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ABBREVIATIONS

BE

Barrett’s esophagus

COX

cyclooxygenase

DNA

deoxyribonucleic acid

ECM

extracellular matrix

EGF

epithelial growth factor

EGFR

epithelial growth factor receptor

GERD

gastro-esophageal reflux disease

GI

gastrointestinal

GST

glutathione S-transferase

H. pylori

Helicobacter pylori

HGD

high-grade dysplasia

LGD

low-grade dysplasia

MMP

matrix metalloproteinase

NFκB

nuclear factor kappa B

NSAID

non-steroidal anti-inflammatory drug

ns-NSAID

non-selective non-steroidal anti-inflammatory drug

PCNA

proliferating cell nuclear antigen

PPI

proton pump inhibitor

SLPI

secretory leukocyte protease inhibitor

TUNEL

terminal deoxynucleotidyl-mediated deoxyuridinetriphosphate nick
end labeling

UBT

urease breath test
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SUMMARY

Maintaining cell turnover is a key feature in organs with high metabolism such as gastric
mucosa and esophageal epithelium. Increased cell turnover may lead to tumor development
while the suppressed state results in mucosal damage and ulcer formation.
Non-steroidal anti-inflammatory drugs (NSAIDs) are one of the most widely used groups
of drugs. Although these compounds represent a very effective class of medicines, their use
is associated with a broad spectrum of untoward reactions, among the gastrointestinal
especially gastroduodenal complications are the most significant. Proton pump inhibitor
(PPI) co-therapy is considered as the best strategy in preventing gastrointestinal
complications during NSAID treatment but there is limited information available on its
effect on gastric mucosal cell kinetics. To evaluate the effect of PPI co-therapy on gastric
mucosa we investigated epithelial cell proliferation, apoptosis, epithelial growth factor
receptor (EGFR)- and p53 expression in patients on chronic non-selective NSAID (nsNSAID) or cyclooxygenase-2 selective inhibitor (COX-2) treatment. While p53 expression
is increased and EGFR expression decreased, there is a trend towards increase of cell
proliferation and apoptosis in the gastric mucosa after chronic ns-NSAID treatment but the
difference does not reach statistical significance. Chronic administration of selective COX2 inhibitors is associated with increased cell proliferation and decreased EGFR expression
of the gastric epithelium but is not accompanied by increased p53 expression, while the
apoptosis shows a trend towards increase. These suggest that prevalence of NSAID
gastropathy is likely not due to an effect on gastric cell turnover, however PPI co-therapy
normalizes the disturbed cell kinetics irrespective of NSAID treatment used.
Furthermore, six-month PPI treatment alone does not significantly increase gastric
epithelial cell proliferation and EGFR expression and has no effect on apoptosis and p53
expression. Alterations can be found only in the localization of immunohistochemical
staining density during chronic PPI administration confirming the safety features of these
drugs.
Barrett's esophagus (BE) is a condition in which the normal stratified squamous epithelium
is replaced by metaplastic columnar epithelium that predisposes to the development of
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esophageal adenocarcinoma. Neoplastic progression in BE occurs by a multistep process
associated with early molecular and morphological changes. To evaluate the process of
malignant transformation of the esophagus we analyzed cell proliferation and p53
expression

and

expression

of

glutathione

S-transferase

(GST)

and

matrix

metalloproteinase-9 (MMP-9) in the development and progression of normal epithelium,
reflux esophagitis, BE, dysplasia and adenocarcinoma sequence of the esophagus.
Overexpression of p53 is found to be typical in the malignant transformation of BE and
increases with histological progression. Cell proliferation of Barrett’s epithelium increases
with progressive grades of dysplasia and is linearly correlated with p53 expression. GST is
downregulated, while MMP-9 is upregulated in reflux esophagitis-BE-dysplasiaadenocarcinoma sequence of the esophagus. These demonstrate that activation of cell
proliferation and p53 protein accumulation with simultaneous downregulation of GST and
upregulation of MMP-9 may play a crucial role in the multistep esophageal carcinogenesis.
Secretory leukocyte protease inhibitor (SLPI) represents a multifunctional protein of the
gastrointestinal mucosa exerting antimicrobial and anti-inflammatory effects. SLPI
expression is generally induced during inflammation; however H. pylori-mediated gastritis
is associated with significantly decreased antral SLPI levels.
We have investigated whether SLPI downregulation of the gastric mucosa represents a
specific phenomenon of H. pylori infection or is rather generally linked to gastric
inflammation. In H. pylori-associated and lymphocytic gastritis the SLPI immunostaining
of the mucosa is strongly reduced and frequently almost not detectable, while epithelial
SLPI expression is not affected in NSAID-induced or autoimmune gastritis suggesting that
SLPI downregulation is specifically linked to H. pylori infection and does not just represent
a general feature of gastric inflammation.

7

ÖSSZEFOGLALÁS

A sejtek normális életciklusának biztosítása alapvetı élettani szerepet játszik a gyomor- és
nyelıcsı nyálkahártya homeosztázisának fenntartásában. A folyamat egyensúlyának
megbomlása a sejtfelszaporodás révén daganat kialakulásához, vagy sejtpusztulás
következtében nyálkahártya károsodáshoz és fekély képzıdéshez vezethet.
A nem szteroid gyulladásgátlók (NSAID-szerek) a világon a legelterjedtebben alkalmazott
gyógyszerek közé tartoznak. Kedvezı klinikai hatásaik mellett alkalmazásuk során
nyilvánvalóvá vált, hogy a betegeknek komoly kockázatot is jelenthetnek. Leggyakoribb
mellékhatásuk az emésztırendszer – ezen belül a gyomor-duodenum – nyálkahártyájának
károsítása. A létrejövı klinikai tünetegyüttes az ún. „NSAID-gastropathia”. Tartós NSAID
szedés mellett a gasztrointesztinális mellékhatások megelızésére egyidejő protonpumpa
gátló (PPI) kezelés javasolt, azonban a gyomornyálkahártya sejt kinetikára gyakorolt
hatásáról

kevés

információ

áll

rendelkezésre.

Munkánk

során

vizsgáltuk

a

gyomornyálkahártya sejtek kinetikájának, azaz a proliferáció és az apoptózis, ill. az
epithelialis növekedési faktor receptor (EGFR)- és a p53 expresszió változásait tartós nem
szelektív NSAID (ns-NSAID) vagy szelektív ciklooxigenáz-2 gátló (COX-2) kezelés és
együttes PPI terápia hatására. Míg a p53 expresszió emelkedik és az EGFR expresszió
csökken, tartós ns-NSAID kezelés során a gyomornyálkahártya sejt proliferációját és
apoptózisát tekintve egy növekedési tendencia figyelhetı meg, a különbség azonban
statisztikailag nem szignifikáns. Tartós szelektív COX-2 terápiát megemelkedett sejt
proliferáció és csökkent EGFR expresszió jellemzi, amit nem kísér megnövekedett p53
expresszió, míg a gyomornyálkahártya apoptózisában egy növekedési tendencia figyelhetı
meg. Az egyidejő PPI kezelés normalizálja a megzavart sejt kinetikát függetlenül attól,
hogy ns-NSAID-, vagy COX-2 gátló terápiát alkalmaztunk. Mindezek azt sugallják, hogy
az NSAID-gastropathia valószínőleg nem a gyomornyálkahártya sejt ciklus zavarának
hatása következtében alakul ki, jóllehet tartós NSAID terápia mellett az egyidejő PPI
kezelés normalizálja a megzavart sejt kinetikát.
Továbbiakban, tartós PPI kezelés nem növeli szignifikáns mértékben a gyomornyálkahártya
sejt proliferációt és az EGFR expressziót és nincs hatással az apoptózisra valamint a p53
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expresszióra. Eltérések csak az immunhisztokémiai festıdés denzitásának lokalizációjában
találhatók, ami alátámasztja a proton pumpa gátló kezelés biztonságosságát.
A Barrett-nyelıcsıre (BE) jellemzı, hogy a nyelıcsı többrétegő laphámját a distális
nyelıcsıben columnaris, mirigyes metaplasztikus nyálkahártya helyettesíti, amely nyelıcsı
adenocarcinoma kialakulására hajlamosít. A BE tumoros elfajulása egy többlépcsıs
folyamat során alakul ki, mely korai molekuláris és morfológiai elváltozásokkal jár együtt.
A nyelıcsı malignus transzformációjának folyamatát értékelve megvizsgáltuk a sejt
proliferációt és p53 expressziót, illetve a glutation S-transzferáz (GST) és a matrix
mettaloproteináz-9 (MMP-9) expressziót a normális nyelıcsı epithelium, reflux
oesophagitis, BE, dysplasia és adenocarcinoma progresszív kialakulási kórfolyamatban. A
megemelkedett p53 expresszió jellegzetes eltérés a BE malignus elfajulása során, amely
fokozódik a szövettani progresszióval. A sejt proliferáció növekszik a Barrettepitheliumban kialakuló dysplasia fokával és egyenesen arányos a p53 expresszióval. A
GST expresszió csökken, míg az MMP-9 expresszió növekszik a reflux oesophagitis-BEdysplasia-adenocarcinoma progresszív folyamat során. Mindezek azt valószínősítik, hogy a
megnövekedett sejt proliferáció és a p53 felhalmozodása, az egyidejő GST expresszió
csökkenésével és MMP-9 megemelkedésével alapvetı szerepet játszhatnak a többlépcsıs
nyelıcsı carcinogenesisben.
A szekretoros leukocyta proteáz inhibitor (SLPI) egy többfunkciós fehérje, amely
antimikróbás és gyulladáscsökkentı hatással is rendelkezik és az emésztırendszer
nyálkahártyában is megtalálható. Az SLPI expresszió gyulladás során általában
megnövekedik, jóllehet a H. pylori-asszociált gastritist szignifikánsan csökkent antrum
SLPI szint jellemzi.
Megvizsgáltuk, hogy vajon a gyomornyálkahártya csökkent SLPI expressziója a H. pylori
fertızés sajátos jelensége, vagy inkább a gyomor gyulladásos folyamatának általános
jellemzıje. A H. pylori-asszociált és lymphocytás gastritis esetében a gyomornyálkahártya
SLPI immunhisztokémiai festıdése erısen csökkent és gyakran alig észlelhetı, míg az
NSAID-okozta vagy autoimmun gastritis nincs hatással a gyomor nyálkahártya SLPI
expressziójára. Ezek arra utalnak, hogy a csökkent SLPI expresszió a H. pylori fertızés
sajátos jellemvonása és nem a gyomor gyulladásos folyamatának általános jelensége.
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INTRODUCTION AND BACKGROUND

