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SUMMARY
Pyloric gland adenoma is a rare neoplasm with a gastric epithelial differentiation. We report 23 cases of pyloric gland adenoma in older persons, with a mean
age of 74 years (range 52 - 87 years). They occurred in the esophagus (3 cases), corporal gastric mucosa (7 cases), duodenum (10 cases), gallbladder (2 cases),
and choledochus (one case). Histologically, they were characterized by closely packed pyloric gland-type tubules with a monolayer of cuboidal to low columnar
epithelial cells containing basally located round nuclei, and a superficial layer of tall, columnar, foveolar-type epithelium. Immunohistochemically, most tumor
glands expressed pyloric gland mucin MUC6, whereas MUC5AC was positive in superficial gastric foveolar epithelium, and in a minority of glands. In addition,
scattered neuroendocrine cells positive for chromogranin A and/or synaptophysin were seen in all cases. In 3 cases (two cases in the gallbladder and one case
in the esophagus), areas of intestinal metaplasia with CK20, CDX2, and MUC2 positivity were found. Focal low-grade dysplasia was found in five cases (21.7%),
and diffuse high-grade dysplasia was seen in one adenoma (4.4%), i.e., 6 of 23 PGAs (26.1%) showed dysplastic features. In one esophageal case, an invasive
adenocarcinoma was diagnosed. Scattered p53 positive cells were found in all cases. Their number was higher in lesions with low-grade dysplasia and it was
substantially increased in adenoma with high-grade dysplasia and in adenocarcinoma. Our molecular genetic results indicate that pyloric gland adenoma’s neoplastic nature is associated with p53 accumulation, mutations in oncogenes GNAS, KRAS, CTTNB1 and tumor suppressor genes SMAD4, and TP53. Pyloric gland
adenoma can evolve into dysplasia and adenocarcinoma.
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Adenom pylorických žlázek: histologické, imunohistochemické
a molekulárně genetické zhodnocení 23 nádorů
SOUHRN
Adenom pylorických žlázek je vzácný nádor charakterizovaný gastrickou diferenciací nádorových buněk. Prezentujeme sestavu 23 těchto adenomů, které se
vyskytovaly v jícnu (3 případy), korporální sliznici žaludku (7 případů), duodenu (10 případů), žlučníku (dvakrát) a v choledochu (jednou) starších osob (průměrný věk 74,5 let). Histologicky tvořily převážnou část lézí hustě uspořádané tubulární žlázky vystlané kubickým nebo nízce cylindrickým epitelem s bazálně uloženými jádry. Povrch byl krytý vysokým cylindrickým epitelem foveolárního typu. Imunohistochemicky vykazovala většina žlázek pozitivitu hlenu pylorických
žlázek MUC6, zatímco povrchový epitel a některé žlázky exprimovaly foveolární hlen MUC5AC. Ve všech nádorech se vyskytovaly disperzní neuroendokrinní
buňky. Ve třech případech (dvakrát ve žlučníku a jednou v jícnu) byla prokázána ložisková intestinální metaplazie, která se vyznačovala pozitivitou CK20, CDX2
a MUC2. Ložisková low-grade dysplazie byla nalezena v 5 adenomech (21,7 %) a high-grade dysplazie v jednom adenomu jícnu (4,4 %), tj. celkem se dysplazie
vyskytovala v 6 z 23 adenomů (26,1 %). V dalším nádoru jícnu byl diagnostikován invazivní adenokarcinom. Disperzní p53 pozitivní buňky se vyskytovaly ve
všech nádorech. Jejich počet byl výrazně zvýšen v low-grade dysplazii a zvláště v high-grade dysplazii a v adenokarcinomu. Molekulárně genetické výsledky
potvrdily nádorovou povahu těchto lézí s nejistým biologickým chováním, charakterizovanou akumulací p53, mutacemi v onkogenech GNAS, KRAS, CTTNB1,
tumor supresorových genech SMAD4 aTP53.
Klíčová slova: adenom pylorických žlázek – žaludeční hleny – gastrická metaplazie a heterotopie – dysplazie – adenokarcinom – mutace
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Pyloric gland adenoma (PGA) is a recently described lesion
of the digestive system. It occurs in the esophagus, stomach,
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duodenum, pancreatobiliary system including the gallbladder,
and in the rectum (1-12). PGA occurs predominantly in old patients, more frequently in women than in men. Endoscopically, it
appears usually as a small nodular or papillary lesion, but rarely,
it can reach a size of several centimeters (3). Histologically, the
tumor is composed of closely packed tubular glands resembling
pyloric glands, with a superficial layer of apical gastric epithelium. The main importance of diagnosis of PGA is in an uncertain
behavior of this lesion, with observed malignant transformation
in 12-30% of cases (2,3,5,8,10,11). It is suggested that PGA deve-
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lops in the mucosa with pyloric metaplasia due to chronic irritation or in the gastric heterotopia of the gastrointestinal tract (36,8,10-13). We would like to present our series of 23 PGAs examined histologically, immunohistochemically, and with molecular
genetic methods. We have focused also on the occurrence of
intestinal metaplasia, dysplasia and malignant transformation.
Because it had been suggested that PGA could arise in gastric
heterotopias (5), we searched in a control group of duodenal
and esophageal gastric heterotopias for MUC6-positive pyloric
gland differentiation.

