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Abstract Secretin is the most potent regulator of pancreatic
bicarbonate, electrolyte and volume secretion. In this report, the
organization of the human secretin receptor (hSR) gene was
characterized by overlapping genomic phage clones. The hSR
gene consists of 13 exons and 12 introns with all the splice donor
and acceptor sites conforming to the canonical GT/AG rule. By
transient reporter gene assays, the wild-type promoter, contain-
ing 3.0 kb of the hSR gene 5’ flanking region, was able to drive
5.8120.6 and 6.6+ 0.2-fold (P <0.01) increases in luciferase
activities in pancreatic ductule-derived PANC-1 and BPD-1
cells, respectively. By subsequent 5’ and 3’ deletion analysis, a
promoter element was identified within —408 to —158, relative to
the ATG codon. This promoter element was found to be cell-
specific since it could drive reporter gene expression in PANC-1
and BPD-1 cells but not in Hs 262.St, Hs 746T and oT3-1 cells.
The study of the transcriptional control of human secretin and its
receptor should shed light on the pathological developments of
pancreatic cancer and autism in the future.
© 1999 Federation of European Biochemical Societies.
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1. Introduction

Secretin was first discovered in 1902 by Bayliss and Starling
[1]. The primary action of secretin is to stimulate bicarbonate,
electrolyte and volume secretion from pancreatic ductule epi-
thelial cells. Other actions of secretin were reported including
inhibition of gastric emptying and acid output [2,3], stimula-
tion of hepatic bile flow [4], stimulation of mucus, as well as
bicarbonate and epidermal growth factor secretion from duo-
denal Brunner’s glands [5]. The functions of secretin are medi-
ated via its specific interactions with cell surface receptors.
Recently, cDNAs corresponding to rat [6] and human [7-9]
secretin receptors (SR) have been characterized. Similar to
other members in the same G protein-coupled receptor family,
the hSR contains a relatively large extracellular hydrophilic
domain. The importance of this N-terminal ectodomain in
ligand interaction was indicated by domain swapping experi-
ments [10] and by a novel approach using the recombinant
ectodomain to functionally antagonize the wild-type receptor
[11].

All members of the secretin-glucagon receptor family are
able to couple to Gs protein leading to the production of
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intracellular cAMP. By using a protein kinase A (PKA) in-
hibitor, H-89, PKA was indicated to be largely responsible for
carrying out cellular responses upon secretin activation
[11,12]. Recently, termination of hSR signaling mechanism
was studied and it appeared that G protein-coupled receptor
kinase and phosphorylation-independent receptor internaliza-
tion are both important in receptor desensitization to protect
receptor-bearing cells from over-stimulation [12-15]. How-
ever, this acute desensitization event is reversible and is fol-
lowed by a rapid re-sensitization process [12].

The study of human secretin and its receptor has attracted
much more attention recently because of the possible treat-
ment of autistic patients with repeated intravenous infusion of
secretin [16]. This new potential therapeutic application of
secretin gives a totally new insight into the understanding of
this traditional hormone and its receptor. It is highly possible
that secretin is also a neuropeptide, and autism may be a
genetic defect involving mutation of the structure and/or pro-
moter of human secretin and/or secretin receptor genes. We
have previously mapped the gene to 2q14.1 by fluorescent in
situ hybridization [17], and now, we report here the genomic
organization and the functional characterization of 3 kb 5’
flanking region of the hSR gene.

