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Histamine H1 receptor expression has been reported to change in

disorders such as allergic rhinitis, autoimmune myocarditis,

rheumatoid arthritis and atherosclerosis. Here we report the

isolation and characterization of genomic clones containing the

5« flanking (regulatory) region of the human histamine H1

receptor gene. An intron of approx. 5.8 kb was identified in the

5« untranslated region, which suggests that an entire subfamily of

G-protein-coupled receptors may contain an intron immediately

upstream of the start codon. The transcription initiation site was

mapped by 5« rapid amplification of cDNA ends to a region

6.2 kb upstream of the start codon. Immediately upstream of the

transcription start site a fragment of 1.85 kb was identified that

showed promoter activity when placed upstream of a luciferase

reporter gene and transiently transfected into cells expressing the

histamine H1 receptor. The promoter sequence shares a number

INTRODUCTION

Histamine is a major mediator in allergic reactions, and histamine

H1 receptor (H1-R) antagonists have a long history of clinical

efficacy in a variety of allergic disorders [1]. The H1-R is involved

mainly in smooth-muscle contraction and vascular permeability

[2,3]. It activates phospholipase C, whose reaction products

Ins(1,4,5)P
$

and diacylglycerol respectively induce Ca#+ mobili-

zation from intracellular stores and activate protein kinase C.

Action through arachidonic acid release has also been reported

[4].

Several studies have documented changes in the expression of

H1-Rs in pathological situations. Increased expression of H1-R

mRNA was observed in the nasal mucosa of patients with

allergic rhinitis [5] and in cultured aortic intimal smooth muscle

cells of patients suffering from atherosclerosis [6]. The latter

finding suggests that up-regulation of the H1-R expression might

have a role in the initiation and progression of cardiovascular

disease. Increased H1-R expression has been documented in the

inflamed joints of rheumatoid arthritis patients [7] and in the

heart of mice with autoimmune myocarditis [8]. Furthermore

Hamano et al. [9] recently showed that the exacerbation of

asthmatic symptoms experienced by some woman during preg-

nancy is due to the increased expression of H1-R mRNA in nasal

epithelial cells on induction by female sex hormones.

Given the importance of understanding the transcriptional

regulation of the H1-R, we have cloned and analysed its 5«
regulatory region.

H1-Rs have been cloned from human [10–12], cow [13], guinea

pig [14], mouse [15] and rat [16]. It has been assumed so far that
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of characteristics with the promoter sequences of other G-

protein-coupled receptor encoding genes, including binding sites

for several transcription factors, and the absence of TATA and

CAAT sequences at the appropriate locations. The promoter

sequence described here differs from that reported previously

[Fukui, Fujimoto, Mizuguchi, Sakamoto, Horio, Takai, Yamada

and Ito (1994) Biochem. Biophys. Res. Commun. 201, 894–901]

because the reported genomic clone was chimaeric. Furthermore

our study provides evidence that the 3« untranslated region of the

H1 receptor mRNA is much longer than previously accepted.

Together, these findings provide a complete view of the structure

of the human histamine H1 receptor gene. Both the coding

region of the H1 receptor gene and its promoter region were

independently mapped to chromosome 3p25.

H1-Rs are intronless, as is true of most G-protein-coupled

receptors. Consequently the region immediately 5« to the H1-R-

coding region in genomic clones has been analysed for the

presence of promoter elements and transcription factor-binding

sites [17,18]. For the human H1-R, two different 5« untranslated

regions (5« UTRs) have been published [1,18] and both have been

reported to contain TATA boxes (although different ones) as

well as glucocorticoid response elements, in addition to other

regulatory motifs.

Here we report the isolation of genomic clones containing

several kilobases upstream of the coding region of the human

H1-R. Moreover, by using 5« rapid amplification of cDNA ends

(RACE), the presumptive transcription start site was mapped

and an intron demonstrated in the 5« UTR. This 5.8 kb intron

was sequenced, as was a 1.85 kb fragment upstream of the

putative transcription start site. This 1.85 kb fragment could

drive expression of a luciferase reporter gene in COS-7 cells,

which express endogenous H1-Rs, but not in another cell line

devoid of H1-Rs.