NSAID-induced gastroduodenal injury
More than one hundred years have passed since the successful synthesis of acetylsalicylic
acid has been reported (1). The synthesized compound was called “aspirin”, the first nonsteroidal anti-inflammatory drug, and was purported to represent a convenient mechanism
for the delivery of salicylic acid in the treatment of rheumatic diseases, menstrual pain, and
fever (2).
Non-steroidal anti-inflammatory drugs (NSAIDs) are now one of the most widely used
groups of drugs. Although these compounds represent a very effective class of medicines as
pain relief and anti-inflammatory drugs and are generally well tolerated, their use is
associated with a broad spectrum of untoward reactions, including gastric intolerance,
inhibition of platelet function, and alterations in renal function.
The most prevalent and significant adverse outcomes of NSAID use are gastrointestinal
(GI) complications. The spectrum of NSAID-related gastroduodenal injury includes a
combination of subepithelial hemorrhages, erosions, and ulcerations that is often referred to
as NSAID gastropathy.
The most common dyspeptic symptoms are experienced by 15-40% of NSAID users,
endoscopic lesions occur in 10-30% of users and 1-4% of patients using NSAIDs develop
symptomatic ulcers or serious ulcer complications such as perforation and bleeding (3),
which lead to hospitalization and are associated with mortality. The mortality rate among
patients who are hospitalized for NSAID-induced upper gastrointestinal bleeding is about 5
to 10 percent (4). Overall, the mortality rate attributed to NSAID-related GI toxicity is
0.2% per year with an annual relative risk of 4.21 compared with NSAID nonusers (5).
No area of the stomach is resistant to NSAID-induced mucosal injury; although the most
frequently and severely affected site is the gastric antrum (6).
Gastroduodenal mucosal injury develops when the deleterious effect of gastric acid
overwhelms the normal defensive properties of the mucosa. Concepts about NSAIDinduced gastroduodenal mucosal injury have evolved from a simple notion of topical injury
(7) to theories involving multiple mechanisms with both local and systemic effects (8).
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NSAIDs have the common property of treating fever, pain, and inflammation by inhibiting
synthesis of prostaglandins. NSAIDs bind reversibly or irreversibly (in the case of aspirin)
to cyclooxygenase (COX) enzymes. COX-1–derived prostaglandins are responsible for
mucosal defense and cytoprotection in the GI tract, while COX-2–derived prostaglandins
mediate inflammation, pain and fever. Most NSAIDs are nonselective, blocking both,
COX-1 and COX-2 isoenzymes. Deleterious effects of nonselective NSAIDs (ns-NSAIDs)
on gastroprotection result from their inhibition of both isoenzymes (9), however inhibition
of COX-1 is still believed to be of pivotal importance (10). With the development of COX2 selective inhibitors, it was thought to be possible to achieve the level of clinical efficacy
of ns-NSAIDs without the GI-toxic effects associated with dual cyclooxygenase isoform
inhibition.
The COX-2 selective inhibitors (COX-2 inhibitors) have been thus developed with the
primary aim to reduce/avoid GI toxicity observed during conventional (non-selective)
NSAID therapy. COX-2 inhibitors have clearly and convincingly been shown to be
superior to conventional NSAIDs with significantly less GI side effects. The risk reduction
of gastrointestinal toxicity after COX-2 selective treatment compared with ns-NSAIDs has
been proved in clinical trials (11, 12). When hard endpoints such as perforation,
obstruction, and serious bleeding are considered, COX-2 inhibitors reduce the risk by
approximately 50% (13). Although it has been shown that COX-2 inhibitors possess no
more GI toxicity than placebo in prospective clinical studies (14), selective COX-2
inhibition seems not to be enough for complete elimination of GI toxicity and further
increase in COX-2 selectivity does not reduce GI toxicity (15).
Because of the prevalence and severity of NSAID related gastrointestinal complications,
impressive efforts have been directed at the prevention and treatment of mucosal injury
induced by NSAIDs. To make NSAID therapy safer, the use of proton pump inhibitor (PPI)
co-therapy is recommended as prophylaxis for NSAID-induced gastroduodenal injury in
theory for all patients, but in practice at least for those with higher risk of bleeding or
perforation (16, 17). Although PPIs have been shown to be effective in preventing the
development of gastric and duodenal ulcers in high-risk patients taking NSAIDs, PPI
therapy is also beneficial in healing NSAID-induced ulcers and preventing their recurrence
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in patients requiring ongoing NSAID therapy (18). In addition, PPIs have an excellent
safety profile in patients with acid related upper gastrointestinal complaints (19).
The major defense mechanisms of gastric mucosa, continuous cell renewal and
proliferation as key features in organs with high metabolism are responsible for maintaining
mucosal integrity, repair of injury and ulcer healing.
Apoptosis is a highly regulated form of cell death (programmed cell death) defined by
distinct morphological and biological features and represents the major pathway for
intestinal cell turnover. Balance between proliferation and apoptosis is essential for the
maintenance of gastrointestinal homeostasis and health (20). Disturbance of this balance
could result in either cell loss with mucosal damage and ulcer formation, or cell
accumulation leading to cancer development (21, 22).
The proliferating cell nuclear antigen (PCNA) technique is an accepted method for
measurement of cell proliferation. PCNA is the co-factor of DNA-polymerase and can be
detected mostly in the late G1 and S phases, but it is also present in every phase of the cell
cycle (23).
The terminal deoxynucleotidyl (TdT)-mediated deoxyuridinetriphosphate (dUTP) nick end
labeling (TUNEL) method has been accepted for the detection of apoptotic cells (24).
The tumor suppressor gene p53, as key suppressor gene, mediates either cell cycle arrest or
apoptosis in response to DNA damage, thus acting as a molecular “guardian of the
genome” (25). Abnormalities in p53 expression represent the most common molecular
change not only in cancer, but also in precancerous gastric lesions, including gastric
dysplasia (26, 27). An increased wild-type p53 expression may represent a cellular response
to DNA damage and promotes apoptosis, while loss of wild type p53-mediated apoptosis
contributes to tumor development (28).
Epithelial growth factor (EGF) is a potent mitogenic peptide, which plays a crucial role in
promoting gastric epithelial cell migration, proliferation and differentiation. The increased
local production of EGF leads to overexpression of epithelial growth factor receptor
(EGFR) (29, 30). EGFR can be found in parietal cells and mucus neck cells of the gastric
fundic glands (31) and EGFR expression was found to correlate with cell proliferation (32).
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There were controversial results about gastric mucosal cell turnover during NSAID therapy
alone (33) as well as in patients with H. pylori infection (34, 35). On the other hand,
NSAIDs were shown to inhibit proliferation and induce apoptosis in colonic cancer cells,
which may explain the chemopreventive effects of NSAIDs on colorectal cancer (36). It has
been also reported that aspirin and indomethacin inhibit growth and induce apoptosis in
gastric cancer cells, in vitro (37). In addition, p53 has been associated with indomethacinmediated differential apoptosis in gastric epithelial cells, in vitro (28). However, there were
no available data about epithelial cell kinetics of the gastric mucosa in chronic selective
COX-2 users, and patients either on chronic ns-NSAIDs or selective COX-2 inhibitor
treatment in combination with PPI co-therapy.
PPI therapy causes profound and continuous hypochlorhydria by selective inhibition of the
proton pump (H+/K+-ATPase) in gastric parietal cells (38). It has been shown in animal
studies that long term omeprazole treatment may reversibly increase epidermal cell
proliferation and suppress its differentiation in rats (39, 40). Although, several studies have
investigated the effects of omeprazole on gastric mucosa, there was no information
available about the effect of the first single-isomer, esomeprazole, on gastric epithelial cell
kinetics.
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Barrett’s esophagus
Esophageal cancer is still one of the most widespread diseases. The incidence of
adenocarcinoma of the esophagus has risen steadily in both the United States and in Europe
over the last two to three decades, whereas the incidence of esophageal squamous
carcinoma has remained relatively static (41, 42). The early diagnosis of esophageal
carcinoma correlates closely with improvement in prognosis. Esophageal adenocarcinoma
is frequently accompanied by Barrett’s esophagus (BE) (43), recognized as metaplastic
condition in which the squamous epithelium lining the lower esophagus is replaced by
columnar epithelium (44), often of a specialized intestinal type, as a consequence of gastroesophageal reflux disease (GERD) (45). Reflux induces damage to squamous epithelial
cells and causes stem cell proliferation, resulting in the replacement of squamous cells with
columnar cells (46).
BE is the main precancerous condition in the development of esophageal adenocarcinoma
and represents the first step in the pathway to esophageal adenocarcinoma (47). The
metaplastic esophagus subsequently progresses through low-grade dysplasia (LGD) and
high-grade dysplasia (HGD) to adenocarcinoma (48).
Diagnosis of Barrett’s adenocarcinoma is usually made late, and consequently, is associated
with poor prognosis (49, 50). Earlier detection of cancer and/or characterization of
dysplasia are beneficial in early identification of patients at higher risk for adenocarcinoma.
Evaluation of tissue biomarkers, as cell proliferation and p53 expression has been proven
useful for identifying dysplasia and estimation of malignant progression in BE (51, 52).
It has been recognized for some time that the cell cycle is dysregulated in dysplastic
Barrett’s mucosa with increased cell proliferation. Moreover, there is evidence of loss of
spatial organization, with abnormal cell proliferation on the surface epithelium in highgrade dysplasia (53).
The progression of the cell cycle from G1- to S-phase, which apparently is a critical event
in cellular proliferation of Barrett’s dysplasia (54) can be downregulated by the tumor
suppressor p53 (55). One cell cycle abnormality that was observed previously in Barrett
tissue was the overexpression of this tumor suppressor (56, 57). Such overexpression
usually is indicative of mutated p53, which has a longer half-life than wild-type p53 (58).
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Significantly, identical p53 mutations were observed at high frequencies in Barrett high
grade dysplasia and adenocarcinoma (59). With respect to p53 overexpression, it was
reported that only 5% of Barrett patients without dysplasia were positive for p53
overexpression, whereas, 15%, 45%, and 53% of patients with indefinite/low grade
dysplasia, high grade dysplasia, and adenocarcinoma, respectively, were positive for p53
overexpression (56). These results suggest that p53 mutations play a role in the progression
of Barrett’s dysplasia to adenocarcinoma.
It has been proposed that the combination of p53 protein expression and disordered
proliferative architecture may be used as an objective biomarker to assist in the recognition
and diagnosis of dysplastic change (60, 61).
Carcinogens are one of the inducing etiological factors for esophageal adenocarcinoma.
Glutathione S-transferase (GST), a member of family of detoxification enzymes, plays an
important role in the prevention of cancer by detoxifying numerous potentially
carcinogenic compounds, which can cause oxidative damage to cells (62). Therefore, a
reduction in these anti-oxidant enzymes can increase the risk of carcinogenesis (63).
Decreased GST enzyme activity has been reported in BE, and an inverse correlation was
demonstrated between GST enzyme activity and tumor incidence of the gastrointestinal
tract (64, 65). It has been suggested that down-regulation of GST expression could be an
early event in the development of BE (66).
The degradation of the extracellular matrix (ECM), including the basement membrane,
which is a specialized matrix composed of type IV collagen, laminin, entactin,
proteoglycans and glycosaminoglycans, is an important feature of cancer cell invasion, and
proteolytic enzymes play an important role in this event (67).
Several human solid tumors have been reported to have increased levels of proteolytic
enzymes in cancer tissue, strongly suggesting that proteases may be important in tumor
invasion and metastasis. With respect to the gastrointestinal tract, we have previously
demonstrated that proteolytic enzymes may have a role not only in the process of gastric
(68) or colorectal cancer invasion (69), but also in the progression of gastrointestinal
precancerous changes into cancer (70).
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Matrix metalloproteinases (MMPs) degrade components of the ECM and connective tissue
surrounding the tumor cells and the basement membrane. MMPs are classified as
gelatinases, collagenases, stromelysins, membrane-type matrix metalloproteinases, based
mainly on the in vivo substrate specificity of the individual MMP. It was initially believed
that MMPs, via breakdown of the physical barrier, were primarily involved in tumor
invasion (71). However, there is growing evidence that the MMPs have an expanded role,
as they are important for the creation and maintenance of a microenvironment that
facilitates growth and angiogenesis of tumors at primary and metastatic sites (72, 73).
Type IV collagen is an important protein of the basement membrane. The type IV
collagenase, matrix metalloproteinase-9 (MMP-9) (gelatinase B), has been reported to be
especially important in the process of tumor invasion and metastasis (74, 75). Several
MMPs (gelatinase A: MMP-2; stromelysin: MMP-3; matrilysin: MMP-7; metalloelastase:
MMP-12; collagenase-3: MMP-13) are expressed by tumor cells in esophageal squamous
cell and adenocarcinomas, suggesting that these MMPs are responsible for tumor
aggressiveness and prognosis in human esophageal carcinomas (76-79).
With respect to MMP-9, increased expressions have been observed in gastric cancer (8082) and esophageal squamous cell carcinoma (83-85), but its behavior in esophageal
adenocarcinoma and in preinvasive lesions of esophageal carcinogenesis was still
uncertain.
Combination of upper gastrointestinal endoscopy and light microscopic (histological)
evaluation with cell/tissue biomarker identification by immunohistochemistry is thought to
be useful to identify patients at higher risk for progression to esophageal adenocarcinoma.
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Gastritis and secretory leukocyte protease inhibitor
Gastritis, by definition, is a histopathological entity characterized by the chronic and active
inflammation of the gastric mucosa. The classification of gastritis, according to the updated
Sydney System, is organized along traditional lines, with active and chronic gastritis and
includes specific forms of chronic gastritis defined by topography, morphology, and
etiology and is graded with the help of a semiquantitative visual scale (86). The discovery
of Helicobacter pylori (H. pylori) has dramatically altered the etiological concepts of
several gastric diseases. H. pylori is the major cause of gastritis, gastric ulcer, and has been
classified as a definite human carcinogen, playing a key role in the pathogenesis of gastric
cancer and mucosa-associated lymphoid tissue (MALT) lymphoma (87, 88). NSAID- or
bile-induced chemical reactive gastritis, causing 20–30% of gastritis, as well as
autoimmune and lymphocytic gastritis are distinct entities. Presence of atrophy in the
gastric corpus with diffuse atrophy of the parietal and chief cells is the main characteristic
of autoimmune atrophic gastritis together with a hyperplasia of enterochromaffin-like cells
(89). Chemically induced reactive gastritis, caused by the use of NSAIDs or bile reflux is
characterized by regenerative processes that lead to foveolar hyperplasia, mucosal edema,
hemorrhage, capillary ectasia, proliferation of ascending smooth muscle fibers, and apical
fibrosis. These lesions usually exhibit a slight superficial infiltration of lymphocytes and
plasma cells. In addition, NSAIDs might also cause epithelial damage such as erosions and
ulcers (86). Lymphocytic gastritis is a rare form of gastritis. The essential diagnostic feature
is the presence of increased intraepithelial lymphocytes (mostly T cells); at least 25
lymphocytes per 100 epithelial cells (90, 91). Lymphocytic gastritis is believed to represent
a special form of Helicobacter-mediated gastritis, although H. pylori is only rarely found
morphologically (91).
Secretory leukocyte protease inhibitor (SLPI) is a serine-protease inhibitor that exerts
pleiotropic activities in different biological systems. It possesses inhibitory activity towards
a variety of serine proteases (92), has bactericidal, antiviral and antifungal activity (93-95)
and is involved in the regulation of cell proliferation (96).
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Furthermore, it promotes wound healing (97), plays a neuroprotective role in ischemic
injury of the brain (98), and the overexpression of SLPI has been shown to promote the
tumorigenic and metastatic potential of cancer cells (99).
The SLPI also plays an important role in inflammation by attenuating the pro-inflammatory
activity of different bacterial products (100) and inhibiting the intracellular nuclear factor
kappa B (NFκB) signaling pathway (101, 102). Moreover, upregulated SLPI expression
was observed in inflamed tissues (103, 104) and elevated SLPI serum levels were found in
fever and sepsis (105, 106).
In contrast to these observations, a marked downregulation of SLPI was identified in the
gastric mucosa of H. pylori-infected individuals (107). H. pylori-mediated gastritis was
associated with the local loss of SLPI in the antral surface epithelium, and the reduction of
SLPI was inversely correlated with the activity and chronicity of the gastritis (107).
Irrespective of the underlying disease (non-ulcer dyspepsia, duodenal ulcer or gastric
adenocarcinoma), all patients infected with H. pylori showed significantly reduced SLPI
protein levels in their antral mucosa compared with corresponding controls without H.
pylori infection (108). A prospective study with respect to the usage of low-dose aspirin in
H. pylori-infected and non-infected healthy volunteers revealed that the H. pylori status of
the individuals was important for the downregulation of antral SLPI expression, but not the
additional medication with 100 mg/day aspirin (109). The eradication of the bacterium led
to a complete normalization of SLPI levels within 3–6 months, proving the fundamental
role of H. pylori infection for the observed decrease in gastric SLPI expression. Taking into
account the different effect of H. pylori infection and low-dose aspirin on gastric SLPI
expression, one could speculate whether the infectious nature of the H. pylori-induced
inflammation is a prerequisite for the decrease in SLPI expression, whereas chemically
induced inflammation (e.g. low-dose aspirin) does not affect SLPI levels.
The question arises, whether the SLPI downregulation is specifically linked to H. pylori
infection or rather just represents a general phenomenon of gastric inflammation
independent of the etiology.
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AIMS

