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A B S T R A C T

The anti−inflammatory protein Annexin−A1 (ANXA1) is associated to tumor invasion process and its actions
can be mediated by formylated peptides receptors (FPRs). Therefore, we evaluated the expression and corre-
lation of ANXA1, FPR and cyclooxygenase−2 (COX−2) enzyme in esophageal and stomach inflammations and
neoplasias. The study of proteins was performed by immunohistochemistry in biopsies of esophagitis, Barrett's
esophagus, squamous cell carcinoma and adenocarcinoma of the esophagus, as well as gastritis, stomach polypus
and gastric adenocarcinoma. The intensity of the expressions was evaluated by densitometry. The im-
munohistochemical and densitometric analyzes showed specificity for the FPR1 receptor and modulation of the
ANXA1, COX−2 and FPR1 expressions in the epithelial cells in the different studied conditions. Increased im-
munoreactivity of these proteins was observed in cases of inflammation and stomach polypus. Interestingly,
moderate immunoreactivity for ANXA1 and FPR1 but increased immunolabeling for COX−2 were observed in
Barrettś esophagus and esophageal adenocarcinomas. Also, there was reduced expression of ANXA1 and FPR1 in
esophageal carcinoma but COX−2 overexpression in this tumor. There was no expression of FPR2 but ANXA1
and FPR1 expressions were positively correlated in all clinical conditions studied. Positive correlation between
ANXA1 and COX−2 were also observed in inflammation conditions while negative correlation between ANXA1
and COX−2 was observed in esophageal carcinoma. Our results demonstrate the unregulated expression of
ANXA1 and COX−2 in precursor lesions of esophageal and stomach cancers, reinforcing their involvement in
gastroesophageal carcinogenesis. In addition, the data show that the actions of ANXA1 in the inflammatory and
neoplastic processes of the esophagus and stomach are specifically mediated by the FPR1 receptor.

1. Introduction

Inflammation and tumors of the esophagus and stomach are im-
portant clinical conditions with high incidence and mortality [1–3]. It is
known that in many neoplasias, inflammation plays a fundamental role
in tumor initiation, progression and metastasis [2,4,5]. The pro-in-
flammatory cyclooxygenase-2 (COX-2) enzyme has been observed to be
increased in different tumors and related to the processes of angio-
genesis, tumor proliferation and metastasis [5]. Studies have shown the
prognostic significance of COX-2 in esophageal adenocarcinomas and
carcinomas [6–9], as well as in gastric inflammations and cancers
[10–15].

In addition, investigations indicate that COX-2 can be regulated by
the antiinflammatory protein annexin A1 (ANXA1) [15,16]. ANXA1
presents tumor-specific expression pattern and is related to the reg-
ulation of cell growth, tumor invasion, metastasis, apoptosis and drug
resistance, being considered an important target for research related to
tumor development [16–19]. But the role of ANXA1 in cancer is con-
flicting as the protein can be downregulated in some cancers and up-
regulated in others [19].

The expression of ANXA1 has already been observed in different
clinical conditions of the upper digestive system, especially esophageal
carcinomas and stomach adenocarcinomas [17–19]. Studies indicate
loss of the protein expression in the early stages of tumorigenesis in the
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esophagus [20–22] and overexpression in gastric carcinogenesis
[18,23–26].

Besides, since the biological functions of ANXA1 occur through the
interaction of the protein with receptors for formylated peptides (FPRs),
the unregulated expression of ANXA1 and FPRs has also been observed
in a variety of tumors. [17,19,27–29]. However, reports on the role of
ANXA1 in Barrettś esophagus, precursor metaplasia of esophageal
adenocarcinoma are rare [30], and studies on the expression of the
protein and its receptors in the stomach polyp are still unknown.

In view of this and the conflicting data found in the literature, in this
study we investigated the expression of ANXA1 correlated to the ex-
pressions of FPRs and COX-2 in different inflammatory and tumor
conditions of the esophagus and stomach.

2. Materials and methods

2.1. Biopsies

The analyzes were performed on biopsies of esophagitis, Barrett's
esophagus, moderately differentiated squamous cell carcinoma and
moderately differentiated esophageal adenocarcinoma, as well as gas-
tritis, stomach polypus and moderately differentiated gastric adeno-
carcinoma (n=20/group). The biopsies were obtained from the files of
the Service of Pathology, Faculty of Medicine of the Integrated Colleges
Padre Albino of Catanduva, Brazil, after approval of the Committee of
Ethics in Research (Protocol 73/11). Fragments of normal esophagus
and stomach were used as controls.