PATIENTS AND METHODS
Our study included endoscopic biopsies and cholecystectomies from 23 patients with PGA (11 men and 12 female, mean
age 74.5 years, age range 52 – 87 years). The majority of PGAs
involved the duodenum (10 cases) and stomach (7 cases). The
remaining lesions were removed from the distal esophagus (3
cases), gallbladder (2 cases) and choledochus (one case). In addition, 16 gastric heterotopias of the duodenum (15 cases) and
esophagus (one case) were examined for expression of gastric
mucins.
All biopsy specimens were processed routinely and stained
with hematoxylin and eosin, AMP (alcian blue at pH 2.5, periodic acid – Schiff reagent). In addition, gastric and esophageal
biopsies were stained with silver impregnation for Helicobacter pylori (HP). Immunohistochemistry was performed using
the standard avidin-biotin complex peroxidase technique, and
it included the following antibodies: MUC5AC (clone MRQ-19,
Cell Marque), MUC6 (clone MRQ-20, Cell Marque), CK20 (clone
Ks20.8, Dako), MUC2 (clone MRQ-18, Cell Marque), CDX2 (clone
EPR2764Y, Cell Marque), p53 (clone D07, Ventana), chromogranin A (clone DAK-A3, Dako), synaptophysin (clone SP11, Ventana), and Ki-67 (clone 30-9, Ventana). Cell proliferation (MIB1
index) was examined in 10 high power fields. The slides were
examined by four pathologists (AC, TW, PM, and MZ).
Ten cases were selected to undergo molecular-genetic analyses. Where sufficient non-tumor material was available the
samples were macrodissected into two parts separating the
tumor and non-tumor components. DNA was extracted using
the QIAsymphony DNA Mini Kit (QIAGEN, Hilden, Germany) on
an automated extraction system (QIAsymphony SP, QIAGEN) according to the manufacturer’s supplementary protocol for FFPE
samples (purification of genomic DNA from FFPE tissue using
the QIAamp DNA FFPE Tissue Kit and deparaffinization solution).
Concentration and purity of isolated DNA were measured using
the NanoDrop ND-1000 (NanoDrop Technologies, Inc., Wilmington, DE, USA). DNA integrity was examined by amplification of
control genes in multiplex PCR, producing fragments from 100
to 600 bp (14). Only cases with DNA integrity equal to or higher
than 400 bp were tested using an array comparative genomic
hybridization (aCGH) assay. Cases with DNA integrity equal or
higher than 200 bp were selected for mutational analysis of hotspot mutations using next gene sequencing. Array comparative
genomic hybridization was performed using CytoChip Focus
Constitutional (BlueGnome Ltd., Cambridge, UK) as described elsewhere (15). Mutation analysis of hotspot regions of 50 oncogenes and tumor suppressor genes were analyzed using Ion AmpliSeq Cancer Hotspot Panel v2 (Life Technologies, part of Thermo
Fisher Scientific, Waltham, MA USA) on an Ion Torrent Personal
Genome Machine. Extracted DNA (10 ng) was amplified and
adapters were ligated using an Ampliseq library preparation kit,
sequencing beads were templated and enriched using a Template OT2 200 Kit. Sequencing was performed on a 316 chip with
up to eight samples per chip using Sequencing kit 200 v2 (Life
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Technologies) according to the manufacturer’s protocols. Signal
processing, mapping and quality control was performed with
Torrent Suite v.4.2 (Life Technologies). Sequence variants were
called using Ion Reporter v4.2 using AmpliSeq CHPv2 single sample workflow and default settings. Variants were subsequently
filtered to include only exonic, non-synonymous variants with
allele frequency higher than 5%. All filtered variants were annotated using HGVS nomenclature according to transcripts
NM_001904.3, NM_033632.3, NM_080425.2, NM_033360.3,
NM_005359.5, NM_001276760.1 of genes CTNNB1, FBXW7,
GNAS, KRAS, SMAD4, and TP53 respectively.

