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Inhibition of protein arginine methyltransferase 6
activates interferon signaling and induces the apoptosis
of endometrial cancer cells via histone modification
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Abstract. Histone modification, a major epigenetic mechanism
regulating gene expression through chromatin remodeling,
introduces dynamic changes in chromatin architecture. Protein
arginine methyltransferase 6 (PRMT6) is overexpressed in
various types of cancer, including prostate, lung and endometrial
cancer (EC). Epigenome regulates the expression of endogenous
retrovirus (ERV), which activates interferon signaling related to
cancer. The antitumor effects of PRMT6 inhibition and the role of
PRMT6 in EC were investigated, using epigenome multi-omics
analysis, including an assay for chromatin immunoprecipitation
sequencing (ChIP-seq) and RNA sequencing (RNA-seq). The
expression of PRMT6 in EC was analyzed using reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR)
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and immunohistochemistry (IHC). The prognostic impact of
PRMT6 expression was evaluated using IHC. The effects of
PRMT6-knockdown (KD) were investigated using cell viability
and apoptosis assays, as well as its effects on the epigenome,
using ChIP-seq of H3K27ac antibodies and RNA-seq. Finally,
the downstream targets identified by multi-omics analysis were
evaluated. PRMT6 was overexpressed in EC and associated
with a poor prognosis. PRMT6-KD induced histone hypometh-
ylation, while suppressing cell growth and apoptosis. ChIP-seq
revealed that PRMT6 regulated genomic regions related to
interferons and apoptosis through histone modifications. The
RNA-seq data demonstrated altered interferon-related pathways
and increased expression of tumor suppressor genes, including
NK6 homeobox 1 and phosphoinositide-3-kinase regulatory
subunit 1, following PRMT6-KD. RT-qPCR revealed that eight
ERV genes which activated interferon signaling were upregu-
lated by PRMT6-KD. The data of the present study suggested
that PRMT6 inhibition induced apoptosis through interferon
signaling activated by ERV. PRMT6 regulated tumor suppressor
genes and may be a novel therapeutic target, to the best of our
knowledge, in EC.

Introduction

Endometrial cancer (EC) is the most commonly occurring
gynecological malignancy; the standard treatment includes
surgical interventions, followed by the administration of
anti-cancer therapeutics for high-risk patients (1,2). Patient
prognosis is good in the early stages; however, advanced or
recurrent disease is refractory (3). The use of a molecular
targeting drugs for the treatment of EC was approved for the
first time last year. Thus, the number of available molecular
target therapeutics for EC therapy is limited, in comparison
with ovarian cancer (3).
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Regardless of the advances in cancer genome research
and the establishment of thorough databases such as The
Cancer Genome Atlas (TCGA), cancer treatment and therapy
has yet to be fully elucidated and overcome. Recently, it has
been reported that both genomic and epigenomic aberrations
are critical in carcinogenesis (4). The molecular mechanisms
of the cancer epigenome are mostly divided into DNA meth-
ylation and histone modification. DNA methylation only
regulates a single gene by methylating a single base, whereas
histone modification regulates downstream genes in a multi-
layered manner, through acetylation, methylation and the
phosphorylation of the histone proteins with histone modifying
enzymes (5). DNA forms nucleosomes when wrapped around
histone proteins; histone modifications regulate transcription
by regulating the tightly packed (heterochromatin) and relaxed
lightly packed (euchromatin) forms of DNA (6).

Among the histone modifications, histone methylation
is carried out by histone methyltransferases and demeth-
ylases (7). The histone methylation sites are the lysine and
arginine groups of amino acids and the enzymes mediating
histone methylation are lysine methyltransferases and arginine
methyltransferases. It has been demonstrated that increased
expression levels of histone methyltransferases are involved in
carcinogenesis and cancer progression (8,9). For example, the
lysine histone methyltransferase SUV39H?2 has been shown to
be highly expressed in lung cancer and SUV39H2 knockdown
(KD) increases sensitivity to radiation and chemotherapy (10).
In gynecological cancers, a histone lysine methyltransferase,
enhancer of zeste homolog 2 (EZH2) was defined as a
therapeutic target in EC (11), and Wolf-Hirschhorn syndrome
candidate gene-1, Su(var)3-9, enhancer of zeste, trithorax
(SET) domain-containing protein 8, and SET and myeloid,
nervy,and DEAF-1 (MYND) domain containing 2 were highly
expressed in ovarian cancer, with their inhibition attenuating
cell proliferation (12-15). Arginine methyltransferase is named
as a protein methyltransferase (PRMT) due to its ability to
methylate other proteins and not solely histones (16,17). As
expected, PRMT and lysine methyltransferase are therapeutic
targets for the treatment of various types of cancer, including
breast, prostate, lung and blood cancer (18). In a previous study
by the authors, it was reported that the expression of PRMT4
[also known as coactivator-associated arginine methyltrans-
ferase 1 (CARM1)] was increased in EC, and treatment with a
selective inhibitor of CARMI1 resulted in the apoptosis-induced
suppression of cell proliferation in EC cell lines (19).

PRMT6 is a member of the PRMT group and is highly
expressed in various types of cancer, including breast, prostate
and lung cancer (20-22) and is involved in cancer-related mech-
anisms. The histone modification of PRMT6 has been reported
to asymmetrically dimethylate the histone H3R2 (H3R2me2a)
and it has been reported that H3K27 acetylation (H3K27ac) and
H3K4 histone trimethylation (H3K4me3) are affected through
the methylation of H3R2 (23). Jiang et al (24) reported that the
expression of PRMT6 increased in EC, negatively correlated
with prognosis, and was associated with cell proliferation in EC
cells. However, the mechanism of PRMT6-mediated histone
modification in EC remains largely unknown.

Therefore, in the present study, the expression of PRMT6
in EC was investigated, by using clinical specimens from
the University of Tokyo Hospital. A KD experiment was

performed, in order to examine the cell proliferation mecha-
nism of PRMT®6. In addition, chromatin immunoprecipitation
sequencing (ChIP-seq) was performed, in order to investigate
the genes regulated by PRMT6 via histone modification.

Materials and methods

Clinical samples. EC tissue (n=55) and normal endometrial
tissue (n=20) were collected from patients who underwent
surgery at the University of Tokyo Hospital between 2010
and 2021. The list of patients is presented in Table SI and
written informed consent was acquired from all patients. The
median age was 51 years (range, 31-80 years). The samples
from patients No. 1 to No. 52, N1 to N4, and N17 to N20 were
used for mRNA extraction, and the thin section samples were
prepared from patients No. 1 to No. 55 and N5 to N16. Clinical
samples used in additional experiments are highlighted in bold
in Table SI. The present study was approved by The Human
Genome, Gene Analysis Research Ethics Committee of the
University of Tokyo (Approval no. G0683-22).

