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SUMMARY: Trefoil factor family 2 (TFF2) is a small peptide constitutively expressed in the gastric mucosa, where it plays a
protective role in restitution of gastric mucosa. TFF2 has also been shown to be expressed in some gastric cancers, but its role
in tumor metastasis and patient prognosis has not been examined. In this study, we examined TFF2 expression at both the mRNA
and protein levels and correlated these results with the clinicopathologic characteristics and prognosis of gastric cancer patients.
Among the 144 curatively resected samples, 43 (30%) were positive for TFF2. TFF2 expression was preferentially observed in the
infiltrating tumor cells sparing the superficial cells. Significantly increased expression of TFF2 was noted in large tumors of the
diffuse type. An increased prevalence of TFF2 expression was also found in tumors with advanced T and N stage and in patients
with lymphatic and venous invasion. Accordingly, patients with TFF2-expressing tumors had a significantly worse disease-free
survival, and in multivariate analysis, this finding remained significant as an independent prognostic factor. Taken together, our
results suggest that TFF2 expression may play a role in gastric cancer invasion and as such could be a useful target for
therapeutic intervention. (Lab Invest 2003, 83:1343–1352).

T he trefoil factor family (TFF) peptides are a group
of protease-resistant proteins that all contain

one or more trefoil domains, a characteristic three-
leafed structure that has given the peptide family its
name (Wright et al, 1997). There are three known trefoil
factors: TFF1 (also known as pS2) is an estrogen-
responsive peptide but expresses abundantly in the
surface epithelium of the stomach; TFF2 (also known
as spasmolytic polypeptide [SP]) is expressed in mu-
cous neck cells of the gastric mucosa and Brunner’s
glands of duodenum; and TFF3 (also known as intes-
tinal trefoil factor or ITF) is expressed in the mucus-
secreting goblet cells of the intestine. The genes
encoding these TFFs all are clustered within a tandem
of 55 kb on human chromosome 21q22.3 and are
thought to have overlapping biologic activities (Seib et
al, 1997). Trefoil peptides are involved in several
biologic functions, including gastrointestinal cytopro-
tection, cellular proliferation, and increase cell motility
(Hoosein et al, 1989; Jørgensen et al, 1982; Playford et
al, 1995). The role of TFFs in tumorigenesis still

remains controversial; in general, TFF1 seems to func-
tion as a gastric-specific tumor suppressor gene,
whereas TFF3 has been postulated to enhance tumor
progression by increasing the cellular invasion and
metastasis (Lefebvre et al, 1996; Yamachika et al,
2002). Although it was reported that TFF2 expression
is associated with the development of gastric cancer
formation in mouse, its precise role in gastric carcino-
genesis remains obscure (Wang et al, 1998, 2000).
The majority of the studies on the TFFs have fo-

cused on their role in preventing cryoprobe- or
indomethacin-induced gastric mucosal injury. Among
the three TFFs, TFF2 deserves special attention be-
cause of its rapid induction (within 30 minutes) in the
vicinity of injured mucosa and its clear role in the
restitution of breached mucosa by increasing cellular
motility (Alison et al, 1997). Early reports suggested
that TFF2 works as a mitogen as it increased thymi-
dine incorporation in MCF-7 and HCT-116 cells (Hoo-
sein et al, 1989). However, later studies pointed to a
primary role as a motogen. In an in vitro wounding
assay, TFF2 stimulated cell migration in a dose-
dependent manner and also induced vertical invasion
of HT29 cells into type I collagen gel motility/invasion
assay (Playford et al, 1995). More recently, studies in
TFF2-deficient mice generated through targeted gene
disruption showed evidence of decreased gastric cell
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proliferation and increased susceptibility to gastric
mucosal injury induced by indomethacin treatment
(Farrel et al, 2002). The normal expression of TFF2 in
the proliferative zone of gastric mucosa, along with its
demonstrated roles as a motogen and in suppressing
acid secretion, raised the possibility that TFF2 might
have a role in neoplastic transformation or tumor
progression.