RESULTS
PGAs in 16 of 23 cases (69.5 %) measured from 2 mm to 3 mm.
In 7 cases the size was 5-10mm, two gallbladder lesions measured 10mm each. Histologically, PGAs showed typical zonal
differentiation, with pyloric-like glands in the depth of adenoma
and small superficial layer of tall columnar apical gastric epithelium (Fig. 1A). The narrow or cystically dilated tubules lying close
together were lined by cuboidal to low columnar epithelial cells containing clear or pale eosinophilic cytoplasm. The basally
located tumor cell nuclei tended to be round or oval, and they
usually lacked prominent nucleoli. Paneth cells, oncocytic cells,
and squamoid morules were not found. Immunohistochemically, PGAs expressed MUC6 (a pyloric gland mucin marker)
in most tubules (Fig. 1B). The epithelium of the surface of the
lesions expressed MUC5AC (a foveolar mucin marker) (Fig. 1C).
In addition, focal MUC5AC positivity was also observed in the
tubules. Neuroendocrine cells were found in all cases. They expressed chromogranin A and/or synaptophysin, and they were
seen as scattered isolated cells or small group of cells. Two PGAs
of gallbladder and one esophageal PGA showed focal intestinal
metaplasia (Fig. 2A) with CK20 and CDX2 labeling. One PGA of
the gallbladder and one esophageal PGA also showed MUC2
expression in the superficial and deep glandular epithelium
(Figs. 2B and C). A majority of PGAs showed bland appearing cells with only scattered p53-positive nuclei and low proliferative
activity (5 - 10 % of the cells were reactive for MIB-1). However,
5 of 23 lesions (21.7 %) contained foci of low-grade dysplasia
(Fig. 3A) (two cases in the stomach, and one case in the esophagus, the ductus choledochus and gallbladder, respectively). In
one esophageal PGA (i.e., 4.4 % of all cases), a diffuse high-grade dysplasia was found (Fig. 3B). Low-grade dysplasia showed
more intense p53 expression than non-dysplastic PGAs (where
there was only scattered and weak “wild-type“ immunopositivity), and increased cell proliferation with MIB1 index 20 - 35 %
(Figs. 3C and D). In another esophageal PGA, a transformation
to poorly differentiated adenocarcinoma was found (Fig. 3E). In
high-grade dysplasia and adenocarcinoma, a production of gastric type mucins MUC6 and MUC5AC was still preserved, and the
neoplastic cells showed diffuse p53 positivity and high cell proliferation with MIB1 index 80 % (Figs. 3F-H). Follow-up was not
available for these two cases. Localizations of PGAs, the gender
of the patients, and the occurrence of dysplasia/adenocarcinoma are summarized in Table 1.
All gastric PGAs were found in the corporal mucosa with features of autoimmune gastritis. They occurred mostly in women (6
of 7 gastric cases). One esophageal PGA developed in columnar
epithelium of the Barrett’s mucosa. In two additional cases, the
mucosa adjacent to PGA was not present in the specimen. Silver
impregnation for Helicobacter pylori was negative in all gastric and esophageal cases. In the duodenum, adjacent mucosa
was normal in all cases (i.e., it lacked gastric heterotopia). For
the differentiation between PGA and Brunner glands in small biČESKO-SLOVENSKÁ PATOLOGIE 3 I 2015
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Fig. 1. Pyloric gland adenoma. A: the tumor contains tubules of various size and columnar epithelium, B: strong MUC6 positivity is seen in the glands, and,
focally, in the surface epithelium, C: diffuse MUC5AC expression in the surface epithelium and in adjacent tubules (A: hematoxylin and eosin, original magnification x40; B and C: ABC technique, original magnifications x40).
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Fig. 2. Pyloric gland adenoma with intestinal metaplasia. A: Focal intestinal metaplasia in the adenoma, B: CDX2 positivity, C: expression of MUC2 in goblet
cells of intestinal metaplasia (A: hematoxylin and eosin, original magnification x100; B and C: ABC technique, original magnifications x40).

