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Abstract

AIM: To examine whether the fasting levels of serum
gastrin-17 (G-17) are lower in Barrett's esophagus (BE)
patients than in non-Barrett controls.

METHODS: Nineteen patients with BE (presenting with a
tubular segment ;2 cm long in lower esophagus and
intestinal metaplasia of incomplete type (“specialized
columnar epithelium”) in endoscopic biopsies from the
tubular segment below the squamocolumnar junction
were collected prospectively from outpatients referred to
diagnostic gastroscopy. The controls comprised 199
prospectively collected dyspeptic outpatients without BE
or any endoscopically visible lesions in the upper Gl tract.
Fasting levels of serum G-17 (G-17fast) were assayed
with an EIA test using a Mab highly specific to amidated
G-17. None of the patients and controls received therapy
with PPIs or other antisecretory agents.

RESULTS: The mean and median levels of G-17fast in
serum were significantly lower (P = 0.001) in BE patients
than in controls. The positive likelihood ratios (LR+) of
low G-17fast to predict BE in the whole study population
at G-17fast levels <0.5, <1, or <1.5 pmol/L were 3.5, 3.0,
and 2.8, respectively. Among patients and controls with
healthy stomach mucosa, the LR+ were 5.6, 3.8, and 2.6,
respectively. In the whole study population, serum G-17
was below 2 pmol/L in 15 of 19 BE patients (79%). The
corresponding prevalence was 66 of 199 (33%) in controls
(P<0.001). The G-17fast was 5 pmol/L or more in only
one of the 19 BE patients (5%). In controls, 76 of the 199
patients (38%) had such high serum G-17fast levels
(P<0.01).

CONCLUSION: Serum levels of G-17fast tend to be lower

in native patients with BE than in healthy controls.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

High intragastric acidity inhibits the release of gastrin into
circulation from antral G cells, and conversely, low acidity
and high intragastric pH enhance this release!”. Amidated
gastrin-17 (G-17) is the biologically active main gastrin
fragment, and G-17 is a gastrin compound secreted nearly
entirely from the antral G cells??. It is conceivable that fasting
levels of G-17 (G-17fast) in serum or plasma reflect indirectly
the intragastric acidity. Correspondingly, it is conceivable
that low serum levels of G-17 occur particularly in patients
with acid-related diseases.

Gastroesophageal reflux disease is one of the most
important acid-related diseases!”. Patients with Barrett’s
esophagus (BE) are a subgroup of reflux patients in whom
the refluxed acid gastric juice is a factor causing mucosal
damages in the lower esophagus, and at the esophagogasttic
junction”. Some studies indicate that the prevalence of
BE ranges from 0.5% to 5.0% in patients undergoing uppet-
Gl endoscopy for dyspepsia, and from 12% to 15% in
patients with gastroesophageal reflux disease and reflux
symptoms!'*,

In the present study, we investigated whether the serum
levels of G-17 are lower in patients with BE than in non-
BE controls.

MATERIALS AND METHODS

Patient and control series were collected prospectively in
2002 in Helsinki University Central Hospital HUCH), Jorvi
Hospital, Espoo, Finland, from patients who were referred
to diagnostic gastroscopy for dyspeptic or reflux-type symptoms.

Patient series

The patient series consisted of 19 subjects with a BE diagnosed
by endoscopy and histology. All had a Batrett’s segment 2 cm
or more in length in the lower columnar, tubular esophagus.
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Of the available 19 patients, 14 were males and 5 females.
The mean age was 60112 years. Three of the nineteen BE
patients (16%0) had Helicobacter pylori (H pylori)-related gastritis.
In one of these three patients, gastritis was strongly antrum
dominant, and this patient showed moderate atrophy and
intestinal metaplasia in the antrum. The histopathology was
evaluated by biopsies from antrum and corpus (at least two
biopsies from each site), and by the principles of the updated
Sydney System. The biopsy specimens were stained with
HE and Alcian blue (pH 2.5)-PAS methods and modified
Giemsa for H pylori.

Control series

The control series consisted of 199 patients without any
visible endoscopic lesions in the upper GI tract. Of the
199 patients, 71 were males and 128 females. The mean
age was 54%15 years. Altogether, 94 patients (47%) had
chronic H pylori-related or autoimmune chronic gastritis, or
atrophic gastritis. The rest had normal and healthy gastric
mucosa in gastric biopsies (no chronic gastritis, no H pylori,
no intestinal metaplasia or atrophy). Of the total number
of patients with chronic gastritis, 48 had atrophic gastritis
of some grade and type. Advanced (moderate or severe)
atrophic gastritis in corpus was found in 23 patients.