Cell lines and cell culture. A total of six EC cell lines (HEC1B,
HEC50B, HEC265, Ishikawa, HEC151A and HEC116) were
used in the present study. All cell lines were cultured in Eagle's
minimal essential medium (FUJIFILM Wako Pure Chemical
Corporation) supplemented with 10% heat-inactivated fetal
bovine serum (Thermo Fisher Scientific, Inc.) in a humidified
incubator containing 5% CO, at 37°C. All cell lines were not
passaged >15 times.

Small interfering RNA (siRNA) transfection. siRNA trans-
fection was performed as previously described (19). Briefly,
siRNAs were transfected at 37°C for 3.5 h using Lipofectamine
RNA interference (RNAi)MAX Transfection Reagent
(Thermo Fisher Scientific, Inc.), and the final concentration
of siRNAs was 100 nM. PRMT6 siRNAs were as follows:
siPRMT6#1 sense, 5'-CGGAACAGGUGGAUGCCAU-3"
siPRMT6#1 antisense, 5-AUGGCAUCCACCUGUUCCG-3"
siPRMT6#2 sense, 5'-"ACAGCAUACCUAAGAAACUCA
GAAG-3"; siPRMT6#2 antisense, 5'-CUUCUGAGUUUC
UUAGGUAUGCUGU-3' (MilliporeSigma). MISSION siRNA
Universal Negative Control #1 (siNC) was used as a negative
control (Merck KGaA). RNA extraction for reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR)
was performed 72 h following siRNA transfection, and cell
viability assay, cell cycle analysis, apoptosis assay and protein
extraction for western blotting were performed 96 h following
siRNA transfection.

RNA extraction and RT-gPCR. RNA extraction and RT-qPCR
were performed according to a previously described proce-
dure (19). Briefly, total RNA was extracted from the cells
using the RNeasy Mini kit (Qiagen, Inc.). Reverse transcrip-
tion was performed using ReverTra Ace qPCR Master Mix
with gDNA Remover (Toyobo Co., Ltd.), and single-strand
complementary DNA was synthesized. RT-qPCR was carried
out using a One-Step SYBR Prime Script RT-PCR kit (Takara
Bio, Inc.) on a Light Cycler instrument (Roche Diagnostics)
and a QuantStudio instrument (Thermo Fisher Scientific,
Inc.). The Thermocycling conditions were as follows: Initial
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denaturation step at 98°C for 2 min, followed by 45 cycles at
98°C for 10 sec, 60°C for 10 sec and 68°C for 30 sec. B-actin
was used as a reference gene, and relative gene expression
was analyzed using the 242°4 method (25). The primer
sequences are included in Table SII. The primers for the genes
of endogenous retrovirus (ERV) were also designed for the
same sequence as previously reported, which was confirmed
in the gEVE database (http://geve.med.u-tokai.ac.jp) for the
recognition of ERVs (26).

Immunohistochemistry (IHC). Clinical tissues were fixed
with 20% neutral buffered formalin at room temperature. The
formalin fixation time was usually within 24 h. Formalin-fixed
paraffin-embedded sections (thickness, 4-¢m) were deparaf-
fined and antigen retrieval was performed with a citric acid
buffer (Target Retrieval Solution Citrate, pH6, 10X; Agilent
Technologies, Inc.) using an autoclave. Subsequently, the
blocking of endogenous peroxidase was performed using
200 pl/section of Dako REAL Peroxidase-Blocking Solution
(Agilent Technologies, Inc.) at 25°C for 10 min. Anti-PRMT6
antibody (1:2,000; cat. no. 15395-1-AP; Proteintech Group,
Inc.) was applied as the primary antibody and incubated
overnight at 4°C. The following day, secondary antibody
reaction and detection were performed using Dako REAL
EnVision Detection System, Peroxidase/DAB, rabbit/mouse,
and horseradish peroxidase (HRP; Agilent Technologies, Inc.).
Counterstaining was performed with Meyer's hematoxylin
solution (0.1% hematoxylin, FUJIIFILM WAKO, Tokyo,
Japan) at 25°C for 2 min and dehydrated with ethanol and
xylene. The immunostained sections were observed using a
biological microscope (BX50F4; Olympus Corporation). The
score of PRMT6 expression was calculated by the propor-
tion of stained positive cells [proportion score (PS)] and the
intensity of staining [intensity score (IS)], which are calculated
as follows: Total score (TS)=PS+IS. PS score 0, 0%; score 1,
1-20%; score 2, 21-40%:; score 3, 41-60%; score 4, 61-80%;
score 5,>81%. IS score 0, background; score 1, weak staining;
score 2, moderate staining; score 3, strong staining. Samples
with a score of 0-5 were designated as the PRMT6-low group
and those with scores of 6-8 as the PRMT6-high group. The
results were recorded by two independent observers, and the
average score was calculated.

Cell viability assay. The cell viability assay was performed
previously demonstrated (19) and was assessed using the Cell
Counting Kit-8 (CCK-8; Dojindo Laboratories, Inc.). The EC
cells (HEC1B, HEC50B, HEC265, Ishikawa, HEC151A and
HEC116) were transfected with siRNAs were incubated at
37°C for 96 h. CCK-8 solution (10% amount of medium) was
added to each well and incubated at 37°C for 2 h. The absor-
bance of the solution was measured at 450 nm using a Synergy
LX multimode microplate reader (BioTek Instruments, Inc.).

Cell cycle analysis. The cell cycle analysis was performed as
previously described (19). In brief, EC cells were transfected
with siRNAs as described earlier and incubated at 37°C for
96 h. The cells were harvested with trypsin and fixed with 70%
ethanol at 4°C overnight and stained using propidium iodide
(MilliporeSigma) at 4°C for 15 min. The cell cycle analysis
was evaluated using fluorescence-activated cell sorting (FACS)

on a BD FACSCalibur HG Flow Cytometer Instrument (BD
Biosciences) and Cell Quest Pro software version 3.1 (BD
Biosciences). The data were calculated using FlowJo software
version 16 (FlowJo LLC).