opsy specimens, the use of MUC5AC was very helpful, because
MUC5AC is positive in the superficial and glandular part of PGA
whereas it is negative in Brunner glands. In choledochal PGA,
an adjacent mucosa was not present in the specimen. In both
gallbladder cases, the adjacent mucosa showed chronic inactive inflammation with extensive pyloric metaplasia and intestinal metaplasia. Both pyloric and intestinal metaplasia were seen
in Rokitansky-Aschoff sinuses and in the superficial epithelium
synchronously. However, pyloric metaplasia tended to occur
in the basal parts of the sinuses. On the contrary, the intestinal
metaplasia was more conspicuous in the superficial parts of the
sinuses and in the superficial epithelium, respectively. In these
areas, rare foci of gastric foveolar metaplasia were also found.
The control group of 16 gastric heterotopias included 15
duodenal cases (Fig. 4A) and one esophageal case. In all cases,
MUC6 positive tubular glands were found (Fig. 4B), and MUC5AC expression was seen in superficial foveolar epithelium of
the lesions (Fig. 4C).
Molecular genetic results
Nine cases were analyzed by aCGH. One gastric PGA showed
loss of the long arm of chromosome 5 and 6 (Fig. 6) and one
esophageal case with high-grade dysplasia showed losses of
chromosome 9, short arm of chromosome 17 and part of chromosome 21 (21q22). Normal (diploid) status of chromosomes
was found in 7 cases.
Sequenced cases with average sequencing coverage over 500
x were included in the results. Of the 10 valid cases a total of
19 mutations were found (Tab. 2). The most frequently detected
mutations were KRAS (7/10 cases) and GNAS (5/10 cases). In three
cases, concurrent GNAS and KRAS mutations were detected. Two
cases with a mutation in the beta-catenin gene (CTNNB1) were
found. Both of these cases were wild type for KRAS and GNAS.
ČESKO-SLOVENSKÁ PATOLOGIE 3 I 2015

Three SMAD4 mutations were detected, in each case coupled
with another mutation (KRAS, CTNNB1, or FBXW7).

DISCUSSION
Pyloric gland adenoma was first described in the stomach by
Borchard et al. (16) and simultaneously by Watanabe in the WHO
classification of gastric tumors in 1990 (17). Similar adenomas
were subsequently observed in Barrett´s esophagus (8,12), in
gastric heterotopias or metaplasias of the gastrointestinal tract
(5,9,11-13), and in pyloric metaplasias of the pancreatobiliary ducts and the gallbladder (1-6,10). PGA display an organoid growth
pattern similar to that of a normal gastric mucosa with bidirectional differentiation, i.e., pyloric like glands are seen in the depth
of the adenoma, and apical gastric-type epithelium is present in
a superficial part of the lesion (8,12). The proportion of both of
these components can vary (5). In some cases, the foveolar type
differentiation prevails considerably, and then foveolar type cells are seen also in the depth of the adenoma, i.e., in the tubules
(2,3,5). Such PGAs were originally, and not accurately, regarded as
foveolar adenomas, despite the constant (although rudimentary)
presence of pyloric-type glands in these lesions (3). The differentiation between pyloric- and foveolar-type epithelium is difficult
without immunohistochemical stains. Although Chen et al. mention that PAS-positive apical mucin cap and elongated nuclei
are typical for foveolar adenoma and do not occur in PGA (5), an
immunohistochemical proof of MUC6 positivity is necessary for
a reliable diagnosis of PGA (1,3,5,7,8,10,12,13,19). Currently, an
already small number of MUC6 positive tubules in the lesion is
regarded as diagnostic for PGA (5).
Squamoid morules which were found in PGAs in 20% of cases
by Albores-Saavedra et al. (3) and even in 67% of cases by Adsay
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et al. (1) were not found in our series, neither in other studies
(2,5,8,10,11).
Regarding adenomas of the gallbladder, recent WHO classification classifies as adenomas all exophytic glandular lesions which measure more than 1 cm (18). Thus, the difference
between a focus of polypoid metaplasia and adenoma is based
on an arbitrary threshold of 1cm. The types of adenomas are as
follows: tubular, papillary, pyloric-gland type, foveolar type, biliary type and intestinal-type. The overlap between these subsets (hybrid patterns) is great, perhaps with the exception of the
pyloric type. However, intestinal metaplasia was described in
several PGAs of the gallbladder (1,3,6,10). We have found focal
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Fig. 3. Pyloric gland adenoma with dysplasia. A: pyloric gland adenoma with low-grade dysplasia, B: pyloric gland adenoma with high-grade dysplasia, C: p53 in
adenoma with low-grade dysplasia, D: MIB1 positivity
in adenoma with low-grade dysplasia, E: poorly differentiated adenocarcinoma in the pyloric gland adenoma of the esophagus, F: MUC6 in adenoma with highgrade dysplasia, G: MUC5AC expression in superficial
and glandular epithelium of the adenoma with highgrade dysplasia, H: p53 positivity in adenoma with high-grade dysplasia (A, B and E: hematoxylin and eosin,
original magnifications x40, x40, and x100, respectively;
C, D, F-H: ABC technique, original magnifications x40).

