
I
i
P

H
L
U

R

t
g
a
o
c
fl
c
T
i
c
q
f
b
f
i
t
g
i
c
r
t
s
c

m
t
t
C

t

p
r

5

Biochemical and Biophysical Research Communications 269, 270–278 (2000)

doi:10.1006/bbrc.2000.2275, available online at http://www.idealibrary.com on

0
C
A

nvolvement of Hepatic Nuclear Factor I Binding Motif
n Transcriptional Regulation of Ca21-Binding
rotein Regucalcin Gene

iroyuki Misawa and Masayoshi Yamaguchi1

aboratory of Endocrinology and Molecular Metabolism, Graduate School of Nutritional Sciences,
niversity of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japan

eceived January 21, 2000
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The characterization of the binding of nuclear pro-
ein on the 5*-flanking region of the rat regucalcin
ene was investigated. Nuclear extracts from rat liver
nd H4-II-E hepatoma cells were used for oligonucle-
tide competition gel mobility shift assay. An oligonu-
leotide between position 2523 and 2506 in the 5*-
anking region of the rat regucalcin gene, which
ontains a nuclear factor I (NF1) consensus motif
TGGC(N)6CC, competed with the probe for the bind-

ng of the nuclear proteins from rat liver and H4-II-E
ells. The mutation of TTGGC in the consensus se-
uence caused an inhibition of the binding of nuclear
actors. The presence of Bay K 8644, insulin, and phor-
ol esters could stimulate the binding of the nuclear
actors to the TTGGC region of the rat regucalcin gene
n H4-II-E cells. The specific mutation introduced in
his region, which was ligated to a luciferase reporter
ene, reduced significantly the effects of Bay K 8644,
nsulin, and phorbol esters in stimulating the regucal-
in gene transcriptional activity in H4-II-E cells. These
esults suggest that the specific nuclear factor binds to
he NF1-like sequence, which can stimulate the tran-
criptional activity, in the promoter region of regucal-
in gene in liver cells. © 2000 Academic Press

Key Words: regucalcin; nuclear factor I; rat liver.

Ca21 plays an important role in the regulation of
any cell functions. Ca21 signals are partly transmit-

ed to intracellular responses, which are mediated
hrough a family of Ca21-binding proteins (1). A novel
a21-binding protein regucalcin, which is mainly dis-

The nucleotide sequence reported in this paper has been submitted
o the GenBank/EBI Data Bank with Accession No. D67071.

Abbreviations used: bp, base pair(s); NF1, nuclear factor I; PMA,
horbol 12-myristate 13-acetate; PMSF, phenylmethylsulfonyl fluo-
ide; HSF, heat shock transcription factor.
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een shown to have an inhibitory effect on the activa-
ion of Ca21/calmodulin-dependent enzymes and pro-
ein kinase C by Ca21 or diacylglycerol in the cells
2–4). Regucalcin may play a crucial role in the regu-
ation of cell functions related to Ca21 signaling.

The rat regucalcin gene is localized on chromosome
q11.1-12 proximal end (5), and it has been demon-
trated in human, mouse, bovine, monkey, dog, rabbit,
nd chicken but not yeast (6). The organization of rat
egucalcin gene consists of seven exons and six introns,
nd several consensus regulatory elements exist in the
pstream of the 59-flanking region of the gene (7). Rat
egucalcin mRNA is mainly present in the liver and
nly to a small extent in the kidney as assayed by
orthern blot analysis (8), suggesting that it is ex-
ressed in a highly tissue-specific manner.
The expression of hepatic regucalcin mRNA is stim-

lated by various factors. Regucalcin mRNA level in
he liver has been shown to be raised markedly by the
dministration of CaCl2 to rats; the expression may be
artly mediated through Ca21/calmodulin-dependent
athway (8–10). Also, regucalcin mRNA expression is
ignificantly stimulated by the administration of insu-
in (11) and 17b-estradiol (12) in the liver of rats. In
ddition, regucalcin mRNA is expressed in the cloned
uman Hep G2 hepatoma cells (13) and the rat H4-II-E
epatoma cells (14). Regucalcin mRNA expression in
he H4-II-E cells has been reported to be stimulated by
he addition of Bay K 8644, a Ca21-channel agonist (14,
5). Presumably, the promoter of regucalcin gene con-
ains sequence elements that are targets for regulatory
ranscription factors related to Ca21 signaling. The
ranscriptional mechanism for the expression of regu-
alcin gene, however, has not been fully clarified.
The present study was undertaken to determine the

