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Abstract

Screening of a foetal brain genomic DNA library allowed to isolate a 10-kb fragment of the gene encoding the human o,g-adrenergic
receptor, that contained 5.5 kb of the 5'-flanking region, the open reading frame and 2.9 kb of the 3’-flanking region. The 1-kb fragment
upstream from the start codon was rich in GC, lacked consensus TATA or CAAT box, but contained several Spl-binding sites. Other
potential cis-regulatory elements found in the 5'-flanking region included AP2, USF, Stat-6, NFkB and Olf-1. A single canonical
polyadenylation signal (AATAAA) was found at position +3252/4-3257 and the polyadenylation site was 3274 nucleotides downstream
from ATG. Transfection experiments with chimeric luciferase contructs containing various truncated fragments of the 5'-region showed
that the fragment —3160/4-3 exhibited promoter activity in all tested cell lines and permitted the definition of a minimal 200-bp promoter
(—603/—411) containing three putative Sp1-binding sites and two initiator elements. Transcriptional activity of this region was inhibited
by the addition of mithramycin, a specific inhibitor of Spl binding to GC-rich sequences. The search for sequence variants within a
fragment covering 1.7 kb of 5'-flanking region and the coding region allowed us to identify five novel single nucleotide polymorphisms.
Interestingly, the G/C substitution at position —98 relative to the start codon was common and in complete linkage with a previously
identified insertion/deletion polymorphism in the coding region which was showed to affect o,g-adrenergic receptor function. Based on
transfection data and computer-assisted sequence analysis, the —98 G/C single nucleotide polymorphism was located within a portion of
the 5'-UTR (—127/+3) affecting luciferase activity and it created additional putative binding site for Sp1. However, G/C substitution had
no significant incidence on promoter activity in BHK-21 or HeLa cells.
© 2003 Elsevier Inc. All rights reserved.

Keywords: Adrenergic receptor; Catecholamine; «2C2; Promoter; Polymorphism

1. Introduction

a,-Adrenergic receptors (a,-ARs) are widely distributed
in the organism and participate in the control of a variety of
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$s12709556, ss12709557, ss12709558 and ss12709559.

“Corresponding author. Tel.: +33-561-322921; fax: +33-562-172554.

E-mail address: paris@toulouse.inserm.fr (H. Paris).

! These authors contributed equally to this study.

Abbreviations: AR, adrenergic receptor; SNP, single nucleotide poly-
morphism; SSCA, single strand conformation analysis; I/D, insertion/deletion.

0006-2952/$ — see front matter © 2003 Elsevier Inc. All rights reserved.
doi:10.1016/j.bcp.2003.09.029

physiological processes, such as regulation of blood pres-
sure, lipolysis and insulin release [1]. Three distinct o,-AR
subtypes (namely o4, 0o and o), have been charac-
terised and cloned [2]. All o,-AR subtypes preferentially
interact with Gy, proteins and share common pathways of
signal transmission, including inhibition of adenylyl
cyclases, closure of voltage-gated Ca®"-channels, activa-
tion of inwardly rectifying K" -channels and stimulation of
the MAPKSs, Erk1 and Erk2 [3,4]. Subtypes exhibit similar
affinity for the endogenous catecholamines, epinephrine
and norepinephrine, but diverge in many aspects of their
pharmacology, biochemistry and regulation. Studies on
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several human populations have indicated that all three o/,-
ARs are polymorphic. The consequences of variations
occurring in their third intracellular loops have been
analysed in transfected cells. They result in a gain of
agonist-stimulated o,5-AR function [5], impaired onp-
AR desensitisation [6] or impaired a,c-AR coupling to
G; [7].

The a,5-AR is encoded by the «2C2 gene in human [8]
and by the RNG gene in rat [9]. Studies on knock-out mice
indicate that a,g-AR plays an important role in the reg-
ulation of blood pressure [10,11]. However, the tissue
expression pattern of this subtype is not known in detail.
RNase protection assays and RT-PCR experiments
showed the presence of substantial amounts of «2C2
transcripts in human heart, aorta, liver and spleen
[12,13], but the expression of the a,p-AR protein still
remains to be established in these tissues. On the other
hand, radioligand binding studies have demonstrated that
a,s-AR is densely expressed in rat kidney, placenta and
foetal reticulocytes [14,15], but this is not the case in
human. The divergence in expression patterns between
species may be the result of differences in the functional
characteristics of the flanking regions of the genes encod-
ing the a,p-AR subtype.

The promoter regions of the genes encoding the o, - and
a>c-AR subtypes have been sequenced and partially char-
acterised in both human and rat [16—19]. The organisation
of the mouse a,p-AR gene has also been studied [20].
Transcription is initiated 415 bases upstream from the ATG
codon and is controlled by a GC-rich promoter region
lacking a TATA box but containing a GC box and a single
CAAT box. As a first step toward the elucidation of the
molecular mechanisms governing the expression of the
o»5-AR in human tissues, we have cloned and sequenced
the 5'- and 3’-flanking regions of the a2C2 gene. The site of
polyadenylation was determined and the promoter activity
of the 5’-region was analysed by transfecting different cell
lines with chimeric constructs containing luciferase as
reporter gene. Based on the analysis of genomic DNA
from 138 unrelated individuals, the present study also
establishes that «2C2 gene has several single nucleotide
polymorphisms (SNPs) in its coding and 5'-non-coding
regions. A guanine to cytosine substitution at position —98

Table 1
PCR primers, product sizes and restriction enzymes used for SSCA

was common and in complete linkage with a previously
identified insertion/deletion (I/D) polymorphism [21]. The
possible incidence of this SNP was investigated in trans-
fected cells.

2. Materials and methods
2.1. Screening of a human genomic library

A human foetal brain genomic DNA library in the
cosmid vector SuperCos 1 (Stratagene) was screened using
the Accl-Accl fragment of «2C2 (nucleotides —+571/
+1532) as a probe [8]. Titration, hybridisation and washes
were carried out as recommended by the manufacturer.