We believe that this represents the first report of the complete

structure of an H1-R gene, including the promoter region and an

extended 3« UTR. Knowledge of the H1-R gene structure might

advance our understanding of how H1-Rs receptors are regulated

in pathological situations and how their expression can be

manipulated.

MATERIALS AND METHODS

Human genomic libraries

Library I: the genomic DNA that was used to clone the main
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part of the H1-R gene (5.9 kb) encoding the 5« UTR (including a

5.8 kb intron) was isolated as described by Miller et al. [19] from

the blood of a single healthy donor. High-molecular-mass human

genomic DNA was partly digested with Sau3A [20] ; fragments of

14–23 kb were selected by sucrose-density-gradient centri-

fugation. Arms of the EMBL3 bacteriophage vector λ (λ

EMBL3}BamHI vector kit ; Stratagene) and the fragmented

human DNA were ligated (DNA ligation kit ; Stratagene) to

form long concatameric molecules, which were subsequently

packaged into bacteriophage λ heads with Gigapack II packaging

extract (Stratagene).

Library II : for the cloning of the promoter region of the H1-

R, a λ FIXII human placenta genomic library (Stratagene) was

used.

Screening of genomic libraries

Specific DNA fragments (bovine H1-R fragment for library I;

cDNA fragment located immediately downstream of the putative

transcription start site for library II) were labelled with [$#P]dCTP

by using the Multiprime2 random-primed labelling system

(Amersham). The human genomic libraries were plated out and

replica filters were prepared as described [21]. Duplicate nylon

filters were prewashed in 5¬SSC (1¬SSC¯ 0.15 M NaCl}
0.015 M sodium citrate)}0.5% SDS}1 mM EDTA, then

hybridized at 37 °C (for library I) and 42 °C (for library II) for

43 h in 5¬SSPE [1¬SSPE¯ 0.15 M NaCl}10 mM sodium

phosphate (pH 7.4)}1 mM EDTA]}50% (v}v) formamide}5¬
Denhardt’s solution}0.1% SDS}100 µg}ml denatured salmon

sperm DNA containing probe (10' c.p.m.}ml). Filters were then

washed in 2¬SSC}0.5% SDS for 1 h at ambient temperature,

then for 1 h at 50 °C. A single intense autoradiographic spot was

found for library I and several for library II ; the corresponding

λ clones were plaque-purified.

Phage analysis and subcloning

Candidate clones were digested with a panel of restriction

enzymes, resolved on 0.6% and 1.0% (w}v) agarose gels

in 0.5¬TBE (1¬TBE¯ 45 mM Tris}borate}1 mM EDTA),

stained with ethidium bromide and transferred to nylon mem-

branes by vacuum blotting. The blots were probed under the

same conditions as the genomic library. Lambda DNA was

isolated with the Lambda Maxiprep kit (Qiagen). Fragments

covering the entire hybridizing segment were subcloned into

pUC18. The promoter region was subsequently subcloned into

pGL3basic (Promega).

Preparation of poly(A)+ mRNA

Total RNA was extracted as described by Chirgwin et al. [20].

Poly(A)+ RNA was isolated with the PolyATtract mRNA

isolation system I (Promega) in accordance with the manu-

facturer’s instructions.

5« RACE PCR amplification of cDNA clones

Two internal gene-specific primersGSP1 andGSP2were designed

on the basis of the published human H1-R sequence [11].

Adaptor-ligated internally primed double-stranded cDNA was

prepared from human placenta poly(A)+ RNA with the Mara-

thon cDNA amplification kit (Clontech). To obtain internally

primed cDNA the gene-specific GSP1 primer was used. Adaptor-

ligated DNA was used in a first-round hot-start touch-down

PCR with primers GSP1 and adaptor primer 1 (AP1, Marathon

kit) for 40 cycles, each consisting of (1) 1 min at 94 °C, (2) 1 min

at 72 °C, gradually (0.3 °C per cycle) decreasing to 65 °C, and (3)

3 min at 72 °C. In the reaction mixture 2.5 units of TaKaRa Ex

Taq polymerase (Imtec Diagnostics) were used, and the final

concentrations were 0.2 µM of each primer, 5% (v}v) DMSO

and 200 µM dNTPs. A 100 µl second-round nested PCR was

performed with 1 µl of the first-round sample by using the AP2

(Marathon kit) primer and GSP2. Reaction conditions were the

same as in the first-round PCR.