Fig. 1. Modulation of the expressions of ANXA1, FPR1 and COX-2 in esophageal inflammation, metaplasia and neoplasias. Esophagitis (A, E and I), Barrettś esophagus (B, F and J),
adenocarcinoma (ADC) (C, G and K) and squamous cell carcinoma (D). Absence of immunoreactivity for FPR-2 (H) and in the control of the reaction (L). Densitometric analyzes of ANXA1
(M), FPR1 (N) and COX-2 (O). Counterstaining: Hematoxylin. Bars: 10 μm. Values expressed as mean ± S.E.M. *** p < 0.001 vs control; ### p < 0.001 vs esophagitis; ββ p < 0.01
and βββ p < 0.001 vs Barrettś esophagus; χχ p < 0.01vs control and ADC; χχχ p < 0.001 vs control, Barrett and ADC.

R.T.C. Takaoka et al. Pathology - Research and Practice 214 (2018) 181–186

182



2.2. Histopathological and immunohistochemical studies

Paraffin included biopsies were used to obtain 5 μm sections that
were stained by Hematoxylin-Eosin (HE) for histopathological study.
Expressions of ANXA1, COX-2, FPR1 and FPR2 proteins were verified in
the sections of the selected biopsies, using the following rabbit poly-
clonal primary antibodies: anti-ANXA1 (1:1000); anti-COX-2 (1:500),
anti-FPR1 (1:500) and anti-FPR2 (1:500) (Zymed Laboratories,
Cambridge, UK).

The sections were prepared on silanized slides, deparaffinized and
rehydrated. After the antigenic recovery (citrate buffer pH 6.0 at 96 °C
for 20min) and endogenous peroxidase blockade they were incubated
in a humid chamber at 4 °C with the primary antibodies diluted in 1%
BSA. Then the sections were incubated with biotinylated secondary
antibody (kit Histostain, Invitrogen), developed with DAB substrate (kit
DAB, Invitrogen) and counterstained with hematoxylin. The negative
control of reaction was performed by omission of the primary antibody.

Analysis of the expression of the proteins in the epithelial cells was
performed by optical densitometry (arbitrary units 0–255) using the
Leica Image Analysis program. From the images obtained by the 40 x
objective in the DM50 microscope (Leica, Alemanha) 20 points were
analyzed in 3 different regions to obtain a mean related to the intensity
of the immunoreactivity [25,26].

2.3. Statistical analyzes

The results were previously submitted to descriptive analysis and
determination of normality, and the means were compared by Analysis
of Variance (ANOVA), followed by the Bonferroni test. ANXA1 was
correlated to the other proteins by the Pearson test. All values were
expressed as mean ± S.E.M., and P values less than 0.05 were con-
sidered statistically significant. The correlation results were indicated
as positive or negative.

3. Results

3.1. Modulation of ANXA1, FPR1 and COX-2 in esophageal inflammation,
metaplasia and tumors

Immunohistochemical analyzes of the epithelial cells in the different
clinical and pathological conditions of the esophagus revealed absence
of immunoreactivity for the FPR2 receptor (Fig. 1H) and therefore
specific expression for the FPR1 receptor. The specificity of the anti-
bodies was verified by the reaction control (Fig. 1L).

The expressions of the ANXA1, FPR1 and COX-2 proteins were low
in the control epithelia and there was overexpression of these proteins
in cases of esophagitis (Fig. 1A,E,I,M–O). Significant increases were also
observed for COX-2 in the Barrett's esophagus (Fig. 1J), esophageal
adenocarcinoma (Fig. 1K) and squamous cell carcinoma with respect to
the control epithelium as well in the esophageal tumors compared to
Barrettś esophagus (Fig. 1O).

Decreased expressions of ANXA1 and FPR1 were found in the
biopsies of Barretś esophagus (Fig. 1 B and F), esophageal adenocarci-
noma (Figure C and G) and squamous cell carcinoma (Fig. 1D) when
compared to esophagitis. Besides, the squamous cell carcinoma showed
lower expression of ANXA1 in relation to control epithelium and eso-
phageal adenocarcinoma. Reduced expression of FPR1 was also found
in squamous cell carcinoma compared to control, Barrett's esophagus
and esophageal adenocarcinoma (Fig. 1M and N). No nuclear labelings
of these proteins were verified on tumor cells.

A positive correlation was observed between ANXA1 and FPR1 re-
ceptor in all the studied clinics conditions of the esophagus (Table 1).
Positive correlation between ANXA1 and COX-2 was also observed in
esophagitis. In contrast, ANXA1 and COX-2 showed a negative corre-
lation in esophageal squamous cell carcinoma.