To date, only a few studies have evaluated expres-
sion of TFF2 in a limited number of gastric carcinomas
(Halldorsdottir et al, 2003, Kirikoshi and Katoh, 2002;
Leung et al, 2002; Machado et al, 2002; Theisinger et
al, 1991). Expression of TFF2/SP in stomach cancer
was first reported by Theisinger et al (1991). In addi-
tion, more recent reports have indicated that in-
creased TFF2 expression can be detected in patients
with Helicobacter-associated chronic fundic gastritis
and is often present in association with dysplasia.
TFF2-expressing cells are also up-regulated in the
stomachs of Helicobacter-infected mice and seem to
give rise to invasive cancerous lesions (Wang et al,
1998, 2000). However, the precise correlation of TFF2
expression with metastasis related clinicopathologic

features in human gastric cancer patients and the
overall impact on patient prognosis have not been
evaluated. To address these questions, we evaluated
the expression of TFF2 at both the mRNA and protein
levels in a large series of curatively resected gastric
carcinoma patients. Our findings indicate that TFF2
expression is frequently up-regulated in diffuse gastric
cancers and correlates with decreased survival.

Results

TFF2 Expression in Benign and Malignant Tissues

Evaluation of TFF2 immunohistochemical staining was
done blindly and independently by two of the authors
(DKD and FT), and any discordant result was settled
by using a conference microscope. TFF2 immuno-
staining was observed in all of the investigated normal
mucosa samples, and in these tissues, staining largely
was restricted to the neck cells of the gastric glands,
sparing the superficial foveolar epithelial cells and
deep glands (Fig. 1a). In contrast to this normal
pattern, in cancer patients, the lower half of the fundic

Figure 1.
Normal pattern of trefoil factor family 2 (TFF2) expression in gastric mucosa (a), spasmolytic polypeptide (TFF2)-expressing metaplasia (SPEM; b), intestinal
metaplasia (c), and intestinal-type cancer (d) are shown. Normal staining for TFF2 was observed in the isthmus region of the gastric glands, whereas the SPEM lineage
of cells was located in the lower half of the fundic glands. The SPEM cells had abundant mucous granules and had morphologic similarity with the Brunner’s gland
of the duodenum. Regions of intestinal metaplasia were always negative, and a weak membranous staining was observed in intestinal-type gastric adenocarcinoma.

Dhar et al

1344 Laboratory Investigation • September 2003 • Volume 83 • Number 9



glands were frequently positive for TFF2 in the non-
cancerous gastric mucosa adjacent to the tumor (Fig.
1b). These TFF2-positive fundic glandular cells had
abundant mucous granules and had morphologic sim-
ilarity with both antral glands and Brunner’s gland of
the duodenum(also know as SP-expressing metapla-
sia [SPEM]). Among the 144 tumors, the SPEM lineage
cells were present in 135 (94%) gastric mucosa adja-
cent to the tumor. In contrast, only 70%(43 of 144) of
patients had intestinal metaplasia in the adjacent
gastric mucosa (p � 0.0000, vs SPEM, F test). Fre-
quently the SPEM lineage cells and intestinal metapla-
sia coexisted. Mononuclear cell infiltration was fre-
quently noticed around the SPEM lineage cells (Fig. 1,
b and c). Mononuclear cells and stromal cells were
always negative both in normal mucosa and in tumor.
Occasionally, endothelial cells lining tumor-associated
blood vessels were positive for TFF2. Intestinal meta-
plastic mucosa adjacent to the tumor tissue was
negative for TFF2 (Fig. 1c).

