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ABSTRACT

Objective: Barrett’s esophagus (BE) is a risk factor for esophageal adenocarcinoma. In addition to its
classical endocrine character known for hemodynamic regulation, the renin–angiotensin system (RAS)
can be associated with inflammation, wound healing, and cancer. The aim of this study was to explore
a potential expression of the RAS in BE, with or without the presence of dysplasia.
Material and methods: Biopsy material was prepared for western blotting and immunohistochemistry.
Non-BE patients (controls) were compared with BE patients regarding RAS in the squamous epithelium.
In the columnar BE mucosa, RAS expression was studied in patients with and without dysplasia. Key
components of the ‘classical’ RAS were assessed: the angiotensin-converting enzyme (ACE) and the
angiotensin II subtype 1 and 2 receptors (AT1R and AT2R).
Results: The presence of RAS factors was confirmed in the esophageal mucosa of both control and BE
patients. ACE protein expression was 48% lower (p ¼ 0.001) whereas AT1R was 45% higher (p ¼ 0.039)
in the squamous epithelium of BE patients compared to epithelia from non-BE controls. In the metaplastic intestinal-like epithelium, AT1R expression was 37% higher in BE patients with confirmed dysplasia than in patients without dysplasia (p ¼ 0.009). Immunohistochemistry showed an altered distribution
of RAS proteins in BE patients with dysplasia.
Conclusions: The differential RAS expression observed may prove to be useful as a biomarker or a
pharmaceutical target.

Introduction
Barrett’s esophagus (BE) is strongly associated with an
increased risk of development of esophageal adenocarcinoma
(EAC). The prevalence of EAC has increased markedly during
the last decades.[1–3] The neoplastic progression towards
EAC is believed to develop through a series of dysplastic
transformations. A large number of pathogenic factors have
been claimed to be involved, making the picture far from
clear.[4] Surveillance of BE for early detection of pro-neoplastic lesions relies solely on endoscopy with tissue sampling
and histopathological evaluation. Less invasive surveillance
methods are urgently needed, such as biomarkers indicating
neoplastic progression.
The renin–angiotensin system (RAS) has for decades been
known to be involved in fluid and electrolyte homeostasis,
and in hemodynamic regulation. There is growing evidence
that this endocrine regulatory system also has a tissue-based
element in most organs, e.g., the brain,[5] the kidney,[6] the
adrenals,[7] the pancreas,[8] the liver,[9] and the colon.[10]
Furthermore, the RAS is apparently involved in several pathology-related conditions such as inflammation and wound
healing.[11,12] Interestingly, the RAS has also been implicated
in carcinogenesis.[13] ‘Classical’ regulatory actions by RAS are
mediated by the octapeptide angiotensin II (AngII), which is
formed by the angiotensin-converting enzyme (ACE). The
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cell-surface-bound angiotensin II receptor type 1 (AT1R) raises
blood pressure by inducing vasoconstriction and renal sodium
retention. The angiotensin II type 2 receptor (AT2R), normally
has a restricted distribution but can be induced in various
pathological conditions and mediates anti-inflammatory functions and tissue restitution. Binding of AngII to either AT1R or
AT2R is thought to have different effects (synergistic or
opposing) and the distribution of surface receptors defines
the response to AngII (e.g., vasoconstriction or vasodilatation).[14,15] The role of the RAS in gastrointestinal physiology
and disease has so far been poorly explored.[16] In a British
€berg et al. (2007) noted a lower
epidemiological study, Sjo
prevalence of EAC in patients treated with RAS-interfering
antihypertensive drugs such as AT1R blockers and ACE inhibitors.[17] Results from our laboratory have indicated the existence of a local RAS in the musculature of the esophageal wall
[18] and in the squamous mucosa.[19] This was further
€rkman et al, who found that some RAS comexplored by Bjo
ponents are significantly different in patients with erosive
reflux disease from those in healthy volunteers.[20] In a post
hoc analysis on patients treated with proton pump inhibitors
for reflux esophagitis, Miwa et al. discovered enhanced recovery when AT1R blockers were added.[21] RAS components
have recently been reported to be involved in various malignant states, e.g., in pancreatic cancer.[22] Based on these data
we hypothesised that the RAS is involved in the progression
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from benign Barrett’s metaplasia to the precancerogenic dysplastic state.
The present study was undertaken to test this hypothesis
by exploring the expression of the RAS factors in BE, with or
without the presence of dysplasia. Another aim was to compare RAS expression in the squamous epithelium of BE
patients with normal esophageal mucosa of control patients.
We concentrated on the ‘classical’ RAS mediator AngII by
assessing the possible presence of its receptors AT1R and
AT2R and of its principal synthesising enzyme ACE.
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Methods
The study was approved by the ethical committee of
Gothenburg University and by the Regional Ethical Review
Board in Gothenburg, and was performed in accordance with
the Declaration of Helsinki. All study participants were
informed verbally and in writing, and signed a consent form.

