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IncRNA FOXP4-AS1 predicts poor prognosis and
accelerates the progression of mantle cell lymphoma
through the miR-423-5p/NACC1 pathway
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Abstract. Long non-coding RNA (IncRNA) forkhead box P4
antisense RNA 1 (FOXP4-AS1) has been determined to
function as an oncogene in various types of cancer. However,
the biological function and the underlying mechanisms of
FOXP4-AS1 in mantle cell lymphoma (MCL) remain to
be uncovered. The expression and the associated clinico-
pathological characteristics and prognostic significance of
FOXP4-AS1 were explored in MCL clinical samples. The
effects of FOXP4-AS1 on MCL cellular behaviors, including
proliferation, migration and invasion were analyzed using
CCK-8, crystal violet and Transwell assays. The downstream
molecules of FOXP4-AS1 were explored using bioinformatics
analysis and dual luciferase assay. Our results showed that
FOXP4-AS1 expression was upregulated in MCL patients,
and that the high expression of FOXP4-AS1 was correlated
with the unfavorable prognosis of patients. Functionally, while
FOXP4-AS1 downregulation inhibited proliferation, migration
and invasion of MCL cells, FOXP4-AS1 overexpression had
promotive effects on these cellular processes. Mechanistically,
FOXP4-AS1 was found to act as a competing endogenous (ce)
RNA for miR-423-5p to regulate the expression of nucleus
accumbens-associated 1 (NACCI). The negative regulation of
FOXP4-AS1 on miR-423-5p compared to that of miR-423-5p
on NACCI1 was determined at the mRNA or protein levels
in MCL cells. Moreover, an inverse expression correlation
between FOXP4-AS1 and miR-423-5p, and that between
miR-423-5p and NACCI1 was confirmed in MCL clinical
samples. In addition, rescue assay showed that miR-423-5p
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upregulation or NACC1 knockdown abolished the promoting
effects of FOXP4-AS1 on MCL cell proliferation, migration
and invasion. In conclusion, FOXP4-AS1 promotes MCL
progression through the upregulation of NACCI expression
by inhibiting miR-423-5p. FOXP4-AS1 may serve as a novel
therapeutic target for patients with MCL.

Introduction

Mantle cell lymphoma (MCL) is a relatively rare subtype
of B cell non-Hodgkin's lymphoma that only affects 1 out
of 200,000 individuals worldwide (1). Due to the aggressive
characteristics and continuous relapse pattern, the prognosis of
MCL patients remains relatively poor, with a median survival
time of only 3-5 years (2). In addition, the survival outcomes
of MCL patients are even worse when the disease develops
into advanced stages (3). Currently, following an improved
understanding of the molecular pathogenesis of MCL, the
application of a series of novel treatment approaches, including
immunotherapy agents and cellular therapies have improved
the survival rates of MCL patients (4). However, the treatment
of MCL remains greatly challenging. Thus, identification of
the potential mechanisms that contribute to the disease is
vitally important in order to enable early diagnosis or treat-
ment for MCL patients.

Long non-coding RNA (IncRNA) is a type of non-coding
RNA with a length of more than 200 nucleotides that possesses
limited or no ability to encode proteins (5). In recent years, a
vast number of IncRNAs have been reported to play crucial
regulatory roles in the initiation and progression of cancer
behaviors (6). The oncogenic or tumor-suppressive role of
various IncRNAs, such as MALAT1 (7), HAGLROS (8) and
GATAG-AS (9) in the tumorigenesis of MCL has been well
documented. During tumorigenesis, IncRNAs have been
reported to act as competing endogenous RNAs (ceRNAs)
through competitive binding with miRNA response elements
to upregulate mRNAs (10). Hence, it is crucial to identify and
to investigate the function and mechanism of novel IncRNAs
during the progression of MCL. IncRNA forkhead box P4 anti-
sense RNA 1 (FOXP4-AS1) has been reported as an oncogene
in multiple solid cancers, including osteosarcoma (11), prostate
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cancer (12), colorectal cancer (13), esophageal squamous cell
carcinoma (14) and cervical cancer (15). Nevertheless, the
biological function and related mechanisms of FOXP4-AS1 in
MCL remain to be uncovered.

As a member of the bric-a-brac tramtrack broad complex,
nucleus accumbens-associated protein 1 (NACCI1) exerts a
vital regulatory role in several biological processes, including
cell proliferation, apoptosis and transcription regulation (16).
Moreover, the oncogenic role of NACC1 has been determined in
carcinomas of many organs, such as colon/rectum (17,18), pros-
tate (19), ovary (20) as well as hematological neoplasms (21).

