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the right carotid artery, and a stent was implanted in the injured right FA by balloon
inflation (at 12 atm for 20 seconds). Successful stent implantation was confirmed by

angiography in all rabbits.

X-Gal stain

For the BMS, gelatin-coated stent, and Lac Z stent groups, 3-galactosidase
expression in the FA at days 3 and 7 (n=3 in each group, respectively) post stent
implantation was quantified with X-Gal stain as previously described’ to confirm

successful gene transfer and protein expression.

Evaluation of Patency of Stent Implanted Arteries

Peak flow velocity in FAs was measured by continuous Doppler method
transcutaneously on day 3 post stent implantation (n=10 for the BMS, gelatin-coated
stent, and pE-NTPDase stent groups, and n=4 for the Lac Z stent group). Based on
differences in peak flow velocity between the stent implanted right FAs and the
contralateral normal FAs, we defined differences <30% as patent, > 30% as stenosis,
and no flow as occlusion, in accordance with a previous study.® Angiography of FAs
was carried out to evaluate the patency of the stent implanted arteries on days 3 and 7
post stent implantation (n=10 and 12 on each day for the BMS, gelatin-coated stent, and
pE-NTPDase stent groups, n=4 and 6 on each day for the Lac Z stent group). In all
rabbits, the stent implanted site of the right FA and the size-matched contralateral
normal FA were harvested after angiography for the evaluation of gene and protein

expression, NTPDase activity, and histological examination.

RNA Extraction and RT-PCR
In the BMS, gelatin-coated stent, and pE-NTPDase stent groups (n=4), E-NTPDase

mRNA expression in whole FAs of stent implanted site, and endothelial nitric oxide
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synthase (eNOS) mRNA expression in the neointimal tissues of stent implanted FAs on
days 3 and 7 post stent implantation were evaluated by real-time polymerase chain
reaction (PCR) as previously described.” RNA was isolated from the whole FAs of
stent implanted site using TRIzol Reagent (Invitrogen, Carlsbad, CA), after which
cDNA was generated from total RNA by using a SuperScript II Reverse Transcriptase
Kit (Invitrogen). Real-time polymerase chain reaction (PCR) was then performed in
an ABI-Prism 7700 (Applied Biosystems, Foster City, CA) using QuantiTect SYBR
Green PCR Kit (Qiagen). The sense and antisense primers were as follows:

5’ CATGAATTCCATGGGCAAGGGAACCAAGGACCTGAC3’ and

5’ AGCACAATCCCATACTTAACG3’ for human E-NTPDase,

5’ CTACCCCTTTGACTTCCAGGG3’ and 5S’CTTGGCCAGTTTCTGCCACAG3’ for
total E-NTPDase including both endogenous rabbit E-NTPDase and exogenous human
E-NTPDase, 5’ ACCTGTGTGACCCTCACCG3’ and
5’GGGGACAGGAAATAGTTGACC3’ for eNOS, and
5’GATGACCCAGATCATGTTTG3’ and 5’AGGTCCAGACGCAGGATG3’ for B-actin.
The primers for total E-NTPDase were generated to have high homology to human, rat,
and mouse E-NTPDase, because the sequence of rabbit E-NTPDase has not been
determined. The mRNA levels of human or total E-NTPDase and eNOS were

normalized to B-actin for each sample.

Western Blotting

To evaluate the expression of human pE-NTPDase protein in whole FAs of stent
implanted site on days 3 and 7 post stent implantation (n=3 and 4 on each day,
respectively, for the BMS, gelatin-coated stent, and pE-NTPDase stent groups), western
blotting was performed as previously described® with a primary antibody against FLAG
(SIGMA-ALDRICH), because there is no specific antibody to human E-NTPDase for

western blotting.
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Measurement of NTPDase Activity

Rabbit FAs were homogenized in Tris-buffered saline (pH 7.4) containing aprotinin
and phenylmethylsulfonyl fluoride. To determine whether human pE-NTPDase
protein expressed in the arteries treated with the pE-NTPDase stent exhibited normal
enzymatic activity, NTPDase activity was measured by luciferin-luciferase
bioluminescence assay using an ATP assay system (TOYO B-Net CO, LTD) on days 3
and 7 post stent implantation (n=3 and 4 on each day, respectively, for the BMS and
pE-NTPDase stent groups). Finally, NTPDase activity in the stent implanted FAs was

expressed as a ratio to the activity in the contralateral normal FA.

Histological Examination

The stent implanted FAs were fixed in 4% paraformaldehyde. To prepare
cross-sections of stent-implanted FAs, fixed arteries were embedded in plastic resin
(Technovit 8100, Heraeus Kulzer, Armonk) according to the manufacturer’s instructions,
separated transversely into 3 parts, and cut into 5 pm sections in each part. Each
section was stained with hematoxylin and eosin for histological analysis (n=4 in each
group). The sections were also examined immunohistochemically with the antibodies
against human pE-NTPDase (YH34)1’2, o-smooth muscle actin (MCA1906H, AbD
Serotec), and macrophages (RAM11, DAKO Japan). Additionally, part of the thrombi
in the BMS and gelatin-coated stent groups were extracted, fixed in 4%
paraformaldehyde, embedded in paraffin, and cut into 3 pm sections, and

immunostaining for GP 1Ib/Illa (Affinity Biologicals Inc) was performed.
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Figure legends

Supplemental Figure 1
Platelet aggregation induced by ADP (1.0 pg/ml) in rabbit platelet-rich plasma
without (A) or with (B) human pE-NTPDase (1.5 pg/ml).

Supplemental Figure II
X-Gal staining of stent implanted FA sections. FAs from the LacZ stent group
analyzed on days 3 and 7 exhibited strong X-Gal staining. This was not observed

in the BMS or gelatin-coated stent groups.

Supplemental Figure III
Typical images of peak flow velocity at the distal site of stent implantation on day 3.
In the BMS, gelatin-coated stent, and LacZ stent groups, the peak flow velocity in
the stent implanted FAs is faster than in the contralateral normal FAs in cases of
stenosis (A) or undetectable in cases of occlusion (B). In contrast, in the
pE-NTPDase stent group, all treated FAs showed blood flow patterns similar to the
contralateral normal FAs (C). Dotted lines indicate the peak flow velocity of the

contralateral normal FA in each rabbit.

Supplemental Movie I
Representative angiography on day 7 indicating the occlusion of right FA implanted

with the stent lacking the pE-NTPDase gene.

