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Abstract: Sporadic fundic gland polyps (FGP) are the most

common type of gastric polyps and their pathogenesis is still
unclear, although a b-catenin gene mutation has been described.
They are regarded as benign lesions but low-grade dysplasia has
been observed, arising more debate on their potential progres-

sion to a malignant phenotype. We investigated in FGP the role
of factors involved in cell integrity, proliferation, and inter-
cellular adhesion: trefoil peptides (TFF1, TFF2), MIB1,

E-cadherin, and b-catenin. We selected randomly 24 patients
with FGP, 24 with normal gastric mucosa and 12 with atrophic
gastritis with diffuse intestinal metaplasia (IM-gastritis), all

Helicobacter pylori negative. The expression of all factors was
examined by immunohistochemistry. In polyps and normal
mucosa, TFF1 is expressed only in foveolar compartment

whereas in IM-gastritis the signal is reduced in all the
compartments. TFF2 is expressed in polyps and normal mucosa,
in proliferative and basal compartment, whereas in IM-gastritis
the expression is reduced or absent. E-cadherin is expressed in

the entire zone: with a medium signal in normal mucosa and
polyps, and weaker in IM-gastritis. The b-catenin’s signal in
normal mucosa and polyps is moderate-to–intense in prolif-

erative and basal compartments, whereas in IM-gastritis signal
is significantly reduced in all the compartments. MIB1 in normal
mucosa and polyps is expressed only in proliferative compart-

ment, whereas its expression is stronger in IM-gastritis and
involves also basal compartment. In conclusion all the factors
considered were normally expressed in FGP and this, especially
considered against the findings in IM-gastritis, supports the

benign nature of FGP.

Key Words: b-catenin, E-cadherin, fundic gland polyps, MIB1,
trefoil peptides

(Appl Immunohistochem Mol Morphol 2009;17:431–437)

Fundic gland polyps (FGP) constitute the most
common gastric polyps (47%), arising in 2 distinct

clinicopathologic scenarios: sporadic and syndromic.
Sporadic FGP are encountered in 0.9% to 1.9% of
patients who undergo upper gastrointestinal (GI) endo-
scopic evaluation, and are most frequent in middle-aged
women.1,2

Macroscopically and histologically, FGP are typi-
cally small polyps (2 to 5mm) located on the gastric
body and fundus, and may be single or multiple.3,4 Most
commonly, the surface epithelium of FGP closely
resembles the normal gastric surface epithelium. The
nature of FGP is still debated: most authors have
considered them to be hamartomatous lesions, others as
a peculiar form of hyperplastic polyps.5 Recently, the
World Health Organization classification6 described FGP
as a type of polyps consisting of a localized hyperplasia of
the deep epithelial compartment of the fundic mucosa,
specially of mucous neck cells with a variable degree of
cystic dilatation. The frequency of dysplasia in FGP is
closely associated with the setting in which they arise: in
fact, dysplasia is common in familial adenomatous
polyposis-associated FGP (25% to 53%), but rare in
sporadic forms (2% to 3%).7–10 Although sporadic forms
are generally assumed to be nonneoplastic lesions, the
recent observation of dysplasia in these polyps has
reawakened the debate on their potential for progression
to a malignant phenotype.

Several cellular factors, such as trefoil peptides
(TFFs), E-cadherin, and b-catenin, which have been
shown to regulate mucosal integrity, intercellular adhe-
sion, and cell proliferation, have been studied on GI
diseases for their role in the early steps of cancerogenesis.

TFFs are a family of small peptides bearing 1 or
more trefoil structural motifs (P-domain) and they are
synthesized and secreted by mucin-secreting epithelial
cells lining the GI tract.11–13 In normal gastric mucosa,
TFF1 is localized in the surface/foveolar epithelium and
TFF2 is expressed in mucous cells of the neck zone of the
oxyntic mucosa and in the antral glands.