Study subjects
BE patients
Patients who had been referred to our unit for surveillance
endoscopy were asked to participate in this study and 79
accepted. Patients on medication that would interfere with
the RAS (i.e., AT1R blockers and ACE inhibitors) and those
with a previous record of surgery in the upper gastrointestinal
tract were excluded. In total 42 BE patients scheduled for
endoscopy were included of which 26 were non-dysplasia
patients with a mean age of 61 y (min–max: 44–74 y; nine
females) and 16 were diagnosed with low-grade dysplasia;
mean age 66 y (min–max: 58–86 y; one female). Apart from
the already scheduled Barrett-surveillance biopsies, another
4–6 study biopsies were taken for research purposes. In order
to optimize the immunohistochemical localisation of RAS
components in dysplastic mucosae we enrolled eight patients
with a mean of age 65 y (min–max: 42–76 y; two females)
who were scheduled for esophagectomy due to diffusely
spread HGD in the Barrett mucosa that was not suitable for
endoscopic resection. In these patients, mucosal biopsies
were obtained peroperatively.
Control patients
Twelve consecutive patients referred to the endoscopy
department for diagnostic evaluation of disorders not related
to esophageal disease (e.g., anemia or suspected ulcer disease) were asked to participate. Patients with RAS-interfering
medication were excluded. These patients completed the
Carlsson-Dent questionnaire validated for the diagnosis of
gastro-esophageal reflux disease based on symptoms.[23]
Only esophageal mucosal biopsies from patients with low
scores, i.e., no reflux disease, and without endoscopic signs of
gastro-esophageal reflux were included (n ¼ 7) and the mean
age of this group was 67 y (min–max: 48–83; two females).
Endoscopy and biopsy procedure
Mucosal specimens were collected with the participants
placed in the left lateral position. Endoscopy was carried out

using a high-definition magnifying endoscope (Fujinon
EG485ZH or EG495ZH; Fujifilm, Tokyo, Japan). In the non-BE
control patients, the squamo-columnar junction (SCJ) was
thoroughly investigated to rule out the presence of asymptomatic erosive reflux disease. Biopsies were taken from squamous epithelium at the 3 o’clock position immediately above
the SCJ. In BE-patients biopsies were taken in the 3 o’clock
position immediately above the gastro-esophageal junction,
demarcated by the proximal limit of the longitudinal gastric
folds. Samples of squamous mucosa were also taken at the 3
o’clock position but immediately above the orally displaced
SCJ. In each location, paired or triple biopsies were taken in
close proximity to each other and were handled according to
the methods described below.

Histopathology
Biopsies were fixed in buffered 4% formalin, dehydrated, and
embedded in paraffin. For evaluation of general histology, 3lm sections were mounted on slides and stained with
haematoxylin and eosin. Each biopsy was examined and categorized according to the Vienna classification,[24] performed
in an unblinded routine manner by two experienced histopathologists at the Department of Pathology, Sahlgrenska
University Hospital.