2.2. DNA sequencing and analysis

Restriction fragments of the EcoRI-Kpnl fragment of a
positive cosmid were subcloned and sequenced in both
orientations with an automated DNA sequencer (ABI 373,
Perkin Elmer Applied Biosystems). The nucleotide
sequence reported in this paper has been deposited in
GenBank with the accession number AF005900. The 5'-
and 3’-flanking regions were analysed using the computer
programs available at the WWW server of the Human
Genome Center at the Baylor College of Medicine (http://
searchlauncher.bcm.tmc.edu/). Through the whole manu-
script, nucleotides were numbered according to their posi-
tion relative to the translation start site of «2C2 gene; a
negative sign thus refers to nucleotide upstream from ATG.

2.3. PCR and single strand conformation
analysis (SSCA)

Human genomic DNA was isolated from whole blood.
The region of interest was amplified in four parts. Primer
pairs 1 and 2 amplified the 5'-flanking region and pairs 3
and 4 amplified the coding region of the human o,-AR
gene (Table 1). The pairs overlapped to cover the region
from nucleotide —1730 to nucleotide +1416. PCR condi-
tions were optimised using a PCR optimiser kit (Invitro-
gen). Reactions were conducted in 5 pLL volume containing

Pair number Sense primer/antisense primer

Product size (location) Restriction enzyme for SSCA

1 S1: 5-TGTCAGAGGTGGATTGGTGCTTAT-3';
AS1: 5-GCGCGCAGCTGTGGAGGGGTCGGT-3'
2 S2: 5-GGTTGTGGTGTATTGCGACC-3';
AS2: 5-TAGGGGTCCTGGTGGTCCAT-3
3 S3: 5-GGGGCGACGCTCTTGTCTA-3';
AS3: 5-GGTCTCCCCCTCCTCCTTC-3
4 S4: 5'-GCAGCAACCGCAGAGGTC-3';

AS4: 5'-GGGCAAGAAGCAGGGTGAC-3

1071 (—=1730/-660) BseRI
887 (—867/4-20) BsiEl, BsaW1
878 (—95/+783) Ddel, Dralll

815 (+602/4-1416) Alul, Hincll
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Table 2
Identified polymorphisms and restriction enzymes used for genotyping

SNP Enzyme Band sizes in wild type and variants® Primer pair Amino acid Frequency (%)
—98 G/C Aval 63, 55, 137, 65, 273, 65, 229 (110, 119) S2 + AS2 46
—87 G/T Hinfl 887 (779, 108) S2 + AS2 1
+36 A/G Bsall 42, 511 (84, 427), 160, 1, 6, 11, 35, 35, 77 S3 + AS3 12 (silent) 2
+632 G/C Acil 175 (152, 23), 7 S4 + AS3 211 (Gly — Ala) 2
+1182 C/A Narl 578, 208 (786), 28 S4 + AS4 394 (silent) 46

“Bands that are present in the wild type are underlined. Their substituting counterparts in variants are in parenthesis.

100 ng DNA, 0.5 pM of each primer, 0.2 mM deoxy-NTPs,
30 nM [**P]dCTP and 0.25 U Amplitaq DNA polymerase
(Perkin Elmer). PCR products were digested with restric-
tion enzymes for SSCA analysis (Table 1). The digested
samples were mixed with SSCA buffer (95% formamide,
10 mM NaOH, 0.05% xylene cyanol and 0.05% bromo-
phenol blue), denatured for 5 min at 95° and loaded on
Mutation Detection Enhancement (MDE) high resolution
gel (FMC Bioproducts). Gel electrophoresis was performed
twice using two different running conditions, 6% MDE gel
at4° and 3% MDE gel at room temperature, both at constant
power (4 W) for 16 hr. The gels were dried and autoradio-
graphy was performed by apposing to Biomax MR film
(Eastman Kodak Co) for 24 hr at room temperature. DNA
samples migrating at different rates in SSCA were
sequenced either with an automated DNA sequencer or
with a Thermo Sequenase Cycle Sequencing Kit (Amer-
sham Life Sciences). Suitable restriction enzymes were
used for genotyping (Table 2). The a,5-AR I/D genotypes
were determined as previously described [21]. Briefly, DNA
amplification using 5'-AGGGTGTTTGTGGGGCATCT-3
as sense primer and 5'-CAAGCTGAGGCCGGAGACACT-
3’ as antisense yields amplicon sizes of 112 bp for the
insertion allele and 103 bp for the deletion allele. PCR
products were loaded onto 4% agarose gel with ethidium
bromide staining and the different alleles were identified
based on their different electrophoretic mobility.

2.4. Reporter gene constructs

Luciferase constructs are numbered according to the
translation start site of the «2C2 gene and were generated
from the promoterless vector pGL3-Basic (Promega). The
construct pGL3C2 —603/4-3 was obtained by PCR using as
template a pKS plasmid (Stratagene) containing the Norl/
HindIII fragment (—603/+1540) of «2C2 gene. The —603/
+3 fragment was amplified using an antisense primer 5'-
GTCCTGGTGGTTCATGACGG-3', which creates a BspHI
site at position +3, and M13-40 as a sense primer. The
PCR product was then cloned into pKS, cut with Sacl and
BspHI and inserted into pGL3-Basic digested with Sacl
and Ncol. All other pGL3 constructs ending at position
+3 (pGL3C2 —3160/+3, pGL3C2 —1874/43, pGL3C2
—1034/+3, pGL3C2 —411/43 and pGL3C2 —127/+3)
were obtained by cloning the corresponding fragments

using pGL3C2 —603/+3 as recipient. The constructs con-
taining nucleotides —1792/—127 were generated by insert-
ing the Ncol/Ncol fragment of «2C2 into pGL3-Basic cut by
Ncol, producing reporter constructs in sense (pGL3C2
—1792/—127) and antisense orientation (pGL3C2 —127/
—1792). pGL3C2 —1034/—127, pGL3C2 —603/—127 and
pGL3C2 —411/—127 were obtained by cloning the frag-
ments Sacll/Ncol, Notl/Ncol and Pstl/Ncol into pGL3-
Basic digested with the corresponding enzymes. Finally,
pGL3C2 —3089/—1999, pGL3C2 —603/—411, pGL3C2
—603/—545 and pGL3C2 —712/—545 were obtained by
subcloning these fragments into pKS to create restriction
sites compatible with the polylinker of pGL3-Basic. The
constructs containing fragments with a cytosine at position
—98 (pGL3C2 —127/43 mut, pGL3C2 —411/4+3 mut,
pGL3C2 —603/4-3 mut, pGL3C2 —1034/4+3 mut and
pGL3C2 —1874/+3 mut) were generated by site directed
mutagenesis using S-98C (5-CGCCGCCCGAGGGGC-
GACGCTCTTGTCTAGC-3') and AS-98C (5'-AAGAG-
CGTCGCCCCTCGGGCGGCGCCGAGG-3') as primers
and the corresponding pGL3C2 constructs as template.
The pGL3-CMV was generated from pGL3-SV40 by repla-
cing SV40 by CMV promoter. All the constructs were
verified by sequencing using RV3 and GL2 as primers
(Promega).