Apoptosis assay. The apoptosis assay was carried out
according to a previously described protocol (19). Briefly,
the EC cells were transfected with siRNAs as previously
described and incubated at 37°C for 96 h. The cells were
harvested using trypsin and stained with the Fluorescein
isothiocyanate (FITC) Annexin V Apoptosis Detection Kit IT
(BD Biosciences) at 25°C for 15 min. The cells were evalu-
ated using FACS on a BD FACSCalibur HG Flow Cytometer
Instrument (BD Biosciences) and Cell Quest Pro software
version 3.1 (BD Biosciences), and the data were analyzed
using FlowJo software version 16 (FlowJo LLC).

Protein extraction and western blotting. Protein extraction and
western blotting were performed as previously described (19).
In brief, proteins from EC cells (HEC1B, HEC50B, HEC265,
Ishikawa, HEC151A and HEC116) were extracted using
RIPA Buffer (FUJIFILM Wako Pure Chemical Corporation).
Protein quantification was performed using Protein Assay
bicinchoninic acid (BCA) kit (Nalacai Tesque Inc.) The
samples were incubated with BCA working reagent at 37°C
for 30 min. The absorbance of them were measured at 562 nm
using a Synergy LX multimode microplate reader (BioTek
Instruments, Inc.). The samples (10 ug) were separated using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
[SDS-PAGE; Mini-PROTEAN TGX Precast Protein Gels
(Any kD™); Bio-Rad Laboratories, Inc.] and transferred by
Trans-Blot Turbo Mini polyvinylidene difluoride (PVDF)
Transfer Packs (Bio-Rad Laboratories, Inc.). After blocking
process, the membrane was incubated with 5% skim milk as
blocking solution at 25°C for 60 min and incubated with the
following primary antibodies at 4°C overnight and incubated
with the following secondary antibodies at 25°C for 60 min.
Proteins were detected by Amersham ECL Select (Cytiva)
and ImageQuant LAS 4000 (Cytiva). Rabbit anti-PRMT6
(1:1,000;5 cat. no. 15395-1-AP; Proteintech Group, Inc.); rabbit
anti-H3R2me?2a (1:1,000; cat. no. ab175007; Abcam); rabbit
anti-Histone H3 (1:1,000, cat. no. ab1791; Abcam), and mouse
anti-f-actin (1:6,000; cat. no. A2228; Merck KgaA) were
used as the primary antibodies. Anti-mouse immunoglobulin
G (IgG) HRP-linked antibody (1:3,000; cat. no. 7076; Cell
Signaling Technology, Inc.) and anti-rabbit IgG HRP-linked
antibody (1:3,000; cat. no. 7074, Cell Signaling Technology,
Inc.) were used as secondary antibodies.

ChIP-seq. The EC cells were harvested with trypsin 24, 36,
and 48 h following siRNA transfection. ChIP experiments
were performed based on the protocol of Maruyama et al (27)
with certain modifications regarding cell pellets freezing, and
antibody concentration and chromatin amount during immu-
noprecipitation. In brief, the cell pellets after cross-linking
were stored at -80°C. Chromatin was sonicated and fragmented
at 4°C using the Covaris S220 instrument (Covaris, LLC).
Dynabeads Protein G (Thermo Fisher Scientific, Inc.) bound
to 2.5 ul of the anti-H3K27ac antibodies (cat. no. 8173; Cell
Signaling Technology, Inc.) was added to 50 yg chromatin and



4 INOUE et al: REGULATION OF INTERFERON AND APOPTOSIS THROUGH PRMT6 IN EC

incubated at 4°C overnight. DNA purification was performed
using Agencourt AMPure XP (Beckman Coulter, Inc.) and
libraries for ChIP-seq were prepared using ThruPLEX® DNA
sequencing (DNA-Seq) kit (Takara Bio, Inc.). All samples were
sequenced on NextSeq 550 (Illumina, Inc.) as paired-end reads.
Five types of anti-H3R2me2a antibodies used for immunopre-
cipitation did not work well, and their details were as follows:
Anti-histone H3 (asymmetric di methyl R2) antibody (2/25 ug
chromatin; cat. no. ab175007; Abcam), anti-dimethyl-histone
H3 (Arg2) antibody (10/100 ug chromatin; cat. no. 07-585;
MilliporeSigma), histone H3 [Asym-dimethyl Arg2] antibody
(10/100 pg chromatin; cat. no. NB21-1002; Novus Biologicals,
LLC), histone H3R2 dimethyl asymmetric (H3R2me2a) poly-
clonal antibody (0.1/50 pg chromatin, 0.5/50 ug chromatin,
2/50 ug chromatin; cat. no. A-3714-050; Epigentek Group
Inc.), anti-histone H3 (asymmetric di methyl R2) antibody
(0.1/50 pg chromatin, 0.5/50 pug chromatin, 1/50 ug chromatin;
cat. no. ab194706; Abcam).

RNA sequencing (RNA-seq). Total RNA was extracted from
the EC cells 48 h after siRNA transfection using the RNeasy
Mini Kit (Qiagen, Valencia, Inc.). Libraries for RNA-seq were
prepared using SMARTer® Stranded Total RNA-Seq Kit v3
Pico Input Mammalian (Takara Bio, Inc.). All samples were
sequenced on NextSeq 550 (Illumina, Inc.) as paired-end
reads.

ChlP-seq analysis. Low-quality reads with a quality value
of <25 for >90% of each base pair were first filtered by a
fastq_quality_filter. Filtered row reads were mapped to the
human genome (hg)38 by bowtie2 (v.2.4.2; https:/bowtie-bio.
sourceforge.net/bowtie2/index.shtml). Multi-mapped reads
and PCR duplicates were then removed using Picard (v.2.25.3;
https://broadinstitute.github.io/picard/). The reads overlapped
with the Encyclopedia of DNA Elements (ENCODE) black
list (https://www.encodeproject.org/files/ENCFF356LFX/)
were filtered out by bedtools (2.30.0; https://github.
com/arqS5x/bedtools2). Model-based Analysis for ChIP-Seq
(MACS)2 (v.2.2.7.1; https://github.com/macs3-project/ MACS)
was utilized for calling peaks with the ‘-keep-dup auto’ param-
eter. Hypergeometric Optimization of Motif EnRichment
(HOMER) (v.4.10; http://homer.ucsd.edu/homer/motif/) was
used for identifying differential peaks between siRNA experi-
ments, and motif enrichment analysis. To obtain differential
peaks, the ‘makeTagDirectory’ was first used for creating
tag directories from each Binary Alignment Map (bam) file.
Subsequently, peak sets of each experiment were merged using
‘mergePeaks’. The parameter ‘getDifferentialPeaks’ was then
used with the ‘-size given -F 2.0 -P 0.05” option. The H3K27ac
peaks were classified into seven patterns: i) The pattern one peak
was upregulated in siNC and downregulated in siPRMT6#1
and #2; ii) the pattern two peaks were upregulated in siNC and
siPRMT6#1 and downregulated in siPRMT6#2; iii) the pattern
three peaks were upregulated in siNC and siPRMT6#2; iv) the
pattern four peaks were upregulated in siPRMT6#1 and down-
regulated in siNC and siPRMT6#2; v) the pattern five peaks
were upregulated commonly in siPRMT6 and downregulated
in siNC; vi) the pattern six peaks were upregulated only in
siPRMT6#2; and vii) the pattern seven peaks were commonly
upregulated in all samples. To focus on the effect on H3K27ac