TFF peptides have a pivotal cytoprotective role in
maintaining the surface integrity of GI mucosa, forming
stable gel complexes with mucins that can withstand the
mechanical stress and GI proteases.14 In response toCopyright r 2009 by Lippincott Williams & Wilkins
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injury, they are rapidly upregulated near sites of mucosal
lesions and this induction is not tissue-specific.15,16

TFF1 is also an important player in regulating
the balance between GI cell proliferation, differentiation,
and death: dysregulation of this sensitive equilibrium may
easily contribute to cancer progression. In fact, TFF1 and
TFF2 are frequently downregulated in primary gastric
cancer.17–19

The normal expression of intercellular adhesion
molecules is a key factor for the maintenance of tissue
architecture and homeostasis. The E-cadherin/catenins
complex is the main component of adherent junctions:
E-cadherin binds to the cytosolic catenin family proteins
(a, b, g catenin), which link to the actins to form the cell
cytoskeleton.20–22 The b-catenin may be expressed on the
membrane, in the cytoplasm, or in the nucleus, perform-
ing different roles; in particular, when it is transferred to
the nucleus, it stimulates transcription of target genes
which activate cell cycle.

Changes or dysfunctions in this complex give rise to
a loss of cell adhesion and polarity, like in carcinomas,
permitting or enhancing cell invasion of adjacent tissue.23

A somatic b-catenin mutation has recently, been
described in sporadic FGP (91%), but it is not associated
with abnormal expression or subcellular localization.24

To better-characterized sporadic FGP, we investi-
gate the expression of these cellular factors that have been
shown to regulate cell integrity, intercellular adhesion,
and cell proliferation.

MATERIALS AND METHODS

Patients
From January 2002 to June 2004, among 5328

patients who underwent upper GI endoscopy at the GI
endoscopy unit of Padua Hospital, we found 229 (4.3%)
with sporadic FGP. FGP were most frequently found in
women (70%), with a mean age of 54 years, and in 3.24%
of patients, polyps were associated at Helicobacter pylori
infection (33% in patients without FGP; P<0.0001).
None of the sporadic FGP evaluated had dysplasia.

Sixty patients, all H. pylori negative, were randomly
selected from this database and were divided into the
following groups: 24 patients with sporadic FGP (60%
female, average age 53±12.8 y), 24 patients with normal
gastric mucosa (75% female, average age 46±12 y), and
12 patients (75% female, average age 67±8y) with
atrophic gastritis with diffuse intestinal metaplasia (IM)
of the glands (according to modified Sydney System).25

Immunohistochemistry
Immunohistochemistry for TFF1, TFF2, E-cadher-

in, b-catenin, and MIB-1 was performed on paraffin-
embedded tissue samples. Formalin-fixed sections (5mm
thick) were deparaffinized, rehydrated, and washed in
phosphate buffered saline (pH 7.4).

Endogenous peroxidase activity was inhibited by
treatment with 3% hydrogen peroxide for 10 minutes,
and then sections were heated in microwave oven for 20

minutes at 750W in 10mM citrate buffer (pH 6.0). After
incubation with 5% normal blocking serum for 20 minutes,
sections were incubated with primary antibodies (TFF1,
1:100 dilution, Zymed Laboratories, San Francisco, CA;
TFF2, 1:25 dilution, NovoCastra Laboratories, Newcastle
upon Tyne, UK; E-cadherin and b-catenin, 1:250 dilui-
tion, BD Transduction Laboratories, San Jose, CA; MIB-
1, 1:150 dilution, Dako Cytomation Denmark) overnight
at 41C. After rinsing with phosphate buffered saline, slides
were incubated with biotinylated secondary antibody
and then with peroxidase substrate solution (R.T.U.
VECTASTAIN Elite Universal ABC kit, Vector Labora-
tories, Burlingame, CA).

Staining was developed by reaction with 3,30-
diaminobenzidine substrate-chromogen solution (Dako-
Cytomation, Denmark A/S Glostrup, Denmark), and
followed by counterstaining with Mayer’s hematoxylin
solution. All immunoreactions were manually performed.

Normal gastric mucosa was used as negative control
and atrophic gastritis with IM as positive control.

Determination of Labeling Index
Only sections with a full thickness of mucosa

(epithelium+lamina propria+muscularis mucosae) were
considered.

The immunoreaction was tested considering the
gastric glands divided into 3 zones: zone 1 (isthmus ie,
proliferative zone), zone 2 (gland base), and zone 3
(gastric pit).