Northern blot analysis

A DNA fragment carrying the entire coding region of the H1-R

was labelled with [$#P]dCTP by using the Multiprime2 random-

primed labelling system (Amersham). A multiple tissue Northern

blot (Clontech) containing approx. 2 µg of poly(A)+ RNA from

human heart, brain, placenta, lung, liver, skeletal muscle and

kidney was hybridized at 68 °C overnight in ExpressHyb

(Clontech) hybridization solution containing probe (10'

c.p.m.}ml). The blot was then washed in 2¬SSC}0.05% SDS

for 40 min at ambient temperature, then in 0.1¬SSC}0.1% SDS

for 1 h at 50 °C.

Promoter analysis

Nested deletions were prepared of a 1.85 kb subclone containing

the putative promoter region of the H1-R in pGL3basic by using

Exonuclease III [21]. These subclones were end-sequenced by

fluorescent dideoxydye terminator automated sequencing (Model

377, Applied Biosystems).

Monkey kidney COS-7 cells were transiently transfected with

the pGL3 reporter construct by using the DEAE-dextran trans-

fection method as described by Huylebroeck et al. [22], except

that incubations were at 37 °C. Cells were harvested after 48 h,

washed with PBS and lysed in 1¬reporter lysis buffer (Promega).

Luciferase activity was determined with the luciferase assay

system (Promega) in accordance with the manufacturer ’s in-

structions. Cells were co-transfected with pSVβ-gal to determine

the transfection efficiency. Protein concentrations were estimated

with the Bio-Rad DC protein assay kit.

Chromosomal localization

Chromosomal localization was determined by SeeDNA Biotech

with fluorescent in situ hybridization (FISH). Lymphocytes

isolated from human blood were cultured in α-minimal essential

medium supplemented with 10% (v}v) foetal calf serum and

phytohaemagglutinin at 37 °C for 68–71 h. The lymphocyte

cultures were treated with bromodeoxyuridine (0.18 mg}ml;

Sigma) to synchronize the cell population. The synchronized

cells were washed three times with serum-free medium to release

the bromodeoxyuridine block and were then recultured at 37 °C
for 6 h in α-minimal essential medium with thymidine (2.5 µg}ml;

Sigma). Cells were harvested and slides were made by using

standard procedures including hypotonic treatment, fixing and

air-drying.

Genomic probes were biotinylated with dATP by using the

BRL BioNick labelling kit (15 °C, 1 h) [18]. The procedure for

FISH detection was performed as described in [23,24]. In brief,

slides were baked at 55 °C for 1 h. After treatment with RNase,

the slides were denatured in 70% (v}v) formamide in 2¬SSC for

2 min at 70 °C followed by dehydration with ethanol. Probes

were denatured at 57 °C for 5 min in a hybridization mix

consisting of 50% (v}v) formamide and 10% (v}v) dextran

sulphate and human cot I DNA. Probes were loaded on the

denatured chromosomal slides after 15 min incubation at 37 °C.

After overnight hybridization, slides were washed and detected

as well as amplified. FISH signals and the 4,6-diamidino-2-
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phenylindole (DAPI) banding pattern were recorded separately

by taking photographs, and the assignment of the FISH mapping

data to chromosomal bands was achieved by superimposing

FISH signals with DAPI-banded chromosomes.

Computer analysis

DNA sequences were analysed using the Findpatterns algorithm

of the Genetics Computer Group (GCG) software package

(University of Wisconsin). Alignments were obtained with

ClustalW (GCG) and further edited in Genedoc (version 2.0001;

Karl Nicholas).

RESULTS

Isolation of the putative promoter region of the human H1-R gene

A single strongly hybridizing clone (referred to as G1) was

identified in 4.7¬10& phages (three genome equivalents) from a

human genomic DNA library screened with a $#P-labelled bovine

H1-R PCR fragment [11]. The isolated clone had a 14.9 kb insert

containing the complete coding sequence of the H1-R in addition

Figure 1 Genomic organization of the 11687 bp human histamine H1-R gene

The region designated ‘ probe ’ is a 150 bp TaqI fragment used to clone the promoter region by library screening. Potential polyadenylation sites (AAUAAA) are shown. Abbreviation : CDS, coding

sequence.

