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Abstract
In humans at least three types of the inositol (1,4,5)-trisphosphate receptor
(InsP3R) are present. The gene encoding type 1 InsP3R (InsP3R-I) is expressed
in all cell types, although expression predominates in Purkinje cells. To study
the regulation of the human InsP3R-I gene we isolated and characterized a 2.1
kb 5’ flanking region. In transient expression assays using a rat cell line,
analysis of various deletion mutants demonstrated that a fragment of only 86 bp
5’ of the putative tsp displayed promoter activity similar to that of the 2.1 kb
fragment. Also, we compared the sequence of the human InsP3R-I promoter
with the sequence of the mouse InsP3R-I promoter. Considerable sequence
homology is present in four distinct domains, which include several conserved
putative binding sites for transcription factors. Further, we demonstrate a
decrease in the activity of the isolated human InsP3R-I promoter and of the
endogenous InsP3R-I promoter after 48 hours of treatment with retinoic acid.
Analysis of deletion constructs of the human promoter indicates that the
decreased promoter activity in response to retinoic acid is likely to be mediated
by a conserved AP-2 binding site.
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Introduction
Inositol (1,4,5)-trisphosphate (InsP3) is a second messenger formed in response
to stimulation of a wide variety of seven transmembrane spanning receptors.
InsP3 can bind to and activate a family of intracellular Ca2+ permeable channels,
the InsP3 receptors (InsP3Rs) (Berridge, 1993). Cloning and sequencing studies
have shown that several types of InsP3R exist. At least three types (InsP3R-I, -II
and -III) have been found in human (Maeda et al., 1989; Miyawaki et al., 1990;
Yamada et al., 1994; Yamamoto et al.,1994), rat (Mignery et al., 1990) and
mouse tissue (Marks et al., 1990; De Smedt et al., 1997).
Recent studies have shown that the ratios at which type I, II and III InsP3Rs are
expressed differ considerably between cell types (Sugiyama et al., 1994, De
Smedt et al., 1994; Wojcikiewicz, 1995), both on protein and mRNA levels.
InsP3R-I is expressed in all cell types studied (De Smedt, 1994; Wojcikiewicz,
1995) and found at exceptionally high levels in Purkinje cells (Maeda et al.,
1989). The expression of InsP3R-II and -III isoforms has been found along with
the InsP3R-I isoform in many nonneural cell types (De Smedt et al., 1994;
Wojcikiewicz et al., 1995). Besides differences between different cell types, a
considerable degree of variance in relative mRNA levels of the three InsP3R
types have been observed in human myometrial (Morgan et al., 1996) and
human atrial muscle (Deelman, unpublished). The widespread expression of
InsP3Rs underscores the important role of these receptors in cellular signalling.
Nevertheless, little is known about significant functional differences of the
isoforms, although it has been suggested that substrate affinity and possibly the
interaction with cytoskeletal elements vary between the InsP3R type expressed
(White et al., 1993). At present, the molecular mechanisms responsible for gene
expression of the different InsP3R types are still unclear.
The aim of the present study was to isolate and characterize the human InsP3R-I
promoter and to compare its structure with the mouse InsP3R-I promoter
(Furutama et al., 1996).

Results and discussion
Isolation and sequence of the 5’-flanking region of the human InsP3R-I gene.