In terms of cellular localization, TFF2 staining was
observed as cytoplasmic, apical, or membranous

staining and mixed type of staining. In malignant
tissues, strong and distinct staining for TFF2 was seen
in the cytoplasm predominantly in the diffuse type of
cancers, whereas weak membranous staining was the
characteristic feature of the intestinal tumors (Fig. 1d).
In most of the tumors positive for TFF2, strong cyto-
plasmic staining was preferentially observed in the
invasive cells sparing the superficial tumor cells (Fig.
2, a and b). TFF2 expression was particularly notable
in cases in which the tumor cells had invaded beyond
the muscularis mucosa layer (Fig. 2c). Moreover, the
metastatic tumor cells in the regional lymph nodes of
the TFF2-positive cases were strongly stained for
TFF2 (Fig. 2d). The staining was confined to the
metastatic tumor cells and was somewhat heteroge-
neous, with a large number of positive cells in the
periphery of the tumor nodule.

TFF2 mRNA expression was detected as a single
band by the Northern blot analysis (Fig. 3). There was
a significant correlation between the results obtained
by the Northern blot and immunohistochemical anal-
yses (p � 0.0007, Spearman’s rank correlation test).

Figure 2.
Representative sections of diffuse-type tumors and metastatic lymph node (LN) with strong cytoplasmic staining in the infiltrative tumor cells are shown. a and b,
Although sparse superficial tumor cells had staining for TFF2, in most of the instances, strong homogeneous staining was noticed only in the infiltrating tumor cells
of both small and large tumors. c, Double immunostaining with �-SMA (purple) and TFF2 (red) shows that TFF2-positive tumor cells are invading the muscularis
mucosa layer (no counterstaining). d, A regional metastatic LN from a patient with TFF2-positive tumor was also positive for TFF2. Original magnification, �40 in
a and b, �20 in c, �200 in c and d inset, �40 in d.
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Among the 31 studied samples, 20 were negative by
the staining, and of these 20 cases, 19 were found
negative by the Northern blot analysis, whereas
among the 11 positive cases by the staining, 7 were
positive by the Northern blot and 4 were negative. In
selected cases, in situ hybridization was done in serial
tissue sections to compare between the mRNA and
protein expressions. Although in most of the examined
tumors, mRNA and protein were detected in the same
areas, this was not always true. In general, mRNA was
expressed more diffusely than the protein expression.
In the normal mucosa, mRNA expression was not
restricted in the neck cells but extended superficially
to some extent in the foveolar cells (Fig. 4, a and b). In
the tumors, both mRNA and TFF2 protein were local-
ized in the invasive cells (Fig. 4, c and d), but some-
times TFF2 mRNA expression was noticed in more
superficial cells that had no protein expression. Occa-
sionally, instead of strong TFF2 protein expression in
the tumor cells, mRNA could not be detected in these
cells.

Correlation with Clinicopathologic Parameters

Tumors having cytoplasmic or mixed type of staining
were considered to be positive for TFF2, and among
144 cases, 43 (29.8%) cases were positive for TFF2.
There was no correlation between TFF2 positivity and
the sex or age of the patient. There was a strong
correlation (p � 0.001) with the differentiation status of
the tumor, with an increased prevalence of expression
in the diffuse type of tumors. Fifty-two percent (52%)
of the diffuse tumors were positive, whereas only 15%
of the intestinal tumors were positive for TFF2. With
respect to early gastric cancers, only two cases were
positive, and both of them were of diffuse tumors (2 of
7). Expression of TFF2 increased with the advance-
ment of the T (p � 0.0011) and N stage (p � 0.0001) of
the tumor. Also, a similar correlation was observed
with the lymphatic (p � 0.0007) and venous vessel
invasions (p � 0.0189). The average tumor size of the
TFF2-positive tumors (6.7 � 3.6 cm, mean � sd) was

Figure 3.
RNA blot showing TFF2 mRNA expression in normal mucosa adjacent to the tumor and tumor samples. Only a few tumors had TFF2 expression, whereas most of
the normal samples were positive for TFF2.

