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A proliferation-inducing ligand (APRIL) which stimulates the cell proliferation is abundantly expressed in colorectal
cancer (CRC) tumors. In this report, the promoter region of the APRIL gene was determined and the major transcription
factor was investigated for the ﬁrst time. Deletion analysis of 5’-ﬂanking region of the human APRIL gene and transient
transfection revealed that a 538 bp region (from -1539 to -1001) was essential for promoter activation of the APRIL gene.
The data from electrophoretic mobility shift assays (EMSA) indicated that the 538 bp promoter region was responsive to the
speciﬁcity protein 1 (Sp1) and nuclear factor kappa B (NF-kB). Overexpression of Sp1 or NF-kB increased the activity of the
APRIL promoter. Mithramycin A (inhibitor of Sp1) and Bay11-7082 (inhibitor of NF-kB) exhibited an inhibitory activity to
APRIL promoter. Our results will beneﬁt to the APRIL gene regulation investigation and contribute to discover new drug
target for the APRIL gene therapy of CRC.
Key words: APRIL, promoter, Luciferase reporter assay, Sp1, NF-kB

A proliferation-inducing ligand (APRIL, also known
as TNSF13A, TALL-2, and TRDL-1) has been cloned and
identiﬁcated nearly before two decades. It is a type II transmembrane protein with an intracellular N terminus and
extracellular C terminus which belongs to the tumor necrosis
factor (TNF) family [1]. APRIL has three receptors B-cell
maturation antigen (BCMA, TNFRSF-17), transmembrane
activator and cyclophilin ligand interactor (TACI, TNFRSF13B) and heparan sulfate proteoglycans (HSPG). Binding of
APRIL to BCMA and TACI can activate the classical NF-kB
pathway which plays an important role in the initiation and
promotion of cancer [2, 3]. The interaction of APRIL and
HSPG can promote APRIL-induced tumor cell proliferation
[4]. However, the mechanism of these three receptors which
are directly responsible for signaling events is ambiguous.
The human APRIL gene is located in chromosome 17p13.1
which has six exons and can be transcribed as three alternatively spliced mRNAs [5, 6]. The APRIL gene has been
investigated and discovered to be highly expressed in colorectal adenocarcinoma SW480 cells, Burkitt’s lymphoma Raji
and melanoma G361 cell lines. Our previous study has also
revealed that there existed an overexpression of the APRIL

in SW480 cells [7]. In addition, we demonstrated that the
transfection of siRNA-APRIL into nude mice model of SW480
colon cancer cell line can obviously inhibit tumor growth in
vivo [8]. All of these results demonstrated that the human
APRIL plays a vital role in the development and progression
of CRC. Thus, the molecular mechanism of the human APRIL
in CRC is imperative to be elucidated.
The promoter of APRIL gene hasn’t been described before.
The reason is that the most previous studies about the human
APRIL were focused on its role as a related factor of BAFF (B
cell activating factor) in the past decades. And also because the
reason that the active biology of BAFF has became a “hot topic”
in the human APRIL research ﬁeld. In order to thoroughly
deﬁne the signaling pathway, the regulatory mechanisms
of the APRIL gene must ﬁrst be identiﬁed. In this work, we
found that the 538 bp promoter region (-1539 to -1001) was
essential for transcriptional activation of the APRIL gene in
human colorectal carcinoma cells. We also demonstrated that
the transcription factors Sp1 and NF-kB play the key role in
promoting the transcription of the human APRIL gene. The
results will provide an indispensable basis for the general
mechanisms of human APRIL gene study.