3.2. Overexpressions of ANXA1, FPR1 and COX-2 in gastric inflammations
and neoplasias

Again there was absence of FPR2 expression (Fig. 2H) and specific
immunolabeling of FPR1 in the studied clinic-pathological conditions of
the stomach (Fig. 2E–G). The reaction control (Fig. 2L) confirmed the
specificity of the reaction. The immunohistochemistry studies of the
stomach samples showed overexpression of ANXA1, FPR1 and COX-2 in
cases of gastritis (Fig. 2A, E, I, M–O), polypus (Fig. 2B,F,J,M–O) and
adenocarcinoma (Fig. 2C, G, K, M–O) compared to normal tissue
(Fig. 2D). Increased expression of ANXA1 and FPR1 also occurred in
polypus (Fig. 2B and F) and adenocarcinoma (Fig. 2C and G) compared
to gastritis (Fig. 2M–O). No nuclear expressions were observed in tumor
conditions.

Our studies showed the positive correlation between ANXA1 and
FPR1 receptor in gastritis, polypus and stomach adenocarcinoma
(Table 2). Positive correlation between ANXA1 and COX-2 was also
observed in gastritis and adenocarcinoma of the stomach (Table 2).

4. Discussion

The immunohistochemical and densitometrical studies showed
overexpression of ANXA1 in esophagitis, moderated expression of the
protein in Barrettśs esophagus and esophageal adenocarcinoma and
also reduced expressions of ANXA1 in esophageal squamous cell car-
cinoma. The up-regulation of ANXA1 was also observed in ulcerative
colitis patients [31] in the active disease or clinical remission compared
to healthy controls and corroborate with our results as well literature
findings regarding to the importance of ANXA1 in the resolution of the
inflammatory process [32]. Also, the decreased expression of ANXA1
verified in non erosive and especially in erosive reflux disease com-
pared to control esophagic mucosa was associated to the fail of ANXA1
to translocate to cell membrane and consequent impairment of mucosa
regeneration [33].

Moreover, an important loss of ANXA1 protein expression was ob-
served in premalignant lesions and squamous carcinomas of esophagus
compared with patient-matched normal epithelium [20–22] indicating
the essential role of ANXA1 in the maintenance of the normal epithelial
phenotype. However, other investigation in esophageal squamous cell
carcinoma suggested that nuclear expression of ANXA1 may be poten-
tially used as a prognostic biomarker for this type of tumor [34]. Dif-
ferently, in our study, we did not find nuclear labeling in esophageal
squamous cell carcinoma, which may be due to the fact that the studied
biopsies were from more differentiated tumors.

Furthermore, in adenocarcinoma of the esophagus [30] the

Table 1
Correlation of ANXA1 expression levels between FPR1 and COX-2 in esophageal samples.

ANXA1 FPR1 COX-2

Control 137,8 ± 5820 116,5 ± 4473
R=0,447 R=0,10
P=0,034* P=0,363

Esophagitis 183,5 ± 4521 199,1 ± 4149
R=0,7169 R=0,6344
P=0,0010** P= 0,0033**

Barrett 120,5 ± 3114 182,4 ± 4700
R=0,5824 R=0,0316
P=0,0102* P=0,6231

Adenocarcinoma 135,6 ± 3038 206,4 ± 2409
R=0,4225 R=0,1266
P=0,0419* P=0,3129*

Carcinoma 91,46 ± 2562 205,7 ± 3081
R=0,5897 R=0,6516
P=0,0095** P=− 0,0048**

R=Correlation coefficient; P value: Pearson’s correlation; * significant difference
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upregulation of the microRNA-196a caused the downregulation of
ANXA1, with anti-apoptotic effects that allowed adenocarcinoma cell
survival. But, the high ANXA1 expression has been demonstrated in
esophageal and esophagogastric junction adenocarcinomas and corre-
lated with more advanced pathologic stage and the presence of distant
metastasis [35]. Those authors suggested that the role of ANXA1 in
esophageal carcinogenesis may be related to the deregulation of ara-
chidonic acid metabolism.

In the continuity of our this research we found higher expression of
ANXA1 in inflammatory, benign an malignant conditions of stomach.
The up-regulated ANXA1 expression was associated with cancer inva-
sion and lymph node metastasis and high levels of ANXA1 were im-
plicated in poor prognosis of patients [24,36]. The authors pointed that
the protein could be considered as a biomarker of clinical prognostic

prediction and targeted therapy of gastric adenocarcinoma [36].
ANXA1 was overexpressed in gastritis and gastric cancer [25], and
precancerous gastric lesions such as intestinal metaplasia and gastric
ulcer [26] suggesting a strong association of the protein with chronic
gastric inflammation and carcinogenesis and the ANXA1 involvement
in the early stages of gastric carcinogenesis. However, the deregulated
expression occurs regardless of the Helicobacter pylori infection and
cagA virulence genotype [26].

