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ABSTRACT

Osteoclast inhibitory lectin (OCIL) is a novel regulator of bone remodeling, however, little is known concerning how OCIL is regulated to date.
In this study, approximately 4.4 kb of the 5'-flanking sequence of rat OCIL gene was cloned into the promoter-less reporter vector pGL3-basic
and transiently transfected into three different cell lines. The differences in the levels of luciferase activity paralleled well with the levels of
OCIL mRNA expression in these cells, suggesting that the regulation of rat OCIL gene expression occurs mainly at the transcriptional level.
Additional luciferase assays using a series of constructs containing unidirectionally deleted fragments showed that the construct-1819/pGL3
(—1819 to +118) exhibited the highest luciferase activity, suggesting the presence of functional promoter in this region. The region from
—4370 to —2805 might contain negative regulatory elements, while the region from —1819 to —1336 might have important positive
regulatory elements that enhance OCIL transcription. Sequence analysis of the promoter revealed the absence of both TATA and CAAT boxes.
However, in the proximal promoter region (—81 to +118), several potential transcription factor binding sites that may be responsible for the
basal transcriptional activity of rat OCIL promoter were observed. The promoter contains several potential Spl binding sites, and
cotransfection of a shRNA expression plasmid that knockdowns Sp1 significantly reduced OCIL promoter activity and endogenous gene
expression and moreover, overexpressing Sp7, a Sp1 family member that also binds to Sp1 binding sequence, increased OCIL promoter
activity and gene expression, suggesting a role of Sp1 family proteins in regulation of OCIL transcription. J. Cell. Biochem. 106: 599-607,
2009. © 2009 Wiley-Liss, Inc.
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B one remodeling results from the coordinate activities of
osteoblasts and osteoclasts. An imbalance in the bone
remodeling process results in metabolic bone diseases such as
osteoporosis or osteopetrosis [Suda et al., 1997]. The osteoblasts and
osteoclasts are regulated by different hormones and by locally
produced growth factors, cytokines, and prostaglandins. Also, the
two cell types regulate each other by cell-cell interaction mediated
by receptor activator of NF-«kB ligand (RANKL) on the osteoblasts
and receptor activator of NF-kB (RANK) on the osteoclast surface
[Lacey et al., 1998; Nakagawa et al., 1998]. Osteoprotegerin (OPG),
the decoy receptor of RANKL, is critical for its ability to bind RANKL
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and inhibit osteoclast formation [Lacey et al., 1998]. Up to date, the
essential role of OPG/RANKL/RANK system in the process of
osteoclast maturation as well as activation has been well established,
and the majority of other bone resorption regulators regulate
osteoclast formation and activation through their effects on this
system.

Recently, some protein inhibitors of osteoclast formation have
been discovered that might act independently of the RANKL/RANK
signaling pathway [Horwood et al., 1998, 2001; Choi et al., 1999].
Among these is osteoclast inhibitory lectin (OCIL). Up to date, the
OCIL ¢DNA of human, mouse and rat have been identified [Zhou
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et al., 2001, 2002; Hu et al., 2004], and structurally they belong to
type II transmembrane molecules with a C-type lectin extracellular
domain. Similar to RANKL, OCIL is highly expressed in osteoblasts,
chondrocytes, and other extraskeletal tissues such as kidney, liver,
gut, heart, and skeletal muscle. OCIL dose-dependently inhibited
multinucleate osteoclast formation from adherent murine spleen
cells treated with RANKL and M-CSF. Such an effect relies on the
predominant action of OCIL to inhibit the proliferation of mono-
nuclear osteoclast precursors [Zhou et al., 2001, 2002]. These
evidences strongly suggested that OCIL might have an action to
oppose RANKL in the control of osteoclastogenesis. Furthermore,
the latest data showed that OCIL inhibits osteoblast differentiation
and function in vitro [Nakamura et al.,, 2007], highlighting a
complicated but crucial role, played by OCIL in bone remodeling
process. A variety of osteotropic factors in osteoblastic cells,
including retinoic acid, 1,25-dihydroxyvitamin D5, prostaglandin
E,, parathyroid hormone, parathyroid hormone-related protein,
interleukin-1a, and interleukin-11, upregulate OCIL mRNA expres-
sion in osteoblast-like cells [Zhou et al., 2001; Zheng et al., 2009].

The way OCIL is regulated by these factors should profoundly
influence bone remodeling. However, little information is available
to date concerning how the expression of this gene is controlled in
osteoblast-like cells. This is mainly due to the lack of information on
transcriptional regulation of the OCIL gene. Thus, characterization
of promoter sequences and identification of cis-elements and trans-
acting factors that regulate the OCIL gene transcription may greatly
contribute to understanding of molecular mechanisms of OCIL
regulation. As a first step toward the better understanding of
molecular mechanisms of the OCIL gene expression, we cloned the
5'-flanking sequence of rat OCIL gene and identified the regulatory
region essential for transcriptional activation in osteoblast-like
cells.

CELL CULTURE AND REVERSE TRANSCRIPTION-POLYMERASE
CHAIN REACTION

Rat UMR 106 osteoblast-like cells and rat C6 glioma cells were grown
in Dulbecco’s modified Eagle’s medium (DMEM) (Hyclone)
supplemented with 10% fetal calf serum (GIBCOL BRL), 100 g/
ml penicillin, and 100 U/ml of streptomycin. Both cultures were
maintained at 37°C in a humidified 5% CO,-containing atmosphere.