2. Materials and methods

2.1. Genomic library screening

Two human genomic libraries, HL1067j (Clontech Laboratories,
Palo Alto, CA, USA) and LLO02NSOl (ATCC, Rockville, MD,
USA), were screened with either probe A (1166 bp, 249-1414 bp of
the cDNA), probe B (427 bp, 108-534 bp of the cDNA), probe C (301
bp, 1-301 bp of the cDNA), probe D (137 bp, 1-137 bp of the cDNA)
or probe E (446 bp, 1254-1699 bp of the cDNA). Probes B, C and E
were obtained by polymerase chain reaction (PCR) amplification us-
ing primer pairs hSR5 (CGGGATCCAT GCGTCCCCAC
CTGTCGCCGC) and hSR3’ (CGGATTTCCA GCTTCAGCAG
GTAGGAGTG), hSGSF (ACGAGGCCGG CCGGAGCCCG
GGACCCTGCG) and hSG5R (CTGGCACTGG CTGCTCCGTG
CCCAGGTCTC), or hSRGl (GTGGTGGCCG TCCTCTACTG
CTTCCTCA) and hSRG2 (ACCCCTGAAC TTCTCTTCCC GAA-
GAG), respectively. The PCR typically contained 50 pmol primers,
200 uM dNTPs and 5 units Taq polymerase (Life Technologies, Inc.)
in the buffer provided by the manufacturer. The reaction times were
1 min at 94°C, 58°C and 72°C, respectively, for 30 cycles. The PCR
fragments were subcloned into pBluescript SK™ (Stratagene, La Jolla,
CA, USA) for DNA sequence analysis using the T7 sequencing kit
(Pharmacia, Uppsala, Sweden). The probes were labeled using a Meg-
aprime DNA labeling kit and [0-?P]JdATP (Amersham). Library
screening was performed essentially following the protocol described
earlier [7]. Phage DNA was purified by a Qiagen lambda phage kit
(Qiagen Inc., Santa Clarita, CA, USA) and subjected to restriction
mapping and DNA sequence analysis. DNA sequences of the positive
clones were analyzed by DNASIS v 3.6 (Hitachi, San Bruno, CA,
USA).

0014-5793/99/%20.00 © 1999 Federation of European Biochemical Societies. All rights reserved.

PII: S0014-5793(99)00864-9



210

w
e

-t

SA

p=

e &3

—

—
e () e 2

P

SN )

=]

EXON LENGTH (bp) 8

2]

P. Ho et al.IFEBS Letters 455 (1999) 209-214

180
121

%

s () e
e 2 e 2
7]

108
104

(=)}
-t
e 02
e
=

%]

133

3
P o
e 0 e ) (e () e 2

mhd

7]

v =0 = =0 =

155 4
61
69
92
11 127
42
412

1
2
3
4
5 98
6
7
8
9

N

=,

=
b 2
i
e
2 e 2

10 11 12 13

Ll

89
H /A
1.7kb J_

1 1

Fig. 1. Structure of the hSR gene. Positive clones obtained from library screenings were analyzed by DNA sequencing and restriction mapping.
BamHI (B) and SstI (S) restriction sites are indicated. Exons are represented as bars and the size (bp) of each exon is shown on the left. Clones
42, 4A, 5A, 8, 7, 6, 4, 2, 19A, 8-1 and G1 are arranged and overlapping to reveal the genomic organization of the hSR gene.

2.2. Plasmid construction

A 3 kb restriction fragment (Pst]) corresponding to the 5’ upstream
region of hSR gene was subcloned into pBluescript KS™ (Stratagene)
to produce p42Ab. The expression plasmids p3039luc and p3039Rluc
were constructed by cloning the Kpnl/Sstl DNA fragment (—3039 to
—69 relative to ATG) into the luciferase reporter vector pGL2-Basic
(Promega, Madison, WI, USA) in forward and reverse orientations,
respectively. Other 5’ and 3’ deletion clones were obtained by releas-
ing restriction fragments from p3039luc. A nested family of 5" deletion
clones was generated from p68lluc by exonuclease III/SI nuclease
digestion (Pharmacia).

2.3. Cell culture and transient transfection

All cells including PANC-1 (human pancreatic ductule carcinoma,
ATCC) and BPD-1 (bovine pancreatic duct epithelium) were grown at
37°C with 5% CO, in DMEM supplemented with 10% fetal bovine
serum (FBS) and antibiotics (100 U/ml penicillin, 100 pg/ml strepto-
mycin). For transient transfection assays, cells were seeded onto 6-well
plates (Costar 3506 San Diego, CA, USA) at a density of 1.5X10%/
well. Transfection was performed 40 h later using a cocktail contain-
ing 1 pg promoter-reporter construct, 0.5 ug pSV-p-gal (Promega)
and 5 ul Lipofect AMINE reagent (Life Technologies, Inc.). Cells
were incubated for 7 h before the addition of 1 ml DMEM/20%

