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Purpose: Glioblastoma multiforme is a highly malignant primary brain cancer with a poor
prognosis. We recently reported that ARID4B could potentially serve as a biomarker asso-
ciated with poor survival in glioma patients. However, the function of ARID4B in human
gliomas remains unclear. The aim of this study is to investigate the molecular cell biology
role of ARID4B in human glioma cells.

Materials and Methods: Gene Expression Omnibus (GEO) and Human Protein Atlas
(HPA) datasets were analyzed for the expression of ARID4B in WHO pathological grading,
overall survival and immunohistochemical staining. Using quantitative RT-PCR and Western
blotting, those findings were confirmed in normal brain tissue and glioma cell lines. ARID4B
knockdown was conducted via lentivirus-based transfection of small hairpin RNA in human
glioma cells to investigate cell proliferation, cell cycle, and apoptosis.

Results: In the present study, our analysis of GEO datasets showed that ARID4B mRNA expression
is higher in WHO grade IV tumors (n = 81) than in non-tumor control tissue (n = 23, P <0.0001).
ARID4B knockdown suppressed glioma cell proliferation and induced G1 phase arrest via the PI3K/
AKT pathway. It also increased expression of HDACI, leading to higher acetyl-p53 and acetyl-H3
levels and reduced glioma cell migration and invasion. These effects were mediated via down-
regulation of AKT pathway components, including p-mTOR, p-PI3K and p-AKT. ARID4B knock-
down also led to downregulation of Cyclin D1, which increased apoptosis in human glioma cells.
Conclusion: These findings that ARID4B expression correlates positively with WHO
pathologic grading in glioma. ARID4B knockdown suppresses PI3K/AKT signaling and
induces apoptosis in human glioma cells. These results suggests that ARID4B acts as an
oncogene in human gliomas.
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Introduction

Glioblastoma multiforme (GBM) is the most common primary brain cancer and is
highly aggressive. Despite treatment with chemoradiotherapy and/or surgical resec-
tion, GBM patient outcomes are poor." Average survival among GBM patients
treated with chemoradiotherapy is 14.6 months.”

AT-Rich Interaction Domain 4B (ARID4B) was initially detected in breast cancer
tissues and is believed to promote tumor metastasis.® Identified as a component of the
histone deacetylase (HDAC)-dependent SIN3A chromatin remodeling complex,*
ARID4B contains both a DNA-binding domain and a tudor domain, and may function
as an adapter protein, but in leukemia, ARID4B acts as a tumor suppressor.’ In
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addition, ARID4B functions as a transcriptional activator of
PIK3CA and PIK3R2, which regulate the PTEN-PI3K path-
way in PTEN-deficient prostate cancers. ARID4B is thus
a potential therapeutic target in prostate cancers lacking
PTEN, as it is necessary for prostate cancer progression
and initiation.® Expression of ARID4B is also elevated in
various other cancer types. For example, it promotes mam-
mary tumor metastasis and proliferation,’ and it is reportedly
a predictive biomarker in gliomas and meningiomas and is
highly expressed in high-grade gliomas.® But despite these
early findings, the role of ARID4B in cell biology of gliomas
remains unclear. In the present study, therefore, we knocked
down ARID4B in two glioma cell lines to investigate its
function in high-grade gliomas.

Materials and Methods
Analysis of GEO Datasets for Human

Gliomas

Sample profiles from the Gene Expression Omnibus (GEO)
were analyzed. This included 180 files of de-linked data
(GDS1962_214934) on ARID4B mRNA expression https://
www.ncbi.nlm.nih.gov/geo/tools/profileGraph.cgi?ID=
GDS1815:214943 s at. Information on pathological grading
and ARID4B gene expression from the GDS1962 214934
dataset included 130 data files from 23 patients without tumors

(controls), 7 with grade II gliomas, 18 with grade III gliomas,
and 81 with grade IV gliomas. The survival analysis of the
datasets from GDS1815/214943 s_at (https://www.ncbi.nlm.
nih.gov/geo/tools/profileGraph.cgi?ID=GDS1815:214943 s

at) contained 100 high-grade gliomas samples (HG-U133A),
which excluded unknown survival of 23 datasets; therefore, 77

patient survival data were analyzed and showed.

Analysis of The Cancer Genome Atlas
(TCGA) Datasets for Human Gliomas

from the Human Protein Atlas (HPA)

The survival analysis of the datasets from TCGA in the
Human Protein Atlas (https://www.proteinatlas.org/
ENSG00000054267-ARID4B/pathology/glioma)
tained 153 high-grade gliomas samples survival data

con-

were analyzed and showed.