2.5. Cell transfection and measurement of
reporter gene activity

HeLa (human cervix adenocarcinoma), SK-N-MC
(human neuroblastoma), BHK-21 (baby hamster kidney
fibroblast), CaCo2 and HT29 (human colon adenocarci-
noma) were routinely subcultured in Dulbecco’s modified
Eagle’s medium supplemented with 5% foetal calf serum.
Cells were transfected using the ProFection Mammalian
Transfection System (Promega) or FuGene-6 Transfection
Reagent (Roche Diagnostics). Briefly, cells were seeded at
appropriated density in 6-well plates and transfected with
4.5 pg of luciferase construct plus 0.5 pg of B-galactosi-
dase plasmid, pCMVf (Clontech). Cells were harvested
48 hr after transfection, disrupted in lysis buffer (100 mM
potassium phosphate, 0.2% Triton X-100, pH 7.5) and
reporter gene activity was measured using the luciferase
assay reagent (Promega) and o-nitrophenyl B-p-galacto-
pyranoside (Sigma) as substrate.



- 3200 TCTAGAGAGT GGAGACCCAGGGCACATTCAGAAT CCAACACT GGECCT GEGCGEGECAGEERA
TGGAGGECTGEGATCCAGGT TGTGCCCT GCT GCCCACT CCCCTGCTATGT GT CT GGGAACGCT CCGECTGCTCCTGCTGCTGECTGT TGCTGGT CTGEEA

- 3000 CTGAACTATGCCCGT TCCT GT GGAACAGGAT GACAGT GGAAGGT CAGGT CTAGT TTGGGAAGAGCT GAAGGAAGCCT TGCTATGCTAGTAGGCTCCAATT
CCTGCACCT GGCAGCCT CAT GGGGCT GGT TGGAGCAGECAAGGCCTGAAGGT GT GT GT GT GCGGGEGEGGAGAT GGT GAGCCGCCGAGAGGAGCAGGACCTG

- 2800 AGTTATGI TATGGECCT GCGT GECCGT GGAGAGCT GGCGCACCAACGCT GCACT TGT CCAT CCT GGGGT GGAGCCAGGAGGAGACAGCT GCAGT AGACGGT
GACAGCCT GGGGECAGCGGT ATGGAT GCCAAGGCAGCT CCTGCT GCCGGACAGGECACAT CTCCCAGGT CTGCCAGCTGTAGACTCTGT CCCTGGCTGT CCC
- 2600 CACCTGECCTAGT GCCTAGCT GECCCAAT GAAAGAT GCCTAGCAAGCECT TGECACT CAGTAGACCCAAAGT TGTCACT T CTAGGAAGGCCCAGGTAAGCG
TCCTCAGT GGGGACT TGCAGGGET GGEGAGGECACACGEGECAACCCAGT CTCAGCT CCTGCAGCAT CCCT TGAAGGAAGAT GGGT CAGAAGACAAAGCECT G
- 2400 ATGCTGGECTGCAGAGT CTGEGGAGCT GCTCACT GECCCCCAGCCCAAGT GT GGT TGGAGACAGT GGAAAGGECGGT TCCTCCCGATGCCCATGTGECCTCT

AGCAGGCCCAGACT GT GAAGGCCT TGGGAGCCCCT GGATAGGCAGGECACCT GCCTAAGT AGCTGCTCCCAGECTCTCATGGECCACCCTCTGTCCTTCCTC
- 2200 AGGGAAAGAGCTACTGGCATCT CTCCATCACTGGT TATGT AT GCCCAGGCGECGCCCAGCCCT GCCCAGCCCAGAGEGT GGGAAAGACACAT CCAGGAAA
CTGITGTCTAGCAGAGT GGTCGGT TTTGAGCT GAAGCCT AGGGT TGGEGEGEGET GGGAAGGAGGECT GAT TGCCCT GT CCGAACCCAGCCCTGGCAGCATCCACC
- 2000 CCATGGGECT GTGGGCACT TGCACCT CACCAGAAGCT GGGGAGT CTGGECAGAAT GACAGGGAT GGGGGEGAT CAAGGAGGCACCTACT CCCAACACACCCCC
GTI'GCCTGEEEGT GCTGGT CTGEGTACCT GAGACGGEGEGECACCT CCCACCT GAGCCT GGGGAGGCGCTAGACAT TGT CCGT GGGCACT GAGAGGCCACGT GC
- 1800 TCTGCTCCCAT GGAGGGAGCAGCGAGGAGAGGAGGT CCAGCAGGT TGGACGEEECCT GEEEGAGCC CCACT GTCAGAGGTGGAT TGGTGCTTATTTATAC

AGAGGATGCCTTGCAGAGT CGT GGECTGT GAATAAGAGGCCT GECT CGAGGCGEEECT TATGACAT TAGGGGECT CCAGAACCGEGGAAACATGCCCTCAG

- 1600 GCGT GCCCAGECT GGT GCT GGT GECGGT GT GECAGEGAGAGT GAGT TGEEGECCCT GAGEGAGAACAGT TGCTCATAGCGCT TTGAAGGCGAGT GEGEGEGEEC
CTTAGTCTGAAGTTTCTTTTTACCCCAACCCT CTTTCCACTGI CACCCCCAGAAGGECECT TCAGT GT GT AT GT GGGGCAGGACCGCAGCAGGGAGEGAGEG
- 1400 TCAACCCCT TCCCCCGEEEGET CACT ACAGAAGCGGAGEGACGCT CCTCTCTTCACGECTGCCCCTGAGACCTGCTTTTTCTCGGAGCTGT GTGACAAAGT C
CCCACCCTTTACT CCCCCACGGCAAGGAAGGGACCT CCCCT TCGCAT TAGT CAAGGGGECGECAGCT CGCCCTGTACACCGTACAAACCCTTGGECTGAATC
-1200 GCAGTTGATGCTGTI GATTCGAGT CCAAGCCAGT TTCCCTGT TACCTCCTTTGCCCT TAAT GGAGGAAACT GAGGCAGCT GCGGAGACACAAGAAGCCGAA