The 5’-flanking region of the human InsP3R-I gene was isolated using a PCR
based method (Fig. 1). The sequence data of the 2.1 kb fragment obtained from
the EcoRV library, was aligned with sequence data of the mouse InsP3R-I
promoter region (Furutama et al., 1996). The human InsP3R-I promoter regions
from -1497 to -1433, from -816 to -569, from -469 to -315 and from -149 to
+145 are highly homologous to regions of the mouse InsP3R-I promoter (Fig.
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2). The TATA box and the CAAT box are well conserved between species,
suggesting that the tsp is also identical in both species. However, in addition to
the TATA box, CAAT box and the E box, none of the putative binding sites
reported for the mouse sequence (Furutama et al., 1996) are present at
corresponding positions in the human sequence. A homology search of the
transcription factor database compiled by Dr. D. Ghosh (National Institute of
Health, USA) showed the presence of putative conserved transcription factor
binding sites (Table 1). A putative binding site for C/EBP, a positive-acting
transcription factor found in a limited number of cell types, is present in both
sequences. Besides hepatocytes, C/EBP is found in regions of the hippocampus,
in cerebellar Purkinje cells and in part of the cortex in the adult brain of mice
(Kuo et al., 1990). Because the C/EBP binding site is outside of the region
(from -528 to +169) capable of inducing normal expression patterns in
transgenic mice (Furutama et al., 1996), C/EBP can not be responsible
exclusively for the predominate expression of the InsP3R-I gene in the CNS.
Both in the human and mouse promoter, putative binding sites for transcription
factors sensitive to retinoic acid were found. Possibly, the increased expression
of the InsP3R-I gene in human leukaemic cells in response to retinoic acid
(Bradford and Autieri, 1991), is mediated through these sites. A potential
retinoic acid response element (RARE) is present in both the human and mouse
sequence. This putative RARE is a repeat of two half-site recognition
sequences, ERE and H-2RIIBP, spaced by 5 bp, resembling the artificial
RAREs DR+3 (Naar et al., 1991) and DR-5 (Umesono et al., 1991). Further, a
binding site for AP-2, a retinoic acid-regulated transcription factor during
development, is also present in both sequences at identical positions.
In the human sequence a gap is present at position -523 to -511 relative to the
mouse sequence. At this position, the mouse sequence contains a putative
binding site for transcription factor TF-Vβ (Seal et al., 1991). The binding site
of this transcription factor was originally found in the promoter of the chicken
vitellogenin II gene and has been shown to be occupied in vivo in response to
estrogen. However at present no data exist indicating the involvement of
estrogen or TF-Vβ in the regulation of the InsP3R-I gene in human or mouse.
A comparison between the human InsP3R-I promoter region and the promoter
region of two other mouse Purkinje cell specific genes, L7-pcp-2 (Smeyne et
al., 1991) and PEP-19 (Sangameswaran and Morgan, 1993), did not reveal
common transcription factor binding sites.
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Fig. 1 Gel of secondary PCR reaction products. The secondary PCR reaction resulted in a
2.1 kb fragment for the EcoRV library (lane 3), a 3.5 kb fragment for the ScaI library (lane
4), a 200 bp fragment for the DraI library (lane 5), a 500 bp fragment for the PvuII library
(lane 6) and a 2.4 kb fragment for the SspI library (lane 7). Lane 1: 1-kb ladder of DNA size
marker, lane 2: 100 bp ladder of DNA size marker. Methods: The PromoterFinder DNA
Walking kit (Clontech) was used to obtain the 5’ flanking region of the human InsP3R-I gene.
The kit contains 5 libraries of human genomic DNA. Each library was constructed by
digesting genomic DNA with 1 of 5 restriction enzymes (EcoRV, ScaI, DraI, PvuII and SspI)
and by adding an adaptor containing 2 primer-binding sites to both ends of all DNA
fragments. PCR is performed on the five libraries using a gene-specific primer (GSP) and an
adapter primer (AP).
Two gene-specific primers (GSP1 & GSP2) were designed based upon the 5’ untranslated
region of the human InsP3R-I mRNA (GSP1; 5’-GAAGAGGGAGCTCGTTCCGTTAGG-3’,
GSP2; 5’- GGAACACCCACACCTCCTCTCGG-3’, primer postions in genbank acc. nr.
D26070 are 59-82 and 28-50, respectively). A primary PCR was performed on the five
supplied libraries. The amplification reaction mixtures (50 µl) contained 1 µl library, 17.5
nmol dNTP, 10 pmol adapter primer 1 (AP1), 10 pmol GSP1, 2.6 units Expand DNA
polymerase (Boehringer Mannheim) in the supplied buffer 1. Temperature cycling was
performed in 0.5 ml thin-walled tubes in a thermal cycler (DNA thermal cycler, Perkin
Elmer) using a touchdown protocol of 7 cycles of 30 sec denaturation at 94 °C and 4 min
annealing and extension at 72 °C, followed by 36 cycles of 30 sec denaturation at 94 °C and
4 min annealing and extension at 67 °C. This resulted in faint single bands for all libraries
(data not shown). To enhance specificity, a secondary or “nested” PCR reaction was
performed on diluted primary reaction mixtures. The amplification reaction mixtures (50 µl)
contained 1 µl 50* diluted primary reaction mixture, 17.5 nmol dNTP, 10 pmol adapter
primer 2 (AP2), 10 pmol GSP2, 2.6 units Expand DNA polymerase (Boehringer Mannheim)
in the supplied buffer 1. The touchdown PCR protocol included 5 cycles of 30 sec
denaturation at 94 °C and 4 min annealing and extension at 72 °C, followed by 20 cycles of
30 sec denaturation at 94 °C and 4 min annealing and extension at 67 °C. PCR products were
analysed on a ethidium-bromide stained 1 % agarose gel.
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Table 1. Putative transcription factor binding sites present in both the
mouse-and human InsP3R-I receptor promoter region.