uclear factors, which can bind to the 59-flanking re-
ion of the rat regucalcin gene, using an oligonucleo-
ide competition gel mobility shift assay. The nucleo-
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egucalcin gene contain a nuclear factor I (NF1)-like
otif TTGGC(N)6CC. This motif has been reported in

everal genes which are included in a1(I) collagen pro-
oter (16, 17), bone sialoprotein promoter (18), glial
brillary acidic protein promoter (19), and rat p53 pro-
oter (20, 21). The hepatic nuclear protein that binds

o the NF1-like sites, however, has not been identified
o far. In this study, we found an involvement of spe-
ific nuclear factor which can bind to the NF1-like
equence in the 59-flanking region of the regucalcin
ene in liver cells.

ATERIALS AND METHODS

Chemicals. Fetal bovine serum, N 6,29-dibutyryl cyclic adenosine
9,59-monophosphate (dibutyryl cAMP), insulin, and PMA were pur-
hased from Sigma (St. Louis, MO). S(2)-Bay K 8644 was obtained
rom Research Biochemicals International (Natick, MA). pGEM-T
ector (TA vector), pGL3-Basic vector, and pRL-TK vector were pur-
hased from Promega (Madison, WI). Adenosine 59-[g-32P]triphos-
hate ([g-32P]ATP; 111 TBq/mmol) was purchased from New En-
land Nuclear (Boston, MA).

Animals and tissues. Male Wistar rats, weighing 100–130 g,
urchased from Japan SLC Inc. (Hamamatsu, Japan), were main-
ained on commercial laboratory chow (solid; Oriental Yeast Co.,
okyo, Japan), containing 57.5% carbohydrate, 1.1% calcium, and
.1% phosphorus, and distilled water, ad libitum. The rats were
acrificed by bleeding. The liver was dissected and minced from rats
or the preparation of nuclear extracts.

DNA fragments for gel mobility shift assays. The radiolabeled
robes and competitor fragments used in the binding assays are
hown in Fig. 1. To obtain DNA fragment 2710/118 of the rat
egucalcin gene, PCR was performed using pBluescript II SK1 con-
aining the 5.5-kb Eco RI-Xho I fragment of genomic lRCB2 (7) as
he substrate using the pair of primer 59-ACAGGTACCGAATT-
CTGACTGATCTTT-39 and 59-ACACTCGAGGGTTGTAATGAC-
CCTGGC-39. A PCR product was subcloned into TA vector, and
equenced. Fragment A was prepared by digesting 2710/118 TA
ector with EcoRI and DraI. Fragment I, II, and III were prepared by
igesting 2710/118 TA vector with EcoRI and BstXI, BstXI, and
stXI and DraI, respectively. Fragment A was end-labeled with

g-32P]-ATP and T4 polynucleotide kinase. The labeled DNA frag-
ents were separated by the electrophoresis through 4% nondena-

uring polyacrylamide gels (acrylamide/bisacrylamide ratio, 30:1),
luted with a high-salt buffer (10 mM Tris-HCl, pH 7.5, 1 mM EDTA,
nd 1 M NaCl) overnight at room temperature, and purified.

Synthetic oligonucleotides. The single-stranded oligonucleotides
sed for gel mobility shift assay and site-directed mutagenesis were
ynthesized by International Reagent Co. (Kobe, Japan), and these
ligonucleotides are shown in Table 1. These synthetic oligonucleo-
ides were annealed with their complementary oligonucleotides to
roduce double-stranded DNA. The bases changed are underlined in
he mutated oligonucleotides.

Construction of the reporter gene plasmids. The reporter gene
lasmid was generated by subcloning restriction fragment from
710/118 TA vector. The DNA fragment 2710/118 was prepared

rom a vector by KpnI/XhoI restriction digestion, and then cloned
nto the pGL3-Basic promoterless plasmid containing the firefly lu-
iferase gene (15). This wild-type promoter construct was named
710/118 LUC (WT). A mutant of 2710/118 LUC (WT) was con-

tructed by mutant oligonucleotide II-b-m3 (NF1 mut3) (Table 1) and
ts complementary oligonucleotide using a QuickChange Site-
irected Mutagenesis Kit (Stratagene). This mutant plasmid 2710/
271
AGGGAGCCTTGAA) in the region of II-b.