Primary osteoblastic cell cultures were prepared from calvaria of
day 4 neonatal Wistar rats. Briefly, the calvaria were digested with a
mixture of trypsin and collagenase for five 10-min intervals. The
cells from digestions 3-5 were harvested and cultured in T-25
flasks in complete « MEM medium containing 10% fetal calf serum,
L-ascorbate (100 pg/ml), and antibiotics.

Total RNA was extracted from the cell cultures with TRIZOL
(Invitrogen) and then converted to cDNA using M-MLV Reverse
Transcriptase (Promega). PCR reactions were performed for 32
(OCIL) or 25 (B-actin) cycles of denaturation at 94°C for 30 s, primer
annealing at 58°C for 30 s, and extension at 72°C for 45 s. The
primers for OCIL were 5'-CTGAGTATAACAACTCGGTTTC-3’ (sense)
and 5-GTGTTCCTCATGACTGTTAG-3’ (antisense), yielding a
190 bp fragment. The primers for the internal control gene

B-actin were 5-GAACCCTAAGGCCAACCGTG-3' (sense) and
5'-AGGCATACAGGGACAACACAGC-3’' (antisense), yielding a
104 bp fragment. The amplified products were run on a 1.5%
agarose gel.

RAT GENOME DNA ISOLATION, COMPUTER ASSISTANT ANALYSIS,
AND CLONING OF 5’-FLANKING REGION OF OCIL GENE

Genome DNA was isolated from the brain tissue of a Wistar rat using
a DNA extraction kit (TaKaRa), and was dissolved in water.

The full-length rat OCIL cDNA sequence (accession number: AF
321552) was identified by Zhou et al. [2001], and in that study the 5’
ends of the cDNA and the transcription initiation site were
determined by 5’ RACE strategy. Based on the DNA sequence (ID
113937) of rat OCIL, a pair of specific PCR primers were designed to
amplify a 4488 bp DNA fragment containing 118 bp of exon 1 and
4370 bp of 5'-flanking region of rat OCIL gene. The primers used are
5'-TAGTACTCCTAACACTTCTTGGGACTG-3’ (sense) and 5-AAGC-
TTGACAGACCACAGCTGCTAC-3' (antisense). The underlined
HindlIll sequence is to be used for cloning. The PCR amplification
was run using the high-fidelity LA Taq DNA polymerase (TaKaRa) in
a Perkin Elmer 9600 thermocycler programmed for an initial
denaturation step of 3 min at 95°C followed by 30 cycles of
denaturation at 94°C for 30 s, annealing at 60°C for 30 s, and
extension at 72°C for 3 min. The PCR product was gel purified and
subsequently cloned using PCR cloning vector pTA2 (TOYOBO,
Japan), and the resulting recombinant plasmid, termed —4370/
pTA2, was sequenced to confirm the presence of the desired
sequence.

Homology searches were performed using BLAST (Basic Local
Alignment Search Tool) from the National Centre for Biotechnology
Information at http://www.ncbi.nlm.nih.gov. The promoter
sequence was analyzed by using the Transcription Element Search
System (TESS of the Computational Biology and Informatics
Laboratory, School of Medicine, http://agave.humgen.upenn.edu/
tess/index.html) with a 6-bp minimum element size limit, a 5%
mismatch allowance, a minimum log-likelihood of homology of 10,
and a secondary log-likelihood density threshold of 1.6. Further
analysis and prediction of transcription factor binding sites was
performed with TFSEARCH (http://pdap1.trc.rwep.or.jp/research/
db/TFSEARCH. html).

ESTABLISHMENT OF LUCIFERASE REPORTER GENE CONSTRUCTS

Since there exists an EcoRV recognition sequence within the
multiple cloning sites of pTA2 vector, the recombinant plasmid
—4370/pTA2 was digested using EcoRV and HindIIl. The released
fragment was cloned into the promoter- and enhancer-less
luciferase reporter vector pGL3-basic (Promega) at the sites of
Smal and Hindlll, and thus located upstream of the firefly luciferase
coding sequence. Then, using —4370/pTA2 as the template, various
lengths of DNA fragments upstream of the initiating ATG codon
were PCR amplified in the presence of high-fidelity Primestar DNA
polymerase (TaKaRa). The primers used are summarized in Table L. It
is noteworthy that the common antisense primer contains a HindIII
site at the 5’ end. The amplified fragments were digested with HindIII
enzyme, and inserted into pGL3-basic at Smal and Hindlll sites.
The name of each reporter construct was assigned according to the
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TABLE 1. Primer Sequences of PCRs for 5'-Flanking Fragments of
OCIL

Name of DNA sequence

fragment (from 5’ to 3') Position
Rocil-2805 GATAACAATACCAGGCTGTA —2805 to —2786
Rocil-1819 CGACTTGCCAGTTCTCAT —1819 to —1811
Rocil-1336 GGGGTAGGAATGTATTTTTCT —1336 to —1316
Rocil-721 ATTCTCCCTCTTCCTTAGGA —721 to —702
Rocil-400 TTCCTGTATGTCTGTGTGC —400 to —382
Rocil-168 TTCCCAATTATTGCTAG —168 to —152
Rocil-81 ATGGTTGGAAACACTGTT —81 to —64
Rocil-22 CATGTCTCCCTTGAATCCT —22to =3
Rocil-+37 ATCCTCCCCCACTCCTCTCC +37 to +56
Antisense primer AAGCTTGACAGACCACAGCTGCTAC +99 to +118

The underlined letters represent the HindIII site.

5'-end nucleotide number of the inserted promoter sequence,
upstream or downstream of transcription start site.