Transcription
factor

recognition
sequence

orientation position in
human
sequence

position in mouse
sequence

AABS_CS2 GTGNNGYAA + -1 -1
alpha-INF.2 AARKGA - -663 -695
AP-1 GAGAGGA + 59 59

+ 125 125
AP-2 CCCMNSSS - -396 -401

+ -123 -122
- 45 49

bA-globin.3 CCAAT + -695 -524
C/EBP TKNNGYAAK + -1012 -1012
c-mos_DS1 TGGTTTG + -800 -831
CF1 ANATGG - 9 9
CTCF CCCTC + -169 -175

+ -97 -98
ER GGTCA + -736 -768

GGTCA - -458 -471
GCF SCGSSSC - -433 -409

- -80 -79
H-2RIIBP/T3R GAGGTC + -726 -758
H2A_conserved YCATTC - -1030 -1079
H4TF-1 GATTTC + -427 -440
H4TF-2 GGTCC - -544 -573
HC3 CCACCA - 80 77
HIS4_US TGACT - -677 -709
LVc CCTGC + -1277 -1321

- -504 -531
MyoD CACCTG + -320 -326
NF-IL6 TKNNGNAAK + -1035 -1084

+ -1012 -1012
- -426 -439
- -369 -376

PEA2 GACCGCA + -457 -470
PEA3 AGGAAR - 33 33
PEBP2 GACCGC + -457 -470
PU.1 GAGGAA - 34 34
PuF GGGTGGG + -386 -400
rRNA-T2/T3 GACTTGC - -680 -712

TFIIIA CNGGNYNGAR + -733 -765
TGGCA-BP TGGCA + -1493 -1509

+ -1063 -1112
UCE.2 GGCCG - -33 -32
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Mouse                                                                  -1948 AGGGTCAA-AGGGACTTGGAA-AGTGGATCAGGT -1917
                                                                             |  || || |   | ||||   | |  |  || |
Human                                                                  -1948 ATCGTGAACACAAACTTTGTCTATTTCAAGAGCT -1915

Mouse-1916 TGTTTTTATCGGGGAAAGGAAAAAACAACAGATATGAA-AGGTG--TGGATTCCTCTGTGGTGACAAGTTGGGGTTTTTCCCGAGGACAGACAGGCAGCT -1820
           |       ||  |||  |  |  ||   |  || |||  |||    |  | | | |  || | |||  ||||||   |  | |||   ||      ||
Human-1914 TTGCCCCTTCCTGGACTGACATTAAATGCTTATCTGAGCAGGCAAATACAGTGCACA-TGTTTACA--TTGGGGAGGTAGCGGAGACTAGTAGTTTAGGA -1818

Mouse-1819 TGAAGCATCCCCACTTGCCTCCTAGATTGCCAACGGTGCCTTTGGATATAACTAACCT---GCATGCCTTTAGCTTTC-CAT--GTCGTATCGGCTGAA- -1727
             | |  ||   |||   ||  | |  || |   || |    |  || ||| |  | |   ||   || | || |||| |||  ||   |  |||| ||
Human-1817 CCAGGGTTCAAGACTCAGCTATTTGTGTGACTTTGGAGGAAGTA-ATTTAA-TCGCTTTGTGCCCCCCCTCAGTTTTCTCATAAGTAAAAATGGCTTAAT -1720

Mouse-1726 ATGATCTACTTAAAT--TACTTAGAAA----------CAATGCCTGGGCCACAGGACGCACCCGTGTGATGCCCCTAAT---GGTTAGGTTGAGCACTAA -1642
           | ||| || |||  |  ||   |||||          |||||||||   ||  | |  |||||      || |  ||||   | || | ||  ||| ||
Human-1719 AGGATTTAATTAGGTGCTATACAGAAAGAGTTTAGACCAATGCCTGACACATGGCATTCACCCAATAAGTGTCAATAATTATGATTCGTTTTGGCATTAT -1620

