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Abstract

Esophageal adenocarcinoma (EAC) has an overall survival rate of less than 17% and incidence of EAC has risen dramatically over the past
two decades. One of the primary risk factors of EAC is Barrett’s esophagus (BE), a metaplastic change of the normal squamous esophagus in
response to chronic heartburn. Despite the well-established connection between EAC and BE, interrogation of the molecular events, particularly
altered signaling pathways involving progression of BE to EAC, are poorly understood. Much of this is due to the lack of suitable in vitro models
available to study these diseases. Recently, immortalized BE cell lines have become commercially available allowing for in vitro studies of BE.
Here, we present a method for immunofluorescent staining of immortalized BE cell lines, allowing in vitro characterization of cell signaling and
structure after exposure to therapeutic compounds. Application of these techniques will help develop insight into the mechanisms involved in BE
to EAC progression and provide potential avenues for treatment and prevention of EAC.

Video Link

The video component of this article can be found at https://www.jove.com/video/51741/

Introduction

Barrett’s esophagus (BE) is a metaplastic change in the normal squamous epithelium of the esophagus and a consequence of chronic exposure
to the gastric contents resulting from gastroesophageal reflux disease (GERD)1. BE is thought to be a protective mechanism in response to
GERD, however the presence of BE imparts an increased risk of esophageal adenocarcinoma (EAC), a disease which carries a significantly
poor survival1. Current estimates suggest that up to 5.6% of the American population have BE, however as BE is often asymptomatic, it is
thought that the majority of BE remains undiagnosed2. As incidence rates of both GERD and EAC have seen continued growth3, it has become
important to understand the molecular mechanisms involved in progression of BE to EAC, particularly as this information could potentially
provide therapeutic approaches towards preventing progression of BE to EAC.

Patient directed studies have resulted in the current paradigm of BE-EAC pathogenesis1. Chronic inflammation, injury, and genotoxic damage
resulting from prolonged exposure to gastric contents exert selective pressure on the BE lesion promoting neoplastic progression to EAC. A
number of genetic alterations have been identified during BE to EAC progression. However, despite this there is a distinct lack of understanding
about the exact changes in cell signaling and subsequent effects upon cell structure and function.

Immortalized in vitro cell lines are useful tools for studying the effects of cell signaling, particularly in investigating the effects of targeted
therapeutic compounds. The recent commercial availability of immortalized BE cell lines allows for such studies. Although high-throughput
assays, such as the widely used viability assays, can be valuable in assessing the effects of targeted therapies upon cell proliferation and
survival4-6, these assays are not useful for interrogating the effects of cell signaling upon cell morphology. Immunofluorescent staining (IF) is a
useful technique for investigating the effects of targeted therapies upon the morphological, growth, and survival characteristics of cells and the
proteins that are involved. Our laboratory has adapted these methods towards immortalized BE cell lines, using IF to evaluate the effects of a
clinically available drug upon BE cell lines in hopes of delineating a possible chemopreventative treatment and biomarker for drug treatment7.
Similarly, application of these techniques in EAC, BE and immortalized esophageal cell lines has delineated critical findings regarding BE to EAC
progression8-10. We find IF analysis of BE cells treated with targeted therapies has value, allowing for characterization of changes in cell structure
and protein localization. Here, we present our methods for IF of immortalized BE cells to characterize drug treatment.
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Protocol

1. Cell Line Maintenance

1. Immortalized Human BE high-grade dysplastic (CP-B, CP-C, CP-D) and metaplastic (CP-A) cell lines by stable transfection of the human
telomerase reverse transcriptase (TERT) protein11.

2. Maintain BE cell lines in keratinocyte media supplemented with bovine pituitary extract (BPE), epidermal growth factor (EGF), 5% fetal bovine
serum (FBS), nonessential amino acids (NEAA), penicillin-streptomycin-neomycin (PSN), and standard tissue culture conditions (37 °C, 5%
CO2, 98% humidity).

2. BE Cell Plating

1. Preparation of 12-well plate/coverslips. Place 18 mm coverslips into a glass Petri dish and autoclave. Transfer autoclaved 18 mm glass
coverslips into a 12-well tissue culture dish using a sterile glass pipette attached to a vacuum tube. Wash the coverslip with sterile PBS and
media.

2. Trypsinize and count immortalized BE cells. Count cells using an automated cell counter or a hemocytometer. Dilute cells in culture media to
a concentration of 20,000-40,000 cells/ml.

3. Place 1 ml of cells into each well containing a coverslip for a total cell count of 20,000-40,000 cells/well.
4. Use a sterile pipette tip to gently push the coverslip to the bottom of the well to ensure that cells attach to the coverslip.

