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Abstract: MYST4 (also called MORF and KATGEB) is one of the histone acetyltransferases with transcriptional regula-
tory activity. It was found to be overexpressed in ovarian cancer by a serial analysis of gene expression assays that
focused on plant homeodomain-linked domain-containing genes. Compared to ovarian clear cell carcinomas and
endometrioid carcinomas, MYST4 is significantly overexpressed in ovarian high-grade serous carcinomas (HGSCs)
and was correlated with diminished patient survival in advanced stage HGSCs. Due to limited data on MYST4 in
tumorigenesis and tumor progression, we explored the functional roles of MYST4 in human tumors. Besides the
ovarian cancer cell line A2780, we chose two other types of human cancer cell lines expressing high mRNA levels
of MYST4, SKBR3 and Huh7, for further in vitro investigation. Athymic nu/nu mice were utilized to facilitate the in
vivo xenograft study. To search for potentially regulated genes, a microarray study comparing the expression profile
before and after MYST4 knockdown was performed. Overexpression of MYST4 in HCCs was significantly associated
with decreased survival. The knockdown of MYST4 significantly reduced cellular proliferation, migration, and cell
cycle progression in all three cancer cell lines. Moreover, the knockdown of MYST4 in Huh7 cells suppressed tumor
growth in a mouse xenograft model. Furthermore, based on our microarray study, we identified several downstream
genes important in regulating tumor behaviors. Collectively, our results suggest that MYST4 is involved in cancer
progression and contributes to a more aggressive behavior in human solid tumors. Targeting MYST4 represents an
appealing strategy for the effective treatment of advanced solid tumors overexpressing MYST4.
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Introduction

Epigenetic alteration is one of the pathologi-
cal processes that contribute to carcinogene-
sis, including DNA methylation, RNA-associated
silencing, and histone modifications [1, 2]. Mo-
difications of histones include acetylation, ph-
osphorylation, methylation, ubiquitylation, and
sumoylation [3]. Among these complex epigen-
etic regulatory mechanisms, histone acetyltran-
sferases (HATs) [3, 4] play integral roles involv-
ing aberrant chromatin organization and there-
fore induce abnormal gene expression patterns
resulting in cancer formation. HATs such as mo-

nocytic leukemic zinc-finger protein (MOZ) and
MOZ-related factor (MORF; also known as MY-
ST4) play important roles in chromatin package
regulatory mechanisms including chromatin as-
sembly, ATP-dependent remodeling, covalent
modification, condensing-mediated condensa-
tion, and associations of noncoding RNAs [5-7].
From a cancer biology standpoint, it is impor-
tant to understand the fundamental mecha-
nisms whereby chromatin’s structure and func-
tion are regulated.

Herein, we identified the overexpression of MY-
ST4 in human ovarian carcinomas (0OCs) by a
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serial analysis of gene expression (SAGE) assay
(Figure S1) focusing on plant homeodomain-
linked (PHD) domain-containing genes. MYST4
(also known as MORF [8] and KATGB [9]), the 4t
member of the MOZ [10], Ybf2/Sas3 [11], Sas2,
and TIP60 [12], (MYST) domain protein family,
is the third major group of mammalian HATs
which contain a putative acetyl-CoA-binding
motif. There are five MYST proteins in humans,
the structural features of which include an
N-terminal part of the Enok, MOZ, or MORF
(NEMM) domain, tandem PHD-linked zinc fin-
gers, a long acidic stretch, and a serine/methi-
onine-rich (SM) region. Functionally, the NEMM
domain shows some sequence similarity to his-
tones H1 and H5, but the function of this
domain is not clear yet. In addition, studies
showed that tandem PHD fingers can control
the pluripotency of embryonic stem cells [13],
possibly due to recognizing methyl-lysine-con-
taining motifs [6]. Moreover, the SM domain
possesses transcriptional activation; therefore,
it was hypothesized that MYST4 is a transcrip-
tional co-regulator (7, 8].