Table 1
Exon-intron splice junctions of the hSR gene
Exon | Exon size Sequence at exon-intron junction Intron size | Amino Acid
no- ®p) 5’ splice donor 3’ splice acceptor (kb) interrupted
1 180 CAC TCG gt..ceevveiiinnnnnn... ggacttgcag ACT GGA 12.9 Ser-24
2 121 CCA G gtatgaggct...........ttcttggcag GT TGT 13.6 Gly-65
3 108 AAT G gtaaccactc........... gcacccacag GT TCC 53 Gly-101
4 104 AAG CGG gtaagcctgt............. ctgcag CAC TCC 7.7 Arg-135
5 98 TTC CG gtgagaacac........... ctccctgcag G AGG 1.5 Arg-168
6 133 CAC AGG gtaatatgtc.....ctctctccag GCG GGC 2 Arg-212
7 154 TGG G gtatgtttct........... taatcctcag GT TCT 7.8 Gly-264
8 61 GTT GG gtaagctaac.............cctccctag G TGC 1.1 Gly-284
9 70 ATC CTG gtgagtggcc.....tgttttgcag ATT AAT 2.6 Leu-307
10 92 TAT AA gtaagtgaag........... gtgtccccag G CGC 1.9 Lys-338
11 127 TTC CAG gtaagtttcc.....cttctggcag GGA CTG >1 GIn-380
12 42 GGG GAG gtgagtagtc.....tcccgggcag GTG CAG 1.3 Glu-394
13 412

The positions at which introns interrupt the mRNA and protein sequences are indicated. Exon sequences are in capital letters. Introns were
partially sequenced, and the sizes were estimated by PCR and genomic and phage Southern blot analysis. The sizes of introns 8, 9, 10 and 12
were confirmed by DNA sequence analysis.
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FBS. Cell lysate was prepared 48 h later by washing the cells twice
with PBS followed by the addition of reporter lysis buffer (Promega).
Luciferase and galactosidase assays were performed essentially as de-
scribed earlier [18]. For each transfection study, luciferase activity was
determined and normalized based on the galactosidase activity. Plas-
mid DNA for transfection was prepared using the Qiagen Midi kit
(Qiagen).

3. Results and discussion

3.1. Genomic organization of the human secretin receptor

Ten overlapping and one non-overlapping phage clones
were obtained by screening the human genomic libraries
(probe A: clone 8-1; probe B: clones 2, 4, 6, 7, 8 and 19;
probe C: clones 4A and 5A; probe D: clone 42 and probe E:
G1) (Fig. 1). The overlapping region was 69.6 kb in length
which includes exons 1-11 and 10.4 kb 5’ flanking region of
the gene. The 3’ region of the gene was characterized by the
analysis of the non-overlapping clone G1 which spans exons
12 and 13. The minimal size of the gene was estimated to be
61 kb. The size of the intron between exons 11 and 12 is
probably above 2 kb since we were unable to produce a
PCR product using sequence-specific primers for exons 11
and 12 in a genomic PCR amplification. In summary, the
hSR gene consists of 13 exons and 12 introns and spans
over 61 kb of genomic DNA. The sizes of the introns were
determined by PCR amplification coupled to agarose gel elec-
trophoresis and/or by restriction mapping of the overlapping
phage clones. The size of exons ranges from 42 bp (exon 12)
to 412 bp (exon 13), and that of introns ranges from below
1 kb to 13.6 kb (Table 1). A comparison of the hSR genomic
organization with that of other receptor genes in the same
family shows that the hSR is, as yet, the largest gene identified
[19-22]. The unusually large architecture of the hSR gene is
attributable to the sizes of the first (12.9 kb) and second (13.6
kb) introns. The exon-intron splice junctions of the hSR gene
agree with the canonical GT/AG rule [23] and all three types
of splice phasing were observed.

The genomic structures of human GIP, human VIPI, hu-
man and rat glucagon receptors [19-22] have been previously
described. With the exception that the rat glucagon receptor
gene has only 12 exons, all other receptor genes have 13
exons. The 11th exon/intron splice junction, which interrupts
the glutamine residue in human receptors, is absent in the rat
glucagon receptor gene. In addition, the exon-intron organi-
zations of all these genes in the secretin/glucagon family are
remarkably similar.

3.2. Analysis of the 5’ flanking region of the hSR gene

The nucleotide sequence of 1.6 kb of the 5" flanking region
was determined (Fig. 2). No potential elements that are re-
quired for the accurate initiation of transcription, including
the TATA and CCAAT boxes, are evident within this region.
In fact, the absence of TATA and CCAAT motifs is not
unique to the hSR; other G protein-coupled receptor genes
such as the human oyp-adrenergic receptor and the growth
hormone-releasing hormone receptor [24,25] also lack these
sequence motifs in their promoters. A search of the 5’ flanking
region sequence against the TFMATRIX revealed the pres-
ence of several transcription factor binding sites. Two Spl
binding GC-rich motifs are found at —205 and —403. Spl
sites have been frequently linked to transcriptional control
of genes that lack a functional TATA box. In addition, two
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-1674 AAGAGAGAAG GGTGATTCCC TTTCCCCATA TATCATCTCG TTTCCTGCCA CTGTCATAAG
-1614 TGCTTCCGCA AACATCCTTG CACA{l[gobclt.‘lAQQQQCTTG GGGGAGTATT TATGTAGAAA
GATA