Inclusions and exclusions

A patient in the Barrett series was included if he/she had a
segment of Barrett’s mucosa 2 cm or more in length that
was verified by endoscopy and histology of the biopsies
taken below the squamocolumnar junction (g-line). The
biopsies had to show the presence of intestinal metaplasia
of incomplete type (“specialized columnar epithelium”),
i.e. intestinal metaplasia of type II or III in the Alcian blue
(pH 2.5)-PAS-stained sections!". In incomplete type of
intestinal metaplasia, both goblet cells and columnar epithelium
between the goblet cells showed secretory mucins that were
stained blue with Alcian blue (pH 2.5)-PAS.

The following patients wetre excluded: patients with a
short segment Barrett (the presence of “specialized columnar
epithelium” in biopsies from a segment that is less than
2 cm long); patients with erosive esophagitis, ulcers, or polyps,
or those with any endoscopically visible local lesions in stomach
or esophagus.

Use of PPIs

Patients and controls with a long-term use of PPIs were
excluded from the study, and none of the patients or controls
was recorded having used PPI at the time of the diagnosis
(information obtained from the patient at endoscopy). Thus,
the present BE patients represented the native cases of
dyspeptic subjects in whom BE was accidentally diagnosed
in a diagnostic endoscopy, and in the subjects who did not
receive any effective treatment.

Endoscopy

Diagnostic upper-GI endoscopy was done in all patients
and controls. In both patient and control series, two groups
were formed: the whole study population that included all
patients and controls, and a subgroup of patients and controls
in which the histology showed normal and healthy gastric
mucosa (updated Sydney ctiteria) in both antrum and corpus

biopsies (no gastritis, no atrophy, no intestinal metaplasia,
nor H pylori). In the Barrett series, 16 of 19 patients (84%)
were classified into the subgroup 2 (subjects with healthy
and normal gastric mucosa). In controls, 105 of 199 (53%)
subjects were classified into the subgroup 2.

Assay of amidated gastrin-17

G-17 was determined using specific EIA tests (G-17 EIA
test kit Cat. No. 601 030, Biohit Plc, Helsinki, Finland)
performed in batches of 40 samples on a microwell plate
according to the instructions of the manufacturer. The EIA
technique was based on measuring the absorbance after a
peroxidation reaction at 450 nm. Between the reaction steps
the plates were washed in a BW50 microplate strip washer
(Biohit Plc, Helsinki, Finland). The absorbances were
measured using a microplate reader (BP800 Microplate
Reader, Biohit Plc, Helsinki, Finland). For determination of
G-17 values, a 2™ order fit on standard concentrations was
used to interpolate/extrapolate unknown sample concentrations
automatically with the help of the BP80O in-built software
(Biohit Plc, Helsinki, Finland).

The monoclonal antibody (Mab) of G-17 in the EIA
tests was highly specific. The G-17 antibody used detected
only amidated G-17, but no other gastrin molecules or
fragments (e.g., glycine extended G-17, a kind gift from
Prof. Jens F Rehfeld, Copenhagen, Denmark; human
synthetic gastrin-34, G-5024, Sigma; human synthetic
gastrin-13, G-0267, Sigma; or cholecystokinin fragment 26-
33 amide, C-2901, Sigma) were detected. In
immunohistochemistry (formalin-fixed, paraffin-embedded
specimens: dilutions up to 10 000), the G-17 antibody stained
only antral G cells and glands, not other cells or tissues in
stomach, duodenum, small or large bowel, or pancreas. The
G-17 EIA results correlated well with those of the G-17
RIA (by the courtesy of Prof. Jens F Rehfeld and Dr. Jens-
Peter Gotze, Copenhagen, Denmark).

The G-17 assays from serum samples were done first
after an overnight fast (G-17fast) and 20 min after a drink
of a glass of a protein-rich juice (Biohit Plc, Helsinki, Finland)
in which the protein content corresponded to that in an

ordinary beef.

Specificity of G-17 antibody

The specificity of the antibody to G-17 secreted from antral
G cells alone has been trecently verified!. The G-17 assay
measured only amidated G-17, and not other gastrin fragments.

Invasive and non-invasive tests for gastritis and atrophic
gastritis

In addition to endoscopy and histology, the patient and
control series were also classified into those with normal
and healthy stomach or into those with non-atrophic or
atrophic gastritis by serological tests which applied assays
of H pylori antibodies, pepsinogens I (PGI) and II (PGII)
and postprandial G-17 in serum (GastroPanel, Biohit Plc,
Helsinki, Finland). The patients without H py/ori antibodies
and with PGI 50 microg/L, or more or above, were
considered to have normal and healthy stomach mucosae.

Ethics
The study was approved by the Ethical Committee of the
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Helsinki District University Hospital (HUCH), Helsinki,
Finland. The purpose of the study was explained to all
patients before taking blood samples, and all patients signed
a written consent before enrolment into the study.