Figure 2 Alignment of cDNA sequences obtained by 5« RACE with the human H1-R genomic clone G2

to approx. 5.9 kb 5« to the start codon (Figure 1). The putative

transcription start site was determined by isolating cDNA clones

with 5« RACE. Five independent cDNA clones were isolated and

sequenced (Figure 2). Comparison of the genomic and cDNA

clones revealed the presence of a 5.8 kb intron in the genomic

region encoding the 5« UTR. The isolated genomic clone, G1, did

not contain the transcription start site and the region further

upstream. Therefore a second library was screened with a 150 bp

TaqI 5« RACE fragment (designated ‘probe’ in Figure 1) located

immediately downstream of the putative transcription start site ;

18 strongly hybridizing plaques were identified and screened by

PCR with probe-specific primers. Two clones clearly yielded the

expected 150 bp probe fragment and one of these (referred to as

G2) was chosen for further analysis. Restriction mapping of this

phage was performed as described above. A 2.3 kb HindIII

fragment hybridized to the above-mentioned 150 bp TaqI probe

and this putative promoter fragment was subcloned into pUC18.

Sequencing revealed that this fragment contained 1.85 kb se-

quence upstream of the transcription start site. This 1.85 kb

region was amplified by PCR and subcloned into pGL3basic

(Promega) for further functional analysis.
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Figure 3 Nucleotide sequence of the promoter region of the H1-R gene

Potential AP1-binding sites are dot-boxed, potential AP2-binding sites are dash-boxed, potential Sp1-binding sites are underlined, potential TATA boxes are in bold, GC-rich regions are line-boxed,

a potential NF-κB site is dash-underlined twice, relevant AT-rich regions are underlined twice ; the splice site is marked with a vertical arrow and the putative transcription start site is marked

with a horizontal arrow.

Sequence analysis of the 5« flanking region and 5« UTR of the
human H1-R

To identify the DNA elements that control H1-R gene tran-

scription, the 1.85 kb region immediately upstreamof the putative

transcription initiation site was sequenced. As shown in Figure 3,

neither TATA nor CAAT promoter elements were found close to

the transcription initiation site, although two TATA sequences

and one CCAAT sequence were present more than 500 bp

further upstream. Further computerized analysis of the 5«
flanking region revealed potential Sp1-binding, AP1-binding,

AP2-binding and NF-κB-binding sequences as well as two GC-

rich regions (Figure 3).

The 100 bp regions immediately upstream of the translation

start site of the human, rat, mouse and bovine H1-R genes were

compared and were found to be modestly conserved (Figure 4).

The same region found upstream of the initiator AUG in the

guinea pig H1-R gene differs significantly from the other species

(an alignment of these sequences is shown in Figure 4). The

consensus splice site that we found in the human gene at nt ®37

was also found in mouse and rat H1-R genes. For the bovine H1-

R only a cDNA sequence is available, which diverges from the

genomic sequence in the other species upstream of this putative

splice site, as could be expected if the genomic sequences

contained an intron at that point. The bovine cDNA has a rather

short 5« UTR (108 bp), which is similar to our finding for the

human H1-R cDNA (178 bp).

Functional analysis of the putative promoter region of the human
H1-R

To define the promoter region that controls H1-R expression,

several 5«deletionmutantswere generated of the 1.85 kb fragment

that is located immediately upstream of the transcription start

site. The deletion constructs, fused 5« to the luciferase gene of a

reporter plasmid, were transfected into COS-7 cells for transient

expression analysis (Figure 5 and Table 1). Both COS-7 and

HeLa cells have been shown to express an H1-R [25–28]. Results

of the luciferase assays in COS-7 cells indicate that the highest
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Figure 4 Sequence alignment of human, rat, mouse, bovine and guinea-pig
5« UTR ®100 bp immediately upstream of the initiator AUG codon

The location of the splice site in the 5« UTR of the human H1-R and the translation start site

are marked. The bovine sequence (*) is derived from a cDNA clone.

promoter activity was produced with the clone containing a

984 bp region of the H1-R promoter. Two deletion clones showed

decreased promoter activity (clone 5.8, 842 bp; clone 5.5, 612 bp),

suggesting the unmasking of inhibitory control elements. A

deletion clone containing 227 bp of 5« flanking sequence with a

GC-rich region, an AT-rich region, an AP1-binding site, an AP2-

binding site and an SP1-binding site showed promoter activity,

essentially equivalent to the full 1.85 kb fragment, with a

luciferase activity 9-fold higher than for a promoterless pGL3-

basic vector. As expected, no promoter activity could be detected

in Chinese hamster ovary cells, which do not express an en-

dogenous H1-R (results not shown). The promoter activity in

COS-7 cells was not affected by dexamethasone (100 nM) (results

not shown).