-1554 GAGTTTCTAG CAGGGGGTTG_GTGATTATGT ATACTTTAGG TTTGATGTGT ACTGAGCATT
-1494 GGTTTTGGAC CTAGGAGCTG GAATGGATTT TGCCTCCCTT TTATTTCTGC TGGGATTTAC
-1434 CAGCCTCAAT TTACTAATAG TCTCTTCCGG TAGGGAAGGC TGCTAAGGAC AACACTTTGT
-1374 TACCTTAACA GCTGCATGGC CTTCTGCGTA AGGGCCAGTT ACAGAGAGTC GGGTCAGCCA
-1314 TGTAAGGGTA GATTCAGGCT TTCCTGTCTG AGCCTCTGAG TTGCAGTACC CAcA;;;Ei;
-1254 ATGAATCCTC CTCCACCTCC AATGCCCTCC TCTGTCAAAT GGACATCGTA TCACCTAGGG
-1194 GTTGTGGGGG AGAATTAAAT GAGCTGATGT ACTTAAAGTG CCTGGGAGAA AGATTAAGAA
-1134 AGGAGGAGAG AGAAGAAGGA AGGGAGTGGG CACCAGTGCA GACTAAGGAA AATTGAGTTT
-1074 GCGAAGACCC ATCTAGTGCT GGGCCCAGTG GCTCATGCCT GTAATCCCAG CACTTTGGGA
-1014 GGCCGAGGTG AGAGGATCTC TTGAGCCCAA GAGTTCAAGA CCAGCTTACT GGGCAACATG
-954 GTGAGACTCT CTTTTTTATG TAACAGTAAA AAAGGGCCTT CGCCCTGTAC TAAGAGGCCC
-894 AAAAGAGACG CCTTGTACTA AGAGGAACGT CTTGTACTAA GAGACGCCTT GTACTAAGAG
-834 GCCAAAAGCA AAccrccagéigzngcAGCA CCGATGGAGA GGGCTACTGG GACTACCTGC
774 CTGAGGCTTA AATAGCCTCC CAGGGGGTTC ATCCTCAGGA CGGTCCCCAG ATGCCTGAGT
714 GTACCACAGA TCCTCCTTGG TCATCATCAA AGGAGGAGCT CATGGGAGTG AAACTTCATG
-654 GAATTAGCGC TAAI;%E;:Q_AATAATCAAA AAATCGGAAA TAAAGTGCAA GGTAGCTATC
-594 GGGGGGAATA GATGCAATGG GCCTCGACTG TGTGACAACT TTCAGTCCGA GAGTGGGTAT
-534 TATCAGACGT GTTGTTAGGG ATGAGAAAGC CGAGGCTTAC AAAGGTGACC TAAGTTGCCC
-474 ACCGGCCCCC AGCGAGCTTG CGCTTTCTGT CCGTGGACTC CAGAGACCAG TGCTCTTTCC
414 GGACCCGGGG ngég;ggca TTGCCGCGTA GAAGGCTAAG CCAGCGTGCC CTCTCCTGGC
-354 CTCCTCCAGC TTGGGCCCAG CCTGCGGGAG CCGACTCCGG GTCCCCGCGC CCTCTCTCTG
-294 CCTCCTCCCC TGCCAGCCTC CGCGCCGACC CCGCGCCAGT CCCTGCCGGG TGGAGGAGGC
-234 GCGCCCGGCA ACGCCGCGTC CTAATCAATG Gcgczggccc CTTAGCGTGT GCGGCCACCT
-174 GGTCCGAGGA GGAGCAGTCC CGGGGCCCGC CGCAGGTGGG GTGGCTCAGC CATGGCTCCT
=114 CGGGGCGCAG CGGCCGGCCG GAGCCCGGGA CCCTGCGCGG GGCGCTGAGC TCCCGAGCGG