Mouse-1641 -ATAT--GCAATAATTGTTACCTATTTTGC-CCTCTA--TTGTTCTTAAAGTTTCACGAGAGGAGGCAAGGCTGTTGAATCACGTAATAGGAAAAGAGAA -1548
            || |  | ||||| | ||| ||||  | | ||||||  |||||| |||||||||| ||||   |       | ||  || | | |||      | | |
Human-1619 TATGTCAGTAATAACTATTAGCTATGATTCTCCTCTAATTTGTTCCTAAAGTTTCATGAGACTCGA------TTTTATATTAAGGAATCCTGCTAAAAAG -1526

Mouse-1547 CAGGCAAACATTAATGAGTATCGAATCCCTCTCTAGATGGCAAACCTGGGGTAAAGAGTTCAAGGTGATTTGCCTAAGGGCTTAGAGGCTGCTCCTAAAA -1448
            || || |   |||| || ||    ||| ||   |||||||||| |||||| |||||| | ||  ||| ||||| ||||||| ||||||||||||||||
Human-1525 TAGACATATTCTAATAAGAATT---TCCTTC--- AGATGGCAAAACTGGGGCAAAGAGATGAAAATGACTTGCCCAAGGGCTCAGAGGCTGCTCCTAAAT -1432

Mouse-1447 TAGGAGGGGCTCC-TTTAAGGAGGTGGTGATGGAGGTCCCAATGGGCAAGTGCTTAGTATAGGTACAGGTTGGAGTTGCAAAGGAGACCAAAG---TTAA -1352
             |||| |   |  |||||||   ||| | ||||  |||| |  | |||| | ||  || | ||| ||  ||||   | |    || |   |    ||||
Human-1431 GGGGAGAGAGGCTATTTAAGGCAATGGCGGTGGATTTCCCCAAAGACAAGGGTTTCATACACGTAGAGTCTGGAACGGGAGTCCAGGCTGTACCACTTAA -1332

Mouse-1351 CCTGACTTGTC--------------CTG--TTCTTTG-GCCTT--AT-----ACCTGCTGTATACAAAGAGGTTACAAACCCAGAATCAGTGACACTCAA -1276
           |  ||   |||              |||  |||| || ||| |  ||     ||||||   ||| | | |    | | ||| | | |  || | ||||||
Human-1331 CTCGAGGGGTCATTTGGGAAGTTACCTGATTTCTCTGAGCCCTGGATTGTGCACCTGCCAAATAGATATAATAAATATACCTACAGTTGGTAAAACTCAA -1232

Mouse-1275 TAGCATGCTGTACAGAAA--GCAGGTAGGCTGAGCTCTGTAGAA---------CCATT---TGTTTTCATTACAAGGATTACTGTTA--ACAGGTCTTTA -1192
           |||||||  | |   |||  ||| || | ||| ||||  || ||         |||||   | || ||||||  |  | || |||||  |||| ||||||
Human-1231 TAGCATGACGCATGAAAACTGCATGTGGTCTGGGCTCAATAAAATCAGCCTCCCCATTGATTATTATCATTATTATTACTATTGTTATAACAGATCTTTA -1132

Mouse-1191 G-CGGTAGCAGACAGACCCCCATTTAGGATGTTATGATATATTTTGGAGAGCTCTCATATCCTGGCACAGTGCCTGGCCTGGCACCCAGATGACACCCGG -1093
           | |||   |||  ||  ||   | | ||||| ||| ||   ||| |   | | ||   ||   | | ||| |||||||     ||| ||   |||| | |
Human-1131 GGCGGCGTCAGGAAGTGCCTG-TCTGGGATGCTATAATGCGTTTGGCTCACCACT---AT---GCCCCAGCGCCTGGC-----ACCTAGTAAACACTCAG -1044

Mouse-1092 GGAAAGTTTGTGGAATGAATACGTGCAGTCTAGTTTGTAGGGTGGGATGGGGAAGGAGACAGTAGGATAACTTTGCCTGTGATGCAAGCTCTTCTTCCCA -993
           | || ||||| ||||||||||  | | ||| | |||| |||   | |  ||| ||  | | |   |    |   | ||  | | |   | || ||| | |
Human-1043 GAAACGTTTGAGGAATGAATA--TAC-GTC-A-TTTG-AGGCAAG-ACAGGGCAGTCGGCTGACTGCCTCC--GGGCTTAGCT-CTTCCCCTCCTTGCAA -954
                                                C/EBP                                       C/EBP
Mouse-992  AGACCAAAGTTCTATGCACTTTGCAGCCTGG-AGCCTA--CACTATTTTCTGGTGTGTGGAAATCCATTTCAGCCCAGAGGCTTGGGTTGAAGACTCGCA -896
           |  ||  ||  ||| |||   || |||| || |||| |  || || ||    | | ||| ||| |||  |   ||||     || ||   |   || | |
Human-953  AAGCCGGAGCCCTAAGCAGCGTGTAGCCCGGGAGCCCAGGCATTACTTGGCAGCGGGTG-AAACCCACCTTGCCCCA-----TTCGG---AGCTCTTGGA -863