In this study, FOXP4-AS1 was reported to be upregulated
in human MCL tissues. High expression of FOXP4-AS1
was found to be closely associated with poor prognosis and
some clinicopathologic parameters. We also demonstrated
that FOXP4-AS1 promoted the proliferation, migration and
invasion of MCL cells. Furthermore, our data revealed that
FOXP4-AS1 promoted MCL development through the upreg-
ulation of NACC1 expression by interacting with miR-423-5p.
Thus, FOXP4-AS1 may be a novel biomarker that can be used
as a therapeutic candidate for MCL patients.

Materials and methods

Human clinical samples and cell lines. A total of 60 patients
with MCL and 53 healthy volunteers (control group) at the
First Affiliated Hospital of Shantou University Medical
College (Shantou, China) between May 2016 and January 2018
were enrolled in this study. Blood samples were taken from
each participant 1 day after admission. Plasma samples
were prepared using a conventional method (22). B lympho-
cytes were isolated from the same blood samples using
anti-CD19 magnetic beads and the cells were released using
DETACHaBEAD CD19 Kit (Invitrogen; Thermo Fisher
Scientific, Inc.). Samples with the purity and/or viability
above 90% were selected for downstream assays. All samples
were stored in liquid nitrogen until being used for RNA
extraction. All patients were confirmed to have MCL based
on the criteria of the World Health Organization classification
of hematological neoplasms (1). All MCL patients were diag-
nosed and treated for the first time, and received chemotherapy.
Some clinical parameters, including age, sex, white blood cell
count (WBC), clinical stage, Eastern Cooperative Oncology
Group (ECOG) score, serum lactate dehydrogenase (LDH)
level and Mantle Cell Lymphoma International Prognostic
Index (MIPI) score were collected. All MCL patients were
followed up regularly, and the overall survival (OS) and the
disease-free survival (DFS) rates were recorded. The OS was
calculated from the time of treatment to the time of death or
last follow-up. DFS was calculated from the time of treat-
ment to the first time of recurrence diagnosis, death or last
follow-up. Written informed contents were obtained from all
the patients enrolled in this study. This study was approved
by the Ethics Committee of the First Affiliated Hospital of
Shantou University Medical College and conducted in compli-
ance with the Declaration of Helsinki.

Human MCL cell lines JVM-2 and Z138, and normal
B lymphocytes IM-9 were provided by the American Type
Culture Collection (ATCC). All the cells were authenti-
cated using a STR profiling method. Cells were cultured
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and maintained in RPMI-1640 culture medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(Invitrogen; Thermo Fisher Scientific, Inc.), 100 IU/ml peni-
cillin and 100 mg/ml streptomycin at 37°C with 5% CO, in a
humidified incubator.

Cell transfection. FOXP4-AS1 small interfering RNA
(siRNA) and the corresponding negative control (si-NC) were
synthesized by RiboBio (Guangzhou, China). The pcDNA3.1
vector containing the coding sequence of FOXP4-AS1
(pcDNA-FOXP4-AS1) and the empty pcDNA3.1 vector
were purchased from Genechem Co. (Shanghai, China).
The empty pcDNA3.1 vector was used as negative control.
While miR-423-5p mimics, miR-423-5p inhibitors and the
corresponding negative controls were sourced from RiboBio
(Guangzhou, China); NACC1 siRNA (siNACC1) was purchased
from Sigma-Aldrich; Merck KGaA. Cell transfections were
performed using Lipofectamine 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) in accordance to the stan-
dard method recommended by the manufacturer. Cells were
extracted 48 h after transfection, for subsequent experiments.

Quantitative real-time PCR (qPCR). Total RNA was extracted
from clinical samples or cell lines using TRIZOL regent
(Invitrogen; Thermo Fisher Scientific, Inc.) or miRNeasy Mini
kit (Qiagen) and subsequently reverse-transcribed into cDNA
using SuperScript IV Reverse Transcriptase (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocols. The
reactions for gPCR were conducted on ABI QuantStudio 6
(Thermo Fisher Scientific, Inc.) with SYBR® Premix Ex Taq
(Takara Bio, Inc.) for the detection of FOXP4-AS1 and NACCI,
or with TagMan MicroRNA Assay Kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.) for the detection of miR-423-5p.
The following thermal cycling conditions were used for the
PCR: 95°C for 1 min, followed by 40 cycles of 95°C for 20 sec
and 56°C for 30 sec. Using the 2224 method (23), the relative
expression levels of FOXP4-AS1 and NACC1 were normal-
ized to that of GAPDH; while the relative expression level of
miR-423-5p was normalized to that of U6. The sequences of
PCR primers used in this study are shown in Table SI.