Figure 4.
Serial sections showing TFF2 mRNA (purple, with no counterstaining) and protein (red) expressions in gastric mucosa adjacent to the tumor and tumor region inset
�200) are shown. Both mRNA and TFF2 protein were localized in the same region of the gastric mucosa and infiltrating tumor cells. Original magnification, �40,
�200 in inset.
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significantly (p � 0.0068) higher than those of negative
ones (4.5 � 2.5 cm, mean � sd; Table 1).

Relationship Between TFF2 Status and Patient Survival

The median follow-up period was 47.2 months. TFF2
expression had a significant (p � 0.0001, log rank test)
impact on patient prognosis only in terms of the
disease-free survival (Fig. 5) and had a trend (p �
0.0973, log rank test) of poor overall survival in the
TFF2-positive cases but did not reach statistical sig-
nificance. The 5-year overall survival rates of patients
with TFF2-negative and -positive status were 66.8%
and 54.8%, whereas the 5-year disease-free survival
rates for TFF2-negative and -positive patients were
86.1% and 53.4%, respectively. A multivariate analy-
sis was done to single out the independent prognostic
factors, and all of the conventional prognostic vari-
ables along with the TFF2 were included in the anal-
ysis. Among the several factors analyzed, only the
tumor stage, TFF2 expression, and amount of intra-
operative blood loss remained significant for the
disease-free survival (Table 2).

Discussion

Gastric carcinoma remains a generally lethal disease
with a �25% 5-year survival rate, yet early gastric
cancer (neoplastic lesions that have not yet pene-
trated through the muscularis layer of the stomach) is
often curable and carries with it a much better prog-
nosis. It remains unclear whether advanced gastric
cancers, which by definition have invaded through the
muscularis, are biologically distinct from early gastric
cancer or simply a later stage of a similar lesion. In any
case, the invasive phenotype is required for progres-
sion to advanced gastric cancer and a prerequisite for
the development of metastasis. Few genes have been
identified to serve as useful prognostic markers for
invasive gastric cancers. Our study suggests that
TFF2 (formerly known as spasmolytic polypeptide)
may represent such a prognostic marker. Our work
suggests that the TFF2 gene is expressed preferen-
tially in invasive gastric cancers and is strongly asso-
ciated with tumors of diffuse histology. Immunoreac-
tivity for TFF2 was also found in a retrospective
analysis to be associated with a worse prognosis.