It is now known that the MYST4 protein plays
important roles in various biological processes
[14-16], including tumorigenesis. It is also well
documented that the MYST4 gene is mutated
in some developmental disorders, including
Noonan syndrome-like disorder [17], Ohdo syn-
drome [18, 19], genitopatellar syndrome [20,
21] and blepharophimosis-ptosis-epicanthus
inversus syndrome [22]. As to the most updat-
ed role of MYST4 in tumorigenesis, investiga-
tions showed that the MYST4 gene fused to the
CBP gene via translocation t(10;16)(g22;p13) is
associated with acute myeloid leukemia [23,
24]. In addition to circulating malignancies,
MYST4 gene alteration was also found in solid
tumors, such as leiomyomata [25, 26], breast
cancer [27], and castration-resistant prostate
cancer [28]. Therefore, genetic alternations of
the MYST4 gene found in humans include
translocation, mistargeted acetylation, and
amplification. However, there is very scant evi-
dence so far investigating the role of MYST4 in
the development of solid tumors as well as any
correlations with clinical significance.

In this present study, we found that MYST4 is
overexpressed in ovarian HGSCs and HCCs,
and its overexpression was significantly corre-
lated with the decreased survival of clinical
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patients. Because MYST4 plays critical roles in
cellular growth and developmental regulation,
we investigated the role of MYST4 in three dif-
ferent types of human cancer cell lines overex-
pressing MYST4 and performed functional
studies using a small hairpin RNA-knockdown
approach. According to our results, MYST4-
knockdown significantly reduced cellular prolif-
eration and migration, and caused G2/M cell
cycle arrest in all three human cancer cell lines,
including A2780 (OC), SKBR3 (breast carcino-
ma), and Huh7 (HCC) in vitro. For the in vivo
study, the knockdown of MYST4 in Huh7 cells
led to a significant inhibition of tumor growth in
a mouse xenograft model. From our microarray
study, we identified several significantly down-
regulated genes in all three cell lines after the
knockdown of MYST4. Collectively, our results
suggest that MYST4 regulates solid tumor
growth and progression, as well as diminishes
patient survival, and therefore may serve as a
potential treatment target in tumors overex-
pressing MYST4.

Materials and methods
Tissue materials

Fresh frozen tissues of OCs (45 HGSC, 17 endo-
metrioid carcinoma (EM), and 27 clear cell car-
cinoma (CCC)) and 35 normal myometrial tis-
sues were used for comparison of the mRNA
levels of MYST4. Representative paraffin sec-
tions of 159 ovarian HGSCs and 89 HCCs were
selected for immunohistochemical (IHC) analy-
ses. The histological diagnosis was reviewed by
TL Mao. The use of archival materials was
approved by the ethics review board (approval
number. 201112064RIC).

IHC

IHC was performed using a polyclonal antibody
against MYST4 (Sigma-Aldrich, MO, USA at a
1:1000 dilution) on paraffin-embedded whole
tissue sections. Antigen retrieval was per-
formed by incubating slides in a citric acid buf-
fer (pH 6.0) at 120°C for 10 min. The signal was
visualized with the EnVision* system (Dako,
Carpentaria, CA, USA). The presence of nuclear
staining was considered positive and further
scored 0~3+ (0: negative; 1+: weak immunore-
activity; 2+: moderate immunoreactivity; 3+:
strong immunoreactivity). Leydig cells from
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human testicular tissue were used as a positive
control.

Cell culture

All three cancer cell lines (ovarian carcinoma
A2780, breast carcinoma SKBR3, and hepato-
cellular carcinoma Huh7) purchased from ATCC
were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 100 U/mL
penicillin, 100 ug/mL streptomycin, non-essen-
tial amino acids, and 1 mM sodium pyruvate
according to standard culture procedures. The
cells were kept at 37°C in a humidified atmo-
sphere composed of 95% air and 5% CO,,.