TRANSIENT TRANSFECTIONS AND LUCIFERASE ASSAYS
Exponentially growing cells were used for transfection assays.
Twenty-four hours after plating on 24-well plates, the cells at
50-70% confluence were transfected using lipofectAMINE 2000
reagent. For each transfection, 0.8 pg of each promoter construct
and 2 pl lipofectAMINE 2000 reagent were used. 0.1 pg of the pSV-
B-galactosidase (Promega) vector was cotransfected into cells to
normalize the variations in transfection efficiency. The promoter-
and enhancer-less pGL3-basic vector was used as negative control.
Cells were harvested 48 h after transfection and luciferase activity
was determined using the Luciferase Assay System (Promega).
Meanwhile, B-galactosidase activity was assayed by using
B-Galactosidase Enzyme Assay System (Promega). We normalized
variations in transfection efficiency by dividing the measurement of
the luciferase activity by that of the B-galactosidase activity. The
relative luciferase activity was then calculated by dividing the
normalized luciferase activity by that obtained with the parent
pGL3-basic vector. All of the data shown in this study were obtained
from at least three independent experiments.

RNA INTERFERENCE

shRNA construct that targets Sp1l gene was constructed using a
previously described protocol [Li et al., 2008]. The insert sequence
was as follows: 5'-GATCCGTGAGAACAGCAACAACTCCTTCAAGA-
GAGGAGTTGTTGCTGTTCTCATTTTTTGGAAA-3’, where the under-
lined part indicates the sense strand of the target sequence. The
insert was cloned into the shRNA expression vector pSilencer 3.1-H1
neo at the sites of BamHI and Hindlll. To examine whether the
construct knockdowns Sp1 and affects OCIL expression, UMR106
was transfected with 0.8 g of the construct, or the negative control
vector. Forty-eight hours after the transfection, total RNA was
isolated from these cells and reverse transcribed. Sp1 mRNA level
was examined to confirm the correct knockdown of Sp1 using PCR
that was performed for 30 cycles of denaturation at 94°C for 30 s,
primer annealing at 56°C for 30 s, and extension at 72°C for 30 s. The
primers used were 5'-GAATGCTGCTCAACTGTCCTC-3’ (sense) and
5'-TCTCCACCTGCTGTCTCATC-3’ (antisense). OCIL mRNA level was
examined by PCR using above described protocol. To examine

whether the construct affects the OCIL promoter activity, 0.6 g of
this construct or the negative control vector pSilencer 3.1-H1 neo,
was cotransfected with —1819/pGL3 (0.6 wg/well) into UMR106
cells. Cells were harvested 48 h after transfection and luciferase
activity was examined and normalized to the amount of protein in
the cell layer.

GENE OVEREXPRESSION

The expression construct harboring the full-length Sp7 open
reading frame and a Kozak sequence before the initiating
methionine was established previously in our lab by Dr. Peng-
Cheng Xu (Division of Nephrology, Tianjin Medical University
Hospital). To examine whether the construct overexpresses Sp7
(named pcDNA3/Sp7) and affects OCIL expression, UMR106 was
transfected with 0.8 ng of the construct, or the empty vector
pcDNAS3. The cells stably expressing the plasmids were used for RT-
PCR analysis of Sp7 and OCIL expression. The PCR amplification for
Sp7 was performed for 32 cycles of denaturation at 94°C for 30 s,
primer annealing at 56°C for 30 s, and extension at 72°C for 45 s
using the primers 5-ATGGCGTCCTCTCTGCTTG-3’ (sense) and
5'-TACCAGGAGCCGTAGGGATG-3’ (antisense). To
whether the construct affects the OCIL promoter activity, 0.6 ng
of this construct or the empty vector pcDNA3, was cotransfected
with —1819/pGL3 (0.6 wg/well) into UMR106 cells. Cells were
harvested 48 h after transfection and luciferase activity was

examine

determined.

STATISTICAL ANALYSIS

Statistical analysis was performed by ““#” test or one-way analysis of
variance (ANOVA) and Student-Newman-Keuls test when ANOVA
demonstrated significances. A P-value of <0.05 was regarded as
significant.

CLONING AND COMPUTER ANALYSIS OF RAT OCIL PROMOTER
The complete cDNA sequence of rat OCIL gene was identified by
Zhou et al. [2001], and in their study, the transcriptional initiation
site for rat OCIL was mapped with 5" RACE strategy. Their results
demonstrated that the full-length cDNA sequence of rat OCIL gene is
1628 bp, which encodes a protein of 233 amino acids, and the
translation start codon is at the position of nt +186 (Fig. 1).

In the present study, we wished to clone and characterize the OCIL
gene promoter. Genome DNA was isolated from rat brain tissues
using standard methods. And then, we successfully amplified a 4488
bp DNA fragment containing 118 bp of exon 1 and 4370 bp of the 5’
flanking region of rat OCIL. Sequence analysis of the cloned PCR
product revealed that this sequence had complete homology with
the expected 5'-flanking DNA sequence of rat OCIL gene.