J. XU, W. F. DING, K. K. SHAO, X. D. WANG, G. H. WANG, H. Q. LI, H. M. WANG

342

Materials and methods
Cell culture. Human CRC cell lines SW480 and HT29
(Academy of life science, China) were cultured in Dulbecco’s
modiﬁed Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum (GIBCO), 100mg/ml streptomycin, and 100
U/ml penicillin. Cells were incubated at 37°C in the humidiﬁed
incubator containing 5% CO2.
Prediction of promoter region and transcription factor
binding sites. The APRIL promoter region was identiﬁed with
the Promoter 2.0 Prediction Server (http://www.cbs.dtu.dk/
services/Promoter/) and Promoter Scan program (http://wwwbimas.cit.nih.gov/molbio/proscan/) [9]. The CpG islands were
found by using traditional CpG island identiﬁcation method
[10]. The potential transcription factor binding sites in the
promoter region were predicted by TF search program (http://
molsun1.cbrc.aist.go.jp/research/db/TFSEARCH.html).
Cloning of the 5’ﬂanking region of human APRIL gene.
Human genomic DNA was puriﬁed from whole blood using
Human Genomic DNA Extraction Kit (Qiagen, USA). A 2003
bp promoter fragment (-1899 to +103, the nucleotides are
numbered from the initiating ATG as +1) of the APRIL gene
was ampliﬁed from human genomic DNA by PCR using the
gene speciﬁc primers (Tab1). The primer was designed based on
published sequences (GenBank ID: NM-003808). The PCR was
performed in a 25 μL reaction mixture. After an initial denaturation step at 94°C for 5 min, the PCR reactions were carried out
for 30 cycles at 94°C for 30 sec, 55°C for 30 sec, and 72°C for
2 min, with a ﬁnal extension of 10 min at 72°C. PCR products
were gel-puriﬁed using a MinElute Gel Extraction Kit (Qiagen),
digested with MluI and HindIII enzymes and then cloned into
pGL3-basic (Promega, USA), a luciferase reporter plasmid. The
recombinant vector was designated as APRIL-1899, veriﬁed by
Sanger sequencing and restriction enzyme digestion.
Plasmid Constructs. Three deletion constructs (APRIL1539, APRIL-1001, and APRIL-304) were obtained by PCR
using the APRIL-1899 fragment as template. The primer sequences used are shown in Table 1. Ampliﬁed fragments were

double digested with MluI and HindIII and ligated into the
equivalent sites of the pGL3-basic vector (Promega). Plasmids
were puriﬁed using the QuickLyse Miniprep Kit (Qiagen) and
veriﬁed by sequencing.
Transient transfections and luciferase assays. Plasmids
were puriﬁed from bacterial cultures using the QIAGEN Plasmid Midi Kit (Qiagen). SW480 cells were seeded at a density
of 2×105 cells per well in 24-well dishes. After 24 h incubation,
the cells grew to approximately 90% conﬂuency and were
transfected with the vector constructs using Lipofectamine
2000 transfection reagent (Invitrogen) in accordance with the
manufacturer’s protocol. The pGl4.74 vector (Promega) was
used as an internal control to normalize the variations in transfection efﬁciency. The pGL3-Basic plasmid without promoter
was transfected as the negative control 48 h after transfection,
cells were washed with phosphate buﬀered saline and resuspended in Passive Lysis Buﬀer (Promega). The luciferase activity
was assayed with the Dual Luciferase Reporter Assay System
(Promega). All experiments were performed in triplicate.
Nuclear Extracts and Gel Shift Assays. Nuclear extracts
were obtained from SW480 cells using NE-PER nuclear and
cytoplasmic extraction reagents (Pierce Biotechnology, USA)
according to the manufacturer’s protocol. Protein concentration was determined by a BCA assay (Sigma). The reaction
mixture for EMSA contained 1.5 μl of 10x binding buﬀer (100
mM Tris-HCl pH 7.5, 500 mM KCl, 10 mM DTT), 1 μl of Poly
(dI:dC) and 2 μg nuclear proteins. After 20 min incubation
at room temperature, 0.5 μl of the biotinylated oligonucleotide was added and incubated for another 20 min at room
temperature. Anlabeled probes were added to the reaction
mixture 20 min prior to the addition of the labeled probe in
competition experiments. The DNA-protein complexes were
loaded onto the 6.5% polyacrylamide gels, electrophoresed
at 155 V for 1.5 h at 4°C and then electroblotted to a nylon
membrane at 390 mA for 40 min. The transferred DNA was
crosslinked to the membrane by UV light. The biotin-labeled
DNA was detected with a LightShift Chemiluminescence
EMSA kit (Pierce Biotechnology, USA).