Cell culture and transfection. Rat H4-II-E hepatoma cells were
ultured as previously described (15). For the transfection experi-
ents, the cells were grown on 35-mm dishes to approximately 70%

onfluence and washed once with serum-free a-MEM. Either 2 mg of
GL3-Basic plasmid or an equivalent molar amount of test plasmid
as co-transfected into H4-II-E cells along with 0.5 mg of pRL-TK
lasmid using the synthetic cationic lipid component, Tfx-20 reagent,
ccording to the manufacture’s instructions (Promega). The pRL-TK
ector containing the Renilla luciferase gene under control of the
erpes simplex virus thymidine kinase promoter was used as an

nternal control for differences in transfection efficiency and cell
umber. For functional analysis of the basal promoter region of the
at regucalcin gene, the transfected cells were maintained for 48 h in
erum-supplemented medium before harvesting. For analysis of reg-
lation of the regucalcin promoter by signaling factors, the trans-
ected cells were maintained for 24 h in serum-supplemented me-
ium and preincubated for 14 h in serum-free a-MEM supplemented
ith 0.1% BSA, 50 units/ml penicillin, and 50 mg/ml streptomycin.
fter preincubation, the transfectants were incubated for 16–20 h in

he same medium supplemented with or without Bay K 8644 (2.5
M), dibutyryl cAMP (0.5 mM), insulin (10 nM), and PMA (1 mM)
efore harvesting. At the end of the culture period, the transfectants
ere lysed, and the luciferase activity in the cell lysates was mea-

ured by dual-luciferase reporter assay system (Promega).

Preparation of nuclear extracts. Nuclear extracts were prepared
rom the rat liver (10) and H4-II-E cells (15) as previously described.
uclear extracts were divided into aliquots, and stored at 280°C.
he protein concentration was determined by the method of Brad-

ord (22), using a kit from Bio-Rad and BSA as a standard.

Gel mobility shift assays. Gel mobility shift assays were per-
ormed as previously described (15). For the competition experi-
ents, preincubation was performed in the presence of unlabeled

ompetitor DNA fragment at 100-fold molar excess. For antibody
upershift experiments, nuclear extracts were preincubated with 5
g of either nonimmune rabbit IgG or anti-NF1 polyclonal antibody

Santa Cruz Biotechnology, Inc., CA).

Statistical analysis. The significance of difference between val-
es was estimated by Student’s t test. A p value of less than 0.05 was
onsidered significant. Also, we used a multiway ANOVA and Tukey-
ramer multiple comparison test to compare the treatment groups.

ESULTS

Identification of specific binding region of liver nu-
lear factor to the fragment II of regucalcin gene. We
eported previously a nuclear protein component which
pecifically binds to the fragment II (BstXI-BstXI) con-
aining the upstream region from the first exon of rat
egucalcin gene using the gel mobility shift assays (23).
o determine the element for its binding protein, we
nalyzed the fragment II sequence with TRANSFAC
atabase (24) using TFSEARCH program. We found
he existence of potential binding sites for heat shock
ranscription factor 1 (HSF1), HSF2, NF1, c-Myb,
ATA-2, and HSF in the fragment II of the 59-flanking

egion of the rat regucalcin gene (Fig. 1). To identify
he nuclear factors which can bind to these motifs, a
ompetition gel mobility shift assay was performed
sing oligonucleotides corresponding to these motifs
Table 1). When radiolabeled fragment A was incu-
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ated with the nuclear extract from rat liver, the gel
obility shift assay revealed a single major band
hich was shifted upward from the free DNA probe

Fig. 2A, lane 2). The presence of 100-fold molar excess
f unlabeled fragment A or fragment II prevented the
ormation of the indicated complex (Fig. 2A, lanes 3
nd 4). Moreover, when oligonucleotides toward the
I-a (HSF112), II-b (NF1), II-c (c-Myb), II-d (GATA-2),
nd II-e (HSF) were used as competitor, the II-b (NF1)
ligonucleotide only was specifically competed with
ragment A (Fig. 2, lane 6) for the binding protein. This
esult suggested that the protein which bound to this
otif is a NF1 family protein.
To determine the exact DNA sequence for the II-b

NF1) that is involved in the formation of the DNA-
rotein complex, we carried out mutation analysis for
his region. Mutation sites were selected from the con-
erved nucleotide sequence in the NF1 consensus se-
uence (Table 1). Two double-stranded oligonucleo-
ides were contained three different bp substitutions,

