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Candidate cis-Elements for Human Renin Gene
Expression in the Promoter Region
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Abstract The regulation of renin gene expression, the rate-limiting enzyme of the system, is thought to be
fundamental to the total system. Previously, we mapped six putative cis-elements in the promoter region of the human
renin gene with nuclear proteins from human chorionic cells and human renal cortex by DNase I protection assay
(footprint A–F). Each footprint contains Ets motif like site (A), HOXñPBX recognition sequence (B), unknown sequence as
DNA binding consensus (C), CRE (D), COUP-TFII (ARP-1) motif like site (E), and AGE3 like site (F). Footprint D has been
characterized by means of functional studies as the genuine human renin gene CRE interacting with CREB in cooperation
with the site of footprint B. To obtain further clues to the specific expression in the promoter region, these putative cis-
elements were conducted to a consensus-specific binding assay to compare renin-producing and non-renin-producing
cells by EMSA and electromobility super-shift assay. Different sequence-specific DNA/protein binding was obtained
among the different cell lines with footprint B site, with COUP-TFII (ARP-1) motif like site and possibly with footprint F
site. The results implicate these putative cis-elements and each corresponding trans-factor in the specific expression of
the human renin gene in the promoter region. Further functional characterization of these elements would provide
important data for a better understanding of human renin gene expression. J. Cell. Biochem. 93: 327–336, 2004.
� 2004 Wiley-Liss, Inc.
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The renin-angiotensin system plays major
roles in blood pressure regulation and electro-
lyte metabolism [Corvol et al., 1997]. The rate-
limiting step of the system is the conversion of
angiotensinogen to angiotensin I catalyzed by
renin. Thereby, the regulation of renin gene
expression is thought to be fundamental to
the total system. Several human cell lines have

been used as models of renin-producing cells,
one being human chorionic cell [Pinet et al.,
1988], as there is no established human JG cell
line despite the existence of the established
mouse cell line As4.1 [Sigmund et al., 1990].
Recently, Germain et al. [1998] showed that
250-bp region located about 6 kb upstream from
the transcription starting point of the human
renin gene gave up to 57-fold higher transcrip-
tion rates as a distal enhancer with human
chorionic cells. Fuchs et al. [2002] showed that
12 kb of 50 region of human renin gene is needed
for tissue-specific and regulated human renin
gene expression with human renin/LacZ con-
struct for trans-gene experiment. These data
indicate the importance of the distal enhancers
for tissue-specific and regulated human renin
gene expression. On the other hand, it is well
known that proximal promoter regions of genes
are indispensable for the regulation of the basic
portion of gene expression. Recently, proximal
promoters of mouse renin gene have been well
investigated [Petrovic et al., 1996; Pan et al.,
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2001a,b], whereas human proximal promoters
remain to be elucidated. Previously, wemapped
six protein-binding sites in the proximal pro-
moter region of the human renin gene (�336 to
þ16) by DNase I footprint assay with nuclear
extract of human chorionic cell and ischemic
human renal cortex in common [Borensztein
et al., 1994; Germain et al., 1996; Konoshita
et al., 1996]. Human renal cortex does not
consist of homogeneous cells, but, at least, the
presence of nuclear factors reacting to human
renin promoter has been proven with this
method. Referring to consensus sequences to
known transcription factors, some of these
footprints designated from A to F were revealed
to contain putative cis-elements; Ets motif like
site (A:�29/�6) [Wasylyk et al., 1993], CRE (D:
�234/�214) [Montminy et al., 1986], COUP-
TFII (ARP-1) motif like site (E: �259/�245)
[Ladias and Karathanasis, 1991]. The candi-
date human renin CRE was proven to be ge-
nuine CRE [Borensztein et al., 1994; Smith
et al., 1994]. At first, footprint B (�79/�62) was
regarded to contain Pit-1 [Nelson et al., 1988]
motif like sequence [Borensztein et al., 1994;
Catanzaro et al., 1994]. We demonstrated that
the CRE and footprint B are implicated in the
regulation ofhuman reningene transcriptionby
cAMP, but, at the same time demonstrated
that the protein from chorionic cell binding
to this region is distinct from Pit-1 [Germain
et al., 1996]. A recent report indicates that
this corresponding region of mouse Ren-1c is
HOXñPBX recognition sequence although
whether HOX and PBX proteins bind to the
humanproximal promoter elementhasnot been
examined [Pan et al., 2001b]. Footprint C (�116
to�80) contains no known consensus sequence.
Footprint F (F: �293/�272) contains AGE3 like
site but the corresponding factor has not been
identified [Tamura et al., 1994].