Datasets of Immunohistochemical Staining
from the Human Protein Atlas (HPA)

Immunohistochemical staining for ARID4B in human
gliomas was examined using the Human Protein Atlas

(HPA) (https://www.proteinatlas.org/ENSG00000054267-
ARID4B/pathology/tissue/glioma#). The dataset included
pathological glioma sections from 11 patients that were
stained using anti-ARID4B antibody (HPA027333). Four
of the 11 samples were low-grade gliomas, while the other

7 samples were high-grade. The quantity was defined as 0
(Negative), 1 (<25%), 2 (25-75%), and 3 (>75%). The
1 (Weak), 2
(Moderate), and 3 (Strong). Labeling index was scored

intensity was scored as 0 (Negative),

based on multiplying quantity by intensity.

Cell Culture and shRNA Transfection
LN229, U87MG and U118 glioma cell lines purchased
from American Type Culture Collection (ATCC).
GBMS8401 glioma cell line, provided by Dr. Wei-Hwa
Lee, was obtained from the patient before the establish-
ment of the Institutional Review Board (IRB) of the
National Defense Medical Center (NDMC). The charac-
terization of GBM8401 glioma cell line has published in
article entitled as Establishment and characterization of
a malignant glioma cell line, GBM8401/TSGH, NDMC.’
GBMS8401, U87MG and U118 human glioma cells were
cultured in high-glucose (4.5 g/L) Dulbecco’s modified
Eagle’s medium (DMEM, Corning, USA REF:10-013-
CV) containing 10% fetal bovine serum (FBS, Gibco
USA REF:10,437-028), penicillin, and streptomycin at
37°C in a 5% CO, incubator. LN229 human glioma cells
were cultured in low-glucose (1 g/L) DMEM (Corning,
USA REF: 10-014-CV) containing 10% FBS (Corning,
USA REF: 10,437-028), penicillin, and streptomycin
(Corning, USA REF: 30-004-CI) at 37°C in a 5% CO,
incubator.

For ARID4B knockdown experiments, GBM8401 or
LN229 cells were infected for 24 h with a shLuc control
and  ARID4B-shRNA-containing
(TRCN0000146977, RNAIi
Taiwan, ROC), after which the transfected cells were

lentiviral  vector

core, Academia Sinica,
selected for 14 days in medium containing puromycin (2
g/L InvivoGen CAS:59-58-2). Stable clones were cultured

in medium containing puromycin (0.2 mg/L).

cDNA Synthesis and RNA Isolation

Extraction of total mRNA, reverse transcription and quantita-
tive RT-PCR were performed according to the manufacturer’s
protocol. For cDNA synthesis, using Oligo dT primer reverse
transcribed 1.0 pg RNA into cDNA with Bioline Tetro Reverse
Transcriptase (London, UK Cat.No.BIO-65,050). Normal
brain cDNA was obtained from Origene Technologies
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(Rockville, MD, USA cat.CH1001). The reverse transcripts
were amplified and quantified using a Onestep RT-qPCR sys-
tem. GAPDH served as an internal control to normalize rela-
tive gene expression quantified using the 2~ CT method. The
primer pairs used were as follows: for ARID4B, 5'-
ATGAGCCTCCCTATTTGACAGT-3' (forward) and 5'-
GGCCCTTTATGTGGTCATCCT-3' (reverse); for GADPH,
5-CTTCATTGACCTCAACTAC-3" (forward) and 5'-
GCCATCCACAGTCTTCTG-3' (reverse); for HDACI1, 5'-
CGCCCTCACAAAGCCAATG-3' (forward) and 5'-
CTGCTTGCTGTACTCCGACA-3' (reverse); for PIK3CA,
5'-CCACGACCATCATCAGGTGAA-3" (forward) and 5'-
CCTCACGGAGGCATTCTAAAGT-3' (reverse); for
CCND1, 5-GCTGCGAAGTGGAAACCATC -3’ (forward)
and 5-CCTCCTTCTGCACACATTTGAA-3' (reverse); for
PTEN, 5- TGGATTCGACTTAGACTTGACCT -3’ (for-
ward) and 5-GGTGGGTTATGGTCTTCAAAAGG-3'
(reverse); for SIN3A, 5'- GGTGGAGGATGCGCTATCTTA-
3" (forward) and 5'- GGGTGTCGATGCTCTGAGATTT -3’
(reverse).