NSAID study
This study was designed to evaluate the changes in apoptosis and proliferation and
expression of p53 and EGFR of the gastric mucosa by immunohistochemistry in chronic
ns-NSAID- or selective COX-2 users with or without PPI co-therapy

PPI study
This study was designed to analyze the effect of PPI therapy on cell proliferation, apoptosis
and p53- and EGFR expression of the gastric epithelium using immunohistochemical
techniques

Barrett study
This study was designed to evaluate cell proliferation and p53 expression and expression of
GST and MMP-9 by immunohistochemical techniques in the development and progression
of esophageal adenocarcinoma including reflux esophagitis, BE, BE with concomitant
esophagitis, dysplasia and adenocarcinoma and estimate the correlation of expression of
these markers in the whole sequence of malignant transformation of the esophagus

SLPI study
This study was designed to analyze SLPI expression of the gastric mucosa by
immunohistochemistry in patients with chronic gastritis caused by different etiologies
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MATERIALS AND METHODS

NSAID study
Patients
We have performed a study to evaluate the histology (i.e. cell kinetics) of the gastric
epithelium of chronic NSAID users with or without a co-administration of PPI therapy in
the context of a double-blind, randomized trial from June 2001 until December 2002. Age
matched patients with functional dyspepsia were used as controls. The protocol was
approved by the Local and Regional Ethics Committee in Hungary. Results of a single
centre were analyzed at the end of the study. All patients gave written informed consent.
For the double blind study, 35 patients with chronic osteoarthritis, rheumatoid arthritis or
other musculoskeletal diseases were enrolled. The profile of NSAID taking patients is
shown in Table 1. Patients were on continuous (at least for 30 days) ns-NSAID or selective
COX-2 inhibitor (COX-2) treatment before PPI co-therapy started. No other analgesic
medication was allowed except paracetamol rescue medication for maximum 2 g/day.
Patients did not receive any other medication known to affect gastric mucosa but stable
medication for hypertension or other diseases such as hypercholesterinemia, non-insulin
dependent diabetes mellitus, etc. was allowed. Exclusion criteria were active peptic ulcer,
active bleeding, H. pylori infection, pregnancy, use of PPI therapy within 14 days and H2blocker therapy within 10 days of endoscopy. Antacids could have been used as rescue
medication prior to the start of the study.
The upper gastrointestinal endoscopy was performed at initiation of PPI co-therapy (0 days)
and after 6 months, and biopsy from the antrum (lesser curvature, 3 cm from the pylorus)
was taken. To exclude H. pylori infection, in addition to histology, both rapid urease test
during endoscopy and urease breath test (UBT) were performed. Those patients enrolled
randomly received 20 mg omeprazole or placebo for 6 months. Compliance for nsNSAID/COX-2 intake was controlled by a diary where patients recorded each week the
amount of ns-NSAID/COX-2 consumed. Biopsies only of those with good compliance (nsNSAID/COX-2 intake at least 5 days out of 7) were analyzed.
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Out of the 35 patients enrolled (mean age 53 ± 17 years old), two dropped out (ns-NSAID
group) within the first 8 weeks. Further, two in the ns-NSAID group developed peptic ulcer
and stopped the treatment, and other two from the same group developed multiple gastric
erosions. Six patients did not take over 80% of the ns-NSAID/COX-2 medication. In three
patients intestinal metaplasia was found. Because in previous studies our research group
has indicated that intestinal metaplasia (presence of SIMA and LIMA) alters the gastric cell
kinetics (32, 110), we excluded these three patients.
Finally, gastric biopsies of the antrum were analyzed from 10 patients on chronic nsNSAID, and 10 on selective COX-2 therapy before and after 6 months of PPI co-treatment,
respectively.
For comparisons 10 controls with functional dyspepsia (mean age 52 ± 13 years old) were
selected from those 250 patients with dyspepsia who underwent upper gastrointestinal
endoscopy at the department during the double blind study. Patients with functional
dyspepsia did not receive any medication at least for 14 days prior to the endoscopy.
Patients with dyspepsia had no endoscopic changes in the stomach or duodenum or H.
pylori infection when biopsy was taken. H. pylori status was checked similarly to that in the
double blind study. Biopsy specimens were taken for paraffin embedding and 4 µm thick
sections were cut and mounted on glass slides.

Immunohistochemical staining
Proliferation – PCNA immunohistochemistry
The 4 micron thick tissue sections were dewaxed and rehydrated. Antigen unmasking was
carried out in citrate buffer pH 6.0 by microwave heat treatment (3 min. 750 W and 3 min.
370W), and samples were cooled down in PBS for 20 min. Endogenous peroxidase activity
was blocked by incubation for 30 min. at room temperature in 3% hydrogen peroxide. After
being washed thrice in PBS for 3 min., the slides were incubated with optimally diluted
PCNA antibody (Clone: PC10, DAKO) for 15 min. at 37°C in a dark humidified chamber.
After being washed thrice in PBS, signal conversion was carried out with the LSAB2
system (DAKO: K0672) as described in the manual. Hematoxylin co-staining was done.
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Apoptosis – TUNEL immunohistochemistry
After deparaffinization in xylene and rehydration through graded ethanol, antigen
unmasking was carried out in citrate buffer pH 6.0 by microwave heat treatment (5 min.
750 W), and samples were cooled down in PBS for 20 min. Samples were digested with
nuclease free proteinase K for 20 min. at room temperature. After being washed twice in
PBS, samples were covered with 30µl TUNEL Dilution Label and 50µl TUNEL reaction
mixture (5µl Tdt Enzyme Solution and 45µl dUTP Label Solution). Samples were
incubated for 120 min. at 37°C in a dark humidified chamber. After being washed thrice in
PBS, endogenous peroxidase activity was blocked by incubation for 30 min. in 3%
hydrogen peroxide at room temperature in a dark humidified chamber. After being washed
twice in PBS, non-specific blocking was carried out with 1% BSA-PBS solution for 10 min
at room temperature in a dark humidified chamber. After redundant BSA was removed with
pipette, samples were covered with 50µl Converter-POD antibody and incubated for 60
min. at 37°C in a dark humidified chamber. After being washed thrice with PBS, 50µl DAB
solution (5µl DAB substrate and 45µl peroxide buffer) was added to each sample and
signal conversion was checked by light microscopy. Finally, hematoxylin co-staining was
done.

p53 immunohistochemistry
The 4 micron thick tissue sections were deparaffinized in xylene and rehydrated through
graded ethanol. Antigen unmasking was carried out by microwave heat treatment (samples
in plastic jars containing citrate buffer pH 6.0 were put into a preheated (95-99°C) plastic
water bath and were heated with 500W for 15 min.), and samples were cooled down in PBS
for 20 min. Endogenous peroxidase activity was blocked by incubation for 30 min. at room
temperature in 3% hydrogen peroxide. After being washed thrice in PBS for 3 min., the
slides were incubated with optimally diluted p53 antibody (Clone: DO-7, DAKO) at 37°C
for 30 min. in a humidified chamber. After being washed thrice in PBS, signal conversion
was carried out with the LSAB2 system (DAKO) as described in the manual. Hematoxylin
co-staining was done.
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EGFR immunohistochemistry
After deparaffinization, antigen unmasking was carried out by nuclease free proteinase K
digestion for 20 min. at room temperature. After being washed twice in PBS, endogenous
peroxidase activity was blocked by incubation for 30 min. at room temperature in 3%
hydrogen peroxide. After being washed thrice in PBS for 3 min., non-specific blocking was
done with 1% BSA-PBS solution for 10 min at room temperature. Then the slides were
incubated with diluted EGFR antibody (1µl EGFR antibody and 40µl PBS) (Clone: H-11,
DAKO) at 37°C for 60 min. in a humidified chamber. After being washed thrice in PBS,
signal conversion was carried out with the LSAB2 system (DAKO) as described in the
manual. Hematoxylin co-staining was done.

SIMA, LIMA immunohistochemistry
The 4 micron thick tissue sections were dewaxed and rehydrated, reacted with anti-SIMA
and –LIMA monoclonal antibodies (mAbs), stained by indirect immunoperoxidase
methods, and counterstained with hematoxylin, including appropriate controls. The
deparaffinized sections were blocked with 5% BSA (diluted in PBS) for 5 min, drained and
incubated with the diluted mouse antibodies for 20 min. at 37°C in a dark humidified
chamber. After two 5-min washings with PBS, the sections were covered with horseradishperoxidase-labelled rabbit anti-mouse immunoglobulin (Serotec, UK) then washed twice
for 5 min with PBS. Sections from all blocks were also stained with hematoxylin-eosin
(H&E) for 2-10 min.
The immunoperoxidase-stained slides were then viewed under a light microscope, and
assessed under a code. Scores of 0-3 were assigned to intensity of reactivity (weak, 1;
moderate, 2; strong, 3) and distribution (restricted, <25% positive, 1; patchy, 25-75%, 2;
and diffuse, >75%, 3) for each of the antibodies, in serial sections of specimens.

Evaluation of immunohistochemical staining
Known immunohistochemically-positive tissue sections were used as positive controls, and
negative control sections were processed immunohistochemically after the primary
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antibody was replaced by PBS. None of the negative control sections exhibited
immunoreactivity.
Axially, at least 600 (mainly 800) crypt epithelial cells within well-oriented crypts were
counted in each sample using light microscope (40X objective). The labeling index (LI)
was defined as a percentage of the positive nuclei over the total nuclei counted.

Statistical analysis
Statistical analysis with one-way ANOVA, LSD test and the paired T-test were performed
by the Statistica for Windows 4.3 program package. Values were expressed as mean ± SD
and p value <0.05 was considered statistically significant.
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PPI study
Patients
To analyze the effect of PPI therapy on cell kinetics pattern of the gastric mucosa, we
studied patients with gastro-esophageal reflux disease. A total of 26 patients (14 males and
12 females, mean age 46.2 ± 16.5 years) took part in the study. All patients gave written
informed consent.
Biopsies were taken in each subject during upper gastrointestinal endoscopy from the
antrum (lesser curvature, 3 cm from the pylorus). Additional biopsies were taken during
endoscopy for the histological evaluation of their H. pylori status (12).
Patients were treated in an open label study continuously with omeprazole (20 mg/day) or
esomeprazole (40 mg/day) for 6 months. 14 patients were on omeprazole and 12 patients on
esomeprazole treatment.
Patients did not receive any other medication known to affect the gastric mucosa, but stable
medication for hypertension or other diseases such as hypercholesterinemia, non-insulin
dependent diabetes mellitus, etc. were allowed.
Patients were classified by the Los Angeles classification (15 patients had grade A, and 11
had grade B). None of the patients had Los Angeles grade C, D, or Barrett’s esophagus.
Exclusion criteria were active H. pylori infection and presence of intestinal metaplasia,
since it has been established in previous studies of our research work group that gastric
epithelial cell proliferation is suppressed if intestinal metaplasia and increased if H. pylori
infection is present (32, 111). Since histology may miss initial focal microscopical lesions
of intestinal metaplasia, small intestine mucus antigen (SIMA) and large intestine mucus
antigen (LIMA) – each indicate intestinal metaplasia in the gastric biopsy samples – were
measured by immunohistochemical techniques in all samples. To exclude H. pylori
infection, in addition to histology, both rapid urease test during endoscopy and urease
breath test were performed.
Biopsies taken at 0 and 6 months in both the omeprazole- and esomeprazole treated group
were assessed.
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Neither patients treated with omeprazole nor patients on esomeprazole therapy had
endoscopic changes in the stomach or duodenum or H. pylori infection when biopsy was
taken. Additionally, no intestinal metaplasia was found in the samples.
For immunohistochemistry all biopsy specimens were fixed in buffered formalin and
embedded in paraffin. The 4 µm thick sections were cut and mounted on glass slides for
immunohistochemistry.