Statistical analysis

Non-parametric tests (Wilcoxon-Mann-Whitney test; X test;
SPSS 10.1 Software) were used in the calculations of the
significance between the groups. In order to examine the
clinical value of low serum G-17 in the diagnosis of BE,
the likelihood ratio (LR+) of the positive test result low G-
17fast or G-17prand) between the cases and controls was
calculated at arbitrary cut-off levels of G-17. The LR+
indicates a factor by which the pre-test odds of BE has to
be multiplied to obtain the post-test odds and, further, the
post-test probability of the disease.

RESULTS

The mean and median values of serum G-17fast were
significantly lower in patients with long-segment BE than in
controls. This was the case both in males and females, or
when the analysis was done in the whole study population
(all patients and controls), or if the analysis was limited to
subgroups of patients and controls with histologically normal
and healthy gastric mucosa. The results in the whole study
population and among those with healthy stomach mucosa
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Figure 1 Fasting (A) and postprandial (B) serum G-17 levels in patients with
or without long-segment BE in the whole study population. A box plot presentation.
The boxes show the central 50% of the cases. The length of the box shows the
range within which the center 50% of the values fell. The whiskers show the
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Figure 2 Fasting (A) and postprandial (B) serum G-17 levels in patients with
or without long-segment BE among patients and controls with normal and
healthy stomach mucosae (no gastritis, no H pylori, and no atrophy). A hox plot

are shown in Figures 1 and 2 in a box-plot form.

In contrast to G-17fast, the serum levels of postprandial
G-17 (G-17prand) were significantly lower in BE patients
than in controls in the whole study population only but not
in the subjects with normal and healthy stomach mucosae
(Figure 2).

The positive LR+ of low serum G-17 to predict odds
of BE in the whole study population below the arbitrary
cut-off levels of G-17fast are presented in Table 1. The
corresponding results in the subgroups of cases and controls
with histologically normal, healthy gastric mucosa are shown
in Table 2. It appears that the LR+ gradually increased with
a decreasing concentration of G-17fast. The sensitivity and
specificity of low serum G-17fast (<1 pmol/L) to indicate
BE in the whole study population were 47% and 89%,
respectively.

The study population was also classified into those with
normal and healthy stomach mucosae (16 BE patients and
108 controls) and those with gastritis or atrophic gastritis
(3 BE patients and 91 controls) by applying the serological
tests (GastroPanel, Biohit Plc, Helsinki, Finland). By these
tests, the stomach mucosa was healthy when H py/ori antibodies
wete not present and the serum pepsinogen I was 50 ug/L,
or more. Among the patients diagnosed to have a healthy
stomach mucosa by these tests, the LR+s of BE ate presented
in Table 3. The sensitivity and specificity of low serum G-
17fast (<1 pmol/L) to indicate BE wetre 50% and 82%,
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range of values that fall within 1.5xdifference of the values of median from the
two hinges of the box. Differences: °P<0.001; *P = 0.038; non-parametric test
(Mann-Whitney U). To make the figure clear, the very most extreme outliers are
not shown in the pictures.
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presentation (see Figure 1). Differences: ®P<0.001; P = 0.528; non-parametric
test (Mann-Whitney U). To make the figure clear, the very most extreme outliers
are not shown in the pictures.
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Table 1 LR+ of low serum level of fasting G-17 in whole study
population

G-17fast Barrett Controls LR+(95%CI)
pmol/L n n

<0.5 7 21 3.5(1.3-9.3)
<1 9 31 3.0 (1.3-7.3)
<15 13 48 2.8 (1.3-6.1)
<2 15 66 2.4 (1.1-4.9)
<3 17 89 2.0 (1.0-4.0)
<5 18 123 1.5 (0.8-3.0)
All 19 199 1

Table 2 LR+ of low serum level of fasting G-17 in patients and
controls (males and females) with normal and healthy gastric muco-
sae (histology)

G-17fast Barrett Controls LR+(95%CI)
pmol/L n n

<0.5 6 7 5.6 (1.7-19)
<1 7 12 3.8 (1.3-11)
<15 10 25 2.6 (1.1-6.5)
<2 12 42 1.9 (0.8-4.3)
<3 14 61 1.5(0.7-3.3)
<5 15 79 1.2 (0.6-2.7)
All 16 105 1

Table 3 LR+ of low serum level of fasting G-17 in patients and
controls with healthy gastric mucosa, no H pylori antibodies and
serum pepsinogen | ;%50 ug/L

G-17fast Barrett Controls LR+(95%CI)
pmol/L n n

<05 6 13 3.1 (1.0-9.4)
<1 8 19 2.8 (1.1-7.6)
<15 11 34 2.2 (0.9-5.1)
<2 13 49 1.8 (0.8-4.0)
<3 15 65 1.6 (0.7-3.4)
<5 15 81 1.3 (0.6-2.7)
All 16 108 1

respectively, and at the cut-off level <2 pmol/L 81% and
55%, respectively. The corresponding overall accuracies
wete 77% and 55%, respectively.