Western blot analysis
Biopsy specimens were snap-frozen in liquid nitrogen and
kept frozen for later western blot analysis of ACE, AT1R, and
AT2R expression. Briefly, the frozen specimens were sonicated
in PE buffer (10 mM potassium phosphate buffer, pH 6.8, and
1 mM EDTA) containing 10 mM 3-[(3-cholamidopropyl) dimethylammonio]-1-propane sulphonate (CHAPS; Boehringer
Mannheim, Mannheim, Germany) and protease inhibitor cocktail tablet Complete (Roche). The homogenate was then centrifuged (10,000g for 10 min at 4 " C) and the supernatant was
analysed for protein content according to the method of
Bradford.[25] Samples were diluted in SDS buffer and heated
at 70 " C for 10 min before they were loaded on a NuPage 10%
Bis–Tris gel, and electrophoresis was run using MOPS buffer
(Invitrogen). One lane of each gel was loaded with pre-stained
molecular weight standards (SeeBlue; NOVEX, San Diego, CA).
KNRK (for AT2R), PC-12 (for AT1R), and kidney extract (for ACE)
whole-cell lysates as appropriate served as positive controls
(Santa Cruz Biotechnology, CA). After the electrophoresis, the
proteins were transferred to a polyvinyl difluoride membrane
(Amersham, Buckinghamshire, UK), which was incubated with
antibodies to ACE, AT1R, and AT2R, respectively. An alkaline
phosphatase-conjugated donkey anti-goat or goat anti-rabbit
IgG antibody (Santa Cruz) and CDP-Star (Tropix, Bedford, MA)
was used as a substrate to identify immunoreactive proteins
by means of chemiluminescence. Images were captured on a
Chemidox XRS cooled CCD camera and analysed with Quantity
One software (Bio-Rad Laboratories, Hercules, CA).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH; IMG5143A, Imgenex; BioSite, San Diego, CA) was used as control
for equal loading and for each sample tested the optical
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density of primary antibody/GAPDH corresponds to the result
(Figure 1).
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Immunohistochemistry
Sections for immunohistochemistry were de-paraffinised and
boiled for 15 min in 10 mM citrate buffer (pH 6.0) for antigen
retrieval. After blockade of endogenous peroxidase activity,
slides were pre-incubated with serum block followed by incubation with primary antibodies to either ACE, AT1R, or AT2R
for 1 h at room temperature, at dilutions of 1:100. The primary
antibodies were raised in goat, rabbit, and goat, respectively
(Santa Cruz). Control sections were incubated with normal
goat IgG or rabbit IgG at 0.4 lg/lL instead of the primary
antibody. After being washed, the slides were incubated with
biotinylated secondary antibody and the complex was
detected using horseradish peroxidase-streptavidin. The colour was developed using 3,30 -diaminobenzidine.

Statistics
All statistical analyses were performed with SPSS statistical
software version 20.0 (IBM SPSS, Chicago, IL). The
Shapiro–Wilk’s test indicated that the data were not normally
distributed and the non-parametric Kruskal–Wallis test and
the Mann–Whitney U test were used, with significance being
assumed at p # 0.05.

Results
RAS protein expression
Squamous epithelium
The expression of ACE protein was significantly lower in the
squamous epithelium of BE-ND patients than in samples from
control subjects (p ¼ 0.001). A similar tendency was noted
regarding BE-LGD patients, but this difference did not reach
statistical significance (p ¼ 0.067) (Figure 2(a)). The expression
of AT1R was significantly higher in BE patients, both in the
BE-ND group (p ¼ 0.039) and the BE-LGD group (p ¼ 0.018),
than in control subjects (Figure 2(b)). AT2R protein expression
in squamous epithelium did not differ between control subjects and BE patients, regardless of whether or not there was
dysplasia (Figure 2(c)).
Barrett mucosa
AT1R levels in BE were found to be significantly higher in
patients with dysplasia than in patients with no dysplasia
(p ¼ 0.009) (Figure 3(b)). The levels of ACE and AT2R did not
differ significantly between the BE-ND patients and the BELGD patients (Figure 3(a,c)).
Localisation of RAS
The intraepithelial distribution of proteins AT1R, AT2R, and
ACE was assessed by immunohistochemistry using specimens
from BE-ND patients (n ¼ 6) and BE-HGD patients (n ¼ 8). The