Table 1. Correlation of TFF2 with the Clinicopathologic Factors

TFF-2 (� ve) (n � 43) TFF-2 (� ve) (n � 101) p Value

Age (years) 63.7 � 11.5 66.7 � 12.0 0.721
Sex

Male 30 66 0.747
Female 13 35

Tumor size (cm, mean � SD) 6.7 � 3.6 4.8 � 2.5 0.0068a

Location
Upper 9 31 0.0929
Middle 20 28
Lower 14 42

Differentiation
Well 13 69 �0.001b

Poor 30 32
N stage

0 10 56 0.0001b

1 20 37
2 7 7
3 6 1

T stage
1 2 31 0.0011b

2 18 38
3 20 30
4 3 2

Lymphatic invasion
0 1 26 0.0007b

1 9 26
2 14 24
3 19 25

Venous invasion
0 2 30 0.0189b

1 10 19
2 16 38
3 15 23

a Mann-Whitney U test.
b Fisher’s exact test.
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To date, only a few studies have examined the
expression pattern of TFF2 in gastric cancer (Halldors-
dottir et al, 2003; Kirikoshi and Katoh, 2002; Leung et
al, 2002; Machado et al, 2002; Theisinger et al, 1991).
Furthermore, a possible role for TFF2 in progression of
gastric carcinoma has never been addressed. To the
best of our knowledge, this is the first study to report
a correlation between TFF2 expression and the clini-
copathologic features and/or prognosis of gastric can-
cer. In a cohort of 29 patients with early gastric cancer,
Halldorsdottir et al (2003) reported that 18 (62%)
cancers were positive for TFF2, whereas Machado et
al (2002) reported that TFF2 was expressed by only
10.4% of gastric cancer specimens, with a trend (but
no statistical difference) of higher expression in diffuse
versus intestinal type tumors. In another study, Leung
et al (2002) detected TFF2 mRNA in 44% gastric
cancers; however, the clinical significance of TFF2
expression was not sought in their samples. Theis-
inger et al (1991) and Kirikoshi and Katoh (2002)
reported that both TFF1/pS2 and TFF2/SP were
strongly expressed in diffuse-type gastric cancers and
in diffuse-type gastric cancer cell lines, respectively.
Similarly, in our study, TFF2 expression was signifi-

cantly higher in diffuse-type cancers than in intestinal
type. Of note, the cellular localization for TFF2 was
specific for each histologic type of cancer. In diffuse
gastric cancer, TFF2 was primarily cytoplasmic in
location (similar to the pattern in normal gastric
glands), whereas in intestinal-type gastric cancer,
there was a very weak membranous expression pat-
tern. In contrast to the report by Halldorsdottir et al
(2003), in this study, only two patients with early
gastric cancer (2 of 33, 6%) were positive for TFF2.
This discordant result could be due to the presence of
a large number of intestinal-type cancers in our series
(26 of 33), which when stained for TFF2 were mostly
either luminal or membranous staining. In our study,
tumors having luminal or membranous staining were
considered to be negative for TFF2 because most of
the positive invasive cancer cells and SPEM lineage
cells had cytoplasmic staining. The significance of the
cellular localization of TFF2 will require further inves-
tigation. If only the cytoplasmic TFF2 expression is
considered when compared with the adjacent gastric
mucosa, then it seems that TFF2 expression is down-
regulated in a large number of samples. The exact
reason for this change in the expression pattern of

Figure 5.
Disease-free survival curves stratified by the TFF2 expression are shown. A significantly (p � 0.0001, log rank test) worse survival was noticed in patients with
TFF2-positive tumors.

Table 2. Multivariate Analysis of Prognostic Factors

Prognostic Factors

Overall Survival Disease-Free Survival

� Value p Value � Value p Value

UICC stage 17.22 �0.001 26.17 �0.0001
TFF2 expression 0.68 0.4095 5.34 0.0208
Intraoperative blood loss 4.38 0.0363 4.89 0.0270
Differentiation 0.26 0.6102 1.69 0.1939
Tumor size 0.22 0.6388 0.01 0.9201
Venous invasion 3.36 0.5001 0.47 0.4930
Lymphatic invasion 5.04 0.1690 1.36 0.9825
Age 4.89 0.0270 0.65 0.4197
Sex 0.34 0.5592 0.00 0.9446
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TFF2 in carcinomas is yet to be evaluated. Park et al
(2000) reported that loss of heterozygosity is respon-
sible for down-regulation of TFF1 gene in gastric
carcinomas, and also a similar mechanism may be
responsible for down-regulation of TFF2 in gastric
carcinomas and needs further studies to reveal the
exact mechanism.

TFF peptides are protease-resistant peptides that
are believed to play a role largely in gastric cytopro-
tection. However, on the basis of the knockout mod-
els, it is likely that there are additional functions
specific to each of the TFF members. Thus, whereas
all of the trefoils seem to be up-regulated in response
to injury to the gastrointestinal mucosa, TFF2 is unique
in that it is induced the most rapidly (within 30 min-
utes). At least one study has indicated that induction
of TFF2 expression precedes that of gastrointestinal
growth factors such as epidermal growth factor and
transforming growth factor-� (Alison et al, 1997). In
addition, TFF2 is expressed by mucous neck cells in
close approximation to the proliferative zone in both
the gastric antrum and body. Several studies have
suggested that TFF2 may promote cellular prolifera-
tion (Hoosein et al, 1989; Otto et al, 1996); indeed,
TFF2-deficient mice have been reported to decrease
gastric mucosal proliferation (Farrel et al, 2002).