by PRMT-KD, the pattern five peaks were analyzed further
(Fig. S1). To obtain enriched motifs for differential peaks, the
‘findMotifsGenome.pl’ parameter was used with the ‘-size
given’ option. Gene Ontology (GO) analysis was performed
using Genomic Regions Enrichment of Annotations Tool
(GREAT) version 4.0.4.

RNA-seq analysis. To generate the expression count matrix,
row reads were trimmed to remove adaptor sequences
by Skewer (v0.2.2; https://github.com/relipmoc/skewer)
and mapped to the hg38 genome by Spliced Transcripts
Alignment to a Reference (STAR) (v.2.7.8a; https://github.
com/alexdobin/STAR); the mapped reads were then counted
by featureCounts (v.2.0.10; https://subread.sourceforge.
net/featureCounts.html). Upregulated genes were defined
as those satisfying the following requirements: i) log, fold
change >1 and =1; and ii) log, average expression >1 and =I.
Downregulated genes were defined as those satisfying (1)
log, fold change <-1 and =1, and (2) log, average expression
<1 and =1. Gene expression differences between control and
siPRMT6 experiments were visualized based on MA plot;
genes with (1) log, fold change >1 and = 1 (upregulated) or <-1
and =1 (downregulated), and (2) log, average expression >1 were
identified as differential genes. GO analysis was performed on
these genes using the Database for Annotation, Visualization
and Integrated Discovery (DAVID) 6.8. The target gene sets
of nuclear factor of activated T-cells 1 (NFATC1), SMAD2
and SMAD3 were obtained from ChIP Enrichment Analysis
(ChEA) Transcription Factor Targets (SMAD2, SMAD3)
and ENCODE Transcript Factor Targets (NFATC1) via
Harmonizome 3.0 (https:/maayanlab.cloud/Harmonizome/).

Statistical analyses. Statistical analyses were conducted as
previously described (19). Comparisons of two groups were
performed using unpaired Student's t-test, and comparisons of
three groups were performed using one-way analysis of vari-
ance (ANOVA) followed by Tukey's post hoc test. The data
were analyzed using Excel version 16 (Microsoft Corporation)
and John's Macintosh Project (JMP) Pro software version 16
(SAS Institute, Inc.). Kaplan-Meier survival analysis (with the
log-rank test) of PRMTG6 expression in THC was analyzed using
JMP Pro software version 16 (SAS Institute, Inc.). P<0.05 was
considered to indicate a statistically significant difference.
Each experiment was performed at least in triplicate, and the
data are presented as the mean + standard deviation (SD).

Results

PRMT6 overexpression results in a poor prognosis in EC.
In order to examine whether PRMT6 may be an appropriate
therapeutic target in EC, the expression of PRMT6 in EC
tissue (n=52, Table SI; patients No. 1 to No. 52) and normal
endometrial tissue (n=4; Table SI; N1 to N4 and N17 to N20)
was first investigated using RT-qPCR (Figs. 1A and B, and S2).
Since there was a statistically significant difference, PRMT6
was significantly overexpressed in EC compared to normal
endometrial tissues. Secondly, IHC staining for PRMT6 was
performed using clinical specimens of EC (n=55; Table SI;
No. 1 to No. 55) and normal endometrial tissue (n=12; Table SI;
N5 to N16). PRMT6 expression using IHC was scored by
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Figure 1. PRMT6 is overexpressed in endometrial cancer and a high expression level is related to a poor prognosis. (A and B) mRNA expression of PRMT6.
The results of RT-qPCR using clinical specimens of EC (n=52) and normal endometrial tissue (n=4) are presented. (C) The IHC score of PRMT6. The
results of IHC using clinical specimens of EC (n=55) and normal endometrial tissue (n=12) are presented. Total score (TS)=proportion score (PS)+intensity
score (IS). (D) The staining intensity of PRMT6 by IHC is shown. (a) Normal endometrial tissue, (b-d) EC tissue. IS score 0, background (negative); score 1,
weak staining; score 2, moderate staining; score 3, strong staining. Two groups are defined using median as follows: Specimens with scores 0-5 are considered
PRMT6-low group and with 6-8 are considered as the PRMT6-high group. The analysis of the OS (E) and DFS (F) in two groups using the Kaplan-Meier
method and the log-rank test are presented. The expression of PRMT6 was evaluated using the IHC score (TS) for (G) histological grade, (H) clinical FIGO
stage, and (I) muscle invasion. PRMT®6, protein arginine methyltransferase 6; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; IHC,
immunohistochemistry; EC, endometrial cancer; TS, total score; PS, proportion score; IS, intensity score; OS, overall survival; DFS, disease-free survival;
FIGO, The International Federation of Gynecology and Obstetrics.

the PS + IS sum [Fig. 1C and D(a)-D(d)] and was detected  assess the clinical significance of PRMT6 in EC, the overall
to be increased in EC [Fig. 1C and D(b)-D(d)] in comparison  survival (OS) and disease-free survival (DFS) of patients with
with the normal endometrial tissue [Fig. 1C and D(a)]. To  a high and low expression of PRMT6 was analyzed. OS was
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significantly shorter in the PRMT6 high expression group
(Fig. 1E). There was no significant difference in DFS; however,
a trend towards a shorter DFS was observed in the PRMT6
high expression group (Fig. 1F). Finally, the histopathological
classification using PRMT6 expression of the IHC score was
evaluated. PRMTG6 expression was significantly higher in G3
tissues for the histological grade, stage III and IV according
to The International Federation of Gynecology and Obstetrics
(FIGO), than in G1 and G2, positive for muscle invasion,
FIGO stage I and II and negative for deep muscle invasion
stage I1I/TV (Fig. 1G-I). These data demonstrated that PRMT6
is overexpressed in EC and that high PRMT6 expression levels
affect EC progression, resulting in a poor prognosis.