We then analyzed the DNA sequence using the TFSEARCH and
Transcription Element Search System (TESS). The results showed
that the proximal 5'-flanking region of rat OCIL gene is relatively
GC-rich (54% in the region from —81 to +37) and lacks basal
elements such as a TATA box, a CAAT box, or an initiator sequence
[Javahery et al., 1994]. However, a number of potential transcription
factor binding sites proximal to the transcription start site were
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=4370 TAGTACTCCT AACACTTCTT GGGACTGTGC CTCAGGGATC ACAATCTATA TAAGTTTAAA AGTTCTAAAA GACCTTGETE TATAGGTTCA
—4280 GATAGTGTCC AGATTAAMAT CCTGATGCTA AAGACTTAAT AAGACACAAA AGAGAGTTAA AAATTATTTA AGGCTATCTA GGTGCTACAA GGACAACACA
—4180 AGGACATCTA CTGTTGCCCT ACAATACAAG GLUTTATAGAG AATTCAGAAC TGCCATTGAC TCAGATATAA AAAAAATAAR AAAGACTTTT TAGCTAGCCT
—4080 CCAMAGAACAC CTAACCTCCG TCTCAGAGGT AGTCCTTCAA AATAAGAGAA GATTAGACCT GATATTCCTT AAAGAAAGAG TCTGTGTGCT ACACTAARMA

DeltaEF1 GATA-1
—30980 AAATGITGTT TCTATACAGA TCAGACAGAA ATAATAAGAG ATACAGACTT TCAGTCATTC AAACTTTTGT GCTGAGACAA CAGTATCAGA TGGTGAAAGA
AREB-6 Oet-1

—3BB0 ACAAGAAACA GAGGTACCTT AACCAAGTTG AGTGGAAGAT TCCACTCAAG GACAAAMAAGA AAATGGGGGA ATGAAMGACC CCCTCCCAGA AAGGGAATTG
—3780 TACAAGCCCA AGGCCCTCAA CTATAAAAAT AAAMAATAAG TTTTTAGATA TGTGGGACAA GCTGACCCAT CATTTAGACG AAACAGACCA GAAAAGAAMR
AP-1 SRY
—3680 CAMAATGUAG AAACCAGACT AAATTATGGA CACTGCTCCA TGGGCCACCT GGUAAGAAAA AAAAAAGTCC GTGACGCCCC GGAAGCCCTG ACCACCATGT
Y1 DeltaEF1 ELEK-1 Yl

-3580 AE*[TTTTGET AACTCACTGT TATGATTATA GCCAAAATAG GTAACATACA CGTATGCOTC ATTTACTCCA CCAATCACAT CCCTGTAACT ATACATCTGC
=3480 TTCTATAAGG CTGCTTCTGE TCOTCAATGE CCTATAAAAA CCCGTCCCTG GTTCTGCTAG GCGOGCCAGT CTTCCGAATT GACTGAGACA CCCACAGATA
=3380 CCTGTGTATC CTGATCAATA AAAATCCTCT TACAGATTAC AGCCTGTGGA CTCGGTCTGG TCATTGGGCT TGAGGATCTC CCTCCTGAGG GAAGATTCTC
-3280 TCTGAGAGTG TTACACTAGC AACCCAGTCG CATTATTACT CTGATCTGAG AACGGCCATC GATATTGACA CCCAGAGAAT TGAAGACTCC ATCTCTCAGC
DeltaEF1

—3180 TACAGGAATG AGTACCTTCC TTAGCAGAGG TGGTTCTCCA AAATAAAAGA GGCOTAGATG TACTATTTTT TACAACAAGE AGGGCTATGE GCAGCACTAG
=3080 GAGAATGTTG CTTCTACATA AATCATTCAG GAGTAGTAAG AGATAATATG GCCAAAATTC GGAAATTGCT AGCCAAGGGA AACAGAGAAA GAGAGGTGAC
=2880 AAMGAGTTGE TTCGAATCAT GETTTAATTC CTOCCCATGE GTGACTACCC TGGTTTCTAC CCTGATGGAA COTTTAATTG TGTTGCTTTT GOTTTTCACT