For all immunoreactions, the number of positive
staining cells (nuclei or cytoplasm) in every 500 epithelial
cells was counted in each zone and expressed as a
percentage.

A semiquantitative score was used:
0=absent.
1=positivity till 30% of examined cells.
2=positivity between 31% and 60% of examined
cells.
3=positivity more than 61% of examined cells.

Statistical Analysis
Statistical analyses were performed with the Pear-

son-w2 test, and a P value of less than 0.05 was regarded
as statistically significant.

RESULTS

TFF Peptides
In normal gastric mucosa and in FGP, TFF1 is

expressed only in the foveolar compartment, with a
strong cytoplasmatic signal, whereas in atrophic gastritis
with IM we found a weaker expression and anomalies in
the glandular localization of TFF1: it is more weakly
expressed in the foveolar compartment (P<0.00001), but
it is also unusually found in the basal and proliferative
compartments (P<0.001) (Figs. 1–3).

TFF2 is expressed in normal gastric mucosa and in
FGP, in the proliferative and basal compartments, with
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a cytoplasmatic localization, and it is absent in foveolar
pits. In atrophic gastritis, in contrast, TFF2 is absent in
all the compartments (P<0.0001) (Figs. 1–3).

E-cadherin/b-catenin
E-cadherin is characterized by a different pattern

of expression in the tissue studied: in normal mucosa
and FGP it shows a membrane expression in all the
compartments whereas in atrophic gastritis with IM
E-cadherin’s immunostaining is weaker along the whole
gastric gland (P<0.01) (Figs. 2, 3).

In normal mucosa and FGP, b-catenin is always
expressed in the proliferative and basal compartments,
whereas in the foveolar region it is found only in 32% of
cases. In atrophic gastritis with IM, the signal is
significantly reduced in all the compartments studied
(atrophic gastritis vs. normal gastric mucosa: Z1 and Z2

P=0.0002; Z3 P<0.01). There is no detectable nuclear
staining of b-catenin in any examined section (Figs. 2, 3).

MIB1
In normal mucosa and FGP, MIB-1 signal is

present only in the proliferative compartment, with a
weaker signal in FGP (P=0.03), whereas in atrophic
gastritis with IM the expression is stronger and involves
also basal compartment (P<0.001) (Figs. 2, 3).

DISCUSSION
In our population the frequency of FGP is 4.3% in

accordance with the literature, more common in women,
with low prevalence of H. pylori infection.3,26

The origin and the risk of progression of FGP
remain uncertain: several factors have been studied for
their possible role in their pathogenesis as proton pump
inhibitors, hormonal factors, and b-catenin alteration.

A B C

D E F

FIGURE 1. Expression of trefoil peptides (TFF1 and TFF2): TFF1 only occurs in the foveolar compartment of normal gastric mucosa
(A) and the same pattern FGP (B). In atrophic gastritis with IM (C), the signal is significantly reduced in the foveolar compartment
(C). Original magnification: 200� for normal gastric mucosa, 50� for FGP and IM-gastritis. TFF2 is found in the basal and
proliferative compartments of normal gastric mucosa (D) and FGP (E). In atrophic gastritis with IM (F), the signal is significantly
reduced or absent throughout the gastric gland. Original magnification: 50� for all the samples. FGP indicates fundic gland
polyps; IM, intestinal metaplasia.
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Figure 2. E-cadherin is expressed in all the compartments of normal gastric mucosa (A) and FGP (B). The detail of atrophic
gastritis with IM shows a reduced E-cadherin expression in all compartments (C). Original magnification: 200� for all the
samples. The b-catenin is expressed in all compartments of normal gastric mucosa (D) and FGP (E). In atrophic gastritis with IM
(F), the signal is significantly reduced in all compartments. Original magnification: 200� for normal gastric mucosa, 100� for
FGP and IM-gastritis. MIB1 is only expressed in the proliferative compartment of normal gastric mucosa (G) and FGP (H), whereas
in atrophic gastritis with IM (I) the signal is stronger and also involves the basal compartment. Original magnification: 50� for all
the samples. FGP indicates fundic gland polyps; IM, intestinal metaplasia.
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FGP have generally been regarded as nonneoplastic
lesions; however, dysplasia has been recently demon-
strated.7–9,27

To clarify their pathogenesis and characteristics we
compared the expression of TFF1, TFF2, b-catenin,
E-cadherin and MIB1 in FGP, normal gastric mucosa,
and atrophic gastritis with IM (type of gastritis which
could evolve into carcinoma)25; all cases were H. pylori
negative, to exclude possible interferences related to the
infection.