intestinal metaplasia in two cases of PGA of the gallbladder and
in one esophageal PGA.
PGAs have long been considered benign lesions, but when
the literature is analyzed it becomes clear that the larger lesions often do show dysplasia and carcinomatous transformation
with changes in p53 expression. (1-3,5,8,11). Therefore, special
care should be taken if a PGA is identified. Chen et al. (5) found in the series of 48 PGAs dysplastic features in 63.4 % of the
lesions, and 51.2 % of them were of high-grade. In the series of
Vieth et al. (11), even 30 % of cases showed focal transition to
adenocarcinoma. It seems that the occurrence of dysplasia may
be increased with the size of the lesion, at least in the pancreato-

C

Fig. 4. Control group of gastric heterotopias. A: a duodenal case of the gastric heterotopia, B: MUC6 positivity in the glands of the lesion, C: MUC5AC expression
seen in the foveolar epithelium and adjacent glands (A: hematoxylin and eosin, original magnification x40; B and C: ABC technique, original magnifications x40).
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Fig. 5. aCGH chart depicting chromosomal aberrations in a case from esophageal PGA with high-grade
dysplasia (x - chromosome number, y - log2 ratio of signal fluorescence of tested and reference sample).

biliary PGAs. Adsay et al. (1) mention that gallbladder PGAs with
size above 1cm had at least focal high-grade dysplasia in 88 % of
cases, and carcinoma in 18% of cases, respectively. In our series,
low-grade dysplasia was seen in 5 of 23 cases (21.7%), and included gastric, esophageal, choledochal and gallbladder PGAs.
Dysplasia was found usually in the superficial epithelium of the
lesions. It showed p53 positivity and increased cell proliferation

(MIB1 index 20 - 40 %). In one of our esophageal PGAs, dysplasia was diffuse and of a high grade, and in another esophageal
case a poorly differentiated adenocarcinoma was found in PGA.
In comparison with previous studies, the frequency of dysplasia
in our series was lower. We think that it can be well explained by
the smaller size of our lesions (69.5 % of them measured 2 - 3
mm only).

Tab. 1. Pyloric gland adenomas. Localizations, gender, and occurrence of dysplasia.
Localization

Male/female

Low-grade dysplasia

High-grade dysplasia

Adenocarcinoma

Esophagus

3/0

1

1

1

Stomach

1/6

2

0

0

Duodenum

6/4

0

0

0

Gallbladder

0/2

1

0

0

Choledochus

1/0

1

0

0

Tab. 2. Molecular genetic results of array CGH and mutation analysis.
Localization

Dysplasia

aCGH

GNAS

KRAS

Other genes

Duodenum

0

NT

wt

c.35G>T,
p.(Gly12Val)

SMAD4: c.1585_1585delT, p.(Leu529fs)