Chromosomal localization of the H1-R gene

A genomic fragment (3.9 kb) containing 1.3 kb of the coding

region of the H1-R gene [11] and a genomic HindIII fragment

(2.3 kb) containing 1.85 kb of the promoter region of the H1-R

gene were independently used for FISH analysis and were shown

to co-localize on chromosome 3p25 (Figure 6).
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Figure 5 Deletion constructs of the H1-R promoter region and summary of luciferase activity on transfection in COS-7 cells : schematic representation

The lengths (in bp) of the promoter fragments fused to the luciferase reporter gene are shown (line). Luciferase activity (bar chart) is corrected for transfection efficiency by using co-transfection

with pSVβ-gal and is corrected for protein content. Abbreviation : RLU, relative light units.

Table 1 Deletion constructs of the H1-R promoter region and summary of
luciferase activity on transfection in COS-7 cells : Clone ID, length and
luciferase activity

Results are means³S.D. for three separate experiments. Luciferase activity is corrected for

transfection efficiency by using co-transfection with pSVβ-gal and is corrected for protein

content. Abbreviation : RLU, relative light units.

Deletion clone Length Luciferase activity (RLU, corrected)

9 1853 1.48³0.18

4.4 984 2.68³0.19

4.8 966 1.60³0.12

5.8 842 0.41³0.33

4 807 1.34³0.37

6 805 1.54³0.02

3.4 701 1.74³0.03

4.2 698 2.00³0.13

5.5 612 0.59³0.28

1 320 2.05³0.11

5.4 227 1.23³0.02

pGL3basic 0 0.28³0.09

Northern blot analysis

Northern blots (Figure 7) show that a variety of human tissues

contain a transcript doublet at approx. 4 and 4.4 kb. No signal

was detected in liver and only very low levels in kidney; highest

expression levels were found for the 4.4 kb transcript in brain

and for both the 4 and 4.4 kb transcripts in placenta. On the

basis of the transcription start site (®178) and the length of the

coding region (1464 bp) this predicts a 3« UTR of approx. 2 kb,

inconsistent with previous reports [12]. However, numerous

cDNA clones were identified in a proprietary expressed sequence

tag (EST) database (licensed from Incyte Pharmaceuticals, Palo

Alto, CA, U.S.A.) (Figure 8) that extend the previously published

3« UTR by at least 2 kb and are co-linear over this range with the

genomic sequence of Fukui [17].

An overview of the structure of the entire H1-R gene is

presented in Figure 1.
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Figure 6 Chromosomal localization of the coding region (top) and the
promoter region (bottom) of the H1-R gene, (A) with FISH signals marked
with an arrow; the corresponding DAPI-stained chromosomes are shown in
(B) with chromosome 3 marked

Figure 7 Northern blot analysis of human H1-R mRNA in various tissues

Lanes contained 2 µg of poly(A)+ RNA from heart (lane 1), brain (lane 2), placenta (lane 3),

lung (lane 4), liver (lane 5), skeletal muscle (lane 6) and kidney (lane 7).

Figure 8 Alignment of cDNA clones in a proprietary EST database with the
genomic sequence of Fukui [17] (EMBL-ID HSHH1RE)

This sequence starts at ®2165 and extends to ­3691. 17 cDNA clones are co-linear with

the region downstream of the coding sequence. Abbreviation : CDS, coding sequence.

DISCUSSION

5« UTR region of the H1-R

Two different sequences have been reported for the 5« UTR of

the H1-R [1,18], diverging at ®143 bp from the start codon.