In an opposite way, the loss of ANXA1 was observed by others re-
searches as gastric cancer progressed and metastasized [37]. Besides,
the loss of ANXA1 was associated with the overexpression of COX-2 in
clinical gastric cancer, indicating that the anti-proliferative function of
ANXA1 against COX-2 production might be lost [15]. The authors found
that ANXA1 was widely expressed in normal gastrointestinal epithelium

Fig. 2. Overexpressions of ANXA1, FPR1 and COX-2 in gastric inflammations and neoplasias. Gastritis (A, E and I), polypus (B, F and J), adenocarcinoma (ADC) (C, G and K) and control
tissue (D). Absence of immunoreactivity in the control of the reaction (L) and for the receptor FPR2 (H). Densitometric analyzes of ANXA1 (M), FPR1 (N) and COX-2 (O). Counterstaining:
Hematoxylin. Bars: 10 μm. Values expressed as mean ± S.E.M. *** p < 0.001 vs normal; # p < 0.05; ## p < 0.01 and ### p < 0.001 vs gastritis.
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and suggested its role in the maintenance of cellular boundaries and
regulation of gastric cancer cell viability via the COX-2 pathway [15].

However, our results showed negative ANXA1/COX-2 correlation
only in esophageal squamous cell carcinoma, with increased expression
of COX-2 e reduced expression of ANXA1, but overexpression of both
proteins, which were positively correlated in esophagitis, gastritis,
stomach polyp and gastric adenocarcinoma. Although ANXA1 may in-
hibit COX-2, among other enzymes [38] our data indicated that ANXA1
is unable to control COX-2 expression in the stomach studied condi-
tions.

Regarding COX-2, the increased expressions of the enzyme in in-
flammatory, benign and malignant conditions of esophagus and sto-
mach studied in this investigation are in line with other researches.
Increased COX-2 expression was more characteristic of dysplasia and
carcinoma than normal mucosa, suggesting a possible association with
cell differentiation and esophageal tumorigenesis [39]. The strong ex-
pression of COX-2 was correlated with tumor progression and poor
differentiation in esophageal squamous cell carcinoma [9]. In addition,
higher expression of COX-2 was associated with carcinogenesis in
Barrett's esophagus [6,40] as well as to the significantly reduced sur-
vival of patients undergoing surgery for esophageal adenocarcinoma
[7,8].

COX-2 expression was suggested as an indicator for intestinal type
carcinoma, advanced gastric tumor and H. pylori infection [12]. Also
COX-2 mRNA expression in gastric carcinoma tissue was correlated
with depth of invasion, indicating that this enzyme is involved in the
growth of stomach tumor [10]. Other investigation indicated that COX-
2 expression induced by H pylori infection is an early event during
gastric carcinogenesis [11]. Besides, it was suggested that COX-2
overexpression can be associated with increased prostaglandin-E2 bio-
synthesis and angiogenesis in gastric cancer [14], once again indicating
this enzyme involvement in the development of stomach cancer.

After observing the ANXA1 expression we analyzed the FPRs pro-
files in the upper digestive tract biopsies. Our data showed modulation
of FPR1 in esophageal biopsies similar to the ANXA1 expression. High
expression of FPR1 overlapping the ANXA1 immunolocalization was
also found in gastritis, polypus and adenocarcinoma of stomach. The
FPR2 expression was not observed in none of the studied conditions of
esophagus and stomach, indicating the ANXA1/FPR1 specific interac-
tion.

The association ANXA1/FPR was also observed in other investiga-
tions [23,28,29]. The expression of ANXA1 was increased in the gastric
ulcer margin throughout the healing process. Also, the treatment with
an ANXA1 mimetic (Ac2-26) significantly enhanced gastric ulcer
healing while the FPR antagonist impaired the early phase of the
healing process [23]. ANXA1 expression was positively correlated with
invasiveness of human gastric cancer cells both in vitro and in vivo
[28], but the authors pointed that ANXA1 could trigger the three FPRs

(FPR1, FPR2 and FPR3) and stimulate cell invasion by extracellular
signal-related kinase (ERK) phosphorylation and subsequent integrin
β1-binding protein 1 (Iβ1P1) expression. Similar to our data other in-
vestigation reported that FPR1 expression increased significantly when
ANXA1 overexpression was present in gastric cancer cells [29], in-
dicating that a positive feedback regulation of FPR1 is involved in the
ANXA1–FPR1 signal transduction.

5. Conclusion

Our data show that the actions of ANXA1 in the inflammatory and
neoplastic processes of the esophagus and stomach are specifically
mediated by the FPR1 receptor and indicate the deregulation of
ANXA1/FPR1 as well the COX-2 overexpression in inflammation, me-
taplasia and benign and malignant neoplasias of the esophagus and
stomach, reinforcing the involvement of these proteins in gastro-eso-
phageal carcinogenesis.
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