Taken together, the increase in TFF2 expression
noted in the larger, more advanced tumors raises the
intriguing possibility that TFF2 might play some role in
cellular proliferation and/or the growth of gastric can-
cers. Consistent with this model, we found that the
prevalence of TFF2 expression correlated with a more
advanced N stage and with the presence of lymphatic
or vascular invasion. However, it is possible that TFF2
might contribute to tumor progression in other ways,
such as cell migration, angiogenesis, or immune sup-
pression. Indeed, several studies have supported a
role with respect to cell migration and possibly inva-
sion (Efstathiou et al, 1999; Emami et al, 2001; Gran-
ess et al, 2002).

A strength of this study lies with the specific local-
ization of both mRNA and protein of TFF2 in the
cancer cells of the invasive front of the tumor sparing
the superficial luminal cancer cells. Although there
was some discrepancy between the mRNA and pro-
tein expression, both mRNA and protein of TFF2 were
detected in the invasive tumor cells. Also, the tumor
cells inside the metastatic lymph nodes of the TFF2-
positive patients were strongly positive for TFF2, indi-
cating that TFF2-positive cell lineage metastasized to
the regional lymph nodes and the metastatic pheno-
type could be attributable to the TFF2 expression by
the tumor cells. This finding further strengthens the
conclusions of previous in vitro studies stating that
TFF2 is intricately related with cancer cell motility and
invasion (Efstathiou et al, 1999; Emami et al, 2001;
Graness et al, 2002; Playford et al, 1995). In an in vitro
wound-induced cell migration assay using confluent
rat intestinal epithelial cells, Dignass et al (1994)
showed that application of TFF2 enhanced migration
of cells into the wound approximately 4-fold. In addi-
tion, Playford et al (1995) showed that TFF2 induced

vertical invasion of HT29 cells into type I collagen gel
in a dose-dependent manner.

Thus, several of the downstream molecular path-
ways connecting the trefoil peptides with the invasive
phenotype of cells are becoming clear. The results of
several recent studies seem to support the idea that
epidermal growth factor receptors, mitogen-activated
protein kinase, and adenomatous polyposis coli
(APC)/E-cadherin/�-catenins are regulated by the tre-
foil peptides (Efstathiou et al, 1999; Liu et al, 1997;
Taupin et al, 1999). It was reported that E-cadherin
expression was reduced in the restitutive monolayer
epithelium of ulcers in which trefoil peptides were
expressed (Hanby et al, 1996). More recently, Emami
et al (2001) showed that activation of several other
signaling pathways involving the cellular transforma-
tion and survival, namely, src/RhoA, PI3-K/Akt, and
phospholipase C/protein kinase C, play a crucial role
in cellular invasion by TFFs. However, the precise
mechanism by which TFF2 is able to exert these
effects is currently not known. Although specific re-
ceptors have been postulated and some candidate
binding proteins have been identified, further investi-
gation is needed to clarify these pathways.

Accordingly, TFF2 expression status seems to be a
good candidate to become an independent prognos-
tic marker for disease recurrence along with other
conventional prognostic factors in gastric cancer pa-
tients. Yamachika et al (2002) made a similar sugges-
tion that the expression of TFF3 could become an
important prognostic marker for gastric carcinoma
patients. The results of our study indicate that TFF2
may be responsible for decreased cell–cell/substra-
tum adhesion, cellular invasion, and poor prognosis in
gastric cancer and, therefore, could be a useful target
for intervention of progression of gastric cancer. Fu-
ture prospective studies will be needed to define the
utility of TFF2 expression with clinical behavior and
outcome and its biologic role in cancer progression.