Mouse-895  GCACGCCTCGCCTGGACGCACTCATCTTAGTATAAGCAGTTTTCTCTGAAGCCCTTATTTTTTTGGTTTGCGGTTTATTTACTTTAGCGTTTACAGATTC -796
           |  |||| |||||||| || |  ||||  || | ||| | | | ||  |||||||||||||| ||||||||||||||||||||| ||| ||||||| | |
Human-862  GAGCGCCCCGCCTGGATGCGC--ATCTCTGTGTGAGCGGCTCTTTCCTAAGCCCTTATTTTTCTGGTTTGCGGTTTATTTACTTAAGCATTTACAGCTCC -765

Mouse-795  CAGGAGCATAGGGG-TCTTAGAAGCGGGGTCAGGACCGAGGTCGCGGTTTGTATTTCTTTCCTGCTTCGCGATCACAACATCAGCAAGTCACAACATGGT -697
           |||||||| ||||| |  |||| |   ||||||||| ||||||||||||||||||| ||| ||||  | | ||| ||    | ||||||||||||| ||
Human-764  CAGGAGCAGAGGGGCTGCTAGAGGTACGGTCAGGACTGAGGTCGCGGTTTGTATTTATTTTCTGCCCCCCAATCTCAGAGCCGGCAAGTCACAACACGGC -665
                                            RARE
Mouse-696  TCCTTTATTTGCTCACTCGTCAGGGTAGCGTTTCTTTTACCTCCTACCGGGCGACGAAAGACAGACCCAGCTCGAATTCAGAAAAGGGCTCTCACACGAT -597
           |||||||||||  |||  |  |||   || ||||||| |||||||  |||||||  ||||||| | | | ||||   ||||||||| |||||||| |||
Human-664  TCCTTTATTTGTGCACCGGAGAGGTCTGCCTTTCTTT-ACCTCCTCACGGGCGATAAAAGACA-AGCAA-CTCGGGCTCAGAAAAGTGCTCTCACGCGAC -568

Mouse-596  TACCCCGCATCCTCAATAGCAGGGACCACCCCATTTCCAGACTTAGTTTTTCATGCAGACACTAGCAGGATCCAATAAAAAACTAGACCAGATTTAATAA -497
           |  || |  ||  |  | ||  |||||  | |  | |||| ||| |||| || |||| || | ||||||                || |||||| |||||
Human-567  TTGCCTGTGTCTCCGCTTGCGTGGACCGTCGC--TCCCAGGCTTGGTTTCTCGTGCAAACCCGAGCAGGGCG-------------GAGCAGATTAAATAA -483
                                                                                       TF-V β
Mouse-496  AGACAAACTTGTTTCTTTAATCCTTGACCGCAAACACTGGCGTTTTTGTGCCTCGGATTTCTGAAATTCTTGGCTCCAGGACACAGGGCGCGCGGGGGTG -397
           |||||  || |   |||||||||||||||||||||||||||||||||||||| |||||||||||||||||||||||  |||  || |||    ||||| |
Human-482  AGACAC-CTCGCGCCTTTAATCCTTGACCGCAAACACTGGCGTTTTTGTGCCCCGGATTTCTGAAATTCTTGGCTCGGGGAACCAAGGC---AGGGGGAG -387