RNA isolation and quantitative real-time re-
verse transcription polymerase chain reaction
(QRT-PCR)

Fresh frozen tissues or cell pellets were sub-
jected to RNA extraction with an RNeasy mini
kit (Qiagen, Valencia, CA, USA). RT was per-
formed using a High Capacity cDNA Reverse
Transcription kit (Applied Biosystems, Foster
City, CA, USA). Quantitative real-time RT-PCR
was then carried out with the ABI PRISM
7900HT Sequence Detection System (Applied
Biosystems) using a QuantiTech SYBR green
RT-PCR kit (Qiagen, Valencia, CA, USA). The
primer sequences of MYST4 were: forward
5-AACCTGTTCCAGAGCCAATG-3’ and reverse
5-TGTACTTTTGCAGGTGATTG-3". Each sample
was tested in triplicate, the expression level
was normalized to an APP internal control
(forward: 5-GTGAAGATGGATGCAGAATTCCG-3’
and reverse: 5-AAAGAACTTGTAGGTTGGATTTT-
CG-3’), and the cycle difference was calculated
by the delta-delta C(t) method.

RNA interference (RNAi)

To knock down endogenous MYST4, shRNA
pLKO.1 vectors were transfected using a lenti-
viral system, with the envelope plasmid, pMD.G,
and the packaging plasmid, pPCMVDR8.91, into
HEK 293T cells. Five shRNAs against MYST4
were first tested, and the following two had the
highest knockdown effects and were selected
for further study. The shRNA sequences of
MYST4 were as follows: sh48 (TRCNOOOO-
245348) GATATTAGAAGTCGGTTTATT, and sh51
(TRCNO000245351) ATGGAAATGCCTCTAACTT-
TA. A shRNA vector against LacZ was used as a
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scrambled control. Transduced cells were
selected with puromycin. RNAi reagents and
shRNAs were obtained from the RNAi Core
Facility of Academia Sinica (Taipei, Taiwan).

Flow cytometry for cell cycle analysis

Harvested cells were resuspended in phos-
phate-buffered saline (PBS) and then fixed in
ice cold 70% alcohol. RNA was degraded with
RNase, and the DNA content was stained with
propidium iodide (Sigma-Aldrich). DNA ploidy
was then analyzed by FACSCalibur flow cytom-
etry (BD Biosciences, San Jose, CA, USA).

Migration assay

Cells were grown in six-well plates to conflu-
ence and scratched with a sterile pipette tip.
After rinsing with a culture medium, the cells
were re-incubated at 37°C. The migration dis-
tance was measured between the wounded
edges every 12 h for 2 days.

Microarray study

Total RNA of 0.2 pg from each sample was
amplified by a Low Input Quick-Amp Labeling kit
(Agilent Technologies, USA) and labeled with
Cy3 (CyDye, Agilent Technologies, USA) during
the in vitro transcription process. Cy3-labled
cRNA of 0.6 yg was fragmented to an average
size of about 50-100 nucleotides by incubation
with a fragmentation buffer at 60°C for 30
minutes. Correspondingly fragmented labeled
cRNA was then pooled and hybridized to Agilent
SurePrint G3 Human GE 8 x 60 K Microarray
(Agilent Technologies, USA) at 65°C for 17 h.
After washing and drying by nitrogen gun blow-
ing, microarrays were scanned with an Agilent
microarray scanner (Agilent Technologies, USA)
at 535 nm for Cy3. The scanned images were
analyzed by Feature extraction 10.5.1.1 soft-
ware (Agilent Technologies, USA). Image analy-
sis and normalization software was used to
quantify the signal and background intensity
for each sample.