PRMT®6 inhibition suppresses EC cell proliferation accompa-
nied by apoptosis with the hypomethylation of H3R2me2a in
EC celllines.In the present study, mainly HEC1B and HEC50B
were selected, since these cells are fast-growing and difficult to
de-attach from the cell culture dish, rendering cell passaging
less demanding. To elucidate the antitumor effects of PRMT6
inhibition in EC cells, PRMT6-KD EC cell lines (HEC1B and
HEC50B) were first established using siNC and two types
of siPRMT6 (siPRMT6#1 and siPRMT6#2). Subsequently,
PRMT6 expression was evaluated using RT-qPCR and
western blotting and it was confirmed that PRMT6 expres-
sion was suppressed at the mRNA and protein level (Figs. 2A
and B, and S3). The H3R2me?2a expression levels, catalyzed
by PRMT6, were also attenuated by PRMT6-KD (Fig. 2B).
Subsequently, cell viability assays were performed, by using
six types of PRMT6-KD EC cell lines. Cell viability was
suppressed in all six cell lines (Fig. 2C). Finally, the apoptosis
levels were evaluated in PRMT6-KD cells using cell cycle
analyses and flow cytometry assays. The proportion of cells
in the subG1 phase was increased in cell cycle analysis and
the proportion of Annexin-positive cells was also increased in
the Annexin assay due to PRMT6-KD (Fig. 2D and E). The
results of flow cytometry revealed that PRMT6-KD induced
the apoptosis of EC cell lines. Hence, these data indicated that
PRMT6-KD attenuated the methylation of H3R2me2a and EC
cell growth was suppressed with apoptosis.

PRMT®6 inhibition induces apoptosis via interferon signaling
through H3K27ac in EC cell lines. ChIP assays with H3R2me2a
were first performed, in order to clarify the mechanisms
through which H3R2me?2a, catalyzed by PRMT®6, is involved
in the suppression of cell proliferation and induction of apop-
tosis in EC cell lines. A total of five types of commercially
available anti-H3R2me2a antibodies were used and the appro-
priate ChIP protocols were thoroughly considered; however,
all the antibodies did not perform adequately. Thus, ChIP
experiments with H3K27ac were conducted, which is an active
histone mark, to investigate the role of PRMT6 in histone
modification using HECIB. As a preliminary experiment, it
was confirmed that PRMT6 was downregulated at the protein
level 24 h following transfection with siPRMT6 using western
blotting (Fig. S4). Thus, H3K27ac ChIP-seq was performed
at three time points, 24, 36 and 48 h, following PRMT6-KD.
In the analysis of H3K27ac ChIP-seq, the analysis was
focused on the peak pattern of the signals of H3K27ac enhanced
by PRMT6-KD, pattern 5, since H3K27ac is an active histone

marker (Fig. S1). The numbers of H3K27ac peaks enhanced in
common with two siPRMT6 types were 820, 1,708 and 2,562
peaks, at the time points 24, 36 and 48 h following PRMT6-KD,
respectively (Fig. 3A; log2 FC >1 and P-value <0.01). PRMT6
inhibition increased the number of genomic regions in which
H3K27ac signals were enhanced over time.

GO analysis of these peak sets with GREAT revealed
that interferon-related GO terms were enriched 24 h after
PRMT6-KD, apoptosis-related GO terms at 36 h, and cell
death-related GO terms at 48 h (Fig. 3B; top 10 enriched
terms are shown, FDR <0.01). These results suggested that
PRMT6-KD may activate interferon signaling, leading to
apoptosis and cell death. It was also observed that inter-
feron-related transcription factor motifs were enriched at all
three time points following PRMT6-KD by motif analysis
using these peak sets (q-value<0.05) (Fig. 4A). The findings
of the present study indicated that PRMT6 inhibition may
regulate the genomic regions related to interferon, apoptosis,
and cell death via H3K27ac signals.

PRMT6 regulates several interferon and cancer-related
transcription factors via H3K27ac in EC cell lines. In order
to evaluate the transcription factors that PRMT6 regulates
via H3K27ac in EC cell lines, motif analysis using the peak
sets presented in Fig. 3A were performed and the motifs were
categorized into five groups (Fig. 4A). Group 1 included tran-
scription factor motifs significantly enriched in all three time
points peak sets after PRMT6-KD (g-value <0.05). Groups 2,
3 and 4 were transcription factor motifs significantly enriched
at each time point 24, 36 and 48 h peak sets after PRMT6-KD,
respectively (g-value <0.05). Group 5 included transcription
factor motifs significantly enriched in the two time point peak
sets, 36 and 48 h following PRMT6-KD (g-value <0.05).

It was considered that groups 1 and 2 included key tran-
scription factor motifs, since they were the first to change
triggered by PRMT6-KD. Thus, interferon-related tran-
scription factor motifs and PR/set domain 1 (PRDMI1) were
identified in group 1 and three transcription factor motifs in
group 2, namely NFAT, EBF transcription factor 2 (EBF2)
and Tbox:Smad (Fig. 4B). NFAT and EBF2 each consist of the
transcription factors NFATC1 and EBF2. Tbox:Smad consists
of nodal growth differentiation factor (NODAL), SMAD?2,
SMAD3 and SMAD4, which are members of the transforming
growth factor f (TGF-p) protein group, reported to be related
to cancer (28). The changes in the mRNA expression of these
transcription factors corresponding to the aforementioned
motifs, PRDMI, NFATCI, EBF2, NODAL, SMAD2, SMAD3
and SMAD4, were evaluated. The transcription factors that
presented with altered mRNA expression levels were NFATC,
SMAD?2 and SMAD3. No significant changes were observed
in the expression levels of the other transcription factors
(Fig. 4B). Motif analysis indicated that PRMT6 regulated
several interferon and cancer-related transcription factors via
H3K?27ac in EC cell lines.

PRMT6 inhibition alters the expression of 940 genes and
increases the expression of interferon-related gene clus-
ters in EC cell lines. In order to identify key downstream
genes regulated by PRMT6 in EC cells, RNA-seq was
performed. The expression levels of 940 genes were altered
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Figure 2. PRMT®6 inhibition suppresses EC cell proliferation accompanied by apoptosis with hypomethylation of H3R2me2a. (A) The mRNA expression
levels of PRMT6 evaluated by using RT-qPCR in PRMT6-knockdown EC cell lines (HEC1B and HEC50B) are presented. (B) The protein expression levels
of PRMT6 and H3R2me2a evaluated using western blotting in the same cell lines as in (A). (C) Cell viability assay in six types of EC cell lines (HEC1B,
HECS50B, HEC265, Ishikawa, HEC151A, and HEC116). Cell cycle analysis (D) and Annexin assay (E) by flow cytometry in PRMT6-knockdown EC cell lines
(HECI1B and HEC50B). PRMT®6, protein arginine methyltransferase 6; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; H3R2me2a,
histone H3R2 dimethylation. P<0.05 was considered to indicate a statistically significant difference. "P<0.01.