Mouse-396  GGTAAATAGCTTGTAAAAACTTCCCGAAGCAGTAATCCGAGCTCTTCCTCTCTCTCCGGACCCTAGTGACACCTGACTTTAGGAAGGGAAGATACA-AGT -298
           |||     ||||||||||||||||| |||||| ||||||||||| |   | ||| |||| ||| |||||||||||  ||     |||||||      ||
Human-386  GGTGG---GCTTGTAAAAACTTCCCAAAGCAGAAATCCGAGCTCCTAGCCCCTCCCCGG-CCCCAGTGACACCTGGATT---CCAGGGAAGGGGGGCAGC -294
                                                                                 E-BOX
Mouse-297  CAAAAGAGAAGGGTTCACAGAGGTAGGGGACA-TACCCAGTGGGTCGGGCTTGCCAAACCTGGGGAGTCCGGTGTTCAGACACAAGTTCGCAACCCGAGC -199
           |  | |||| | || | ||  ||| | || |  | ||||| ||||  | |||   |   ||||      |  |   | ||| | ||      | | |
Human-293  CGGAGGAGAGGCGTCCCCAAGGGTTGCGGGCGCTTCCCAG-GGGT--GACTTTGAACGGCTGGTCCAAGCCTTA--CCGACCCCAGCCAAGGAACAGGCT -199

Mouse-198  CTTCAGCCTGGGCGCCTCTTCCCC-CTCCCACCCCTGGTCAGCGCGCGGGAGTCTATTTAGAACCCAGCCCCGGAGCCCAGGGGATTCTGGGACTTGTAG -100
           |  |||||||   ||||   |    | |||  |||  |||  ||| ||   ||||||||||  ||||| || || |||||||||||||||||||||||||
Human-198  CAGCAGCCTGAAAGCCTTCGCAGGACGCCCCTCCCCTGTCCCCGCACGC--GTCTATTTAGGGCCCAGTCCGGGCGCCCAGGGGATTCTGGGACTTGTAG -101
                                                                                         AP-2
Mouse-99   TCCCTCTGCGCAGCCCCAGGCGCCGGCACGACCTGGGACTCGGACTACATTGCCCAGGGAGCTTCCCGGCCTATATAAGCGGTC-GGCGCTGCTTCAAAG -1
           ||||||  ||||||| ||||||||| ||||||| |  ||| |||||||||||||||||||||||||||||||||||||||   | || || |||| ||||
Human-100  TCCCTCCCCGCAGCCTCAGGCGCCGCCACGACCCGCTACTTGGACTACATTGCCCAGGGAGCTTCCCGGCCTATATAAGCCACCCGGAGCCGCTTTAAAG -1
                                                          CAAT-BOX                  TATA-BOX
Mouse-1    TGCAGTAACCATGTGGATGTTCTGCTGAAGCGTTTCCTCAAGCCTGCCGGGGTGGGAGGAGAGGAGGAGGTGGTGGTGGTGGAGGAGGTGGAGGCAGAGG 100
           |||||||||||||||||||| ||||||||||||||||||||||  || |||||||||||||||||||||| |      |||| ||||| |||||||| ||
Human-1    TGCAGTAACCATGTGGATGTGCTGCTGAAGCGTTTCCTCAAGCTCGCTGGGGTGGGAGGAGAGGAGGAGGAGNNNNNNGTGGTGGAGGAGGAGGCAGGGG 100
              CAP
Mouse101   GTGGAGAGAGAGAAAGCGCACGCCGAGAGGAGGTGTGGGTGTTCC 145
           |||||||||||||||||||||||||||||||||||||||||||||
Human101   GTGGAGAGAGAGAAAGCGCACGCCGAGAGGAGGTGTGGGTGTTCC 145
                              3’-GGCTCTCCTCCACACCCACAAGG-5’
                                        GSP2

Fig. 2 Alignment of the nucleotide sequences of the promoter region of the human- and
mouse InsP3R-I gene. Numbering is based on the tsp (+1) of the mouse sequence.
Underlined regions indicate potential transcription factor binding sites. N indicates an
arbitrary base. High homology regions are displayed in bold characters. The position of the
nested gene specific primer (GSP2) is also shown. The sequence of the promoter region of
the human InsP3R-I gene has been deposited in the GenBank database (accession no.
U88725). Methods: PCR products were inserted into pGEM-T (Promega) and sequenced on
both strands by dideoxy chain termination using universal and gene specific primers.
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Promoter activity of the 2.1 kb EcoRV PCR fragment.

To determine the promoter activity, the 2.1 kb PCR fragment was fused to a luc
reporter gene and transfected into rat embryonic aorta cells (A7r5). In addition,
A7r5 cells were transfected with a number of 5’ deletion mutants (Fig. 3). Cells
were co-transfected with pRL-CMV (Promega) and promoter activity was
normalized to pRL-CMV expression. Transfections with each construct,
including the construct containing only 86 bp upstream of the putative tsp,
resulted in significant Luc activity (P<0.01) compared to a promoterless luc
gene. Thus, the region from -86 to +145 contains the basal promoter elements
of the human InsP3R-I gene.