Western blotting. JVM-2 and Z138 cells were lysed in RIPA
solution (Thermo Fisher Scientific, Inc.) for total protein
extraction. Protein concentration was determined using
Bradford reagent (Sigma-Aldrich; Merck KGaA) according to
the manufacturer's instructions. Protein samples (15 pg) were
separated by 10% SDS-PAGE before being transferred onto
polyvinylidene fluoride membranes, which were then blocked
with 5% fat-free milk followed by incubation with anti-NACC1
(at 1:1,000 dilution; cat. no. Ag6096; ProteinTech Group, Inc.)
or anti-GAPDH (at 1:1,000 dilution; cat. no. 60004-1-Ig;
ProteinTech Group, Inc.) primary antibodies at 4°C overnight.
The membranes were then incubated with anti-rabbit horse-
radish peroxidase-conjugated secondary antibody (at 1:2,000
dilution; cat. no. 7074; Sangon Biotech Co., Ltd.) for 1 h at
room temperature. The immunoreactive protein bands were
visualized by chemiluminescence.

CCK-8 assay. Transfected cells were seeded into a 96-well
plate at a density of 1x10* cells per well. After that, 10 ul of
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CCK-8 solution (Dojindo, Kumamoto, Japan) was added into
the medium of each well at 24, 48, 72 and 96 h before the
optical density (OD) was measured at 450 nm using a micro-
plate reader (Bio-Rad Laboratories, Inc.).

Crystal violet assay. Control and transfected cells seeded
into 6-well plates at a density of 1,000 cells per well were
cultured with the medium changed every three days. Two
weeks later, the culture medium was removed and cells were
stained with 0.5% crystal violet for 10 min at room tempera-
ture. Subsequently, the cells were washed with PBS before the
cell images were captured using a digital camera. The OD
was measured at 570 nm with a microplate reader (Bio-Rad
Laboratories, Inc.).

Transwell assays. A 24-well Transwell assay (8.0 ym,
Corning) was used to examine the migration and invasion
abilities of the MCL cells. While 100 ul of cell suspension
containing 2x10° cells was added into the upper chamber;
600 pl of culture medium containing 10% FBS was added into
the lower chamber. For the invasion assay, the upper chamber
was precoated with 100 ul of Matrigel (BD Biosciences). Cells
were maintained at 37°C in a humidified atmosphere with
5% CO, for 24 h. Then, invasive cells were fixed with methanol
at 4°C for 15 min, washed with PBS twice and stained with 1%
crystal violet at 4°C for 30 min. Finally, 5 randomly selected
fields were captured using a light microscope (Olympus Corp.)
at x200 magnification for cell counting.

Bioinformatics analysis. Starbase v2.0 (http:/starbase.sysu.
edu.cn/starbase2/) and DIANA tools (http://carolina.imis.
athena-innovation.gr/diana_tools/web/index.php?r=Incbasev2/
index-predicted) were used to predict the miRNAs that had
complementary base paring with FOXP4-AS1.

Subcellular fractionation assay. Subcellular fractionation
assay was conducted using PARIS™ Kit (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the recommended proto-
cols. JVM-2 and Z138 cells were washed in pre-chilled
PBS before being lysed in cell fractionation buffer. Cell
fractionation buffer was then added to the cell supernatant
before centrifugation. Cell disruption buffer was used to lyse
cell nuclei. The isolated RNA was examined by RT-qPCR.
GAPDH and U6 were used respectively as the cytoplasmic and
nuclear fractionation indicators.

RNA immunoprecipitation (RIP) assay. RIP assay was
performed using Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore). JVM-2 and Z138 cells
were washed in pre-chilled PBS before being lysed in RIP
buffer at 4°C for 30 min. Magnetic beads conjugated to human
anti-Ago2 antibodies (Millipore) or normal mouse immuno-
globulin G (IgG; Millipore) were used to capture the RNAs
used for RT-qPCR analysis. Then, the expression levels of
FOXP4-AS1 or miR-423-5p were measured by RT-qPCR.

Luciferase reporter assay. Amplified FOXP4-ASI and 3'-UTR
(untranslated region) of NACCI1 were individually subcloned
into firefly plasmid pmirGLO luciferase vector (GeneChem).
Wild-type FOXP4-AS1 and NACC1 3'-UTR (FOXP4-AS1-WT
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or NACCI1-WT) were constructed. Site-directed mutation of
miR-423-5p binding sites in FOXP4-AS1 and NACCI1 3'-UTR
(FOXP4-AS1-MUT or NACC1-MUT) was generated using
GeneTailor™ Site-Directed Mutagenesis System (Invitrogen;
Thermo Fisher Scientific, Inc.). JVM-2 and Z138 cells were
co-transfected with the plasmid constructs and miRNAs
(miR-423-5p mimic or mi-NC) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Cells were lysed
after 48 h of incubation before the reporter activities were
determined using a dual-luciferase reporter assay system
(Promega Corp.).