Cell Lysate Preparation and Western

Blotting

GBM&8401, LN229 and U8S7MG cells were lysed in RIPA
buffer (100 mM Tris-HCI, 150 mM NacCl, 0.1% SDS, and
1% Triton-X-100) and centrifuged at 13,500 rpm for 10
min, after which the supernatant was collected as the cell
lysate. Cell lysates each containing 20 pg of protein were
analyzed by 8% and 12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis. Following electrophoresis,
the separated proteins were transferred to PVDF mem-
branes, which were then blocked for 1 h at room tempera-
ture in 5% skim milk in TBST buffer. The antibodies used
included anti-ARID4B (BETHYL A302-223A, 1:2000),
Cyclin D1 (Cell Signaling Technology CST2978,
1:1000), phosphorylated (p)-PI3K (Cell Signaling
Technology CST4228, 1:1000), PI3K (Cell Signaling
Technology CST4292, 1:2000), p-AKT (Serd73) (Cell
Signaling Technology CST9271 1:2000), AKT (Cell
Signaling Technology CST4691 1:3000), p-mTOR
(Ser2448) (Cell Signaling Technology CST2971,
1:1000), mTOR (Cell Signaling Technology CST2972,
1:1000), acetyl-p5S3  (Cell Signaling Technology
CST2972, 1:2000), p53 (Santa Cruz Biotechnology
E2918, 1:3000), acetyl-H3 (Cell Signaling Technology
CST9677, 1:1000), GAPDH (Santa Cruz Biotechnology
SC-47724, 1:5000) and ACTN (Santa Cruz Biotechnology

SC-17829, 1:5000). Bands
enhanced chemiluminescence and X-ray film (GE
Healthcare, RPN2106, Piscataway, NJ, USA).

were developed using

Soft Agar Colony Formation Assays

To assay colony formation in soft agar, we seeded LN229
and GBM8401 cells with knockdown ARID4B, and control
stable clones at a density of 2 x 10 cells/well into 6-well
plates with medium containing 0.35% SeaPlaque Agarose
(Lonza Rockland, Inc. ME, USA cat.50002) layered on top
of a base medium containing 0.5% agarose. After 4 weeks,
the colonies were stained with 0.1% crystal violet (Merck
KGaA DE, Cat.115940), and those greater than 0.05 mm
in size were counted using Image] software (NIH,
Bethesda, MD).

Cell Migration and Invasion Assay

Cells were seeded into 12-well plates and grown at 37°C
in a 5% CO, incubator. When the cells reached 90%
confluence, we removed the medium, made a wound in
the monolayer with a 200 uL. pipette tip, and washed the
plate three times to remove non-adherent cells. The wound
area was photographed immediately after wounding (0 hr)
and again 16 h later. The migration rates were computed
based on the change in wound area measured using ImageJ
software (NIH, Bethesda, MD).

Invasion assays were carried out in Transwell cham-
bers (Corning BioCoat cat.354480). A Matrigel matrix
layer was coated onto the upper side of the filter separ-
ating the upper and lower chambers. Glioma cells in
serum-free DMEM were then added to the upper cham-
bers, and medium containing 10% FBS was added to the
lower chambers. After incubation for 16 h at 37°C in
a CO, incubator, the non-migrated cells on the upper
side of the filter were removed. Cells that invaded the
Matrigel and migrated to the lower side of the filter
chamber were stained with 0.1% crystal violet for 10
mins. The glioma cells in upper side of the filter were
removed by swab. The invaded glioma cells in lower
side of the filter was photographed. Finally, the invading
cells were dissolved in 1% SDS, and the optical density
at 595 nm was measured.

Cell Proliferation and Flow Cytometric
Cell Cycle Analysis

For cell cycle analysis, glioma cells were fixed in 70%
ethanol at 4°C and kept at —20°C overnight. The cells
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were then washed twice with cold phosphate-buffered
saline (PBS) and stained with propidium iodide (PI,
Sigma-Aldrich, MO, USA Cas.25535-16-4) (50 pg/mL
PI in PBS, 1% Tween 20 and 10 ug/mL RNase A) for
30 min in the dark. Cell cycle analysis was performed
by measuring DNA content using fluorescence activated
cell sorting (BD Biosciences, San Jose, CA, USA). Two
independent experiments were performed. For the pro-
liferation assays, glioma cells were processed using
FITC-BrdU Flow Kits according to the manufacturer’s
instructions (BD Biosciences, San Jose, CA, USA
cat.51-2354AK). The cells were then trypsinized with
trypsin EDTA and analyzed immediately using a FACS
Calibur flow cytometer (BD Biosciences, San Jose, CA,

USA). The data collected were analyzed using
FACSDiva software (BD Biosciences, San Jose,
CA, USA).

