation
is associated with the suppression of type-I
interferon signaling in sarcoma.

Depletion of ATRX inhibited IFNB1 and ISG
expression after poly(l:C) stimulation

To evaluate whether ATRX ablation leads to
the suppression of IFNB1 or ISG expression, we
designed two sgRNAs targeting ATRX and gen-
erated ATRX-knockout cell lines via CRISPR/
Cas9 (Figure 3A and 3B), then evaluated the
expression levels of IFNB1 and ISG after
poly(l:C) stimulation. As shown in Figure 3C,
ATRX knockout significantly decreased poly(l:C)-
induced expression of IFNB1 and other ISGs.
Since the generation of stable cells by lentivi-
ruses takes a long time, we designed two siR-
NAs to knockdown ATRX, which was accom-
plished in 3 days (Figure 3D), and then mea-
sured whether depletion of ATRX in short-term
also affect the expression of IFNB1 and ISGs. In
both MG63 (Figure 3E) and HOS cells (Figure
3F), knockdown of ATRX significantly decreased
poly(l:C)-induced IFNB1 and ISG expression.
These results indicate that ATRX directly regu-
lated IFNB1 and ISG expression after poly(l:C)
stimulation, confirming critical roles for ATRX
loss in the suppression of the type | interferon
response.

ATRX ablation globally modulated the tran-
scriptome of poly(I:C) induced genes

In response to DAMPs stimulation, hundreds
of genes associated with innate immunity are
activated. To obtain a comprehensive view of
the genes regulated by ATRX, we performed
RNA-seq to compare the transcriptomes of
HOS cells under different siRNA and poly(l:C)
treatment conditions. As shown in Figure 4A,
using |Log,FC|>0.583 as the cutoff, only 7
genes were upregulated, and 3 genes were
downregulated after ATRX knockdown under
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Figure 1. The clinical significance of ATRX mutations in sarcoma. A. ATRX mutation frequency in different types
of sarcomas. The data from MSK and the types of genetic mutations are shown on the right. B-F. Overall survival
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unstimulated conditions. In contrast, after
poly(l:C) stimulation, ATRX depletion resulted
in the upregulation of 190 genes and the
downregulation of 86 genes (Figure 4B). These
results suggest that ATRX functions mainly as
a transcription regulator not a transcription
initiator.

Interestingly, GO analysis revealed that the
genes downregulated after siATRX treatment
were enriched in type | IFN signaling and antivi-
ral response (Figure 4C), consistent with the
critical roles of ATRX in the innate immune
response. Moreover, using |Log FC|>4 as the
cutoff, we identified 80 upregulated genes
and 10 downregulated genes after poly(l:C)
treatment in siNC cells (Figure 4D), and these
genes were defined as poly(l:C)-stimulated
genes (PSGs). Most of these PSGs were associ-
ated with the innate immune response; specifi-
cally, the expression of IFNB1/L2, MX1/2,
CXCL8/9/10/11 and IL6 was suppressed by
ATRX knockdown following a similar pattern
(Figure 4E). Thus, our results highlight ATRX
ablation globally modulates the transcription of
poly(l:C)-induced genes.

ATRX loss changes the chromatin accessibility
of PSGs

Next, we assessed the mechanisms by which
ATRX regulates PSG expression. Depletion of
ATRX changed the expression of a few genes
under unstimulated conditions, and none of
these genes were involved in cytosolic RNA
sensing, suggesting that ATRX may not influ-
ence upstream signaling. Therefore, we hypoth-
esized that ATRX may directly modulate the
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chromatin accessibility of PSGs. To test this
hypothesis, we performed ATAC-seq with HOS
cells transfected with siRNAs and stimulated
with poly(l:C). As shown in Figure 5A, depletion
of ATRX led to an increase of ATAC-seq signals
in 2949 peaks, and a decrease in 282 peaks,
these peaks were identified as siATRX gain and
loss peaks, respectively. Notably, the siATRX
gain peaks were enriched in promoter regions,
and siATRX lost peaks were enriched in intron
and distal intergenic regions. GO enrichment
analysis revealed that siATRX gain peaks were
significantly related to genes in chromosome
programming, mitosis and transcription regula-
tion (Figure 5B and 5C). These results suggest
that ATRX functions mainly as a transcription
suppressor. However, the gene bodies of a sub-
set of PSGs, including IL6, MX1/2, and CCL2,
displayed less chromatin accessibility after
ATRX depletion (Figure 5D). Notably, the chro-
matin accessibility of two enhancer-harboring
regions in IFNB1 was reduced after ATRX
knockdown, but the accessibility of gene bod-
ies was unchanged. Moreover, we analyzed the
binding motifs of siATRX loss peaks, and KLF4-
and NFKB-associated motifs were enriched
(Figure 5E), these two transcription factors had
been reported to regulate type | IFN signaling
[25, 26]. Taken together, our study reveals that
ATRX loss changed the chromatin accessibility
of a subset of PSGs, thereby suppressed the
type | IFN axis in sarcoma.