In vivo studies

All mice were reared according to National
Institutes of Health guidelines for animal care
and guidelines of the Animal Center at China
Medical University (ACCMU), and all animals
were maintained in a specific pathogen-free
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Figure 1. MYST4 is overexpressed in higher-grade cancers and was correlated with poor survival in both ovarian
carcinoma (A, B) and hepatocellular carcinoma (HCC) patients (C, D). (A) MYST4 was significantly overexpressed
in high-grade (HG) serous carcinomas (n=45) compared to endometrioid (EM) (n=17; P=0.04) and clear cell carci-
nomas (CCC) (n=27; P=0.04). N, normal tissue. (B) MYST4 expressed in advanced-stage ovarian HG serous carci-
nomas correlated with a reduction in overall survival (P=0.025). In HCC patients, (C) MYST4 1+ expression (n=24;
**%P=0.0077) and (D) MYST4 3+ expression (n=7; ***P=0.0038) showed reduced overall survival compared to

MYST4 non-expressing HCCs (n=36).

(SPF) facility. Six- to 8-week-old female athymic
nu/nu mice were purchased from BioLASCO
Taiwan Co., Ltd. and were randomized into dif-
ferent experimental groups. Huh7 cells trans-
fected with either sh-MYST4-51 (clone 51) or
the mock control (clone LacZ) were mixed with
matrix gel (1:1 v/v) (Becton Dickinson) and then
subcutaneously injected into the back of each
mouse (107 cells per injection per mouse for
the 6 mice per group). Tumor size was mea-
sured every 3 days, and tumor volume was esti-
mated as width (mm) x length (mm) x height
(mm). Nine weeks after cell inoculation, the
mice were sacrificed, and their tumors were
excised and weighed. All animal protocols were
approved by the Institute Animal Care and Use
Committee (IACUC) of CMU (approval number
101-24-N).

Statistical analysis

Survival analyses comparing the expression
levels of MYST4 and patient survival were car-
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ried out with the Kaplan-Meier method and a
log-rank test. The differences between two gr-
oups were evaluated using the paired Stu-
dent’s t-test. Categorical data were compared
by Fisher’'s exact test. Three independent in
vitro experiments were performed for each
assay. Results are expressed as the mean +
standard deviation (SD). P<0.05 was consid-
ered statistically significant.

Results

MYST4 overexpression is correlated with HG
carcinomas and reduced survival

In our pilot study, SAGE analysis of PHD domain-
containing genes in OC cell lines and ovarian
tumor tissues revealed several highly overex-
pressed genes, including HBXAP, PHF3, and
MYST4 (Figure S1). MYST4, a HAT, was found to
be overexpressed in OC14 OC tissue. To inves-
tigate the role of MYST4 in human carcinogen-
esis, we first compared the mRNA levels of
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Figure 2. Comparisons of MYST4 expression levels, the knockdown efficiency, and suppressed cell proliferation
following silencing in three selected-high MYST4-expressing cell lines. (A) Two ovarian cancer cell lines (A2780 and
OVCAR3), eight breast cancer cell lines (SKBR3, MB361, HCC193, HBL435, MB468, MB435, T47D, and THME),
and ten hepatocellular carcinoma (HCC) cell lines (SKHEP1, HEP3B, MAHLA, Huh7, VGH, HCC36, PLC5, HA59T,
HEPG2, and Huh7VG) were used to identify MYST4 levels using an RT-gPCR. (B) Three different cancer cell lines
(A2780, SKBR3, and Huh7) were selected for a further MYST4-knockdown investigation. shMYST4-48 and -51
clones showed significant MYST4 silencing efficacy compared to the control (shLacZ) and parental cells. Data are
presented as the mean + SD of three independent experiments. *P<0.05, **P<0.01. (C) Cells at 10* cells/well
were seeded on day O, and the number of cells was counted at different time points. Two MYST4-knockdown clones
(shMYST4-48 and shMYST4-51) exhibited significantly reduced cell proliferation activities in human (C, upper panel)
A2780 (ovarian cancer), (C, middle panel) SKBR3 (breast cancer), and (C, lower panel) Huh7 (liver cancer) cancer
cell lines, compared to the mock control (shLacZ) and parental cells. Data are presented as the mean + SD of three
to five independent experiments. *P<0.05, **P<0.01.