-54 GCAGAGGGCA CGGGCAGGCG GACGTCGGGG CGCCCTCGGG GAACGTGCGG GCACCA::GCG

+6 TCCCCACCTG TCGCCGCCGE TGCAGCAGCT ACTACTGCCG GTGCTGCTCG ccrccccgé:g

ProHisLeu Ser Pro Pro LeuGlinGin Leu LeuLeuPro Val LeuLeu Ala Cys Ala Ala
+66 GCACTCG
His Ser

Fig. 2. Nucleotide sequence of the 5’ flanking region of the hSR
gene. Bases relative to the ATG translation initiation codon (in
boldface, designated +1) are numbered on the left. The amino acid
sequence is shown below the nucleotide sequence. Consensus Oct-1,
GATA, CREB and Spl sequences are indicated and underlined.

putative binding sites for the zinc finger transcription factor
GATA are found at —818 and —1536. Recent findings have
shown that GATA is expressed at high levels in the pancreas
and gut-derived cells [26,27]. In addition, there are two oc-
tamer sites for the homeobox domain factor Oct-1 at —1261
and —1598 and a binding site for CREB (cAMP-response
element binding protein) at —642. All these motifs may con-
tribute cooperatively to the hormonal and developmental reg-
ulation as well as the basal expression of the hSR gene in
various tissues.

3.3. Initial mapping of the hSR gene promoter element to a
region from —681 to —69

To localize the region essential for hSR gene expression,
several 5’ and 3’ deletion plasmids were constructed by link-
ing restriction fragments to the luciferase reporter gene. The
transcriptional activities of these promoter-luciferase con-
structs were tested by transfecting the plasmid individually
into PANC-1 (human pancreatic ductule carcinoma) and
BPD-1 (bovine pancreatic duct epithelium) cells (Fig. 3). It
was found that 3 kb of the hSR gene 5’ flanking region
(Fig. 3: p3039luc) was capable of directing significant
(P<0.01, ANOVA) increases in luciferase activities in both
PANC-1 (5.8-fold) and BPD-1 cells (6.6-fold), when com-
pared with the promoterless control, pGL2-basic. Subsequent
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Fig. 3. Initial mapping of the hSR gene promoter element within —681 to —69 in PANC-1 and BPD-1 cells. A: Restriction map of the hSR
gene 5’ flanking region and schematic diagrams of various promoter-luciferase constructs. In transient expression assays, these constructs were
cotransfected with pSV-B-gal into (B) PANC-1 and (C) BPD-1 cells. Luciferase values are normalized by B-galactosidase expression and are
shown as the fold changes in relative promoter activities compared with that in the promoterless control pGL2-Basic. Values reported in the
figure represent the mean = S.E.M. of six independent transfection experiments. Bars bearing “*’ (P <0.05) and “**’ (P<0.01) are statistically

different.

5" deletion constructs, pl430luc and p681luc, also supported
transcription of the reporter gene to approximately the same
extent in both cell lines suggesting that the 5’ boundary of the
promoter resides within 681 bp from the translation start site.
On the other hand, low levels of luciferase activities were
observed in the 3’ deletion clones p3039/681luc and p3039/
1430luc (Fig. 3), again indicating the importance of the se-
quences within the region from —681 to —69. Two other
constructs, p3039RIuc and p681Rluc, with the putative pro-
moter regions in reverse orientation showed similar luciferase
activities when compared with the promoterless control,
pGL2-basic (Fig. 3). These results confirmed the nature of
this DNA fragment (—681/—69) as a promoter element since
it functions in an orientation-dependent manner. In summary,
we have identified a functional promoter element residing in

A (B)
£g § % 8 8§ 8 o
- 3O S 0%
3 . i

the region from —681 to —69 within the 5’ flanking region of
the hSR gene.

3.4. Fine Mapping of the hSR promoter element to a region
within —355 to —158

In order to precisely map the location of the promoter
element within the region —681 to —69, a number of progres-
sive 5’ deletion clones were generated using the exonuclease
II1/S1 nuclease nested deletion method [28]. The abilities of
these deletion clones to drive luciferase expression were again
tested by transient transfection into PANC-1 and BPD-1 cells
(Fig. 4). In PANC-1 cells, similar luciferase levels (P <0.05,
ANOVA) were observed in p68lluc (4.7-fold), p505luc (5.0-
fold), p470luc (5.7-fold), p408luc (4.8-fold) and p355luc (4.3-
fold). However, a further deletion of 61 bp (p294luc, 2.9-fold)
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Fig. 4. Fine mapping of the hSR gene promoter element in PANC-1 and BPD-1 cells. A: A nested family of 5" deletion clones was generated
by ExolIl/S1 nuclease digestion. In transient expression assays, these constructs were cotransfected with pSV-B-gal into (B) PANC-1 and (C)
BPD-1 cells. Luciferase values are normalized by B-galactosidase expression and are shown as the fold changes in relative promoter activities
compared with that in the promoterless control pGL2-Basic. Values reported in the figure represent the mean = S.E.M. of six independent trans-