Esophagus

HG

-9,-17p,
‑21q22.12

wt

wt

CTNNB1:c.110C>T , p.(Ser37Phe)
TP53:c.625C>T, p.(Arg209Trp)

Stomach

0

-5q,-6q

c.601C>T,
p.(Arg201Cys)

c.183A>C,
p.(Gln61His)

wt

Stomach

0

NT

wt

wt

CTNNB1:c.110C>T , p.(Ser37Phe)
SMAD4: c.1064A>G, p.Asp355Gly

Stomach

0

normal

wt

c.183A>C,
p.(Gln61His)

wt

Duodenum

0

normal

c.601C>T,
p.(Arg201Cys)

c.38G>A,
p.(Gly13Asp)

wt

Stomach

LG

normal

c.602G>A,
p.(Arg201His)

c.40G>A ,p.
(Val14Ile)

FBXW7:c.1513C>T, p.(Arg505Cys)
SMAD4: c.587G>A, p.Ser196Asn

Duodenum

0

normal

c.601C>T,
p.(Arg201Cys)

c.35G>T,
p.(Gly12Val)

wt

Duodenum

0

normal

c.681G>C,
p.(Gln227His)

wt

wt

Gallbladder

0

normal

wt

c.182A>G,
p.(Gln61Arg)

wt

0: no dysplasia; LG: low-grade dysplasia; HG: high-grade dysplasia; wt: wild type.
ČESKO-SLOVENSKÁ PATOLOGIE 3 I 2015
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PGAs arise from pyloric metaplasia of the gastrointestinal mucosa. In the stomach, it mostly occurs in a background of autoimmune gastritis (5). In our series, all gastric cases occurred in
the setting of this gastritis. In contrast with the series of Vieth et
al. (11), we were not capable of finding a single case of PGA in
the gastric antrum. Esophageal PGAs were described in metaplastic specialized columnar epithelium with pyloric-gland type
cells caused by reflux esophagitis, in Barrett’s esophagus and ectopic gastric fundic-type heterotopia, respectively (9). Our three
esophageal PGAs were found in the distal esophagus, and their
genesis was probably related to the reflux inflammation.
In our series, like in the series of Chen et al. (5), the most
frequent localization of PGA was the duodenum (10 of our 23 cases). It was assumed that this high frequency is related to a high
incidence of the duodenal gastric heterotopias which is up to
1.9 % of the population undergoing endoscopy (20). However,
we have not found gastric heterotopia adjacent to PGA in any of
our cases. Similarly, Chen et al. (5) found gastric heterotopia adjacent to PGA in only a single case. Another interesting aspect of
the duodenal PGA is its diagnostic differentiation from Brunner
glands which contain MUC6 positive pyloric-like cells, like PGA.
We found immunostain for MUC5AC very useful in this setting,
because PGA is usually MUC5AC positive in contrast with MUC5AC negative Brunner glands (5).
MUC6 positive cells were commonly found in heterotopic corporal gastric mucosa by Kushima et al. (21). We have verified this
observation in our control series of such heterotopias. Thus, the
gastric heterotopias contain cells with pyloric-like feature. For
this reason, Kushima et al. (21) suggested the term “gastric heterotopia” instead of “ectopic gastric fundic-type mucosa”. This
mixed antral-corporal phenotype of the heterotopic mucosa suggests that it may not represent a mere epithelial displacement
during the fetal period of gastrointestinal system development,
but may be reactive/metaplastic in nature (11,20).
In the pancreatobiliary tract, the gastric pyloric metaplasia of
the ductal epithelium is associated with chronic inflammation
and represents a common step in the pathogenesis of PGA. In
the pancreas, PGA originates usually in the main duct (2,3,10). It
is either isolated PGA (so-called type A) or it is associated with
gastric type intraductal papillary mucinous neoplasia (so-called
type B) (1,6). In contrast with intraductal papillary mucinous neoplasia which diffusely involves the entire circumference of the
duct, PGA grows into the lumen as a polyp. In the gallbladder,
our cases of PGA showed extensive pyloric and intestinal metaplasia in the adjacent mucosa. This finding further supports the
assumption that PGA arises in pyloric metaplasia and that it can
be associated with intestinal metaplasia.
Our genetic findings indicate that PGA represents a true neoplasia. Copy number aberrations or mutations were found in
all studied cases, suggesting the potential of these adenomas
to become malignant. In two cases (esophageal PGA with highgrade dysplasia and gastric PGA without dysplasia), copy number variations were found. In the case shown in Fig. 6, apart from
a distinct loss of chromosomes 5p and 6p, several low-percent-

