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Abstract

Introduction Sleeve gastrectomy is one of the main techniques used to treat severe obesity. The study of the immunohisto-
chemical expression of ghrelin in the gastric mucosa has already been related to weight loss and can be a promising method
to predict the surgical outcome.

Purpose To analyze the immunohistochemical expression of ghrelin in the gastric mucosa and its correlation with weight
loss, comorbidities, and inflammatory changes after sleeve gastrectomy.

Methods Thirty-five patients submitted to sleeve gastrectomy were evaluated, 29 of whom were female (82.9%), with a
mean age of 35.2 years and an average body mass index of 38.1 kg/m2. Endoscopic samples of the mucosa were collected,
whose ghrelin expression was evaluated in a semi-quantitative way through the stained antibody area. These data were
correlated with weight loss at 3, 6, and 12 months and with the control of comorbidities, and inflammatory alterations.
Results The average total weight loss (TWL%) was 17.7, 26.4, and 32.1%, respectively, at 3, 6, and 12 months. A negative
correlation was found between the immunohistochemical expression of ghrelin in the endoscopic biopsy of the fundus and
weight loss at 3 (s= —0.536; p=0.001) and 6 months (s= —0.339; p=0.047).

Conclusion The immunohistochemical expression of ghrelin in the mucosa of the gastric fundus was negatively correlated
with early weight loss after sleeve gastrectomy.
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Introduction

According to the World Health Organization, in 2015, there
were 2.3 billion overweight adults in the world, and 700
Key Points A . million considered adults with obesity.

;l;l;:; Ziii:efcsig;lg ghrelin may help to predict the outcome of The sleeve gastrectomy (SG) was initially conceived and
o The result of antral resection may be influenced by the first described by Hess and Marceau in 1988, and, in 1999, it
production of ghrelin. was performed as a single first stage procedure in high-risk
o The gastric fundus is the ideal place to study the expression of

ghrelin.
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patients [1, 2]. Despite the good results and its increasing
use as a single procedure, there is no consensus as to which
patients may have an unsatisfactory weight loss follow-up
with sleeve gastrectomy [3].

Currently, it is known that sleeve gastrectomy leads to
weight loss due to a combination of several factors, such as
volume restriction, creation of a high-pressure system that
favors gastric emptying, and induction of favorable hormo-
nal changes [4, 5].

Among the main hormonal changes involved in the result
of the SG is the suppression of ghrelin levels. The study of
its immunohistochemical expression, as opposed to serum
levels, seems to reflect the potential production capacity in
response to weight loss, as already demonstrated in the lit-
erature, but with divergence [6, 7].

In addition, other factors have not been adequately stud-
ied, such as the correlation with antral resection [8] and the
influence in inflammatory changes and infection by Helico-
bacter pylori (HP) [9, 10].

This work aims to correlate the immunohistochemical
expression of ghrelin in the gastric mucosa with weight loss,
comorbidities, and inflammatory changes after the SG.

Materials and Methods

The study included 40 patients with severe obesity who
were candidates for surgical treatment through SG at Hos-
pital Universitario Onofre Lopes, Universidade Federal do
Rio Grande do Norte and Hospital Unimed from Natal, of
both sexes, who agreed to participate in the study after sign-
ing the Free and Informed Consent Form (FICF). The study
was approved by the ethics committee of the Universidade
Federal de Sao Paulo (UNIFESP) under number: 1,844,885.

The inclusion criteria were BMI between 35 and 49.9
kg/m?; age between 16 and 65 years; and availability for
outpatient follow-up. We used as exclusion criteria: presence
of Barrett’s esophagus, insulin-dependent diabetes mellitus
(DM), chronic use of immunosuppressants or corticoster-
oids having previously undergone gastric surgery or another
bariatric procedure; occurrence of surgical complications
such as fistulas and strictures; and Prader-Willi syndrome.
During the initial consultation, the weight and presence of
comorbidities were recorded. Four biopsy fragments of the
gastric mucosa were randomly collected in preoperative
endoscopy, two from the antrum and two from the fundus
of the stomach.

The SG was performed according to the standardized
technique in the service: the gastric resection starting 2—3
cm from the pylorus using a disposable endoscopic stapler
(Victor Medical Instruments Co., Ltd.), and a 32F calibration
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Fouchet probe, the surgical specimen was removed without
trauma by enlarging the umbilical incision.