MYST4 in several histological types of OCs by least 2 years of follow-up were included in the
gRT-PCR. EM carcinomas and CCCs showed survival analysis to avoid comorbid factors.
low levels of MYST4 expression, similar to tho- Patients with tumors expressing MYST4 had a
se of normal myometrial tissues. In contrast, significantly worse overall survival (P=0.025)
increased MYST4 expression was noted in so- (Figure 1B).

me HGSCs. Overall, the levels of MYST4 were

significantly higher in the HGSCs than they Since a high expression level of MYST4 was
were in the EM carcinomas (P=0.04) and CCCs also found in the cancer cell line from HCC, we
(P=0.004) (Figure 1A). The survival impact of further investigated the correlation of the
the overexpression of MYST4 in OCs was fur- expression of MYST4 and survival in HCCs by
ther investigated by IHC in HGSCs. Expression IHC. In the 89 HCCs, 53 cases (59.6%) were
of MYST4 was detected in 17% (27/159) of positive for MYST4. Due to the high prevalence
HGSCs. A survival analysis was performed for of MYST4 positivity, we further sub-classified
patients who presented with advanced-stage these MYST4-expressing tumors into 3 scores,
disease (FIGO stage lll/IV). Only patients with at of which 24 showed 1+, 22 showed 2+, and
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Figure 3. Investigation of the cell cycle distribution following MYST4 silencing in A2780, SKBR3, and Huh7 cells. (A-C
upper panels) Propidium iodide staining shows that the silencing of MYST4 in cancer cells induced cell cycle arrest
at the GO/G1 phase and blocked cell cycle progression according to a flow cytometric analysis. (A-C lower panels)
Quantitative analysis of each cell cycle step after the flow cytometric analysis. Data are presented as the mean + SD
of three independent experiments. **P<0.01.

seven showed 3+ positivity. Of note, the posi- sion level of MYST4 in human cancer cell lines
tively stained areas were frequently located at from the ovary, breast, liver, colon, lung, tongue,
the tumor front, satellite nodules, and in lym- stomach, and urinary bladder by qRT-PCR.
phovascular spaces (Figure S2). For the clinico- Higher levels of MYST4 were detected in OCs,
pathological correlation, both MYST4 1+ HCCs breast carcinomas and HCCs. As shown in
(P=0.0077; Figure 1C) and MYST4 3+ HCCs Figure 2A, the main cell lines studied included
(P=0.0038; Figure 1D) were associated with two OC cell lines (A2780 and OVCAR3), eight
worse b-year overall survival compared to breast cancer cell lines (SKBR3, MB361,
MYST4 non-expressing HCCs. Therefore, our HCC193, HBL435, MB468, MB435, T47D, and
results indicated that the expression level of THME), and ten liver cancer cell lines (SKHEPZ,
MYST4 is an important clinicopathological HEP3B, MAHLA, Huh7, VGH, HCC36, PLC5, HA-
parameter which is correlated with HG mor- 59T, HEPG2, and Huh7VG) (Figure 2A). Based
phology and associated with reduced survival. on the screening results, we selected three cell
lines (A2780, SKBR3, and Huh7) for further
Comparison of MYST4 levels among different MYST4-knockdown and functional investiga-
human cancer cell lines and verification of the tion.
knockdown efficiency in three selected high
MYST4-expressing cell lines MYST4-knockdown were performed in A2780,
SKBR3, and Huh7 cells using five shRNAs
To select cell lines for the further functional clones (clones 21, 48, 49, 51, and 63), and two
study of MYST4, we next examined the expres- (shMYST4-48 and shMYST4-51) were found to
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Figure 4. Knockdown of MYST4 suppresses cell migration. The cell migration ability was assessed using a mono-
layer wound-healing assay. Representative photos and charts of cell migration distances (uM) at 0, 24, 36, and 48 h
are shown in (A, B) A2780, (C, D) SKBR3, and (E, F) Huh7 cells. Knockdown clones shMYST4-48 and -51 showed sig-
nificantly suppressed migration activities compared to the control (shLacZ) and parental cells. Data are presented

as the mean * SD of three independent experiments. **P<0.01.

have a significant silencing effect compared to
the mock control (shLacZ) and parental cells
(P<0.05; P<0.01; Figure 2B). Among them,
clone shMYST4-51 was the most effective for
MYST4 silencing.