Supplemental Movie II
Representative angiography on day 7 showing the patency of right FA implanted

with the pE-NTPDase gene-eluting stent.
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Supplemental Figure 111
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Regulation of Aldosterone and Cortisol Production by
the Transcriptional Repressor Neuron Restrictive
Silencer Factor

Satoshi Somekawa, Keiichi Imagawa, Noriyuki Naya, Yasuhiro Takemoto, Kenji Onoue,
Satoshi Okayama, Yukiji Takeda, Hiroyuki Kawata, Manabu Horii, Tamio Nakajima,
Shiro Uemura, Naoki Mochizuki, and Yoshihiko Saito

The First Department of Internal Medicine (5.5, K.I, N.N., Y.Takem., K.O,, S.0., Y.Taked., H.K,, M.H., TN,, S.U., Y.S)),
Nara Medical University, Kashihara, Nara 634-8522, Japan; and Department of Structural Analysis (N.M.), National
Cardiovascular Center Research Institute, Suita, Osaka 565-8565, Japan

Aldosterone synthase (CYP11B2) and 118-hydroxylase (CYP11B 1) regulate aldosterone and cortisol
production, respectively. The expression of these enzymes is promoted by calcium influx through
Cav3.2, a T-type calcium channel. Neuron-restrictive silencer factor (NRSF) binds to neuron-restric-
tive silencer element (NRSE) to suppress the transcription of NRSE-containing genes. We found a
NRSE-like sequence in human CYP11B2 and CYP11B1 genes as well as the CACNATH gene of many
mammalian species. The CACNA1TH gene encodes the a-subunit of Cav3.2. Here we investigated
how NRSF/NRSE regulates aldosterone and cortisol synthesis. Inhibition of endogenous NRSF by an
adenovirus-expressing dominant-negative NRSF (AD/dnNRSF) increased human CYP11B2 and
CYP11B1 mRNA expression, leading to aldosterone and cortisol secretion in human adrenocortical
(H295R) cells. In reporter gene experiments, NRSE suppressed luciferase reporters driven by
CYP11B2 and CYP11B1 promoters and dnNRSF enhanced them. Moreover, cotransfection of
dnNRSF increased luciferase activity of reporter genes after deletion or mutation of NRSE, sug-
gesting that NRSF/NRSE regulates transcription of CYP11B2 and CYP11B1 genes indirectly. AD/
dnNRSF augmented mRNA expression of rat CYP11B2 and CYP11B1 genes, neither of which con-
| tains a NRSE-like sequence in rat adrenal cells. AD/dnNRSE also significantly increased CACNATH
| mRNA in H295R and rat adrenal cells. Efonidipine, a T/L-type calcium channel blocker, significantly
suppressed dnNRSF-mediated up-regulation of CYP11B2 and CYP11B1 expression. Moreover,
NRSF/NRSE is also involved in angiotensin Il- and K" -stimulated augmentation of CYP1182 and
CYP11B1 gene transcription. In conclusion, NRSF/NRSE controls aldosterone and cortisol synthesis
by regulating CYP11B2 and CYP11B1 gene transcription mainly through NRSF/NRSE-mediated
enhancement of the CACNA1H gene. (Endocrinology 150: 3110-3117, 2009)

Idosterone plays a central role in various pathological con-

dirions, including hypertension, heart failure (HF), and
postinfarction ventricular remodeling (1, 2). Increased aldoste-
rone or cortisol in HF patients is an independent predictor of
mortality risk (3). Thus, understanding the regulation of aldo-
sterone and cortisol synthesis is important for clucidating the
mechanisms underlving these disorders. Aldosterone and corti-
sol arc predominantly synthesized and secreted from the adrenal

zona glomerulosa and fasciculata, respectively. Aldosterone syn-
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thase (CYP11B2) and 11 B-hydroxylase (CYP11B1) are respon-
sible for the synthesis of aldosterone (human and rat) and cortisol
{human)/corticosterone (rat), respectively (4, 5). Expression of
these steroid hydroxylases in the adrenal gland is regulated by
angiotensin [T {Angll) and extracellular potassium (K 7 )-induced
calcium influx through calcium channcls, particularly Cav3.2, a
T-type calcium channel (6-9). These stimuli increase intracellu-
lar calcium levels and trigger calcium-calmodulin (CaM)-CaM-
dependent protein kinase (CaMK) signaling (10-12). CYP1 B2

Abbreviations: AD, Adenowirus, Angll, angiotensin ll; C calmod:
dent protein kinase, ChiP, chromstin immunopredipitation; TREB, <
binding protem; dnNRSF, dominant-negative NRSF, HF, heart alju .
muttiphcity of infection; NRSE, reuron-restrictive silencer element; NRSF, neuron-resirctive
sitencer factor; SV4Q, simian wirts 40,

Endocrinology, fuly 2009, 150(7):3110-3117

Downloaded from endo.endojournals.org at Nara Medical University on May 18, 2010

— 128 —



Endocrinology, July 2009, 150(7):3110-3117

expression is regulated by a number of cis-acting transcription
factors such as nerve growth factor-induced clone B (13}, chicken
ovalbumin upstream promoter-transcription factor 1 (14),
cAMP response element binding protein (CREB), and activat-
ing transcription factor-1 (15). Moreover, several transcrip-
tion factors, including CREB, activating transcription fac-
tor-1, and steroidogenic factor-1, bind to the §'-flanking
region of the CYP11B1 gene (16, 17). Several of these tran-
scription factors are regulated by calcium-CaM-CaMK signal-
ing. However, the transcriptional regulation of aldosterone and
cortisol synthesis remains elusive.

The neuron-restrictive silencer element (NRSE) is a crucial
inhibitory DNA element that prevents the expression of neuron-
specific genes in nonneuronal and undifferentiated neuronal cells
(18). NRSEs are present in a number of neuron-specific genes,
including SCG10, the type II sodium channel Nav1.2, and syn-
apsin I (19, 20). The neuron-restrictive silencer factor (NRSF) is
a Kruppel-type zinc-finger repressor. NRSF binds to NRSEs,
thereby suppressing expression of NRSE-containing genes. Pre-
viously we demonstrated that NRSF/NRSE system regulates fe-
tal cardiac gene expression of atrial natriuretic peptides and
B-type natriuretic peptides in cultured cardiomyocytes (21, 22).

NRSE-like sequences are found in intron 8 and exon 9 of the
human CYP11B2 and CYP11B1 genes. There arc no NRSE-like
sequences in the rat CYP11B2 and CYP11B1 genes. Moreover,
the human and rat CACNAH genes, which encode the a-sub-
unit of Cav3.2, contain a functional NRSE sequence (23). T-type
calcium channels, Cav3.2 in particular, influence aldosterone
and cortisol biosynthesis in adrenal cells (9, 24, 25).

We used NCI-H295R, a human adrenocortical cell line
(FI2Z95R cells), and rat adrenal cells isolated from adrenal glands
to analyze how production of aldosterone and cortisol/cortico-
sterone is transcriptionally regulated. We here demonstrate the
crucial role of NRSF/NRSE system in the transcriptional regu-
lation of CACNA1H and subsequent induction of CYP11B2 and
CYP11B1 in human and rat. This system also directly regulates
NRSEs in human CYP11B2 and CYP11B1 genes.

Materials and Methods

Reagents and antibodies

Efonidipine was kindly provided by Nissan Chemical {Tokyo, Japan).
Other reagents and antibodies are listed in the supplemental texe 1, pub-
lished as supplemental data on The Endocrine Sociery’s Journals Online web
site at hetp//endo.cndojournals.org,.

Plasmids and recombinant adenovirus (AD)

Plasmids cncoding Myc-tagged dominant-negative NRSF (dnNRSF)
were kindly provided by David J. Anderson (California Institute of Tech-
nology, Pasadena, CA). The recombinant AD encoding Myc-ragged
dnNRSF was purificd and concentrated as described previously (21).

Cell culture

The NCI-H295R human adrenocortical cell line {26) was obrained
from the American Type Culture Collection (Manassas, VA) and cul-
tared in DMEM/F12 medium containing 2% Ultroser SF (Rioscpra,
Cergy St. Christophe. France), 1% insulin/transferrin/selenium, penicil-
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lin, and strepromycin (9). Cells were maintained at 37 C in a humid
atmosphere containing 95% air-5% CQO,.