Patients were evaluated on an outpatient basis when they
completed 1, 3, 6, and 12 months of surgery. If the patient
did not show up after three telephone contacts, data were
collected through a telephone interview.

The surgical specimens were opened and two fragments
of the mucosa were removed, the first 1 cm adjacent to the
most proximal part of the stapling line (funds) and another
1 cm adjacent to the most distal part of the staple line
(antrum). The specimens were analyzed by a single patholo-
gist using conventional histological analysis in hematoxylin-
eosin, staining by Giemsa to assess the presence of HP, and
immunohistochemistry for ghrelin.

Immunohistochemical staining was performed using the
monoclonal anti-ghrelin antibody produced in mice (mono-
clonal anti-GHRL antibody produced in mouse, clone 2F4,
Sigma Aldrich, Germany). After being included in paraf-
fin, the specimens were sectioned 3.5 um thick, and then
deparaffinized and dehydrated. The slides were then incu-
bated with the described antibody. The sections were finally
washed and contrasted with hematoxylin. Negative controls
were treated identically but without the primary antibody
(Fig. 1).

To evaluate ghrelin expression in the mucosa, two micro-
graphs were performed randomly under a light microscope
(Carl Zeiss AB, Primo Star, Sweden) coupled to a digital
capture system (Motic, Moticam 205A, China) in 400 X mag-
nification. The analysis was performed according to the
technique described by Ruifrok and Johnston [11] using
the Color Deconvolution 2 [12] plugin installed in the pub-
lic domain software ImageJ (National Institutes of Health,
USA). The semi-quantification was calculated as described
below: The total area of the tissue captured in the image
was isolated and calculated to obtain the measurement by
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Fig. 1 Immunohistochemistry staining
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Table 1 General characteristics of patients

Age (years) (n=35) Mean 352

Gender (n=35) Female 29 82.9%
Male 6 17.1%

Associated surgeries (n=35) Cholecystectomy 1 2.9%
Hiatorraphy 1 2.9%
None 33 94.3%

Operative time (min) Mean 48

Hospital stay (days) Mean 1.8

Fig.2 Image with subtraction of the slide background

subtracting the slide background; subsequently, the area of
tissue stained by the antibody was isolated from the appli-
cation of the aforementioned plugin, the resulting brown
positive sign had its area calculated. Finally, the result was
expressed in the total stained area (um?) and relative percent-
age (%) of the area stained by the antibody by the total area
of tissue captured in the image (Fig. 2).

The statistical analysis inferential was performed
employed were #-Student for independent samples,
Mann-Whitney, analysis of variance with a fixed factor,
Kruskal-Wallis, Spearman’s correlation coefficients, and
intraclass. In all conclusions, an alpha significance level
of 5% was applied. The analyses were performed using the
IBM-SPSS Statistics version 24 statistical program.

Results

Of the 40 patients initially selected, two patients were
excluded, one due to surgical complication (fistula) and
another who received a diagnosis of systemic lupus erythe-
matosus and starting a therapy with immunosuppressants
and corticosteroids. Of the remaining patients, three did not
complete the 1-year follow-up. The 35 remaining patients
were followed for 12 months had a mean age of 35.2 years,
ranging from 23 to 65 years (Table 1). Most of the 35
patients were female (82.9%) and without any associated
surgery (94.3%). The average operative time was 48 min,
ranging from 34 to 82 min, and the average hospital stay was
1.8 days, ranging from 0.9 to 3.4.

At the beginning of this follow-up, six patients had dia-
betes (17.1%); however, at 6 and 12 months, none of these
patients remained with diabetes. Regarding systemic arterial
hypertension, 11 (31.4%) patients were hypertensive; how-
ever, at 6 and 12 months, none of these patients remained

n=number of patients

hypertensive. Of the nine patients (25.7%) who had dyslipi-
demia at the beginning of the follow-up, only one (2.9%)
remained diagnosed at 6 and 12 months. The average initial
weight was 101.7 kg, whereas the average initial BMI was
38.1 kg/mz. The mean BMI at 3, 6, and 12 months was
31.4 kg/m?, 28.1 kg/m?, and 25.9 kg/m?, respectively, and
the total weight loss (TWL%) was 17.7% in the third month,
26.4% at the sixth, and 32.1% at 12 months (Graph. 1).