Statistical analysis. All statistical analyses were processed
using SPSS 19.0 software package (SPSS Inc.) and GraphPad
Prism 5.0 (GraphPad Software Inc.). All experimental results
were independently repeated at least three times. Data are
expressed as mean =+ standard deviation (SD). Categorical
data were compared using Chi-square test. The correlations
between the expression of FOXP4-AS1, miR-423-5p and
NACCI were analyzed using Pearson's correlation method.
The OS and DFS rate of patients with MCL were estimated
using Kaplan-Meier analysis. Independent predictors of OS
and DFS were detected using univariate analysis and multi-
variate Cox regression analysis with step-wise selection.
The significant prognostic factors upon univariate analysis
(P<0.05) were subjected to multivariate analysis using Cox
proportional hazards regression model. Differences between
groups were compared using Student's t-test or the ANOVA
followed by the Tukey post hoc test. Differences were consid-
ered to be significant at P<0.05.

Results

Clinical significance of FOXP4-AS1 expression in patients
with MCL. Firstly, the expression levels of FOXP4-AS1 in the
plasma samples of 60 MCL and 53 healthy patients (controls)
were determined by RT-qPCR. As shown in Fig. 1A, the results
showed that the expression of FOXP4-AS1 was significantly
upregulated in MCL tissues compared to that in the control
groups (P<0.001). Then, the expression levels of FOXP4-AS1
in human MCL cell lines JVM-2 and Z138, and in normal
B lymphocytes IM-9 were examined. The expression of
FOXP4-AS1 was found to be significantly higher in the two
MCL cell lines than that in the IM-9 cells (P<0.001; Fig. 1B).
Using the median value of FOXP4-ASl1 expression as the cut-off
value, MCL patients were divided into two groups: FOXP4-AS1
low (30 patients) and FOXP4-AS1 high (30 patients). As shown
in Fig. 1C and D, Kaplan-Meier analysis revealed that MCL
patients with high FOXP4-AS1 expression had worse OS and
DFS than those with low FOXP4-AS1 expression (P=0.001 and
P=0.035, respectively). Taken together, the results indicated
that FOXP4-AS1 is upregulated in the serum of MCL patients,
and that the high expression of FOXP4-ASI is associated with
unfavorable prognosis of MCL patients.

Next, the association between FOXP4-ASI expression and
clinicopathologic parameters in MCL patients was analyzed.
As shown in Table I, the number of patients in clinical
stages III-IV was higher in the high FOXP4-AS1 expression
group than that in the low FOXP4-AS1 expression group
(P=0.028). The high FOXP4-ASI expression group had more
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Table I. FOXP4-AS1 expression and clinicopathologic parameters in patients with MCL.

FOXP4-AS1,n (%)

Parameters Total (n=60) High expression (n=30) Low expression (n=30) P-value

Age, years
<60 18 10 (33.3) 8 (26.7) 0.573
=60 42 20 (66.7) 22 (73.3)

Sex
Male 44 23 (76.7) 21 (70.0) 0.559
Female 16 7 (23.3) 9(30.0)

WBC
>10x10°/1 20 11 (36.7) 9(30.0) 0.584
<10x10°/1 40 19 (63.3) 21 (70.0)

Stages
I-11 20 6 (20.0) 14 (46.7) 0.028
II-1v 40 24 (80.0) 16 (53.3)

ECOG
<2 29 13 (43.3) 16 (53.3) 0.438
>2 31 17 (56.7) 14 (46.7)

Serum LDH
Normal 36 14 (46.7) 22 (73.3) 0.035
Elevated 24 16 (53.3) 8 (26.7)

MIPI
Low/medium risk 32 12 (40.0) 20 (66.7) 0.038
High risk 28 18 (60.0) 10 (33.3)

FOXP4-AS1, forkhead box P4 antisense RNA 1; MCL, mantle cell lymphoma; WBC, white blood cell; ECOG, Eastern Cooperative Oncology
Group; LDH, lactate dehydrogenase; MIPI, Mantle Cell Lymphoma International Prognostic Index. Significant P-values (P<0.05) are in bold print.
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Figure 1. FOXP4-AS1 expression is upregulated in MCL plasma samples and is correlated with clinical prognosis. (A) Relative expression of FOXP4-AS1 in
plasma samples of MCL patients (n=60) and healthy controls (n=53) evaluated by gPCR. “*P<0.001. (B) Relative expression of FOXP4-AS1 in MCL cell lines
JVM-2 and Z-138 and normal B lymphocytes IM-9. ““P<0.001, compared with the IM-9 cell line. Kaplan-Meier curves for overall survival (C) and disease-free
survival (D) of patients with low and high expression of FOXP4-AS1 (FOXP4-ASI high, n=30; FOXP4-ASI1 low, n=30). Data are presented as mean + SD of
three independent experiments. MCL, mantle cell lymphoma; FOXP4-AS1, forkhead box P4 antisense RNA 1.
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Table II. Univariate and multivariate analysis for overall survival of the patients with MCL.