GT CCT AAGACCCAGGCT GOGAGCGCT GGCT COGGGACCCEEGCT GOCGCT GACEGGCT GBGOCCEOGEGCGGECAGCAGEGEGCECT OGCAGECCEGGACG
-1000  CGOCCTCCTOGCEOGEECACT GRCCCGACEGAGCT GGT CCBOGAGEGGCAGOGCCT GRGAAAGGGT CBGGACCGGCT COCCGCT CCOCGCT COCCCACCTC
TOOGCAGGGOGT CTCCACGGEOCGAIGCOGEE0GGEGT TIGT GGT GT AT TGCGACCCEGCEOCOCAGCOC GACGO0CGCOCT GOCCT CCCT GOGBGCT COCGA

-800  GOGBECGHAAGGCAGAGCAGEGCECACCGEECECCERE0CCAGOCCAGT TONQCOGGRAGAAGT GTCCOGT COOGGT GCOGECCOGCEOGCTAGCT CCBOGT

COCGGCT COCGGCACCCACCGACCCCT CCACAGCT GCGCGCGT CCT GOC T GRGRGGECOGGAGACCOCGO0GC0GGEE0CCCT CCGCT CTCCOGAGGOGOGEE
- 600 CGOOGGGAGGAAGGCAGGT AGAGGCIGE T GEGCGGGGT GCGEE0G0GGRAAGT COCGEECT CACGOCT COCGOGAAGCGECACCT TCAGCCCACCT [OBGTOT

[GCCCAGOGCO0CATCTGOCGE00GCTIOCCGCGCC0GCTIOCAGT CTICOGCCT TOCT CCAGCOGCT CTOCOCGCT COCCACT COCT GCAGBOGOGECT GG

- 400 GGCGAAAGCCT GCGAGCT GAGCGGEGCGCAAGGT CCTCCGCGECCT CCTTTAAGAACCGECCCAGCCCGECCCECECCCCCAGAGCGT ACGECATCCGCGT G
GCGGGAGGGCGCGACT TTCTCCGGT [CCCEEECEEGACEGEGACGECGEECGEGACAACT TGGGAAACT TCT CTGEEECEGACGECAGGBGACCCCGGERCACC

-200 GGT GGAGGAGGAT GT AGGAGGECGEGECT GCTGGT CCTGEGT GT TCCCGACCT CCTAGGCCCCGCT CGT CCAGGCCAT GEGECT CCAGCGCCCT CGECGCCG
CCGGAGGGGECGACGCTCT TGT CTAGCCGAGCCGGEGECAGCGCT GTCGT CCACGGT GCGCIACT GEBECGEECAGCGCT CCCT CTGCCCAICCT CCCGCCCCGTIC
ATG - -

Fig. 1. Nucleotide sequence of the 5'-flanking region of «2C2 gene. Nucleotides are numbered according to their location relative to the translation initiation codon. Elements resembling transcriptional initiator
sequences are in brackets, Spl-binding sites are boxed and AP2-binding sites are bold, underlined. The sites for initiation of transcription predicted by computer analysis are indicated by arrows. Other putative
binding sites for trans-acting factors include Stat-6 (underlined with open circles), USF (underlined), NFkB (underlined with a dashed line) and OIf-1 (underlined with solid circles). Overlapping glucocorticoid and
progesterone response elements are indicated by double underlines.
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3. Results

3.1. Sequence analysis of the flanking regions of
the 02C2 gene

A cosmid containing a 30-kb insert was isolated by
screening a human genomic library with a 0.96-kb probe
(corresponding to the Accl-Accl fragment of the 0a2C2
coding region). The insert was characterised by restriction
enzyme digestion and Southern blot analysis, allowing the
isolation of an EcoRI-Kpnl fragment containing 5.5 kb of
the 5’-flanking region, the open reading frame and 2.9 kb
of the 3’-flanking region of the human «2C2 gene. The
nucleotide sequence of the entire fragment has been
deposited in GenBank with the accession number
AF005900.

The nucleotide sequence of the portion of 5'-flanking
region spanning from Xbal restriction site to translation
initiation codon is presented in Fig. 1. The region is rich in
GC, this is particularly true for the 1 kb upstream from
ATG where the mean GC content is 78%. Computer-
assisted search for potential cis-acting elements indicated
that neither a TATA box nor a CCAAT box is present.
However, two initiator elements (YYANWY, at positions
—461/—455 and —424/—417), and numerous consensus
binding sites for the transcription factor Spl were pre-
dicted. Several putative sites for other factors were also
detected. Of those with high identity scores, binding sites
for AP2 are located at positions —635/—624, —844/—834
and —2366/—2356. A consensus sequence for USF was
found at position —1811/—1798. Sites for Stat-6, NFxB
and OIf-1 were predicted at positions —2523/—2515,
—1742/—1735 and —753/—743. Finally, overlapping glu-
cocorticoid and progesterone response elements were
found at position —1542/—1533. Analysis of the 5'-region
using the mammalian promoter prediction program TSSG
[22] indicated the existence of one TATA-less promoter
with a single transcription initiation site at position —553.
A similar prediction, but with a transcription initiation site
located at position —472, was obtained with the TSSW
program which uses a different database.

Examination of the 3'-flanking region revealed the
existence of a single canonical polyadenylation signal
(AATAAA) at position 43252/4-3257. The functionality
of this signal was tested on mRNA prepared from HT29, a
cell line previously demonstrated to contain trace amounts
of the a2C2 transcript [23]. RT-PCR experiments with a
series of primers located in the 3'-flanking region of «2C2
gene indicated that the end of the «2C2 transcript is located
between positions 43219 and 43299 (not shown). In
agreement with this conclusion, a BLAST search for
sequence homology against this region permitted the
identification of a human cDNA clone (IMAGE:1500825
3) with perfect identity with «2C2. This clone ends 17
bases downstream to the AATAAA signal showing that the
polyadenylation site is located at position +3274.