Table 1. Primers used for ampliﬁcation of diﬀerent constructs of APRIL promoters
Construct

Sequence

F: 5‘ACGACGCGTCTTGCTGGTGGATGGTGTGCT3’
R: 5‘CCCAAGCTTAACTCAACCAGAGGGCAACT3’
APRIL-1539 (-1539/+103)
F: 5‘GCGACGCGTCCATCCCACATAAATACAG3’
R: 5‘CCCAAGCTTAACTCAACCAGAGGGCAACT3’
APRIL-1001 (-1001/+103)
F: 5‘TCGACGCGTGAGCAGAGGTAGGAAGGCACACT3’
R: 5‘CCCAAGCTTAACTCAACCAGAGGGCAACT3’
APRIL-304 (-304/+103)
F: 5’ACTACGCGTTGTTCCTCCTGGGTGTCACT3’
R: 5‘CCCAAGCTTAACTCAACCAGAGGGCAACT3’
APRIL-538 (-1539/-1001)
F: 5’ GCGACGCGTCCATCCCACATAAATACAG3’
R: 5‘CATAAGCTTCCACCTGGGGGCTGGAGGCA3’
MluI restriction site (forward primer) and HindIII restriction site (reverse primer) were underlined. F:
Forward, R: Reverse
APRIL-1899 (-1899/+103)
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Figure 1. Analysis of 5’-ﬂanking region of the human APRIL gene by
bioinformatics. Schematic illustrating the location of putative APRIL
promoter regions and CpG islands. The translation start site is position
+1 and the rest of the sequence is numbered relative to it.

Oligonucleotides labeled with biotin and used in the EMSA
analysis had the following sequences (the Sp1 and NF-kB sites
are underlined):
wild type (Sp1): 5’ TATTCGATCGGGGCGGGGCGAGC 3’
Mut (Sp1): 5’ TGTTCAGGCTTGGGGGCGGGGACCTCCAT 3’
wild type (NF-kB) 5’GTAAGTTGAGGGGACTTTCCCA
GGCCGT 3’
Mut (NF-kB): 5’CTTGGGGGCGGGGACCTCCATGCC
TCCA 3’.
Corresponding unlabeled oligonucleotide probes were used
for competition experiments.
Overexpression of NF-kB and Sp1. Sp1 expression vector
pCMV-HA/Sp1 (a kind gift from Department of Immunology and Microbiology, Nantong University) and NF-kB p65
expression vector pcDNA3.1/p65 were cotransfected with
pGL3-basic or APRIL-538 into SW480 cells, respectively.
The empty vector pcDNA3.1 and pCMV-HA were used as
negative control, respectively. 48 h later, cells were harvested
for luciferase analysis.
Inhibition of NF-kB and Sp1. 24 h before transfection,
SW480 cells were seeded in 6-well plates at a density of 2×105
cells per well. Diﬀerent concentrations of inhibitor Bay11-7082
[11] (Sigma) and Mithramycin A (Sigma), a speciﬁc Sp1 inhibition [12] were directly added to the medium respectively 1
h before transient transfection of APRIL-538/pGL3-basisc into
cells. Luciferase activities were measured after 24 h.
Western blot analysis. SW480 cells were seeded in 6-well
plates at a density of 2×105 cells. 24 hours later, SW480 cells
were transiently transfected with NF-kB or Sp1 expression
plasmids for overexpression studies and Bay11-7082 at 10μM
or 100μM concentration, Mithramycin A at 10 nM or 100 nM
was added directly to the media for inhibitor studies. 24 hours
later, protein extraction and Western blot analysis were performed according to the methods previously described [8].
Statistical analysis. All data were analyzed using Stata
software (version 11.0). Data are presented as mean ± standard
deviation. Student’s t-test was used in statistical analysis.

