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The typical miRNA and its nearby host gene are co-expressed by sharing the same promoter. We as-
sumed that miR-7b and its host gene FICT might use an identical promoter for their brain specific
gene expression. Sequence comparison of the genomic DNA of mouse miR-7b, human miR-7-3 and
their host genes by using the bioinformatic tools revealed high sequence homology and several puta-
tive transcription factor-binding sites on the promoter region. In order to probe the hypothesis we
used a luciferase vector system into which we cloned the 5 upstream conserved region of miR-7b
and FICT. The putative promoter region showed decreased luciferase activity, suggesting that the 5’
upstream of miR-7b and FICT contain a negative regulator for gene expression.
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Introduction

MicroRNAs  (miRNAs) are non-coding 21-23 nt
(nucleotide) RNA molecules that regulate the expression of
other genes by inhibiting translation of target mRNAs in ani-
mals and plants [1]. Unlike other small RNAs, miRNAs are
processed from larger precursors (pri-miRNA) that are tran-
scribed from non-protein-coding genes by RNA polymerase
II and then processed into precursors of miRNAs
(pre-miRNA) [8]. The pre-miRNAs form self-complementary
hairpin structures that are processed by a type III ribonu-
clease, Dicer, in animals [10].

Usually, intronic miRNAs are co-expressed with their
host gene by sharing the same promoter [2]. MiRNA miR-7b
and its host gene (FICT) are prominently expressed in the
hypothalamus and other brain areas [6]. Indeed, distribution
of both miR-7b and FICT suggest they share regulatory ele-
ments within the promoter region [6]. In addition, the hu-
man homologue of miR-7b (miR-7-3) and its host gene
PGSF1 also reveal brain-specific (including hypothalamus
and pituitary) gene expression patterns [2,4,6,12].

Although identification of the DNA elements and tran-
scription factors responsible for tissue- and cell-specific gene
expression in the nervous system are less clarified, an in-
creasing number of transcription factors and DNA elements

involved in neuron-specific gene regulation have been char-
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acterized [7,11]. Interestingly, many neural-specific genes
use negative regulatory mechanisms to drive their specific
expression in neural cells [9].

In this study, we investigated the promoter region of
miR-7b to elucidate brain tissue specific DNA elements. We
used luciferase reporter constructs containing regions of the
miR-7b 5 upstream region to test the promoter activity by
transient transfection into various cell lines. Here, we report
that the miR-7b promoter region that is homologous to hu-
man miR-7-3 contains negative regulatory sequences for

gene expression.

Materials and Methods

RNA isolation and gRT-PCR

Total RNA was isolated by mechanical disruption of in-
dicated tissues with QIAZOL reagent (Qiazen, Valencia, CA,
USA) following the manufacturer’s protocol. For FICT
gRT-PCR, ¢DNA was synthesized from an equivalent
amount of total RNA from each sample using Superscript
first strand synthesis system (Invitrogen, Carlsbad, CA,
USA). The following forward and reverse primers were used
FICT forward 5-ACGAAGAGACTAGGCTTCAGCA-3 and
FICT reverse 5-CCTGTACTCTGTGAGTTTGAAG-3; B
-actin forward 5-TTGCTGACAGGATGCAGAAG-3’ and re-
verse 5-CAGTCCGCCTAGAAGCATTT-3".

Real-time reactions were carried out using SYBR Green
PCR master mix (Applied Biosystems, Foster City, CA, USA)
using the ABI PRISM 7500 sequence detection system



(Applied Biosystems, Foster City, CA, USA). The following
conditions were used for q-PCR: 94C for 30 s, 60C for 30
s, and 72T for 30 s in 40 cycles. Relative expression levels
of mRNA were normalized to (B-actin and analyzed for stat-
istical significance.

miR-7b expression patterns were evaluated using TaqMan
MicroRNA Assays (Applied Biosystems, Foster City, CA,
USA). The assay includes two steps: generation of cDNA
by reverse transcription reaction and TaqMan real-time PCR
assay. In brief, miRNAs in the samples were converted into
cDNA using miR-7b specific stem-loop reverse transcription
primers. After cDNA conversion, the quantity of mature
miRNAs was evaluated using specific TagMan real-time
PCR primers and probes. Real-time PCR was done using
GeneAmp Fast PCR Master Mix (Applied Biosystems, Foster
City, CA, USA) and ABI 7500 real-time PCR machine. All
reactions were done in duplicate. Transcription level of U6

was used as endogenous control for analysis.

Bioinformatics

PGSF1 (GeneBank accession no. AB058893.2) and FICT
(GeneBank AK038632) mRNAs and their adjacent genomic
DNA sequences were obtained from the NCBI database
(http:/ /www.ncbinlm.nih.gov). Homology sequences were
compared using the web based software Multalin
(http:/ /multalin.toulouse.inra.fr/ multalin/ multalin.html)
[3]. Transcription factor biding sites were analyzed using the
web based software Consite (http://asp.ii.uib.no:8090/c-
gi-bin/ CONSITE/ consite/).

Generation of DNA constructs

The miR-7b and FICT 5 upstream (451 bp) region that
has homology with human counterpart PGSF1 was ampli-
fied by PCR using the primers 5-GGTACCGAGCTCAAA
AAGAAAACAAAAGCAGC-3 and 5-AGATCTCTCGAG
GGGCCITATCTGGAGCTTTG-3  from mouse genomic
DNA. The PCR product was purified and inserted into
pGEM-T Easy vector (Promega, Madison, WI, USA). After
confirmation of the sequences, the inserted product was
cloned into the pGL4.70[AR/ud (Promega, Madison, WI,
USA) basic luciferase expression vector resulting in
pGL4.70/FICT-promoter.