Univariate Multivariate
Parameters HR (95% CI) P-value HR (95% CI) P-value
Age (years), =60 vs. <60 1.102 (0.873-1.541) 0.641
Sex, male vs. female 1.009 (0.699-1.765) 0.113
WBC, >10x10°/1 vs. <10x10%/1 1.256 (0.887-1.941) 0.174
Stages, III-IV vs. I-1T 1.875 (1.534-2.213) <0.001 1.762 (1.412-2.012) 0.001
ECOG, =2 vs. <2 0.892 (0.645-1.321) 0.099
Serum LDH, elevated vs. normal 1.382 (0.801-1.738) 0.087
MIPI score, high risk vs. low/medium risk 1.631(1.231-2.012) 0.009 1.598 (1.112-1.851) 0.030
FOXP4-AS1 expression, high vs. low 1.578 (1.270-1.980) 0.003 1.496 (1.119-1.831) 0.012

MCL, mantle cell lymphoma; WBC, white blood cell; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; MIPI, Mantle
Cell Lymphoma International Prognostic Index; HR, hazard ratio; CI, confidence interval. Significant P-values (P<0.05) are in bold print.

Table III. Univariate and multivariate analysis for disease-free survival of the patients with MCL.

Univariate Multivariate

Parameters HR (95% CI) P-value HR (95% CI) P-value
Age (years), =60 vs. <60 1.084 (0.581-1.890) 0.876

Sex, male vs. female 1.054 (0.643-1.723) 0.234

WBC, >10x10°/1 vs. <10x10%/1 1.172 (0.617-2.210) 0.506

Stages, III-IV vs. I-1 1.875 (1.534-2.213) 0.001 1.762 (1.412-2.012) 0.012
ECOG, =2 vs. <2 0.831 (0.483-1.701) 0.320

Serum LDH, elevated vs. normal 1.382 (0.801-1.738) 0.087

MIPI score, high risk vs. low/medium risk 1.471 (0.790-3.010) 0.291

FOXP4-AS1 expression, high vs. low 1.578 (1.270-1.980) 0.004 1.496 (1.119-1.831) 0.032

MCL, mantle cell lymphoma; WBC, white blood cell; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; MIPI, Mantle

Cell Lymphoma International Prognostic Index; HR, hazard ratio; CI, confidence interval. Significant P-values (P<0.05) are in bold print.

patients with an elevated level of LDH (P=0.035). The propor-
tion of high risk MIPI in the high FOXP4-AS1 expression
group was higher compared with that in the low FOXP4-AS1
expression group (P=0.038). Moreover, multivariate analysis
showed that FOXP4-AS1 expression was a significant
prognostic factor, both for OS (P=0.012; Table II) and DFS
(P=0.032; Table III).

Knockdown of FOXP4-ASI inhibits the proliferation,
migration and invasion of MCL cells. The biological function
of FOXP4-AS1 in MCL was assessed using two different MCL
cell lines. As shown in Fig. 1B, while Z-138 cells exhibited a
relatively higher level of FOXP4-AS1 expression level, JVM-2
cells presented a lower level of FOXP4-AS1 expression. Thus,
FOXP4-AS1 was knocked down in Z-138 cells but overex-
pressed in the JVM-2 cells. The efficiency of FOXP4-AS1
knockdown was evaluated by RT-qPCR (P<0.001; Fig. 2A).
Subsequently, the effects of FOXP4-ASI on the proliferation
of MCL cells were assessed by CCK-8 and crystal violet
assays. As shown in Fig. 2B and C, the results showed that
FOXP4-ASI1 knockdown led to significantly decreased cell

viability of the Z-138 cells (all P<0.001). Then, Transwell
assays showed that the migration and invasion abilities of
Z-138 cells were significantly inhibited following FOXP4-AS1
downregulation (all P<0.001; Fig. 2D and E). Overall, these
observations demonstrated that knockdown of FOXP4-AS1
inhibits the proliferation, migration and invasion abilities of
MCL cells.