Although the sequence of the genomic clone (G1) that we have

isolated agrees with the shorter sequence reported independently

[18], we have obtained 5.6 kb further upstream sequence and

performed a number of analyses that show our sequence to be

the correct one. Multiple primer pairs that straddle the point at

which the sequences diverge were used for PCR and yielded

fragments of identical size when our genomic lambda clone or

human genomic DNA was used (results not shown). Moreover

we havemultiple 5« RACEclones that also straddle the divergence

point and that remain co-linear with our genomic clone. In

contrast, the sequence described by Fukui [17] was based on a

single genomic clone containing a Sau3AI restriction site at the

point of divergence (this restriction enzyme was used for the

construction of their genomic library) and contains a repetitive

LINE element upstream of this point. This clone is therefore

most probably chimaeric.

Intron in the region encoding the 5« UTR of the H1-R

Comparison of our genomic and 5« RACE clones clearly shows

the presence of a 5.8 kb intron in the regions encoding the 5«
UTR. This intron is flanked by a consensus 3« splice site sequence

(NCAG; here and in 70% of the cases CCAG) located precisely

at the location at which our genomic DNA clone deviates from

the isolated cDNA clones. Also, just upstream from the 3« splice

junction there is a pyrimidine-rich region. Splice sites typically

have a pyrimidine-rich region of 15 bases preceding the invariant

AG, which is considered to be part of the recognition sequence

near the 3« end of the intron–exon boundary [29]. As an ‘AG’

splice site consensus sequence can be found at the same position

in rat, mouse and human 5« UTRs, the chances are high that H1-

R genes from other species also contain an intron in their 5«
UTR. At the 5« end of the intron a consensus 5« splice site

sequence, GT, was found.
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An intron in a similar location has been documented in genes

for other G-protein-coupled receptors : m1 (rat), m2 (human,

chicken), m3 (human, rat), m4 (human) and m5 (human, rat)

muscarinic acetylcholine receptors, the human angiotensin II

type 1 receptor, the human cannabinoid receptor, the human

PAF receptor, the mouse B2 bradykinin receptor and the rat

serotonin 1E receptor. Inmuscarinic acetylcholine receptor genes,

this intron is always located close to the translation initiation

codon (®6 to ®80) which is similar to our finding for the human

H1-R gene (®37). Moreover, this is consistent with phylogenetic

trees showing histamine receptors grouped most closely with

muscarinic and biogenic amine receptors (http:}}www.sander.

embl-heidelberg.de}7tm}seq}001 001}001 001.TREE.html). In

fact, all the above-mentioned receptors belong to the ‘class A

rhodopsin-like ’ G-protein-coupled receptors, and it is likely that

a systematic search in this subfamily would reveal more such

introns in a gene family generally considered intronless.

Transcription start site

The precise sequences surrounding transcription start sites seem

to be poorly conserved, but a central CA surrounded by several

pyrimidines is usually present. This is consistent with what we

found (Figure 2).

Although our 5« RACE clones suggest that several tran-

scription start sites close together, as is typical for TATA-less

promoters [30], we cannot exclude the presence of additional

sites further upstream because such longer RACE products

might not have amplified successfully. The sequence differences

that we have found for the five 5« RACE clones analysed are

most probably due to polymorphisms or errors that occurred

during PCR.

3« UTR

Our proposed transcription start site (®178), in combination

with the predicted polyadenylation sites from data published in

[12] (at ­1735 and ­1741), would predict a 1.9 kb mRNA,

which seems inconsistent with published estimates of mRNA size

(4 and 4.4 kb).OurNorthern blot analysis confirms the previously

published transcript sizes. Although we cannot formally exclude

additional upstream transcription start sites, numerous cDNA

clones found in a proprietary EST database (licensed from Incyte

Pharmaceuticals, Palo Alto, CA, U.S.A.) attest to the presence

of a long (more than 2.4 kb) 3« UTR, contrary to that described

by Moguilevsky et al. [12]. Presumably their cDNA clone primed

off an A-rich region around nt 1730. The 3« UTR cDNA

consensus sequence is co-linear over a 2.0 kb range with the

genomic sequence of Fukui [17] and contains predicted poly-

adenylation signals at positions ­1735, ­1741 and ­3746

(Figure 1).

The position of the last polyadenylation site, combined with

the position of the transcription start site that we found, predicts

a total mRNA length of approx. 4 kb, which fits nicely with the

size of the smaller transcript identified by Northern blot analysis.