FIG. 1. The 59-flanking region of the rat regucalcin gene. (A) DNA
ach DNA fragment was produced from the 59-flanking region of
ragments A (EcoRI-DraI) and B (DraI-DraI) were 330 bp and 437 bp
35 bp, 124 bp, and 71 bp, respectively. (B) Nucleotide sequence from
ith TRANSFAC database (24) using TFSEARCH program, the thre
SF2, NF1, c-Myb, GATA-2, and HSF are marked by solid lines above

n the GenBank data base under Accession No. D67071.
272
nd those were used as competitors for gel mobility
hift assay. Figure 2B showed that II-b (NF1) and
I-b-m1 (NF1 mut1) inhibited the binding of nuclear
actor to fragment A, but II-b-m2 (NF1 mut2) did not
ompete, indicating that the binding protein recognizes
TGGC in the NF1 consensus sequence.
A supershift assay with the anti-NF1 antibody was

arried out (Fig. 2C). The formation of DNA–protein
omplex was not supershifted or decreased by the pres-
nce of anti-NF1 antibody which can recognize all
orms of NF1 protein (19, 20, 25).

Identification of specific binding region of hepatoma
ell nuclear factor to the fragment A of rat regucalcin
ene. In rat hepatoma cells (H4-II-E), the binding of
he nuclear proteins to fragment A of the 59-flanking
egion of the rat regucalcin gene was examined by the
el mobility shift assays (15). When radiolabeled frag-
ent A was incubated with the nuclear extracts from
4-II-E cells, the gel mobility shift assay revealed the

agments of the rat regucalcin gene used in gel mobility shift assays.
rat regucalcin gene as described under Materials and Methods.

agments I (EcoRI-BstXI), II (BstXI-BstXI), and III (BstXI-DraI) were
582 bp to 2446 bp (fragment II). Sequence data analysis was done
ld score of greater than 85.0 point. Potential binding sites by HSF1,
nse) or below (antisense). This genomic sequence has been deposited
fr
the
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ormation of complexes 1, 2, and 3 which were shifted
pward from the free DNA (Fig. 3A, lane 2). The pres-
nce of a 100-fold molar excess of unlabeled fragment A
revented the formation of all complexes (Fig. 3A, lane
), indicating that the formation of these complexes is
pecific to the fragment A region. When competition
xperiments were performed with a 100-fold molar ex-
ess of unlabeled fragment I or fragment II, the pres-
nce of fragment I prevented the formation of complex
(Fig. 3A, lane 4), and unlabeled fragment II inhibited

he formation of complex 1 and 2 (Fig. 3A, lane 5).
owever, the presence of unlabeled fragment III did
ot abolish the formation of complex 1, 2, and 3 (Fig.
A, lane 6).
To determine whether the binding components in the

uclear extracts from rat liver and H4-II-E cells are
dentical to fragment A, both oligonucleotide competi-
ion assays and supershift assays were examined (Figs.
B, 3C, and 3D). The presence of an oligonucleotide
I-b (NF1) inhibited the formation of complex 1 and 2
Fig. 3B, lane 6). This pattern of competition was the
ame as fragment II (Fig. 3B, lane 4). II-a (HSF112),
I-c (c-Myb), II-d (GATA-2), and II-e (HSF) had no
ffect on the formation of complex 1-3 (Fig. 3B, lanes 5
nd 7–9). Moreover, the presence of II-b-m2 (NF1 mut
) did not inhibit the formation of complex 1-3 (Fig. 3C,
ane 4). In supershift experiment (Fig. 3D), anti-NF1
ntibody did not prevent the formation of the nuclear
actor-DNA complexes.

Effect of mutation on transcriptional activity of the
romoter of rat regucalcin gene in H4-II-E cells. The
9-flanking region of the rat regucalcin gene ligated to
he luciferase reporter plasmid possesses promoter ac-
ivity in H4-II-E hepatoma cells, and the region 2102/