In FGP, we found a normal expression of TFF1 (in
foveolar region) and TFF2 (in the basal compartment),
suggesting integrity of mucoprotective function and
cellular proliferation, regulated by TFF peptides. In
atrophic gastritis with IM, in contrast, the expression of
TFF peptides was significantly reduced in all compartments
(P<0.0001), probably due to a decrease in the number of
gastric gland cells producing TFFs owing to atrophy.

To our knowledge, only 1 study has evaluated the
expression of TFF2 in gastritis, in which Hu et al28

demonstrated increased levels of TFF2 in both chronic

superficial gastritis and chronic atrophic gastritis. This
finding is only apparently in contrast with our results: the
stronger expression of TFF2 in chronic atrophic gastritis
than in normal gastric mucosa, described by Hu et al, is
probably due to the high prevalence of H. pylori infection
(60%) among the subjects considered. It is well known
that the inflammatory injury, caused by the infection,
induces an increase in TFF2 expression, which would
explain the higher TFF2 signal in H. pylori positive cases
of atrophic gastritis. To avoid any interferences between
H. pylori infection and TFF2 expression, we only
considered atrophic gastritis with IM samples from
H. pylori negative patients. For this reasons we believed
that, in our study, the lower TFF2 expression found in
atrophic gastritis with IM is more likely to be related to
the degree of cell atrophy.

The E-cadherin/b-catenin complex plays a pivotal
role in the maintenance of normal tissue architecture and
in the suppression of cancer invasion: in fact recently a
downregulation of this complex has been demonstrated in
early gastric cancer.29,30
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FIGURE 3. Signal intensity is expressed using a semiquantitative score index for each gland zone. Trefoil peptide (TFF1)
*P<0.0001 GAM versus FGP and normal mucosa. TFF2 *P<0.0001 GAM versus FGP and normal mucosa. The b-catenin
*P<0.0001 GAM versus FGP and normal mucosa, **P<0.01 GAM versus normal mucosa; E-cadherin **P<0.01 GAM versus FGP
and normal mucosa; MIB1 **P<0.01 GAM versus FGP and normal mucosa, **P<0.01 FGP versus normal mucosa. FGP indicates
fundic gland polyps; G, atrophic gastritis; GAM, gastric mucosa; N, normal gastric mucosa; P, fundic gland polyps; Z1,
proliferative zone; Z2, gland base; Z3, gastric pit.
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We found a normal expression and location of
b-catenin in FGP: immunostaining shown diffuse mem-
branous positivity and no nuclear staining was apparent
in any of the cases. Abraham et al demonstrated a high
frequency of b-catenin gene mutation in sporadic FGP,
suggesting that these polyps are clonal lesions and arise
through genetic alterations rather like those associated
with some adenomatous polyps of the GI tract. Despite
this genetic mutation, however, they found no nuclear
accumulation of b-catenin at immunohistochemistry, sug-
gesting that the adenomatosis polyposis coli /b-catenin
signaling pathway is not completely deregulated in FGP,
despite b-catenin gene mutation.20,31

In addition, E-cadherin expression, studied here for
the first time in FGP, proved to be normal in all cases:
these observation further suggesting the integrity of the
tissue architecture and normal E-cadherin/b-catenin-
mediated cellular adhesion. In atrophic gastritis with
IM, immunostaining of the complex was significantly
reduced in all compartment studied, suggesting that an
altered expression of this complex plays an important role
in tumorogenesis.22,29,30

To date, the etiopathogenesis of FGP is not well
known, but cell proliferation is bound to be a key point in
the polyp’s development. MIB1 signal in FGP is confined
to the proliferative compartment, as in normal gastric
mucosa, with a weaker signal (P=0.03). In literature
adenomatous and hyperplastic polyps are characterized
by enhanced proliferative activity.22,32–34

MIB1 immunostaining in atrophic gastritis IM was
significantly increased in the proliferative and basal
compartments: in literature the overexpression of cell
proliferation is generally used as a reliable marker of a
premalignant evolution and tumor progression.35

From our results, we can suggest that cell prolifera-
tion in FGP only increases in the earlier step, subse-
quently returns to basal levels.