Figure 2. Veriﬁcation of recombinant constructs. A – The restriction
analysis of products by agarose gel electrophoresis. M: DNA marker
(10 kb); Lane 1 to lane 4: recombinant plasmids (APRIL-1899, APRIL1539, APRIL-1001 and APRIL-304) digested with MluI and HindIII.
B – The partial sequencing results of APRIL-1899.

Results
Structure analysis of the human APRIL promoter region.
The 3.5 kb region of the 5’-ﬂanking region of human APRIL
gene was comprehensively analyzed by several programs, such
as Promoter 2.0 Prediction Server, Promoter Scan and CpG
Island Searcher. Promoter 2.0 predicted that the -999 (relative
to the translation start site) position has a high score. Promoter
Scan program identiﬁed the region of -1889 to -1639 and
-968 to -718 as the potential promoter region of the human
APRIL gene (Fig. 1). CpG Island Searcher revealed that the
region from -220 to -15 was GC rich (Fig. 1). Then we added
10 bp upstream of -1889 and 119 bp downstream of -15, so
the ﬁnal putative promoter region the human APRIL gene
was -1899 to +103.
Ampliﬁcation of the APRIL promoter region and construction of luciferase reporter plasmids. We applied a series
of unidirectional deletion method to analyze the 2003 bp
fragment in the 5’-ﬂanking region of the human APRIL gene.
The deletion fragments from -1899 to -304 were deﬁned as
5’ends ranging and +103 deﬁned as 3’ends. Four truncation
fragments of the human APRIL gene were obtained from genomic DNA by PCR. The size of each PCR product was 2003
bp, 1642 bp, 1105 bp, and 407 bp. After that, the PCR products
were digested with MluI and HinDIII enzymes and ligated
into the promoterless luciferase reporter vector pGL3-Basic.
The recombinant constructs were named as APRIL-1899,
APRIL-1539, APRIL-1001, and APRIL-304 which separately
veriﬁed by restriction enzyme digestion (Fig. 2A) and Sanger
sequencing (Fig. 2B).
Functional characterization of the human APRIL
promoter region. To identify the regions involved in the
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Figure 3. Function analysis of the 5’-ﬂanking region of the human APRIL gene. A – Transient transfection analysis of APRIL promoter constructs. The
diagram representation of the relative luciferase activity (ﬁreﬂy luciferase signal/renilla luciferase signal) of the four recombinant constructs compared
with promoterless pGL3-Basic plasmid. Motifs of the APRIL promoter detected were APRIL-1889 (-1899 to +103), APRIL-1539 (-1539 to +103), APRIL1001 (-1001 to +103) and APRIL-304 (-304 to +103). All data represent the mean of three replicates. Error bars represent standard deviation. B – The
nucleotide sequences of the -1539 to -1001 region in the APRIL promoter. Underlines show the putative transcription factors binding sites.

regulating APRIL gene transcription, four recombinant constructions were transiently transfected into the human colon
cancer cell lines SW480 and HT29. The plasmid pGl4.74 was
used as an internal control for the normalization of transfection eﬃciency. Cell extracts were prepared and assayed for
luciferase activity after 48h. As shown in Fig. 3A, the construction of APRIL-1539 revealed the highest luciferase activity
among all the constructions in SW480 cells. The promoter
activity of APRIL-1001 and APRIL-304 exhibited a lower level
than APRIL-1539. The activity of APRIL-1899 was the lowest.
The similar results were observed in HT29 cells. On the basis
of above ﬁndings, we conjectured that the fragment between 1539 to -1001 contain pivotal regulatory elements playing a key
role on the APRIL promoter activity. So we used TFSEARCH
program to investigate the possible transcription factor binding
sites in this region and the corresponding transcription factors.
The analysis revealed that two critical cis-acting elements for
Sp1 was at the position -1029 to -1038 and for NF-kB was at
the position -1023 to -1032 (Fig. 3B).
Sp1 and NF-kB binding to the APRIL promoter. To
deﬁne whether Sp1 and NF-kB binding to the putative sites
at the 538 bp promoter region of APRIL gene (APRIL-538),
electrophoretic mobility shift assays (EMSA) was performed.
The DNA-protein complexes were observed after incubation
of Sp1 or NF-kB probe with nuclear extracts from SW480 cells
for 20 min at room temperature (Fig. 4. lanes 2, 3, 7, 8). The