C/EBP AP-1 AREB& GATA 1 {(Imox2 complex)
=~2B80 TTCGGACTCT GCATTCTAAA TTGCCTTATA TCTCTTGTTG AAGACTGCAT TAATACAGTG CAAGTAATGGE TGCTCAGATA ACAATACCAG GCTGTATGGC
—2780 CAAGGAATCC GGATGATTTC ATGATTGAAA CACTAACAAG GAAAAACGGE GAAATGTGAG AGCTAGTACT TTTCCACCAG CGGGAGACAG CCCTTCCCAT
—2680 ACAGGAGGAA GTGCACCAAC CTCAGACAAT CCCTCTCATT CAGGATGGAG TGCAGCAATC CTGTCTGGGG CAGTTCCCAG AGGTCGCCAG GAGCCCAGTC
&pl
=2580 CTCACAGCAG GCTTGTCTCA CCATTATCTA AAGGAATGCA TTTCCTTTAG ATGTATAAAA CTGTACTTTA TGTATTGTTC AGGGTCACCT CTCCTCTAGA
=2480 GGCCGGCAGA CCCCAACTTG CTAGAATAAT ACTAATCCTC ATGCTATTGC ATTGGTCTCT GGTCTCACGT CTCATTCACG GAGTCTCCTG GAAATTAAGA
=2380 CTCAGGTCAA ATCTTACCTA CTGACCCGGG TAACACAATG GAATACTCAG AGGAAGGTCT GAGGGAGCTG AAGGGTTTTG CCACCCCATA GAAAGAACAA
2280 ACTAACTGGA GGCCCACATC CCTTGAGACC ATAGGGAATA AACCCCAGAC CAAAGAGTAT ACATGAGTGG GTCTATGGCT CCAGTTATGT ATGTAGGCAA
—2180 GGATGGCCTT ATCCTGCATC AGTGGGAGGG GATACAATTT GTCCTGTGGA GGCTGGATGT TCTAGCATCC AGGTGGATGC TAGAGGTGTG AGGCAGGAGT
GATA-2 MZF-1 {GATA-1)
-2080 GGGTAGHTGG CTGGGGAAGA ACCCTCTTAT AGGCAAAGGT GGTGGTGGCG GCTCGAGATG AGTGGTTTGT AGGAGACCAG GAATGGGGAC ATCTGAAATG
—1980 TARATATATA AAATAATTAA TAATATAAAA AAGAAATTGT TGACAGTGGT AAAGTTTTGS TGAGGCAAAA AGTAAGGAGA TATGCATAGT AGAAAAAGGT
Oet-1 C/EBP
—1880 TGAGTGATTT TCTGAAGTGA ATAGTTATTT TTGACTGGTG TGCAATGTCA CAGCTGAGTG GTCGACTTGC CAGTTCTCAT GTACAAGGCT CTGAGTATGA
GATA-1 AP-4 GATA-1
—1780 ]_EEJEIGGCM CACACAGAAT AAAAATGCCT TTGGACCGTC GAAACCGGAM ACATTTCTCA GTACTATTTA TTTCCTTTAC AGRATAGCAT GCTTTTCCGT
AREB6(ELK-1}
—1680 CATTGATCCG GUCCCCTATT TTCATTTATG GAGCCCGTGH TCAGATCTAG GTAGGAGOCC AATCACAGGT CAGCTGGTTT AAAACTCCAC CCACAGGATC
Spl NF-Y AP-4
=1580 TCAGGCTGTT COGGTGTTTT CATTCATCAG AGGCTCATTG CTTCAGCAAG AAGAAGGTGC AGATCCTCCC TCOCCAGATT GCTTGGAAAC AGGAGAAAAC
C/EBP GATA-1 CT BOX(Spl) NF-AT
=1480 CGTATGTATT TAATGAAATG TAAACTAAAC TAAATGGAGA GAAGGGAGTT TCATGAAAGG AGCTGAACCT TACTCCTGTT AGCCTGCCAC CTTGGGTTTT
Ogt-1 AREBo
—1380 ATAGATGGGT GGTGGOTGTG GTGGGTGHEGE TGHGGAGOTC TGCAGHGGGET AGGAATGTAT TTTTCTAGTA TGGTCTTTCT TACTTAAATA TGTTTGGGGG
apl
=1280 AAGTGCAACG AACAGCAAAC TTGTTGTATC CTCTTCCCAG GCATCTGEAA TTTGCACTCG ATTAACTTTC AGAAAGTGCT ATAAACTTGC ACCCTAGAAG
=1180 CAGTGAGGCT GGGATTTACG GTAATCAATA ACTGTAATTA AAGTACAGCA GCCATGAGGG CAGTGGCACT TGTTGTAAAG TGTTAAGTTT GAAATCTTCA
Spl

Fig. 1. Structural analysis of the rat OCIL 5'-flanking region. Potential binding sites for transcription factors are underlined and designated. The transcription start site is
indicated by the first letter in the sequence in bold and black. The ATG codon that initiates translation is at the end of the sequence. The numbers of nucleotides upstream of
transcription start site (+1) are shown on the left of the sequence.

602 PROMOTER ANALYSIS OF RAT OCIL GENE JOURNAL OF CELLULAR BIOCHEMISTRY



—1080 TCTTCTTCAT CATCATCATC ACCATCGTTG TCATTGTCTA ACCAATACCA CCACCTCACC CCAACCCCCT TCCTGOCAGG CTTACTCATT COCTTAGAAT
NF-Y AREBé&({DeltakEF1)
—980 CTCCOTTOCA GAATGACTGA ATTTTACACT GGOTTGATGE COTGCCCACA TACTTGATTC TGAAATCCCT GOTATTGCAD AAGAAAAGGE COCTTTTGGG
AP-1 C/EBP

=880 TAGGTTTCCA GATTCCTGGA GGACTGGATG ACCTTGAATG GGCTCAGGCA CATTCTTOCA COCAGUCCAC ACATAMAGTG CCCCTOCTCD ARACCTTCCT

=T8O TTTCAGATTC CCACAGCAGG GGATGTATTC CCCCTTCCCC AAACTTCTAA GOTGTCAGAA ATTCTCCCTC TTCCTTAGGA CTCTGGTATG TGGTATAGTC

=G80 TTTCTGGCCT TARATAACAC TTGTGGCCTC AGGGAACAAT TTTGGTOCTA GTGTTGGEATA TTGTATCCCA GGTGTTTTTC TGTAGGGTGE GGCTGTGAGA

spl

=580 TTTATGCOAD CTGCAAAACC ATCTACAGTT TTAGTTCATA ATAAATAATG AGAACAGGAC ATTGAAGATT TCTACTTAAA ACTGCATCCT CTCCATTTTG
YY1 Oct-1 c-myh

=480 AAABRAAAATA TATTTTATTC TTTAACTCTC TTCCCCTTTA ATTAAAARAA ARACAATTTT TTAAAATTTG TATGGGTGCT TTTCCTGTAT GTCTGTGTGO

SRY MWF-AT

=380 AATACGTGCA TGGCTGGTTT CCACAGAGGT GAGAAGAAGS TATTGAATCC CCTGGAAGCA GACTTAGACA ATTGTGAGCC ACCATGTGAG TGYTGGAAAT

=280 GAACTAAGTG TCTTTCTACA AGGGCAGTAA GTGCCTTCCA CTGCTCAGCC  ATGATTCCAC CGCCACCATA ATATTGTTTA GGAATAAAAT AGCGAATTTC
Spl Spl Spl

