
Trefoil peptides (TFFs) are small and stable molecules se-
creted by the mammalian gastrointestinal tract.1) The term
“trefoil”, meaning three leaves, is derived from their three in-
trachain loops (trefoil domain) that are maintained by disul-
fide bonds. Three family members are found in mammals:
TFF1/pS2 and TFF3/ITF contain one trefoil domain, whereas
TFF2/SP has two domains.2) It is suggested that the TFFs
could be involved in protection and repair of the gastroin-
testinal tract through stimulation of cell migration and mucus
polymerization. Actually, mice lacking TFF3 exhibited im-
paired mucosal healing and died from extensive colitis after
oral administration of dextran sulfate.3) Furthermore, loss of
TFF1 induced severe hyperplasia and dysplasia of the gastric
mucosa, and the development of adenomas and carcinomas.4)

The results suggest that TFF1 is essential for normal differ-
entiation of the gastric mucosa and that it functions as a
tumor suppressor.

The three TFFs exhibit strict tissue-specific expression
patterns: TFF1 in stomach, TFF2 in stomach and duodenum,
and TFF3 in small intestine and colon.2) We are interested in
the gene regulation of TFF1 from the viewpoint of stomach-
specific transcription, as our previous studies focused on the
genes specifically expressed in stomach, such as those of the
gastric proton pump,5,6) intrinsic factor,7) and H2 receptor.8) In
this study, we cloned the mouse TFF1 gene 59-upstream se-
quence, and identified the enhancer and silencer regions by
means of a reporter gene assay. Furthermore, significance of
the sequence motifs in the upstream regions are discussed in
comparison with those in the human gene.

MATERIALS AND METHODS 

Reverse Transcriptase Polymerase Chain Reaction (RT-
PCR) Total RNA was prepared from tissues of a 6-week-
old male ddY mouse by the guanidine thiocyanate-CsCl
method.9) cDNA was synthesized from total RNA (8 mg) with
a First-Strand cDNA Synthesis Kit (Amersham-Pharmacia-
Biotech) and an oligo d(T)12—18 primer, and then subjected to
PCR10) to amplify specific nucleotide sequences for the three
TFFs. The pairs of PCR primers used for TFF1 (S29 and

S30), TFF2 (S26 and S27) and TFF3 (S3 and S4) are shown
in Table 1. The PCR conditions were: preheating (94 °C, 3
min), followed by 35 cycles of denaturation (94 °C, 0.5 min),
annealing (54 °C for TFF1, 58 °C for TFF2, or 62 °C for
TFF3, 0.5 min), and extension (72 °C, 0.5 min). The 2nd PCR
was carried out for TFF3 (54 °C annealing). The products
were analyzed by agarose gel electrophoresis [1.0% (w/v)
agarose (TaKaRa L03) in TAE-buffer9)], and visualized by
ethidium bromide staining.

Total cellular RNA was prepared from GSM10 cells11,12) as
above and then PCR analysis was carried out. The PCR con-
ditions were essentially the same as for tissues except that the
annealing temperature and cycle number for the three TFFs
were 61 °C and 40 cycles, respectively. The GSM10 cells, the
generous gift of Daiichi Pharmaceutical Co., Ltd., were cul-
tured in Dulbecco’s modified Eagle medium/F12 medium
(GIBCO BRL) containing 10% (v/v) fetal bovine serum
(GIBCO BRL), 1% (v/v) insulin-transferrin-ethanolamine-
selenium mixture (Wako) and 10 ng/ml epidermal growth
factor (Wako) at 33 °C or 39 °C.

Genomic Walking The BamH I-digested mouse ge-
nomic DNA fragments (1 mg) attached to aSau3AI cassette
(1 mg) were subjected to PCR with Ampli Taq (Perkin-Elmer
Cetus).13) The primer pairs for the 1st and 2nd PCR were S9
and C1, and S10 and C2, respectively (Table 1). The PCR
conditions in both cases were preheating (94 °C, 2 min), fol-
lowed by 25 cycles of denaturation (94 °C, 0.5 min), anneal-
ing (55 °C, 2 min), and extension (72 °C, 3 min). The PCR
products were size-separated on an agarose gel, eluted with
Geneclean III (Bio 101), and ligated into the pGEM T-Easy
vector (Promega) with a ligation kit Ver. 2 (TaKaRa), and
then sequenced by the dideoxy chain-termination method14)