FOXP4-ASI overexpression promotes the proliferation,
migration and invasion of MCL cells. As shown in Fig. 3A,
the overexpression efficiency of FOXP4-AS1 in JVM-2
cells was firstly confirmed by RT-qPCR (P<0.001). CCK-8
and crystal violet assays demonstrated that FOXP4-AS1
overexpression significantly promoted the proliferation
abilities of the JVM-2 cells (all P<0.001; Fig. 3B and C).
Moreover, Transwell assays demonstrated that FOXP4-AS1
overexpression markedly promoted the migration and inva-
sion capacities of JVM-2 cells (all P<0.001; Fig. 3D and E).
Taken together, these results demonstrated that FOXP4-AS1
overexpression promotes the growth, migration and invasion
of MCL cells in vitro.
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Figure 2. FOXP4-AS1 knockdown inhibits the proliferation, migration and invasion of MCL cells. (A) Relative expression of FOXP4-AS1 in Z-138 cells trans-
fected with siRNA plasmid evaluated by qPCR. Effects of FOXP4-AS1 knockdown on the viability of Z-138 cells as assessed by CCK-8 (B) and crystal violet
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box P4 antisense RNA 1.

FOXP4-ASI acts as a sponge for miR-423-5p in MCL.
IncRNAs have been reported to exert their functions transcrip-
tionally or post-transcriptionally in regards to the regulation
of downstream mRNAs (24). To explore the underlying func-
tion of FOXP4-AS1 in MCL, subcellular fractionation assay
was utilized to detect its cellular fractionation in two MCL
cell lines. As shown in Fig. 4A, FOXP4-AS1 was found to be
predominantly localized in the cytoplasm of the MCL cells.
Therefore, the identification of post-transcriptional regulation
of FOXP4-AS1 in MCL suggests that FOXP4-AS1 may act
as a ceRNA in the regulation of downstream genes via the
sequestration of miRNAs. Based on our analyses using online

software Starbase v2.0 (http://starbase.sysu.edu.cn/starbase2/)
and DIANA tools (http://carolina.imis.athena-innovation.
gr/diana_tools/web/index.php?r=Incbasev2/index-predicted),

three most significant miRNAs that had complementary
binding with FOXP4-AS1 were identified (Fig. 4B). Then,
the expression levels of these three miRNAs in Z-138 and
JVM-2 cells transfected with FOXP4-AS1 overexpression
vector or shRNAs were examined. As shown in Fig. 4C, only
miR-423-5p was significantly upregulated and downregulated,
respectively through the silencing and the overexpression of
FOXP4-ASl1. To further investigate the association between
FOXP4-AS1 and miR-423-5p, RIP assays were performed
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Figure 3. FOXP4-AS1 overexpression promotes the proliferation, migration and invasion of MCL cells. (A) Relative expression of FOXP4-ASI in JVM-2 cells
after transfection with the pcDNA-FOXP4-ASI plasmid evaluated by qPCR. Effects of FOXP4-AS1 overexpression on the viability of JVM-2 cells as assessed
by CCK-8 (B) and crystal violet (C) assays. Effects of FOXP4-AS1 overexpression on the migration (D) and the invasion (E) of JVM-2 cells as assessed
by Transwell assays. Data are presented as mean + SD of three independent experiments. "P<0.05, “P<0.01, ““P<0.001, compared with pcDNA-NC group.

MCL, mantle cell lymphoma; FOXP4-ASI, forkhead box P4 antisense RNA 1.

using human anti-Ago2 antibodies in the two MCL cells.
As shown in Fig. 4D, a significant enrichment in both
FOXP4-AS1 and miR-423-5p was observed in the two
MCL cell lines. Clinical sample analysis showed that the
expression of miR-423-5p in serum samples had a decreased
trend in MCL patients compared with that in the controls
(P<0.001; Fig. 4E). Pearson correlation analysis demon-
strated that, in serum samples, FOXP4-AS1 expression was
negatively correlated with miR-423-5p expression in MCL
patients (P<0.001; Fig. 4F). In addition, miR-423-5p had lower
expression levels in MCL cells compared with those levels
in the IM-9 cells (P<0.001; Fig. 4G). The predicted binding
sequence between FOXP4-AS1 and miR-423-5p was obtained
using bioinformatics prediction tools Starbase v2.0 (Fig. 4H).
To further verify the potential physical interactions between

FOXP4-AS1 and miR-423-5p, luciferase reporter assays were
conducted in Z-138 and JVM-2 cells that were co-transfected
with the WT or MUT FOXP4-ASI reporters and miR-423-5p
mimics or mi-NC. As shown in Fig. 41, while a significantly
decreased WT reporter activity was observed following trans-
fection of miR-423-5p mimics; the mutant reporter activities in
all transfected cells showed no obvious changes. These obser-
vations indicated that the interaction between FOXP4-AS1 and
miR-423-5p is an independent regulatory factor. Overall, these
results demonstrated that FOXP4-AS1 directly suppresses the
expression of miR-423-5p by sponging miR-423-5p in MCL.