=180 TTGAAGCACA GAGTTCCCAA TTATTGCTAG ATCCAGGGCC TAGTGTCAGC COTAGGATCT CAGGCCAAGC TCCTCCAGAC TéGGCﬁGCGT ACCTGCTGTG

-80 ATGGTTGAAA ACACTGTTCT GGGAGGTAGE GBACAAGCTG AAGEGGAGEE AGATCTAACE ATGTCTCOCT TGAATCCTAG  GGCCCTACTA AATGCCATCC
NF-AT Spl MZF-1 Spl GATA-l +1

+20 AGTGCACACT TACAGGATCC TCCCOCCACTC CTCTCCAGGA CCCTTACACA GAATGAAGRA CAGACCTCCT TGAGGCAGAG TAGCAGCTGT GGTCTGTCTG

AREBE&

AP-4

+120 CTGCCTCTGC CTCTGAGTCA TTGTCAGGTT CCACAGAGTC AAGAATTCCT CACAGGACGT M‘IC@WG

AP-1

Fig. 1. (Continued)

predicted, including Sp1 at position —37 and —60, MZF1 at position
—41, GATA-1 at position —32, and NF-AT at position —78. In
addition, an AP1, AP4, and an AREB6 potential binding sites were
observed immediately downstream of the transcription start site

(Fig. 1).

CONSTRUCTION OF PLASMIDS AND FUNCTIONAL
CHARACTERIZATION OF THE 5’-FLANKING REGION

To examine the transcriptional activity of the rat OCIL gene
promoter, we first inserted the 4488-bp fragment (—4370 to +118)
upstream of the firefly luciferase gene in the pGL3-basic vector. The
resultant plasmid —4370/pGL3 was transiently transfected into
three endogenous OCIL mRNA-expressing cells, that is, UMR106
osteoblast-like cells, primary calvarial osteoblastic cells, and C6
glioma cells. The firefly luciferase activity obtained was normalized
to the B-galactosidase activity and compared with that from the
pGL3-basic vector. The —4370/pGL3 showed significant highest
activity in UMR106 cells, that is, 32-fold greater than the baseline
activity of the pGL3-basic vector. In primary osteoblastic cells and
C6 cells, the vector —4370/pGL3 exhibited significant activity as
well, that is, 16- and 18-fold, respectively greater than pGL3-basic
vector (Fig. 2). The differences of luciferase activity were
comparable with the levels of OCIL mRNA in the three cells as
shown in Figure 3, where UMR106 exhibited a higher mRNA level
than the other two cells, making our results convincing.

To further determine the elements responsible for the rat OCIL
promoter, we next made a series of luciferase constructs containing
unidirectionally deleted fragments from the —4370/pGL3 (Fig. 4).
All deletion derivatives were obtained by PCR amplification of
5’ deletion fragments of OCIL followed by inserting the PCR products

into the pGL3-basic vector. The various constructs were transiently
transfected into UMR 106 cells and luciferase activity was measured.
The results showed that the deletion from nt —4370 to —2805
(—2805/pGL3) markedly increased the luciferase activity to 153-fold
higher than that of the pGL3-basic. Further deletion to nt —1819
(—1819/pGL3) showed the highest activity, which was approxi-
mately 184-fold higher than the activity of the pGL3-basic,
suggesting that the core promoter is present in this region

-
o

Relative luciferase activity

o

0

UMR106 primary
osteoblast

Fig. 2. Relative luciferase activity of the —4370/pGL3 construct. The
luciferase reporter —4370/pGL3 was transiently transfected into rat
UMR106 osteoblast like cells, primary osteoblastic cells, or C6 glioma cells.
The pGL3-basic plasmid was used as negative control. Cells were harvested 48 h
after transfection and luciferase activity was measured. Relative luciferase
activity of the construct was calculated as described in Materials and Methods
Section. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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Fig. 3. OCIL mRNA expression levels in three different cells. OCIL mRNA
expression in UMR106 osteoblast-like cells, primary calvarial osteoblastic cells,
and C6 glioma cells was analyzed by using RT-PCR. The photograph of the PCR
analysis from a representative experiment is shown.

(—1819 to +118), and that the sequence between —4370 and —2805
might contain negative elements that suppress the promoter
activity. However, further deletion to nt —1336 (—1336/pGL3)
significantly reduced the promoter activity to only 5.3-fold greater
than that of pGL3-basic, suggesting the presence of major positive
elements in the region (—1819 to —1336) that enhance the basal
promoter activity. Among the shortest constructs, —721/pGL3 had
an 11.9-fold higher activity, —400/pGL3 (—400 to +118) a 6.1-fold,
—168/pGL3 (—168 to +118) an 11.2-fold, and —81/pGL3 (—81 to
118) an 11.8-fold higher activity than pGL3-basic, while —22/pGL3
(—22 to +118) and +37/pGL3 (+37 to +118) produced similar
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Fig. 4. Deletion analysis of the rat OCIL promoter. A: Schematic view of rat
OCIL promoter luciferase reporter constructs; black columns represent the
position and extent of genomic DNA attached to the pGL3-basic reporter gene.
All 5" deletion constructs were named as shown on the left. B: Various 5’
deletion constructs were transiently transfected into rat UMR106 cells, and
cells were harvested 48 h after transfection and luciferase activity was
measured.

activity to that of pGL3-basic vector. These data suggest that the
sequence between —81 and —22 might contain regulatory elements
that contribute to the basal transcriptional activity of the OCIL gene,
thus the region from —81 to +118 could be referred as the proximal
promoter.