The absence of TFF2 expression in many of the
early gastric cancers and intestinal metaplasias might
suggest that TFF2 expression may play less of a role in
the early stages of gastric carcinogenesis. However,
although the numbers were small, it should be noted
that an equal percentage of diffuse-type early gastric
cancers (2 of 7) were positive for TFF2 immunostain-
ing. A recent study by Schmidt et al (1999) described
the presence of a TFF2-positive cell lineage with
morphologic features similar to pyloric metaplasia or
Brunner’s glands in the duodenum that occurred in
association with gastric cancer. We also found in
noncancerous portions of the gastric body of our
patients an altered pattern of TFF2 immunostaining
that was consistent with this lesion (labeled SPEM). As
reported by other authors (Halldorsdottir et al, 2003;
Schmidt et al, 1999), we also found that the incidence
of SPEM lineage of metaplasia was significantly higher
than the incidence of intestinal metaplasia in adjacent
gastric mucosa to the cancers. This may indicate a
strong association between the SPEM lineage cells
and gastric adenocarcinoma. Further studies will need
to address the significance of this TFF2 expressing
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cell lineage and whether it represents the precursor
lineage for gastric cancer.

Materials and Methods

Patients and Samples

Between February 1990 and December 1998, 111
patients who had advanced gastric cancer and were
undergoing a curative resection were included in this
study. Another 33 patients who were randomly se-
lected from a pool of early gastric cancer patients
were also included. Of these patients, 48 were women
and 96 were men; their ages ranged from 29 to 94
years. Immediately after resection, all specimens were
opened in the operating room and photographed for
documentation. According to a prospective protocol,
tumor and all lymph nodes (LNs) were cut at several
levels and embedded in paraffin, and sections were
taken for routine hematoxylin-eosin staining. An expe-
rienced pathologist checked all of these slides and
documented the pathologic characteristics of the tu-
mor and LNs. Tumor stage was defined according to
the International Union Against Cancer (UICC)-Tumor
Node Metastasis (TNM) (1997) staging system. Histo-
logic classification was done according to the Lauren
classification. The follow-up was complete in all pa-
tients. The data obtained at regular follow-up visits at
the outpatient department were stored in a database
specially designed for gastric carcinoma patients. An
update inquiry about the present status of all surviving
patients was made by telephone call in March 2002. In
case of any recurrence, the exact date of disease
recurrence was collected from the referring physician
or from the physician who attended the patient for the
first time for the diagnosis of the disease recurrence.
All patients provided consent for use of tumor tissue
for clinical research, and the University Ethical Com-
mittee approved the research protocol.

Immunohistochemistry

We used a highly specific mAb against the TFF2,
which was proved effective in detecting TFF2 on
paraffin sections (Elia et al, 1994; Playford et al, 1995).
Representative paraffin sections containing both the
normal mucosa and the invasive front of the tumor
tissue were selected for the immunohistochemical
staining. Also, regional metastatic LNs from selected
patients were used for the immunohistochemistry.
Briefly, slides were deparaffinized, rehydrated in
graded alcohols, and placed in PBS solution. Antigen
retrieval was done by autoclaving the slides for 10
minutes in citrate buffer (pH 6.0; Dako ChemMate;
Dako, Glostrup, Denmark). Endogenous peroxidase
activity was quenched by dipping in 3% H2O2 for 30
minutes, and nonspecific binding was blocked by
treating slides with normal rabbit serum for 30 min-
utes. Mouse anti-human TFF2 mAb (GE16C clone;
Novocastra Laboratories Ltd., Newcastle, United
Kingdom; 1:50 dilution) was used at 4° C for overnight
incubation. The streptavidin-biotin peroxidase com-
plex method was used for the immunohistochemical

steps and were done with a commercially available kit
(Histofine SAB-PO kit; Nichirei, Tokyo, Japan) as we
described previously (Nagasue et al, 2000). Color
development was done with the peroxidase substrate
3-amino-9-ethylcarbazole. Adjacent normal mucosa
served as an internal positive control, and in negative
control slide, the primary antibody was replaced by
nonimmune serum.