Protein—Protein Interaction Network
Analysis and Genomic Data Commons

Data Portal
The distribution of ARID4B
Genomic Data Commons Data Portal were determined

in datasets from the

and analyzed for known and predicted protein—protein
interactions using the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) database (https://

string-db.org/).

Apoptosis Assay

To evaluate the incidence of apoptosis, we used the PE
Annexin V Apoptosis Detection Kit I according to the
manufacturer’s instructions (BD Biosciences San Jose,
CA, USA, cat.559763). Briefly, glioma cells were
seeded into 6-well dishes at a density of 3 x 10° cells
per well. Stained cells were detected using Annexin
V-FITC/7-AAD. The cells were categorized into 3
groups: viable (annexin V' and FITC"), early apoptotic
(annexin V" and FITC"), and later apoptotic (annexin
V" and FITC").

Statistical Analysis

Student’s #-test or one-way analysis of variance was used to
make comparisons among groups. The results are presented
as the means =+ s.d. or as specified. Values of *P < 0.05 were
considered significant.

Results

ARID4B Expression Correlates Positively
with WHO Pathological Grading of
Gliomas and with Poor Survival in

Patients with High-Grade Gliomas

To correlate WHO pathological grading of gliomas with
ARID4B expression, we analyzed the association between
ARID4B expression and pathological grading of human
gliomas using a GEO mRNA de-linked databases
(GDS1962 214934). We found that ARID4B expression
was significantly lower in non-tumor controls (n = 23)
than in WHO grade III (n = 19; P = 2 x 10°°) and grade
IV (n = 81; P =1.36 x 10"°) tumors (Figure 1A).

ARID4B Expression and Survival analyses
in High-Grade Gliomas

GEO profiles were used to analyze the relationship
between ARID4B mRNA expression and survival. As
shown in Figure 1B, the group from GDS1815/
214943 s at HG-U133A showing high ARID4B expres-
sion had poorer survival than that showing low ARID4B
expression (median survival: 70 vs 115 weeks, *P =
0.0232, Gehan-Breslow-Wilcoxon Test; hazard ratio:
0.4210, 95% CI: 0.2398-0.7393, cut-off value set at
923.01.). Thus, ARID4B expression is higher in high-
which
ARID4B overexpression contributes to the poor prognosis

grade than in low-grade gliomas, suggests
of GBM patients. In contrast, the survival curves from
TCGA database showed the survival probability in glioma
patients with low ARID4B expression (<3.52) (n = 96) was
shorter than high ARID4B expression, **P = 0.0015

(Figure 1C).

Immunohistochemical Staining of ARID4B

in Human Glioma Patient Samples

Using HPA database of human proteins, we found that the
immunohistochemical staining of ARID4B in high-grade
glioma was higher than that in low-grade glioma, but it
was not statistically significant (FigurelD).

ARID4B Knockdown in Human Glioma
Cell Lines

Confirming ARID4B expression levels in human glioma
cell lines, RT-qPCR showed that both LN229 and
GBMS8401 human glioma cells expressed higher levels of
ARID4B mRNA than normal brain cells (Figure 2A).
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among those expressing lower levels of ARID4B (<923.01) (n = 49) expression levels of ARID4B. *P < 0.05 (Gehan-Breslow-Wilcoxon Test) from GDSI1815/214943_s_at
contained 100 high-grade gliomas samples (HG-U133A). (C) Kaplan—Meier survival curves showed the survival probability in glioma patients with low ARID4B expression
(<3.52) (n = 96) was shorter than high ARID4B expression (>3.52) (n = 57) **P < 0.0l (Log rank test) from TCGA database. (D) Immunohistochemical staining showed
ARID4B expression in high-grade gliomas was higher than that in low-grade gliomas. Statistical analysis of ARID4B labeling scores. ARID4B-stained areas were defined as
being less than 25%, 25-75%, or more than 75% of the sample areas.
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Correspondingly, Western blotting showed higher
ARID4B protein expression in the two human glioma
cell lines (Figure 2B). We therefore chose LN229 and
GBM8401 cells for subsequent ARID4B knockdown
experiments. To determine the mechanism by which
ARID4B contributes to glioma tumorigenesis, we used