3. Drug Treatment of BE Cells

1. Dilute selected drug in warm (37 °C) media to desired concentration and mix well by inverting the tube repeatedly or using a vortex mixer.
Determined drug concentrations empirically. Begin treatment 24 hr following the initial seeding of the BE cells to allow cells attachment on to
the coverslip

2. For comparison and control, treat an additional coverslip of BE cells with 0.1% vehicle (dimethyl sulfoxide [DMSO] or agent used to solubilize
compound) diluted in culture media. Label plate with a lab pen to identify drug and vehicle treated samples. Place cells into a cell culture
incubator set to 37 °C, 5% CO2, 98% humidity and incubate for desired time points.

4. Immunofluorescent Staining

1. Fixation
1. Following desired incubation time of drug treatment, aspirate the media and wash the coverslips quickly with 1x phosphate buffered

saline (PBS) at room temperature (RT, 25 °C).
2. Aspirate the PBS and add 1 ml of PBS containing 4% PFA [4% PFA/PBS] to each well and incubate at RT for 30 min.
3. Aspirate the 4% PFA/PBS and wash the coverslips 3x, 5 min each with PBS at RT. Store coverslips for one week in PBS/0.1% PFA at

4 °C if desired.

2. Permeabilization/Blocking
 

Permeabilize fixed PFA cells to allow the antibody to access the intracellular targets. For extracellular surfaced proteins, perform all
subsequent steps without saponin added to the 1x PBS/0.5% BSA solution.

1. Reduce background by incubating with 50 mM NH4Cl diluted in PBS for 10 min at RT and wash with RT PBS once for 5 min.
2. Incubate BE cells for 30 min in 100-300 μl of PBS containing 0.1% saponin and 0.5% bovine serum albumin (BSA). Dilute saponin from

filter-sterilized 10% stock, prepared in water and stored at 4 °C.

NOTE: This prevents nonspecific binding of antibodies to cellular proteins by blocking coverslips due to the addition of 0.5% BSA.
Alternatively, substitute BSA with goat serum diluted to 5% to help reduce nonspecific binding of antibodies.

3. Preparation of Human Chamber
1. Prepare a square bioassay dish by layering the bottom of the chamber with wet paper towels and place a layer of Parafilm on top.
2. Gently transfer the coverslips, cells facing upward, onto the Parafilm using forceps and a syringe needle.
3. Mark the Parafilm with a lab pen to identify coverslips.

4. Primary Antibody Incubation
1. Dilute the primary antibody in PBS containing both 0.5% BSA and 0.1% saponin.
2. Gently blot off the blocking solution using a laboratory tissue and add 100 μl of the primary antibody solution. Incubate the primary

antibody on the BE cells overnight at 4 °C.

5. Secondary Antibody Incubation
1. Wash the slides 3x with PBS/0.5% BSA/0.1% saponin for 5 min each at RT.
2. Dilute secondary antibody conjugated with a fluorescent tag in PBS/0.5% BSA/0.1% saponin that the secondary antibody recognizes

the species in which the primary antibody was raised.
3. Add 100 μl of diluted antibody to each coverslip. Incubate the secondary antibody for 2 hr at RT.

6. Washing and Mounting of Coverslips
1. Wash the coverslips 3x, 5 min each in PBS/0.5% BSA/0.1% saponin. Remove the wash buffer and add 100-300 μl of PBS to the

coverslips.
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NOTE: For double antibody staining, repeat steps 4.4-4.5 with the desired additional primary and secondary antibody according to
information outlined in the discussion.

2. Using forceps, gently lift up the coverslip and blot off the PBS using a laboratory tissue or paper towel.
3. Add 15 μl of a suitable anti-fade mounting media containing 4',6-diamidino-2-phenylindole (DAPI) to the coverslip and invert the

coverslip, cells down, onto a glass microscope slide.
4. Place the slides into a slide folder and incubate away from direct light overnight at RT to allow the hard set anti-fade medium to

cure, according to manufacturer’s instructions. Once the anti-fade medium has set, slides can be stored at either 4 °C or -20 °C until
microscopic visualization.

5. Microscopic Visualization of Coverslips

Stained cells can be imaged via either confocal microscopy or an IF capable upright microscope. Although confocal microscopy provides high-
resolution images at discrete depths, an upright microscopic is capable of producing useful images faster. For brevity, a method of imaging
stained BE cells using standard microscopy is presented. In general, to image fluorescein isothiocyanate (FITC) or similar fluorophores (i.e.
green fluorescent protein), Texas Red and DAPI, requires a microscope with filters capable of discriminating these fluorophores. Check the
microscope before beginning protocol to determine compatible fluorophores.