Figure 1. Western blot gel analysis of proteins in patient samples. The first lane
was loaded with positive controls (Pos ctr) for angiotensin II receptor types 1 and
2 (PC-12 for AT1R and KNRK for AT2R) and angiotensin-converting enzyme (kidney extract for ACE). The second lane was loaded with pre-stained molecular
weight standards (Wt std). The next two lanes had biopsy material from squamous epithelium of a control subject (Sq ctr, lane 3) and from one BE patient (Sq
BE, lane 4). Lane 5 had biopsy material from metaplastic epithelium in a BE
patient (Mtp BE).

biopsies generally showed weak staining by the anti-AT1R
antibody in the lamina propria, with blood vessel walls that
were mostly unstained. In columnar cell epithelium from BEND patients, both luminal and glandular crypts were stained
(Figure 4(a)), whereas in patients diagnosed with BE-HGD the
staining of AT1R was generally absent in glandular crypts and
comparatively weak in the luminal surface cells (Figure 5(a)).
Epithelial AT2R staining was observed in BE-ND specimens,
but was absent in BE-HGD specimens. In contrast, vascular
structures in the lamina propria were distinctly stained for
AT2R in BE-HGD patient samples but not in the BE-ND patient
samples (Figures 4(b) and 5(b)).
A strong immunoreactivity to ACE was noted in the vessel
walls of all BE samples. Four out of eight BE-HGD patient
samples showed several areas with very distinct staining for
ACE in the surface epithelial cells (Figure 5(c)), which was
never observed in any of the samples from BE-ND patients
(Figure 4(c)).

Discussion
In addition to its classical endocrine character described in
textbooks, the RAS has complex tissue-based synthesis pathways and several targets for functional regulation. Although a
number of bioactive angiotensins occur following degradation
of the pro-hormone angiotensinogen, the classical mediator
AngII is regarded as the primary effector of the RAS.[26] To
restrict the analysis of the present investigation, we concentrated on ACE as a good representative of AngII formation
capability, and on the AngII receptors AT1R and AT2R. The
AT1R is of particular interest because it exerts pro-inflammatory and trophic effects and may even be pro-neoplastic. This
feature has not previously been investigated in BE, but epidemiological studies have shown a lower incidence of
esophageal cancer in patients treated with ACE inhibitors and
AT1R blockade, suggesting a link to mucosal RAS activity.[17]
The present investigation showed a significantly altered protein expression, with AT1R being higher and ACE being lower
in the squamous epithelium of BE patients than in control
subjects of similar age. These findings make it tempting to
suggest that the transformation from a phenotype with normal squamous cell-lined esophagus to abnormal conditions
(i.e., esophagitis, BE, or even carcinoma) initially involves
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Figure 2. Box-and-whisker plots showing results of western blotting regarding
ACE (panel a), AT1R (panel b), and AT2R (panel c) in biopsies from squamous epithelium in controls (n ¼ 7) and in BE patients who were either diagnosed as nondysplastic (BE-ND, n ¼ 26) or having low-grade dysplasia (BE-LGD, n ¼ 16). Data
are optical density (OD) relative to GAPDH as housekeeping protein. Median values are indicated by the transverse line within the box, the interquartile range
by the height of the box, and 5th and 95th percentiles by the ends of the
whiskers. Mann–Whitney U test.

suppressed expression of ACE and increased induction of the
pro-inflammatory protein AT1R. In a previous study performed
in our laboratory, patients with gastro-esophageal reflux disease showed increased expression AT2R protein.[20] This contrasts with the squamous mucosa of the BE patients in the
present investigation, which did not differ significantly from
non-BE controls regarding AT2R expression. This is an interesting pattern, considering the postulated tissue-protective
function of AT2R by inhibiting functions of AT1R. One could
speculate that a defective expression of AT2R would result in
an uncontrolled AT1R-driven chronic pro-inflammatory