In the present study, to obtain further clues to
themechanism of human renin gene expression
in the promoter region, these putative cis-
elements were conducted to consensus-specific
binding assay with the nuclear protein from
renal cortex and chorionic cells as renin-produ-
cing cells and from the human choriocarcinoma
cell line JEG3 and human hepatoblastoma cell
line HepG2 as non-renin-producing cells for
comparison. Almost the same DNA/protein
complexes were obtained with Ets motif like
site, footprint C site, and CRE, whereas differ-
ent DNA/protein complexes were obtained with

footprint B, with COUP-TFII (ARP-1)motif like
site and possibly with AGE3 like site among the
different cell lines. These results implicate
several putative cis-elements and each corre-
sponding trans-factor in the human renin gene
expression in the proximal promoter region.

METHODS

Preparation of Nuclear Extract From Human
Renal Cortex, Chorionic Cells, JEG3, HepG2, and

of Ets-1 or COUP-TFII (ARP-1) Containing
Cellular Extract From COS-1 Cells and Purified

CREB Protein

Nuclear extracts were prepared from human
renal cortex and human chorionic cells as renin
producing cell and fromhuman choriocarcinoma
cell line (JEG3) and human hepatoblastoma cell
line (HepG3) as non-renin producing cells.

Nuclear extracts from renal cortex were pre-
pared essentially according to Gorski’s method
[Gorski et al., 1986] with minor modifications
from ischemic kidneys removed because of reno-
vascular hypertension. All manipulations were
performed in the cold. Minced kidney (10–20 g)
was brought up to 30 ml with homogenization
buffer [10mMHepes (pH7.6), 15mMKCl, 2mM
EDTA, 2.4 M sucrose, 0.5 mM DTT, 0.15 mM
spermine, 0.5 mM spermidine, 0.5 mM PMSF,
2 mM benzamidine, 5 mg/ml aprotinin, 5 mg/ml
pepstatin, 5 mg/ml leupeptin] and was homo-
genized using a motor-driven 30 ml Teflon-glass
homogenizer. The homogenate was filtered
through four layers of gauze, diluted 85 ml with
homogenization buffer, layered in three 27 ml
aliquots over three 10ml cushion solutions (2M
sucrose, 10% bidistilled glycerol, 0.5 mM DTT,
0.15mM spermine, 0.5mM spermidine, 0.5mM
PMSF, 2 mM benzamidine, 5 mg/ml aprotinin,
5 mg/ml pepstatin, 5 mg/ml leupeptin), and
centrifuged at 24,000 rpm for 30 min at 08C in
an SW27 rotor. The combined nuclear pellets
were resuspended in 50ml of a 9: 1 (v/v)mixture
of homogenization buffer and H2O, again using
a Teflon-glass homogenizer. This homogenate
was layered over two 10 ml cushion solutions
and recentrifuged under the same conditions.
Thepelletednucleiwere resuspended in20ml of
nuclear lysis buffer [20 mM Hepes (pH 7.9),
0.2 mM EDTA, 2 mM EGTA, 0.75 mM Spermi-
dine, 0.15 mMSpermine, and 2mMDTT]. One-
tenth volume of 3.9 M (NH4)2SO4 was added
dropwise, and the extractwas gently shaken for
40 min at 48C. The lysate was then centrifuged
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at 40,000 rpm for 30min in a Ty 65 rotor (48C) to
pellet chromatin. Solid (NH4)2SO4 was added to
the supernatant and was slowly dissolved and
gently shaken for 30 min at 48C. The precipi-
tated proteins were sedimented by 30 min
centrifugation at 40,000 rpm in a Ty 65 rotor.
The protein pellet was resuspended in dialysis
buffer [25 mM Hepes (pH 7.9), 100 mM KCl,
0.2 mM EDTA, 0.2 mM EGTA, 2 mM DTT, and
5%glycerol] and dialyzed twice for 2 h each time
against 500 ml of the same buffer. The protein
concentration was determined according to
Lowry’s method and then, the protein was stor-
ed in small aliquots in liquid nitrogen.
Nuclear extracts of human chorionic cells,

