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Abstract
Barrett’s Esophagus is considered to be a precursor to adenocarcinoma and the information on
VDR expression in normal and Barrett’s esophagus is significantly lacking. In this study, we
examined the expression of VDR in the lower esophagus and gastric cardia of normal and
Barrett’s esophagus by immunofluorescence. Columnar mucosa but not squamous mucosa at the
gastroesophageal junction showed positive immunofluorescence to VDR. Submucosal glands and
ducts deep to the normal squamous mucosa stained positive for VDR and localized in the
cytoplasm and perinuclear regions with no nuclear staining. Interestingly, the Barrett’s mucosa
stained strongly positive for VDR. Glandular structures in the mucosal layer were far less
abundant in the Barrett’s mucosa than in the normal gastric mucosa. As a result, fewer structures
deep to the Barrett’s epithelial layer stained positive for VDR when compared to normal gastric
mucosa. These findings suggest that in normal esophagus VDR expression is restricted to
columnar epithelium and glandular structures. Furthermore, strong VDR expression in Barrett’s
mucosa may indicate an increased sensitivity of this tissue to endogenous or therapeutic effects of
Vitamin D.
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INTRODUCTION
The vitamin D receptor (VDR), an intracellular transcriptional regulatory factor, was
isolated from the human intestine in 1987 (1). In the rat intestine, VDR is involved in the
regulation of a large number of genes involved in calcium homeostasis, intestinal
absorption, intra and intercellular matrix modeling, immune responses, inflammatory
processes, angiogenesis, and genes for proteases, enzymes and their inhibitors (2). In the
mouse, VDR is expressed in some of its largest quantities throughout the digestive tract
including the duodenum, jejunum, ileum, and colon (3, 4). The vitamin D receptor is of
interest in these anatomical locations not only because of its role in calcium absorption and
homeostasis, but also because of the possible anticancer role of vitamin D and its signaling
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pathways (5). Evidence for this role is supported by the association of malignancy in the
human colon with the loss of VDR activity (6), and a correlation between a single nucleotide
polymorphism in the VDR gene and the risk for colon cancer in human subjects (7).

Despite the rapid rise in the incidence and poor prognosis of adenocarcinoma of the
esophagus (8, 9), the expression of VDR in the esophagus and stomach has received less
attention than in the lower digestive tract. De Gottardi and colleagues detected expression of
VDR mRNA in the esophagus using PCR (10), but the literature is otherwise scant. In
addition, Barrett’s Esophagus, a histological change in the esophagus and considered to be a
precursor to adenocarcinoma (11), is a third type of epithelium in addition to normal
esophagus and gastric cardia. However, there is no information on the histological
characterization of VDR expression. Barrett’s esophagus constitutes columnar epithelium,
similar to the gastric cardia but with goblet cells, and existing in the lower esophagus, which
normally is lined with stratified squamous epithelium (12). In this study, we provide the
findings on the expression of VDR in the context of the histology of the lower esophagus
and gastric cardia by immunofluorescence.

METHODS
Specimens

Resection specimens from patients undergoing treatment for esophageal adenocarcinoma at
Creighton University Medical Center, Omaha, NE, between 2004-2009 were procured
retrospectively. All patients received neoadjuvant therapy (chemoradiation prior to surgery)
and subsequent surgical resection. From each resection specimen, areas of normal
esophagus, Barrett’s esophagus, and normal gastric tissue were identified.

Immunofluorescence
After deparaffinization and rehydration, antigen retrieval was performed prior to
immunostaining. Sections were incubated for 2 h in block/permeabilizing solutions
containing PBS, 0.25% Triton X-100, and 5% (v/v) goat serum at room temperature. The
slides were subsequently incubated with a primary antibody solution including mouse anti-
VDR (SantaCruz Biotech, sc-13133) (1:200 in PBS) at 4 °C overnight. After washing with
PBS four times for 5 min each, a secondary antibody (affinity purified goat anti-mouse
cyanine 3 (cy3) antibody, 1:200 antibodies, PBS, 0.1% Triton X-100,1% goat serum)
(Jackson ImmunoResearch, Westgrove, PA) was applied to the sections for 2 h in the dark.
Negative controls were run in parallel with complete omission of primary antibody. Sections
were washed with PBS four times for 5 min. Nuclei were counterstained with 4′, 6-
diamidino-2-phenylindole (DAPI). A single layer of nail polish was placed around the edge
of slide to prevent escape of mounting media from the coverslip.

RESULTS
The normal squamous mucosa in the lower esophagus stained negative for VDR (Figure 1).
Background fluorescence in these regions was similar in intensity to negative controls
(Figure 2 D-F). In contrast, submucosal glands and ducts deep to the normal squamous
mucosa stained positive for VDR (Figure 1 D-F). The transition between squamous and
columnar mucosa at the gastroesophageal junction illustrates the difference in positive
immunostaining between these two histologically mucosal subtypes (Figure 2 A-C).