Rat adrenal cells were obtained from adrenal glands of female Long
Evans rats weighing 200-250 g and 1solated according ro the modified
method previously described (27). Briefly, isolation and cell dissociation
were performed in MEM (supplemented with penicillin and streptomy-
cin}. After a S0-min incubation ar 37 C with collagenase (2 mg/ml) and
deoxyribonuclease (25 pg/ml), cells were disrupted by gentle aspiration
with a sterile pipette, filtered, and centrifuged for 10 min at 100 X g. The
cell pellet was then resuspended in OPTI-MEM medium (Invitrogen,
Carlsbad, CA) supplemented with 2% fetal bovine serum, penicillin, and
streptomycin. This protocol was approved by our institutional review
board for animal research.

Both cells were maintained at 37 C under a humid atmosphere of
95% air-5% CO,.

AD transfection

H295R and rat adrenal cells were cultured in six-well culture dishes
ata density of 5 X 10% or 1 X 10° cellshwell. One day after H295R cclls
plating or 2 d after rat adrenal cells plating, each cell was infected with
AD/dnNRSF or a control LacZ AD (AD/LacZ) at variety multiplicity of
infection {(MOI) for 24 h in low-serum medium (DMEM/F12 medium
containing 0.1% Ultroser SF or OPTI-MEM medium containing with
0.2% fetal bovine serum). At 24 h after infection, cells were stimulated
with the specified drugs for 12 h as indicated in the figures.

Chromatin immunoprecipitation (ChiP) assay

Chromatin from H295R cclls was prepared using a ChIP assay kit
(Upstate, Charlotresville, VA). The purified chromatin was immunopre-
cipitated with normalIgG or anti-Myc antibodies or was not treated with
antibody (non) 36 h after infection with AD/AnNRSF or AD/LacZ. The
immunoprecipitated product was analyzed in PCRs using the following
primer pairs: NRSE from the human CYP11B2 gene (NRSER?) ChIP
primers, S-GTAAGGTGGGGCTGGTCAGAAGT-3" (forward) and
5'-TCTGAAAGTGAGGAGGGGGGACGT-3"  (reverse);  control™
ChIP primers, 5'-GCAAGCAAGAAGACAGTGGAGGG-3' {forward)
and 5'-TGTAGCTCAGGGTTGCTGACCTG-3" (reverse); NRSE from
the human CYPI1B1 gene (NRSE™) ChIP primers, 5'-CAGGAAT-
GAAACAGGTTGGAGGC-3’ (forward) and 5'-GAGACGTGA-
TTAGTTGATGGCTC-3" (reverse); and control® ChIP primers,
5-GGCTGTGAATCCATCTGGTCATG-3' (forward) and §5'-GAT-
AAAGGGGATATCACCACCG-3' {reverse). Aliquots of chromatin ob-
tained before immunoprecipitation were also analyzed (input).

Reporter constructs

The 1523-bp proximal promoter of the CYP11B2 gene and the
1100-bp proximal promoter of the CYP11B1 gene were described pre-
viously {13, 17). These sequences were PCR amplified using a BAC clone
as a template (RP11-304E16; BACPAC Resource Center, Qakland,
CA). Details arc described in the supplemental text 2.

Luciferase assay

For transfection experiments, H295R cells were cultured in 24-well
culture dishes ara density of § X 10* cells/well and transfected 36 h later.
Transfection was performed using 2.0 pl of Lipofectamine (Invitrogen,
Carlshad, CA) and 0.3 pg of reporter plasmid DNA in DMEM/F12
medium for 4 h ar 37 C. For cotransfection experiments, various amounts
ot expression plasmids were included in the transfection reaction; the total
amount of DNA was kept constant by adding carricr DNA (empty cxpres-
ston vector). Inall experiments, 0.1 pg of pRL-SV40 {Toyo, Tokyo, Japan),
an expression plasmid in which the simian virus 40 {SV40} promoter is
tused to the Renilla luciferase gene, was cotransfected and used ro nor-
malize the luciferase activity, Afrer transfection, cells were incubated in
low-serum medium {DMEM/F [2 medium containing 0.1% Ultroscr SF
and antibiotics) for 24 h, Where indicated, transfected cells were stim-
ulated for 12 h. Cells were then lysed and assaved using a luciferase assay
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system {Promega, Madison, WI) and a fuminometer {TR717: Applied
Biosystems, Foster City, CA). In cach experiment, cell lysate aliquots
from duplicate wells were assayed, and the luciferase actvities were
normalized to that derived from pRL-SV40 luctferase.

RT-PCR

Total RNA {1 pg) extracted from H29S5R and rat adrenal cells with
Trizol (Invirrogen, Carlsbad, CA) was reverse transcribed with SuperSeript
IT and random primers {Invitrogen). The expression levels of specitic
mRNAs were measured using SYBR green real-time PCRs (QIAGEN,
Valencia, CA} with gene-specific primers (supplemental Table 1), Real-
time PCR primers and probes for human CYP11B2, human CYPT1B,
human NRSF, rat CYP1iB2, and rat CYPI1Bl were used for
TagMan probe assays (assay Hs01597732_ml, Hs01596404_ml,
Hs00194498_m1, Rn02396730_g1, Rn02607234_g1; Applied Biosys-
tems). RT-PCRs were conducted in an ABI Prism Sequence Detection
System 7700 (Applied Biosystems).

Western blot analysis

Derails are available in supplemental text 3.

EMSA

Nuclear extract from H2935R cells was prepared as previously de-
scribed (21). Double-stranded oligonucleotides containing two copies of
the NRSE® (5'-GCCTCTGTCCTAGGTGCTGAA-3'}, a mutant vari-
ant of NRSE* (5'-GCCTCTGTAATACGTGCTGAA-3'), the NRSE®!
(5'-GCTTCTGTCCTAGGTGCTGAA-3), or a mutant variant of
NRSE"! (5 -GCTTCTGTAATACGTGCTGAA-3"} were synthesized
and used as probes for EMSAs. DNA-protein binding reactions were
carried out in a 20-pl final volume of reaction buffer containing 20
mmol/liter HEPES {pH 7.9), 125 mmoV/liter KCl, 5§ mmol/liter MgCl,,
10% glycerol, 125 ug/ml polydeoxyinosinic-decoxycytidylic acid, and 1
mmolliter dithiothreitol. The nuclear extract {15 pg protein) was added
to the reaction buffer and preincubated for 10 min on ice. Radiolabeled
DNA probe was then added, and the nuclear extract was incubated for
another 30 min at room temperature. Samples were separated on a 6%
retardation gel (Invitrogen) at 300 V in 0.5X Tris-borate EDTA buffer
for 20 min. For compctition assays, a 50-fold cxcess of double-stranded
NRSE", NRSE" | the mutated version of NRSE™, the mutated version
of NRSEP!, a consensus NRSE, or the CREB sequence {supplemental
Table 1) was incubated in reaction mixture with a radiolabeled NRSEF2
or NRSE"! probe as described above. NRSF antibodies were used in the
gel shift experiment.

RIA and ELISA
Aldosterone and cortisol secretion was assayed as previously de-
scribed (9). Details are provided in the supplemental text 4,

Statistical analysis

Results are expressed as the means = sb. Student’s ¢ tests were used
to analyze differences berween two groups. Within-group differences
and between-group differences after treatments were assessed with one-
way ANOVA and two-way ANOVA, respectively. Significant differ-
ences were defined as P << 0.05.