48 h following PRMT6-KD (Fig. 5A and B). Furthermore, genes was performed using DAVID, to investigate the func-
423 genes were upregulated and 517 genes were down-  tion of genes whose expression was altered by PRMT6-KD
regulated in common, among the two siPRMT6 datasets  (Fig. 5C and D). Interferon-related and apoptosis-related GO
(Fig. 5B). Firstly, GO analysis among the 423 upregulated  terms which were enriched were identified (P<0.05; Fig. 5D).
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immunoprecipitation sequencing; EC, endometrial cancer; GO, Gene Ontology.

that PRMT6 inhibition upregulated interferon-related and
apoptosis-related genes.

These data were consistent with the results of the GO anal-
ysis of ChIP-seq. The findings of the present study suggested
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Figure 4. PRMTO6 regulates several interferon and cancer-related transcription factors via H3K27ac in EC cell lines. (A) The heatmap of the transcription factor
motifs (q-value <0.05) enriched by motif analysis using the peak set previously demonstrated in Fig. 3A. (B) mRNA expression levels of the key transcription
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reaction; EC, endometrial cancer; NFAT, nuclear factor of activated T-cells.

Two tumor suppressor genes, NK6 homeobox 1 (NKX6-1)
and phosphoinositide-3-kinase regulatory subunit I
(PIK3R1), are upregulated following PRMT6 inhibition in
EC cell lines. In order to identify key downstream genes
regulated by PRMT6, the number of genes was curtailed
according to the methodology presented in Fig. 5C. The
GO terms enriched in the genes whose expression level was

increased in common in the two types of siPRMT6 datasets
(P<0.05), and GO terms related to cancer and epigenetic
regulation were first selected. Each gene function was then
considered using PubMed (Fig. 5C) and two key genes
were ultimately identified: NKX6-1, a tumor suppressor
gene (29-31), and PIK3RI, also reported to be related to
EC (32). The expression levels of NKX6-1 and PIK3RI were
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Figure 5. RNA-seq reveals that PRMT6 inhibition alters the expression of 940 genes and increases the expression levels of interferon-related gene clusters
in EC cell lines. RNA-seq 48 h after PRMT6-knockdown EC cell line HEC1B. (A) Altered gene expression levels in PRMT6-knockdown EC cells are
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of identifying important genes using RNA-seq data. (D) Biological process of Gene Ontology analysis using the dataset of upregulated genes by PRMT6
knockdown. (E) The mRNA expression levels of NKX6-1 and PIK3R1 were evaluated using reverse transcription-quantitative polymerase chain reaction 48 h
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significantly increased according to the results RT-qPCR  using PRMT6-KD EC cell lines. The data suggested that
(Fig. SE) and the H3K27ac signals in the two genes were =~ PRMT®6 inhibition upregulated two tumor suppressor genes,
also enhanced according to H3K27 ChIP-seq (Fig. 5F), NKX6-1 and PIK3R].
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The expression of NKX6-1 and PIK3R1 was also investi-
gated in EC tissues (n=10; Table SI) and normal endometrial
tissues (n=4; Table SI), using RT-qPCR (Fig. S5). No signifi-
cant changes were observed between the EC and normal
endometrial tissues.

Interferon-related and apoptosis-related genes are identified
downstream of the three transcription factor motifs, NFATCI,
SMAD2 and SMAD3. In order to identify interferon and
apoptosis-related genes regulated by the three transcription
motifs, NFATC1, SMAD2 and SMAD3, as identified using
H3K27ac ChIP-seq, an integrated ChIP-seq and RNA-seq
analysis was performed. The overlaps of 423 genes upregulated
by PRMT6-KD and genes expressing downstream targets of
NFATCI1, SMAD2 and SMAD3 were evaluated. Among the
423 genes upregulated by PRMT6-KD, the numbers of genes
which expressed downstream targets of NFATCI1, SMAD2
and SMAD3 were 178, 39 and 63 genes, respectively (Fig. S6).
According to GO analysis with the inclusion of those 178, 39,
and 63 genes, three interferon-related genes were identified
among NFATCI downstream genes: Interferon regulatory
factor 3 (IRF3), interferon-stimulated gene 15 (ISG15) ubiq-
uitin like modifier (/SG15) and interferon regulatory factor 5
(IRFS). It was also revealed that multiple apoptosis-related
genes exist among the genes expressing targets downstream of
NFATC1, SMAD2 and SMAD3 (Figs. S6-S9).

This integrated analysis confirmed that PRMT6-KD may
regulate NFATC1, SMAD2 and SMAD?3 transcription factors
through H3K27ac, and that they regulate in turn multiple
interferon and apoptosis-related genes.

PRMT®6 inhibition induces the activation of ERV genes in
EC cell lines. Recent studies have reported that ERV, whose
activation is normally suppressed in humans, is activated by
the epigenome and induces interferon secretion in various
types of cancer, including multiple myeloma and colorectal
cancer (33,34). Therefore, herein, it was evaluated whether
PRMT6 inhibition also induces ERV gene activation in
EC cell lines. Similar to the ChIP-seq experiments, ERV
expression was investigated at the three time points: 24,36 and
48 h following PRMT6-KD. The expression levels of several
ERV genes were significantly increased in the PRMT6-KD
EC cells (Fig. 6A) and the expression levels in the majority
of the ERV genes were increased 24 h following PRMT6-KD
(Fig. 6A and B). Interferon signaling was also induced 24 h
after PRMT6-KD by H3K27ac ChIP-seq (Fig. 3B). On the
whole, these data indicated that PRMT6-KD may activate
ERV genes and induce interferon signaling (Fig. 7).

Finally, the expression of ERV genes in EC tissues (n=10;
Table SI) and normal endometrial tissues (n=4, Table SI)
were also evaluated using RT-qPCR (Fig. S10). There were no
significant differences in ERV gene expression levels between
the EC and normal endometrial tissues.

Discussion

The present study investigated whether PRMT6 could be
designated as a therapeutic target for the treatment of EC.
The increased expression of PRMT6 was observed in clinical
samples of EC. KD of PRMT?6 inhibited cell proliferation by

inducing the apoptosis of EC cell lines. Data from ChIP-seq
and RNA-seq also suggested that interferon and apoptotic
pathways were activated in PRMT6-KD EC cell lines. In addi-
tion, the activation of ERV was identified as a cause of the
interferon pathway activation.