The immunohistochemical expression of ghrelin in the
gastric mucosa measured is summarized in Table 2. The
mean area stained by ghrelin and percentage in the endo-
scopic biopsy was, respectively, 4.8 um? and 47.9% in the
fundus and 4.1 me and 41% in the antrum, whereas, in the
surgical specimen, the result found was 5.44 um? and 54.5%
in the fundus and 5.57 um? and 55.7% in the antrum.

The relationship between ghrelin immunohistochem-
istry and weight loss in the 3rd, 6th, and 12th months was
performed using Spearman’s correlation coefficient (s). In
Table 3, we observed that the greater the weight loss, the
lower the immunohistochemical expression in the endoscopic
biopsy of the fundus in the 3rd month (s= —0.536; p=0.001)
and the 6th month (s= —0.339; p=0.047) (Graph. 2 and 3).

The presence of mild gastritis was found in 12 patients
(34.3%) and moderate in seven (20%). In 16 patients (45.7%),
there was no inflammation in the gastric mucosa. Follicular
hyperplasia was found in seven patients with gastritis (20%),
six with moderate gastritis, and one with mild gastritis. The
presence of HP was not detected in the surgical specimen
by Giemsa staining in any patient. The presence of these
histopathological findings and the presence of DM, systemic
arterial hypertension (SAH), and dyslipidemia (DLP) were
also compared with the immunohistochemical expression
of ghrelin; however, no significant association was found
between these variables. Specimen and endoscopic biopsy
showed relative agreement for the fundus region, as was
observed in the Bland—-Altman diagrams of Graph. 4, as can
be seen in the numerical difference is concentrated close to
the line zero; otherwise, in Graph. 5, which represents the
samples from the antrum, most points are above the dashed
line, that is, they are away from the line zero.
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Graph.1 Body mass index
boxplot (kg/m?) of patients in
the follow-up period

Table2 Summary measures
of the results of ghrelin
immunohistochemical
expression (biopsy and
specimen) from patients

Table 3 Estimates of
Spearman’s correlation
coefficients (s) between
immunohistochemistry results
(endoscopic and specimen
biopsy) and weight lost in the
3rd, 6th, and 12th months
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Initial 1st month. 6th month 12th month
Mean Median Minimum Maximum Standard
deviation
Endoscopic biopsy UDE fundus area (n=35) 4.80 5.20 0.30 7.90 1.67
UDE fundus (%) (n=35)47.9% 52.0% 2.5% 78.5% 16.7%
UDE antrum area (n=35) 4.10 4.40 0.30 6.30 1.58
UDE antrum (%) (n=35)41.0% 44.0% 3.1% 63.1% 15.8%
Surgical specimen Fundus area (n=35) 5.44 5.30 3.10 8.30 1.25
Fundus (%) (n=35)54.5% 533%  31.5% 82.9% 12.6%
Antrum area (n=35) 5.57 5.40 3.10 7.60 1.12
Antrum % (n=35)557% 53.8%  31.2% 76.1% 11.2%
n, number of patients; UDE, upper digestive endoscopy
3rd month 6th month 12th month
Weight loss (%) Weight loss (%) Weight loss (%)
Biopsy
UDE fundus area K —-0.536 -0.339 —0.198
P 0.001* 0.047* 0.253
UDE antrum area s —-0.167 —0.265 —0.186
P 0.336 0.124 0.285
Surgical specimen
Fundus area s —-0.221 —-0.325 —-0.313
p 0.202 0.057 0.067
Antrum area s -0.171 0.092 0.047
P 0.327 0.599 0.790

UDE, upper digestive endoscopy
*Statistically significant
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Discussion period, to identify patients who may have an unsatisfactory

Our study aimed to assess whether the immunohistochemi-
cal expression of ghrelin could predict the surgical out-
come. This would make it possible, in the preoperative

weight loss or weight regain with sleeve gastrectomy and,

with this, help in the choice of the technique to be used.
The sample showed the proportion of women (82.9%)

and the average age (35.2 years) that does not differ
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Graph.4 Bland-Altman
diagram of the fundus measure-

ments (%) in the surgical speci-
men and endoscopic biopsy
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significantly from other published studies [13, 14]. Our
average operative and hospital stay was also similar to
that found in the literature [15, 16]. We use anti-ghrelin
monoclonal antibody produced in mice because its use was
already validated [17]. The quantification of the total area
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of stained cells was carried out through a semi-quantitative
analysis due to the type of staining [18, 19].

Concerning to comorbidities, the remission of SAH
and DM occurred early in all patients followed, while only
one patient remained with DLP (88.9% remission). The
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incidence of remission of comorbidities was above the aver-
age found in other analyses, probably due to the low BMI of
the sample [20-24].