Results

NRSE-like sequences are present in the human CYP11B2
(hCYP11B2) and CYP11B1 (hCYP11B1) genes

A homology scarch for NRSE-like sequences identified
NRSE-like sequences within the genomic sequence correspond-
ing to intron 8 and cxon 9 of the human genes but not in those
of other species (supplemental Table 2).

Aldosterone Controf and Cortisol Synthesis by NRSF
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FIG. 1. NRSF binds to NRSEs in the human CYP11B2 (NRSE®?) and CYP1181
(NRSE®') genes in H295R cells. Panel A, Nuclear proteins from H295R and rat
adrenal cells were immunoblotted with the antibodies indicated at the feft. Hela
cells were used as a positive control for NRSF. Emerin and HSC70 were examined
as positive controls for nuclear and cytosolic proteins, respectively. N, Nuclear
fraction; C, cytosolic fraction. Panels B-D, Nuclear proteins extracted from H295R
cells were analyzed by EMSA. Each 15-ug sample of nudlear extract (NE) was
incubated with 2 1-bp double-stranded NRSE®? {panels B, C, and the left side of
panel D) and NRSE®' (the right side of panel D) labeled with 3P ATP as a probe.
The NRSF antibody and preimmune serum {control) were used in a supershift
assay to confirm NRSE®2.specific binding (panel C). Excess unlabeled probe or
each mutant NRSE sequence was used as cold competitor as indicated. The
positions of NRSF-DNA and NRSF-DNA-antibody complexes are indicated with
arrows and an arrowhead, respectively.

NRSF binds to the NRSEs in the hCYP11B2 and
hCYP11B1 genes in H295R cells

Western blots showed that NRSF was localized in the nuclei
of H295R and primary rat adrenal cells in a manner similar to
that observed in Hel.a cells, which express NRSF abundantly
(Fig. 1A). To test whether the NRSF binds to the NRSEs in
hCYP11B2 (NRSE™) and hCYP11B1 (NRSEM) genes, we per-
formed an EMSA with nuclear extracts from H2935R cells. A
shifted band was observed when the putative NRSE" sequence
was used as the radiolabeled probe (Fig. 1, Band D, lane 2). No
band shift was detected when the binding reaction included ex-
cess molar amounts of unlabeled NRSE™ (Fig. 1, B and D, lanc
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3), consensus NRSE (Fig. 1B, lane $), or NRSE®" (Fig. 1D, lane
5). In contrast, unlabeled probe corresponding to mutated
NRSEP? (Fig. 1, B and D, lane 4) or CREB-binding sequences
(Fig. 1B, lane 6) had no cffect on the band shift. In addition, the
band was supershifted in reactions containing antibodies specific
for NRSF (Fig. 1C, lane 4, arrowhead). We obtained similar
results using radiolabeled NRSE"! probe (Fig. 1D, lanes 7-10}.
As shown in the EMSA, NRSF binds to both NRSEs.

NRSE functions in the hCYP11B2 and hCYP11B1 genes in
H295R cells

To test whether the NRSF/NRSE system regulates aldoste-
rone and cortisol biosynthesis in H295R cells, we examined the
effects of dnNRSF, which is lacking the repressor domain but
still contains the DNA-binding domain (28). Aldosterone and
cortisol secretion in human cells increased in response to
NRSF inhibition with an AD/dnNRSF (Fig. 2, A and B). The
mRNA levels of hCYP11B2 and hCYP1[B1 were also mark-
edly increased after transfection with AD/dnNRSF (Fig. 2, C
and D).
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FIG. 2. NRSE regulates hCYP11B2 and hCYP1181 gene expression in H295R
cells. A and B, Effect of inhibiting endogenous NRSF using AD/dnNRSF on
aldosterone (A) and cortisol {B) secretion from H295R cells. C and D, hCYP1182
(C) and hCYP11B1 (D) mRNA were analyzed by quantitative RT-PCR in H295R
cells infected with either LacZ AD (AD/LacZ) or AD/AnNRSF. H295R cells were
infected with AD/dnNRSF and AD/LacZ at different MOIs as indicated. The
expression of each mRNA was normalized to that of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH} mRNA. The fold increase of four independent
experiments {mean * sn) relative to that observed in cells infected with AD/LacZ
at 20 MOIs s shown in C and D. Statistical significance was analyzed using one-
way ANOVA (*, P < 0.0 vs. 20 MOIs AD/LacZ in A-D). E, H295R cells
transfected with the reporter plasmids driven by hCYP1182 promoter {indicated
on the left) togather with pRL-SVA0 were incubated in low-serum medium for
36 h. Promoter regulation was assessed by firefly and renilla luciferase activities
in the cell lysates. The data represent firefly fuciferase activity (Luc) normalized to
renitla luciferase activity (Rt} in each cellular lysate. The mean = <» of four
independent experiments is expressed as the fold increase relative 10 the
luciferase activity of CYP11B2/Luc (control). F. Similar experiments were
performed using the hCYP11B1 promoter. Statistical significance was analyzed
using one-way ANOVA (E and Fi. *, P <2 (.05 vs. each control sample.
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In a ChIP assay, Myc-tagged dnNRSF bound to NRSE"™ and
NRSEM in human cells (supplemental Fig. 1, A and B}. Chro-
matin DNA fragments coimmunoprecipitated by anti-Myc an-
tibodies but not control IgG or no antibody were amplified using
primers specific for the NRSEs in hCYP11B2 and hCYP11B1.
The coimmunoprecipitated DNA fragment was not amplified by
control primers corresponding to §'-flanking sequences from the
hCYP11B2 and hCYP11B1 genes.

To examine whether NRSE”? and NRSE®! function in the
transcriptional regulation of hCYP11B2 and hCYP11B1 genes,
we constructed a reporter plasmid consisting of the hCYP11B2
or hCYP11B! promoter and the luciferase gene (CYP11B2/Luc
or CYP11B1/Luc) followed by wild-type NRSEM (CYP11B2/
Luc/NRSE®) or NRSEP? (CYP11B1/Luc/NRSE®). Plasmids in
which wild-type NRSE®* or NRSE™! was replaced with mutated
NRSE® or mutated NRSEP' (CYP11B2/Luc/mtNRSE?? or
CYP11B1/Luc/mtNRSEP}, respectively) were also constructed
to confirm the functional reliability of NRSE. The luciferase ac-
tivity of CYP11B2/Luc/NRSE®* was reduced by about 35%
compared with that of the control CYP11B2/Luc reporter gene
(Fig. 2E). Replacement of NRSE®? with mutated NRSE® recov-
ered the NRSE-dependent reduction of promoter activity, as
demonstrated by comparison of CYP11B2/Luc/NRSE®* and
CYP11B2/Luc/mtNRSEP, Similar results were obtained when
CYP11B1/Luc/NRSE®! and CYP11B1/Luc/mtNRSE®! were
compared (Fig. 2F). Furthermore, thymidine kinase promoter-
dependent gene regulation was inhibited in the presence of either
NRSE"? or NRSE"! (supplemental Fig. 2). These results suggest
that NRSEP? and NRSE®! function directly in the transcriptional
regulation of hCYP11B2 and hCYP11B1 genes in human adre-
nal cells.