Oligonucleotide Seque

Oligonucleotide S

HSF1 consensus 59-RGAANRTTC
HSF2 consensus 59-NGAANNWTC
II-a (HSF112) 59-AAGCATAGAATGTT
HSF1 inverse consensus 59-NGAAYNTTC
HSF2 inverse consensus 59-MGAWNNTT
NF1 consensus 59-N
II-b (NF1) 59-CAG
II-b-m1 (NF1 mut1) 59-CAG
II-b-m2 (NF1 mut2) 59-CAG
II-b-m3 (NF1 mut3) 59-CCTTGCATGAGGCC
c-Myb consensus 59-NNNAACKGNC-39
II-c (c-Myb) 59-TGCCAAACTGGCCT
GATA-2 consensus 59-NNGATRNNN-39
II-d (GATA-2) 59-AAGCAAGATACAGC
HSF consensus 59-AGAAN-39
II-e (HSF) 59-TGGATGAACTCAG-39

a Mutated sequences are underlined. Single letter code: W 5 A o
5 A, C, G, or T.
b 2, antisense; 1, sense; 6, both sense and antisense.
273
18 is essential for basal functional promoter activity
f the rat regucalcin gene (15). To determine whether
he mutation of the II-b (NF1) region can alter the rat
egucalcin gene promoter activity, we constructed a
ild-type 2710/118 region of the rat regucalcin gene
nd its three bp substitutions (2511 to 2509, TGG to
CC) which ligated to the luciferase reporter gene.
hose plasmids were transiently transfected into H4-
I-E cells to assay luciferase activity. The cells were
ultured in the presence of 10% fetal bovine serum. The
elative luciferase activity of the 2710/118 LUC (WT)
lasmid showed an increase in 8.0-fold as compared
ith Basic LUC, whereas that of the 2710/118 LUC

mut) plasmid increased 5.8-fold; the relative activity
as significantly (P , 0.01) decreased from 8.0 6 0.1

n WT to 5.8 6 0.1 in mut (Fig. 4). Thus, the mutation
t the site of II-b (NF1) caused a significant decrease in
asal promoter activity of the rat regucalcin gene.

Effects of Bay K 8644, dibutyryl cAMP, insulin, and
MA on the nuclear protein binding to the 59-flanking
egion of the rat regucalcin gene. The radiolabeled
ragment A was incubated with the nuclear extracts
btained from H4-II-E cells which are cultured in the
resence of Bay K 8644 (2.5 mM), dibutyryl cAMP (0.5
M), insulin (10 nM) or PMA (1 mM). The formation of

omplex 1 with binding of nuclear extracts to fragment
was clearly increased by the presence of Bay K 8644,

nsulin, and PMA (Fig. 5, lanes 2, 4, and 5). However,
he treatment with dibutyryl cAMP did not cause a
ignificant change in the formation of complex 1 (Fig. 5,
ane 3). In contrast, the formation of complex 2 and 3
ere not altered by the treatment of all mediators used

Fig. 5, lanes 1–5). Moreover, whether II-b (NF1) re-
ion is related to the formation of complexes 1 which

s Used in This Study

encea Positionb

9
39
TGCCT-39 2553 to 2532 (6)

9
39
TGGCNNNNNNCCNNN-39
TGGCAGGGAGCCTTGAA-39 2525 to 2504 (2)
TGGCAGGGATAATTGAA-39
ACCCAGGGAGCCTTGAA-39
TTACCCAGGGAGCCTTGAATCC-39

2513 to 2500 (1)

2490 to 2476 (1)

2468 to 2456 (2)

; S 5 C or G; R 5 A or G; Y 5 C or T; K 5 G or T; M 5 A or C;
nce

equ

N-3
K-

CTT
Y-3

CN-
NT
TT
TT
TT
AG

-39

T-39

r T
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as increased by Bay K 8644, insulin, and PMA was
xamined by competition gel mobility shift assay with
I-b (NF1) oligonucleotides. The presence of II-b (NF1)
ompletely prevented the formation of complex 1 (Fig.
, lanes 6–10).

Regulation of regucalcin promoter by Bay K 8644,
ibutyryl cAMP, insulin, and PMA. To determine
hether the mutation of the II-b (NF1) region induces
change in the regucalcin gene expression, H4-II-E

ells were transfected with either 2710/118 LUC (WT)
onstruct or 2710/118 LUC (mut) construct. In the

FIG. 2. Gel mobility shift analysis of nuclear factors bound to fra
erformed using nuclear extracts from rat liver (3.5 mg of protein
erformed in the presence of 100-fold molar excess of the competitor
pecific binding region of nuclear protein from rat liver to fragment I
, fragment A as competitor; lane 4, fragment II; lane 5, II-a (HSF11
, II-e (HSF). (B) Competition assay with oligonucleotide II-b (NF1)
NF1) as competitor; lane 4, II-b-m2 (NF1 mut2); lane 5, II-b-m1 (NF
o extracts; lane 2, no antibody; lane 3, nonimmune rabbit IgG (5 m
274
bsence of fetal bovine serum, culture with Bay K 8644
2.5 mM), insulin (10 nM), and PMA (1 mM) caused a
ignificant increase in luciferase activity in the cells
ransfected with the 2710/118 LUC (WT) construct
Bay K 8644, insulin, and PMA showed an increase in:
.7 6 0.2-, 11.0 6 0.8-, and 10.4 6 0.3-fold, respec-
ively; P , 0.01 as compared with the control value)
Fig. 6A). However, the cells with the 2710/118 LUC
mut) construct weakened the effect of Bay K 8644,
nsulin, and PMA in elevating the luciferase activity
Bay K 8644, insulin, and PMA showed an elevation of:

ent A of the rat regucalcin promoter. Gel mobility shift assays were
d a 32P-labeled fragment A as a probe. Competition assays were
A fragment or double-stranded oligonucleotide. (A) Identification of
rat regucalcin gene. Lane 1, no extracts; lane 2, no competitor; lane
; lane 6, II-b (NF1); lane 7, II-c (c-Myb); lane 8, II-d (GATA-2); lane
its mutants. Lane 1, no extracts; lane 2, no competitor; lane 3, II-b
ut1). (C) Gel mobility shift assay with anti-NF1 antibody. Lane 1,

lane 4, anti-NF1 polyclonal antibody (5 mg).
gm
) an
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.0 6 0.1-, 6.1 6 0.2-, and 7.3 6 0.1-fold, respectively;
, 0.01 as compared with the control value) (Fig. 6B).
hus, the cis-acting DNA sequences which mediate the
ffect of Bay K 8644, insulin, and PMA in H4-II-E cells
ere located in the region II-b of the rat regucalcin
ene. Meanwhile, luciferase activity in H4-II-E cells
ransfected with the 2710/118 LUC (WT) construct
as significantly ( p , 0.01) increased (6.9 6 0.2-fold)
y the treatment with dibutyryl cAMP (0.5 mM) (Fig.
A). Such an increase was also seen in the cells trans-

FIG. 3. Binding profile of nuclear proteins from H4-II-E cells to fr
erformed using nuclear extracts from H4-II-E cells (3 mg of protein
erformed in the presence of 100-fold molar excess of the competitor
pecific binding region by competition with gel mobility shift experim
ompetitor; lane 4, fragment I; lane 5, fragment II; lane 6, fragment II
4-II-E cells to fragment II of rat regucalcin gene. Lane 1, no extr

ragment II; lane 5, II-a (HSF112); lane 6, II-b (NF1); lane 7, II-c (c
ith oligonucleotide II-b (NF1) and its mutants. Lane 1, no extracts;

NF1 mut2); lane 5, II-b-m1 (NF1 mut1). (D) Gel mobility shift assay
, nonimmune rabbit IgG (5 mg); lane 4, anti-NF1 polyclonal antibo
275
ected with the 2710/118 LUC (mut) (5.9 6 0.1-fold).
he difference in luciferase activity in the cells with both
onstructs was negligible. II-b (NF1) region was not re-
ated to dibutyryl cAMP stimulation in H4-II-E cells.

ISCUSSION

The present study demonstrates that the specific
NA sequence in the promoter region of regucalcin
ene is involved in the binding to the trans-acting

ent A of the rat regucalcin promoter. Gel mobility shift assays were
nd a 32P -labeled fragment A as a probe. Competition assays were
A fragment or double stranded oligonucleotide. (A) Identification of
ts. Lane 1, no extracts; lane 2, no competitor; lane 3, fragment A as
) Identification of specific binding region of the nuclear protein from

s; lane 2, no competitor; lane 3, fragment A as competitor; lane 4,
b); lane 8, II-d (GATA-2); lane 9, II-e (HSF). (C) Competition assay
e 2, no competitor; lane 3, II-b (NF1) as competitor; lane 4, II-b-m2
th anti-NF1 antibody. Lane 1, no extracts; lane 2, no antibody; lane
5 mg).
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actor by using competition gel mobility shift assay
ith II-b (NF1) oligonucleotide. Element II-b contains

he region which has a homology to NF1 consensus
equence TTGGC(N)6CC. The mutation of TTGGC in
he consensus sequence caused an inhibition of the
inding of nuclear factors by a competition gel mobility
hift assay with mutant oligonucleotides. Thus, nu-
lear protein, which binds to fragment II, may be a
ember of NF1 family.
On the other hand, NF1-like sequence-binding pro-

eins, which are distinct from NF1, have been reported
n a1(I) collagen promoter (16, 17), bone sialoprotein
romoter (18), glial fibrillary acidic protein promoter
19), and rat p53 promoter (20, 21). Now, the binding of
epatic nuclear protein to the fragment II in the pro-
oter region of regucalcin gene was not supershifted or

ecreased by gel mobility shift assay with an anti-NF1
ntibody (19, 20, 25). From this result, it can not ex-
lude the possibility that the nuclear protein, which
an specifically bind to NF1-like sequence in the pro-
oter region of regucalcin gene, differs from NF1.
The region from bases 2710 to 2343 in the 59-

anking sequence of the regucalcin gene contains a
is-element, which mediates the induction of the gene