Luc Assay

Fig. 3 Luciferase assay of the human InsP3R-I promoter region. InsP3R-I promoter-
reporter constructs are illustrated at the left, with numbers indicating the distance to the
putative tsp. The hatched region indicates the coding region of the luc gene. A: Relative
promoter activity of the human InsP3R-I promoter-reporter constructs. The relative activity is
normalized to an internal pRL-CMV control (Promega). B: Percentage inhibition in promoter
activity of the InsP3R-I promoter-reporter constructs after treatment with 0.5 µM retionic acid
for 48 hours. Methods: The following reporter constructs were created by ligating fragments
of the InsP3R-I promoter region upstream from a promoterless luc reporter gene in the pGL3
vector (Promega): -1948 to +145, -1832 to +145, -782 to +145, -138 to +145 and -86 to +145.
Reporter constructs were cotransfected with pRL-CMV into embryonic rat aorta cells (A7r5)
cells in a ratio of 25:1. A7r5 were grown in Delbecco’s modification of Eagle’s medium
supplemented with 10% foetal calf serum at 37°C in a 5% CO2 incubator. Twenty-four hours
prior to transfection, cells were seeded at 5*104 cells/ cm2 in a six wells cluster. For each dish
4 µg of plasmid DNA was diluted in 88 µl 0.1*TE (pH 8.0) and 100 µl 2*HBS (280 mM
NaCl, 10 mM KCl, 1.5 mM Na2HPO4, 12 mM dextrose, 50 mM Hepes, pH 7.05). While
vortexing, 12.4 µl 2M CaCl2 was slowly added. This suspension was incubated at room
temperature for 30 minutes. Medium was removed and the suspension was added to the cells.
After an incubation period of 15 minutes at room temperature, 3 ml medium was added and
the cells were returned to the incubator. After 24 hours, medium was replaced with fresh
medium. To study the effect of retinoic acid on InsP3R-I promoter activity, cells tranfected
with the InsP3R-I promoter reporter constructs, were grown in medium supplemented with
0.5 µM retinoic acid. 48 hours after transfection promoter activity was determined using the
Dual Luciferase Reporter assay System (Promega). Means ± S.E. for three experiments are
shown.
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Regulation of promoter activity by retinoic acid

Because of the presence of conserved putative binding sites for transcription
factors sensitive to retinoic acid, the activity of the InsP3R-I promoter-reporter
constructs in response to retinoic acid was examined. A7r5 cells, transfected
with the promoter-reporter constructs, were treated with a high dose of retinoic
acid (0.5 µM) for 48 hours (Rohrer et al., 1991). Retinoic acid did not affect
Luc expression of the construct containing the region from -86 to +145, but
decreased (p<0.01) Luc expression of all longer constructs by approximately 30
% (Fig. 3).
Because the putative RARE (Fig. 2) is absent from the retinoic acid sensitive
region from -139 to + 145, the retinoic acid induced reduction of human
InsP3R-I promoter activity in A7r5 cells can not be mediated by the RARE.
However, compared to the retinoic acid sensitive region from -139 to +145, the
insensitive region from -86 to +145 is lacking the putative retinoic acid
sensitive AP-2 binding site (Fig. 2). Therefore these results indicate that the
retinoic acid induced reduction of human InsP3R-I promoter activity is most
likely mediated by AP-2 . Although AP-2 is generally assumed to be a
transcriptional activator (Luscher et al., 1989), several studies have also
reported an AP-2 mediated decrease in transcription (Luscher et al., 1989; Chen
et al., 1996, Wanner et al., 1996). Such negative transcriptional effects are
possibly due to reduced AP-2 levels following prolonged treatment with
retinoic acid (Wanner et al., 1996) or by the transmodulatory effect of AP-2 on
other transcription factor binding sites (Chen et al., 1996).
To determine whether the endogenous InsP3R-I promoter is also sensitive to
retinoic acid, A7r5 cells were treated with 0.5 µM retinoic acid for 48 hours.
Changes in the expression of InsP3R-I were analyzed by co-amplification of
cDNA from InsP3R-I and the housekeeping gene GAPDH in a single PCR
reaction. The expression of GAPDH was not affected by treatment with retinoic
acid, suggesting that basic properties in transcription and translation are
unchanged by the treatment with retinoic acid (densitometry values in retinoic
acid treated cells: 105 ± 13 % of control values, n=3). However, the ratio
InsP3R-I / GAPDH PCR product was significantly decreased (p<0.01) by
approximately 20 % after treatment with retinoic acid, indicating that the
expression of the endogenous rat InsP3R-I promoter is also decreased by
retinoic acid (Table 2).
In contrast to A7r5 cells, expression of the endogenous inositol 1,4,5-
trisphosphate receptor is increased in human leukaemic (HL-60) cells
differentiated with retinoic acid (Bradford and Autieri, 1991). However, A7r5
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cells do not differentiate upon stimulation with retinoic acid. Possibly, the
upregulation of InsP3R-I in HL-60 cells is not caused directly by retinoic acid,
but is caused by the differentiation process. Furthermore, some studies report
that the response to retinoic acid is altered upon differentiation (Wanner et al.,
1996, Suryawan and Hu, 1997).