Immunohistochemical staining
Proliferation – PCNA immunohistochemistry
(See above description)

Apoptosis – TUNEL immunohistochemistry
(See above description)

p53 immunohistochemistry
(See above description)

EGFR immunohistochemistry
(See above description)

SIMA, LIMA immunohistochemistry
(See above description)

Evaluation of immunohistochemical staining
Known immunohistochemically-positive tissue sections were used as positive controls, and
negative control sections were processed immunohistochemically after the primary
antibody was replaced by PBS. None of the negative control sections exhibited
immunoreactivity.
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Axially, at least 600 (mainly 800) crypt epithelial cells within well-oriented crypts were
counted in each sample using light microscope (40X objective). The labeling index (LI)
was defined as a percentage of the positive nuclei over the total nuclei counted.

Statistical analysis
Statistical analysis with one-way ANOVA, LSD test and the paired T-test were performed
by the Statistica for Windows 4.3 program package. Values were expressed as mean ± SD
and p value <0.05 was considered statistically significant.
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Barrett study
Materials
The immunohistochemical analysis of proliferation and p53 expression and expression of
GST and MMP-9 in the development and progression of reflux esophagitis-Barrett
metaplasia-dysplasia-adenocarcinoma sequence in the esophagus was a retrospective study
using paraffin-embedded biopsy specimens, which were taken from patients between 2000
and 2004 at the 2nd Department of Medicine, Semmelweis University Budapest.
A total of 51 formalin-fixed, paraffin-embedded esophageal tissue samples were analyzed
by immunohistochemical techniques. Groups comprised 33 males and 18 females. The
median age was 64 with a range from 22 to 83 years.
The selection was based on a clinical and histological evidence of the corresponding
diagnosis including reflux esophagitis (n=7) (4 males, 3 females, mean age 61 years, range
36-68 years); BE (n=14) (9 males, 5 females, mean age 66 years, range 48-69 years); BE
with concomitant esophagitis (n=8) (6 males, 2 females, mean age 67 years, range 55-71
years); BE with dysplasia (n=7) (4 males, 3 females, mean age 68 years, range 52-72
years); and esophageal adenocarcinoma (n=8) (6 males, 2 females, mean age 71 years,
range 64-83 years). Esophageal biopsies from patients with functional dyspepsia without
any histological changes were used as controls (n=7) (4 males, 3 females, mean age 49
years, range 22-56 years).
For immunohistochemistry, all biopsy specimens were fixed in buffered formalin and
embedded in paraffin as previously described. Four micron thick sections were cut and
mounted on glass slides.

Immunohistochemical staining
Proliferation – PCNA immunohistochemistry
(See above description)

p53 immunohistochemistry
(See above description)
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GST immunohistochemistry
The 4 micron thick tissue sections were dewaxed and rehydrated. Endogenous peroxidase
activity was blocked by incubation for 30 min at room temperature in 3% hydrogen
peroxide. After washing the sections 3 times in PBS for 5 min, non-specific blocking was
done with 1% BSA-PBS solution for 10 min at room temperature. Next, the slides were
incubated with diluted polyclonal rabbit anti-human GSTP1 antibody (1µl GSTP1 antibody
and 150µl PBS) (Clone: A3600, DAKO) at 37°C for 60 min in a humidified chamber. After
washing the specimens 3 times in PBS, signal conversion was carried out with the LSAB2
system (DAKO) as described in the manual. Finally hematoxylin co-staining was done.

MMP-9 immunohistochemistry
After deparaffinization in xylene and rehydration through graded ethanol, endogenous
peroxidase activity was blocked by incubation for 30 min at room temperature in 3%
hydrogen peroxide. After washing the sections 3 times in PBS for 5 min, non-specific
blocking was carried out with 1% BSA-PBS solution for 10 min at room temperature. Next,
the slides were incubated with optimally diluted monoclonal anti-human MMP-9 antibody
(Clone: 36020.111, R&D Systems) at 37°C for 60 min in a humidified chamber. After
washing the samples 3 times in PBS, signal conversion was carried out with the LSAB2
system (DAKO) as described in the manual. Finally, hematoxylin co-staining was
performed.

Evaluation of immunohistochemical staining
Known immunohistochemically-positive tissue sections were used as positive controls, and
negative control sections were processed immunohistochemically after the primary
antibody was replaced by PBS. None of these negative control sections exhibited
immunoreactivity.

PCNA and p53 immunohistochemistry
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At least 600 (mainly 800) epithelial cells were counted in each sample using light
microscope (40X objective). The labeling index (LI) was defined as a percentage of the
positive nuclei over the total nuclei counted.

GST and MMP-9 immunohistochemistry
GST and MMP-9 immunostaining was determined semiquantitatively. Essentially, the
intensity of staining for GST and MMP-9 under a light microscope was graded from 0 to 3,
denoting no staining or light, moderate, or intense staining. An immunohistochemical
staining score was calculated for each histologic area by multiplying the staining intensity
level (0 to 3) by the proportion of cells in each area staining with that intensity. The
immunohistochemical staining score for an area with 100% of cells staining with 3
intensity, for example, would be 1 x 3, equaling 3, whereas an area with 50% cells staining
2 and 40% staining 1 would have a score of 0.5 x 2 plus 0.4 x 1, equaling 1.4.

Statistical analysis
Statistical analysis with one-way ANOVA, LSD test and correlation analysis were
performed by the Statistica for Windows 4.3 program package. Values were expressed as
mean ± SD and p value <0.05 was considered statistically significant.
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SLPI study
Materials
The immunohistochemical analysis of SLPI expression was a retrospective study using
paraffin-embedded biopsy specimens, which were taken from patients between 2001 and
2004. A total of 85 formalin-fixed, paraffin-embedded antral and corpus biopsy specimens
were retrieved from the archives of the Institutes of Pathology in Magdeburg and Bayreuth,
Germany. The selection was based on clinical and histological evidence of the
corresponding diagnosis according to the Sydney classification including H. pyloriassociated chronic active gastritis (n=13), NSAID-induced chemical gastritis (n=18),
autoimmune gastritis (n=11), lymphocytic gastritis (n=26) and a control group without
histological changes (n=17). Groups were not matched for age and gender. Mean age
(range) of groups were as follows: H. pylori-gastritis: 53.6 (32 – 93), NSAID-gastritis:
35.7 (23 – 73), autoimmune gastritis: 64.5 (52 – 72), lymphocytic gastritis: 55.9 (24 – 90),
control: 30.6 (19 – 53).

Detection of SLPI by immunohistochemistry
All biopsy specimens were fixed in buffered formalin and embedded in paraffin. Five µm
thick sections were cut and mounted on glass slides and subsequently treated with xylol and
dehydrated by standard protocols. Antigen unmasking was carried out by boiling the
specimens three times in 0.01 M sodium citrate puffer (pH 6.0) for 10 min in a microwave
(600W), and an incubation in 1x staining buffer containing 5% RPMI, 5% FCS and 0.05%
sodium azide (pH 7.4 – 7.6) for 30 min. Incubation of the primary antibody was done in 1x
staining buffer at room temperature for 1-2 hours. The polyclonal anti-SLPI rabbit
antiserum (Vivotec GmbH, Magdeburg, Germany) was obtained from immunization with a
synthetic peptide specific for the SLPI sequence and established for immunohistochemical
staining of SLPI.
Subsequent procedures were performed using the Vectastain ABC-AP Kit (Vector,
Burlingame, CA, USA) following the manufacture’s instructions. Finally, the samples were
counter-stained with hematoxilin, dehydrated and mounted using DEPEX (Serva,
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Heidelberg, Germany). Negative controls performed using unrelated rabbit antiserum as
primary antibody did not show specific staining (data not shown).

Evaluation of immunohistochemical staining density of SLPI
Scoring of the immunohistochemical staining results was done for cells of surface
epithelium, gastric glands in the cytoplasmic compartment as well as for immune cells
(granulocytes, lymphocytes, plasma cells) of the lamina propria in antrum and corpus
mucosa. These immune cells were identified histologically by morphological criteria. No
double staining of cell surface markers, necessary to differentiate between lymphocytic
subpopulations (e.g. B-, T- and NK-cells), was performed. The intensity of staining for
SLPI in epithelium and immune cells was graded from 0 to 3, denoting no staining (0), light
(1), moderate (2) or intense staining (3). An immunohistochemical staining score was
calculated for three different areas by multiplying the staining intensity level (0 to 3) by the
proportion of cells in each area staining with that intensity. For example, an area with 100%
of cells staining with an intensity of 3 would equal a score of 3, whereas an area with 50%
and 40% cells having an intensity of 2 and 1, respectively would lead to a score of 1.4 (0.5
x 2 plus 0.4 x 1 =1.4).

Statistical analysis
All data were entered into a database and analyzed using the Microcal Origin 5.0 program
package (Northampton, MA, USA). Differences between groups were analyzed by one-way
analysis of variance (ANOVA). P-values of < 0.05 were regarded as significant.
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RESULTS

NSAID study
Cell proliferation, apoptosis and expression of p53 and EGFR of the gastric epithelium
prior to and after six months of PPI co-therapy in chronic ns-NSAID or selective COX-2
users are shown in Table 2.

Cell proliferation
We found, that gastric epithelial cell proliferation was significantly higher in patients on
selective COX-2 treatment compared with the control group (p<0.05) (Fig. 2A). Although
there was a trend towards increase of cell proliferation in ns-NSAID treated group when
compared to controls, the difference did not reach statistical difference (Fig. 1). PPI cotherapy reduced the higher cell proliferation rate to the normal level in patients either on
selective COX-2 (p<0.05) (Fig. 2B) or on ns-NSAID treatment (p<0.05) (Fig. 1). The
gastric epithelial cell proliferation in individual patients either on chronic ns-NSAID or
selective COX-2 treatment prior to and after PPI co-therapy is shown in Fig. 3A-B.

Apoptosis
No statistically significant difference was observed in apoptosis of the gastric epithelium
either after chronic ns-NSAID or selective COX-2 treatment (Fig. 1), although there was a
trend towards increase in both groups, especially in patients on ns-NSAID treatment (Fig.
4A). PPI co-therapy, however, reduced the higher apoptosis rate in chronic ns-NSAID users
(p<0.05) (Fig. 4B) and also reversed the alterations in patients on chronic selective COX-2
treatment, however, the difference did not reach statistical significance. Apoptosis of the
gastric mucosa in individual patients either on chronic ns-NSAID or selective COX-2
treatment prior to and after PPI co-therapy is shown in Fig. 5A-B.

p53 expression
We found, that p53 expression of the gastric mucosa was significantly higher in patients on
chronic ns-NSAID treatment compared to the controls (p<0.05) (Fig. 6A), while selective
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inhibition of COX-2 synthesis had no such effect on the gastric epithelium, however there
was a trend towards increase (Fig. 1). Consistent with cell proliferation, long term PPI cotherapy significantly reduced p53 expression levels in both, ns-NSAID (Fig. 6B) and
selective COX-2 users (p<0.05) (Fig. 1). p53 expression scores of the gastric mucosa in
individual patients either on chronic ns-NSAID or selective COX-2 treatment prior to and
after PPI co-therapy are shown in Fig. 7A-B.

EGFR expression
Interestingly, both, chronic ns-NSAID and selective COX-2 treatment revealed
significantly lower expression levels of EGFR in the gastric epithelium compared with the
controls (p<0.05) (Fig. 1), however EGFR expression was more suppressed in patients on
selective COX-2 inhibitor treatment. PPI co-therapy normalized the altered EGFR
expression levels in both groups (p<0.05). Comparison of EGRF expression in each patient
either on chronic ns-NSAID or selective COX-2 treatment prior to and after PPI co-therapy
is shown in Fig. 8A-B.
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PPI study
Cell proliferation, apoptosis and expression of p53 and EGFR of the gastric mucosa prior to
and after six months of omeprazole or esomeprazole therapy are shown in Table 3.
There was no difference between the effects of long term omeprazole or esomeprazole
therapy on gastric epithelial cell kinetics (Fig. 9). There was no statistically significant
difference in any of the investigated parameters between the biopsy samples taken at the
beginning and those taken after six months of PPI treatment (Table 3). Cell parameters
were not affected by sex and age (data not shown). Although there was a trend towards
increase in cell proliferation and EGFR expression of the gastric epithelium in both,
omeprazole and esomeprazole-treated groups, the difference was not statistically
significant. We found alterations only in the localization of immunohistochemical staining
density prior to and after PPI therapy, regardless of the type of PPI.

Cell proliferation
In a non-affected normal gastric mucosa the greatest density of PCNA positive cells was
found in the neck cell compartment (Figure 10A). The greatest increment in cell
proliferation in response to PPI therapy was observed in the gland compartment of the
gastric mucosa. The increase was limited to the deepest portions of the crypts (Figure 10B).
Interestingly, parietal cells did not express PCNA either before or after long term PPI
administration.