NRSF/NRSE-mediated transcriptional regulation of
human CACNA1H (hCACNA1H) is involved in hCYP11B2
and hCYP11B1 expression in H295R cells

To confirm that NRSE"* and NRSE®! suppress hCYP11B2
and hCYP11B1 luciferase activity, respectively, an expression
plasmid encoding dnNRSF was cotransfected with the reporter
genes. Reporter activity was three times greater in CYP11B2/Luc
after dnNRSF expression (Fig. 3A). The effect of dnNRSF on
reporter activity in CYP11B2/Luc/NRSEP* was greater than re-
covery of NRSE-dependent inhibition and was similar to that
observed in CYP11B2/Luc (Fig. 3A). Furthermore, dnNRSF af-
fected reporter activity, even in CYP11B2/Luc/meNRSE?? (Fig.
3A). We observed similar results in the hCYP11B1 promoter-
dependent reporter assay {Fig. 3B). These data clearly indicate
that the contribution of indirect regulation by NRSF/NRSE sys-
tem is much greater than direct regulation of hCYP11B2 and
hCYP11B1 via NRSE"? and NRSE"'.

We have previously shown that hCACNAIH contains a
NRSE (23). The transcriptional product of CACNA1TH, Cav3.2,
is thought to be involved in aldosterone and cortisol production
(9). We hypothesized that indirect regulation of hRCYP11B2 and
hCYP11B1 genes via T-type calcium channel-mediated (Cav3.2
mediated) calcium-CaM-CaMK contributes to hCYP11B2 and
hCYP11B1 expression. To test this hypothesis, we investigated
the role of NRSF in transcriptional regulation of the
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tivity of CYP11B2/Luc and CYP11B2/Luc/mt-
NRSE®* (Fig. 3F). The promoter activity of
CYP11B2/Luc/NRSE" in response to a combina-
tion of dnNRSF and efonidipine was significantly
greater than that observed with efonidipine alone
{Fig. 3F). These differences indicate that NRSF/
NRSE system directly mediates the increase in
promoter activity in humans, although, as ex-
pected, this effect was smaller than the calcium-
mediated effect. Nifedipine (0.3 pM), an L-type
calcium channel blocker, did not reduce the
dnNRSF-induced activity of the three CYP11B2
promoter reporters (data not shown). Similar re-
sults were obtained for hCYP11B1-regulated re-
porter expression (Fig. 3G). Collectively, these data
suggest that NRSF/NRSE mainly regulates the ex-
pression of hCYP11B2 and hCYP11B1 in a manner
dependent on calcium influx via T-type calcium
channels.

Blocking T-type calcium channels inhibits the
dnNRSF-induced increases in hCYP11B2 and
hCYP11B1 mRNA expression in H295R cells
We assumed that CaMK activation via calcium
influx through Cav3.2 might enhance the promoter
activity of the hCYP11B2 and hCYP11B1 genes
containing upstream cis elements responsive to
CaMK signaling. Thus, we investigated the effects of
efonidipine, nifedipine, and KN93 (a CaMK 1, II, and
IV inhibitor) on the dnNRSF-induced increase in
aldosterone and cortisol secretion and the dnNRSF-
regulation of hCYP11B2 and hCYP11B1 mRNA
expression in H295R cells. Increased aldosterone
and cortisol secretion was suppressed by either efo-
nidipine or KN93 in a dose-dependent manner (Fig.
4, A and B). Nifedipine, which was administered at
concentrations greater than those of efonidipine, did
not affect secretion of either aldosterone or cortisol
(Fig. 4, A and B). Morecover, dnNRSF-induced in-
creases in hCYP11B2 and hCYP11B1 mRNAs were
suppressed by efonidipine and KNY3 but not by
nifedipine (Fig. 4, C and D). These data suggest
that a T-type calcium channel, probably Cav3.2,
dnNRSF-induced hCYP11B2

for and

AD/dnNRSF in H29S cells (Fig. 3C), but AD/dnNRSF had no
effect on human CACNA1G (hCACNA1G) or human CACNAIC
(hCACNA1C) mRNA, neither of which contain a NRSE sequence
(Fig. 3, D and E). These genes encode the a-subunit of Cav3.1, a
T-type calcium channel, and the a-subunit of Cavl.2, an L-type
calcium channel, respectively.

To verify the contribution of calcium channel-mediated
regulation to dnNRSF-promoted hCYP11B2 and hCYP11B1
expression, we examined the effect of efonidipine, a dual
T/L-type calcium channcl blocker, on reporter activity in
CYP11B2/Luc, CYP11B2/Luc/NRSE?, and CYP11B2/Luc/
mtNRSE in the presence and absence of dnNRSF. Efonidipine
(0.3 ) completely inhibited the dnNRSF-induced reporter ac-

hCYP11B1 expression.

NRSF/NRSE-mediated transcriptional regulation of rat
CACNA1H (rCACNA1H) is involved in aldosterone and
corticosterone production in rat adrenal cells

To confirm whether the effect of NRSF/NRSE-mediated ste-
roidogenesis was widely adapted in the other species, we per-
formed similar experiments using in freshly rat isolated adrenal
cells, Although rat CYP11B2 (rCYPL1B2) and rat CYP11B1
(rCYPT1B1) genes do not have NRSEs, aldosterone and corti-
costerone synthesis were enhanced by AD/dnNRSF in ratadrenal
cells due to increased rCYPT1B2 and rCYPHTBT mRNA cxpres-
sion (Fig. 5, A=D). rCACNATH gene has a NRSE (supplemental
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FIG. 4. A T-type caicium channel blocker and a CaMK inhibitor strongly inhibit
dnNRSF-induced aldosterone and cortisol secretion by reducing hCYP1182 and
hCYP1181 mRNA levels in H295R cells. A-D, H295R cells infected with
AD/AnNRSF (20 MOIs) were treated with efonidipine (Efo), the CaMK inhibitor
KN93, or the L-type calcium channel blocker nifedipine (Nife) in low-serum
medium. Aldosterone (A} and cortisol (B) in the culture media were measured 35
described in Materials and Methods. hCYP11B2 (C) and hCYP11B1 mRNA (D)
were examined by quantitative RT-PCR. Cells were treated with the drugs at the
concentrations indicated for 12 h after the infection. The mean = so of four
independent experiments is expressed as the fold increase relative to that
obtained from cells infected with AD/LacZ (20 MOIs) (C and D). Statistical
significance was analyzed using two-way ANOVA. *, P <0 0.05 vs. AD/gnNRSF at
20 MOIs without inhibitor.

Table 2). As expected, rCACNATH mRNA was up-regulated by
AD/dAnNRSF in rat adrenal cells (Fig. SE), whereas rtCACNA1G
and rCACNA1C mRNA were not {supplemental Fig. 3, A and
B). Increased expression of Cav3.2 in rat adrenal cells was con-
firmed by immunoblot analysis using a Cav3.2-specific antibody
(Fig. SF). These results suggest that the transcriptional regulation
of CACNATH by NRSE/NRSE is involved in aldosterone and
corticosterone synthesis in rat isolated adrenal cells as well as
human H293R cells.