complexes were competed oﬀ by the addition of unlabeled Sp1
or NF-kB probes (Fig. 4. lanes 4, 5, 9, 10), suggest that the Sp1
and NF-kB protein speciﬁcally binds to APRIL-538.
Eﬀects of transcription factor NF-kB and Sp1 on APRIL
promoter activity and protein expression. In order to examine the eﬀect of transcription factors of Sp1 and NF-kB on the
regulation of APRIL, the promoter-luciferase reporter plasmid
(APRIL-538) was cotransfected into SW480 cells with Sp1 or
p65 expression vectors. The 538 represented the number of
APRIL gene sequences which were located between -1539
and -1001 (the translation start site as +1). Recombinant
plasmid APRIL-538 was obtained in accordance with the
method described above. The primers used are shown in Tab.
1. Luciferase activity was measured 48 h after transfection. The
luciferase activity of the APRIL promoter was highly increased
by the overexpression of either NF-kB or Sp1 (Fig. 5A). The
APRIL protein expression level in SW480 cells was increased
signiﬁcantly by NF-kB or Sp1 cotransfection, compared with
that of the control cells transfected with empty plasmid (Fig.
5B). The results demonstrated that the transcription factor Sp1
and NF-kB can activate transcription of APRIL gene.
Eﬀects of Mithramycin A and Bay11-7082 on APRIL
promoter activity and protein expression. Inhibitors of Sp1
(Mithramycin A) and NF-kB (Bay11-7082) were preformed
to further analyze the relation between transcription factors
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Figure 4. Interactions of Sp1 and NF-kB with their binding sites in the
human APRIL promoter. EMSA displayed binding of nuclear proteins
Sp1 and NF-kB to its binding sites of the APRIL promoter. Lanes 1 and 6,
labeled probe only; lanes 2 and 7, nuclear extracts plus labeled wild-type
probe; lanes 3 and 8 nuclear extracts plus labeled mutation probe; lanes 4
and 9, nuclear extracts plus labeled wild-type probe and cold unlabelled
probe; lanes 5 and 10, nuclear extracts plus labeled mutation probe and
cold unlabelled probe. NE: Nuclear extract; WT: Wild-type oligos; MT:
Mutant oligos; NS: Non-Speciﬁc Binding; P: Free biotin labeled probe;
COM: Unlabelled competitor.

and the APRIL promoter. The APRIL-538 luciferase activities
were signiﬁcantly reduced by adding Bay11-7082 and Mithramycin A (Fig. 6A). Similarly, Western blot analysis revealed
a signiﬁcant down-regulation of APRIL protein expression in
SW480 cells incubated with Mithramycin A or Bay11-7082
compared to those in either untreated cells or cells treated with
the DMSO vehicle only (Fig. 6B). These results demonstrated
that Bay11-7082 and Mithramycin A decreased the Sp1 and
NF-kB mediated APRIL and endogenous protein expression,
respectively.
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Figure 5. Eﬀects of NF-kB and Sp1 on the APRIL promoter activity and
protein expression. A – SW480 cells were cotransfected with the 2 ug
APRIL-538/ PGL3-basic and 2 ug of pcDNA3.1/p65, pCMV-HA/Sp1 and
corresponding empty vectors. Results are displayed as fold induction
compared with the empty vector transfection. The pGl4.74 vector was
used as an internal control to normalize the eﬃciency. All data represent
the mean of three replicates. Error bars represent standard deviation.
B – SW480 cells were transfected with pcDNA3.1/p65, pCMV-HA/Sp1 and
corresponding empty vectors. After 24 h, protein extracts were prepared
and analyzed by western blotting.