EGFR expression
In a non-affected normal gastric mucosa positive EGFR immunoreactivity was observed in
parietal cells and mucus neck cells of the gastric fundic glands. EGFR was localized to the
basolateral cell membrane, but not to the apical luminal membrane (Fig. 11A). After PPI
administration a strong positive EGFR immunoreactivity was observed at the basolateral
membrane, in cytoplasm and supranuclear area of the mucosal cells (Fig. 11B). Positive
EGFR expression was also found in some parietal cells (in their cytoplasm and plasma
membrane), but it was generally weaker compared to the neck cells (Figure 11C).
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Finally, no dysplasia was observed after six months of follow-up in any of the patients
receiving either omeprazole or esomeprazole therapy.
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Barrett study
Cell proliferation and p53 expression and immunoexpression scores of GST and MMP-9 in
various types of mucosal lesions of the esophagus are shown in Table 4-7.

Cell proliferation
The cell proliferation rate has increased in the sequence of malignant transformation of the
esophagus, from BE to dysplasia and adenocarcinoma (Fig. 12). In BE the cell proliferation
(Fig. 13B) was significantly higher compared to the normal esophageal epithelium (control
group) (p<0.00001) (Fig. 13A) but significantly lower compared to reflux esophagitis or
BE with concomitant esophagitis (p<0.05). In the epithelium of BE the proliferative
compartment was mostly limited to the bottoms of the crypts (Fig. 13B). In addition, the
score of cell proliferation was significantly higher in Barrett’s epithelium than in normal
gastric mucosa (data not shown). Interestingly, there was no difference in proliferation
index between reflux esophagitis and BE with concomitant esophagitis (Fig. 12). Further,
an upward shift of the proliferative compartment was observed from metaplasia to
dysplasia and adenocarcinoma (p<0.002) (Fig. 12). Finally, cell proliferation was
significantly higher in adenocarcinoma (Fig. 13C) compared with dysplastic Barrett
esophagus tissue (p<0.02), however, proliferative cells were irregularly distributed in
invasive cancer areas.

p53 expression
We found no increase in p53 expression in Barrett esophagus tissues that were negative for
dysplasia (Fig. 14B) compared to the normal esophagus epithelium (Fig. 14A) except BE
with concomitant esophagitis which showed significantly higher p53 expression levels than
BE and the control group (p<0.01) (Fig. 12). The increased p53 accumulation in BE with
concomitant esophagitis was significantly higher also compared to reflux esophagitis
(p<0.01) (Fig. 12). There was no difference in p53 expression scores of BE and reflux
esophagitis.
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Significantly higher expression levels of p53 have been observed in Barrett esophagus
tissues that were positive for dysplasia compared with BE without dysplasia and also BE
with concomitant esophagitis (p<0.003) (Fig. 12).
With respect to esophageal adenocarcinoma, the p53 expression was high, as reflected by
prominent nuclear immunohistochemical staining (Fig. 14C). The expression levels of p53
were significantly higher in adenocarcinoma compared with dysplastic Barrett esophagus
tissues (p<0.03) and the other groups (p<0.003) (Fig. 12).

The cell proliferation and p53 expression in the development and progression of normal
epithelium, reflux esophagitis, BE, dysplasia and adenocarcinoma sequence of the
esophagus were linearly correlated (r=0.91; p<0.01) (Fig. 15) and increased with the
severity of mucosal lesions.

GST expression
GST expression levels have decreased in the sequence of malignant transformation of the
esophagus, from BE to dysplasia and adenocarcinoma (Fig. 16). The immunoexpression
score of GST in normal esophageal epithelium (Fig. 17A) was significantly higher
compared to BE (Fig. 17B) and the other groups (p<0.00001), while no major changes were
observed between BE, reflux esophagitis and BE with concomitant esophagitis (Fig. 16).
Barrett esophagus tissues that were positive for dysplasia (Fig. 17C) and esophageal
adenocarcinoma (Fig. 17D) revealed a significantly lower expression levels of GST
compared to all other groups (p<0.003). Adenocarcinoma showed almost no expression of
GST and significantly lower expression levels than dysplastic Barrett esophagus tissues
(p<0.03) (Fig. 16).

MMP-9 expression
The semiquantitative score of MMP-9 has increased in the sequence of malignant
transformation of the esophagus with the severity of mucosal lesions (Fig. 16). The
immunoexpression of MMP-9 in the normal esophageal epithelium (Fig. 18A) was almost
not detectable and significantly lower compared to BE (Fig. 18B) and the other groups
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(p<0.00001), while no major changes were observed between BE, reflux esophagitis and
BE with concomitant esophagitis (Fig. 16). Further, significantly higher expression levels
of MMP-9 have been observed in dysplastic Barrett esophagus tissues (Fig. 18C) and
esophageal adenocarcinoma (Fig. 18D) compared to all other groups (p<0.04). Finally,
MMP-9 immunoexpression was significantly higher in adenocarcinoma compared to
dysplasia (p<0.03).

GST and MMP-9 were expressed mainly within the cytoplasm and cytoplasmic membranes
of the esophageal epithelium in dysplastic or adenocarcinoma cells (Fig. 17-18) and the
immunoexpression changes of GST and MMP-9 in the development and progression of
normal epithelium, reflux esophagitis, BE, dysplasia and adenocarcinoma sequence of the
esophagus were inversely correlated (r=-0.82; p<0.05) (Fig. 19).
Additionally, the increase of cell proliferation and p53 expression was linearly correlated
with the immunoexpression score of MMP-9 (PCNA with MMP-9 [r=0.84; p<0.05]; p53
with MMP-9 [r=0.82; p<0.05]) (Fig. 20A-B) and inversely correlated with GST expression
(data not shown).
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SLPI study
Cytoplasmatic secretory leukocyte protease inhibitor expression differs according to the
location. The epithelial cells of the gastric mucosa, deep foveolar secretory glands and
immune cells of the lamina propria (lymphocytes, plasma cells) were found to express SLPI
(Fig. 21A-B). Additionally, the expression of SLPI is general stronger in antral than in
corpus mucosa.
In H. pylori-negative samples (control and NSAID-induced gastritis groups) the epithelial
lining of the mucosa as well as the deep foveolar glands exhibited a strong cytoplasmatic
staining by the anti-SLPI antibody (Fig. 21A-D). The predominant staining of the apical
membrane in the glands is in line with the fact that SLPI is a secretory protein. In H. pyloriassociated and lymphocytic gastritis the SLPI staining of the mucosa was strongly reduced
and frequently almost not detectable (Fig. 21E, G). In addition to epithelium, immune cells
also contributed to the mucosal SLPI expression. According to the phenotype the SLPIexpressing immune cells were identified as lymphocytes and plasma cells, whereas
neutrophil granulocytes did not show SLPI-immunoreactivity (Fig. 21C, F).
Based on the semiquantitative scores, the epithelial cells of the antral mucosa in the control
group exhibited the highest SLPI expression. In NSAID-induced gastritis the SLPI
expression levels in antrum and corpus were slightly down-regulated compared to the
control group without reaching significance. As expected, the SLPI expression of the antral
mucosa in H. pylori-infected tissue specimens was significantly lower compared to control
group (p<0.0001) (Fig. 22). Interestingly, lymphocytic gastritis, which is considered to be a
result of a former H. pylori infection, had similar low SLPI expression levels (p<0.0001). In
contrast, no major changes of epithelial SLPI expression have been observed in corpus
mucosa, neither for NSAID-induced nor for autoimmune gastritis (Fig. 22).
Since it is well known that any type of gastritis is characterized by the infiltration of
immune cells at variable extent and these cells contribute to the mucosal SLPI level, we
have assessed the SLPI expression of these cells separately. In general, the portion of SLPIexpressing immune cells was lower than that for the epithelial cells in all groups. Overall, a
similar expression pattern compared to epithelial cells was detected. Both, the H. pyloriassociated gastritis and the lymphocytic gastritis revealed a significant lower expression of
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SLPI in the infiltrating lymphocytes and plasma cells of antral mucosa (p<0.0001 and
p<0.009), whereas the corresponding SLPI expression of the immune cells in NSAIDinduced gastritis were not changed, neither in antrum nor in corpus (Fig. 23). Interestingly,
immune cells infiltrating the corpus in autoimmune gastritis had a higher SLPI expression
index than those in the control or NSAID-group (p<0.03).
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DISCUSSION