(Shimadzu DNA Sequencer Model DSQ-1000L).
Determination of the Transcriprion Start Site for TFF1

mRNA Single-stranded cDNA was synthesized from total
RNA of GSM10 cells with phosphorylated primer S20 (Table
1) and circularized according to the manual for a 59-Full
Race Core Set (TaKaRa). Primer pairs S9 and S17, and S10
and S18 were used for the 1st and 2nd PCR with Ampli Taq,
respectively. The coding region for TFF1 was also amplified
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with primers S11 and S12. The PCR conditions were as fol-
lows: preheating (94 °C, 3 min), followed by 40 cycles of de-
naturation (94 °C, 0.5 min), annealing (61 °C, 0.5 min), and
extension (72 °C, 0.5 min). The amplified fragments were lig-
ated into the pGEM T-Easy vector and both strands of the
cloned DNA were sequenced with the Silver Sequence DNA
Sequencing System (Promega).

Reporter Gene Assay The reporter plasmids were con-
structed by inserting the 59-upstream region into the pGVB2
vector without a promoter or enhancer (Toyo Ink): pGV2192
[(22192)—NcoI(128)], pGV1630 [NheI(21630)—NcoI-
(128)], pGV641 [SacI(2641)—NcoI(128)], pGV496
[(2496)—NcoI(128)], pGV243 [PvuII(2243)—NcoI(128)],
pGV137 [ApaLI(2137)—NcoI(128)], and pGV39 [AgeI-
(239)—NcoI(128)]. GSM10 cells (53105 cells/collagen-
coated i.d. 35 mm dish) were prepared 20 h before transfec-
tion. One of the reporter plasmids (4 mg) was introduced with
pSV-GAL (0.05 mg) into the cells by the Ca21-phosphate
method,15) and the cells were cultured at 33 °C for 48 h. 
A cell extract was prepared with Reporter Lysis Buffer
(Promega) and then luciferase activity was measured (Lumat
LB9501, Berthold). The activity was normalized based on
the b-galactosidase activity determined with an AURORA
Gal-XE (ICN Pharmaceuticals, Inc.). 

Chemicals Restriction enzymes were obtained from
New England Biolab, TaKaRa Shuzo, Toyobo, or Nippon
Gene. The PCR primers were purchased from GIBCO BRL.
All other chemicals used were of the highest grade commer-
cially available.

RESULTS

First, we determined the tissue distributions of the tran-
scripts for the three TFFs in mouse by RT-PCR. TFF1 was
only detected in stomach, while TFF2 and TFF3 showed
rather broad distributions in the gastrointestinal tract; TFF2
was not only found in stomach but also in duodenum and

pancreas (Fig. 1). Ileum and colon expressed TFF2 in very
small amounts. TFF3 was distributed throughout the intestine
(duodenum, ileum and colon). Such expression patterns of
the TFFs were in good agreement with the previous observa-
tions.2)

We further studied the TFF expression in mouse gastric
surface mucous GSM10 cells.11) This cell line, established
from transgenic mice12) harboring a temperature-sensitive
SV40 large T-antigen gene, possesses periodic acid-Schiff-
positive granules and produces a mucous sheet, and thus is
suggested to be an in vitro model of the gastric mucosa for
physiological and pharmacological studies. GSM10 cells cul-
tured at 33 °C (Fig. 2) and 39 °C (not shown) expressed TFF1
and TFF2 but not TFF3, similar to whole stomach.

Since we are interested in the stomach-specific gene regu-
lation,5—8) we focused on the transcription of TFF1 gene in
GSM10 cells. The coding region of TFF1 cDNA with an
identical nucleotide sequence to that previously reported16)

was amplified by PCR using primers S11 and S12 (not
shown), being additional evidence for the expression of
TFF1 in GSM10 cells. We then cloned the 59-upstream re-
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Table 1. PCR Primers Used in This Study

Name Amplification Sequence Location 

S3 TFF3 (antisense) 59TGTGGAGCTCCCTTCCTGGA39 Residues 32—13 from end codon 
S4 TFF3 (sense) 59TTGCGTGTCGACATGGAGACCAGAG39 12 and 10 residues on 59- and 39-sides, respectively, from 1st codon 