In conclusion, in FGP the normal expression of all
factors studied suggests the integrity of mechanism of GI
protection and intercellular adhesion, and the reduced
proliferative activity would confirm the benign nature of
these polyps.

REFERENCES
1. Stolte M, Sticht T, Eidt S, et al. Frequency, location, and age and

sex distribution of various types of gastric polyp. Endoscopy. 1994;
26:659–665.

2. Dickey W, Kenny BD, McConnell JB. Prevalence of fundic gland
polyps in a Western European population. J Clin Gastroenterol.
1996;23:73–75.

3. Burt RW. Gastric fundic gland polyps. Gastroenterology. 2003;125:
1462–1469.

4. Marcial MA, Villafana M, Hernandez-Denton J, et al. Fundic gland
polyps: prevalence and clinicopathologic features. Am J Gastro-
enterol. 1993;88:1711–1713.

5. Wei J, Chiriboga L, Yee H, et al. Altered cellular distribution of
tuberin and glucocorticoid receptor in sporadic fundic gland polyps.
Mod Pathol. 2002;15:862–869.

6. Miettinen M, Blay JY, Sobin LH, et al. WHO Classification of
Tumours. Pathology and Genetics: Tumours of the Digestive Systems.
Lyon, France: IARC Press; 2000:29, 58, 65,142–143.

7. Jalving M, Koornstra JJ, Boersma-van Ek W, et al. Dysplasia in
fundic gland polyps is associated with b-catenin expression and
relatively high cell turnover rates. Scand J Gastroenterol. 2003;
9:916–922.

8. Jalving M, Koornstra JJ, Gotz JM, et al. High-grade dysplasia in
sporadic fundic gland polyps: a case report and review of the
literature. Eur J Gastroenterol Hepatol. 2003;15:1229–1233.

9. Abraham SC, Park SJ, Mugartegui L, et al. Sporadic fundic gland
polyps with epithelial dysplasia: evidence for preferential targeting
for mutations in the adenomatous polyposis coli gene. Am J Pathol.
2002;161:1735–1742.

10. Kinoshita Y, Tojo M, Yano T, et al. Incidence of fundic gland
polyps in patients without familial adenomatous polyposis. Gastro-
intest Endosc. 1993;39:161–163.

11. Machado JC, Nogueira ANMF, Carneiro F, et al. Gastric
carcinoma exhibits distinct types of cell differentiation: an immu-
nohistochemical study of trefoil peptides (TFF1 and TFF2) and
mucines (MUC1, MUC2, MUC5AC, and MUC6). J Pathol. 2000;
190:437–444.

12. Hoffmann W. Trefoil factor family peptides: regulators of mucosal
regeneration and repair, and more. Peptides. 2004;25:727–730.

13. Podolsky DK. Mechanism of regulatory peptide action in the
gastrointestinal tract: trefoil peptide. J Gastroenterol. 2000;35 (suppl
XII):69–74.

14. Thim L, Madsen F, Poulsen SS. Effect of trefoil factors on the
viscoelastic properties of mucus gels. Eur J Clin Invest. 2002;32:
519–527.

15. Khan ZE, Wang TC, Cui G, et al. Transcriptional regulation of the
human trefoil factor, TFF1, by gastrin. Gastroenterology. 2003;125:
510–521.

16. Taupin D, Wu DC, Jeon WK, et al. The trefoil gene family are co-
ordinately expressed immediate-early genes: EGF receptor and
MAP Kinase-dependent interregulation. J Clin Invest. 1999;103:
R31–R38.

17. Nogueira AMMF, Machado JC, Carneiro F, et al. Patterns of
expression of trefoil peptides and mucins in gastric polyps with and
without malignant transformation. J Pathol. 1999;187:541–548.