MYST4 silencing significantly suppressed cell
proliferation, cell cycle progression, and cell
migration in vitro

The rearrangement of MYST4 was reported to
be associated with several cancers [25, 29];
however, the fundamental mechanisms remain
controversial. To investigate the role of MYST4
in human solid tumors, we examined whether
MYST4 affects cell proliferation using MYST4-
knockdown in selected cancer lines. Cells were
seeded in 12-well plates and incubated with
appropriate culture conditions; cell numbers
were then counted each day for 5 consecutive
days. As shown in Figure 2, both MYST4-
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knockdown clones (shMYST4-48 and shMY-
ST4-51) in all three cancer cell lines A2780 (0C;
P<0.05; Figure 2C upper panel), SKBR3 (breast
cancer; P<0.05; Figure 2C middle panel), and
Huh7 (HCC; P<0.05; Figure 2C lower panel)
showed significantly reduced cell proliferation
activities compared to the mock control
(shLacZ) and parental cells (Figure 2C).

In addition, the effect of MYST4 on cell cycle
progression was also investigated using a flow
cytometric analysis. Both knockdown clones
(shMYST4-48 and shMYST4-51) showed higher
cell numbers in the G /G, phase and lower cell
numbers in the G,/M phase compared to the
mock control (shLacZ) and parental cells in
A2780 (P<0.01; Figure 3A), SKBR3 (P<0.01;
Figure 3B), and Huh7 cells (P<0.01; Figure 3C)
(Figure 3). These data indicated that silencing
MYST4 forces cell cycle arrest at G,/M phase,
resulting in reduced cell proliferation activities.

Int J Clin Exp Pathol 2019;12(2):431-442
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Figure 5. Silencing of MYST4 reduces tumor cell growth in vivo. MYST4-silenced Huh7 cells xenografted into NOD/
SCID mice were allowed to grow for 63 days. A and D. Mean tumor sizes of the two groups (n=6 per group) signifi-
cantly differed (mm3, ***P=0.0003). B and C. Tumors dissected from the mock control (shLacZ) transfected Huh7
xenografts appeared to be larger (scale bar is 10 mm) and heavier (mg, ***P=0.0066) than the knockdown cell

Huh7-shMYST4-51 xenografts.

To further investigate the roles of MYST4 in
tumor progression and the cell migration abili-
ty, cell migration was observed at 12, 24, 36,
and 48 h following the creation of a scratch
wound. As revealed by this wound-healing
assay, cells transfected with the knockdown
clones shMYST4-48 and shMYST4-51 migrated
significantly more slowly during an incubation
period of 36~48 h in A2780 (P<0.01; Figure
4A, 4B), SKBR3 (P<0.01; Figure 4C, 4D), and
Huh7 cells (P<0.01; Figure 4E, 4F) compared to
the mock control (shLacZ) and parental cells.

Identification of potentially MYST4 regulated
genes by microarray study

Through a microarray analysis to elucidate the
mechanisms, we identified 4353 genes with
more than a 2-fold change in three cancer cell
lines (A2780, SKBR3 and Huh7), among which
32 genes had reduced mRNA expression in
MYST4-knockdown cell lines (Figure S3). Among
these genes, six had been reported to be
involved in regulating tumors, including cathep-
sin Z (CTSZ) [30], NAD-dependent deacetylase
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sirtuin-2 (SIRT2) [31], solute carrier family 39
member 14 (SLC39A14; also known as ZIP14)
[32], metastasis-associated lung adenocarci-
noma transcript 1 (MALAT1) [33], Mps one
binder kinase activator-like 2B (yeast) (MOB-
KL2B; also known as MOB3B) [34], and homeo-
box B8 (HOXBS8) [35] (Figure S3).