SP1 AND SP7 ACTIVATE THE OCIL PROMOTER AND INDUCE
ENDOGENOUS OCIL EXPRESSION IN UMR106 CELLS

Sp1l shRNA construct and Sp7 overexpression construct were
established and confirmed to be capable of functioning properly in
the UMR106 cells. While Sp1 shRNA construct dramatically reduced
Sp1level, Sp7 overexpression construct potently increased Sp7 level
(data not shown). To investigate whether Sp1 family members can
transactivate the OCIL promoter, Sp1 shRNA construct and Sp7
overexpression construct were cotransfected, respectively with the
—1819/pGL3 promoter reporter construct into UMR106 cells.
Knockdown of Sp1 potently reduced —1819/pGL3 promoter activity
by about 40%, as compared to the negative control transfected cells
(Fig. 5). On the other hand, Sp7 overexpression induced —1819/
pGL3 promoter activity by 1.9-fold, as compared to the empty vector
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Fig. 5. Sp1 regulation of rat OCIL transcription. A: Sp1 shRNA construct, or
the control siRNA vector pSilencer 3.1-H1 neo was cotransfected with the
reporter plasmid —1900/pGL3, or the parent vector pGL3-basic, and luciferase
assays were performed using UMR106 cells. Luciferase activity relative to that
of the control siRNA plus pGL3-basic transfection was described as fold
induction of transcription. * Significant versus control siRNA plus —1900/
pGL3 transfection, P<0.05. B: UMR106 was transfected with Sp1 shRNA
construct, or the negative control vector. OCIL mRNA expression was analyzed
by using RT-PCR. The photograph of the PCR analysis from a representative
experiment is shown. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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Fig. 6. Sp7 regulation of rat OCIL transcription. A: Sp7 overexpression
construct was cotransfected with the reporter plasmid —1900/pGL3, and
luciferase assays were performed using UMR106 cells. As effector control,
the empty plasmid pcDNA3 was used. Luciferase activity relative to that of the
control was described as fold induction of transcription. * Significant versus
pcDNA3 transfection, P < 0.05. B: UMR106 was transfected with Sp7 over-
expression vector, or the empty vector pcDNA3. OCIL mRNA expression was
analyzed by using RT-PCR. The photograph of the PCR analysis from a
representative experiment is shown. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]

pcDNAS3 transfected cells (Fig. 6). Furthermore, we found that Sp1
knockdown significantly reduced the endogenous mRNA levels of
OCIL (by about 50%) (Fig. 5), whereas, Sp7 overexpression
significantly increased the endogenous mRNA levels of OCIL in
UMR106 cells (by about twofold) (Fig. 6). These results indicate that
Sp1 and Sp7 transcription factors might upregulate the OCIL gene
through Sp1 binding sites in the promoter region.

Despite the important role OCIL plays in the process of bone
remodeling, little is known about the transcriptional regulation of
OCIL gene. Investigation of the molecular mechanisms underlying
OCIL gene expression could lead to a better understanding of OCIL
function. The cloning and characterization of the OCIL gene
promoter in this study is an essential step toward this goal. We
isolated and identified 4370 bp of the 5’-flanking region of the rat
OCIL gene (Fig. 1). Our luciferase assays using three different cells
that differ in the levels of OCIL expression revealed that this cloned
5'-flanking sequence had definite transcriptional activity, and the
differences of the activity in these three cells paralleled quite well
with their mRNA expression levels. The data also suggest that the
regulation of OCIL gene expression occurs mainly at the transcrip-
tional level. Thus, identification of the cis-elements that regulate the

OCIL gene transcription is important for understanding the
regulation of this gene.

In general, the core promoters of mammalian protein-coding
genes often contain a TATA box, located 25-30 bp upstream of the
transcription start site, and/or an initiator (Inr) element, which
overlaps the transcription start sites of many TATA-containing and
TATA-lacking promoters. Each element can independently direct
basal transcription by RNA polymerase Il and can determine the
location from which transcription initiates [Javahery et al., 1994; Lo
and Smale, 1996; Smale, 1997].

TFSEARCH and TESS analysis of the 5-flanking sequence
revealed that rat OCIL promoter lacks a canonical TATA box, a CAAT
box, and the consensus sequence (PyPy A , ; N T/A PyPy) for an
initiator [Lo and Smale, 1996], suggesting that rat OCIL promoter
belongs to the class of TATA- and Inr-less promoter. Originally,
TATA-less promoters were thought to be common to constitutively
active genes and expressed at a relatively constant level in all
tissues, in an unregulated fashion. However, recent studies showed
that vast majority (76%) of human core promoters lack TATA-like
sequences and 46% of human and yeast promoters lack both TATA
and Inr elements [Bajic et al., 2004; Yang et al., 2007]. These results
suggest that additional core promoter motifs may play a key role in
specific transcription initiation at a significant number of human
and yeast promoters that lack both TATA and Inr elements. There are
strong evidences demonstrating that the transcription of TATA- and
Inr-less promoters can be activated either by transcription factor
Sp1 in most cases [Hasan and MacDonald, 2002; Kim et al., 2002;
Andersen et al., 2004; Le Mée et al., 2005; Zeng et al., 2005; Dong
et al., 2008], or in fewer cases, by several other transcription factors
that do not belong to Sp family members [Miyamoto et al., 1998;
Kam et al., 2005]. It has long been known that Sp 1-binding sites (i.e.,
GC-boxes) are frequently found in TATA-less promoters within CpG
islands and that Sp1l can be located on the sense and antisense
strands [Mieda et al., 1996], which can direct transcription initiation
from core promoters lacking both TATA and Inr elements [Smale
and Kadonaga, 2003].