Longer cDNA species that would account for the 4.4 kb mRNA

transcript that was predominantly found in brain have not yet

been identified, but they could originate from an alternative

polyadenylation site further downstream. It is unlikely that the

polyadenylation sites predicted at nt 1735 and 1741 are used.

Promoter of the H1-R

Two papers have suggested (different) promoter regions for the

H1-R. Although Fukui [17] has described promoter activity for

a fragment flanking the 5« end of the H1-R coding region, we

have explained above why we believe the genomic clone to be

a chimaera. This does not of course preclude the possibility that

the 5« flanking region might exhibit promoter activity, but its

relevance to the H1-R is doubtful. Max et al. [18] have presented

a theoretical analysis only of potential transcriptional control

elements in what we believe to be an intronic sequence.

Sequencing of 1.85 kb of the region upstream of the tran-

scription start site revealed an absence of any appropriately

located TATA or CAAT sequences (for a recent review on

TATA-less promoters see [30]). This feature is shared by many

G-protein-coupled receptor genes [31–45]. It has been suggested

that the initiator function of TATA-less genes are replaced by

other transcription initiator sequences. In other genes these

include the GATA motif at ®30 [46], a variety of AT-rich

elements [47–49], CpG islands, and transcriptional initiator

elements in conjunction with Sp1-binding sites [50]. We also

found CpG islands and AT-rich regions in our clone. Several

potential general transcription factor-binding sites were identi-

fied, including Sp1, AP1, AP2 and NF-κB. Interestingly, both

AP1 and NF-κB transcription factors have been reported to be

important in the regulation of a number of inflammatory genes

[51].

The fact that the H1-R is regulated by glucocorticoids such as

dexamethasone [52], even though no glucocorticoid response

element is present in its promoter, can possibly be explained by

the presence of multiple potential AP1-binding sites in that

region. AP1 (Jun}c-Fos) and steroid hormone receptors are

distinct families of transcription factors that convert extracellular

signals into long-term genetic responses. It has been shown that

a hormone-activated glucocorticoid receptor can negatively or

positively modulate the expression of AP1-regulated promoters

lacking glucocorticoid response elements [53]. This type of

regulation was shown to be mediated through the DNA-binding

domain of Jun.

It has also been shown that the activation of c-Fos}AP1 is

essentially important in the destruction of arthritic joints [54],

where expression of the H1-R is induced [8].

Chromosomal localization

Although Fukui [17] had already mapped the H1-R gene to

chromosome 3p25, we wanted to confirm this result because of

the chimaeric nature of their clone and somewhat conflicting

reports on the chromosomal localization of the H1-R [1,55].

Moreover, the independent mapping with two different genomic

fragments (one coding, one 5« UTR) not only strengthens the

confidence in the result but also is consistent with the hypothesis

that the two fragments derive from the same gene.

The chromosomal localization in humans fits well with the

report of the mouse H1-R’s mapping to the central region of

mouse chromosome 6, which is known to be syntenic with

human chromosome 3p [15].

Conclusion

In the present study we have clarified the organization, genomic

structure and promoter function of the human histamine H1-R

gene. We have isolated a human histamine H1-R gene region

spanning 11.7 kb and have identified a 5.8 kb intron in the 5«
UTR of this gene by a comparison of genomic and cDNA clones.

This suggests that a whole subfamily belonging to the ‘class A

rhodopsin-like ’ G-protein-coupled receptors contains an intron

in the 5« flanking region of its genes.
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5« RACE revealed the position of the transcription initiation

site to be approximately 6 kb upstream of the translation start

site.

We also showed that the 1.85 kb regulatory region can drive

luciferase expression in transfected COS-7 cells, with 227 bp of

the region still able to generate comparable reporter gene

expression. Furthermore we provided evidence that the 3« UTR

of the H1 receptor mRNA is much longer than previously

accepted and therefore we were able to explain the size of the

4 kb mRNA transcript present in various tissues, most abun-

dantly in placenta.

The possible regulation of the H1-R through the transcription

factors AP1 and NF-κB is consistent with increased H1-R

expression in various inflammatory conditions in which AP1 and

NF-κB are known to be increased.

Both the coding region of the H1-R gene and the promoter

region were independently mapped to chromosome 3p25.
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