Table 2. The relative expression level of endogenous InsP3R-I mRNA in
A7r5 cells treated with retinoic acid.

InsP3R-I / GAPDH mRNA ratio

A7r5 control cells (n=3) 0.73 ± 0.02
A7r5 cells treated with 1 µM retinoic acid (n=3) 0.59 ± 0.03

A7r5 cells were seeded at 5*104 cells/ cm2 in a 6 wells cluster and were grown in Delbecco’s
modification of Eagle’s medium supplemented with 10% foetal calf serum at 37°C in a 5%
CO2 incubator. retinoic acid treated cells were grown in medium containing 1 µM retinoic
acid. After 48 hours total RNA was isolated using the RNeasy mini kit (Qiagen). First strand
cDNA was synthesized using the RT-PCR CORE kit (Perkin Elmer). During a semi
quantitative polymerase chain reaction the mRNA of the InsP3R-I gene and the mRNA of the
housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were coamplified
in a single PCR reaction. A 50 µl PCR reaction mixture contained 0.5 units Taq polymerase
(Eurogentec), 5 µl of the supplied buffer, 17.5 nmol dNTP, 2 mM MgCl2, 1 µl of cDNA
mixture and 40 pmol of sense (5’-CAGGTTCAACTGCTGGTTACTAGCC-3’, pos. Genbank
acc. nr. J05510: 3624-3648) and antisense (5’-GGTCACGCTCGGACCGCATC-3’, pos.
Genbank acc. nr. J05510: 4400-4419) InsP3R-I primer, 40 pmol of sense (5'-
CCCATCACCATCTTCCAGGAGCG-3', pos. Genbank acc. nr. M17701: 241-263) and
antisense GAPDH primer (5'-GGCAGGGATGATGTTCTGGAGAGCC-3', pos. Genbank
acc. nr. M17701: 627-651, 4 mismatches). Temperature cycling was performed in 0.5 ml
thin-walled tubes in a thermal cycler (DNA thermal cycler, Perkin Elmer) using a protocol of
25 cycles of 45 sec. denaturation at 94 °C , 1 min. annealing at 56 °C and 1 min. extension at
72 °C. PCR products were separated on a 1.5% agarose gel by gel-electrophoresis and stained
with ethidium bromide. The gels were quantified by densitometry. The relative expression
level of InsP3R-I mRNA in A7r5 cells is expressed as the ratio of InsP3R-I and GAPDH PCR
products.

Conclusions
(1) We have cloned the promoter region of the human InsP3R-I gene.
Functional analysis in A7r5 cells has demonstrated that basal promoter activity
of the human InsP3R-I gene was contained in the region from -86 to +145
relative to the putative tsp.

(2) A comparison of the sequences of the human and mouse InsP3R-I promoter
revealed that the promoters share a high degree of homology in four domains.
In particular, the area around the putative tsp is well conserved between
species.
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(3) The activity of the isolated human InsP3R-I promoter is decreased by
approximately 30 % after treatment with 0.5 µM retinoic acid for 48 hours.
This decrease in human InsP3R-I promoter activity is likely to mediated through
the AP-2 binding site.

(4) Endogenous InsP3R-I mRNA is downregulated in A7r5 cells after treatment
with 0.5 µM retinoic acid for 48 hours, indicating that the endogenous rat
InsP3R-I promoter is also sensitive to retinoic acid.
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