JEG3 and HepG2 were prepared essentially
according to Shapiro’s method [Shapiro et al.,
1988] with minor modifications as previously
described [Borensztein et al., 1994].
Ets-1 or COUP-TFII (ARP-1) containing

cellular extracts were prepared fundamentally
with Kumar’s method [Kumar and Chambon,
1988] with minor modifications. COS-1 cells
were maintained as stocks in Dulbecco’s modi-
fied Eagle’s medium supplemented with 10%
fetal calf serum. Fifty to 60% confluent dishes
were transfected with an appropriate quantity
of Ets [Wasylyk et al., 1991] or COUP-TFII
(ARP-1) [Ladias et al., 1992] cDNA containing
expression vector. Forty hours after transfec-
tion, the cells were collected in 40mMTris-HCl,
pH 7.4, 1 mMEDTA, 0.15 MNaCl, and pelleted

by low speed centrifugation. Cells were resus-
pended in 400 ml of a buffer containing 20 mM
Tris-HCl, pH 7.4, 0.4 M KCl, 2 mM DTT, and
10% glycerol, and broken by freezing and thaw-
ing. Debris was removed and the supernatant
was aliquoted and stored at �708C.

Purified CREB protein was provided by Dr.
M. Montminy.

Electromobility Shift Assays (EMSA)

Table I summarizes the sequences of oligonu-
cleotides for each footprint used for EMSA.
Double-stranded oligonucleotides were synthe-
sized (Applied Biosystems, Foster City, CA)
and end-labeled with (g-32P) ATP and T4
polynucleotide kinase.

Binding reactions for Ets-REN, footprint B,
footprint C, and CRE-REN were performed by
incubating 1 ml Cos-1 cell extract (for Ets-REN)
or 3 mg of each nuclear extract with 20 fmole
(about 20,000 cpm) of end-labeled double-
stranded oligonucleotides for 15 min at 48C in
18 ml buffer containing 10 mM Hepes (pH 7.8),
1mMNa2HPO4 (pH 7.2), 0.1mMEDTA, 50mM
KCl, 4 mM MgCl2, 4 mM spermidine, 2.5%
glycerol, 0.75–2 mg double-stranded poly (dI-
dC) and 0–1 mg sonicated salmon sperm DNA.
The specificity of the DNA/protein binding was
determined by running the same binding reac-
tion using different competitor oligonucleotides
(homologous and heterologous, Table I). The
bound and free elements were separated by

TABLE I. Alignment of Oligonucleotide Sequences Used in This Study

Footprint A
Ets consensus GGAW GGAW
Ets-REN �34GAGTGTATAAAAGGGGAAGGGCTAAGGGAGCCACAGþ2
Ets-M1 GAGTGTATAAAAGGTTGAGGGCTAAGGGAGCCACAG
Ets-M2 GAGTGTATAAAAGGGGAAGGGCTAAGTTGGCCACAG

Footprint B
HOX�PBX consensus NNATAAATCAN
Pit1 consensus ATGNATAAWT
FP-B-REN �88CAGGGTAATAAATCAGGGCAGAGCAGAATTGCAAT�54
FP-B-MUT �88CAGGGCGGCAAATCAGGGCAGAGCAGAATTGCAAT�54

Footprint C
FP-C-REN �116GAGATTTATTGCTGACTGCCCTGCCATCTACCCCAG�80

Footprint D
CRE consensus TGACGTCA
CRE-REN �235GAGGGCTGCTAGCGTCACTGGACACAAGATTGCTTT�199
CRE-MUT �235GAGGGCTGCTAGTCGGACTGGACACAAGATTGCTTT�199
CRE-SOM �68CTGGGGGCGCCTCCTTGGCTGACGTCAGAGAGAGAG�32

Footprint E
COUP-TFII consensus AGGGGTCANAGGGNTCA
COUP-TFII-REN �264GCTCCAGGGGTCACAGGGCCAAGCCAGATAGAGGGC�228
COUP-TFII-MUT GCTCCAGGGCAGGGGTCCCGGGTTCAGATAGAGGGC