18. Leung WK, Yu J, Chan FKL, et al. Expression of trefoil
peptides (TFF1, TFF2 and TFF3) in gastric carcinomas, intestinal
metaplasia, and non neoplastic gastric tissues. J Pathol. 2002;197:
582–588.

19. Kirikoshi H, Katoh M. Expression of TFF1, TFF2 and TFF3 in
gastric cancer. Int J Oncol. 2002;21:655–659.

20. Buda A, Pignatelli M. Cytoskeletal network in colon cancer: from
genes to clinical application. Int J Biochem Cell Biol. 2004;36:
759–765.

21. Wijnhoven BP, Pignatelli M. E-cadherin-catenin: more than a
‘‘sticky’’ molecular complex. Lancet. 1999;354:356–357.

22. Chan AO, Wong BC, Lan HY, et al. Deregulation of E-cadherin-
catenin complex in precancerous lesions of gastric adenocarcinoma.
J Gastroenterol Hepatol. 2003;8:534–539.

23. Takeichi M. Cadherin cell adhesion receptors as a morphogenetic
regulator. Science. 1991;251:1451–1455.

24. Abraham SC, Nobukawa B, Giardiello FM, et al. Sporadic fundic
gland polyps: common gastric polyps arising through activat-
ing mutations in the b-catenin gene. Am J Pathol. 2001;158:
1005–1010.

25. Dixon MF, Genta RM, Yardley JH, et al. Classification and grading
of gastritis: the updated Sydney system. International workshop on
the histopathology of gastritis, Huston 1994. Am J Surg Pathol.
1996;20:1161–1181.

26. Lee RG, Burt R. The histopatology of fundic gland polyps of the
stomach. Am J Clin Pathol. 1986;86:498–503.

27. Stolte M, Vieth M, Ebert MP. High-grade dysplasia in sporadic
fundic gland polyps: clinically relevant or not? Eur J Gastroenterol
Hepatol. 2003;15:1153–1156.

28. Hu GH, Yu BP, Dong WG, et al. Expression of 8TFF2 and
helicobacter pylori infection in carcinogenesis of gastric mucosa.
World J Gastroenterol. 2003;9:910–914.

29. Joo YE, Rew JS, Choi SK, et al. Expression of E-cadherin and
catenins in early gastric cancer. J Clin Gastroenterol. 2002;35:35–42.

D’Odorico et al Appl Immunohistochem Mol Morphol � Volume 17, Number 5, October 2009

436 | www.appliedimmunohist.com r 2009 Lippincott Williams & Wilkins



30. Song SY, Kim S, Kim DS, et al. Abnormal expression of E-cadherin
in early gastric carcinoma: its relationship with macroscopic growth
patterns and catenin alpha and beta. J Clin Gastroenterol. 2004;
38:252–259.

31. Hassan A, Yerian LM, Kuan SF, et al. Immunohisto-
chemical evaluation of adenomatous polyposis coli, b-catenin,
c-Myc, cyclin D1, p53 and retinoblastoma protein expression
in syndromic and sporadic fundic gland polyps. Hum Pathol. 2004;
35:328–334.

32. Mitsufji S, Tsuchihashi Y, Kodama T. Histogenesis of hyperplastic
polyps of the stomach in terms of cellular proliferation.
J Gastroenterol. 1994;29:559–568.

33. Risio M, Arrigoni A, Pennazio M, et al. Mucosal cell proliferation

in patients with hyperplastic colorectal polyps. Scand J Gastro-

enterol. 1995;30:344–348.

34. Yao T, Kajiwara M, Kuroiwa S, et al. Malignant transformation

of gastric hyperplastic polyps: alteration of phenotypes, proliferative

activity, and p53 expression. Hum Pathol. 2002;33:1016–1022.

35. Chen H, Wang LD, Guo M, et al. Alterations of p53 and PCNA in

cancer and adjacent tissues from concurrent carcinomas of the

esophagus and gastric cardia in the same patient in Linzhou, a high

incidence area for esophageal cancer in northern China. World J

Gastroenterol. 2003;9:16–21.

r 2009 Lippincott Williams & Wilkins www.appliedimmunohist.com | 437

Appl Immunohistochem Mol Morphol � Volume 17, Number 5, October 2009
Sporadic FGP And Evidence

Toward Their Benign Nature