NSAID study
The theory that suppression of physiologic prostaglandin synthesis by NSAIDs reduces
blood flow and this leads to injury of the gastric mucosa has been challenged by the
widespread use of COX-2 selective inhibitors (112). Although COX-2 inhibitors have no
effect on physiologic prostaglandin synthesis they could not completely abolish gastric
mucosal damage (113). Based on animal experiments and acute ulcer models it was
suggested that COX-2 inhibitors but not ns-NSAIDs block cell proliferation and growth,
and this effect was suggested to be responsible for the undesirable mucosal damage
observed during COX-2 therapy (114).
In previous clinical studies, however, NSAIDs did not significantly affect or only
marginally influenced cell turnover of the gastric mucosa (33, 35, 115). When the effect of
ns-NSAID use on gastric cell turnover was considered, we found that although there was a
trend towards higher cell proliferation rate and apoptosis, the difference did not reach
statistical significance. This finding for cell proliferation is in complete agreement with
those of Sant et al (33) and Zhu et al (35). Sant et al (33) did not find significant difference
in cell proliferation (measured by BrdU LI) in 16 patients on three-month ns-NSAID
therapy compared with 14 age-matched controls (4.09±0.29 vs. 3.57±0.29), but indicated
that there was a trend towards increase. All patients in their study were also H. pylori
negative. In the study of Zhu et al (35) chronic (probably non-selective) NSAID use did not
affect cell proliferation (measured by PCNA) but increased apoptosis (measured by
TUNEL). H. pylori status did not affect cell proliferation in their study, but the apoptotic
index was lower in H. pylori positive NSAID-users compared to H. pylori negative ones.
With respect to H. pylori infection and cell turnover of the gastric mucosa, H. pylori
increased cell proliferation and apoptosis as also reported earlier by our research work
group (110), but the question is not as simple when concomitant H. pylori infection and
NSAID therapy are considered. Since all patients in our study were H. pylori negative, we
could not assess this question. For the same reason, we could not compare our results with
those of Levi et al (115). They used an eight-week period to study the effect of ns-NSAID
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treatment and observed an increase in cell proliferation during naproxen therapy, but H.
pylori status was not assessed in their case. In another study, Leung et al (116) found an
increase in apoptosis during eight-week treatment with naproxen in H. pylori negative
patients but cell proliferation was not altered.
As for the effects of chronic COX-2 selective treatment on gastric mucosal cell turnover in
comparison with ns-NSAIDs, we found that chronic COX-2 selective inhibitors increased
cell proliferation. This finding is in contrast with ulcer healing studies (117) and gastric
cancer models (118) using animal experiments.
Although, we found a significant increase in gastric epithelial cell proliferation after COX2 selective treatment, it was neither accompanied by increased p53- nor EGFR expression.
Moreover, there was a trend towards increase in apoptosis index that may compensate
further on the increased cell proliferation. One can also speculate, that this phenomenon
may be explained by the low number of cases and/or the short (six months) time of follow
up. However, Kim et al observed (119) that ns-NSAID but not selective COX-2 inhibitor
decreased gastric epithelial cell proliferation and apoptosis, but in H. pylori infected mice
and thus these results can’t be considered as comparison with our study.
Nevertheless, the increased cell proliferation was not associated with p53 accumulation
considering that this phenomenon was an unharmful event associated with selective COX-2
treatment in our case.
Since incomplete intestinal metaplasia is associated with increased cell turnover and p53
overexpression (120), we have also evaluated p53 expression in the samples. Zhu et al (28)
have previously shown that indomethacin initiated growth inhibition and apoptosis while
p53 expression remained unchanged in gastric epithelial cells, in vitro. In our study, p53
expression was significantly higher during chronic ns-NSAID treatment but not COX-2
selective treatment and increase in apoptosis index was statistically not significant. These
observations indicate that DNA damage and stimulation of apoptosis are likely not
associated after chronic ns-NSAID or selective COX-2 treatment.
EGFR detection by immunohistochemistry is an accepted method for the detection of
altered gastric epithelial cell function. Ruzsovics et al (32) have previously demonstrated
that EGFR expression of the gastric mucosa was increased in H. pylori infected patients
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compared with non-infected controls and the increase in EGFR was accompanied with
enhanced cell proliferation.
We found lower EGFR expression of the gastric epithelium in both, chronic ns-NSAID and
selective COX-2 treated patients compared with the controls while the cell proliferation rate
showed an increase. This finding is in contrast with our previous observations, however,
EGRF was found to be suppressed when intestinal metaplasia was present (32). Thus we
paid special attention to exclude intestinal metaplasia in the biopsy samples by using LIMA
and SIMA immunohistochemisrty. Interestingly, EGFR was lower even in the absence of
intestinal metaplasia, irrespective of ns-NSAID or COX-2 selective treatment.
It is known from morphological studies that immunoreactivity of EGFR can be identified in
parietal cells and mucus neck cells of the gastric fundic glands in normal gastric mucosa,
while strong EGFR and PCNA expression can be found in the proliferative zone (31).
PCNA positive cells, however, are nearly always positive for EGFR. Thus we expected that
the higher PCNA activity will be accompanied by an increase of EGFR expression. Since
there is about a 75-fold increase (over controls) in the number of cells expressing EGFR in
ulcer healing margins and during scar formation lined with poorly or aberrantly
differentiated cells in animal experiments (30), the minimal decrease of EGFR expression
may be of minor significance. This may suggest that cell proliferation during NSAID
treatment is mediated through an EGFR independent mechanism.
PPI co-therapy in chronic ns-NSAID users is suggested to be the best alternative besides
selective COX-2 inhibitor therapy and in groups with higher risk for gastrointestinal
complications has been shown to be cost effective (121). In addition, PPIs have an excellent
safety profile, without any significant side effects in a clinical setting (16, 122). We found
that PPI co-therapy normalized all changes in gastric epithelial cell kinetics observed
during chronic ns-NSAID or COX-2 selective treatment.
In summary, while p53 expression was increased and EGFR expression decreased, there
was a trend towards increase of cell proliferation and apoptosis in the gastric mucosa after
chronic ns-NSAID treatment but the difference did not reach statistical significance.
Chronic administration of selective COX-2 inhibitors was associated with increased cell
proliferation and decreased EGFR expression of the gastric epithelium but was not
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accompanied by increased p53 expression, while the apoptosis showed a trend towards
increase. These findings suggest that the prevalence of NSAID gastropathy is likely not due
to an effect on gastric cell turnover.
PPI co-therapy normalizes the disturbed cell kinetics irrespective of NSAID treatment used.
Chronic NSAID users with PPI co-therapy had the same values for all cell kinetic
parameters evaluated as dyspeptic controls without any mucosal lesion. In fact, gastric
epithelial cell turnover returned to normal when acid flow was low irrespective of the
NSAID used. These suggest that changes of gastric acid secretion may have a role in
epithelial cell kinetic alterations.
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PPI study
Omeprazole-induced potent acid suppression may lead to sustained and profound
hypochlorhydria, which is often associated with hypergastrinemia (123). In majority of
animal studies it has been shown that long-term omeprazole treatment reversibly increases
epithelial cell proliferation and suppresses its differentiation (39, 40). In other studies,
however, neither cell proliferation is higher (124, 125), nor increased gastrinoma or other
tumor formation is observed during long-term PPI treatment (126). Additional data suggest
that gastrin enhances growth of normal and malignant colonic cells in vitro and may be
linked to the development of colorectal cancer (127, 128). On the other hand, animal and
clinical studies do not support the role of omeprazole-induced hypergastrinemia in gastrointestinal neoplasia development (129, 130) and no increased incidence of colon cancer has
been found in patients with either pernicious anemia or gastrinomas (131, 132).
The risk of hypergastrinemia induced by long-term PPI therapy is still ambiguous and of
concern to many clinicians. This study analyzed the gastric epithelial cell kinetics in
patients with gastro-esophageal reflux disease during long term PPI treatment using
immunohistochemical techniques. We have investigated the effect of two different proton
pump inhibitors: omeprazole and esomeprazole.
Although esomeprazole has a higher bio-availability than omeprazole and provides more
pronounced inhibition of acid secretion compared to all other clinically available proton
pump inhibitors, we found no difference between these drugs in terms of their effects on the
gastric epithelium. Our results confirmed the previous observations (124, 125) that cell
proliferation is not significantly altered during long-term PPI therapy. Although there was a
trend towards increase of both cell proliferation and EGFR expression, the difference was
not statistically significant. Previous studies have indicated that PCNA positive cells are
nearly always positive for EGFR (31). Thus the accompanied increase of EGFR expression
to a higher PCNA activity in this study has been expected.
The fact that the trend towards increase in gastric cell proliferation and EGFR expression is
not accompanied with a parallel increase in apoptosis and p53 expression also supports the
conclusion that there is no significant change in cell turnover during chronic administration
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of any PPIs. In addition, no dysplasia or neoplasia was observed in any of the samples
obtained during this study.
Alterations were found only in the localization of immunohistochemical staining density
prior to and after PPI therapy. In our study, in a non-affected normal gastric mucosa,
positive EGFR immunoreactivity was identified in the mucous neck cells and parietal cells
of the fundic glands and the staining was localized only to the basolateral cell membrane,
what is in agreement with previous studies (31, 40). Gray et al (40) suggested that the
greatest increment in cell proliferation in response to the increased gastrin drive occurs in
the gland compartment of gastric mucosa. Our findings have confirmed their observations.
After long term PPI administration, we have observed the greatest increase in PCNA
positive cells mainly in the gland compartment. Although there is a proportionally greater
increase in proliferation in the gland compartment compared to that in the mucous neck cell
compartment, the neck cell compartment remains the main source of new cell formation.
Several studies have shown an intense EGFR expression during ulcer healing (30, 31). In
our study, after administration of PPI a strong positive EGFR immunoreactivity was
observed predominantly in some mucous neck cells of the proliferative zone compared to
the weaker staining density in parietal cells. The EGFR immunoreactivity was localized not
only to the basolateral membrane of these cells, but also appeared in cytoplasm and
supranuclear area.
EGFR is a good immunohistochemical marker for the detection of altered gastric epithelial
cell function. The presence of EGFR on cells of the proliferative zone clearly indicates that
they are the targets for the proliferation stimulating action of EGF. Further, parietal cells
express EGFR but not PCNA. Presence of EGFR in the parietal cells is not associated with
cell proliferation, but is consistent with a potent inhibitory action of EGF on gastric acid
secretion.
We demonstrated that long-term PPI treatment did not significantly increase gastric
epithelial cell proliferation and EGFR expression and had no effect on apoptosis and p53
expression. We found alterations only in the localization of immunohistochemical staining
density during chronic PPI administration.

47

Our results have confirmed the previous observations that cell proliferation is not
significantly altered during long term PPI therapy. In addition, no alterations in cellular
response and no disturbance in the balance between cell proliferation and apoptosis are
found. The maintenance of gastro-intestinal hemostasis is ensured and there is no risk for
progression of hyperplasia to dysplasia in patients during chronic PPI administration.
These data suggest that six-month treatment with proton pump inhibitors is not associated
with cell proliferation abnormalities of the gastric antral mucosa, what is a further argument
for the safety of PPIs.
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Barrett study
Despite advances in diagnosis and therapy, esophageal adenocarcinoma remains an
aggressive and usually lethal tumor. BE is the main precancerous condition in the
development of esophageal adenocarcinoma, however, its pathogenesis is still poorly
understood. It has been reported that BE develops as a complication of chronic
gastroesophageal reflux (45) and is associated with an increased risk of esophageal
adenocarcinoma (47, 133). BE typically progresses from metaplasia with atypia to
dysplasia and adenocarcinoma. This hypothesis has led to the use of endoscopic biopsy
surveillance to detect dysplasia in patients before carcinoma develops (134). It is of great
clinical importance to correctly identify changes with a high risk for malignant
transformation, as high-grade dysplasias and early adenocarcinomas in patients with BE to
have a higher chance for cure (135).
The identification of high-risk lesions in BE by histology has also disadvantages, especially
regarding sampling errors and frequent intra- and inter-observer discrepancies in the
histopathologic grading/staging of these lesions. Several new biomarkers are being tested to
help in better determining the risk of cancer development.
Although most of the biological markers need to be evaluated further, at present, cell
proliferation, aneuploidy status, p16 and p53 gene abnormalities, or allelic losses are the
most extensively documented alterations (51). Immunostaining with a variety of antibodies
provides a better understanding of the process of malignant transformation and helps to
identify early markers of malignant transformation in BE (136).
Here we evaluated cell proliferation and p53 expression and expression of GST and MMP9 in the development and progression of normal epithelium, reflux esophagitis, BE,
dysplasia and adenocarcinoma sequence of the esophagus.
Alterations in proliferative activity of the epithelium are related to cancer risk in most
organs of the gastrointestinal tract. In the colon the occurrence of adenomas and carcinomas
is associated with an increased epithelial cell proliferation (137). Patients operated for
colorectal cancer, have a higher risk for recurrent adenomas, if there is increased
proliferation in random rectal biopsies (138). In the stomach Billroth-II resection and H.
pylori infection, both risk factors for gastric cancer, are associated with increased mucosal
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cell proliferation (139), with normalization after H. pylori eradication in the latter case.
Also in BE a positive correlation has been shown between proliferative activity and risk
factors for cancer, such as dysplasia, type of metaplasia and length of the Barrett segment
(140). Further, in the progression of Barrett’s metaplasia to adenocarcinoma the balance of
proliferation/apoptosis is thought to play an important role (141).
In our study, immunohistochemical analysis revealed a progressive increase in cell
proliferation rate with increasing severity of esophageal lesions. We demonstrated that cell
proliferation was significantly lower in normal esophageal epithelium (control group)
compared with all other groups. Barrett esophagus tissues that were positive for dysplasia
revealed a significantly higher cell proliferation index compared to BE, reflux esophagitis
or BE with concomitant esophagitis. We observed that cell proliferation was significantly
higher in adenocarcinoma compared to BE or BE tissues positive for dysplasia. Our
findings are similar to the results reported by Hong et al (53), Polkowski et al (61) and Kim
et al (142).
Novel finding in our study is that cell proliferation in reflux esophagitis or Barrett’s
esophagus with concomitant esophagitis is significantly higher compared to BE alone. It
has been shown that gastric acid may stimulate cell proliferation by directly affecting the
epithelium. In this respect gastric juice of low pH has mitogenic effects on isolated cells in
culture, whereas pH neutral juice lacks this effect or even has some inhibitory action (143).
In a large epidemiologic study symptomatic GERD was a strong risk factor for esophageal
adenocarcinoma (144). In addition, acid reflux is increased in BE patients (145) and
elimination of reflux in patients with BE and GERD, prevents from a further increase of
proliferative activity at the luminal surface of Barrett epithelium in the distal esophagus
(146). These findings may support our observations, including increased p53 expression in
BE with concomitant esophagitis compared to BE alone, that acid reflux in BE might
induce progression from BE to dysplasia and adenocarcinoma.
Although p53 protein overexpression detected by immunohistochemistry is an indirect
method of detecting a p53 gene mutation (147), it has great clinical applicability.
Several recent studies evaluating p53 accumulation using immunohistochemistry have
shown increasing p53 expression in the dysplasia-adenocarcinoma progression of Barrett’s
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esophagus (61, 148). However, p53 accumulation was just very rarely or was not observed
in metaplastic esophageal mucosa without dysplasia (56, 61) or low-grade dysplasia with
no concomitant invasive carcinoma (149). On the other hand, it has been shown that
patients with p53-immunoreactive low-grade dysplasia progress more rapidly to high-grade
dysplasia and/or carcinoma (52).
In our study in correlation with previous findings of Polkowski et al (61) and Younes et al
(150) we found a progressive increase of p53 expression in the sequence of malignant
transformation of the esophagus. We demonstrated that there was no increase in p53
expression of esophageal tissues that were negative for dysplasia including BE and reflux
esophagitis compared to the control group. Barrett esophagus tissues that were positive for
dysplasia revealed a significantly higher p53 expression levels compared to BE, reflux
esophagitis or BE with concomitant esophagitis. We observed that expression of p53 was
significantly higher in adenocarcinoma compared to BE or BE tissues positive for
dysplasia. Interestingly, BE with concomitant esophagitis showed significantly higher p53
expression levels than BE alone, reflux esophagitis or the control group.
This observation is consistent with our findings in cell proliferation and may support the
hypothesis that increasing p53 expression is accompanied by an upward shift of the
proliferative compartment and might be induced by increased acid reflux in the multistep
progression model of a metaplasia-dysplasia-adenocarcinoma sequence in BE. Further, cell
proliferation- and p53 expression changes in the whole BE-dysplasia-adenocarcinoma
sequence of the esophagus are strongly correlated.
Human GST is an enzyme involved in the phase II detoxification of toxins and enzymes.
GST catalyzes the binding of a large variety of electrophiles to the sulfhydryl group of
glutathione, converting them to less harmful and more water-soluble, more easily
excretable compounds (151). Because most chemical carcinogens are electrophiles, GST
plays a critical role in the detoxification of carcinogens (63, 151). GST is widely expressed
in human epithelial tissues, including the human gastrointestinal tract (152). Deficiencies of
GST have been reported to enhance the risk of developing gastric, colorectal, or lung
cancer (153) and an inverse correlation was demonstrated between GST enzyme activity
and tumor incidence in the esophagus (64).
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A number of findings in our study confirmed that GST is involved in esophageal
carcinogenesis and progression. Our findings are consistent with the results reported
previously by van Lieshout et al (64) and Cobbe et al (66) that expression of GST appeared
to be reduced in BE compared to the normal esophageal squamous epithelium. Moreover,
we demonstrated that BE tissues positive for dysplasia revealed a significantly lower
expression of GST when compared to BE, while adenocarcinoma expressed almost no
GST. Brabender et al (65) have also found the highest GST expression in the basal layer of
normal esophageal squamous epithelium and the lowest in adenocarcinoma cells with
intermediate staining intensity in BE cells.
These results suggest that decreased GST expression could be an early event and may
contribute to the risk of development and progression of adenocarcinoma in BE.
Degradation of the ECM and basement membrane by tumor cells is a critical step in the
process of tumor invasion and metastasis. MMP-9 is a member of the matrix
metalloproteinase family, which is capable of degrading several components of the ECM
(72). Increased expression of MMP-9 was found in various carcinomas. With respect to the
gastrointestinal tract, increased MMP-9 expressions have been observed in gastric (80-82)
and colorectal cancer (154, 155). In terms of the esophagus, increased expression of MMP9 has been demonstrated in esophageal squamous cell carcinoma (83-85), but its role and
behavior in esophageal adenocarcinoma and BE was not well established.
In our study, the immunohistochemical analysis revealed a progressive increase in the
expression of MMP-9 with increasing severity of esophageal lesions. MMP-9 expression
was significantly lower in normal esophageal epithelium compared to other groups.
Further, BE tissues positive for dysplasia revealed significantly higher expression levels of
MMP-9 compared to BE, reflux esophagitis or BE with concomitant esophagitis. Finally,
MMP-9 immunoexpression was significantly higher in adenocarcinoma compared to
dysplasia.
These results suggest that overexpression of MMP-9 plays an important role in the
progression to esophageal adenocarcinoma and MMP-9 protein may serve as a marker for
invasiveness. Our results indicate that activation of MMP-9 may be an early event in
esophageal carcinogenesis.
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While expressions of GST and MMP-9 were inversely correlated suggesting a concomitant
down- and upregulation of these two systems, MMP-9 was linearly correlated with cell
proliferation and p53 expression in the sequence of malignant transformation of the
esophagus.
In summary, overexpression of p53 is typical in the malignant transformation of BE and
increases with histological progression. Cell proliferation of Barrett’s epithelium increases
with progressive grades of dysplasia and is linearly correlated with p53 expression. GST is
downregulated, while MMP-9 is upregulated in reflux esophagitis-BE-dysplasiaadenocarcinoma sequence of the esophagus. The simultaneous activation of cell
proliferation and p53 expression strongly suggest their association with esophageal tumor
genesis and particularly, their specific role in the biology of esophageal adenocarcinoma.
The loss of GST and gain on MMP-9 may indicate their specific role in the stepwise
sequence and progression to carcinoma in BE.
Our results demonstrate that activation of cell proliferation and p53 protein accumulation
with simultaneous downregulation of GST and upregulation of MMP-9 may play a crucial
role in the multistep esophageal carcinogenesis. Together with other biological markers,
quantification of these parameters in BE might be useful to identify patients at higher risk
for progression to adenocarcinoma, to prevent tumor development and to improve
prognosis.