S9 Genomic walking of TFF1 59GCAAGACTGCCGAAGGCCAG39 Residues 59—40 from 1st codon
S10 Genomic walking  of TFF1 59ACCACAGCGAGGACACAGATCA39 Residues 32—11 from 1st codon

S11 TFF1 (sense) 59GAAGCTGCCATGGAGCACAAG39 9 residues on both sides from 1st codon
S12 TFF1 (antisense) 59taCTCTAGAAGGGACATTCTTCTTCT39 4 and 19 residues on 39- and 59-sides, 

respectively, from end codon

S17 59-RACE of TFF1 (sense) 59CCCCCGGGAGAGGATAAATTGT39 Codon 37 (3rd letter)—codon 44
S18 59-RACE of TFF1 (sense) 59GCTTCCCCGGTGTCACCGC39 Codon 45 (2nd letter)—codon 51 (2nd letter)
S20 59-RACE of TFF1 (antisense) 59P~TGTTCTCGATGGCCATGGGG39 Codon 80 (1st letter)—codon 73 (3rd letter)

S26 TFF2 (sense) 599GAGAAACCTTCCCCCTGTCG39 Codon 24—codon 30 (2nd letter)
S27 TFF2 (antisense) 59GGGATGAAACACCAGGGCAC39 Codon 121 (2nd letter)—codon 115

S29 TFF1 (sense) 59AATTGTGGCTTCCCCGGTGTCA39 Codon 43—codon 50 (1st letter)
S30 TFF1 (antisense) 59ATTCATCTCTTTTAATTCTCAGGCC39 Residues 178—154 from end codon  

Primers for TFF1 and TFF2 were designed according to refs. 4 and 30, respectively. For TFF3, rat sequences were used, since the 39-portions are conserved between rat31) and
mouse.32) The underlined residues (S4 and S12) were substituted to introduce restriction enzyme sites, and the residues indicated by small letters (S12) were added arbitrarily to
prevent nuclease attack. Although S4 and S27 had mutations on their 59-sides (constructed for different purposes), they worked well for the present PCR analysis. The S9 and S10
primers were also used for 59-RACE together with S17—S20. 

Fig. 1. Tissue Distributions of mRNAs for TFF1, TFF2 and TFF3

cDNAs were prepared from various mouse tissues and subjected to PCR as described
in MATERIALS AND METHODS. Primer pairs S29 and S30 for TFF1, S26 and S27
for TFF2, and S3 and S4 for TFF3 were used for amplification (Table 1), which gener-
ated 316 bp, 293 bp and 290 bp fragments, respectively. The products were analyzed by
agarose gel electrophoresis and visualized by ethidium bromide staining. The RNA
preparation was not degraded significantly, as determined from the staining of riboso-
mal RNAs (26S and 18S).



gion of the mouse TFF1 gene by genomic walking. The 700
bp sequence from the initiation codon of the amplified 2200
base pairs (bp) fragment is shown (Fig. 3), compared with
the reported human sequence.17) The transcriptional start site
was determined by the 59-rapid amplification of cDNA ends
(59-RACE) technique with RNA prepared from GSM10
cells. The most frequent residue following the 59-terminus of

the phosphorylated primer (indicated by X in Fig. 4), i.e. the
“adenine” residue 29 bases upstream from the initiation
codon (ATG), was assigned as the transcriptional start site.
This position is about 30 bp downstream from the potential
TATA-box (Fig. 3). Such a location conformed with the tis-
sue-specific eukaryotic promoter.18)

Harr plot analysis of the mouse and human upstream se-
quences demonstrated that there are a few conserved regions
(Regions I, II and III) between 2350 and the TATA-box (Fig.
5). These conserved regions could be important for the tran-
scription of TFF1 gene. It must be noted that among com-
mon sequence motifs of human TFF genes (Motifs I—IV),19)
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Fig. 3. Comparison of the Nucleotide Sequences of the 59-Upstream Regions of the Mouse and Human TFF1 Genes