Discussion

In the past decade, a deeper understanding of
antitumor immunity has led to great improve-
ments in cancer treatment. Sarcoma is a type
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siRNAs. Tubulin was used as the loading control. (E and F) Real-time PCR was performed to measure the expression
of IFNB41, IL6, MX1 and MX2 after poly(l:C) treatment in MG63 (E) or HOS (F) cells transfected with different siRNAs
as described. Vehicle represents the control group. The expression level was normalized to that of GAPDH, ***x*;
P Value <0.0001.
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Figure 4. ATRX globally modulated PSG transcription. (A and B) Volcano plot showing differences in the transcript
levels of the HOS cells after poly(l:C) stimulation for O hr (A) or 4 hr (B). (C) GO enrichment analysis of upregulated
and downregulated genes in cells treated with siATRX and stimulated with poly(l:C). (D) Volcano plot showing the
differences in siNC HOS transcript levels after poly(l:C) stimulation for the indicated times. (E) Heatmap clusters
displaying PSG expression patterns in HOS cells under the indicated siRNA and poly(l:C) treatment conditions.

of “cold” tumor, and its immunosuppressive comas [3, 4, 9]. Therefore, it is important to
microenvironment might be one of the major understand the detailed mechanisms underly-
reasons for poor prognosis of patients with sar- ing the “cold” of sarcoma, and develop targeted
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Figure 5. ATRX loss changes the chromatin accessibility of PSGs. (A) ATAC-seq analysis of the differences in chro-
matin accessibility in HOS cells transfected with siATRX or siNC. Cells were stimulated by poly(l:C) for 4 hr. The data
are displayed in a heatmap and metaplots. (B) Annotation of the siATRX gain and loss peaks shown in (A). (C) GO
enrichment analysis of the siATRX gain peaks shown in (A). (D) Knockdown of ATRX reduced chromatin accessibility
and the transcription of the IFNB1, IL6 and MX2 genes. (E) The most enriched binding motifs in lost peaks of siATRX-

transfected cells as determined by ATAC-seq. The data were analyzed with HOMER.
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treatment strategies. In the present study, we
demonstrate that ATRX loss suppresses IFN-3
signaling in sarcoma cells, which may contrib-
ute to the diminished antitumor immunity in
sarcoma.

Type | IFNs are key players in antitumor immu-
nity. In the tumor microenvironment, DAMPs,
such as dsDNA or RNA, are released from
stressed or dead cells, activate specific PRR
pathways and initiate the transcription of Type |
IFNs and other cytokines [12, 27]. After secre-
tion, Type | IFNs bind to IFNRA1/2 receptors
and activate the JAK-STAT pathway, resulting in
the boost of CTLs and NK cells, and the matura-
tion of DCs [28-30]. Our results revealed that
the dsDNA-induced immune response was dys-
functional in all of the sarcoma cells we evalu-
ated, regardless of whether ATRX function had
been lost, suggesting a common mechanism in
sarcoma cells. This is consistent with previous
reports that the major sensor of dsDNA, the
cGAS/STING pathway, is abrogated in most
cancers [12, 31]. However, poly(l:C) induced the
expression of IFNB1 and other cytokines in
ATRX-WT cells, which had been markedly sup-
pressed after ATRX loss in sarcoma cells.
Moreover, ATRX depletion globally changed the
transcription of PSGs, suggesting that ATRX
may play a role in other DAMP-induced type |
IFN responses.

ATRX belongs to the SWI/SNF DNA-remodeling
family, and its major function involves in hetero-
chromatin formation at repetitive DNA regions,
including telomeres, pericentric repeats, rDNA
repeats, and endogenous retroviral elements
(ERVs) [32-36]. Together with the histone chap-
erone DAXX, ATRX facilitates the deposition of
histone variant H3.3 at these regions, resulting
in a unique form of heterochromatin character-
ized by both histone H3KO9me3 and H3.3 [15,
37]. Dysregulation of ATRX function drives DNA
replication and repair stress, thereby causing
genome instability, which might change gene
transcription globally. Our results revealed that
depletion of ATRX decreased the chromatin
accessibility of a subset of PSGs, and this
mechanism differs from the usual function of
ATRX as a heterochromatin organizer. The
underlying mechanisms should be further
investigated.

Notably, ATRX has also been reported to regu-
late the expression of certain types of genes in
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different contexts. For instance, ATRX promot-
ed the incorporation of histone H3.3 at specific
transcribed genes, mainly in ancestral pseudo-
autosomal regions, and facilitated transcrip-
tional elongation through G-rich sequences
[38]. More recently, Han et al. reported that
ATRX interacted with EZH2 and downregulated
the expression of Fas-associated death domain
(FADD) by attenuating H3K27me3 enrichment
at the FADD promoter region [39]. Recently,
Stilp et al. reported that after virus infection,
ATRX interacted with the transcription factor
interferon regulatory factor 3 (IRF3) and in-
creased chromatin accessibility, thereby pro-
moting type | interferon and interferon-stimu-
lated gene (ISG) expression [40]. Further study
is needed to determine whether these mecha-
nisms are evident in sarcoma cells.

Previous studies have exposed multiple func-
tions of ATRX mutants in sarcoma progression,
including the activation of the ALT pathway,
promotion of NF-kB and integrin signaling, and
regulation of cGAS/STING signaling [18-20].
Our study provides important complementary
information by showing that ATRX loss modu-
lates the immune microenvironment by inhibit-
ing INF-B signaling. More interestingly, ATRX
depletion led to the upregulation of the genes
associated with metal ion homeostasis and
response after poly(l:C) stimulation, and deter-
mining whether these outcomes are evident in
antitumor immunity is a worthy line of inquiry.

In conclusion, this study demonstrates that
the ATRX mutations negatively correlated with
overall survival as well as the type | IFN
response in sarcoma patients. Loss of ATRX
function suppressed the type I IFN response in
sarcoma cells, indicating that the restoration of
innate immunity is critical for the treatment of
ATRX-mutant sarcoma.
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