PRMT6 has been reported to be highly expressed in a
variety of cancer types, including prostate, lung cancer and
EC (21,22,24). For example, in a previous study, IHC using
colorectal cancer clinical specimens demonstrated a negative
association between PRMT6 expression and DFS (35). In
another study on gastric cancer, it was demonstrated that both
were DFS and OS negatively associated with the expression of
PRMT (36). Jiang et al (24) performed RT-qPCR and ITHC anal-
ysis, revealing increased PRMT6 expression in EC compared
with normal endometrium. That study also demonstrated, by
using The Cancer Genome Atlas database, that the expression
of was PRMT6 positively associated with the EC grade or the
existence of a special tissue type, including serous carcinoma.
Additionally, the expression of PRMT6 was negatively associated
with OS (24). In the present study, RT-qPCR, IHC and PRMT6
expression analyses were performed, using clinical specimens
of EC at the University of Tokyo Hospital. In comparison with
the normal endometrium, an increased PRMT6 expression
was observed in EC as previously reported (24), demonstrating
a positive association between PRMT6 expression and the
pathological grade of EC. The association between PRMT6
expression and prognosis was identical to that of a previous
report concerning OS. However, there was no significant differ-
ence in DFS. A significant difference in DFS could have been
observed if the number of patients was larger. In addition, the
present study demonstrated an association between PRMT6
expression, and stage and deep muscle invasion.

KD experiments were also performed, in order to inves-
tigate whether PRMT6 is a potential therapeutic target in EC
and to examine the antitumor mechanism of PRMT6 suppres-
sion. Apoptosis-induced suppression of cell proliferation was
observed in EC cells under PRMT6-KD. The suppression of cell
proliferation by the inhibition of PRMT6 has been previously
reported (37,38). There are some reports on the mechanism
of inhibition of cell proliferation by PRMT6. For example,
Kleinschmidt ef al (38) revealed that the KD of PRMT6 inhibits
the cell cycle by activating p21. PRMT6 has been reported to
enhance the phosphoinositide 3-kinase (PI3K)/AKT/mamma-
lian target of rapamycin (mMTOR) pathway as an anti-apoptotic
mechanism in prostate cancer (21). It has also been reported that
PRMT6 promotes cell proliferation through PI3K/AKT/mTOR
pathway in EC (24). However, the effect of PRMT6 on histone
modification in EC had not been reported previously, at least to
the best of our knowledge. The histone modification of PRMT6
has been reported to asymmetrically dimethylate H3R2 and that
H3K?27ac and H3K4me3 are affected through methylation of
H3R2me2a (23). ChIP-seq analysis using H3R2me2a antibodies
is rarely mentioned in the literature and has been solely reported
previously by Bouchard ez al (23), to the best of our knowledge.
Initially, ChIP-seq was also performed using H3R2me2a anti-
bodies, without any success (data not shown). This is due to the
fact that the ChIP-seq method is a delicate technique influenced
by antibodies and the type of cell line, among other factors.
Therefore, ChIP-seq for H3K27ac was also performed, which is
affected by H3R2me2a.
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Figure 6. PRMT6 inhibition induces the activation of ERV genes in EC cell lines. (A) mRNA expression levels of ERV evaluated using reverse transcrip-
tion-quantitative polymerase chain reaction at the three time points: 24, 36, and 48 h after PRMT6 knockdown. (B) The heatmap shows the mRNA expression
levels of ERV genes in PRMT6-knockdown EC cell line. P<0.05 was considered to indicate a statistically significant difference. “P<0.05 and "P<0.01. PRMT6,
protein arginine methyltransferase 6; ERV, endogenous retrovirus; EC, endometrial cancer.

Relative mRNA expression Relative mRNA expression Relative mRNA expression

Relative mMRNA expression

The KD of PRMT6 demonstrated an increase or decrease
in a number of peak patterns of H3K27ac and the present study
focused on the increased peak patterns. The time course of
H3K27ac was analyzed, using the ChIP-seq method on an

o
o
)

o
o
!

48 h

-
3]
A

N
o
)

o
[
A

INOUE et al: REGULATION OF INTERFERON AND APOPTOSIS THROUGH PRMT6 IN EC

siNC si#1 si#2
siPRMT6

RGH2
*
[

siNC si#1 si#2
siPRMT6

HML-3
s
PP

siNC si#1 si#2
siPRMT6

HML-3
gy

o©
=)
)

siNC si#1 si#2
siPRMT6

envW
*
*
s 47
1]
3
5 81
3
S 21
o
€
21
©
&€ o-
siNC si#1 si#2
siPRMT6
HW08822
% 1
c 27
il
(]
(%]
e
Qo
x
(0]
S 1+
o
€
(0]
=
©
[0)
o g
siNC si#1 si#2
siPRMT6
ERV-H
*
o 1.5 1 *
il
w
12}
o
g 1.0+
<
b
o
€ 051
[0
=
©
i
0.0 siNC si#1  si#2
siPRMT6
ERV-H
% 1
*
S
% 2
%]
Q
[oN
x
[}
= 14
oc
IS
(]
=
B ]
&  siNC si#t si#2
siPRMT6

HML-3
2 ~ = 3k
C
il
(2]
%]
o
Q.
3
< 17
z
o
€
(0]
=
©
[0
= 0°GNC sift si#2
siPRMT6
HW22795
.
- [
kel
@ 1.5-
o
o
x
[0}
< 1.0
z
T
€
205
©
[0
m -
siNC si#1 si#2
siPRMT6
RGH2
2 - *
*
c
©
(2]
(2]
o
Q.
3
S
o
€
(0]
=
©
[0
@ Q-
siNC si#1 si#2
siPRMT6
RGH2
%
1
c
© 2
(2]
%]
o
o
&
S 14
o
€
[0}
=
k5]
© 0 : "
[ siNC si#1 si#2

siPRMT6

ERV-H
£l
154 *
c
9
[}
1%}
Qo
2 1.0 1
3
<
£
€ 0.5 1
Q *P<0.01
= *%P<0.05
§ O.O-SiNC Si#1 si#2 siNC: siNegative control
siPRMT6
HW38223
3
c 2- *
Ke]
A
o
Q.
x
(0]
S 1
o
€
(0]
=
©
[0)
o Q-
siNC si#1 si#2
siPRMT6
HW08822 HW38223
f B e —
c 41 IT#“ g 8 ) *
.% g
o 3+ s
g X 21
[0
e <
< 2- >
z o
£ £ 11
R =
Q -
g 0. € ]
siNC si#1 si#2 siNC si#1 si#2
siPRMT6 siPRMT6
B 24 h 36 h 48 h
ERV-Fc1
envW
HML-3
ERV-H
RGH2
HW08822
HW22795
HW38223