FIG. 4. Basal expression of wild-type and mutant derivative of
he rat regucalcin promoter in H4-II-E hepatoma cells. A DNA frag-
ent 2710/118 was ligated into the pGL3-Basic promoterless plas-
id (Basic LUC). A mutant reporter gene plasmid was generated by

ite-directed mutagenesis as described under Materials and Meth-
ds. H4-II-E hepatoma cells were transiently cotransfected with test
lasmid and pRL-TK internal control plasmid, and the cells were
ultured for 48 h in a medium containing 10% fetal bovine serum.
fter 48 h, luciferase activity in the cell lysates was measured. The
refly luciferase activity of the test plasmid was corrected for Renilla

uciferase activity of the pRL-TK plasmid. The results are expressed
s -fold stimulation compared to the luciferase activity measured
fter transfection with Basic LUC, which was set as 1.0. Each value
s the mean 6 S.E.M. of eight separate experiments. *p , 0.01,
ompared with the value obtained from wild-type.
276
toma cells (15). The region 2710/2343 is mostly con-
istent with fragment A (2710/2380). To determine
he specific DNA sequence, which is involved in bind-
ng to the trans-acting factor in H4-II-E cells, we per-
ormed gel mobility shift assays by the same strategy
sing rat liver. The formation of complexes 1 and 2 by
he binding of nuclear proteins to the fragment II in
ragment A was related to the NF1-like sequence (II-b)
Fig. 3). The nuclear proteins, which bind to the NF1-
ike sequence (II-b), in H4-II-E cells may be identical to
hat of normal rat liver, although their binding profiles
ere different.
Interestingly, we found that the formation of com-

lex 3 was specific in the fragment I by using the
uclear extracts from H4-II-E cells. This complex 3 was
ot seen in the nuclear extracts from rat liver. The
utative cis-acting elements, which contain AP-1 and
ATA-2, are located in the fragment I region (15).
owever, AP-1 is not involved in the formation of com-
lexes 1–3 in the region 2710/2343 in mobility shift
xperiments by using a consensus oligonucleotide for
his factor (15). The identification of this complex in rat
4-II-E hepatoma cells remains to be elucidated.
The 59-flanking region of the rat regucalcin gene has

een shown to have a functional promoter activity by
he gene transfection experiments using a promoter-

FIG. 5. Binding profile of nuclear proteins from the mediator-
timulated H4-II-E cells to fragment A of the rat regucalcin pro-
oter. H4-II-E cells were grown on 35-mm dishes to approximately

0% confluence in serum-supplemented medium, and the cells were
eprived of serum for 14 h and then incubated for 16 h in a medium
ontaining vehicle (none), 2.5 mM Bay K 8644, 0.5 mM dibutyryl
AMP, 10 nM insulin, or 1 mM PMA. In the gel mobility shift
xperiments, end-labeled fragment A was incubated with nuclear
xtracts (3 mg of protein) from the cells cultured without (control;
anes 1 and 6), or with Bay K 8644 (lanes 2 and 7), dibutyryl cAMP
lanes 3 and 8), insulin (lanes 4 and 9), and PMA (lanes 5 and 10).
ompetition assays were performed in the presence of 100-fold molar
xcess of II-b (NF1) as competitor (lanes 6 to 10).
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ess luciferase reporter plasmid in the cloned rat H4-
I-E hepatoma cells (15). The present study with mu-
ation analysis shows that TTGGC sequence in the II-b
NF1) is necessary for the binding of nuclear proteins,
rom normal rat liver and H4-II-E cells, to the pro-
oter region of regucalcin gene. Moreover, the muta-

ion of the II-b (NF1) region produced a significant
ecrease in the rat regucalcin gene promoter activity in
4-II-E cells. These results suggest that the expres-

ion of regucalcin mRNA is partly regulated through
he NF1-like element.