1. Imaging on a Standard IF Microscope
1. Remove stored slides/coverslips from -20 °C or 4 °C and allow them to warm to room temperature. Power on microscope and mercury

arc lamp.
2. Place microscope slide with coverslip facing towards objective onto microscope stage. For use of an oil immersion objective, add a

drop of immersion oil onto coverslip.
3. Select the DAPI filter and open the shutter.
4. Focus the objective while looking through the eyepieces until the image appears. Since all cells will stain with DAPI, the nuclei should

be easily observable.
5. Collect images using respective image processing software.

Representative Results

An example of the results obtained from application of the described procedures is illustrated in Figures 1A-D. Coverslips with CP-D and CP-
C BE cells were treated for 24 hr with 1 μM of the Src family inhibitor, SKI-606, or vehicle (DMSO) and stained using the above procedures
for the Adherens Junction and Wnt signaling protein, β-catenin. Visualization of β-catenin was achieved by labeling with an anti-rabbit IgG
coupled to a green fluorophore, while labeling of the cell nucleus was accomplished by labeling with DAPI (blue). Coverslips were mounted to
microscope slides using hard set mounting and cells were imaged using laser scanning confocal microscope using a 63X/1.4N plan-apochromat
objective. The chosen green fluorophore was excited at 488 nm and visualized using an emission filter at 505-525 nm. Similarly, DAPI was
excited at 405 nm and emission collected using a filter at 410-460 nm. Activity of the tyrosine kinase, Src is increased in BE, particularly in high
grade dysplasia12. In concordance with observations in colorectal and prostate cancer cells13-15, inhibition of Src results in relocalization of β-
catenin from the cytoplasm/nucleus (arrows, Figures 1A, 1C, and 1E) to the cell membrane (arrowheads, Figures 1B, 1D, and 1F). Using
these techniques, we and others have previously shown that inhibition of Src also alters the expression and localization of the tumor suppressor,
p27kip17,16 and these methods are currently used within our laboratory.
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Figure 1. IF of immortalized BE cells following treatment with an inhibitor of Src kinase. CP-C (A-D) and CP-D (E, F) were treated with
vehicle (DMSO, left panels) or 1 μM of the Src inhibitor, SKI-606, for 24 hr (right panels). BE cells were fixed and stained according to the
described protocol. β-catenin (green) was visualized using a specific antibody and a secondary antibody coupled to Alexa Fluro 488, while the
nucleus was stained with DAPI (blue). Note the change in localization for β-catenin from the nucleus (arrows) to the cell membrane (arrowheads)
following treatment with SKI-606. C,D) Magnified images of white boxes in A and B, further highlight the changes in β-catenin localization. These
images represent ideal staining with minimal background and distinct staining for the chosen target. Bars, 7 μm (A, B, D, F), 0.5 μm (C, D).
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Discussion

We have outlined a method for application of IF of BE cells towards elucidating the physiological effects of targeted therapies upon these cells.
While we have described the use of these procedures towards BE cells, we have found that these methods are also applicable to a variety of
different cell types13,17,18. Further, these procedures can be altered in several ways to optimize staining for specific targets.

We find one parameter that has a direct effect upon proper IF is the choice of fixation. We have described the use of 4% PFA/PBS for fixation
in the above procedures but alternative fixatives are also applicable. Fixation with cold methanol (-20 °C) for 20 min after washing with PBS is
suitable for certain proteins/antibodies13. Use of cold methanol for fixation negates the need to permeabilize cells. However, the choice of fixative
(4% PFA/PBS or cold methanol) must be determined empirically.

The procedures outlined above describe visualization of a single protein; however this method is easily adaptable to identification of an additional
target13. For optimal IF of two proteins, primary antibodies raised in two different species (e.g., one raised in rabbit and one in mouse), and
secondary antibodies specifically recognizing each species, coupled to different fluorophores, are necessary. Secondary antibodies coupled to
green and red fluorophores, combined with DAPI provide an excellent contrast between targets, in addition to generally avoiding interference
from the multiple fluorophores. For IF of two targets in BE cells, perform sequential incubation of two primary and their respective secondary
antibodies following fixation. Steps for washing and mounting of slides remain the same.

In summary, we provide a simple and useful protocol for IF of BE cells. Application of these procedures can yield information regarding the
effects of drug treatment, introduction of ectopic genes of interest, or RNAi downregulation of genes of interest in BE cells.
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