- Upregulated - Not significant

hourly basis. The acquired data suggested that histone acety-
lation, which controls interferon-related, apoptosis-related,
and cell death-related genomic regions, was observed to
change dynamically with time. When significant transcription
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Figure 7. Schematic diagram of antitumor mechanisms through histone
modifications in PRMT6 suppression. PRMT6 suppression upregulates two
tumor suppressor genes, NKX6-1 and PIK3R1, through histone modification
H3K27ac and regulates interferon and apoptosis-related genes. PRMT6
inhibition also activates ERV genes and indicates that ERVs induce inter-
feron signaling. PRMT®6, protein arginine methyltransferase 6; NKX6-1,
NKG6 homeobox 1; PIK3R1, phosphoinositide-3-kinase regulatory subunit 1;
H3K?27ac, histone H3K27 acetylation; ERV, endogenous retrovirus.

factors regulated by H3K27ac were examined, NFATCI and
SMAD2/3 were identified.

NFAT is atranscription factor that regulates immune system
pathways. Among the NFAT family, NFATC1 and NFATC2
are predominantly expressed in T-cells (39). Reppert et al (40)
reported that NFATC1 promoted interferon-y. The data of the
present study suggested that PRMT6-KD activated interferon
signaling and regulated NFATCI. Therefore, these results
suggest that NFATCI is involved in the pathway through
which PRMT6-KD promotes the interferon pathway. As
was expected, three interferon-related genes and multiple
apoptosis-related genes were identified as genes expressing
factors downstream of NFATCI, by using integrated analysis
of H3K27ac ChIP-seq and upregulated genes by PRMT6-KD
in RNA-seq (Figs. S6 and S7).

TGF-p has been identified as a growth factor that promotes
cell transformation; however, it also contributes to the inhi-
bition of cell proliferation and the induction of apoptosis in
various types of cells, with its physiological effects being
diverse (41). Thus, while cell growth suppression has been
reported in cancer, the opposite has been reported to induce
the epithelial mesenchymal transition (EMT) and promote
metastasis (42). In addition, SMAD2/3 is a downstream factor
of TGF-p and is important for transmitting TGF-3 signaling.
Kriseman et al (43) suggested that SMAD?2/3 is responsible for
the normalization of endometrial function and that the absence

of SMAD may lead to abnormal cell proliferation and progres-
sion in EC. According to the data of the present study, multiple
apoptosis-related genes were identified as genes expressing
factors downstream of SMAD2 and SMAD3, by using inte-
grated analysis as mentioned above (Figs. S6-S8). Therefore,
in view of the results of the present study, an increase in
SMAD?2/3 levels by PRMT6-KD is suggested as a possible
therapeutic mechanism for EC.

Changes in gene expression induced by PRMT6-KD were
also analyzed using the RNA-seq method and it was demon-
strated that PRMT6-KD altered the expression of various
genes. The application of GO analysis and the ChIP-seq method
suggested that PRMTG6 affected the interferon and apoptotic
pathways. In addition, NKX6-1 and PIK3R1 were identified
using the RNA-seq method. NKX6-1 is a key transcription
factor for pancreatic and neural development and has been
reported as a tumor suppressor gene in various types of cancer.
For example, it has been reported that NKX6 -1 suppresses the
EMT system in cervical and colorectal cancer (29-31). In the
present study, the possible involvement of NKX6-1 in EC was
reported.

The PI3K/AKT/mTOR pathway is a major signaling
pathway required for the maintenance of normal cell func-
tions such as cell proliferation and differentiation. PIK3R1
also acts as a suppressor in the PI3K/AKT/mTOR pathway
and a functionally inactive mutation in cancer causes acti-
vation of the PI3K/AKT/mTOR pathway (44). Mutations in
PIK3R1 are detected in various types of cancer, including
EC and colorectal cancer (32). Jiang et al (24) also reported
that PRMT6 promoted phosphorylation of AKT and acti-
vated the PI3K/AKT/mTOR pathway in EC cell lines. A
different mechanism was revealed in the present study,
demonstrating that PRMT6 reduced PIK3R1 expression level
and activated the PI3K/AKT/mTOR pathway by affecting
histone modification.

In total, ~10% of mammalian genomes contain sequences
derived from ERVs (45). Although regulation of ERVs by epig-
enome has not been previously reported, some studies have
revealed that ERVs, which are normally repressed in humans,
are activated by the epigenome, including histone modifications
and DNA methylations, to induce interferon (33,34,46,47). For
example, Ishiguro et al (33) revealed that the inhibition of
histone methyltransferase EZH2/G9a stimulated the interferon
response by increasing the expression of ERV genes. Similar
to previous research (33), the results of the present study
demonstrated significant increases in several ERVs by the KD
of PRMT®6. In the time course of ERV expression, the expres-
sion was highest at 24 h after PRMT6-KD, suggesting that
ERVs are synchronized with interferon activity. Therefore,
the mechanism in which PRMT6-KD stimulates apoptosis by
activating interferon via the activation of ERVs is considered.

The expression of ERV genes, NKX6-1, and PIK3RI,
was also examined using RT-qPCR using clinical specimens
from endometrial cancer and normal endometrium (Fig. S5).
No difference in expression of these genes between EC and
the normal endometrium was detected. Since the changes
in expression of these genes in the present study may be
attributed to PRMT6 suppression, the absence of differences
in expression between endometrial carcinoma and normal
endometrium is coherent.
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The present study has several limitations. Firstly, the
ChIP-seq method using the antibody of H3R2me2a methyl-
ated by PRMT6 could not be established. Therefore, it is
difficult to prove that PRMT6 directly regulates the ERV
genes in the present study. Secondly, in vivo experiments were
not conducted. Several PRMT6 inhibitors are in development
at present; however, none of the available inhibitors exhibited
adequate specificity to be used in the present study. Mouse
experiments will be considered when a prospective PRMT6
selective inhibitor is developed in the future.

In the present study, it was revealed that PRMT6 may be
a therapeutic target in EC by affecting multiple genes through
changes in histone modifications through the inhibition of
PRMT®6. Novel tumor suppressor genes, to the best of our
knowledge, were also identified, including PIK3R1, transcrip-
tion factors related to interferon, and ERVs activation by
PRMT6-KD through histone modification.
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