Discussion
Previous studies have shown that APRIL is abundantly
expressed in colorectal adenocarcinoma SW480 cells as well
as a promoting factor in various cancers such as solid tumors
and various lymphomas [1, 13]. Although the APRIL cDNA
was already cloned in 2000 [6] and its role in tumors has been
widely studied, little is known about the transcriptional activation and regulation of APRIL. In the present study, we have
cloned and characterized the promoter region of the human
APRIL gene.
Nucleotide sequence analysis of the 2003 bp fragment
(-1899/+103, relative to the ATG start codon) from 5’ﬂanking region of APRIL gene revealed that this region lacks
a canonical TATA box, but exhibited a high GC content and
CpG island density [14]. Transient transfection and luciferase
analysis of each promoter-luciferase construction displayed
either comparable or signiﬁcantly higher activity than the

Figure 6. Eﬀects of inhibitors on the APRIL promoter activity and protein
expression. A – SW480 cells were transfected with 4ug APRIL-538 and
incubated with the indicated concentrations of each drug for 24h. Results
are displayed as fold induction compared with the no drug treatment. All
data represent the mean of three replicates. Error bars represent standard
deviation. B – SW480 cells were incubated with either DMSO, Mithramycin
A or Bay11-7082 for 24h. Protein extracts were prepared and analyzed by
western blotting. B: Bay11-7082; M: Mithramycin A
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pGL3-control plasmid containing the SV40 promoter. It is
noteworthy that deletion from -1899 to -1539 signiﬁcantly
increased the activity of the APRIL promoter. However, further 538 bp deletion from -1539 to -1001 reduced the activity
of the APRIL promoter suggesting the 538 bp region might
contain key regulatory elements which can highly activate
transcription of APRIL gene. Thus TFSEARCH program was
used to predict transcription factor binding sites and revealed
that the 538 bp promoter region has two putative binding sites
for Sp1 (-1029 to -1038) and NF-kB (-1023 to -1032). Their
DNA-binding speciﬁcity was determined by EMSA.
Sp1 is a promoter-speciﬁc transcription factor [15]. It
binds DNA through three C2H2-type zinc ﬁngers located at
the C-terminal domain [16]. The promoter region of APRIL
is G/C rich and lacks TATA box which is in accordance with
that Sp1 plays a critical role in activation of transcription
of many TATA-less promoters by binding the GC-boxes
[17]. Sp1 is abundantly expressed in mammalian cells and
implicated in the growth and metastasis of many tumor
types including human colon adenocarcinoma cells [18-22].
Our study also showed that Sp1 can improve the activity of
APRIL promoter in colorectal cancer. APRIL may be yet
another Sp1 regulated protein relevant to the metastatic
biology of cancer.
Nuclear Factor-kB (NF-kB) is a ubiquitously encountered member of Rel family of transcription factors [23]. It
is a p50/p65 heterodimer widely involved in inﬂammatory
events and cancer development [24, 25]. NF-kB can initiate or
regulate gene transcription by binding the consensus sequence
“GGGRNNYYCC” (R = A/G, N = any nucleotide, Y = T/C)
located in the promoter region. The NF-kB family is composed
of NF-kB1 (p50/p105), NF-kB2 (p52/p100), p65 (RelA), RelB
and c-Rel. The p65 subunit of NF-kB is indispensable for gene
expression in response to TNF [26]. In our study, luciferase
activity of APRIL promoter was signiﬁcantly improved after
co-transfection of p65 NF-kB expression vector (pcDNA3.1/
p65) into SW480 cells. And inhibition experiments further
demonstrate that NF-kB serves an important role in regulating APRIL promoter activity. Previous study has shown that
APRIL activates the canonical NF-KB pathway via both BCMA
and TACI to stimulate proliferation and survival [27]. Thus,
we can demonstrate that NF-kB is a major transcription factor involved in transcriptional regulation of human APRIL
promoter.
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