NACCI is the target of miR-423-5p in MCL. Likewise, the
interaction between miR-423-5p and NACC1 was evaluated.
Firstly, the binding sequence of miR-423-5p and NACCI1
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Figure 4. FOXP4-AS1 acts as the molecular sponge of miR-423-5p. (A) Predominant localization of FOXP4-ASl1 in the cytoplasm of MCL JVM-2 and Z-138
cells as detected by subcellular fractionation assay. (B) Three miRNAs that show complementary binding with FOXP4-ASl1 as identified from starBase and
DIANA tools. (C) Expression levels of three miRNAs in cells transfected with FOXP4-AS1 as detected by gPCR. ““P<0.001, compared with the si-NC or
pcDNA-NC group; ns, not significant. (D) RNA immunoprecipitation (RIP) experiments for FOXP4-AS1 and miR-423-5p in MCL cells. ““P<0.001, compared
with the anti-IgG group. (E) Relative expression of miR-423-5p in plasma samples of MCL patients (n=60) and healthy controls (n=53) evaluated by quantita-
tive real-time PCR. "“P<0.001. (F) Pearson correlation analysis between FOXP4-AS1 and miR-423-5p expression levels in plasma samples of MCL patients.
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independent experiments. MCL, mantle cell lymphoma; FOXP4-AS1, forkhead box P4 antisense RNA 1.

3'-UTR was predicted and obtained (Fig. 5A). Then, the
luciferase activity of reporter containing wild-type NACCI1
(NACCI1-WT) or mutant-type NACC1 (NACC1-MUT) in
cells transfected with miR-423-5p mimics was examined.
As shown in Fig. 5B, the luciferase activity of NACCI1-WT
vector, but not NACC1-MUT vector was found to be
decreased by miR-423-5p mimics. Then, we overexpressed
miR-423-5p expression in Z-138 cells and knocked down its
expression in JVM-2 cells (Fig. 5C). Moreover, the protein
and mRNA levels of NACC1 were observed to be decreased
in the Z-138 cells transfected with the miR-423-5p
mimics, and increased in JVM-2 cells transfected with the
miR-423-5p inhibitors (Fig. 5D). In addition, the expres-
sion levels of miR-423-5p and NACCI1 in MCL plasma
samples were examined. As shown in Fig. SE, an inverse

expression correlation was found between NACCI1 expres-
sion and miR-423-5p expression in MCL patients (P<0.001).
Kaplan-Meier analysis showed that MCL patients with high
miR-423-5p expression had better OS and DFS than those
with low miR-423-5p expression (Fig. 5F; P=0.007 and
P=0.025, respectively). Taken together, the data demon-
strated that FOXP4-AS1 promotes NACCI expression by
interacting with miR-423-5p in MCL.

FOXP4-AS1 facilitates MCL progression via the
miR-423-5p/NACCI pathway. To further determine
whether FOXP4-AS1 exerts biological roles through the
miR-423-5p/NACCI pathway, rescue assays were conducted
in JVM-2 cells. First, we successfully overexpressed expres-
sion of miR-423-4p and downregulated expression of
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Figure 5. NACCI is a target of miR-423-5p in MCL. (A) Predicted binding site of miR-423-5p in NACCI. (B) Luciferase reporter assay of NACC1-WT or
NACCI-MUT co-transfected into MCL JVM-2 and Z-138 cells with miR-423-5p mimics or miR-NC. *“P<0.001, compared with the miR-NC group; ns, not
significant. (C) The miR-423-5p expression in MCL cells transfected with miR-3184-5p mimics or inhibitors as assessed by gPCR. ““P<0.001, compared with
the miR-NC or anti-miR-NC group. (D) NACCI at the protein and mRNA levels in MCL JVM-2 and Z-138 cells transfected with miR-3184-5p mimics or

ok

inhibitors as assessed by western blotting and qPCR. ""P<0.001, compared with the miR-NC or anti-miR-NC group. (E) Pearson correlation analysis between
miR-423-5p and NACCI expression levels in plasma samples of MCL patients. (F) Kaplan-Meier curves for overall survival and disease-free survival of
patients with low and high expression of miR-423-5p (miR-423-5p high, n=30; miR-423-5p low, n=30). Data are presented as mean + SD of three independent
experiments. MCL, mantle cell lymphoma; NACC1, nucleus accumbens-associated 1; WT, wild-type; MUT, mutant.