ARID4B shRNA purchased from the RNAi core at

Academia Sinica. We then established GBM8401 and
LN229 glioma cells stably expressing shARID4B, which
was confirmed using RT-qPCR.The results showed that the
ARID4B mRNA expression was significantly suppressed in
the ARID4B knockdown cells (*P = 0.0282 and **P =
0.0028, respectively) (Figure 2C). Western blotting revealed
similar suppression of ARID4B protein expression in the
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Figure 4 Effect of ARID4B knockdown on cell proliferation, cell cycle, and apoptosis. (A) GBM8401 and LN229 cells were labeled with BrdU and then processed for flow
cytometric analysis. *P < 0.05, **P < 0.01 vs the control shLuc group.(B) Effect of ARID4B knockdown on cell cycle regulation in glioma cells assessed using propidium iodide.
*P < 0.05 vs the control shLuc group. (C) Annexin-V/7- AAD analysis of the effect of ARID4B knockdown on apoptosis among glioma cells. In all panels, the data are shown as
the means * s.d.; n= 3; *P < 0.05 vs the control shLuc group.
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knockdown cells (***P = 0.0006 and **P = 0.001, respec-
tively) (Figure 2D).

ARID4B Knockdown Suppresses Glioma

Cell Migration and Invasion

To assess the contribution of ARID4B to glioma cell migra-
tion behavior, we performed wound healing assays with
LN229 and GBM8401 glioma knockdown cells. The results
demonstrate that ARID4B knockdown significantly reduces
glioma cell migration (**P = 0.0011, and *P =0.0123,
respectively) (Figure 3A and B). In addition, Matrigel-
based invasion assays similarly showed that silencing
ARID4B expression in LN229 glioma cells significantly sup-
pressed the invasiveness of the cells (*P=0.019) (Figure 3C).

ARID4B Knockdown Suppresses Cell

Proliferation and Increases Apoptosis
We used BrdU assays to investigate LN229 and GBM8401
cell proliferation. Flow cytometric analysis showed that
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ARID4B knockdown significantly reduced proliferation of
both LN229 (*P = 0.0288) and GBM8401 (**P = 0.0011)
glioma cells (Figure 4A). ARID4B knockdown also
reduced expression of Cyclin D1, a pro-survival effector
protein, and increased the glioma cell fraction in subGl
phase (Figure 4B). In addition, Annexin-V assays showed
that ARID4B knockdown significantly increased Annexin-
V/7-AAD (*P = 0.0147), indicating that ARID4B knock-
down enhanced apoptosis (Figure 4C).

ARID4B Knockdown Suppresses Colony

Formation by Human Glioma Cells

Because ARID4B overexpressed in high-grade gliomas, we
investigated the effect of ARID4B knockdown on the tumor-
igenicity of LN229 and GBM8401 glioma cells by carrying
out soft-agar colony formation assays. We found that ARID4B
knockdown led to a significant reduction of colony formation
by LN229 and GBM8401 glioma cells (***P = 0.0007 and
*P = 0.0273, respectively) (Figure 5).

LN229-shLuc
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e k l‘
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Figure 5 Effect of ARID4B knockdown on colony formation by glioma cells. (A and C) Images showing colony formation in soft agar by GBM840| and LN229 cells
expressing shARID4B or shLuc. (B and D) Bar graph showing ARID4B knockdown suppresses colony formation by glioma cells. Data are presented as the mean + s.d;n = 3;

*P < 0.05, ¥*P < 0.001 vs the shLuc group.
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Figure 6 ARID4B protein-protein interaction (PPI) network. The PPl network was generated using the STRING database.