Footprint F
AGE3 consensus AGCTGTGCTTGT
FP-F-REN �299CCCTGAGCAGTGCTGTTTCTCATCAGCCTCTGC�266
FP-F-MUT CCCTGGTTGATGCGGTTTCTCATCAGCCTCTGC

Each consensus sequence is indicated in bold letters above the oligonucleotides. Bold letters in
oligonucleotides indicate homologies with each consensus.
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electrophoresis in 6% non-denaturing polyacry-
lamide gels run in 22 mM Tris/borate/0.5 mM
EDTA at 250 V for 2–3 h.

Binding reactions for COUP-TFII-REN were
performed according to Ladias et al. [1992]
incubating 60 nl COUP-TFII-REN (ARP-1)
transfected Cos-1 extract or 3 mg of each nuclear
extract. These were incubated with 20 fmole
(about 20,000 cpm) labeled oligonucleotides for
30minat 48C in20ml of buffer containing 25mM
Hepes (pH7.6), 8%Ficoll 400, 40mMKCl, 1mM
DTT, 5mMMgCl2, 1 mg of double-stranded poly
(dI-dC) with or without competitor oligonucleo-
tides (Table I). The components were separated
by electrophoresis in 4% non-denaturing poly-
acrylamide gels run in 44mMTris/borate 1mM
EDTA at 10 V/cm for 2–3 h.

Binding reactions for footprint F were per-
formed according to Tamura et al. [1993]
incubating 3 mg of each nuclear extract with
20 fmole (about 20,000 cpm) labeled oligonu-
cleotide for 30min at room temperature in 20 ml
buffer containing 12mMHepes (pH7.9), 60mM
KCl, 0.1 mM EDTA, 0.5 mM DTT, 0.5 mM
PMSF, 12% glycerol, and 0.5 mg of double-
stranded poly (dI-dC) with or without compe-
titor oligonucleotides (Table I). The components
were separated by electrophoresis in 5% non-
denaturing polyacrylamide gels run in 88 mM
Tris/borate 2 mM EDTA at 140 V for 2–3 h.

Electromobility Super-Shift Assay

The electromobility super-shift assay for
CRE-REN consensus was performed as pre-
viously described [Germain et al., 1996]. One

microliter of anti-sera against CREB, CREM,
andATF-1 kindly provided byDr.M.Montminy
[Hagiwara et al., 1992] was added to the EMSA
reaction mixture and then incubated for 1 h at
48C before electrophoresis under the same
conditions as described above for EMSA.

RESULTS

Ets-1 Transfected Cos-1 Cell Extracts and Nuclear
Extracts From Different Cellular Origins and Ets

Motif Like Site

The binding of Ets-1 transfected Cos-1 cell
extracts to the Ets motif like site of the human
renin gene promoter was examined by EMSA
usingdouble-strandedoligonucleotideEts-REN
(�34 to þ2) (Fig. 1). Three specific high-affinity
DNA/protein complexes were formed which
could be blocked by 100-fold excess of homo-
logous competitor but not by 100-fold excess of
consensus mutated competitor (Ets-M1, Ets-
M2).With each of the nuclear extracts from four
different cellular origins, the same consensus-
specific DNA/protein complexes were observed.
There was no difference in the existence or
consensus-specificity of the complexes between
renin producing cells and non-renin producing
cells.

Nuclear Extracts From Different Cellular Origins
and Footprint B Site

The binding of each nuclear extract from four
different cellular origins to footprint B of the
human renin gene promoter was examined by
EMSA using double-stranded oligonucleotide

Fig. 1. Electromobility shift assay (EMSA) of Ets-1-transfected Cos-
1 extracts and nuclear extracts from different cellular origins with
theEts motif like siteof the human reningenepromoter (�34 toþ2).
A double-stranded labeled oligonucleotide containing the renin Ets
protein recognition site like region (Ets-REN: �34GAGTGTA-
TAAAAGGGGAAGGGCTAAGGGAGCCACAG þ2) was used as