3.2. Characterisation of the promoter region

Because of the inherent difficulty to design convenient
primers and to reverse transcribe regions that are extremely
rich in GC, all attempts to map the 5-end of «2C2
transcript using RT-PCR or RACE methods on RNAs
prepared from HT29 cells or human kidney were unsuc-
cessful. In order to get information regarding the promoter
region, we therefore sought to measure the transcriptional
activity of the 5’-flanking region by means of cell transfec-
tion. Preliminary experiments demonstrated that the con-
struct containing the entire 5'-flanking region (pGL3C2
—3160/+3) is able to drive luciferase expression in various
cell lines, including CaCo2, SK-N-MC, HT29, BHK-21
and HeLa (not shown), suggesting that the region spanning
from nucleotide —3160 to ATG does not contain the
elements responsible for cell-specific expression of the
o2C2 gene. The promoter activity was further studied by
transfecting HeLLa and BHK-21 with constructs carrying
serially truncated segments of the 5'-flanking region
(Fig. 2). In HeLa cells, the luciferase activity of pGL3C2
—3160/+3 was 18-fold that of pGL3-Basic and repre-
sented approximately 25% of that of pGL3-SV40. The
comparison of luciferase activity between deletion con-
structs indicated that the progressive removal of 5'-frag-
ments stretching between nucleotides —3160 and —603 did
not significantly affect the transcriptional activity. Further
deletions, however, resulted in a sharp decrease. Indeed,
the constructs pGL3C2 —411/+3 and pGL3C2 —127/4-3
exhibited luciferase activity not significantly different from
that of the promoterless construct pGL3-Basic. With the
exception that activity of all constructs was lower and that
removal of the —1043/—603 region provoked a slight
decrease, similar observations were done when BHK-21
were used as host cells. Thus, data on both cell types
suggested that elements crucial for transcriptional activity
of the aL,p-AR promoter are located upstream from position
—410. This conclusion was confirmed by transfection of
BHK-21 cells with other truncated constructs (Fig. 3). The
region spanning nucleotides —3089/—1999 was devoid of
transcriptional activity. The construct with the —1792/
—127 fragment in sense orientation (pGL3C2 —1792/
—127), but not in antisense (pGL3C2 —127/—1792),
had high activity, demonstrating that this region behaves
as a true promoter with orientation-dependent activity. Of
note, the constructs containing fragments —1792/—127,
—1034/—127 and —603/—127 exhibited twice more activ-
ity than their corresponding counterparts ending at position
+3. The same was true in HeLa (not shown), indicating
that the removal of the GC-rich region from nucleotide
—127 to ATG provoked a significant increase in luciferase
activity. As previously found with constructs ending at
position +3, more extensive 5'-deletion to position —411
resulted in a sharp decrease in activity, since pGL3C2
—411/—127 was 4-fold less efficient than pGL3C2 —603/
—127. By contrast, the construct containing sequence from
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Fig. 2. Transcriptional activity of constructs containing various 5'-deleted fragments of the «2C2 gene promoter. A series of luciferase constructs containing
promoter fragments with various 5’-ends but a common 3’-end (+3) were cotransfected with pPCMV into HeLa (open bar) or BHK-21 (grey bar). After 48 hr,
the cells were lysed and assayed for luciferase and B-galactosidase activity. The promoter activity is normalised for variations in transfection efficiency using
B-galactosidase activity as internal standard and is expressed relative to the activity of the promoterless construct pGL3-Basic. Reported values are
means + SEM from four independent experiments performed in triplicate. The constructs are numbered according to their position relative to the translation

initiation codon.

—603 to —411 had high activity indicating that the cis-
elements required for optimal transcriptional activity are
present in this region. Because two putative transcription
start sites at positions —553 and —472 were predicted in
this region, the activity of two constructs, in which the
proximal site is eliminated by truncation at position —545,
was measured. The two constructs (pGL3C2 —603/—545

Xbal Ncol Notl Ncol
L S T — L 0!2C2;
BamHI Kpnl Xhol Sacll Pstl

-3089/-1999 | [

and pGL3C2 —712/—545) were totally inactive (Fig. 3),
strongly suggesting that the transcription start site pre-
dicted at position —553 is inoperant. To validate the
importance of Spl binding for the activity of the a2C2
promoter, the effects of mithramycin were investigated on
luciferase activity of different constructs. This drug is a
well-established inhibitor of Sp1 binding to its correspond-
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—_ [ -603/-411 ] —
- F
- ]
0 2IO 40

Luciferase acitvity (x pGL3-Basic)

Fig. 3. Transcriptional activity of truncated fragments of the ®2C2 gene promoter. Luciferase constructs containing truncated fragments of the human o,p-
AR gene promoter were cotransfected with pPCMV{ into BHK-21 cells. After 48 hr, the cells were lysed and assayed for luciferase and P-galactosidase
activity. The luciferase constructs are numbered according to their position relative to the translation initiation codon. Their activity is normalised for
variations in transfection efficiency using B-galactosidase activity as internal standard. Results are expressed as fold-increase of luciferase activity of the
promoterless construct pGL3-Basic. Reported values are means == SEM from five independent experiments performed in triplicate.
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Fig. 4. Effect of mithramycin on the transcriptional activity of «2C2 gene
promoter. BHK-21 cells were transfected with pGL3C2 —603/—411,
pGL3-SV40 or pGL3-CMV. Cells were allowed to recover for 8 hr and
then treated for 16 hr (grey bar) or not (open bar) with 100 nM
mithramycin. Luciferase activity is expressed as fold activity of the
promoterless vector pGL3-Basic. Reported values are means = SEM from
three independent experiments performed in triplicate.

ing GC box [24]. Results in Fig. 4 demonstrated that the
activity of pGL3C2 —603/—411 was strongly attenuated
(10% of control) in BHK-21 cells treated with 100 nM
mithramycin. As expected, a large reduction of activity
was also observed with pGL3-SV40, but not with pGL3-
CMV.