Normal gastric mucosa and the underlying gastric and fundic glands also showed positive
immunofluorescence (Figure 3 A-C). Immunofluorescence for VDR appeared to be
localized in the cytoplasm and perinuclear regions, with nuclear staining absent (Figure 3 D-
F).
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The Barrett’s mucosa was the third histological subtype of mucosa that was examined. The
Barrett’s mucosa also stained positive for VDR (Figure 4). Glandular structures in the
mucosal layer were far less abundant in the Barrett’s mucosa than in the normal gastric
mucosa. As a result, fewer structures deep to the Barrett’s epithelial layer stained positive
for VDR when compared to normal gastric mucosa. An island of Barrett’s metaplasia
interpolated in the normal squamous epithelium of the lower esophagus is displayed in
Figure 4 D-F.

DISCUSSION
The most apparent finding was the restriction of immunofluorescent staining to columnar
epithelium and glandular structures; the squamous epithelium of the normal esophagus
universally stained negative for VDR. Staining of the columnar mucosa and glandular
structures is consistent with findings in other tissues that share architectural similarities with
the mucosa of the esophagus and gastric cardia. Barrett’s mucosa showed immunopositivity
for VDR unlike normal squamous epithelium of esophagus. Upregulation of VDR
expression in Barrett’s mucosa may indicate an increased sensitivity of this tissue to
endogenous or therapeutic effects of Vitamin D.

Columnar and glandular epithelium displays the strongest immunohistochemical staining in
the murine placenta (13), and the glandular epithelium of the tubuloalveolar glands of
neoplastic prostate glands also displays immunohistochemical staining for VDR (14). In the
latter, there was considerable variability in the intensity of staining. This is consistent with
the variability in the immunofluorescent staining of esophageal adenocarcinoma (15) and
may be associated with the neoplastic process.

The absence of staining in the squamous mucosa of the esophagus is in contrast to what is
seen in the squamous epithelium of the epidermis and cervix where nuclei stain positive
throughout the thickness of the epithelial layer and strongest in the basal cell layer (16, 17).
Cytoplasmic staining is also observed but to a lesser degree (18). However, the epidermal
mucosa is composed of keratinized epithelium whereas the esophageal mucosa is non-
keratinized epithelium, and immunohistochemistry was utilized as an assay as compared to
immunofluorescence. These are two differences that may partially explain the discrepancies
observed in studies of the VDR expression in the epidermis with this study.

Certain nuclear receptors like VDR shuttle between the cytoplasm and the nucleus even in
the absence of their ligands (19), and in the unliganded state VDR distributes evenly
between the cytoplasm and nucleus (20). Upon ligand binding, the steady state shuttling
between cytoplasm and nucleus favors nuclear localization (19). Despite this, the
immunofluorescent staining used here appeared to show mainly cytoplasmic staining with
relative sparing of the nuclei. This is also in contrast to VDR immunohistochemistry of the
epidermis, which showed mainly nuclear staining (16-18).

The results presented here are the first that describe the histological distribution of VDR in
the esophagus. The intensity of immunohistochemical staining has been correlated with
neoplastic disease in both prostate (14) and basal cell carcinoma (17), and VDR gene single
nucleotide polymorphisms (7) and loss of VDR activity (6) are both associated with
malignancy. If the trend of examining the role of VDR in the process of neoplasia continues
up the digestive tract to the stomach and esophagus, understanding the normal histology of
these tissues will be of important value.
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Highlights

• Esophageal squamous mucosa is negative to VDR expression

• VDR expression in normal esophagus is restricted to columnar mucosa and
glandular structures

• Barrett’s mucosa stained strongly positive for VDR
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Figure 1.
VDR expression in the human esophageal tissue. Each image is a representative photograph
from 5 subjects from which tissue was acquired. Images A-C are from normal esophagus,
displaying absence of staining in the squamous mucosa of this tissue. Images D-F are also
from normal esophagus, highlighting VDR staining of a submucosal gland and duct. Images
A and D are hematoxylin and eosin. Images B and E are an overlay of VDR
immunofluorescence and DAPI (nuclear counterstain). Images C and F are VDR
immunofluorescence without DAPI. All images are taken at 10x objective.
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Figure 2.
VDR expression in the human gastroesophageal junction. Images A-C are from
gastroesophageal junction illustrating the difference in staining between the proximal
squamous mucosa and distal columnar mucosa. Images D-F are from a negative control.
Image A shows staining with hematoxylin and eosin. Images B and E are an overlay of VDR
immunofluorescence and DAPI (nuclear counterstain). Images C and F are VDR
immunofluorescence without DAPI. Image D is DAPI. All images are taken at 10x
objective.
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Figure 3.
VDR expression in normal gastric cardia.. Each image is a representative photograph from
the 5 subjects from which tissue was acquired. Images A-C are from normal gastric cardia at
10x objective. Images D-F are images of the mucus gland duct pictured in Figure 1 D-F at
60x objective. Images A and D are hematoxylin and eosin. Images B and E are an overlay of
VDR immunofluorescence and DAPI (nuclear counterstain). Images C and F are VDR
immunofluorescence without DAPI.
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Figure 4.
VDR expression in Barrett’s esophagus. Each figure is a representative photograph from the
4 subjects with Barrett’s esophagus from which tissue was acquired. Images A-C are an area
of complete columnar metaplasia with goblet cells. Images D-F is a region of metaplasia
interpolated between normal squamous mucosa. Images A and D are hematoxylin and eosin.
Images B and E are an overlay of VDR immunofluorescence and DAPI (nuclear
counterstain). Images C and F are VDR immunofluorescence without DAPI. All images are
taken at 10x objective.
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