the probe. Competition experiments were performed with a
100-fold molar excess with homologous DNA (Ets-REN) or with
mutated oligonucleotides (Ets-M1: �34GAGTGTATAAAAGGTT-
GAGGGCTAAGGGAGCCACAGþ2, Ets-M2: �34GAGTGTA-
TAAAAGGGGAAGGGCTAAGTTGGCCACAG þ2). Specific
DNA/protein complexes are indicated by arrows.
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FP-B (�88 to �54) (Fig. 2). With renal cortex
nuclear extracts, two specific high-affinity
DNA/protein complexes were formed which
could be blocked by 100-fold excess of homo-
logous competitor (FP-B) but not by 100-fold
excess of consensus mutated competitor (FP-B-
MUT). With chorionic cell nuclear extract, two
specific complexes were observed, one of which
at a position distinct from that of renal cortex.
With nuclear extracts from JEG3 and HepG2,
only one specific complex was observed at the
same position as the complexes with renal
cortex and chorionic cells.

Nuclear Extracts From Different Cellular
Origins and Footprint C Site

The binding of each nuclear extract from four
different cellular origins to the Element C of the
human renin gene promoter was examined by
EMSA using double-stranded oligonucleotide
FP-C (�116 to �80) (Fig. 3). One specific high-
affinity DNA/protein complex was formed
which could be blocked by 100-fold excess of
homologous competitor (FP-C). There was no
difference in the existence or specificity of the
complexes between renin producing cells and
non-renin producing cells.

Purified CREB Protein and Nuclear Extracts
From Different Cellular Origins and CRE

The binding of purified CREB protein to the
CRE of the human renin gene promoter was
examined by EMSA using double-stranded
oligonucleotide CRE-REN (�235 to �199)

(Fig. 4). With purified CREB and human renin
CRE oligonucleotide, two specific high-affinity
DNA/protein complexes were formed which
could be blocked by 100-fold excess of homo-
logous competitor (CRE-REN) and rat somatos-
tatin promoter containing CRE (CRE-SOM) but
not by 100-fold excess of consensus mutated
competitor. The purified CREB protein seemed
to migrate a little faster than the complexes
formed with nuclear proteins. Possibly, this
phenomenon is attributable to modifications of
proteins like glycosilation and phosphorylation.
With each nuclear extract from four different
cellular origins, almost the same consensus-
specific DNA/protein complexes were observed
(Fig. 4). Therewas no difference in the existence
or consensus-specificity of the complexes be-
tween renin producing cells and non-renin
producing cells. The two bands are thought to
be a monomer and a dimer of CREB protein.
There seemed to exist other bands with JEG3
and HepG2. It is not sure but possibly these are
several homo-complexes or fragments of CREB
protein.

Super-shift assays were performed to further
characterize the protein binding to CRE of the
human renin gene (Fig. 5). With purified CREB
and human renin CRE oligonucleotide, two
specific high-affinity DNA/protein could be
supershifted with anti-CREB serum.With each
nuclear extract from four different cellular
origins, almost the same super-shiftwas observ-
ed without special differences. Experiments
conducted with anti-sera directed against

Fig. 2. EMSA of nuclear extracts from different cellular origins
with the footprint B site of the human renin gene promoter (�88
to �54). A double-stranded labeled oligonucleotide containing
the footprint B (FP-B-REN:�88CAGGGTAATAAATCAGGGCA-
GAGCAGAATTGCAAT�54) was used as the probe. Competi-
tion experiments were performed with a 100-fold molar excess
with homologous DNA (FP-B-REN) or with mutated oligonucleo-
tides (FP-B-MUT: �88CAGGGCGGCAAATCAGGGCAGAGC-
AGAATTGCAAT�54). Specific DNA/protein complexes are
indicated by arrows.

Fig. 3. EMSA of nuclear extracts from different cellular origins
with the footprint C site of the human renin gene promoter (�116
to �80). A double-stranded labeled oligonucleotide containing
the footprint C (FP-C: �116GAGATTTATTGCTGACTGCCC-
TGCCATCTACCCCAG�80) was used as the probe. Competition
experiments were performed with a 100-fold molar excess with
homologous DNA (FP-C). Specific DNA/protein complexes are
indicated by an arrow.
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CREM and ATF-1, which belong to the same
family of bZIP transcription factors, showed no
super-shift with purified CREB protein or with
nuclear extracts from four different cellular
origins.