Figure 3. Box-and-whisker plots showing results of western blotting for protein
expression of ACE (panel a), AT1R (panel b), and AT2R (panel c) in biopsies from
BE patients with no dysplasia (BE-ND, n ¼ 26) or low-grade dysplasia (BE-LGD,
n ¼ 16). Data are optical density (OD) relative to GAPDH as housekeeping protein. Median values are indicated by the transverse line within the box, the interquartile range by the height of the box, and 5th and 95th percentiles by the
ends of the whiskers. Mann–Whitney U test.

signalling that contributes to metaplastic and possibly dysplastic mucosal transformation.
The western blot assessments of mucosa from BE patients
diagnosed with dysplasia showed significantly higher levels of
AT1R than in BE patients without dysplasia. The association of
AT1R with dysplasia suggests that it may have a role in the
pre-neoplastic phase of carcinogenesis. It is of interest to
note that the topographical distribution of AT1R was less
abundant in patients with dysplasia, whereas ACE was more
widely distributed in the surface epithelium of these patients
(Figure 5). The latter observation is of interest because it is
known that the degree of ACE-expression is related to the
state of differentiation of the enterocytes.[27]
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Figure 4. Cross-section of esophageal mucosa from BE patient with no dysplasia stained with: anti-AT1R antibody (a), anti-AT2R antibody (b), and anti-ACE antibody
(c). Background staining with haematoxylin and eosin.

Figure 5. Cross-section of esophageal mucosa from BE patient with high-grade dysplasia stained with: anti-AT1R antibody (a), anti-AT2R antibody (b), and anti-ACE
antibody (c). Background staining with haematoxylin and eosin. (Arrow in image miniature in panel c shows cell clones with strong staining adjacent to unstained epithelial cells.)

At present it is not possible to conclude that there is any
distinct pathophysiological effect of the aberrant expression
of the RAS components in association with dysplasia in BE.
RAS is a potent regulatory super-system and the present
demonstration of its presence in the epithelium of the human
esophageal mucosa paves the way for future research. AngII
has been shown to regulate the functional state of small
intestinal mucosal enterocytes.[28] Perhaps the well-established potential of AngII receptors to influence cellular growth
and differentiation may also be operational in BE, including
modulation of inflammation and participation in carcinogenesis.[29] Future studies are also needed to address the
possibility of using ACE and AngII receptors as biomarkers for
BE-associated carcinogenesis. Another exciting future research
possibility is pharmacological interference using pharmaceuticals already on the market, for example AT1R antagonists and
ACE inhibitors.
The present study had a number of limitations. The clinical
study population was small and unsorted, giving a risk for

selection bias and of weaknesses in the association analyses.
On the other hand, no attempts were made to influence the
distribution of cases in the various assessments, supporting
the idea that the results truly reflect conditions in BE patients.
The study cohorts were subdivided according to previously
obtained histopathological diagnoses. However, it is well
known that dysplastic changes in Barrett mucosa have a
patchy distribution.[30] Thus, the mucosal samples investigated in the present study were not confirmed as having (or
not having) dysplasia. To reduce variability, the taking of
biopsies was carefully standardised to the 3 o’clock position
where the majority of mucosal erosions in patients suffering
from esophagitis occur,[31] being a site also at risk of developing adenocarcinoma, as demonstrated by Cassani et al.[32]
In summary, western blotting indicated lower ACE expression
and higher AT1R expression in the remaining squamous
mucosa of BE patients than in mucosa of non-BE controls. In
mucosa from intestinal metaplasia, AT1R expression was elevated in BE patients with confirmed dysplasia. The differential
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expression of RAS components in the esophageal mucosa of
BE patients is intriguing, and suggests an association with the
pro-neoplastic progression. The extent to which this is a
cause or a consequence remains to be investigated.
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