Cell culture and Luciferase assay
For the luciferase assay, we used four different cell lines
including GH3 (mouse pituitary cell line), NIH 3T3 (mouse

Journal of Life Science 2011, Vol. 21. No. 12 1785

fibroblasts), PC12 (rat neuronal pheochromocytoma cells)
and MCF7 (human breast cancer cell line). Cells were seeded
into 24-well culture plates at 1x10° cells/well in DMEM sup-
plemented with 10% fetal bovine serum. After 24 h, cells
were transfected with 1 pg of pGL4.7/FICT-promoter or
pGL4.70 empty vector (pGL4.7-Basic) by using lip-
ofectamin2000 (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s protocol. Luciferase activity was meas-
ured 48 h later with Renillaluciferase reporter system
(Promega, Madison, WI, USA) according to the manu-
facturer’s protocol. All experiments were performed in
triplicate.

Results and Discussion

The present results suggest that there are negative regu-
latory elements located in the promoter region of FICT and
miR-7b. We have confirmed expression of FICT and miR-7b
in the hypothalamus, cortex, liver and testis by real-time
PCR (Fig. 1). Expression of both genes in the hypothalamus
and cortex appeared greatly co-elevated compared to other
tissues, as expected. Analysis of the sequence revealed that
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Fig. 1. The symmetry correlation between miR-7b and FICT
gene expression in several tissues and high expression
profiling of miR-7b and FICT in the brain. FICT mRNA
expression levels were analyzed by real-time PCR and
B-action was used for reference gene expression.
Real-time PCR analysis of miR-7b in four tissues and
U6 was used for reference control gene. FICT and
miR-7b fold expression data were normalized to ex-
pression level of FICT and miR-7b in the liver,
respectively. Data show the means from three in-
dependent experiments (error bars indicate standard de-
viations).
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5 upstream genomic DNA region of miR-7b and its host
gene FICT have high homology with human miR-7-3 and
its host gene PGSF1 (Figs. 2A and B). miR-7b, miR-7, FICT,
and PGSF1 are brain specific genes, as shown by various
analyses including microarray, in sifu hybridization and
northern blot [4-6,12]. Interestingly, although the host tran-
scripts (both FICT and PGSF1) do not share homologous re-
gions with each other, the pre-miRNAs sequences of human
miR-7-3 and mouse miR-7b and their 5 upstream regions
are highly conserved (Fig. 2). This comparison led us to
think that the 5" conserved region might be the promoter
for the miRNA and its host gene. In order to probe this idea,
we cloned the 5 upstream region of mouse FICT gene into
a luciferase reporter vector. Then the construct was trans-

fected into various cell lines. Surprisingly, relative luciferase

activity (normalized to empty luciferase vector) was strongly
decreased in GH3, PC12 and MCF7 cell lines but did not
changed in NIH 3T3 cells (Fig. 3). This finding suggests that
the promoter region of miR-7b and FICT harbors tissue-spe-
cific negative cis elements. Several consensus sequences for
cis elements are conserved between human and mouse (Fig.
2B), suggesting they might have an important role in the
regulation of gene expression. The putative promoter region
of miR-7b and FICT does not alter promoter activity in fibro-
blasts (NIH 3T3), indicating the regulatory elements within
this region are not involved in miR-7b and FICT gene ex-
pression in this cell line. Although we have not yet identified
the transcription factors and their positive regulatory or tis-
sue-specific elements that make the FICT and miR-7b ex-

pression specific in the brain, we have identified the region
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Fig. 2. Sequence comparison of the genomic DNA of mouse miR-7b, human miR-7-3 and their host genes. (A) Schematic representation
of the genomic DNA of mouse miR-7b, human FICT genes. The size and relative positions of exons (purple boxes for FICT
and green boxes for PGSF1) are shown. 5" upstream homology region (blue boxes) and miRNA homology region (orange
boxes) are also shown. (B) The 5 upstream regions of mouse miR-7b and human 7-3 were aligned in upper blue box. In
the yellow box, precursor sequences of human miR-7-3 and mouse miR-7b were aligned. Nucleotides that are conserved
are indicated by red and underlined letters at consensus sequences. The sequences are numbered relative to the position
of the transcription start site, where negative numbers indicated sequences upstream of the start sites of human PGSF1 gene.
The transcription start site of mouse FICT has not been exactly identified. Those sequences that may be conserved transcription

factor binding sites are highlighted by gray shading.
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Fig. 3. Luciferase activity for the 5 upstream conserved region
of miR-7b. Luciferase activity was down-regulated in
GH3, PC12 and MCEF7 but not in NIH 3T3 cell lines by
the putative promoter region of the FICT. Luciferase ac-
tivity was normalized to empty luciferase vector activity.
Thus, y-axis shows the change of fold activity that nor-
malized to empty luciferase vector activity. Data show
the means from three independent transfections (error
bars indicate standard deviations).

=
aQ

that act as a negative regulatory region in certain cell types.
One possibility is that tissue-specific miR-7b and FICT gene
expression may result form the lack of specific activator as
well as the presence of specific repressors in the cell lines
we tested. Evolutionary well-conserved miRNA precursor
sequences and their promoter regions confirm that the
miRNA genes have crucial roles in regulating gene
expression. Identification and analysis of miRNA gene pro-

moters will open a new era of miRNA gene understanding.
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