COUP-TFII (ARP-1) Containing Cos-1 Cell
Extracts and Nuclear Extracts From Different

Cellular Origins and COUP-TFII (ARP-1)
Motif Like Site

The binding of COUP-TFII (ARP-1) trans-
fected Cos-1 cell extracts to the COUP-TFII
(ARP-1)-1 motif like site of the human renin
gene promoter was examined by EMSA using

double-stranded oligonucleotide COUP-TFII-
REN (�264 to �228) (Fig. 6). One specific
high-affinity DNA/protein complex was formed
which could be blocked by 100-fold excess of
homologous competitor but not by 100-fold
excess of consensus mutated and non-specific
competitors (COUP-TFII-MUT, CRE-REN).
With renal cortex nuclear extracts and chor-
ionic cell nuclear extract, the same consensus-
specific DNA/protein complexes were observed.
With nuclear extracts from JEG3, DNA/protein
complex was not formed at the same position as
that with COUP-TFII (ARP-1) transfected Cos-
1 cell extracts. With nuclear extracts from

Fig. 4. EMSA of purified CREB protein and nuclear extracts from
different cellular origins with the CRE of the human renin gene
promoter (�235 to �199). A double-stranded labeled oligonu-
cleotide containing the CRE (CRE-REN: �235GAGGGCTGCT-
AGCGTCACTGGACACAAGATTGCTTT�199) was used as the
probe. Competition experiments of purified CREB protein
provided by Dr. M. Montminy and nuclear extracts from various

origins were performed with a 100-fold molar excess with
homologous DNA (CRE-REN) or with somatostatin CRE site
(CRE-SOM: �68CTGGGGGCGCCTCCTTGGCTGACGTCA-
GAG�32) or with mutated oligonucleotides (CRE-MUT:
�235GAGGGCTGCTAGTCGGACTGGACACAAGATTGCTTT-
199). Specific DNA/protein complexes are indicated by arrows.

Fig. 5. Electromobility super-shift assay of purified CREB
protein and nuclear extracts from different cellular origins
with the CRE of the human renin gene promoter (�235 to
�199). A double-stranded labeled oligonucleotide containing
the CRE (CRE-REN:�235GAGGGCTGCTAGCGTCACTGGA-
CACAAGATTGCTTT�199) was used as the probe. Super-shift

assay of purified CREB protein provided by Dr. M. Montminy and
nuclear extracts from various origins were performed with anti-
CREB, anti-CREM, and anti-ATF-1 serum. The arrows indicate
the specific DNA–protein complexes. The open arrowhead
indicates the supershifted complex.
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HepG2, DNA/protein complex was not form-
ed at the same position as that with COUP-
TFII (ARP-1) transfected Cos-1 cell extracts.
However, consensus-specific DNA/protein
complex, which migrated more rapidly, was
observed.

Nuclear Extracts From Different Cellular Origins
and Footprint F Site

The binding of each nuclear extract from four
different cellular origins to the footprint F of the
human renin gene promoter was examined by
EMSA using double-stranded oligonucleotide
FP-F-REN (�299 to �266) (Fig. 7). With renal

cortex nuclear extracts, one specific DNA/pro-
tein complexwas formedwhich could be blocked
by 100-fold excess of homologous competitor
(FP-F-REN) and slightly blocked by 100-fold
excess of consensusmutated competitors (FP-F-
MUT), the complex of chorionic cell nuclear
extract being invisible. With nuclear extracts
from JEG3 and HepG2, one specific complex
was observed which seemed to migrate more
slowly, although this was not sure.

DISCUSSION

Recently, new knowledge about the distal
enhancers of human renin gene has been

Fig. 6. EMSA of COUP-TFII (ARP-1)-transfected Cos-1 extracts
and nuclear extracts from different cellular origins with the
COUP-TFII (ARP-1) motif like site of the human renin gene
promoter (�264 to �228). A double-stranded labeled oligonu-
cleotide containing the renin COUP-TFII (ARP-1) recognition
site like region (COUP-TFII-REN: �264GCTCCAGGGGTCA-
CAGGGCCAAGCCAGATAGAGGGC�228) was used as the

probe. Competition experiments were performed with a 100-fold
molar excess with homologous DNA (COUP-TFII-REN) or
with mutated and non-specific oligonucleotides (COUP-TFII-
MUT:�264GCTCCAGGGCAGGGGTCCCGGGTTCAGATA-
GAGGGC�228, CRE-MUT:�235GAGGGCTGCTAGCGTCA-
CTGGACACAAGATTGCTTT�199) Specific DNA/protein com-
plexes are indicated by arrows.