In the whole study population, the G-17fast was very
low (<0.5 pmol/L) in 7 of the 19 BE (37%) and 15 of the
199 controls (8%). Correspondingly, the G-17fast was lower
than 2 pmol/L in 15 of 19 BE patients (79%) and in 66 of
199 controls (33%, P<0.001; %?). The G-17fast was 5 pmol/L
or mote in 1 of 19 BE patients (5%) but in 76 of 199 controls
(38%, P<0.01; %?. In this BE patient, the G-17fast was
5.4 pmol/L.

Three BE patients had H pylori-positive chronic gastritis
in the biopsy specimens from antrum and corpus. In one
of these patients, gastritis was strongly antrum dominant
and showed intestinal metaplasia of moderate grade in the
antral biopsy specimens. In spite of the presence of gastritis,
all three of these BE patients had a low serum level of G-
17fast (0.02, 0.6, and 1.4 pmol/L).

Among controls with normal and healthy stomach mucosae
(antrum and corpus mucosae were histologically healthy), age
and serum G-17fast did not correlate (Pearson correlation
0.05; P = 0.587); neither was there any difference in the serum
G-17fast between males and females (mean®SD: 4.7£5.7

and 4.115.4 pmol/L, respectively).

DISCUSSION

The present data indicate that the mean and median levels
of serum G-17fast tend to be lower in patients with “native”
(without previous or ongoing medication, nor previous
knowledge of the disease) BE than in controls among
outpatients referred to diagnostic endoscopy for dyspeptic
symptoms. The BE is associated inversely with the serum
level of G-17fast.

An inverse association between the likelihood of BE
and serum level of G-17 was seen among the subjects with
healthy stomach mucosa (normal gastric histology) and in
the whole study population including subjects with gastritis
and H pylori infection. Several earlier studies have shown
that gastric inflammation (gastritis) tends to raise the serum
levels of gastrin and other gastric peptides™'*'¥. In accordance
with this, the serum G-17fast levels were higher in the non-
BE patients with gastritis than in those without. However, a
surprise was that gastritis did not cleatly raise the G-17fast
concentrations in the present BE patients. Three of the
nineteen BE patients had chronic H pylori gastritis and all
had low serum G-17fast levels that did not differ from those
in BE patients without gastritis.

The observations suggest that the inverse relationship
between G-17fast and BE is a genuine characteristic of the
Barrett’s disease itself, and is not a result from gastric
inflammation or atrophy, or H pylori. The low mean and
median levels of G-17fast in BE patients are best explained
by assuming that the basal intragastric acidity (basal acid
output, BAO) tends to be higher in BE patients than in ordinary
dyspeptic patients referred to diagnostic endoscopy. High
intragastric acidity may, on the other hand, inhibit the release
of G-17 from stomach mucosa, resulting thereby in low
serum levels of fasting G-17. In other words, the BE patients
may frequently have BAO levels that inhibit the release of
G-17 from antral G cells. In two eatlier studies, an elevated
BAO has been shown to be a charactetistic of patients with
BE when compared to healthy controls"?.

Gastrins themselves have been linked to the pathogenesis
of BE in some studies. Gastrins may have direct influences
on growth and replication of the metaplastic Barrett
epithelium®, and may impair the esophageal motility and
the function of the lower esophageal sphincter®. The
present study indicates, however, that a low G-17fast in the
circulation is a characteristic of BE, and that serum levels
of G-17fast above 5 pmol/L are quite rare in BE patients.

Postprandial serum G-17 did not differ between BE
and non-BE groups when investigated among subjects with
healthy gastric mucosa. This may indicate that the post-
stimulation level of serum G-17 does not reflect the intragastric
acidity similarly as the fasting level of G-17 (G-17fast).
Instead, the G-17prand may merely indicate the number
of G cells in the antral mucosa, similatly as the peak acid output
and maximal acid output (MAO) are measures of the
number and mass of parietal cells in the oxyntic mucosa.
Supporting this conclusion, atrophic antral gastritis results
in a loss of antral G cells and, consequently, the serum G-
17prand levels are low in these patients??!.
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It was reported that the serum levels of total gastrin are
similar in BE patients and controls even though the BAO
and MAO ate significantly increased®). Total serum gastrin
was not assayed in the present study. Total immunoreactive
gastrin consists of several gastrin fragments of which one-
third are G-17 molecules under fasting conditions™!. The
fasting levels of G-17 tend to be very low in normal, healthy
subjects in general, and these low G-17 concentrations may
be easily eclipsed by other gastrin compounds.

In summary, the present investigation suggests that the
serum level of G-17fast tends to be low in native BE
patients who are not under PPI medication.
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