53

SLPI study
SLPI represents a multifunctional protein of the gastrointestinal mucosa exerting
antimicrobial and anti-inflammatory effects. SLPI expression is generally induced during
inflammation, however it has been reported that chronic active H. pylori-mediated gastritis
is associated with reduced levels of SLPI in the antral mucosa (107). After initial study
performed in young and healthy volunteers, the findings were confirmed by the
investigation of H. pylori-positive patients with non-ulcer dyspepsia, duodenal ulcer and
gastric cancer (108).
As H. pylori nearly always causes a chronic active gastritis, the question arose whether the
reduction of SLPI under this condition is specifically linked to the infection by this
bacterium or just represents a general phenomenon of gastric inflammation. Recently, the
same group has reported that low-dose aspirin at a dose of 100 mg/day for one week did not
affect gastric SLPI expression (109), implying that the observed reduction in SLPI is rather
specific to H. pylori infection. The previous studies, which have focused on gastroduodenal
SLPI expression, were performed in a comprehensive manner including an analysis of SLPI
at the protein (enzyme-linked immunosorbent assay [ELISA]) and transcript (quantitative
reverse transcriptase–polymerase chain reaction [RT–PCR]) levels. As the reduction in
antral SLPI levels in H. pylori infection was quite strong (approximately – 70%) (107,
108), we have expected that this decrease could be detected also by immunohistochemistry
with a good concordance.
In order to investigate gastric SLPI expression in the context of other types of gastritis a
retrospective immunohistochemical study was initiated. The aim was to investigate whether
a similar strong reduction of SLPI could be detected in the tissue specimens of patients with
other than H. pylori-induced gastritis. We evaluated SLPI immunoexpression in H. pyloriassociated-, NSAID-induced-, autoimmune- and lymphocytic gastritis compared to H.
pylori negative controls. We found that SLPI expression of antral mucosa in H. pyloriassociated and lymphocytic gastritis was significantly lower, whereas the SLPI expression
was not affected in NSAID-induced and autoimmune gastritis either in the antrum or
corpus, respectively.
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Our findings confirmed two previous observations. First, H. pylori infection was associated
with a significant reduction of antral SLPI levels. Second, the epithelial-derived SLPI
expression of H. pylori-negative individuals was overall higher in the antrum than in the
corpus.
The finding that NSAID-induced pathophysiological changes of the gastric mucosa as well
as autoimmune gastritis were not associated with decreased SLPI levels suggests a specific
interaction between SLPI expression and the pathogenesis of H. pylori infection. Although
the histological evaluation of tissue samples from NSAID-induced- and autoimmune
gastritis revealed a considerable number of infiltrating immune cells, epithelial SLPI
expression was only slightly or not decreased. In this context, it is notable that in H. pyloriassociated gastritis an inverse correlation between the activity/chronicity scores and the
corresponding SLPI levels was described (107). The fact that this correlation was not seen
in NSAID-induced- or autoimmune gastritis strongly supports the hypothesis that the
downregulation of epithelial SLPI expression in the gastric mucosa is specifically linked to
H. pylori infection and does not just represent a general secondary phenomenon of gastric
inflammation.
This assumption is further supported by two other observations. Lymphocytic gastritis had
similar low antral SLPI levels compared to chronic active H. pylori-associated gastritis.
Although H. pylori is only rarely found morphologically in lymphocytic gastritis, this
disease is considered to represent a rare histological variety of H. pylori infection (156).
Furthermore, the infiltrating immune cells of both H. pylori-related gastritis types exhibited
lower SLPI expression than their corresponding counterparts in the control and NSAID
group. Although both, the H. pylori- and lymphocytic gastritis groups were significantly
older than the controls or NSAID group in this study, it is highly unlikely that this
parameter is responsible for the difference in SLPI expression. First, a crossover study
investigating SLPI expression in subjects before and after the eradication of H. pylori
infection demonstrated a similar reduction in mucosal SLPI expression as shown in this
study (107). Second, another study including 90 patients with gastric cancer, duodenal ulcer
and patients with dyspeptic symptoms either infected or non-infected with H. pylori
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confirmed the H. pylori-dependent SLPI reduction in the antral mucosa, and these groups
did not differ with respect to the patients age (108).
The functional consequences of decreased SLPI expression in the gastric mucosa at the
molecular level are not yet well understood. With respect to the pleiotropic effects of this
protein, SLPI can be involved in different processes. On the one hand, decreased antral
SLPI levels might affect the proteolytic capacity of serine proteases such as cathepsin G or
elastase in the mucosal microenvironment. For example, Zhu et al (157) showed that the
equilibrium between SLPI and elastase determines the ratio of two epithelial regulating
factors, the proepithelin and epithelin, which affect repair processes of the gastric mucosa
and represent a link between innate immunity and wound healing. On the other hand, SLPI
seems to play a role in the inflammatory processes also by regulating the NFκB signaling
pathway in lung tissue (101, 158). This could represent a further link between SLPI and the
inflammation of the gastric mucosa. Last but not least, SLPI might exert an antimicrobial
effect against H. pylori, because it has been shown that SLPI possesses inhibitory activity
towards the growth of Gram-positive and negative bacteria (159, 160).
Taken together, we show that the significant decrease in antral SLPI levels in H. pyloriinfected patients is rather specifically linked to the infection, and does not just represent a
general feature of gastric inflammation.
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MAIN CONCLUSIONS

NSAID study
•

While p53 expression is increased and EGFR expression decreased, there is a trend
towards increase of cell proliferation and apoptosis in the gastric mucosa after
chronic ns-NSAID treatment but the difference does not reach statistical
significance

•

Chronic administration of selective COX-2 inhibitors is associated with increased
cell proliferation and decreased EGFR expression of the gastric epithelium but is
not accompanied by increased p53 expression while the apoptosis shows a trend
towards increase

•

PPI co-therapy normalizes the disturbed cell kinetics irrespective of NSAID
treatment used

•

The prevalence of NSAID gastropathy is most likely not due to an effect on gastric
cell turnover

PPI study
•

There is no difference between the effects of long term omeprazole or esomeprazole
therapy on gastric epithelial cell kinetics

•

Six-month PPI treatment is not associated with cell turnover abnormalities

•

Some alterations are only in the localization of immunohistochemical staining
density of PCNA and EGFR prior to and after PPI therapy

•

There is no risk for progression of hyperplasia to dysplasia in patients during PPI
administration

Barrett study
•

Overexpression of p53 is typical in the malignant transformation of BE and
increases with histological progression
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•

Cell proliferation of Barrett’s epithelium increases with progressive grades of
dysplasia and is linearly correlated with p53 expression

•

The simultaneous activation of cell proliferation and p53 expression strongly
suggest their association with esophageal tumor genesis and their specific role in the
biology of esophageal adenocarcinoma

•

GST is downregulated, while MMP-9 is upregulated in reflux esophagitis-BEdysplasia-adenocarcinoma sequence of the esophagus

•

The loss of GST and gain on MMP-9 may indicate their specific role in the stepwise
sequence and progression to carcinoma in BE

•

Quantification of these biological markers in BE might be useful to identify patients
at higher risk for progression to adenocarcinoma

SLPI study
•

In H. pylori-associated and lymphocytic gastritis the SLPI staining of the mucosa is
strongly reduced and frequently almost not detectable

•

Epithelial SLPI expression is not affected in NSAID-induced or autoimmune
gastritis

•

SLPI downregulation is specifically linked to H. pylori infection and does not just
represent a general phenomenon of gastric inflammation
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TABLES

Table 1.

Characteristics and number of patients on chronic ns-NSAID or COX-2

selective treatment.

ns-NSAID

COX-2

53 ± 12

52 ± 13

Osteoarthritis

5

5

Rheumatoid

1

2

Other musculoskeletal disease

4

3

Diclofenac (150 mg)

5

-

Naproxen (1000 mg)

3

-

Piroxicam (20 mg)

1

-

Ibuprofen (1600 mg)

1

-

Rofecoxib (25 mg)

-

5

Celecoxib (200 mg)

-

5

Age year (Mean ± SD)
Type of arthritis

Medication used (mg/day)

59

Table 2.

Effect of long term proton pump inhibitor (PPI) co-therapy on gastric

epithelial cell kinetics during chronic ns-NSAID or COX-2 selective treatment (Mean ±
SD). The labeling index (LI) is defined as a percentage of the positive nuclei over the total
nuclei counted.

Control

NSAID

NSAID+PPI

COX-2

COX-2+PPI

0 month

6 months

0 month

6 months

Proliferation 42.9 ± 19.8

56.1 ± 12.4

43.3 ± 14.5# 80.3 ± 7.8*

60.7 ± 16.7€

Apoptosis

49.8 ± 12.0

60.5 ± 11.1

45.8 ± 15.0# 57.4 ± 9.1

49.5 ± 6.6

p53

28.7 ± 4.3

38.5 ± 11.8* 26.4 ± 3.9#

31.3 ± 8.9

23.7 ± 8.4€

EGFR

17.6 ± 11.9

10.7 ± 8.9*

8.7 ± 5.6*

16.1 ± 5.4€

17.4 ± 7.7#

Statistics:
* = p<0.05 vs. Control group
# = p<0.05 vs. NSAID group
€ = p<0.05 vs. COX-2 group
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Table 3. Effect of long-term proton pump inhibitor therapy on gastric epithelial cell
kinetics (Mean ± SD) The labeling index (LI) is defined as a percentage of the positive
nuclei over the total nuclei counted.

Omeprazole (n=14)

Esomeprazole (n=12)

0 month

6 months

0 month

6 month

Proliferation (%)

40.9 ± 13.8

54.1 ± 16.6

39.6 ± 8.7

52.8 ± 10.4

Apoptosis (%)

45.3 ± 8.7

49.5 ± 10.3

43.5 ± 9.8

48.9 ± 9.8

p53 (%)

28.7 ± 4.3

28.9 ± 12.7

29.2 ± 10.7

29.6 ± 11.5

EGFR (%)

17.6 ± 11.9

21.9 ± 7.9

16.8 ± 8.1

22.3 ± 8.1
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Table 4. Cell proliferation in various types of mucosal lesions of the esophagus (Mean ±
SD). The labeling index (LI) is defined as a percentage of the positive nuclei over the total
nuclei counted.