3.3. Identification and analysis of SNPs

The five SNPs that were identified in the present study
are presented in Table 2. Two SNPs (—98 G/C and —87 G/

-98G/-98G
-98C/-98C
-98G/-98C

Std 1 2 3 4
Subject #
M DD YD 1N

Std 1 2 3
Subject #

-98G/-98G

4

475

T) were located in the 5’-non-coding region while the three
others (+36 A/G, +632 G/C, +1182 C/A) were in the
coding region. Of 138 subjects that were genotyped for the
—98 G/C polymorphism, 36 (26%) had the G/G genotype,
76 (55%) had the G/C genotype and 26 (19%) had the C/C
genotype. Interestingly, the —98 G/C polymorphism was in
complete linkage with the I/D polymorphism in the coding
region [21], G with insertion and C with deletion (Fig. 5).
Also the SNP at position +1182 was in complete linkage
(N = 16) with the —98 G/C and I/D polymorphisms. This
SNP has been published in GenBank (accession number
NMO000682). The second SNP in 5-non-coding region
(—87 G/T) was found in only one individual and was
therefore not studied further. Finally, of the two other
SNPs in the coding region, the first (+36 A/G) is a silent
mutation; whereas the second causes a glycine to alanine
substitution at the start of the third intracellular loop
(amino acid 211). In this study population, the alanine
allele was rare (allele frequency 2%) and no homozygous
individual was identified.

The —98 G/C polymorphism being located within a
portion of the 5-UTR (—127/+3) that affects luciferase
activity (see Figs. 2 and 3) and computer-assisted analysis
indicating that it results in the creation of an additional
putative Spl-binding site which may affect transcriptional
activity of the core promoter, a series of luciferase con-
structs with G/C substitution were generated. When trans-
fected in BHK-21, constructs containing a C at position
—98 (pGL3C2 —1874/4-3 mut, pGL3C2 —1034/43 mut,
pGL3C2 —603/4+3 mut, pGL3C2 —411/43 mut and
pGL3C2 —127/4-3 mut) exhibited identical reporter activ-

Q Q
& 3
3] o
= S
. i 110 (-98 C)
v 119 (-98 C)
™ 137
=X 229 (-98 G)
273
5 6
DD IID
_, 103 (D)
112

Fig. 5. Genotyping of the —98 G/C and insertion/deletion variants of the human o,5-AR gene. The same subjects were genotyped for both —98 G/C (upper
panel) and insertion/deletion (lower panel) polymorphisms. Human genomic DNA was isolated from whole blood. The —98 G/C polymorphism was
identified by amplification of DNA with primer pair 2 and digestion of PCR product with Aval. The insertion (I) and deletion (D) variants were also
genotyped by PCR and the two alleles were identified on the basis of their difference in size. Std = 100-bp DNA ladder.
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16
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Luciferase activity (x pGL3basic)

-1874/+3
-1034/+3
-604/+3
-411/+3
-127/+3

Fig. 6. Transcriptional activity of various constructs with G/C substitution
at position —98. Luciferase constructs containing promoter fragments
without (open bar) or with G/C substitution at position —98 (black bar)
were cotransfected with pPCMVp into BHK-21 cells. After 48 hr, the cells
were lysed and assayed for luciferase and B-galactosidase activity. The
luciferase constructs are identified by their position relative to the start
codon. Their activity is normalised for variations in transfection efficiency
using B-galactosidase activity as internal standard. Results are expressed as
fold-increase of luciferase activity of the promoterless construct pGL3-
Basic. Reported values are means = SEM from four independent
experiments performed in triplicate.

ity as those containing a G (Fig. 6). The same was true
when HelLa was used as host cell (data not shown).

4. Discussion

Although the promoter regions of the genes encoding the
doa- and orc-AR subtypes in human and rat o,-ARs have
been the subject of several studies [16—19], the upstream
regions of the genes encoding a,3-AR have so far remained
unknown. The present work was thus carried out as an
initial approach to characterise the organisation of the
human o,5-AR gene and to define the elements accounting
for its expression. Screening of a human genomic library
allowed us to isolate an EcoRI-Kpnl fragment containing
5.5 kb of the 5'-flanking region, the open reading frame,
and 2.9 kb of the 3/-flanking region of the «2C2 gene.

Pairwise comparison of the 5'-flanking regions of the
human, mouse, and rat o,g-AR genes with BLAST
(BLAST 2 sequences) [25] indicates that rat and mouse
exhibit considerable sequence homology (GenBank acces-
sion numbers AF366899 and M94583) whereas human is
almost completely divergent. The identity between
sequences was restricted to short portions close to the
beginning of the open reading frame and spanning from
nucleotide —249 to —154 for the mouse and from nucleo-
tide —262 to —142 for the rat. Also, comparison of the
three human subtypes did not reveal significant similarities
in their 5'-non-coding regions. Such divergence in promo-
ter regions may explain the differences in the patterns of

oLp-AR tissue distribution observed between human and
rat or mouse. Our data from cell transfection with lucifer-
ase constructs showed that the region from nucleotide
—3160 to the ATG codon contains neither the sequences
responsible for cell-specific expression of o,g-AR nor
enhancer/silencer elements. Further studies with constructs
containing larger fragments will be necessary to identify
such motifs. It is remarkable that the human gene is, in this
respect, different from the murine gene. The 5’-flanking of
the mouse o,p-AR gene was indeed shown to direct
transcription in cell lines derived from the kidney
(BHK-21, OK) or the nervous system (NG108-15,
PC12) but not in insulinoma, neuroblastoma or glioma
cell lines [20]. The situation for the human o,5-AR is also
different from that for the rat o,c-AR, since a 94-bp
fragment of the RG10 gene promoter was demonstrated
to contain the cis-acting elements capable to direct tran-
scription in permissive host cells [18]. Using a series of
luciferase constructs with serial 5’-deletions, we identified
the sequence fragment located between —603 and —411 as
the core promoter. There is no TATA box, but three Spl
sites and two initiator elements in this region. The implica-
tion of Spl1 sites is strongly suggested by experiments with
mithramycin, however, the functionality of these elements
awaits definitive demonstration, especially because the
precise location of the transcription start site was not
yet firmly identified. A TATA-less promoter consisting
of a GC box and an initiator element was previously
described in the mouse o,-AR gene [20], whereas a
TATA-like box was found in the promoter region of human,
but not rodent, a,-AR gene [18,19]. Of the three subtypes,
the opA-AR promoter is therefore the only one with a
canonical TATA box [16]. In contrast with other subtypes,
the size of the human o,p-AR transcript is presently
unknown. According to our data, the polyadenylation site
is located 1.93 kb downstream to TGA. With also the
mouse gene having a very long 3’-UTR (2.3 kb), such a
feature appears a characteristic of o,5-AR mRNA. All our
attempts to precisely locate the 5’-end of the o,g-AR
mRNA remained unsuccessful. There are at least two
reasons for this failure. First, the lack of a suitable source
of RNA (i.e. human tissue or cell line) containing sub-
stantial amounts of the target transcript to perform RNase
protection assays. Second, the very high GC content of the
5’-UTR which makes extremely difficult reverse transcrip-
tion based approaches, such as primer extension or RACE.
According to computer prediction and transfection experi-
ments, the transcription start site would be approximately
located 500 bases upstream from ATG. The removal of the
proximal part of the 5’-UTR (—127/4-3) resulted in a 2-fold
increase in luciferase activity, indicating that this region
negatively influences expression. This is probably due to
an effect on translation rather than transcription. Indeed,
this region not only may form strong secondary structures
but also contains a micro-ORF (position —126/—76) with
an ATG in a relatively good initiation context and may thus
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interfere with o,g-AR translation. Whatever it is, assuming
that the length of the 5-UTR is 0.5 kb, the size of the
human o,p-AR transcript would be about 3.8 kb. This size
is similar to that of the human o, ,-AR mRNA, a factor that
may have contributed to the difficulty to identify o,5-AR
mRNA by Northern blot in tissues containing a mixture of
both subtypes.