NRSF/NRSE system mediates Angil- and K™ -induced
increases in hCACNA1H, hCYP11B2, and hCYP11B1
mRNA expression in H295R cells

Angll and K* stimulate hCYP11B2 and hCYP11B1 mRINA
expression via the calcium-CaM-CaMK pathway {10-12). We
investigated NRSF/NRSE-mediated regulation of hCACNATH,
hCYP11B2, and hCYP11B1 gene expression in response to An-
gll or K", In the absence of dnNRSF, the expression of
hCACNATH mRNA was enhanced by Angll (100 nm) and K™
(10 mMm) by approximately 2.4- and 1.9-fold, respectively. How-
ever, in the presence of dnNRSF, hCACNATH expression was
generally unaffecred (Fig. 6A). Similarly, in the absence of
dnNRSF, stimulation with Angll or K increased the expres-
sion of the hCYP11B2 gene by 18- and 15-fold, respectively.
In the presence of dnNRSF, however, Angll and K 7 increased
the hCYP11B2 mRNA by less than 1.5-fold (Fig. 6B). Addi-
tionally, in the absence of dnNRSF, stimulation with Angll or K©
increased the expression of the hCYP11B1 gene by 2.0- and 2.4-
fold, respectively, whereas hCYPTIRT mRNA was increased by
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FIG. 5. dnNRSF increases aldosterone and corticosterone synthesis presumably
by up-regulating CACNA1TH gene expression in rat adrenal cells. A and B, The
effect of AD/dnNRSF (20 MOIs) on aldosterone {A) and corticosterone (B)
secretion in rat adrenal cells. C and D, rfCYP1182 (C) and rCYP11B1 (D) mRNA
were analyzed by quantitative RT-PCR (qRT-PCR) in rat adrenal infected with
either AD/LacZ or AD/AnNRSF. E, The induction of rCACNATH mRNA by forced
expression of AD/dnNRSF was analyzed by gRT-PCR in rat adrenal cells. Rat
adrenal cells were infected with AD/dnNRSF and AD/LacZ (20 MOIs; A-E). The
expression of each mRNA was normalized to that of GAPDH mRNA. The mean =
so of four independent experiments is expressed as the fold increase relative to
that observed in cells infected with AD/LacZ at 20 MOlIs. Statistical significance
was analyzed using Student’s t test (*, P <2 0.05). F, Total cell lysates from rat
adrensl cells infected with control AD/LacZ (S or 20 MOIs) or AD/InNRSF

(S or 20 MOQlIs) were subjected to immunaoblot analysis with Cav3.2 and
B-actin antibodies.

approximately 1.3-fold in the presence of dnNRSF (Fig. 6C). Col-
lectively, these results suggest that Angll and K" augment
hCACNATH, hCYP11B2, and hCYP11B1 mRNA expression
through NRSF/NRSE-dependent pathway, at least in part.

Discussion

The present study demonstrates that NRSF/NRSE is involved in
aldosterone and cortisol/corticosterone synthesis definitely by
regulating CYP11B2 and CYP11B1 gene transcription through
NRSF/NRSE-mediated enhancement of CACNATH gene ex-
pression in human H295R and rat adrenal cells and partly by
NRSE/NRSE-mediated direct enhancement of CYP11B2 and
CYP11B1 gene transcription in human H295R cells.

Among the key molecules in aldosterone and cortisol/corti-
costerone synthesis, hCYP11B2, hCYP11B1, and hCACNATH
genes have NRSE-like sequences in their transcriptional regula-
tory regions. However, in a number of other mammalian species
including rats, only the CACNATH gene has a NRSE-like se-
quence, In the present study, AD/dnNRSY increased expression
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Statistical significance was analyzed using two-way ANOVA (*, P <2 0.05).

of CYP11B2 and CYP11B1 mRNA and augmented secretion of
aldosterone and cortisol/corticosterone in both human H295R
cells and rat adrenal cells, clearly indicating that NRSF/NRSE
indirectly regulates CYP11B2 and CYP11B1 gene expression.
NRSF/NRSE increases expression of the CACNA1LH gene in
mouse cardiomyocytes, and NRSF binds to the NRSE in the
CACNA1H gene by EMSA (23). In the present study, AD/
dnNRSF augmented CACNATH mRNA. Given that calcium
influx through Cav3.2 calcium channels augments CYP11B2
and CYP11B1 gene transcription through the CaM-CaMK-de-
pendent pathway, it is likely that NRSF/NRSE-mediated en-
hancement of CACNA1H gene expression leads to up-regula-
tion of CYP11B2 and CY11B1 mRNA in human H295R cells
and rat adrenal cells. The repressor effect of NRSEP? and
NRSE®! on reporter genes driven by hCYP11B2 and hCYP11B1
promoters is less than 40%; thus, NRSF/NRSE regulates
hCYP11B2 and hCYP11B1 gene transcription mainly through
the indirect pathway. However, in reporter gene analyses, EMSA
and ChIP assay of human H295R cells reveals that NRSF/
NRSE system directly regulates transcription of hCYP11B2 and
hCYP11B1.

Anglland extracellular K* stimulate aldosterone and cortisol
synthesis by inducing expression of CYP11B2 and CYP11B1.
Angll and K™ also induce expression of several types of calcium
channels including T-type calcinm channels (9). These stimuli
increase intracellular calcium and trigger CaM-CaMK signaling.
In fact, we recently reported that a dual T/L-type caleium channel
blocker dose-dependently inhibits Angll- or K -induced aldo-
sterone and cortisol secretion (9). However, it is not fully un-
derstood how Angll and K* induce CYP11B2 and CYP11B1
gene expression. [n this study, we have demonstrated that Angll-
or K™-induced expression of CACNATH mRNA (Cav3.2) is
regulated by the NRSF/NRSE system. Thus, induction ot CaM-
CaMK via calcium influx through T-type calcium channels may
partially account for Angll- or K™ -induced aldosterone and cor-
tisol synthesis.

The NRSEs thar exist in the intron-exon boundary function
as suppressor elements, Several eis-acting enhancer elements of

Aldosterone Control and Cortisol Synthesis by NRSF
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the hCYP11B2 gene, including cAMP response clement, nerve
growth factor-induced clone B response element-1, and Adrenal
3, have beenidentified in the §'-flanking region of the hRCYP11B2
gene (13-15). NRSE might be the first suppressor element that
functions within the hCYP11B2 and hCYP11B1 genes.

The repressor function of the NRSF/NRSE system on gene
regulation might be generally incffective in HF patients. Aldo-
sterone is a clinical marker of HF and Angll is also increased in
HF. The increase in both aldosterone and Angll reflects a com-
pensatory response in tissue and systemic renin-angiotensin sys-
tems. Angll might cancel the suppressor activity of NRSF in
aldosterone synthesis. Previously we demonstrated that NRSF/
NRSE system mediates the induction of fetal cardiac genes in
cardiomyocytes in response to hypertrophic stimuli (21, 22).
Mice overexpressing dnINRSF in cardiomyocytes exhibit cardiac
phenotypes that resemble dilated cardiomyopathy, and they die
of fatal ventricular arrhythmia. Consistently, NRSE-containing
genes, such as atrial natriuretic peptides, B-type natriuretic pep-
tides, and a-skeletal actin are all up-regulated in HF. These can-
celation of the NRSF/NRSE system might modify the pathophys-
iological conditions in the HF.