ARID4B Inhibits Glioma Growth via the
PTEN-ARID4B-PI3K Pathway

The ARID4B protein—protein interaction (PPI) network
obtained with the Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) database showed in Figure 6. We
found that ARID4B interacts with HDAC1, HDAC?2, chro-
modomain-helicase-DNA-binding protein 3 (CHD3), chro-
modomain-helicase-DNA-binding protein 4 (CHD4), TP53,
Cyclin DI (CCNDI1), phosphatase and tensin homolog
(PTEN), SIN3 Transcription Regulator Family Member
A (SIN3A), phosphoinositide 3-kinase (PI3K), AKT, and
mammalian target of rapamycin (mTOR). AKT, also known
as protein kinase B (PKB), is a serine/threonine protein kinase

that functions as an effector protein situated downstream of
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PI3K. The PI3K/AKT/mTOR signaling pathway is important
for mediating cell survival and growth. PTEN suppresses
PI3K/AKT signaling by dephosphorylating PIP3. HDACI is
a key regulator of TP53 activity that acts through deacetyla-
tion. ARID4B is involved in the SIN3/HDAC1 complex and
recognized to be a transcriptional activator of class I PI3K
subunit p110a (encoded by PIK3CA), which is a regulator of

the PTEN-PI3K pathway.

ARID4B was recently identified as a component of
the HDAC1/SIN3A chromatin remodeling complex and
as a regulator or PTEN-PI3K pathway that acts by
targeting a PIK3CA transcriptional activator. Using real-
time qPCR, we found here that ARID4B knockdown
reduced PI3KCA and Cyclin DI gene expression and
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Figure 7 Effect of ARID4B knockdown on expression of the indicated mRNAs. (A and B) RT-qPCR analysis of expression of the indicated mRNAs in LN229 and GBM8401
cells. Data are presented as the mean * s.d; n = 3; *P < 0.05, **P < 0.01, ***P < 0.001 vs the control shLuc group.
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LN229 Table | The Proteins are Upregulated and Downregulated in
ARID4B Knockdown
Protein Fold Change P value
ctrl shAIRD4B
ARID4B -1.36 4P = 00003
ARID4B- | 2l -230 kDa | Hpaci 0.35 %P = 0.0464
Cyclin DI -2.46 #p = 0.0167
-mTOR- I - .| -289 Acetyl-H3 -0.78 P=-078
p o Acetyl-p53 —0.58 #kp = (0,0065
-— Total-p53 0.09 P =0.09
mTOR -289 Acetyl-p53/p53 -0.36 *P =008
p-P|3K- p-AKT -0.96 #p = 0,0016
Total AKT -0.12 P=-0.12
- ~1-60 p-AKT/AKT -0.98 #p = 0,0028
p-mTOR —-0.88 #kp < 0,000
PIBK- [ s | -85 mTOR 004 P = —0.04
p-mTOR/mTOR -0.78 *#p = 0,001 |
p-PI3K(85) -0.42 P=-042
-62 PI3K(85) 0.00 P =0.00
HDAC1- | -I p-PI3K/PI3K (85) —0.41 P =04
PI3K(60) 0.22 P=022
-60

P-AKT |umn s

acetyl-p53-|

p53- E w53
Cyclin D1 -36
acetyl-H3- jue | 47

-100

ACTN- [m—

Figure 8 Effect of ARID4B knockdown on expression of the indicated proteins.
Western blot analysis of expression of the indicated proteins in LN229 cells.
Statistical data are presented as the mean * s.d;; n = 3; in Table I.

increased gene expression of SIN3A, HDACI and PTEN
in LN229 (Figure 7A) and GBMS8401 (Figure 7B)
glioma cells. In addition, Western blotting showed that
ARID4B knockdown reduced the protein expression of
p-AKT, p-mTOR, and the pl110a subunit of PI3K. On
the other hand, levels of HDAC1 were increased in
ARID4B  knockdown glioma The
HDACI levels led in turn to decreases in acetyl-p53
and acetyl-H3 in LN229 (Figure 8 and Table 1) glioma
cells. Taken together, our results demonstrate that
ARID4B knockdown increases HDACI1 levels, leading
to reductions in acetyl-p53 (Figure 9).

cells. elevated

Notes: Data are presented as the mean * s.d;; n = 3 and shARID4B group vs the
control shLuc group; *P < 0.05, **P < 0.01, ***P < 0.001 vs the control shLuc group.
Abbreviations: ctrl, control shLuc; ARID4B, AT-rich interaction domain 4B;
HDACI, histone deacetylasel; CHD3, chromodomain-helicase-DNA-binding pro-
tein 3; CHD4, chromodomain-helicase-DNA-binding protein 4; PTEN, phosphatase
and tensin homolog; SIN3A, SIN3 transcription regulator family member A; PI3K,
phosphoinositide 3-kinase; AKT, protein kinase B; mTOR, mammalian target of
rapamycin.