The 59-upstream region of the mouse TFF1 gene was amplified by the genomic walking procedure [this study], and the nucleotide sequence is shown together with the corre-
sponding portion of the human gene.17) Nucleotides are numbered from the transcriptional start site shown in Fig. 4. Conserved residues in the human gene are indicated by capital
letters. TATA-box sequences, transcriptional start sites and conserved motifs (Motifs I—IV)20) are indicated by bold letters on a dotted background, arrows and bold letters, respec-
tively. The GATA sites [GAT(A or T)]29) are underlined. The underlines with asterisks are the GATA motifs pointed out recently.28) ERE and AP-1 sites are also shown as boxes
(dotted and open, respectively). The chief cell-specific motif7) is double-overlined. The 59-ends of the reporter genes are indicated by the vertical bars with open arrows and the
residue numbers. Initiation codons are shown by bold letters. The nucleotide sequence data of mouse TFF1 gene have been submitted to DDBJ/EMBL/GenBank under accession
number AB043538. Three conserved regions (Regions I—III) shown in Fig. 5 are indicated by underlines with double-arrowheads. Twelve residues are included on both sides of
each region considering the analytical condition (span length).

Fig. 2. Expression of mRNAs for TFFs in GSM10 Cells

cDNAs from total RNA of GSM10 cells grown at 33 °C (upper) and those from
mouse stomach as a control (lower) were used . The primer pairs and other conditions
were essentially the same as in the legend to Fig. 1. cDNAs of GSM10 gave slightly
stronger background staining when primer pairs S3 and S4 were used to amplify the
fragment for TFF3 (upper right). However, 290 bp TFF3 fragment, the size of which
was indistinguishable from that for TFF2, could not be amplified.

Fig. 4. Determination of the 59-end of TFF1 mRNA

The 59-end of TFF1 mRNA was determined by the 59-RACE technique as described
in the text. The most frequent residue following the 59-terminus of the phosphorylated
primer was assigned to a major transcriptional start site (open boxed adenine residue
numbered 11). The initiation codon is indicated by a dotted box.



only Motifs III and IV are located in the conserved region
(Region III) (Fig. 3). An estrogen responsive element found
in the human gene was not conserved in the mouse gene.
Furthermore, the AP-1 sites of mouse and human genes are
located in Region I and its upstream, respectively.

To determine which part of the cloned 59-region affects the
promoter activity, the luciferase reporter gene assay was car-
ried out. pGV39 carrying the shortest fragment was intro-

duced into GSM10 cells and this construct exhibited a signif-
icant level of luciferase activity (Fig. 6). Since a TATA-box
was located at the 59-end of the pGV39, the observed activity
could be ascribed to a minimum promoter. pGV137 showed
further enhanced luciferase activity, suggesting that the 
region between 2137—239 bp contains a proximal en-
hancer(s). pGV243 carrying the region between 2243—
2137 bp showed lower activity, possibly due to the presence
of a negative regulatory element(s). The region of 2496—
2243 bp may contain a positive regulatory element(s), since
pGV496 exhibited increased luciferase activity compared
with pGV243. The further upstream 2641—2496 bp region
of the mouse gene showed a strong positive effect. The up-
stream 22192—21630 bp and 21630—2641 bp regions
could contain positive and negative elements, respectively,
for transcription of the reporter gene.

DISCUSSION

TFF1 is found in the surface epithelium and the pits in
mouse stomach, whereas TFF2 is found in the neck cells in
the same organ.13) Although the GSM10 cells have properties
of surface mucous cells,11,12) they express both TFF1 and
TFF2, suggesting that they could not undergo complete dif-
ferentiation or that the culture conditions would reflect some
repair process during which the TFFs are co-expressed.2)

Thus the studies on transcriptional regulation of TFF1 and
TFF2 in this cell line could give valuable information for 
cell specific and context dependent gene expression.

Critical and common DNA sequences for transcriptional
regulation of TFF1 genes could be located proximal to the
TATA-box.18) Actually, conserved regions (Regions I—III)
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Fig. 5. Similarity of the 59-Upstream Sequences of the Mouse and Human
TFF1 Genes

The 59-upstream nucleotide sequences of the mouse (positions 21 to 2712) [this
study] and human (positions 21 to 2703)17) genes were compared using the Harr plot
program (GENETYX; Software Development Company, Tokyo). The diagonal line was
generated from dots representing more than 15 identical residues within a span of 25
residues. Highly conserved regions are indicated by I—III.