Histology

Labeling index [Mean ± SD]

Normal epithelium (Control group)
(n=7)

36.32 ± 4.09

Reflux esophagitis *
(n=7)

61.54 ± 4.97

Barrett’s esophagus *
(n=14)

51.05 ± 2.26

Barrett’s esophagus with concomitant esophagitis *
(n=8)

61.52 ± 5.29

Barrett’s esophagus with dysplasia *, #
(n=7)

69.35 ± 4.51

Adenocarcinoma *, #, €
(n=8)

74.73 ± 4.54

Statistics:
* = p<0.00001 vs. Normal epithelium (Control group);
# = p<0.002 vs. Reflux esophagitis, Barrett’s esophagus or Barrett’s esophagus with
concomitant esophagitis;
€ = p<0.02 vs. Barrett’s esophagus with dysplasia
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Table 5. p53 expression in various types of mucosal lesions of the esophagus (Mean ± SD).
The labeling index (LI) is defined as a percentage of the positive nuclei over the total nuclei
counted.

Histology

Labeling index [Mean ± SD]

Normal epithelium (Control group)
(n=7)

9.96 ± 1.61

Reflux esophagitis
(n=7)

13.82 ± 2.16

Barrett’s esophagus
(n=14)

15.72 ± 1.93

Barrett’s esophagus with concomitant esophagitis *
(n=8)

19.92 ± 1.32

Barrett’s esophagus with dysplasia *, #
(n=7)

40.72 ± 5.37

Adenocarcinoma *, #, €
(n=8)

44.91 ± 4.66

Statistics:
* = p<0.01 vs. Normal epithelium (Control group), Reflux esophagitis or Barrett’s
esophagus;
# = p<0.003 vs. Reflux esophagitis, Barrett’s esophagus or Barrett’s esophagus with
concomitant esophagitis;
€ = p<0.03 vs. Barrett’s esophagus with dysplasia
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Table 6. Glutathione S-transferase (GST) immunohistochemical expression according to a
semiquantitative score in various types of mucosal lesions of the esophagus

Histology

Score [Mean ± SD]

Normal epithelium (Control group)
(n=7)

2.86 ± 0.24

Reflux esophagitis *
(n=7)

1.14 ± 0.24

Barrett’s esophagus *
(n=14)

1.61 ± 0.35

Barrett’s esophagus with concomitant esophagitis *
(n=8)

1.13 ± 0.35

Barrett’s esophagus with dysplasia *, #
(n=7)

0.58 ± 0.38

Adenocarcinoma *, #, €
(n=8)

0.19 ± 0.26

Statistics:
* = p<0.00001 vs. Normal epithelium (Control group);
# = p<0.003 vs. Reflux esophagitis, Barrett’s esophagus or Barrett’s esophagus with
concomitant esophagitis;
€ = p<0.03 vs. Barrett’s esophagus with dysplasia
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Table 7. Matrix metalloproteinase-9 (MMP-9) immunohistochemical expression according
to a semiquantitative score in various types of mucosal lesions of the esophagus

Histology

Score [Mean ± SD]

Normal epithelium (Control group)
(n=7)

0.29 ± 0.39

Reflux esophagitis *
(n=7)

1.71 ± 0.39

Barrett’s esophagus *
(n=14)

1.46 ± 0.41

Barrett’s esophagus wih concomitant esophagitis *
(n=8)

1.75 ± 0.27

Barrett’s esophagus with dysplasia *, #
(n=7)

2.17 ± 0.26

Adenocarcinoma *, #, €
(n=8)

2.63 ± 0.35

Statistics:
* = p<0.00001 vs. Normal epithelium (Control group);
# = p<0.04 vs. Reflux esophagitis, Barrett’s esophagus or Barrett’s esophagus with
concomitant esophagitis;
€ = p<0.03 vs. Barrett’s esophagus with dysplasia
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FIGURES
NSAID study

Figure 1. Cell proliferation, apoptosis, p53- and EGFR expression in patients on chronic
ns-NSAID or COX-2 selective treatment prior to and after PPI co-therapy
The labeling index (LI) is defined as a percentage of the positive nuclei over the total nuclei
counted. Data are shown as Mean ± SD. (* = p<0.05 vs. Control group; # = p<0.05 vs.
NSAID group; € = p<0.05 vs. COX-2 group)
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Figure 2. Cell proliferation in patients on chronic selective COX-2 treatment
A: before PPI co-therapy (400x) B: after PPI co-therapy (400x). A representative histology
section is shown from each group (magnification in brackets). Cell proliferation is
illustrated by brown staining of the nuclei.

Figure 3. Cell proliferation in individual patients prior to and after PPI co-therapy
A: chronic ns-NSAID treatment; B: chronic COX-2 selective treatment. The Y-axes
illustrate the semiquantitative score of the immunohistochemical (PCNA) evaluation after
the treatment. The X-axes illustrate the duration of PPI co-therapy as indicated.
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Figure 4. Apoptosis in patients on chronic ns-NSAID treatment
A: before PPI co-therapy (200x) B: after PPI co-therapy (200x). A representative histology
section is shown from each group (magnification in brackets). Apoptosis is illustrated by
brown staining of the nuclei.

Figure 5. Apoptosis in individual patients prior to and after PPI co-therapy
A: chronic ns-NSAID treatment; B: chronic COX-2 selective treatment. The Y-axes
illustrate the semiquantitative score of the immunohistochemical (TUNEL) evaluation after
the treatment. The X-axes illustrate the duration of PPI co-therapy as indicated.
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Figure 6. p53 expression in patients on chronic ns-NSAID treatment
A: before PPI co-therapy (400x) B: after PPI co-therapy (400x). A representative histology
section is shown from each group (magnification in brackets). p53 expression is illustrated
by brown staining of the nuclei.

Figure 7. p53 expression in individual patients prior to and after PPI co-therapy
A: chronic ns-NSAID treatment; B: chronic COX-2 selective treatment. The Y-axes
illustrate the semiquantitative score of the immunohistochemical (p53) evaluation after the
treatment. The X-axes illustrate the duration of PPI co-therapy as indicated.
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Figure 8. EGFR expression in individual patients prior to and after PPI co-therapy
A: chronic ns-NSAID treatment; B: chronic COX-2 selective treatment. The Y-axes
illustrate the semiquantitative score of the immunohistochemical (EGFR) evaluation after
the treatment. The X-axes illustrate the duration of PPI co-therapy as indicated.
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PPI study

Figure 9. Cell proliferation, apoptosis, p53- and EGFR expression in patients after long
term PPI treatment
The labeling index (LI) is defined as a percentage of the positive nuclei over the total nuclei
counted. Data are shown as Mean ± SD.

Figure 10. Cell proliferation in patients on long term PPI treatment
A: before PPI treatment (200x) B: after PPI treatment (200x). A representative histology
section is shown from each group (magnification in brackets). Cell proliferation is
illustrated by brown staining of the nuclei.
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Figure 11. EGFR expression in patients on long term PPI treatment
A: before PPI treatment (200x) B-C: after PPI treatment (200x). A representative histology
section is shown from each group (magnification in brackets). Brown cellular staining
shows EGFR expression.
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Barrett study

Figure 12. Cell proliferation (PCNA) and p53 expression in various types of mucosal
lesions of the esophagus
The labeling index (LI) is defined as a percentage of the positive nuclei over the total nuclei
counted. Data are shown as Mean ± SD. (* = p<0.00001 vs. Control group; # = p<0.002 vs.
Reflux esophagitis, Barrett’s esophagus or Barrett’s esophagus with concomitant
esophagitis; € = p<0.02 vs. Barrett’s esophagus with dysplasia; $ = p<0.01 vs. Control
group, Reflux esophagitis or Barrett’s esophagus; ¥ = p<0.003 vs. Reflux esophagitis,
Barrett’s esophagus or Barrett’s esophagus with concomitant esophagitis; ¤ = p<0.03 vs.
Barrett’s esophagus with dysplasia)
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Figure 13. Cell proliferation in different esophageal tissues (PCNA immunohistochemistry)
A: Normal esophagus (200x) B: Barrett’s esophagus (400x) C: Adenocarcinoma of the
esophagus (200x). A representative histology section is shown from each group
(magnification in brackets). Cell proliferation is illustrated by brown staining of the nuclei.
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Figure 14. p53 expression in different esophageal tissues (p53 immunohistochemistry)
A: Normal esophagus (400x) B: Barrett’s esophagus (200x) C: Adenocarcinoma of the
esophagus (400x). A representative histology section is shown from each group
(magnification in brackets). Brown nuclear staining shows p53 expression.
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Figure 15. Correlation between cell proliferation and p53 expression in the development
and progression of normal epithelium, reflux esophagitis, Barrett’s esophagus, dysplasia
and adenocarcinoma sequence of the esophagus
Cell proliferation is linearly correlated with p53 expression (r = 0.91; p<0.01)
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Figure 16. GST- and MMP-9 expression in various types of mucosal lesions of the
esophagus
Semiquantitative score of the immunohistochemical analysis. Data are shown as Mean ±
SD. (* = p<0.00001 vs. Normal epithelium (Control group); # = p<0.003 vs. Reflux
esophagitis, Barrett’s esophagus or Barrett’s esophagus with concomitant esophagitis; € =
p<0.03 vs. Barrett’s esophagus with dysplasia; $ = p<0.00001 vs. Normal epithelium
(Control group); ¥ = p<0.04 vs. Reflux esophagitis, Barrett’s esophagus or Barrett’s
esophagus with concomitant esophagitis; ¤ = p<0.03 vs. Barrett’s esophagus with
dysplasia)
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Figure 17. Expression of GST in different esophageal tissues (GST immunohistochemistry)
A: Normal esophagus (200x) B: Normal esophagus (top) with Barrett’s metaplasia (bottom)
(200x) C: Barrett’s esophagus with dysplasia (400x) D: Adenocarcinoma of the esophagus
(200x). A representative histology section is shown from each group (magnification in
brackets). Brown cytoplasmic staining shows GST expression.
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Figure

18.

Expression

of

MMP-9

in

different

esophageal

tissues

(MMP-9

immunohistochemistry)
A: Normal esophagus (200x) B: Barrett’s esophagus (200x) C: Barrett’s esophagus with
dysplasia (400x) D: Adenocarcinoma of the esophagus (400x). A representative histology
section is shown from each group (magnification in brackets). Brown cytoplasmic staining
shows MMP-9 expression.
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Figure 19. Correlation between GST- and MMP-9 expression in the development and
progression of normal epithelium, reflux esophagitis, Barrett’s esophagus, dysplasia and
adenocarcinoma sequence of the esophagus
GST expression is inversely correlated with MMP-9 expression (r=-0.82; p<0.05)

Figure 20. Correlation between cell proliferation or p53 expression and MMP-9 expression
in the development and progression of normal epithelium, reflux esophagitis, Barrett’s
esophagus, dysplasia and adenocarcinoma sequence of the esophagus
Cell proliferation is linearly correlated with MMP-9 expression (r=0.84; p<0.05)
p53 expression is linearly correlated with MMP-9 expression (r=0.82; p<0.05)
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SLPI study

Figure 21. Detection of SLPI in different types of gastritis by immunohistochemistry
The epithelial-related SLPI expression is illustrated by the pink staining within the gastric
epithelium. SLPI expression was scored in the cytoplasm of epithelial cells. A and B:
Control group; C and D: NSAID-induced gastritis; E: H. pylori-associated gastritis; F:
Autoimmune gastritis; G: Lymphocytic gastritis.
AG: antral glands; CG: atrophic corpus glands; DG: deep antral glands; Ly: lymphocyte;
PC: plasma cell; SE: surface epithelium; * = mucus. (Camera: Nikon Coolpix 990)
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Figure 22. SLPI expression score of the epithelium in different types of gastritis
Data are shown as a box plot for each group. Boxes represent the 25th, 50th and 75th
percentile values (horizontal lines of the box) and means (squares). Vertical lines with
symbols illustrate the range of data. The Y-axe illustrates the semiquantitative score of the
immunohistochemical evaluation. The X-axe illustrates the different group of patients as
indicated. The open boxes identify antrum samples, whereas the marked (double-crossed)
boxes represent corpus mucosa. Significant differences are presented by brackets with the
corresponding p value.
AI: Autoimmune gastritis (n=11); CON: Control group (antrum/corpus: n=13/8); HP: H.
pylori-associated gastritis (n =13); LG: Lymphocytic gastritis (n=26); NSAID-induced
gastritis (antrum/corpus: n =9/9)
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Figure 23. SLPI expression score of the immune cells in different types of gastritis
Data are shown as a box plot for each group. Boxes represent the 25th, 50th and 75th
percentile values (horizontal lines of the box) and means (squares). Vertical lines with
symbols illustrate the range of data. The Y-axe illustrates the semiquantitative score of the
immunohistochemical evaluation. The X-axe illustrates the different group of patients as
indicated. The open boxes identify antrum samples, whereas the marked (double-crossed)
boxes represent corpus mucosa. Significant differences are presented by brackets with the
corresponding p value.
AI: Autoimmune gastritis (n=11); CON: Control group (antrum/corpus: n=13/8); HP: H.
pylori-associated gastritis (n =13); LG: Lymphocytic gastritis (n=26); NSAID-induced
gastritis (antrum/corpus: n =9/9)
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