It is unknown how NRSE-mediated repression of NRSE-con-
taining genes (CACNA1H, CYP11B2, and CYP11B1) is regu-
lated. Given that NRSF recruits mSin3 as well as class [ and class
I histone deacetylase complexes to repress gene transcription
(29, 30), it is likely that NRSF represses these genes using similar
mechanisms. It is also unclear how Angll and K" cancel the
NRSE-mediated repression. Neither Angll nor K¥ down-regu-
lates NRSF mRNA or protein expression {supplemental Fig. 4).
Therefore, the lack of NRSF/NRSE-mediated suppression can-
not be ascribed to a reduction of NRSF. Endothelin or outside-in
fibronectin signaling inhibits the binding of NRSF to NRSEs in
cultured cardiomyocytes (22). The contribution of this mecha-
nism and the significance of species-specific presence of NRSE in
hCYP11B2 and hCYP11B1 genes require further clarification.
However, in the present study, we report a novel role of NRSF/
NRSE system in aldosterone and cortisol/corticosterone produc-
tion in human and rat adrenocortical cells (supplemental Fig. 5).
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Treatment With Recombinant Placental Growth Factor
(PIGF) Enhances Both Angiogenesis and Arteriogenesis
and Improves Survival After Myocardial Infarction

Yukiji Takeda, MD; Shiro Uemura, MD; Hajime Iwama, MD; Kei-ichi Imagawa, MD;
Taku Nishida, MD; Kenji Onoue, MD; Yasuhiro Takemoto, MD; Tsunenari Soeda, MD;
Satoshi Okayama, MD; Satoshi Somekawa, MD; Ken-ichi Ishigami, MD;
Minoru Takaoka, MD; Hiroyuki Kawata, MD; Atsushi Kubo, MD; Manabu Horii, MD;
Tamio Nakajima, MD; Yoshihiko Saito, MD

Background: Placental growth factor (PIGF), a homolog of vascular endothelial growth factor, is reported to
stimulate angiogenesis and arteriogenesis in pathological conditions. It was recently demonstrated that PIGF is
rapidly produced in myocardial tissuc during acutc myocardial infarction (MI). However, the effects of exoge-
nous PIGF administration on the healing process after MI are not fully understood. The purpose of the present
study was to examine whether PIGF treatment has therapeutic potential in ML

Methods and Results: Recombinant human PIGF (thPIGF: 104g) was administered continuously for 3 days in a
mouse model of acute ML thPIGF treatment significantly improved survival rate after MI and preserved cardiac
function relative to control mice. The numbers of CD31-positive cells and a-smooth muscle actin-positive vessels
in the infarct arca were significantly incrcased in the thPIGF group. Endothelial progenitor cells (Flk-1*Sca-1*
cells) were mobilized by rhPIGF into the peripheral circulation. Furthermore, rhPIGF promoted the recruitment
of GFP-labeled bone marrow cells to the infarct arca, but only a few of those migrating cells differentiated into
endothelial cells.

Conclusions: Exogenous PIGF plays an important role in healing processes by improving cardiac function and
stimulating angiogenesis following ML It can be considered as a new therapeutic molecule.  (Circ J 2009; 73:

Circ J 2009; 73: 16741682

1674-1682)

Key Words: Myocardial infarction; Placental growth factor; Soluble Flt-1

reperfusion of the occluded coronary artery is of great

importance in salvaging ischemic myocardium and
minimizing ventricular infarct size. Although reperfusion
therapy has contributed to approximately 30% decline in
the mortality rate of AMI over the past decade, the rate of
rehospitalization because of congestive heart failure that
occurs as a result of left ventricular dysfunction with myo-
cardial infarction (MI) is still high.! To improve both the
cardiac function and the prognosis of patients with AMI,
several adjunctive therapies using cell transplantation?3
and some growth factors*S have been tried clinically in the
past decade. Lunde et al reported that intracoronary injec-
tion of autologous mononuclear bone marrow cells (BMCs)
had no effect on AMI over a 6-month follow-up.® Although
gene therapy using vascular endothelial growth factor
(VEGF) has successfully induced angiogenesis in rodent
models by mobilizing endothelial progenitor cells (EPCs) to
the peripheral circulation, there are few reports that VEGF
has improved cardiac function in patients with ischemic
heart diseases.”8 Adjunctive therapies, therefore, have not

In patients with acute myocardial infarction (AMI),

yet demonstrated an improvement in the clinical prognosis
of AML

Placental growth factor (PIGF), a homolog of VEGF, is
reported to stimulate angiogenesis and arteriogenesis®!!
with an efficacy at least comparable to that of VEGF, but
without any of the side-effects that normally accompany
VEGEF therapy, such as edema, hypotension,!? and heman-
gioma-genesis. We have recently demonstrated that PIGF
is produced rapidly in infarcted myocardial tissue, and that
the plasma level of PIGF after MI is positively correlated
with the improvement in left ventricular function in patients
with AML!3 These findings suggest that PIGF is involved
in post-AMI pathology, infiltration of inflammatory cells,
neoangiogenesis, and the development of fibrosis and thus
the healing process after AMI. However, therapeutic effects
of PIGF administration have not been studied, so in the
present study we investigated the result of exogenous admin-
istration of PLGF protein in regard to cardiac function and
prognosis after ML
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PLGF Therapy in AMI

Methods

Preparation of Recombinant Human PIGF (rhPIGF)

A DNA sequence encoding the mature human PIGF pro-
tein'# (amino acid residues 21-149 of the 149-amino acid
form of PIGF) was amplified by polymerase chain reaction
(PCR) with human placental cDNA (TaKaRa, Ohtsu, Japan)
as a template. Escherichia coli BL21 was transformed with
the expression vector, and the thioredoxin-PIGF fusion
protein was expressed and purified essentially as previously
described.!s Proteins were concentrated and suspended in a
solution containing 20 mmol/L. PB (pH 7.4), 0.5 mol/L NaCl,
1 mmol/L dithiothreitol, and 8 mol/L. urea, and purified by
HisTrap FF (GE Healthcare Bio-Sciences, Piscataway, NJ,
USA) column chromatography. Following dialysis against
graded concentrations of urea containing 50 mmol/L. Tris-
HCI (pH 8.0), the fusion protein was resuspended in
SOmmol/L Tris-HCl (pH 8.0). After digestion by EKMax
Enterokinase (Invitrogen, Carlsbad, CA, USA), proteins
were suspended again in a solution containing | mmol/L
dithiothreitol and 8 mol/L. urea and applied onto a HisTrap
FF column in order to remove the tag protein. The purified
PIGF was dialyzed against graded concentrations of urea
containing 20mmol/L Tris-HCI (pH 8.0). Finally, the pro-
tein solution was fractionated by gel filtration on a Superdex
75 10/300GL column (GE Healthcare Bio-Sciences).

Preparation of Recombinant Human Soluble Flt-1
(rhsFlt-1)

A DNA fragment encoding amino acids 1-338 of human
Fltl (sFltl (D1-3) containing 31g-like domains at the
N-termini was amplified by PCR reaction with specific
primers (forward primer: 5’-CATCCATGGATCCTGAAC-
TGAGTTTAAAAG-3’, reverse primer: 5'-CATGGATCC-
TCAATGTTTCACAGTGATGAATGC-3") and human
placental cDNA (Clontech) as a template. The expression
vector was used for transformation of BL21 star (CE3)
competent cells (Invitrogen). For bacterial expression, the
transformant expressing sFlt1 (D1-3) was cultured in LB
medium containing 50.g/ml of Kanamycin at 37°C. Four
hours after IPTG was added to the final concentration of
I mmol/L, the cells were collected by centrifuge. The cells
were lysed by incubation with 2 mg/ml Lysozyme and soni-
cation. Inclusion bodies were collected by centrifuging for
20min at 10,000rpm, and were suspended and solubilized
in 20mmol/L. PB containing 0.5 mol/L. NaCl, 6 mol/L. urea,
I mmol/L. DTT, and 20mmol/L. imidazole followed by
His-Trap FF (GE Healthcare Bio-Sciences) column purifi-
cation. Elute was dialyzed against a graded concentration of
urea in 20 mmol/L Tris (pH 8.0) containing 0.5 mol/L NaCl.
Following the final dialysis against 20 mmol/L Tris (pH 8.0)
containing 0.5 mol/L NaCl, purified sFlt-1 was harvested.