Fig. 7. EMSA of nuclear extracts from different cellular origins
with the footprint F site of the human renin gene promoter (�299
to�266). A double-stranded labeled oligonucleotide containing
the AGE3 like region of the human renin gene (FP-F-REN:
�299CCCTGAGCAGTGCTGTTTCTCATCAGCCTCTGC�266)

was used as the probe. Competition experiments were performed
with a 100-fold molar excess with homologous DNA (AGE3-
REN) or with mutated oligonucleotides (FP-F-MUT:�299-
CCCTGGTTGATGCGGTTTCTCATCAGCCTCTGC�266). Spe-
cific DNA/protein complexes are indicated by an arrow.
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obtained [Germain et al., 1998; Fuchs et al.,
2002]. On the other hand, it is well known that
proximal promoter regions of genes are indis-
pensable for the regulation of the basic portion
of gene expression and the proximal region of
human renin gene should bewell characterized.
Previously, wemapped six protein-binding sites
in the proximal promoter region of the human
renin gene (�336 to þ16) by DNase I footprint
assay with nuclear extract of human chorionic
cell and human renal cortex [Borensztein et al.,
1994; Konoshita et al., 1996] in common
(footprint A–F). Footprint D (�234/�214) site
contains CRE like sequence and was character-
ized as CRE of human renin gene in human
chorionic cells [Borensztein et al., 1994; Smith
et al., 1994]. Footprint B (�79/�62) site was
demonstrated to be implicated in the cAMP
mediated renin gene transcription with CRE
synergistically in chorionic cells [Germain et al.,
1996]. In the evaluation with renal cortex, we
demonstrated that all other sites of the foot-
prints interact with nuclear protein in a se-
quence-specific manner; footprint A (�29/�6),
footprint E (�259/�245) seemed to be Ets
binding site and COUP-TFII (ARP-1) binding
site, respectively. Footprint C (�107/�83) con-
tains no known consensus as cis-element.
Footprint F (�293/�272) contains AGE3 like
sequence of which the corresponding factor
(AGF3) has not been identified [Konoshita
et al., 1996]. However, the specific bindings
between chorionic cell nuclear protein and non-
renin producing cells and these footprint sites of
human renin gene have not been examined.
Accordingly, this study was undertaken to
obtain further clues to the regulation of human
renin gene expression in the promoter region.
For this sake, these putative proximal cis-
elements were subjected to consensus-specific
binding analysis, and the pattern of DNA/
protein binding was compared between renin-
producing and non-renin producing cells. Be-
cause there is no establishedhumanJGcell line,
renal cortex cells from ischemic kidneys were
applied to the experiments despite the limited
number of JG cells in cortex (less than 0.01% of
renal cortex cells) and the heterogeneous con-
stitution, at least, to confirm the presence of
reacting proteins to the human renin promoter.

Ets is one of the proto-oncogenes that contain
Ets domain. It is thought to be involved in
constitutive transcription [Sato, 2001]. Our
results suggest that the nuclear protein binding

to Ets bindingmotif like site of the human renin
gene (footprint A) is Ets-1 itself. It is unlikely
that the site is implicated in the specific renin
gene expression as no apparent distinct DNA/
protein binding was observed among cell lines.
Ets specific sequences are not found in rodents’
renin gene, but the corresponding site of mouse
Ren-1c reacts with As4.1 [Petrovic et al.,
1996]. Further evaluation should provide data
on this issue. As a previous reporter assay did
not indicate special activity in footprint C site
[Borensztein et al., 1994], and no apparent
distinct DNA/protein binding was observed
among cell lines in the present study, it is
unlikely that the site is implicated in the specific
renin gene expression. CREB is one member of
the CRE/ATF family and contains b-ZIP struc-
ture [Hai andHartman, 2001].We have already
indicated that the CRE like site of the human
renin gene (footprint D) functions as genuine
CRE [Borensztein et al., 1994; Germain et al.,
1996]. CRE is thought to be involved in in-
ducible gene expression. However, it is unlikely
that the site is implicated in the specific renin
gene expression, as no apparent distinct DNA/
protein binding was observed among different
cell lines in the present study. Our investiga-
tions showed two specific DNA/protein com-
plexes consisting of CREB but not of ATF-1,
whereaswith Calu-6 cells, which are one type of
human renin producing cell, five specific DNA/
protein complexes consisting of ATF-1 and
CREB-1 have been demonstrated [Ying et al.,
1997].