In this study, we identified five novel SNPs that are
located in the 5’-non-coding and the coding region of the
gene. Interestingly, the guanine to cytosine substitution at
position —98 and a silent cytosine to guanine substitution
at position +1182 were in complete linkage with the
previously reported I/D polymorphism. According to pre-
vious studies, the D variant (Del 301-303) of the human
oLp-AR, which consists in the deletion of three Glu
residues in an acidic motif located in the third intracellular
loop, exhibits depressed GRK2-mediated phosphorylation
and is refractory to agonist-promoted desensitisation [6].
Furthermore, the D/D genotype is associated with aug-
mented risk for acute myocardial infarction [26,27] but not
with hypertension [28]. As suggested by a study of hae-
modynamic response to acute adrenaline infusion in
healthy young men [29], the most plausible mechanism
explaining the association between D/D genotype and
myocardial infarction is a blunted increase of coronary
blood flow due to exaggerated a2B-AR-mediated vaso-
constriction. Because sequence variation in the 5’-UTR
region may interfere with expression through altered
assembly of the transcription pre-initiation complex at
the core promoter, modification of mRNA decay or change
in translation rate, the possible functional consequences of
the —98 G/C polymorphism were investigated. Despite the
presence of a new putative binding site for the transcription
factor Sp1 in the —98C sequence, no change in the activity
of luciferase constructs was observed. Elements in a
promoter region can function differently depending on
the cellular environment. For example, a promoter segment
of the rat o, o-AR gene has a positive effect on transcription
in HT29 cells, but has a negative effect in RINmSF cells
[30]. The possibility that the —98 G/C polymorphism
appears silent because HeLL.a or BHK-21 cells do not allow
discrimination between the two variants cannot be defini-
tively ruled out. Further studies will be necessary to
elucidate whether the —98 G/C variation or the I/D varia-
tion of the third intracellular loop, or both are causally
involved in the observed clinical associations with the D
form of the human o,-AR.

Acknowledgments

This work was supported by the BIOMED 2 Program
CEE BMH4 CT98-3373 (European Commission, Brussels,
Belgium) and by the Finnish Cultural Foundation. We
thank C. Buisson-Brenac for her helpful technical assis-
tance.

References

[1] Ruffolo Jr RR, Nichols AJ, Stadel JM, Hieble JP. Pharmacologic and
therapeutic applications of o,-adrenoceptor subtypes. Annu Rev
Pharmacol Toxicol 1993;33:243-79.

[2] Bylund DB, Eikenberg DC, Hieble JP, Langer SZ, Lefkowitz RJ,
Minneman KP, Molinoff PB, Ruffolo RR, Trendelenburg U. Interna-
tional Union of Pharmacology Nomenclature of Adrenoceptors.
Pharmacol Rev 1994;46:121-36.

[3] Limbird LE. Receptors linked to inhibition of adenylate cyclase:
additional signaling mechanisms. FASEB J 1988;2:2686-95.

[4] Schramm NL, Limbird LE. Stimulation of mitogen-activated
protein kinase by G protein-coupled o,-adrenergic receptors does
not require agonist-elicited endocytosis. J Biol Chem 1999;274:
24935-40.

[5] Small KM, Forbes SL, Brown KM, Liggett SB. An Asn to Lys
polymorphism in the third intracellular loop of the human o4-
adrenergic receptor imparts enhanced agonist-promoted Gi coupling.
J Biol Chem 2000;275:38518-23.

[6] Small KM, Brown KM, Forbes SL, Liggett SB. Polymorphic

deletion of three intracellular acidic residues of the o,-adrenergic

receptor decreases G protein-coupled receptor kinase-mediated

phosphorylation and desensitization. J Biol Chem 2001;276:4917—

22.

Small KM, Forbes SL, Rahman FF, Bridges KM, Liggett SB. A four

amino acid deletion polymorphism in the third intracellular loop of the

human o,-adrenergic receptor confers impaired coupling to multiple
effectors. J Biol Chem 2000;275:23059-64.

Lomasney JW, Lorenz W, Allen LF, King K, Regan JW, Yang-Feng

TL, Caron MG, Lefkowitz RJ. Expansion of the o,-adrenergic re-

ceptor family: cloning and characterization of a human o,-adrenergic

receptor subtype, the gene for which is located on chromosome 2. Proc

Natl Acad Sci USA 1990;87:5094-8.

[9] Zeng DW, Harrison JK, D’Angelo DD, Barber CM, Tucker AL, Lu
ZH, Lynch KR. Molecular characterization of a rat o,g-adrenergic
receptor. Proc Natl Acad Sci USA 1990;87:3102-6.