Discussion

Our previous study showed that ARID4B expression tended to
shorten survival rates, but it did not reach statistical
significance.® We further enrolled more data to analyze, as
shown in FiglB and FiglC, these two cohorts showed that
the ARID4B expression and survival outcome of human glio-
mas have some differences. The possible explanations
included the different cohorts and different analytical
methods.'® Therefore, further enroll large cohort human glio-
mas are mandatory in the future. In the present study, we
showed that ARID4B knockdown induces apoptosis via
a PI3K/AKT signaling pathway in human glioma cells. To
our knowledge, this is the first study investigating the molecu-
lar mechanism of action of ARID4B in human gliomas.
Previous studies showed that ARID4B took part in differentia-
tion and cell growth."' miR-290—targeted ARID4B inhibited
the promoting effects in breast cancer.'> ARID4B reported that
gastric cancer can be detected through molecular imaging.
Furthermore, ARID4B might serve as a treatment target in
gastric cancer.™'* '* ARID4B is considered to be an oncogene
in hepatocellular carcinoma and can be used as a biomarker for
the prognoses of patients.'”
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Figure 9 Schematic of knockdown ARID4B in gliomas. Knockdown ARID4B suppresses expression of phosphorylation of the PI3K downstream effectors mTOR and AKT
and the downstream target Cyclin D1 has been reduced. Upregulated genes and protein are indicated by red arrows, and down expressed are green arrow.

STRING network analysis showed that ARID4B inter-
acts with HDAC1, Cyclin D1, PTEN, SIN3A, PI3K, AKT,
TP53, and mTOR, which form important signaling pathways
that play key roles in a variety of crucial cellular processes, '®
including cell migration and invasion.'” Reducing levels of
p-PI3K and p-AKT previously showed to suppress glioma
cell migration and invasion.'® Consistent with those findings,
we observed that ARID4B knockdown reduced expression of
both p-AKT and p-mTOR and suppressed cell migration and
studies that ARID4B is
a component of the SIN3A/HDACI repressor complex;

invasion. Recent showed
however, ARID4B does not exhibit acetyltransferase or
methyltransferase  activity,'” though it does act as
a regulator of the PI3K/AKT pathway.® Similarly, we found
that ARID4B knockdown reduces expression of the PI3K
p110a (PIK3CA) and p85 subunits, as well as the levels of
p-AKT, p-mTOR, and Cyclin D1. Cyclin D1 is an important
regulator of cell proliferation that also controls tumorigen-
esis, cellular senescence, and apoptosis.”’ Through its
actions, Cyclin D1 exerts cytoprotective effects against
induction of apoptosis.'® The PI3K/AKT signal transduction
pathway is involved in the regulating survival and apoptosis.
Inhibiting AKT phosphorylation may decrease the anti-
apoptotic effect of AKT. Thus, reducing p-AKT, Cyclin D1
and p-mTOR levels relieved the suppression of apoptosis in
glioma cells. It follows then that the reduced expression of
p-AKT, p-mTOR and Cyclin D1 following ARID4B knock-
down leads to enhanced apoptosis in glioma cells.'®

Our results show that ARID4B knockdown increases
expression of HDACI, which is known to deacetylate p53
and H3. Histone deacetylase inhibitors (HDACIs) induce

apoptosis and growth arrest in many cancers.”’ In addition,
p53 plays an important role in tumor oncogenic stress and cell
death, acting as a crucial tumor suppressor mediating cell cycle
arrest and apoptosis.?' Inhibiting HDAC1 and SIRT1 leads to
enhancement of p53 acetylation, which increases p53-
dependent senescence and apoptosis in many cancer cell
types.** This suggests p53 acetylation is an important regulator
of apoptosis. The p53 pathway is highly dysregulated in
GBM.? This is due in part to missense mutations in p33 that
often lead to reduced tumor suppressor activity.* In our study,
we used LN229 and GBM8401 cells, two p53-mutant and
PTEN-wild type glioblastoma cell lines. LN229 cells, for
example, harbor a mutated p53 with possible homozygous
deletions."’ We suggest that the ability of HDAC]1 to suppress
LN229 cell apoptosis may be decreased by the p53 mutation.

Conclusion

In summary, our data show that the level of ARID4B expres-
sion correlates positively with WHO pathologic grades of
gliomas. ARID4B appears to be a potentially useful biomar-
ker of the prognosis in glioma patients, and we suggest this
may enable identification of novel therapeutic targets for

treatment of human gliomas in the coming future.
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