MYST4-knockdown limits the tumor growth
ability in mouse xenografts

We further investigated the effect of MYST4 on
tumor growth in vivo using tumor xenografts in
mice. The MYST4 shRNA-knockdown clone
(shMYST4-51) and mock control shLacZ Huh7
cells were subcutaneously injected into female
athymic nu/nu mice (n=6 mice per group;
Figure 5) at 107 cells per mouse. After 9 we-
eks, tumors dissected from mock-transfected
(shLacZ) Huh7 cells were used for comparison,
and these showed a larger tumor size than
tumors from mice treated with shMYST4-51-
transfected Huh7 cells (P=0.0003; Figure 5A,
5D). Photos of individual tumor sizes from each
xenograft mouse group are shown (scale bar is
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10 mm; Figure 5C) and weighed (in mg;
P=0.0066; Figure 5D). Tumor sizes and weights
showed significant reductions in shMYST4-
51-transfected Huh7 xenograft mice. The he-
alth status of the tested mice was monitored
throughout the experiments by a health surveil-
lance program according to ACCMU guidelines.
When sacrificed, the mice were found free of
inflammation and SPF infection.

Discussion

Epigenetic regulation of gene expression
through histone modifications is a major pro-
cess controlling cell growth and development.
Studies have shown that MYST4, one of the
HATSs, plays important roles in chromatin remod-
eling and is associated with a variety of cell
functions, including tumorigenesis [36, 37]. We
identified that overexpression of the MYST4
gene is preferentially associated with HGSC
type in OCs and was correlated with diminished
survival of OC and HCC patients (Figures 1, S2).
To our knowledge, this is the first study investi-
gating the correlation of MYST4 with clinical sig-
nificance in human solid tumors.

In this study, we screened several cancer cell
lines from three different solid tumors includ-
ing OCs, breast cancers, and HCCs and select-
ed relatively high-level MYST4-expressing cell
lines for further investigation using a MYST4-
silencing strategy. Functional studies of MYST4,
as shown in Figures 2-4, demonstrated that
knockdown of MYST4 significantly reduced cell
proliferation and migration due to an accumula-
tion of cells in the G,/M phase during cell-cycle
progression. Our extensive in vitro and in vivo
studies in cancer cell lines and mice consis-
tently revealed that MYST4 regulates cell prolif-
eration, and hence might be involved in carci-
nogenesis or tumor progression of solid tumors.
Similarly, recent studies revealed that epigene-
tic regulation of other HAT family members,
CREB-binding protein (CBP) and p300, are also
key regulators of cell differentiation and carci-
nogenesis in OC [38] due to their HAT activities,
whereas a p300/CBP inhibitor exhibited antip-
roliferative and proapoptotic properties in sev-
eral types of cancer cells, including leukemia,
melanoma, pancreatic, and prostate cancers
[39-42]. Moreover, BRCA2, a prognostic marker
for breast cancer, was reported to specifically
interact with the HAT p300/CBP-associated
factor (P/CAF) [43, 44] due to its HAT activity.
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Thus, BRCA2 recruits P/CAF and mediates the
association and acetylation of the BubR1:
BRCA2 complex for the proper control of mito-
sis [45].