fection experiments. Bars bearing “*’ (P <0.05) and “**’ (P <0.01) are statistically different.
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Fig. 5. Cell specificity of the hSR promoter. Promoter-reporter con-
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PANC-1, BPD-1, Hs 262, Hs 746T and oT3-1 cells. Luciferase ac-
tivities are normalized by [-galactosidase expression and are ex-
pressed as the fold increase in relative promoter activities compared
with the control pGL2-Basic. Values represent the mean = S.E.M. of
six independent transfection experiments. Bars bearing ‘*’ (P <0.05)
and “** (P <0.01) are statistically different.

and 197 bp (p158luc, 1.5-fold) from the 5’ end of p355luc
caused drastic reductions (33% and 65%, respectively) in pro-
moter activities. Our data indicated that, in PANC-1 cells, the
5’ boundary of the promoter element is located within —355
to —294. In addition, the 3’ deletion clone (p411/158luc, —411
to —158) showed a high level of luciferase activity (6.6-fold),
suggesting that the proximal 154 bp upstream from the start
codon does not contain the 3’ boundary of the promoter. In
summary, our data indicated that the region from —355 to
—158 (197 bp) is sufficient as a promoter element to drive
expression in PANC-1 cells. By searching the sequences
against a database containing all the known cis-acting motifs
(http://pdapl.trc.rwep.or.jp/research/db/TFSEARCH.html),
only a consensus Spl site at —205 is identified within this
region. It is highly possible that other novel transcription
factors are needed for the transcriptional regulation of the
hSR gene.

Although the overall expression profiles of the deletion
clones are similar in PANC-1 and BPD-1 cells (Figs. 3 and
4), there are some minor but interesting differences. The se-
quences between —355 to —294 were important only in
PANC-1 cells since deletion of this region led to a 33% reduc-
tion in promoter function in PANC-1 cells but had no effect
in BPD-1 cells (Fig. 4: PANC-1: 4.3-fold and 2.9-fold;
BPD1: 4.8-fold and 5.1-fold). On the contrary, the region
between —408 to —355 was only functional in BPD-1 cells.
In this cell line, there was a 40% drop (Fig. 4C, 7.9-fold to
4.8-fold) in promoter activity when this region of the pro-
moter was deleted. In summary, our data suggest the presence
of at least two distinct regions within the promoter. The prox-
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imal region from —294 to —158 is probably responsible for
basal promoter functions and it appears that there was a
differential use of upstream activator regions, —355/—294
and —408/—355, for transcription initiation in PANC-1 and
BPD-1 cells, respectively.

3.5. Cell specificity of the hSR promoter element

Five mammalian cell lines, PANC-1, BPD-1, Hs 262.St
(human stomach fibroblast-like), Hs 746T (human stomach
carcinoma) and oT3-1 (mouse gonadotropes) were used to
study the cell specificity of the hSR promoter element. All
constructs with promoter sequences in the forward orientation
were capable of driving the luciferase expression in PANC-1
and BPD-1 cells at levels significantly above that of other cells
(P<0.001, ANOVA) (Fig. 5). The same DNA sequences
drove negligible luciferase expression in Hs 262.St and Hs
746T cells, but interestingly, as indicated by constructs
p30391luc and p355luc, the hSR promoter is a weak promoter
in oT3-1 cells (P<0.05, ANOVA). The significance of this
finding remains to be investigated.

Recently, the public have shown much interest in the pos-
sible treatment of autistic patients with secretin. It was re-
ported that autism is linked to biological and neurological
differences in the brain. For instance, the disorder is related
to abnormalities in the structure of the brain such as differ-
ences in the size and the number of Purkinje cells within the
cerebellum. In addition, it has also been suggested that autism
is a genetic disorder [29]. The study of the regulation of hu-
man secretin and secretin receptor may provide a new window
to investigate the genetic aspects of autism and to provide a
better understanding of the pathophysiology of this receptor.
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