The overall GC content is about 54% and there are no CpG islands
present in the proximal region of the OCIL promoter. However, a
GA-rich (GA/CT box) region (from —61 to —29), which may
potentially bind a transcription factor of the zinc finger family (i.e.,
Sp1 and MZF-1), is located closely upstream of the transcription
start site, and two potential binding sites for Sp1, one site for
myeloid zinc finger-1 (MZF-1) were observed in this region (Fig. 1).
Of particular note is the consensus sequence (GGGAGGG from —37
to —31) of Sp1, which overlaps the MZF-1 site (GAAGGGGA from
—41 to —34), has a minor difference from the canonical sequence
(GGGCGGQG) of Sp1. However, it has been confirmed to have the high
affinity to Sp1 proteins and is responsible for the basal transcription
activation of human mitochondrial glycerol phosphate dehydro-
genase promoter B and rat immune-associated nucleotide 4-like
1 promoter [Andersen et al., 2004; Le Mée et al., 2005]. MZF-1
belongs to the zinc finger protein family, and has been known to
play a crucial role in either the basal transcription activation or
enhancement of transcription of several genes [Morris et al., 1994;
Andersen et al., 2004; Le Mée et al., 2005; Zeng et al., 2005]. Besides
this, one site for transcription factor NF-AT was also found in this
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region, which was previously found in the promoter region of
several genes and identified to be responsible for the enhancement
of transcriptional activity of such a TATA-less promoter [Seth et al.,
2003; Le Mée et al., 2005].

Through luciferase reporter assays, we found that the luciferase
reporter constructs harboring various lengths of OCIL 5'-flanking
sequence displayed different levels of luciferase activity, and the
highest luciferase activity of rat OCIL promoter deletions was
approximately 184-fold greater than that of the promoter-less
pGL3-basic vector, indicating the presence of a functional and
strong promoter in the cloned 5’ flanking fragment of OCIL. Among
the shorter deletion constructs, —81/pGL3 (—81 to +118) had an
11.8-fold higher activity than pGL3-basic, while —22/pGL3 (—22 to
+118) and +37/pGL3 (+37 to +118) had no promoter activity,
suggesting that the region between nt —81 and —22 very likely
contains important cis-acting elements that are responsible for the
basal activity of rat OCIL promoter. These results were strongly
supported by the finding that the region from nt —81 to —29 contain
two Spl1 sites, one MZF-1 site and one NF-AT site, all of which were
previously identified to be responsible for the basal as well as
enhanced promoter activity of lots of genes. Thus, the region from
—81 to +118 could be referred as the proximal promoter and these
sites, especially the Sp1 and MZF-1, may contribute to the basal
promoter activity of rat OCIL.

The highest activity was observed with the —1819/pGL3 (—1819
to +118), which exhibited 184-fold higher luciferase activity as
compared with that of pGL3-basic, while the full length luciferase
construct, —4370/pGL3 (—4370 to +118), had 32-fold promoter
activity in UMR106 cells. However, deletion from —4370 to —2805
(—2805/pGL3) restored the promoter activity to 153-fold greater
than that of pGL3-basic vector, suggesting the presence of negative
regulatory elements in this region. Consistent with this hypothesis,
in the region from —4370 to —2805, computer analysis with
TESS software indicated the presence of three delta EF1 repressor
sequences at position —4077, —3379, and —3188 [Sekido et al.,
1994]. Further deletions from —1819 to —1336 (—1450/pGL3)
resulted in significant loss of promoter activity, suggesting presence
of important positive regulatory elements in this region that
enhance rat OCIL transcription. Computer analysis revealed that this
region contains the highest density of possible cis-acting elements,
including two Sp1 site, one C/EBP site, one AP4 site, two GATA-1
sites, one Oct-1 site, two AREBSG sites, one NF-Y site, and one NF-AT
site (Fig. 1).

Since there exist several potential Sp1 binding sites in the OCIL
promoter, we next studied whether Sp1 family transcription factors
can transactivate the promoter and regulate OCIL expression. It has
been reported that several Sp1 family proteins, including Sp1 and
Sp7/osterix, are expressed in bone [Nakashima et al., 2002; Liu et al.,
2005]. Sp1 shows ubiquitous expression patterns and regulates a
variety of cellular activities including cell growth, differentiation,
apoptosis, and oncogenesis [Black et al., 2001]. However, the
significance of Sp1 in bone physiology and pathology remains to be
clarified. In contrast, Sp7/osterix is a bone-specific transcription
factor essential for osteoblast differentiation and bone formation
[Nakashima et al., 2002; Koga et al., 2005; Matsubara et al., 2008].
Like other Sp1 family proteins, Sp7 also binds to G/C-rich Spl

binding sequences although its amino acid sequence shares no
significant similarity with other Sp1 family members. In the present
study, functional analysis by luciferase constructs and RT-PCR
showed that overexpressing Sp7 in UMR106 significantly increased
OCIL promoter activity and endogenous OCIL mRNA levels (through
functional Sp1 binding sites). Meanwhile, knockdown of Sp1 by
siRNA decreased OCIL promoter activity and endogenous gene
expression. Taken together, we conclude that Sp1 family proteins
are involved in the transcriptional regulation of the rat OCIL gene in
the osteoblast-like cells.

In summary, we report here for the first time the cloning and
characterization of the rat OCIL promoter. The 5'-flanking region of
rat OCIL gene was cloned in which we have confirmed the presence
of a functional promoter. Through luciferase reporter assays and
computer analysis, the proximal promoter of rat OCIL and several
regions that might contain the important positive or negative
regulatory elements and a variety of potential transcription factor
binding sites have been identified. Sp1 family proteins such as Sp1
and Sp7 have an important role in the regulation of rat OCIL
promoter activity.
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