Fig. 6. Analysis of the Promoter Region by Means of the Reporter Gene Assay

Deletion constructs from the 59-side of the TFF1 gene upstream sequence were constructed as follows: The cloned 59-region was digested with NcoI and then ligated to the NcoI
site in front of the luciferase gene (Luc) of pGVB2. The resulting plasmid, pGV2192, has the upstream sequence of the mouse TFF1 gene from the initiation codon together with
the cassette sequence (C2) (hatched box) and multi-cloning sites of the pGEM T-Easy vector (closed box) and pGVB2 (dotted box) (see top left). To construct pGV1630, pGV641
and pGV39, the NheI fragment, SacI fragment and XmaI-AgeI fragment were deleted from pGV2192, respectively. pGV243 and pGV137 were constructed by insertion of the
PvuII-NcoI fragment and ApaLI-NcoI fragment into the SmaI and NcoI sites of pGVB2, respectively. pGV496 was constructed by ligating the NcoI fragment of the cloned but trun-
cated sequence into the NcoI site of pGVB2. The positions of the AP-1 site and TATA-box are shown by closed and open boxes, respectively. The reporter plasmid was introduced
into GSM10 cells together with a constant amount of pSV-GAL, followed by incubation for 48 h. Luciferase activity was measured and normalized as to b-galactosidase activity.
The values (relative to pGVB2) indicated are the averages of triplicate samples. P, promoter region; Q, segment with a negative regulatory element(s); !, segment with a positive
regulatory element(s) (see bottom left). Arrows indicate the transcriptional start site.



were found by Harr plot analysis of 59-upstream sequences
of human and mouse TFF1 genes (Fig. 5). These three re-
gions could be important for stomach specific transcription
of TFF1 gene. Region I was included in the enhancer region
of pGV496. Region II and Region III were mainly located in
the silencer region of pGV243 and in the proximal enhancer
of pGV137, respectively (Fig. 3). There are short sequence
motifs (Motifs I—IV) in the human TFF genes.19) Among
them, only Motifs III and IV are located in the conserved Re-
gion III. A site-directed mutagenesis study demonstrated that
the Motif III and Motif IV contributed positively to transcrip-
tional regulation of human TFF1 gene.20) In this regard, the
roles of HNF3/FKH proteins which recognized human Motif
IV and triggered transcription of the TFF1 reporter gene21)

are of interest from the viewpoints of TFF1 induction upon
injury, inflammation and tumor development21,22) as well as
tissue-specific TFF1 expression. However, it should also be
mensioned that DNA methylation of the promoter region of
TFF1 gene is another important factor for gene regulation as-
sociated with carcinogenesis.23)

The human gene corresponding to the mouse 2496—
2243 bp region contains a strong enhancer(s)20,24) responsive
to estrogens, the epidermal growth factor, a tumor promoter,
the c-Ha-ras oncoprotein and the c-jun protein.24) Motif I and
Motif II, ERE and the AP-1 site could play important roles in
the enhancer function in the human gene. However, the
mouse gene does not have Motif I, Motif II or ERE (Fig. 3).
We were consistently unable to detect estrogen responsive-
ness in our reporter gene assay (not shown), although the
2496—2243 bp region had an enhancer function. It is also
reported that the TFF1 mRNA level was unchanged upon ad-
ministration of estrogen to ovariectomized rat.25) Transcrip-
tion of TFF1 gene is upregulated in both chronic pancreatitis
patients and TGFa overproduced mouse.26) Although the AP1
sites are differently located between the mouse and human
genes, these sites may have a potential role in such upregula-
tion induced by growth factors through c-jun protein.24)

Other proteins important for stomach-specific transcription
could be GATA DNA-binding proteins.27) Recently, it has
been reported that GATA-6 has a positive effect on the TFF1
gene expression in human gastric cancer cells.28) Actually,
many GAT(A/T) sites as potential GATA protein binding
sites29) are distributed in the human upstream sequence.
However, such sites are found less frequently in the mouse
gene and their positions are apparently not conserved (Fig.
3). Thus, the mode of gene regulation of TFF1 by GATA pro-
teins could have diverged between mouse and human. It
would also be interesting to know whether or not the non-
conserved region of mouse gene can participate in species-
specific gene regulation.
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