The initial mean weight of the patients was 101.7 kg
and the average BMI=238.1 kg/m?. This characteristic was
reflected in the excellent result in terms of weight loss, with
an average BMI of 31.4 kg/m?, 28.1 kg/m?, and 25.9 kg/
m? at 3, 6, and 12 months and an average TWL% of 17.7%,
26.4%, and 32.1% to the same period. Although most of the
studies in the literature demonstrate different percentages
[23, 25], when analyzing some publications with a similar
profile to this study, similar results can be observed [20, 26].

When we correlated ghrelin expression in the gastric
mucosa, we found a negative correlation between expres-
sion of ghrelin endoscopic biopsy of the fundus and the total
weight loss, inferring that the less ghrelin is expressed in
this region, the better the surgical result. Itlaybah et al., in a
study with 39 patients undergoing sleeve gastrectomy, found
a similar result [7].

Currently, ghrelin secretion and plasma ghrelin levels
are known to be reduced in individuals with obesity com-
pared to normal body weight controls, as an adaptation
to a positive energy balance [27]; however, when ghrelin
expression is evaluated in the gastric mucosa, the results are
divergent: Goitein et al. demonstrated a decrease in ghrelin-
producing cells count in the fundus in relation to the body
and antrum [17]; Maksud et al. described a high percent-
age of ghrelin-producing cells in individuals with obesity,
with several foci of ghrelin production in the antrum [8];
similarly, in our sample, ghrelin expression was identified
in the antrum mucosa, both in the endoscopic biopsy and
in the one obtained from the surgical specimen; Miyazaki
et al. similarly described, in patients submitted to SG with
or without duodenojejunal bypass (DJB), a greater expres-
sion of ghrelin-producing cells in individuals with extreme
obesity, in relation to controls considered without obesity
[6]; more recently, Itlaybah et al., evaluating 39 patients sub-
mitted only to SG, found a result similar to ours, with a weak
negative correlation (r= —0.1837) between ghrelin expres-
sion measured through the number of producing cells [7].

The presence of comorbidities (SAH, DM, and DLP) was
also correlated with the expression of ghrelin in the mucosa
and no significant association was found.

The presence of inflammatory changes in the gastric
mucosa can alter the expression of ghrelin [28, 29]. The
result found in our sample, without any case of atrophic
gastritis, intestinal metaplasia, or dysplasia, is compatible
with other publications [30-32] and probably did not influ-
ence the expression of ghrelin in the evaluated mucosa.
Follicular hyperplasia was found in eight patients with
gastritis (22.9%), similar to Clapp et al. who, in a study
evaluating 145 patients, found follicular hyperplasia in
11 [33]. The presence of follicular hyperplasia was also

correlated with the ghrelin immunohistochemical expres-
sion; however, no association was found. Regarding the
presence of HP, nine patients (25.7%) had a positive ure-
ase test preoperatively. Although the need for treatment
in patients undergoing SG is controversial, both because
of the prevention of changes in the mucosa and because
it may even modify the outcome of the surgery in terms
of the metabolic response [34-36] or alter the incidence
of complications [37], all patients were treated. After sur-
gery, we confirm the high efficacy of the eradication treat-
ment [38].

Finally, we only found agreement in biopsies collected
in the gastric fundus. In reality, this was an expected
result, given that the occurrence of ghrelin expression in
the gastric antrum, now known [17], is more irregular,
and more susceptible to variation between the collection
site (endoscopy or in the specimen). Among the limita-
tions of our study are the small sample size, the low inci-
dence of comorbidities, the low mean BMI, and the small
BMI variation, which does not allow us to carry out some
analyses. Additional studies with larger samples and with
greater variability are necessary to be able to extrapolate
the results to daily clinical practice; however, we believe
that the evaluation of ghrelin expression in the gastric
mucosa can be promising to identify groups of patients
with unsatisfactory results.

Conclusions

The immunohistochemical expression of ghrelin in the gas-
tric fundus mucosa was negatively correlated with early
weight loss after sleeve gastrectomy. The gastric fundus was
considered the ideal site to analyze the immunohistochemi-
cal expression of ghrelin. There was no significant correla-
tion between the immunohistochemical expression of ghrelin
in the gastric mucosa with the presence of SAH, DM, DLP,
and histopathological findings, probably due to the low inci-
dence of these variables in the sample.
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