Double immunohistochemical staining was per-
formed to simultaneously localize �-smooth muscle
actin (�-SMA) and TFF2 using a labeled-[strept]avidin-
biotin method as we described previously (Nagasue et
al, 2000). An affinity-purified biotinylated secondary
antibody in conjunction with streptavidin-peroxidase
(for TFF2) and streptavidin-alkaline phosphatase (for
�-SMA) was used. In between the staining of the two
proteins, slides were microwaved (5 minutes �2) to
prevent the cross-reactivity of the antibodies.

Northern Blot Analysis

Frozen tissues suitable for RNA extraction were avail-
able in 31 patients and were used for Northern blot
analysis. Total RNA was extracted from tumor and
corresponding normal mucosa samples using the TRI
reagent (Molecular Research Center, Inc., Cincinnati,
Ohio) following the manufacturer’s instructions. Sam-
ples of 20 �g of total RNA were resolved by electro-
phoresis on 1% formaldehyde-agarose gels and
transferred to nylon membranes. The integrity of the
RNA was checked by ethidium bromide staining of the
gel before transfer to the nylon membrane. The blots
were baked at 80° C for 2 hours and were prehybrid-
ized with rapid-hyb buffer (Amersham Pharmacia Bio-
tech UK Limited, Little Chalfont Buckinghamshire,
England) at 65° C for 15 minutes. A full-length cDNA of
TFF2 was amplified by nested PCR and cloned into a
TA cloning vector (pGEM-T Easy Vector Systems;
Promega, Madison, Wisconsin). The sequence of the
insert was confirmed with a DNA sequencer (Applied
Biosystems, Newark, Connecticut; Sawade Technol-
ogy Ltd., Tokyo, Japan). Hybridization was done with
the same prehybridization solution in the presence of
denatured [32P]radiolabeled (rediprime II, Amersham
Pharmacia Biotech UK Limited) probe for 18 hours at
65° C. After three stringency washes, the blots were
exposed to imaging plates (Fuji Photo Film Company,
Ltd., Tokyo, Japan) overnight, and the signals were
processed by the BAS 2000 II (Fujix Bas-station,
version 1.31, Fuji Photo Film Company) for quantifica-
tion of mRNA. Signals were corrected for 28S signals
generated by ethidium bromide staining of the gel
before transfer to the nylon membrane.

In Situ Hybridization

Sections from selected cases having positive (n � 10)
and negative (n � 10) TFF2 expression by immuno-
histochemical analysis were used for in situ hybridiza-
tion. Parallel sections were used from each patient for
sense and antisense probe. A full-length cDNA of
TFF2 was used for the probe construction. A
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digoxigenin-labeled sense and antisense RNA probe
was transcribed by T7 and SP6 RNA polymerase,
respectively, with a DIG RNA labeling kit according to
the manufacturer’s instructions (Boehringer Mann-
heim, Mannheim, Germany). Hybridization and the
immunohistochemical steps were done as we de-
scribed previously (Nagasue et al, 2000).

Statistical Analysis

The correlation between TFF2 expression and various
clinicopathologic parameters was determined by the
Fisher’s exact test or Mann-Whitney U test as appro-
priate. The correlation between the immunohisto-
chemical data and the Northern blot data was exam-
ined by the Spearman’s rank test. The survival curves
were plotted using the Kaplan-Meier method, and the
statistical significance between groups was deter-
mined by the log rank test. The end points for analysis
were the disease-free survival and the overall survival
starting from the day of operation. Independent vari-
ables predicting survival were evaluated by the multi-
ple stepwise regression analysis using the Cox model.
The Statview 4.5J (Abacus Concepts, Berkeley, Cali-
fornia) software was used for data analysis.
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