As for the association of HATs to HCC, although
the mechanism is still unclear, one recent study
found that HAT1 might act as an oncogenic pro-
tein that promotes cell proliferation and induc-
es cisplatin resistance in HCC [46]. Our results
also suggest that knockdown of MYST4 reduced
Huh7 cell proliferation and migration and
caused G,/M arrest in vitro. Furthermore,
silencing of MYST4 in Huh7 cells significantly
suppressed tumor growth in a mice xenograft
model (Figure 5) in vivo. Investigations of HATs
in tumorigenesis showed that MYST4 specifi-
cally regulates the RAS/mitogen-activated pro-
tein kinase (MAPK) signaling pathway via H3
acetylation in vivo and in vitro in humans and
mice [17]. Besides, P300/CBP-associated fac-
tor (PCAF), which serves as a prognostic mark-
er, was downregulated in HCC tissues and
showed PCAF-induced autophagy in HCC cells
through the inhibition of the Akt/mammalian
target of rapamycin (MTOR) pathway [47, 48],
which may serve as a therapeutic candidate for
HCC treatment. Moreover, accumulating evi-
dence indicates that CBP/p300 plays an impor-
tant role in the cancer phenotype. CBP/p300
promoted cancer progression in colon cancer
cell lines with microsatellite instability [49].
P300 regulated p53-dependent apoptosis
after DNA damage [50] and disrupted the
p300-promoted epithelial to mesenchymal
transition (EMT) thus causing an aggressive
cancer phenotype in colon cancer [51]. Our
microarray study expands the spectrum of
interacting genes that might play important
roles in MYST4 overexpressing tumors and
deserves further investigation.

Histone acetylation relaxes the normally tight
supercoiling of chromatin, which is associated
with transcriptional activation of genes that
regulate cell cycle progression, DNA replication,
and the apoptotic response to DNA damage
[52]. HATs, such as MYST4, promote transcrip-
tion by functioning as transcriptional adaptors
between enhancer-bound transcription factors
and the basal transcription apparatus, as well
as by acetylating more than 70 different pro-
teins. Our results demonstrate that MYST4 is
involved in solid tumor progression, including
OCs, breast cancers, and HCCs and was signifi-
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cantly correlated with the survival of clinical
patients. In addition, the knockdown of MYST4
significantly diminished cell proliferation and
migration due to accumulating cells in the G,/M
stage in vitro. In the in vivo tumor xenograft
mice model, the silencing of MYST4 in Huh7
cells significantly suppressed tumor growth by
inhibiting MYST4 HAT activity. Taken together,
our results suggest that targeting MYST4 may
provide a novel therapeutic strategy for treating
human solid tumors.

Conclusions

We conclude that MYST4, one of the histone
acetyltransferases (HATs), is involved in cancer
progression and contributes to more aggres-
sive behavior in human solid tumors, including
ovarian carcinomas (0OCs), breast carcinomas,
and hepatocellular carcinomas (HCCs). There-
fore, targeting MYST4 represents an appealing
strategy for effective treatment of advanced
solid tumors overexpressing MYST4.
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Figure S1. MYST4 is overexpressed in ovarian high-grade serous carcinoma using a SAGE. The SAGE was performed
using PHD domain containing genes in ovarian cancer cell lines and tumor tissues. A high level of MYST4 expression
was found in OC14 cells.

Figure S2. MYST4 expression levels in hepatocellular carcinoma (HCC) and normal tissues using IHC staining. Tis-
sue sections were stained with a MYST4 antibody (A). Control tissue (testis): positive staining of nuclei of Leydig
cells. (B) Non-tumor liver tissue showing negative staining. (C) Negative staining in HCC. (D) 1+ heterogeneous stain-
ing in HCC. (E) 2+ heterogeneous staining in HCC. (F) 3+ diffuse staining in the main tumor (*) and tumor cells in
lymphovascular spaces (arrows). Original magnification 200 x.
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Figure S3. Six critical regulated genes were predicted to be suppressed following MYST4 silencing. MYST4 was silenced using a shMYST4-51 clone in the A2780,
SKBR3 and Huh7 cells. A. Through a microarray analysis, 4353 genes passed the 2 x fold change, and 6 critical genes were selected for further investigation. B.
The relative mRNA expression levels of all 6 selected genes was measured by an RT-gPCR in the three MYST4 stable knockdown cell lines. Data are presented as
the mean * SD of three independent experiments.