[10] Altman JD, Trendelenburg AU, MacMillan L, Bernstein D, Limbird L,
Starke K, Kobilka BK, Hein L. Abnormal regulation of the sympa-
thetic nervous system in o, 4-adrenergic receptor knockout mice. Mol
Pharmacol 1999;56:154-61.

[11] MacMillan LB, Hein L, Smith MS, Piascik MT, Limbird LE. Central
hypotensive effects of the a,x-adrenergic receptor subtype. Science
1996;273:801-3.

[12] Eason MG, Liggett SB. Human a,-adrenergic receptor subtype dis-
tribution: widespread and subtype-selective expression of o,C10,
0,C4, and ,C2 mRNA in multiple tissues. Mol Pharmacol 1993;
44:70-5.

[13] Berkowitz DE, Price DT, Bello EA, Page SO, Schwinn DA. Localiza-
tion of messenger RNA for three distinct o,-adrenergic receptor
subtypes in human tissues. Evidence for species heterogeneity and
implications for human pharmacology. Anesthesiology 1994;81:
1235-44.

[14] Uhlen S, Wikberg JE. Delineation of rat kidney o- and op-adre-
noceptors with [PHJRX821002 radioligand binding: computer model-
ling reveals that guanfacine is an opa-selective compound. Eur J
Pharmacol 1991;202:235-43.

[15] Cussac D, Schaak S, Denis C, Flordellis C, Calise D, Paris H. High
level of a,-adrenoceptor in rat foetal liver and placenta is due to o,p-
subtype expression in haematopoietic cells of the erythrocyte lineage.
Br J Pharmacol 2001;133:1387-95.

[16] Handy DE, Gavras H. Promoter region of the human o, 4-adrenergic
receptor gene. J Biol Chem 1992;267:24017-22.

[17] Handy DE, Zanella MT, Kanemaru A, Tavares A, Flordellis C, Gavras
H. A negative regulatory element in the promoter region of the rat o 5-
adrenergic receptor gene overlaps an Spl consensus binding site.
Biochem J 1995;311:541-7.

[7

—

[8

—



478 C. Cayla et al./Biochemical Pharmacology 67 (2004) 469478

[18] Saulnier-Blache JS, Yang Q, Sherlock JD, Lanier SM. Analysis of the
apc-adrenergic receptor gene promoter and its cell-type-specific
activity. Mol Pharmacol 1996;50:1432-42.

[19] Schaak S, Devedjian JC, Cayla C, Sender Y, Paris H. Molecular
cloning, sequencing and functional study of the promoter region of the
human o2C4-adrenergic receptor gene. Biochem J 1997;328:431-8.

[20] Chen WM, Chang AC, Wang CM, Lin CC, Chang NC. Characteriza-
tion of the regulatory regions of murine a,C2 adrenoceptor subtype
gene. Neurosci Lett 1996;210:33-6.

[21] Heinonen P, Koulu M, Pesonen U, Karvonen MK, Rissanen A, Laakso
M, Valve R, Uusitupa M, Scheinin M. Identification of a three-amino
acid deletion in the o,p-adrenergic receptor that is associated with
reduced basal metabolic rate in obese subjects. J Clin Endocrinol
Metab 1999;84:2429-33.

[22] Solovyev V, Salamov A. The Gene-Finder computer tools for analysis
of human and model organisms genome sequences. Proc Int Conf
Intell Syst Mol Biol 1997;5:294-302.

[23] Schaak S, Cayla C, Blaise R, Quinchon F, Paris H. HepG2 and SK-N-
MC: two human models to study o,-adrenergic receptors of the o
subtype. J Pharmacol Exp Ther 1997;281:983-91.

[24] Blume SW, Snyder RC, Ray R, Thomas S, Koller CA, Miller DM.
Mithramycin inhibits SP1 binding and selectively inhibits transcrip-
tional activity of the dihydrofolate reductase gene in vitro and in vivo. J
Clin Invest 1991;88:1613-21.

[25] Tatusova TA, Madden TL. BLAST 2 sequences, a new tool for
comparing protein and nucleotide sequences. FEMS Microbiol Lett
1999;174:247-50.

[26] Snapir A, Heinonen P, Tuomainen TP, Alhopuro P, Karvonen MK,
Lakka TA, Nyyssonen K, Salonen R, Kauhanen J, Valkonen VP, Pesonen
U, Koulu M, Scheinin M, Salonen JT. An insertion/deletion poly-
morphism in the o,g-adrenergic receptor gene is a novel genetic risk
factor for acute coronary events. J Am Coll Cardiol 2001;37:1516-22.

[27] Snapir A, Mikkelsson J, Perola M, Penttila A, Scheinin M, Karhunen
PJ. Variation in the o,g-adrenoceptor gene as a risk factor for pre-
hospital fatal myocardial infarction and sudden cardiac death. ] Am
Coll Cardiol 2003;41:190-4.

[28] Baldwin CT, Schwartz F, Baima J, Burzstyn M, DeStefano AL, Gavras
I, Handy DE, Joost O, Martel T, Manolis A, Nicolaou M, Bresnahan
M, Farrer L, Gavras H. Identification of a polymorphic glutamic acid
stretch in the opg-adrenergic receptor and lack of linkage with
essential hypertension. Am J Hypertens 1999;12:853-7.

[29] Snapir A, Koskenvuo J, Toikka J, Orho-Melander M, Hinkka S,
Saraste M, Hartiala J, Scheinin M. Effects of common polymorphisms
in the oya-, op-, Pi- and Pr-adrenoreceptors on haemodynamic
responses to adrenaline. Clin Sci (Lond) 2003;104:509-20.

[30] Handy DE, Gavras H. Evidence for cell-specific regulation of tran-
scription of the rat o, 5-adrenergic receptor gene. Hypertension 1996;
27:1018-24.



	Cloning, characterisation and identification of several polymorphisms in the promoter region of the human alpha2B-adrenergic receptor gene
	Introduction
	Materials and methods
	Screening of a human genomic library
	DNA sequencing and analysis
	PCR and single strand conformation analysis (SSCA)
	Reporter gene constructs
	Cell transfection and measurement of reporter gene activity

	Results
	Sequence analysis of the flanking regions of the alpha2C2 gene
	Characterisation of the promoter region
	Identification and analysis of SNPs

	Discussion
	Acknowledgements
	References