Hepatic regucalcin promoter activity has been shown
o be up-regulated by Bay K 8644, insulin, and PMA
15). The 59-flanking region of the regucalcin gene,
hich is regulated by these mediators, is located in
710 to 2343 (15). Treatment with Bay K 8644, dibu-

yryl cAMP, insulin, and PMA caused a significant
ncrease in luciferase activity in H4-II-E cells trans-

FIG. 6. Effect of Bay K 8644, dibutyryl cAMP, insulin, and PMA
n promoter activities from 2710/118 LUC (WT) or (mut) in H4-II-E
epatoma cells. Fragment 2710/118 was ligated into the pGL3-
asic promoterless plasmid (Basic LUC), and the mutant was gen-
rated by site-directed mutagenesis as described under Materials
nd Methods. H4-II-E hepatoma cells were transiently cotransfected
ith test plasmid and pRL-TK internal control plasmid, and main-

ained in serum-supplemented medium for 24 h. The cells were
reincubated in serum-free medium for 14 h, and then incubated for
0 h in the same medium supplemented with or without 2.5 mM Bay

8644, 0.5 mM dibutyryl cAMP, 10 nM insulin, and 1 mM PMA.
uciferase activity was measured by the dual-luciferase reporter
ssay system. The firefly luciferase activity of the test plasmid was
orrected for Renilla luciferase activity of the pRL-TK plasmid. The
esults are expressed as -fold stimulation compared to the luciferase
ctivity measured after transfection with Basic LUC, which was set
s 1.0. Each value is the mean 6 S.E.M. of six separate experiments.
A) Wild-type 2710/118 LUC. (B) Mutant 2710/118 LUC. *p ,
.01, compared with the control value without signal mediator ad-
ition. #p , 0.01, compared with the value obtained from WT.
277
ver, in H4-II-E cells transfected with 2710/118 LUC
mut) construct, the stimulatory effect of Bay K 8644,
nsulin, and PMA was weakened significantly. These
ndings may further support the view that the cis-
cting DNA sequence, which mediates the effect of Bay
8644, insulin, and PMA in increasing the regucalcin

ene promoter activity, is located in the NF1-like se-
uence (TTGGC) of the regucalcin gene in H4-II-E
ells. Meanwhile, treatment with dibutyryl cAMP in-
uced an increase in luciferase activity in H4-II-E cells
ransfected with either 2710/118 LUC (WT) construct
r 2710/118 LUC (mut) construct. This result sug-
ests that II-b (NF1) region was not related to the
timulatory effect of dibutyryl cAMP in H4-II-E cells.
n addition, the formation of complex 1 with the bind-
ng of nuclear protein to the fragment A was increased
y the treatment of Bay K 8644, insulin, and PMA in
4-II-E cells, although treatment of dibutyryl cAMP
ad no effect on complex 1 formation. Bay K 8644-,

nsulin-, and PMA-inducible nuclear factors may be
nvolved in the positive regulation of regucalcin gene
ranscription due to its binding to the NF1-like se-
uence in H4-II-E cells.
Bay K 8644, a Ca21-channel agonist, produces the

ormation of Ca21/calmodulin complex, and it induces
n activation of Ca21/calmodulin-dependent protein ki-
ases. The expression of regucalcin mRNA is partly
ediated through Ca21/calmodulin-dependent protein

inase in the liver of rats (8, 10). The activation of
rotein kinase C by PMA can initiate a cascade of
vents which enhances the action of specific transcrip-
ion factors (26). In many cells, AP-1, which consists of
omo and/or heterodimers of the c-jun and c-fos gene
roducts, regulates the expression of some genes in-
luding specific AP-1 binding sites which are PMA-
esponsive elements (27, 28). However, AP-1 is not
elated to the PMA-induced formation of complex 1,
hich is seen in the region 2710/2343 of the regucal-

in gene (15), in H4-II-E cells. NF1-like sequence bind-
ng protein may play an important role in the stimu-
ation of regucalcin gene expression in liver cells.
resumably, this binding is modulated by signaling
athways, which are mediated through Ca21/calmod-
lin-dependent protein kinase and protein kinase C.
In conclusion, it has been demonstrated that hepatic

uclear protein can specifically bind to the NF1-like
equence of the 59-flanking region of rat regucalcin
ene. The expression of regucalcin gene through this
is-acting element in the NF1-like sequence may be
timulated by various signaling factors which are re-
ated to protein kinases.
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