age changes are clearly visible in the background. This may be
due to different percentages of mutated cells in the tumor sample suggesting intra-tumor heterogeneity and gradual oncogenesis. The second approach of mutational analysis of 50 genes
known to be involved in oncogenesis revealed several expected
findings as well as some novel ones. The high frequency of both
KRAS and GNAS mutations and even the concurrent presence of
these mutations in PGAs was already described by Matsubara et
al. in 2013 (21). The higher frequency of KRAS mutations detected in our study than in Matsubara’s study can be attributed to
analyzing all hotspots of KRAS. Our results further support former observations that GNAS and KRAS mutations are characteristic feature of PGAs. In addition we found two novel mutations
(c.1585_1585delT and c.587G>A) and one known (c.1064A>G)
SMAD4 mutations. To the best of our knowledge, this is the first
time any mutations in SMAD4 were found in PGA. The tumor
suppressor gene SMAD4 belongs in the Smad family, which
mediates the TGF-beta signaling pathway suppressing epithelial cell growth. Somatic mutations of SMAD4 were described
mostly in pancreatic and colorectal cancer, however they were
also detected in gastric carcinoma (22). Loss of DPC4 (=SMAD4)
expression was described in pyloric type of intraductal tubular
adenoma of the pancreas (2). Interestingly, germline mutations
of SMAD4 are causing familial juvenile polyposis, an autosomal
dominant disease which is predisposed to gastrointestinal polyps and cancer. The fact that a TP53 mutation was detected in
a case with strong p53 positivity is in correlation with the immunohistochemical result. The other strongly p53 positive case was
not tested. Recent work showed frequent somatic beta-catenin
mutations in duodenal gastric heterotopia, in some patients
with the same mutation pattern in coexisting fundic gland polyps (23). Interestingly, we found beta-catenin mutation in two
PGA cases: one esophageal, one gastric and none of the four
duodenal cases examined. Whether there is a link between duodenal beta-catenin mutated duodenal gastric heterotopia and
PGA, remains to be investigated.
In sum, our study demonstrated morphological, immunohistochemical and molecular genetic findings in PGAs. The most
frequent localization of the adenoma was in the duodenum. The
lesions showed differentiation toward pyloric gland-like tubules
and superficial foveolar gastric cells, and sometimes even toward intestinal type epithelium. These various types of differentiation could be a sign of genetic instability of the epithelium,
which can explain the relatively frequent finding of dysplasia
or even carcinoma in PGA. The lesions often show p53 reactivity and increased cell proliferation. Molecular genetic analysis
showed copy number aberrations and mutations in oncogenes
GNAS, KRAS, CTTNB1 and tumor suppressor genes SMAD4, and
TP53. Altogether, these findings support the opinion that PGA
represents a true neoplasm.
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poté vytvářeny další jazykové verze. Pokud autoři původních kapitol, kteří přislíbili aktualizace svých textů, dodrží termíny, pak
se můžeme do poloviny tohoto roku těšit na respirační cytologii
včetně molekulární z pera prof. Olszewského, biliární a pankreatickou dr. Diny, cytologii hlavy a krku dr. Vasse, novou kapitolu
Molekulární diagnostické testy v cytologii prof. Schmitta a další
zajímavá témata. Samotestování má poněkud delší náběh - mělo
by se na stránkách dle harmonogramu objevit ve druhé polovině srpna 2015. Partnerem projektu je Evropská federace cytologických společností (EFCS), lze tedy doufat, že jednání ohledně
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Vzhledem k možnosti ovlivnit podobu vznikajícího modernizovaného výukového cytologického prostředí i pomocí dotazníku,
který je součástí nově otevřených stránek, lze novým uživatelům
popřát, aby nalezli na stránkách co nejvíce poučení, ale i doporučit, aby neváhali sdělovat prostřednictvím tohoto dotazníku podněty realizačnímu týmu.
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