Animals

C57BL/6 mice were purchased from SLC (Shizuoka, Japan).
Transgenic mice (C57BL/6 background) that ubiquitously
express enhanced GFP (GFP mice) were a generous gift
from Dr Masaru Okabe (Osaka University, Suita, Japan).
All experimental procedures were performed in accordance
with protocols approved by the Ethics Review Committee
for Animal Expertmentation of Nara Medical University.

Preparation of Mouse Model of MI

C57BL/6 mice (12 weeks old) were anesthetized with
diethyl ether inhalation and an osmotic minipump (Durect

Circulation Journal  Vol. 73, Seprember 2009
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Corp, Cupertino, CA, USA) filled with 10xg of rhPIGF
or 40ug of rhsFlt-1 was implanted subcutaneously. A
polyethylene tube connected to the osmotic minipump was
extended to the peritoneal cavity and stitched to the oblique
abdominal muscle using a 7-0 silk suture. The next day,
coronary ligation was performed in the same mouse, as
previously reported.!316 thPIGF was infused for 3 days and
rhsFlIt-1 was infused for 7 days. In total, 95 mice were used
for assessing survival rate and 74 mice for histological,
physiological and biochemical analyses.

Bone Marrow Transplantation (BMT)

BMT was performed as described previously.!6 Six weeks
after BMT, the mice were treated with rhPIGF (10.g) and
coronary ligation was performed. Five days after AMI,
peripheral blood was collected for fluorescence-activated
cell sorting analysis, and hearts were harvested for immu-
nohistochemical examination.

Enzyme-Linked Immunosorbent Assay (ELISA)

Levels of human and murine PIGF were measured by
ELISA (R&D System, Germany). The assay for human
PIGF recognizes recombinant and natural human PIGF, but
not murine PIGF. Murine PIGF also reacts only with natural
murine PIGF. Both human and murine PIGF assays recog-
nize free PIGF, but not PIGF bound to sFlt-1.

Binding Assay of rhPIGF With rhsFlt-1 In Vitro

To confirm whether rhsFlt-1 binds to PIGF, we performed
an in vitro binding assay. rhsFlt-1, which contains a his-
tidine-tag, was diluted with a solution consisting of
20 mmol/L imidazole, 0.5 mol/L. NaCl, 20 mmol/L Tris, and
0.1 mg/ml bovine serum albumin (BSA), at 5 concentra-
tions: 1ng/20.1, 10ng/20.1, 100ng/20.1, 1,000ng/20.4,
and 10,000 ng/20 41, respectively. The rhsFlt-1 solution was
mixed with Ni-agarose gel (Qiagen, Valencia, CA, USA),
which can bind sFlt-1 that is histidine-tagged. After centrifu-
gation, the supernatant was removed and rhPIGF solution
(10ng/100d: 100 mmol/L NaCl, 50 mmol/L Tris, 20 mmol/L
imidazole, 0.1 mg/ml BSA) was added to the precipitation
including the Ni-agarose-rhsFlt-1 complex. The solution
was incubated overnight at 4°C. After centrifugation in
order to remove the Ni-agarose-rhsFlt-1 complex bound to
rhPIGF, uncombined rhPIGF in the supernatant was mea-
sured by ELISA.

Reverse Transcriptase-PCR

The apex of the infarcted heart was homogenized and RNA
was extracted using Trizol reagent (Life Technologies,
Grand Island, NY, USA). Reverse transcription was per-
formed and PCR was then conducted using ABI Prism7700
(Applied Biosystems, Carlsbad, CA, USA). The level of
brain natriuretic peptide (BNP) in infarcted hearts was
detected using Tagman Gene Expression Assays (Applied
Biosystems).

Evaluation of Infarct Size

In order to evaluate infarct size, TTC (2,3,5-triphenyltetra-
zolium chloride; Sigma Chemical Co, St Louis, MO, USA)
staining was performed. At 7 or 28 days after coronary
ligation, the hearts were excised, washed with phosphate-
buffered saline (PBS), and the ventricles were cut into
transverse slices. The slices were placed on a culture plate,
stained for 15 min at room temperature with 1.0ml of 1.5%
TTC solution to determine the infarct area, and photo-
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Figure 1. Recombinant human placental growth factor (rhPIGF)
protein was produced and administered to C57BL/6 mice. Survival of
mice with a myocardial infarct in the rthPIGF group was compared
with the phosphate-buffered saline (PBS) group for 28 days after coro-
nary ligation. Values are meansSD; *P<0.05 vs Control.

graphed under a microscope (Olympus Co, Tokyo, Japan).
Infarct area and infarct fraction were evaluated. Infarct
fraction was calculated as: infarct area/(infarct area+non-
infarct area). Fibrin deposition within the infarct area was
evaluated by Masson-trichrome staining: areas of fibrin
deposition and area of viable tissue were directly measured,
and the ratio of fibrin deposition area to viable tissue area
(fibrin deposit area/viable tissue area) was calculated.
Sequential sections were used to analyze the TTC and
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Masson-trichrome staining.

Functional Analysis

The left ventricular end-diastolic dimension (LVEDd) and
gjection fraction (LVEF) were measured by 2-D guided
M-mode echocardiography (Toshiba, Tokyo, Japan).

Immunohistochemistry

The hearts of adult mice were fixed and embedded in frozen
sections. The following antibodies were used: anti CD68
antibody (cloneFA-11, UK-Serotec, Oxford, UK), biotin-
conjugated monoclonal mouse anti-CD31 antibody (clone390,
eBioscience, San Diego, CA, USA), alkaline phosphatase-
conjugated anti-a smooth muscle actin (SMA) antibody
(clonelA4, Sigma Chemical Co), and Cy3-conjugated
anti-aSMA antibody (clonel A4, Sigma Chemical Co).

Statistical Analysis

All results are expressed as the meansSD. Differences
between groups were evaluated for statistical significance
using Kaplan-Meier analysis, Student’s t-test and 1-factor
ANOVA. Values of P<0.05 were considered significant.

Results

Recombinant hPIGF Administration and Survival
of AMI Mice _
The plasma rhPIGF level on the 3t day of administration by
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Figure 2. Infarct size and left ventricular function analyzed by TTC staining and echocardiography, respectively. Infarcted
hearts of mice treated with both phosphate-buffered saline (PBS) and recombinant human placental growth factor
(rhPIGF) were stained with TTC 7 and 28 days after coronary ligation (A-D). After staining, viable myocardium appeared
red and non-viable myocardium appeared white. Infarct area (E), and infarct fraction (F) were calculated. Representative
images of Masson-trichrome staining of a PBS- (G) and a rhPIGF- (H) treated mouse. The ratio of fibrin deposition area
to viable tissue area (fibrin deposit areafviable tissue area) was calculated (I). Values are means£5D; *P<0.05, **P<0.01
(comparison between PBS and rhPIGF groups). 11P<0.01 (comparison between the same color bars).
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