NACCI (Fig. S1). Crystal violet and CCK-8 assays showed
that miR-423-5p mimics or si-NACCI rescued the promoting
effect of FOXP4-AS1 overexpression on JVM-2 cell prolifera-
tion (Fig. 6A-C). Meanwhile, Transwell assays demonstrated
that miR-423-5p mimics or si-NACCI reversed the migra-
tion and invasion potential of FOXP4-AS1-overexpressing
JVM-2 cells (Fig. 6D-F). Overall, these observations indi-
cate that FOXP4-AS1 promotes MCL progression through
miR-423-5p/NACCI pathway.

Discussion

Several studies have demonstrated that long non-coding RNA
(IncRNA) forkhead box P4 antisense RNA 1 (FOXP4-AS1)
plays a significant oncogenic role in various types of cancer.
Specifically, FOXP4-ASl1 is an unfavorable prognostic factor
and plays a fundamental role in the regulation of colorectal
cancer progression (13). Additionally, Wu and colleagues
reported that FOXP4-AS1 can regulate FOXP4 by sponging
miR-3184-5p, in prostate cancer (12) and also in esophageal
squamous cell carcinoma (14). Moreover, FOXP4-ASI has
been shown to facilitate the progression of osteosarcoma by
downregulating LATSI via binding to LSDI and EZH2 (11).

However, the potential biological function of FOXP4-AS1 in
MCL progression is unknown.

This study revealed that the expression of FOXP4-AS1
was increased in MCL cell lines, and that high FOXP4-AS1
expression was correlated with unfavorable patient prog-
nosis. Knockdown and overexpression of FOXP4-AS1 were
observed to respectively exhibit an inhibitory and promoting
effect on the proliferative, migratory and invasive capaci-
ties of MCL cells. Moreover, the impacts of FOXP4-AS1
on MCL cell progression were found to be regulated by
the miR-423-5p/NACCI1 pathway. These data indicate that
the FOXP4-AS1/miR-423-5p/NACCI axis is an oncogenic
pathway in promoting the progression of MCL.

In line with the classic ceRNAs regulating mechanism,
our results also revealed that miR-423-5p is a target of
FOXP4-ASl. Previously, miR-423-5p was demonstrated to act
as a tumor suppressor or oncogene in the development of many
types of cancer. For example, Lin and colleagues reported
that inhibition of miR-423-5p can suppress the proliferation
and promote the apoptosis of prostate cancer (25). Tang and
colleagues demonstrated that overexpression of miR-423-5p
can inhibit cell proliferation, colony formation and invasion of
ovarian cancer cells (26). Wang and colleagues demonstrated
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Figure 6. FOXP4-AS1 promotes MCL progression via the miR-423-5p/NACCI pathway. Crystal violet (A and B) and CCK-8 (C) assays showing reversal of the
promoting effect of FOXP4-AS1 overexpression on JVM-2 cell proliferation by miR-423-5p mimics or si-NACCI. (D-F) Transwell assays showing reversion
of the migration and invasion potential in FOXP4-AS1-overexpressing JVM-2 cells by miR-423-5p mimics or si-NACCI. Data are presented as mean + SD of
three independent experiments. “P<0.05, “P<0.01, ""P<0.001. MCL, mantle cell lymphoma; FOXP4-AS1, forkhead box P4 antisense RNA 1; NACCI, nucleus
accumbens-associated 1.

that miR-423-5p can act as a tumor suppressor gene in osteo-
sarcoma through the regulation of STMNI expression (27).

Moreover, plasma miR-423-5p levels have been reported to
serve as a potential novel biomarker for the early detection
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of colorectal cancer (28). However, the role of miR-423-5p in
MCL has not been demonstrated. In this study, miR-423-5p
was firstly determined to act as a tumor suppressor for MCL
progression and the high expression miR-423-5p was found
to be capable of predicting favorable prognosis for MCL
patients. In addition, emerging data have shown that miRNAs
are pivotal in tumorigenesis through gene targeting (29-31).
Our findings demonstrated that NACCI is the direct target of
miR-423-5p and that silencing of NACC1 expression inhibited
MCL progression. However, there exists a limitation in the
present study that the determination of FOXP4-AS1 expres-
sion is lacking in MCL tissues.

In conclusion, this study showed that FOXP4-AS1 plays a
role in MCL progression through the upregulation of NACCl1
by inhibiting miR-423-5p. FOXP4-AS1 expression predicts
poor clinical outcome and serves as a novel oncogene in
MCL, which may be a novel therapeutic target for patients
with MCL.
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