Initially, footprint B (�79/�62) was regarded
to contain Pit-1 [Nelson et al., 1988] motif like
sequence [Sun et al., 1993; Borensztein et al.,
1994; Catanzaro et al., 1994]. Pit-1 is one of the
POU-domain transcription factors [Andersen
and Rosenfeld, 2001]. POU family proteins are
thought to be implicated in differentiation and
tissue-specific gene expression. The footprint B
site of the human renin gene and corresponding
site of the mouse Ren-1c have been regarded as
important sites for gene expression [Tamura
et al., 1992; Germain et al., 1996; Petrovic et al.,
1996]. However, we demonstrated that Pit-1
containing GH3B6 nuclear extracts did not
interact with the human renin gene and that
the binding protein of chorionic cell is distinct
from Pit1 itself [Germain et al., 1996]. It has
been suggested thatmembers of thePOU family
of transcription factors, or some other closely
related group such as the Hox proteins, parti-
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cipate in directing renin gene expression to
renin-producing cells [Catanzaro et al., 1994]. A
recent report indicated that this corresponding
region of mouse Ren-1c is HOXñPBX recogni-
tion sequence, althoughwhetherHOX and PBX
proteins bind to the human proximal promoter
element has not been examined [Pan et al.,
2001b].Hoxgenesaremembers of thehomeobox
family of transcription factors and controlmany
aspects of morphogenesis and cell differentia-
tion in animals [Botas, 1993]. In vertebrates,
there are 39 Hox genes organized in four
clusters (A, B, C, and D) on separate chromo-
somes, with members of each cluster classified
into as many as 13 paralog groups based on
sequence similarity [Scott, 1993]. In the present
study, apparent distinct DNA/protein binding
was observed with the footprint B site of the
human renin gene among different cell lines.
These heterogeneity suggests a possibility that
this site of thehuman reningene is implicated in
specific gene expression.
COUP-TFII (ARP-1) is one of the orphan

receptors that are members of the nuclear
receptor superfamily of ligand-activated tran-
scription factors [Ladias et al., 1992]. In this
study, the nuclear protein from kidney and
chorionic cells which bind to renin gene (foot-
print E) seems to be COUP-TFII (ARP-1) itself.
On the other hand, apparent distinct DNA/
protein binding was observed with non-renin
producing cell lines. Considering the central
role that nuclear receptors play in differentia-
tion, development, metabolic regulation, home-
ostasis, and disease [Mangelsdorf et al., 1995;
Cooney et al., 2001], presumed crucial roles in
angiogenesis indicated by knockout mice model
[Pereira et al., 1999] and suggested roles in the
regulation of steroidogenesis in human adrenal
cortex and its disorders [Suzuki et al., 2000;
Shibata et al., 2001], this site of the human
renin gene may play an important role in the
specific gene expression of the human renin.
Footprint F contains AGE3 like sequence.

AGE3 is a sequence found in mouse angiotensi-
nogen gene and is thought to be involved in
constitutive gene regulation [Tamura et al.,
1994]. In the present study, distinct DNA/
protein binding seemed to be formed with the
site of the human renin gene among cell lines.
Accordingly, it is possible that the site of the
human renin gene is involved in specific expres-
sion.However, the complex of chorionic cells was
invisible by EMSA, and the trans-factor has not

been identified so far. Thus, role of the element of
the human renin gene remain unclear.

In conclusion, the results of the study impli-
cate three putative cis-elements, footprint B
site, COUP-TFII (ARP-1) motif like site, and
footprint F site, and each corresponding trans-
factor in gene expression of human renin in the
proximal region. Further functional character-
ization of these elements would provide impor-
tant data for a better understanding of human
renin gene expression.
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